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Foreword 
 
Dear Colleagues, 
 
I am honoured to welcome you to the 18th International Microscopy Congress. The 
International Microscopy Congress is held every four years under the auspices of the 
International Federation of Societies for Microscopy (IFSM) and it is truly the most important 
world microscopy event. This year, we have more 2 700 participants from 68 countries.  
I believe that all of you will use this opportunity not only to advance your research, but also 
to discover the beauties of the city of Prague and its surroundings.  
 
The extensive scientific program consists of 8 plenary lectures, 122 invited and 425 oral 
presentations divided into 58 symposia in 4 specializations – Instrumentation and techniques, 
Materials science, Life sciences, and Interdisciplinary matters. More than 1 760 posters are 
presented in poster sessions. Our rich social program provides wonderful opportunities for 
informal talks and exchanging of experiences. 
 
The success of the congress is due to the many people who have collaborated with us in 

planning and organizing this event. I would like to thank especially the International Scientific 

Program Committee, the International Advisory Board, and the IFSM board for their 

continuous support and guidance in shaping the scientific program. I would like to mention 

also the local organizing committee and the symposia chairs whose sincere commitment and 

exceptional efforts have supported the entire congress. 

The Proceedings of the 18th International Microscopy Congress are presented in the electronic 
version on the USB stick and on the IMC 2014 On-line gate. The USB stick contains all plenary, 
invited and accepted abstracts submitted by the standard deadline. The on-line version 
includes in addition the abstracts submitted as the late poster abstracts. 
 

Yours faithfully,  

 

 

Pavel Hozák 

IMC 2014 chairman 





















































































































































































































Plenary Lectures



Type of presentation: Plenary
IMC-PL-6095 Light Microscopy at the Nanoscale
Cremer C.1,2

1Superresolution Microscopy, Institute of Molecular Biology (IMB), Mainz, Germany, 2Kirchhoff
Institute of Physics (KIP), and Institute of Pharmacy&Molecular Biotechnology (IPMB) University
Heidelberg, Heidelberg, Germany
Email of the presenting author: c.cremer@imb-mainz.de

Novel developments in optical technology and photophysics made it possible to radically
overcome the diffraction limit (ca. 200 nm laterally, 600 nm along the optical axis) of
conventional far-field fluorescence microscopy. Presently, three principal “nanoscopy” families
have been established: “Nanoscopy” based on focused laser beams, like 4Pi-, STED-
(STimulated Emission Depletion)-, and RESOLFT- (Reversible Saturable OpticaL Fluorescence
depletion Transitions) microscopy; nanoscopy based on Structured Illumination Excitation
(SIE), like SMI (Structured Modulated Illumination) microscopy, SIM (Structured Illumination
Microscopy) and PEM (Patterned Excitation Microscopy); and nanoscopy based on various
modes of Localization Microscopy, like PALM (PhotoActivated Localization Microscopy)
and FPALM (Fluorescence Photoactivable Localization Microscopy), GSDIM (Ground State
Depletion Imaging Microscopy), SPDM Spectral Precision Distance/Spatial Position
Determination Microscopy), STORM (STochastic Optical Reconstruction Microscopy) and
dSTORM (direct STORM). These and related far-field light microscopy methods have opened an
avenue to image nanostructures down to single molecule resolution; they made possible to
measure the size of molecule aggregates of few tens of nm diameter and to analyze the
spatial distribution of individual molecules with a light optical resolution down to the few
nanometer range, corresponding to ca. 1/100 of the exciting wavelength. Application examples
obtained by focused, structured, and localization techniques cover a variety of
biostructures, such as membrane complexes, neuronal synapses, cellular protein
distribution, nuclear nanostructures, as well as the “nanoimaging” of individual viruses
and lithographically generated nanostructures. Each of the nanoscopy methods described has
its peculiar advantages; as a whole, they provide a tool set of light microscopy approaches to
the nanoscale and open a wide range of perspectives in Biology, Medicine and the material
sciences. Further improvements are expected to make possible a three-dimensional
lightoptical resolution down to the 1 nm scale. The combination with Electron- and X-ray
microscopy techniques is anticipated to provide further nanostructural insights.
C. Cremer, Optics far Beyond the Diffraction Limit: From Focused Nanoscopy to Spectrally
Assigned Localization Microscopy (2012). In: Springer Handbook of Lasers and Optics, 2nd
edition (F. Träger, Edit.), pp. 1351 – 1389.
C. Cremer, B.R. Masters (2013) Resolution enhancement techniques in microscopy. Eur. Phys.
J. H 38: 281–344.



Type of presentation: Plenary
IMC-PL-6096 Bioimaging at the nanoscale -- Single-molecule and super-resolution
fluorescence microscopy
Zhuang X.1

1Department of Chemistry and Chemical Biology, Department of Physics, Howard Hughes
Medical Institute, Harvard University, Cambridge
Email of the presenting author: zhuang@chemistry.harvard.edu

Dissecting the inner workings of a cell requires imaging methods with molecular specificity,
single-molecule sensitivity, molecular-scale resolution, and dynamic imaging capability such
that molecular interactions inside the cell can be directly visualized. Fluorescence microscopy
is a powerful imaging modality for investigating cells largely owning to its molecular specificity
and dynamic imaging capability. However, the spatial resolution of light microscopy, classically
limited by the diffraction of light to a few hundred nanometers, is substantially larger than
typical molecular length scales in cells. Hence many subcellular structures and dynamics
cannot be resolved by conventional fluorescence microscopy. We developed a super-resolution
fluorescence microscopy method, stochastic optical reconstruction microscopy (STORM), which
breaks the diffraction limit. STORM uses single-molecule imaging and photo-switchable
fluorescent probes to temporally separate the spatially overlapping images of individual
molecules. This approach has allowed multicolor and three-dimensional imaging of living cells
with nanometer-scale resolution and enabled discoveries of novel sub-cellular structures. In
this talk, I will discuss the general concept, recent technological advances and biological
applications of STORM.



Type of presentation: Plenary
IMC-PL-6097 Imaging and Spectroscopy of Individual Atoms in Nanostructured
Materials
Suenaga K.1

1National Institute of Advanced Industrial Science and Technology (AIST), Tsukuba, Japan
Email of the presenting author: suenaga-kazu@aist.go.jp

It has remained a challenge for scientists to image and discriminate individual atoms since
Dalton first proposed distinct properties of atoms in his atomic theory. The requirements to
analyze the atomic structures of matter with elemental information are nowadays increasing in
importance of cutting-edge research. An elemental analysis down to the single atom limit was
first demonstrated with the successful detection of a Gd dopant atom in carbon nano-peapods
using a STEM-EELS technique at 100kV [1]. Specimen damage due to the high dose of the
incident electron beam, which is required to isolate the signals from individual atoms, is an
intrinsic problem for such a highly delicate analysis. Furthermore it is important to prevent the
atoms from being kicked out during the observations. In order to reduce the atomic
movements and also to enhance the EELS contrast, a lower accelerating voltage is preferred
for single atom detection by STEM. Sawada et al. designed a new type of aberration corrector
with triple dodecapole elements (the delta system) to reduce the higher-order geometric
astigmatism [2, 3, 4], which is critical for the STEM performance operated at low accelerating
voltages, i.e., 15 to 60 kV. Here, I demonstrate successful single-atom imaging and
spectroscopy in nanostructured materials using STEM together with EELS and/or EDX.
Fig. 1 shows an example for chemical analysis of individual molecules. A carbon nanotube 
encapsulating two different metallofullerenes (La@C82 and Ce@C82) is examined at 30 kV 
operating voltage [5]. The annular dark-field (ADF) image clearly shows the molecular 
structures encapsulated inside the SWNTs (Fig. 1a). Each molecule carries one metal atom, 
appearing in brighter contrast, inside the cage. We can identify these atoms by simultaneous 
EELS. Fig. 1b shows two EELS spectra recorded from two atoms. The EELS spectrum shown in 
green corresponds to the atom indicated by the green arrow. This spectrum is the sum of four 
spectra, each of which had an acquisition time of 0.05 s. The resulting signal-to-noise ratio is 
high enough to isolate the La N-edge. On the other hand, the atom indicated by the blue arrow 
is assigned as Ce. Moreover, its peak position (≈122 eV) fits very well with that for Ce3+ [6]. 
Though the two edges of La N and Ce N overlap severely, we could identify the elements (La: Z 
= 57 and Ce: Z = 58) comprising the two encaged atoms. Fig. 1c shows the ADF image, and 
the elemental mappings for La, Ce, and carbon are shown in Figs. 1d, e, and f, respectively. A 
further comparison of simultaneous EELS and EDX measurement allows us to directly estimate 
the fluorescent yield of single atoms [7, 8]. 
The interrupted periodicities of 2D materials such as graphene, h-BN, and MX2 
(dichalcogenides) are of great interest because they govern the physical/chemical properties. 
Atomic defects, such as a vacancy or impurity/dopant in single-layered materials are 
investigated with atomic precision. A single-layer of MoS2 exhibits interesting physical 
properties. The electrical conductivity of MoS2 can be further modulated by doping, such as Re 
(n-type) and Au (p-type). Typical ADF images of single-layered Re-doped and Au-doped MoS2 
are presented in Fig. 2, respectively. The dopants, Re (Z = 75) and Au (Z = 79), appear in 
brighter contrast in the ADF images than both Mo (Z = 42) and S (Z = 16). Chemical analysis 
by means of EDX was also done to confirm the doping elements [9]. ADF image in the inset of 
Fig. 2(left) clearly shows that Re atoms sit at the Mo sites. The Re dopants are well dispersed 
in MoS2 layers and seldom form clusters on the host material. On the other hand, the Au 
dopants at similar concentration tend to aggregate on the MoS2 surface (Fig. 2 right). The Au 
atoms are indeed mobile under the electron beam [9]. 
A monovacancy in h-BN can be also examined by STEM-EELS (Fig. 3). Core-level spectroscopy 
on the nitrogen atoms in the vicinity of the boron vacancy was carried out [10]. As shown in 
Fig. 3a, a monovacancy is induced at the boron site by the knock-on effect, which can be 
proved by the fact that the darkest contrast appears in the middle of three nitrogen atoms 
showing brighter contrast. A line spectrum is recorded across the VB (boron monovacancy) 
along the yellow arrow. From the line spectrum, three typical spectra for the nitrogen K-edge 
were extracted, with probe positions corresponding to the yellow circles in Fig. 3b. While the 
first and third spectra are quite similar to the one for the sp2-bonded nitrogen atoms in h-BN 
with the known * peak at 401 eV, the second spectrum recorded near the VB indeed shows a 
sharp pre-peak around 392 eV. Although the spectra are rather noisy because of the 
minimized acquisition time, this pre-peak appears at the same energy level in many different 
experiments, and arises reproducibly at other VB sites and represents the lowered LUMO state 
[10]. 
Identification of individual atoms and examination of their electronic properties in materials 
are the ultimate goals of all microscopy-based analytical techniques. It is clear that the 
bonding/electronic states are now accessible from single atoms through EELS fine-structure 
analysis. For example the radical carbon atoms at the graphene edge have been successfully



identified [11, 12, 13]. Moreover the active point defects in 2D materials can now be caught
red-handed [14, 15, 16]. I will also show some of the atomic level observations of alloying
behavior and phase transition phenomenon of 2D materials, that used to be investigated only
by the macroscopic viewpoint [17, 18].

References:
[1] K. Suenaga et al., Science, 290 (2000) 2280-2282
[2] H. Sawada, et al., J. Electron Microscopy, 58 (2009) 341-347
[3] H. Sawada, et al., Ultramicroscopy, 110 (2010) 958-961
[4] T. Sasaki, et al., J. Electron Microscopy, 59 (2010) S7-S13
[5] K. Suenaga, Y. Iizumi and T. Okazaki Eur. Phys. J. Appl. Phys., 54, 33508 (2011).
[6] K. Suenaga et al., Nature Chem., 1 (2010). 415-418
[7] K. Suenaga, et al., Nature Photonics, 6 (2012) 545-548
[8] L. Tizei et al., (in this conference)
[9] Y. C. Lin et al., Adv. Mater., (2014). DOI:10.1002/adma.201304985
[10] K. Suenaga, H. Kobayashi, and M. Koshino, Phys. Rev. Lett., 108 (2012). 075501
[11] K. Suenaga and M. Koshino, Nature 468 (2010) 1088-1090
[12] J. Warner et al., Nano Lett., 13 (2013) 4820-4826
[13] J. H. Warner et al., (unpublished)
[14] K. Suenaga et al., Nature Nanotech., 2, 358-360 (2007).
[15] Z. Liu et al., Nature Commun., 2, 213 (2011).
[16] O. Cretu, Y. C. Lin and K. Suenaga, Nano Lett., 14 (2014) 1064-1068
[17] D. O. Dumcenco et al., Nature Commun. 4 (2013) 1351 (5 pages)
[18] Y. C. Lin et al., Nature Nanotech., in press, (2014).
Acknowledgement: The present research is supported by a JST-CREST and Research
Acceleration Programs. All my colleagues in AIST, Y.C. Lin, O. Cretu, L. Tizei, Z. Liu, M. Koshino,
Y. Sato, and R. Senga, are gratefully acknowledged. Drs. H. Sawada, T. Sasaki, M. Mukai, Y.
Kohno, M. Morishita and K. Kimoto are also acknowledged for the development of dedicated
microscopes.



Fig. 1: Single molecular spectroscopy of mixed peapods
(La@C82 and Ce@C82) at 30 kV[5]. (a) An ADF image with
a rectangle showing where the spectrum image was taken.
(b) Two EELS spectra recorded from two metal atoms. The
atom indicated by the green arrow is assigned as La, and
the other, indicated by the blue arrow, as Ce. (c) ADF
image and (d, e, f) chemical maps for La, Ce, and carbon,
respectively. Scale bar = 1 nm.

Fig. 2: Detection of single dopant atoms in single-layered
MoS2[7]. (Left) An ADF image of Re-doped MoS2. The Re
substitution at Mo site (Re@Mo) is pointed by a green
arrow. (Right) An ADF images of Au-doped MoS2, where an
Au adatom (indicated by a white arrow) located at the
hollow-center (Au-HC). Scale bar = 0.3nm.

Fig. 3: Core-level spectroscopy of monovacancy in h-BN layer [8]. (a) ADF image shows a monovacancy in single-layer
h-BN. Line spectrum was recorded along the yellow line. (b) Schematic presentation (red: nitrogen, blue: boron) of
boron monovacancy. (c) Nitrogen K-edge fine structures extracted from the line-spectrum. Each of the three
corresponds approximately to the probe positions marked in (b). A prominent pre-peak in the nitrogen K-edge can be
found at 392 eV in the spectrum recorded at position 2, i.e., near the boron vacancy site.



Type of presentation: Plenary
IMC-PL-6098 Electron Tomography for Nanoscale Materials Science
Midgley P.1

1Department of Materials Science and Metallurgy, University of Cambridge, Cambridge, UK
Email of the presenting author: pam33@hermes.cam.ac.uk

The nanoscale complexity of modern materials and devices, be they structural or functional in
design, requires high spatial resolution characterisation in all 3 dimensions. The remarkable
power and flexibility of a modern TEM makes it the ideal tool for such 3D nanoscale imaging
and analysis. Over the past 15 years or so, electron tomography (3D imaging) has grown from
a niche technique to one which is now firmly established as an almost routine tool for the 3D
study of materials. Early electron tomography used many of the ideas and practices
established first in the life sciences. Here, a tilt series of bright-field (BF) images are acquired
by rotating the sample about a single axis and recording images every 1-2°. Typically, in the
electron microscope, the range of sample tilt is limited either by the sample itself (becoming
too thick) or by the objective lens pole piece gap. As such, it is therefore likely that the full tilt
range is not accessible, this leads to a ‘missing wedge’ of information and the reconstructions
suffer from artefacts, especially an elongation parallel to the optic axis. Dual axis tomography
can help in this regard, reducing the missing information through a second tilt series about an
axis mutually perpendicular to the first.
For many materials problems, however, BF images may not be ideal and the introduction of
STEM HAADF tomography offered materials microscopists an imaging mode that, in many
cases, is much more suited for tomography, providing images with greatly reduced diffraction
contrast, with a signal that in most cases varies monotonically with thickness (satisfying the
projection requirement) and providing compositional contrast through the atomic number (Z)
dependence of the high angle (Rutherford-like) scattering [1]. STEM tomography has now
become for many the technique of choice for 3D nanoscale imaging in materials science. Fig. 1
shows two examples of STEM HAADF tomography [2,3]. In Fig. 1(a) we see Ge precipitates
within an Al-rich matrix revealing a wide variety of morphologies and clear orientation
relationships and in (b) the 3D distribution of Ru-Pt catalyst nanoparticles (1-2nm in size)
decorating the surface of a mesoporous silica support – here we see only the external surface.
The colour of the support indicates the surface curvature with a strong preference of the
nanoparticles to be anchored at the ‘saddle points’. STEM tomography (both BF and ADF) has
also been developed for the study of defects (especially dislocations) where the reconstruction
(or 3D representation) of the dislocation resembles a ‘string’ running through space.
Although determination of the 3D morphology of materials at the nanoscale is now essentially
routine, to achieve a high fidelity reconstruction typically ca. 100 images are needed across
the tilt range. For many specimens long acquisition times, and thus extended exposure, can
lead to damage. However, the number of images required in the tilt series can be reduced if
there is prior knowledge about the specimen being reconstructed. Such prior knowledge can
be used within a discrete tomography reconstruction (using the physical discreteness of the
sample) or, perhaps more generally, within a compressed sensing framework where the
primary requirement is that the sample may be described as being ‘sparse’ in some transform
domain [4,5]. This sparsity constraint turns out to be very powerful and high fidelity
reconstructions can be achieved with remarkably few images (in some cases an order of
magnitude reduction compared to conventional reconstructions), see Fig. 2.
Coupling tomography acquisition with analytical techniques, such as EDX and EELS, allows a 
more detailed exploration of the sample’s chemistry as well as its morphology. Early efforts in 
this direction included the use of EFTEM, especially using the low loss regime (where loss 
probability is relatively high), EDX and core-loss EELS. Inevitably, although the speed and 
efficiency of spectrometers has improved greatly over the past few years, the acquisition time 
needed for multi-dimensional ‘spectrum-images’ is considerably higher than a conventional 
image. To keep the total exposure to a reasonable level, fewer images are recorded in the tilt 
series – ideally perhaps only every 10 or 20°. The reduction in data must be compensated by 
an increase in prior knowledge to achieve a high fidelity reconstruction; for such 
‘multi-dimensional microscopy’ [6], compressed sensing offers an important framework to 
achieve this. As an example, Fig. 3(a) shows a composite figure illustrating the localised 
surface plasmon resonances from a silver nanocube. The reconstruction was undertaken on a 
series of spectrum-images recorded about a single tilt axis every 15°. The 4mm symmetry of 
the cube-substrate system was imposed at the reconstruction stage as well as a constraint 
that the reconstruction could be considered as being sparse in a wavelet domain. That 
constraint provided a reconstruction relatively free of artefact even when using few images 
[7]. Interpretation of the reconstruction seen in Fig.3(a) can be made within a quasi-static 
approximation and related back to the potential induced by the electron beam acting back on 
the electron. Mapping electro-magnetic potentials is also possible using electron holography 
and coupled with tomography was able to yield 3D reconstructions of the built-in potential 
near a p-n junction in a silicon device, see Fig. 3(b) [8]. 3D magnetic fields require an



enhanced approach using dual axis geometry to determine all the components of the magnetic
potential A (or induction B). Here, physical constraints (e.g. in the form of Maxwell’s
equations), perhaps again within a compressed sensing framework, could be used to improve a
reconstruction of the electro-magnetic potential.
So, what of the future? The electron tomography community is pushing in many directions.
Atomic resolution tomography has been demonstrated in some cases: by assuming periodicity
within a nanocrystal, the position of an isolated atom in a matrix can be determined and even
the location of atoms around a dislocation core. Synergisitc studies with atom probe
tomography have been demonstrated already and this may, in the future, develop into an
important correlative approach. Mapping physical properties in 3D at the nanoscale continues
to be an exciting prospect. Whilst early work showed this to be feasible, further development is
needed to improve reconstruction quality. Given the almost ubiquitous use now, in
materials-based tomography at least, of iterative techniques (e.g. SIRT, ART, etc) the
conventional projection / back-projection approach could evolve into a more model-based one
incorporating a detailed description of the beam’s interaction with the sample along its
trajectory (e.g. dynamical effects). By iteratively refining an initial model, increased detail
about the sample may be obtainable (e.g. strain, fields, induced charges). Lastly, industry
requires a robust nanoscale metrology technique that provides reliable 3D measurements of
length, porosity, distributions etc. We are still some way in many cases of being able to
provide such data with statistical confidence (i.e. error bars!) on our 3D measurements.
Improved reconstructions, with fewer artefacts, incorporating prior knowledge, should allow
improved and unbiassed segmentation and thus will go a long way to providing a true 3D
nanometrology technique.

References:
[1] P.A. Midgley et al., Chem. Commun. (2001) 907
[2] K. Kaneko et al., Ultramicroscopy 108 (2008) 210
[3] E.P.W. Ward et al., J. Phys. Chem. C 111 (2007) 11501
[4] Z. Saghi et al., Nano Letters 11 (2011) 4666
[5] R. Leary et al., Ultramicroscopy 2013 131 70-91
[6] P.A. Midgley and J.M. Thomas, Angewandte Chemie (2014) DOI: 10.1002/anie.201400625
[7] O. Nicoletti et al., Nature 502 (2013) 80
[8] A. Twitchett-Harrison et al., Nano Letters 7 (2007) 2020
Acknowledgement: The author thanks his many colleagues, past and present, who have
contributed to the work presented here including most recently J.M. Thomas, R. Leary, Z.
Saghi, D. Holland, K. Kaneko, S. Hata, O. Nicoletti, F. de la Peña, C. Ducati. PAM acknowledges
funding from the European Research Council under FP7/2007-2013 / ERC grant agreement
291522-3DIMAGE.



Fig. 1: (a) 3D reconstruction of Ge precipitates in an Al-rich
matrix showing colour-coded to highlight theor different
morpholgy [2]; (b) Ru-Pt catalyst particles (red) shown on a
colour-coded silica surface where the blue regions indicate
positive Gaussian curvature (saddle points) [3].

Fig. 2: (a) Comparison of reconstructions using SIRT and
compressed sensing (CS) codes for an iron oxide
nanoparticle with a concavity; (b) the apparent concavity
volume as a function of projection number [4].

Fig. 3: (a) Colour composite figure indicating five surface plasmon modes on a silver nanoparticle, 100nm in size [7];
(b) Reconstructed electrostatic potential near a p-n junction in a silicon device showing sub-surface carrier depletion
[8].
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IFSM-PL-1670 From Atomic Structure to Properties of Oxides: Applications of
Aberration-corrected Transmission Electron Microscopy
 

Jia C. L.1,2
 
1Ernst Ruska-Centre for Microscopy and Spectroscopy with Electrons and Peter Grünberg
Institute, Forschungszentrum Jülich GmbH, Jülich, Germany, 2International Centre for Dielectric
Research, Xi'an Jiaotong University, Xi'an, China
 

Email of the presenting author: c.jia@fz-juelich.de
 
Functional oxides provide an important part of the material basis for multifunctional devices as
a result of their exceptional range of physical properties. These properties, in turn, depend
strongly on the crystal structures, chemical compositions and defect configurations of the
materials, which can be characterized on the atomic scale.
In a high-resolution transmission electron microscope equipped with an aberration corrector,
the spherical aberration coefficient CS of the objective lens can be tuned to either a positive or
a negative value. The use of a negative value of CS combined with an overfocus setting of the
objective lens is used in the negative CS imaging (NCSI) technique [1]. Images obtained using
the NCSI technique show superior atomic column contrast and intensity than corresponding
positive CS images [2], especially for weakly scattering oxygen columns that are in close
proximity to strongly scattering cation columns.
Using the NCSI technique, we have investigated the atomic details near 180° domain walls in
thin films of PbZr0.2Ti0.8O3 [3,4]. The relative displacements of ions have been measured and
on this basis the local polarization across the wall has been calculated. Using this technique we
have studied the atomic structure of LaO-TiO2-type interfaces in epitactic LaAlO3/SrTiO3
heterostructures [5]. The prominent result is the oxygen octahedron rotation and the TiO6
octahedra distortion induced by LaAlO3 in SrTiO3 at the interface. The cation-oxygen
octahedra represent the prominent structural element of perovskites, which can be modified
by distortions, rotations, and particular atomic shifts. Small atomic rearrangements as they are
expected to occur at the interfaces between perovskites of different structure can change
dramatically the electronic system.
We have recently used the NCSI technique to perform quantitative comparisons between
experimental and simulated images on an absolute intensity basis after taking into account
the effects of the modulation transfer function of the camera and additional image spread [6].
This absolute intensity matching approach not only allows atomic column positions and defect
structures to be determined with picometer precision, but also allows the local chemistry and
the three-dimensional morphology of a crystal to be determined on the atomic scale.
Figure 1 shows results obtained from a study of the relationship between the atomic structure
and properties of BiFeO3, a room temperature multiferroic material. In the
rhombohedrally-distorted perovskite unit cell of BiFeO3 (shown in Fig. 1a), characteristic
structural features include relative shifts between the cations and the oxygen anions along the
[111] axis and rotations of oxygen octahedra about the [111] axis, which are related to the
ferroelectric polarization and the antiferromagnetic properties of the material, respectively.
Both the atomic shifts and the rotations of the octahedra can be quantified using the NCSI and
ACM techniques and used to understand the electrical and magnetic properties of the material.
Figure 1b shows an atomic-resolution image of a 109° domain boundary (thick arrow) between
two domains. The use of NCSI conditions and a particular specimen thickness result in the
atomic columns appearing bright on a dark background. The domains in the material can then
be distinguished by measuring the positions of the atomic columns inside individual unit cells.
In Fig. 1(b), the domain above the boundary is oriented along the [110] direction. The O
column positions are shifted upward and downward (Fig. 1c), corresponding to alternating
rotations of octahedra. A corresponding off-centre displacement of Fe with respect to the
middle point of the line connecting two neighbouring (left and right) O positions is visible and
oriented in a downward direction. In this orientation, the [001] component (red arrow) of the
[111] polarization vector can be measured and the octahedron rotation can be revealed. Below
the boundary (Fig. 1d), the domain is viewed along the [1 ̅10] direction. The octahedron
rotation is now not visible due to the overlap of atoms (Fig. 1d). However, the full vector (red
arrow) of the atomic column displacement is now revealed. In this way, the polarization of the
domain can be determined unambiguously.                                                                                  
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Fig. 1: (a) Schematic diagram of the pseudocubic unit cell of BiFeO3. (b) Atomic-resolution image of a 109° domain
wall (thick arrow) separating two domains: the domain above the wall and the magnification in (c) correspond to a
[110] viewing direction, while the domain below the wall and the magnification in (d) correspond to a [1 ̅10] viewing
direction. The red arrows denote the polarization.
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IFSM-PL-1780 Some surprises in electron diffraction physics and imaging.
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The multiple scattering theory on which modern electron microscopy (EM) is based had been
fairly well worked out by about 1960, following work by Bethe, Sturkey, Heidenreich, Hirsch,
Howie, Whelan, Cowley and Moodie and others. Nevertheless many surprises remained in the
ensuing 50 years. For me the most important of these have been i) The finding that multiple
energy-loss effects can be removed from EELS spectra, using earlier work on cosmic ray
showers. ii) The richness of the "point-projection" geometry, championed by Gabor in 1949. In
turn this has produced Ptychography, the theory of STEM lattice imaging for crystals and
low-voltage field-emission point-projection imaging. It is remarkable that coherent overlapping
convergent beam orders provide a solution to the phase problem, an atomic-resolution
"shadow image", Talbot self-imaging, and in-line holography. iii) The discovery of "forbidden"
termination reflections and their value for imaging surfaces and sub-surface dislocations and
kinks. Their monolayer sensitivity is remarkable. iv) The detection of coherent bremstrahlung
tunable X-ray emission lines in STEM EDX. It is remarkable that these lines can be indexed, and
are absent when reflections are forbidden by symmetry. v) The explanation for dynamically
forbidden reflections, which cancel due to symmetry-related paths for all thickness. vi) The
usefulness of electron channelling effects (Alchemi) on EDX for locating foreign atoms in
several fields (turbine blades, mineralogy), previously an academic curiosity. vii) The
achievement of aberration correction. viii) The success of our TEM CCD camera, whose impact
on cryo-em tomography we never anticipated. ix) The surprising sensitivity of low-angle
scattering to atomic bonding, with the zero-order scattering the most sensitive quantity
known. x) The finding that sufficiently short pulses of radiation can outrun radiation damage,
thus breaking the nexus between damage, resolution and particle size if a large number of
particles can be packed into a near delta-function pulse. xi) The information extracted from
ELS spectra, with its unrivalled spatial resolution.
 The changing agenda of EM over this half-century, from the study of bulk defects such as
dislocations, and atomic resolution imaging of interfaces, to nanoscience, cryo-electron and
in-situ microscopy (liquid cells, catalysis) has been fascinating to watch. Recent developments
- atomic resolution imaging with characteristic X-rays, direct injection detectors, sub-Angstrom
resolution, high-resolution imaging in 3D, fast diffraction and imaging - continue to surprise.
References in: High Resolution Electron Microscopy (Spence, 4th ed. 2014) and Electron
Microdiffraction (Spence & Zuo, 1992).
Acknowledgement: To many colleagues and friends over half a century in many countries, and
to the US funding agencies and Arizona State University.
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Cryo-electron microscopy offers a unique capability to determine the 3-D structures of
macromolecular complexes. However, insight into biological activity requires understanding
the structural transitions that the complex of interest undergoes. It is not possible, even in
principle, to visualize the same molecule in successive states as this would involve the
prohibitively difficult task of thawing the specimen, inducing the conformational change,
re-vitrifying and re-locating the molecule. However, dynamics may be addressed by a
statistical approach in which classification techniques are applied to data sets imaging
conformationally mixed populations. Then, provided that there is a basis for ordering the
various conformers in a temporal sequence, the reaction dynamics of the complex may be
described and movies made.
The process of virus maturation is amenable this approach. With many viruses, the precursor
particle undergoes radical structural changes as it matures into an infectious virion. We have
investigated the maturation of bacteriophage HK97 capsid, an icosahedrally symmetric shell
composed of 420 protein subunits, which expands from 45 nm to 55 nm and angularizes as it
matures. These changes in morphology reflect large rotations of the protein subunits and local
remodeling (1), and the pathway proceeds via three metastable intermediates (2). The capsid
of herpes simplex virus, an animal virus, follows a similar pathway, which may be traced to a
capsid protein domain similar in structure to that of HK97, but it passes through many more
intermediates (3). Recently, we have found that bacteriophage phi6, which has a RNA genome
rather than a DNA genome and an entirely different capsid protein fold from HK97, also
undergoes massive subunit rotations and matures via two intermediates (4, 5) – Figure 1.
For this approach to visualization of conformational dynamics, several conditions must be met
(6). The differences between states must be large if differences in the images that arise from
viewing geometry are to be separated from real structural differences. The number of distinct
conformational states must be relatively small. To establish a time-line, one must be able to
induce the reaction of interest on a time-scale of seconds to hours. Notwithstanding, recent
technical advances in automated collection of large data sets, the improved resolution and
signal-to-noise ratio of direct detection cameras, and sophisticated classification techniques
promise to expand the range of applicability.                                                                              
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Fig. 1: Maturation dynamics of bacteriophage phi6 capsid visualized by 4-dimensional cryo-EM. The pathway
progresses through four states: the initially assembled procapsid with its deeply indented facets; two expansion
intermediates with near-planar facets; and the spherical mature nucleocapsid. The capsid is built from 60 P1A/P1B
dimers, where P1A and P1B are chemically identical but conformationally distinct (non-equivalent) protein subunits.
The top row shows renderings of the outer surfaces viewed along a 5-fold symmetry axis. The middle row shows
models of the respective capsids consisting of a pentamer of P1A subunits (blue, green) and surrounding P1B subunits
(red, yellow), viewed from above. The bottom row shows slabs through a portion of the structures, passing through
one vertex (P1A’s blue, P1B’s blue). The procapsid-to-intermediate 1 transition is achieved by rotations of P1B subunits
about the line connecting two 3-fold icosahedral axes. Further expansion to intermediate 2 is achieved by outward
movement of the P1A subunits. The final step to nucleocapsid involves primarily local changes affecting the P1A
subunits. Adapted from reference (5), where movies of the transition are available, courtesy of J.B. Heymann. Scale
bars: 100 Å.
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We have used scanning transmission electron microscopy (STEM) of cells in liquid [1, 2],
so-called Liquid STEM, to study protein complex subunits. Live eukaryotic cells were grown on
silicon microchips with silicon nitride (SiN) membrane windows, and incubated with specific
protein labels consisting of gold nanoparticles or fluorescence nanoparticles, quantum dots
(QDs). The samples were imaged with STEM. On account of the atomic number (Z) contrast of
the annular dark field (ADF) detector of STEM, the nanoparticles of high-Z material can be
detected within the background signal produced by the low-Z material of the cell and
surrounding liquid. The highest resolution was obtained using STEM at 200 keV electron beam
energy, for which the cells were placed in a microfluidic chamber with electron transparent
windows (Fig. 1A). The flat parts of cells can also be imaged in a thin layer of water with
environmental scanning electron microscopy (ESEM) at 30 keV with the STEM detector (Fig.
1B).
Liquid STEM was used to study several different proteins and protein complexes on intact cells
in liquid, such as the epidermal growth factor receptor, and the closely related ErbB2 receptor.
The particular distribution of monomers, homodimers, and heterodimers of these receptors is
of relevance for basic research as well as for the analysis of drug mechanisms. We used COS7
fibroblast cells and SKBR3 breast cancer cells. The receptors were specifically labeled with
nanoparticles via small, specific ligands, much smaller than antibodies used for immunogold
labeling. It was observed that the expression levels and the distribution of the receptors
differed significantly from cell to cell. Therefore, we used correlative fluorescence microscopy
to localize cells and cellular regions where a certain type of receptor was present (see Fig. 2A).
The sample was transferred into the ESEM chamber and an overview image was recorded at
the same location (Fig. 2B). ESEM-STEM images were then recorded at a higher magnification
to localize the individual QDs (Fig. 2C). The regions of stronger fluorescence correlated with a
higher density of the QDs. Since the extensive sample preparation common for biological
electron microscopy is mostly avoided, the Liquid STEM method is as simple as fluorescence
microscopy. It is readily possible to acquire data of thousands of labels on dozens of cells. This
advantage was used to study the distribution of EGFR monomers, dimers and clusters using a
total of 1411 obtained from images of 15 cells [3].
References:
[1] N de Jonge et al., Proc Natl Acad Sci 106, 2159-2164, 2009.
[2] N de Jonge & FM Ross, Nature Nanotechnology 6, 695-704, 2011.
[3] DB Peckys et al, Scientific reports 3, 2626, 2013.
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Fig. 1: Principle of Liquid STEM (A) The cell is fully enclosed in a microfluidic chamber with two SiN windows. Contrast is
obtained on protein nanoparticle (NP) labels using the dark field STEM detector. (B) The cell is maintained in a
saturated water vapor atmosphere, while a thin layer of water covers the cell.
 

 
Fig. 2: Correlative fluorescence microscopy and ESEM-STEM of a flat part of an intact SKBR3 cell in a thin liquid layer.
The ErbB2 was extracellular labeled with fluorescent quantum dots (QD)s. (A) Fluorescence image of the edge of the
cell. (B) The same region imaged with ESEM-STEM. (C) Boxed region in A and B at higher magnification.
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Fluorescence microscopy is a powerful tool for localising proteins within biological samples.
However, information is limited to the distribution of the tagged protein, telling us little about
the ultrastructure of the surrounding cells and tissues, which may be intimately involved in the
biological process under study. Electron microscopy overcomes the resolution limitation
inherent in light microscopy and can reveal the ultrastructure of cells and tissues. However,
protein localisation tends to be complex and is often dependent on the availability of
‘EM-friendly’ antibodies. Correlative light and electron microscopy (CLEM) combines the
benefits of fluorescence and electron imaging, revealing protein localisation against the
backdrop of cellular architecture.
In this talk, I will introduce several ways in which we are extending CLEM. We developed
‘correlative light and volume EM’ to enable visualisation of rare events in cells, tissues and
whole model organisms, by combining correlative workflows with microscopes that
automatically collect large stacks of high resolution images (Focused Ion Beam SEM and Serial
Block Face SEM). We applied this technique to study disrupted nuclear envelopes in
lipid-depleted mammalian cells and developing blood vessels in zebrafish. We are further
developing this technique, to make CLVEM faster and more accurate, using an in-resin
fluorescence (IRF) protocol for mammalian cells and tissues. GFP and mCherry are preserved
through processing into resin, so that we can directly detect fluorophores and cellular structure
in the same ultrathin resin section. We are now developing the next generation of integrated
light and electron microscopes to image structural and functional information simultaneously.
Finally we are combining cryo-fluorescence microscopy with cryo soft X-ray microscopy to
study cellular events in whole mammalian cells, preserved as close to native state as possible
within a vacuum.



 
Fig. 1: 1
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The localization of single and rare structures within cellular volumes or tissue samples
prepared for electron microscopic studies is a challenging endeavor. Correlative light and
electron microscopy bridges the gap between detecting a structure and making it accessible
as target for ultrastructural studies.
We are interested in the neuromuscular junction (NMJ), the synapse between a skeletal muscle
fibre and the axon of a motoneuron. It is a comparably small structure within the huge volume
of a muscle fibre and difficult to find in electron microscopic preparations. Therefore, we
established two protocols to preserve Alexa Fluor (AF) fluorescence during the embedding of
mouse muscle tissue in HM20 resin. The first protocol is based on chemical fixation. After
excision and fixation of diaphragm the acetylcholine receptors (AChR) of the NMJ are labelled
using alpha-bungarotoxin (BGT) conjugated to AF-555 or AF-647. Subsequently, the
temperature is progressively lowered and the tissue is embedded at low temperatures
[protocol modified, 1]. For the second approach based on high pressure freezing, the
diaphragm is excised and immediately dissected into small pieces. During this preparation
step labelling is performed. Subsequently, the samples are high pressure frozen, freeze
substituted and embedded [protocol modified, 2].
We studied the final sample blocks using confocal laser scanning microscopy and used the
fluorescence signal to relocate predefined regions. Furthermore, the fluorescence is still
traceable in ultrathin sections by means of common fluorescence light microscopic techniques
and by more sophisticated, super-resolution methods such as high numerical aperture
fluorescence microscopy (Fig. 1) or localization microscopy (Fig. 2). The fluorescence signal of
the commercially available organic dye imaged in light microscopy can be correlated with an
electron-dense marker suitable for electron microscopy (Fig. 3). For this, additional
immuno-labelling is applied on section.
Both protocols described here allow the preservation of commercially available fluorescence
dyes. Thus, molecules or structures of interest can be readily identified by attached
fluorescence signals simplifying the most challenging step in correlative light and electron
microscopy: The labelled object can be located and analysed in electron microscopic
preparations using state-of-the-art light microscopic techniques. By this means, it is possible to
visualize rare events in tissue volumes using small organic dyes and to study them in their
ultrastructural context. Novel details of a generally known structure, such as the NMJ, can be
uncovered in its cellular environment.
1. D. Robertson et al., J Micros. (1992).
2. S. Hillmer, C. Viotti, D.G. Robinson, J Micros. (2012).
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Fig. 1: Light micrograph. 70 nm HM20 section on an indium tin oxide (ITO)-coated cover slip recorded with an oil
immersion objective lens (100x/1.4 Plan Apochromat, Carl Zeiss). A: Fluorescence image. AChR labelled with
BGT-AF555. B: Bright field image. C: Overlay. Scale bar: 10 µm.
 

 
Fig. 2: Correlation of high resolution localization light and scanning micrograph. A: Fluorescence light micrograph
(AChR labelled with BGT-AF555) recorded with an oil immersion objective lens (100x/1.4 Plan Apochromat, Carl Zeiss).
B: Scanning electron micrograph recorded with a Supra 40 (Carl Zeiss). C: Overlay. Scale bar: 1 µm.
 

 
Fig. 3: Transmission electron micrograph of an immuno-labelling of AChR stained with anti-AChR-alpha-antibody (BD
Biosciences) and Protein A Gold (cmc). A: Overview. B: Magnification of the boxed region in A. Scale bars: 1 µm.
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Biological organisms show a complex organization, which is already observed at the cellular
level. Analysing such multi-dimensional systems is not easy and biologists have to tackle the
problem of what a specific cell or cell type plays in the organism. Imaging techniques,
predominantly fluorescence microscopy, have been intensively employed to dissect the
complexity of 3D samples, especially since the introduction of super-resolution microscopy
techniques [1]. However, this set of methods has the disadvantages that only labelled
structures can be studied in relation to each other and nm-sized organelles cannot be resolved
[2]. On the other hand, electron microscopy has been the method of choice to observe the
molecular organization of a sample with a high resolving power. Thus specific proteins can be
localized and subsequently be related within the biological context. However, the field of view
in the transmission electron microscope is limited to few hundred μm2. Combining a low
magnification overview and localization capabilities of light/fluorescent microscopy with the
high resolution of electron microscopy, i.e., correlative light electron microscopy, appears to be
the most appropriate way to dissect the complexity of biological samples. To transfer a
precisely located biological region, from the light to the electron microscope, we developed
workflow based on the cryo-sectioning method developed by Tokuyasu [3] for the sample
preparation. The first step is based on the 3D localization of the structures of interest in the
entire sample on the fluorescent microscope. The position of the fluorescence labeled
structures is recorded and used during cryo-microtomy step. In order to better control the
cutting area, we modified our cryo-ultramicrotome by remplacing the classical binocular by a
stereo-fluorescent binocular microscope. Thus we are able to visualize the fluorescence in the
tissue bloc during trimming and sectioning. The second step is based on the acquisition of a
precise 2D map of the fluorescence on the cryo-section  on the TEM grid. This map will be
reused to guide the electron microscope during acquisition. Finally, the last step is the
imaging, at high resolution:
-in the scanning electron microscope using a STEM detector to acquire large tiles
-in the transmission electron microscope to acquire tomograms of the area of interest.
Using this workflow, we were able to characterize at high-resolution a small biological feature,
a “needle”, that was spatially localized and extracted from a significantly larger biological
volume, the “haystack”. Different examples of tissues will be presented to highlight the
advantages of this technique along with its wide range of potential applications.
[1] Huang, B., Babcock, H., Zhuang, X. Cell, 143, 1047-1058 (2010)
[2] Loussert, C., Forestier, C., Humbel, B. Methods in Cell Biology, 111, 59-72 (2012)
[3] Tokuyasu, K. Journal of Cell Biology, 57, 551-565 (1973)
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Cryo-EM technique avoids chemical fixation and by the way its inherent artifacts allowing the
visualization and analysis of samples in a close to native state. This technique has been
coupled with fluorescence imaging (cryo-CLEM). We developed correlative cryo-analytical
STEM, for mapping water by dark field imaging and ions by energy dispersive X-Ray
spectrometry (EDXS) within compartment previously identified by GFP tagged proteins.
Stable transfected HeLa cells expressing H2B-GFP (allowing the identification of chromatin in
the nucleus) are vitrified by rapid plunging into liquid ethane without cryoprotectant. In
classical cryo-CLEM methods, the grid is first placed in a dedicated cryo-setup mounted on the
stage of a fluorescence microscope for recording fluorescent images then transferred in the
cryo-holder of the electron microscope for imaging. However, this method suffers from an
important drawback due to the transfer of the grid which can induce: i) mechanical or thermal
damages, ii) grid bending, contamination or even loss of the sample during transfer. We
developed an original technical protocol whereby cryo-ultrathin sections (80nm) are placed on
a formvar-carbon coated indexed grid, directly and definitely mounted on the Gatan EM
cryo-holder, and successively imaged by cryo-fluorescence microscopy and cryo-electron
microscopy (1).
In order to demonstrate the potentiality of our method we studied effects of a cytotoxic
chemotherapy drug at 2 exposure levels :
*Actinomycin D at 50 ng/mL in order to induce a nucleolar stress to inhibit RNA synthesis. We
map at the ultrastructural level water and elements. Cryo-CLEM allows us to measure them
specifically in rich chromatin areas that are undistinguishable by ultrustructural morphology in
STEM (Figure 1). By the way we have shown that nucleolar stress induce an increase of water
and a large decrease of elemental contents in all cell compartments (2).
*Actinomycin D at 500 ng/mL in order to induce an apoptosis state. Live confocal microscopy
experiments allowed to define six chronological steps for apoptosis. These steps, which are not
always identified by ultrustructural morphology, are fortunately easy to recognize by
fluorescence microscopy. So correlative cryo-analytical STEM allows us, for the first time, to
correlate water and ions content evolutions in the different cell compartments as a function of
apoptosis states.
Our original process has several advantages: i) it is universal ie valid for all labeled proteins
and ii) it allows the targeted nanoanalysis of water and ions in connection with fluorescent
labeling.
(1) Nolin et al., JSB 180 (2012) 352-362.
(2) Nolin et al., CMLS 70(13) (2013) 2383-2394.
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Fig. 1: Targeted nano analysis. A) Fluorescence image of a HeLa H2B-GFP cell cryosection. B) STEM DF image of the
same cell after freeze-drying. C) Merge between the strongest fluorescence areas (red) identifying clumps of
condensed chromatin and the STEM image. So we identify clumps of chromatin on STEM image and we are able to
target them for EDXS (D).
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Addressing the urgent need to simultaneously acquire images with both high spatial resolution
and high chemical sensitivity is of paramount importance to gain deeper understanding in
physical and biological sciences. The Transmission Electron Microscopy (TEM) offers superior
spatial resolution, but, the traditional analytical capabilities associated with electron
microscopy such as the Energy Dispersive Spectroscopy (EDS) or Electron Energy-Loss
Spectroscopy (EELS) are unfortunately inadequate for characterizing samples containing trace
elements (at best 0.1 at. %) or for mapping isotopic distributions. On the other hand,
Secondary Ion Mass Spectrometry (SIMS) provides extraordinary chemical sensitivity (down to
ppm or even ppb) and high dynamic range, but, offers poor lateral resolution. An ex-situ
combination of TEM and SIMS in an attempt to overcome the limitations of the techniques
taken individually is prone to sample modifications and artefacts [1]. To overcome the intrinsic
instrumental limitations, we have made an in-situ combination to complement the
high-sensitivity of SIMS with the exceptional spatial resolution offered by TEM, by developing
the correlative TEM-SIMS technique.
To determine the feasibility and to demonstrate the applications of the TEM-SIMS method, we
have developed a prototype instrument for TEM-SIMS based correlative microscopy (Fig 1). The
pole-pieces of a Tecnai F20 were specially modified to accommodate the SIMS technique. A FEI
Magnum Ga+ FIB was attached to the TEM column to act as the primary ion column. The
secondary ion extraction optics (extraction efficiency 90%) and a compact high-performance
mass spectrometer were designed and developed in-house and are being continuously
improved for optimal performance. A special sample holder which can be biased to
high-voltages (±4.5 kV) was also developed in-house to enhance the collection efficiency of
the secondary-ion extraction optics.
To enhance the low intrinsic yield of secondary ions for non-reactive primary ion beams such
as Ga+ for the TEM-SIMS we use reactive gas flooding [2]. Specifically, the enhancement of
negative secondary ion yields due to Cs flooding and of positive secondary ion yields with O2

flooding were found to be up to four orders-of-magnitude. This enhancement of secondary ion
yields leads to detection limits varying from 10-3 to 10-6 for a lateral resolution between 10 nm
and 100 nm respectively (Fig 2).
The utility of the TEM-SIMS based correlative method will be demonstrated with the example of
samples containing low Z elements, which are particularly challenging with traditional
analytical methods like EDS or EELS.

References:
[1] K. Q. Ngo et al, Surf. Sci. 606, (2012) 1244.
[2] P. Philipp et al, Int. J. Mass. Spectrom. 253 (2006) 71



 
Fig. 1: Schematic of the TEM-SIMS setup (left) and the photo of the TEM-SIMS prototype instrument (right).
 

 
Fig. 2: Detection limit using a Ga+ FIB with and without Cs0 flooding vs. minimum feature size: example for the detection
of Si-.
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Our efforts focus on developing imaging technology platform that quantitatively link
macroscopic cellular outputs to molecular-resolution structural changes in the crowded cellular
environment. Our central biological interest is the structures of actin cytoskeleton
macromolecular assemblies; the girders and cables that control the shapes and movements of
all living cells. The anchoring sites of the girders, between the cell and the extracellular matrix
or other cells, are mechano-sensitive multi-protein assemblies that transmit force across the
cell membrane and regulate biochemical signals in response to changes in the mechanical
environment. The combined functions in force transduction, signaling and mechanosensing are
crucial for cell and tissue behaviors in development, homeostasis and disease.
The heterogeneity and dynamic nature of the multi-component complexes responsible for the
transmission of force between the actin cytoskeleton and integrin receptors in migrating and
mechano-active cells have hindered structural studies aimed at unrevealing the underlying the
molecular mechanisms of their assembly and disassembly. A large body of work carried out
over the last two decades has identified key components that directly link the actomyosin
system to the extracellular domain (via integrin). Here I will describe how a hybrid approach
that involves a combination of correlative light and electron microscopy, cellular cryo-electron
tomography, image analysis, computational docking, and biophysical tools allows us to “
“directly view” the 3D the molecular architecture of these nanomachinery in situ.
Recently, we acquired cellular cryo tomograms of whole mammalian cells using intermediate
voltage TEMs equipped with various imaging devices / energy filter configurations and
employed drift movie correction in conjunction with feature extraction to extend these studies
and view single membrane receptors at the cell membrane extracellular matrix interface. here
I will describe these results.
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Recent developments in light/laser microscopy are pushing spatial resolution far beyond the
limits of optical diffraction, ever closer to the resolving power of electron microscopy. Several
studies have reported using optical super-resolution imaging techniques to observe
fluorescently labelled subcellular details at the lateral resolving power of 50-75 nm.Depending
on the employed optical technique, the resolving power can be pushed even further to the
extreme range of 25-30 nm. Even though this range of resolution (close to the single-molecule
resolution)makes the optical techniques relevant in the observation of cellular structure at the
supramolecular level, transmission electron microscopy is still an inevitable technique for
ultrastructural details at the nanometer scale. Hence, the Correlative Light and Electron
Microscopy (CLEM) concept, which combines data collected by light/laser microscope with data
collected by an electron microscope, is becoming increasingly popular. The CLEM concept has
been utilised only in the recent years with the technical development in the microscopy
industry.
In the present study, cultured Caco2 cells were used as model. The cells were double-labelled
with GM1 for membrane rafts and Phalloidin/AF647 for actin filaments. The labelled structures
were correlated with Transmission Electron Microscopy (TEM) and Tomography (TET). The
decoration of actin filaments was used to assess the detection limit of different configurations
of actin via ground state depletion-based super-resolution microscopy (GSD-SR). Furthermore,
by applying CLEM, the direct comparison of optical data with TET data was achieved in the
regions previously imaged via GSD-SR.
3-D CLEM arrays of membrane rafts and cellular actin obtained via GSD-SR and TEM or TET will
be presented. A practice workflow for the sample preparation and data analysis for correlative
super-resolution studies will be discussed. This study will be supported by quantitative
measurements of the actin fibres from directly comparing GSD data with morphometric values
from the TET models. Data on the number of fibres, their diameter, including their
configuration will be discussed.
It is shown that CLEM, is a relevant tool in the study of dynamic or non-dynamic structures,
allowing for the observation of fluorescently labelled structures at the EM level. When
combined with super-resolution microscopy, the difference in resolving power between optical
and electron microscopy is further closed down.
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Fig. 1: Wide-field image, TEM mosaic images,  GSD-SR image and TET model of actin filaments from the same area of
cultured colorectal cancer cells. The large box represents the area imaged using GDS-SR. The smaller boxes represent
the areas imaged using TET.
 

 
Fig. 2: Schematic of image analysis workflow for evaluating the resolving power of the two techniques; Ground State
Depletion-Super Resolution (GSD-SR) and Wide-Field (WF) fluorescence microscopy.
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The main cause of cancer mortality is not the primary tumor, but metastasis: the spreading
and colonization of cancer cells at a distant site. The major events in cancer metastasis involve
detachment of cells from the tumor (invasion), intrusion into vessels (intravasation),
circulation, exit from the vessel, and secondary site colonization. Metastatic processes involve
structural and functional transformations to the invading cell, and also the tumor
microenvironment is found to be an active member of the complex cellular ecosystem shaping
cancer progression.
There is a strong need of the cancer research community to gain more insight into metastatic
processes in vivo. Whereas fluorescence microscopy offers intravital imaging of cancer cells in
tissue, it suffers from a limited resolution and is restricted to imaging of fluorescent probes.
Electron microscopy, on the other hand, reveals the complete architecture of the region of
interest (ROI) at the ultrastructural level. Combining these two imaging modalities results in a
tool that correlates the dynamic and functional recordings of tumorigenic events in vivo to the
sample’s most-detailed ultrastructure.
We have recently developed a correlative microscopy workflow that complements the
advantages of intravital two-photon excitation microscopy (2PEM) of murine tumor xenografts,
with volume electron microscopy (EM). Fluorescently labeled cancer cells are injected
subcutaneously into a mouse ear and imaged using 2PEM. Using near-infrared branding, the
position of areas of interest within the sample is labeled at the skin level, allowing for their full
preservation. Concerted usage of these artificial brandings and anatomical landmarks enables
targeting and approaching the cells of interest while serial sectioning through the specimen.
Full volume correlation is then performed between the 2PEM and EM datasets. Upon retrieval
of the cancer cells, their structure and microenvironment could be revealed in 3D at high
resolution through electron tomography. Our approach correlates intravital microscopy to 3D
electron microscopy, uniquely demonstrating in vivo formation of invasive protrusions in
cancer cells and enabling visualization of cell-matrix contacts. This study therefore provides
unique and unprecedented insights into tumorigenic processes, which could benefit to the
cancer research community.
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Fig. 1: (A,B) Fluorescent cancer cells were xenotransplanted into mouse ear skin and imaged with intravital 2PEM. (C)
An invasive cancer cells was retrieved with electron microscopy and the structural organization of invasive protrusions
were revealed with electron tomography (D). Scale bars are 100 µm in B, 5 µm in C and 500 nm in D.
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Correlative Light and Electron Microscopy (CLEM) combines the optical capability of imaging
dynamic physiological specimens with the nanoscale three dimensional resolution of electron
microscopy. Most methods for CLEM use a metal nanoparticle (mNP) bound to a fluorescent
marker (Fig. 1), but the fluorescence is often quenched in the EM prep meaning that
preparation artefacts can not be checked. Presented here is a novel Correlative Microscopy
approach that integrates Four Wave Mixing (FWM) microscopy into a CLEM experiment only
using the gold nanoparticle tag.
FWM is a multiphoton technique which exploits the nonlinear optical response of mNPs at their
surface plasmon resonance (SPR) to image these mNPs as absorbers, rather than fluorescence
emitters. This technique has high sensitivity, photo-stability and depth accuracy, and in
addition is also background free (Fig. 2). Additional advantages are that the absorption is
linear to the number of particles in the voxel, and shifts in the peak can be used to detect
inter-particle distances at a macro-molecular precision. Here we demonstrate this concept by
combining FWM with standard fluorescent-mNP CLEM and comment on any artefact from high
pressure freezing and Lowicryl embedding.
HeLa cells were grown on 1.48mm diameter sapphire disks (with a carbon finder grids) glued
into a homemade carrier suitable for high pressure freezing (Leica EMPACT2 + rapid transfer
system). The cells were serum starved and then incubated (20min) in Epidermal Growth
Factor-biotin bound to Alexa Fluor 488 streptavidin – 10nm colloidal gold. One cell of interest
on each disk was then imaged using a confocal microscope system, high pressure frozen and
Lowicryl embedded at low temperature (without additional metal staining). The embedded
blocks had the sapphire disk carefully removed and were trimmed as if for EM. The 1st and
2nd 5µm sections containing the cells, placed in glycerol between a glass slide and coverslip,
were imaged with FWM. After FWM imaging the sections were washed, remounted, thin
sectioned and imaged with EM.
The preliminary results demonstrate the viability of FWM as a future standard CLEM technique
and for testing aretfact in fluorescently labelled CLEM techniques in general.
 

Acknowledgement: Funding: BBI solutions and EPSRC



 
Fig. 1: CLEM example. HeLa Cells have internalised both EGF-Alexa488-10nm gold and Tf-Alexa594-5nm gold. Light
microscopy fluorescence (left) shows an overview of the cells, One cell and structure inside can be processed and
analysed at higher resolution for electron microscopy.
 

 
Fig. 2: HepG2 cells having the Golgi apparatus immunostained with GM130-Alexa Fluor 488 and 10nm gold
nanoparticles (Masia et al, Opt. Lett. 34, 1816 (2009)). A) Phase contrast  B) Epi-fluorescence C) overlay and D)  Four
wave mixing micrograph of a single cell
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In recent years various super-resolution techniques have been developed in the field of
fluorescence microscopy (FM) to overcome the problem of diffraction limited resolution. Single
molecule localization microscopy, which is based on the switching of fluorophores between two
different states, allows fluorescently-labelled structures to be resolved down to the 10 nm
range. When the same cell is imaged using transmission electron microscopy (TEM), such
structures can be correlated to ultrastructure with a much higher degree of precision and
detail compared to conventional FM. It is advantageous to perform correlative light and
electron microscopy (CLEM) with the final resin sections, rather than performing the
localization microscopy prior to embedding and sectioning, as at this resolution the TEM
sample preparation steps induce visible structural and spatial changes in the sample that
affect the quality of correlation. Therefore, the challenge is to maintain not only the
fluorescence itself throughout the TEM sample preparation procedure, but also the switching
capability of the fluorophore necessary for localization microscopy, whilst simultaneously
preserving cellular ultrastructure and introducing sufficient contrast for TEM imaging.
We have compared and modified a range of different freeze substitution protocols after
high-pressure freezing to optimise the TEM sample preparation protocol for performing single
molecule localization microscopy of standard fluorescent proteins in ultrathin resin sections
followed by TEM imaging. We present examples of correlative super-resolution in-resin
fluorescence and TEM images of biological structures labelled with standard fluorescent
proteins (Fig 1), and will discuss factors (such as mounting media and cryo-protectant) which
influence the in-resin switching ability of the fluorophore. Using this method we achieved a
structural resolution of ~ 50 nm in the FM images (mean single molecule localization accuracy:
21 nm). Not having to use special photo-activatable or photo-switchable dyes has proven
extremely useful in the field of non-correlative localization microscopy in chemically fixed
samples as it simplifies the fluorescent labelling procedure, making it more accessible to a
wider range of researchers. We envisage that the presented method will give super-resolution
CLEM a similar push forward.



 
Fig. 1: Overlay of FM (green) and TEM (grey) image. A: conventional FM. B: super-resolution FM image.
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The isotopic composition of different materials can be imaged by secondary ion mass
spectrometry (SIMS). In biology SIMS is mainly used to study cellular metabolism and turnover,
by pulsing the cells with marker molecules such as amino acids labelled with stable isotopes
(15N, 13C). The incorporation of the markers is then imaged with a lateral resolution that can
surpass 100 nm1. However, secondary ion mass spectrometry cannot identify specific
subcellular structures like organelles, and needs to be correlated with a second technique,
such as fluorescence imaging. We present here a method based on stimulated emission
depletion (STED) microscopy2 that provides correlated optical and isotopic nanoscopy (COIN)
images. We use this approach to study the protein turnover in different organelles from
cultured hippocampal neurons. Correlated optical and isotopic nanoscopy can be applied to a
variety of biological samples, and should therefore enable the investigation of the isotopic
composition of many organelles and sub-cellular structures3.
References: 
1. Lechene, C. et al. High-resolution quantitative imaging of mammalian and bacterial cells
using stable isotope mass spectrometry. J Biol 5, 1–30 (2006).
2. Hell, S. W. & Wichmann, J. Breaking the diffraction resolution limit by stimulated emission:
stimulated-emission-depletion fluorescence microscopy. Opt Lett 19, 780–782 (1994).
3. Saka, S. K., Vogts, A., Kröhnert, K., Hillion, F., Rizzoli, S.O., Wessels, J. Correlated Optical
Isotopic Nanoscopy. In press (Nature Communications).
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Fig. 1: Correlated STED and SIMS imaging in neuronal cell bodies
 



Type of presentation: Oral
 

ID-1-O-3039 Quantifying Cellular Uptake of NanoDiamonds through
Cathodoluminescence Spectral Imaging in a STEM
 

Nagarajan S.1, Tizei L H. G.1, Bertrand J. R.2, Durieu C.3, Cam E. L.3, Chang H. C.4, Treussart F.5,
Kociak M.1
 
1Laboratoire de Physique des Solides, CNRS UMR8502, Université Paris Sud XI, 91405 Orsay,
France, 2Institut Gustave Roussy, Laboratoire de Vectorologie et Thérapeutiques
Anticancéreuses, 94805 Villejuif, France, 3Signalisations, Noyaux et Innovations en
Cancérologie, Université Paris Sud 11, Institut Gustave Roussy, Villejuif, France, 4Institute of
Atomic and Molecular Sciences, Academia Sinica, Taiwan, Taipei 106 , 5Laboratoire Aimé
Cotton, CNRS, Université Paris Sud and ENS Cachan, 91405 Orsay, France
 

Email of the presenting author: sounderya.nagarajan@u-psud.fr
 
Nanodiamonds (NDs) have been used for biological application in recent times. They
demonstrate high Photoluminescence (PL) which can be tuned by modifying the type of
defects in the NDs. For example, neutral defect Nitrogen Vacancy (NV0) have a characteristic
red emission while neutral defect Nitrogen Vacancy Nitrogen (H3) have a characteristing green
emission. These materials also emit light upon excitation under an electron beam which
enables imaging using Cathodoluminescence (CL). This has been used to image cells with NDs
in a Scanning Electron Microscope (SEM). But this method does not allow high resolution
imaging and cannot be used to identify sub cellular structures. Here, the use of the CL system
on a Scanning Transmission Electron Microscope (STEM)  to visualize the ND localization in
mamalian cell will be discussed. The use of a STEM allows visualizing the ultrastructure of
organelles in a cell and the periphery of the regions where the NDs localize after cellular
uptake. The detection of CL signal from the NDs allows using multiple emitters (with distinct
emissions) simultaneously. The important aspect of this imaging is that the bright field and the
dark field images are aquired alongside the CL spectral image (pixel by pixel spectral data)
which can be used to correlate the image of the subcellular structure and quantifying the NDs.
In this study, NV0 and H3 NDs were modified with two cationic polymers commonly used in
gene delivery. Cells were incubated with these NDs ,rinsed in Phosphate Buffered Saline and
embedded/sectioned in epoxy resin. The ultrathin sections were loaded on collodion coated
copper grids and imaged on the CL-STEM at -140oC. It was possible using CL to identify the
type of polymer on the NDs and also to quantify the number of luminescing NDs in the vesicle.



 
Fig. 1: Bright field Images of NV0-ND and H3-ND localized in cell vesicles overlapped with the corresponding emission
components extracted from the spectral image (A,C) and the respective dark field images (C,D). Scale bar : 500 nm
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The combination of optical microscopy and SEM may improve their analytical capacity.
However, the registration of optical and SEM images consists of a complex task, it requires
corrections of translation, rotation, and non-linear and local distortions. Gomes & Paciornik [1]
developed a method for this purpose that employs a standard sample for calibration. However,
although this method is effective, it is not practical.
This work presents a new registration method to automatically combine image sets from
optical microscope and SEM without the need of a calibration step. It was compared with
different registration methods present in the literature. A set of 81 pairs of images from an iron
ore sample was used for tests. The correlation coefficient was employed to evaluate the
quality of registration.
The proposed method involves three stages. First, each pair of images is aligned, through
cross-correlation, and then cropped to have the same size. Following, the images from SEM are
registered using a transformation computed by Local Weighted Mean (LWM) [2]. At final, all
images are cropped in order to represent the same field.
All image pairs are used to obtain the control points that define the transformation. They are
partitioned in small sub-images, and the moments of translation of each pair are measured,
determining control points covering the whole field.
Figure 1 presents the correlation coefficient for the 81 image pairs measured from (i) the
acquired images; and the images registered by (ii) the method with calibration [1], (iii) SIFT [3]
and Affine [4], and (iv) the new automatic method. Figure 2 shows the same results and the
results obtained for the registration with bUnwarpJ [5], using a different scaling to compare
them.
The lower results obtained for the original images and for the registration with Affine evidence
the need of more complex transformations than a simple alignment or even rigid-body ones.
The bUnwarpJ method achieved high results for most image pairs. However, it showed up
unstable, it distorted much many images, making them practically unrecognizable.
The results for the registration with calibration and for the new automatic method were similar.
In fact, the new method, besides more practical, was capable of providing the best registration
results.
References
[1] O.D.M. Gomes & S. Paciornik, “Multimodal Microscopy for Ore Characterization”, Scanning
Electron Microscopy, InTech, Rijeka, 2012.
[2] A. Goshtasby, Image Vision Comput, 6 (1988) 255.
[3] D.G. Lowe, Int J Comput Vision, 60 (2004) 91.
[4] B. Zitova & J. Flusser, Image Vision Comput, 21 (2003) 977.
[5] I. Arganda-Carreras et al, “Consistent and Elastic Registration of Histological Sections using
Vector-Spline Regularization”, Lecture Notes in Computer Science, Springer, 2006.
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Fig. 1: Correlation coefficient measured from the acquired images; and the images registered by the method with
calibration; SIFT and Affine; and the new automatic method.
 

 
Fig. 2: Correlation coefficient measured from the acquired images; and the images registered by the method with
calibration; SIFT and Affine; the new automatic method; and bUnwarpJ.
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Recently, we reported isolation of erythrocyte ghosts from bovine slaughterhouse blood and
their characterization from the aspect of morphology and structural integrity [1]. Detailed
insight into ghosts morphology obtained by FE-SEM, showed slightly distortion from
erythrocyte shape, an altered surface texture with increased bilayer curvature and existence
of invaginations [1], probably due to impact of used hypotonic PBS buffer [2]. We extended our
study to preparation of ghosts from porcine slaughterhouse blood in the presence of different
buffers and correlated obtained morphology by FE-SEM with analysis of the protein retention
by SDS-PAGE.
Erythrocyte ghosts from porcine blood were manufactured by hypotonic hemolysis with 35 and
65 mM sodium-phosphate/NaCl buffers, as well as 10 mM HEPES buffer and 10 mM HEPES
buffer including Mg2+ (2.5 mM of MgCl2). PBS was used as resealing medium for all types of
preparations. The samples for scanning electron microscopy were prepared as previously
described [1] and visualized on a field emission scanning electron microscope (FE-SEM), a
TESCAN MIRA 3 XMU, operated at 10 kV. Protein characterization of erythrocyte ghosts was
performed by SDS PAGE procedure in 0.75 mm thick, 12% w/w polyacrylamide gel under
reducing condition.
Figure 1 of FE-SEM micrographs demonstrates that different experimental conditions produced
different morphological characteristics among the ghost preparations. Namely, ghost
preparations obtained with 65 mM sodium-phosphate/NaCl buffer (Fig. 1b) and 10 mM HEPES
buffer with 2.5 mM Mg2+ (Fig 1d) revealed at least altered surface texture. The existence of
invaginations was the most pronounced in preparation obtained with 35 mM
sodium-phosphate/NaCl buffer (Fig. 1a). Addition of Mg2+, led to morphology improvement and
size uniformity, as it can be seen from Fig. 1d compared to Fig. 1c.
As shown in Figure 2, the SDS-PAGE analysis revealed in all erythrocyte ghosts preparations
most of the major protein fractions characteristic for the intact erythrocyte membranes
(marked on the left side). Spectrin, which forms the meshwork that provides animal
erythrocyte shape, was slightly depleted in ghost preparation obtained with 35 mM and 65 mM
phosphate buffer.
Since only slight differences in relative contents of membrane proteins in different ghost
preparations were observed, the morphological alterations of porcine erythrocyte ghosts
demonstrated by FE-SEM may be related to the changes of transbilayer lipid asymmetry [2].
1. Kostic I, Bukara K, Ilic V, Mojsilović S., Đorđević V., Isailović B. ,Veljović Đ., Bugarski B.,
Proceedings of the Microscopy Conference, Regensburg, Germany, August 25-30, 2013, MIM.4.
P066, pp 520-521.
2. F.M. Harris, S.K. Smith, J.D. Bell, J. Biol. Chem. 276 (2001) pp 22722-31.
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Fig. 1: FE-SEM micrographs of porcine erythrocyte ghosts prepared in (a) 35 mM and (b) 65 mM
sodium-phosphate/NaCl buffer, (c) 10 mM HEPES buffer and (d) 10 mM HEPES buffer with 2.5 mM MgCl2. The ghosts
were obtained by hypotonic hemolysis followed by restoration of isotonicity.
 

 
Fig. 2: Protein retention of different porcine erythrocyte ghosts preparations. Lane 1 and Lane 2- ghosts obtained with
35 and 65 mM sodium-phosphate/NaCl buffers, respectively. Lane 3 and Lane 4 - ghosts obtained with 10 mM HEPES
and 10 mM HEPES with 2.5 mM Mg2+, respectively.
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Recently, we described optimized process of gradual hemolysis for isolation of erythrocyte
ghosts from slaughterhouse blood [1], which can be used for their drug loading as well. Future
studies regarding the encapsulation of drugs in the ghosts will require powerful microscopy
technique, such as atomic force microscopy (AFM), to provide information of relevance to
cellular biophysical chemistry research. For this reason, two drying methods were examined to
optimize the preparation of bovine and porcine erythrocyte and empty ghosts for AFM
observation.
In order to preserve lipid and protein composition of erythrocytes and isolated ghosts, the
samples were prepared for AFM by introducing next protocol: 500 µL of erythrocytes and
ghosts were allowed to settle onto poly-L-lysine-coated cover glasses at 4°C overnight.
Samples were fixed in 2% glutaraldehyde in PBS and 2% osmium tetroxide for 2h each,
washed and dehydrated through a graded series of ethanol solutions (10, 30, 50, 70, 95 and
100%) for ten minutes each. The second procedure differed in adding dehydratation step
consisting of three times washing in acetone. AFM measurements were performed in
semi-contact mode at room temperature and under ambient conditions, using the NTEGRA
Prima system from NT-MDT (NT-MDT Co. Moscow, Russia). NSG01 probes from NT-MDT with a
typical tip curvature radius of about 6 nm and a typical force constant of 5 N /m were used.
For both samples of erythrocytes and ghosts, the preparation procedure without final
dehydratation in acetone, could not allow AFM observation. Possibly, remained water induced
erythrocyte membrane skeleton thermal fluctuation and/or it was deformed with the force
applied by the AFM probe [2]. AFM topography images of dried bovine samples (Fig. 1 a, b)
prepared with second procedure confirmed the results on the morphology and size of ghosts
obtained by FE-SEM [1]. Fig. 1 (c, d) showed the altered surface texture with invaginations in
porcine ghosts as well, probably formed due to isolation process. Besides, AFM of porcine
ghosts revealed the fraction of lipoprotein deposits having diameter of ~200 nm (Fig. 1 (e, f)).
These fractions were not observed in the sample of bovine ghosts. Successfully demonstrated
preparation procedure for ghosts AFM observation will further provide more significant
qualitative and quantitative AFM measurements of single ghost mechanics, especially drug
loaded ghosts, by acquisition of force-deformation profiles and extraction of Young’s moduli.
1. Kostic I, Bukara K, Ilic V, Mojsilović S., Đorđević V., Isailović B. ,Veljović Đ., Bugarski B.,
Proceedings of the MC 2013, Regensburg, Germany, August 25-30, 2013, MIM.4.P066, pp
520-521.
2. Takeuchi M, Miyamoto H, Sako Y, Komizu H, Kusumi A., Biophys J. (1998) pp 2171-2183.
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Fig. 1: Three-dimensional AFM images of erythrocytes and resulting ghosts attached to glass surfaces: (a) erythrocytes
from bovine and (c) porcine slaughterhouse blood (b) resulting bovine and (d) porcine erythrocyte ghosts (e)
fragments of lipoprotein nature derived from porcine erythrocyte ghosts (f) enlarged fragments given in (e)
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Energy Dispersive Spectroscopy (EDS) has been used for years to analyse the chemical
composition of materials, including biological matter. New large area SDD detectors offer
analysts the opportunity to gather up to 15 times the counts achieved on an older 10mm2

detectors without changing any other collection conditions.
Now large area mapping (LAM) software allows analysts to map a whole sample in just one
run. The analysis area is defined, the EDS map resolution and magnification set and then
individual fields are mapped. When all the fields have been analysed, they are montaged into
a single image which can be magnified to see details that are invisible in the larger map.
Here, we present results from a biological sample, analysed with a Oxford Instruments X-MaxN

150mm2 SDD detector at 4kV on a TESCAN Mira FEGSEM. Figure 1 shows a wheat seed which
has been embedded in resin and stained with OsO4 to highlight the fatty acids surrounding the
phospho-rich structures in the aleurone cells. The Os Mα and P Kα peaks overlap (Figure 2) but
can be deconvoluted with ‘TruMap’ software to ensure accurate maps are obtained. Figure 3
shows the results achieved with a 10mm2 EDS detector (Fig. 3a) compared to those taken on
an X-MaxN 150mm2 EDS detector (Figs. 3b & 3c).
The X-MaxN data is clearly superior in both counts & image definition. The oily bodies are
clearly delineated in the Os map and easily identified as separate structures from the P-rich
areas. Counting for longer yields improved signal to noise and offers sufficient structure in the
Os map to enable individual oily bodies to be identified (Fig. 3c). Combining the maps into a
single layered image (Fig. 3d) clearly illustrates the elemental distributions found across the
sample.
Figure 4 shows a 122 individual EDS maps (each 250μm by 250μm) montaged together to
make a large area map showing the chemical variation across the whole sample - a total area
of 3mm by 3.5mm. The LAM can be interrogated after collection and individual maps
magnified to illustrate points of interest as required.
Conclusions:
New large area SDD EDS detectors offers biological analysts a new way of collecting important
information about their samples. Improved collection efficiencies mean higher count rates
without changing the SEM operating conditions and large area EDS mapping allows data
collection across a wide field of view.  All while retaining the detail of individual maps. Finally,
truly informative EDS data across a range of scales can be collected on biological or beam
sensitive materials without compromising the sample.
References:
[1] “A to Z of Technology”, S Burgess et al, Oxford Instruments. M&M 2011
[2] “High Throughput, High Quality Analysis in the EM”; A Hyde et al, Oxford Instruments, M&M
2013
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Fig. 1: SEM image showing the internal structure of a wheat
aleurone cell.
 

 
Fig. 2: EDS sum spectrum of a wheat seed showing the
overlap between Os Mα & P Kα.
 

 
Fig. 3: Comparison of P Kα and Os Mα wheat seed EDS maps
taken on a 10mm2 EDS detector and 150mm2 X-MaxN SDD
detector.
 

 
Fig. 4: LAM montage of 122 individual EDS maps illustrating
thechemical composition of the whole wheat seed from
micron scale to millimeterscale. Montaged maps include:
BSE Image, C Kα, Ca Lα, Os Mα. Bottom right image shows
a highlymagnified section of the Os Mα map.
 



Type of presentation: Poster
 

ID-1-P-1955 Workflow for correlative light and electron microscopy
 

Hosogi N.1, Nishioka H.1
 
1EM Application department JEOL Ltd.
 

Email of the presenting author: nhosogi@jeol.co.jp
 
 Temporal behavior or interaction of biomolecules is generally observed by a light microscope
(LM). However, resolution of the LM is insufficient to resolve fine structural details. Although
the location of target molecules can be recognized by fluorescent labeling with a fluorescent
microscope (FM), other molecules or structures which are unlabeled cannot be observed in
detail by an LM. In contrast, a transmission electron microscope (TEM) has much higher spatial
resolution than LM. However, disadvantages of TEM include inability to observe dynamics of
specimens with bioactivity and paucity of labeling methods. Correlative light and electron
microscopy (CLEM) is a bridge between the two microscopic methods. The CLEM gives us
advantages of both TEM and LM which are a broad overview of the specimen and temporal
events with LM and high-resolution information about the specimen with TEM.
 We developed a workflow for the CLEM. The workflow utilizes a piece of software named
“picture overlay program”, which shares the coordinates of TEM and LM images. The software
shares the coordinates automatically, with indication of the two corresponding points in each
image. The correlation of LM and TEM, which is optimized for observation of a biological
sample, is realized after the sharing. The TEM used for our experiments was chosen to be
JEM-1400Plus (JEOL Ltd., Japan). The correlation is realized by using a function named “stage
navigation”. The “stage navigation” is realized with the “ultra low-magnification” and
easy-to-use specimen drive method named “point & shoot”. The lowest magnification for the
microscope is 10 x. With that magnification, a whole TEM grid can be observed in a single field
of view. “Point & shoot” is a method which points the next desired destination by a mouse click
and makes the point to the center of the field of view by the specimen motor-driving system of
the TEM stage.
 In the workflow, first, a coordinates of LM image is shared with the corresponding ultra
low-magnification TEM image by the “picture overlay program”. After the sharing of the
coordinates, one can center a region as one desires by the “point & shoot” (Fig.1). And then,
users can increase the magnification to see a detailed structure of the specimen. In addition,
the “picture overlay program” can save a multi-layer image (Fig.2). The each layer has the
detailed structural information by TEM or functional information by FM or LM. Thus, by TEM,
users can observe regions of interest which are marked with LM and/or FM with high
resolution. This workflow is helpful for CLEM applications.



 
Fig. 1: Screenshot of windows for CLEM, running software: “picture overlay program” on a TEM operation monitor. TEM
and LM images are displayed simultaneously. The software superimposes the images and shares their coordinates of
them. With the shared coordinates, the TEM stage can move automatically to a region of interest found in the LM
image.
 

 
Fig. 2: Superimposed images of LM, FM and TEM by using the “picture overlay program”. The specimen were
chemically fixed and stained by Hoechst 33342.
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We have analyzed the internalization and accumulation of dimercaptosuccinic acid-coated
superparamagnetic iron oxide nanoparticles (DMSA-SPIONs), with average diameter of 15 nm
and negative surface charge, in MCF-7 breast cancer cells. Cells were incubated with 0.25 mg
Fe ml-1 DMSA-SPIONs for different time intervals ranging from 0 to 24 h.
Time-dependent uptake studies showed maximum accumulation of SPIONs after 24 h of
incubation. Internalized SPIONs were localized in endosomes by acidotropic probe LysoTracker
and classical TEM studies. After these preliminary studies, Soft X-ray (SX) cryo-tomography
was used to characterize the distribution and topological arrangement of magnetic
nanoparticles (DMSA-SPIONs) in MCF-7 cells, and to define the eventual reorganization of the
intracellular environment caused by the incorporation of nanoparticles. X-ray cryo-tomographic
reconstructions allowed us to visualize, at nanometric 3D resolution, the whole cell without
chemical fixation or staining agents. Correlative microscopy was used to facilitate the
localization of those cells containing nanoparticles accumulated in endosomes labeled by
LysoTracker. Vitrified cells were prepared by plunge freezing and introduced in the
Transmission Soft X-ray microscope for tilted series acquisition. Reconstructed volumes show
the SPION-containing endosomal as very dense bodies which accumulate in the cell cytoplasm
near the Golgi area close to the nucleus. This accumulation excludes from this area other
organelles like mitochondria, which are displaced to the cellular periphery.
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Fig. 1: SPIONS accumulation by correlative fluorescent optical and Soft-Xray microscopy. A and B) MCF7 cells without
SPIONS. C and D) MCF7 cells incubated with SPIONS for 24 hours. Yellow arrows point to the LysoTracker accumulation
correlating both optical and X-ray image respectively. N Mark the position of the nucleus.
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Nano-analytical techniques and instruments providing both excellent spatial resolution and
high-sensitivity chemical information are of extreme importance in materials science and life
sciences for investigations at the nanoscale. Due to the ever increasing complexity of devices
and the continuously shrinking geometries in materials research, characterization tools and
techniques are facing new challenges and need to anticipate future trends.
Electron Microscopy, Helium Ion Microscopy and Scanning Probe Microscopy are commonly
used for high-resolution imaging. However, these techniques all have the same important
drawback: they provide no or only very limited chemical information. By contrast, Secondary
Ion Mass Spectrometry (SIMS) is an extremely powerful technique for analyzing surfaces owing
in particular to its excellent sensitivity, high dynamic range, very high mass resolution and
ability to differentiate between isotopes.
In order to get chemical information with a highest sensitivity and highest lateral resolution,
we have investigated the feasibility of combining SIMS with Transmission Electron Microscopy,
Scanning Probe Microscopy and Helium Ion Microscopy and developed three prototype
instruments corresponding to these three combinations:
TEM – SIMS : FEI Tecnai F20 equipped with a Ga+ FIB column and dedicated SIMS extraction
optics, mass spectrometer and detectorsHIM – SIMS : Zeiss ORION Helium Ion Microscope with
dedicated SIMS extraction optics, mass spectrometer and detectors [1,2]SPM – SIMS : Cameca
NanoSIMS 50 with integrated AFM/SPM [3-5]The results are very encouraging and the
prospects of performing SIMS in combination with TEM, HIM and SPM are very interesting. In
particular, excellent detection limits are reached by using reactive gas flooding techniques.
This optimization of secondary ion yields leads to detection limits varying from 10-3 to 10-6 for a
lateral resolution between 10 nm and 100 nm. The combination of high-resolution microscopy
and high-sensitivity chemical mapping on a single instrument represents a new level of
correlative microscopy.
In this talk, we will present the instruments that we have developed, give an overview of the
obtained performances, present typical examples of applications and make a comparison
between ex-situ and in-situ combination of these techniques.
[1] T. Wirtz et al., Appl. Phys. Lett. 101 (2012) 041601
[2] L. Pillatsch et al., Appl. Surf. Sci. 282 (2013) 908
[3] T. Wirtz et al., Surf Interface Anal. 45 (1) (2013) 513-516
[4] T. Wirtz et al., Rev. Sci. Instrum. 83 (2012) 063702
[5] C. L. Nguyen et al., Appl. Surf. Sci. 265 (2013) 489-494



 
Fig. 1: Prototype of a combined TEM-SIMS instrument: modified Tecnai F20 equipped with a Ga+ gun and dedicated
SIMS column
 

 
Fig. 2: Detection limit using a Ga+ FIB with and without Cs0

flooding vs. minimum feature size: example for the
detection of Si-.
 

 
Fig. 3: Combined SIMS-SPM 3D reconstruction of an Al
(100nm) / Si sample exposed to a plasma streamer (Field
of view: 15x15 µm2): (a) Al- signal. (b) Si- signal
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Nano-bio research has shown that the surface of nanomaterials (NMs) become covered by a
protein corona upon introduction into a biological medium[1]. The bio-nano interactions of a
pristine NM alter both the exposure outcomes and the life-cycle of NMs. Protein adsorption on
NM surfaces depends on the physicochemical properties of the NM[2]. The objective of this
work was to expose nanoparticles (NPs) to biological medium and use a combination of
state-of-the-art analytical approaches to comprehend the protein adsorption patterns to NP
surfaces.
The analytical techniques employed include Dynamic Light Scattering, Differential Centrifugal
Sedimentation Energy Dispersive X-Ray Spectroscopy and High Resolution TEM (HR-TEM)
comparing pristine NPs to NPs with an adsorbed monolayer of proteins. In addition, He-Ion
spectroscopy (of which there are ~4 worldwide) was used to distinguish between elements of
different atomic weight on the NP surface.
Detailed staining protocols for the various HR-TEM approaches were developed such that
previously unobtainable details of the absorbed protein layer at NM surfaces could be imaged
and investigated in terms of the NM surface characteristics, and clearly distinguished from NMs
with no protein layer. The NMs studied were bare 200nm model polystyrene (PS) NPs and
200nm PS NPs with known amounts of transferrin grafted and fixed onto the surface (verified
by antibody binding assays). The pre drop cast samples were stained with Osmium in solution
post fixation and drop cast onto TEM grids post washing. Using He-Ion surface imaging[3] it
was possible to image the molecular weight difference between the protein-grafted Os stained
PS NPs versus the bare PS NPs (where no Os bound to the NP surface). The combined
elemental analysis by EDX with HR-TEM further confirmed that where there were proteins
present (bound to Os) for the protein grafted particles but no proteins or Os present on the
bare PS particles. The post drop cast samples were stained post fixation using Reynold’s Lead
Citrate technique[4]. It was also possible to image and analyse the proteins on the NP surface
after excess proteins in the solution where completely removed prior to the sample being drop
cast onto the TEM grid.
Application of the method to the determination of corona of other industrial particles with
self-selected coronas from serum is also demonstrated.
References:
1. Lynch, Dawson, Nano Today, 2008.3(1–2): p. 40-47.
2. Chen, C., et al. CSR, 2013. 42(21): p. 8266-8303.
3. Bell, D.C. Microscopy and Microanalysis, 2009. 15(02): p. 147-153.
4. Daddow, L.Y.M., Journal of Microscopy, 1983. 129(2): p. 147-153.
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Fig. 1: Fig 1: Images a-d are He Ion images. Image(a) 200nm PS NP with known amounts of transferrin grafted and
fixed onto the surface compared with (b) 200nm PS NP with no protein both stained with Os. Images (c) and (d) are
backscattered images where the heavier Os stained protein NP has a much stronger signal than the PS without
transferrin
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DualBeams (FIB-SEM) have been used for materials characterization and failure analysis for
many years to prepare samples for cross-section analysis, TEM analysis or to image the
ultrastructure [1]. The area of characterization is generally limited to 50 – 100 μm2. Often
times, specimens that arrive at the DualBeam are materials that require a multi-disciplinary
approach for characterization or problem solving. DualBeam characterization for ultra- or
extreme high resolution imaging, analytical characterization, and sample preparation for
cross-section or TEM analysis is a step that happens near the end of sample characterization
lifetime since FIB analysis is generally destructive. Automated large area, high resolution
imaging extends the capability of a DualBeam or SEM for sample preparation or ultrastructure
determination to become a correlative tool, bridging multiple techniques to provide a context
to understand a sample feature at a higher resolution than traditional optical techniques.
MAPS is a modular software application that automates image acquisition over large areas,
stitches the generated images using cross-correlation algorithms and allows correlative
techniques for localization, identification and characterization. Data from any external source
may be used for correlative purposes, including optical micrographs, EBSD, EDS and SPM
techniques. There are no restrictions in the image resolution. The software application is
released on most FEI SEMs and DualBeams, as well as offline, for stitching and correlative
microscopy.
A Si-Ta-Fe witness slip exposed to super heated metals by laser bombardment to better
understand kinetics of laser heating was mapped in high definition using large area SEM image
acquisition for exploration and navigation. The resulting image was correlated to optical and
elemental data for further characterization, including cross-section, 3D reconstruction, and
STEM in SEM imaging. A 8.9 mm X 4.6 mm sample was imaged using MAPS, a directional
backscatter detector and a 10 nm/pixel resolution with 2 keV on a FEI Nova NanoSEM 450 (FIG.
1) [2]. Using the backscatter electron image (BSE), specific regions of interest were identified
and correlated to high-resolution optical micrographs (FIG. 2). Using a FEI Helios NanoLab 660
and EDS, the regions were elementally mapped for characterization (FIG. 3). This presentation
will focus on how large scale imaging is used to explore regions of interest for subsequent
analytical characterization including STEM sample preparation, EDS, FIB tomography for 3D
reconstruction, and the ability to correlate other 2D data, such as optical micrographs and EDS
maps.
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Fig. 1: 2.6 gigapixel BSE image acquired at 2 keV
 

 
Fig. 2: High-resolution optical micrograph correlated in
MAPS to 2 keV BSE image
 

 
Fig. 3: 15 keV EDS maps correlated to 2 keV BSE image
revealing compositional makeup of two regions of interest
 



Type of presentation: Poster
 

ID-1-P-2591 Comprehensive Nanofabrication by Correlating Crossbeam and ORION
Nanofab
 

Schulmeyer I.1
 
1Carl Zeiss Microscopy GmbH, Carl-Zeiss-Straße 22, 73447 Oberkochen, Germany
 

Email of the presenting author: ingo.schulmeyer@zeiss.com
 
Scanning electron microscopy (SEM) technologies provide only limited information about a
certain sample. The gathered information is basically limited to the surface or areas near the
surface of a sample. Combining SEM with a focused Gallium ion beam (Ga-FIB) opens a
complete new application space for 3D Nanoanalysis and Nanofabrication ennabling a better
understanding of a samples electronic, magnetic, optical and mechanical properties. Many of
these properties are defined by the structure in the size range below 100 nm. To create
superior materials and functional surfaces, fabrication in this size range becomes vital.
The Ga-FIB of a Crossbeam can be used to create structures with dimensions down to 30 nm.
By using a Helium or Neon ion beam, smaller structures with greater precision can be
achieved. The He-beam is perfectly suited for creating smallest details like Nanopores or
plasmonic devices between 3 and about 15 nm. Neon ion fabrication bridges the Gap between
Helium and Gallium and allows fast fabrication of e.g. nanowires (Figure 1). Both Microscopes
can be equipped with a Gas injection system (GIS) to perform deposition of various materials
or different etching processes.
With its unique Nanofabrication portfolio, ZEISS now introduces a workflow that allows the
correlation of Fabrication and Analysis tasks between a Crossbeam FIB-SEM and an ORION
Nanofab (Helium and Neon Ion beam instrument). This workflow allows to perform patterning
and/or imaging operation in either microscope and navigate precisely to the same position.
The correlation of these technologies opens up a complete new application space in the
materials research. We will demonstrate, how the Crossbeam provides a robust platform
perfectly suited for common FIB-SEM applications like 3D-imaging and analytics, Automated
Sample Preparation (Figure 2) or classical Ion Beam or Electron Beam Lithography (IBL, EBL).
This allows a comprehensive characterization of the sample as well as the possibility to easily
create special types of structures that will be post-processed by the ORION Nanofab. Larger
functional surfaces can be created fast and easily using the high current Ga-ion beam.
After the initial analysis the specimen is transferred to the ORION Nanofab. The sample is
recognized by the microscope making it easy to find all the regions of interest. The Helium and
Neon beam are used to finalize the fabrication of the desired structures (Figure 3). More than
that, Helium and Neon ions can be used for sub-nm imaging with unique surface sensitivity,
high depth of field and the ability to easily image insulating samples without charging effects
[1]. We demonstrate the technical realization of the workflow on different examples from the
materials sciences and nanofabrication.
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Fig. 1: The combination of Helium, Neon and Gallium Focused Ion Beams allows Nanofabrication of features with
several hundred nanometer down to only a few nanometer.
 

 
Fig. 2: Crossbeam provides robust Solutions for 3D-Analytics (left) or Sample preparation (Right, Ultra thin TEM lamella)
 

 
Fig. 3: Sub-20 nm Graphene Nanoribbons (left) and edited 22nm circuit (right) processed on the ORION Nanofab
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The ultimate goal of microscopy techniques is to identify the chemistry and the position of all
the atoms that a sample contains. However, up to now, there is not a single microscopy
technique by itself that reaches this target. In this work we show different examples where we
applied correlative studies on the same nano-objects for the analysis of Atom Probe
Tomography (APT) shaped samples. One of these examples is presented here. In particular,
Atom Probe Tomography (APT) analysis and High Resolution Scanning Electron Microcopy
(HR-STEM) techniques on the same nano-objects. Figure1.a) is a HAADF-STEM image of an APT
specimen containing a set of InGaN/GaN quantum wells synthesized by metalorganic vapor
phase epitaxy (MOVPE) on the lateral m-plane sidewalls of GaN microwires. From this kind of
analysis and High-resolution (HR)-HAADF images like the showed in figure1.b) we are able to
characterize the structure and the presence of dislocations and staking faults. Figure 2 is a 3D
reconstruction of the same specimen extracted after the APT analysis. From these analyses it
is possible to study the 3D distribution of the different species present in the sample. These
techniques, which are here applied on the same nano-object, yield an extremely rich and
complementary set of information, which allowed us for the interpretation of the optical
properties in this particular quantum well system [1].
[1] L. Rigutti, I. Blum, D. Shinde, D. Hernández-Maldonado, W. Lefebvre, J. Houard, F. Vurpillot,
A. Vella, M. Tchernycheva, C. Durand, J. Eymery, B. Deconihout, “Correlation of
Microphotoluminescence Spectroscopy, Scanning Transmission Electron Microscopy, and Atom
Probe Tomography on a single nano-objtect containing an InGaN/GaN multiquantum well
system” Nano Letters, vol. 14, p. 107-114, 2014.
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Fig. 1: Figure. 1. a) HAADF-STEM image of an APT sample
that contains InGaN/GaN QWs perpendicular to the axis of
the tip. b) HR-HAADF image of one of the QWs presented in
figure 1.a).
 

 
Fig. 2: Figure. 2. Three dimensional reconstruction,
obtained after the analysis by APT, of the In atoms
distribution into the tip showed in figure 1.a).
 



Type of presentation: Poster
 

ID-1-P-2666 Biosynthesis of metallic particles and their application in material
science
 

Avalos-Borja M.1,2, Quester K.2, Vilchis-Nestor A. R.3, Castro-Longoria E.4
 
1IPICyT, División de Materiales Avanzados, San Luis Potosí, S.L.P., México, 2Centro de
Nanociencias y Nanotecnología, UNAM, Ensenada, B.C., México, 3Centro Conjunto de
Investigaciones en Química Sustentable UAEM-UNAM, Toluca, México, 4Departamento de
Microbiología, CICESE, Ensenada, B.C., México
 

Email of the presenting author: miguel_avalos_mx@yahoo.com.mx
 
Nanoscience and Nanotechnology are very active fields of research in recent years. The
interest in these topics is due to the fact that matter at a nanoscale reveals significantly
different properties than at bulk dimensions. Therefore, modern electronics, catalysis,
medicine, etc. take advantage of these properties of matter at very small dimensions,
achieving the development of more powerful and smaller processors, catalysts with higher
efficiency, and so on. However, rising concerns about the environmental cost of the
conventional preparation methods for these nanoparticles, typically involving toxic chemicals,
high pressure/temperature, etc., have pushed towards the development of more
environmentally friendly methods. Some of these ‘green’ methods involve the use of
microorganisms, such as bacteria and fungi, as well as plants, employing them in vivo or via
plant extracts. Nevertheless, for a biological process to successfully compete with chemical
and physical nanostructure synthesis, strict control over average particle size in a specific size
range and uniform particle morphology is required.
We show the production of mono-metallic (Au, Ag, Pt) and bi-metallic (Au-Ag) nanoparticles
using aqueous plant extracts (Citrus paradisi, Camellia sinensis, etc.) and fungi (e.g.
Neurospora crassa and Alternaria solani), with very controlled dispersion. A very interesting
feature of these eco-friendly procedures is that we achieved the production of various shapes
like pentagons, triangles, hexagons, rods, etc., with some of these particles (triangles,
hexagons) comprising peculiar aspect ratios that imply almost two-dimensional structures.
Adjustment of the synthesis parameters, such as temperature, pH, and incubation time,
resulted in the formation of particles with very narrow size distributions. To determine their
possible applications, these particles were tested on catalytic reactions, while different-shaped
nanoparticles exhibited very promising SERS (surface enhanced Raman spectroscopy)
properties, as will be shown in the presentation.
A great number of particles synthesized by ‘green’ methods have been reported in the
literature by other scientists; however, very little effort has been made to conduct a deep
analysis. Therefore, the objective of this work was to achieve a complete characterization of
the synthesized nanomaterial, including UV-vis, Raman, TEM, HRTEM, EDS, among others, and
investigate their applications in materials science.
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In this work we present the concept of ‘Correlative Tomography’ which represents a major step
forward in the level of information that can be brought to bear on a region of interest across
multiple scales. The benefit of multiscale information is to find relevant areas of interest in
large volumes for high resolution studies and to prove that these high spatial resolution results
are representative for the macroscopic sample. Despite the rapid advance in 3D imaging
techniques existing work to date has principally registered 2D images to 3D volumes, or linked
populations measured at different scales in a statistical manner. We present the integration 3D
datasets from the macro to the nanoscale where the location of each new scale and modality
of imaging is specifically targeted using the information from the previous scale/technique. Our
example study combines macroscale X-ray tomography, high resolution X-ray tomography,
focussed ion beam serial sectioning with scanning electron microscope imaging, electron
backscatter diffraction and scanning transmission electron microscopy with additional energy
dispersive X-ray spectroscopy all combined and spatially linked through a single workflow
ensuring connectivity of the resultant data. In this way we have been able to go right to the
heart of the matter by identifying the competition between the different corrosion mechanisms
at play in several
example materials including corrosion of stainless steel, creep cavitation in in stainless steel
and stress corrosion cracking in 7000 series aluminium. Through these examples we have
revealed new insights in mature fields and we feel that correlative tomography as a technique
will also bring significant insights to biological and geological sciences.



 
Fig. 1: Figure showing a region of interest identified from a virtual slice of the reconstructed X-ray CT data. A SEM
image of the same region prepared by the FIB for extraction of a TEM sample and lastly a HAADF image and chemical
maps of Fe, Cr, Ni and C of the same region recorded in the TEM.
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Correlative microscopy combines the versatility of the light microscope with the high spatial
resolution of the electron microscope. It is generally regarded as state-of-the-art technology
and many protocols are dependent on superhuman technical skills and/or sophisticated
instrumentation [1-4]. However, on-section labeling of resin or cryo-sections with
fluorochrome-coupled antibodies and gold probes is a versatile and fast method for CLEM of
cells and tissues [5-8]. It is easy to perform and suitable for teaching in undergraduate student
courses.
Here, we describe fast and simple protocols for correlative immunofluorescence and
immunogold labeling on resin- and cryo-sections successfully used in our student practicals.
Ultrathin tissue sections are mounted on EM-grids and stained simultaneously with fluorescent
and gold markers. The samples are analyzed at the fluorescence microscope (FLM),
demounted from the microscope slide, stained with uranyl acetate and then imaged in the
transmission electron microscope (TEM). Subsequently, labeled structures selected at the FLM
are identified and analyzed in the TEM. This way, fluorescent signals are correlated to the
corresponding subcellular structures and corresponding immunogold signals in the area of
interest (Fig. 1).
Labeling and analysis can be performed within 1-2 days, depending on the number of students
attending the course. In Dresden we perform a 1-week basic EM-course for master students.
The CLEM experiment is used as our routine Immunogold experiment and takes 1,5 days for
12-15 students. The procedure works in 80-100%, which hopefully encourages the students to
consider even sophisticated EM-methods for their future work.
Alternatively, the samples can also be processed completely, including staining with uranyl
acetate and drying before imaging. Such samples can be used for demonstrations of the
method without any sample preparation (Fig. 1C-E) if time is very limited.
[1] P Verkade, J. Microsc. 230 (2008), 317-328.
[2] M Grabenbauer, WJC Geerts, J Fernandez-Rodriguez, et al., Nat. Methods 2 (2005), 857-862
[3] C van Rijnsoever, VM Oorschot, and J Klumperman, Nat. Methods 5 (2008), 973-980
[4] AV Agronskaia, JA Valentijn, LF van Driel, et al., J Struct. Biol. 164 (2008) 183-189
[5] H Schwarz and BM Humbel, Methods Mol. Biol. 369 (2007), p. 229-256.
[6] T Takizawa and JM Robinson, Methods Mol. Med. 121 (2006), p. 351-369.
[7] G Vicidomini, MC Gagliani, M Canfora, et al., Traffic 9 (2008), p. 1828-1838.
[8] G Fabig, S Kretschmar, S Weiche, et al., Methods Cell Biol. 111 (2012), p. 75-93.
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Fig. 1: A,B Cryo-section through zebrafish brain with labeled endothelial cells. A Overlay of fluorescence (anti-GFP,
DAPI) and EM. B Immunogold labeling in the endothelial cells (end). C-D K4M section through the retina with
GFP-labeled photoreceptors. C Fluorescence in the outer segments of rod photoreceptors. D,E corresponding
EM-micrographs.
 



Type of presentation: Poster
 

ID-1-P-2860 Integrated light and electron microscopy of ultrathin resin sections
containing GFP
 

Yakushevska A.1, van Driel L.1, Collinson L. M.2
 
1FEI Company, Eindhoven, The Netherlands, 2Electron Microscopy Unit and Cell Biophysics
Laboratory, London Research Institute, Cancer Research, London, UK
 

Email of the presenting author: alevtyna.yakushevska@fei.com
 
Combining information from light and electron microscopy is an increasingly popular technique
to study complex biological system at various levels of resolution. It adds significant value to
biological imaging. Whereas fluorescence probes in fluorescence microscopy (FM) offer
specificity and sensitivity, the electron microscope provides contextual information at the
ultrastructural level. Until recently these correlative microscopy experiments were
cumbersome due to the use of two separate microscopes for fluorescence and electron
microscopy. Recent advances in imaging systems at FEI have led to the only current
commercially available instrument for integrated light and transmission electron microscopy
(TEM). This instrument, Tecnai with iCorrTM, enables a new era of fast, accurate integrated
microscopy for the localization and analysis of ultrastructures.
The Tecnai with iCorrTM consists of a fully integrated LED based widefield FM located at the
normal sample position on the TEM column. Imaging in FM and TEM mode is done sequentially
without manually exchanging the sample between the two imaging modes. Using the common
TEM specimen stage and specimen holder, the sample is tilted to 90˚ in order to record light
microscopy images in reflection mode and fluorescence mode. The sample is then tilted to 0˚
for normal TEM imaging.
To use the advantage of the Tecnai with iCorrTM, a single sample is required that allows activity
of the fluorophores and exhibits high ultrastructural preservation in TEM.
Here we will report a protocol that fits these requirements, and results in a resin-embedded
sample where ultrastructure, TEM contrast and GFP fluorescence are combined in a single
ultrathin section. The value of these samples is illustrated by a correlative workflow including
the Tecnai with iCorrTM.
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X-ray tomography has emerged as a new powerful imaging technique that obtains 3D
structural information from opaque samples under a variety of conditions and environments [1,
2]. It has rapidly become an accepted laboratory technique offering quantitative information in
both the materials sciences and life sciences. We present ways in which non-destructive 3D
volumetric information, obtained via laboratory nanoscale and sub-micron X-ray microscopy
(XRM) are increasingly used to probe scientific questions as a complement to Electron- and
Light-based microscopy methods. These correlative methods, relating to XRM, provide an
opportunity to study materials evolution at multiple length scales in 3D and utilize this
information to inform or guide postmortem analysis to be most efficient.
In materials research, the motivation to correlate XRM information with postmortem EM (SEM,
FIB-SEM or TEM) stems from three primary reasons. First, this workflow is used to complement
time dependent materials evolution (4D) studies with higher resolution imaging, diffraction or
spectroscopic information. Second, hierarchical porous materials such as membranes or
porous rock naturally exhibit features from mmnm, all which require characterization of a
single volume in 3D with multiple imaging modalities to define performance. Finally, XRM is
used as a 3D navigation system (‘Google Earth’ in 3D) for targeting and finding specific buried
structures of interest for extraction or cross sectional imaging (Figure 1). We demonstrate
several examples, including energy materials, automotive applications and metals (Figure 2),
upon which the use of XRM and FIB/SEM information on the same specimen has contributed to
a more complete understanding of a materials system.
In life sciences, correlative microscopy methods have existed for decades in various forms.
One remaining challenge is to identify practical methods of localizing the same feature in
multiple microscopes in 3D. XRM presents an additional opportunity to bridge the length scales
between LM and EM and ease the ‘needle in a haystack’ navigation problem. Recently, XRM
techniques acting as a bridge between light- and electron- microscopy have acted as an
efficiency multiplier to make 3DEM methods highly efficient and targeted, be pre-defining the
buried volumes of interest (Figure 3).
We conclude by offering perspectives on the future directions of the utilization of correlative
microscopy techniques with respect to XRM information.
References
[1] A. P. Merkle and J. Gelb, Ascent of 3D X-ray Microscopy in the Laboratory, Microscopy
Today, 21 (2013), p. 10
[2] E Maire and P Withers, Quantitative X-ray tomography, International Materials Review, 59
(2014) p. 1
[3] S Handschuh, et al., Frontiers in Zoology, 10 (2013), p. 44



 
Fig. 1: Target region navigation workflow, utilizing (a) XRM dataset to identify VOI, followed by (b-c) laser + FIB milling
to quickly expose the feature and interface of interest on a Hall sensor device.
 

 
Fig. 2: A single Aluminum Copper eutectic sample and volume-of-interest imaged a) non-destructively with XRM at
multiple resolutions b) with FIB-SEM nanotomography including c) EDS for chemical information. Sample courtesy of B.
Patterson, Los Alamos National Laboratory.
 

 
Fig. 3: XRM dataset of stained (for EM) mammalian brain tissue. Such non-destructive XRM datasets are being used to
navigate to specific subsurface volumes of interest quickly, thereby multiplying the efficiency of 3D EM techniques. In
collaboration with the National Center for Microscopy and Imaging Research at UCSD together with ZEISS XRM.
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The optoelectronic and physicochemical properties of nanoscale matter are a strong function
of particle size. Nanoparticles shape also contributes significantly to modulating their
electronic properties [1, 2]. Morphological control of gold nanostructures can be achieved with
traditional (chemical and physical) methods. Furthermore, some applications of gold
nanoparticles require their assembly into superstructures, and this could be difficult if the
control of shape is reduced. For example, the formation of self-assembly of gold nanoparticles
into thin films or 3D architectures, from anisotropic nanostructures constitutes a challenge for
the nanoscience.
On the other hand, the development of ecofriendly methods for the synthesis of metallic
nanostructures has become an interest of research groups [3]. Microorganisms and plants
have already been used to biosynthesize metallic nanostructures, however control over the
size and shape of biological routes is still poor in contrast to chemical methods. Here, we
report gold nanoparticles shape tuning morphology obtained by biological methods, employing
Citrus paradise (grapefruit) aqueous extract as reducing and capping agent.
Analyses include UV-Vis spectroscopy, TEM and HRTEM in order to confirm shape variation of
the gold nanostructures as function of the Citrus paradise extract volume employed during the
reduction process. The results presented here show that biogenic routes are able to generate a
variety of shapes of gold nanostructures from spherical nanoparticles to nanotriangles, by
changing only the Citrus paradise extract concentration in the synthesis stage. Hence, the
optoelectronic response of the gold nanostructures could be easy tuned by the volume of the
bioreducing agent employed. The present studies show that gold nanotriangles can be easily
deposited on glass substrates in order to form films with potential applications as sensors.
References
1. Shiv Shankar S. et al. Nature Materials 2004;3:482-488.
2. Singh Amit et al. Nanotechnology 2006;17:2399–2405.
3. Shiv Shankar S. et al. Chem. Mater. 2005;17:566-572.
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Correlative light and electron mictoscopy is gaining attention in the last years. Besides prompt
development of new hardware, preparation of the sample for reliable transfer and observation
in the electron microscope requires even higher focus. We present here a detailed protocols
for labelling of ultrathin cryosections according to Tokuyasu as well as resin sections using
either FluoroNanogold-conjugated antibody fragments followed by silver enhancement;
antibodies directed to fluorescence markers and conjugated to gold particles; and finally
palladium nanoconjugates (1). Fluorescence microscopy and scanning electron microscopy
were performed on the same sample. We used carbon-based imprints of finder grids for
accurate and reliable localization of objects of interest within a specimen for imaging using
both types of microscopes (2). After fluorescence, cryosections were postfixed with osmium
tetroxide, dehydrated, dried (critical point drying using carbon dioxide, alternative t-butanol
drying) and finally carbon coated. Different staining protocols have been used to improve
contrast of membranes. The quality and resolution of both the secondary electron and the
back-scattered electron imaging have been influenced by either carbon or gold conductive
coating of glass slides. We showed that metal nanoparticles as well as silver precipitates were
optimally visible from an accelerating voltage 4 kV using either the back-scattered electrons or
the secondary electron signal. Different atomic numbers of metal nanoparticles and
back-scattered electron imaging allow multiple labelling in SEM studies.
References:
1. Vancová, M et al. (2011). Microsc Microanal. 17, 810-816.
2. Brown, E. et al. (2009). Seminars in Developmental Biology 20, 910-919.
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Transmission Electron Microscopy (TEM) is essential to fully understand cellular and
developmental processes; it greatly complements data obtained by light microscopy. Recent
technological innovations have advanced the entire field of TEM, yet classical techniques still
prevail for most present-day studies. The majority of cell and developmental biology studies
that use TEM do not require complicated methodologies, but rather fast and efficient data
generation. A major unmet need in most TEM approaches is the ability to quickly prepare and
orient a sample to identify a region of interest.

Resin embedded samples preparation (standard or high pressure frozen) is commonly used to
study C. elegans and Drosophila ultrastructure. Treatment of these small model organisms is
frequently complex, as it requires precisely orienting a sample to identify a region of interest.
In addition, due to the size restrictions, semi-thin sections for targeting ROI cannot be
performed.

I developed embedding method that permits observation of the samples after the embedding
and acquisition of high quality DIC images. This positional correlative anatomy method with
2-step flat embedding is coupled to tight trimming of the sample that facilitates precise
localization of ROI, permitting efficient TEM analysis of high sample numbers. It allows the
recognition of cells and organs in embedded samples in a way similar to live studies, enabling
spatial correlation in minimal time. Additional modifications in embedding permit simultaneous
sectioning of several small samples simultaneously.

The modifications make the TEM preparation and analytic procedures faster and more
straight-forward, supporting a higher sampling rate. To illustrate the modified procedures, I
provide numerous examples from actual studies addressing research questions in C. elegans
and Drosophila. This method can be equally applied to address questions of cell and
developmental biology in other small multicellular model organisms.
 

Acknowledgement: I thank MRic-TEM colleagues Agnes Burel, Marie Therese Lavault, Laurence
Cornevan and Ophelie Nicole for their help and support.



 
Fig. 1: DIC image of trachea extracted from Drosophila L3
larva embedded in epon resin by 2-step flat embedding.
Different types of tubes are clearly visible in different
imaging planes. White box designates the high inset from
Figure 2, showing tracheal branching position.
 

 
Fig. 2: DIC image of ROI with two tubules branching. Black
lines represent selected TEM regions from serial sectioning
presented in Figure 3, collected for further high
magnification analysis. White lines mark the extremities of
branching region. Scale bar 10 µm.
 

 
Fig. 3: TEM images of selected sections selected on Figure 2. Correlative anatomy method allows a bi-directional
analysis: targeting of precise region in TEM based on LM data; TEM appearance and sizes help to determine precisely
the region that was sectioned. Scale bar 2 µm. [Images were rotated for presentation].
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Plasmon coupling in closely spaced noble metal nanoparticles, producing among other effects
a shift in the localised surface plasmon resonance energy (LSPR) supported by the assembly,
has led to their applications in several technological fields such as ultrasensitive biosensing
and nanophotonics [1,2]. Despite rapid progress in these fields, direct imaging and
characterisation of LSPRs in nanostructures remains a challenge, due to the insufficient spatial
resolution of most optical techniques. Alternatively, the use of electron energy-loss
spectroscopy (EELS) as a complementary method to probe the plasmonic and optical
properties of nanostructures has become increasingly popular, owing to the Ångström spatial
resolution of this technique. Here we have applied scanning transmission electron microscopy
(STEM) imaging and EELS to study the plasmonic properties of individual nanosphere dimers as
a function of interparticle distance, accessing both the classical and the quantum regimes. In
particular, we accurately determine and compare the scaling of the LSPR energy with
interparticle distance in gold and silver dimers [3]. This calibration is of great importance to
nanometrology tools such as plasmon rulers, in which the shift in LSPR energy is used for
distance measurement in biological and chemical systems [4]. Furthermore, we study dimers
separated at subnanometer distances, monitoring their transition from classical to quantum
systems as particles approach and merge, and from the onset of tunnelling to charge transfer
between the particles, as a nano-bridge forms between them [5]. Finally we explore the
possibility of combining EELS and optical spectroscopy by utilising TEM specimen holders with
light input-output capabilities.
1. J. N. Anker, W. P. Hall, O. Lyandres, N. C. Shah, J. Zhao, and R. P. Van Duyne, Nat. Mater 7,
442 (2008).
2. V. Giannini, A. I. Fernandez-Dominguez, S. C. Heck, and S. A. Maier, Chem. Rev. 111, 3888
(2011).
3. S. Kadkhodazadeh, J. R. de Lasson, M. Beleggia, H. Kneipp, J. B. Wagner, and K. Kneipp, J.
Phys. Chem. C 118, 5478 (2014).
4. C. Sonnichsen, B. M. Reinhard, J. Liphardt, and A. P. Alivisatos, Nat. Biotechnol. 23, 741
(2005).
5. S. Kadkhodazadeh, J. B. Wagner, H. Kneipp, and K. Kneipp, Appl. Phys. Lett. 103, 083103
(2013).
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Fig. 1: The fractional LSPR wavelength shift Δλ/λ0 in gold and silver dimers as a function of ratios (L/2R) and (d/2R),
where λ and λ0 are the LSPR wavelengths in a dimer and in a single particle, respectively, and L, d and R are defined in
the inset image in (b).
 

 
Fig. 2: STEM images and EELS spectra from a pair of silver nanoparticles with separation distances d = +1.0 to -1.6 nm,
as they approach and merge, revealing the transition from classical behaviour (A) to tunnelling (B) to a contact regime
(C-E).
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One of the major strengths of light microscopy techniques, and especially fluorescence
microscopy (FM), is the ability to observe rare dynamic events, in vitro as well as in vivo. A
main challenge, however, is to image the positions of labelled proteins with respect to cellular
ultrastructure during such an event with a resolution beyond that of the light microscope.
Electron microscopy (EM) of samples in a near-native (buffer) environment has recently been
shown possible, but the destructive nature of EM precludes observing cellular dynamics. We
present a novel approach towards dynamic bio-imaging wherein live-cell FM is carried out
in-situ in a scanning electron microscope (SEM) (Figure 1). This allows us to capture structural
SEM snapshots on-demand based on the FM observations.
We study the uptake and retrograde transport of EGF-conjugated quantum dots (QDots) in
filopodia of fibroblasts. The cells are cultured on a thin, electron-transparent substrate, which
is then placed in a light-transparent sample holder containing the EGF-QDot solution. This
sample holder is mounted in an SEM with integrated high-numerical aperture fluorescence
microscope. The uptake process is monitored with FM (Figure 2) and based on these
observations, we determine both the desired moment for the SEM image and the location of
filopodia within the SEM field of view. These SEM images show the positions of individual QDots
on the cytoskeleton transport tracks within filopodia from the position of uptake up to the
docking region at the microtubules frontier where Qdots accumulate before further transport
towards the nucleus.



 
Fig. 1: (a) Schematic of the Scanning Electron Microscope with in-situ epi-fluorescence microscope. The fields of view
are aligned such that an area on the sample can be observed with both microscopes. (b) Illustration showing a live cell
contained in liquid in a capsule with electron and light transparent windows mounted in the in-situ microscope
 

 
Fig. 2: Snapshots from a fluorescence movie showing transport of quantum dots conjugated to epi-dermal growth
factor in a cellular extension. After 51.75 seconds observation time, SEM snapshots were taken, which are shown
overlaid to the fluorescence image in the main panel.
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Using multiple microscope techniques is an effective strategy to obtain more information
about a samples properties. This allows researchers to gain new insights or to employ new
strategies for analysis. However using different microscopes leads to new problems, moving
the sample between systems often results in contaminations and deformations. Furthermore
this process is often time consuming and the researcher has to take care not to lose the region
of interest. Therefore we present a system employing an integrated Raman microscope in a
dual beam Focused Ion Beam – Scanning Electron Microscope (FIB - SEM), as shown in figure 1.
This system combines chemical and high resolution morphological analysis with a sample
processing modality. The combination of FIB with Raman allows us to investigate the
redeposition of removed material and to analyse defects that occur through ion implantation.
Sample analysis is performed with correlative SEM and Raman microscopy, this provides high
resolution morphological information and a compound specific image. The combined system
provides more information and new strategies for analysis in the material and biological
sciences.
The integration of microscopes does give rise to new challenges mainly concerning
engineering aspects. Implementation of the Raman objective in a confined space requires a
careful design of the objective pickup system. Furthermore the vacuum pressure in the FIB
chamber has to remain stable, which requires the use of coupling windows and cable
feedthroughs. Ultimately the Raman microscope functions as an add on module for the
FIB-SEM which means that it may not place any restrictions on its operation.
As a first project of immediate interest is the analysis of multimodal labels, i.e. labels suitable
for both optical and electronic imaging. These labels consist of a gold nanoparticle with an
adsorbed fluorescent dye to provide a high electron scattering and SERS signal. Multimodal
labels are of interest for biological applications because the SEM contrast is limited in organic
matter due to charging effects. Furthermore these labels are very promising as an aid for
correlating the Raman and SEM images.
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Fig. 1: Schematic of the integrated Raman microscope in a Focused Ion Beam - Scanning Electron Microscope.
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We will present our latest innovation for integrated correlative light and electron microscopy
(CLEM). During the past few years, CLEM has become an essential tool for resolving many
biological questions. Nevertheless, the potential of CLEM is only accessible to a few research
groups worldwide. Until recently, CLEM has been challenging, costly and time consuming.
Correlative methods require two setups to be present which are traditionally distinct
techniques with different facilities and sample preparation methods. Due to the differences
between both microscopes, extra sample preparation steps are often required when switching
from FM to EM. These steps can alter the conformation of the sample, hampering accurate
correlation. In addition, it is challenging to find a region of interest identified with FM in EM
since the information used to navigate in FM is not visible in EM.
At DELMIC, we aim to resolve these difficulties by providing easy to use, integrated CLEM
solutions. By integrating fluorescence and scanning electron microscopy the need to transfer
between two different microscopes is eliminated [1-2]. In addition, correlation is fully
automated, does not need fiducials and achieves an overlay accuracy < 50 nm. Furthermore,
switching between imaging modalities is instantaneous, guaranteeing that the same area of
interest is imaged.
Here, we will introduce a new product (see fig. 1) which will make CLEM as accessible as FM:
easy to use, easy to install, fully automated correlation, 20 nm resolution and 30 seconds from
sample loading to correlative imaging. This will be the ideal research tool for experienced FM
users aiming to achieve 20 nm resolution on a broad range of samples. Thanks to the quick
loading, this will also be an ideal inspection or screening tool for CLEM.
Many cellular processes consist of a complex interaction between function and structure. By
combining the versatility of FM with the high resolution cellular context provided by EM, CLEM
is the ideal method to study these cellular processes. FM can be used to identify a region of
interest such as transfected cells, specific organelles, labelled neurons or rare co-localization
events. In general, multiple fluorescent labels can be correlated simultaneously with high
resolution EM which provides access to a broad range of length scales and complementary
contrast mechanisms, see fig. 2.
One of the challenges associated with integrated CLEM, however, is sample preparation [3].
Due to the integration, sample preparation needs to be suited for both FM and EM
simultaneously. In this talk we will discuss these difficulties and how to overcome them.
[1] Zonnevylle et al., Journal of Microscopy (2013)
[2] Liv et al., Plos One (2013)
[3] Peddie et al., Ultramicroscopy (2014)



 
Fig. 1: New CLEM solution by DELMIC BV
 

 
Fig. 2: Simultaneous CLEM of whole uncoated cells. A,B) Fluorescence image of adenocarcinoma cells, actin is labeled
with Alexa488, scale bar is 10 µm C) SEM image of boxed area, scale bar is 5 µm. Image courtesy of N. Liv & J.P.
Hoogenboom
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More and more researchers have been wanting to interlink complementary information using
correlative microscopy to gain insights into the interdependency of function and structure. This
can involve the combination of any microscopical methods, but usually the term refers to light
microscopy (LM) and electron microscopy (EM). The interest in correlative microscopy has
been rapidly growing in the last decades and in 2 dimension this workflow is well established
because of the ease of use of the provided solutions. For correlation of two microscopical
images, regions of interest are specified and imaged in one microscope, which can be
relocated easily in a different microscope by using Zeiss “Shuttle & Find”. Afterwards, the
images are overlaid. However, there are still a number of challenges that have to be addressed
in order to realize the full potential of correlative microscopy. One major challenge is the
correlation of 3D data sets. To achieve this, it is necessary to exactly define volumes of
interest (VOI) in the data of the first microscope. Further, the precise relocation of the identical
VOI in the second microscope is essential as well as the registration of the 3D object in all
spatial directions. Even if the correlation of 3-dimensional data from different microscopes
(e.g. LSM and FIB-SEM) is feasible due to cross correlation methods it has to be stated that this
workflow is not yet fully-automated [1,2]. The 3D workflow can be simplified by reducing the
scale of the object in one dimension. One popular approach is to cut the sample into serial
sections (correlative array tomography) [3]. Thus, the segmentation in one dimension is done
mechanically and only 2-dimensional microscope images have to be correlated. Correlative
array tomography allows the detection of fluorescent labels as well as the investigation of the
ultrastructure of ultrathin serial sections. Regions of interest can be marked and automatically
imaged within all the individual sections building up a long ribbon using a procedure according
to the “Shuttle & Find” approach. The challenge of this approach is on one hand the alignment
of the consecutive 2D images taken with a light microscope and a scanning electron
microscope and on the other hand their subsequent registration to a correlative 3D data set. A
comparison of the features in the single sections followed by an alignment of the features
results in an accurate alignment of the single sections. Finally, the full volume can be
reconstructed by a similar slice-to-slice stack alignment.
References [1] M Lucas et al, Imaging & Microscopy. 10(3) (2008), pp. 30-31. [2] L
Blazquez-Llorca et al, J Alzheimers Dis, 34(4) (2013), pp. 995-1013. [3] KD Micheva and SJ
Smith, Neuron 55 (2007), pp. 25-36.
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Skin melanocytes generate a lysosome-related organelle, the melanosome, which originates
within endosomal intermediates but remains distinct from lysosomes. Melanosome biogenesis
and pigment synthesis requires a tightly regulated transport of melanosomal enzymes from
early endosomes to the melanosome, a step affected in the Hermansky-Pudlak Syndrom (HPS)
1. Our aim is to decipher the complexity of the endo-melanosomal network in pigmented
melanocytes using a multi-modal and multi-scale imaging approach, the Correlative Light to
Electron Microscopy (CLEM). We internalized fluorescent transferrin (Tf) in melanocyte to load
endosomal carriers and followed by live cell imaging the Tf-positive endosomes and the dark
pigmented-melanosomes by “bright-field”. To highlight and preserve the connections between
endosomes and melanosomes, we rapidly transfer the specimen into a high-pressure freezer to
vitrify the specimen using our new technology, the CryoCapsule 2. The vitrified specimen is
then processed to preserve the fluorescence for a second fluorescence imaging step on the
electron microscopy sections 3,4. This secondary fluorescence is then processed for correlation
with the electron micrograph to obtain a very high spatio-contextual resolution of the
endosomes location and the melanosomes (figure 1). Applied to serial electron tomograms
(figure 2), we have started to decipher the ultrastructural organisation of the endosomal
network aiming at understanding how this organization is altered in disease such as the HPS.
As a comprehensive approach, we investigate this ultrastructural organisation in three
different biological conditions: in melanocyte cell cultures, in melanocyte and keratinocyte
co-cultures and in reconstructed epidermis.
1. Delevoye, C. et al. AP-1 and KIF13A coordinate endosomal sorting and positioning during
melanosome biogenesis. J. Cell Biol. 187, 247–64 (2009).
2. Heiligenstein, X. et al. The CryoCapsule: Simplifying correlative light to electron microscopy.
Traffic n/a–n/a (2014). doi:10.1111/tra.12164
3. Kukulski, W. et al. Correlated fluorescence and 3D electron microscopy with high sensitivity
and spatial precision. J. Cell Biol. 192, 111–9 (2011).
4. Nixon, S. J. et al. A single method for cryofixation and correlative light, electron microscopy
and tomography of zebrafish embryos. Traffic 10, 131–6 (2009).
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Fig. 1: From live cell imaging to electron microscopy.A- Transmisted light micrograph of the melanocyte. Box: two
melanosome groups. B- Transferrin labeled (546) endosomal network. Box: endosomal network close to the
melanosomes. C- Electron microscopy low magnification of the melanocyte. D- Overlay to locate the endosomes with
respect to the melanosomes.
 

 
Fig. 2: The endomelanosomal network by electron tomography (A) and related to the fluorescently labeled endosomal
network (B).A- The melanosomes stages are color coded: stage I to IV (Y, O, R, P), rough Endoplasmic Reticulum (rER,
Blue). B- Overlay of the tomogram and the fluorescence to identify and segment specifically the endosomes from the
rER.
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Biological materials present unique challenges for microscopic imaging techniques. In
Scanning Electron Microscopy (SEM), uncoated biological materials may collect charge as they
are scanned by the electron beam. This can reduce the overall scan quality and introduce
artefacts into the dataset. This problem is largely overcome by employing variable pressure
SEM. VPSEM offers nm resolution of external features, but unfortunately cannot visualise
internal information. Confocal microscopy and micro-CT scanning offer avenues to visualise
internal morphology, but are not without their own drawbacks. Confocal microscopy offers high
resolution but can be limited with regards to sample size and penetration, and specimens may
require specialist stains if they are not autofluorescent. However, when the sample is
appropriate, the results are stunning! Micro-CT, whilst offering very good tissue penetration
capabilities, presents problems for biological tissues, since their X-ray absorption coefficient is
rather poor. As a result, the contrast displayed in the images tends to be low and thus
complicates the reconstruction and subsequent interpretation of the 3D datasets that are
produced. Lab based micro-CT scanning also falls well short of confocal and SEM imaging with
regards to resolutions achieved.
Research ventures that combine these techniques facilitate discoveries in morphology and
systematics, yet no single preparation method is currently applicable to all. Non-destructive
and reversible preparations and techniques have the advantage of preserving type materials
for future generations and future analyses, thus opening up the vast collections housed within
regional and national museums across the world.
At the Natural History Museum (NHM) we are exploring methodologies which will allow us to
employ all three techniques to investigate biological samples. Here I present the findings of a
comparative study using various fixing, staining and drying techniques using simple
crustacean models Artemia salina and Daphnia sp. In micro-CT, heavy metal stains like
phosphotungstic acid (PTA), iodine and osmium tetroxide have been shown to differentially
stain tissues and improve contrast by increasing the X-ray absorption of target tissues. But do
these stains survive the drying processes necessary for SEM based work (e.g. nano-CT)? How
do they compare to confocal datasets? Can the protocols be reversed to allow specimens to be
returned to the Museum’s collections?



 
Fig. 1: Confocal micrograph of unstained female Artemia
salina specimen. This is a composite image of 100 tiles, in
a 10X10 grid, each scanned with a step size in z of 7.2µm
for a total of 64 steps. The image was taken on the NHM’s
Nikon A1SI Confocal Microscope system using a 10X
objective lens to give a final resolution of 2.49µm per pixel.
 

 
Fig. 2: Rendered micro-CT data set of male Artemia salina
specimen stained with iodine and PTA. Colours represent
different tissue groups i.e. red-dense gut muscles;
blue-finer musculature, lumen and nervous tissues. The
specimen was scanned on the NHM’s Nikon HMXST 225
micro-CT system at 105kV, 90µA and 500ms exposure.
Final resolution was 5µm per pixel.
 

 
Fig. 3: SEM image of the Artemia salina ciliated thoracopods. This image was acquired from an uncoated specimen
using the NHM’s FEI Quata 650 ESEM FEG at 7kV and a chamber pressure of 70Pa. Final resolution is 3.3µm per pixel.
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Pesticide usage forms common agriculture practice. It is known that pesticides can reach
placenta and accumulate there and have potential to cross the placental barrier and enter the
foetal bloodstream. They can cause alterations in the development as well as functions of
placenta resulting in adverse effects during pregnancy. The present study was undertaken to
study changes in ultrastructure of placenta in tea garden workers exposed to pesticides during
pregnancy and acetyl cholinesterase (AChE) activity was assessed as biomarker of
organophosphate pesticide (OPP) exposure. The samples of placenta and blood (maternal and
cord) were collected from singleton pregnancies from women exposed to pesticides working in
tea gardens. The adverse health effects experienced by individuals were evaluated by
questionnaires. Maternal & cord blood and placental tissue were assessed for traces of
pesticides by GC-ECD and AChE activity was evaluated. The ultrastructure changes in placental
tissue were studied with Hitachi (H-7500) transmission electron microscope (TEM).
Significantly higher levels of OPPs were observed in tea garden workers than those from house
wives while the AChE activity was significantly low in maternal & cord blood and placenta of
tea garden workers. In addition, ultrastructural study of placenta has revealed that the villi in
placenta of tea garden workers exposed to pesticides are comparatively longer and thinner
and less vascularised as compared to non exposed group.
Fibrinoid was frequently observed in villous stroma. The density of apical microvilli appeared
considerably reduced and occasional microvilli-free areas were observed. The underlying
trophoblastic basement membrane appeared significantly thicker than that of non-exposed
workers. Occasionally fusion of cytotrophoblast and syncytiotrophoblast was also observed.
Syncytial knots were numerous in exposed workers. In most of the cases of tea garden
workers, trophoblasts (especially syncytial trophoblasts) showed dynamic changes in the
nuclei such as increased heterochromatin content and nuclear aggregation. There was
increased collagen in the villous stroma and shrunken endothelium in foetal capillaries. It is
plausible that deleterious effect of pesticides on placental barrier of tea garden workers could
result of impairment of placental barrier, restrict nutrient supply from mother to foetus and
thus could be the cause the Low birth Weight (LBW). Therefore, it can be concluded that
exposure to pesticides during pregnancy is likely to be detrimental to the growth of foetus and
the extent of damage (foetal outcome) is related to the level of pesticide exposure.
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Correlating the Electron Microscopy (EM) and Confocal Microscopy (CM) imaging of cells and
tissues is a well-known method to understand the relations occurring between cellular
structure and function. Conventional CM is capable to visualize the presence of either specific
antigens by the use of immunofluorescent labelling or fluorescent proteins (FP), with resolution
of few hundreds of nanometers. On the other hand, EM is capable to image the cellular
ultrastructure down to nanometer scale. Putting together the information given by the two
techniques on the same area of the specimen allows then to determine the antigen location on
the cellular ultrastructure.
EM imaging could be carried out on biological specimens both in transmission (TEM) and in
scanning (SEM) mode. In both the EM approaches, to get information on antigen distribution,
cells can be labelled with antibodies conjugated with small (<20 nm) gold particles. In the case
of SEM the secondary electrons (SE) are used to image the specimen surface morphology,
whilst compositional contrast obtained by collecting backscattered electrons (BSE) allows to
simultaneously localize the gold particles that labelled a cellular surface antigen.
A key point in the observation of the cellular ultrastructure is the preparation protocol
followed. In particular, in the case of SEM imaging with surface immunolabelling, the surface of
the specimen has to be rendered electrically conductive, while preserving the compositional
contrast that has to be used to localize the gold nanoparticles markers. This need usually
brings to exclude gold or platinum as coating agent. Enough recent literature indicates the
possibility to coat the cell surface with a thin layer of chromium, but with two main limits: 1) its
low atomic number giving rise to a low SE signal; 2) the lack of conductivity due to its fast
oxidation if deposed under low vacuum condition or if exposed to air. [1]
In order to overcome these major limitations, we report the correlative SEM and CF microscopy
imaging of HeLa cells and neurons, using an optical transparent thin layer of Indium Tin Oxide
(ITO) deposed by ion sputtering, after studying the optimal ITO layer thickness. ITO was
revealed to be stable, and capable to provide both suitable electrical conductivity, good SE
production and preservation of the BSE signal coming from the gold immunomarkers. Finally,
in order to determine if the CM imaging could be carried out after the SEM one, we also studied
how both the ITO deposition and the different preparation steps for the SEM imaging affected
the immunofluorescent signal.
[1] M. W. Goldberg. Immunolabeling for Scanning Electron Microscopy (SEM) and Field
Emission SEM, Methods Cell Biol. 2008, 88, 109-130.



 
Fig. 1: (a) Fluorescence Image collected by CM on HeLa cells, due to immunolabelled CD147 membrane protein. The
area indicated by the white rectangle corresponds to that reported in panel b; (b) SEM SE image corresponding to the
area selected in (a). The small rectangle shows the most fluorescent zone, magnified in Figure 2 (scale bar: 10 μm).
 

 
Fig. 2: (a) High magnification SEM SE image of the area contained within the little white rectangle shown in Fig. 1b; (b)
SEM BSE image corresponding to the same area shown in panel (a). The small white dots are gold particles marking
the CD147 membrane protein. Scale bar: 1 μm. For SEM imaging the sample was coated with a 20 nm-thick ITO layer.
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Novel nanostructured materials from the fields of lighting and photovoltaics as well as complex
biomaterials require the combination of several local analysis methods, like EDS, EBSD, EBIC
and CL to acquire a full understanding. The combination of these techniques in one single SEM
is state-of-the-art nowadays. To improve such a combined analysis to a new level, Raman
spectroscopy can be integrated into the SEM to add the possibility of optical characterization.
While a typical CLEM (correlative light electron microscopy) procedure uses consecutive
imaging in a light and an electron microscope and thus needs a precise knowledge of
coordinate reproduction, our approach aims for an all-in-one solution without the need of
position rekognition. In our presentation we will present two realizations of Raman integration
into a multifunctional Tescan FIB/SEM system and we will show measurements on different
samples from the fields of functional semiconductor devices and life sciences.
The first approach utilizes a standard cathodoluminescence system with a parabolic mirror
(Horiba CLUE). Two different lasers can be guided onto the mirror and thus can be focused
onto the sample. The collected signal is guided to a Raman spectrometer.
The second and new approach integrates a complete optical Raman microscope onto the SEM
chamber with the objective lens inside the vacuum – so called RISE correlative microscopy by
TESCAN and WITEC companies [1].
In our presentation we will discuss the advantages and drawbacks of both realizations and we
will show correlative analyses of samples like graphene covered GaN nanorods (see figure 1),
GaN nanowires grown on graphene, thin-film tandem silicon solar cells, and biological
materials.
[1] Announced at Analytica: 24th international trade fair for laboratory technology, analysis,
biotechnology and analytica conference, München, April 2014.
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Fig. 1: SEM micrograph (left) and corresponding Raman maps of GaN nanorods (center) covered with graphene (right).
This high-resolution Raman map was taken in-situ with the RISE correlative microscope in less than 40 minutes.
 

 
Fig. 2: SEM micrograph of GaN nanorods grown on sapphire covered with graphene (left) and Raman maps of the GaN
(center) and defective graphene (right). A clear correlation between nanowire position and defective graphene was
found.
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Fluoride in water is a contaminant that could harmfully affect the human hard tissues by
reconfiguring the biological apatite minerals. Since fluoride could be present in groundwater in
high concentrations because of both geological and industrial reasons, diverse methods have
been devised to remove the problematic contaminant. In this presentation, the fluoride
removal by calcium-based minerals is displayed. Calcite (calcium carbonate) and brushite
(dicalcium phosphate dihydrate) were used in the form of single crystals for the atomic force
microscopy (AFM). The microscopic observation was complemented by the analysis of the solid
phases by X-ray diffraction. In addition, the kinetics of the fluoride removal was monitored by
measuring the fluoride concentration in the aqueous solutions. The fluoride removal was
through the process of dissolution-and-recrystallization, through which the calcite and brushite
were transformed into fluorite and fluorapatite, respectively. AFM was especially useful to
understand the surface phenomena during the transformation. The dissolution could be easily
discerned by the pit formation of calcite and brushite, and the recrystallized precipitation was
also found on the surfaces of the single crystals. In addition, the interference caused by
organic compounds on the fluoride uptake was studied, which had practical implications during
the wastewater treatment. By combining the AFM and bulk experiments, the organic
interference could be understood in terms of the changes in the boundary layers on the crystal
surfaces. Especially, the AFM observation on the evolution of the dissolution pits indicated the
alterations in the diffusion of calcium and fluoride ions through the boundary layers. The
current study could have broad implications in the wastewater treatment as well as biomedical
mineralization.
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The final goal of any morphological study is to create the average 3D model of a structure and
determine its chemical composition. On the other hand, the correlative light-electron
microscopy (CLEM) is the method for study of rare structures or structures formed during rare
quick events. CLEM should be combined with the three-dimensional electron microscopy
(3DEM). Recently, CLEM became the leading edge of EM where dozens of protocols could be
combined for different purposes. For instance, CLEM could be used for examination of 1) fixed
or 2) live cells with subsequent fixation and EM analysis. The goal of CLEM could be to visualize
1) the cell (after microinjection or transfection) or 2) the organelle, which could be quickly
moving (we first developed CLEM suitable for the examination under EM or organelles quickly
moving in living cells and labelled with a fluorescent protein (Polishchuk et al. J Cell Biol. 2000.
148(1):45). CLEM could be based on sample processing using 1) two different procedures (we
first proposed to combined two different protocols for CLEM: Mironov et al. Tsitologiia. 1987.
29(4):426) or 2) direct preparation for EM with subsequent analysis of this sample under LM
and EM. Fixation of cells could be based on freezing or on the use of chemicals. On the other
hand, 3DEM includes analysis of samples with the help of scanning electron microscopy (as
pseudo 3DEM), metal replicas; stereo-pairs examined under transmission or scanning EM;
titling series obtaining during tilting of the sample and presented as a movie; serial sections
obtained after sectioning outside a chamber of an EM and examined in TEM or SEM; serial
images obtained using serial bloc face SEM; serial images obtained using focused ion beam
SEM and finally, TEM or SEM tomography (Fig. 1). Existence of several different methods of
3DEM represents one of the main difficulties for the modern CLEM because different 3DEM
need different methods of preparation. Therefore, the selection of the correct method for the
3D reconstruction and immune-EM after CLEM represents not so trivial task. In the
presentation, we will compare different methods of 3DEM and their compatibility with CLEM
and in particular their suitability for the CLEM of intracellular organelles using exactly the same
sample (the Golgi complex, an extremely complicated membrane organelle) for all of these
combinations and search the best combination of the basic configuration of EM with different
EM accessories and protocols of sample preparation for the achievement of the maximal
resolution and simplification of methods of preparation of samples after CLEM suitable for EM
tomography, FIBSEM and SBFSEM. We present a simplified protocol for sample preparation
suitable for most of 3DEM.
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Fig. 1: Methods of 3DEM
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Shape and dimensions of the bat baculum (os penis) are established taxonomic characters.
Detailed micromorphology of penis and baculum, however, have seldom been studied in bats
[1]. The present preliminary study provides new insights into the 2D and 3D micromorphology
of the Pipistrellus pipistrellus penis as a foundation for further functional research. Light
microscopy of serial, surface-stained, undecalcified ground sections [1] of the penes of 3 P.
pipistrellus specimens (1 of them sub-adult) was compared with microCT images (some penes
iodine-stained [2]) of the bacula of P. pipistrellus (n=42, three of them sub-adult), P. pygmaeus
(n=24), P. hanaki (n=9), and P. nathusii (n=11). The baculum in the studied species consists of
a proximal base with two club-shaped branches, a long, slender shaft, and a small, forked
distal tip. Proximally, entheses connect the corpora cavernosa to the branches, which consist
of woven bone and contain a medullary cavity of variable size with fatty marrow. The shaft of
the baculum consists of lamellar bone around a central vascular canal of variable length,
surrounded by woven bone in the proximal part of the shaft. The distal end of the shaft
consists of woven bone. The urethra, surrounded by the corpus spongiosum, lies ventral of the
corpora cavernosa and the baculum. The dorsal half of the urethral meatus is encased by the
forked distal tip of the baculum. The glans penis is made up mostly of an enlarged part of the
corpus spongiosum, surrounding the baculum and urethra. In the sub-adult bats, the baculum
appeared not to be fully developed. The proximal branches of the baculum where shorter and
did not contain a marrow cavity, while distal tip seemed to be fully developed. The
combination with histomorphological techniques enabled a more precise interpretation of the
histological structures shown in microCT images from all four Pipistrellus species. The woven
bone predominance in the baculum points to a tight functional connection with the
surrounding erectile tissues.
References
[1] Herdina AN, Herzig-Straschil B, Hilgers H, Metscher BD, Plenk Jr. H. 2010. Histomorphology
of the penis bone (baculum) in the gray long-eared bat Plecotus austriacus (Chiroptera,
Vespertilionidae). The Anatomical Record 293: 1248–1258.
[2] Metscher BD. 2013.Biological applications of X-ray microtomography: imaging
microanatomy, molecular expression and organismal diversity. Microscopy and Analysis, 27,
13–16.
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Fig. 1: 3D volume renderings of microCT scan of iodine stained Pipistrellus pipistrellus penis. Left: ventral view, right:
lateral view.
 

 
Fig. 2: 3D volume rendering of iodine stained distal tip of
Pipistrellus pipistrellus baculum and surrounding soft tissue
(ba: baculum, pr: preputium, ur: urethral meatus).
 

 
Fig. 3: Surface-stained (Giemsa stain) undecalcified ground
section of distal tip of Pipistrellus pipistrellus penis (ba:
baculum, gl: glans penis, pr: preputium, ur: urethral
meatus).
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The use of organosolv pulping represents an alternative to traditional methods to obtain
cellulose pulp from agro-wastes. It has been studied the use of different kinds of Agave species
such as A. sisalana and A. tequilana to produce paper, but not Agave atrovirens, that is used in
the “mescal” production. The wastes of this process can be a good source of cellulose and
lignin. The aim of this work was study microstructural changes during kinetic of Acetosolv and
Milox (green chemical methods), to produce cellulose derivatives from agave wastes. Fibers
were obtained from leaves of A. atrovirens through pre-treatments that included drying at 60
°C and 3 m/s air, milling and fiber separation through mesh. A previous experimental design
provide the delignification process conditions for Milox kinetics of fibers were time of 180 min,
a formic acid concentration of 80% and a H2O2 concentration of 2%. Acetosolv kinetics were
time of 30 min, acetic acid concentration of 80% and 0.3% of HCl. Pulps were studied by SEM
(XL 30, Philips, USA) to observe overall microstructural changes during kinetic delignification of
the fibers. Also it was possible to monitor the changes on lignin and cellulose in the fibers
during the organosolv process by CLSM (LSM 710, Carl Zeiss, Germany). Figure 1 shows SEM
and confocal images of the Acetosolv process, there, it can be observed the ordered
arrangement of the bundle of the fibers with lower time treatment (Figure 1A and B). In all
CLSM images, blue color is the fluorescence of stained cellulose (MR2 with calcoflour white),
while green is the autofluorescence of lignin. Higher time treatment shows a collapsing of
arrangement of the fibers (Figure 1C, D and E). In the case of Milox kinetic these images shown
in Figure 2, it is possible to see that the fibers are separating mostly with the increasing
reaction time. At the beginning of the kinetic the bundle of fibers are complete but in function
of the reaction time the separation of the fibers increased until complete liberation of
microfibrils at the end of the Milox kinetic (figure 2A-E). Agave fibers show a low content of
lignin, even so, can be solubilized by this acidic organosolv processes. Both pulps were
achieved with very high purity of cellulose and CLSM images showed that Milox was the better
process for delignification of agave fibers, but at the expense of oxidizing conditions that
compromise the length of the cellulose chain. Therefore, the applied microscopy techniques in
this work were useful to monitor the microstructural changes occurring during the pulping
processing and they were efficient for select the better process conditions for delignification of
Agave fibers.
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Fig. 1: SEM and confocal images of Acetosolv pulping at
different process time.
 

 
Fig. 2: SEM and confocal images of Milox pulping at
different process time
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Human embryonic stem cells (hESC) have become an important model for studying embryonic
development, drug testing and disease modelling. The abilities of hESC to self-renewal and
differentiation into multiple specialized cells make them promising candidates also for
regenerative medicine, such as tissue regeneration in Parkinson disease, spinal cord injuries,
and many more. However, all the therapies require stem cell growth in precisely controlled
conditions, which influence cell behavior through the contact of cell receptors with the
environment. Surface receptors are important family of proteins responsible for modulation of
many stem cell functions, such as cell adhesion, differentiation and migration. Understanding
of the localization, structure and function of the surface receptors is important for designing
robust niche for sustained growth of hESC. Correlative light and electron microscopy (CLEM)
allows correlating functional data obtained by fluorescence microscopy with a structural data
collected by a high-resolution scanning electron microscope (SEM) in the same region of
interest. In this work, we use the CLEM approach for visualization of receptors on the surface of
hESC cells. The cells were immunolabelled with a primary antibody against specific adhesion
proteins and clusters of differentiation followed by labeling with combined fluorescent and gold
conjugated secondary antibody. The cells were observed in the fluorescence microscope to
localize the proteins on the cell surfaces. After the collection of fluorescence images, the cells
were refixed with glutaraldehyde, silver enhanced, dehydrated and carbon coated. Finally,
they were loaded into an ultra-high resolution SEM. The stage was navigated to the regions of
interest selected previously by fluorescence microscopy. The specificity of the antibody
labeling was confirmed by observing the silver enhanced nanoparticles in the backscattered
electron detector. The structural information of the receptors was obtained using the
secondary electron signals. A dedicated software module for correlative microscopy (TESCAN
Coral) was used to correlate the data from both sources in real time. Using this approach,
changes in the structure of the receptors are being studied in respect to different extracellular
conditions of the hESC culture.
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Free hemoglobin (Hb) forms under oxidizing conditions large protein aggregates, which are
heavily and actively taken up by endothelial cells: Membrane ruffles reach out to grab these
particles. Several membrane lamella try to wrap them independently and pull them into the
cytoplasm. In the final toxic stage the aggregates fill up the cell volume, just separated by thin
lamellas. As several internalization processes take place simultaneously, the definition of
extracellular versus intracellular space is sometimes difficult and only 3D analysis by targeted
FIB/SEM can help to answer the “in-out” question. While lamella formation at the cell surface is
clearly visible on SEM-images of freeze dried cells, the internal membrane channels & cavities
show up only in the FIB/SEM-cross section. The tomographic data allows to virtual blend out
the hemoglobin particles for studying membrane features.
The hemoglobin precipitates are showing up in the micrographs as heavily electron dense
particles. To finally proof their nature and off-spring from hemoglobin, elemental mapping for
Fe was performed. While EDX, EELS and ToF-SIMS failed to detect iron in these
protein-complexes due to sensitivity limitations, imaging mass spectrometry (MS) maps and
local measurements became possible with a dedicated NanoSIMS tool below a
Fe-concentration of 0.5mM +/- 0,03mM.
Endothelial cells in a body form normally the walls of blood vessels; in culture they are flat
adherent cells, growing tight and overlapping. In order to study Hb toxicity, primary human
endothelial cells were grown up to confluency on cover slips. The cultures were incubated
under oxidizing conditions (GOX) with glucose and 2mg/ml hemoglobin. Under these conditions
Hb aggregates heavily. The aggregates get internalized by the endothelial cells. Aggregate
formation and uptake was stopped with 2,5% glutaraldehyde/PBS, followed by osmification,
dehydration, resin impregnation & polymerization (thin layer plastification) and montage. By
keeping the resin layer as thin as possible, hemoglobin precipitates on cells could easily be
spotted in the SEM by their prominent topography and FIB/SEM tomography was performed at
these preselected spots for a detailed 3D-view on internalization. Image processing allowed to
uncover the membrane structures at the internalization site in silico.
Microtome ultrathin sections of block embedded cell were deposited onto ZnO-coated glass
slides for SEM observation to define an area of interest for final mass spectrometry analysis.
With a CAMECA NanoSIMS we were able to detect Fe (iron) within these hemoglobin
aggregates and other cellular ions i.e. phosphate or chloride at subcellular resolution and
physiological concentration.



 
Fig. 1: FIB/SEM tomography – top: principle of FIB/SEM tomography on thin layer plastified endothelial cell culture;
gallery view of a selection of serial cross sections; section view of a single cell – bottom left: volume representation &
bottom right: 3D-model of the internalization site after virtual removal of the precipitates.
 

 
Fig. 2: Microtome section on ZnO-coated glass – left: array scan of selected region. Endothelial cell w. ultrastructure,
featuring internalized haemoglobin precipitates. – right: NanoSIMS maps of Carbonitrate, Phospate, Chloride, Iron.
Concentration measurements for Fe: 1) 1,1 mM 2) 0,9mM 3) 0,5mM 4) 4,6mM 5) 3,7mM 6) 3,6mM 7) 4,8mM.
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Live-cell correlative light and electron microscopy (CLEM) offers unique insights into the
ultrastructural dynamics of cells. However, the correlation of subcellular structures observed
by live cell imaging with the EM ultrastructure remains technically challenging. In order to
optimise the workflow for live-cell CLEM, we have designed a modifiable imaging surface for
cellular optical imaging [1]. We first investigated the suitability of polymer films as a support
film for live cell imaging. In contrast to glass coverslips, the use of polymer films not only
allows for subsequent cryo-preservation, but also allowed us to directly adapt the surface of
the film for correlative imaging. We made use of an office printer and laminator to mark the
polymer films with a toner-based reference grid, which is already visible by eye. The toner also
forms part of a multiscalar fiducial reference system which enables subcellular spatial
alignment. We have used this CLEM-strategy to investigate the fate of mitochondria during
induced mitochondrial degradation by mitophagy [2]. Mitophagy is a selective pathway that
targets and delivers mitochondria to the lysosomes for degradation. The protonophore CCCP
causes depolarization of mitochondria and induces their degradation by mitophagy. When
mammalian cells overexpress the ubiquitin ligase Parkin, treatment with CCCP for more than
24 hours has been reported to trigger the clearance of all mitochondria. However, using CLEM
in Parkin-expressing HeLa cells, we show that mitochondrial remnants remain present in the
cell. The mitochondria were no longer easily identifiable as such due to morphological
alterations, providing a possible explanation why earlier EM studies may have missed these
structures. Further investigation by live-cell microscopy showed that CCCP inhibits mitophagy
at both the initiation and lysosomal degradation stages. In summary, we have developed an
inexpensive and robust CLEM procedure that simplifies optical imaging without limiting the
choice of optical microscope. We have verified the technique by providing novel biological
insights into the mechanism of mitochondrial degradation.
[1] B. S. Padman, M. Bach and G. Ramm. 2014 An Improved Procedure for Subcellular Spatial
Alignment during Live-Cell CLEM. PloS one 9 (4), e95967. [2] B. S. Padman, M.Bach, G.
Lucarelli, M. Prescott and G.Ramm. 2013 The protonophore CCCP interferes with lysosomal
degradation of autophagic cargo in yeast and mammalian cells. Autophagy 9(11), 1862-1875.
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To study the fine details of biological structures with microscopy, both the preservation of
these structures during the preparation process and the achievable resolution of the imaging
system are of equal importance. In the field of fluorescence microscopy, the latter has been
addressed by various super-resolution methods that have been developed in recent years to
overcome the diffraction-limited resolution of light microscopy. Super-resolution imaging in
living cells remains very challenging. Typically, chemical fixation of the samples is required to
achieve the best technical results, but unfortunately, this is associated with structural changes
in the sample [1], especially at a size range that is relevant for light microscopic techniques
achieving resolutions below the diffraction limit [2]. A preferable alternative is vitrification (i.e.,
cryo-immobilizing the structure in glasslike amorphous ice using rapid freezing techniques)
that preserves the structures in a near-native state and is frequently used in the fields of
electron and X-ray cryo-microscopy [3,4]. The advantages of vitrified specimens have not been
fully exploited to date in fluorescence microscopy of subcellular structures. This is because one
of the biggest challenges for fluorescence cryo-microscopy is currently its limited resolution of
400-500 nm due to the inherent technical challenges of the setup and in particular the lack of
high NA cryo-immersion objectives [5].
We introduce a super-resolution technique for fluorescence cryo-microscopy based on
photo-switching of standard fluorescent proteins in intact mammalian cells at low temperature
(81 K) [6]. We demonstrate that the single molecule characteristics of reversible
photobleaching of mEGFP and mVenus at liquid nitrogen temperature are suitable for the basic
concept of single molecule localization microscopy. We show that single molecule localization
microscopy is possible at cryo-conditions and achieve super-resolution imaging of vitrified
biological samples with a structural resolution of ~125 nm (average single molecule
localization accuracy ~40 nm), corresponding to a 3–5 fold resolution improvement. We expect
that super-resolution cryo-microscopy will become a valuable imaging method for
cryo-immobilized biological samples that is highly complementary to electron and X-ray
cryo-microscopy for the study of cellular and subcellular complexity.
References:
[1] Bleck et al., J. Microsc. 2010, 237 (1), 23−38.
[2] Weinhausen et al., Phys. Rev. Lett. 2014, 112 (8), 088102.
[3] Hurbain et al., Biol. Cell 2011, 103 (9), 405−420.
[4] Schneider et al., J. Struct. Biol. 2012, 177 (2), 212−223.
[5] Briegel et al., J. Methods Enzymol. 2010, 481, 317−341.
[6] Kaufmann et al., Nano Lett. 2014, in press.



 
Fig. 1: Single molecule super-resolution cryo-microscopy. Photoswitching of single fluorescent molecules at low
temperature (81 K) enables single molecule localization microscopy of vitrified biological samples. Compared to basic
wide-field fluorescence cryo-microscopy the resolution is improved by a factor of 3-5, achieving values in the 100 nm
range [6].
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Correlative automated particle analysis (CAPA) is a new software tool in the field of automated
particle analysis designed to link LM (Light Microscope) and SEM/EDX (Scanning Electron
Microscope/Energy dispersive X-ray) in one workflow. It is grown from correlative microscopy
with the motivation to fulfill the increasing demand to analyze particles, debris or grains, which
has constantly increased in fields like steel inclusion, gunshot residue, implant monitoring,
mineralogical grains or environmental/pollution control over the past years. But especially
automotive production/research, automotive related industry as well as component supplier
have targeted automated particle analysis as an useful tool to control the technical cleanliness
and to identify critical particles helping their elimination. Particle residues can cause severe
damage with the consequence of additional cost, loss of reputation, wasting resources as well
as harming the environment. Consequently, the overall goal is to identify the source of
contamination as quick as possible. The LM investigation results in the determination of
morphological parameters and in additional information about reflective and non-reflective
properties of possible dangerous residues. However, another very important question cannot
be answered: What is the chemical composition of the particle and, therefore, what are the
mechanical and physical properties. In this context, transferring the sample from the LM to a
SEM and relocating the particles of interest manually can be very time consuming and very
cost intensive. The new developed correlative automated particle analysis (CAPA) makes it
very easy to correlate the particles from LM to SEM leading to a quick and easy analytical
characterization of critical particles and it gives the possibility to identify the source of
contamination in the production chain and for eliminating quality issues. Both microscopic
technologies have strengths and limitations.In conclusion, CAPA combines the strengths of
both methods generating automatically a detailed and ISO confirm report.
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Microscopy methods are used as investigative tools of the surrounding world, offering images
of detailed areas that
outline morphology or spatial organization. For this purpose, external beams of particles and
interaction fields are
used, such as light with different properties, X-rays, electron or ion beams, resonance
magnetic fields and others.
Following a different approach, mass spectrometry methods use ions extracted from the
sample itself to draw pictures
that show not only morphology, but also the chemical distribution of the sample surface. A
mass spectrometer using an
optical microscope for defining the area of analysis [1] was developed in our group in
cooperation with Shimadzu [2]
and released recently under the trade name iMScope [3]. A high repetition rate 1kHz,
well-focused UV laser beam is used
for matrix assisted laser desorption/ionization (MALDI) of the sample which is kept at
atmospheric pressure (AP) and
raster moved by a precision stage. The instrument allows obtain chemical maps with 5 µm
high spatial resolution for
targeted biomedical sample regions while software-superposing histological images and other
kind of information. The
imaging mass spectrometry (IMS) characterization technique, combined with different methods
and materials for the MALDI
matrix deposition, has been used for molecular profiling of various tissues in animal models
and human samples, for
identification of lipids, proteins and peptides, drug and metabolites, and for search of chemical
compound biomarkers,
using both normal tissue and aging related/disease/cancer tissue modifications. After outlining
the particular features
of the IMS instrument, the presentation will proceed to show results of the measurements and
discuss their significance
as biomedical findings.

References
1. T. Harada et al., Visualization of volatile substances in different organelles with an
atmospheric-pressure
mass microscope. Anal. Chem. 2009, 81, 9153–9157.
2. Mitsutoshi Setou et al, Mass spectrometer, US 7,759,640 B2 (Jul. 20, 2010).
3. Imaging Mass Microscope iMScope released in 2013 by Shimazu Corporation,
http://www.shimadzu.com.au/imscope.
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Mass spectrometry imaging (MS imaging) is the method of scanning a sample of interest and
generating an image of the intensity distribution of a specific analyte ion. In contrast to most
histochemical techniques, mass spectrometry imaging can differentiate (amino acid)
modifications and does not require labelling of compounds. Our work is focused on obtaining
reliable chemical information and on increasing the spatial resolution in order to detect
(sub)cellular features. Here we present a number of improvements in instrumentation, sample
preparation, measurement parameters and data processing.
MS imaging experiments were performed with a high resolution atmospheric-pressure imaging
source (AP-SMALDI10, TransMIT GmbH, Giessen) attached to ‘LTQ Orbitrap’, ‘Exactive Orbitrap’
or ‘Q Exactive’ mass spectrometers (Thermo Scientific GmbH, Bremen). Pixel size was between
2 and 10 µm. Mass accuracy was better than 2 ppm (root mean square) under imaging
conditions [1,2]. Tentative identification based on accurate mass was confirmed by on-tissue
MS/MS experiments.
The capabilities and characteristics of our method will be discussed on a number of
applications. Phospholipids and smaller metabolites such as nucleic acids and cholesterol were
imaged in single cells at 7 µm pixel size. Phospholipids were investigated in detail in human
tumor biopsies. The lateral ventricle region of a coronal mouse brain section was imaged at 2
µm pixel size. Non-mammalian tissue samples often require specific sample preparation. This
will be discussed on the example of metabolite imaging in plant tissue sections.
MS image analysis for all these experiments showed excellent agreement with histological
staining evaluation. In addition it provided highly specific molecular information. In many cases
signals with very similar mass (∆m/z<0.1) showed distinctly different distributions, which
demonstrates the need for high mass resolution in order to obtain reliable information from MS
imaging experiments of complex biological samples.
Newest developments in instrumentation and methodology will be demonstrated. This includes
strategies for increased measurement speed, dynamic range for MS image generation of more
than three orders of magnitude and simultaneous detection of positive and negative ions in
one experiment.
General trends and developments in the field of mass spectrometry will be briefly discussed.
This includes strategies for flexible data analysis on the basis of the data format imzML
(www.imzml.org) and activities in the framework of COST action (European Cooperation in
Science and Technology) „Mass Spectrometry Imaging: New Tools for Healthcare Research”
(BM1104).
[1] Römpp, Guenther, Schober, Schulz, Takats, Kummer, Spengler (2010) Angew. Chem. Int.
Ed. 49 (22):3834-3838.
[2] Römpp, Spengler (2013) Histochemistry and Cell Biology 139(6): 759-783.
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Introduction
Imaging mass spectrometry (IMS) has been used for biological applications, to assess the
distribution of proteins, peptides, lipids, drugs, and their metabolites in a tissue specimen. IMS
has expanded during the last decade using matrix-assisted laser desorption/ionization (MALDI)
time-of-flight (TOF) mass spectrometer, which adopted a linear and a reflectron ion optical
systems. A reflectron MALDI-TOF mass spectrometer, using a delayed extraction technique,
has higher mass resolution than linear MALDI-TOF mass spectrometer. However, its high mass
resolution is available only within limited mass range, which isn’t sufficient for analysis in
low-molecular compounds such as lipids, drugs and drug metabolites. It is necessary to extend
flight path length to improve mass resolution and mass accuracy in wide mass range.
However, the flight path length of a reflectron TOF mass spectrometer is limited by its
instrument size, and is difficult to be extended beyond certain length restricted by the
instrument dimension. We developed a MALDI-TOF mass spectrometer with a spiral ion
trajectory, SpiralTOF, to solve the issue. It has 17 m flight path length within a cubic vacuum
housing of approximately 0.6m x 0.6m x 0.7m.
Instrumentation
The schematic of SpiralTOF, which consists of four toroidal electrostatic sectors, is shown in
Fig. 1. Each has eight stories made by nine Matsuda plates piled up inside a cylindrical
electrostatic sector. The ions pass the four toroidal electrostatic sectors sequentially and
revolve along a figure-eight-shaped orbit on a certain projection plane. During multiple
revolutions, the ion trajectory shifts perpendicular to the projection plane every revolution
cycle, thus generating a spiral trajectory. The flight path length of one revolution is 2.1 m. The
total flight path of SpiralTOF was 17 m, which is 5-10 times longer than a reflectron TOF mass
spectrometer.
Results & Discussion
SpiralTOF achieved ultra-high mass resolution that could separate isobaric compounds, which
differed only 0.1 u each other. The advantage of isobaric separation in IMS will be shown to
take the IMS for lipids distribution on mouse brain tissue section as an example. The isobaric
mass separation at m/z 820 – 825 is shown in Fig. 2. Three types of lipid peaks were well
separated in mass spectrum and could show the different localization respectively. The high
selectivity for drawing mass image is important for understanding clear localization of
compounds, especially in low mass region. Further IMS measurements for drugs distribution on
mouse brain tissue sections will be reported in the presentation.



 
Fig. 1: Schematic of time-of-flight mass spectrometer with spiral ion trajectory (SpiralTOF). The outer electrode of the
left-top electrode is not included to show the ion trajectory (red line).
 

 
Fig. 2: Ultra-high resolution mass spectrum at m/z 820–825 in imaging mass spectrometry for lipids in a mouse brain
tissue section. Three types of lipids were well separated in mass spectrum and could draw different mass images from
them.
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Introduction
The electrical devices composed of organic and inorganic materials such as organic
light-emitting diodes (OLED) devices have been widely used. There are various techniques for
surface analysis, a scanning electron microscopy/energy dispersive x-ray spectroscopy
(SEM/EDS), electron probe microanalysis (EPMA), X-ray photoelectron spectroscopy (XPS),
time-of-flight secondary ion mass spectrometry (TOF-SIMS) and so on. However, the analytical
techniques to obtain the molecular information on organic layers are limited. In this
presentation, we will discuss about the availability of the imaging mass spectrometry (IMS) and
depth profiling using laser desorption/ionization time-of-flight mass spectrometer (LDI-TOFMS)
as for analyzing organic thin films.
Methods
Three types of OLED compounds thin films deposited on Si wafer were prepared,
(i) α-NPD/Si: α-NPD deposited on Si wafer with 600 nm thickness.
(ii) α-NPD/2-TNATA/Si: 2-TNATA was deposited on Si wafer with 700 nm thickness. The α-NPD
was deposited above the 2-TNATA layer.
(iii) α-NPD/2-TNATA/Si(mesh): 2-TNATA deposited on Si wafer with 440 nm thickness. The 880
nm α-NPD was deposited making a mesh pattern of 55 lines per inch above the 2-TNATA layer.
The IMS and depth profiling were performed with MALDI-TOFMS (JMS-S3000, JEOL). The
α-NPD/Si was also measured with SEM/EDS (JSM-7001FTTLLV, JEOL), XPS (JPS-9010, JEOL) and
TOF-SIMS (Ar gas cluster ion source developed in Kyoto Univ. was applied to JEOL’s
JMS-T100LP) for supplement measurements.
Results & Discussion
The [M]+ ions of α-NPD with negligibly small fragment ions were observed from α-NPD/Si with
LDI-TOFMS(Fig.1). In the case of the TOF-SIMS, not only [M]+ ions but also many kinds of
fragment ions were observed. The LDI-TOFMS and TOF-SIMS had an advantage for organic
compounds analysis compared to SEM/EDS and XPS which could only obtain elemental or
chemical state information. The LDI-TOFMS has lower spatial resolution rather than TOF-SIMS,
but clear mass spectrum obtained with LDI-TOFMS has the advantage in degradation analysis,
which the measurements of minor components will be often important.
Depth profiling was estimated with two layered thin film: α-NPD/2-TNATA/Si. The accession to
the boundary of two layers could understand by turnover of the ion intensities of α-NPD and
2-TNATA(Fig.2). The ionization region in depth direction was depended on the laser intensity.
The several hundred nanometer layer structure was clearly observed in appropriate laser
intensity. Further investigation about the IMS and depth profiling by changing the laser
condition using α-NPD/2-TNATA/Si(mesh) will be given in the presentation.



 
Fig. 1: Mass spectrum obtained from α-NPD thin film with LDI-TOFMS. The [M]+ ions of α-NPD with negligibly small
fragment ions were observed.
 

 
Fig. 2: Ion intensities variation of α-NPD and 2-TNATA obtained from two layered thin film: α-NPD/2-TNATA/Si.
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Magnetic resonance imaging (MRI) has established itself as one of the best techniques for
cardiovascular diagnosis. The ability of MRI of differentiating soft tissues is due to the contrast
in MR images which is the result of a complex interplay of numerous physical and chemical
factors. Remarkable improvements in medical diagnosis in terms of higher specificity, better
tissue characterization, reduction of artifacts, and functional information have been achieved
through the administration of suitable MRI contrast agents. For instance, to enhance the MR
image contrast, patients are administered paramagnetic substances such as gadolinium (Gd)
(III)-based contrast agents.
One of the major challenges in the use of such contrast agents is that there are still substantial
uncertainties concerning the relationship between the local contrast agent concentration and
the measured signal variation in MRI. Quantitative analysis of e.g. myocardial perfusion by the
contrast agent can be performed but requires complex mathematical modeling.
We evaluated MALDI Imaging mass spectrometry for spatially resolved ex vivo quantification of
a gadolinium-based magnetic resonance agent in correlation to in vivo MRI. Therefore, in vivo
deposition of this contrast agent was investigated in a mouse model of myocardial infarction.
Mice were screened by in vivo MRI at 6h, 24h and 48h after injection of the contrast agent. The
animals were sacrificed after each time point and hearts were prepared for quantitative
assessment by MALDI Imaging. MALDI Imaging was able to corroborate the in vivo imaging
results and enabled in situ quantification of the in vivo applied contrast agent with high spatial
resolution. The quantitative results of MALDI Imaging correlated well with in vivo MRI signal
intensities. In this study we demonstrated that MALDI Imaging is able to provide a mass
spectrometry-based quantification of gadolinium containing contrast agents in situ with high
spatial resolution. We furthermore evaluate MALDI Imaging as a general useful tool for tissue
kinetics for gadolinium-containing contrast agents. Our data demonstrated that MALDI Imaging
may be helpful in future for a deeper understanding of tissue kinetics in contrast agent
development.
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Nano-scale imaging by secondary ion mass spectrometry (NanoSIMS) is a cutting-edge method
to visualize and quantify the assimilation, storage and transfer of metabolites, labeled with
stable isotopes, within biological samples at subcellular scales. Pre-imaging of fixed and resin
embedded samples with scanning- (SEM) or transmission- (TEM) electron microscopy allows
recognition of areas of interest at the ultrastructural level.
Images of the isotope distribution obtained with the NanoSIMS instrument on the identical
section of the sample can then be correlated with the electron micrographs. The choice of the
sample preparation and correlative observation method, SEM or TEM, depends on the spatial
resolution required and the nature of the specimen. Pre-imaging in SEM of a sample block face
that was previously trimmed with an ultra-microtome is an easy and fast approach for
investigation of large tissue or whole unicellular organisms (up to several hundreds of
microns). In this way, even partially mineralized samples that are difficult or impossible to
section can be analyzed. For higher-resolution and subcellular observations, TEM analysis of
ultrathin resin sections (< 100 nm in thickness) have to be performed. Compared to SEM, TEM
has a much smaller field of view, however, automatic acquisition of multiple, overlapping
images in the TEM allows reconstruction of an entire TEM section at high spatial resolution.
Here, we illustrate the power of combining NanoSIMS and electron microscopy in Life Sciences
to study trafficking of microbial factors in a beneficial host - bacteria symbiosis and for tracking
metabolic fluxes of 13C- and 15N- labeled molecules in marine unicellular organisms or in
small invertebrates.
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Mineralization of soft connective tissues, also known as ectopic calcification, is a pathologic
process that may occur in different contexts. During aging, for instance, it could be the
consequence of atherosclerotic lesions or it may be associated to osteoporosis that, through
the calcification paradox, lead to increased levels of circulating ions. Hydroxyapatite can
therefore precipitate within tissues mainly affecting the vascular system. Similarly,
ipercalcemia- and/or iperphosphatemia-mediated calcification is present in hormonal diseases
and in patients suffering from chronic kidney disorders. Furthermore, there are a group of
genetic diseases in which, as a consequence of defects in different genes, some related to
bone metabolism (MGP, ENPP1, GCGX) some apparently unrelated to the calcification process
(ABCC6, HB), ectopic calcification takes place. Even though many key regulators have been
found to be abnormally expressed in mineralized areas within soft connective tissues,
pathogenic mechanisms are elusive and it is still puzzling whether calcification affects peculiar
matrix components in specific organs/tissues, whereas other areas remain unaffected.
Nowadays many informative data can be obtained by imaging mass spectrometry (IMS)
enabling the combined identification and localization of molecules directly on tissue section in
a single experiment. As an experimental model to test the potential of this approach, we have
used the skin from a patient affected by Pseudoxanthoma elasticum (PXE), a rare genetic
disorder mainly affecting skin, eyes and the cardiovascular system due to progressive
calcification. Interestingly, calcification does not involve the whole tissue as in the skin, where
mineral deposits specifically accumulate in the middle reticular dermis. IMS was performed on
mineralised and non-mineralised areas of the same PXE biopsy, in order to reveal differences
in protein distribution and content, and data have been also compared to those from healthy
skin. Analysis of the ion density maps demonstrates that mineralized and non-mineralized
areas within the PXE dermis are characterized by a distinct protein profile. Interestingly,
among the proteins which are differently localised compared to the normal dermis, it has to be
highlighted, for instance, thymosin-beta4 (TB4), being surprisingly absent from mineralized
areas. This is a pleiotropic molecule exhibiting, within connective tissues, protective and
regenerative properties. It could be suggested that tissues devoid of TB4 are more susceptible
to damaging noxae, favouring mineral precipitates. Since, TB4 has been never associated to
PXE, present findings could open new pathogenic pathways that should be further
investigated.
 

Acknowledgement: Work supported by grant from FCRM-Ectocal and from PXE Italia Onlus



 
Fig. 1: Von Kossa staining, used to reveal the presence of calcification, confirms that mineralised areas (MA) are
present only in Pseudoxanthoma elasticum (PXE) (b, arrow). Sections stained with haematoxylin eosin (c and d)
underwent IMS analysis to identify proteins differently expressed and localized in MA, as in the case of thymosin-beta4
(e and f).
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A real spatial resolution of any imaging approach is the most important parameter. In biology,
we are usually faced with the fact that the samples suffer from beam damage, as in
transmission or scanning electron microscopy. This influences the real resolution of final
analyzes or images. Mass spectrometry imaging (MSI) with combinations of MALDI ionization
offers a broad range of applications in biochemistry and biomedicine, mainly in the studies
dealing with distribution mapping of biomolecules, drugs or metabolites in specific tissues.
Reported spatial resolution of MSI analyzes reaches the order of micrometers and depends on
sample prep setup and laser focus. The limiting factors are laser beam parameters, matrix
crystallization and sample ablation during desorption/ionization process. Here we present the
results of MALDI MSI experiments on lipid distribution in the kidney tissue sections with
following preselected spatial resolution of spectra acquisitions: 50, 20 and 10 µm.
MALDI sample preparation: Sectioning of the fresh frozen mouse kidney was performed in
coronal plane using Leica CM1950 cryomicrotome. Slice thickness was set to 12 µm; cutting
temperature to -18 °C. Slices were cut onto ITO (indium-tin oxide) glass slides using “thaw
mounting” method and vacuum-dried in desiccator for approx. 30 min. HCCA matrix (7 mg/ml
in 50% acetonitrile/0.1% trifluoracetic acid) was applied by ImagePrep (Bruker Daltonics)
deposition device using default method.
Mass spectrometry: Data were acquired on Solarix 12T FTICR mass spectrometer (Bruker
Daltonics) equipped with a SmartBeam II UV laser. The laser diameter was set to 10 µm and
laser intensity of 18% or 30%. Data processing: FlexImaging 3.0 (build 54) software (Bruker
Daltonics).
Scanning electron microscopy (SEM): The tissue sections were sputter-coated with 20 nm of
gold after MALDI MSI analysis. The samples were examined in Tescan Vega LSU scanning
electron microscope at 5 kV.
Results: Nd:YAG laser beam intensity of 18% did not produce recordable damage of kidney
tissue, however it also did not produce sufficient sample ionization. The increase of laser beam
intensity of 30% overcome the problem with ionization, but the kidney tissue appeared
strongly damaged. With the laser step setting of 50 µm and 20 µm we observed individual
laser beam ablation paths in the scanned tissue section and obtained distributional maps of
lipids with proper resolution. However, with 10 µm setting, the individual laser ablation tracks
overlap resulting in large tissue areas with total ablation. The lipids distributional maps showed
insufficient resolution. The SEM analysis of tissue section after MALDI MSI allowed us to
properly interpret the distribution maps recorded with different different laser step setting.
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Fig. 1: SEM image of mouse kidney section with ablation tracks in kidney tissue after MALDI MSI analysis. MSI laser
step setting: A - 50 µm, B - 20 µm and C - 10 µm. The insert is 2,8 times magnified. Scale bar represent 2 mm.
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Recently MALDI mass spectrometry imaging (MSI) has been a powerful tool to map spatial
distribution of molecules on the surface of biological materials. Frequently MSI has been
applied to animal tissue slices to map various biological molecules on the slice. However, most
recently, it has been also applied to plant tissue analysis. We’ve been developing high
resolution and high accuracy mass spectrometer dedicated for mass spectrometry imaging of
plant tissues and reported the successful MSI results coming from thin slice of young leaf of
Arabidopsis thaliana.
Because it’s been still difficult to make thin slices from tissues of small plants such as
Arabidopsis thaliana, we tried to glue small intact tissues of plants such as leafs, roots or
sprouts onto a small transparent ITO-coated slide glass instead. The intact tissues were then
vacuum dried and matrix substance was applied by sublimation prior to mass spectrometry
imaging experiment. The tightly focused UV-LASER beam was irradiated, inside in-house build
vacuum ion source chamber, onto the matrix-coated sample surface and m/z of the produced
ions were measured by commercial FTICR-MS (Bruker Daltonics Inc.; Apex-Qe-94T).
Molecular ions of various metabolites including glucosinolates and anthocyanins were
observed and their spatial distribution in the tissues was mapped successfully. We also found
that some of the metabolite ions were even observed when UV-LASER was irradiated onto the
non-matrix coated surface of dried Arabidopsis tissues. From the LDI-MSI experiments, we
found the spatial distribution of several molecules was changed in the tip of the root after
auxin treatment.
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We’ve developed high resolution mass spectrometry imaging instrument, modifying
commercial FTICR-MS with in-house build vacuum MALDI ion source. With this instrument one
can acquire more than 10,000 mass spectra sequentially from small region of plant tissues
glued on small slide glass. Several thousands of peaks were then picked from each spectrum,
and then, line spectra were converted into imzML formatted data cube.
The imzML formatted data cube was then thin sliced according to m/z axis to make spatial map
of molecules which have same m/z. When we acquired mass spectrum with the resolution
higher than 10,000, the typical mass bin size the make spatial map decreases to 0.01 or less.
To investigate huge number of maps to find molecules showing similar / different spatial
distribution, human eye inspection is impossible to be used. When we want to see profile mass
spectra without peak picking, we need to access several hundred GB data cube file. There was
no software to allow to work with such huge data file.
To support the analysis of high resolution mass data cube, we’ve developed in-house software
“LabMSI”. This software was developed using LabView released from National Instruments
Corp. With LabMSI, one can access profile imzML file over 100GB to calculate average mass
spectrum and pick peaks from average spectrum to make spatial maps corresponding to
picked peaks automatically. Also one can define several ROI (Region of Interest) regions to
investigate differences in average spectra of ROI. LabMSI runs on both of Windows and MacOS.
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Fluorescence Correlation Spectroscopy (FCS) is a widely used quantitative spectroscopy
technique which allows measurements of molecular parameters and interactions with single
molecule sensitivity even in live samples. However, up to now FCS was used mainly in a
confocal mode at single points in a sample. With the recent development of fast array
detectors and light sheet based illumination, we extended this approach to Imaging FCS, i.e.
the recording of FCS measurements at all pixels in an image. Despite the fact that the time
resolution of Imaging FCS is lower than for single spot measurements, Imaging FCS has several
advantages. The most important being that i) the illumination modes (total internal reflection
(TIR) or singe plane illumination microscopy (SPIM)) expose the sample to much lower light
doses and allow more measurements per sample, and ii) that it contains much more
information since spatial and temporal correlations can be evaluated between any pixels or
group of pixels in the image. The combination of spatial and temporal information in the same
measurement allows the application of the so-called FCS diffusion law. The FCS diffusion law
relates the mobility of molecules on different spatial scales to the underlying structure of the
medium in which the diffusion takes place, providing information even below the diffraction
limit.
Here we demonstrate the measurement of 2D diffusion coefficient maps on supported lipid
bilayers (SLBs), giant unilamellar vesicles (GUVs) and live cells. We investigate the lipid
organization of SLBs of different composition and live cells of different lines at different
temperatures to extract diffusion coefficients and diffusion activation energies. We
demonstrate that SLB organization and phase behaviour can be elucidated even blow the
diffraction limit and that the corresponding live cell measurements correlate with their lipid
and protein content. Finally we extend these studies to 3D diffusion maps on GUVs and live
cells. Our experiments demonstrate that Imaging FCS is a quantitative imaging technique
which provides a wide range of information form concentrations, diffusion and transport
coefficients, to structural and organizational parameters in an imaging format.
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Providing unprecedented insights into diffusional processes of systems in life and material
sciences, single molecule localization (SML) has been the battle-horse of single molecule
fluorescence microscopy methods. Although, the long-established technology provides
accurate spatiotemporal locations of single molecules, for estimating their translational speed,
it fails to provide essential information about molecular conformation. Furthermore,
localization of the center of mass remains a tedious and challenging task for big biomolecules.
Direct and accurate access to conformational dynamics and integrating it with translational
speed measurements provide valuable learning of molecular diffusion as a crucial life process
and reptation as an important physical phenomenon in polymer physics and analytical science.
Here, we introduce a new method that is designed to tackle the limitations of SML and to
harness molecular diffusion measurements by integration of valuable information on
conformational dynamics.
Our method is essentially a spatial quantization of temporal fluctuations of the cumulative area
occupied by molecules. Typically, SML analyses express molecular motion in terms of accurate
spatiotemporal positions of the molecule. Our method, however, expresses molecular motion
in terms of the time-wise increase of the cumulative area occupied by the molecule in space
(Fig. 1). Through careful adjustment of the number of pixels detected at each time frame,
information on translational diffusion, molecular size and frequency of conformational changes
can be obtained. We validated our approach by analyzing the statistical distribution of diffusion
coefficients of dsDNA of different lengths and topological forms, a measurement that is
critically sensitive to molecular size and conformational changes. Our method showed
narrower and much better symmetrical distribution around the mean diffusion coefficient
compared to SML (Fig. 2A). Furthermore, the chain relaxation time can be, easily, obtained via
autocorrelation of the fluctuations of molecular area over time (Fig. 2B).
In conclusion, our new method holds great promise for far-reaching advancement of single
molecule fluorescence microscopy of polymers that is relevant to widely differing scientific
fields. From fundamental physics over material science to chemistry and biology, translational
diffusion and conformational dynamics are, indeed, central to polymer multidisciplinary
studies.



 
Fig. 1: A) Gradual increase in the cumulative area occupied by diffusing nanospheres (top) and 6 kbp DNA (bottom). B)
The red-bordered region defines the area occupied by the molecule at each time frame. The dashed pixels represent
the area increment at each time frame as a result of random movement of the molecules.
 

 
Fig. 2: Diffusional and conformational dynamics of 42 kbp DNA. A) Frequency histogram of diffusion coefficients. The
values were determined via the area-based (green) and the SML-MSD (yellow) methods. B) Autocorrelation of
molecular area fluctuations. The autocorrelation function fits to single exponential decay with mean correlation time of
350 ms.
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So far our view of protein function is formed, to a significant extent, by traditional structure
determination showing many beautiful specific snapshots of static protein structures. Recent
experiments by single-molecule and other techniques have shown the heterogeneity and
flexibility of biomolecular structures and questioned the idea that proteins and other
biomolecules are static structures. The visualization of transiently populated conformational
states and the identification of exchange pathways are key steps to understand enzyme
function.
I will present a comprehensive toolkit for Förster resonance energy transfer (FRET)-restrained
modeling of proteins and their complexes for quantitative applications in structural biology
[1-3] and cell biology [4, 5]. The experiments are performed by multi-parameter fluorescence
detection on the single-molecule level and for complexes imaged in live cells. A dramatic
improvement in the precision of FRET-derived structures is achieved by explicitly considering
spatial distributions of dye positions, which greatly reduces uncertainties due to flexible dye
linkers. The precision and confidence levels of the models are calculated by rigorous error
estimation. The accuracy of this approach is demonstrated by docking a DNA primer-template
to HIV-1 reverse transcriptase. The derived model agrees with the known X-ray structure with
a root mean square deviation of 0.5 Å. Furthermore, we introduce FRET-guided “screening” of
a large structural ensemble created by computer simulations. Moreover we use filtered
fluorescence correlation spectroscopy to characterize enzyme function and introduce a state
matrix of conformational and enzyme states that assigns a functional role to conformational
fluctuations. Hybrid studies of T4 Lysozyme, DNA polymerase I and the large GTPase hGPB1
using FRET, SAXS and EPR will be presented.
[1] Sisamakis, E., et al.; Methods in Enzymology 475, 455-514 (2010)
[2] Sindbert, S., et al.; J. Am. Chem. Soc. 133, 2463-2480 (2011)
[3] Kalinin et al. Nat. Methods 9, 1218-1225 (2012).
[4] Stahl, Y., et al. Current Biology 23, 362–371 (2013).
[5] Kravets, E., et. al. J. Biol. Chem. 287, 27452–27466 (2012).
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Recent studies have shown that fluorescently labeled antibodies can be reversibly dissociated
from their antigen after illumination with laser light. This unexpected phenomenon is called
photounbinding, and can be both boon and bane in fluorescence imaging approaches. While
photounbinding should be avoided in typical quantitative fluorescence imaging, it has also the
potential to become a valuable low-invasive tool of controlling binding assays. For both
avoiding and utilizing photounbinding is vital to understand its mechanism. Unfortunately,
pinpointing photounbinding is not straight forward as it often remains masked in an
experiment as it first glance appearing is similar to photobleaching where the fluorophore
becomes dark (non-fluorescent) at some point after laser illumination. However,
photounbinding is substantially different, as it additionally creates an unbound (vacant) site.
To visualize photounbinding in a confocal microscope we immobilize GFP on a glass surface,
recognize it by an antibody, laser scan a region of interest to induce photounbinding and
subsequently rebound with a differently labeled antibody against GFP (see figure). We
hypothesize that photobleaching is most likely driven by the production of Radical Oxygen
Species (ROS). To test this hypothesis, we introduce a redox sensitive GFP (roGFP2) to
determine the changes in the redox potential after illumination by laser light. Our results show
that redox potential increase in the roGFP2 vicinity with increasing scanning iterations or/and
laser power. As ROS production is considered to be local, the distance of the local ROS
production site from the antibody antigen complex should play a key role for photounbinding.
By varying the effective distance of the binding partner (antigen) to its fluorescent marker, we
designed a protocol that allows for comparison of distance dependent rebinding patterns. First,
we modified monoclonal antibodies by adding a single heterobifunctional amino spacer with
either a short or a long linker length. Second, the fluorescence dye AlexaFluor555 was bound
to the functional group at one side of the linker while the antibody was bound to the other site
by an active sulfhydryl group. In a Fluorescence Resonance Energy Transfer experiment we
finally verified the different distances between the acceptor (AlexaFluor555) and the donor
(Green Fluorescent Protein GFP) molecules by Fluorescence Lifetime Imaging Microscopy and
showed that photounbinding is strongly dependent on the linker length. Thus, we can pinpoint
ROS production as one of the main mechanisms of photounbinding as rebinding can hardly be
observed if the local ROS production site is kept away from the antibody by the long linker.
 

Acknowledgement: We would like to thank Mike Friedrich, Marek Suplata and Piau Siong Tan
for their assistance and RVZ and Graduate School of Life Sciences for their support.



 
Fig. 1: Fig.1: shows schematic setup for photoubinding, rGFP is immobilized on the surface of the coverglass by a cross
linker (6,8 °A), then rGFP is incubated with the antibody which is labeled with Alexa 555 by a linker (19,2-92,5 °A) and
after bleaching by laser illumination, the bleached region is filled with a second antibody during rebinding process.
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We have recently developed a new 3 dimensional cell culture technology that unlike many of
the more conventional suspension cell culture systems permits the maintenance of cells in 3
dimensions in static culture hence negating the need for mixing and/or agitation. This
technology offers many advantages to the more conventional suspension cell culture systems.
(i) Our system comprises of a low viscosity media that can be used in any culture vessel. (ii)
Our system does not require any form of continuous agitation and (iii) has been developed to
permit continuous feeding of cells without the perpetuation of the culture. In this presentation
we will examine the benefits of using this technology in both the manufacturing and research
environments; we will also demonstrate improvements in cell growth, viability and gene and
protein expression.
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Complex diseases such as human cancers require complex, physiologically relevant model
systems that allow truly informative testing of pharmacological compounds and biosimilars in
vitro. Traditionally, most model systems routinely used in drug discovery represent highly
reductionist approaches, and fail to address many key aspects of genuine tissue architecture
(histology). However, organotypic cell- and tissue culture models that more faithfully mimic the
tumor microenvironment (TME), grapidly gain acceptance. These systems aim to recapitulate
the heterotypic interaction of multiple cell types (e.g. tumor and endothelial or stroma cells)
and physiological extracellular matrices (ECM, basement membranes). The main challenges
are to develop a balanced approach between sample throughput and biological relevance, to
provide better but accessible and affordable in vitro tools to replace animal testing and predict
human risk assessment. Although such assays are increasingly being utilized for prediction of
drug efficacy versus organ-specific toxicity, they often remain poorly characterized. Additional
features that require more attention are the dynamics of stromal and tumor cells (tissue
homeostasis versus invasion and metastasis), tumor cell plasticity (the capacity to change
cellular phenotypes), and tumor heterogeneity (the complex and shifting clonal composition of
tumor tissues). Very few screening platforms for drug discovery systematically address these
key elements of cancer biology. In this lecture, we will introduce our approach that allows
real-time, live cell monitoring of cellular dynamics using diverse microscopic techniques,
automated image analyses, combined with machine learning. The major focus will be on
machine vision solutions, developed specifically for tracking of dynamic stromal and tumor cell
motility. This is combined with unsupervised, statistical methods to capture the intrinsic
heterogeneity of tumor tissues. The final goal is to provide a high content screening platform
for phenotypic drug discovery with a significantly improved experimental throughput - without
sacrificing biological relevance.



 
Fig. 1: Schematic overview of the phenotypic drug discovery work flow
 

 
Fig. 2: Implementation of physiologically more relevant cell- and tissue culture models in the pharmacological drug
discovery pipeline
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With the advent of digital imaging, it has become easy to record more images in less time than
ever before. Individuals as well as research groups and imaging facilities can drown in the
images recorded for a single project, much less those from a career or years of facility use.
High-throughput methods that use imaging as recording and screening tools have made such
issues worse. Archiving such large image collections can pose a problem, though university
and commercial cloud storage can help. Ways to deal with storage and access have been and
continue to be developed, and we present here a new resource designed with these issues in
mind.
Groups from the IU-Bloomington Electron Microscopy Center (EMC) and Pervasive Technology
Institute (PTI) have begun a project to deal with the tidal wave of images produced using EMC
resources. The EMC PPA (Portal, Pipeline & Archive) is an offshoot of a project for handling
images from the One Degree Imager on the WIYN 3.5m telescope at Kitt Peak, Arizona. The
concept behind both projects is that images are uploaded from the recording instrument(s)
into a database that is archival and searchable. Images are stored with calibration and
reference data, instrument metadata and tag words to help users search for particular images.
Access control exists for the images. The images and all functions of the database are
accessible through any internet browser. Images are stored locally on the Data Capacitor
shared file system and archivally in the Scholarly Data Archive (SDA). A number-crunching
pipeline built on the Big Red II computing cluster is used for compute-intensive data reduction
and image processing.
Fig 1 shows a typical search page. The most commonly used metadata search fields appear in
the upper left, but all available fields can be accessed using the Other Fields button at the
right. Tag words and anti-tag words can be search simultaneously. Search results are shown at
the bottom as rows of image data starting with an image thumbnail. Sorting can be based on
any column, and both actual columns and their order can be individualized.
Search results can be turned into a "collection," which can either be displayed as shown in Fig
1 or as the grid view in Fig 2. A collection can be downloaded, sent into
the pipeline for processing, or individual images can be examined (and retained or rejected
from the collection). Tag words can be edited both for individual images and collections.
The EMC PPA is a work in progress. We hope it will help our users manage their image data
and that it will also help the EMC track facility use and data mine for information lost in the
thousands of image recorded yearly.  Since this framework now exists, the concepts can be
extended to other types of image data and sources.



 
Fig. 1: Search Page.  Images can be searched using metadata tags (e.g., acquisition date, magnification and
accelerating voltage), as well as with tags a user associates with particular images and data sets.  Metadata fields are
pulled from the images themselves while other searchable tags are entered during and after uploading images into the
portal.
 

 
Fig. 2: Grid View of Collection Called FirstImages_0001.  Groups of images can be assembled into permanent
"collections" that are easily examined, manipulated and downloaded.  Mousing-over an image in this grid view pops up
details about an image, while clicking the magnifying glass leads to an image exploration page for a single image.
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Cells are constantly challenged by DNA damage and protect their genome integrity by
activation of an evolutionary conserved DNA damage response pathway (DDR). A central core
of DDR is composed of a spatiotemporally ordered net of posttranslational modifications
among which protein phosphorylation plays a major role. Activation of checkpoint kinases
ATM/ATR and Chk1/2 leads to stabilization of tumor suppressor p53, which results in a
temporal arrest of cell cycle progression (checkpoint) and allows time for DNA repair. Following
DNA repair, cells re-enter the cell cycle by checkpoint recovery. Wip1 phosphatase (also called
PPM1D) dephosphorylates multiple proteins in DDR signaling and is essential for timely
termination of the DDR.
Several key proteins of DDR machinery localize directly to the site of DNA breaks and form
microscopically detectable nuclear foci. Their number reflects the level of DDR activation in a
quantitative manner. The most commonly used markers of these foci are phosphorylated
histone H2AX (γH2AX) and mediator protein 53BP1 which is recruited as a result of
phosphorylation and ubiquitination-dependent events.
To identify novel chemical compounds that modulate DNA damage response, we set up the
high-content microscopy screening of chemical compound library using Operetta system
(PerkinElmer). The human osteosarcoma cell line U2OS was chosen as the well-characterized
model that has been extensively used for studies of the DDR before. The cells were exposed to
3 Gy or mock-irradiated, seeded on the 396-well plates with chemical compounds, and fixed
after 5 hours. Subsequently, the cells were immunostained for γH2AX and 53BP1 and analyzed
by high-content fluorescent microscopy. The number, area and intensity of γH2AX and 53BP1
foci were used as readout of DDR activation. At the chosen timepoint (5h), the acute DDR is
already in decline. In this setting, we can therefore score not only for compounds causing DNA
damage in mock-irradiated cells, but also for the ones that interfere with timely termination of
the DDR after irradiation, e.g. by inhibiting the Wip1. The identified hits will be further
confirmed by dose response curve generation and studied for the mechanism of their action.
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The ability to synthesize multicomponent hybrid nanocarriers with controlled architecture and
chemical functionality offers great potential for developing in vivo and ex vivo medical
diagnostics and therapeutics. Quantitative electron microscopy provides a tool to assess
design strategies and to determine the degree of monodispersity, which are critical for
controlling functionality and toxicity. Here, we illustrate that combining scanning transmission
electron microscopy (STEM), energy-filtered transmission electron microscopy (EFTEM) and
electron tomography (ET) gives elemental composition and 3D structure of hybrid
nanocomplexes.
Fig. 1 shows how dark-field STEM tomography elucidates the structure of self-assembled,
biodegradable, plasmonic gold nanovesicles that are designed for photoacoustic imaging and
photothermal therapy [1]. Even at 300 kV it is not feasible to image these 200-nm diameter
assemblies by bright-field TEM tomography because the strong scattering of gold gives a
nonlinear signal when the nanoparticles overlap in the tilt series. However, the STEM
tomogram clearly reveals a single shell of nanoparticles packed close to the vesicle
membrane.
A combination of EFTEM and TEM tomography is used to characterize the flower-shaped optical
nanosensor shown in Fig. 2. This nanocomplex consists of a central gold with surrounding iron
oxide nanoparticles, which are attached to one end of a peptide substrate for matrix
metalloproteinase enzyme, while the other end of the substrate is linked to a fluorescent dye
molecule [2]. In the presence of the enzyme (expressed by cancer cells) the dye is cleaved and
no longer quenched by the gold, resulting in a fluorescence signal. EFTEM (Fig. 2b) confirms
that the petals of the nanosensor are iron oxide, and TEM tomography gives their 3D
arrangement around the gold nanoparticle.
Fig. 3 demonstrates use of EFTEM to analyze a bionanoparticle developed for magnetic
resonance imaging (MRI) of labeled cells. This nanocomplex consists of three FDA-approved
drugs: heparin, protamine and ferumoxytol [3]. Each component can be mapped by its
elemental composition: protamine contains nitrogen; heparin contains covalently bound
sulfate groups; and fexumoxytol is a superparamagnetic iron oxide nanoparticle giving MRI
contrast. The EFTEM elemental maps reveal a uniform distribution of protamine and heparin in
the nanocomplex cores, whereas ferumoxytol is concentrated at the peripheries.
In summary, STEM, EFTEM and ET are valuable tools for optimizing the design and assessing
the monodispersity of hybrid nanoparticles such as the ones illustrated here.
[1] P. Huang et al., Angew. Chem. Int. Ed. 52 (2013) 13958.
[2] X. Jie et al., ACS Nano 5 (2011) 3043.
[3] M.S. Thus et al., Nature Medicine 18 (2012) 463.
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Fig. 1: Self-assembled, plasmonic, biodegradable gold vesicle [1]: (a) annular dark-field STEM; (b) orthoslice through
STEM tomographic reconstruction showing layer of nanoparticles next to membrane; (c) 3D visualization of the
nanoassembly from the STEM tomogram.
 

 
Fig. 2: Hybrid Fe3O4/Au flower-shaped optical nanosensor [2]: (a) TEM; (b) EFTEM iron L2,3 map superimposed on TEM
bright-field image; (c) 3D visualization of nanosensor obtained by TEM tomography.
 

 
Fig. 3: EFTEM analysis of epon-embedded and sectioned nanocomplexes composed of heparin, protomaine and
ferumoxytol [3]: (a) sulfur L2,3 map; (b) nitrogen K map; (c) iron L2,3 map; (d) overlay of the elemental distributions (S in
green, N in blue, Fe in red).
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The design and creation of targeted nanoparticles for use in Nanomedicine is a complex art,
still in its early infancy. Ideal targeted nanoparticles would accumulate 100% exclusively in the
target site. All target site(s) would accumulate the nanoparticles, no unoccupied targets would
remain. The body erects numerous barriers excluding nanoparticles from their targets, notably
in the form of physical and physiological barriers between the blood and the parenchyma of
almost all organs. Other barriers are erected between surfaces and organ-specific epithelia,
notably the mucus layers of the gut, the airway and the genito-urinary systems. The body also
offers several non-target sites in which nanoparticles can accumulate, notably the liver which
lacks a blood-tissue barrier, and also the lymph nodes, the spleen, and certain sectors of the
vascular bed; the kidney can in some cases also provide a non-target site at which
nanoparticles or their breakdown products may accumulate. The failure of nanoparticles to
reach all or any their targets may compromise diagnosis and therapy, and confound drug
development. Collateral accumulation of nanoparticles in non-target tissues may confuse
diagnosis by generating images of unclear provenance and thus producing false positives. The
accumulation of nanoparticles in high concentration in non-target organs can cause direct or
indirect toxic effects. These matters will be considered in relation to experience we have
gained by use of protein-based nanoparticles in a series of developmental and design steps
using small laboratory animals.
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Given the increasing use of nanomaterials in industry and their tremendous potential in the
biomedical field, human are expected to be more and more exposed to nanosized materials. A
key concern raised by the development of nanotechnology is the long term fate of
nanomaterials, and particularly the control over inorganic nanoparticles (NPs) full life cycle and
related risks for human health. Most toxicology studies take the point of view of living
organisms to examine the effects of exposure to NPs on biological functions. Here, we propose
an original “Materials Science” approach to the nanotoxicology paradigm: we choose to take
the point of view of nanomaterials in order to monitor the transformation and degradation of
their atomic structure and physical properties in living environment and then unravel the
mechanisms determining their fate. Our methodology is illustrated here with both in vivo and
in vitro studies that provide new insights into the relation between the structure and the life
cycle of inorganic NPs in the organism. [1,2,3] Iron oxide NPs with different forms (spherical,
nanocubes, nanoflowers) and different inorganic or organic coatings (polymers, citrate, gold)
were studied.

We have exploited the multifunctionality of TEM to follow the biodistribution and the structural
evolution of iron oxide NPs injected into mice over a period of three months. These nanoscale
investigations were complemented by the magnetic follow-up of the injected NPs to quantify
iron oxide NPs at the macroscopic scale and follow the evolution of their magnetic properties.
This multi-scale approach allowed characterizing for the first time, the structural and magnetic
in vivo degradation of NPs and the intracellular pathway of iron transfer from NPs to
endogenous ferritine [1,2] (fig. 1).

Concomitantly, we are exploiting liquid TEM to study in situ the biodegradation mechanisms of
NPs in a medium mimicking the intracellular environment (fig 2), or directly into cell cultures.
The use of micro-fabricated liquid-cells (Protochips) in an aberration-corrected microscope is a
straightforward approach to understand how the structure of NPs and their organization in
solution influence the mechanisms and kinetic of degradation. In that regards, we have already
evidenced that both surface coating and aggregation state are key parameters, because they
control surface reactivity in biological environment [2, 3]. Therefore, our works allows
suggesting relevant strategies to modulate the degradability of NPs and to avoid the drastic
annihilation of their technologically interesting properties in cells (fig 3).

[1] M. Levy et al. Biomaterials, 32, 3988 (2011), [2] L. Lartigue et al. ACS nano, 7, 3939 (2013)
[3] Y. Javed et al. Small, Accepted (2014).
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Fig. 1: In vivo study of the biodistribution and biotransformation of iron oxide nanocubes observed in lysosome of
macrophage cells (right images). HRTEM investigations (right images) allows identifying the atomic structure of the
degraded nanocubes (inverse spinel structure, FFT in white frame) and ferritine proteins (hematite structure, FFT in red
frame)
 

 
Fig. 2: In situ follow -up of the degradation of aggregated iron-oxide nanoflowers using liquid-TEM. The corrosion and
dissolution of the NPs is directly observed in a solution mimicking the intracellular environment (ph = 4.7 + chelating
agent). This experiment reveals that aggregated nanoparticles present a slower and non-linear kinetic of degradation.
 

 
Fig. 3: The structural degradation of the nanoflowers in the lysosome like medium observed in fig.2, impairs their
efficiency for magnetically induced hyperthermia and magnetic resonance imaging. Decrease of the specific absorption
rate in a magnetic field of 24 kA/m and 520 kHz (a) and the transverse relaxivity r2 determined at 20 Mhz (b).
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One of the principal hurdles to utilizing nanoparticles (NPs) for the diagnosis and treatment of
cancer is the ability to target them successfully to cancer cells. NPs labeled with antibodies to
specific surface proteins overexpressed by cancer cells can be utilized to target tumors for
either diagnosis or treatment or both. CD47 is a transmembrane protein overexpressed in
cancer cells that acts as a “don’t eat me”[1] signal for phagocytic cells. In this experiment,
gold-core silica-shell NPs labeled with CD47 antibodies (CD47-NPs) were incubated with DLD1
colorectal adenocarcinoma cells to study the efficacy of this targeting approach. Due to the
scale of the NPs both scanning (SEM) and transmission (TEM) electron microscopy were utilized
to characterize the NP cell interactions.

CD47-NPs were incubated with both wild-type (WT) and CD47 knockout (KO), CD47 negative,
DLD1 cells. Control experiments were run with both cell lines using unlabeled NPs (U-NPs). SEM
samples were critical point dried. TEM samples were fixed, stained, dehydrated and embedded
following standard protocols. 150 nm cell sections were cut and placed on 200 mesh formvar
coated TEM grids.

SEM results show that while the percentage of cells containing NPs, figure 1A, varied little from
sample to sample, the number of NPs per sample varied greatly, figure 1B. The WT cells
treated with CD47-NPs had 25 NPs per cell while the KO cells contained 5. The cells treated
with U-NPs had ~1 NP per cell. These results indicate that the CD47 targeting was effective.
Figure 2 contains representative SEM images showing the aggregation of CD47-NPs on WT
cells while the other cell samples had very few NPs.

From the TEM 32% of WT cell sections contained CD47-NPs whereas only 5% of the KO cell
sections contained CD47-NPS. Additionally, the WT sample had 3 CD47-NPs per section while
the KO sample only had 0.5. For the cells treated with U-NPs, there were fewer than 0.1 NP per
cell section, much lower than for the CD47-NP treated cells. Figure 3 contains representative
TEM images showing a large cluster of CD47-NPs on a WT cell section and far smaller NP
clusters on the control groups. These results corroborate the SEM result that the CD47
targeting was successful.

SEM and TEM characterization of cells treated with antibody labeled NPs enables us to study
the success of a targeting strategy by examining the number and distribution of NPs on or near
the surface of a cell. These techniques showed that the CD47 antibody labeled NPs effectively
targeted the DLD1 cancer cells.

[1] Willingham, S.B. et al. PNAS, 109(17) (2012) 6662-6667.
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Fig. 1: Bar graphs showing (A) the percentage of cells with NPs and (B) the number of NPs per cell from the SEM data,
and (C) the percentage of cell sections with NPs and (D) the number of NPs per cell section from the TEM data; showing
higher uptake of CD47-NPs by WT cells. 1 = KO w/ U-NPs; 2 = WT w/ U-NPs; 3 = KO w/ CD47-NPs; 4 = WT w/ CD47-NPs.
 

 
Fig. 2: Representative SEM 1:1 mixed SE:BSE images from (A) KO with U-NPs, (B) WT with U-NPs, (C) KO with CD47-NPs
and (D) WT with CD47-NPs. The gold core nanoparticles appear as bright spots on the surface of the cell. The WT
sample with CD47-NPs has a large aggregate of NPs representative of the increased number of NPs found. Scale = 1
µm.
 

 
Fig. 3: Representative TEM images from (A) KO with U-NPs, (B) WT with U-NPs, (C) KO with CD47-NPs and (D) WT with
CD47-NPs. The gold core appears dark in the TEM image. NPs were located either on the surface or within vesicles.
Image (D) shows a large cluster of NPs on the surface of WT cells with CD47-NPs. Scale (A-C) = 100 nm; (D) = 500 nm.
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Engineered nanoparticles are added to a growing amount of consumer products and are
considered the fastest growing nanotechnology product. They are being washed out into the
waste water systems in potentially increasing amounts as the use and number of products that
contain nanoparticles is expanding. There are concerns that they could be harmful to aquatic
organisms in nature. The uptake mechanisms in aquatic organisms are therefore important to
elucidate the toxic mechanisms.
Previous results have indicated that gold nanoparticles to a limited extent are able to pass the
peritrophic membrane and in some cases enter the gut epithelial cells in the freshwater
crustacean Daphnia magna. In the absence of food, the amount of gold nanoparticles is
elevated compared to when the animal is feeding. It has been speculated that when gold
nanoparticles are present in the gut in relatively high amounts they might be able to cross the
peritropic or cell membrane during the preparation for electron microscopy, perhaps during
the epon infiltration step. In the present study D. magna were exposed for 24h to 0.4 mg Au/L
citrate coated gold nanoparticles (10 nm) without food and an additional control was added to
the experiment; D. magna which were exposed to gold nanoparticles during the infiltration
process for electron microscopy. The uptake into gut lumen and internalization into epithelial
cells of exposed D. magna was examined by light microscopy, TEM, FIB-SEM and EDX. The bulk
of the gold nanoparticles in the exposed animals was observed as both single nanoparticles
and aggregates located in the gut lumen while relatively few gold nanoparticles were observed
across the peritrophic membrane associated with the microvilli (figure 1). This is indicating
that the peritrophic membrane of the gut in D. magna is able to form a barrier of low
permeability to the gold nanoparticles in all cases. Very few gold nanoparticles were found to
be internalized by the gut epithelial cells (figure 2). The results suggest that 10 nm gold
nanoparticles are able pass the peritrophic membrane and enter the gut epithelial cells.
(1) Skjolding LM, Sørensen SN, Thit A, Købler C, Mølhave K, Baun A. Uptake of gold
nanoparticle in Daphnia magna gut in the presence and absence of food using electron
microscopy. To be presented at SETAC Europe 24th Annual Meeting, May 2014.
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Fig. 1: Figure 1. Cross section of peritrophic membrane (PTM) and gut epithelial cells (GC) showing aggregates of gold
nanoparticles (Au NPs) in the gut lumen and few gold nanoparticles associated with the microvilli (MV). Scalebar 500
nm.
 

 
Fig. 2: Figure 2. Gut epithelial cell with internalized nanoparticles. Scalebar 200 nm.
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The spectroscopy based on surface-enhanced Raman scattering (SERS) is a technique
providing information on vibrational structure of molecules, and hence enabling their detection
and identification at trace concentrations. The enhancement of the intrinsically weak Raman
signal originates from the localized surface plasmon resonance on metal (usually gold or silver)
nanoparticles or nanostructured surfaces, so-called SERS-active substrates. The enhancement
can display large variations over the substrate surface, due to its high sensitivity to the surface
topography. However, periodically structured substrates, yielding uniform Raman signal
enhancement, overcome the problems connected with low spectral reproducibility.
Periodic arrays of close-packed polystyrene microspheres (diameters 250 nm - 4 um) were
prepared using a self-assembly technique, and deep corrugations were created in the sphere
surface by oxygen plasma etching. The corrugated sphere arrays coated with 20 nm of gold by
magnetron sputtering displayed excellent SERS signal uniformity and low detection limits for a
series of biologically significant compounds with different lipophilicity. SERS spectra of
thiaclopridwere measured down to concentration of 10-8 M. The SERS signal uniformity was
demonstrated by spectral mapping using Horiba JobinYvon LabRam HR800 Raman
microspetrometer.
In comparison to smooth gold-coated microspheres, our measurements showed a distinct
increase in SERS spectral intensity. To understand this effect, cross-sections of the
polystyrene/gold nanostructures were prepared using focused ion beam (FIB). Thus, the
structural features of the sputtered gold layer (at nanoscale) could be imaged and analysed
together with the mesoscale architecture of the corrugated polystyrene cores. Their texture
similar to a 2D labyrinth increased the surface area in a specific way, and can be viewed as an
open form of pores. Due to its mesoscale dimensions, the corrugated particles behave in
solutions like porous materials with all consequences for phase equilibria and analyte
separation/adsorption.
The nanomilling was performed by Focused Ion Beam Equipped Scanning Electron Microscope
(FIB-FESEM) TESCAN LYRA 3 with a COBRA ion column at 4 pA and 30 kV. Prior to the milling, a
protective platinum layer was deposited (at 5 kV) over the corrugated spheres selected for the
analysis.Using 3D tomography technique performed with FIB in 10 nm slices, the continuous
gold layer verging into discrete sputtered gold grains in the corrugations could be observed for
the first time. Imaging was performed with an ultra-high resolution SEM TESCAN MAIA 3 XM
equipped by FEG; InBeam detectors of secondary and backscattered electrons or their mixed
signals were used for observations.
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Fig. 1: Hexagonally ordered plasma etched polystyrene
microspheres coated with 20 nm of gold – top view (SEM
micrograph)
 

 
Fig. 2: Individual gold-coated corrugated microsphere –
tilted view, detail of the sputtered gold layer (SEM
micrograph)
 

 
Fig. 3: Cross section of the gold-coated etched PS
microsphere prepared by FIB nanomilling (SEM micrograph,
backscattered electron detector)
 

 
Fig. 4: SERS spectra of 4-aminothiophenol obtained by
spectral mapping of an ordered array of etched
microspheres (raw spectra measured from 22 × 22 points
separated by 2 um)
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Industrial applications of nanomaterials are reported in many fields recently. However, the
toxicity of these nano-materials for the human is not clear, so the toxicity and risk assessment
of nanomaterials are important. Regulation of nanomaterials is also discussed in Organization
for Economic Co-operation and Development (OECD). Authors have reported the toxicity of
fullerene, multi-wall carbon nanotube (MWCNT), and single-wall carbon nanotube (SWCNT)
using the intratracheal instillation in rat lung. On the other hands, an inhalation test using
animal is the gold standard ones to estimate the harmful effects of inhaled chemicals. In this
study, the inhalation tests using rat of MWCNT, and SWCNT were performed, and the
morphology of alveolar macrophage in rat lung was examined by using transmission electron
microscope (TEM).
The aerosols of MWCNT or SWCNT were generated from their liquid dispersions. The average
diameter of MWCNT was 48nm. The average diameter of SWCNT was 1.8 nm, and SWCNTs
were bundled. Rats were exposed to the aerosol for 6 hours a day, 5 days a week, for 4 weeks
in a whole-body exposure chamber. The average mass concentrations of aerosol were 0.038
mg/m3 for MWCNT, and 0.03 or 0.13 mg/m3 for SWCNT. The lung tissues after three days, one
month after the inhalation test were observed by TEM. The lung tissue was fixed using
glutaraldehyde and osmium tetroxide solution, and then dehydrated in ethanol, and embedded
in epoxy resin. Ultrathin sections were cut on a diamond knife with microtomy. The stained
specimens were also examined using conventional biological TEM (Hitachi, H-7600). The zero
loss imaging of the non-stained tissue was performed by an energy-filtering TEM with the
high-resolution objective lens (Carl Zeiss, EM922HR).
TEM image of lung tissue at 3 days after inhalation of MWCNT was shown in Figure 1 (a), and
the magnified image of boxed area in Figure 1(a) was shown in Figure 1(b). Fibrous objects are
observed at the cytoplasm of macrophage. According to high- resolution analysis, these fibers
are MWCNT, and MWCNT keeps the tube and the graphitic structures. This is because that
graphite is chemically stable. In the tissue at 1 month inhalation of MWCNT, MWCNT is still
remaining in alveolar macrophage. TEM image of the alveolar macrophage at 3 days after
inhalation of SWCNT was shown in Figure 2(a). Black particles are observed in phagosome of
macrophage. Magnified image of these black particles was shown in Figure 2(b). Fibrous
structures with nanometer size are observed and it is clarified that SWCNT is taken up by
macrophage. In summary, the MWCNT and SWCNT, which were inhaled in lung, were taken up
in the alveolar macrophage.



 
Fig. 1: (a) Alveolar macrophage in the rat lung at 3 days after inhalation of MWCNT, and (b) magnified images of boxed
area in (a)
 

 
Fig. 2: (a) Alveolar macrophage in the rat lung at 3 days after inhalation of SWCNT, and (b) magnified images of
phagosome in (a)
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 In response to the regulations on manufactured nanomaterials (NMs), which started in several
EU countries based on the definition of NM by European Commission1, there are increasing
discussions to find the solution for the size distribution measurements of NMs to test if a
product meets the definition or not2. As one of approaches to the regulation, electron
microscopies (EMs) such as transmission electron microscopy and scanning electron
microscopy (SEM) attract attentions as NM measuring tools, due to their capability to easily
and quickly observe individual nano-particles3.
 For reliable particle counting by EMs, the particles in a micrograph, should be clearly
visualized and easy to count. To minimize ambiguity in particle counting, particles should be
(1) uniformly placed over a specimen holder with no localization in particle size and number, or
(2) placed only in a small area that allow us to count all particles in the area. For these cases,
particles are expected not to overlap each other. Furthermore, it would be helpful, if there are
neither agglomerating nor aggregating particles. For NMs, which are usually supplied as
suspension, it is not so easy to make such specimens, although specimen preparation is the
key process for particle counting by EMs.
 In this paper, we present two specimen preparation methods, which can satisfy the conditions
above: a combination method of inkjet and freeze-drying, and electrostatic aerosol deposition
method. In freeze-dry method, the suspension of polystyrene (PS) sphere was dropped onto a
cooled Si substrate (around -20 ºC) then immediately dried in vacuum. SEM observations
shown that this method put the PS spheres within small area and strongly suppressed the
aggregation of the spheres (Fig. 1a), compared to one prepared with a substrate at room
temperature (Fig. 1b).
 On the other hand, specimens of uniformly dispersed nano-particles were made by
electrostatic aerosol deposition method. PS aerosol was generated from the suspension by an
electrospray nebulizer, and then collected on a Cu grid with carbon support by an electrostatic
precipitator. Figure 2 shows bright field images of PS spheres on the grid taken by SEM in
transmission mode. It was observed that PS spheres in two different sizes are placed uniformly
and independently over the whole grid.
 We have demonstrated that these preparation methods are promising for particle analysis by
EMs. In the presentation, we also discuss how to establish particle-counting system with these
preparation methods and EMs.
References:[1] European Commission, Official Journal of the European Union L 275,
20.10.2011 (2011) p. 38.  [2] A Lopez-Serrano et al, Analytical Methods 6 (2014) p. 38.  [3]
EFSA Scientific Committee, EFSA Journal 9 (2011) p. 2140.
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Fig. 1: SE images of PS spheres (260 nm and 30 nm in diameter) (a) Prepared by inkjet and freeze-drying method. (b)
By inkjet at room temperature. The primary beam energy was 5 keV. The lower images are enlarged images of the
area indicated with square in upper images.
 

 
Fig. 2: Bright field images of PS spheres (170 nm and 70 nm in diameter) on Cu grid collected by electrostatic aerosol
deposition method. (a) Overview of a hole of the Cu grid and (b) magnified image. These images were taken by SEM in
transmission mode. The primary beam energy was 30 keV.
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The low voltage electron microscope (LVEM) is an unusual type of microscope dedicated for
the observation of specimens composed of low atomic number elements [1].Its main
advantage consists in the use of the accelerating voltage around 5 kV which causes nearly
twenty times more image contrast enhancement than a routine transmission electron
microscope working at the accelerating voltage 100 kV [2]. Its disadvantage is that such low
energy primary electrons are able to pass only through extremely ultra-thin specimens with
the thickness. Therefore a measurement of nanoparticles size distribution seems to be the
convenient application for this microscope working in TEM mode.
In the study LVTEM (Delong Instruments, Brno) was used for measurements of size
distributions of laboratory prepared palladium (Pd) cubes and spheres and commercially
prepared quantum dots (QD) nanoparticles (Invitrogen), both with diameters below 20 nm. The
aim was to compare the accuracy of measurements with results obtained by means of a
routine transmission electron microscope working at the accelerating voltage 100 kV (TEM)
and a high resolution scanning electron microscope using the accelerating voltage below 10 kV
(HRSEM).
Suspensions of nanoparticles were dropped on copper grids covered by un-direct evaporated
carbon layer [3] and air dried after removing of the solution excess by a small piece of a filter
paper. Digitally recorded images from all microscopes were treated with the ImageJ freeware
program [http://imagej.en.softonic.com/]. The counting and measuring of a nanoparticles size
distribution was performed on thresholded images.
We confirmed that the LVTEM produces images with very high contrast (Fig. 1). However size
distributions of measured nanoparticles were slightly shifted to the greater values in
comparison with size distributions obtained by means of routine TEM (Fig. 2). The decrease of
the accelerating voltage causes less resolution, which is still sufficient for the observation of
nanoparticles, on the other hand, significantly increases effective cross section leading to a
stronger electron scattering. This phenomenon appears mainly at the nanoparticles edges and
makes them in LVTEM bigger. This explanation was proved by results of nanoparticles size
distributions in HRSEM and Monte Carlo simulations of electron scattering in Pd nanoparticles
(Fig. 3).
Based on our results we can conclude that the LVTEM is the excellent tool for the
measurement of nanoparticles size distributions.
References
[1] LVEM5 Application Note. February (2013), www.lv-em.com
[2] Delong et al. Proc. EUREM 12, 197 (2000)
[3] MAISHEV et al. Combined ion-source and target-sputtering magnetron and a method for
sputtering conductive and nonconductive materials [patent] US6214183 B1
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Fig. 1: Quantum dots nanoparticles in LVTEM (5 kV) in left and in TEM (80 kV) in right.
 

 
Fig. 2: Histogram of Pd cubes (15 nm) determined by LVTEM (5kV).
 

 
Fig. 3: The Monte Carlo model of electron scattering at Pd cubes (15 nm) simulated for 80 kV (right) and 5 kV (left)
primary electrons.
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Detection and discrimination of rare cells from complex mixtures require high selectivity and
throughput in order to get relevant results for clinical diagnostic. Current analytical methods
are often drawn back by sources of artifacts that become apparent only when large numbers
of cells are acquired. Moreover, the technique should be inexpensive, facile, and accessible to
researchers without specialized training in silicon microfabrication, surface functionalization,
and microdevice operation. Spectroscopic detection of rare cancer cells using biocompatible
nanotags developed by chemisorption of fluorophores and/or Raman reporters on gold colloid
was recently demonstrated as a method of high sensitivity and enough practicability.
In this regard we synthesized gold nanoparticles of various plasmonic responses (from visible
to Near-IR), we conjugated the particles with fluorophores that overlap the plasmonic band of
particles (fluorescein isothiocyanate, cresyl violet perchlorate) for maximum signal intensity
and capped the nanoconjugates with polymer mPEG-SH for improved stability and
biocompatibility. To attain specific recognition of non-adherent colon adenocarcinoma cells
Colo320 (selected as a model cell line for circulating tumor cells), the fluorophore-particle
conjugates were further functionalized with epithelial cell-specific antibodies. The nanotags
were characterized by transmission electron microscopy, UV-Vis-NIR absorption spectroscopy,
dynamic light scattering, zeta potential, fluorescence and/or surface enhanced Raman
scattering (SERS) and found to be chemically stable and detectable inside cells down to
nanomolar concentrations. For quantitative validation of the method, whole blood preparations
were enriched with an increasing number of Colo320 tumor cells loaded with
fluorophore-particle conjugates and also stained with a vital red fluorescent membrane marker
(PKH26). Stained cells were quantified microscopically and by flow cytometry.
The presented results evidence the potential of spectroscopic-active nanotags to serve as
ultra-sensitive imaging tools for rare cancer cell detection.
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Nanotoxicology and nanomedicine are both concerned with the delivery of nanoparticles to
human cells, whether this be unintentional exposure by way of, for example, occupation or use
of cosmetics (nanotoxicology) or by design, such as drug-delivery vehicles or magnetic
resonance imaging contrast agents (nanomedicine). Current in vitro studies are concerned
with the biological impact of nanoparticles, with electron microscopy commonly employed to
image the intracellular location. It is critical to quantify the absolute nanoparticle dose
received per cell in a given exposure, and to understand the factors which affect this. This is
challenging because of the complex and varied mechanisms of nanoparticle interactions with
cells.
In this work we have developed a quantitative description of nanoparticle uptake by an in vitro
cell line using protein coated CdSe/ZnS quantum dots and human osteosarcoma U-2 OS cells.
TEM of thin cell sections can provide the location and number of cellular vesicles per 2-D cell
slice plus the number of nanoparticles encapsulated per vesicle, while serial sectioning can
provide this across the whole cell. Serial block face SEM data have been used to correlate
higher resolution 2-D TEM data to high throughput, low resolution optical imaging of quantum
dot nanoparticle loaded cells. This results in the determination of a calibration factor to
transform flow cytometry data to a nanoparticle dose, in terms of the fundamental unit, the
number of nanoparticles internalised per cell. Using a combination of these techniques we will
also explore the correlation between the initial dispersion state of the nanoparticles in cell
culture media and the vesicular uptake in cells. We will demonstrate that vesicle inheritance
after cell division leads to an asymmetric particle dose within the daughter cells.
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Fig. 1: (a)–(b) TEM images of a cell thin section with internalized quantum dots; (c) TEM image of a vesicle containing
quantum dots from within the cell in (a) and (b); (d) automated nanoparticle counting; (e) still from a reconstruction of
a cell imaged using SBF-SEM; (f) TEM image of quantum dots dispersed in cell delivery media.
 



Type of presentation: Poster
 

ID-5-P-2160 Utilization of polyomavirus–based nanoparticles in cancer diagnostics
and therapy
 

Suchanova J.1, Spanielova H.1, Sacha P.2, Forstova J.1
 
1Faculty of Science, Charles University in Prague, Prague, Czech Republic, 2Institute of Organic
Chemistry and Biochemistry, Prague, Czech Republic.
 

Email of the presenting author: jirina.suchanova@natur.cuni.cz
 
Non-invasive imaging holds great promise for the early detection and treatment of human
disease. The use of "smart" nanoparticles, that combine multiple functions of targeting,
imaging and drug delivery, have tremendous potential to increase the sensitivity and
specificity of therapies. We investigate the targeting potential of mouse polyomavirus based
virus-like particles (VLPs) as vectors for directed cell/tissue delivery of therapeutic or
diagnostic compounds. Mouse polyomavirus, type species of Polyomaviridae family, is superior
for this kind of research to its human counterparts due to the absence of pre-existing immunity
in human population. We intend to target the VLPs to cancer cells by changing the receptor
binding site on the major capsid protein VP1. There are four predominant surface-exposed
loops (BC, DE, EF and HI) in the VP1 structure, but only BC and HI outfacing loops are
responsible for the attachment to the native sialic acid-containing receptor. We selected the
BC loop as a candidate site for manipulation and prostate cancer cells as a model system. We
used site-directed mutagenesis for insertion of a peptide ligand, which binds to
prostate-specific membrane antigen (PSMA). This antigen is overexpressed in
androgen-resistant human prostate cancer cells. We investigate the binding specificity of VLPs
to PSMA protein in in vitro and in vivo assays. We found the discrepancy between their binding
properties and internalization efficiency. The relevancy of these experiments to cell specific
targeting and nanoparticle uptake will be discussed.
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In recent years great attention has been paid to microbial technologies of nanoparticle
production. It is important to examine a new class of microorganisms and different
experimental conditions for synthesis of nanoparticles using a new high-resolution electron
microscopy technique for visualization and examination of the produced nanoparticles. Novel
strains of actinomycetes Streptomyces glaucus 71MD, Streptomyces sp. 211A, Arthrobacter
globiformis 151B, Arthrobacter oxydans 61B and blue-green microalga Spirulina platensis were
used for synthesis of silver and gold nanoparticles.
The studies were carried out using different techniques including scanning electron microscopy
(SEM) and energy dispersive X-ray analysis. Microstructural images of the samples were taken
on dual beam FIB/SEM FEI Quanta 3D FEG with LowVac and ESEM options. Microbial samples
were studied without conductive coating in low vacuum and ESEM modes. It was demonstrated
that the gold and silver granulates explicitly indicate the presence of conglomerates ~ 1 µm in
size composed of much smaller particles.
Qualitative and quantitative elemental analysis was carried out by XEDS SEM electron
microprobe. XEDS results confirmed the presence of gold and silver in analyzed microbial
samples.
1. T.L. Kalabegishvili, E.I. Kirkesali, I. G. Murusidze, G. I. Tsertsvadze, M.V. Frontasyeva, I.
Zinicovscaia, V.Y. Shklover, N.V. Shvindina. Characterization of microbial synthesis of silver
and gold nanoparticles with electron microscopy techniques. Journal of Advanced Microscopy
Research,6(4), 313-317,2011.
2. T. Kalabegishvili, E. Kirkesali, A. Rcheulishvili, E. Ginturi, I. Murusidze, N. Kuchava, N.
Bagdavadze, G. Tsertsvadze, V. Gabunia, M. V. Frontasyeva, S.S. Pavlov, I. Zinicovscaia, M.J.
Raven, N.M.F. Seaga, A. Faanhof. Synthesis of gold nanoparticles by blue-green algae Spirulina
platensis. Advance Science, Engineering and Medicine (Adv. Sci. Eng. Med.), 5(1), 30-36, 2013
3. T. L. Kalabegishvili, I. G. Murusidze, E. I. Kirkesali, A. N. Rcheulishvili, E. N. Ginturi, E. Simon
Gelagutashvili, N. E. Kuchava, N. V. Bagdavadze, D. T. Pataraya, M. A. Gurielidze, M. V.
Frontasyeva, I. I. Zinicovscaia, S. S. Pavlov, V. T. Gritsyna. Development of biotechnology for
microbial synthesis of gold and silver nanoparticles. Journal of Life Sciences, 7(2), 110-122,
2013.



 
Fig. 1: SEM micrograph of Spirulina Platenis cells imaged in
low-vacuum mode
 

 
Fig. 2: SEM micrograph of Streptomyces sp. 211A cells
imaged in native state (ESEM mode)
 

 
Fig. 3: EDS spectrum recorded from Spirulina Platensis after formation of gold nanoparticles
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Monitoring of the atmospheric pollution is an important part of the environmental protection.
Living organisms can serve as bioindicators for observation and biomonitoring of the
environmental pollution. This contribution describes the detection of metal-based particles on
body of bumble-bees (Bombus terrestris) using Scanning electron microscopy (SEM) with EDX.
Two groups of bumble-bees were selected for the detection. Bumble-bees caught in outdoor
environment in Havířov region belonged into the first group and bumble-bees from laboratory
breeding served as a reference in the second group. It was found, that bodies of bumble-bees
from outdoor environment were covered with lot of micron-size particles based on dust, sand,
salts and metals. These particles may come from natural but also anthropogenic sources
emitting solid particles into the atmosphere. Contrary to this finding, any of these particles
were found on the bodies of bumble-bees from the laboratory breeding. However, micron-sized
particles of iron were detected on the head and wings of these bumble-bees. By comparison of
secondary electron images and back-scattered electron images of the same area it was wound
that iron particles were incorporated into the basis of hairs on the wings or cuticle on the head
of the bumble-bees. The exact function of these iron-based particles in these specific
bodyparts is still not well understood, whether they serve as biolocators within the magnetic
field of Earth or just places of deposition of particles which entered the body after
environmental exposure. SEM with EDX proved that this method could be used as one of a
detection technique in the field of study of environmental pollution.
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Fig. 1: Detecterd particle on the body of bumble-bee from
outdoor environment.
 

 
Fig. 2: EDX spectra confirming the presence of iron particle
on the body of the bumble-bee from outdoor environment.
 

 
Fig. 3: Detecterd particles on the body of bumble-bee from
outdoor environment.
 

 
Fig. 4: EDX spectra confirming the presence of nickel and
iron particles on the body of the bumble-bee from outdoor
environment.
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The interface between soft and hard materials is currently underexplored territory that is
critical to underrated structure relationships with the hard/soft materials interface domain. You
need high resolution of the hard material, but good contrast (and resolution) of the
corresponding soft materials. Low-voltage High-Resolution Electron Microscopy (LVHREM) has
several advantages: increased cross-sections for inelastic and elastic scattering and hence
higher contrast efficiency from each atom and reduced radiation knock-on damage to samples
insensitive to other damage mechanisms, which includes most metals, semiconductors and
other solid state materials.  We have also conducted many experiments imaging with very low
voltage SEM.
As an example: Gold nanorods can be used as photothermal converters, permitting
near-infrared (NIR) light to be transmitted deep into tissues without causing damage (Fig. 1).
The temperature-sensitive material poly(N-isopropylacrylamide) (pNIPAm) collapses when
heated beyond 32 ºC, and has been used in drug delivery systems. Composites between these
two disparate materials can be triggered with NIR light and open new avenues for triggerable
drug delivery systems. Toward this end, we synthesized pNIPAm nanogel particles and
conjugated them to polyelectrolyte-coated gold nanorods via electrostatic interactions.
LVHRTEM enables imaging of both the polymer and gold components of these composite
structures, and elucidates their interface (Fig. 2).
Although the TEM samples must be significantly thinner for low keV observation, the
improvement in contrast for inorganic materials, biological samples and especially
nano-biological samples in low-voltage TEM while retaining atomic resolution cannot be
understated. Damage mechanisms for biological samples are complicated and very structure
dependent.
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Fig. 1: Low Magnification TEM image of polymer spheres covered with gold nanorods
 

 
Fig. 2: Imaging the materials interface between gold nanorods and the polymer thermoplastic junction.
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Hybrid devices based on the association of iron oxides with lipid nanoscale particles play an
increasing role for targeted delivery of chemotherapeutics, mainly due to their recognized
biocompatibility and intrinsic efficacy as contrast agents for in-vivo Magnetic Resonance
Imaging (MRI). In this study, we aim to target human U87 glioblastoma, implanted into the
striatum of mice, using magnetic-fluid-loaded liposomes (MFLs), sterically stabilized by
hydrophilic poly(ethylene glycol) chains and loaded with a suspension of superparamagnetic
nanocrystals of maghemite. MFLs targeting was achieved by applying a 190-T/m magnetic field
gradient, produced by an external 0.4-T magnet placed onto the head of the mice.
In-vivo monitoring of MFLs trafficking was performed by a 7-T MRI as a function of time. MRI
demonstrated a significant increase in intra-tumoral concentration of the magnetoliposomes
for magnet-exposed mice, compared to not exposed ones. Animals were then sacrificed and
their brains were sliced and alternatively processed for confocal microscopy or transmission
electron microscopy (TEM), to perform histological and cytological analysis. Primary, detection
of the rhodamine-labelling of MFLs lipid membranes in confocal microscopy revealed
accumulation of magnetoliposomes in brain tumour. TEM observation of the same regions, in
adjacent slices, revealed the presence of clustered electron-dense nanoparticles in the
extracellular matrix space and within endosomal-structures in the cytoplasm of tumour cells
and in cells lining the vascular lumen. Finally, electron energy-loss spectroscopy (EELS),
coupled to energy-filtered imaging in TEM showed the iron composition of these
electron-dense nanoparticles, confirming their MFLs identity.
The overall observations showed that MFLs were successfully delivered and concentrated into
glioblastoma via the vasculature where they pass through the vascular endothelium as intact
structures due to enhanced permeation and retention effect before to be internalized by the
tumor cells. Interestingly, the magnetic field gradient does not affect the amounts of the MFLs
recovered in the healthy part of brains, which comparatively remain very low according to the
different imaging methods we used.
The results in their whole revealed MFLs as potent tools for selective targeting of malignant
brain tumors, especially promising for therapeutic issue as it can be expected that healthy
brain tissue will be spared upon treatments by deleterious anticancer drugs carried by MFLs.
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Inorganic compounds have played an important role in the treatment of cancer because of
their activity relying on specific interactions with DNA, leading to cell damage and ultimately to
cell death. However, they have several limitations for example, a lack of selective uptake in
cancer cells. Solid lipid nanoparticles (SLNs) which are sub-micron colloidal carrier are
attracting major attention as novel colloidal drug carrier due to unique properties including
highlighted physical stability, controlled drug release, enhanced bioavailability and avoided
degradation of the entrapped drug. In this study, [Mn2(bipy)2(C6H5)2CHCO2)3 (CH3O)](ClO4)]
binuclear complex has been synthesized with the reaction of bifunctional 2,2′-bipyridine (bipy)
and diphenyl acetic acid (C6H5)2CHCO2H). Then, SLNs formulation which included Mn complex
produced by hot homogenization. The average diameter of Mn complex-SLNs formulation was
about 250 nm and the size of this nanoparticle approved by using SEM. The cytotoxic effects of
SLNs formulation on MCF-7 cells were determined by WST-1 test (27.4% viability at 72 h,
p<0.05). In addition, the structural changes of MCF-7 cells were observed. MCF-7 cells treated
with Mn-SLNs formulation were round in shape, the nuclei of cells were coarse and connection
between cells was damaged. As a result, complex loaded SLNs formulations had an important
inhibitory effect on MCF-7 cells and induced apoptosis. This SLNs formulation may be used as a
carrier system for cancer therapy.



 
Fig. 1: SEM photo of [Mn2(bipy)2(C6H5)2CHCO2)3
(CH3O)](ClO4)]-SLN complex.
 

 
Fig. 2: The images of MCF-7 cells treated with Mn
complex-SLNs formulations.
 

 
Fig. 3: The images of MCF-7 cells treated with Mn complex-SLNs formulations.
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Nanoparticles (NPs) are promising tools in medical fields, both in diagnosis and therapy
(Schlorf et al., 2012; Wickline and Lanza, 2008). Despite this high applicative potential, little is
known about their interaction with biological systems, almost in terms of endocytic pathways
and toxicity. The first step to develop a good drug delivery systems based on NPs is to well
characterize these molecular aspects. Thus, in this work, with a quantitative and qualitative
approach, we studied the uptake of two representative sizes of polystyrene nanoparticles
(PS-NPs), 44 nm (NP44) and 100 nm (NP100), labeled with FITC and ROD, respectively, in
human adenocarcinoma gastric cells (AGS). The experiments were performed after exposure
with 10µg/mL NPs for different times of incubation and temperatures (37°C and 4°C), with or
without well known endocytosis inhibitor drugs (dynasore for clathrin dependent pathways and
EIPA for macropinocytosis/phagocytosis). Quantitative spectrofluorimetric assays reveal a
time-dependent kinetics of internalization at 37°C, with maximum values after 30 min and a
decrease after 1 h for both NPs sizes. Precisely, NP44 show a high rate of uptake and a quickly
internalization compared to NP100 (Fig. 1). Fluorescent images demonstrate that NPs are able
to accumulate in the cytoplasm after 1 and 4 h, without reaching cell nuclei. However, NP100
tend to form aggregate after long exposition times (Fig. 3), while NP44 present an uniform
cytoplasmatic distribution at all times considered (Fig. 4). Endocytosis inhibition tests show a
null internalization at 4° C and a strong reduction of the uptake rate after treatment with
dynasore for both NPs; EIPA, instead, partially affects NPs uptake (Fig. 2). In conclusion, in this
study, we demonstrated that PS-NPs are internalized by AGS cells in a size and time dependent
manner; probably, as suggest by other authors, they undergo a release process (Iversen et al.,
2011). Moreover, we show that this uptake occurs through an energy dependent mechanism
and that clathrin mediated endocytosis seems to be the privileged endocytic pathway for
PS-NPs.
References:
Iversen TG., SkotlandT. Sandvig K. (2011). Endocytosis and intracellular transport of
nanoparticles: Present knowledge and need for future studies. Nonotoday 6:176-181.
Schlorf T, Meincke M, Kossel E, Gluer CC, Jansen O, Mentlein R (2011). Biological properties of
iron oxide nanoparticles for cellular and molecular magnetic resonance imaging. Int J Mol Sci.
12(1):12–23.
Wickline S.A., Lanza G.M. (2003). Nanotechnology for molecular imaging and targeted therapy.
Circulation 107: 1092–1095.
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Fig. 1: Uptake kinetics of polystyrene nanoparticles in AGS
cells: NP44 are faster and more efficiently internalized by
AGS (1 min) compared to NP100. Both nanoparticles show
the higher rate of uptake after 30 min and a release
process after 1 h of incubation.
 

 
Fig. 2: Mechanism of endocytosis of polystyrene
nanoparticles (PS-NPs): AGS were pre-treated with
dynasore or EIPA for 30 min at 37°C or pre- incubated at
4°C for 15 min. Following pre- treatment cells were
exposed to PS-NPs for 1h.
 

 
Fig. 3: Uptake of polystyrene nanoparticles 100 nm
diameter labelled with Rhodamine (NP100) in AGS cells:
AGS were grown in chamber slide, incubated for 4h with
NP100 and analysed with epifluorescence microscopy.
Nuclei were stained with Höechst. Scale bar 10 µm.
 

 
Fig. 4: Uptake of polystyrene nanoparticles 44 nm diameter
labelled with fluorescein isothiocyanate (NP44) in AGS cells:
AGS were grown in chamber slide, incubated 1h with NP44
and analysed with epifluorescence microscopy. Nuclei were
stained with Höechst. Scale bar 10µm.
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The high impermeability and selectivity of the BBB prevent the transport of many drugs into
the brain, making them ineffective for the treatment of central nervous system diseases. The
cell-penetrating peptides (CPPs) represent a new strategy to functionalize carriers in order to
deliver therapeutic molecules to the brain. Several studies have demonstrated that gH625, a
peptide derived from the glycoprotein H of herpes simplex virus 1, is able to cross the
membrane bilayer and represents an ideal CPP for the delivery BBB, because of its ability to
escape from the endocytic pathways1. In this study we evaluated the internalization of gH625
in human neuroblastoma (SH-SY5Y) and astrocytoma (U87-MG) cells and in rat brain.
Fluorescence and spectrofluorimetric in vitro analyses show a good rate of uptake in both cell
lines after 2h of treatment with gH625 labeled with 4-chloro-7-nitrobenz-2-oxa-1,3-diazole
(gH625-NBD) (Fig.1). The internalization is almost complete if higher concentration was used
(5µM) and the signal is prevalently found within the cytoplasm. Immunofluorescence studies,
using anti-GFAP and anti-BBB antibodies, were performed after intravenous administration (3h)
of gH625-NBD (160μg/100 g bw) in rats. Five images for each experimental class were
analyzed with ImageJ 1.48 software; the deconvolutionlab plugin was used to deconvolve
image channels through the Tikhonov-Miller’s algorithm; the Co-localization Colormap plugin
was then used to evaluate the degree of correlation between pair of pixels in the red and
green channels, resulting in the distribution of the values of the normalized mean deviation
product (nMDP) and the index of correlation as the fraction of positively correlated pixels in the
image2. Co-localization studies produced a color scale map (from -1 to 1) where negative
indexes (cold colors) represent no co-localization and indexes above 0 (hot colors) represent
co-localization. The study reveals a high co-localization score with BBB and low co-localization
score with GFAP protein of astrocytes; interestingly few neurons were labeled for gH625-NBD,
indicating the passage through the BBB (Fig.2). The index of correlation shows poor positive
correlation in gH625/anti-GFAP and high positive correlation in the gH625/anti-BBB. These data
show that gH625 is up taken by neuronal cells and reaches the rat brain. Taken together, our
results can be considered as a preliminary data to develop a liposome-based systems which
involves the use of gH625 as an efficient drugs delivery through the BBB.
1Guarnieri D et al. 2013 Drug delivery: shuttle-mediated nanoparticle delivery to the BBB.
Small 9(6): 806
2Jaskolski F et al. 2005 An automated method to quantify and visualize colocalized fluorescent
signals. J of Neur Meth 146(1):42-49
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Fig. 1: SH-SY5Y (a, b) and U87-MG cells (d, e) internalize gH625-NBD; scale bars=50 µm: c, f) Degree of internalization
as assessed by spectrofluorimetry for each cell line.
 

 
Fig. 2: Images of Alexafluor594, FITC, and Höechst and co-localization map (a1-f1). a,b,d scale bar=50µm; c,e,f scale
bar=20µm. a) Negative control of anti-BBB on control animal; b,c) anti-GFAP on control and treated animal; d,e,f)
anti-BBB on control and treated animal; g,h) Top: nMDP distributions. Bottom:The index of correlation histograms.
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ZnO nanoparticles (NPs) are prone to dissolution and uncertainty remains whether
biological/cellular responses to ZnO NPs are solely due to the release of Zn2+ or whether the
NPs themselves have additional toxic effects. We have addressed this concern by measuring
ZnO NP solubility in dispersion media (Dulbecco’s Modified Eagle Medium, DMEM) held under
identical conditions to those employed for cell culture (37 oC, 5% CO2 and pH 7.68) and by
systematic comparison of cell-NP interaction for three different ZnO NP preparations. Analytical
TEM has played a critical role because it has enabled visualisation and chemical analysis of
individual NPs at each stage of the toxicological testing, indicating of phase and morphology of
the as-purchased/produced particles, after dispersion in cell culture media and after cellular
uptake.
We show that for NP concentrations up to 5.5 μg ZnO/mL, dissolution is complete in less than
one hour, with the majority of the soluble zinc complexed to ligands in the medium. Above 5.5
μg/mL results are consistent with the re-precipitation of zinc carbonate, keeping the solubilised
zinc fixed to 67 μM of which only 0.45 μM is as free Zn2+, i.e., not complexed to ligands. At
these relatively high concentrations, NPs with a polymer-coating show slower dissolution (i.e.
free Zn2+ release) kinetics compared to uncoated NPs, reaching thermodynamic equilibrium
only after 48 hours. Cytotoxicity (MTT) and DNA damage (Comet) assay dose response curves
for three epithelial cell lines suggest that dissolution and re-precipitation dominate for
uncoated ZnO NPs.
TEM reveals the form of the as-purchased/produced NPs (Figure 1 a-c), it will also be used to
assess phase and morphology of the re-precipitated material when ZnO NPs are dispersed in
DMEM held under the conditions for cell culture. We will discuss quantitative assessment of
ZnO NP dispersions by TEM when using plunge-freezing as a specimen preparation route
(Figure 1 d+e). In addition, monitoring of intracellular Zn2+ concentrations and ZnO-NP
interactions with model lipid membranes indicate that a polymer coat on ZnO NPs increases
cellular uptake, enhancing toxicity by enabling intracellular dissolution and release of Zn2+.
TEM confirms the cellular uptake of the coated ZnO NPs (Figure 1 f+g). Similarly, we
demonstrate that needle-like NP morphologies enhance toxicity by incomplete cellular uptake.
Thus, we will highlight the key role analytical TEM can play in the fields of nanotoxicology and
nanomedicine.
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Fig. 1: TEM images of (a) polymer coated, (b) uncoated ZnO NPs and (c) ZnO nanoneedles. TEM images of ZnO NPs
dispersed in water and (d) drop-cast, (e) plunge-frozen on TEM grids. Identification of cellular uptake of polymer
coated ZnO NPs, (f) partially dissolved NP within A549 cell (inset) and (g) EDX spectrum confirming the Zn-rich identity
of the NP.
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The Arthrospira sp. (Spirulina) a cyanobacteria, contains a large amount of nutrients, which
gives beneficial attributes for the human health. On the other hand, the mechanical milling has
been used both to reduce the size of some materials and improve the potential in biological,
chemical and physics systems. The aim of this work is to compare the properties of bulk
Spirulina against nanostructured milled Spirulina to probe if their effects can be potentiated
(Gershwin 2008).
The mechanical milling of Arthrospira maxima (Spirulina, Spex mill Sample PREP 8000D Dual
Mixer) took 1 to 4 hours (named reference, 1HBC, 2HBC, 3HBC and 4HBC) the obtained
Spirulina nanoparticles were carried out in 2 vials containing 3 g each. The nanoparticle
characterization was divided in two stages (a) dry basis (powder) and, (b) wet basis, 0.01%
dispersion of Spirulina was ultrasonicated for 20 min. The particles were characterized by
scanning electron microscopy (SEM), atomic force microscopy (AFM), X-ray diffraction (XRD)
and Fourier Transformed Infrared (ATR-FTIR). The XRD analysis of the powders showed a wide
peak that could be inferring amorphous zones. In general, it is possible to observe a
diminishing trend in the crystallinity index, with values between XCRef= 53.3, XC1HBC = 51.7,
XC2HBC = 52.9, XC3HBC = 48.1 y XC4HBC 49.1 (Segal et al. 1959). However, more studies
should be done to corroborate this. Otherwise, a 3 h test of FTIR was done; the peaks suggest
a large exposition of functional groups such as OH, CH2 and C-N Figure 1. (Dotto, Cadaval &
Pinto 2012). Image analysis was made using AFM micrographies; the kinetic curve described a
minimum average particle size of 90 nm in the first 2 hours, using a bimodal distribution. The
particles ranged between 20-370 nm with an average particle size of 90±62 nm. The SEM
microscopy confirms the data obtained by AFM (Figure 2). In conclusion, it was possible to
obtain Spirulina nanoparticles by mechanical milling and they had more functional groups
availability than the bulk Spirulina according to the studies already done.
Dotto, GL, Cadaval, TRS & Pinto, LAA 2012, 'Preparation of bionanoparticles derived from
Spirulina platensis and its application for Cr (VI) removal from aqueous solutions', Journal of
Industrial and Engineering Chemistry, vol 18, pp. 1925-1930.
Gershwin, ME,BA( 2008, Spirulina in Human Nutrition and Health, Taylor and Francis, London.
Segal, L, Creely, JJ, Martin, AE, Conrad, JR & Conrad, C 1959, 'An empirical method for
estimating the degree of cristallinity of natice cellulose using the X-ray diffrectometer', Textile
Research Journal, vol 29, pp. 786-794.
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Fig. 1: FT-IR Spectrum for Spirulina, reference and milling time are indicated
 

 
Fig. 2: Spirulina´s nanoparticles micrographies obtained by (A) Scanning electron microscopy , (B) y (C) atomic force
microscopy.
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Recent development of manufacturing techniques enables to create bright fluorescent
nanodiamond (ND) particles of various sizes with high content of nitrogen-vacancy (NV)
centres [1]. It has opened the way towards novel sensitive nanoscale biosensors that can be
used for cellular imaging and in-vivo sensing of biochemical processes such as controlled drug
release. NV centres exits in two charge states, both of them are luminescent with different
zero-phonon lines (575 nm for NV0 and 636 nm for NV-). ND particles can be grafted with
certain surface ligands for specific recognition by the cell receptors allowing targeted delivery
of ND. Change in luminescence can be observed upon surface interactions of ND surface with
different molecules dropped or bound to the surface leading to the change of NV0 and NV-
luminescence, which can be used for molecular biosensors [2]. Moreover, detection of small
magnetic field (~ 10 nT/Hz) is possible by optically detected magnetic resonance (ODMR) that
can be used for nanoscale magnetic sensing.
In this work we demonstrate the capability of NV centres to be used in biological luminescence
imaging and in charge sensing with nanodiamonds prepared by various manufacturing
techniques and surface grafting. The single-photon confocal scanning microscope enables
measuring the particle fluorescence with a high resolution allowing to detect single
nanocrystals and to measure their spectra. The correlation spectroscopy measurement
(anti-bunching) in biological samples allows distinguishing the particle with single NV centres
and their specific interaction with the biological environment. We compare the NV centers with
classical quantum dots systems (PbS) for cell imaging. Specific properties of NV centers such
as surface charge sensitivity and strong a stable luminescence with no photobleaching
together with diverse sensing capabilities of the single-photon confocal scanning microscope
enables long term study of biomolecular processes with super-resolution techniques.
[1] J. Havlik, M. Gulka, V. Petrakova, M. Nesladek et al., Nanoscale (2013)
[2] V. Petrakova, M. Nesladek et al., Advanced Functional Materials (2012)
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Understanding how the nanoscale surface roughness contributes to the efficiency of the
target-ligand reaction is important for the improvement of biomolecular sensing. Hence, we
have examined the contribution of nanoscale convex/concave structures for the DNA reactions
on a solid surface. Efficiency of DNA immobilization on convex surfaces has been studied using
gold nanoparticles in diameter range from 10 to 50 nm [1]. Contribution of a concave structure
on DNA hybridization efficiency was also examined using an inner surface of strictly
size-controlled metal hemisphere nanoparticles having a spherical cup shape (nanocups) in
diameter range from 140 to 800 nm [2]. In the convex experiments, thiolated DNAs were
immobilized on the Au nanoparticle surfaces and the immobilized densities were evaluated
with UV-vis spectra measurements (Fig.1a). In the concave experiments, thiolated DNAs were
immobilized on only the inner Au layer of the fabricated nanocup, hybridized with
complementary DNA-attached 20 nm Au nanocolloids, and the number of the hybridized Au
nanocolloids was counted by field emission scanning electron microscopy (Fig.1b). In results,
the density of immobilized DNAs on the convex surfaces increased depending on the decrease
of gold nanoparticle diameter up to 130 times thicker than that on a flat surface (Fig.2a). The
DNA hybridization density on concave surfaces increased gradually as the cup size decreased
and reached to 394 μm−2 on a 140 nm cup, 0.88 times of a flat surface, which indicates about
twice increase of the hybridization efficiency in a projection area by the fabrication of small
concave structures (Fig.2b). The local density of attached Au nanocolloids within the central
25% at the bottom of the 800 nm nanocups was 444 μm−2, which was closer to that on a flat
surface, and the tendency was common for all diameters of cups, indicating that the size
dependency of DNA hybridization efficiency on the concave structures were mostly affected by
the lower efficiency of side wall hybridization. These results suggest fabrications of both
convex and concave nanostructures with suitable size contribute to the improvement of DNA
reaction efficiency on a solid substrate.
References
[1] Kira, A., Kim, H., Yasuda, K., Langmuir 25 (3), 1285−1288 (2009)
[2] Kim, H., Terazono, H., Takei, H., Yasuda, Langmuir 30 (5), 1272−1280 (2014)
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Fig. 1: Schematic images of the convex (a) and concave (b) experiments. (a) Thiolated DNAs (SH-DNAs) were
immobilized on convex Au nanoparticles, and the densities were estimated by measuring UV-vis spectra of SH-DNAs.
(b) Target DNAs were immobilized on inner surfaces of nanocups, and hybridized with complementary Au nanocolloid
probes.
 

 
Fig. 2: Dependences of DNA reaction efficiencies on convex and concave surfaces. (a) Relationship between maximum
number densities of SH-DNA immobilized on gold nanoparticles and diameters of particles. (b) Relationship between
nanocup diameter and projection density of Au probes hybridized with target DNAs on nanocups. DFL: the density on a
flat surface.
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The semiconductor quantum dot (QD) has become the new generation fluorescence probe
widely used in bio-medical applications. However, the commonly used QDs are cadmium based
so that their toxicity is a great concern. In contrast, the carbon dots are the safest dots and
they become fluorescent after suitable surface modification. In this work, utilizing the high
two-photon absorption cross section (TPACS) of carbon dots we explored the possibility of
carbon dots for two-photon photodynamic cancer therapy (PDT). The thiol capped carbon dots
were connected with positively charged photosensitizer, TMPyP, to form composites. The
z-potential change from -15 mV to +5mV for un-conjugated dots and conjugated dots
confirmed the successful conjugation. The absorption band of TMPyP locates at 410 nm which
is just overlapped with the emission band of carbon dots, fulfilling the fluorescence resonance
energy transfer (FRET) principle. The decreased fluorescence intensity of conjugated carbon
dots and increased fluorescence intensity of TMPyP moiety under the excitation reflect that the
FRET occurred from the donor (carbon dots) to acceptor (TMPyP). The fluorescence lifetime
decrement of conjugated carbon dots relative to un-conjugated dots indicates that the FRET
efficiency is about 50%, demonstrating that the TMPyP can be indirectly excited via FRET way.
Under the two-photon excitation (TPE) of near-infrared (NIR) femto-second (fs) laser, the
conjugated TMPyP in conjugates also can be excited via FRET and subsequently produce
singlet oxygen which is the most important agent for PDT. The singlet oxygen production of
carbon dot-TMPyP composites is much higher than that of TMPyP alone. Taking the Hela cancer
cell as the in vitro model, the two-photon fluorescence images of carbon dot/TMPyP
composites were clearly shown under NIR fs laser. Moreover, the successful cell killing via
carbon dot-TMPyP composites initiated FRET mediated PDT was reached under TPE of NIR fs
laser. With the composites of carbon dots-TMPyP conjugates, the TPE PDT of NIR fs laser has
been achieved, expanding the action wavelength to the NIR region which is so-called tissue
window region having best tissue penetration depth.
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To overcome the limits of current therapy for glioblastoma (GBM) [1] nanotechnology-based
approaches offer attractive and innovative possibilities including improved passage of drugs
across the blood brain barrier (BBB) and escaping multidrug resistance by efflux mechanisms.
Nanoliposomes (NLs) covalently coupled with a modified apolipoprotein E peptide (mApoE)
have been successfully used to enhance the BBB penetration in the context of
neurodegenerative diseases [2]. Here, these mApoE functionalized NLs have been modified to
encapsulate the anticancer drug doxorubicin (DOXO, Fig. 1) and they have been used to target
DOXO to GBM cells. The NLs preparations were characterized by transmission electron
microscopy (TEM, Fig. 1) and the role of ApoE on the NLs internalization together with its
mechanism have been analyzed by confocal microscopy.
GBM-derived cell lines U87-MG, A172, T98G were incubated for 4 hours with
DOXO-mApoE-targeted or DOXO-non targeted NLs. DOXO intracellular uptake was significantly
increased in the presence of the ApoE functionalization giving a more pronounced intracellular
accumulation of DOXO in cells incubated with DOXO-mApoE-NLs compared to DOXO-NLs (Fig.
2A, B). These results suggested a mApoE-targeted NLs internalization via receptor mediated
endocytosis. The presence in the incubation medium of dynasore, the inhibitor of dynamin,
reduced DOXO intracellular accumulation indicating a role of clathrin-dependent endocytosis in
DOXO-mApoE-NLs uptake. Conversely, a caveolae-mediated intracellular uptake did not seem
to be involved since the incubation with βMCD, which selectively removes cholesterol from the
membranes and disrupt formation of caveolae invagination, did not affect the
DOXO-mApoE-NLs cellular uptake (Fig. 2).
Inhibition of in vitro cell growth was assayed by MTT test at 72 hours. DOXO-mApoE-NLs were
found to inhibit GBM cell viability in a dose-dependent manner with IC50 values of DOXO
comprised between 0,5 and 1,5 μg/ml. IC50 values of non-targeted DOXO-NLs were noteworthy
higher comprised between 1,5 and 3 μg/ml. No cellular toxicity was observed upon incubation
with mApoE-NLs.
Overall the data obtained support the use of mApoE-targeted nanocarriers for the delivery of
chemotherapeutics and/or cytotoxic agents to GBM cells. The possibility to load mApoE-NLs
with ultra-small superparamagnetic iron oxide (USPIO) nanoparticles to exploit the advantages
of correlative microscopy to analyze their intracellular trafficking and the potential use of
USPIO mApoE-NLs as contrast agents for Magnetic Resonace Imaging will be discussed.
[1] Tanaka et al Nat Rev Clin Oncol (2013); 10(1): 14-26.
[2] Re et al. Nanomedicine (2011); (5):551-9.
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Fig. 1: NLs design and characterization. A) Schematic representation of ApoE- functionalized liposomes encapsulating
doxorubicin and USPIO nanoparticles; B) TEM image of ApoE-functionalized liposomes.
 

 
Fig. 2: DOXO-mApoE NLs internalization in U87 cells analyzed by confocal microscopy. Confocal optical sections
showing internalized doxorubicin (red) and the cell, segmented thanks to the SytoBlue 45® labelling (grey). Cells were
incubated with the indicated NLs in the absence (A, B) or in the presence of endocytosis inhibitors (C, D).
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Nanoparticles with upconversion luminescence (UCNP) are an emerging class of contrast
agents suitable for bio-imaging. Their ability to convert infrared light to shorter wavelengths
results in improved contrast and imaging depth compared to traditional fluorescent dyes and
quantum dots. Unlike other multi-photon dyes, UCNP can be excited by relatively cheap
continuous-wave laser diodes. However, using these light sources in common fluorescence
microscopes is not straightforward and there is currently no commercially available illuminator
for UCNP observation.

Here we present modification of Nikon Ti and E400 microscopes that allow wide-field
epi-illumination with 980 nm fiber-coupled laser. Since the luminescence intensity of UCNP
scales with powers of excitation intensity, homogenous illumination of the sample is important.
We employed microlens arrays and moving diffuser to create flat-top illumination on the
sample and to suppress interference artefacts caused by the coherent source.

Monodisperse upconverting nanoparticles were prepared by high-temperature decomposition
of rare-earth oleates. Their luminescence efficiency was further increased by growing inert
shell around the luminescent core. Hydrophilized UCNP were then used for cell labeling and
samples were imaged on our modified microscopes. There was no detectable autofluorescence
as the upconverting mechanism is not effective in biological samples. The UCNP displayed no
significant toxicity at concentrations required for imaging.
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Silver nanoparticles are postulated to be released into the sewerage systems and wider
environment in increasing quantities because of an increase in the number of consumer
products, often labelled as antibacterial, which contain engineered silver nanoparticles. These
particles are presently considered the fastest growing nanotechnology application. Silver
nanoparticles have increased cytotoxic properties compared to larger silver particles and there
are concerns that they could inhibit the bacteria which are involved in the breakdown and
processing of biological waste in wastewater treatment facilities and be harmful to aquatic
organisms.
Whether the enhanced toxicity of silver nanoparticles is due to an increased release of silver
ions or it is related to additional mechanisms for toxicity is still a matter of scientific debate
since there are studies supporting both theories. Furthermore, nanoparticles are highly
heterogeneous in suspension and over time undergo processes such as aggregation,
sedimentation, dissolution and changes in surface chemistry [1] – thus altering the dose and
posing problems in standard experimental ecotoxicology model systems. Recently a modified
short-term model has been suggested, which could potentially increase the accuracy of algal
growth inhibition tests with silver nanoparticles [2].
However, toxic mechanisms remain to be further elucidated and the uptake mechanism of the
nanoparticles in aquatic organisms on an ultrastructural level play an important part of this.
Selenastrum capricornutum Printz (1913) CCAP 278/4 (Pseudokirchneriella subcapitata
(Korschikov) Hindák 1990) is a microalgae which is routinely applied in eco toxicity tests.
In this study P. subcapitata were exposed to silver nanoparticles. They were then fixed with
formaldehyde and glutaraldehyde, post fixed with osmium tetroxide, en bloc stained with
uranyl acetate and dehydrated in graded series of ethanol. A number of protocols were tested
to create the best contrast for FIB SEM work and for future 3View work. Finally the Samples
were embedded in Spurr’s or Durcupan resin. The samples were either sectioned by
ultramicrotomy and imaged by TEM, or they were imaged by serial block face sectioning in the
FIB SEM for localization of the silver nanoparticles within the organisms. Furthermore, EDS was
employed to analyse the silver nanoparticles. The results of these different techniques will be
presented.
[1] NB Hartmann et al, Aquatic toxicology 118-119 (2012) p. 1.
[2] SN Sørensen and A Baun. Submitted to Nanotoxicology (2014).
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The spectroscopy based on surface-enhanced Raman scattering (SERS) is a technique
providing information on vibrational structure of molecules, and hence enabling their detection
and identification at trace concentrations. The enhancement of the intrinsically weak Raman
signal originates from the localized surface plasmon resonance on metal (usually gold or silver)
nanoparticles or nanostructured surfaces, so-called SERS-active substrates. The enhancement
can display large variations over the substrate surface, due to its high sensitivity to the surface
topography. However, periodically structured substrates, yielding uniform Raman
signalenhancement, overcome the problems connected with low spectral reproducibility.
Periodic arrays of close-packed polystyrene microspheres (diameters 250 nm - 4 μm) were
prepared using a self-assembly technique, and deep corrugations were created in the sphere
surface by oxygen plasma etching. The corrugated sphere arrays coated with 20 nm of gold by
magnetron sputtering displayed excellent SERS signal uniformity and low detection limits for a
series of biologically significant compounds with different lipophilicity. SERS spectra of
thiacloprid were measured down to concentration of 10-8 M. The SERS signal uniformity was
demonstrated by spectral mapping using Horiba JobinYvon LabRam HR800 Raman
microspetrometer.
In comparison to smooth gold-coated microspheres, our measurements showed a distinct
increase in SERS spectral intensity. To understand this effect, cross-sections of the
polystyrene/gold nanostructures were prepared using focused ion beam (FIB). Thus, the
structural features of the sputtered gold layer (at nanoscale) could be imaged and analysed
together with the mesoscale architecture of the corrugated polystyrene cores. Their texture
similar to a 2D labyrinth increased the surface area in a specific way, and can be viewed as an
open form of pores. Due to its mesoscale dimensions, the corrugated particles behave in
solutions like porous materials with all consequences for phase equilibria and analyte
separation/adsorption.
The nanomilling was performed by Focused Ion Beam Equipped Scanning Electron Microscope
(FIB-FESEM) TESCAN LYRA 3 with a COBRA ion column at 4 pA and 30 kV. Prior to the milling, a
protective platinum layer was deposited (at 5 kV) over the corrugated spheres selected for the
analysis. Using 3D tomography technique performed with FIB in 10 nm slices, the continuous
gold layer verging into discrete sputtered gold grains in the corrugations could be observed for
the first time. Imaging was performed with an ultra-high resolution SEM TESCAN MAIA 3 XM
equipped by FEG; InBeam detectors of secondary and backscattered electrons or their mixed
signals were used for observations.
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Fig. 1: Hexagonally ordered plasma etched polystyrene
microspheres coated with 20 nm of gold – top view (SEM
micrograph)
 

 
Fig. 2: Individual gold-coated corrugated microsphere –
tilted view, detail of the sputtered gold layer (SEM
micrograph)
 

 
Fig. 3: Cross section of the gold-coated etched PS
microsphere prepared by FIB nanomilling (SEM micrograph,
backscattered electron detector)
 

 
Fig. 4: SERS spectra of 4-aminothiophenol obtained by
spectral mapping of an ordered array of etched
microspheres (raw spectra measured from 22 × 22 points
separated by 2 μm)
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The examination of particles found in the environment, such as minerals, and particles found
on a suspect or at a crime scene, such as gunshot residue (GSR) formed the basis of our
search for better instrumentation to analyze these particles.
Minerals have traditionally been identified by the skilled mineralogist’s eye. The laboratory
tools of XRF and XRD joined the instrumentation during the 20th century, as did the field tools
of colorimetric spot tests and hand-held XRF devices. These tools work well for relatively
common minerals and relatively large samples.
Over the past 20 years it has become possible to analyze crushed mineral material, as well as
gunshot residue particles, using automated SEM and EDS systems. These processes are
suitable for large-scale automatic analysis applications for both mineral liberation analysis
(MLA) and gunshot residue analysis (GSR).
In the forensic sector, the analysis of a particular crystal or grain (and/or GSR particle) is often
required because only small samples of material are available. The material is frequently
millimeter or micron size, while GSR particles are often smaller. Since the 1960s it has been
possible to characterize such samples using SEM/EDS/WDS. However these techniques do not
work well with minerals with low concentrations of light elements such as Li, Be B, and .nH2O,
or with the new heavy metal-free bullet primers (HMF).
With the advent of HMF, it is becoming more difficult to use basic SEM /EDS and GSR methods
alone. Other techniques are required for the analysis of these types of ammunitions.
Consequently, a new, rapid method of mineral and inorganic particle classification has been
explored using a toolbox of well-established techniques such as optical microscopy, SEM, EDS,
Raman, CL and fluorescence. The SEM and optical systems, or the electron BSD signal, allow
the user to find particles of interest, the EDS to determine their elements set, and the Raman
to distinguish between polymorphs and to ratify non-detectable elements. All of these
attachments have been mounted on the SEM. Figures 1 and 2 show an image/diagram of the
combined system.
Properties such as color, density, laser-excited fluorescence and crystal morphology are
among the experienced mineralogist’s tools. For this reason, an optical microscope is part of
the system, not only to navigate but to allow color, fluorescence and morphology to be seen,
both optically and with electrons.
Cases will be discussed that show application of these instruments to real samples, both in the
mineral area and general physical evidence samples such as gunshot residue. The talk will also
discuss the development and incorporation of new instrumentation on a SEM that will benefit
and assist analysis for forensic applications.
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Fig. 1:  FEI Quanta SEM with EDS, GSR, CL, and Raman system incorporated.
 

 
Fig. 2: Schematic of system
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Microscopy and microanalysis techniques are applied to determine the morphology, structure
and chemistry of materials in a wide range of forensic studies. Examples include the tracing of
production problems in semiconductor device manufacture, identifying and characterizing gun
shot residue in crimes involving firearms, identifying counterfeit components in industry and
identifying the composition and source of compounds employed in works of art and sculpture.
The University of Michigan Electron Microbeam Analysis laboratory has been involved in the a
large number of studies of this kind, principally in the forensic analysis of cultural heritage
materials. A number of examples will be discussed in the presentation and a summary of them
follows.
Focused ion beam (FIB), scanning electron microscope (SEM) and X-ray energy dispersive
spectrometry (XEDS) analyses were performed to determine the base composition of a series
of silver based coins, with a dual phase microstructure, from the reign of King Eadberht of
Northumbria. Small crevices and cracks in each of the sample’s patina were carefully enlarged
with the FIB for analysis yet at a scale that did not visibly change the overall appearance of the
coins, thus maintaining their value.
Analysis was performed in the environmental scanning electron microscope to identify the
material trapped in the crevices and fine detail of an eighteenth century crucifix from the
Kingdom of Kongo, an area that covers today's Angola and Democratic Republic of the Congo.
The crucifix was mounted in its entirety inside the microscope, to avoid damage that would
reduce its historical or economic value, and XEDS spectroscopy and mapping identified
residual polishing compound and earthen material embedded in the carved detail. See figures.
In a collaboration with the The Detroit Institute of Arts, paint fragments extracted from a
painting purported to be by Claude Monet were embedded in resin and cross sectioned prior to
analysis in the environmental scanning electron microscope. XEDS revealed a number of
pigments that were not typically in Monet’s palette. Further documentary research revealed
that the painting had been painted by a British painter Alfred East and fraudulently attributed
to Monet prior to the DIA’s acquisition of the piece.
 

Acknowledgement: Thanks to my collaborators in these studies, Cathy Selvius DeRoo of the
DIA, Ronald Bude of the University of Michigan and Cécile Fromont of the University of
Chicago.



 
Fig. 1: Kongo crucifix mounted for examination in the environmental scanning electron microscope. Inset outlines the
area analyzed by XEDS spectra and mapping.
 

 
Fig. 2: SEM Image and accompanying XEDS maps, extracted from a spectrum image, of the various elements present
in the detritus embedded in the figure's ribs.
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The determination of art fraud and trafficking frequently relies on the ability to determine the
difference in paint composition based on geographical origin and era of manufacture. It
therefore follows that the same analytical techniques that are used for art restoration and
historical investigations into artwork can also be used for forensic investigations into art fraud
and trafficking.
Recently several famous artworks were stolen from a museum in the Netherlands, and later
burned in an oven to cover up the theft [Ass. Press in Bucharest, 2013]. Through the use of
analytical techniques, the burned ashes were determined to have come from several of the
stolen paintings. The main objective of this project is to 1) develop an analysis protocol for art
history and forensic purposes, 2) get a better understanding of paint pigments, binders and
powders used by artists and 3) determine the author, the date of manufacture and the amount
of non-original restoration. Although many research articles focus on the analysis of paints
from art works, the advantage of this project lies in the combined use of a range of techniques
as an analysis protocol. An understanding of the use and availability of materials used in
paintings, their development and physical characteristics could aid in an investigation of
unidentified paint samples. Identification of the individual components in the paint layer can
provide valuable information into the materials and techniques used.
Several projects are currently underway with the Art Gallery of NSW. The first is the
investigation and conservation treatment of an oil painting on oak panel of Henry VIII thought
to date from about 1535 (Fig. 1). In addition to providing detailed information regarding the
condition of the painting prior to conservation treatment, forensic analysis is being undertaken
in an effort to establish physical similarities to the other panel paintings of the same subject in
London. It is hoped that by studying this group of works that new findings will emerge
regarding authorship and the artistic practice of portrait painting in the 1530s. The second
project is looking at 20th century artist material, in particular with the use of metallic
paints. The artists being investigated are paintings by Roy de Maistre (1894-1968), Ralph
Balson (1890-1964), Eric Wilson (1911-1946) and Charles Conder (1868-1909) (Fig. 2).
Microsamples of paint have been prepared then investigated using a range of techniques,
including Optical Microscopy, Scanning Electron Microscopy and microanalysis, x-ray mapping
(XRM), Fourier Transform Infrared (FTIR) and Raman Spectroscopy. The combination of these
techniques allows both the inorganic and organic composition of the paints to be determined,
including the paint pigments used.
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Fig. 1: Anglo-Flemish workshop, Henry VIII, circa 1535. Oil on oak panel, 54.5 x 38.0 cm. Art Gallery of New South
Wales. Purchased 1961.
 

 
Fig. 2: Charles Conder, An Impressionist (Tom Roberts), circa 1889. Oil and metallic paint on cedar panel, 28.5 x 23.4
cm. Art Gallery of New South Wales. Purchased with funds provided by the Art Gallery Society of New South Wales
1977.
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In forensic practice, electron microscopy and microanalysis rank among basic applications
used in forensic investigation of traces and comparisons from crime scenes. These techniques
allow for rapid screening and receiving essential information for a wide range of traces.
The set of materials that are analysed using electron microscopy is very extensive, practically
any material produced by human and nature activities relating to the case that is solved can
be delivered to a forensic lab (ranging from the fragment of an ancient vessel, to high-tech
semiconductors). Therefore, materials of organic origin, plant and animal fragments are
examined as well.
The current routine use of electron microscopy (including microanalyses) is in the following
expert examinations:
- unknown samples (including powders from extortionate letters)
- mineralogical, petrological and gemmological objects (mineral relics, soils, precious stones
and their imitations, etc.)
- gunshot residues (GSR)
- explosives, propellants and fulminating compounds
- post-blast residues (PBR), and other thermogenetic particles
- fillers and additives of paper and plastics
- pigments and paint systems, including colour layers of artworks
- cosmetic and pharmaceutical products (surfaces and coating layers of tablets, granular
composition, phase analysis)
- morphological structures of textiles materials
- determination of sorts of damages to fibres (smelting, fibre fracture, tear/cut, fracture, etc.)
- expert examinations of biological materials - trichological material and its damage, shells of
soil microorganisms, insect eggs to determine post mortem interval, etc.)
- intersecting lines of writing and print tools (superposition - writing tool x print toner)
- glass
- fragments of building materials
- fractures of materials (determination of the character of the fracture area)
- toolmark slipped impressions (forensic technical examinations, ballistics, etc.)
Recently, dual systems with focused ion beam have considerably extended possibilities of
electron microscopy. These systems are predominantly applied in the study of the inner
structure of micro-and nanoparticles, layers and composites (intersecting lines in forensic
graphical examinations, analyses of functional glass layers, etc.), the study of alloys
microdefects, creating 3D models of particles and aggregates, etc. Automated mineralogical
analyses are a great asset for the analysis of mineral phases, particularly soils, analogously as
cathode luminescence. TOF-SIMS systems and micro-Raman spectroscopy with a resolution
comparable to standard analysis EDS/WDS are latest crucial innovations that are becoming to
appear also at ordinary laboratories.
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Fig. 1: The structure of the inner wall of fly egg
 

 
Fig. 2: Polypropylene fibres - morphological study of
damage
 

 
Fig. 3: Internal structure of natural fibers, display in
secondary ion
 

 
Fig. 4: Microstructure of thermogenetic particle – FIB cut
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The proposed contribution deals with the use of microscopic and spectroscopic forensic
methods that were used in the inter-institutional cooperation of the Institute of Criminalistics
Prague and the National Gallery in Prague in the detection of art forgeries. In the forensic
practice, there are different types of traces and samples from the crime scene.
Legal classification of criminal offences includes a wide range of violations of law ranging from
unauthorized export of artworks, determining ownership rights (copyrights), theft of artwork,
to the fraudulent counterfeiting of prominent authors and their sale. We frequently encounter
fakes of prominent Czech artists of the 20th century in Bohemia, such as Jan Zrzavý, Emil Filla,
Josef Čapek, Václav Špála and Pravoslav Kotik.
Two paintings – artworks of Pravoslav Kotik with a similar theme that sparked controversy over
the authenticity of both artworks (Fig. 1) appeared on the Czech market. In 2007 and
subsequently the whole counterfeiting and its associated practices – trafficking were revealed.
Works of art such as forensic traces are usually put to a detailed analysis and assessment.
Particularly in the detection of forgeries, optical documentation techniques are widely used
(Fig. 2) and microscopic analysis by methods of optical microscopy in a polarizing microscope
(Fig. 3), scanning electron microscopy and x-ray microanalysis (Fig . 4), x-ray diffraction and
fluorescence analysis, infrared microspectroscopy with Fourier transformation and Raman
microscopy are frequently employed.
It is possible to accumulate significant arguments to the comparative analysis of the materials
thanks to the combination of microscopic and spectral techniques, we can consider the
morphological and structural characteristics of the pigments, identify organic binders and
assess the painting technique execution.
Besides corpora delicti, these methods are utilized as well as for the survey of original
paintings from the National Gallery, which are used to create databases as reference materials
and components specifically for the assessment of works of art. Variations of materials and
techniques used are very specific to each artist and based on these parameters, we can follow
the author's practice.
The results obtained from the analysis are then also a significant argument for determining the
authenticity from a perspective of an restorer and art historian.
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Fig. 1: Both paintings: a) fake, Hair style, private collection
b) original, Pravoslav Kotík, Toilet, private collection.
Photo© Institute of Criminalistics Prague 2014.
 

 
Fig. 2: Signatures: a) fake, b) original. Photo© Institute of
Criminalistics Prague 2014.
 

 
Fig. 3: Cross-section of the green paint: a) fake, b) original.
Photo©National gallery in Prague 2014.
 

 
Fig. 4: BSE image of the cross-section of the sample of fake
painting. Photo© Institute of Criminalistics Prague 2014.
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Dental identification has always played a key role in crime cases and disaster situations. Teeth
are very high mineralized components of a human body and so they are in a certain degree
resistant to flames, high temperature and chemicals. Recently forensic dentistry applies
various microscopic techniques, which represent benefit for expert evidence.
Scanning electron microscopy (SEM) has been used to identify teeth by their structure, e.g.
prismatic elements in enamel, dentinal tubules and evidence of previous restorations
especially in diminutive fragments or incinerated remains.
SEM with energy-dispersive X-ray (EDS) analysis makes it possible to detect various restorative
material residues and so indicate the ante mortem existence of a restoration. This knowledge
could be valuable in a presumptive identification of the dead body.
SEM provides also evidence of tool marks and traumatic or pathological defects.
Recovered carbonized tooth fragments are not morphologically recognized as teeth. SEM can
indicate special striations in tooth enamel and in addition reveal dentinal tubules. Use of SEM
with EDS provides a profile of elements from special inflammable mixtures, e.g. thermit.
In some crime cases, human identity is obstructed when the bodies are destroyed partially by
acid dashing or immersing in acids. Microscopic analysis can capture changes of teeth during
this process and it is feasible to identify the residues of teeth on basis of recognition of the
characteristic morphological features of dental tissues up to the advanced stages of the
degradation. The correlation between the time of exposure to the different acid solutions was
noted. Degradation proceedings recovered by prima vista are different for various acids.
Moreover, SEM is able to display crystalline structures (reaction products) and detect their
chemical composition typical of various acids.
Microanalytical methods were supported by projects VG20102015065 and VF20102014007.
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Firearms are prevalent in our society and many countries are involved in the production of
firearms and munitions. It is said that approximately 8,000,000 small arms are manufactured
annually [1-4].
Forensic science plays an important role in the investigation of firearm related crimes and can
establish an association between firearms and assailant by detecting and identifying gunshot
residue particles (GSR), which are solid microscopic particles ejected from the openings, gaps
and clefts of firearms. These particles are condensed from the high temperature and high
pressure gases produced by the deflagration of the primer and propellant in the cartridge
case. These particles are frozen by rapid cooling and are deposited on the body and clothing of
the shooter and on nearby surfaces. If the rate of cooling is sufficiently high, the solid particle
should retain the structural disorder of the liquid, which is a feature anticipated in GSR
morphology. GSR particles are identified by two features, composition and morphology. The
presence of Pb, Sb and Ba in a particle is considered characteristic of firearms origin. The
ASTM standard describes the elemental composition of GSR and classifies these elemental
compositions as characteristic or consistent with GSR but the guide’s description of
morphology is not extensive [5].
Recent studies have highlighted that environmental particles may exhibit similar elemental
profiles and implied morphologies that may be misinterpreted as GSR particles. It has been
suggested there are similar to particles to GSR in particles produced in the reaction of
fireworks [6], particles produced by wear in elevated temperatures in automotive brake linings
[7], cartridge tools and vehicle airbags. Adding further to the discussion, condensed species
from metal free primers may be indistinguishable from environmental particles (Fig.1).
To discriminate between GSR and environmental particles, the morphological features
displayed by the particle become a primary consideration in determining the particles’ origin.
In order to reevaluate particle morphology and to distinguish GSR from environmental
particles, FIB-SEM was utilized [8] to investigate not only the surface features, but also the
interior structure of particles that had been formed in a range of high temperature
environments. Through detailed morphological characterization, the source of the particle may
be determined with confidence. The results from analysis including morphological
characterization, SEM/EDS, Infrared analysis (IR) and Raman analysis of selected particles will
be discussed within the presentation. Detailed morphological information may be the key in
correctly determining the particle’s origin where elemental composition may be misinterpreted
(Fig. 2).
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Fig. 1: Comparison of normal GSR and lead free GSR. a-d) Normal GSR image, EDS spectrum, FIB image and x-ray map.
e-g) lead free FIB results and x-ray maps.
 

 
Fig. 2: Typical GSR particles that can have porosity.
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The outermost cuticle of hair structure functions as a protective scales layer, where the scales
overlap and arrange in the direction of hair root towards the hair tip. These scales form a
unique pattern with distinctive characteristics and it is useful for forensic scientists in
identification of animal species during an investigation of hair samples (1,2). Hair samples of
four species from Felidae family were observed using scanning electron microscope, i.e.
bengal tiger (Panthera tigris tigris), gir lion (Panthera leo), leopard cat (Prionailurus
bengalensis) and sumatra tiger (Panthera tigris sumatrae). No cleaning procedure was
employed to ensure the appearance of the hair samples is in its original condition. In Felidae
family, hair cuticular pattern of all species showed regular wave pattern, transversal hair
cuticular orientation with smooth cuticular dorsal margin (Fig 1) except gir lion (Fig 2), which
possesses rippled cuticular dorsal margin. Statistical analysis showed that there is significant
mean difference of average scale layer difference measured four species of animal chosen,
Bengal tiger showed significant higher average scale layer difference as compared to sumatra
tiger and leopard cat. We found that gir lion could be identified through its rippled cuticular
dorsal margin while scale layer difference need to be measured in order to distinguish between
bengal tiger, sumatra tiger and leopard cat. We also found out that cuticular scales pattern
and other related characteristics could still be observed clearly even though the samples did
not undergo any significant cleaning procedure. This study showed that the examination of
cuticular morphology of hair samples combined with measurements are conclusive enough to
draw solid identification up to between different subspecies animal level (3, 4). As compared to
other group such as the deer group, no such difference could be observed.
References
B. J. Teerink, Atlas and Identification Key: Hair of West-European Mammals, Cambridge, United
Kingdom: Cambridge University Press (1991). M.S. Dahiya, S.K. Yadav, Elemental Composition
of Hair and its Role in Forensic Identification, Open Access Scientific Reports, 2(4), doi:
10.4172/scientificreports.721 (2013). M.S. Dahiya, S.K. Yadav, Scanning electron microscope
characterization and elemental analysis of hair: a tool in identification of felidae animal, J
Forensic Research, 4(1), 178, doi: 10 4172/2157-7145.1000178 (2013).H. Brunner, B.J. Coman,
The Identification of Mammalian Hair, Melbourne: Inkata Press (1974).
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Fig. 1: Hair of Bengal Tiger
 

 
Fig. 2: Hair of Gir Lion
 



Type of presentation: Poster
 

ID-6-P-1821 Monitoring your SEM and EDS Calibration and Accuracy of Analysis for
Forensic Applications through use of an Automated System
 

Mason K. N.1, Wuhrer R.2
 
1Eastern Analytical sprl, 2Advanced Materials Characterisation Facility (AMCF), University of
Western Sydney, Australia
 

Email of the presenting author: masonkn@skynet.be
 
Gunshot residue analysis (GSR) is extensively used around the world for determining if a
person has discharged a firearm. The technical data from the SEM/EDS and GSR analysis is
then given as evidence in court. The operation and setup of the system have to be validated
objectively, more like an industrial process than a scientific investigation. Accurate analysis
results are always required for cases that have a legal consequence.
The quality of the results from automated particle search systems relies on many correctly
working and calibrated subsystems, including the SEM, EDS, SEM/EDS interface and
subsequent GSR and PSA systems. Consequently, there is a need for a tool to automatically
validate the performance of systems.
This talk will cover the use of a system called “microValidator” which was developed to
determine if the microscopy system is set up adequately to achieve consistent and reliable
results when working with SEM/EDS and the forensic application automatic gunshot residue
(GSR) particle analysis. The tool is used to automatically validate the performance of user’s
systems and test the instrument operation and calibration (instrument health) for validation of
SEM, EDS and the interface setup between SEM and EDS.
A standards block and a known GSR proficiency test samples are used to validate performance
and check for measurement accuracy. The highly automated procedure enables reproducibility
and automates testing of SEM, EDS and combined SEM/EDS checks. The program is also
designed to differentiate between user-correctable errors and service-related errors and shows
that system performance has been validated objectively. The microValidator software is
compatible with EDAX and Bruker X-ray microanalysis systems.
The system uses a sequence of 20 tests that automatically checks SEM stage operation, SEM
column functions, SEM beam current variation with spot size, BSD functionality, magnification
calibration, stage/scan alignment, EDS system and all pulse processor settings, resolution and
calibration, EDS collimation, as well as quantitative analysis of both alloy standards and light
element samples.
The system developed is a hardware and software based testing and validation device (Fig. 1
& 2) that 1) checks overall system performance and diagnosis of specific faults or
misalignments, 2) reduces the need to call service, as levels of faults are separated into levels
of importance, 3) produces automatic validation report, 4) operates in conjunction with Plano
synthetic particle test sample (system used for GSR proficiency) and 5) operates with either
Edax or Bruker EDS systems in conjunction with FEI SEMs, and is currently being developed for
other microscopes.



 
Fig. 1: The microValidator control unit and how it is
connected to the instrument.
 

 
Fig. 2: Microvalidator  connections to the instrument
 

 
Fig. 3: Standards required for testing instrument performance are an important part of the validation
 



Type of presentation: Poster
 

ID-6-P-2299 Scanning Electron Microscopy with X-Ray Spectroscopy and Focused Ion
Beam (FIB-SEM-EDX), an innovative tool for non-destructive analysis of Gold
jewellery
 

Torres F. J.1, Saéz P. L.1, Bustamante L. A.1, Paiva L. A.1, Soto P. A.1
 
11. Sección Microanálisis, Laboratorio de Criminalística Central, Policía de Investigaciones de
Chile, Santiago de Chile.
 

Email of the presenting author: leonardo.abh@gmail.com
 
The marketing of counterfeit jewellery is a problem that affects at all societies in the world.
Traditionally, the instrumental analysis of Gold jewellery is made by techniques such as Atomic
bsorption or Inductively Coupled Plasma Mass Spectrometry, however, these studies involve 
sampling methods that removing portions of the specimen. The purpose of this study was to
develop a methodology that would enable the elemental chemical composition of jewels
composed of a Gold alloy, without affect their integrity and monetary value.
Because the penetration depth of the primary electron beam is limited in relation to the total
volume of each specimen, cross section analysis was made by FIB. The material used in this
study consisted of jewellery pieces presumably composed of Gold alloys. Each specimen was
subjected to a gentle cleaning process. The samples were subsequently inspected using a
stereomicroscope, to verify the effectiveness of the cleaning process and the presence of
singularities in their surface continuity.
Analysis by SEM-EDX-FIB, was conducted in a Dual Beam Workstation FEI QUANTA 3D 200i,
equipped with a X-ray Spectrometer EDAX APOLLO XL. A section the surface of each sample
was analysed by EDS. Subsequently, a portion of the sample surface was subjected to a cross
section process, by FIB. and an image was obtained using the Ion Beam (SIM). Finally samples
were viewed at backscattered electron and if was necessary, an EDS analysis of their layers
was done and supplemented with a Bidimensional mapping.
The analytical procedure described above proved to be adequate. In several cases the
observation by light microscopy, was sufficient to detect regions of samples that had different
coloration on their surface, which was presumed that different layers of material were present.
Further analysis of these regions, confirmed the differences in chemical composition by EDS
studies. The cross-section images obtained by SIM, facilitate their interpretation, even by
non-experts in the methodology (judges, prosecutors, among others), situation which is
supplemented by Bidimensional mapping. These facts, together with others obtained during
the criminal investigation may be useful to allow the association of various species of
jewellery, which have in common the same elaboration process.
In conclusion, the implemented methodology proved to be a useful tool in the study of
Gold jewellery . Being a procedure that minimally alters the evidence, allow to get a lot of
information on this, without depreciating its possible economic value. Additionally, the results
can be easily understood by non-experts, which facilitates submission to the court during the
course of judgments.
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Fig. 1: SIM image of the cross section of a sample analyzed. The red arrow show a thin film of material, coating the
solid mass of specimen.
 

 
Fig. 2: Bidimensional mapping of a sample cross section. Pseudocolor representing the major chemical elements
detected in the sample (gold and silver), as indicated by the corresponding X-ray spectrum. The blue area corresponds
to the Platinum deposit made before cutting the sample.
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The scanning electron microscope is one of the most versatile instruments available for the
examination and analysis of many samples in various branches of forensic science.
The high resolution, large depth of field and possibility of big magnification are basic reasons
for the SEM´s usefulness.
In the presentation some practical examples of using SEM are shown.
Imaging of small objects, details of the surface or structure could be visualized and proved by
evidence. It is the first area of SEM utilization.
The second one is an elemental analysis. The large area of SEM using is gunshot residues
analysis. The presence or absence of GSR particles on the sample could help to determine, if
the suspect person shot or not. Typical GSR analysis is described together with the experiment
which was joined with this real case.
But elemental analysis wins recognition also in chemistry, in toolmark examination and in
anthropology. The analysis of dental filling or metal dentures material could be very helpful for
identification of unknown dead bodies. The real case describes interesting finding of skull in a
Czech forest with very unusual metal denture.
SEM is also very important for examination of explosives residues. On the basis of imaging and
particle analysis the method can help with determination of explosive compounds. Typical
examples for SEM analysis are explosions of tube bombs, when the structure of black powder
residues determination can help with estimation outer packaging of explosion object. The most
famous case in modern Czech history is explosion of tube bomb on the Old Town Square in
Prague in 1990. This case was never explained. The second example describes very strange
finding inside the sample of explosive which was discovered by microscopy analysis.



 
Fig. 1: Glass beads inside explosives
 

 
Fig. 2: Flax fibers in gold/silver strips from burial robe of
Czech king Ladislav Pohrobek (15th century)
 

 
Fig. 3: Tooth enamel damaged by mineral acid
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Characterising the marks produced by screwdrivers (using a combined SEM and LA-ICPMS
approach) when they are used in forcing open metal framed windows and metal framed doors
is the objective of this thesis. The current study is based on the novel approach of applying
SEM analysis using SE imaging, BSE imaging, and EDS investigative techniques to screwdriver
head surfaces.
Result
Cross sectional analysis
The BSE images reveal that screwdrivers have a chemically layered structure in cross-section
but the imagery cannot identify these elements, only rank in average atomic number. The EDS
element survey maps can identify the elements in the different layers but cannot calculate the
amounts of elements present. The quantitative EDS analysis can identify and calculate how
much of the different elements are present but its accuracy depends on factors such as
calibration standards used, degree of polishing achieved, resolution of detector, etc.
A BSE image of a typical Chinese star screwdriver tip appears relatively homogeneous apart
from some low Z contamination and possible cracking of a surface layer around the circular
end of the tip (Figure 1). The tool mark associated with this screwdriver is relatively uniform
with horizontal striae and surface debris (Figure 2).
In polished cross-section the BSE image clearly displays three distinct layers of different
element composition. The thin outer most layer is relatively smooth and is approximately 1
micron thick. The intermediate layer is uniform, approximately 16 microns thick and the core
makes up the rest of the screwdriver
Profile Plot analysis
The profile plots show the general spectrum waveform trend plus major peak and major trough
trends. This data is used to calculate correlation and variance statistics.
Correlation and Variance
This line analysis obtained from Microsoft Excel is significant. It statistically compares scratch
data and finds relationships where they exist. In all cases the tabulated results show high
correlation between scratch points which suggest that scratches made by the same
screwdriver can be identified simply by taking line plots perpendicular to the scratch direction.
Bar Code analysis
This visual image information obtained from the different scratch locations A, B and C appears
to give information that cannot be easily discerned by simply inspection of the images.
Therefore new approaches are required to extract relevant information – one possible
approach is segmenting the area of interest into an array of smaller segments and then
analysing these much smaller areas for correlation and variance based on shades of grey.
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The lecture describes a study of the wire frame of a lampshade, found in an abandoned house
in the 9th Ward of New Orleans after Hurricane Katrina devastated that area. The covering was
claimed to be human skin placed on the frame at the notorious Buchenwald concentration
camp during WWII by the infamous Ilse Koch. The writer was asked by Eric Gehringer,
associate producer at Hoggard Films, if a study of the wire in the frame could determine when
and where it was made. Hoggard Films subsequently produced a 1 hour show on the
lampshade for National Geographic’s TV channel. As to where it was made, I told him that is
virtually impossible to determine with any confidence for a lampshade, a commodity product.
But, as to when it was made, I said that may be possible to determine, at least to a certain
time frame, if there is anything unique about its manufacture. The study showed that the wire
frame and the sheet steel ring which surrounded the light bulb, were not modern steels. They
were heavily killed with aluminum and contained no Si. By the 1920s, it was well known that Al
was a very effective deoxidizer but Si was rather weak in comparison. But, the detrimental
influence of massive aluminate stringers on cold formability was not known at that time. By
the late 1930s, deoxidation was conducted typically by a 4:1 addition of Mn to Si, with a
smaller amount of Al (especially if the steel was to be carburized). The steels contained no
incidental alloy content, so they were not melted in an electric arc furnace. The wire had a
very high P and S content, suggesting it was made in an acid open hearth furnace, while the
sheet steel had a very low P and S content, suggesting basic open hearth technology. The
carbon and copper levels were too low to obtain using the Bessemer process, still used to
some extent until ~1950. The wire surfaces were “wet drawn,” a practice used to yield a
decent smooth surface, as drawing dies and the lubricants were more primitive before WWII
(borax was invented in 1951). In wet drawing, the rod was soaked in a copper sulphate bath to
deposit a thin layer of Cu on the wire. This practice ended in the early 1950s. All evidence
indicated that the lampshade frame was made before WWII.
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Optical Coherence Tomography (OCT) is an originating from medicine diagnostic non-contact
and non-invasive technique of optical sectioning. OCT employs the interferometry of light of
high spatial but low temporal coherence to reveal locations of reflecting interfaces and
scattering centres within internal structure of the examined object. Spectral domain version of
the OCT method (SdOCT) is especially fast and sensitive. The OCT technique offers a
micrometre-level in-depth resolution and therefore is well suited for investigation of fine
sub-surface details of structures which absorb infrared light moderately such as varnishes,
glazes and underdrawings of paintings on canvas (Fig. 1a), reverse painting on glass (Fig. 1b),
glazes on porcelain and faience, jade, historic glass (Fig. 1c), and many others.
Images obtained by OCT are usually presented in convenient manner of cross-sectional views,
similar to microscopic photographs of cross-sections of samples collected from the object.
However, for better readability, images are usually stretched in in-depth direction as indicated
by scale bars in figures and shown in false colours where cold colours indicate areas of low
scatter whereas warm ones indicate areas of high scatter. Black areas correspond to either
non-scattering media like air above the object or regions not reachable by the probing light -
below the surface of the first opaque layer (e.g. the paint). The major advantage of using OCT
is in the complete non-invasiveness of the technique (intensity of light used for examination is
of order of single miliwatts), very fast data collection, and no need for any preparation of the
object. Therefore the examination may be repeated as many times as necessary in many
places, thus making the obtained results much more representative than obtained from
sample collection.
In this contribution firstly a brief introduction to the technique will be presented and essentials
of the construction of the OCT instruments will be given. Then using examples from our
practice it will be shown how the OCT technique may be used to examine the structure of
artworks, trace former conservation attempts and be useful for monitoring some restoration
procedures. All results shown have been obtained with a spectral domain portable high
resolution OCT system built by the authors especially for examination of objects of art in situ.
This instrument uses IR radiation from the range 770 nm – 970 nm and its axial (in-depth)
resolution is 3 μm in air (2.2 μm in varnish) whereas the lateral one is switchable between 7
μm and 13 μm. The area possible to be examined in one data collection is considerably large
as for the microscopy and equals 5 x 5 mm2 and 17 x 17 mm2 respectively for both available
lateral resolutions.
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Fig. 1: Exemplary results of the OCT examination. Light approaches from the left, all scale bars are 0.5 mm, images
shown in false colours; a: painting on canvas (P. Franck, "Portrait of sir John Wylie", 1815); b: reverse painting on glass
("St. Wendelin", late 19th c., Ethnographic Museum in Toruń, PL); c: atmospheric corrosion of 15th c. window glass.
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The growing problems of biodeterioration undergone by commercial artists' paints have
increasingly required the application of biocide treatments on contemporary artworks. In most
cases, commercial biocides, which have not been created for the purpose of being used in the
field of art conservation, are applied in the dosages recommended by the manufacturer
without control on the effects of their application on the artwork. From this, a study has been
conducted aimed to evaluate the changes induced by the biocide on contemporary paintings
of acrylic and PVAc type. Two biocides hace been considered, namely, Biotin T® and Preventol
RI80®. The morphological study at microscale has been performed by using optical
microscopy and SEM/EDX. Chemical and morphological changes at nanoscale have been
characterized by using, at first time in the field of the analysis of artworks, the novel technique
of atomic force microscopy (AFM). In a second step chemical changes have been identified by
using FTIR spectroscopy and UV-VIS spectrophotometry. Some of the most significant changes
observed by microscopy were: appearance of spots and alteration of the brightness of the
paint film, as well as, deposits of biocides. A notable delay in the coalescence phase of drying
of the acrylic polymer used as binding media was recognized by means of AFM. Spectroscopic
analysis results suggest that the application of the biocide causes a significant migration of
addictives to the surface from the core film.
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Fig. 1: Optical microscope images for the samples: a)Liquitex® PB15 treated with Preventol RI80®; b)Liquitex® PBr7
treated with Preventol RI80®; c)Flashe® PB15 treated with Preventol RI80®; d)Flashe® PBr7 treated with Biotin T®.
 

 
Fig. 2: Scanning electron microscopy images for the
samples: a)Liquitex® PB15 treated with Preventol RI80®
and b)Secondary electron microphotograph of Flashe®
PBr7 treated with Biotin T®.
 

 
Fig. 3: Atomic force microscopy showing substrate-film
surface of the Liquitex® PB15 paint film.
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The quality of a TEM sample is an important factor when studying the changes in corrosion
phenomena in historical photographs. This material has a complex structure made out a soft
matrix with embedded image and corrosion particles. To determine the optimal sample
preparation method 2 techniques are evaluated; the classical ultra-microtome and the high
tech focused ion beam (FIB). Several parameters were compared such as thickness,
uniformity, preservation of original structure and composition.
Classical ultra-microtome is often used for soft materials. Before the sectioning the material
needs to be fixated and embedded in an epoxy. No changes to the morphology were noticed
during these steps. In spite of the retained composition and achievable thickness the classical
ultra-microtome sections are often deformed during section resulting in a low success rate of
an intact interface between the corrosion particles and the epoxy (see fig. 1).
With FIB it is possible to directly sample with high selectivity the historical photograph. This is
a great advantage when working with historical material where sampling is often restricted.
Although it is possible to mill different materials several disturbing features are observed. FIB
can cause preferential milling if the difference between the hard particles and soft matrix is big
(see fig.2). Also the low stiffness of the gelatine results in buckling during the thinning phase.
These artefacts make it difficult to make a uniform TEM lamella, which is thin enough for
analytical characterization. Any Ga+ implantation during preparation does not influence or
disturb the characterization since Ga can easily be distinguished from the corrosion elements
(see fig 2C).
Since both techniques show artefacts making it difficult to achieve an intact thin and uniform
sample a novel adaptation is suggested. Here we use the preparation steps of the classical
ultra-microtome with an alternative final sectioning with focused ion beam. The difference
between the classical ultra-microtome and ultra-microtome followed by FIB is the last stage or
sectioning. This technique produces a TEM lamella with a clear interface and which is thin
enough to determine the chemical composition or distribution of the nanoparticles in the
corrosion layer (see fig.3). Although the success rate of this combined procedure is markedly
better than that of the two alternatives, the main challenge remains making a thin enough
sample to perform analytical characterization.
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Fig. 1: A: Historical Daguerreotype; B: TEMcross-section of image area of figure 1A; C: STEM_EDX map of TEM lamella,
withAu (R), Hg (B), Ag (G) and Pt (P).
 

 
Fig. 2: A: glass negative with silver degradation (left); B1 & 3 corrosion before plasma treatment; B2 & 4: corrosion
after plasma treatment.
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A severe biological attack occurred to a XVII Century document made of parchment (Fig.1a).
Stained and clean samples were compared by means of Scanning Electron Microscopy (SEM).
The damaged parchment surface showed the presence of needle-like crystals associated with
bacterial spores. Bacterial DNA was extracted from pure cultures obtained from the document,
and 16S rDNA amplification was performed using the pair of universal primers P0 (position 27
E. coli forward)/P6 (position 1495 E. coli reverse). Identification of the species was obtained
after 16S rDNA sequencing, and sequence alignment with international databases (BLAST).
The analysis of parchment fragments was performed with a Scanning Electron Microscope
ZEISS VP-SEM EVO50, using both the VPSE and the QBSD detectors, and operating also at High
Vacuum on gold sputtered samples. A qualitative chemical characterization of the inorganic
constituents of parchment samples was performed by means of electronic dispersion
spectroscopy (EDS. Oxford INCA 250). The ability of the bacterial strains present on the
material to move salts and produce characteristic crystalline compounds was documented (Fig
1b). Large crystals with different morphologies (prismatic, platy, or needle-like) were produced
in BUG agar cultures of the microorganisms (Fig 1c). Raman spectroscopy and X-ray diffraction
identified the biogenic minerals as struvite. The bacteria responsible for the observed
phenomenon were identified as different morphotypes of a species of Virgibacillus. The EDS
analysis showed a composition of the crystals both on parchment and in vitro based on Na, Cl,
P and Mg (Fig 1d). The Virgibacillus strains (one species, two different morphotypes) resulted
proteolytic, moderately halophilic and showed a different ability to produce the struvite
crystals. Parchment contains a high concentration of Ca, plus some NaCl, and can support the
growth of microorganisms that use proteins as carbon sources. SEM-EDS study of biogenic
crystals production, both in vitro and directly onto materials allowed an X-ray area scanning of
what was brought into focus in SEM images, thereby creating a compositional map that
documented, at a microscale level, the relationship between mineral gradients formed by
bacteria, and the different crystal forms. This technique has the potential for disclosing some
of the mechanisms of biogenic production of different crystal forms by bacteria.



 
Fig. 1: the XVII Century document showing biological
damage
 

 
Fig. 2: SEM image in high vacuum mode of crystal
produced by bacteria on parchment
 

 
Fig. 3: SEM-QBSD image of a crystal produced by bacteria
in vitro
 

 
Fig. 4: EDS spectrum of the biogenic crystal produced by
the bacterium
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The metallurgical microstructure and mechanical properties of the Japanese spear blade
manufactured in the 17th century have been investigated. The purpose of this work is to
obtain metallographic data, and to clarify the manufacturing technique and the influence of
heat treatment. The specimen manufactured in the 17th century has the signature of
Shinano-no-Kami Minamoto Takamichi. The spear is 33.5 cm in length and 10.7 mm in
maximum width. The metallurgical microstructure and nonmetallic inclusions of the spear
blade are observed using an optical microscope. The carbon concentration is determined by
chemical analysis. To evaluate the hardness, Vickers hardness (Hv) is used. The microstructure
is observed using an optical microscope and FE-SEM. The concentration of nonmetallic
inclusions is analyzed by EDS. The crystal orientation observation in the tip of blade is
analyzed by EBSD pattern. The martensite microstructure and nonmetallic inclusions of the
spear blade are observed by TEM. A thin film for observing the nanostructures is prepared by
the focused ion beam method.
A cross-sectional image of the spear after chemical etching is shown in Figure 1. It shows a
metal flow pattern formed by deformation, possibly created by hammering. The striped
structure of layers of two types of steel containing different carbon contents stacked on top of
each other was observed. The bright areas after etching were cooled rapidly, forming the
martensite structure. The other dark areas consist of pearlite and α-Fe (ferrite) grains. An
EBSD pattern image of the tip of spear blade is shown in Figure 2. It keeps directions of many
small crystal grains as the tip, and it is thought that crystallographic orientation might be
aligned by hammering. Transmission electron micrograph of the precipitates existing in glassy
area of nonmetallic inclusion of the specimen is shown in Figure 3(a). These areas contain
various elements; O, Mg, Al, Si, K, Ca, Ti, Mn, Fe and Zr, which were detected by EDS. Typical
elemental composite image of Ti and Zr is shown in Figure 3(b). High-resolution TEM
micrograph of a precipitate in Figure 3(a) is shown in Figure 3(c). In the crystal interface,
epitaxial growths were observed. From analysis of the diffraction patterns and lattice image,
the existence of FeTiO3 and ZrO2 is certificated. It seems that a precipitate formed in glass
performed epitaxial growth as fine ZrO2 on ilmenite FeTiO3.
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Fig. 1: Cross-sectional macrograph of Japanese spear.
 

 
Fig. 2: EBSD image of martensite microstructure near the
tip of spear edge.
 

 
Fig. 3: (a) TEM micrograph and (b) EDS composite image of precipitates existing in glassy area of nonmetallic inclusion.
(c) High-resolution TEM micrograph of a precipitate.
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The closing of the Royal Picture Gallery Mauritshuis for renovation in the period 2012-2014,
has given the opportunity to treat and examine in detail the paintings of the Golden Room
ensemble. The ensemble was painted in ca.1718 by Giovanni Antonio Pellegrini and consists of
three rococo ceiling paintings, two chiaroscuro chimney paintings, four grisailles and six flower
tondos. During the removal of the varnish, a haze was observed on the surface of the paint.
The haze appeared to have a white colour in dark area’s and a grey colour in light area’s. It
disturbed the image by working as a pall which meant that details were lost and the visual
depth flattened. The haze also caused the colours in the paintings to become dull. In an effort
to discover what was causing the haze, paint samples were taken and cross-sections prepared
and examined with SEM-EDX. In Figure 1 a typical paint cross-section is shown where the haze
is visible as a distinct crust on the paint layers. SEM-EDX mapping revealed that the main
components in the crust are lead, potassium and sulphur, as shown in Figure 2. FTIR-ATR and
DT-MS analysis indicates the crust consists mainly of inorganic components such as sulphates,
carbonates and oxalates. In addition, the composition of the crust varies both between
paintings and within individual paintings. It seems likely that the crust is the result of a
reaction between sulphur from the atmosphere (from burning peat/coal in the open fireplaces)
with elements that have migrated from the lead-rich ground and paint layers to the paint
surface. After an extensive series of tests (to be reported separately) an aqueous-based
method was developed to remove the crust without damaging the paint layer. The
effectiveness and possible damage of the surface was evaluated by comparing SEM images of
the paint surface before and after cleaning. An example of the effectiveness of this procedure
is shown in Figure 3 which shows a paint cross-section after treatment. The paint layers have
remained intact while the crust has been removed, except in degraded areas where it was only
possible to partially remove it. The remarkable effect of removing the crust on the painting is
shown in Figure 4 where a comparison between a cleaned and untreated region of the painting
Raison d’état is shown. The complete set of paintings has now been successfully treated and
will be returned to the Golden Room towards the end of 2014.
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Fig. 1: SEM-EDX backscatter electron image of Aurora
(MH1136x15). A distinct layer is visible on the surface of
the paint.
 

 
Fig. 2: SEM-EDX false colour X-ray map from Aurora
(MH1136x15). Red = Sulphur, Green = Potassium and Blue
= Lead.
 

 
Fig. 3: SEM-EDX backscatter electron image of Raison
d’état (MH1143 x12) after cleaning. The crust layer has
been removed while the paint layers have remained intact.
 

 
Fig. 4: Detail image of Raison d’état (MH1143) during
removal of the crust. Details such as the fur of the lion and
his teeth can now clearly be seen.
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Since the Greco-Roman period, organic hair dyes obtained from plants such as henna have
been used, but other unusual formulas based on lead compounds, such as the recipes
describing several methods to dye hair and wool black, were also common. It is remarkable
that these Greco-Roman techniques have been used up to modern times: related recipes were
described by Arabian authors during the medieval period, during the Renaissance as practical
application of alchemical knowledge, and by modern chemists, from the Encyclopedie of
Diderot and d’Alembert [1] through to the present day [2]. In these cases, the same specific
formula is provided: a mixture of lead oxide, PbO, and slaked lime, Ca(OH)2, with a small
amount of water to form a paste, is applied on the hair. Successive applications on gray or
light hair give rise to the black color. It is known that the blackening of hair is due to the
precipitation of galena (PbS) crystals during the chemical treatment: the lead is provided from
the paste deposited on the hair shafts, and the sulfur involved in the reaction comes from the
amino acids of hair keratins. Here, we show that a consequence of these practices consists of
synthesizing galena (lead sulfide) nanocrystals to dye hair black [3]. This very simple chemical
process seems promising for the production of other nano-size semiconductor sulphides, such
as HgS. Mercury sulphide is a useful material with applications in many fields such as
ultrasonic transducers, image sensors and photoelectric conversion devices. We have
synthesized HgS nanoparticles in the hair, two forms of HgS have been grown during the
treatment, i.e. cinnabar and metacinnabar (figures 1 and 2)[4].
STEM observations were performed on thin sections prepared by ultramicrotomy, deposited on
a specific TEM grids and observed at 200 kV with a Jeol 2200FS TEM/STEM microscope
equipped with a Cs probe corrector. HAADF-STEM images are particularly sensitive to the
presence of heavy elements as lead or mercury, until the single atoms detection possible
among the light elements (C,N,O,S) forming the hair.
References
[1] D. Diderot and M. d’Alembert, Encyclopédie ou Dictionnaire raisonné des sciences, des arts
et des métiers; Tome troisième: Paris, 1751; p 319.
[2] Gradual or progressive modern dyes, like Grecian Formula 16, contain lead acetate
[Pb(CH3COO)2].
[3] P. Walter et al., Nano Letters 6 (2006) 2215
[4] G. Patriarche et al., Philosophical Magazine 93 (2013) 137-151



 
Fig. 1: Atomic resolution HRTEM image of HgS nanoparticles. Both hexagonal (cinnabar) and hexagonal (metacinnabar)
crystalline phases are synthesized in the hair. The circled particle on the HRTEM image (a) reveals a cubic crystal
structure with twins (Σ3 type).
 

 
Fig. 2: Atomic resolution HAADF-STEM image of HgS nanoparticles. The nanoparticle at the center of the HAADF image
corresponds to cinnabar (see the Fourier Transform in insert with the six -1100 reflections of the HgS hexagonal
structure).
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The studies of fossil hominins’ evolution and growth are of major importance in solving
problems of anthropogenesis. Particularly, multilevel macro- / microstructural studies can yield
new insights regarding early ontogeny of fossil hominins as well as broader issues of human
evolution. Microstructural studies revealing histological pattern of the Denisova phalanx, its
osteon structure and the preservation of lamellar tissue may be extremely informative in this
regard. Comparison with respective patterns in modern humans may shed new light on their
genetic relationship with Pleistocene hominins like the Denisovans and establish whether these
hominins are as distinct from extant people in terms of ontogenetic patterns as are
Neanderthals.
In 2010, the complete mitochondrial genome of a fossil hominin from Denisova Cave, Altai was
sequenced on the basis of mtDNA extracted from the hand phalanx of a girl [1]. The present
study of the same phalanx describes the preservation of the bone after sampling for aDNA,
analyzes 3D and 2D magnified reconstructions, and makes a comparative histological
assessment of the bone’s microstructural features. The X-ray microscopy we used is a
nondestructive technique, which is an important advantage given the uniqueness and the
fragmentary nature of the specimen: two fragments remaining after a DNA sampling were
subjected to microCT examination.
The tomographic examination was conducted on ZEISS XRADIA Versa XRM-500 X-ray
microscopy system, 3D and virtual slices were generated using the system’s proprietary
software.
The micro CT (X-ray microscopy) of fragments of the hand phalanx of the Denisova girl has
revealed a histological pattern which corresponds with the sequence of age changes in modern
children. Unlike the Neanderthal children, the Denisova child displays no contrast with modern
children in microscopic indicators of bone growth and development. This may indicate certain
phylogenetic affi nities, suggesting that the essentially modern pattern might have originated
as early as the Lower Paleolithic. The distinctness of the Neanderthal growth pattern, then,
may be an autapomorphy.
1. Krause J., Fu Q., Good J.M., Viola B., Shunkov M.V., Derevianko A.P., Pääbo S. The complete
mitochondrial DNA genome of an unknown hominin from southern Siberia. Nature, 2010, Vol.
464, N 7290. – P. 894–897.
 

Acknowledgement: Study supported by the Russian Foundation for Fundamental Studies
(Project No. 13-06-1224 ofi _m)



 
Fig. 1: Fragments of the distal phalanx of the hand of a girl from Denisova Cave.
 

 
Fig. 2: Virtual cross-section of the proximal metaphysis with
estimated osteon size.
   

Fig. 3: Virtual cross-section of the diaphysis with estimated
osteon size.
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The poster summarizes the results of the all-embracing investigation of a painting technique
on metallic supports used in the works of Norbert Grund (1717–1767), a foremost
representative of the Rococo painting in Bohemia, from the collections of the National Gallery
in Prague. Grund’s oeuvre, rich in themes conceived in a playfully lightened, idyllic spirit,
draws on various European painting schools for its motifs and styles. His small-size paintings
enabled the collectors, particularly those from the burgher ranks, to build up a kind of
miniature picture galleries, which were diminished versions of aristocratic and monastic
collections. The small-size cabinet painting on metallic supports represents a considerable part
of his oeuvre (Fig. 1). The utilization of metallic supports in fine art has initiated in the 16th
century. However, it has never achieved such popularity as painting on canvas or a panel
painting.
More than 40 works by Norbert Grund were studied in the National Gallery in Prague. The
initial research was based on application of non-invasive X-ray fluorescence analysis (XRF) with
a handheld NITON analyzer (Model XL3t) due to the heritage preservation and small format.
The X-ray spectra (Fig.2) were acquired for only 30 s and then the data were evaluated
semi-quantitatively. Only several micro-samples were taken with the aim of the easier
characterization of the surface treatment of the supports. This representative set of
micro-samples was analyzed with methods of optical microscopy, Scanning Electron
Microscopy and X-ray Microanalysis. Molecular analysis was done using Raman
micro-spectroscopy. Analysis was performed on the individual pigment grains or in the cross
sections using the mapping mode for the identification of individual components presented in
the colour layers (Fig. 3). The combination of these microscopical techniques applied to such
large collection enabled us to systematize obtained information and evaluate used materials.
The most numerous group includes supports made of iron plates coated with tin layer,
alternatively covered also with a protecting layer of an organic or a mineral basis (Fig. 3).
Copper and brass supports were identified too. In addition, surface corrosion products of
metallic materials were documented, see Fig.4.
Interdisciplinary cooperation has enabled us to evaluate materials used in paintings attributed
to Norbert Grund and also to evoke discussion on verification and specification of the
authorship of several disputable works of art.
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Fig. 1: Norbert Grund, Two Nymphs bathing and a Satyr,
(Inv. no. O 272, size: 18.5×15.3 cm). On the reverse side
there is a copper plate. Photo©National gallery in Prague
2014.
   

Fig. 2: X-ray fluorescence spectra acquired with the
handheld NITON analyzer, a) the copper support, b) the
iron plate coated with tin layer under the protective red
painting layer, c) the iron plate coated with tin layer, d) the
brass support.
 

 
Fig. 3: Norbert Grund, Playing Bowls (Inv. no O 5385, size:
26.5×36.5 cm). Raman spectra of the red layer and map
showing distribution of the hematite in the cross-section of
the sample. Raman spectra were recorded using 780 nm
laser excitation of 2 mW power and 3 m steps.
 

 
Fig. 4: Norbert Grund, Washerwoman (Inv. no. O 397, size:
17.8×19.2 cm). The degradation of iron and tin layer is
visible on the surface of the support. Photo©National
gallery in Prague 2014.
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The proposed poster gives a clear summary of the results of the material investigation, which
forms part of a more widely based project devoted to the historical techniques of medieval
painting of Bohemical provenance and the modern microscopic and instrumental methods. It
deals with the comparison of the material composition of the tinned relief applied to the
surface of two important anonymous panel paintings from the nineties of the fifteenth century
linked with painters active for the circle of the Jagellonian Court in Bohemia – Panels with the
provincial patrons Saints Wenceslas, Sigmund and Vitus (around 1490, NG in Prague, Fig. 1)
and the paintings of the large winged altarpiece, one of the most significant works of
Jagellonian court art – the Ark of the Coronation of Our Lady known as the Křivoklát Ark
(around 1480-1490, Palace Chapel of Křivoklát Castle). The aim of the investigation was to
document the material composition of specific substances of the applied tinned relief, which in
Late Medieval workshops formed part of the characteristic, unique and strictly guarded
technological workshop signature. The investigation of a representative range of
micro-samples utilised the methods of optical microscopy in a polarising microscope, Scanning
Electron Microscopy and X-ray Microanalysis, infrared spectroscopy with Fourier transformation
and the mapping of layers using the method of Micro-Raman spectroscopy. Thanks to the
combined use of microscopic and spectral techniques (Fig. 2, 3) it was possible to evaluate in
detail the use of the materials in the individual layers, to evaluate the morphological and
structural traits of the pigments and to identify the organic binding agents. Through the
scientific investigation of the material base of the decorations it was possible to evaluate the
results of the elemental and molecular analyses qualitatively and quantitatively and carry out
the appropriate comparison and subsequent analysis of the data acquired. The evaluation of
the data on the material composition of the filler substances of the tinned relief showed
similarities on parts of the clothing of St Vitus and St Sigmund on the Panel with the provincial
patrons to the decoration on parts of the clothing of St Wenceslas and St Vitus on the external
sides of the movable wings of the Křivoklát Ark (Fig. 4). In these substances there was shown
to be similar use of pigments on the basis of minium, lead white and additional minerals and
the connection was also evident in the application of the individual layers in the preparation of
the relief. The recognition of the repeated use of the same materials is especially valuable and
so fundamental that it is possible to confirm the assumed direct workshop connection between
the two historical works.
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Fig. 1: Panels with the provincial patrons Saints Wenceslas,
Sigmund and Vitus, around 1490 (Inv. no. O 1360).
Photo©National gallery in Prague 2014.
 

 
Fig. 2: BSE image of the tin-relief, robe of St Vitus of the
Křivoklát Ark. Photo© Institute of Criminalistics Prague
2014.
 

 
Fig. 3: EDS spectrum of material of the relief, robe of St
Vitus of the Křivoklát Ark.
 

 
Fig. 4: Cross-section of sample from tin-relief: a) robe of St
Sigmund, Panels with the provincial patrons Saints
Wenceslas, Sigmund and Vitus, b) robe of St Wenceslas,
Křivoklát Ark. Photo©National gallery in Prague 2014.
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 Japanese swords are made of raw steel produced by smelting iron sand. The raw steel made
by the Tatara method contains less P and S, and higher concentrations of nonmetallic
inclusions (NI) than modern steel. By analyzing NIs the source of the iron sand and the heat
process used during processing Japanese swords have been investigated. The purpose of this
study is to reveal three dimensional (3D) distribution of NIs to know solidification process. The
3D distribution was observed by an FIB-SEM. A sample was repeatedly sliced to expose a new
surface for analyzing with an EDS automatically. The 3D distribution was reconstructed from
the acquired EDS data to analyze solidification processes of the NIs.
 The sample was a Japanese sword with the signature of Bizen Osafune Katsumitsu (property of
M. Kitada). It was made in Japan in the 16th century. An EPMA was used to draw elemental
maps of NI one cross-section (CS) of the sword. An FIB-SEM, JIB-4601F (JEOL), and an EDS
(Oxford Instruments) were used to determine the 3D distribution of NIs. The SEM condition was
as follows; the accelerating voltage (Acc. V.): 10 kV, probe current (P.C.): 14 nA, whereas the
FIB processing condition; Acc. V.: 30 kV, P.C.: 10 nA, and ion dose: 250 nC/µm2.
 An overall image of the CS after etching is shown in Figure 1. A BEI and elemental maps of O,
Al, Si, and Ti in this CS are shown in Figure 2. The distribution of these elements is almost the
same as show in Fig.2, which indicates that the NI was oxide. The NI in a red circle of Fig.1 was
analyzed with the FIB-SEM. The 3D BEI reconstructed by the MIP method is shown in Figure
3(a). A superimposed 3D elemental map of Al, Si, and Ti is shown in Figure 3(b). The
distribution of the NIs was clearly observed three dimensionally. As to the distribution of the
elements in the NIs, Al rich areas were wrapped in Si rich areas, whereas Ti rich areas were
relatively isolated.
 No cracks were observed in NI. This observation suggests that NI was melted during high
temperature forging and then solidified during cooling. When the inclusion was cooled, Ti oxide
precipitated first from molten oxide, successively the remaining molten oxide solidified as
alminosilicate glass. In the area close to metallic iron with high heat-conductivity, Si rich glass
solidified first followed by solidification of Al rich glass. This solidification sequence resulted in
the observed Al rich areas wrapped in the Si rich areas, where Ti oxide particles were randomly
distributed. The elemental distribution in the NIs suggests that the source of the iron sand was
the one rich in ilumenite (FeTiO3).
Reference: M. Kitada, Fine structures of a Japanese Sword Fabricated in the Late Muromachi
Era (16th Century), Uchida-Roukakuho Tokyo (2008)27-36.



 
Fig. 1: An etched cross-section of a Japanese sword. The 3D
distribution of the NIs was analyzed in an area indicated as
a red circle.
 

 
Fig. 2: Elemental maps obtained with an EPMA, JXA-8230
(JEOL), by a stage scan mapping method. 1) BEI
(backscattered electron composition image), and 2) O, 3)
Al, 4) Si and 5) Ti elemental map. Each scale bars were
5mm.
 

 
Fig. 3: (a): The 3D BEI showing the distribution of NIs by the MIP (Maximum Intensity Projection) method. The size of
the analyzed volume was X: 20 µm, Y: 35.3 µm, and Z: 5.3 µm. The slice pitch was 100 nm. Each analysis took 23 min.
(b): A superimposed 3D elemental map showing the distribution of Al (green), Si (yellow), and Ti (pink).
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The Natural History Museum employs a centralised core imaging and analysis facility offering a
wide range of imaging and analysis instrumentation to its staff, students and visitors. As the
national collection for natural history, the Museum houses more than 70 million specimens
covering an incredibly diverse range of subject areas and sample types, together with
extensive natural history art collections and library materials. As a result, the instrumentation
offered needs to be highly adaptable to suit the different needs of more than 300 annual users.
Our laboratories include electron microscopy, electron probe microanalysis, micro-CT, confocal
and light microscopy, chemical and X-ray diffraction analysis and a variety of
ICP-mass-spectrometry-based techniques. The practicalities of managing the varied demands
of international visitors, students and experienced research staff require an in-depth
knowledge of the instrumentation, how it might be used in conjunction with other techniques
and to what degree the instrument might damage the samples.
As a single example, our latest variable pressure SEM was specified to have a wide range of
functionality which required careful coordination between the main instrument and the
accessory suppliers. This is an increasingly common situation and requires a good level of
understanding and trust between all parties involved. The instrument delivered includes high
resolution variable pressure and high vacuum SEM imaging; a high resolution and high speed
EDX system (including the ability to perform analyses at variable pressure or very low kV and
low probe currents) and high resolution X-ray micro-tomography. In addition, whilst the stage
and sample handling capacity was designed around the very largest specimens (15cm x 15cm
area imaging), an additional micro-tilt/rotate stage was installed for high precision work on
small, demanding samples. One issue we have taken care to address is the risk posed by the
rapid decompression rates which SEMs impose on samples during pump-down. This
microscope has a redesigned vacuum system to allow the chamber to reach operating
pressure over 20-40 minutes rather than the more common 90-120 seconds. We have also
conducted extensive research to understand the potential for SEM to contaminate or
chemically alter samples, particularly during X-ray microanalysis. This is of increasing
importance where nanoparticle characterisation is concerned, whether these be artificial or
naturally occurring.
Our experience suggests that allowing core staff free-range to explore different research ideas
pays off in terms of ability to address complex research problems and with respect to job
satisfaction!



 
Fig. 1: Large samples require large SEM chambers and
stages! This statue was approximately 20cm tall. The
internal camera is a vital safety feature to prevent damage
to the detectors, stage or specimen.
 

 
Fig. 2: Reflection-mode CLSM image of a hubble space
telescope solar cell showing damage caused by a
micrometeoroid. This sample was examined as part of a
feasibility study to investigate non-destructive methods for
estimating volume of material lost and to measure the
thickness of the various layered components making up the
device. Field width 100µm.
 

 
Fig. 3: XRF mapping image of a Cambrian arthropod
revealing chemical differences between the fossil and rock
matrix. The iron remnants (red) are interpreted as traces of
nervous system and closely match the organisation of
modern arthropods. Field of view approx 10mm. Fast, large
area chemical mapping techniques are invaluable for
conservation research.
 

 
Fig. 4: Micro-CT scan of a glass model of a jellyfish made by
in the Blaschka workshop. Soda-lime glass was used for the
bell, tentacles and other details were modelled in lead
glass. Different colours reflect the glass composition.
Micro-CT has proven ideal for the 3D inspection of delicate
articles and as a tool for preparing conservation strategies.
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Analytical studies of works of art and cultural heritage objects are keen to contribute to: 1) the
knowledge of the artists materials and techniques; 2) the understanding of their deterioration
mechanisms and the evaluation of possible conservation methods; and 3) as tools to help in
authentication and provenance studies.
The State of Minas Gerais, in Brazil, presents about 70% of the baroque and rococo Brazilian
State listed and protected heritage. Their materials and techniques are well known, but
analytical details such as the gilding alloy composition or the evaluation of trace elements in
the different gilding layers are relevant to provenance and/or authorship studies.
Our team is involved with authentication and provenance studies of two particular wooden
polychrome pieces, supposed to have been produced as part of one whole altarpiece. The
objects are: 1) a 18th century wooden polychrome sculpture described as "Santana Mestra",
found in the State of São Paulo and brought to Minas Gerais for legal identification; and 2) a
wooden gilded altarpiece, nowadays located at the Chapel of the Hospital of São João de Deus,
in the city of Santa Luzia, Minas Gerais, Brazil. Small gilding fragments were collected from
both the sculpture and the altarpiece, through the use of a miniscalpel and a stereobinocular
loupe. The fragments were further embedded in acrylic resin and polished for conventional
optical microscopy, including digital photography of the polished sample surface (Zeiss
Axiocam), followed by scanning electron microscopy. Equipments include a optical microscope
(Olympus SZ11) from the Conservation Science Laboratory of School of Fine Arts of UFMG; and
a scanning electron microscope Quanta 3D-dual FIB from FEI, equipped with a Bruker X-ray
dispersive spectrometer (EDS), from the Center of Microscopy of UFMG. Both punctual and
mapping energy dispersive x-ray analysis (EDS) of samples from the sculpture and the altar
were performed in an area which corresponds to the sequence of layers ground - armenian
bole - gilding, with a focus on the gilding composition.
On all of the metallic leaf samples we find silver as a trace element, together with the main
gold component. Sometimes copper was also detected. The other elements, such as Al and Si,
are characteristic of the bole argilous layer. Our expectation is to be able to compare the Ag
concentration in several samples of gilding from different churches in Minas Gerais, in order to
be able to prove that both gildings, from the Saint and from the Altarpiece, have been
produced with the same gold leaf - or not. The set of results will be of invaluable help in
determining the effective provenance of religious gilded polychrome sculpture in Minas Gerais,
Brazil.



 
Fig. 1: Energy Dispersive X-ray point spectra of sample 2616 taken at the same region where the mapping shown
below was performed.
 

 
Fig. 2: Gold Energy Dispersive X-ray mapping of a small region of sample 2616 - magnification 8.000 times
 

 
Fig. 3: Silver energy Dispersive X-ray mapping of a small region of sample 2616 - magnification 8.000 times
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The alteration of stones in monuments is a slow and continuous, always irreversible, natural
process. Human interventions through restoration and maintenance of buildings can delay, but
certainly not stop, the process. This alteration is the result of the complex interaction of
several factors, mainly the rock mineralogy and composition of the surrounding environment.
Monuments are more affected in urban environments, where the aggressiveness of the
degrading agents can grow exponentially. Entire stone surfaces show a more or less distinctive
dust and aerosol deposition; however, the formation of black crusts is an acceleration factor of
this deterioration. Black crusts are formed by dry deposition on the surface; they are mixtures
of airborne particles and gases from fuel combustion along with varieties of dust from the
environment, including aerosols of marine salts and microbial fauna. The transformation of the
stone material due to this interaction is a dynamic process involving chemical reactions,
dissolution, exchange of material, and migration of soluble compounds. Current research has
shown that, in general, the deterioration provoked by black crust is mainly confined to the
outer surface of the different stone materials.

Welded tuffs or ignimbrites were widely used in the construction of many historic and artistic
buildings in West-Central Mexico and Latin America and are present in many monuments
around the world, from sculptures to buildings.

The present work has focused on the study of the origin of cracks in welded tuff samples from
one of the most important historical buildings in the city of Guanajuato, Mexico: The Basilica
(Figure 1). This monument, built between 1671 and 1696, is the city’s main church. The
samples come from the clock tower, which was completed in 1776. This tower, like many
colonial buildings, was initially covered with mortar and painted. It is not known if this coating
was scratched during the movement ordered by the government at the beginning of the
twentieth century, or if it has been lost little by little by reaction with the environmental acids.
This is one of the most deteriorated parts of the building (Figure 2), presenting cracking,
flaking, and spalling, for which reasons it was recently consolidated.

The observations and analysis by petrography and ESEM - EDX show that some cracks were
formed by the physicochemical degradation of the stone material due to interactions with the
black crust developed on its surface (Figures 2 and 3), and that the degradation and migration
of soluble product is several centimeters deep in the stone. These results highlight the
importance of cleaning and maintaining monuments.
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Fig. 1: Panoramic view of the historic building.
 

 
Fig. 2: The Clock Tower, sampled area.
 

 
Fig. 3: Petrographic view (100X) of the black crust
deposited on the outer surface of the sample and the
fractures caused thereby.
 

 
Fig. 4: Morphology of carbonaceous particles forming the
black crust.
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In the field of Cultural Heritage, the safeguard of artworks contends new and complex
problems linked not only to conservative condition, maintenance, etc. but also to the
introduction of fakes and problems related to this aspects. In the last years, dating and
authentication studies, mainly based on historical-artistic-stylistic researches, have been
supported by scientific world through identification of artistic techniques and materials,
underlining the important role of "dating pigments".
The identification of this kind of pigments provides for in depth chemical-physical analysis,
and, always more frequently, the contribute of microscopy can be fundamental, especially for
artificial pigments in modern and contemporary artworks. In fact, if traditional
chemical-physical analysis allows to recognize pigments, only studying the morphology of
pigments’ particles is possible to understand better their origin (natural or artificial, ancient or
modern, etc.).
The present studies shows results obtained by researches carried out on Vase of Flowers, a
painting attributed to Filippo De Pisis (1896-1956), important and renewed Italian artist (Fig.
1a). Some doubts about the authenticity of the expertize, which accompanies the artworks,
increased suspicion related to the originality of artwork too.
The comparison between this artwork and other painting made by De Pisis, through
preliminary analysis carried out by optical microscope on whole artwork, already showed
different artistic techniques (Fig. 1b). Moreover, even if chemical analysis identified pigments
belonging to De Pisis palette, such as White Titanium Oxide, more interesting results was
obtained by SEM/EDS and µRaman, carried out on µsamples taken from original area (Fig. 1c):
the identification of White Titanium Oxide particles (Rutile phase) with diameter less than 0.5
µm (Fig. 1d-e) suggests the use of pigment introduced on commerce in 1957, and so after
death of artist [1-3]. Therefore, considering that pigments used in this artwork are not
compatible with the period, the research suggests that the analyzed artwork could be a
counterfeit painting [4], highlighting how chemical-physical analysis linked to microscopy
studies could help in solving doubts about artistic attribution, also for contemporary artworks.
References
[1] W. McCrone, Journal of the America Institute for Conservation, 33, no.2 (1994) 101-114.
[2] R. Leonardi, Nuclear Physics A 752 (2005) 659c-674c.
[3] P.A. Lewis, Wiley-interscience publication, II edition (1987).
[4] L. Volpe (2013), Earth Science and Modern-Contemporary art: fingerprints for the safeguard
of artworks in view of Fine Arts transportation, Ph.D. Thesis, University of Ferrara (IT),
extended abstract in Plinius - Italian suppl. Eur. J. Mineralogy 39 (2013) 121-125.
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Fig. 1: Fig. 1. Vase of Flower (oil on wood), attributed to F. De Pisis: a) paiting VIS investigation; b) microphotographs of
brushstroke differently enriched in matter (OM, mag. 13.4 x); c) sample of White pigment; d) e) SEM/EDS analysis
carried out on sample c) shows pigment particle which dimension are less than 0.5 µm.
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Amber represents an invaluable “time capsule” capturing fossilised residues in 3D. As such,
the best material is under considerable demand by researchers. However, the analysis of
amber samples and their inclusions using state of the art imaging methodologies including
micro-computed-tomography (µ-CT) and confocal microscopy, which are known to yield high
quality three-dimensional data, is currently restricted at many institutions. This is because
both techniques have the potential to chemically alter the specimen, but the short-term and/or
long-term effects of these analytical methodologies are unknown. In the course of this study,
the chemical characterization of a number of samples of different types of amber was carried
out using Raman and FT-IR spectroscopy, prior to and after exposure to X-rays in a µ-CT
scanner and to laser illumination using confocal microscopy. Additional exposure at a
synchrotron X-ray source was carried out on a few sub-samples. The results highlighted that
both µ-CT and confocal microscopy do not seem to alter the specimens chemically or visually.
Hard synchrotron X-rays, however, caused visible discoloration to both amber and copal
samples irradiated. Although no discernible difference could be observed between the pre- and
post- exposure spectra using Raman spectroscopy, FT-IR spectra showed some minor decrease
of the olefin peak at 1645 cm-1 in the Baltic amber sample, and clear oxidation of the
succinate esters to succinic acid could be clearly measured in the FT-IR spectra of East African
copal.



 
Fig. 1: Stack of amber prisms wrapped in cling film and analysed via µCT (A) and rendering of insect inclusions in the
matrix of 2 of the blocks (B). Scale bars 1mm.
 

 
Fig. 2: Pre and post-exposure photographs of samples of East African Copal subject to µCT scanning (A, B), confocal
microscopy laser illumination (C, D) and synchrotron radiation (E, F).
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Chichen-Itzá one of the seven wonders of the world, is famous among other reasons because
of its Sacred Cenote, a large flooded cavity formed in the calcareous ground typical of the
Yucatan Peninsula, Mexico, mainly used for ritual acts. In the decade of 60’s some metallic
objects were extracted from the Cenote. In this work Electron Microscopy Analysis of the
gilding pieces from the Sacred Cenote was performed in order to identify its constituent
materials and possible manufacture process. The artifacts rich in copper and gold conserve its
gilding even the damage due to burial and inadequate extraction and cleaning methods
(Figure 1). The analyzed artifacts are soles of sandals and other pieces of the costumes
dressed by the ones sacrificed in this. Scanning Electron Microscopy (SEM) and Energy
Dispersive Spectroscopy (EDS) was used to study the surface of the samples, thickness,
homogeneity, morphology and elemental chemical composition. The images were obtained
with secondary and backscatter electrons (SE and BSE respectively). In figure 2 a SEM image
shown an irregular surface with many roughnesses due to the corrosion occasioned by the
environment in which the sample was exposed. The SEM images obtained with BSE show
several contrasts that indicate an inhomogeneous chemical composition we can observe a film
of high contrast mainly constituted by Au (zone 1) and other area with Cu (zone 2). It could be
verified that the plating is a rich gold-silver alloy, the measurements pointed out to
electrochemical deposition gilding instead of depletion gilding or other methods. Transmission
Electron Microscopy (TEM) techniques were used in order to obtain information about crystals
size and crystalline phases (figure 3).
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Fig. 1: a) Some of the studied gilded artifacts. b) Light microscopy image at 10X magnification, gilded areas are
observed.
 

 
Fig. 2: SEM image of the stamped sheet to 500X, we can
observe a rough surface with two regions of several
contrast. In both regions, EDS analysis indicate different
chemical composition, the area with high contrast (1) is
rich in Au. 
 

 
Fig. 3: Cuasi-spherical nanoparticle of size ~10 nm with Au
as main constituent on matrix of Cupper oxide. Interplanar
distance d = 0.236 nm is near to d111 = 0.2355 nm of Au.
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The raw material composition of wooden ceilings, walls and altarpieces paintings of Churches
and polychrome sculptures of different locations of state Minas Gerais in Brazil were studied in
the last two year. The work was carried to decide the appropriate intervention methods and
materials to be used in the conservation of the paintings. The Churches were built in the
Baroque and Rococo style in the period of 1750 to 1870.
Extensive examinations such as stratigraphic studies of cross sections, material analysis using
polarized light microscopy, portable x-ray fluorescence and Raman light scattering were
applied. The work revealed a number of layers of painting covering the originals (fig. 1) in most
fragments, some of the wooden ceiling with the original paint, three different techniques of
gilt, water gilding and oil-gilding and gold-mercury amalgam described in the Portuguese
manuals of the eighteenth century (STOOTER, J. 1786 – Arte de Brilhantes Vernizes, e das
Tinturas, Fazellas, e como fed eve obrar com ellas), grounds of mineral dolomites, calcium
carbonate and calcium sulfate and a limited number of pigments inthe original layers
commonly used as: vermillion, Prussian blue, ultramarine, chrome yellow, white lead and iron
oxides (ochres). Some pigments were observed with significant variations in particle size and
form suggesting the use of mineral pigments in the first layers and the synthetic ones in the
later. Prototypes have been made to study the effect of multiple layers of paint on the result of
the analysis and standards were used for comparison of sizes of particles encountered.
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Fig. 1: Figure 1 – Cross section photography showing the layer sequence of a side pulpit fragment from the Church of
São Gonçalo do Amarante – São Gonçalo do Rio Abaixo - Minas Gerais. (48x)
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Periodically, new techniques arrive and revolutionise the working practices for conservators,
researchers and curators. One such technique introduced to the Natural History Museum
(NHM) in London in 2008 was the arrival of Micro-Computed Tomography. Assessment of the
price of CT scanners and the increase in “affordable” computing power prompted an
investment in a dedicated Micro-CT centre based in the Imaging and Analysis Centre. The CT
suite at the NHM facilitates over 100 projects and typically 2000 scans per year, resulting in an
incredible amount of data being produced. This non-destructive, non-invasive and
exceptionally informative technique has become a key tool in the interpretation and analysis of
museum specimens. This talk explores how Micro-CT can contribute to projects in a range of
scientific areas by showcasing its versatility as a technique, and examines ways to share such
a large, information-rich, collection.

High profile projects such as the Tissint Martian meteorite used Micro-CT to locate voids which
might contain trapped Martian atmosphere [1] (Fig. 1). Other projects such as imaging the
19th century Blaschka glass models for conservators, can provide a wealth of information on
the lost manufacturing techniques used to produce these delicate artworks. This is invaluable
data for conservation purposes (Fig. 2), but also provided a virtual record of the condition of
the specimens.
Recently, virtual collections have become a much more appealing concept for the museum
environment. Micro-CT derived data can aid in producing a library of virtual specimens which
can both avoid the need to loan samples, which can reduce damage or contamination to
collections (Fig. 3) and be used to enable researchers to collaborate remotely. The data can be
shared in various formats; raw data, mesh data, embedded models in pdf documents,
numerical data, rendered images or standard 2D projections. The scope to share 3D data
opens new avenues for research and takes data sharing into the future of science.

Micro-CT data has also been providing an additional perspective on traditional 2D histology
and thus has had an important impact in Taxonomy (Fig. 4) [2]. Researchers have been able to
morphometrically analyse data, to process density information and obtain quantitative
measurements. The combination of results enables scientists to get a better grasp of the
specimen of interest. The acquisition of a Micro-CT system at the NHM also produces readily
understandable, visual information that allows the public to easily understand vast range of
different research projects carried out here.
[1] C. Smith and F. Ahmed. Microtomography of the Tissint Meteorite. MetSoc, 2012, Cairns
[2] S. Faulwetter et al., Zoo Keys 263 (2013) p.1-45



 
Fig. 1: Micro-CT rendered image of a sample from the
Tissint meteorite. Colours are used to highlight different
density minerals within the meteorite which can then be
used to determine the different volumes of those minerals. 
 

 
Fig. 2: Micro-CT rendered image of a Blaschka glass model
of a Radiolarian, which are part of the marine zooplankton.
This model was created by the famous artisans Leopold
and Rudolf Blaschka in the 19th century. It shows the
species called Dorataspis diodon. Colours represent the
different types of glass used in the production of these
delicate models.
 

 
Fig. 3: Micro-CT rendered image of a holotype collection of
a lizard. The skin is coloured a transparent white and the
bone in a yellow-brown. An example of the building of a
virtual collection of holotype material to protect the original
holotype.
 

 
Fig. 4: Micro-CT rendered image of a Chrysanthemum in
cross section. Colours highlight the different densities of
tissue type, by examining cross sections of this material in
any plane desirable many 'hidden' features can be
revealed.
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In 2003, a savage archaeological project in El Salitre –a place nearby Tula de Allende, Hidalgo,
Mexico-- discovered a rich funerary complex of a single individual, whose was composed by
ceramics, shells, metallic rings, and other artifacts; a context associated to Toltec Culture
(800- 1250 AD)[1].Due to their opulence, variability, and physical condition, the Salitre
Funerary Complex was subsequently incorporated into an interdisciplinary conservation project
that involves both research and preservation strategies. One of the most interesting
characteristics of this burial was that red and blue pigments covered the human remains,
atrait registered both in situ and during its micro-excavation. Characterization of these
pigments became relevant for investigation due to their brilliant color, coexistence, and
association in the archeological context. To be true, red pigment (i.e. cinnabar and/or
hematite) has been found in several Pre-Columbian funerary contexts [2,3,4]. Blue pigment is
fairly common inMesoamerican mural paintings and ceramics (6,7,8,9); however, no record has
been yet located regarding its use in funerary practices. Therefore, the composition, origin and
possible meaning of these pigments became a matter of scientific enquiry.  Portable
non-invasive techniques have proved useful forarcheological heritage analysis, but present
limitations. Regardless of being considered destructive, electron microscopy is essential for
heritage material analysis worldwide. In fact, the use of electron microscopy has turned into a
rich venue of research in archaeology, art history, and conservation. This paper presents an
interdisciplinary contribution to material analysis of Mesoamerican archaeology, which is
mainly based on electron microscopy. Samples of red and blue pigments found in Salitre
Funerary complex were analyzed using various microscopy techniques – optical (OM), scanning
electron microscopy (SEM), Z - Contrast, SAED, HRTEM – in order to identify and characterize
the components, and thus, answer questions raised by archaeologists and conservators.
References:
[1] Equihua, J. (2007) “Informe Final: Rescate Arqueológico el Salitre-Tula”, Mecanoescrito,
México, INAH.
[2] Tiesler V., Cucina A. (2010) “K'inich Janaab' Pakal se Vuelve Ancestro” en L. Filloy coord.
Misterios de un Rostro Maya - La Máscara Funeraria de K´inich Janaab´ de Palenque,
Mexico-INAH, pp.93-94.
[3] H.W. Merwin et al.,”In the Temple of the Warriors” Eds. (Pub. 606, Carnegie Inst. of WA,
WA, D.C., 1931), 60.
[4] M. José Yacamán, et al., Science Vol. 273, No. 5272 (1996) pp 223-225.
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Fig. 1: a) Image from the single individual burial offering at “El Salitre” Tula, Mexico; b) optical micrograph of the blue
pigment; c) TEM micrograph where nanofibres can be observed and d) SAED ring pattern from region “A”-figure 1c-,
interplanar distances correspond to the palygorskite crystalline phase.
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Scientific investigations of historical electrochemical plating technologies as an artistic method
to generate pictures on carbon coated fibrous and polymeric substrates were recently
initiated. It is possible to vary the composition and nature of substrates, such as papers,
textiles and polymeric surfaces. As a model system for this process served thick art paper and
powdered carbon as conductive agent. The working electrode consisted of a carbon rod
contacting the graphitized substrate by the cylindrical edge face. As counter electrode served
a Cu bar contacting the opposite edge of the substrate laterally. The reference electrode, a
Ag/AgCl electrode, could be moved to at any location above the substrate. Thus, an electric
potential field mapping on the graphitized substrates could be achieved. In the course of a
galvanic process in an electrolytic bath, copper atoms precipitated laterally inhomogeneously
on a sheet of paper coated with adherent graphite powder. This process is inherently
stochastic and can only be controlled to a limited degree. Further, a potentiostatic three
electrode set up was employed which allowed the exact identification of the working electrode
versus the known reference electrode. Within the parameters of the experiment, structural
variations of copper morphology can be influenced by changing the voltage between working
and counter electrode, applying a pulsed current instead of DC, modifying the surface texture
of the substrate or by adding a brightening agent. To demonstrate the underlying mechanistic
growth principles, samples are subsequently examined under the scanning electron
microscope. The surface structure of the deposited copper and the nature of the various oxidic
and salt coatings (Cu2O, CuO, CuSO4, CuCl, etc.) primarily determined the colour range of the
images. The role of the oxidation of the surface and the detectable copper compounds needs
to be investigated further.
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Fig. 1: DC deposited copper on carbon coated paper (40x
mag.)
 

 
Fig. 2: DC deposited copper on carbon coated paper
(10000x mag.)
 

 
Fig. 3: Deposited copper on FloppyDisk (500x mag.)
 

 
Fig. 4: Deposited copper on FloppyDisk (5000x mag.)
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Teotihuacan, “The place where men become gods”, was one of the most renowned  cities in
the American continent during the Mesoamerican Classic Period (150-650 d. C). It was also
capital of one of the most influential Mesoamerican societies in the politic, economic,
commercial, religious and cultural realms thus, influencing other societies in the Mexican
altiplane (INAH, 2013).
Teotihuacan mural paintings are beautiful. It is the Mesoamerican place with the largest
number of frescos. Their artists used mainly materials containing hematite limonite, goethite,
giobertite and malachite, applied over a supporting layer of sand and lime which enhanced the
colors (Langley, 2007). In this work, a compositional and morphometric analysis of pigments
sampled from the oldest paintings found in Teotihuacan will be performed, we will study the
pigments particles size and distribution in order to find evidence of nanostructured particles in
the pigments, since it is believed that this particle sizes have contributed to preserve the
paintings in other cultures.
Also, correlative analysis will be performed by SEM and AFM imaging on samples of these
pigments; chemical analyses will be completed (mapping, EDX, diffraction and RX
fluorescence) in order to identify the chemical composition of these pigments. Last but not
least, these results will be compared with minerals existing databases ONIONS and Mexican
Geological Service, in order to both, estimate the source of these components and a potential
variation at different historical times, thus shading light on the possible cultural interchange
based in existing common elements present in the pigments.
References
INAH, Instituto Nacional de Antropología e Historia. Conaculta. 04 de enero de 2013.
http://www.teotihuacan.inah.gob.mx.
Langley, James. "La pintura mural prehispanica en Mexico." UNAM. Teotihuacan: murals and
meaning . Mexico, 2007.
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There are many reasons why pigments and binders degrade in colour layers of paintings. Some
of them are chemically unstable by their nature; others interact with each other in mixtures.
They could be also influenced by external factors - lighting, humidity, added chemicals (e.g.
via inappropriate conservation treatment). The fatal consequences arise when degradation
processes lead to colour changes or loss of mechanical integrity of painting layers. A typical
representative of the second alternative is a process known as saponification of lead pigments.
These pigments react with fatty acids contained in oil components of the binding media, slowly
dissolve and finally form the so-called ‘metal soaps’, which are highly mobile and are able to
diffuse and migrate through the layers. Therefore, the best example of saponification one can
find in oil paintings containing large amounts of lead white (basic lead carbonate), e.g. in
Netherlandish and Flemish paints of the 17th century (the Dutchmen were famous for their
production of high-quality lead white). Other pigments, however, as red lead (Pb3O4), lead-tin
yellow (Pb2SnO4 or PbSnO3) and other ones, could potentially react in similar way. Microscopy
is an effective tool, how to reveal the process already in its initial stages. At an advanced
stage, metal soaps aggregate and form prominent whitish or translucent lumps, which expand
rapidly until they finally break through the paint surface causing paint loss and/or visual
disruption of the surface. Within the extensive research we have evidenced the formation of
metal soaps surprisingly also in Gothic tempera paintings where they appear accordingly with
increased proportions of fatty ingredients in the binder (the so-called “fatty” tempera paints).
We also observed that the process of saponification could affect the clay-based ground layers
of Baroque paintings in cases where red earths were mixed with orange minium as an
additional colorant. Metal soaps, indicated by their typical morphology, colour, UV
luminiscence and chemical composition, thus seem to be more frequent than expected.
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Fig. 1: Lead soap aggregates protruding through the paint surface of the 17th century oil painting Leopards attacking
deer by Carl Andreas Ruthart (1630 - 1703) (A) and detail of one individual lump in the microsection, formed by
reaction of red lead with oil component of the binder in the red ground layer – in visible (B) and UV light (C),
respectively.
 

 
Fig. 2: Morphology of lead soaps in back-scattered electrons – formed by reaction of lead white (A) and lead-tin yellow
(B), respectively, in painting layers of 18th century paintings.
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It has long been recognized that electron cryo-microscopy has the potential to solve protein
structures at near-atomic resolution, but until recently this was a prohibiting task, taking a
huge investment in time and effort1. With the recent introduction of direct electron detection
cameras with much better detective quantum efficiency and high frame rates, images with a
higher signal-to-noise ratio can be obtained and alignment of video frames allows to partially
correct for the effects of beam-induced particle movement and specimen drift2,3. The resulting
improvement in image quality makes it possible to obtain better reconstructions with much
less data. 3D reconstruction depends on the accurate determination of the relative projection
angles of the images of macromolecular complexes, randomly oriented in a vitreous water
layer, which is done in an iterative process. New image processing procedures make this
process more robust and prevent fitting of high-frequency noise and creating spurious detail4.
With these new tools we reconstructed a map of the 1.2 MDa, tetrahedrally symmetric
complex of the F420-reducing [NiFe] hydrogenase (Frh). Frh is an abundant enzyme in
methanogenic archaea, regenerating the reduced form of the flavin coenzyme F420 that is used
by several enzymes in the methanogenesis pathway from CO2 and H25. It consists of three
different subunits with several cofactors, a [NiFe] center, four [4Fe4S] clusters and an FAD
forming an electron transfer chain from H2 to F420. 26,000 particle images were selected from
235 electron micrographs, collected on the Falcon II direct electron detector in video mode in a
two-day microscope session. The map at 3.4 Å resolution shows all secondary structure as well
as clear side chain densities for most residues and the cofactors in the electron transfer chain
along with a well-defined substrate access channel. An atomic model for all but a few terminal
residues could be built in the density map. From the rigidity of the complex we conclude that
catalysis is diffusion-limited and does not depend on protein flexibility or conformational
changes6.
References:
1 Mills, D. J., Vitt, S., Strauss, M., Shima, S. & Vonck, J. eLife 2, e00218, 2013.
2 Bai, X.-c., Fernandez, I. S., McMullan, G. & Scheres, S. H. W. eLife 2, e00461, 2013.
3 Li, X., Mooney, P., Zheng, S., Booth, C. R., Braunfeld, M. B., Gubbens, S., Agard, D. A. &
Cheng, Y. Nature Methods 10, 584-590, 2013.
4 Scheres, S. H. W. J. Struct. Biol. 180, 519-530, 2012.
5 Thauer, R. K., Kaster, A.-K., Goenrich, M., Schick, M., Hiromoto, T. & Shima, S. Annu. Rev.
Biochem. 79, 507-536, 2010.
6 Allegretti, M., Mills, D. J., McMullan, G., Kühlbrandt, W. & Vonck, J. eLife 3, e01963, 2014.
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Fig. 1: Density map of the tetrahedral Frh complex at 3.4 Å resolution. Each of the twelve heterotrimers of FrhA, FrhG
and FrhB is shown in a different colour.
 

 
Fig. 2: Details of the density map with fitted atomic model. Left: the FAD cofactor in its binding pocket. Right: two long
alpha-helices.
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While 3D reconstructions at highest resolution will undoubtedly remain the domain of TEM
imaging modalities, more and more interest has been generated in SEM based techniques.
This was mainly driven by the need of ultrastructural information of really large volumes such
as whole cells and cellular networks in tissue (for a comprehensive review on the variations of
Array Tomography [1] based applications see [2]), which via TEM could only be obtained by
effusive and tedious work.
An additional facet of SEM based methods are new perspectives of imaging with low energy
electrons: Low voltage TEM has proven to reduce beam damage of carbon materials and to
allow analytical imaging of e.g. fluorescent polymers or other π-electron systems (cf
polymer/fullerene imaging at 60keV in [3]), which uses electron energy loss spectroscopy in
the optical / near optical region as readout. Because of beam damage at 60keV we did not
succeed to apply low-loss TEM-EELS to typical fluorescent dyes used as markers in biological
samples, even though more irradiation-resistant QuantumDots - used as multi-color LM/TEM
correlative markers - can be distinguished by (S)TEM-EELS and could potentially facilitate
correlative “multi-color” light and electron microscopy in biology [4]. It may thus be an
attractive alternative to investigate analytical imaging possibilities at really low electron
energies where less ionization damage of the sample might be expected. This will reduce the
mean free path beyond usability of TEM and thus novel SEM approaches to analytical surface
imaging are needed.
On the way to such a scenario we have established a hierarchical Array Tomography workflow
[5], which allows super-resolution LM and SEM imaging of fluorescently labeled serial thin
sections of tissue material. A typical 3D reconstruction with a super-resolution fluorescent LM
modality is shown in fig. 1, which illustrates the distribution of labeled acetylcholine receptors
on the post-synaptic membrane of a neuromuscular junction (mouse diaphragm). However,
such samples would now need to be imaged via low-loss SEM-EELS. At present such an
SEM-modality is not yet established. As a first step in this direction fig. 2 shows a comparison
of a typical SE image and an energy-filtered BSE equivalent recorded on a novel high-efficiency
detector. Currently we analyze how usable EEL spectra can be extracted from such images.
[1] Micheva and Smith (2007) Neuron 55, 25, [2] Wacker and Schröder (2013) J Microscopy
252, 93, [3] Pfannmöller et al. (2011) Nano Lett. 11, 3099, [4] cf abstract at IMC2014 by
Pfannmöller et al. and Pfannmöller et al. in: Proceedings Microscopy & Microanalysis (2011),
[5] cf abstracts at IMC2014 by Wacker et al. and Röder et al.
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Fig. 1: a) 3D reconstruction of 20 super-resolution fluorescence images of serial sections (thickness about 70nm,
section ribbon placed on ITO-coated glass coverslip). Labeled are the acetylcholine receptors of the postsynaptic
membrane of a neuromuscular junction. b) Overlay of fluorescence reconstruction and SEM-SE image of one section.
 

 
Fig. 2: a) Secondary electron (SE) image of muscle tissue (mouse diaphragm, conventionally stained and embedded,
70nm thick sections on Si wafer). b) Equivalent backscattered electron image filtered to include 0-100eV loss electrons
(filtered BSE, 1.5keV prim. energy). Both images were recorded at identical initial electron dose.
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Optical Projection Tomography (OPT) is a computed tomography (CT) technique at optical
frequencies. OPT is suitable for samples from about 0.5 mm to 15 mm in size, which fills an
important “imaging gap” between confocal microscopy (useful for smaller samples) and
large-sample methods such as fluorescence molecular tomography (FMT), x-ray CT or
microscopic magnetic resonance imaging (µMRI). OPT can function in both fluorescence and
transmission modes.
2D fluorescence or absorption images (projections) of the samples are taken over 360 degrees
obtained with a fixed rotational angle along the vertical axis, e.g. 0.9 degrees, i.e. 400
projections over 360 degrees.
A standard approach to 3D volume reconstruction from 2D optical projection tomography
series uses the Filtered Backpojection algorithm (FBP), whose algorithmic foundation is the
Radon Transform, first published in 1917. FBP was originally used in other types of
tomography, such as X-ray Computed Tomography. Other reconstruction algorithms for OPT
were reported rarely, and they are not available in standard reconstruction software.
FBP may yield unsatisfactory results in cases where there are large sudden local variations in
the brightness of the tomographic projections, which is often the case in OPT. Fig.1 on the left
shows one of a series of 400 fluorescence tomographic projections of a 3×3×3 mm3 block cut
from a rat brain, acquired by optical projection tomography (exc/em - 425nm/from 475nm).
The brain was stained by Lycopersicon esculentum (tomato) lectin. Prior to acquisition by
optical projection tomography (OPT) specimens were cleared using BABB (1 part of benzyl
alcohol + 2 parts of benzyl benzoate).
In Fig.1 on the right, one of a total of 503 reconstructed horizontal slices of the specimen is
shown. Streak artifacts at the sharp edges of the slice, as well as the halo delimiting the CCD
sensor range are well pronounced.
For specimens with large regions of almost constant optical density, quality of reconstruction
can be greatly improved, and the number of needed projections reduced when a
reconstruction algorithm is used which - apart from aiming at cancelling the error between
measured and reconstructed data - minimizes the total variation (TV), i.e. the sum of absolute
brightness changes in the reconstructed sections. We solved this problem using an alternating
directions algorithm.
Fig.2 shows that using the total variation minimization algorithm reconstruction quality is
acceptable for as few as 100 projections (i.e. a 3.6 degree step between projections), whereas
FBP reconstruction deteriorates rapidly. This allows a much higher acquisition turnover, as well
as significant disk space savings when repeated acquisitions are inevitable e.g. for OPT
settings optimization.
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Fig. 1: left: fluorescence tomography projection of a block cut from a rat brain, acquired by optical projection
tomography. right: one section of 3D reconstruction of structures in this block by using the FBP algorithm of the Nrecon
software package.
 

 
Fig. 2: The upper row of images shows how the quality of tomographic reconstruction by the FBP deteriorates fast
when a limited number of projections are used for reconstruction. The lower row demonstrates the potential of total
variation minimizing algorithms. Reconstruction quality is acceptable down to as few as 100 projections.
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In single-particle reconstruction techniques, it is essential that heterogeneous populations due
to conformational variability or differences in occupancy are properly accounted for in order to
get the best possible representations of the underlying structures. This task is often difficult
and there is a shortage of tools to detect or correct for heterogeneity in sorted data
subdatasets. We developed a novel protocol to validate the homogeneity of sorted
subdatasets and to correct for residual heterogeneity if present. Our approach is based on
what we call the ‘inverted Einstein principle’ where the test imposes maximum bias away from
the refined structure. The underlying idea is that heterogeneity in the sorted subdatasets will
give rise to model dependence. We construct a test for heterogeneity by providing a starting
model with maximum bias away from the main features of the reconstruction. Only if the
reconstruction remains unchanged within predefined error bounds, the test is considered
passed. Otherwise, sorting is repeated using specific rules defined within our procedure until
convergence is achieved. The rules for constructing the new set of models for sorting and
refinement, allow the models to drift away from features that are variable and to enhance
features that are solid within the current sorted subdataset. We will present results for
simulated data as well as for several experimental datasets that suffered from high degree of
heterogeneity, showing that our procedure succeeds in each of these to generate robust
sorted subdatasets that do not exhibit model bias.
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Living cell with interior is a multifractal system, and lens system of an optical microscope
during experiments introduces other multifractal characteristics to the image which is
consequently discretized by a camera chip. Because each multifractal (sub)object has its
probability of occurrence in the image, we extracted the information content of the z-stack
image of the cell by Renyi entropy gain approach – Point Divergence Gain (PDG). By this
procedure, we determine, the change of information of the image of the cell by exchange of
the particular data point between two following images in z-stack at different values of
dimensionless parameter α. Then each component of the multifractal (sub)object have its own
generalized spectrum, i.e., each of the PDG-values at each α has its occurrence in the image
explained as particular image intensity.
For 3D reconstruction of cell interior we used PDG at α = 4 with the highest amount of the
occupied intensity levels, i.e., highest number of separable groups of different information
contribution. The 0th intensity level of PDG4,0 represents lowest change of information
between two following images of the z-stack. This identifies part of the point spread function
which (a) belongs to frequent objects and (b) does not change significantly between two
consecutive images in the z-stack. Points at this PDG level were used for creation of a binary
mask by which the part of the image at a given z-level belonging to a distinguishable organelle
image was sectioned from the original RGB image. The properties of the course of real point
spread function (PSF) were examined and a model of the organelle was prepared. In that, we
considered that a larger object – organelle – is filled by elementary diffracting objects. Thus, as
long as certain elementary objects reside in the focus, the change of the PSF along the z-axis
remains similar. Outside this region, the behaviour of the PSF changes. At the same time, in
the focus the image is the darkest. We have thus two indices which we may use for
determination of the position and shape of the organelle: change in the size of the spot and its
coloration.
Then, the focal plane of examined nucleolus of MG63 cell corresponds to the level of the PSF
with the lowest mean G-intensity and local area minimum (Fig. 1B ). This focal plane for red
and green channel is the same. The course of PSF in blue channel is different as we deal with
the projection of fluorescent, not diffracting, objects. The nucleolus probably occurs in the
region between local area maxima around this local area minimum (Fig. 1C). The other local
minima and maxima likely correspond only to light interferences along the build-up of the
image projection along the optical system of the microscope.
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Fig. 1: Analysis of PSF of nucleolus of MG63 cell. Course of PSF in the focal region of the cell (A), its analysis (B) and
course of PSF in the expected occurrence of the nucleolus (C). The colorbar below the figures shows intensity in each
colour channel in Fig. A and C.
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Electron tomography in the scanning transmission electron microscope (STEM) can be
performed on µm-thick plastic-embedded specimens without effects of chromatic aberration
because there are no imaging lenses after the specimen [1-4]. By using a small STEM probe
convergence angle of 1–2 mrad the geometrical broadening of the probe is restricted, which
enables a spatial resolution of a few nanometers. Furthermore, by using an axial bright-field
detector instead of the standard high-angle annular dark-field detector, image blurring due to
multiple elastic scattering can be reduced in the lower part of the specimen [2].
Here, we have applied STEM tomography to elucidate the 3D ultrastructure of human blood
platelets, which are small anucleate blood cells that aggregate to seal leaks at sites of vascular
injury and are important in the pathology of atherosclerosis and other diseases. Of particular
interest are the morphological changes that occur in α-granules, which contain important
proteins released when platelets are activated [5].
Electron tomograms were acquired using an FEI Tecnai TF30 (S)TEM equipped with a
field-emission gun and operating at an acceleration voltage of 300 kV. The instrument was
equipped with an axial bright-field STEM detector. Specimens were prepared by immediate
paraformaldehyde fixation, followed by platelet purification, then either further chemical
fixation with glutaraldehyde or high pressure freezing and freeze substitution with
acetone/osmium tetroxide fixative, and finally dehydration, epon embedding, and U and Pb
staining of the sections. Tomograms were reconstructed from dual-axis bright-field STEM tilt
series using the IMOD program [6].
Although there is extensive overlap of structure in axial bright-field STEM images of 1.5-µm
thick sections even at a tilt angle of 0° (Fig. 1A), it is possible to reconstruct blood platelets
from dual-axis tilt series (Fig. 1B). Orthoslices through a tomographic reconstruction of cells
oriented parallel to the section (Figs. 2A-C) and oriented perpendicular to the section (Figs.
3A-C) reveal ultrastructural features including the open canalicular system of membranes,
mitochondria, and α-granules. The advantage of STEM tomography is that large structures
within the platelets can be imaged in their entirety. Work is in progress to compare the
ultrastructure of α-granules in resting and activated platelets.
[1] A.E. Yakushevska et al., J. Struct. Biol. 159 (2007) 381.
[2] M.F. Hohmann-Marriott, A.A. Sousa et al., Nature Methods 6 (2009) 729.
[3] A.A. Sousa et al., Ultramicroscopy 109 (2009) 213.
[4] A.A. Sousa et al., J. Struct. Biol. 174 (2011) 107.
[5] J. Kamykowski et al., Blood 118 (2011) 1370.
[6] J.R. Kremer, D.N. Mastronarde, J. Struct. Biol. 116 (1996) 71.
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Fig. 1: (A) STEM image of a 1.5-µm thick section of a platelet recorded at 0°-tilt showing superposition of structures; (B)
dual-axis STEM tomographic reconstruction showing 3D volume.
 

 
Fig. 2: (A-C) Three orthoslices through STEM tomographic reconstruction of 1.5-µm thick section of human platelets
showing cell oriented in plane of section: open canalicular system of membranes (ocs), mitochondria (m), α-granules
(αg).
 

 
Fig. 3: (A-C) Three orthoslices through STEM tomographic reconstruction of 1.5-µm thick section of human platelets
showing several cells oriented perpendicular to the plane of the section: open canalicular system of membranes (ocs),
mitochondria (m), α-granules (αg).
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Hard X-ray scanning imaging allows simultaneous acquisition of multimodal information, by
absorption, phase and dark-field contrasts, providing structural and chemical details of
samples. Combining these scanning techniques with the infrastructure developed for fast data
acquisition at Synchrotron Soleil1 permits multimodal tomographic imaging at the Nanoscopium
155m long beamline, which will be open to users in mid-2015. A main challenge of such
imaging technique is the online processing and analysis of the important amount of generated
multimodal data. To this purpose we are developing a plugin for imageJ2, that we named
RX-TomoJ.
RX-TomoJ will offer state-of-the-art processing and reconstruction algorithms3, adapted for
multimodal scanning tomography, tuned to run on conventional computers. The software takes
advantage of the multimodality to extract useful information from one mode to improve the
results obtained in the others modes. For instance, the fluorescence data can be used to
retrieve the number of chemical elements which might be taken as the number of classes for
discrete reconstruction algorithms. In addition, to minimize the damage that can be induced by
the radiation on the sample, new approaches reducing the amount of data required to
compute reconstruction will be integrated.
We will present the first version of RX-TomoJ which includes: Hdf54 format reading and data
management, pre-processing tools, spectroscopic analyses tools and 3D reconstruction for
different modalities. This is implemented in a user friendly interface (Figure 1), allowing the
user to control and perform the entire framework of image reconstruction and analysis.
1Medjoubi k et al. 2013. “Development of Fast, Simultaneous and Multi-Technique Scanning
Hard X-Ray Microscopy at Synchrotron Soleil.” Journal of Synchrotron Radiation 20 (2): 293–99.
2Schneider C A et al. 2012. “NIH Image to ImageJ: 25 Years of Image Analysis.” Nature Methods
9 (7): 671–75.
3Goris, B., W. Van den Broek, K.J. Batenburg, H. Heidari Mezerji, and S. Bals. 2012. “Electron
Tomography Based on a Total Variation Minimization Reconstruction Technique.”
Ultramicroscopy 113: 120–30. doi:10.1016/j.ultramic.2011.11.004.
4The HDF Group. Hierarchical data format version 5,
2000-2014. http://www.hdfgroup.org/HDF5.



 
Fig. 1: RX-TomoJ raw data processing interface. This interface is divided into two parts, the first (on the top) allows
users to have a look on absorption and fluorescence raw data, and the second contains the computation of different
modalities.
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Electron tomography is becoming one of the most used methods for structural analysis at
nanometric scale in biological and materials sciences. Combined with chemical mapping, it
provides qualitative and semiquantitative information on the distribution of chemical elements
on a given sample. Due to the current difficulties in obtaining 3D maps by EFTEM, the use of
3D chemical mapping has not been widely adopted by the electron microscopy community.
The lack of specialized software further complicates the issue, especially in the case of data
with low SNR. Moreover, data interpretation is rendered difficult by the absence of efficient
segmentation tools. Thus, specialized software for the computation of 3D maps by EFTEM
needs to include optimized methods for image series alignment, algorithms to improve SNR,
different background subtraction models and methods to facilitate map segmentation.
Here we present a software package (EFTEM-TOMOJ), specifically dedicated to computation of
EFTEM 3D chemical maps and Soft X-ray spectroscopy datasets [1]. The software includes
noise filtering by image reconstitution based on multivariate statistical analysis. We also
present an algorithm named BgART allowing the discrimination between background and
signal and improving the reconstructed volume in an iterative way. We have uses this software
for the localization of iron aggregated in the fungi F. pedrosoi (figure 1).
An alternative to EFTEM is recover X-ray absorption near-edge structure (XANES) information
using synchrotron X-ray sources can be used to determine the distribution and concentration
of elements in biological materials. Images at photon energies corresponding to absorption
maxima and minima in different components of a specimen can be acquired with this purpose.
Moreover this spectromicroscopy approach can be combined with tomography yielding a
quantitative 3D map of the distribution of the interesting element within the sample. Using
EFTEM Tomo-J. We have 3D studied differential soft X-ray iron cellular uptake of 15 nm
nanoparticles acquiring tilted series just below and at the L3 edge (figure 3). The objective was
to obtain quantitative chemical 3D maps of the iron distribution inside whole MCF7 breast
cancer cells.
References:
1. Messaoudi C. Aschman N. Cunha M. Oikawa T Sorzano COS. Marco S. (2013) EFTEM-TomoJ:
3D chemical mapping by EFTEM including SNR improvement by PCA and volume improvement
by noise suppression during the ART reconstruction process. Microsc. Microanal. 28:1-9.
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Fig. 1: Example of application of EFTEM-TomoJ for study iron aggregation on F. pedrosoi. Images correspond to the
central planes sections of the iron 3D-maps before MVA (panel A), after MVA (panel B) and after combining MVA and
reconstruction by BgART (panel C). Delimited regions correspond to those used to compute signal-to-noise ratio (SNR).
Bar 400nm
 

 
Fig. 2: 3D iron chemical map by NEXASF processed with EFTEM_TomoJ. A) 0º image projection before iron K edge (700
eV). B) 0º image projection on iron K edge (710 eV). C) 0º Edge-Map ratio. D) Central slice of a SIRT reconstructed
volume. E) Same slice of a BgART implemented in TomoJ.
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The rheological properties of pharmaceutical´s granulates have an elevated importance in the
industry, because they condition granulates’ flow through the hopper. The external form of
those particles is one of the most important characteristic that conditioned their rheological
properties. That is why the objective of the present work is to develop mathematical models
that correlated the rheological properties of pharmaceutical´s granulates with some aspects
related with the external form of those particles, using optic microscopy. By the 3-D
applications of the EdN-2 software were calculated the classic variables “shape form” and
“factor volume” of ten different pharmaceutical´s granulates. They were prepared mixing
diverse proportions of lactose and microcrystalline cellulose. Under laboratory conditions, it
was determined experimentally the “flow factor” and the “angle of repose”, being correlated
with the previous particle form variables. The same proportion of five granulates with better
rheological properties were considered to prepared two groups of other five formulations that
includes a new ingredient: a natural extract from leaves of Tamarindus indica L. or fruits of
Cassia grandis L. The mathematical models obtained can predict the rheological behavior of
the ten pharmaceutical granulates without the natural extracts as well as those consisted in
the same active ingredient with more of 90% of accuracy, but fails when different natural
extract granulated are considered.
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Fig. 1: Microphotograph of cellulose-lactose granulescontaining a natural soft extract.
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Virus particles, purify protein, cryo-section cells and organism tissues are radiation sensitive
samples and are usually embraced in amorphous ice for TEM observation known as cryo-EM.
Such biological images usually exhibit low contrast and presents low signal to noise ratio due
to the low electron exposure. In conventional TEM, large defocus or negative stain is necessary
to gain the contrast. However, image delocalization arising from large defocus impedes is one
of the key factor for the high spatial resolution for biological samples.
This research has proposed a new method to enhance the contrast in biological molecule,
named incoherent image. The thermal diffuse scattering(TDS) electrons are the main
contribution to formation of the incoherent image. The maximum intensity of TDS for soft
material is in 1Å-1[1]. The TDS depends on the atomic number (Z), which is also called
Z-contrast image. In this research, we use set of deflector coils to deflect the beam twice
before illuminating on the specimen and changes the illumination azimuthal angle from 0 to
2π. By selecting the specific tilting angle and objective aperture, hollow cone illumination can
collect the maximum intensity of TDS. The proof of the concept of the hollow cone illumination
has been demonstrated experimentally for negative stained Chaperonin GroEL as a standard
protein since it is stable, easy to obtain and the structure is well-known[2]. The three
dimensional structure was reconstructed with single particle analysis in EMAN2.
As shown in Fig. 1(a), the hollow cone dark field image (HCDF) of negative stained GroEL was
taken by a FEI TW20 Twin field emission gun transmission electron microscopy and a Gatan 4k
by 4k CCD. In order to compare with the hollow cone dark image visusally and quantitatively,
the contrast of bright field image has been inverted, as shown in Fig. 1(b). Fig. 2 shows the line
profile of the same particle imaged with two individual modes, the bright field in focus mode
and the hollow cone dark field mode. In conventional bright field mode, the contrast can be
enhanced by defocusing the image. The contrast of soft material is relatively low at in-focus.
Since the HCDF image only collects the TDS electron, it is found that the contrast is nine times
as higher as that of an in focus image as shown in the line profiles in Fig. 2. And the 3D
structural model of the GroEL was reconstructed by using a standard single particle analysis
code.
Reference
[1] Dirk Van Dyck, Ultramicroscopy 111 (2011) 894.
[2] Wah Chu. et al., Structure 12 (2004) 1129
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Fig. 1: (a) the HCDF image of negative stain GroEL. (b) the in focus bright field image with the contrast invert.
 

 
Fig. 2: The line profiles of individual GroEL particles with three different image mode, in focus (black line) and HCDF
image (red line).
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Different species of Entamoeba perform similar functions such as adherence, cytolysis, and
phagocytosis. E. histolytica and E. dispar share the same processes although the former is
pathogenic while the second is non-pathogenic. Systematic comparison between both is an
important research area. The ability to ingest microorganisms and target cells is associated
with amoebic pathogenesis, and in this process, the binding of the parasite to the target cell is
mediated by electrostatic forces and then, mechanisms that involved surface molecules begin
to engage (Sateriale, A., et al., 2012). This binding leads to the activation of signaling
pathways that promote reorganization of the actin cytoskeleton (Talamás-Rohana, P. and Ríos
A., 2000).
The objective is to analyze the dynamics of the actin cytoskeleton between E. histolytica and
E. dispar.
Entamoeba histolytica HM1-IMSS and Entamoeba dispar SAW 760 RR strains were used.
Trophozoites were incubated on glass coverslips coated or uncoated with fibronectin (FN) at
different times (15, 30, and 60 min). Parasites were fixed with 4% paraformaldehyde,
permeabilized, and stained with rhodamine-conjugated phalloidin (Wehland, J., et al., 1977).
Tracking of the restructuring of the actin cytoskeletal was done by laser scanning microcopy
using a Carl Zeiss LSM 700 microscope.
Actin polymerization of Entamoeba histolytica begins at early times, both in glass and FN.
Conversely, Entamoeba dispar presents a more limited and slower polymerization process. The
structuring of actin in E. histolytica is induced in areas extremely close to the site of contact
with the substrate, showing nucleation points, stress fibers and phagocytic structures; in
comparison, E. dispar, even at longer times, shows a limited structuration of the actin
cytoskeleton, as the fluorescent label is observed as amorphous clusters distributed
throughout the cell volume without specific locations. Z-stack analysis, ortho-cuts, and
quantification of fluorescence intensity allowed delimitation of specific sites where the
re-structuring of filamentous actin is occurring in both species. To show with more detail, the
actin structures formed as well as their location within the cell, we processed all optical images
from “Z” cuts to achieve a three-dimensional animated reconstruction.
Manifestation of the pathogenic behavior requires cytoskeletal dynamics as this allows
parasite movement and tissue penetration. Therefore, results obtained in this work let us
conclude that differences in the pathogenic behavior of both species of amoeba might be due,
at least in part, by the lower efficiency of the E. dispar actin cytoskeleton to reorganize in
response to extracellular signals.
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Fig. 1: Actin structuring kinetics between E. histolytica and E. dispar adhered to FN. Figure 1 shows E. dispar with a
cortical structure at 15 min. However, a dramatic change at 15 min in E. histolytica was seen and at 60 min, most
amoebas seen in the field have well-defined new structures. E. dispar shows no significant changes even at longer
times.
 

 
Fig. 2: Adherent comparison between E. histolytica (15 min) and E. dispar (60 min) using FN substrate. Figure 2A shows
that structured actin of E. histolytica is totally redistributed on contact with substrate (FN), while in figure 2B,
structured actin in E. dispar is redistributed through all cytoplasmic volume (Nuclei (blue) were stained with DAPI).
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We bring a segmentation algorithm for diffracting objects observed by bright-field microscopy
(Fig. 1), where a binary mask for extraction of the studied objects is created by analysis of
changes of information between consequent images in the z-stack. This may be in fact done by
simple level-by-level intensity comparison, but the information analysis brings on top of that
image point classification. Here we report information remaining unchanged at 0th digital level
of green channel of two consequent PDG-subtracted images (inputs 1). In these PDG-images,
borders of the objects are highlighted by subtracting of two following images in z-stack of the
cell based on Renyi information entropy concept – Point Divergence Gain (PDG):
                  PDGα,x,y = 1/(1-α)*(ln∑i=1n pi,x,yα - ln∑i=1n pi,x(l+1),y(l+1)α),
where pi,x,y is the probability density function of the intensity with the examined point of
coordinates x, y in the previous image number l, pi,x(l+1),y(l+1) is the probability of the occurrence of
the given intensity in the image where the examined point of coordinates x, y was replaced by
the point at the same location in the following image number l + 1, α = 4.0 is a dimensionless
coefficient, and n is a number of intensity levels (n = 256 for an 8-bit image). For each
PDG-subtracted image, two images were obtained – with positive and negative change of
PDGα,x,y value. Thus, information of each original image is saved in four parallel PDG-subtracted
sub-images. In green channel of PDG-images, we can observe diffracting objects. In the blue
channel we observe mainly the fluorescence and in the red channel the contribution of near
infra-red absorption is observed. At the 0th PDG level of each channel, large objects with the
minimal change of the point spread function between z levels are visible. Another intensity
levels corresponds to diffraction response of less observed objects, objects surroundings as
well as other parts of the point spread function belonging to large organelles.
After creation of the binary mask from PDG-images, small objects (pixels) are removed by
morphological operation opening (ROI).
Fluorescent organelles and Airy discs, which are also projected at 0th intensity level of the
green channel of PDG-images due to no change of information in two following microscopy
images, were removed by elimination of the intensities higher than the intensity mode of the
background (input 3) from the image of the cell alone (input 2).
Finally, the diffracting objects were segmented (output) by application of the binary mask to
the image of the cell with deleted fluorescent objects and Airy discs. The remaining points in
the segmented RGB image where removed by combination of morphological operation erosion
and dilation.
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Fig. 1: Scheme of image processing for segmentation of diffracting objects from a bright-field microscopic image of
cells.
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Nowadays, various advance TEM hardware like Cs corrector and monochromator have been
developed with sub-Å resolution. But, we still only get the two-dimensional projections from
three-dimensional sample from an aberration corrected TEM. To resolve the lost information
along thickness direction, TEM tomography is becoming one critical and powerful technique for
analysis of three-dimension structure in materials science. (1)

<span>In this report, we demonstrate to determine the three-dimensional shape at atomic
resolution positions of a nanocrystalline specimen CeO2 from an exit wave via wave back
propagation and Big-Bang schemes.(2) Exit wave reconstructed from a focal series of HRTEM
images of CeO2 is shown in Fig.1.<span>By back propagating the wave, the position of atomic
columns can be decided. The maximum amplitude of the wave reveals the original position of
the atomic columns. Next, the true positions of Ce and O atomic columns in the exit surface
can be refined with Big-Bang scheme. As we can see in Fig.2,the focal maps show the de-focal
values from the exit wave to atomic columns of Ce and O atoms.
<span> After the vertical positions of atoms in 3D Space are retrieved by Wave
back-propagation and refined by the Big-bang theory, the thickness of atomic columns in unit
of number of atom could be quantified by phase of exit wave. Once the thickness of sample
known, then 3D tomography with atomic resolution can then be reconstructed. Based on these
methods, three-dimensional reconstructed model with atomic-resolution was proposed.
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Fig. 1: Figure1. Phase of CeO2 exit wave
 

 
Fig. 2: Figure2. Three-dimensional focal map of CeO2
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Single molecule localization microscopy (SMLM) represents a family of methods for
super-resolution imaging of fluorescence samples and is capable of very high spatial
resolution. These methods separate fluorescent molecules into a sequence of hundreds or
thousands of images of sparsely distributed, stochastically photo-activated molecules so that
single molecules can be localized with a precision which is not limited by diffraction. The final
super-resolution image is then reconstructed from all single molecules localized throughout the
whole sequence.
Although SMLM methods result in high spatial resolution, they are not always suitable for live
cell imaging due to limited temporal resolution. We present an algorithm for localization
microscopy which is able to recover full 3D super-resolution images from a sequence of
diffraction limited images with high densities of photo-activated molecules. The algorithm is
based on compressed sensing and uses a Poisson noise model, a critical factor in low-light
conditions. For 3D imaging we use the astigmatism method, however, the algorithm is flexible
enough to allow 3D localization of molecules by other approaches, such as dual-objective,
biplane or double helix methods. We demonstrate that the method performs well in low-light
conditions and with high molecular density which makes it suitable for fast image acquisition in
densely labeled samples. In addition we derive the upper bound of resolution of the method
using tools from compressed sensing.
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Fig. 1: Comparison of (a) conventional SMLM processing and (b) our new algorithm on a sequence of 500 images of
densely labeled tubulins (courtesy of Nicolas Olivier and Debora Keller, LEB, EPFL). Note the arrows which indicate high
density areas which are not adequately resolved by the conventional algorithm.
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Three-dimensional microscopy data offers a natural representation of material science and life
science samples. Such data can be examined from all angles and often provides morphological
and volumetric information without relying upon 2D stereological analysis. Using the recent
innovation of the Oculus Rift (TM) headsets, we attained novel perspectives of 3D data sets
usually unattainable with conventional displays that do not employ some otherwise stultifying
visual trick e.g. using colour anaglyphs. Using dual Oculus Rift headsets driven by the same
Unity3D software, two perspectives can be generated in tandem or with independent controls
for shifting the viewpoint and manipulating the visualised data. The Unity3D engine is usually
used for gaming but was found to be a versatile and accessible tool in exploiting the
sophisticated rendering capabilities available in affordable laptop and desktop computers.
Interfacing the engine with compiled C# scripts, it was possible to produce impressive
microscopy visualisations that can either be viewed on a standard screen or through the
binocular Oculus Rift headsets. Using dual Oculus Rift headsets driven by the same Unity3D
software, two perspectives of the same atom-probe data can be generated in tandem or with
independent controls for shifting the viewpoint and manipulating the visualised data. Providing
examples, we examined the early applicability of this technology for various microscopy
applications (atom probe, xray CT, EM tomography) and discuss its current limitations and any
future potential as a serious research tool and novel education platform.
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Amphiphilic lipids can self- assemble into a variety of structures.1 In particular, the inverse
bicontinuous cubic phases and their applications and role in nature have generated strong
interest.2-4 It has been shown that macroscopic properties of lipid structures depend on their
fine structures. Therefore, it is of prime interest to have methods for determining those
structures.
The Cryo-TEM signified a breakthrough in the imaging of hydrated specimens allowing their
visualization close to native state.
In this study we have been performing Cryo-electron tomography (CET) onto these particles
and characterization of a delivery systems, based on Internal Self-Assembled (ISA, Nestlé
proprietary delivery systems) structures.
3D tomograms of cubosomes were obtained and this study confirms the proposed structure for
cubosomes and provides novel insights in the understanding of the interface maturation.
1. Larsson, K., Cubic Lipid-Water Phases: Structures and Biomembrane Aspects. The Journal of
Physical Chemistry 1989, 93 (21), 7304-7314.
2. Sagalowicz, L.; Leser, M. E.; Watzke, H. J.; Michel, M., Monoglyceride self-assembly
structures as delivery vehicles. Trends in Food Science and Technology 2006, 17, 204-214.
3. Almsherqi, Z. A.; Kohlwein, S. D.; Deng, Y., Cubic membranes: a legend beyond the Flatland
of cell membrane organization The Journal of Cell Biology 2006 173, 839-844
4. Siegel, D. P.; Epand, R. M., Effect of influenza hemagglutinin fusion peptide on
lamellar/inverted phase transitions in dipalmitoleoylphosphatidylethanolamine: implications for
membrane fusion mechanisms. Biochim. Biophys. Acta 2000, 1468, 87-98.
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 Image Processing and analysis is one of the most essential techniques to elucidate the
relationship between structure and function in organisms in the life science fields. For
instance,these techniques can give us the three-dimensional structure from series of 2D
projection images of electron micrographs and identification of interesting structure. Recently
the situations have been changed into the atomic resolved structure from sub-millions of 2D
images and the new types of image detection devices, such as direct detectors. Thus the more
computational resources can give us the more detailed structure. Many types of applications
have been proposed and developed in progress to do so but ach of them still isn’t conclusive.
 We have also been developing an integrated environment for image processing and analysis
for electron micrographs, which is called as Eos, Extensible-object oriented system for electron
micrographs. We have already implement more than 400 small programs and thousands of
application program interfaces, some of which GPGPU or pthread techniques can be applied to
for fast processing.  Eos have been developed as an open-source  the SOURCEFORGE,
https://sourceforge.jp/projects/eos/.
 Moreover, we have developed a platform to more effectively and fast process the complex
tasks such as image analysis, e.g., single particle analysis, electron tomography, etc., under
distributed and hetero computer resource, which is called as PIONE, Process-rule for
INPUT/OUTPUT Negotiation Environment. This is a novel rule based workflow engine using
forward chaining algorighm, similar to production rule systems. The defined rules for small
image analysis can be executed adequately following the presence and modified times of
INPUT/OUTPUT files. The rule-based processes and many types of computers can be linked by
the attributes of ‘feature’ and they can work under the appropriate computers among hetero
sets of computers including computers with many cores, GPGPU-based computers etc. We
have implement several kinds of integrated solutions such as single particle analysis, electron
tomography and so on.  In addition, we have develped a front-end for image processing using
PIONE, pione-client and pione-webclient, which is a web-browser based one using AJAX
techniques. PIONE have also been developed as an open source under GITHUB,
https://github.com/pione/.
 Here we introduce the progress of development of Eos and PINOE and expect the feedback
from uses, experts and developers for image analysis.
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Identification and characterization of complex nanostructures have always been a challenge.
Real-space imaging through transmission electron microscopy is the conventional tool of
choice to study the internal structure of materials, but it cannot be realized routinely with
atomic resolution even using state-of-the-art aberration corrected microscopic techniques
because of the large dimensions of the nanostructures involved in many cases. In general, the
atomic resolution electron microscopy is also a destructive structural characterization
technique for complex nanostructures, due to the need for preparing ultrathin cross-sectional
samples, yet the knowledge on the structure of intact complex nanostructures maybe
important as it could be the key behind the enhanced physical properties of the
nanostructures. Non-destructive characterization of the nanostructures can be achieved
through real-space electron tomography, however it often suffers from a ‘missing wedge’
problem [1]. In this paper [2], we explore the inverse relationship between the real-space
nanostructrue and their diffraction to demonstrate an non-destructive study of the internal
structure of a boron-rich nanowire by reconstruction of the three-dimensional diffraction. Here
we will show that the analysis of 3D diffraction intensity distribution allows us not only to
identify the cyclic twinned structure directly, but the technique also reveals quantitatively the
orientation relationship of the internal crystallites and information about deformation and
defects associated with the internal strain relaxation, all non-destructively.
[1] P. A. Midgley and R. E. Dunin-Borkowski (2009) Nat. Mater., 8, 271–280
[2] X. Fu and J. Yuan (2013) Nanoscale, 5, 9067-9072
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Fig. 1: (a) The intensity distribution around (112) and (113) reflections from a boron carbide five-fold twinned nanowire
shown at the lower left corner. The magnified view of the 3D (b) distribution of the (112) reflections (b) and the
projected intensity (b) in the Ω plane defined in (a) compared with the calculated 2D intensity map (d).
 



ID-9. Microscopic image analysis and stereology



Type of presentation: Invited
 

ID-9-IN-1994 Quantitative microscopy – extracting relevant information from
biomedical image data
 

Wählby C.1
 
1Centre for Image Analysis, Dept. of Information Technology and Science for Life Laboratory,
Uppsala University, Sweden, and Imaging Platform, Broad Institute of Harvard and MIT,
Cambridge, MA, USA
 

Email of the presenting author: carolina@cb.uu.se
 
Microscopes have been used for more than 400 years to understand biological and biomedical
processes by visual observation. Although science is the art of observing, science also requires
measuring, or quantifying, what is observed. Research based on microscopy image data
therefore calls for automated methods for quantitative, unbiased, and reproducible
measurements. An automated approach is further motivated by the development of scanning
microscopes and digital cameras that can capture image data in multiple spatial-, time-, and
spectral-dimensions, making visual assessment cumbersome or even impossible.
High-throughput screening (HTS) is a technique for searching large libraries of chemical or
genetic perturbants, to find new treatments for a disease or to better understand disease
pathways. We present one such study where we characterize cancer stem cells (CSCs) by
quantitative microscopy, searching for therapeutically relevant regulatory differences between
patients. The aim is to elucidate mechanisms of action and enable accurate targeting of
disease subgroups. Modeling disease by culturing cells allows for efficient analysis and
exploration. However, many diseases and biological pathways can be better studied in whole
animals—particularly diseases that involve organ systems and multicellular interactions, such
as metabolism and infection. The worm Caenorhabditis elegans is a well-established and
effective model organism, used by thousands of researchers worldwide to study complex
biological processes. Samples of C. elegans can be robotically prepared and imaged by
high-throughput microscopy, and we show how novel image-analysis algorithms are capable of
scoring phenotypic changes in high-throughput assays of C. elegans. In particular, we show
how computational methods can identify novel anti-infectives as well as genes involved in fat
metabolism.
Finally, detection, diagnosis, and severity grading of cancer are traditionally based on the
visual examination under a microscope of histopathological tissue samples. The current
transition from visual examination of glass slides under microscopes to whole slide scanners
and computer-aided image analysis, i.e., digital pathology, holds the promise of more objective
cancer grading that will lead to better prognostication while at the same time reducing the
pathologist’s workload. We present recent advances in detection and spatial mapping of
biomedical markers that may improve prognostication in the future.
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X-ray tomography becomes a widely applied tool in science and industry, with a particularly
strong position in the biomedical fields. The tomography techniques show high potential in
study of advanced biomaterials, both synthetic and natural. Micro and nano tomography can
be used to complement existing 2D characterization methods to image specimens at the
micro/nano scale, nondestructively in 3D. With such tool, it is possible to characterize newly
developed biomaterial, degradation process of biodegradable materials, tissue growth into
biomaterial and in situ mechanical behavior of biomaterial. The aim this study was to show
how 3D and 4D imaging techniques combined with advanced image analysis could be used to
characterize novel biomaterials and scaffolds for tissue regeneration. 3D imaging technique
which combines X-ray absorption microtomography (uCT) and X-ray diffraction
microtomography (XRD-CT) was used to examine the in vitro degradation process of
polycaprolactone–based composites. The complementary information on phase distribution,
changes in crystallinity and morphology during degradation process was obtained by means of
image analysis of combined uCT/XRD-CT scans. The conventional uCT method was applied to
examine the in vitro tissue ingrowth into biodegradable scaffolds at varying resolutions (Fig.1).
Imaging of the scaffold/tissue composite at a scale of 5 mm and resolution of 5 um allows
characterization of the complex ingrowth of tissue into the biomaterial. Further imaging at 1
um resolution allows for quantitative analysis of cell-tissue fine structure. These results
illustrate the benefits of tomography over traditional 2D imaging techniques for the description
of tissue morphology and interconnectivity. The combination of microfocus X-ray computed
tomography and in-situ mechanical loading allowed us to quantify the scaffolds morphology
prior and during loading, to verify the mechanical properties, to analyze fracture behavior, and
to estimate the internal local deformation distributions.
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Fig. 1: Polymeric scaffold seeded with Mesenchymal Stem Cells
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Breast microscopy images contain large amounts of textures which can be used as a
discriminative way to distinguish benignant or malignant breast tissue. For that reason, the
selection of a valuable descriptor is essential for later tissue classifications. Frequential textons
have been selected in this study to represent the texture of breast Tissue Microarray (TMA)
images. Textons are textural descriptors of the spectral model. A definition of textons would be
expressed as the repetitive features of the textures which humans can distinguish. Therefore,
the texton concept assumes the existence of different textural components in the same
texture. In our study, we used textons as discriminators to detect cancer or other sorts of
tissue anomalies. Textures were represented by texton maps.
A data set of 628 microscopic images acquired by a whole-slide imaging system at 10x was
selected and divided into four classes (see Figure 1).
The images are filtered by a MR8 filter bank composed by a set of filters: a Gaussian, a LoG, 18
edge and 18 bar filters with 3 basic scales and 6 orientations respectively. The MR8 filter bank
is applied over the tissue images and 38 response filters are extracted. Each pixel is
represented by a 38 dimensional vector. Then, a k-means clustering algorithm is applied over
all the pixel vectors. Each new group extracted from the k-means algorithm is characterized by
a representative vector called texton. Finally, 60 textons were selected for each class so a
total of 240 textons composed the texton vocabulary. Once the texton vocabulary was
extracted, each tissue image is represented by their texton histogram and its map is created
(see Figure 2).
Features are extracted calculating the Haralick coefficients on the texton maps. We also
considered the influence of color on the TMA images. Therefore, each feature set was
extracted from eight different color models: RGB, CMYK, HSV, Lab, Luv, SCT, Hb and Lb. A total
of 241 features were obtained for each color model, that is, a maximum of 1928 features were
handled. Therefore we proposed a dimensionality reduction which has been performed with a
correlation threshold of 97%.
The classification tests were carried out with 5 different classifiers: Fisher, SVM, random forest,
bagging trees and Adaboost. The best results were obtained with AdaBoost and combination of
all color models. The classification was tested by 10fcv.
We obtained 95% accuracy with 92% precision. Therefore, it is shown that texton maps are
suitable to classify breast TMA images. The best results were obtained by using all color
models and applying a feature correlation analysis (see Figure 3). The computational time was
also reduced from 493 to 362 seconds without and with dimensional reduction respectively.
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Fig. 1: H&E TMA images divided into four classes. Class 1) benign stromal with cellularity. Class 2) adipose tissue, Class
3) benign and benign anomalous structures: sclerosing and adenosis lesions, fibroadenomas, tubular adenomas,
phyllodes tumors, columnar cell lesions and duct ectasia. Class 4) ductal and lobular carcinomas.
 

 
Fig. 2: Texton Maps. The texton histogram is created when all image pixels are classified by their nearest texton. The
texton map is a representation of the image through their texton histogram. Each pixel in the new image is
represented by a texton and each texton is represented by a color.
 

 
Fig. 3: AdaBoost classification error with and without dimensional reduction. The color models combination improve the
classification results but also increases the size of the feature set. Feature reduction by correlation allowed a reduction
of 79.2% of the initial features (from 1928 to 409 features) and improves accuracy up to 1.2%.
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Introduction
Emphysema manifests as a component of chronic obstructive pulmonary disease (COPD),
which is expected to be the third most common cause of death in 2020. Animal models such
as elastase-induced emphysema mice have been used to study COPD. In this context, a
method for a reliable quantification of emphysema lesions is required to evaluate the stage of
the disease and the effect of treatments. The second moment of the equivalent diameter
variable (D2) has shown a robust behaviour in emphysema quantification since it does not
depend on the shape of the airspace and is sensible to a heterogeneous distribution of them1.
However, the value of D2 by itself does not provide information about the degree of
emphysema severity.
Data
All experimental protocols involving animal manipulation were approved by the University of
Navarra Experimentation Ethics Committee. Lung lobe sections (H&E stained) from control and
emphysema-treated mice were obtained using an automated Axioplan 2ie Zeiss microscope
(Carl Zeiss, Jena, Germany). Each slide was initially acquired with a Plan-Neofluar objective
(numerical aperture NA = 0.035, magnification 1.25x, pixel resolution 3.546 μm/pixel). The
images of fourteen lung sections were available for the present study: 12 training images (6
control and 6 treated) and 2 test images (1 control and 1 treated). A total of 399 patches
(751x751 pixels) were extracted from the training sections: 190 from normal (N) and 209 from
emphysematous (E) tissue areas of control and treated mice, respectively.
Methods
Given a lung lobe image, semi-automatic segmentation based on morphological operators was
applied to identify parenchyma pixels. Subsequently, a 751x751 window was centred on each
pixel and the corresponding value of D2 was computed. A Bayesian approach was used to map
a D2 value onto a probability index indicating emphysema severity. The posterior probability of
being emphysematous was obtained as p(E|D2) = p(D2|E)p(E)/p(D2), where p(D2) = p(D2|E)p(E)
+ p(D2|N)p(N). The density functions p(D2|E) and p(D2|N) were obtained from samples in the
training set using the Parzen’s method.
Results
Figures 1 and 2 show the emphysema map of the two lung sections in the test set (higher
intensity corresponds to higher probability of emphysema). The percentage of parenchyma
labelled as emphysematous, i.e., p(E|D2) > 0.5, was 17.9% and 83.3% for the control and the
treated mice, respectively.
Conclusion
The proposed method could serve as an objective tool for the evaluation of emphysema
severity in the context of COPD study.
[1] Parameswaran H, Majumdar A, Ito S et al., “Quantitative characterization of airspace
enlargement in emphysema,” J. Appl. Physiol., 100, 186-193 (2006).
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Fig. 1: Left: Original lung lobe section from a control mouse. Centre: Segmented lung for the identification of
parenchyma pixels. Right: Emphysema map using the proposed Bayesian inference approach.
 

 
Fig. 2: Left: Original lung lobe section from a treated mouse. Centre: Segmented lung for the identification of
parenchyma pixels. Right: Emphysema map using the proposed Bayesian inference approach.
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Cell imaging using optical microscopy still faces the problem of the quality of cell image
analysis results. The majority of acquired 2D as well as 3D cell image data are typically of not
very good quality due to degradations caused by cell preparation, optics and electronics. That
is why image processing algorithms applied to this data often yield imprecise and unreliable
results. As the ground truth (GT) for given image data is typically not available the outputs of
different image analysis methods can be neither verified nor compared to each other. This
problem can be partially solved by estimating GT by experts in the field. However, in many
cases such GT estimate is very subjective and strongly varies among different experts.

In order to overcome these difficulties we have created a toolbox that can generate 3D models
(so-called digital phantoms) of artificial biological objects (primarily cell nuclei, see Fig. 1)
along with their corresponding images virtually degraded by specific optics and electronics
(using simulation of optical system and electronic detection, see Fig. 2). Image analysis
methods can then be tried out on such synthetic image data. The analysis results (such as
segmentation or tracking results) can be compared (e.g., using a difference) with GT derived
from input models of a particular type of objects. In this way, image analysis methods can be
compared to each other, their quality can be evaluated and their development can be
fostered.

We started our development with simulations of cell nuclei of HL60 cells (to model simple
isolated round objects) and cell nuclei of granulocytes (to model complex shapes) [1]. Then we
paid attention to clusters of cells and their formations in tissues [2]. Finally, we started working
on time-lapse simulations [3]. Recently, we have also generated special benchmark data sets
of simulated 2D as well as 3D time-lapse series that were employed in Cell Tracking
Challenges at International Symposium on Biomedical Imaging in 2013 and 2014 [4]. In this
way, several state-of-the-art image segmentation and cell tracking methods could be
compared [5]. The simulation toolbox is freely available on Internet and is accessible via
simple web interface [6].
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[1] D Svoboda, M Kozubek and S Stejskal, Cytometry 75A (2009), p. 494-509.
[2] D Svoboda, O Homola and S Stejskal, Proceedings of 8th International Conference on Image
Analysis and Recognition, LNCS 6754 (2011), p. 31-39.
[3] D Svoboda and V Ulman, Proceedings of 9th International Conference on Image Analysis
and Recognition, LNCS 7325 (2012), p. 473-482.
[4] http://www.codesolorzano.com/celltrackingchallenge
[5] M. Maška et al., Bioinformatics (2014), published online, doi: 10.1093/bioinformatics/btu08
[6] http://cbia.fi.muni.cz/simulator
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Fig. 1: First phase of the creation of synthetic image data – digital phantom generation for a cell nucleus of granulocyte
and a cell nucleus of HL60 cell.
 

 
Fig. 2: Second and third phase of the creation of synthetic image data – blurring using virtual microscopy and noise
introduction using light detector simulation for digital phantoms from Figure 1.
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Electron tomography is widely used to obtain nanometer scale 3D structural information in cell
biology and material science. Electron tomography includes four main steps: tilt-series
acquisition, image alignment, 3D reconstruction and image segmentation
(visualization/measurement). Especially, the image segmentation is time-consuming, and it is
difficult to achieve complete automation because target objects with complex shape, low
contrast and low signal-to-noise ratio are often included.
In this paper, we introduce a computer-aided 3D visualization and analysis software for
electron tomography [1]. Figure 1 shows an overview of the developed software. The software
provides multiple automatic contour extraction algorithms, which are based on a class of
region-based deformable contour models called R-centipedes [2]-[4] and a threshold-based
approach, and manual segmentation using user-friendly user interface. We named the
software “HawkC” meaning fast and accurate extraction of contours in tomographic images
like a hawk. Figure 2 shows the process of contour extraction from a tomographic image of a
cell nucleus using R-centipedes. It is seen that nuclear membrane and chromatin in the cell
nucleus can be extracted accurately from initial curves by using the contour extraction
algorithm of deflationary and inflationary modes, respectively. Figure 3 shows a 3D view of
final extracted contours from tomographic volume data without manual editing. HawkC is
available for free download (http://hawkc.dynacom.co.jp/?lang=en) until 31 March 2015.
[1] Takaoka, M. Cao, Y. Midoh, T. Nishida, T. Hasegawa, R. Nishi, Y. Inoue and M.
Ogasawara，”Development of automatic system on electron microscopic tomography for 3D
medical examination,” Korean Journal of Microscopy，38(4), pp.262-263 (2008).
[2] M. N. Shirazi and Y. Kamakura, "Restructuring centipedes and their applications to fast
extraction of structures in Electron Microscope tomography images," Biomedical Engineering
and Informatics (BMEI), 2, pp.518-523 (2010).
[3] M. N. Shirazi and Y. Kamakura, “PARALLELR-CENTIPEDES Fast Contour Extraction for 3D
Visualization,” in Proc. International Conference on Computer Graphics Theory and
Applications, pp. 713-718 (2010).
[4] Y. Kamakura, Y. Inoue, M. N. Shirazi, “R-centipede Model for Fast Contour Extraction in
Electron Microscopic (EM) Tomography Image,” Medical Imaging and Information Sciences,
30(4), 95-100 (2013).
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Fig. 1: An overview of the developed 3D visualization and analysis software.
 

 
Fig. 2: Examples of automatic contour extraction: deflationary and inflationary modes.
 

 
Fig. 3: 3D Visualization of a cell nucleus using HawkC (no manual editing).
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Visual observation has played a major role in all areas of natural science. Human beings
perceive most of the information about their environment through their visual sense. However,
quantitative evaluation of images never found widespread application until the born of
personal computers. Applications in image processing have now been applied to all the
sciences, e.g. linear and non-linear filter operations, fast algorithms, morphological operations
to detect the shape of objects, segmentation and classification, reconstruction of
three-dimensional objects and analysis of stereo images. Rotated Image with Maximum
Average Power Spectrum (RIMAPS), created in 2002, is still a quite new imaging
characterization technique independent of the class of microscopy and of conditions used for
observation as long as they remain constant [1][2]. This technique rotates a digitized image
and computes the integral of one of the two space variables for the two-dimensional Fourier
transform for each value. As a consequence, averaged power spectra (APS) are obtained for
each angular position. If the corresponding maximum values (MAPS) are plotted as a function
of rotation angle (RI), valuable information of the surface pattern is obtained. The maxima
appearing in the resulting plots indicate surface micro-pattern orientation and its characteristic
topographic form. In many cases, surface patterns can be associated with simple geometrical
figures as lines, squares, triangles or hexagons, distributed with a certain orientation on the
surface (see Figures 1, 2 and 3). It has been used to characterize the micro-relief of metallic
and biological surfaces, such as the detection of incipient damage on metallic surfaces and as
a tool for describing the morphology of the trichodium net found in some grasses. Nowadays
we are using RIMAPS to study the distribution pattern of ornamentation units on fungal spore
surface, to describe leaf surface topography, to perform micromorphological analyses of soil
samples and for quantifying microwear traces on lithic artefacts in order to identify their
context of use. The present work shows a review and new uses of RIMAPS technique that could
be applied on different research fields.
References
[1] Fuentes, N. and Favret, E. (2002). A new surface characterization technique: RIMAPS
(Rotated Image with Maximun Average Power Spectrum). Journal of Microscopy. 206, 72-83.
[2] Fuentes, N. and Favret, E. (2009). RIMAPS and Variogram Characterization of Micro-Nano
Topography. In Functional Properties of Bio-inspired Surfaces: Characterization and
Technological Applications. Favret, E. and Fuentes, N. (Eds.). World Scientific Publishing. pp
155-179.
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Fig. 1: SEM micrograph of a lepidopter compound eye.
 

 
Fig. 2: A possible sketch of a lepidopter compound eye.
 

 
Fig. 3: RIMAPS spectra of figures 1 (black line) and 2 (red line). The maxima indicate the main directions of the surface
pattern and its distribution.
 



Type of presentation: Poster
 

ID-9-P-1646 Lamina propria of uninvolved rectal mucosa 10 cm and 20 cm away
from malignant tumor: image processing/analysis of structural organization
 

Lalić I. M.1, Despotović S. Z.1, Milićević N. M.1, Milićević Ž. J.1
 
1Institute of Histology and Embryology, Faculty of Medicine, University of Belgrade, Belgrade,
Serbia
 

Email of the presenting author: ivanalalic5@gmail.com
 
Background: In recent years, great attention has been paid to the reciprocal influence between
malignant tumor and tumor-associated stromal elements. However, it has also been shown
that the changes are noticeable in distant mucosa. Connective tissue of rectal mucosa in the
remote surrounding of the malignant tumor shows structural disorganization and the aim of
our study was to quantify those changes using image analysis.
Materials and methods: Morphometric study of rectal mucosa was performed in samples taken
10 cm and 20 cm away from the malignant tumor during endoscopic examination of 13
patients of both sexes. The samples of rectal mucosa were obtained from 5 healthy controls
during active screening for asymptomatic cancer. Tissue sections were routinely stained with
Gomori's silver impregnation technique. Microphotographs were acquired with a digital camera
Olympus C3030-Z connected to a light microscope Opton Photomicroscope III. Measurements
of the spacing between reticular fibers were performed using plugin BoneJ within open-source
software Fiji. Results were statistically analyzed with Mann-Whitney U test.
Results: At the distance of 10 cm away from the tumor lesion a significant increase in diametar
of the spaces between the reticular fibers was observed (5,41±2,34µm), in comparison with
both healthy controls (3,77±2,34µm) and tissue samples taken 20 cm away from the tumor
(3,75±1,14µm).
Conclusion: Tumor induces structural changes of connective tissue in the remote, uninvolved
lamina propria of rectal mucosa 10 cm away from the malignant lesion.
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Fig. 1: Rectal mucosa of a healthy person. Reticular fibers
of lamina propria are closely appositioned and orderly
organized. Gomori's silver impregnation; x630
 

 
Fig. 2: Rectal mucosa taken 10 cm away from the
malignant tumor. Reticular fibers of lamina propria show
irregular organization. Spaces between the fibers are
enlarged. Gomori's silver impregnation; x630
 

 
Fig. 3: Rectal mucosa of a healthy person. Graphical output
from BoneJ. Spaces between closely appositioned and
orderly organized reticular fibers, as presented by red
rectangle in Fig. 1, measured with plugin Thickness. Yellow
regions have larger diameter than blue regions.
 

 
Fig. 4: Rectal mucosa taken 10 cm away from the
malignant tumor. Graphical output from BoneJ. Enlarged
spaces between reticular fibers, as presented by red
rectangle in Fig. 2, measured with plugin Thickness. Yellow
regions have larger diameter than blue regions.
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The unbiased stereological procedures for morphometric quantifications became very popular
in microscopy field and their usage is often the requirement in a number of scientific journals.
The beauty of the majority of these methods lies in the simplicity of their application based on
rigid mathematical framework once the major principles were followed in specimen
preparation.
There are a number of ways to do stereology, but almost all modern techniques require the
use of computer software to generate a grid. Many microscope control and scientific image
analyzing programs have stereology modules, which can be used to display some type of
stereological grid over live or recorded image from the microscope. The user will then have to
count how many of grid points or grid lines intersect particular types of objects of interest.
Most of stereological software is just a part of multifunctional software packages and,
therefore, could incur very significant expenses that can interfere with the widespread use of
computerized stereological tools.
One of the well-known exceptions is ImageJ software [1], which is a public domain Java image
processing program that was designed with an open architecture that provides extensibility via
plugins and macros. However, the currently implemented “Grid” and “Grid Cycloid Arc” plugins
are rather limited in their functionality and applicability.
I have developed a number of macros that covers most of the well-known and widely used grid
designs, which include: multipurpose grid with lines and points [2], Merz grid [3] and
multi-circles grid that have built-in isotropy, grid with cycloids for vertical sections design [4]
and unbiased counting frame grid [5] with the disector [6] volume feature. All of the grids have
options for random offset, orientation and various densities and include help instructions. The
macros display specific grid parameters (such as points/lines per area etc.) in separate window
to facilitate further calculations. In combination with “Cell Counter” plugin these grids can be
effectively used to count specimen features with stereological tools. Macro format allows to
examine and to change the code without previous knowledge of programming language (such
as Java). As an additional convenience, these macros are organized in “Tool sets” that can be
added to the ImageJ toolbar as clickable icons.
References
[1] MD Abramoff et al, , Biophotonics International, 11(2004), p.36.
[2] HJ Gundersen, EB Jensen, J. Microsc. 147(1987), p.229.
[3] CV Howard, MG Reed in “Unbiased Stereology”, ed. CV Howard, MG Reed, (Garland
Science/BIOS Scientific Publishers, Oxon, 2nd ed.) p.187.
[4] AJ Baddeley et al, J. Microsc. 142(1986), p.259.
[5] HJ Gundersen, J. Microsc. 111(1977), p.219.
[6] DC Sterio, J. Microsc. 134(1984), p.127.
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Qualitative electron microscopy studies coupled with expert interpretation and analysis play a
valid and useful role in the initial stages of many scientific problems. However, it is the use of
quantitative methods that is the hallmark of modern scientific research. Acquiring quantitative
morphological data (volumes, surface areas, lengths, numbers, etc) about organelles, cells,
tissues and organs should be the next step towards elucidating the exact correlation between
structure and function [1]. To this end, we have used stereological approaches to investigate
mitochondrial integrity/functionality.
To simplify, stereology aims to make quantitative estimates of the “amount” of a geometrical
feature within the object of interest. In doing so, it manages to provide 3-D data that makes
the interpretation of functional morphology more effective. Although there are more intricate
stereological approaches, here we present a relatively quick and easy method to calculate the
volume fraction of a component within a reference volume. This is a simple and very widely
used parameter to express the proportion of a particular phase or component within the whole
structure [2].
In our study, the volume fraction of cristae within the mitochondria, Vv (cristae, mitochondria),
was estimated by placing a combined point counting grid (CPCG) over each mitochondrion
micrograph. Thirty mitochondria from each experimental group were used for this stereological
analysis. The CPCG used for this study was composed of two sets of points of different
densities on the same grid; 9 fine points per coarse point. The volume of reference
(mitochondria) was estimated by counting the number of coarse points that hit the reference
space and multiplied by 9. The volume of the particular phase (cristae) was estimated by
counting the number of fine and coarse points that hit the cristae. Thus, the volume fraction of
the cristae within the mitochondria was calculated and expressed as a percentage. Student’s
t-test was used to assess whether there was a significant difference between the samples at a
99% confidence level.
Our stereological study demonstrates that there is a contrasting mitochondrial morphology
between female/male gametes and somatic cells. These differences in morphology are in turn
linked to a functional division of labour between sperm and egg as demonstrated by other
molecular approaches [3,4]. This analysis is an example that showcases how the application of
stereology on Electron microscopy can be a powerful tool allowing quantification of
morphological data.
References:[1] Mayhew, T.M (1991).[2] Howard, C.V. and Reed, M.G (2010).[3] Wilson de Paula
et al., (2013a).[4] Wilson de Paula et al., (2013b)
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Although structural changes on the sarcomere level of skeletal muscle are known to occur due
to various pathologies, rigorous studies of the reduced sarcomere quality remain scarce. This
scarceness can be mainly be accounted for by the lacking of an objective tool for analyzing
and comparing sarcomere images across biological conditions. We propose a method to assess
the sarcomere quality of skeletal muscle tissue imaged by second harmonic generation (SHG)
microscopy. SHG microscopy is a label free technique based on the SHG signal originating from
the highly ordered myosin thick filaments. This degree of ordering decreases upon muscle
degradation, resulting in alterations in the regular appearance of the sarcomeres. The
proposed analysis method is based on a fully automated implementation of a Gabor filter. With
this Gabor wavelet approach, we can not only localize but also score sarcomere anomalies that
could be related to muscle degradation. The method is rather insensitive to the signal to noise
ratio and is implemented in such a way that it is independent of global intensity variations.
Therefore, the resulting Gabor values allow for data comparison across various biological
conditions. Using our newly introduced Gabor analysis method, we studied the effect of muscle
disuse on sarcomere quality in the context of multiple sclerosis using an experimental
autoimmune encephalomyelitis (EAE) rat model. Based on the gathered data, the
interpretation of the Gabor values is addressed by linking them to specific anomalies (Fig. 1),
and we show that a correlation exists between the sarcomere quality and EAE related muscle
disuse.



 
Fig. 1: Interpretation of Gabor histograms for typical sarcomere structures imaged by SHG microscopy. (a) raw Gabor
data of normal sarcomeres; (b) Amplitude corrected version of (a); (c)+(d) typical examples of pitchforks; (e) myocyte
border effect; (f) typical transition to double band patterns; (g)+(h) respresentative examples of double band
structures.
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In the scanning transmission electron microscope (STEM), there are many uses of image-series
including; frame-averaging to improve signal-noise ratios, focal-series for optical-sectioning
experiments / aberration studies, time-series to study dynamic processes like beam-damage,
or camera-length series to study strain effects. However, at typical STEM acquisition times,
stage / sample drift and low frequency distortions can become apparent. For quantitative
interpretation we must correct these using rigid and non-rigid registration respectively.
Recently we have developed an improved and automated registration method, customised for
the challenges unique to STEM. Three modifications to the mutual-correlation function (MCF)
method [1] have been designed, to specifically address problems registering images that
include large areas of crystalline material, defects or edges.
Firstly, the user is able to vary the power on the MCF normalisation, changing the relative
weighting of the crystal lattice in the image, between 0 (no normalisation, simple
cross-correlation) and 1 (all spacings weighted equally, phase-correlation). Generally an
intermediate value ≈0.4–0.75 is optimum (Fig 1, left); where crystalline information is used to
provide an accurate registration but not relied upon, as this could easily introduce unit-cell
‘hops’ leading to mis-registration.
Secondly, as there are often multiple possible vectors identified when registering lattice
images an iterative ‘learning mode’ has been introduced. With this option enabled the
algorithm will try to iteratively learn the global drift rate. This is especially useful for
time-series or focal-series data where the time between frames, and drift rate, is fairly
constant. Fig 1 (right) shows an example annular dark-field STEM focal-series registered both
with and without this new mode. With learning mode disabled, characteristic unit cell ‘hops’
were observed (dashed lines). While the registered images may appear reasonable, this
diagnosed stage drift is not physically real. With learning mode enabled the consistent smooth
drift rate is correctly determined.
Thirdly, as diagnosing non-rigid offsets can be challenging near sample edges or defects (Fig 2,
middle) the user may optionally ‘lock’ the diagnosed offset vectors together in the fast scan
direction (Fig 2, right). This prevents the introduction of artefacts at edges or defects whilst
still allowing for effective non-rigid registration of STEM data.
Together, these refinements significantly reduce the risk of ‘crystal hops’ during rigid
registration and of artefact introduction during non-rigid registration improving both the
throughput and precision of automated STEM data analysis.
[1] Heel, Schatz & Orlova, Ultramicroscopy 46 (1992) 307–16
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Fig. 1: Enlargement of the central region of an example mutual-correlation function (MCF) with peaks indicating
probability of image-pair offset matches (left) and right the rigid-registration results with and without the optional
‘learning mode’ (see text).
 

 
Fig. 2: Part of the non-rigid registration stage of a HAADF time-series data-set of a [110] oriented SrTiO3 nano-cube
(left). The non-rigid displacement map for the y-direction is shown with pixels allowed to move freely (centre) and with
the fast-scan rows locked to move together (right).
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Scanning electron microscopes (SEMs) are potential tools for morphological research. They
have a great resolution and a high depth of focus, which gives SEM micrographs pseudo
three-dimensionality. Adversely, the high depth of focus prevents accurate dimensional or
spatial measurements on microstructures. Macroscopic objects are viewed close up using
binocular vision. Binocular vision is also used in microscopy where stereophotogrammetry and
related techniques applying stereo paired images, and a variety of hardware tools calculate
the third dimension (z-coordinate) using the parallax.
A method (3D-morphometry) for dimensional and angular measurements of microstructures
examined in the SEM was first developed in our lab in 1999 [1]. It uses digitized stereo paired
images frame-grabbed (slow scan) directly from the SEM’s photo-display, vector
equation-based algorithms for the calculation of spatial coordinates and derived distance- as
well as angular measurements. It comprises dynamic data exchange to MS Excel™ for further
statistical analysis. Mathematical formulas for central perspective depth computation allow the
overall error to be less than 1.0%. Meanwhile (2013), the method was further improved and
the new java based software M3 is suitable to be also used with Windows 7 and 8™ operating
systems. A modern graphical user interface (GUI) (Fig.1), a new data interface (open office) is
supported and an improved usability facilitates the measurement processes [2]. Moreover, the
program allows to generate anaglyphic 3D images (Fig.2).
This technique is currently used to analyse (a) the geometry of microvascular networks in
terms of vascular parameters (i.e. diameters, interbranching distances, branching angles and
intervascular distances) and (b) to determine bifurcation indices and area ratios, in turn to
calculate optimality principles (i.e. principle of minimal lumen volume, minimal pumping
power, minimal lumen surface and minimal endothelial shear force) [3-4] (Fig.3) underlying the
design (in terms of construction, function and maintenance) of arterial bifurcations
respectively venous mergings.
References:
1. Minnich B. et al, Journal of Microsccopy 195 (1999), p. 23-33.
2. Minnich B. et al, in “Current microscopy contributions to advances in science and
  technology”, eds. A Mendes- Vilas and J D Alvarez, Formatex, (2012), p. 191-199.
3. LaBabera M., Science 249 (1990), p. 992-1000.
4. Murray C.D., Journal of General Physiology 9 (1926), p. 835-841.
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Fig. 1: Figure 1. M3 graphical user interface (GUI) showing the morphometry dialog when measuring branching angles of
feeding arteries of the spleen of the adult Xenopus laevis Daudin.
 

 
Fig. 2: Figure2. M3Anaglyphic 3D image representing a
vascular corrosion cast of a microvascular network
examined in an ESEM (FEI XL-30).
 

 
Fig. 3: Figure3. Scatterplot showing an optimality diagram
of the brain microvascular bed (rhombencephalon) of the
sterlet (Acipenser ruthenus). Vascular bifurcation with
indications of vessel diameters and branching angles
(insert).
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The lateral size of objects in microscopy images can be a useful piece of information for
various purposes, but it might also be difficult to retrieve using a fast, automated approach.
Although numerous ways to determine the lateral size, based on thresholding, watershedding,
rolling ball background subtraction, etc., exist, they often fail because of the peculiarities of
the morphology of the studied sample, especially in the case of closely packed objects (grains,
cells, crystals). Using these methods, small grains are often neglected or merged with large
ones, which can dramatically alter the shape of the determined size distribution. In order to
circumvent these problems, we introduce a novel method for the determination of the lateral
sizes (or more precisely circle equivalent diameters) of microscope-imaged objects. Our
method is based on the application of autocorrelation function (ACF). Although this method
requires a high-quality image, it is fast and easily automated. Moreover, the output of our
method is not only a characteristic size of objects, but it allows direct fitting of the distribution
of sizes. We demonstrate the capabilities of this method on a series of films composed of
closely packed diamond crystals (20-450 nm in diameter) measured by AFM, because this
series is a prime example of a morphology whose lateral sizes can be determined only
manually, as illustrated in Figure 1a. Figure 1b then shows the radial part of the ACF of a
nanodiamond layer fitted by the gamma-distribution-shape lateral sizes. Figure 1c shows the
excellent agreement of the lateral size distribution determined by our method in comparison
with an independently manually evaluated one. Since no theoretical constraints on the
application of this method exist, its usage is directly extendable also to other types of images
or objects, e.g. to images from electron or optical microscopes.
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Fig. 1: An example of the application of our ACF-based analysis.
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A claim was made in 1995 and 2011 publications by a metallurgist that the Jeffries planimetric
method of determining grain size in E 112, and in DIN 50601 (it is the standard method in
every national and international grain size test method and is described in every text book on
quantitative metallography), is wrong and produces biased grain size ratings when the counts
are low, is incorrect. This claim was based upon theoretical considerations described by
Saltykov who proposed using rectangles for the planimetric method, rather than circles, to
minimize bias at low counts of the number of grains inside the circle. Saltykov, however, did
not publish actual test data to back-up this claim. The count levels mentioned are far below
those recommended by E 112 for these methods, but could be encountered in manual
measurements of the size of very coarse grains (which might be performed, but is rarely
done).
Actual grain size measurements using both test circles and rectangles, with a very wide range
of grains within the test figures and intersecting their borders, showed that the ASTM Jeffries
planimetric and the Hilliard single-circle intercept methods produced statistically identical
measures of the ASTM grain size, G, down to count levels far below what is recommend – down
to 30 for (ninside + 0.5 nintercepted) for the planimetric method and down to 20 grain
boundary intersections, Pintersections, for the intercept method (well below the recommended
minimums of 50 and 35, respectively). At levels below these limits, bias was small – mainly
data scatter was observed at counts <10 for both methods. The Saltykov planimetric method
using rectangles gave the best data, identical to the E 112 data, with statistically identical
grain size values down to 10, and was bias free, but also exhibited data scatter at counts <10.
The claim about bias by the Jeffries method has no validity. The model used in the claim did
not evaluate the effect of varying the counting conditions which was the basis of the claim
about bias being created. Also, they did not do actual tests to prove that their model was valid
and their claim about bias was correct. Models do not have any validity if they do not test the
actual conditions and are not verified by actual experimental data.
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Destructured zones in cooked hams have recently been a major problem for meat industry
where they cause significant economic losses. Occurrence of destructured zones in cooked
hams is reported between 2-20 per cent. Destructured zones are typically inappropriate for
cutting after the heat treatment due to reduced cohesion and they characterized by wavy
structure and disrupted muscle fibers. Literature reports that these defects are caused by the
quality of meat, especially when PSE (pale, soft, exudative) meat is used. It has been described
that these differences in quality of raw materials are caused by different biochemical and
physical properties, when muscle myofibrillar proteins are denatured, meat has poor
water-holding capacity, has a lighter color, and the texture of the final product is changed. PSE
in meat can be determined using a number methods, including methods of muscle fibers
microstructure analysis. A possible cause of destructured zones is abnormally rapid
post-mortem glycogenolysis, which is also reflected in the increased formation of lactic acid.
The cause of destructured zones can also be the technology applied (Valous et al., 2009). The
aim of this work was to verify the possibility of distinguishing destructured and
non-destructured zones at the microscopic level using stereological methods. In this work,
histological examination of cooked hams was utilized with evaluation using a point grid
(Ellipse, SVK). Three samples were taken from destructured zones and three samples from
non-destructured zones for this research. The samples were processed using paraffin blocks
and stained with haematoxilin-eosin staining (Bancroft, 2008). The examination was performed
by means of Nicon Eclipse E200 microscope (Nikon, JPN). During the examination of samples
using the light microscope, significant differences in the structure of skeletal muscles were
observed, namely disorganization and rearrangement of muscle fibers were found in
destructured zones. Stereological examination demonstrated a significant difference in the
representation of transverse and longitudinal fissures (p≤0.05). In non-destructured zones,
transverse fissures were detected in the muscle fiber in the proportion of 4.39 per cent,
whereas longitudinal fissures were not observed at all. Nevertheless, in destructured zones,
transverse fissures in the proportion of 47.6 per cent and longitudinal fissures in 6.11 per cent
were detected in the muscle fiber. Similar changes are also described by Laville et al. (2005)
who evaluate them as typical for PSE meat. The results thus show that histological
examination can distinguish between destructured and non-destructured zones in ham on the
basis of the proportion of transverse and longitudinal fissures.



 
Fig. 1:  Ham – skeletal muscle (longitudinal section) without structural changes, H&E.
 

 
Fig. 2:  Ham in destructured zone – skeletal muscle (longitudinal section) with transverse and longitudinal fissures, H&E
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MITOLAB does visual analyses of microscopic images of mitochondria of child patients with
mitochondrial disorders. However, due to demands on statistical evaluation, semiautomatic
analysis of the data became desirable. We propose a flow that provides main important
parameters of mitochondria by using freeware software package Fiji (fiji.sc).
       These parameters are of interest: 1. Number and density of mitochondria per one cell –
disordered mitochondria tend to be degraded and sparsely distributed; 2. Number of
mega-mitochondria, which are mitochondria collapsed into spheres instead of normal tubular
shapes, which may appear in tissues of patients with disorders; 3. Directional distribution of
mitochondria in cells – healthy cells have mitochondria forming a compact network of tubules
in a few dominant directions distributing ATP throughout the whole cell. Disordered
mitochondria networks tend to be fragmented, without dominant directions; 4. Branching of
mitochondrial segments – mitochondria of healthy cells tend to form branching networks.
Disordered cells contain high number of separated mitochondria, thus the branching is less
observed.
       The acquired images are generally of low quality, see Fig. 1, thus the preprocessing of
data is essential. It includes: I. Conversion to greyscale images (Fiji menu item
Image→Color→Split Channels); II. Removing inhomogeneous background
(Process→Subtract Background); III. Removing noise (Process→Noise→Despeckle); IV.
Improving contrast (Image→Adjust→Brightness/Contrast); VI. Selection of an individual cell
by creation its convex hull (Polygon selection); V. Thresholding MITO
(Image→Adjust→Threshold), Fig. 2.
       Density and number of (mega-)mitochondria are obtained by Analyze→Analyze
Particles and are expressed as Ratio AM/AC, Number of mitochondrial components and
Number of mega-mitochondria, respectively, in Fig. 3. Directions of mitochondria were
analyzed by generation of “directionality histogram” using Analyze→Directionality and by
fitting a Gaussian function to the highest peak. Goodness of fitting directionality histogram in
Fig. 3 describes partially if predominant directions are present in this histogram (it goes to 1)
or not (it goes to 0). Branching was found by creation of a skeleton using
Process→Binary→Skeletonize and by skeleton analysis using Plugins→Skeleton→Analyze
Skeleton (2D/3D). Branchings is expressed by Ratio BP/EP in Fig. 3.
       Fig. 3 shows an analysis of images of two healthy patients and four sick patients.
Although analysis of medical image data is mostly difficult and ambiguous and we present
results of a restricted number of patients, we conclude that Fiji can be used for successful
analysis and statistical evaluation of such data.
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Fig. 1: Microscopic fluorescence images of mitochondria in
fibroblasts of both healthy (upper; Healthy I, see Fig. 3) and
sick patients (bottom; Sick III, see Fig. 3). Magnification
600×, stained by MitoTracker Red (Invitrogen), white bar is
40 µm.
 

 
Fig. 2: Preprocessed greyscale 8 bit (left) and thresholded
binary images (right) of mitochondria of cells from Fig. 1.
 

 
Fig. 3: Results of image analysis of two healthy patients and four sick patients. Mitochondria of healthy cells tend to
have higher Ratio AM/AC, smaller number of fragmented parts and mega-mitochondria, higher Goodness and Ratio
BP/EP than mitochondria of disordered cells.
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Introduction
Palynology is the study of pollen grains produced by plants and spores. Pollen identification is
needed in several domains (e.g., medicine, oil industry or apiculture). Currently, this task is
based on visual inspection of microscopy images, which is time-consuming and costly. In this
study, automated analysis of microscopic pollen images is addressed. Automatic pollen
identification involves segmentation and classification tasks. Segmentation aims to localize
each of the pollen grains in the slide, separating it from the rest of the content. In
classification, the isolated pollen grain is assigned to one of a set of categories (taxa). The
present study is focused on the latter. For this purpose, brightfield microscopy images
corresponding to a subset of honey-bee pollen taxa were analyzed.
Data
Pollen images were captured using a NIKON E200 microscope and a camera NIKON DS-Fi1.
Balls of pollen were prepared in slides sealed with a coverslip. A 40x magnification was used to
acquire images of the slide containing several pollen grains. The acquisition consisted in stacks
with 31 images of the slide in order to ensure an optimum focus. The best focused slide was
identified by an expert. Subsequently, pollen grains were manually extracted from it by
defining a rectangular region. Pollen samples from 15 different taxa were captured: 1) Aster, 2)
Brassica, 3) Campanulaceae, 4) Carduus, 5) Castanea, 6) Cistus, 7) Cytisus, 8) Echium, 9)
Ericaceae, 10) Helianthus, 11) Olea, 12) Prunus, 13) Quercus, 14) Salix and 15) Teucrium. The
database was composed of 120 brightfield microscopy images per pollen taxon, resulting in a
total of 1800 images. Figure 1 depicts an example for each taxon.
Methods
A pattern recognition approach (feature extraction and classification) was adopted for pollen
grain classification. Figure 2 shows a scheme of the methodology. Feature extraction was
carried out through pollen texture analysis using Discrete Tchebichef Moments (DTM)1. Hence,
a texture signature (see Figure 3) was obtained for each grain and used as input for the
classification stage. The latter was implemented by means of discriminant analysis and
k-nearest neighbour algorithms.
Results
Ten-fold cross-validation was applied to estimate classification accuracy from the dataset of
1800 images. A classification performance of 92.06% was achieved. Most of the errors
corresponded to ‘Citysus’ samples.
Conclusion
Our experiments show that texture is a distinctive characteristic of the pollen taxon. We
propose an exhaustive analysis of texture in image-based applications pursuing automatic
identification of pollen taxa.
[1] Marcos JV and Cristóbal G, “Texture classification using Tchebichef moments,” J. Opt. Soc.
Am. A 30, 1580–1591 (2013)
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Fig. 1: Brigthfield microscopy images from our database. One sample is provided for each of the pollen taxa analyzed
in our study.
 

 
Fig. 2: Description of the methodology proposed in our
study to perform automatic pollen identification. Two main
steps can be identified: i) feature extraction (segmentation
and image texture analysis) and ii) classification
(discriminant analysis and k-nearest neighbour).
 

 
Fig. 3: Example of the texture signatures based on Discrete
Tchebichef Moments obtained for three different
microscopy images from our pollen database.
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Time-lapse microscopy imaging is a commonly used modern method for observing the
dynamics of cells and tissues. A large number of images that time-lapse microscopy generates
is difficult to evaluate manually, and computer methods of image processing would be highly
advantageous. Quantifying of mammalian cancer cell images captured by phase contrast
microscopy is especially challenging. Cancer cells have irregular shapes that change over time
and the mottled background pattern is partially visible through the cells. In addition, the
images contain artifacts such as white areas around the cell edges - so called halos.
We developed a novel algorithm for segmentation of individual cells. First part separate the
cells from the background and it is based on the differences in time between consecutive
images and a combination of sophisticated thresholding, blurring, and morphological
operations. The second part of our algorithm separates individual cells in the clusters. It uses
the halos between cells (thresholding and modified skeletonization) and fills the missing parts
by connecting the loose ends of the skeleton via Dijkstra algorithm.
We tested the algorithm on images of four cell types acquired by two different microscopes,
evaluated the precision of segmentation against manual segmentation performed by a human
operator.
We created the software which implements our segmentation method. We added the
possibility to modify the resulting segmentation. User can modify the result by merging or
splitting the cell regions that was found by our algorithm.
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Fig. 1: Original image of vero cells E6 acquired by phase
contrast microscope.
 

 
Fig. 2: Final segmentation of individual cells.
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Nion Swift is an open-source software platform for the collection, processing, quantification,
visualization, and management of scientific data. Built on the popular Python programming
language [1], Swift is written from the ground up to be extensible at every level. Although
initially developed as software for controlling Nion electron microscopes and collecting and
processing data from them, Swift has been designed to serve as a resource for the scientific
community across a range of applications and operating systems.

Swift builds on an ever-growing library of Python tools such as NumPy and SciPy [2]. Since it is
open source, users can examine the data workflow down to the source code level. All data is
stored in standard formats such as TIFF or Numpy arrays.  Swift is designed to track data from
collection to presentation, including relationships between data. All data is tagged with
metadata such as details of the sample, the current user, and the instrument parameters. If an
elemental map is produced from a spectrum image, Swift remembers from what larger data
set the elemental map was produced, even if the elemental map is transferred to a colleague
on another computer or network. It is then possible to return to the original data for
adjustments if needed.

Processing in Swift can be performed  "live", so that the user can inspect the end results
during an experimental session, and, if needed, make immediate adjustments to the
experimental parameters. If an elemental map is degraded due to incorrect gain normalization
of the EELS detector or poor signal-to-noise ratio, the problem can be noticed and rectified in
the middle of the session.  The user can add new processing routines with Python and have
multiple "live" processing and analysis items such as histograms, statistics, FFTs, or elemental
maps, all visible during data collection.

The data storage and retrieval capabilities are likewise fast and automated. Swift provides
powerful, extensible capabilities for sorting and filtering collected data. Data can be located
from the user interface by session, sample, user, and other metadata. A community of Swift
users is now contributing collection, processing and visualization modules to the software, a
process that is helped by a well-defined submission procedure and guidelines for documenting
the contributions. Examples of contributed modules will be shown at the meeting.

More information about Swift is available at [4].

[1] http://www.python.org/
[2] http://www.numpy.org/ and http://www.scipy.org/
[3] O.L. Krivanek et al., Ultramicroscopy 110 (2010) 935-945.
[4] http://nion.com/swift/
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Fig. 1: a) Swift acquiring a STEM HAADF image of the edge of a gold particle and of single Au atoms, b) Fourier-filtering
it live with the filter shown at lower right (σ1 = 15% fN, σ2 = 7% fN, w2 = 0.14, where fN is the Nyquist freq.), c) live
line profiles through (a), d) live line profile through (b).
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We developed new software for image processing. This software allows us to control all steps
of image formation. Typical starting dataset is the 12 bit raw data image file from the camera
chip. The settings of the microscope which driven by the custom software is stored in the EXIF
info in the image file (Fig.1).
Image processing starts with removing first 16 columns which used for internal calibration of
the noise in the camera. RAW image data are acquired without application of the Bayer mask.
This is applied in the next step. The Debayerization process produces images of ¼ resolution
(doubles the point width in each axis).
Our RAW data are in 12bit format so for most of processing tools and namely display of image
it is necessary to convert them to 8 bits. There are several ways for this conversion. We also
developed our method which aims to maximally preserve the information carried in each of the
color channels. This algorithm is called LIL (Least Information Loss) (Fig.2). We find out that not
all intensity levels in 12bit images are occupied. In this case we find all unique occupied
intensity levels in the whole image series, which are then rescaled to 8bit resolution. We know
from our experience that non-functional camera elements produce erroneous pixels both at
the lowest and at the highest levels. Settings in our software let us to remove specified
percentage of the intensity levels from both sides to account for that as well as for additional
very rare points in the image.
The remaining settings are connected to the settings of our microscope stored in the EXIF
information. When we do the XYZ scan, Sort to Z option allows us to store XY in directories
according to Z axis. Option Read and Export tags allows us to export EXIF information to the
txt file. Processing of all subfolders allows us to use batch processing of the selected folder.
The main correction covers cases when images are taken in wrong position or twice in the
same position. Also when the microscope is setup on the limits of the device, there can be
some erroneous images. The value Step of Piezo allows us to mark images as relevant or
irrelevant and notify correct Z position. Marking of images as relevant or irrelevant is
important for further processing, namely image information calculation and processing of 3D
image structure.
 

Acknowledgement: CENAKVA CZ.1.05/2.1.00/01.0024, CENAKVA II (The project LO1205 was
supported by the MEYS under the NPU I program); GA JU 134/2013/Z; Postdok JU
CZ.1.07/2.3.00/30.0006.



 
Fig. 1: Fig. 1: Software GUI (Graphical User Interface) – This image shows possible settings of the software
 

 
Fig. 2: Fig. 2: Example of histogram – During LIL conversion parts marked by red arrows are removed completely and
also all zero levels inside the histogram are deleted. The rest of histogram is converted to 8 bit image.
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Rapid development of multidimensional microscopy imaging techniques during recent years
has raised number of questions about effective image processing, visualization and analysis of
the obtained datasets. Most universities worldwide provide access to the modern imaging
techniques so that descriptive multidimensional datasets of the desired specimen can be fairly
easily obtained by any researcher. After acquisition the datasets have to be analyzed and
quite often the detailed analysis is impossible without segmentation (creating of a model) of
objects of interest out of the multidimensional data. It seems that the segmentation is the
most time consuming part of the image analysis routine. For example, it may take up to a
month to properly segment a single electron tomogram. The slowness of the process is caused
by two main factors: limited variety of good software tools (even commercial ones) and good
segmentation algorithms that can be applied to facilitate the modeling. As a result, amount of
collected and not properly processed data is much higher than the amount of produced
results.

In this work we address this problem and present a free, open-source software package,
Microscopy Image Browser (MIB), which can be used for image processing, analysis,
segmentation and visualization of multidimensional datasets. We already utilized MIB in
number of completed projects [1-3] and here demonstrate its successful application with
segmentation of Golgi and other organelles of Trypanosoma brucei, and cryptomonad
Rhinomonas nottbecki n. sp [4]. The program is written under Matlab environment which
opens large variety of options for its extension with different tools and filters available thought
the Matlab community. Even though the focus of the program is 3D segmentation of electron
microscopy datasets, MIB is rather universal and can be used to perform analysis and
visualization of multidimensional datasets obtained by light microscopy.

1. Puhka et al. Mol. Biol.Cell 23, (2012) 2424-.
2. Anttonen et al., Sci. Rep. 2, (2012) 978-.
3. Joensuu M et al. Mol. Biol.Cell (2014) Epub ahead of print.
4. Majaneva M et al. J Euk Microbiol (2014) accepted.
 

Acknowledgement: We thank Mervi Lindman and Antti Salminen for technical assistance. This
work was supported by Academy of Finland (project 131650, E.J.) and Biocenter of Finland.



 
Fig. 1: The user interface window of Microscopy Image Browser
 

 
Fig. 2: Serial Block Face Scanning Electron Microscopy
dataset of Tripanosoma brucei with one tripanosome
segmented from the 3D volume using MIB. Dimensions:
11.3 x 15.4 x 6.8 μm, voxel size: 14 x 14 x 30 nm. The
lower part of the figure shows visualization of individual
organelles from the same model. The models were
visualized using Amira.
 

 
Fig. 3: A model of Golgi apparatus and endoplasmic
reticulum exit sites from a dataset obtained by Electron
Tomography. The segmentation was done using MIB and
the rendering done with Amira.
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Rapid development of multidimensional microscopy imaging techniques during recent years
has raised number of questions about effective image processing, visualization and analysis of
the obtained datasets. Most universities worldwide provide access to the modern imaging
techniques so that descriptive multidimensional datasets of the desired specimen can be fairly
easily obtained by any researcher. After acquisition the datasets have to be analyzed and
quite often the detailed analysis is impossible without segmentation (creating of a model) of
objects of interest out of the multidimensional data. It seems that the segmentation is the
most time consuming part of the image analysis routine. For example, it may take up to a
month to properly segment a single electron tomogram. The slowness of the process is caused
by two main factors: limited variety of good segmentation algorithms and software tools (even
commercial ones) that can be used to facilitate the modelling. As a result, amount of collected
and not properly processed data is much higher than the amount of produced results.

In my talk I would like to address this problem and present a free, open-source software
package, Microscopy Image Browser (MIB), which can be used for image processing, analysis,
segmentation and visualization of multidimensional datasets. MIB seems to be quite effective
and we already utilized it in few projects [1-4]. The program is written under Matlab
environment which opens large variety of options for its extension with different tools and
filters available thought the Matlab community. Even though the focus of the program is 3D
segmentation of electron microscopy datasets, MIB is rather universal and can be used to
perform analysis and visualization of multidimensional datasets obtained by light microscopy.

1. Puhka et al. Mol. Biol.Cell 23, (2012) 2424-.
2. Anttonen et al., Sci. Rep. 2, (2012) 978-.
3. Joensuu M et al. Mol. Biol.Cell (2014) Epub ahead of print.
4. Majaneva M et al. J Euk Microbiol (2014) accepted.
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Fig. 1: The user interface window of Microscopy Image Browser
 

 
Fig. 2: Serial Block Face Scanning Electron Microscopy
dataset of Tripanosoma brucei with one tripanosome
segmented from the 3D volume using MIB. Dimensions:
11.3 x 15.4 x 6.8 µm, voxel size: 14 x 14 x 30 nm. The
lower part of the figure shows visualization of individual
organelles from the same model. The models were
visualized using Amira.
 

 
Fig. 3: A model of Golgi apparatus and endoplasmic
reticulum exit sites from a dataset obtained by Electron
Tomography. The segmentation was done using MIB and
the rendering done with Amira.
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Nano-particles are becoming widely used as functional materials. As a result, the technology to
measure the size distribution of nano-particles is required. Direct observation with TEM or SEM
is used for it; but, such methods are problematic because 1) the field of view of the target is
limited, and 2) the measurement results depend on operator. The purpose of this study was to
devise a way to solve these problems, in which samples are observed with TEM or SEM
automatically (or manually), discrimination of individual nano-particles is made automatically
from the image, and the size distribution is determined. As the first stage, to distinguish
between adjacent particles we developed a nano-particle analysis system using the Mean Shift
method, a segmentation method for image.
For the nano-particles, two types of polystyrene latex (PSL) standard spheres (30 nm, 260 nm)
were used. After dispersing these nano-particles in a solution, the samples were observed
using TEM and SEM. The analysis system we developed was used to determine the average
particle size and size distribution from the acquired images, and the performance of the
analysis system was evaluated. A JEM-1400Plus (JEOL) was used to make the TEM
observations, and a JSM-7100F-TTL (JEOL) was used for the SEM observations. STEM
observations were made using the SEM instrument.
Fig. 1 shows the TEM image of the PSL standard spheres (260 nm). Fig. 2 shows the results of
the segmentation of adjacent particles using the Mean Shift method. The detected average
particle diameter was 258 nm, with a standard deviation of 4 nm. Fig. 3 shows the STEM image
acquired with the SEM for the PSL standard spheres (30 nm). Fig. 4 shows the results of the
segmentation of adjacent particles using the Mean Shift method. The detected average
particle diameter was 26 nm, with a standard deviation of 7 nm. This indicates that the
standard deviation differs according to the diameter of the standard sphere, suggesting that
can be attributed to the classification accuracy of the standard spheres and the conditions of
the particle aggregation. When using Mean Shift to perform the segmentation, the
determination of the boundaries makes use of the brightness profile between the particles and
substrate, which is affected by the how the particles clump together. Therefore, if a method for
determining the particle-substrate boundaries that accurately reflects the true particle
diameter can be established, it will be possible to use this method to measure particle
diameters with a higher accuracy than the conventional methods.
References
1) D. Comaniciu, P. Meer: IEEE Trans. Pattern Analysis. Machine Intelligence, 24, 603 (2002).
2) P. Meer, B. Georgescu: IEEE Trans. Pattern Analysis. Machine Intelligence, 23, 1351 (2001).
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Fig. 1: TEM image of PSL (260 nm). Acc. Volt. 120kV.
 

 
Fig. 2: Segmentation result of TEM image.
 

 
Fig. 3: STEM (SEM) image of PSL (30 nm). Acc. Volt. 20kV.
 

 
Fig. 4: Segmentation result of STEM image.
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BACKGROUND. Multicolor 3D microscopy images of various subnuclear microfoci, representing
replication sites, DNA damage response regions or other nuclear phenomena provide vast
amounts
of information about localisation of these processes. However, co-occurrence of different
processes
cannot be quantified by colocalisation analysis of microfoci. In order to assess potential
correlations
between two processes represented by microfoci quantitative analysis of mutual distances
between
their centres in 3D is required.
GOAL. This work was focused on constructing an algorithm for quantitative analysis of spatial
relations between two classes of discrete events represented by large numbers of microfoci in
three-
dimensional images of cell nuclei.
METHODS. Newly replicated DNA was labelled using incorporation of a precursor (EdU) and
click
chemistry. Microfoci of phosphorylation of histone H2A.X and 53BP1 were labelled by immuno-
fluorescence. 3D confocal fluorescence images were deconvolved prior to further analysis.
RESULTS. An algorithm was constructed and applied in analysis of a relationship between DNA
damage signalling and repair (H2AX histone phosphorylation, 53BP1 recruitment), and DNA
replication, in nuclei of cells treated with topoisomerase inhibitor camptothecin or hydrogen
peroxide.
Relationship between spatial distributions of these two groups was quantified using
distributions
(histograms) of nearest-neighbor (nn) distances. Populations of correlated and uncorrelated
signals
were isolated using histogram thresholding. Analysis of spatial distributions of γH2AX and
53BP1
foci demonstrate the existence of a population of γH2AX signals associated or located afar of
53BP1
signals. The nn distance calculation was supplemented with analysis of cumulative distribution
of all
possible distances (Ripley’s K functions) between signals of the same and different kinds. We
found
an expected, statistically significant spatial correlation between DNA replication and damage
induced
with topoisomerase I inhibitor camptothecin, but a very low correlation in cells subjected to
oxidative
stress. This approach to analysis of spatial association of two nuclear events is expected to be
suitable
for investigations of a relationship between any other types of cellular events represented by
small
foci, in multicolor patterns found in standard and super-resolution 3D confocal images.
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Autosomal Dominant Retinitis Pigmentosa (ADRP) is an inherited eye disease, which can lead
to photoreceptor cell death, and result in reduced vision and complete blindness. This disorder
is estimated to affect one in 3000–5000 individuals worldwide. The main causes of ADRP are
mutations in rhodopsin (the light pigment protein); this glycoprotein is responsible for vision
under dim light conditions. There have been more than 140 mutations identified on the
rhodopsin gene which are linked to ADRP. The cellular trafficking of rhodopsin to the outer
segment of vertebrate rod cells is critical for normal function; misfolding interferes with the
normal trafficking pathway and may eventually lead to photoreceptor degeneration.
We have developed inducible stable HEK293S cell lines expressing wild-type and mutant
rhodopsin-GFP to gain greater insight into pathways triggered by its misfolding. Using a
combination of experimental procedures, standardized optimal three-dimensional image
acquisition, volumetric and super-resolved localisation analysis, we characterise the
phenotypes of rhodopsin mutants and show subtle but significant differences.
Mutation P23H, well researched by biochemical means in previous studies, is used as a
reference. Some cells expressing mutant rhodopsin were treated with the 11-cis-retinal
cofactor to see if they responded with improved folding and plasma membrane localisation;
these are called ‘rescued’ cells.
Live imaging of the cells was conducted to monitor formation of aggresomes and translocation
of rhodopsin-GFP to the plasma membrane. In fixed cells, variable levels of GFP expression
combined with immunofluorescence showed a considerable difference in dynamic range.
Wild-type and rescued mutant cells shared similar localisation and volumes of rhodopsin-GFP.
Calnexin, an endoplasmic reticulum chaperone important for assisting the folding of
glycoproteins, was also quantified using monoclonal antibody (mAb) labelling. We discuss the
unexpected finding of lower calnexin-mAb volumes found in P23H cells.
Performances of visual experts and algorithms for overlap measurement and object-based
colocalisation with high measurement accuracy are compared. They were applied to a growing
database of three-dimensional multichannel images of single HEK293S cells expressing various
rhodopsin-GFP mutants.



 
Fig. 1: Colocalisation of rhodopsin-GFP and calnexin-mAb in HEK293S cells expressing wildtype (WT) and mutant (P23A
and P23H) rhodopsin-GFP (green) . Immunofluorescently labelled calnexin is shown in red and DAPI-stained nuclei in
blue. Note poor plasma membrane localisation and aggresome formation of mutant P23H rhodopsin-GFP. Scalebars:
10μm.
 

 
Fig. 2: Scatterplots of rhodopsin-GFP and calnexin-mAb volumetry in cells expressing wild-type (WT), mutant (P23H and
P23A) and rescued mutant (P23H resc) rhodopsin. 
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Plasmonic noble metal nanoparticles (MNPs) retains a special place in today’s nanotechnology
efforts. Their complex shapes gives them unique anisotropic optical and physico-chemical
properties. Moreover, the possibility to synthesize MNPs in high yield as colloidal solution
makes them cost-effective nanomaterial. The number of prospective applications for colloidal
MNPs is still growing – from novel immunolabelling for both optical and electron microscopy,
model nanoparticle for emerging field of theranostics, to building blocks of optical
metamaterials, literally forming ordered arrays of nano-antennae. As the new technology
employing MNPs emerges, the need for fast and versatile methods for their quantitative
characterization is increasingly needed. Although TEM images produces superior quality with
marginal noise, modern nanoparticle application often requires to characterize the particle
distribution and shape purity on arbitrary substrates including non-conductive substrates as
glass etc. Modern FE-SEM microscropes allows for quality images however with substantial
noise. The advanced image processing filters in Mathematica™ allows to prepare the noisy
micrographs for segmentation by thresholding or edge detection. The filtered images are then
used for shape interactive shape detection mechanism. In this talk will be presented an image
processing application in Mathematica™ designed primarily for electron microscope
micrographs processing and analysis of particle shapes and size. The application combines the
Mathematica™ built-in advanced image processing algorithms together with its outstanding
dynamic functionality to create a fluid user interface with improved workflow of the image
analysis process.
 

Acknowledgement: This work was supported by the Czech Science Foundation
Project P205/13/20110S.



 
Fig. 1: Selected screenshots from the application interface depicting (a) the image filtering part for thresholding/edge
detection and (b) the component measurement with interactive histogram selection controls (left) to filter the
unwanted shapes.
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This paper presents a method for image enhancement of nanoparticles obtained from Electron
Transmission Microscopy based on the two-dimensional Hurst operator for detecting edges and
characterizing texture and distribution information. To measure the size of a particle, a correct
identification of its edges is required; therefore for nanoparticle image analysis the edge
detector to use should be able to detect weak edges and also have good noise immunity. A
texture sensitive detector may help with the correct identification of each structure and assist
to separate the components. In this work, we describe a new image-processing algorithm,
based on the local two-dimensional Hurst operator, to improve image quality and better define
the edges of the nanoparticle for later size measurement. The local two-dimensional Hurst
operator uses a two-dimensional range-based neighborhood operator based on a “local Hurst
operator” to extract in one operation both the edge and texture information from an image.
First, a de-noising stage is performed to the original image to improve quality. Noise reduction
was achieved by using wavelet transformations. Several nanoparticle samples were prepared
at our Centro; these nanoparticles were composed of zerovalent or sulfate iron and
carboximethyl cellulose (CMC). Images were recorded digitally with a FEI Tecnai Spirit Twin
TEM operated at 80kV. Nanoparticles images samples were processed using the new
image-processing algorithm in order to determine its performance. Fig. 1 shows a sample of
resulting images obtained before and after image processing. Images are shown in 1024x1024
pixel resolution obtained after scaling the resulting images for visibility. As it can be seen in
Fig. 1 a good improvement in image quality has been obtained. Depending of the image, the
information content has been enhanced; the original structures of the particle are now clearly
visible and discernible furthermore after the final stage the edges of the particle are well
defined, having now a clear separation between the background and the particle. Therefore, a
more precise and reliable size measurement can be performed in a next step. Experimental
results show that the method is not only robust and repeatable, but it can also accommodate
both nearly spherical and more irregularly shaped nanoparticles of different sizes and
configurations. The results obtained suggest superior performance to previous image
processing techniques and may provide a very useful tool for nanoparticle research. The
algorithm was relatively easy to implement using modern software tools (such as Matlab or
LabVIEW), further developments of the system will include the automated measurement of the
nanoparticle size and separation of structures of interest.
 

Acknowledgement: Research was partially supported by the Secretary of Education, Science,
Technology and Innovation of the Ecuadorian Government (SENESCYT) under the “Prometeo
Program”.



 
Fig. 1: Figure 1. Example of images obtained after processing different nanoparticles samples. An octagonal
neighborhood with 4 pixels of radio was used for the operator. Images c.1, c.2 y c.3 were obtained after applying a
Hilbert-based edge detector to the imagines a.1, a.2, and a.3 obtained after applying the Hurst operator and wavelet
de-nosing.
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Among the more popular techniques for PSDs measurement, the SEM images analysis (IA) and
laser diffraction (LD) are used alone or combined. In this work, 1 g of lactose (mean dnv= 26.5
μm, particle density = 1.36 g/cm3) and 3 g polyvinylchloride (PVC) resin (mean dnv = 142.6
μm , particle density = 1.51 g/cm3) particles were mixed to obtain a bimodal PSD. Figure 1
shows a SEM micrograph of the studied particulate system. Based on the materials properties,
a relationship between the number of lactose (NL) and PVC (NPVC) particles of 46:1 is expected.
The NL:NPVC ratio obtained from the LD number distributions was 43:1. However, the number
passing cumulative distributions obtained from IA revealed that NL:NPVC varied from 4 to 33,
being this relationship strongly influenced by the SEM sample preparation. The basic
calculation and the information provided by LD (which handles thousand of particles) allowed
improving the method of mounting particles on the SEM stub. Figure 2 shows the number
passing cumulative functions obtained by LD and IA (using the best SEM sample preparation
method). LD estimates a higher NL than that calculated from IA, probably because LD can
process much more particles and it is less sensitive to segregation problems than IA.
Taking into account the mass ratio of lactose and PVC and their densities, the theoretical
cumulative volume of lactose (VL) and PVC (VPVC) should be around 23 % and 77 %,
respectively. LD provides directly the volume cumulative distribution of the powder that is
being analyzed, instead for IA, this function has to be calculated from the number cumulative
function assuming a given 3D particles shape. Figure 3 shows the volume cumulative passind
distributions for LD and IA, for the last method spherical particles are assumed. These results
indicate that VL for IA and LD was 28 and 18 %, respectively; values that are between the
theoretical value (23 %). Eventhough IA estimates less NL, higher VL is found for this technique.
For the IA data, the calculation of the volume of each class of particles assuming spherical
shape requires to elevate the diameters to a power of 3. Eventhough lower NL is predicted by
IA, the diameter measurement errors or the deviation of the particles shape from a sphere
may lead to the observed higher VL.
The simulated bimodal PSD and its evaluation by IA and LD allows stablishing the prediction
errors and modifying sample preparation procedures to optimize the PSD chacterization.
 

Acknowledgement: Authors express their gratitude for the financial support granted by the
Consejo Nacional de Investigaciones Científicas y Técnicas and the Universidad Nacional del
Sur



 
Fig. 1: SEM image of the bimodal PSD
 

 
Fig. 2: Comparison of number passing cumulative
distributions obtained by IA and LD.
 

 
Fig. 3: Comparison of volume passing cumulative
distributions obtained by IA and LD.
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We present results of the project aimed at comparative evaluation of image segmentation
algorithms for microscopic cross-section samples. Despite the longtime effort to develop high
quality segmentation algorithms, there is no universal segmentation method available. Under
these circumstances, there is a dilemma which method to choose for given particular data set.
Moreover, images of microscopic samples can be of various character and quality which can
negatively influence the performance of image segmentation algorithms. Thus the issue of
selecting suitable method for a given set of image data becomes even more prominent. We
carried out a large number of experiments with a variety of segmentation methods to evaluate
the behavior of individual approaches on the testing data set. We limit our study to the
microscopic images that contain the sample located in the inner part of the image, mostly not
reaching to the top and bottom image borders. The data may come from an analysis of
painting materials used in art restoration, which is the case of the data set used in our
evaluation. They can be samples of various biological materials, such as tissues, cells, or other
biological structures. The task is to label an image with either foreground or background label,
where the foreground is usually the inner part of the image and the background is separated
and/or removed. The background is cluttered with various debris which makes the task
complicated.
The set of studied segmentation methods covers various approaches such as thresholding,
region growing, clustering methods and graph-based algorithms. Their results and
performance were objectively evaluated by ten representative indices used for measuring the
output quality of image segmentation algorithms. The main objective was to find the best
average segmentation method. The method which is comparable to the best method for
particular image in case of easy to segment images (majority methods can segment this image
with satisfactory results) and does not completely fail in case of worse images (where most of
the methods fail). Such method was found for three studied modalities (visible and ultraviolet
spectra and output of scanning electron microscope) and also the lists of segmentation
methods ranked according to their performances were produced through rank aggregation
process. Mean Shift algorithm (EDISON) generally performed the best and thus can be
considered the best segmentation method on average for related data. We verified the
findings on separate testing data set and the applicability of the evaluation results was also
shown on biological data.
The results of the project were submitted to the Journal of Microscopy (John Wiley & Sons).
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Fig. 1: The image of the cross-section sample in visible
spectrum. Courtesy of ALMA laboratory.
 

 
Fig. 2: The cross-section from figure 1 segmented by Mean
Shift algorithm. The background is successfully removed.
Courtesy of ALMA laboratory.
 

 
Fig. 3: Demonstration on biological image data -- mouse retina colored withhematoxylin-eosin. Boundary of segmented
result by Mean Shift algorithm isdepicted by red line. Courtesy of Jan Cendelin, Faculty of Medicine in Pilsen.
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In our contribution, a prototype of a simple low-cost system for automated evaluation of
mosaic form of chromosome aneuploidies will be introduced. The primary goal of this system is
to improve the accuracy of evaluation of simple chromosome aberrations in mosaic form,
which are related to the Turner (mos 45,X/46,XX) and Klinefelter syndrome (mos
47,XXY/46,XY).
Since the frequency of the abberant nuclei is rather low in the mosaic form (up to approx. 5%),
it is necessary to evaluate the counts of the fluorescence signals in a sufficient set of nuclei
images (approx. 1000 interphase nuclei or more). From the point of view of image processing,
this includes the standard operations of image preprocessing, segmentation, spot detection
and parameter evaluation, followed by filtering based on object parameters. The prototype
system is composed of hardware part, which provides automated image acquisition, and
software part for image processing, image database access, statistical evaluation,
vizualization, etc. To large extend, the system is composed of the COTS components: the
Euromex OX.3075 fluorescence microscope with a plan fluorite lens and an Edmund Optics
motorized stage have been used for image acquisition. The control protocol for the stage and
the illumination system have been developed inhouse by the CAMEA company, to ensure
optimum performance. The software part of the system builds partly on the open-source
software: the image processing module (preprocessing, segmenation, parameter evaluation)
has been designed as an ImageJ plugin, the machine learning part, which is used to filter the
objects (nuclei and signals) on the basis of parameters, is implemented using the WEKA
library. To store the images, the MySQL database is used. Currently, we are also testing
incorporation of the OMERO client-server software, which could serve both for storing the
images and for vizualition, as well as the backend system.
To test the system, samples of cultivated lymphocytes from patients with different forms of
gonosomal aneuploidies have been used, as well as artificial mixed male and female samples
with known ratio of cells with different karyotypes. The samples were hybridized with
alpha-satellite FISH probes, which marked centromeres of the X chromosome in the individual
cells (for Turner syndrome). A 40x and 60x magnification lens has been used in our
experiments, resulting in images with approx. 20 nuclei. To obtain good quality images,
exposition time of 500 ms was used and we have achieved processing time for one image
bellow 2 s.
Currently, works are undergoing on integration of the components of the system into final
prototype.
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There has recently been a major leap forward in cryo-electron tomography (cryo-ET) of
biological specimens due to the introduction of direct detection cameras, with their
unsurpassed speed and sensitivity, and contrast enhancing phase plate technology. These new
tools allow the acquisition of data with unprecedented clarity and spatial resolution despite the
stringent restrictions of low-dose microscopy. Cryo-ET now offers the opportunity to approach
a whole new range of structural biology questions.
However, the study of complex molecular processes in situ and within large organisms is still
hampered by the thickness of the samples. Many biological systems of interest exceed the
thickness requirements for transmission electron microscopy. Sections, thinner than 500 nm,
have to be produced without compromising the intricate cellular architecture. Cryo-focused ion
beam (cryo-FIB) milling of frozen hydrated samples provides a unique opportunity to generate
such thin sections while minimizing preparation artifacts [1,2]. Targeted milling of
electron-transparent ‘windows’ into larger cellular specimens permits access to structures
buried deep inside cellular volumes [3], enabling tomography to be performed on these
structures at unprecedented resolution.
In this work, we present the cryo-FIB preparation technique as a fully integrated component of
the general in situ cryo-ET workflow. In situ cryo-ET requires fully vitrified sections of
homogenous thickness without mechanical distortions and surface contamination. We discuss
the necessary steps and techniques to achieve this goal with high fidelity and reproducibility,
and then show the improvements for data acquisition with direct detectors and phase plate
technology.
Examples of cryo-FIB applications on different biological systems demonstrate the versatility
and power of the combined techniques.
References:
[1] M Marko et al., Nat Methods 4(3) (2007) p.215.
[2] A Rigort et al., PNAS 109(12) (2012) p.4449.
[3] E Villa et al., COSTBI 23(5) (2013) p.771.



 
Fig. 1: (a) Schematic of cryo-FIB preparation on a plunge-frozen hydrated cell. (b) TEM grid mounted in a modified
Autogrid cryo-holder. (c) SEM image of yeast cells on a TEM grid. (d) FIB SE image of a lamella after cryo-FIB milling.
(e) Cryo-TEM overview of the yeast lamella and (f) magnified view of a nucleus double membrane within one yeast
cell.
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Our work is focused on the development of methods that enable high-resolution snapshots of
dynamic events or of subcellular structures in cells and multicellular organisms. To achieve
that, correlating light and electron microscopy is a powerful solution. By improving targeting
strategies, we are successfully combining live imaging and electron microscopy on various
sample types, allowing the correlation in three dimension of rare events in cultured cells,
nematodes, zebrafish embryos and mouse tissues.
A generalized way to achieve the correlation and to trace the objects of interest across the
switch in imaging modalities is to rely on specific landmarks that are used to navigate into the
sample, to specifically collect sections at the site of interest and to register the acquired
images. With cultured cells, we utilize coordinates systems etched at the surface of the culture
substrate, a widespread solution that is compatible with a large variety of sample preparation
techniques for electron microscopy (e.g. chemical fixation, high-pressure-freezing). On
multicelluar organisms, the targeting to the region of interest is performed by the combined
use of anatomical cues and of engineered landmarks that are recognizable in both light and
electron microscopy. By imaging the sample in 3D, maps of its volume can be generated.
These maps are then utilized to navigate the block and to target the sectioning precisely to the
region of interest.
With the widespread use of easy-to-implement but efficient sample preparation methods, we
believe that correlative light and electron microscopy has the potential to serve as a powerful
tool to achieve single cell recordings in heterogeneous systems allowing to link functional
imaging with ultrastructural analysis.
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In light microscopy it is natural to use toolsets like tweezers, knives, probes and several
different measurement tools. Without this many present-day products and methods would not
exist.
The operators of SEM/FIB-Systems generally work without toolsets, although the wavelength
limit of light is no physical boundary. It can be imagined how technology would be pushed
when a SEM/FIB Workbench reaches the same degree of practicability and utilization as
toolsets for light microscopes.
The success of in-SEM/FIB-Nanorobotics depends on several important features:
• Nanomanipulators in automation, for movement of endeffectors, sample handling, and
preparation,
• Endeffectors for nano- probing, cutting, cleaning, force measurement, gripping, sorting or
material preparation,
• Automatic 3D tool- and sample position detection, 3D sample topography measurements,
• Precise control of all tool positions including SEM/FIB sample stage in global coordinates,
• SEM picture assisted haptic interface by “Live Image Positioning”,
• One common automation control for Nanorobotics and SEM/FIB.
Expanding the SEM/FIB to a material processing system and a nano-analytical workbench by
fulfilling these upper development tasks enables new applications in research and production
of material research, live sciences, tribology, environmental & forensic research and
semiconductor technology.
Several examples of these new interdisciplinary research and development fields will be
described, together with the invitation to participate at our research network forming further
new applications.
A few examples of Nanoworkbench applications are highlighted in Fig 1. Although these
examples may raise the impression of a review about different machines and their usage, this
is not the case. Described is the development of the Nanoworkbench.
References:
[1] D. Morrant, EIEx Magazine of European Innovation Exchange, 1 (2009)
[2] G. Schmid, M. Noyong, Colloid Polym Sci., (2008)
[3] C.-H. Ke1, H.D. Espinosa, Journal of the Mechanics and Physics of solids, 53 (2005)
[4] Seong Chu Lim, Keun Soo Kim, Kay Hyeok An, Dept. of Phys., Sungkyunkwan University,
Korea (2002)
[5] Supported by European Commission, IST and Ziel2.NRW



 
Fig. 1: Fig. 1. includes the rows: Nano-Probing [2]: The electrical conductivity along these gold chains is
measuredNano-Tribology can be performed in high resolution [4]Nano-Cutting: fast milling of structures3D-Nanofinger:
measurement of gold and EBID structuresParticle-Sorting: Gripping of a rigid CNT bundle [3]
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Abstract
The availability of Cs-corrected transmission electron microscopes (TEM) has strongly
increased the quality requirements for TEM samples. Especially, the amorphous layers at the
sample surface have to be as thin as possible. If Ar-ion milling is applied for cross-section TEM
sample preparation, finishing the ion-milling procedure with a voltage as low as a few hundred
volts may account for this [1-6]. This study, however, reveals 3 additional effects of the
low-voltage Ar-ion treatment.
For the present study, a Precision Ion Polishing System (PIPS, Gatan) equipped with low voltage
option was used for ion milling (final milling at 0.5kV for 5 minutes; etching angles 3 - 5°).
Three specimen types (pure silicon, III-V semiconductors and SrTiO3) were investigated in a
Philips CM12 (100kV) and a FEI Tecnai F30ST (300kV) TEM as well as a Hitachi HD-2700Cs
(200kV) dedicated STEM.
The fine polishing at low acceleration voltage resulted in a clear reduction of the thickness of
the amorphous surface layers (Fig. 1). This was, however, not the only effect observed: all
three sample types reproducibly showed severe charging in all three microscopes. This effect
was – especially in the dedicated STEM – present with and without subsequent plasma-cleaning
for reduction of contamination. The low-voltage milling furthermore caused some re-deposition
of Cu-particles onto the sample from the Cu-tube into which the material had been embedded.
The Cu was observed at material boundaries and at the sample edges. It is assumed that this
was due to electrostatic fields built up by charging effects already during the milling process
(Fig. 2). Last but not least, another important property of the material – its oxidation behaviour
– appeared to have changed drastically: While in a TEM sample the AlAs layers of an AlAs/GaAs
superlattice delaminated after few hours due to oxidation, if the sample was milled at 3.5kV,
the oxidation was almost fully suppressed for several weeks after low-kV milling (Fig. 3). Only
along dislocations oxidation was still observed to occur.
References
[1] T. Schuhrke, M. Mandl, J. Zweck, H. Hoffmann, Ultramicroscopy 41 (1992), p. 429
[2] A. Barna, B. Pécz, M. Menyhard, Ultramicroscopy 70 (1998), p. 161
[3] A. Barna, B. Pécz, M. Menyhard, Micron 30 (1999), p. 267
[4] J.P. McCaffrey, M.W. Phaneuf, L.D. Madsen, Ultramicroscopy 87 (2001), p. 97
[5] J. Mayer, L.A. Giannuzzi, T. Kamino, J. Michael, Mrs Bulletin 32 (2007), p. 400
[6] M.J. Süess, E. Mueller and R. Wepf, Ultramicroscopy 111 (2011), p. 1224.
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Fig. 1: HRTEM images of SrTiO3 show an amorphous layer at the sample edge of about 8nm after ion etching at 4kV
(left). The amorphisation is reduced to below 2nm after a low-voltage etch of 0.5kV (right).
 

 
Fig. 2: HAADF STEM images of a SiGe/Ge superlattice on Si(001). Small particles are decorating the interface between
the superlattice and the substrate as well as the edge of the sample (left and central image). EDX maps of the area
shown in the HAADF STEM image at top right identified the particles to consist of Cu (right).
 

 
Fig. 3: GaAs/AlAs superlattice with final Ar-ion etching step at 3.5kV (left, TEM) and 0.5kV (right, HAADF STEM),
respectively. While oxidation of the AlAs layers had caused a severe degradation of the sample within less than 1 day
after etching at 3.5kV, the layers were still perfectly preserved 3 weeks after low-voltage milling.
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In this abstract, we present a method to prepare plan-view transmission electron microscopy
(TEM) samples using isotropic vapor phase etching with integrated etch stops. An ultrathin
(5-10 nm) etch stop simultaneously serves as a support membrane, providing ideal
transmission imaging conditions without the need for mechanical polishing or ion milling in
sample preparation. In addition to reducing preparation time and use of consumables, vapor
phase etching allows multiple samples to be prepared in parallel due to high etch selectivity
(>1000:1) which accommodates over-etch and provides a large, uniformly thick area for
imaging.

We highlight the benefits of this technique in high-throughput studies of nanostructures and
thin films prepared by conformal deposition techniques where it is challenging the use
commercially available grids with pre-thinned membranes due to front and backside
membrane coating. While there are methods to prevent deposition onto both membrane faces,
including mechanical clamping and masking structures, these solutions are not ideal in many
studies due to limited temperature stability, outgassing, and significant topology differences
introduced by the mask. The proposed vapor phase process requires consideration of etch
selectivity in order to minimize the introduction of artifacts during preparation. However,
selectivity against a wide range of dielectrics, metals, and polymers is possible using either
XeF2 or vapor HF in conjunction with a single etch stop layer. Additionally, the sample surface
is protected by a coating of Crystalbond 509 throughout the preparation process to minimize
exposure to etchants.

We demonstrate the application of this technique to characterize Volmer-Weber nucleation of
platinum deposited by plasma-enhanced atomic layer deposition (PEALD). Figure 1a shows a
cross-section TEM image of a PEALD Pt film deposited onto an oxidized silicon wafer with a 5
nm Al2O3 seed layer. An isotropic XeF2 etch of silicon stops on SiO2 while anhydrous vapor HF is
used to subsequently etch the 300 nm SiO2 down to the Al2O3 film through which the Pt film is
imaged. The total tool time to complete vapor phase etching of multiple samples is typically
less than one hour. Figure 1b compares 3 mm cored samples prepared by conventional
(grinding, polishing, dimpling, ion milling) and vapor phase processes. Figure 2 shows a
comparison of plan-view TEM images from the same 100 cycle film prepared using
conventional and vapor phase methods. The schematics in figure 3a outline the preparation
process. Samples ranging from 85-300 ALD cycles are prepared using the presented process
and shown in figure 3b demonstrating grain structure evolution during Volmer-Weber
nucleation and the transition from contiguous to continuous films.



 
Fig. 1: (Left) Cross-section transmission electron micrograph of sample layer structure. (Right) Comparison of samples
prepared by conventional and vapor phase methods. The vapor phase sample is shown prior to HF etching. While the
membrane commonly cracks, regions suitable for imaging remain along the periphery.
 

 
Fig. 2: Comparison of the same 100 cycle PEALD Pt film prepared by conventional hand and vapor phase methods.
 

 
Fig. 3: (Top) Sample preparation overview, not to scale. (Bottom) Plan-view transmission electron micrographs showing
Volmer-Weber nucleation PEALD Pt films deposited on Al2O3 at 250 oC.
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In the past few years my laboratory has been exploring alternatives to the conventional
lengthy procedures used to fix and embed cells for cellular electron microscopy (microscopy of
whole cells and tissues). We start with cells frozen by high pressure freezing, then dehydrate
and stabilize the ultrastructure by freeze substitution (FS). We have reduced the time for FS
from several days to a few hours. Resin infiltration and embedding is done in 2-3 hours with no
special equipment. We also have a new method for on-section immunolabeling by doing FS
with uranyl acetate in acetone and embedding in LR White.
FREEZE SUBSTITUTION. As described in McDonald and Webb [1] we now do FS using simple,
inexpensive equipment instead of a costly automated freeze substitution (AFS) device. Briefly,
frozen samples are placed in cryovials containing frozen fixative and placed in a metal block
cooled to liquid nitrogen temperature. The metal block is placed in a foam box that is then put
on a rotary shaker operating at 100-125 rpm. The samples are warmed up passively over 2-3
hours to room temperature at which point the fixative is rinsed out and the embedding process
is begun.
RESIN INFILTRATION AND POLYMERIZATION. We used to do quick processing using a
microwave oven but wanted rapid procedures that did not require this expensive equipment.
We found that microwaves were not actually necessary and also discovered that rapid
embedding procedures were not new [2]. Briefly, we do a stepwise increase in epoxy
resin:acetone concentrations from 25, 50, & 75%, then 3 times in pure resin for 5-15 minutes
each with centrifugation at 2,000 x g for 30 seconds to a minute in between changes.
Polymerization is at 100 degrees C for 2 hours. While we can go go from live cells to sections in
the microscope in one working day, in practice we often freeze, FS, and embed on one day and
section and look at the samples the next. Results from a variety of cell and tissue types is
shown in recent publications [3,4].
ON-SECTION IMMUNOLABELING. Specimens are freeze substituted in 0.2% uranyl acetate in
acetone to room temperature, then rapidly embedded as above in LR White which is
polymerized at 100 degrees C for 90 minutes. The advantage of not using traditional fixatives
is that more antibodies are likely to work at the EM level because the fixatives are not blocking
their access to antigens.
[1] McDonald, K. & R. Webb. 2011. J. Microscopy 243:227-233.
[2] Hayat, M.A. & R. Giaquinta. 1970. Tissue and Cell 2:191-195.
[3] McDonald, K. 2014. Microsc. Microanal. 20:152-163.
[4] McDonald, K. 2014. Protoplasma 251:429-448.



 
Fig. 1: Figure 1 (left) shows chloroplasts from a leaf of white clover (Trifolium repens) prepared by high pressure
freezing followed by FS in 2.5 hours and embedding in Epon resin in 3 hours. Bar = 200 nm.
 

 
Fig. 2: Figure 2 (right) was prepared by high pressure freezing, FS in 0.2% uranyl acetate in acetone, embedding in LR
White, and labeled with 10 nm gold to show actin in the microvilli of C. elegans. Total processing time about 6 hours.
Bar = 200 nm.
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For 3D reconstructions of biological material array tomography (AT) is a relevant method [1].
To find special regions of interest (ROI) within a large volume correlative AT (CAT) allows
defining ROIs in the light microscope first which are then imaged in an SEM. For CAT serial
sections are usually placed on glass coverslips coated with indium tin oxide (ITO) to render the
substrate conductive. To overcome the difficulties of collecting serial sections on that
substrate we developed a mechanical multi-axes support on a commercial ultramicrotome,
which allows us to reproducibly create large arrays of sections (Fig. 1A). At closer inspection
(Fig. 1B) it is obvious that section thickness is not uniform. For qualitative 3D reconstructions
such a systematic variation is not that important, one usually assumes the nominal thickness
chosen at the ultramicrotome as section thickness for the 3D volume. However, if a
quantitative statistical analysis is the aim of the study, e.g. of membrane topology, such as
membrane area and curvature [2] exact section thicknesses are required. Furthermore, we
found that nominal thickness from the ultramicrotome’s display not necessarily agrees with
actual section thickness measured using an Atomic Force Microscope (AFM, Fig. 2). Currently
we are investigating these variances in more detail (e.g. temperature impact caused by
environment, operator and system).
To achieve more reliable and quantitative 3D reconstructions we propose to monitor section
thickness during sectioning with a digital camera. This approach utilizes the thin film
interference effect, which causes the sections to be colored depending on their thickness (Fig.
3 A) [3]. A mathematical model is obtained by first measuring section thickness with an AFM
(Fig. 2). These values are then correlated with the color values given by the camera (Fig. 3 B).
In that way it is possible to record the thickness of every section during the cutting process.
However, as shown in Fig. 3b, for the lower end of the typical ultrathin range (50-100 nm)
discrimination by color information is sensitive to minimal variations of the detected spectral
intensities at the camera chip. Investigations towards e.g. calibrated illumination and spectral
characterization of the complete optical path (including camera) are ongoing. Due to this
limitation quantitative color-based analysis is at the moment only possible for sections thicker
than 100 nm. For high resolution AT of thicker sections FIB milling provides an alternative
approach (cf IMC 2014 abstracts, Wacker et al., Schröder et al.).
References
[1] Wacker and Schröder (2013), J Microscopy 252, 93-99
[2] Leitte et al., EuroVis 2013, 32, No 3
[3] Parthasarathy et al., IEEE Proc. ICRA 1987, No 4
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Fig. 1: Thickness variations in serial sectioning: 220 serial sections (A) placed on ITO-coated glass coverslip for CAT
between alignment markers (arrows); close-up of sections (B).
 

 
Fig. 2: Thickness profile of a section: Thickness measurement (B) obtained from the AFM image (A: along dotted line)
 

 
Fig. 3: Colors of sections on water surface of knife boat (A) - nominal section thickness grows from bottom (50 nm) to
top (190 nm). Correlation between thickness and RGB signal levels (B) of digital camera.
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Although the existence of the so called emerging techniques, such as EELS, AFM, etc. which
have allowed imaging of materials such as polymers, almost without preparation, not all
electron microscopy laboratories have access to them, so using clasiccal physical or chemical
techniques can not be excluded. The aim of this investigation was to determine the working
condition of a homemade chemical nonequilibrium plasma device to reveal the
Polyvinylidenefluoride (PVDF) morphology and compare with the results obteined by chemical
etching. One of the most remarkable characteristics of polyvinylidene fluoride is its crystalline
polymorphism, having identified a total of five different crystalline phases. This material is a
thermoplastic polymer with excellent mechanical properties, high resistance to strong acids
and alkalies and other highly corrosive solvents. Being chemically inert it is very difficult to
reveal the morphology of these polymers by chemical etching. For the application of plasma
chemical etching three different gases: Ar, O2 , air were used. Chemical attack was performed
using a modification of the method suggested by A. S. Vaughan. Figure 1 shows the spherulites
that appear in the sample after attack during 25 minutes with oxygen plasma. Polymer surface
after being subjected to air plasma and argon respectively are shown in Figures 2 and 3. For
these treatments PVDF spherulites were observed, but melted areas and excessive wear of the
crystals also was found. In all cases, the spherulites found correspond to the alpha phase. The
chemical treatment (H2SO4 /P2O5/Cr2O3) during 72 hours revealed the presence of alpha and
mixed phases, figure 4. Use of oxygen plasma causes the least damage to the crystal
structures of PVDF.
 

Acknowledgement: This research was supported by Nat Lab Project FONACIT 20010001442



 
Fig. 1: O2 Plasma
 

 
Fig. 2: Air Plasma
 

 
Fig. 3: Ar Plasma
 

 
Fig. 4: Chemical etching
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To understand the mechanical properties and deformation mechanisms of crystalline materials
it is important to study dislocation structures from the micrometer to the atomic scale.
Conventional TEM can be used to reveal the arrangement of dislocations and determine their
Burgers vectors using, e.g., the invisibility criterion (g.b=0). However, hardly any information
about the core structure of the dislocation is obtained. In a sample which is suitable for high
resolution imaging only dislocations oriented edge-on in very thin parts of the TEM foil (<50
nm) can be investigated and the key information about the position in the microstructure and
the interconnection with other dislocations is lost. Hence, the relevance of the dislocation
analysis cannot be assured since a definite correlation is generally not possible.
In this work we present an advanced approach for a FIB lamella lift out from a TEM foil (Fig. 1).
Conventional TEM is used to select a specific dislocation (or any other defect or feature) and
characterize it in plan-view geometry. Afterwards, the dislocation is cut in the FIB to obtain an
ultrathin cross-section sample suitable for HRTEM investigation of the dislocation core.
For the specific case of superdislocations in Ni based superalloys it is particularly important to
study the core structure to differentiate between the diverse superdislocation types existing.
The core configuration determines if the dislocation is already mobile at lower temperatures or
if it can only move at high temperatures via thermally activated processes.
The most important steps of Fig. 1 for the preparation of a superdislocation are illustrated in
Fig. 2. In the first step a characteristic dislocation is selected by conventional TEM (1) and
analyzed by various techniques, like the invisibility criterion, large angle convergent beam
electron diffraction (LACBED) and STEM. It is important to note that, for the particular
dislocation, the invisibility criterion was not applicable since it always showed residual
contrast. Therefore, LACBED had to be used to determine the Burgers vector. The second step
includes locating the dislocation in the SEM and deposition of Pt for protection of the
dislocation during FIB milling (2). Afterwards, the FIB lamella is thinned down until it is
sufficiently thin for HRTEM investigation (3). Finally, the core structure of the dislocation is
analyzed (4).
The specific superdislocation studied in Fig. 2 was found to consist of two superpartial
dislocations with Burgers vectors of type a0½<110> located on different {111} planes leading
to an overall Burgers vector of a0[-100] in agreement with the LACBED analysis. The two
superpartial dislocation dissociate further on the {111} planes forming a complex dislocation
core.
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Fig. 1: Scheme of the advanced lift out technique from a TEM foil. Step (1) – (4) for the preparation of a dislocation for
HRTEM analysis of its core structure are illustrated in Fig. 2.
 

 
Fig. 2: Important steps in the preparation and characterization of a cross section sample of a superdislocation.
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The quality of a TEM sample is an important factor when studying the changes in corrosion
phenomena in historical photographs. This material has a complex structure made out a soft
matrix with embedded image and corrosion particles. To determine the optimal sample
preparation method 2 techniques are evaluated; the classical ultra-microtome and the high
tech focused ion beam (FIB). Several parameters were compared such as thickness,
uniformity, preservation of original structure and composition.
Classical ultra-microtome is often used for soft materials. Before the sectioning the material
needs to be fixated and embedded in an epoxy. No changes to the morphology were noticed
during these steps. In spite of the retained composition and achievable thickness the classical
ultra-microtome sections are often deformed during section resulting in a low success rate of
an intact interface between the corrosion particles and the epoxy (fig1).
With FIB it is possible to directly sample with high selectivity the historical photograph. This is
a great advantage when working with historical material where sampling is often restricted.
Although it is possible to mill different materials several disturbing features are observed. FIB
can cause preferential milling if the difference between the hard particles and soft matrix is big
(see fig2). Also the low stiffness of the gelatine results in buckling during the thinning phase.
These artefacts make it difficult to make a uniform TEM lamella, which is thin enough for
analytical characterization. Any Ga+ implantation during preparation does not influence or
disturb the characterization since Ga can easily be distinguished from the corrosion elements
(fig 2C).
Since both techniques show artefacts making it difficult to achieve an intact thin and uniform
sample a novel adaptation is suggested. Here we use the preparation steps of the classical
ultra-microtome with an alternative final sectioning with focused ion beam. The difference
between the classical ultra-microtome and ultra-microtome followed by FIB is the last stage or
sectioning. This technique produces a TEM lamella with a clear interface and which is thin
enough to determine the chemical composition or distribution of the nanoparticles in the
corrosion layer (fig3). Although the success rate of this combined procedure is markedly better
than that of the two alternatives, the main challenge remains making a thin enough sample to
perform analytical characterization.
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Fig. 1: Figure 1: Artefacts with ultra-microtome; A; Overlapping of corrosion and image particles, B: intensity profile
from image A showing large variation in deformation, C: successful interface corrosion particles and epoxy.
 

 
Fig. 2: Figure 2: Artefacts of FIB: A: buckling and preferential milling; B: curtain artefact in STEM image C: EDX spectra
of Ga+ implantation (top) and intensity profile of marked area from figure B (Bottom).
 

 
Fig. 3: Figure 3: Combination of ultra-microtome and FIB; A: STEM overview, B: intensity profile of A, C: intact interface
between corrosion particles and epoxy.
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Obtaining meaningful statistical information from supported nanoparticle catalysts using TEM
can be a challenge. Figure 1 shows an SEM image of a Pt/Pd/alumina catalyst, revealing a
complicated three-dimensional mesoporous structure and alumina particle sizes of several
micrometers. The specimen preparation method most commonly used for these samples
involves crushing the catalyst powder in a mortar, dispersing it in alcohol and depositing some
droplets onto a support film, usually carbon. While this approach has its advantages due to
simplicity and speed, the obtained specimens are usually very inhomogeneous, making it
difficult to find representative areas for the investigation. Also, information about differences in
nanoparticle distributions along the alumina particle is lost when crushing the powder.
In this work, specimens have been prepared using the lift-out technique in a combined
scanning electron / focused ion beam microscope. Prior to this, the catalyst powder has been
embedded in an acrylic resin. The specimens obtained by this method contain regions which
originally were inside of the alumina particle, as well as regions of the outer layer of the
particle.
Figure 2 shows a STEM image of the outer edge of an alumina particle, revealing the existence
of a near surface layer with a higher Pt/Pd nanoparticle density compared to the inner region,
especially when looking at nanoparticles larger than 1 nm. Separate particle size distributions
for these two regions have been obtained. Additionally, large nanoparticles with diameters
above 10 nm are exclusively seen very close to the outer edge. This information cannot easily
be extracted using the traditional crushing method.
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Fig. 1: Secondary electron SEM image of a Pt/Pd/alumina catalyst particle. The alumina support has a complicated
mesoporous structure and is several micrometers in diameter, making TEM specimen preparation challenging.
 

 
Fig. 2: HAADF STEM image of a Pt/Pd/alumina catalyst prepared by the lift-out technique, showing the outer edge of an
alumina particle. Pt/Pd nanoparticles are seen as bright features. A higher density of nanoparticles with diameters
above 1 nm can be seen close to the lower edge.
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For resin embedding of biological samples it has been shown, that cryofixation combined with
freeze-substitution (dehydration at -90°C, chemical fixation between -90°C and 0°C) offers
considerable advantages in regard to ultrastructure and antigen preservation in comparison to
conventional chemical fixation and dehydration at room temperature. Among them are e.g.,
fast immobilization (within µsec to msec), simultaneous fixation throughout the whole sample,
reduced shrinkage and extraction (lipids, ions, non-fixable molecules), no need for a fixation
buffer. Possible disadvantages are e.g., expensive equipment for larger specimen, limited
sample size, freezing artifacts, and time consuming freeze-substitution (e.g. Humbel 2009).
In general, the freeze-substitution process takes up to several days. However, it has been
shown, that freeze-substitution of few hours prior to resin embedding can be sufficient for
dehydration and fixation of biological samples (McDonald and Webb 2011). We have tested
short protocols (in the range of 4-5 hours) in comparison to conventional protocols using
different plant tissues (anthers containing pollen grains, seedling root tips) and different
substitution media with and without the addition of water. Surprisingly, short protocols
resulted in clear differences in the quality of ultrastructure preservation between different
tissues indicating that different conditions of freeze-substitution are required for different
tissues (Figs. 1-4). In some cases the addition of water to the freeze-substitution medium had a
negative effect on ultrastructure preservation (Fig. 4).

References:
Humbel BM (2009) Freeze-substitution. In: Handbook of Cryo-Preparation Methods for Electron
Microscopy, eds Cavalier A, Spehner D, Humbel BM, CRC Press, pp 319-341.
McDonald KL, Webb RI (2011) J. Microscopy 243, 227-233.



 
Fig. 1: Fig. 1: Epon-embedded pollen grain after long
freeze-substitution without water.
 

 
Fig. 2: Fig. 2: Epon-embedded pollen grain after short
freeze-substitution without water). Both pollen grains are
well preserved.
 

 
Fig. 3: Fig. 3: Epon embedded root tip after long
freeze-substitution.
 

 
Fig. 4: Fig. 4: Epon-embedded pollen grain after short
freeze-substitution with water. Ultrastructural damage can
be seen.
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Optical projection tomography microscopy (OPT) is a modern technique that makes possible to
get 3D images of specimens from 1 to 12 mm in diameter. OPT is based on acquiring sets of
projections of the specimen in the range of 360° and subsequent computer reconstruction of
the 3D image by a filtered back projection (FBP) algorithm. Thus the principle is similar like
computed tomography, but instead of using X-ray OPT uses visible light.
       Inevitable condition for getting high quality projections is optical transparency of the
specimens. Under normal circumstances fixed specimens are not transparent in majority
cases. Therefore, optical clearing methods are used. Its basic principle lies in tissue
dehydration and subsequent immersion in a solution that has the refractive index of proteins;
thus, tissues become transparent and light does not scatter.
       Standard clearing protocol is based on dehydration of the specimen in methanol and its
rinsing in, so-called, BABB solution (1 part of benzyl alcohol + 2 parts of benzyl benzoate),
but BABB often washes out applied fluorescence dyes and destroys GFP signal in tissues.
Thereby, a number of new clearing protocols appeared in the literature lately, namely Scale
(Nat Neurosci 2011), dehydration by tetrahydrofuran and clearing by dibenzyl ether
(THF+DBE; PLOS One 2012), CLARITY (Nat 2013), ClearT (Dev 2013), SeeDB (Nat Neurosci
2013).
       First, to avoid washing out the fluorescence dyes, we applied BABB on a mouse brain
specimen perfunded in-vivo by tomato (Lycopersicon esculentum) lectin. In this case
the staining was fixed in the tissue well, and we were successful in acquisition of inner
structures, especially vessels, see Fig. 1. From practical reasons we used a block of brain of
the size of approx. 3×3×3 mm3. Second, to avoid disappearance of GFP signal in mouse
mutant series, we successfully applied antibodies (primary anti-rabbit, secondary donkey
anti-rabbit Cy5, Abcam) against GFP to preserve signal and visualized in 3D inner structures
of a young mouse heart, Fig. 2. Third, we tested Scale on a young mouse heart. Scale
provides worse resulting transparency of specimens than BABB, which is documented in the
literature as well, but preserves GFP signal that can be visualized in small parts of tissues, see,
e.g., atria of the heart in Fig. 3. Fourth, a potentially promising method is THF+DBE. Till now
we applied it to mouse embryos with only partially acceptable results. According to literature,
the resulting transparency of tissues is high and should be comparable with BABB, but
probably due to high amount of blood in the embryo, the resulting 3D visualization is not as
clear as expected, but still we can see internal structures like a backbone, etc., Fig. 4.
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Fig. 1: 3D visualization of structures in a block cut from a
rat brain of the size of approx. 3×3×3 mm3, acquired by
optical projection tomography. Fluorescence, exc/em –
425nm/from 475nm. The brain was stained by tomato
(Lycopersicon esculentum) lectin. Dhristi visualization
software and a suitable transfer function were used.
 

 
Fig. 2: Combined volume and surface 3D rendering of an
early stage mouse heart, acquired by OPT. Red channel:
white light transmission; green channel: fluorescence
exc/em – 628nm/692nm. Software VolViewer (Bangham
laboratory).
 

 
Fig. 3: A Scale cleared young mutant mouse heart with
GFP. Note well visible structures of atria. Fluorescence,
exc/em – 425nm/from 475nm. Software VolViewer
(Bangham lab).
 

 
Fig. 4: A THF+DBE cleared mouse embryo with partially
visible internal structures. Red channel: white light
transmission; green channel: fluorescence exc/em –
425nm/from 475nm. Software VolViewer (Bangham lab).
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The most promising p-type oxide thermoelectric materials for thermoelectric generator
systems are based on alkali or alkaline-earth cobaltate compounds with layered structure such
as NaxCoO2 and Ca3Co4O9 [1]. The chemistry of layered NaxCoO2, however, is governed by the
mobility of interlayer sodium ions, which renders the crystal structure unstable in contact with
atmospheric H2O and CO2 [2], so we decided to focus on textured Ca3-xNaxCo4O9. Polycrystalline
samples were prepared by solid state reaction under O2 gas flow, TEM analyses were
performed in order to observe the structures. Ca3Co4O9 and NaxCoO2 share a common CoO2 layer
which enables spontaneous coherent intergrowth of the two structural types.  For TEM
sample-preparation two different specimen preparation techniques were employed:
conventional ion milling and tripod polishing. The results of these preparation approaches are
described and compared. The TEM specimens prepared by conventional method were first
mechanical grinded to a thickness of 120 μm followed by dimpling in cross-section geometry
down to a 20 µm at the disc center. The specimens were further thinned by at 4 keV and 10°
incident angle with Ar+ until perforation using Bal-Tec RES 010 ion-mill. For the TEM-specimens
prepared by the mechanical polishing method an automatic Allied MultiPrep System was used.
The specimens embedded into an epoxy resin were mounted in such a way that cross-section
were obtained. The specimens were mechanically polished on a diamond-lapping film (DLF) at
a small wedge angle of 1.5°. The final polishing step was performed on both sides of the
sample by using colloidal silica to thin the specimen until electron transparency. Afterward, the
specimens were glued on a Cu-grid [3]. Additionally, the specimens were Ar+ ion thinned at low
energy of 2 keV for 30 min and at 1.8 keV for 15 min while cooling the specimen using Gatan,
PIPS in order to remove any possible contamination from the specimen surface. The properties
of the coherent intergrowth Ca3Co4O9 and NaxCoO2 are quite different, which resulted in a
preferent etching of the NaxCoO2 layer. This is a permanently damaged surface layer that
decreases the feature contrast in the micrographs. The ion-milled sample also included
thickness variations and surface roughness that is manifested as thickness and phase contrast
variations. The specimen prepared by mechanical polishing method, have large areas of
constant thickness exhibiting more information of phase contrast and provide large electron
transparent area.
References
[1] Fergus J. W., (2012) J Eur Ceram Soc 32, 525-540.
[2] Vengust D., “et al”, (2013) Chem Mater 25, no. 23, 4791-4797.
[3] Voyles P. M., “et al” ,(2003) Ultramicroscopy 96, 251-273.
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Fig. 1: (a) Low-mag TEM image of Ar+ ion-milled layered cobalatate ceramics, b)Extensive amorphous as a result of
preferent etching , c) Atomic structure of damaged Na-layer.
 

 
Fig. 2: (a) Low-mag TEM image of the specimen prepared by wedge-shape polishing technique. (b, c) HRTEM images
exhibited more information on phase contrast and shows large electron transparent area.
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Nb-doped SrTiO3 is a promising n-type thermoelectric material. It is expected that by triggering
textured grain growth one will be able to improve thermoelectric figure of merit of these
materials. One of possible ways to induce textured grain growth is to add platelets seeds to
the powder mixture prior to sintering. This is why we synthesized Nb-doped Sr3Ti2O7 platelets
seeds via molten salt synthesis (MSS). Due to crystallographic anisotropy, when grown in an
appropriate medium and conditions, Sr3Ti2O7 forms anisotropic platelets with ordered RP-type
faults in [001] direction [1]. There have been several reports on synthesis of pure Sr3Ti2O7

platelets with the MSS [2], but none on Nb-doped Sr3Ti2O7. In order to study the
crystallography, structure and chemical composition of synthesized platelets one has to be
able to prepare thin foils for TEM observation in different orientations. This is why in our work
we report on preparation of Nb-doped Sr3Ti2O7 thin foils for TEM observation in defined
orientation using two preparation procedures; namely conventional ion-milling and tripod
polishing, and the comparison between them. The first step in both preparation procedures
was to mix Nb-doped Sr3Ti2O7 platelets with an epoxy (G1) resin and to press the mixture
between Si supports in order to align as many as possible platelets parallel to the Si supports.
The specimens prepared by ion-milling were then mechanically grinded to a thickness of 100
µm, followed by dimpling in a cross-section geometry down to a thickness of 16±2 µm.
Afterwards, the specimens were Ar-ion thinned at 3.5 keV and at 8o incident angle to
perforation in a Gatan, PIPS (without cooling) (Fig. 1). The specimens prepared by
wedge-shape polishing method [3] were polished on a diamond-lapping film (DLFs) at a wedge
angle of 1o and afterwards mounted on a Cu grid. The specimens were additionally thinned in
PIPS at 3.5 keV for 60 min and at 0.6 keV for 20 min. During the ion-milling process the
specimens were cooled using liquid nitrogen (Fig. 2). The results showed that it was possible to
find electron transparent, epoxy-free regions of Nb-doped Sr3Ti2O7 platelets in cross-section
geometry (c-axis parallel to the electron beam) for both specimens’ preparation procedures.
However, the amorphous region in ion-milled specimens was app. 5 times as thick as
compared to the specimens prepared by tripod polishing method. It was concluded that tripod
polishing is far better technique for TEM specimen’s preparation of Nb-doped Sr3Ti2O7 platelets
despite its difficulty to carry out.
Refrerences
[1] Ruddlesden, S. N., Popper P., Acta Cryst., 1958, 11, 54-55.
[2] Akdogan, E. K., et al, J. Electroceram., 2006, 16, 159-165
[3] Eberg, E., et al, Journal of Electron Microscopy, 2008, 57, 175-179
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Fig. 1: (a) SEM micrograph of Nb-doped Sr3Ti2O7platelets.
(b,c) TEM micrographs of an ion-milled platelet. (d) HRTEM
showinglarge amorphous layer.
 

 
Fig. 2: (a) SEM micrograph of Nb-doped Sr3Ti2O7 platelets.
(b,c) TEM micrographs of a tripod polished platelet. (d)
HRTEM showing almost amorphous-free region.
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To investigate non-conductive samples in conventional scanning electron microscopy (SEM)
the sample must be sputtered or evaporated with an electrically conductive layer to prevent
charging.
Evaporation with carbon is typically used for investigations with backscattered electrons or for
energy dispersive x-ray spectrometry. Thin carbon layers are relatively transparent for high
energetic backscatter electrons and with the exception of the carbon K line this layer does
not interfere with other detected x-rays.
For acquiring high resolution secondary electron images, the sample must be metal sputtered
to increase the secondary electron yield. These sputtered layers have a big drawback, the
grain size within the sputtered film. The topographic information of these artefacts
superimpose with information from the sample which degrades image quality especially using
modern high resolution SEMs with special resolution of less than 1 nm.
All investigations were performed using a commercially available magnetron sputter coater
(Leica EM ACE600) or a high frequency gas discharge apparatus (FELMI-ZFE-GEA005). The
basic aim was to ensure the thinnest possible continuous film over the sample surface with the
smallest grain size. Different metal targets and parameters (e.g. chamber pressure, current,
layer thickness and so on…) were used to optimize the sputtered layers.
The layers were analyzed using high resolution scanning electron microscopy (HR-SEM) for
topographic information, transmission electron microscopy (TEM) for crystallographic
information and atomic force microscopy (AFM) for 3D information. Power spectral density
analysis (PSD) was used to determine the grain size distribution quantitatively.
In figure 1 TEM bright field images of gold, gold/palladium (80/20), and chrome layers can be
seen (20 nm thick, sputter coater: GEA005). The different grain sizes as well as crystalline
structures can be identified.
Figure 2 shows exemplarily a 4 nm thick sputtered gold/palladium layer on glass substrate.
These images were used for PSD analysis. In figure 3 the influence of layer thickness on grain
size distribution using the gold/palladium target and the Leica ACE600 can be seen. The peak
shifts from about 0,063 [1/nm] to 0,003 [1/nm] indicates a decreases in grain sizes from 33 nm
at 6 nm layer thickness to 16 nm grain size at 1 nm layer thickness.
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Fig. 1: TEM bright field images (left to right: 20 nm gold, gold/palladium and chrome layer)
 

 
Fig. 2: Scanning electron micrograph (sample:
gold/palladium (80/20) on glass substrate)
 

 
Fig. 3: Power spectral density for different layer thicknesses
(sample: gold palladium layer (80/20) on glass substrate)
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Gallium nitride is a widely used material in optoelectronic devices like LEDs. The LED
structures are mostly grown by epitaxy onto sapphire substrates, but, for cost reasons, silicon
is currently being studied as an alternative candidate. Transmission electron microscopy (TEM)
is a powerful technique to understand the growth mechanisms of nitrides on silicon and to
assess the structural quality of the epitaxial layers. For that purpose, preparing high quality
cross section samples is key. The use of ion beam related techniques is well known for creating
implantation and structural defects. Wedge mechanical polishing offers very satisfying results
but is also quite challenging when dealing with samples composed of materials with different
mechanical properties or chemical reactivity like GaN and Silicon. The problem is even more
critical when the grown structure is made of different nitride materials like AlN and GaN and/or
when the Si substrate is non-monolithic like for instance silicon on insulator (SOI).
The aim of this work is to present a dedicated sample preparation technique that we have
developed and implemented to obtain samples from GaN-AlN heterostructures grown onto Si
and SOI with good quality on large areas, typically tens of microns. The desired samples need
to be as thin as possible without preparation damages, in order to make comprehensive
(S)TEM studies: from high resolution to obtain interface images at the atomic scale, to larger
views allowing to understand the dislocation behavior, at the micrometer scale.
The process is based on a wedge polishing method. It consists in polishing the sample with a
very low angle (1-2°), in order to obtain an area on the wedge thin enough for TEM
observations. The samples studied in this work were grown at CNRS / CRHEA laboratory, then
prepared with an Allied Multiprep polishing tool, and observed on a FEI Titan Cs probe
corrected TEM using a 300 kV tension in STEM mode, at the NanoCharacterization PlatForm
(PFNC) in CEA Grenoble.
The detailed process for the preparation of nitride materials on bulk silicon and SOI based
substrate with different oxide thicknesses will be presented. Typical TEM images of GaN/AlN
epitaxial stacks on Si are presented in figures 1 and 2, highlighting the benefits of the
described preparation technique at all scales of the TEM investigations for heterogeneous
samples, and this in the different TEM modes (STEM, HRTEM, diffraction contrast).



 
Fig. 1: STEM HAADF image of GaN/AlGaN/AlN heterostructure, in [11-20] zone axis. A field of view of several square
microns is obtained.
 

 
Fig. 2: High resolution STEM HAADF image of GaN/InGaN quantum well heterostructure, in [11-20] zone axis. Lattice
resolution is obtained without any artefact induced by sample preparation.
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Graphene is thought to be the ultimate support for TEM studies with its outstanding physical
and chemical properties, one-atom thickness and low background signal contribution. But
contamination introduced during fabrication and transfer as well as the airborne contaminants
adsorbed on graphene hinder the potential of graphene as support for the studies of inorganic,
organic and biological nano-objects. Here, we present a simple and efficient table-top method
for cleaning graphene using activated carbon, dry-cleaning. The dry-cleaned graphene
samples were characterised by aberration-corrected high-resolution transmission electron
microscopy (AC-HRTEM) using an imaging-side aberration corrector FEI TITAN 80-300 operated
at 80 kV . The cleanness of graphene improved from 6% for a non-cleaned graphene to 95%
for dry-cleaned graphene with activated carbon (Figrue 1 A and B) with clean areas in the
micrometer range. Cleanness is defined as the ratio of the contamination-free area to total
sample area. The efficient removal of carbonaceous contamiantion was confirmed by Auger
Electron spectroscopy, AES (Figure 1 C). The residual contamination after dry-cleaning was
observed to contain Si, as seen by the electron energy loss (EEL) spectrum in Figure 1 (D).
Interestingly, bilayer and triple-layer graphene does not get clean by our dry-cleaning method
nor by other cleaning methods, e.g. UHV annealing. As dry-cleaning with activated carbon was
only performed in graphene, we can speculate that dry-cleaning with activated carbon can be
used to clean surfaces of other TEM samples.
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Fig. 1: HRTEM images of non-cleaned and dry-cleaned graphene(A and B respectively). Inset in (B) high resolution
image of clean graphene. AE spectra (C) of a TEM grid (black), non-cleaned (red) and dry-cleaned graphene (blue) and
vacuum (green). (D) EEL spectrum of residual contamination on dry-cleaned graphene demonstrating its Si content.
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Introduction: Atomic force microscopy (AFM) is a high resolution technique for studying the
external and internal structures of starch granules, without complex sample preparation.
Banana starch granule surface and its degradation has been studied in the last few years using
microscopic techniques and, recently, it became important to study and visualize the internal
structure of starch granule. The technique described by Ridout et al. (2004), where granules
were embedded in a resin and sectioned allowing to visualize the inner structure of isolated
granules, was used to examine banana starch. Material and Methods: Starch granules were
isolated from green and mature bananas (cv. Nanicão), embedded in a non-penetrating resin
(Araldite Instant Clear Syringe-90 sec), sectioned using a microtome until a flat and shiny
surface is obtained. To achieve contrast, the face of the cut blocks were wetted in steam (20
sec.) and imaged in air using an AFM JPK Nano Wizard II and Alpha300 AR model. The images
were obtained in an intermittent contact mode and force modulation imaging. For SEM images,
the blocks were coated (10 nm thick platinum) and visualized in a FEI Quanta 600 FEG
Microscope. Results: Topographic images of green banana starch (1A, C, G, K) showed large
variation of height across the granule (approx. 1 µm), mainly due the absorption of water and
swelling of amorphous regions. It seemed that the dark center of the granule was structurally
different, with reduced absorption of water compared to the other regions. At higher
resolution, the growth rings were visible close to hilum (1D, lateral deflection image and 1F,
error signal image) and a different phase contrast was observed in the central region (1H). In
another level of structure, the growth rings were composed of globular and uniform structures
known as blocklets, hard objects embedded in an amorphous matrix, ranging from 30 to 150
nm, depending on the localization inside the granule (1B, J, N). Otherwise, images of starches
from ripe bananas, showed a different level of organization, possibly due to the presence of a
degradation mechanism. Granules with different sizes and elongated shapes (2A), absence of
growth rings around the hilum (2I, L-M) and dark regions (2F) never reported before indicate
holes created by a randomly enzymatic process. More detail is revealed by lateral deflection
images (2E, G), which highlighted a dark region in 2F that was harder than the bright region.
The more deformable the sample was the greater the tip-contact area becomes, hence the
increase in frictional component in soft regions. Phase images (2C, K) confirmed that starches
of ripe bananas had different viscoelastic properties and showed larger size of blocklets.
Reference. Biomacromol, 5, 1519-1527, 2004.
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Fig. 1: AFM images of the interior of green banana starch
granules. (A) Topography image and (B) topography of
demarcated area in A. (C, E, G, I, K, M) Topography images
on the left column and complementary images on the right
column: (D) lateral deflection, (F, J, L) error signal mode
and (H, N) phase images. h: hilum.
 

 
Fig. 2: AFM images of ripe banana starch granules. (A)
Topography of several granules inside resin. (D, F, H, J)
Topography on the left column and complementary images
on the right column: (E, G) lateral deflection, (I) error signal
mode and (K) phase images. (B-C) Topography and phase
images, respectively, on the right column. (L-M) SEM
images.
 



Type of presentation: Poster
 

ID-10-P-5957 Freeze-fracture technique and artefacts caused by processing
conditions
 

Vaškovicová N.1, Valigurová A.2, Hodová I.2, Melicherová J.2, Krzyžánek V.1
 
1Institute of Scientific Instruments of the ASCR, v. v. i., Czech Republic, 2Department of Botany
and Zoology, Faculty of Science, Masaryk University, Czech Republic
 

Email of the presenting author: vaskovicova@isibrno.cz
 
Freeze-fracture technique is a method used to visualise membrane surfaces of cell organelles.
This method is based on cryo-fixation that stabilizes samples. The sample is rapidly frozen in
nitrogen, and cut in the chamber under a vacuum and low temperature.
Glycerol is used as a cryoprotectant preserving the fine structure of cells in their native stage.
Although, cryoprotectants serve as a substitute for water and protect against ice crystal
production, they could also affect the form of fracture through biological membranes. Figure 1
shows structures in a sample frozen in the presence of 25% glycerol. The temperature of the
apparatus was not low enough during the process of fracturing and etching the sample. The
structure of cells seems to be deformed due to melting glycerol. In contrast, figure 2 shows a
replica with fine structure of frozen and proper good form of fracturing. The cells used for this
study were human leukemic cells (HL-60).
Another artefact is shown in figure 3A, compare with 3B. Each sample has to be fractured with
a specific speed of cut. The force used for fracturing the membranes has to be set to optimal
conditions, which depend on a hardness of sample and a coherence of drops. Low speed and
unstable coherence of drops resulted in sample fragmentation. High speed of cut could cause
cross-section of cellular structures, similar to ultrathin sections. Figure 3A shows fragmentation
of nuclear membrane. This sample was not fractured, it was fragmented due to unstable
coherence of drop.
This overview shows how a combination of different conditions including the physical
properties of the sample, cryoprotectants used and temperature could affect the form of
fractures and hence significantly affect interpretation of morphological structures.
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Fig. 1: Freeze-fracture of HL-60 cells in suspension:
structures of fracture in the replica are affected by melting
glycerol. Bar 10 um.
 

 
Fig. 2: Freeze-fracture of HL-60 cells in suspension:
structures of fracture in the replica with fine frozen and
optimal fracturing condition. Bar 10 um.
 

 
Fig. 3: Nuclear membrane: A) the replica of fragmented structures; B) the replica of optimally fractured structures.
Different form of nuclear pores (arrows). In compare with replica of fractured structures, the fragmentation of the
sample affected the form of nuclear pores and structure of the membrane. Bar 1 um.
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An imaging system such as a microscope can be constructed using either an imaging detector,
or by scanning using a focused illumination spot. Either approach results in the same
resolution, except that for fluorescence imaging if there is a Stokes shift (typically 10%) the
scanning method gives a resolution correspondingly better. Various techniques have been
proposed that image using both the illuminating light and the detected light. The result is a
spatial frequency bandwidth equal to the sum of those for illumination and detection. With no
Stokes shift the bandwidth is doubled. If there is a Stokes shift, compared with a conventional
imaging detector, the bandwidth is more than doubled.
These techniques include the confocal microscope, spinning disk microscope, structured
illumination, subtractive imaging, programmable array microscope and image scanning
microscopy [1, 2]. Sometimes similar techniques are known by alternative names, some other
terms used being pixel reassignment [3], photon reassignment, virtually structured detection,
scanning patterned detection, and scanning patterned illumination.
Structured illumination has been demonstrated to give a factor of two improvement in
resolution compared with conventional microscopy. However, as structured illumination
requires a demodulation step, this is usually combined with image restoration, and should
therefore really be compared with a deconvolved conventional image. Confocal microscopy
requires no subsequent image processing, but has the disadvantage of weak collection
efficiency, as a result of the physical confocal pinhole. Pseudo random illumination and
detector arrays can benefit from Fellgett’s multiplex advantage. Although illumination and
detection are equivalent in imaging as a result of the principle of reciprocity, they are very
different from the point of view of signal level for a given light exposure. Spinning disk and
structured illumination can be seen to be in principle similar to each other.
Different designs of image scanning microscopy include optical implementations and
multifocal illumination, to increase imaging speed. The approach can also be applied to
multiphoton microscopy.
 
References
1. C. J. R. Sheppard, "Super-resolution in confocal imaging," Optik 80, 53-54 (1988).
2. C. B. Müller and J. Enderlein, "Image scanning microscopy," Phys. Rev. Letts, 104, 198101
(2010).
3. C. J. R. Sheppard, S. B. Mehta, and R. Heintzmann, "Superresolution by image scanning
microscopy using pixel reassignment," Opt. Lett. 38, 2889-2892 (2013).
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Progress in generating, controlling and detecting photons continues to spawn new theories,
technologies and innovative designs of computer-controlled light microscopes with improved
spatio-temporal resolution and sensitivity.
I will present advanced microscopy schemes based on steering of laser beams with dynamic
diffractive optical elements. In combination with engineered molecules, such microscopes have
become powerful tools for structural and functional analysis of biological tissue including the
living brain. The complexity of brain tissue requires scalable approaches which I will briefly
discuss.                                                                                                                                          
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Full-field optical coherence microscopy (FF-OCM) is a recent optical technology based on
low-coherence interference microscopy for semi-transparent sample imaging with ~ 1 µm
spatial resolution [1, 2]. FF-OCM has been successfully applied to three-dimensional imaging of
various biological tissues at cellular-level resolution [3]. The contrast of FF-OCM images results
from the intensity of light backscattered by the sample microstructures. This contrast
mechanism, based on refractive index changes, provides information on the internal
architectural morphology of the sample.
Several extensions of FF-OCM have been developed including the ability to exploit the
spectroscopic response of the imaged sample. The purpose of this complementary imaging
modality is to enhance image contrast, permitting better differentiation of the sample
structures through their spectroscopic properties and providing additional information on the
sample composition.
Two different technological approaches to take advantage of the spectroscopic response of the
sample are presented in this paper. A first approach involves detecting the whole
interferometric signal and analyzing it using Fourier mathematics [4]. Another approach
consists of imaging the sample in several distinct bands (2 or 3 are presented here):
High-resolution FF-OCM imaging is demonstrated in the 800 nm and 1200 nm wavelength
regions simultaneously using a Silicon-based CCD camera and an Indium Gallium Arsenide
(InGaAs) camera as area detectors and a halogen lamp as single illumination source. [5]. The
setup is optimized to support the two broad spectral bands in parallel.
Three-band FF-OCM is demonstrated to image successively at 635 nm, 870 nm and 1170 nm
center wavelengths using a visible to short-wavelength infrared camera and a halogen lamp
[6]. Reflective microscope objectives are employed to minimize chromatic aberrations.
Constant 1.9-µm axial resolution (measured in air) is achieved in each of the three bands. A
dynamic dispersion compensation system is set up to preserve the axial resolution when the
imaging depth is varied. The images can be analyzed in the conventional RGB color channels
representation to generate three dimensional images with enhanced contrast.

1. L. Vabre et al., Opt. Lett. 27, 530 (2002).
2. A. Dubois et al., Appl. Opt. 43, 2874 (2004).
3. A. Dubois et al., Phys. Med. Biol. 49, 1227 (2004).
4. A. Dubois et al., Opt. Express 16, 17082 (2008).
5. D. Sacchet et al., Opt. Express 16, 19434 (2008).
6. A. Federici et al., Opt. Lett. 39, 1374 (2014).
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Fig. 1: Dual-band FF-OCM images of African tadpole
Xenopus laevis, ex vivo, representing a field of 250 µm (x)
× 1200 µm (z) at 800 nm (a) and 1200 nm (b) center
wavelengths. The imaging penetration depth is larger at
longer wavelength at the price of a degradation of spatial
resolution.
 

 
Fig. 2: Three-band FF-OCM sections of a light (left) and a
dark (right) human hair. From top to bottom : in band 1
(centered at 635 nm), band 2 (centered at 870 nm), band 3
(centered at 1170 nm) and with RGB representation. The
scale bar is 20 µm in the two directions (x and z).
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Nowadays a comparison of methods is needed for complex research. Simultaneous
combination of different methods and utilization of their advantages can provide new
information about observed objects.
Therefore we present multimodal holographic microscope, which consist of transmission
holographic microscopy, fluorescence microscopy and reflection holographic microscopy, as an
interesting tool for complex research.
Holographic microscopy (HM) is becoming a popular research method. Interference is used in
HM to record the whole information about the object wave, therefore intensity images and high
contrast quantitative phase images can be reconstructed from a hologram. The quantitative
phase images can express cell dry-mass in picograms per squared micrometres in the case of
observation of live cells, or height of structure in nanometres in the case of topography
studies. The holograms are processed by numerical methods that enable numerical refocusing
and advanced image analysis.
The transmission holographic microscope is derived from the coherence-controlled holographic
microscope [1]. It is based on off-axis interferometer and incoherent illumination. Holography
as a non-invasive method enables long term observations of live cells as well as studying fast
cell dynamics. Due to incoherent illumination, observation of cells in turbid or 3D scattering
media is also possible.
Fluorescence microscopy is well known technique providing specific information about stained
cells with molecularly specific contrast. On the other hand photochemical properties and rapid
photo-bleaching can limit the period of observation.
The reflection holographic microscope is a powerful tool for studies of surface topography with
nanometre axial resolution.
The possibility to combine fluorescence and holographic data in real time can provide
additional useful information. Thus the multimodal holographic microscope can contribute to
modern complex research in many fields of science as a powerful tool.
References:
[1] T Slaby et al, Optics Express 21, Optical Society of America (2013) p. 14747.
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Fig. 1: MHM phase image of rat sarcoma cells, mitotic cell in right upper corner. Objective 20x/0.4, interference filter
650/10nm.
 

 
Fig. 2: MHM phase image of technical sample. Objective 20x/0.5, interference filter 547/10nm.
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Precise knowledge and characterization of molecular species underlying fluorescence signals in
complex physiological conditions is a pre-requisite of their appropriate use as non-invasive
tools in various biomedical applications. In this regard, monitoring of processes in living cells
by detecting excited state dynamics and/or spectral characteristics of their endogenous
fluorescence using latest imaging techniques is becoming an important feature of biomedical
diagnostics. However, analysis of the complex multi-dimensional datasets, aimed at precise
understanding of the origin and behavior of the underlying autofluorescence components, is
still an unsolved problem.
NAD(P)H and flavin fingerprinting of tissues and/or isolated cells can be implemented by
spectrally-resolved detection, time-resolved detection, or combination of both methods [1]. In
this contribution we compare advantages and limitations of the spectral decomposition of
signal derived from endogenous fluorescence by linear unmixing, classical multi-exponential
data analysis and classification approaches, based on our previous experience in the field
[2,3].
The study was done directly on living cells. To obtain spectrally-resolved autofluorescence
images related to various states of mitochondrial metabolism and respiration, metabolic
modulation was applied in combination with confocal microscopy and spectral detection.
Fluorescence lifetime data were recorded using time-correlated single photon counting in
single channel and multi-wavelength detection setups using pulsed laser excitation [4]. A
comparison of the approaches will be presented, aiming to find and optimize accurate
analytical means to label-free diagnosis of cells and tissues in their natural environment.
[1] D. Chorvat jr. and A. Chorvatova, Eur Biophys J. 36 73-83 (2006).
[2] D. Chorvat jr. and A. Chorvatova, Laser Physics Letters. 6 175-193 (2009).
[3] A. Mateasik, D. Chorvat, A. Chorvatova, Proc. of SPIE 8588, 85882J (2013).
[4] A. Chorvatova, A. Mateasik, D. Chorvat, Laser Physics Letters 10, 125703 (2013).
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Heterotrimeric G proteins play a major role in cellular signaling. They transduce signals from a
multitude of extracellular stimuli (e.g., hormones, neurotransmitters, light) inside the cells.
Despite a number of studies, the mechanism of G protein signaling is still not fully understood.
We have now applied the technique of two-photon polarization microscopy (2PPM), developed
in our laboratory, to studies of G protein signaling. 2PPM takes advantage of anisotropic
absorption properties (linear dichroism) of fluorescent proteins (FPs), and allows sensitive, real
time monitoring of protein-protein interactions and conformational changes in membrane
proteins in living cells, through observations of changes in orientation of a fluorescent tag.
2PPM yields both structural and functional information about membrane proteins, and allows
making insights into molecular mechanisms. Here we show that 2PPM allows observing GPCR
interactions with extracellular ligands, interactions between GPCRs and G proteins, and
interactions between G protein subunits. 2PPM allows monitoring G protein activation with
higher sensitivity than resonance energy transfer methods. Using 2PPM we show that Gi/o
proteins do not precouple to GPCRs, and that dissociated Gα-GTP and Gβγ subunits represent
the main active form of Gi/o proteins. 2PPM requires only a single fluorescent tag, allows facile
multiplexing, can utilize existing constructs, and yields insights about functional activity and
structural changes in membrane protein molecules. 2PPM is a highly useful tool for studies of
cell signaling processes, under conditions closer to natural than previously possible.
 

Acknowledgement: European Commission FP7 Marie Curie International Reintegration Grant
PIRG-GA-2007-209789 “MemSensors” (to J. L.), by Czech Government Institutional Grant
AVOZ60870520 (to J. L.), by Grant P205/13-10799S (to J. L.), by University of South Bohemia
Grant Agency Grant 141/2013/P (to A. B.), and by a University of South Bohemia fellowship (to
A. B.).



 
Fig. 1: 2PPM allows detection of interactions between G proteins and GPCRs. (A-B) Schematic of stable binding of
activated GPCRs by a non-dissociating mutant of Gi1 protein. (C-D) Linear dichroism of non-dissociating Gαi1-FP
construct increases upon GPCR stimulation, which indicates stable physical interaction of G protein molecules with
activated GPCRs.
 

 
Fig. 2: 2PPM allows observation of G protein activation. (A-C) Schematics of G protein activation (D-F) Linear dichroism
of Gαi1-CFP,β1,γ2 heterotrimer before activation (D), during activation (E) and after agonist washout (F). Dissociation
of the G protein heterotrimer upon activation is accompanied by a disappearance of linear dichroism.
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Fluorescence detection of the products of Maillard reaction under blue light excitation
represents a promising technique for rapid visualizing the degree of browning of fruit fillings
and sensory analysis. The main goal of this study was to evaluate the possibility of using
auto-chemifluorescence of melanoidin precursors for evaluating non-enzymatic browning in
fruit fillings with a wide range of soluble solids. The fruit filling samples were produced from
apple puree with different amounts of sugar, inulin, low-metoxyl pectin, low acyl gellan gum
and citric acid, sterilized, stored during 6 months and further observed in a thin layer by
means of fluorescence microscopy without using special fluorescent substances. In
confectionary products browning process generally takes place after an induction period,
characterized by the creation of fluorescent uncolored intermediates. Fluorophores are
considered precursors of brown pigments and permit to detect the Maillard reaction
development before any visual change occurs. It was revealed that the intensive source of the
autofluorescence in fillings' compositions is generally localized in polysaccharide structures
partially destroyed during thermal treatment and storage, thus melanoidin precursors are
mainly formed in these parts. The obtained fluorescent micrographs of the analyzed fruit
fillings were compared to the results of color and hydroxymethylfurfural content. The total
area of highly fluorescence compounds under blue light excitation in fruit fillings with high
soluble solids and significant amount of added polysaccharides (inulin, pectin and gellan gum)
was much bigger than in low-sugar samples with low amount of polysaccharides and also
statistically significant differences among this value and browning process were revealed.



 
Fig. 1: Fluorescent micrograph of a fruit filling with 30 Brix and 8% inulin
 

 
Fig. 2: Fluorescent micrograph of a fruit filling with 70 Brix and 4% inulin
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Pathogenic bacteria are a main challenge to hospitals by frequently causing difficult-to-treat
infections. Many of them are able to reside in eukaryotic cells for a longer time in order to
establish a persistent infection. These intracellular infections are especially difficult to treat
and challenging to study in their normal host cell environment. Since the host-pathogen
interaction is a quite balanced state that is subject to smallest disturbances, there is an urgent
need for methods which are able to study these bacteria without isolation from host cells and
without introducing any modifications like labelling or destructive preparations.
Here, we present a label-free and non-invasive Raman-based imaging algorithm than can
provide valuable insights into intracellular Staphylococcus aureus infection by probing the
vibrational modes of molecules and thus yielding important chemical information in a spatially
resolved manner. S. aureus is an important pathogen frequently found in hospitalized patients
with severe invasive infections. This bacterium is able to invade, grow and persist in different
host cell types. We used an in vitro infection model of S. aureus-infected endothelial cells and
characterized the cells at different time points after infection. N-FINDR, a spectral unmixing
algorithm, was used to generate false colour images and to specifically identify and
discriminate the bacteria from other compartments of the host cell. By using a small scanning
step size of 0.25 µm the shape and size of the bacteria could be well resolved. Further,
recording of a z-stack allowed to determine the exact position of several individual bacteria in
different layers of the host cell. As the method is non-destructive, the same sample could be
used afterwards to verify the identification of the bacteria with immunofluorescence staining.
Additionally, the vibrational signatures in the Raman spectra were used to derive useful
information about the biochemical composition and metabolic state of the intracellular
bacteria.
The presented Raman-based imaging algorithm proved to be very suitable to investigate
intracellular bacteria in their natural host cell environment, because it delivers images with
good resolution of the bacteria and allows label-free identification of the bacteria. As the
samples are not destroyed they can be used for further analyses, which makes this method
suitable to be combined with further imaging and analytical methods in order to obtain a
comprehensive picture of the pathogen-host interaction.
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Fig. 1: Overview scan (a, c, e) and detailed scan (b, d, f) of the same endothelial cell containing intracellular S. aureus
bacteria. The intensity distribution of the CH stretch band at 2938 cm-1 (c, d) only reveals the contours of the cell,
whereas spectral unmixing with N-FINDR (e, f) allows detection of the bacteria.
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Cheese, a product of microbial fermentation may be defined as a protein matrix entrapping
fat, moisture, minerals and solutes as well as dispersed bacterial colonies. The growth and
physiology of bacterial cells in these colonies may be influenced by the microenvironment
around the colony, or alternatively the cells within the colony may modify the
microenvironment (e.g. pH, redox potential) due to their metabolic activity [1]. While cheese
pH may be measured at macro level there remains a significant knowledge gap relating to the
degree of micro-heterogeneity of pH within the cheese matrix and its relationship with
microbial, enzymatic and physiochemical parameters and ultimately with cheese quality,
consistency and ripening patterns [2].
The pH of cheese samples was monitored both at macroscopic scale and at microscopic scale,
using a microscopic techniques employing C-SNARF-4 fluorescent probe. The dye exhibits two
emission peaks whose intensities display different pH dependencies. The results of the
fluorescence ratio I580nm/I640nm have been confirmed as a reliable indicator of pH 5.3 and above
[3]. In more acidic environments the fluorescence ratio is insensitive of pH (see Fig. 1a).
To extend the pH range towards more acidic values, the fluorescent lifetimes of C-SNARF-4
was explored in two spectral bands on a Leica TCS SP8 X confocal microscope with PicoQuant
TCSPC equipment. Two-component fits for dye solutions buffered to different pHs revealed a
clear dependence of the longer lifetime component in the red spectral band on pH in the range
4.5 to 6.5. To further explore the fluorescence properties of C-SNARF-4 and their potential for
pH measurements, excitation-emission lambda scans were performed on buffered solutions of
the dye (see Fig. 2). The results indicate that the pH sensitivity of the probe can be enhanced
by proper choice of excitation wavelength combined with lifetime measurements of the large
Stokes-shift spectral component of the emission.
As the fluorescence lifetime is an intrinsic property of given dye and does not depend on
instrumentation, the calibration results obtained can be used to map the observed lifetime to
local pH information (see Fig. 1b). Results indicate that for the first time localised pH
measurement can be accomplished in complex foods using FLIM.
References:
[1] P L H Mc Sweeney, Cheese: Chemistry, Physics and Microbiology ed. (Elsevier, London).
[2] S Jeanson et al, Appl. Environ.Microbiol. 79 (2013), p. 6516.
[3] R C Hunter and T J Beveridge, Appl. Environ. Microbiol. 71 (2005), p. 2501.
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Fig. 1: (a) The pH dependence of C-SNARF-4 fluorescence: lifetime of the longer component in the ‘red’ emission band
and I580nm/I640nm ratio (as measured on Leica SP5 AOBS) . Inset shows a typical decay curve with a two-component
fit, time-gated detection. (b) FLIM images of cheese matrix, scale bar = 100 µm. LUT represents local lifetimes from 0
to 7 ns.
 

 
Fig. 2: Excitation-emission lambda scans of the C-SNARF-4 solution buffered to different pH. Vertical axis shows
excitation wavelengths of White Light Laser (470-670 nm), whereas horizontal axis displays emission spectra (480-730
nm) of C-SNARF-4 in different pH from left: 4.5, 5.0. 5.5, 6.0 and 6.5.
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Coherence Controlled Holographic Microscope (CCHM) [1] is a predecessor of Multimodal
Holographic Microscope (MHM) [2] described elsewhere here by Krizova et al. Use of low
coherence (not laser) illumination improves quality and resolution of quantitative phase
images in comparison with laser-based holographic microscopes and provides for coherence
gate effect to come in operation. We will present results of CCHM pilot studies in a form of
videos accompanied with explanations. Emphasis will be given to exploitation of quantitative
phase imaging [3] and lack of halo around phase objects in evolving a method of dynamic
phase differences [4] for analysis and measurement of living cell behaviour. Moreover, in this
way established coherence gate effect makes observation through and within optically diffuse
(scattering) media possible. This effect will be demonstrated on visualization of cells spread on
flat surface and immersed in turbid medium [5] suchlike lipid emulsion or 3D collagen gel.
These qualities introduce the potential of CCHM for cell biology investigation that lies in
imaging and simultaneously measuring motile activity and growth of cells.
References
[1] P. Kolman, R. Chmelik, “Coherence-controlled holographic microscope,” Optics Express 18,
(2010) p. 21990
[2] T. Slaby, P. Kolman, Z. Dostal, M. Antos, M. Lostak, R. Chmelik, “Off-axis setup taking full
advantage of incoherent illumination in coherence-controlled holographic microscope,” Optics
Express 21, Optical Society of America (2013) p. 14747
[3] M. Mir, B. Bhaduri, R. Wang, R. Zhu, G. Popescu, “Quantitative Phase Imaging,” Progress in
Optics, Chennai: B.V. (2012) p.133
[4] H. Janeckova, P. Vesely, R. Chmelik, “Proving Tumour Cells by Acute Nutritional/Energy
Deprivation as a Survival Threat: A Task for Microscopy,” Anticancer Research 29, (2009) p.
2339
[5] M. Lostak, R. Chmelik, M. Slaba, T. Slaby, “Coherence-controlled holographic microscopy in
diffuse media,” Optics Express 22(4), (2014) p. 4180
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Fig. 1: Two frames from series showing rat sarcoma cell in mitosis: a) metaphase and b) cytokinesis. Quantitative
phase image permits measuring cell mass in picograms (see graphs). Images were adjusted by non-linear filtration to
enhance visualisation of condensed chromatin. However, measurements were done on raw data obtained with
objective lens 40x/0.65
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Fluorescence Lifetime Imaging Microscopy (FLIM) has become a powerful tool to monitor inter-
and intra-molecular dynamics of fluorophore-labeled proteins in living cells. Among other FLIM
techniques only single photon counting in the time-domain is capable to record the detected
photons as efficiently as it is physically possible.That means, a sample is illuminated with short
laser pulses and the time difference between the emitted laser-pulse and the appropriate
fluorescent photon at the detector is measured resulting in a histogram of arrival times.
Unfortunately, most FLIM-systems work at high illumination intensities that might induce
photodynamic reactions and ROS during the experiment. Consequently, visualisation of
dynamic processes within living cells requires a minimal-invasive approach.
Here, we present a positional sensitive wide-field single photon counting detector system to
measure fluorescence lifetimes in the time domain and demonstrate its usage in Förster
Resonance Energy Transfer (FRET) applications, to study metabolic changes by NADH imaging
and for long term observation of living cells. The time and position sensitive camera consists of
a photocathode, a stack of microchannel plates (MCPs) for amplification and a position
sensitive anode. The mechanism of data acquisition can be described as follows: an incident
photon interacting with the photocathode results with certain probability in an initial electron
that is driven towards the MCP amplification stack where it is multiplied. The resulting electron
avalanche carries up to ten millions electrons following an applied electrical field and falls on
the position sensitive anode. The widefield FLIM camera system provides everything required
for robust and reliable single photon counting based imaging. Realtime event selection logic
processes registered photons to avoid artifacts like multi-photon events, MCP noise and pile-up
effect. In addition to position and picosecond time information (< 50 ps) absolute arrival time
(AAT) is acquired with ns precision. The system features a number of additional digital and
analog I/O lines available for the user. The values are read and stored along with every
detected photon or in custom protocol basis that allows one to extend the set of acquired
parameters. The whole setup consists of an inverted fluorescence microscope equipped with a
white light laser and/or other short-pulse lasers that illuminate the entire field of view at
minimal invasive illumination intensities thereby enabling long-term experiments of living
cells. The system is capable to acquire images from single molecules and measures directly
the transfer rate of fast photo-physical processes as FRET, in which it can resolve complex
fluorescence decay kinetics.
 

Acknowledgement: This work was supported by collaborative research grants: BMBF Novel
Optics, FKZ 13N10077; BMBF Biophotonic V, FKZ 13N12675; DFG SFB 854 TPZ; DFG FOR 521



Type of presentation: Poster
 

ID-11-P-3150 Microscopy under pressure: Optical micro-spectroscopy technique to
study nanomaterials under high hydrostatic pressure
 

Valenta J.1
 
1Charles University in Prague, Department of Chemical Physics & Optics, Faculty of
Mathematics & Physics, Prague 2, Czechia
 

Email of the presenting author: jan.valenta@mff.cuni.cz
 
Changes of external conditions, like electric field or pressure, provide additional information on
a studied material, for example semiconductor nanoparticles in colloidal suspensions. Under
increased hydrostatic pressure of the order of GPa changes of crystalline lattice parameters,
reconstruction of surface states and even structural transitions take place which substantially
modify optical properties of the studied material. Here we present a special microscope
configuration which enables us to study luminescence spectra and kinetics of nanoparticles
under pressure up to or even above 20 GPa. The pressure is generated by lever acting on a
diamond anvil cell (Fig. 1). The diamond cullet diameter is 0.4 mm and the sample volume is
only 0.01 l. Illumination and imaging takes place trough one of the diamonds. The signal is
detected by a special micro-spectroscopy apparatus with parallel detection branches for visible
(500-1000 nm) and near-infrared (1000-1600 nm) region and detection by 2D focal-plane
arrays (based on Si and InGaAs, respectively) or photomultipliers (for time resolved detection).
Pressure is monitored using the shift of red luminescence lines from ruby microparticles mixed
with a sample. Application of this setup is demonstrated with silicon based nanoparticles
whose investigation shed light on the role of surface passivation or embedding matrix on the
energies and the direct/indirect character of optical transitions [1,2].
References
[1] K. Kůsová et al.: Luminescence of free-standing versus matrix-embedded oxide-passivated
silicon nanocrystals: The role of matrix-induced strain, Appl. Phys. Lett. 101 (2012) 143101.
[2] K. Kůsová et al.: Direct bandgap silicon: Tensile-strained silicon nanocrystals, Adv. Mater.
Interfaces 1(2) (2014) in print, DOI: 10.1002/admi.201300042.
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Fig. 1: The mounting of the diamond anvil cell on an inverted microscope which is the central part of our multi-purpose
VIS/NIR micro-spectroscopy set-up.
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Orientation of fluorescent molecules (fluorescent dyes or fluorescent proteins) associated with
a biological membrane can report on the molecular environment within the membrane, but
also on molecular processes involving membrane proteins. In our other work we have
demonstrated that changes in fluorescent molecule orientation, detected by two-photon
polarization microscopy (2PPM), can be used to report on binding of ligands to G protein
coupled receptors (GPCRs), interactions between GPCRs and G proteins, G protein activation,
changes in the cell membrane voltage, changes in intracellular calcium concentration, and
other molecular processes taking place in living cells. Apart from simply reporting a
non-specified change in molecular orientation, 2PPM and related techniques should also be
able to yield detailed, quantitative information on molecular orientation and its changes, and
therefore provide quantitative insights into membrane protein structure, directly in living cells.
In order to develop the quantitative structural capabilities of 2PPM, we have now investigated
simple model systems that allow conclusions drawn from our microscopic observations to be
independently verified by computational molecular dynamics simulations. Here we present the
results of our microscopic observations and molecular dynamics simulations of simple
fluorescent dyes and fluorescent protein constructs associated with artificial lipid membranes,
demonstrating the quantitative capabilities of 2PPM and related techniques.
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Fig. 1: Giant unilamellar phospholipid vesicles stained with a fluorescent dye (F2N12S), imaged by two-photon
polarization microscopy. Fluorescence excited by light polarized horizontally and vertically is colored red and green,
respectively. The red-green pattern is indicative of the dye molecules being present in a restricted orientational
distribution
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Bacillus thuringiensis is a biological control agent producing the insect larvacidal proteins
including cytolytic protein (Cyt). Cytolytic protein has larvacidal activity against Dipteran insect
larvae. Moreover, Cytolytic protein synergize activity with Crystal (Cry) protein and act as Cry
receptor to overcome the Cry-resistance larvae stains. The cytolytic mechanism was proposed
to pore forming and detergent-like mechanisms. However, the mechanism is still unclear. The
Cyt protein-lipid membrane interaction was proposed as a critical step for the mechanism. To
demonstrate the protein - lipid membrane interaction on Aedes albopictus cell membrane, Cyt
protein was labeled by Texas red fluorescent dye and observed under fluorescent microscopes.
Confocal and TIRF microscopy reveal that Cyt bind and aggregate on Aedes albopictus cell
membrane that cause cell swelling after that Cyt pass into cytoplasm and bind to nuclear
membrane and nucleolus. The mass adsorption on lipid membrane of Cyt was determined by
quartz crystal microbalance with dissipation. The artificial insect cell membrane was deposited
on silicon-coated crystal sensor. The result reveal that the mechanism of Cyt protein is not the
pore-forming and detergent-like. The Cytolytic protein adsorption on lipid membrane could
explain by the combination of adsorption and diffusion equations. These data suggest that the
aggregation complex of Cyt protein compose of two processes. Firstly, Cyt adsorb on the cell
membrane nearly complete coverage of the cell membrane, the protein adsorption behavior
was changed to diffusion.
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Fig. 1: (A) and (B): Cytolytic protein translocation into Aedes albopictus cytoplasm. (C): Mass adsorption of Cytolytic
protein on lipid membrane.
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Cell mechanics tries to understand cell responses to external stress, which can influence a
variety of cell functions. Understanding the relation between mechanical stimulus, cell shape
and cell function is essential in controlling cell behavior in different environments and
conditions. In this poster, we present first results on the effect of cationic and anionic
interfaces on cell shape of hepatocellular carcinoma cells (HepG2) and nanoparticle uptake
activity. On one hand, HepG2 cells incubated on cationic poly-ethylene imine exhibited a
spread-like form with lamellar protrusions. On the other hand, hepG2 cells adopted a more
round-like form when hosted on polystyrene sulfonate. The difference in cell shape did not
influence the uptake of 49-nm polystyrene particles (driving by diffusion). However, the
internalization of 240-nm diameter polystyrene particles was larger on cells seeded on cationic
polyelectrolyte (suggesting an active uptake process). The particle uptake was measured at
4ºC and 37ºC and the optimal incubation time was found to be 6 h. Cell shape and particle
uptake were monitored by fluorescence and confocal microscopy. Quantification of particle
internalization was carried out with flow cytometry. In summary, the results indicate that cell
shape can be changed by using ionic interfaces, and that such change influences nanoparticle
uptake. It seem that in this context, the mechanical properties of the plasmatic membrane are
crucial for cellular uptake, and that possibly the Young modulus could be a physical indicator of
such fact. Therefore, more experiments with different functional nanoparticles should be
carried out to get more insight about the uptake mechanism.
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Fig. 1: Fluorescence microscopy graphs of HepG2 cells on three different substrates: control polystyrene (PS),
polystyrene sulfonate(PSS), and polyethylenimine (PEI). Adherent cells on PEI show atendency to spread and cover
higher surface area than cells on PSS orPS.
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Ultramicroscope (UM) was invented and developed more than 100 years ago by Zsigmondy
and Siedentopf. The basic idea was a visualization of objects smaller than the resolution limit
of classical microscopes exploiting light scattering by particles under the perpendicular (dark
field) illumination. Nowadays, some of the novel techniques breaking the diffraction
resolution-limit (so called super-resolution techniques) remind principles of the
ultramicroscope - for example STORM (Stochastic Optical Reconstruction Microscopy) – based
on the localization of single emitting centers (molecules, nanoparticles).
This contribution presents our innovative home-built ultramicroscope, which contains a special
dark-field illumination system based the axicon lens (lens with one conical and one flat
surface, often used to generate Bessel beams). The axicon transforms the illumination laser
beam into cone focused on the sample image plane by an objective. This provides oblique
illumination of the sample which acts as a dark-field illumination if combined with an objective
lens with the appropriate numerical aperture. The setup is assembled from commercially
available optomechanical components, which makes the construction of the ultramicroscope
relatively easy and adaptable to various applications. We demonstrate the properties of our
ultramicroscope by performing scattering and fluorescence measurements of semiconductor
nanoparticles. In our assembly is possible qualitative and quantitative analysis of the sample.
 

Acknowledgement: I would like to express my deep gratitude to Professor Jan Valenta, my
research supervisors, for your patient guidance, enthusiastic encouragement and useful
critiques of this research work.
Finally, I wish to thank my parents for their support and encouragement throughout my study.



 
Fig. 1: Simplified schematic diagram of the ultramicroscope
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The cooperation between TESCAN, a.s., Brno University of Technology and Institute of
Molecular Genetics led into the first prototype of a Multimodal holographic microscope (MHM) -
a unique instrument using the incoherent holography for the quantitative phase imaging (1).
This microscopic methodology is suitable for non-invasive imaging and characterization of
cellular mass and growth dynamics. This provides a powerful quantitative tool for label-free
biological cell investigation, without using any adverse markers and toxic substances. MHM
enables imaging in dispersion solutions, suppresses the coherent noise significantly and
therefore provides high imaging sensitivity. The microscope allows quantitative imaging of the
phase difference between the reference and object wave, which monitors dry mass distribution
within the cells. In addition, it provides the combination of unique holographic properties with
other conventional microscopic techniques and maintains the optimal conditions for
investigation of living cells during long-term observations (2).
Our study demonstrates the applicability of a multimodal holographic microscope as a suitable
tool for quantitative analysis of the cell cycle. First of all, we compared measurements of the
same biological samples using the conventional fluorescence technique and the off-axis
holographic technique. We obtained similar information about cellular behaviours at different
phases during a full lifecycle of HeLa cells from these two different methods. We calculated
distribution of intracellular dry mass and its changes in synchronous cells.
References:
(1) Slabý T., Kolman P., Dostál Z., Antoš M., Lošťák M., Chmelík R.: Off-axis setup taking full
advantage of incoherent illumination in coherence-controlled holographic microscope, Optics
Express, Vol. 21, Issue 12, pp. 14747-14762 (2013).
(2) Kolman P., Chmelík R.: Coherence-controlled holographic microscope, Optics Express, Vol.
18, Issue 21, pp. 21990 - 22003 (2010).
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Viscosity of the cellular membrane has a significant impact on cellular processes, including on
the diffusion of biomolecules within or through the membrane. Although measurement of
viscosity on a microscopic scale is a challenging task, we have demonstrated1 that it can be
achieved with the aid of molecular rotors, which are fluorophores with viscosity dependent
fluorescence intensities and lifetimes. Microviscosity measurements are usually performed via
Fluorescence Lifetime Imaging Microscopy (FLIM), which produces a spatial map of the lifetime
of a molecular rotor in the object of interest. Alternatively, ratiometric imaging can be used if
the molecular rotor exhibits a viscosity dependent intensity ratio between two peaks in its
fluorescence spectrum.
In this work we have examined a molecular rotor MB, constructed as a porphyrin dimer, which
is capable of measuring viscosity via both of the methods described above. Only a few such
molecular rotors are reported in the literature, however, this provides a useful opportunity as it
allows us to independently double check measured viscosity values. We performed the
calibration of the rotor in methanol/glycerol mixtures of varying viscosity using both FLIM and
ratiometric imaging (Figure 2). MB was then employed for measuring viscosity in (i) lipid
monolayers made by coating water droplets in dodecane with the lipid of choice (Figure 1).
Viscosity change upon irradiation was measured in saturated (DPhPC) and unsaturated (DOPC)
lipid monolayers. (ii) Viscosity was measured in SK-OV-3 cells upon irradiation.
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Fig. 1: Figure 1. FLIM (a) and ratiometric (b) images of lipid monolayers around water droplets in dodecane. Viscosity
values corresponding to the lifetimes and ratios given in the colorbar are shown in brackets.
 

 
Fig. 2: Figure 2. Calibration data of MB in methanol/glycerol mixtures. Normalized fluorescence decays (a) and
normalized fluorescence spectra (b) in solvent mixtures of different viscosities. (c) Lifetime (blue) and ratiometric (red)
calibration curves obtained from the data in (a) and (b).
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Structural biology created in 1950th has revealed in detail static three dimensional structures
of many proteins using techniques represented by X-ray crystallography. However, protein
molecules are dynamic in nature; the molecules fluctuate, undergo conformational changes,
bind to and dissociate from the partner molecules and transverse a range of energy and
chemical states. Therefore, we have had limitations in understanding how proteins function
from their static structures. To make it possible to study the dynamic behavior of proteins,
single-molecules biophysical techniques including single-molecule fluorescence microscopy
and optical trap nanometry have been created and successfully used. However, the protein
molecules themselves are invisible in the single-molecule observations even with
super-resolution bypassing the diffraction limit. Thus, simultaneous assessment of structure
and dynamics has long been infeasible, which is the main cause for the difficulty in
understanding the functional mechanism of proteins.
To break this long-standing situation, high-speed atomic force microscopy (HS-AFM) has been
developed (T. Ando et al., PNAS, 98, 12468, 2001; T. Ando et al., Prog. Surf. Sci. 83, 337,
2008). It enables direct visualization of dynamic structural changes and dynamic interactions
occurring in individual proteins molecules at sub-100 ms temporal resolution. The
revolutionary power of this new microscopy has recently been demonstrated in the studies of
bacteriorhodopsin responding to light (M. Shibata et al., Nat. Nanotechnol. 5, 208, 2010),
myosin V walking actin filaments (N. Kodera et al., Nature 468, 72, 2010), rotor-less F1-ATPase
(T. Uchihashi et al., Science 333, 755, 2011), and others (see reviews: T. Ando et al., 42, 393,
2013; T. Ando et al., Chem. Rev., in press). The molecular movies with sub-molecular
resolution have yielded significant findings, providing new insights into how the proteins
function. The very recent progress in this microscopy has also been making it possible to
observe dynamic molecular processes on live bacterial cells (H. Yamashita et al., J. Mol. Biol.
422, 300, 2012) and dynamic phenomena occurring in live eukaryotic cells (H. Watanabe et al.,
Rev. Sci. Instrum. 84, 053702, 2013). In this talk, I will review these studies and discuss future
prospects of HS-AFM studies.
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The study of heterogeneous catalysts by in-situ methods has compiled solid evidence that
their function is intimately connected to a dynamic response of their precursor structure to the
chemical potential of the reacting environment. This is also valid for the supra-molecular or
mesoscopic dimension at which the performance of catalysts is decided critically by transport
phenomena of molecules and energy. This mesoscopic dimension is well accessible by modern
field emission SEM instrumentation. With advent of the ESEM technology it became
conceivable to observe catalysts at truly near-ambient pressure conditions at work. As it turns
out there are still obstacles to be overcome having to do with imaging conditions and the
sample environment. We succeeded in modifying a commercial instrument such that we can
observe simultaneously the catalytic activity of a specimen and its morphology. This is
possible for complex reactions such as the epoxidation of ethylene over silver and for harsh
conditions such as the CVD synthesis of grapheme over metal catalysts. The contribution uses
these two examples to illustrate the value of insights one can obtain from such kind of in-situ
microscopy. The results will be combined with insights gained from NAP XPS experiments that
can be conducted under identical pressure-and temperature conditions. Together one obtains
a combined picture of the geometric and electronic structure of working catalysts illustrating
the hitherto barely detectable structural dynamics.
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Ionic liquid (IL) generally exhibits attractive physical and chemical properties, e.g., negligible
vapor pressure, relatively-high ionic conductivity, wide electrochemical window. We have
focused on IL’s negligible vapor pressure to create novel technologies and analytical methods
combined with vacuum technology and ILs.1) Based on our first report that IL can be observed
by a common SEM,2) we have established several novel SEM observation and EDX analysis
methods using ILs.3) The aim of this study is to directly observe electrode reactions in IL-based
lithium-ion secondary battery (LIB), which is expected to be a next generation energy storage
device.
    IL-based LIB used in this investigation was composed of a Si negative electrode, a LiCoO2

positive electrode, a glass fiber membrane, and an IL electrolyte with lithium
bis(trifluoromethanesulfonyl)amide (Li[(CF3SO2)2N]). We mainly used
1-ethyl-3-methylimidazolium bis(fluorosulfonyl)amide ([C2mim][(FSO2)2N]) as the IL electrolyte
because the cell performance of the LIB with the [C2mim][(FSO2)2N] electrolyte is comparable
to present LIB system using organic electrolytes.4) Figure 1a shows a photograph of an IL-based
LIB cell employed for in situ SEM observation. The LIB configuration is basically the same as
commercially-available LIB cells. The detailed information on the configuration is given in
Figure 1b. Silicon micro/nanoparticles, which have extremely-high theoretical capacity (4199
mAh g-1) compared to graphite electrode (372 mAh g-1) widely used in common LIBs, was
exploited as the active material for the negative electrode. Si particle volume become up to
4.0 times when the electric energy is fully stored. Although the deterioration of the Si negative
electrode is believed to be due to the drastic volume variation, there is insufficient information
on the deterioration mechanism. Figure 2 shows typical SEM images of the Si negative
electrode in the IL-based LIB during charge/discharge process. We could directly observe the
variation in the Si electrode by our in situ SEM observation technique. The detailed results and
discussion will be given in our presentation.
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Fig. 1: (a) Photograph of one of IL-based LIB cells used for in situ SEM observation and (b) explanation of the cell
depicted in Fig. 1a.
 

 
Fig. 2: Variations in morphology of the Si negative electrode observed by the in situ SEM observation system during
charge/discharge processes at 0.2 C in the IL-based Li-ion secondary battery prepared in this study. The used IL was
[C2mim][(FSO2)2N].
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Environmental transmission electron microscopy(ETEM) recently attracts a strong interest of
many materials researchers, because the observation of chemical reaction process with gases
and liquids becomes important for the practical use. However, the samples to be observed are
only thin edges of films and particles due to the limitation of electron transmission in ordinary
TEM up to 300 kV accelerating voltage. ETEM observations of samples of a few micron
thickness in gas environment of hydrogen or oxygen are crucial for development of practical
fuel cells and solar batteries, and various kinds of chemical and structural materials. 3D
observation of samples is also necessary for clarifying the morphologies related to the
chemical properties such as catalysis.
    We have developed 1MV TEM/STEM with an open-type environmental cell which enables
observation in 100 Torr atmosphere of gases, named "Reaction Science HVEM(RSHVEM)"[1].
High-transmission of electrons insures the point-to-point resolution less than 0.2 nm even in
gas-environment of 100 Torr. High-speed beam blanking system reduces irradiation effects of
incident electrons on the samples.
    Figure 1 shows an external view of the RSHVEM with a box-shaped environmental cell
inserted in the pole-piece-gap of an objective lens from the left-hand side. Figure 2 shows
in-situ atomistic observation of oxidation process of a copper(Cu) particle followed by
reduction by hydrogen. The repeated reaction process is monitored also by in-situ EELS. Figure
3 shows in-situ observation of porous gold (Au) catalyst in reaction, whose inner surface with
zigzag atom arrangement enhances the catalytic reaction with carbon-mono oxide[2,3]. Figure
4 shows the world-first in-situ observation of hydrogen brittleness of a copper(Cu)/silicon(Si)
interface as well as in-situ measurement of stress/strain curves in a mixed gas of hydrogen
and nitrogen[4]. The present microscope can be used also for in-situ high-resolution
STEM-EELS mapping[5] for elemental, chemical and physical analysis, and 3D electron
tomography of large inorganic particles and biological cells[6] is possible.
[1]N. Tanaka et al., Microscopy, 62, 305 (2013).
[2]T. Fujita et al., Nature Mater., 16, August, (2012).
[3]T. Fujita et al., Nano lett., in press, (2014).
[4]Y. Takahashi et al., to be submitted (2014).
[5]S. Muto et al., Material Trans., 50, 964 (2009).
[6]Y. Murata et al., to be submitted (2014), and in this conference.
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Fig. 1: Front-view of RSHVEM in Nagoya University.
 

 
Fig. 2: In-situ observation of oxidation of a copper particle
          followed by the reduction.
 

 
Fig. 3: In-situ HRTEM of reaction change of a (011) surface
           of gold with CO gas.
 

 
Fig. 4: In-situ TEM of fracture of a Cu/Si interface in H2 +
          N2 gas.
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We have recently developed [1] aberration corrected environmental scanning transmission
electron microscopy (AC ESTEM) with a controlled gas atmosphere and hot stages, a full range
of STEM (and TEM) imaging modes with <0.1nm resolution and single atom sensitivity,
electron diffraction and other analyses including uncompromised EELS and EDX in gas at
>600oC. We have modified for purpose a JEOL 2200 FS 200kV FEG system equipped with Cs
correctors for STEM probe and TEM image. The new studies reveal single Pt atoms (FWHM =
0.11±0.01nm in H2) (Fig.1) on the carbon support surface between larger entities. The latter
start out as loosely assembled 'rafts' (Fig.1) of lower density and somewhat ragged outline
with single atom high edges. On heating at 500oC in H2 they become more densely packed and
finally grow into crystalline nanoparticles with sharply defined cuboid {200} cliff faces typically
4 or more atoms high (Fig.2). Different forms of metal atom neighbourhoods include individual
atoms isolated on the substrate surface; rafts of differently assembled structures and
densities; progressively more structured 2D forms; and then the fully crystalline 3D
nanoparticles. In each case the local bonding and electron energy states of the Pt atoms will
be different and they can be expected to have distinct chemical reactivity and catalytic
selectivity. The accessibility and activity for reactions of each type of Pt atom site will be
different: isolated on the support surface, at raft edge or centre, on a crystalline face of buried
deep inside an essentially impervious crystalline 2nm nanoparticle. The forms and properties
of a catalyst can change radically, and often rapidly, during initial reactor operations. The new
data show a population of single Pt atoms persists on the support between the larger particles
and they should be highly active species for reaction. Mobility seems to be intermittent and
this aids their detection. Multiple line scans, typically 5-10 per atom, reinforce the imaging of
each atom over 0.1sec. Initial studies have been at 1-10Pa gas pressure measured at the
sample, and we use a modified furnace type hot stage (Gatan 628 special) with a Keithley
2614B power supply and a DENS MEMS heater. A reconfigured column vacuum system uses
multiple TMPs and additional ion pumping to create differential pressure zones across existing
and newly introduced fixed apertures up and down the column. With the new atom-by-atom
analysis E-tool we can assess better the conflicting requirements for high initial activity and
selectivity with the attendant need for stability of nanostructures for more consistent
outcomes in the management of reactor operations.
Reference
[1] E Boyes, M Ward, L Lari and P Gai, Ann Phys, 525 (2013) 423
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Fig. 1: Pt on C model catalyst system after initial room temperature treatment in H2.  Imaged in the H2 gas atmosphere
in the York AC ESTEM, showing single atoms and different forms of raft structures, and hence of atom neighbourhoods,
physical and chemical properties.   Insert A shows a line trace over a single Pt atom image = 0.11±0.01nm FWHM. 
 

 
Fig. 2: Pt on C model catalysts after heating in H2 at 500oC and forming cuboid and fully crystalline nanoparticles of Pt
up to 2nm in size.  This figure includes illustrative data for how their shapes can be analysed atom by atom with
quantitative nZ HAADF STEM image contrast for the initial and final forms of the Pt in these experiments.
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Chemical reactions or biochemical activities often occur in the presence of a liquid. To study
liquid sample in an electron microscope, several liquid cell designs have become commercially
available in recent years that enable materials to be imaged in a carefully controlled liquid
environment within the vacuum of a TEM. However, the Si3N4 layers (50-500 nm thick) used
as electron transparent windows in these liquid cells have limited the imaging resolution to
nanometers [1], also degraded the electron energy-loss spectroscopy (EELS) signal [2]. On the
other hand, radiation damage is a fundamentally limiting factor when examining beam
sensitive materials and/or hydrous samples in TEM. Traditional coating and cryo techniques [3,
4] have shown positive effects against radiation damage and the results suggest that it is
possible to reduce radiation damage to below breakage of covalent bonds. However, further
reduction of radiation damage is needed for characterization of biological samples, since many
biological structures and functions are related to the much weaker hydrogen bonds.
We introduce a biocompatible approach of encapsulating liquid containing samples in
monolayers of graphene. This not only allows biological samples to be directly imaged at
atomic resolution in a native liquid state without limitations from the window thickness, but
also enables nm-scale analysis using EELS to quantify biochemical reactions in an aqueous
environment (Fig. 1 and 2) [5]. We show that the graphene encapsulation provides a radiation
damage reduction mechanism, allowing for high resolution imaging and spectroscopy of beam
sensitive materials. Details, such as individual Fe atoms or polypeptides of unstained protein,
are resolved in a liquid environment. EELS elemental identification of ferritin molecules with 1
nm resolution is achieved showing both the iron core and the protein shell. We also show that
beam induced reactions can be initiated in-situ and monitored in real time at nm precision
inside graphene liquid cells (GLC) (Fig. 3). By carefully controlling the induced electron dose
rate, we show that radiation damage can be limited to be within hydrogen bond breakage
level, preserving the functionality of the ferritin protein while observing the valence change of
the iron core showing initial stages of iron release by ferritin.
References:
[1] de Jonge, N. & Ross, F. M. Nature nanotechnology 6, (2011), 695-704.
[2] Holtz, M. E., et al, Microscopy and Microanalysis 18, (2012), 1094-1095.
[3] Salih, S. & Cosslett, V. Philosophical Magazine 30, (1974), 225-228.
[4] Fryer, J. & Holland, F. Proceedings of the Royal Society of London. A. (1984), 353-369.
[5] C. Wang, Q. Qiao, T. Shokuhfar, R. Klie, Advanced Materials, (2014), doi:
10.1002/adma.201306069.
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Fig. 1: Schematic diagram, as well as HAADF images (A and
B) of ferritin molecules in graphene sandwiches (A) and
GLCs (B). (B) shows individual Fe atoms in a liquid
environment. (C) is a EELS map of ferritin molecules
sandwiched between graphene sheets with 1 nm
resolution, showing both the protein shell and the iron core.
 

 
Fig. 2: EEL spectra of ferritin (1, 2, 4, 5) and water (3). (1)
and (2) are taken from the iron core (1) and protein shell of
ferritin (2) in graphene sandwiches where the liquid has
dried. (3, 4, 5) are taken from water (3), at the center of
the iron core (4), and at the edge of a ferritin molecule (5)
inside a graphene liquid cell.
 

 
Fig. 3: Stills from a video showing controlled beam induced local bubble formation and condensation process in GLC.
The video is recorded via repeat scanning in HAADF mode. In selected areas a bubble is formed at 00:06s, 00:15s, and
00:22s respectively by temporary switching to small area scanning.
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The unprecedented spatiotemporal resolution offered by the dynamic transmission electron
microscope (DTEM) facilitates unique studies of irreversible transitions in solids [1]. Prior DTEM
work using single-shot ns-temporal resolution bright field imaging and diffraction established
feasibility of studies of rapid solidification (RS) in Al, Cu, Ag and Al-Cu alloy [2-5]. Advances in
DTEM instrumentation have enabled acquisition of multiple-image sequences following a single
drive event, which promises to greatly reduce quantitative uncertainties in measurements and
increase by about one order of magnitude the data density obtained from direct TEM
observations of the dynamics of the irreversible transformation processes [6]. Here, we
present and discuss results of in-situ DTEM investigations of RS in Al-Cu alloys ranging in
composition from Al-3at%Cu to the eutectic Al-17at%Cu. Figure 1 shows the global
microstructural changes in a time-delay of image sequence recorded as an 80nm-thick
Al-3at%Cu thin film solidifies after pulsed-laser (PL) melting. The rows of images were recorded
from two separate laser induced melting experiments. Each experiment spans 20.4µs and
produces nine images using a 2.5µs interframe spacing and a 50ns frame exposure time. The
liquid-solid interface velocity, averaged along the complete interface can be related to the RS
microstructure evolution (Figure 1). In the initial stages, ≤ 7µs after PL melting, the liquid-solid
interface is essentially stagnant. At about 10µs after PL melting solidification commences,
producing a columnar grain structure behind a planar transformation interface that accelerates
up to >2m/s. Solidification completes by ~31µs after PL melting. Figure 2 shows an example
time-delay sequence of images recorded during for an 80nm-thick Al-17at%Cu thin film. Higher
magnification imaging permits study of local morphology development on the individual
columnar grain level for the RS in the eutectic Al-Cu alloy. Acquisition of several such
image-series with systematically varied pre-delay times, ∆t, enabled direct observation of the
dynamics of crystal growth mode changes for the different alloy composition and
measurements of growth mode depended, instantaneous, and average transformation
interface velocities. Microstructural evolution and solidification kinetics for the alloy
compositions investigated have been analyzed and will be discussed.
References
[1] King, W.E., et al., J Appl Phys (2005) 97: 111101.
[2] Kulovits, A.K., et al., Microsc Microanal (2011) Vol. 17 (Suppl. 2): 506.
[3] Kulovits A, et al., Philos Mag Lett (2011) 91: 287.
[4] McKeown, J.T., et al., Microsc Microanal (2012) Vol. 18 (Suppl. 2): 602.
[5] McKeown, J.T., et al., Acta Mater (2014) 65: 56.
[6] LaGrange T., et al., Micron (2012) 43: 1108.
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Fig. 1: Dynamic time-delay image sequences of re-solidification in 80-nm-thick Al-3at.%Cu. Delays (in µs) between the
laser pulse for melting and the 50-ns electron pulse for exposure are indicated above each image. Letters S and L mark
solid and liquid state of the alloy.
 

 
Fig. 2: Image sequence of re-solidification in 80-nm-thick Al-17at.%Cu. Delay times for image #1 (prior to melting),
images #2-#8 (solidification), and image #9 (post-solidification) are shown. Letters S and L mark solid and liquid state.
Measured over the 7µm diameter field of view the discernible individual grains solidified at ~0.27m/s.
 



Type of presentation: Oral
 

ID-12-O-2236 Measurements of local chemistry and structure in NiO/YSZ composites
during reduction using energy-filtered environmental TEM
 

Jeangros Q.1, Hansen T. W.2, Wagner J. B.2, Dunin-Borkowski R. E.3, Hébert C.1, Van herle J.4,
Hessler-Wyser A.1
 
1Interdisciplinary Centre for Electron Microscopy, Ecole Polytechnique Fédérale de Lausanne,
Lausanne, Switzerland, 2Center for Electron Nanoscopy, Technical University of Denmark, Kgs.
Lyngby, Denmark, 3Ernst Ruska-Centre for Microscopy and Spectroscopy with Electrons and
Peter Grünberg Institute , Jülich Research Centre, Jülich, Germany, 4Fuelmat Group, School of
Engineering, Ecole Polytechnique Fédérale de Lausanne, Lausanne, Switzerland
 

Email of the presenting author: quentin.jeangros@epfl.ch
 
The activation of a solid oxide fuel cell anode, a process that involves the reduction of the
as-sintered nickel oxide (NiO)/yttria-stabilized zirconia (YSZ) composite to the
electrochemically active Ni/YSZ state, is assessed using energy-filtered transmission electron
microscopy images acquired in an H2 atmosphere at elevated temperature in an environmental
transmission electron microscope (ETEM). Quantitative measurements of both reaction kinetics
(using oxygen K edge images) and evolution of thickness (using total-inelastic mean free path
images) are obtained during NiO/YSZ reduction to Ni/YSZ in 1.3 mbar of H2 up to 600 °C (Fig.1)
[1]. In addition, structural and crystallographic changes are monitored using bright-field (BF)
imaging and selected area diffraction.
Measurements of the relative changes in thickness highlight the formation of voids within Ni
particles to compensate the volume loss induced by oxygen removal. In regions not affected
by diffraction effects, local measurements of volume shrinkage induced by NiO reduction to Ni
agree with the theoretical prediction of -41% [2]. The sequence of oxygen maps allows the
extraction of reaction kinetics localized at the pixel/nm scale and demonstrates the initiation of
the reaction at grain boundaries with the YSZ phase. Density functional theory calculations
suggest that this process may result from oxygen ion transfer from NiO to YSZ at these grain
boundaries [3], which creates oxygen vacancies in the NiO phase and in turn triggers the
reduction reaction [4]. The YSZ backbone remains stable throughout the reduction of the NiO
phase at these temperatures.
While factors related to sample preparation, spatial drift and the presence of the high-energy
electron beam must be considered, with care energy-filtered imaging in a gas atmosphere at
elevated temperature has the ability to provide quantitative new insight into the activation of
SOFC anodes with a spatial resolution in the nm range. Differences in reaction rate as a result
of local features can be investigated in detail using the present methodology, paving the way
for the development of detailed reaction/activation models.
[1] Q. Jeangros, et al., Chemical Communications, 2014, 50, 1808-1810.
[2] A. Faes, et al., Membranes, 2012, 2, 585-664.
[3] Q. Jeangros, et al., Acta Materialia, 2010, 58, 4578-4589.
[4] J. A. Rodriguez, et al., Journal of the American Chemical Society, 2002, 124, 346-354.
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Fig. 1: Reduction of NiO-YSZ in H2 up to 600 °C. Selection of bright-field (BF), thickness maps (t/λ) and oxygen K edge
(O K) images acquired at 300 °C, 428 °C and 604 °C. Depletion of oxygen in NiO occurs at NiO-YSZ grain boundaries
(arrows at 428 °C). Measurements of volume shrinkage in regions A and B yield -40% and -42%, respectively.
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During heterogeneous catalysis, gas adsorption on the active metal nanoparticle (NP) surface
results in electron density changes.  These can be measured by localized surface plasmon
resonance (LSPR) shifts.  However, nanometer spatial resolution and an energy resolution
sufficient to detect LSPR shifts of a few meV is needed to resolve the active NP surfaces. This
requirement has been met by using a monochromated high-energy electron source. Therefore,
we have employed a monochromated 80kV electron source in an environmental scanning
transmission electron microscope (ESTEM) to measure, in situ, the LSPR response of different
surfaces on individual triangular Au NPs in vacuum, H2, and CO at various pressures. The local
LSPR energies are obtained by electron energy-loss spectroscopy (EELS) in STEM mode with a
beam size of ≈ 1 nm and 100 meV  energy resolution. Our results confirmed by Finite
Difference Time Domain (FDTD) simulation .
Figure 1a shows the STEM dark-field image of a triangular Au NP on TiO2 support. LSPRs
measured at two locations, at the corner (b) and side (c), of the Au NP, were observed to shift
to lower energy when the H2 pressure was increased to 100 Pa (Fig. 1b and c). However, the
extent of the energy shift at the corner (Fig. 1b) was more than that at the side (Fig. 1c) of the
NP. This shift indicates a site-specific change in the local electron density that may be due to
preferential hydrogen interaction/adsorption on the corners. We use two models for our FDTD
simulations: (i) we decrease the electron density due to adsorption of electronegative H2, for a
1 nm surface layer over the entire particle and interrogate 1 nm regions at the corner (Fig. 2a)
and on the side (Fig. 2b). In this case we find that the same shifts occur both at corner and
side surfaces. (ii) We change the electron density only at the corners and find that the
simulated energy only shifts at the corners (Fig. 2c) – matching with our experimental data.
Therefore, we can conclude that the H2 is preferentially adsorbed/interacts at the corner of the
Au NP. We have employed these techniques to interrogate the adsorption sites for other
gasses, including CO, and a detailed discussion of our findings will be presented.



 
Fig. 1: (a) STEM image (scale bar is 20 nm) and a stack of EELS spectra displaced vertically aquired (b) at the
corner and (c) the side of Au NP on TiO2 in high vacuum (HV), 10 and 100 Pa H2, and after H2 pumped out (HV-after). The
red dashed line is aligned at the LSPR energy in HV-before, and the black dashed line indicates the extent of energy
shift.
 

 
Fig. 2: (a) Simulated LSPR spectra at the corner and (b) the side, in the case of gas- interaction with entire NP surface
(insets). (c) Simulated LSPR spectra at the corner and (d) the side, in the case of gas-interaction restricted to the
corner of NP (insets). Red arrows indicate the direction of the energy.
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Using liquid-cell TEM holder in an aberration corrected TEM is a major technological rupture for
understanding the complex phenomena arising at the liquid/solid interface.[1] Recent
MEMS-based technology developed by Protochips inc., allows imaging the dynamics of
nano-objects in an encapsulated liquid solution within an electron-transparent microfabricated
cell. The environmental conditions are finely controlled with a micro-fluidic system which
enables to mix different reaction solutions at the observation window. Here, we performed the
direct in situ study of two crucial phenomena for the design of efficient nanomaterials in
biological environment: (i) the growth mechanisms of gold nanoparticles (NPs) and gold
nanoshells over magnetic iron oxide NPs. (ii) The degradation mechanisms of iron oxide NPs in
a solution mimicking cellular environment.
(i) We have studied the growth of gold NPs via the reduction of metal salt. These growth
mechanisms observed with a resolution below 0.2 nm, is indirectly induced by the electron
beam. Indeed, 200kV incident electrons radiolyze the water, creating free radicals and
aqueous electrons that reduce metallic precursors. We have evidenced that the growth mode
of gold NPs highly depends on the electron dose. High electron dose results in a diffusion
limited growth mode leading to large dendritic structures, while low electron dose allows the
formation of facetted NPs due to a reaction-limited growth. These latter conditions enable the
fascinating study of the size-dependant equilibrium shape of Au nano-polyhedra in water (Fig.
1). Similarly, we have also evidenced the Volmer-Weber growth mode (3D mode) of gold-shells
over iron oxide NPs.
(ii) If the understanding of the formation mechanisms of inorganic NPs is very important for
controlling upstream their shape related-properties, studying their reactivity and
transformation mechanisms in cellular environment is essential for evaluating their long-term
efficiency as diagnostic or therapeutic agents. Here we demonstrated for the first time that
liquid-cell TEM is a relevant method to follow the (bio)degradation of iron oxide NPs in a
solution mimicking the intra-cellular environment to which they are exposed during their
life-cycle in the organism (fig.2).[2]
[1] Liao et al. ChemComm 49, 11720 (2013). [2] L. Lartigue et al. ACS nano, 7, 3939 (2013)
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Fig. 1: In situ growth of facetted gold NPs observed by low
dose STEM-HAADF. We observe a shape transition between
two nano-polyhedra.
 

 
Fig. 2: In situ follow-up of the degradation of iron-oxide
NPs. The corrosion and dissolution of a single NP (white
arrow) is directly observed in a solution mimicking the
intracellular environment. Observation time: (a) 0 s, (b) 220
s, (c) 540 s (an additional NP appeared in the field of view
by diffusion), (d) 1080 s.
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Nanocrystalline metals have attracted a lot of interest due to their modified (mechanical)
properties compared to the corresponding bulk materials. In particular, their increased
strength is promising for technical applications. However, currently their practical use is
limited especially due to their low ductility. Understanding the dominant deformation
mechanisms active in nanocrystalline metals is crucial for improving their performance and
stability as needed for technical applications. A lot of insight has already been gained, e.g.
from in-situ deformation experiments by XRD [1]. However, it is difficult to understand the
local processes based on bulk measurements. Local processes are traditionally investigated
using BF/DF-TEM. However, varying contrast due to local orientation changes, bending and
defects during in-situ BF-TEM straining experiments make an accurate interpretation for
nanometer sized grains a difficult task. Therefore, we have been developing a quantitative
approach to characterize nanoscale structures ex-situ and in-situ during mechanical
deformation in the TEM using Automated Crystal Orientation Mapping (ACOM). ACOM-STEM
allows for the identification of the crystallographic orientation of all crystallites with crystal
sizes of a few nm, well below the limit of the more established EBSD techniques.
We established ACOM (ASTAR by NanoMegas) on a FEI Tecnai F20 in micro-probe (up) STEM
mode, that allows us to acquire (fast) STEM reference images, and combined it with in-situ
straining using Hysitron’s TEM Picoindenter [2]. This combination was the key to a new data
evaluation approach based on orientation maps. By tracking individual crystallites throughout
an entire straining series, not only changes in size could be identified, but also the crystal
orientation could be followed to directly image grain rotation and distinguish this from overall
sample bending during straining.
These measurements and our evaluation routines were applied to magnetron sputtered Au and
Pd pure metal and alloy films. Deformation of these films inside the TEM revealed grain growth
(Fig. 1) and grain rotation (Fig. 2b) with increasing strain as well as twinning and Σ9 type
lattice flips (Fig 2a) during deformation. Despite this strong plastic response to the
deformation, we could show that the structural changes induced during plastic deformation are
partially reversible during relaxation of the film indicating a noticeable Bauschinger effect in
the nanocrystalline materials.
References:
[1] J. Lohmiller et al., Acta Materialia, 2014, 65, 295-307.
[2] A. Kobler, A. Kashiwar, H. Hahn, C. Kübel, Ultramicroscopy, 2013, 128, 68-81.
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Fig. 1: ACOM-STEM crystalorientation maps and stress-strain curves of a straining series of annealed nc-Pd.
 

 
Fig. 2: Crystal rotationduring straining of annealed nc-Pd (left high-angle rotations due to Σ3 and Σ9 flips, right:
low-angle rotations).
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Wet environmental-cell TEM (WETEM) is at the forefront of providing new observational
capabilities and technology in a myriad of research science and engineering capabilities.
WETEM is capable of imaging wet materials and resolving real-time dynamic environmental
processes at micro- and nano-scales. Much attention has been devoted to the development of
the TEM sample holder over the last decade. However, the relatively high cost of the
commercial environmental TEM holder has prevented many researchers from studying wet
materials in TEM. This paper presents a simple, cost-effective method of constructing a wet
environmental cell (EC) for WETEM research.
To construct a wet environmental-cell (EC), amorphous carbon films with very fine ridges were
fabricated on a special Cu grid that has only a few small holes. To prevent possible breakage of
carbon film, the hole that allows the electron beam to penetrate is rather small (~ 0.1 mm). An
enclosed EC was built by sealing two pieces of carbon film/grids with carbon side facing each
other in a regular TEM holder (Fig. 1). A tiny drop of smectite clay suspension was pipetted
onto the bottom side of grid, and then covered with another carbon grid on the top. A very
small amount of vacuum grease was applied to seal both grids. Special care was exercised to
prevent adhesives from entering into the grids and contaminating the sample. The EC with wet
sample was evacuated in a pre-pumping chamber to ensure the integrity of the wet cell before
inserting into the TEM (modified JEOL JEM 2010 operated at 200 kV) equipped with a CCD
camera for examining wet samples.
Conventional TEM image (Fig. 2a) shows typical smectite aggregates and well-defined particle
outlines. Electron diffraction of dry particles reveals a stacking of smectite particles (i.e.,
aggregate) in a very clear dot pattern. The WETEM micrograph, as shown in Fig. 2b, reveals a
blurred image indicating electron scattering by water molecules in the sample and EC. SAD
pattern obtained from WETEM also depicts strong diffused electron scattering in the
sample/EC. Analysis of SAD patterns obtained from dry (Fig. 2a*) and wet state (Fig. 2b*)
illustrates lattice expansion of (h k 0) (Fig. 3). The small lattice expansion in (h k 0) probably
resulted from the expansion of (0 0 l) plane due to addition of water molecules in the crystal
along c-axis. This unique method provides a simple and affordable method for preparing and
investigating wet samples in TEM. These experiments signify the opening of new opportunities
in fundamental “in-situ” dynamic processes research.
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Fig. 1: Schematic diagram shows the basic construction of an EC in a TEM holder (left), and the concept of the
nano-wet environmental-cell (right).
 

 
Fig. 2: Conventional TEM micrograph reveals typical morphology of dried particles and aggregates (a), whereas blurred
image of smectite particles was observed in WETEM (b). The corresponding SAD patterns (a* and b*) also depict
electron scattering due to water molecular in the sample/EC.
 

 
Fig. 3:  A comparison of calculated d-spacings of the dried (top) and fully hydrated samples (bottom). Lattice expansion
in different (h k l) probably resulted from the intercalation of water molecular in the smectitie crystal.
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  Recent advances in the construction of environmental cells for transmission electron
microscope have enabled directly observing the dynamic process in liquid, including
electrochemical reactions[1], nanocrystal growth[2], biomaterials imaging[3], corrosion[4] etc.
We have adopted a technique[5,6] to get a good resolution and contrast to directly observe
the growth of two dimensional palladium dendritic structure growth in the liquid cell TEM.
 We present a study on in situ observation of the growth of palladium dendritic structure based
on the bubble induced ultrathin liquid layer in the liquid cell TEM (Tecnai G2 F20). Figure 1
presents a time sequence of HAADF images of a growing palladium dendritic nanostructures
(DNS) , the nucleation of which is controlled by the focused electron beam. We directly
observe the growth and give a dynamic picture of the dendritic fractal dimension and radius
which suggest that diffusion limited aggregation could be applied to account this. Figure 2
presents a randomly nucleation induced palladium DNS growth. There is limited nucleation in
the field of view. Compared with the traditional DLA controlled DNS which has an open
structure, in our case, all DNSs have a compact dendritic structure with most of the gaps filled
which can be explained by direct atomic deposition, as palladium atom can be easily captured
by inner branches. All in all, we have described the whole growth mechanism in Figure 3 based
on the DLA and direct atomic deposition. This study suggests that we can use liquid cell TEM to
directly observe the growth of complex dendritic nanostructure and further our understanding
about these nanostructure.
References
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Fig. 1: (A) Schematic of the liquid cell device (B-F) A time lapse series of HAADF-STEM images following the growth of
palladium DNSs. Scale bar = 50 nm. (G) Calculated fractal dimension vs. growth time. The blue dots and black line
represent the experimental and fitting values, respectively. (H) The average radius of the DNSs versus growth time.
 

 
Fig. 2: Series of HAADF-STEM images recorded during the formation of a few randomly nuclei (A to C). Adjacent DNSs
meet and penetrate each other, as indicated by the arrows in green. Scale bar = 50 nm. (D) Image series highlighting
individual DNS marked with a red circle in A, scale bar = 10 nm.
 

 
Fig. 3: Schematic of the growth of palladium DNSs in a liquid cell under the illumination of an electron beam with high
energy. There are two ways contributing to the dendritic formation, direct atomic deposition from reduction of
palladium ion and aggregation between cluster and the edge.
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Investigating dynamic changes in specimen while applying a stimulus inside a transmission
electron microscope (TEM) has always been an exciting field of study. With the advancements
in TEMs and microelectromechanical systems (MEMS), in-situ TEM has progressed extensively
over the last decade. Here, we show the application of MEMS based devices developed
in-house to carry out in situ heat-treatment and environmental TEM studies1. For
environmental TEM studies, a controlled environment is achieved inside the TEM by one of the
following approaches: the open type, using a differentially pumped vacuum system where the
reactive gases are spread around the specimen area of the TEM; and the closed type, using a
windowed environmental cell. Our studies are based on the closed environmental cell called
the nanoreactor, Fig.1. The nanoreactor consists of two silicon chips facing each other with
thin electron-transparent silicon nitride membranes. One half of the nanoreactor (bottom half)
is embedded with a Pt coil for resistive heating2, Fig. 2. These MEMS based devices in
combination with specially developed TEM holders, Fig.3, make it possible to carry out a wide
range of experiments, a few of which are mentioned here.
Using one half of the nanoreactor, we have demonstrated the three-dimensional compositional
and structural evolution during heat treatment at 100–240°C in a FIB specimen of a
commercial aluminium alloy AA2024, revealing in unparalleled detail where and how
precipitates nucleate, grow or dissolve3. On closing the nanoreactor with the other half, we
have shown that it is also possible to carry out gas-liquid-material interactions. One such
example is the room temperature corrosion studies of AA2024-T3 exposed to oxygen bubbled
through aqueous hydrochloric acid of pH = 3 at a pressure of ~ 1.5 bar4. In the present study,
we investigate the corrosion behaviour of AA2024 after growing the needle-like S-phase type
precipitates by in situ heat-treatment. These sort of experiments are critical to understand the
performance of engineering materials in service conditions. Furthermore, will present some of
our preliminary results on metal-liquid electrolyte interfaces to extend the environmental-cell
based approach for introducing liquids inside the TEM.
References:
1 Malladi, S. R. K. In-situ TEM Studies: Heat-treatment and Corrosion. (2014).
2 Creemer, J. F. et al. Atomic-scale electron microscopy at ambient pressure. Ultramicroscopy
108, 993-998 (2008).
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alloys. Nano letters (2013).
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Fig. 1: (a) Conceptual sketch of a nanoreactor. (b) Photographs of the top and bottom chip, with ~ 400 nm SiXNY window
in 800 X 800 µm2 area; inlet and outlet for reactive gases in the bottom chip.
 

 
Fig. 2: Optical micrographs of the 400 nm SiXNY window showing (a) top and (b) bottom chips respectively with 10 µm
circular holes over spanned with ~ 20 nm SiXNY membranes for electron transparency. The bottom chip is embedded
with a Pt spiral for heating. The red encircled region in (c) showing aligned assembly.
 

 
Fig. 3: Holders for in-situ TEM studies: (a) Gas holder with Pt tubing; (b) A single-high-tilt heating holder in which the
bottom chip of the nanoreactor can be used for in situ heating experiments. This holder has a capability to tilt through
±70°, which makes it possible to carry out tomography experiments too.
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Fe and Fe-oxide nanoparticles have a series of promising potential applications in physical and
medical sciences. These include magnetic storage devices, catalysis, sensing, contrast
enhancement in magnetic resonance imaging and magnetic hyperthermia
[1-3]. Understanding of the Fe-Oxide NPs reduction to metal and the oxidation processes down
to atomic scale is paramount for the control of the quality and the optimization of their
applications.
A recently modified double aberration corrected JEOL 2200FS (S)TEM [4] has demonstrated the
possibility of the analysis of metallic nanoparticles in gas environment at temperature allowing
single atom visualisation by HAADF STEM in controlled gas reaction environment [5].
In this study, thin films of iron were deposited by sputtering on C films supported by standard
TEM Cu grids as in Figure 1a). Nanoparticles were produced by annealing in-vacuum the films
within the microscope column (pressure ~1.0 * 10-5 Pa) at temperatures from room
temperature to up to 600 °C using an in-house designed Gatan heating holder (Fig 1b).
Nanoparticle formation and size distribution was monitored in-situ as a function of time and
temperature by HAADF STEM imaging. After annealing nanoparticles were shown to consist of
single crystal metallic Fe, composition confirmed by EDX analysis. The Fe nanoparticle samples
interaction with Hydrogen (Fig 2a) and Oxygen (Fig 2b) gases were studied in-situ at 300 °C
with a differential pressure at the specimen in the range of 2.5-3.0 Pa. The interaction of the
nanoparticles with the gases, as well as the substrate, will be discussed in terms of the
changes in nanoparticle geometry, composition, size distribution, crystallinity and
microstructural defects.
Fe to FexOy phase change was identified by HAADF/BF STEM imaging, and EDX line scans (Fig
3). These show uniform Fe/O composition within each particle with comparable particle sizes,
but complex morphologies for the metallic and the oxide phases. The mechanism is being
developed with single atom sensitivity.
References:
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[2] H. Galvis et al. Science 335, 835–838 (2012)
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Fig. 1: (a) Initial sputtered Fe film, left in air for two days before annealing in the microscope up to 600 °C to form
nanoparticles (b).
 

 
Fig. 2: (a) Overview of Sample A after exposure to H2 gas environment with a pressure at the specimen of 3 Pa and with
a sample temperature of 300 °C. (b) Overview of Sample B after exposure to O2 gas environment with a pressure at the
specimen of 2.5Pa and with a sample temperature of 280 °C.
 

 
Fig. 3: (a) EDX line scan of Fe nanoparticles at of 300 °C in vacuum showing O signal at background in the particle as
well as on the support. (b) EDX line scan of a FexOy nanoparticle done in O2 environment at 2.5 Pa and 300 °C (scale bar
10nm).
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Heterogeneous catalysis is of paramount significance in chemical processes, where efficiency
relies on the characteristics of the nanocrystal-catalyst surfaces [1-3]. Quantitative in situ
study of the catalytic reactions on different crystallographic planes could provide a great
insight to improve the performances of heterogeneous catalysts. Great efforts have been
made through spectroscopy and microscopy studies; however, a direct observation at the
atomic level of the facet-dependent activity of nanocrystal-catalysts remains challenging. In
this report, we present a direct experimental observation of a crystal facet-dependent catalysis
on a single nanocrystal-catalyst through an in situ study of a model catalysis platform,
platinum-catalyzed oxidation of graphene layers, in an environmental transmission electron
microscope [4]. Our experimental setup for the first time implements a simultaneous recording
of diverse catalytic activities on different facets on a single particle at atomic resolution,
revealing that Pt{100} is more active for the graphene oxidation than Pt{111}. Density
functional theory calculation shows that the Pt{100} facets favor both the adsorption and
dissociation of oxygen species (O2 and O) compared to the Pt{111} facets, and this facilitates
C-C bond breaking, promoting a faster oxidation of graphene to CO2 on Pt{100}. Our study not
only directly demonstrates crystal facet-dependent catalysis in situ but also offers a novel
approach for the dynamical study of the catalytic mechanism of heterogeneous catalysts at
the atomic level.
References
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 Improving the long-term performance of catalyst is one of the most important issues in
polymer electrolyte fuel cell (PEFC) technology. Environmental transmission electron
microscopy (ETEM) has proven to be an effective characterization tool for understanding the
degradation mechanism of the catalytic materials. Our goal is to optimize the instrumentation
which can simulate the working environment of a catalyst inside the microscope. For this
purpose, we have developed an ETEM based on a conventional analytical TEM and a specimen
heating holder equipped with a gas injection nozzle 1). Different from conventional ETEM
techniques, the specimen heating holder is designed to introduce a gas locally to the
specimen. The inner diameter of the gas nozzle is 0.5 mm, and the distance between the
nozzle and the specimen mounted on a heating element is 1.0 mm. This unique design of the
holder allows a gas pressure up to 100 Pa near the specimen, while maintains a vacuum of 10-5

Pa in the electron gun chamber. In order to study the effect of gas on the structural changes
during heating, it is important to be able to switch gas quickly. In our design, gas bottles are
directly connected to the specimen heating holder with a path length of 20 cm, which is much
shorter than that of conventional ETEM. Thus, we can switch a gas in several seconds as it has
been verified by electron energy-loss spectroscopy (EELS) gas analysis. The advantage of the
quick gas switch benefits our in situ TEM study of energy-related nanomaterials.
In this paper, we report an in situ TEM/EELS study of the degradation mechanism of a
Pt/graphitized carbon (GC) electrocatalyst, using a Hitachi H-9500 ETEM equipped with a Gatan
GIF EELS which has an energy resolution of 1.0 eV at 300 kV. The gas pressure was maintained
at 60 Pa near the specimen which has been heated up to 200 oC. Fig. 1 presents the EELS
analysis of the CO gas, showing the characteristic sharp π* peak of C-K and high signal-noise
ratio. Fig. 2 shows the EELS spectrum of a carbon support of Pt/GC catalyst heated to 100 oC in
60 Pa of CO gas atmosphere. A series of TEM images obtained during the in situ dynamic TEM
observation are shown in Fig. 3. Nucleation and growth of Pt particles occurred when the CO
gas pressure was increased to 60 Pa. Other structural changes such as formation of PtO2 were
characterized by high-resolution TEM and selected nano area electron diffraction analysis. The
results from the improved ETEM demonstrated the applicability of this technique for the
evaluation of the state of the graphitized carbon black-supported Pt catalysts.
1) Kamino T, et al, J. Electron Microsc.54, (2005) pp.497–503.



 
Fig. 1: EELS spectrum of the CO gas at 60 Pa: the
characteristic sharp π* peak of C-K and high signal-noise
ratio.
 

 
Fig. 2: EELS spectrum of the carbon support of the Pt/GC
catalyst heated to 100 oC in 60 Pa of CO. It shows the
convolution of π* peak from CO gas and ρ* peak from solid
carbon support.
 

 
Fig. 3: Sequential TEM images recorded during in situ dynamic ETEM study. Nucleation and growth of Pa particles
occurred when the CO gas pressure increased to 60 Pa.
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Combining an improvement in the environmental sustainability of energy solutions, whilst also
remaining economically feasible, is obviously of great importance. Catalysis could provide part
of the solution for realising environmentally friendly, economical processes for the conversion
of fossil fuels to energy. Methanol synthesis has attracted interest due to its potential for use
in fuel cells and because it is one of the most important basic components in the chemical
industry (worldwide production ~45 million tons in 2010). Methanol synthesis is catalysed by
Cu based systems and an improved understanding of thermal deactivation mechanisms
(Ostwald Ripening (OR) and Particle Migration and Coalescence (PMC), Figure 1) is of
importance to improve both catalyst efficiency and lifetime.
Development of new catalysts is inhibited by a limited understanding of these processes.
Through knowledge of the atomic scale mechanisms that govern catalytic properties it is
possible to improve control of catalyst sintering. Computer simulation and theoretical models
have increasingly been used in combination with experiments in order to further understand
known catalytic processes and in the design of new ones[1].
The development of a double aberration corrected environmental scanning transmission
electron microscope (ESTEM) which has the ability to image single atoms in situ allows for the
exploration of deactivation mechanisms (such as OR) of heterogeneous catalysts in a gas
environment [2]. Imaging of the OR mechanism at an atomic scale requires understanding of
the interplay of temperature, gas pressure and the metal-support interaction with the imaging
capability of the electron microscope. Prediction of the number and visibility of single atoms
undergoing OR is achieved using Kinetic Monte Carlo simulations.
ESTEM experiments in the 200-350˚C range with 3Pa of H2 have shown that deactivation of the
Cu catalyst on a C support occurs primarily via OR (Figure 2). There is a general lack of atomic
scale understanding of the OR mechanism, but important observations have recently shown
[1]that sintering particles undergo periods of size stability followed by rapid decay. This is
hypothesised to be due to particle morphology. The effect of particle shape and degree of
perturbation from the minimum surface energy state can be modelled using KMC to further
understand the OR mechanism.
The ability of KMC to provide atomic detail (and macroscopic trends) combined with Angstrom
level resolution of ESTEM at York [2] allows a different approach to investigating catalyst
sintering. Experiments have allowed some of the first images of catalyst single atoms in situ
and this provides a different perspective in terms of verifying theoretical models at the atomic
scale.
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Fig. 1: : Diagram of 2 sintering mechanisms: (a) Particle Migration and coalescence and (b) Ostwald Ripening where
single atoms/small clusters migrate from smaller to larger particles. Sintering is driven by reduction of free surface
energy.
 

 
Fig. 2: Overlay showing that facetted particles have increased in size, but not changed position with temperature and
pressure increase, suggesting OR mechanism. Overlay (red): after heating at 312˚C at 2Pa H2, Underlay (green) after
heating at 361˚C at 3Pa H2.
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Ceria supported catalysts are expected to exhibit better stability than other supports in a
variety of processes including automotive emission control and water gas shift reactions. Ceria
is an important support because of its key role in oxygen storage with oxygen uptake in
oxidising conditions, releasing oxygen in reducing conditions. Ceria supported copper catalysts
are of interest in water gas shift reactions involving the oxidation of CO and the production of
hydrogen [1].
The in-situ direct observation of the surface structural and chemical evolution and the dynamic
reaction mode of operation of catalysts under reaction conditions at the atomic scale is crucial
in understanding and controlling catalytic reactions and the catalyst performance [2-6].
However there is a general lack of in-situ studies of Cu/ceria catalysts at the atomic level and
therefore the dynamic behaviour of the nanocatalysts in the reactions are not well understood.
We have therefore examined the copper/ceria catalyst in various reaction environments to
obtain the direct evidence of dynamic processes at the catalyst surface.
We prepared electron microscopy samples on both copper and titanium grids and carried out
in-situ studies in vacuum and in environments of carbon monoxide (CO) and CO and H2O,
using spherical-aberration corrected environmental transmission electron microscope with a
humidifier system (Wet-ETEM) [6]. The studies in CO and water have demonstrated changes in
the Cu particle morphology as well as in the ceria support as a function of the reaction
environment. The experiments have further revealed that under the reaction environments
copper oxide in the samples is reduced to copper metal. The existence of highly dispersed
copper clusters was observed in CO and water. Examples in Figure 1 and 2 show time resolved
sequences of copper/ceria nanocatalysts in vacuum. In the presentation, we will discuss the
effect of the different reaction environments as well as the presence of copper metal on the
extent of reducibility of ceria substrate and the role of anion vacancies in ceria on the
mechanism.
References
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Fig. 1: Time resolved studies of Cu supported on ceria showing no changes in the interface of ceria particles.
 

 
Fig. 2: Surface atomic movement in ceria in the catalyst system.
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   All biomedical, chemical, and physical specimens suffer radiation damage from the electron
beam during imaging, diffraction, or analysis [1].  Electron microscopists often view radiation
damage as a short process involving only a few very rapid steps.  Dried sodium phosphate
buffer shows structural changes during high-dose electron microscopy, with bubbling, bubble
fusions and fissions, shrinkage, and thinning [2].  X-ray energy-dispersive spectroscopy reveals
that the several atomic species in these inorganic materials have quite different rates of
mobility/stability [3].  This study investigates new radiation-induced changes occurring very
long after the early damage. 

  Thin specimens on supports of carbon were prepared with 100mM sodium phosphate buffer
(Na2HPO4/NaH2PO4; pH 7.0), as described earlier [2].  Data from a FEI Tecnai-12 electron
microscope (100kV) was recorded on a Gatan cooled 4x4kB CCD camera.  Each identical
exposure (1 s) produced a dose of around 50–250 e-/Å². 

  Serial high-dose imaging shows that already damaged areas of dried buffer [2] develop new
changes after much additional dosage.  Irregular dark deposits (initial diameter = 7-15nm)
form independently at sites always associated with a flattened bubble (Fig. 1).  Deposits must
be either inside a bubble lumen, or in the thin matrix between the support film and a bubble’s
lower surface.  Many bubbles do not form any deposits, and deposits never arise in the matrix
between bubbles (Fig. 1).  Smaller bubbles only have a single deposit, while bubbles fusing
together can form several (Fig. 2a).  Dynamics induced by further irradiation include growth,
shrinkage, movements, aggregation, and coalescence (Figs. 1, 2b-d).  Huge flattened bubbles
created by many compound fusions have numerous deposits (Fig. 2e), suggesting that a
component needed for deposition is present at limiting concentration in small bubbles.  Some
aggregated deposits persist with further dosage to over 100 exposures (Fig. 2e).  Chemical
composition of these deposits is not yet known. 

  In-situ results indicate that high-dose electron irradiation of a dried inorganic buffer causes
new very late changes in already damaged specimens.  The early and late changes are not the
same.  The late deposits indicate that the electron beam is interacting with one or more
products from the earlier dosage.  The concept of electron radiation damage must be
expanded to also include different multi-step dynamic physical/chemical processes occurring
over very prolonged times. 

[1]  Reimer, L. & Kohl, H. (2008) In: Electron Microscopy, 5th Ed., Chp. 10, pp. 456-487.   
[2]  Massover, W.H.  (2010) Microsc. Microanal. 16:346-357.
[3]  Massover, W.H. & Zaluzec, N.J. (2012) In: Proc. Microsc. Soc. America, CD abst. 
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Fig. 1:   Serial high-dose images of beam-induced late changes.    Panels 1a,e: after previous damage, but before
deposits form; 1b,f: same, showing new deposits (arrows); 1c,d,g,h: with more dosage, these deposits can grow or
shrink.  Exposure numbers are at upper left.  Bar = 50nm for all panels. 
 

 
Fig. 2:   High-dose images of multiple deposits.  Panel 2a: one fused bubble has 2 separate deposits (arrows); 2b:
several deposits aggregate; 2c: same after more dosage; 2d: same after 55 more exposures; 2e: numerous aggregates
at this giant bubble. The 4 very dark dots are 15nm colloidal gold particles.   Exposure numbers are at upper left.  Bar
= 50nm.
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During recent years, focused electron beam induced deposition (FEBID) has made significant
progress with respect to potential applications ranging from passive devices, such as
plasmonic gratings, towards active concepts like mechanical, magnetic or chemical sensing.
Beside the undoubted advantages of FEBID as direct write tool with spatial nanometer
resolution the limitations due to low material purity still remain. Successful attempts of
purifying metal containing deposits have been demonstrated, mostly using a purification gas
together with elevated temperatures although another issue remained: an often porous
deposit morphology which complicates the fabrication of very small but still compact
structures as often needed for nano-applications. Recently, it has been demonstrated that the
key for high fidelity morphologies lies in the application of low temperatures during
purification. It has been shown that electron beam assisted purification of Pt-C deposits with 50
°C oxygen gas leads to highly compact and nominally pure deposits with purification rates of
about 6 min per µm2 deposit footprint. In this study we push this concept even further and
demonstrate that water vapor can be used as purification gas at room temperature together
with the e-beam. For constant pressure conditions an environmental scanning electron
microscope has been used and the results show that very high rates better than 1 min per
µm2 deposit footprint can be achieved together with nominally pure Pt structures (EDX based).
Furthermore, the deposits are found to shrink by about 60 vol. % but still maintain their
original footprint shape (AFM based). The surface roughness of such high fidelity is found to
less than 1 nm and no holes or cracks appear on the surface. The study is complemented by a
systematic variation of e-beam parameters during purification (beam current, dwell time, and
pixel point pitch) revealing that a localized pressure of 10 Pa is sufficient to provide close to
reaction rate limited conditions with respect to the water adsorbates. Additionally,
transmission electron microscopy and electron energy loss spectroscopy has been used to
identify the purification as bottom up process. After demonstrating the purification capabilities
on 3D structures, high resolution FEBID single lines with widths down to 30 nm have been
subjected to ESEM based purification. It is found that ideal curing conditions can lead to pure
and compact Pt single lines with line widths down to 15 nm, overcoming classical resolution
limitations of FEBID processes. By that a new and comparable simple purification strategy is
introduced which does not require gas and / or substrate heating while water, as purification
gas, is almost straight-forward in terms of technical implementation.



 
Fig. 1: (a) energy dispersive X-ray spectroscopy characterization of as-prepared Pt-C (red) and fully purified Pt deposits
(blue) together with substrate (grey) and Pt reference spectra (green); (b) shows the dynamic evolution of the carbon
peak during purification.
 

 
Fig. 2: atomic force microscopy height images of as-prepared Pt-C (a) and fully purified Pt deposits (b) revealing highly
compact morphologies while maintaining the footprint geometry.
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Under gaseous operating conditions, the structure of bimetallic catalysts is highly dependent
on the pressure, temperature, exposure time and composition of the surrounding atmosphere.
Their catalytic properties are therefore prone to large variations during a catalytic experiment,
due to the evolution of the morphology, chemical arrangement, and eventually oxidation
reduction, of the two metals. For the same reasons their optical properties, particularly the
frequency of the surface plasmon resonance (SPR), are very sensible to these environmental
parameters. It follows that structural and optical characterization techniques must be
implemented in an environment as close to the catalytic conditions as possible.
We present an environmental TEM study on Ag@In2O3 nanoparticles. These particles exhibit a
reversible shift of their SPR, after air exposition and after hydrogen reduction at 300°C [1]. The
synthesis was made using a physical route at the Low Energy Cluster Beam Deposition source
of PLYRA in Lyon (France). With this kind of source, the size and the composition of the
particles can be monitored independently and the obtained nanoparticles are very clean, with
no chemical ligand around the particles.
The microscope used is a TITAN FEI Environmental Transmission Electron Microscope (ETEM)
operating at 300 kV, with a Cs corrector of the objective lens; this instrument is installed at
CLYM (www.clym.fr). The sample was mounted on a GATAN TEM heating holder with Inconel
oven; HRTEM images and movies of the bimetallic nanoparticles were recorded up to 500°C
and 10 mbar [2].
The starting chemical configuration of the particles is a core-shell structure, with silver cores of
~4 nm and In2O3 amorphous shell with a thickness between 1 and 2 nm. These nanoparticles
have been exposed in the ETEM to successive (H2 pressure; temperature) couples, from (1
mbar H2 ; 25°C) to (10 mbar H2 ; 500°C). The structural changes observed at the atomic scale
range from the formation of Janus Ag-crystalline In2O3 nanoparticles to the complete reduction
of indium oxide, and the incorporation of indium into the remaining silver nanoparticles to form
an InAg solid solution. Results are followed by a discussion about the precautions to be taken
in the interpretation of such results and the complementary experiments needed to conclude
about the effective role of each experimental parameter.
[1] Plasmon spectroscopy of small indium–silver clusters monitoring the indium shell oxidation,
E. Cottancin, C. Langlois, J. Lerme, M. Broyer, M-A. Lebeault and M. Pellarin,
Phys.Chem.Chem.Phys. (2014) 16 5763-5773
[2] Advances in the environmental transmission electron microscope (ETEM) for nanoscale in
situ studies of gas–solid interactions , J.R. Jinschek, Chem. Commun. (2014) 50 2696-2706



 
Fig. 1: Core-shell nanoparticles after air exposition
 

 
Fig. 2: Conditions 450°C – 1,5 mbar H2

 

 
Fig. 3: Nanoparticles after total reduction showing an InAg solid solution, with indexation and EDX measurements
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Solid state nanopore-based sensing has emerged as a promising candidate for the detection
and characterization of biomolecules. To date, most of the fabricated nanopores in various
materials including SiO2,1 Si3N4,2 Al2O3,3 etc., are circular with no obvious facets, as a result of the
isotropic property in amorphous materials. While faceted nanopores can be potentially
employed in rapid electrical detection and analysis of biomacromolecule with various shapes,
the relevant investigation has been rarely reported. Herein, we show the successful fabrication
of faceted nanopores in magnesium via focused e-beam inside transmission electron
microscope (TEM). By manipulating the e-beam irradiation direction, the as-fabricated
nanopores exhibit different shapes as observed along different typical orientations, e.g.,
[0001], [11-20], etc (Fig. 1).4

Surprisingly, when the e-beam is spread out, the nanopores would continuously shrink and
finally disappear. Such atomic-scale healing dynamics are directly recorded by the in situ
high-resolution transmission electron microscopy (HRTEM) techniques, as evidenced by the
layer-by-layer growth of atomic planes at the nanopore periphery (Fig. 2). Meanwhile, it is
noted that the proposed healing process was attributed to the e-beam-induced anisotropic
diffusion of Mg atoms at the nanopore edges.5 When the e-beam was turned off, the nanopore
would retain its shape. Hence, using TEM images, which provide real-time feedback during the
healing process, allows for the precise control of pores with sub-nanometer sizes along
different directions. The size-controllable synthesis of faceted nanopore does not only broaden
its potential applications but provide an important insight into the nanopore patterning in
metallic materials. The direct observation of atomic diffusion process indicates that TEM may
serve as an alternative to other techniques, such as scanning tunneling microscopy, in the
race towards comprehensive investigations of surface science.
1. A. J. Storm, et al. Nat. Mater. 2, 537 (2003).
2. U. F. Keyser, et al. Nano Lett. 5, 2253 (2005).
3. B. M. Venkatesan, et al. Adv. Mater. 21, 2771 (2009).
4. S. Wu, et al. Appl. Phys. Lett. 103, 243101 (2013).
5. H. Zheng, et al. Sci. Rep. 3, 1920 (2013).
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Fig. 1: Fabrictiaon of facted nanopores in Mg. (a-c) A chematic illustration and (d-f) HRTEM images of nanopores along
the (a) [0001], (b) [11-20], and (c) [11-23] zone axes, correspondingly. The insets in (d-f) show the SAED patterns of
the corresponding regions, respectively.
 

 
Fig. 2: E-beam assisted healing of facted nanopores in Mg along the [0001] zone axis. (a-c) A chematic illustration and
(d-f) time-lapsed experimental images showing the healing of an individual nanopore under wide-field e-beam
irradiation.
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Environmental transmission electron microscopy (ETEM) provides a window to catalyst
formation as well as catalytic reactions. In conjunction with complementary techniques such as
in situ XRD, new insight into the various steps of reactions can be obtained. In this study,
Pd2Ga/SiO2 is characterized during nanoparticle formation and methanol synthesis. In situ
XRD is used to investigate the phase at four stages along the catalyst life cycle, i.e. drying,
calcination, reduction, and CO2 hydrogenation to methanol. TEM images of identical locations
(IL TEM) are acquired after each stage of the life cycle to monitor Pd2Ga nanoparticle
formation and evolution ex situ, whereas ETEM is used to monitor the development of the
catalyst in situ. Pd2Ga/SiO2 (23 wt.%) catalysts are prepared by impregnation of Pd and Ga
nitrates in nitric acid into high surface area SiO2. The catalyst life cycle is carried out at the
XRD setup at 105 Pa, using an Anton Paar XRK-900 furnace cell connected to a gas handling
system. Drying and calcination are carried out in air at 120°C and 260°C, respectively.
Reduction is performed in a flow of 25 % H2 in Ar at 550°C. Methanol synthesis is carried out
between 175°C and 250°C in a mixture of CO2 (25%) and H2 (75%). In situ XRD
measurements are acquired along the life cycle and TEM images of identical locations are
recorded at the end of each step of the cycle. In order to follow the evolution of the catalyst in
situ and in real time, the catalyst life cycle is reproduced at the ETEM (Titan, FEI) at 400 Pa,
where the silica supported Pd and Ga nitrides precursors are deposited on a SiN membrane of
MEMS heaters. XRD patterns reveal the PdO crystallographic phase of catalyst during drying
and calcination. No distinct peaks are observed in the XRD patterns for Ga and Ga2O3,
indicating amorphous gallium compounds. The Pd2Ga phase is formed upon reduction and the
in situ XRD pattern of the reduced catalyst is shown in Fig. 1 (a). IL TEM images show particle
formation upon calcination, which determine the distribution of the Pd2Ga nanoparticles
formed during reduction. A TEM image of the reduced catalyst is shown in Fig. 1 (b). ETEM
images acquired along the catalyst life cycle are consistent with the ex situ images. In Fig. 2
(a) an image of the catalyst acquired at the ETEM under reduction conditions is shown together
with a high resolution image of a single Pd2Ga nanoparticle (b) and the corresponding FFT (c).
The combination of in situ techniques such as XRD and ETEM together with IL TEM imaging
proves a valuable route for studying the life cycle of heterogeneous catalysts.
 

Acknowledgement: This work was supported by the Catalysis for Sustainable Energy (CASE)
research initiative, funded by the Danish Ministry of Science, Technology and Innovation.



 
Fig. 1: (a) In situ XRD pattern of the reduced Pd2Ga/SiO2 catalyst and (b) TEM image acquired after reduction.
 

 
Fig. 2: ETEM image of the Pd2Ga/SiO2 catalyst acquired under reduction conditions (400 Pa H2, 550°C). (b) High
resolution image of a in situ reduced Pd2Ga nanoparticle and (c) corresponding FFT.
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Since atom probe tomography (APT) utilizes atom-by-atom field evaporation of a sharp needle
by an applied voltage, it is important to know the electric field distribution around the tip with
nm spatial resolution for successful reconstruction. Here, we use off-axis electron holography
to measure the electric field around an electrically biased Fe needle that contains yttrium
oxide nanoparticle inclusions. The electric field was generated by applying a voltage between
the needle and a counter-electrode that was placed coaxially with the needle at distance of
~400 nm from it. The results (Fig. 1) were interpreted both by fitting the recorded phase shift
to a simulated phase image modeled using two lines of constant but opposite charge density
[1] (Figs. 1 b, c) and by using a model-independent approach that involves contour integration
of the phase gradient to determine the charge enclosed within the integration contour [2] (Fig.
2a). Both approaches required subtraction of the magnetic contribution to the recorded phase
shift, which was achieved by calculating the difference between phase images recorded at
applied bias voltages of 0 and 5 V. This approach also automatically resulted in elimination of
the mean inner potential (MIP) contribution to the phase shift, which was found to be essential
for the latter (model-independent) approach for the present sample. Figure 2 shows
cumulative charge profiles along the needle measured using the two approaches, which are
consistent with each other, with the model-independent approach revealing the presence of
charge accumulation at the apex of the needle. (The black line has a steeper slope in the
figure). On the assumption of cylindrical symmetry, the three-dimensional electrostatic
potential and electric field around the needle could be inferred from the results, as shown in
Fig. 3.
[1] G. Matteucci et al. Ultramicroscopy, 45(1): 77 – 83, 1992.
[2] C. Gatel et al. Phys. Rev. Lett., 111: 025501, 2013.
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Fig. 1: Equiphase contours corresponding to a) an original phase image recorded from the needle; b) the difference
between phase images acquired at two different bias voltages; c) a best-fitting model-dependent simulation to the
result shown in b).
 

 
Fig. 2: a) Illustration of the use of an integration contour in the model-independent approach. b) Cumulative charge
profiles measured using the model-independent (black) and model-dependent (red) methods.
 

 
Fig. 3: Central slice of the three-dimensional distribution of electrical potential (colours) and electric field (white lines)
around the needle, inferred from the results shown in Fig. 2.
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   The development of liquid flow holder incorporated within a transmission electron
microscope (TEM) enables the possibility to observe the size and shape change of nanocrystals
in liquid through the electron-transparent viewing window[1,2]. In this talk, we will report our
observations on the dissolution process of palladium (Pd) nanocubes within a TEM (FEI Tecnai
F20).
   Figure 1A shows time consequential HAADF-STEM images of a dissolving palladium nanocube
during the oxidative etching process. At the beginning, the nanocube exhibited well-defined
cubic structure terminated with {100} facets (Figure 1A, 0 s). As the chemical etching
proceeded, the nanocube started to shrink firstly from its apexes and edges rather than the
side facets, and then transformed itself into a round-shaped NC. This was an energy-favored
process on considering the fact that those atoms located at the apexes and on the edges have
lower coordination and therefore possess higher chemical reactivity. The mechanism of
oxidative etching here was similar to that for conventional synthesis by introducing Br- ions and
O2, where palladium was oxidized to Pd2+ ions. The introduction of Br- ions could further
promote such an oxidizing reaction by forming the complexes such as [PdBr4]2-. Here instead
of dissolved oxygen in the solution, the oxidizing agents such as OH•, HO2•, O could be
produced in the liquid solution via the interaction between high-energy electrons and the
water molecules. The whole process can be summarized as illuminated in Figure 2.
References
(1) Niels de Jonge*, Diana B. Pekys et al. PNAS. 2008, VOL 106, NO. 7, 2159-2164
(2) Edward R. White, Scott B. Singer, Brian C. Regan* et al. ACS NANO. 2012, VOL 6, NO. 7,
6308-6317
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Fig. 1: (A) Time sequential color-enhanced HAADF-STEM images showing the dissolution of an individual palladium
nanocube during the oxidative etching. The scale bar is 10 nm in all panels. (B) The corresponding 3D geometric
models of the dissolving nanocube shown in A.
 

 
Fig. 2: A schematic illumination for the process of oxidative etching of palladium nanocubes in liquid as triggered by
electron beam irradiation.
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Field emission techniques are used to study the morphological and structural changes
occurring over rhodium and platinum nanosized model catalysts after oxygen exposure. The
effects of reconstructions over local catalytic activity of O2 and NO2 hydrogenation reactions are
also investigated. Field ion microscopy (FIM) and field emission electron microscopy (FEM)
were used to characterize the apex of tip samples before, during and after the catalytic
reactions.
On rhodium samples, the exposure of less than 10 Langmuir of O2 is sufficient to induce
significant morphological changes. Higher exposures leads to the formation of dissolved
oxygen, known as subsurface oxygen, which can assist a morphological reconstruction upon a
short heating of the sample. This is illustrated with atomic resolution by FIM at 50 K. Similar
pattern is also visible at high temperature (505 K) in the presence of a reactive mixture of H2

and O2. This reaction shows a structure sensitivity towards surface oxidation at temperature
from 505 K and lower and occur first along the <001> zone lines. This effect is less and less
observed at increasing temperatures. A cross comparison of the influence of the temperature
and the tip morphologies indicates that reconstructions have only a limited influence on the
reactivity at temperature above ~500 K
On platinum, the kinetic instabilities of the NO2-H2 reaction are followed by FEM at 390 K
starting from a hemispherical tip sample. The most active facets for the reaction appear to be
the {110} and {012}. Inversely, {113} and {111} appear and remain dark and inactive
during the process. The dormancy of the {113} and {111} facets is due to the presence of
oxygen adsorbates exhibited by the dark regions on FIM images at low temperature. The
instabilities are expressed as surface explosions occurring randomly in time, but synchronized
over {011} facets. These instabilities expand along the <001> lines over the (001) pole and
exhibit self-sustained kinetic oscillations. Control experiments by FIM at different temperatures
show that the FEM pattern during the reaction at 390 K is very similar to the FIM pattern at 145
K, but cooling the sample down to 29 K and imaging it in helium allows the observation of
{113} and {111} facets with atomic resolution. From these control experiments, we conclude
that Pt undergoes only limited structural changes during the ongoing NO2-H2 reaction.
Nanoparticle dynamics must be accounted in models describing the non-linear features of
catalytic reactions and more generally included in the description of catalytic properties of
nanosized particles.
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Fig. 1: Field emission pattern during catalytic NO2 hydrogenation over Pt a) 200 ms before the maximum intensity of
the surface explosion. b) At the highest intensity. c)  400 ms after. d) brightness signal over a few cycles of reaction
for the (011) and (001) facets (from DOI: 10.1016/j.apsusc.2014.01.158)
 



Type of presentation: Poster
 

ID-12-P-2836 Catalytic hydrogenation of CO2 on rhodium surfaces: field emission
techniques approach
 

Lambeets S. V.1, Barroo C.1, Kruse N.1, Visart de Bocarmé T.1
 
1Université Libre de Bruxelles - CPMCT
 

Email of the presenting author: slambeet@ulb.ac.be
 
The valorisation of CO2 gas into useful products for the industry seems to be one key to
address the issue of global warming. Yet, its application has to be economically viable. For
instance, heterogeneous catalysis is used to produce methanol by CO2 hydrogenation. In order
to improve the efficiency of such catalysts, a deep understanding of the reaction processes at
the molecular level is needed. Catalytic particle shape, its size and its surface composition are
some of the features that fill influence the activity and that should be determined with time so
as to unravel the detailed mechanism the this reaction. This paper reports the study of CO2

adsorption as well as the interaction of H2/CO2 gas mixtures on nano-sized rhodium crystals.
The systems have been studied at the nanoscale using field emission techniques including
Field Ion Microscopy (FIM) and Field Emission Microscopy (FEM). The FIM/FEM device is able to
image in real time the surface of a conductive material, conditioned as a tip, at the nanoscale
with 0,2 nm lateral resolution in FIM mode and 2 nm in the FEM mode. The structure of the
rhodium nanocrystals have been characterised by FIM with atomic lateral resolution, whereas
CO2 adsorption and dissociation have been followed by FEM. Brightness analysis is used to
monitor the reaction in while it proceeds. The brightness intensity of the FEM pattern depends
on the amount of electrons emitted from the nanocrystal and thus, on the work function of the
surface. The introduction of pure CO2 gas during the imaging causes the brightness to decrease
due to the dissociative adsorption of CO2 gas to O(ads) and CO(ads) species. Upon increase of
the hydrogen pressure, reaction phenomena were observed from 650 K to 700 K. The
increasing brightness reflects the occurrence of a reaction between adsorbed hydrogen and
adsorbed oxygen. Results from the brightness analysis have been compared to literature data
which allow to propose a chemical scenario explaining these observations and identify the
reaction as the Reverse Water Gas Shift. These assumptions are in line with direct local
chemical analysis performed by atom probe techniques. The latter consist to the coupling of a
FIM device with a Time of Flight mass spectrometer operated during the ongoing processes
using field pulses to desorb surface species as ions.
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Nanofibrous materials are being utilised in various industries, for example, biomedicine,
pharmacy, filtration, cosmetics, etc. Even though commercial nanofibers are produced as
nonwoven fabric mats, a single fibre is usually tested for mechanical properties and not the
whole mat. As far as the final products differ, for instance, in the fibre density, sheet thickness
or surface finishing process (plasma treatment, etc.), the mechanical properties differ, too.
Unfortunately, there is an absence of a reliable method that provides sufficient mechanical
feedback on the nanofibrous mats for the users and manufacturers.
Mainly the fragility, inhomogeneity and geometrical characteristics are the major pitfalls for
assigning the results to standard mechanical constants. The home-built device solves these
problems and correlates the stress and strain states with the changes in the nanofibrous sheet.
The stress is applied to the nanofibrous mat inside the chamber of a SEM microscope and
simultaneously the mat is imaged from the top and from its side at different magnifications.
The results that include the changes in the thickness of the mat, thickness of the fibres,
density of the fibres and fibre orientation, are directly related to the mechanical properties of
the mat. The approach reveals the true stress in the mat, the level of isotropy while stress is
applied, brittleness and the inner interactions of fibres within the mat. Even the mechanical
constants such as elastic modulus are determined with higher precision. The conclusions
based on this analysis can help to target specific mechanical properties in the process of
manufacturing or to choose the material which is most suitable for certain application (cell
seeding, filtering, etc.).
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Introduction
The steel industry emits much amount of carbon dioxide because coke is used as reducing
agent of iron-ore reduction and heat source in blast furnace. Of course the innovation in
ironmaking process in steel industry is urgently required and there are many researches for
the reduction of energy consumption.
On the other hand authors have been carried out the in-situ analysis of the reaction of carbon
and iron-oxides in TEM1). Recently the iron precipitation in iron-silicon composite oxide without
any reducing agent was found in TEM2). And it was found that iron precipitated at the contact
of hematite(Fe2O3) and Silica (SiO2) successively. This paper describes about these results.
Experimental procedure
The reagent of α-hematite(99.9%) and silica (99.99%) as rod were used in this study. The TEM
specimens were prepared by FIB using pick up method. Hematite and silica was put on top of
one another on the Aduro E-chip which is made for heating holder made in Protochips. Figure 1
shows the photograph of the specimen and the heating holder taken in optical microscope.
Another hematite put on next place as a reference specimen. TEM analysis was carried out
using JEM-2100F with EDS and video recording system.
Results
It was difficult to find the location of the nucleation of iron precipitation. But small particles
were found during the keeping 873K. Figure 2 is the captured photos in the continuous
observation of the growth of the precipitates at the edge of hematite. Growth of such
precipitates were seen in only electron irradiated area and no precipitates were found in
another hematite without silica even done similar condition. Figure 3 is the final precipitates
irradiated after a few hours and the spectrum of the EDS measured the place pointed by an
arrow. The component was almost iron.
Conclusion
The iron precipitation fromα-hematite without reducing agent needs the condition as follows,
200kV electron irradiation, degree of vacuum: 10-5Pa, temperature 873K, additive: SiO2.
References
1) N. Ishikawa, T. Ogiwara, M. Takeguchi, Y. Oba and T. Inami;
MICROSCOPY AND MICROANALYSIS, 16(2010), 352-353
2) N. Ishikawa, M. Takeguchi and T. Inami; ICSRI2013 Proceedings, 2013
Ibaraki University
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Fig. 1: TEM specimen put on the E-chip for heating holder.
 

 
Fig. 2: Continuous observation of precipitates. Elapsed time is after finding the precipitates showed in a), b) 130s, c)
430s, d) 2050s passed respectively.
 

 
Fig. 3: Final stage of precipitates and its EDS spectrum.
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Semiconductor nanowires (NW) are intensively studied for their promising properties in
nanoelectronics, photonics, gas and bio-sensing etc. The nanowire shape (cross-section,
sidewalls’ orientation etc.) plays a major role in determining electrical transport or sensing
properties of nanowire-based devices. The ability to fully control the nanowire morphology is,
of course, based on our understanding of the growth process. In this respect, in-situ
Transmission Electron Microscopy (TEM) studies have provided vital information [1] on this
issue.
In our contribution, we will present our results on the vapor-liquid-solid (VLS) germanium
nanowire growth by evaporation inside a SEM vacuum chamber. Compared to TEM, scanning
electron microscopy (SEM) can give three-dimensional information of the growth scenario. As
the group IV nanowires grown by evaporation are highly faceted, we will focus on effects
where SEM can give substantial information. In particular, the initial formation of the growth
interface between the droplet and the substrate is decisive on the nanowire orientation (see
Figure 1). We will show that it is dependent on the evaporation rate and, hence, by this
parameter one can control the growth orientation [2.3]. In another example, we will
demonstrate that the droplet on top of a nanowire is not necessarily pinned to the growth
interface. Instead, under certain growth conditions it slides down the sidewalls and then climbs
up again to the top. Therefore, the growth interface is not planar, but dynamically changes
(Figure 2), which results in very complex nanowire morphology [4].
References
[1] Ross F. M., Rep. Prog. Phys. 73 (2010) 114501.
[2] Kolíbal M., Vystavěl T., Novák L. et al., Applied Physics Letters 99 (2011) 143113.
[3] Kolíbal M., Kalousek R., Vystavěl T. et. al., Applied Physics Letters 100 (2012) 203102.
[4] Kolíbal M., Vystavěl T., Varga P., Šikola T., Nanoletters, accepted.
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Fig. 1: a-c) Initial stage of Ge NW growth from eutectic Au-Ge droplet. The droplet gets filled with evaporated Ge atoms
and its volume virtually increases as the excess Ge nucleation takes place at the droplet/substrate interface, c)  the
droplet unpins from the substrate and dewetts the nanowire base (c-k, 3 minute steps). The scale bar is 200 nm.
 

 
Fig. 2: a) Sequence of SEM images taken during in-situ observationof Ge nanowire growth in the <111> direction on
Ge(100) substrate at400°C. a), b) The droplet mostly resides on top facet, butalternatively the triple phase line, slides
down and wets {111}-orientedsidewalls. The scale bar is 200 nm.
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Palladium-based catalyst has proven to be an excellent catalyst in the automotive catalyst and
for the combustion of natural gas. Due to the oxygen involvement and the temperature range
of catalytic reaction, PdO and/or Pd can play an important role in catalytic reaction.
Understanding of the redox of Pd is essential for manipulation and control of the catalyst.
Abundant studies have been done on redox of palladium by different techniques:
thermogravimetric analysis(TGA), surface techniques such as: X-ray Photoelectron
spectroscopy; Auger-Electron Spectroscopy(AES); Low Energy Electron Diffraction (LEED);
Scanning tunneling Microscopy(STM), and Transmission Electron Microscopy(TEM), but most of
this information is obtained under conditions far from the actual catalytic reactions in
automotive applications because these techniques require for instance a limited gas pressure,
limited temperature, limited resolution, limited detection depth etc. An analytical tool that can
operate at realistic gas pressures, reaction temperatures, and can monitor the changes of
particles morphology, nanostructure and chemical composition measurement at the same
time, will give us no doubt unique information on the catalyst. Here we present the in-situ TEM
results on reduction and oxidation of ~20 nm Pd nanoparticles in different gases O2, H2 and He
with pressure of 0.5-0.65 bar, temperature range from room temperature to 800 °C using a
static nanoreactor. When heating from room temperature to 800 °C in O2, the morphology of
initial metal particles changes in different way depending on their initial structures. Void
formation, wetting, de-wetting and sintering of particles occur. All the changes demonstrate
that, during heating, there exists a drastic interaction at gas-solid and solid-solid interface
(figure 1). Particles, which were first hydrogenated to the beta phase under 0.55bar, released
hydrogen in an oxygen atmosphere first at around 130 °C and oxidized at a higher
temperature. Reduction and oxidation of Pd nanoparticles can also be induced by the electron
beam depending on oxygen gas pressure and temperature.
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Fig. 1: Image sequences of Pd nanoparticles oxidation during heating in O2 0.6 bar. Heating rate: 13K/min. (a)RT. (b)
195 °C .(c)265 °C. (d) 540 °C. In general, during heating, particles show de-wetting, facet formation, voids appearance
and disappearance, wetting and growth. 4 particles numbered show typical type of changes in their morphologies.
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Drug release from oral pharmaceutical tablets or pellets can be modified by the application of
a polymer coating with controlled mass transport properties. When the coating film is made
from a blend of polymers, the polymers can phase-separate and form domains enriched in
either one. It is common to use a blend of a water-soluble and a water-insoluble component.
Exposure to water may then cause the water-soluble polymer to leach out and create
water-filled pores through which the drug can be released[1]. Thus, the pore network evolves
with time and the permeability toward water and drug increases. The size and connectivity of
domains in the phase-separated system affect the dynamics of this process as well as the
structure of the evolving pore network. We recently studied the water transport through
phase-separated polymer films made from a blend of water-insoluble ethyl cellulose (EC) and
water-soluble hydroxypropyl cellulose (HPC)[2]. Using a novel ESEM-based method[3] for in
situ controlled wetting, we obtained visual information about the water transport through such
films for the first time. Local variations in permeability could be detected and correlated with
the phase-separated microstructure, as shown in Fig. 1 and 2. Moreover, varying the blend
ratio of the polymers significantly affected the film microstructure and water transport
properties. Current studies focus on the transport mechanisms involved in the initial stages of
wetting of EC/HPC films. Using a variety of techniques such as in situ ESEM, FIB-SEM and TEM,
we investigate the dynamics of water transport through the films as well as the structure of
the phase-separated system on the micro and nano scale. An important theme is the swelling
and dissolution of HPC and its role in the water transport observed in the in situ ESEM wetting
experiments. Our approach differs from traditional methods, where diffusion measurements
and microstructural investigations are performed in separate and the main focus is the
transport through the pore network after leaching of the HPC. It provides new and otherwise
inaccessible information about the processes occurring as the material goes from dry to wet,
which may increase the understanding of the function of EC/HPC films as oral controlled
release coatings on tablets or pellets.
[1] Siepmann, F., Siepmann, J., Walther, M., MacRae, R.J. and Bodmeier, R. (2008). Journal of
Controlled Release 125(1), 1-15.
[2] Jansson, A., Boissier, C., Marucci, M., Nicholas, M., Gustafsson, S., Hermansson, A.-M. and
Olsson, E. (2014). Article in press: Microscopy and Microanalysis 20(2), April 2014.
[3] Jansson, A., Nafari, A., Sanz-Velasco, A., Svensson, K., Gustafsson, S., Hermansson, A.-M.
and Olsson, E. (2013). Microscopy and Microanalysis 19(1), 30-37.
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Fig. 1: ESEM image of the surface of an EC/HPC film containing 70% EC and 30% HPC. Dark regions are HPC domains
and bright are EC.
 

 
Fig. 2: ESEM image of the same EC/HPC film as in Figure 1, a few minutes after the opposite surface was exposed to
water. Droplets of water and dissolved HPC have formed on the film surface and appear as bright regions in the image,
indicating water transport through the film.
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The stability of metal nanoparticles is pivotal for their extensive use as heterogeneous
catalysts for many industrial applications. The high temperature and reactive gas environment
encountered during catalysis, however, often exacerbate the tendency of nanoscale particles
to coalesce into larger aggregates, which results in a reduction of active surface area and thus
an undesired catalyst deactivation [1-4]. Here we use the differential pumping-based Hitachi
H-9500 environmental TEM (Fig.1a) and the MEMS-based Protochips heating holder (Fig.1b-c)
to reveal a real-time visualization of the oxygen-induced migration and aggregation behavior
of Pd nanoparticles, which plays a crucial role in CO oxidation as well as a variety of catalytic
reactions under oxidative atmosphere.
In this study, Pd nanocubes with the size of ~10 nm were dispersed in ethanol under
sonication and dropped onto the Si3N4 membrane support (Fig.1c) for the in situ TEM
experiments. The samples were then heated up to 300 °C followed by immersed in the oxygen
environment. A typical example of the dynamic behavior of Pd nanoparticles is illustrated in
Fig. 2. After oxygen injection, some of the particles were firstly activated and moved around,
with dramatic shape variations during the migration. These pioneers tried to ingest other
particles nearby (Particle IV in Fig.2a-c), like the phagocytes prefer to surround bacteria and
swallow them. This led to a domino effect that an increasing number of particles served as
active “phagocytes” after they contacted or coalesced with the original pioneers (Particle I-IV
in Fig.2d-e, Particle I-II-IV in Fig.2e-f, Particle III-IV in Fig.2d-f). In response to this
chain reaction, most of the small particles finally aggregated into larger ones with an average
diameter of ~30 nm.
Although the sintering behavior of metal particles on carbon or hydrocarbon has been found as
a catalytic gasification process [1,5,6], such phagocyte-like migration and coalescence
dynamics in metal/Si3N4 model systems have not been reported before, especially considering
that Si3N4 cannot be as easy to be oxidized as carbon at this temperature range. Detailed
analysis of the trajectories of particle motion coupled with the inspection of the composition
and microstructure of the samples would be presented further to clarify the mechanism behind
this intriguing phenomenon.
References
[1] R.-J. Liu et al. Microsc. Microanal. 10, 77-85 (2004).
[2] M. A. Newton et al. Nat. Mater. 6, 528-532 (2007).
[3] K. Paredis et al. J. Am. Chem. Soc. 133, 13455-13464 (2011).
[4] G. S. Parkinson et al. Nat. Mater. 12, 724-728 (2013).
[5] R. T. K. Baker et al. J. Catal. 41, 22-29 (1976).
[6] K. Yoshida et al. Nanotechnology 24, 065705 (2013).
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Fig. 1: Schematic of experimental setup. (a) Differential pumping-based Hitachi H-9500 ETEM. (b) Front end of
Protochips heating holder with four electrical leads connecting a clamped MEMS heater chip. (c) Cross-section view of
the chip shown in (b), illustrating Pd NPs were supported on the Si3N4 membrane in this study.
 

 
Fig. 2: Time-lapsed TEM images of Pd NPs during exposure to oxygen after heating up to 300 °C, showing
the phagocyte-like migration and coalescence dynamic behavior. The times relative to the start of the oxygen injection
are indicated.
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For development of lithium ion batteries, one of important issues is long lifetime.
Charge-discharge cycles have been reported to change the interface structure between
electrode materials and electrolyte irreversibly [1], accompanying the degradation of the
battery lifetime. For detecting such structural change, transmission electron microscopy (TEM)
is one of powerful methods [2]. Especially, in-situ TEM observation during the charge-discharge
cycles provides the information of real-time structure change.
We developed a new ‘nanowire-battery’, consisting of LiMn2O4 nanowire cathode, ionic liquid
electrolyte (ILE) and Li4Ti5O12 (LTO) crystal as shown in Fig.1 (a). The nanowire-battery was
loaded in our home-made TEM holder, and the structure change was observed at the
cathode-electrolyte interface during charge/discharge process (Fig.1b). Fig. 1(c) shows the
cyclic voltammetry curve of the nanowire-battery. A pair of the “double-peaks” marked by
arrow heads characterizes the 4V reaction of the LiMn2O4. Transmission electron diffractions
(TEDs) revealed that the cubic structure changed into tetragonal phase at the interface area of
a LiMn2O4 nanowire covered by (dipped in) the ionic liquid electrolyte during discharge
process, and the tetragonal phase returned into cubic phase reversibly in the sequential
charge process. The tetragonal phase is interpreted to have formed due to high concentration
of lithium ion at the interface area. Despite of the cubic-tetragonal transformation which
resulted in distortion, c/a=1.11, the LiMn2O4 nanowire shows no fracture. This robustness of a
LiMn2O4 nanowire is directly seen by in-situ TEM-TED. Aa shown in Fig. 2, the cubic structure
(Fig. 2a) was changed into orthorhombic phase (splitting of TED spots in Fig. 2b) and then into
the tetragonal one (Fig. 2c). It is considered that the orthorhombic phase mediates
cubic-tetragonal transformation, so as to avoid the fracture and help reversible cycle of battery
reaction. Present in-situ study clarified that LiMn2O4 nanowire battery can work reversibly
without fracture, which promise that a LiMn2O4 nanowire is useful for the long-life-time battery
[3]
[1] D. Aurbach, et al., J. Power Sources 68. (1997) 91-98
[2] M. M. Thackeray, et al., Electrochem. Solid State Lett., 1 (1998) 7–9
[3] S. Lee, et al., J. Phys. Chem. C 117 (2013) 24236–24241
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Fig. 1: (a) The illustration of a ‘nanowire-battery’. It consists of LiMn2O4 cathode, ionic liquid electrolyte (ILE) and
Li4Ti5O12 (LTO). The observed area is marked by a broken-line square. (b) The TEM image of the nanowire-battery. (c)
The cyclic voltammetry curve of the nanowire-battery. Arrow heads indicate current peaks due to battery reaction.
 

 
Fig. 2: The TED patterns obtained during the initial stage of discharge process. The nanowire axis was the horizontal
direction of all TED patterns which is the [440] direction in (a), (b) and is the [224] direction in (c). White arrows in (b)
shows splitting of TED spots.
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MEMs-based in situ TEM holders for heating experiments do provide a large flexibility in
performing heating experiments [1], because the virtually zero drift, very fast temperature
changes (in millisecond) and accurate measurement of the real sample temperature. There are
still questions on these heaters that have to be addressed: 1. How to get regular sample onto
the MEMS chip ? 2. How to further reduce the drift induced by large temperature changes to
study real dynamics 3. What is the temperature distribution? 4. How to improve accuracy of
the temperature? 5. How to overcome bulging of the membrane that carries the sample ?
Since a microheater in a MEMS device is small, e.g. 300 µm diameter, the sample has to be
also small. Thus sample preparation has to be unconventional, if one want make full use of the
microheater advantages. One approach is the “lift-out” method, developed for Dual Beams, in
which a lamella is cut out from specimen and placed on the MEMS heater. Another approach is
to cut by FIB lamella-like samples from a conventional TEM specimen prepared by PIPS or
electrochemical polishing methods (Hui Wang, this conference). The drift of the MEMS-based
heaters is in general very low, but if the temperature is changed over more that 50°C a
significant drift can be present for several minutes, hampering HREM imaging. We will discuss
novel designs of the heater chip in which this this problem can be reduced such that HREM
recording remains possible throughout the jump in T. The temperature distribution over the
heater cannot be completely prevented and it is in quite a number of experiments quite useful,
for instance to repeat an experiment at a certain temperature with a particles that are further
to the outside of the heater and thus at lower temperature. Thus if the exact temperature
profile is known, then the temperature gradient is actually quite useful. The temperature
gradient can be determined very well with Raman spectroscopy. Bulging of the membrane
occurs due to the thermal expansion. For the SiN membranes that we are using, this bulging
can be very significant, resulting in a change in focus if the temperature is changes. Such
bulging can be calibrated and by coupling of the heater and TEM software a automatic
correction can be made. We will discuss novel MEMS based heater chips, in which the bulging
can be almost completely overcome in a specific temperature range. Also we will discuss
additional functions designed into the MEMS based heater chips like contact lines for biasing
experiment and gas and/or fluid in- and outlets. Also we will discuss a technology road map for
MEMS based sample carriers enabling very sophisticated in-situ dynamic experiments in TEM.
References 1. Van Huis, MA., et al, Adv. Materials, 21 (2009)



 
Fig. 1: (a) Dark field (with blocking of only the central beam; shown here because of the long exposure time) HREM
image of 4-5 layer graphene taken with a FEI Titan at 300 kV with exposure time of 10 seconds and the sample at 600
C. (b) FT of the image given in (a) showing that the information is better than 1Å (indicated by circle).
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We have used scanning transmission electron microscopy (STEM) in liquid, so-called Liquid
STEM [1], to study the motion of gold nanoparticles [2]. The liquid containing nanoparticles
was enclosed in a micro-chamber consisting of two Si microchips with electron transparent SiN
windows (Fig. 1), and imaged with STEM (Fig. 2) at 200 keV. The nanoparticles were visible
with high contrast in the background signal caused by the liquid, on account of the Z-contrast
of the used annular dark-field (ADF) detector. The spatial resolution on the gold nanoparticles
amounted to 1.5 nm [2]. We have also used an alternative experimental approach employing
environmental scanning electron microscopy (ESEM) equipped with a STEM detector.
Nanoparticles were imaged in a thin layer of cooled water on a SiN window. The gas pressure
in the microscope chamber was adjusted to maintain a stable water layer. There was thus no
need of enclosure of the liquid in a microfluidic chamber. At the SEM electron energy of 30 keV
the resolution was reduced compared to STEM at 200 keV.
The nanoparticles were applied onto the SiN windows either from solution or via sputtering
prior to STEM imaging. The liquid used for the experiments contained water and 50% glycerol
to increase the viscosity. After scanning a sample area with a high magnification for a few
times, the immobilized nanoparticles detached from the membrane and started to move. This
movement was then visualized in a movie based on the running average of subsequent STEM
images. The movement did not correspond to the expected Brownian motion of particles
moving freely in liquid. On the one hand, the nanoparticles did not move randomly but the
movement showed a preferred direction either in one corner of the image (Fig. 3a) or radially
outwards from the image center (Fig. 3b). On the other hand, the displacement of the
nanoparticles was three orders of magnitudes smaller than the result of calculations on the
basis of Brownian motion. Possible explanations involve the occurrence of van der Waals
forces or electrostatic interactions between the nanoparticles and the SiN membrane [2].
Although the deviation from Brownian motion has not been understood yet, it is beneficial for
the imaging of nanoscale objects in liquid by STEM, since the spatial resolution obtained for
imaging nanoparticles in proximity of the supporting film is not degraded by their
displacement within the image acquisition time. Therefore, this technique is well suited for the
investigation of a wide range of processes occurring in liquid – either in material science or in
biology [3].

[1] DB Peckys & N de Jonge, Microsc Microanal 20, 346-65, 2014.
[2] EA Ring & N de Jonge, Micron 43, 1078-1084, 2012.
[3] N de Jonge & FM Ross, Nat Nanotechnol 6, 695-704, 2011.
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Fig. 1: SEM image of enclosure of two Si microchips with
electron transparent SiN windows sealed together with
epoxy. Reproduced with permission from [2].
 

 
Fig. 2: Principle of STEM imaging of nanoparticles in liquid
enclosed between the SiN windows. Images are obtained
by scanning a focused electron beam over the sample and
detecting the transmitted electrons for each pixel.
Depending on the imaging conditions bubbles are formed
under electron irradiation. Reproduced with permission
from [2].
 

 
Fig. 3: Trajectories of selected nanoparticles reconstructed from time series of ADF STEM images taken at 200 keV.
Two different movements were observed: (a) a linear movement and (b) a radial movement outwards the illuminated
sample area. Reproduced with permission from [2].
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Most promising approaches for industrial scale production of graphene are based on metal
catalysed chemical vapour deposition (CVD). Although improvements in graphene quality and
yield have been achieved, there remains a lack in the mechanistic understanding of graphene
formation. This lack of understanding is due to the fact that most insights on graphene growth
have been derived from post growth characterizations, which are in principle incapable of
capturing the dynamics of a CVD process. As we have learned from heterogeneous catalysis, a
mechanistic insight can (in most cases) only be obtained on the basis of in-situ techniques that
are capable of capturing the interaction of the catalyst with the environment while the product
is formed. Here we report on in-situ graphene growth on nickel, copper and platinum catalysts
inside a modified environmental scanning electron microscope. Using this method, we are able
to visually follow the complete CVD process involving substrate annealing, graphene
nucleation and growth and finally, substrate cooling. Due to the high sensitivity of the
secondary electron signal to changes at the surface, we are able to visualize the formation and
growth of single atom thick graphene sheets.
The in-situ experiments presented here reveal the dynamic nature of the process in an
unparalleled way and provide important insights on the growth kinetics and the substrate-film
interactions at the micron to nanometer scale (Figure 1). In the case of growth on nickel,
temperature and atmosphere induced dissolution and precipitation dynamics can be observed.
For the case of copper, it is found that graphene growth above 850°C occurs on a pre-melted,
highly mobile surface.
The nucleation and growth behaviour will be discussed and the influence of grain dependent
surface dynamics presented. Furthermore, we show that graphene induced copper surface
reconstructions occur during cooling.



 
Fig. 1: a) shows colorized snapshots taken during low-pressure CVD growth of graphene on copper at 1000°C. The
growth and nucleation behaviour can directly be abstracted from the recorded images as shown in b).
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For direct ethanol fuel cells (DEFCs) to become viable, the efficient oxidation of ethanol at the
anode is required, such that all twelve of the possible electrons are captured in converting the
chemical energy of the ethanol molecule. Carbon supported Pt can work (1), but tends to
become poisoned by intermediate reaction products (2). It is therefore necessary to develop
multifunctional catalysts with reduced Pt content (1-3). One possible solution is to combine Pt
with Sn which overcome these limitations (1-3). Reactivity measurements show favourable
trends with Pt-Sn bimetallic catalysts (2, 3). Pt-Sn can form a variety of different phases, which
are usually cubic or hexagonal, but in general, only the Pt3Sn (cubic) and PtSn (hexagonal) are
reported in fuel cell catalysts (4).
From a TEM point of view, distinguishing the different Pt-Sn phases is challenging because the
spatial frequencies (and atomic plane spacings) of Pt-Sn bimetallic phases are similar to Pt (4).
We use a mixture of HRTEM, HAADF-STEM and electron diffraction techniques to investigate
the nanostructures of fresh Pt3Sn/C and PtSn/C electrode catalysts supplied by Johnson
Matthey.
Figure 1 shows HAADF-STEM images of a Pt3Sn/C and PtSn/C catalyst. The nanoparticles are
on average approximately 4 nm in diameter on the Pt3Sn/C catalyst and appear to be separate
crystals. By contrast, nanoparticles on the PtSn/C catalyst form an almost continuous layer of
metal on the surface of the carbon support. The nanoparticles on the PtSn/C catalyst are
approximately 2 nm diameter on average. Figure 2 shows higher magnification HAADF-STEM
images. Clusters were observed in both electrode catalysts. Intensity variations in the
nanoparticles such as the central nanoparticle in Figure 2(b) could be explained by the random
occupation of Sn within the Pt lattice since HAADF-STEM is sensitive to atomic number. Figure
3 shows HRTEM images of the two electrode catalysts, which show clearly the difference in
nanoparticle morphologies between the two catalysts. Measuring the lattice spacings from
most of the nanoparticles suggests Pt or Pt3Sn in the Pt3Sn/C catalyst, in addition to some
SnO2 crystals. A wider range of lattice spacings in the PtSn/C catalyst were measured
suggesting the presence of different Pt-Sn phases and SnO2.
References
1. M. Z. F. Kamarudin, S. K. Kamarudin, M. S. Masdar, W. R. W. Daud, Int J Hydrogen Energ 38,
9438 (Jul 26, 2013).
2. C. Lamy, S. Rousseau, E. M. Belgsir, C. Coutanceau, J. M. Leger, Electrochim Acta 49, 3901
(Sep 15, 2004).
3. E. Antolini, E. R. Gonzalez, Catal Today 160, 28 (Feb 2, 2011).
4. V. Radmilovic, T. J. Richardson, S. J. Chen, P. N. Ross, J Catal 232, 199 (May 15, 2005).
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Fig. 1: HAADF-STEM images of the (a) Pt3Sn/C and (b) PtSn/C electrode catalysts
 

 
Fig. 2: High magnification HAADF-STEM images of the (a) Pt3Sn/C and (b) PtSn/C electrode catalysts.
 

 
Fig. 3: HRTEM images of the (a) Pt3Sn/C and (b) PtSn/C electrode catalysts
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Observation of chemical reactions using transmission electron microscope (TEM) reveals the
details of the reaction, such as reactive sites and/or elementary process of the reaction. For
instance, J. M. Yuk et al. had succeeded in in-situ observation of coalescence of two platinum
nanocrystals in liquid encapsulated in graphene cells [1]. However, the graphene cells may not
always suit for aqueous solutions since graphene is hydrophobic. Thus, another cell for
aqueous solution is demanded and a liposome, which is composed of
dipalmitoylphosphatidylcholine (DPPC) bilayers, is one of such cells. In this study, the
precipitation process in liposomes filled with aqueous solution is observed using TEM.
The liposomes were synthesized using Bangham method [2]. In brief, DPPC layer reinforced
with cholesterol were fabricated and the ultrasonication was conducted in sodium chloride
aqueous solution to form the liposomes filled with the aqueous solution.
The prepared liposomes were directly observed without staining using conventional TEM
(JEM-2000FX, JEOL) operated at 200 kV. TEM image of the synthesized liposomes is shown in
Figure 1 and it is confirmed that the liposomes are successfully fabricated. Figure 2 is a
continuous observation of the liposome. After electron irradiation, fluctuation on the contrast
of the liposome takes place as shown in (a) and (b). In the final state (Fig. 2(c)), the
precipitation of square nanocrystals is observed. According to the selected area electron
diffraction pattern, the precipitated nanocrystals are sodium chloride single crystal. Thus, the
chemical reactions in aqueous solution can be observed using liposome cells filled with water
and solute.
[1] J.M. Yuk, et al. Science 336 (2012) 61.
[2] A.D. Bangham et al. J. Mol. Biol. 13 (1965) 238.
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Fig. 1: TEM image of the prepared liposomes filled with sodium chloride aqueous solution. Precipitation of sodium
chloride crystals takes place partially.
 

 
Fig. 2: Precipitation of sodium chloride crystals in the solution-filled liposome by electron irradiation: (a) first exposure
with 1.0×103 electrons/nm2, (b) after irradiation of 4.1×104 electrons/nm2, and (c) precipitated sodium chloride.
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The understanding of the fundamental processes during charging and discharging in a lithium
ion battery (LIB) is of great interest for tailoring future electrode materials. To elucidate e.g.
aging effects on a microscopic length scale, analysis is limited to a few methods. Post
mortem-analysis, such as transmission electron microscopy (TEM) on battery sub-units,
isolated from their electrochemical environment, is commonly applied, whereas the structural
and compositional changes during cycling remain widely unexplored. Therefore, it would be
high desirable to study these processes with spatial and temporal resolution in situ, i.e. under
charging and discharging conditions. Here we report first analyses by means of in situ TEM in
liquid environment to monitor structural changes with sub-10 nm resolution of lithium iron
phosphate .
Therefore we have synthesized crystalline and carbon coated lithium iron phosphate
nanoparticles (NPs) in a size range of 10‒50 nm. This material is characterized by means of
scanning electron microscopy, X-ray diffraction, infrared spectroscopy and elemental analysis.
To evaluate its properties as a cathode material, a LIB cell with a lithium anode and an
electrolyte (lithium hexafluorophosphate in a 1:1 mixture of ethylene and diethyl carbonate)
was assembled. The material is not optimized regarding its specific capacity, but showed
typical cycling behavior compared to literature.
By using an in situ TEM liquid flow sample holder, the degree of lithiation was analyzed by
selected area electron diffraction (SAED) and electron energy loss spectroscopy (EELS). As a
first set of experiments the particles were investigated inside these liquid cells under inert gas
atmosphere. Despite of gaseous layers of several micrometers, high resolution TEM as well as
SAED and EELS in the low loss region were feasible. In the second set of experiments the cell
was filled with water. We found that particles with diameters down to 2 nm could be imaged
with a 200 nm thick water layer. The opportunities and limitations, which arise from these in
situ measuring conditions, will be discussed.
[1] N. de Jonge, F. M. Ross, Electron microscopy of specimens in liquid, Nature
Nanotechnology, 2011, 6, 695–704.
[2] Y. Wang, Y. Wang, E. Hosono, K. Wang, H. Zhou, The Design of a LiFePO4/Carbon
Nanocomposite With a Core-Shell Structure and Its Synthesis by an In Situ Polymerization
Restriction Method, Angew. Chem., 2008, 120, 7571–7575.
[3] R.F. Egerton, Electron Energy-Loss Spectroscopy in the Electron Microscope, Springer New
York, 2011.
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Fig. 1: Lithium iron phosphate in H2O.
 

 
Fig. 2: Magnification of the blue framed area in Fig. 1.
 

 
Fig. 3: Electron energy loss spectrum for thickness determination of the red circled area in Fig. 1.
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Mesoporous silica materials, with pores with diameters between 2 and 50 nm, have a highly
organized porous structure with uniform pore size and vast surface area, being excellent
candidates for drug delivery carriers. Due to their bioactive characteristics the walls of
mesoporous silica can be coated on their surface with a bonelike apatite layer by immersion of
the material in simulated body fluid (SBF) with ion concentrations nearly equal to those of
human blood plasma. The tuneable mesopore structure and modifiable surface of mesoporous
silica nanoparticles allows incorporation of apatite and of various classes of drug molecules
and controlled delivery to the target sites.
In the present work the formation of the apatite layer in two mesoporous materials with
different pore configuration, and the effect on drug delivery has been studied.
The synthesis of the mesoporous materials was performed using supramolecular templates,
Triblock copolymers: (EO20PO70EO20) (Pluronic P123), MW=5800 and (EO106PO70EO106)
(Pluronic F127) and Tetraethylorthoxysilane (TEOS) as silica source. The former generates a
hexagonal mesoporous structure of aligned channels (SBA-15) and the latter a structure of
channels and cavities with a cubic arrangement (SBA-16). Once the mesoporous structures
were obtained, the materials were soaked in inorganic body fluid solution for different periods,
resulting in the formation of a thin layer of apatite over the internal and external surfaces of
the mesoporous material. HRTEM, HAADF and EDS analysis were used to characterize the
apatite formation. Also, FTIR, XRD and surface area measurements complemented the
structural characterization. Drug adsorption and delivery was study using HPLC, UV and TGA
Fig. 1 shows a HRTEM image of the mesoporous structure after 1 and 3 weeks (Fig. 1a and 1b)
immersion in SBF. It can be observed that the arrangement of ordered mesoporous is broken
(1c) after only one-week immersion, due to the apatite deposition that modifies the structure.
Convoluted concentric cylinders coated with nanocrystals of apatite are observed (Fig 1d). The
EDS analysis of these samples showed the presence of Si, O and small amounts of Ca and P,
corroborating the presence of apatite forming the coating. These morphological characteristics
give these materials unique features for drug carriers due to the high superficial area and
therefore adsorption capabilities and on the other hand, the formation of the nanocrystaline
apatite coating increases the biocompatibility of the materials enhancing osseointegration.
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Fig. 1: Fig. 1a HAADF image of Mesoporous SBA-apatite
after1 week SBF immersion
 

 
Fig. 2: Fig. 1b HRTEM showing the effect of apatite
deposition breaking the regular mesoporousarrangement
 

 
Fig. 3: Fig.1c Apatite nanocrystals on mesoporous structure
forming a concentric arrangement
 

 
Fig. 4: Fig.1d Apatite nanocrystals formed outside of the
mesoporousmaterials after 3 weeks immersion in SBF. The
inset is an EDS spectrum showing Caand P presence
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Tissue engineering is defined as an interdisciplinary field that applies the principles of
engineering and the life sciences toward the development of biological substitutes that
restore, maintain, or improve tissue function [1]. These substitutes contain a cell component
and a material component, which serves as a carrier for the cells. In advanced tissue
replacements, the material component should actively promote the adhesion, growth,
differentiation, phenotypic maturation and other cell functions in a controllable manner. In
other words, the material component should act as an analogue of the native extracellular
matrix.
In the first part of our studies, we focused on endothelialization of clinically-used knitted
polyethylene terephthalate prostheses. The inner surface of these prostheses is rough and
highly hydrophobic, and this hampers the adhesion and growth of endothelial cells. However,
when covered with fibrin-based films (Fig. 1A), this surface allows the formation of a confluent
and shear stress-resistant endothelial cell layer with well-developed cell-matrix contacts,
namely talin-containing focal adhesion plaques (Fig. 1B) and intercellular contacts, visualized
by staining of VE-cadherin (Fig. 1C) [2, 3].
In the second part of our studies, we concentrated on bone implants. Metallic materials are still
unavoidable in load-bearing applications, e.g. as substitutes for big joints (hip, knee, shoulder),
although these material are too stiff, too weighty, and often release cytotoxic and
immunogenic ions. In order to increase their chemical stability and their attractiveness for cell
colonization, the surface of these materials is modified by various approaches, such as electric
discharge machining, acid etching, shot peening or deposition of various films (Fig. 2A).
Simultaneously, three-dimensional degradable porous or fibrous synthetic polymeric scaffolds
have been developed, enabling the ingrowth of cells and the formation of newly-regenerated
bone tissue (Fig. 2B, C) [4, 5].
The third part of our studies focused on structures for skin reconstruction and regeneration,
based on degradable polymeric nanofibrous meshes. These meshes enable the adhesion,
growth, phenotypic maturation of keratinocytes (Fig. 3 A, B), and enable them to communicate
with the underlying dermal fibroblasts (Fig. 3C) [6].
[1] Langer R, Vacanti JP: Science 260: 920-926, 1993 1993
[2] Filova E, Brynda E, Riedel T et al: J Biomed Mater Res Part A: 102A: 698–712, 2014
[3] Chlupac J, Filova E, Riedel T et al: Physiol Res, in press
[4] Havlikova J, Strasky J, Vandrovcova M et al: Mater Sci Eng C, in press
[5] Pamula E, Filova E, Bacakova L et al: J Biomed Mater Res 89A: 432-443, 2009
[6] Bacakova M, Lopot F, Hadraba D et al: J Biomater Appl, submitted
 

Acknowledgement: Supported by the Grant Agency of the Czech Republic (grants No.
P108/10/1106, P108/11/1857 and P107/12/1025).



 
Fig. 1: A nanofibrous fibrin layer for inner modification of vascular prostheses (A), and immunofluorescence of talin (B)
and VE cadherin (C) in endothelial CPAE cells in cultures on these layers. Bar 10 μm (A) or 25 μm (B, C).
 

 
Fig. 2: Human osteoblast-like Saos-2 cells immunostained for talin (A) and MG-63 cells (B, C) in cultures on Ti-6Al-4V
alloy modified by electrical discharge machining and shot peening (A), and on porous (B) or fibrous (C)
polylactide-co-glycolide scaffolds. Bar 30 μm (A) 400 μm (B) and μm (C).
 

 
Fig. 3: Immunofluorescence of cytokeratin 5 (A) and filaggrin (B) in human HaCaT keratinocytes in cultures on
polylactide nanofibrous membranes treated with plasma (power 75 W, exposure time 30 s). C: Layers of HaCaT
keratinocytes (green) and human dermal fibroblasts (red) separated by a nanofibrous membrane. Bar 25 μm (A, B) or
100 μm (C).
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Microsphere scaffolds provide a unique three dimensional micro-environment for the cells
cultured on their surfaces through their curvature. Many studies have shown previously that
the topographical cues like curvature have an effect on the differentiation abilities of the stem
cells. Similarly, studies have also shown that mechanical cues like matrix stiffness and various
other biomolecular signals can play a crucial role in determining the stem cell fate. In this
study, we designed a three dimensional composite scaffold by encapsulating gelatin
microspheres in collagen hydrogels, in order to present a combination of topographical,
mechanical and biomolecular signals to human adipose derived stem cells (ADSCs) and
studied their osteogenic differentiation abilities. Topographical cues are provided in the form of
microsphere curvature by culturing ADSCs on gelatin microspheres to form cell-microsphere
aggregates. Further, varying amounts of these cell-microsphere aggregates are then
encapsulated into collagen hydrogels to fabricate microsphere-hydrogel composite scaffolds
with varying mechanical properties. The mechanical properties of such scaffolds were studied
using rheometry. ADSCs encapsulated in such composite scaffolds with varying mechanical
properties were induced towards osteogenic lineage and further characterized using gene
expression studies of osteogenic marker genes and by measuring the alkaline phosphatase
activity. We found that encapsulating increased amounts of microspheres in collagen
hydrogels increases the storage modulus of the gels and favors the osteogenic differentiation
of ADSCs. To further accentuate the osteogenic differentiation of ADSCs, we then provided the
biomolecular cues by encapsulating basic fibroblast growth factor (bFGF) into the scaffolds and
releasing it in a controlled manner. Gene expression of osteogenic marker genes and alkaline
phosphatase activity of ADSCs upon differentiation in the bFGF encapsulated scaffolds seem to
be enhanced compared to the scaffolds with bFGF supplementation directly in the media.
Overall, this study shows that, osteogenic differentiation of ADSCs can be enhanced by
culturing them in microsphere – hydrogel composite scaffolds which can subsequently be used
as effective injectable delivery vehicles for ADSCs as well as various biomolecules.
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Wood nanocellulose is a novel biomaterial for wound dressing applications. Nanocellulose can
be manufactured using various pre-treatments, which facilitate the effective fibrillation from
micrometre-sized cellulose fibres to nanofibrils. In addition to facilitating the fibrillation of
cellulose fibres, chemical pre-treatments modify the surface chemistry of cellulose nanofibrils,
which can be applied for functionalization purposes [1]. The purpose of this work was to
quantify the morphology of nanocellulose surfaces by applying various complementary
microscopy techniques. In addition, the colonisation of the nanocellulose surfaces with bacteria
was assessed in detail.
Wood nanocellulose was produced from never-dried P. radiata pulp fibres. The applied
pre-treatment was 2,2,6,6-tetramethylpiperidinyl-1-oxyl (TEMPO) mediated oxidation. To
characterise bacterial growth, P. aeruginosa PAO1 biofilms were grown in Mueller Hinton broth
(37oC for 24-48h) on air-dried films. Various microscopy techniques, including atomic force
microscopy (AFM), confocal laser scanning microscopy (CLSM) and field-emission scanning
electron microscopy (FESEM), were applied to characterise the nanocellulose material and the
bacterial-nanocellulose interactions [2]-[4]. The FESEM analysis was performed on areas
without metallic coating, applying the capabilities of in-lens detectors. The images were thus
acquired with low acceleration voltage (<1 kV) and short working distance (<1mm).
Multiscale assessments, including FESEM and AFM, revealed the effective fibrillation of the
fibre wall structure, yielding nanofibrils with diameters less than 20 nm and lengths in the
micrometre-scale (Figure 1). Importantly, we have demonstrated that the growth of PAO1 was
inhibited in the presence of the nanocellulose suspensions when compared to the control.
Additionally, SEM imaging revealed distinct clusters of PAO1 cells growing on the surfaces of
nanocellulose films (Figure 2). This work highlights the potential usefulness of novel
nanocellulose materials in wound dressings with optimized characteristics.
[1] K. Syverud et al., Nanoscale research letters 6 (2011) 626
[2] G. Chinga-Carrasco et al., Microscopy and microanalysis 17(4) (2011) 563-71.
[3] G. Chinga-Carrasco et al., Micron 56 (2014) 80-84.
[4] S.L. Percival et al., Wound Repair and Regeneration 19(1) (2011) 1-9
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Fig. 1: FESEM of the surface of a P. radiata kraft pulp fibre.
 

 
Fig. 2: FESEM of the surface of a nanocellulose film
composed of individualized cellulose nanofibrils.
 

 
Fig. 3: SEM imaging of P. aeruginosa PAO1 grown on nanocellulose surfaces for 24 h.
 



Type of presentation: Oral
 

ID-13-O-2972 TEM investigation of the temperature dependence on nucleation and
growth of hydroxyapatite on arc-deposited TiO2 coatings
 

Gustafsson S.1, Lilja M.2, Stromme M.3, Olsson E.1
 
1Chalmers University of Technology, Gothenburg, Sweden, 2Sandvik Coromant Sverige AB,
Stockholm, Sweden, 3Uppsala University, Uppsala, Sweden
 

Email of the presenting author: stefan.gustafsson@chalmers.se
 
Hydroxyapatite (HA) is the most commonly used bioactive ceramic material due to its
excellent affinity to bone. The Biomimetic coating process allows to produce HA coatings with
excellent biocompatible and bioactive properties at low temperatures having good adhesion
and step coverage. Biomimetic HA coatings are also considered promising for functionalization
of metallic implants. HA crystallizes spontaneously on both anatase and rutile phases when
being immersed in simulated body fluid. However, for polycrystalline samples the HA
nucleation process remains not clearly understood. In this work we investigate the nucleation
of HA on arc-deposited anatase phase dominated TiO2 coatings, exposed to phosphate buffered
saline (PBS) up to 24 h at two different temperatures, 37 °C and 60 °C. The aim is to contribute
towards understanding the mechanism of HA coating growth behavior, thereby facilitating the
development of tailor-made HA implant coatings with optimized structures for improved
biological performance. Cross sectional samples for TEM were prepared by the lift-out
technique using a FEI DB 235 Strata and TEM analysis was performed using a FEI Tecnai F20
operating at 200 kV. The HA precipitation layers after 24 h exposure to PBS are shown in
Figure 1 for 37 °C and 60 °C, respectively. At 37 °C, HA crystals form a continuous
precipitation layer with a thickness of 700-800 nm after 24 h exposure to PBS. This is in
contrast to 60 °C, where the precipitated HA layer after 24h is discontinuous with an average
thickness of around 500 nm. On the other hand, the nucleation rate at earlier time points was
seen to be much higher at the elevated temperature. Energy dispersive X-ray analysis (EDX) of
the precipitation HA layers after 12 h exposure at 37 °C shows a Ca/P ratio gradient; around
1.3 close to the TiO2 interface and decreasing to around 1 in the outer parts. At early time
points for 60 °C this trend is reversed; the interface area now showing the lowest Ca/P ratio.
Differences in morphology and nucleation rate as seen at the two temperatures may be
attributed to differences in ion mobility and Ca-ion consumption as well as surface potential.



 
Fig. 1: TEM images of the HA precipitation layer after (a) 24 h at 37 °C and (b) 24h at 60 °C.
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Backround: Magnetic resonance tracking of magnetically labeled cells is non-invasive and
suitable for longtime studies of patients after cell transplantation /1/. The usual way to
incorporate many types of nanoparticles smaller than 100 nm into the cell in vitro is their
direct addition to the cultivation medium. The incorporation process of the SPIO nanoparticles
involves adsorption to cell membrane that is followed by translocation through membrane /1/.
The changes in physiology or viability of SPIO labeled cell were tested for many types of  SPIO
in last years. Nevertheless, only a few SPIO particles were precisely evaluated from the view of
localization in cytoplasm and internal organels of cells.
Aim and methods: “SAMN“  are modern nanoparticles which produce significant MRI contrast
/2/ and do not disturb cell physiology, as we published previously. In this study, the SPIO
nanoparticle „SAMN“ were conjugated with rhodamine to obtain fluorescent complexes. Our
aim was investigation, if these complexes are detectable by confocal microscopy
(outside/inside the cells, ) and if we can quantify nanoparticles distribution in cell nucleus and
mitochondria. Mesenchymal stromal cells (MSC) were exposed to SAMN-rhodamine
nanoparticles (concentration 50 ug/ml, time of labeling 12h and 24h). The cells were then
labeled with the mitochondrial marker MitoTracker Green (Invitrogen), and arranged to
confocal microscope sample chamber (Leica TSC SP8 X). Spectral overlap of rhodamine and
MitoTracker was evaluated. Scaning mode of MSC was optimized and semiautomatic software
utility for analysis of confocal scans was developed (in Matlab R2010a).
Results and conclusion: SPIO-rhodamine complexes showed similar excellent uptake by MSC as
previously tested  SAMN without rhodamine. Confocal microscopy scans displayed
SAMN-rhodamine particles, which were accumulated in clusters in all parts of cytoplasm. Our 
Matlab utility exhibited that nanoparticles was not localized in the mitochondria or cell nucleus.
This localization was not significantly change after 1  week of cultivation. Our Matlab utility
also quantified mitochondria volume and shape in labeled/unlabeled MSC, statistical results
demonstrated very minimal pathophysiological effect of SPIO. Our study conclude that our
modified SAMN-rhodamine nanoparticles are safety and do not invide to cell nucleus and
mitochondria, also they do not desintegrate the mitochondria and metabolism.
/1/Berry (2003) J Phys D Appl Phys,36:198–206.  /2/Magro (2012) Acta Biomater,8:2068–76
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Fig. 1: MSC cell in 3D visualization after confocal microscopy scanning. Green – mitochondria, Red – clusters of
nanoparticles.
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Introduction
   It has been postulated that endodontic treatment results in reduction of fracture strength of
teeth. Brittleness of the dentin in the endodontically treated teeth has been attributed to
dehydration and loss of collagen cross-linking.  However, more recent studies concluded that
neither dehydration nor endodontic treatment caused degradation of the physical or
mechanical properties of the dentin. One of the aims of root canal filling is to reinforce the
dentin and increase the fracture resistance.
   Studies suggested that filling the coronal and radicular loss tooth structure with bonded
restorative materials, such as glass ionomer cement or composite resin, could reinforce the
compromised teeth.
   Mineral trioxide aggregate (MTA) is a fine biocompatible hydrophilic material that hardens in
the presence of moisture or blood. The aim of this study was to measure the fracture
resistance of over-flared root canals filled with different materials (gutta-percha-nano HA,
resilon-epiphany, composite and MTA) using the Instron machine test and 3D focus-variation
scanning microscopy images were used to illustrate the type of fracture patterns of the
specimens
Materials and Methods
   One hundred and twenty extracted human mandibular single- rooted premolars were
selected. A total of 105 out of the selected teeth were prepared to the working length and
over-flared, leaving the apical 5 mm undisturbed. Fifteen samples had no treatment and were
used as a positive control group (Group +ve). The 105 test teeth were further divided into 7
groups of 15 samples each. One of the 7 groups was designated as negative control (Group
-ve) where teeth were over prepared and left without obturation. Remaining groups were filled
with gutta-percha-nanoHA (Group1), gutta-percha-nano HA+composite (Group 2),
gutta-percha-nano HA+MTA (Group 3), resilon-epiphany (Group 4),
resilon-epiphany+composite (Group 5), and resilon-epiphany+MTA (Group 6). Fracture
resistance of all samples was measured using the Instron testing machine. Two samples from
each group had their surface topography and fracture pattern of the specimens were
evaluated with a (Alicona Imaging, Graz, Austria).
Results and Discussion
   Statistical analysis for root fracture resistance showed highly significant difference between
all groups with p value < 001. Micro CT Scan and 3D focus-variation scanning microscopy
analysis indicated the ability of MTA to withstand vertical force. The fracture pattern for roots
filled with MTA is only one vertical line, which is initially wide and becomes progressively
narrower. Whereas roots filled with composite and resilon show several cracks all over the root
in addition to the vertical root fracture.
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Fig. 1: Image of root fracture filled with gutta-percha/ Nano HA+MTA showing a fracture line across the MTA, becoming
narrow and thin. The 3D image shows the surface topographic information in combination with its true color
information on tooth 34 (5x Objective lens).
 

 
Fig. 2: Similar images of root fracture on tooth 34. The mixture of pseudo and real colors has constructed the rough
surfaces of the sample to be more contrast in combination with color gradients. This sample is captured by 5x
Objective lens.
 

 
Fig. 3: Image of root fracture filled with gutta-percha/Nano HA+resin composite showing a complete vertical line of
fracture line. The 3D image shows the surface topographic information in pseudo+real colors in combination on tooth
25 (5x Objective lens).
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Introduction
   One of the key functions of a dental restoration is to seal the exposed dentin from the oral
environment, to prevent pulpal damage and further decay. Therefore, the microleakage at the
tooth- restorative interface is a major concern influencing the clinical longevity of composite
resin restorations. The integrity and durability of the marginal seal has always been of prime
concern in the investigation of dental restorative materials performance.
   The aims of this study was to compare the effect of self-etch, one-step, one-component
adhesive system and etch and rinse adhesive system as well as the nanocomposite and
microhybrid composite on the microleakage of class II composite restorations located in
dentin.
Materials and Methods
   Fifty-two upper permanent premolar teeth were used and two class II cavities (3 millimeter
(mm) width x 1.5 mm depth) with gingival margins ended 1mm below CEJ were prepared and
filled in each tooth. Two adhesive systems: self-etch, one-step, one-component adhesive
system (G Bond, GC, Japan), etch and rinse adhesive system (Adper Single Bond 2, 3M ESPE,
USA) and two composite materials: nanocomposite (Filtek Z350, 3M ESPE, USA), microhybrid
composite (Filtek Z250, 3M ESPE, USA) were used and applied in this study according to the
manufacturers instructions. The 104 cavities were divided randomly into four groups (n=26).
The first two groups were restored with Filtek Z350 (3M ESPE, USA) while the last two groups
were restored with Filtek Z250 (3M ESPE, USA). All the cavities in group 1 and 3 were bonded
with G Bond while the cavities in group 2 and 4 were bonded with Adper Single Bond 2.
   The specimens were thermocycled between 5° to 55° C with 30 second dwell time for 500
cycles. The samples were then immersed in 0.5% Rhodamine B dye for 10 hours and sectioned
longitudinally. Dye penetration at the gingival margin was quantified under confocal laser
scanning microscopy/CLSM (Leica,TCS SP2) at 10x magnification. Data were analyzed using
Two-Way ANOVA and results with p<0.05 were considered statistically significant
Results and Discussion
    No significant difference (p>0.05) in dye penetration was discovered between self-etch,
one-step, one-component adhesive system (G Bond) and etch and rinse adhesive system
(Adper Single Bond 2). No significant difference (p>0.05) was also found in dye penetration
between the composite materials used. No significant difference (p>0.05) in dye penetration
was observed on the gingival margin among all study groups. Self-etch, one-step,
one-component adhesive system and nanocomposite restorative materials produced similar
results to those of multi-step adhesive systems and microhybrid composites in microleakage of
class II composite restorations.
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Fig. 1: CLSM images of dentinal tubules.  A. Without
Rhodamine B fluorescent dye.
 

 
Fig. 2: CLSM images of dentinal tubules. B. Stained with
Rhodamine B fluorescent dye.
 

 
Fig. 3: CLSM images of dentinal tubules. C. Showing micro
leakage alone.
 

 
Fig. 4:  CLSM images of dentinal tubules. D. Showing
microleakage dye in interface with restoration.
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Introduction
   Biphasic calcium phosphate (BCP) a biomaterial consists of a mixture of hydroxy apatite (HA)
and ß-tricalcium phosphate (ß-TCP) which belong to calcium phosphate ceramics (CaPCs). It is
biocompatible, biocontactive material and possesses reasonable biodegradable properties,
depending on HA: ß-TCP ratio. In addition to it osteoinduction properties in the
micro-macroporous BCP forms, BCP is also used in bone grafting due to its similarity in
chemical composition to that of bone’s, for drug delivery in association with therapeutics
agents (bone morphogenetic proteins, human growth hormone, antibiotics, anti-osteoporotic,
anticancer drugs, and as a scaffold in tissue engineering to ensure stem cells remain in the
recipient site.
   The minimum recommended pore size for a scaffold is around 100 μm, but subsequent
studies have shown better osteogenesis for implants with pores >300 μm. For fabricating
biomaterial scaffolds that can meet the requirements set by the specific site of application,
there has been an attempt to create a porosity gradient in BCP scaffolds both in the
macroporous (>100 μm) as well as in the microporous (<1μm) scales.
Materials and Methods
   By using the wet precipitation method, Biphasic calcium phosphate granules were
synthesized with Ca/P ratio1.52 and controlled porosity, pore size distribution, and granule
size. Microporosity was then obtained by adjusting sintering temperature while macroporosity
was prepared by adding 1:3 wt% ratio of two normally used porogens (naphthalene and sugar)
and 2 newly introduced porogens (sago and lentil). Samples from each ratio were pressed into
pellets and were fired at 500oC for 2 hours with 0.5°C/minute heating rate (for removal of
porogens) and further sintered at 850C for 2 hours with 5°C/minute before cooling down to
room temperature. The granules were prepared by crushing and sieving BCP sintered pellets to
get granules of sizes ranging from 250-500μm. X-rays diffraction (XRD), field emission
scanning electron microscope (FESEM), particle size and porosity analyses were employed in
order to characterize the granules.
Results and Discussion
    In this study, prior to compaction process, BCP powder was mixed with the commonly used
(naphthalene and sugar, respectively), and their effect was compared with the newly studied
porogens (lentil and sago, respectively). In this method, pores were created during sintering,
porogen burned out leaving pores identical to its size and shape. These pores were found to be
in the range of trabecular bone pore size of 200-400 μm. This approach gives the desirable
properties near to normal bone leading to a perfect osteogenesis for the purpose tissue
engineering.
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Fig. 1: FESEM images on the formation of macroporosity and microporosity, when BCP powder were added with
different porogens. Samples were sintered at 850°C for 2 hours. (a) Sugar at 50X, (b) Sugar at 20KX, (c) Naphthalene
at 50X, (d) Naphthalene at 20KX, (e) Sago at 50X, (f) Sago at 20KX, (g) Lentil at 50X, and (h) Lentil at 20KX.
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Introduction
    Glass ionomer cement (GIC), classified as acid–base reaction cement, consists of an
aqueous solution of polyacrylic acid and an acid-decomposable fluoro-aluminosilicate glass
powder. GIC  is widely used in clinical dentistry as tooth colored restorative material.
Hydroxyapatite (HA) possesses a chemical composition and crystal structure similar to bone
thus suitable for bone substitution and reconstruction. HA has improved the compressive
strength, flexural strength, diametral tensile strength, toughness, bonding and fluoride release
properties of GIC, has been reported. However, incorporation of HA-silica nano-composite to
GIC is not yet reported.
    The present study aims to synthesize HA-silica nano-composite by one-pot sol-gel technique
and to assess the effect on the hardness of GIC.
Materials and Methods
     Nanohydroxyapatite was produced by using the in situ sol-gel technique. Calcium hydroxide
and phosphoric acid were the main sources of calcium and phosphorus.
                                             5Ca(OH)2 + 3H3PO4    à     Ca5(PO4)3OH + 9H2O
The suspension was stirred 48 hour to get a white viscous sol.  5 ml of TEOS (99%, Fluka)
diluted in 10 ml of ethanol was added drop wise after 12 h of stirring. The sol was filtered;
freeze dry and calcinated at 600 0C for 1 h. The same procedure was repeated for addition of
10ml and 20ml TEOS. The percentage of silica in each 5 ml, 10 ml, 20 ml addition of TEOS
were found to be 11%, 21%, 35 % respectively and were labeled as HA-11SiO2, HA-21SiO2 and
HA-35SiO2.
   Nano-HA–silica was mixed with a commercial GIC (Fuji IX GP, GC International Japan) at
various percentages (by wt): 1%, 3%, 5%, 7%, 9%, 15%, and 20% of each respectively and
were mixed according to the manufacturer instructions.  Cements were covered with moisten
gauze after completion of initial reaction and left undisturbed for 24 hours to enable complete
setting reaction. Three specimens were made for each percentage of material.
Results and Discussion
    SEM characterization revealed that the morphology of HA-silica nano composite was a
mixture of spherical silica particles embedded within elongated HA.  Silica particles not only fill
the void between the elongated shaped of HA particles, but they also occupy the empty spaces
between the glass ionomer glass particles and act as a reinforcing material in the composition
of the GIC.
  The new Sol-Gel method provides a simple route for synthesis of HA-silica nanocomposites
powder.  Higher the content of nanosilica, resulted in denser cement and produced a stronger
GIC. Application of HA-silica-GIC with improved hardness property might lead to extended
clinical indications, especially in stress bearing areas.
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Fig. 1: SEM images showing different pattern of HA-Silica
with different solvents (Ethanol).
 

 
Fig. 2: SEM appearance when solvent is Ethanol (A and B).
 

 
Fig. 3: SEM appearance when solvent is Methanol (C).
 

 
Fig. 4: SEM appearance when solvent is Methanol (D).
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One major challenge of nanomedicine is to design nanocarriers that deliver active compounds
to a target site, at a sufficient concentration and without premature degradation, in order to
maximize the efficiency of the substance while limiting secondary effects. In this context, we
have developed colloidal nanovectors based on cyclodextrin (CD) amphiphilic derivatives.
βCDs were acylated on their secondary face using thermolysin to catalyze the
transesterification. After dissolution in acetone, a series of βCD-Cn (n = 6 to 14) derivatives
were nanoprecipitated in water [Gèze et al., Mater. Sci. Eng. C29 (2009), 458]. The resulting
nanoparticles were observed by transmission electron microscopy (TEM) after negative
staining and by cryo-TEM. Small-angle X-ray scattering (SAXS) patterns were collected from
concentrated suspensions at the BM02 beamline at ESRF (Grenoble, France). The thermal
evolution of the systems was monitored by recording SAXS patterns of suspensions in sealed
glass tubes every 10°C from 25 to 130°C. After cooling, the suspensions were observed by
cryo-TEM as well.
The SAXS patterns of freshly prepared suspensions revealed periodic structures in the particles
when the grafted alkyl chains contained at least 8 carbon atoms. In most cases, 3 to 5
diffraction rings were observed whose distribution was consistent with a hexagonal structure
when the degree of substitution (DS) of the parent derivative was higher than 5 (Figs. 1a,d).
βCD-Cn (n = 8, 10 and 12) particles had a barrel-like morphology, exhibiting two different sets
of longitudinal lattice fringes depending on their orientation in the embedding ice film (Fig. 1b).
For the smallest particles, axial projections of the hexagonal lattice were sometimes observed.
βCD-C14 particles had tortuous shapes and a multidomain structure. Lattice images showed
longitudinal and axial projections of the hexagonal structure (Fig. 1e). The particles obtained
from βCD-C10 (Figs. 1g,h) and βCD-C14 derivatives with a DS lower than 5 were spherical,
exhibiting a multilamellar structure with concentric bilayers of amphiphilic CDs.
Upon heating to 130°C, the repeating distance of the multilamellar systems slightly increased
but no structural transition was observed (Fig. 1i). The hexagonal structure of the βCD-C8

system disappeared at 95°C, a lamellar organization forming upon cooling.
Hexagonal-to-hexagonal transitions were detected at 80-100°C in βCD-Cn systems with n = 10,
12 and 14. Upon cooling, βCD-C10 particles were converted to multilamellar nanospheres (Fig.
1c). βCD-C12 particles became spherical too but no clear structure was recognized. βCD-C14

particles exhibited a bulkier prismatic morphology and were constituted of hexagonally-packed
hollow hoops (Fig. 1f).
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Fig. 1: SAXS patterns (a,d,g) and cryo-TEM images of nanoparticles prepared from βCD amphiphilic derivatives: βCD-C10

with DS 7 (a-c), βCD-C14 with DS 8 (d-f) and βCD-C10 with DS 4 (g-i). a, b, d, e, g and h correspond to the systems
nanoprecipitated at room temperature while in c, f and i, the suspensions have been heated at 130°C.
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A great diversity of biominerals formed inside the living organisms show a high variety of
structures and composition. Many of such biominerals are highly complex composite materials
possessing excellent physical and mechanical properties [1,2] which cannot be reproduced in
laboratory. These exceptional combinations of organic matrix linked together with crystalline
or amorphous minerals are formed under conditions of moderate temperature, pressure and
pH. Their unconventional architectures show advanced materials properties compared to their
mineralogical varieties [2,3]. Rodents possess opposing long pairs of continuously growing
incisors that are worn down by gnawing. The front surface of the incisors is enamel, which is
the hardest tissue of the body, consisting of 96 wt% of inorganic material. The innermost part
is softer dentine that forms the bulk of the teeth [4]. The surface of the incisors of several
rodent species is identified with the presence of iron [5].
In our study, upper and lower incisors of the feral coypu (Myocastor coypus Molina) were
investigated. The microstructure and chemical composition of the enamel and dentine were
studied in detail by using energy-dispersive X-ray spectroscopy (EDX) and electron energy-loss
spectroscopy (EELS) combined with scanning transmission electron microscopy (STEM) at high
spatial and high energy resolution. Our investigations uncovered the layer with a variable
thickness present on the outer surface of the incisors which has not been reported before in
rodent teeth. An annular dark field (ADF)-STEM image of a cross-sectional view showing the
interface between the Fe-rich surface layer (Fe-SL) and Fe-rich enamel (Fe-E) is presented in
Figure 1. O-K energy-loss near-edge structures (ELNES) measured from Fe-SL and from Fe-E
show distinctly different shape, peak number and peak positions (Figure 2). On the other side
the Fe-L2,3 ELNES (not shown here) measured in Fe-SL and Fe-E appears similar where Fe is in
predominantly 3+ valence state. Considering our EDX measurements (Figure 3) the amount of
Fe in the Fe-SL is considerably higher compared to the concentration values reported by now.
The function of iron in hard dental tissues is still not adequately understood. Present research
will enlighten the understanding of Fe incorporation in the enamel at the nanoscale level.
References:
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[2] AP Jackson and JFV Vincent, J Mater Sci 25 (1990), 3173.
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Fig. 1: ADF-STEM image of the interface between Fe-rich
surface layer (Fe-SL) and Fe rich enamel (Fe-E).
   

Fig. 2: O-K ELNES measured from Fe-SL and Fe-E showing
distinct difference in the edge fine structures.
 

 
Fig. 3: EDX spectra acquired from Fe-E and Fe-SL. The amount of Fe in Fe-SL is much higher compared to the amount
measured in Fe-E. In addition, minor amounts of Na, Mg and K were detected in Fe-SL.
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In this work we present the structural TEM characterization of the hydroxyapatite (HAP)
synthesized by the Pichini method. The Pichini method is a polymeric precursor method which
utilizes the ability of somes α-hydrocarboxylic acids to produce chelates with metallic ions. The
chelates can undergo polyesterification when heated with a polyhydroxy alcohol [1,2]. In this
work the ethylene-glycol and the citric acid were used as polymeric precursors, whereas the
calcium hydroxide and the phosphoric acid were used as precursors of HAP.
To obtain the polymeric matrix (polyester resins), the pH was set 8 at 140ºC by 2 h with
stirring. Then the polyester resin was heat treated from 200 to 600 °C in order to obtain the
HAP powders. HAP powders were characterized by transmission electron microscopy (TEM),
scanning electron microscopy (SEM) thermogravimetric analysis (TGA), infrared spectroscopy
(FTIR) and X-ray powder diffraction (XRD).
SEM and TGA results indicated the polymeric matrix decomposition leads to formation of the
HAP (figure 1). In TEM, the selected area electron diffraction (SAED) patterns of the powder
obtained at 600 ºC display the HAP characteristic planes (211), (210) and (002) (figure 2).
The TEM results showed a decrement of the a-axis and a increment of the c-axis of the HAP
unit cell parameters. This indicates the PO43+ ion substitution by the CO32- ion in the structure of
the HAP. Also the FTIR results suggested that the obtained HAP was B-type in a carbonated
HAP. This last result was also supported by the XRD analysis.
HAP powders presented nanometric and irregular grains. Particle size distribution, measured
from the TEM dark field images, indicated the crystal size between 10 to 25 nm (figure 3).
References
[1] M. P. Pechini, “Method of preparing lead and alkaline earth titanates and niobates and
coating method using the same to form a capacitor”, 3,330,697 Patented. July 11, 1967.
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Materials Science Lett. 21 (2002) 1793-1795.
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Fig. 1: SEM image of the HAP obtained powder by the Pichini method.
 

 
Fig. 2: TEM dark field image, HRTEM image and SAED pattern of the obtained HAP powder.
 

 
Fig. 3: TEM dark field image and the particle size distribution. Note that particles size is between 10 to 25 nm.
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Hichiriki is a traditional Japanese double-reed wind instrument (Fig. 1), which has been used in
Japanese Gagaku, ancient imperial court music, since the 7th century. The best reeds for
hichiriki are made of stems of P. australis that are harvested only from a limited reed bed of
Udono in the Yodo River near Kyoto. This resembles that the best reeds for clarinet, oboe and
bassoon are produced from stems of Arundo donax L. grown only in a few areas of the Var in
France.
We examined the structure of stems of P. australis which were sampled as desirable materials
of hichiriki reeds from reed beds along different rivers. Specimens for light microscopy were
prepared by cutting the sample pieces to transverse sections about 30 μm thick with a sliding
microtome, followed by double staining with safranin and fast green FCF. The hardness and
Young’s modulus of different parts on the cross-sectioned surfaces of four hichiriki reeds were
measured with a Vickers indentation load of 5 mN using a nanoindentation system
(Fischerscope, H100C-XYp). The cross section of the sample was polished using wet sheets of
finer grades of sandpaper. Fig. 1c shows the section of the stem from Udono. P. australis
almost resembles Arundo donax L in plant anatomical structure but not in outer shape and size
of cells. This is the reason why Arundo donax L. cannot be used for hichiriki reeds. Fig. 2 shows
the structure of the samples from different reed beds. T is the wall thickness measured from
the image. Sample #5 (Udono), to be the best material for hichiriki reed, has a structure where
harder materials such as epidermi, hypodermis, and vascular bundle sheath with thick cell
walls and softer materials such as parenchyma cells are orderly intermingled, and satisfied the
shape condition of an outer diameter of about 11 mm and a wall thickness of about 1 mm. In
Fig. 3 and Table 1, the hardness measurements of two hichiriki reeds are illustrated. The reed
shown in Fig. 1b, assessed as excellent in musical performance, made from Udono stem is
much harder over all the parts than a reed made from a stem sampled from Kitakami River
reed bed.
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Fig. 1: (a) Japanese double-reed wind instrument ‘Hichiriki’. (b) Hichiriki’s reed (#R1). (c) Light micrograph of Udono’s
P. australis. Ep: epidermis. Hp: hypodermis. Vb: vascular bundle. Bs: vascular bundle sheath. Cor: cortex. Pa:
parenchyma cell. Ct: Cells with thin cell wall. Sc: Sclerenchymatous cells. Pc: pith cavity.
 

 
Fig. 2: Light micrographs of P. australis stems from different reed beds. Kitakami Riv. near Sendai, Watarase Riv. near
Nikko, Turumi Riv. in Tokyo, Uji Rev. in Kyoto.
 

 
Fig. 3: Crosssections of Udono reed (#R1) (a) and Kitakami reed (#R4) (b). Table 1 Indentation hardness HIT and
Young’s modulus EIT of different parts shown in (a) and (b).
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Numerous efforts are going to develop functional scaffold to regeneration and bone repair
application. Scaffolds that combine the bioactivity of the hydroxyapatite (HA) and the
adjustable degradability of the polyurethane (PU) matrix obtained from the Poly(vinyl alcohol)
(PVAl) were developed in this research and submitted to morphological and biological
characterizations. This new kind of scaffold is non toxic, has interconnected pores and
microporous at the wall, great mechanical resistance and great cellular growing activation.
These properties are essential to the clinical use requirements. In vitro and in vivo assays were
performed to determined biocompatibility of PVAl-PU/HA scaffolds and analyze by scanning
electron microscopy (SEM). Firstly, for in vitro assay, NIH3T3 cells were cultured for 7 days
under scaffolds. A dense and continuous layer of fibroblasts under and inside of macroporous
and microporous of scaffold were observed (Figure 1B and 1C – arrows). Cells covered by
spreading themselves most of the outer surfaces of scaffold, due to the presence of
lamellipodia and filopodia (Figure 1D – arrowheads). The PVAl-PU/HA promoted a great
template for cell migration and spreading in vitro. For in vivo assays, PVAl-PU/HA discs were
implanted in the subcutaneous tissue of Wistar rats for 24 hours, 7 and 14 days. After 24 hours
of insertion (Figure 2), the biomaterial PVA1-PU/HA presented adherent cells, probably
fibroblast, spreading forming compact and homogeneous cellular layer. Groups with
PVA1-PU/HA inserted for 7 days, evidenced that cell adhesion colonization and infiltration were
strongly affected by macro-architecture of the scaffold pore structure (Figure 3B-C). It was also
observed an intense interlaced fibrous network formation inside of macroporous (Figure 3D).
Finally, the implants maintained for 14 days presented fibrous capsule surround and inside of
scaffold (Figure 4A and 4C). The scaffolds interact directly with tissue compounds growing
through the scaffold's interconnected pores, without causing any inflammatory or rejection
process (Figure 4B and 4D). Therefore, the PVA1-PU/HA scaffolds improving cell adhesion,
showing greater biocompatibility and indicating promising expectations to osseous implants.
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Fig. 1: SEM of NIH3T3 cells cultured for 7 days in
PVAl-PU/HA scaffold. A. Scaffold general view. B. Scaffold
general view with NIH3T3 cells. C. Macroporous details
showing tightly attachment of NIH3T3 cells with dense and
continuous layer formation (asterisk). D. Details of cells
spreading themselves outer surfaces of scaffold.
 

 
Fig. 2: SEM of the PVAl-PU/HA scaffolds into subcutaneous
space for 24 hours. A. Scaffold general view. B. Details
from inset in A. Observe cell migration and spreading (thin
arrows) and early layers formation (arrows) in the scaffold.
C. Cells suggestive of fibroblasts recovery all the scaffold
surface.
 

 
Fig. 3: SEM of the PVAl-PU/HA scaffolds into subcutaneous
space for 7 days. A. Scaffold general view. B. Details from
1A. Cells suggestive of fibroblast with extensive spreading
ability. C. Details from 2A. Cells with high spreading ability
(arrow). D. Details from 3A. Structures like collagen fibers.
IN: internal area; * external area; C: fibrous material
 

 
Fig. 4: SEM of the PVAl-PU/HA scaffolds into subcutaneous
space for 14 days. A. Scaffold general view. B. Details from
A. Prolonged structures like collagen fibers. C. Scaffold
general view. Innermost conection with tissue. D. Details
from C. Invasion process of fibrous inner into scaffold. C:
fibers; BM: biomaterial; CL: fibrous layer; CC: corneous
layer.
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Polymers development as biomaterial has a prominent position in medical implants,
pharmacological and biotechnology. Poly 2-hydroxy ethyl methacrylate (PHEMA) and poly
lactic acid (PLLA) represent two polymeric materials with well known biocompatibility.
However, the combination of PHEMA and polyester generally has not been widespread in
literature, especially for medical applications. In order to increase the hydrophilicity of PLLA
and improve the cell adhesion to PHEMA, in vitro and in vivo biological assays were performed
to analyze the biocompatibility of this combination (PHEMA-PLLA scaffold). Firstly, for in vitro
assay, human fibroblast cell (MRC-5) was cultivated as 3D-culture for 7 days. MTT assay were
performed to determine cell proliferation and citotoxicity and was observed 99% of cell
viability. The material also, promoted a proliferation in its surface. Adhesion and cell
morphology of MRC-5 cultivated under PHEMA-PLLA disks for 72h was analyzed by scanning
electron microscopy. The cells were shown a tightly attachment to the PHEMA-PLLA scaffold
after 72 hours. For in vivo biocompatibility assay, PHEMA-PLLA disks were implanted in the
subcutaneous tissue of Swiss mice for 4 days. The PHEMA-PLLA scaffold the scaffold promoted
a great template for cell migration and spreading in vivo and also induced early layers
formation. A fibrous capsule with a large number of cells suggestive of fibroblasts was
surrounding of PHEMA-PLLA discs. The results suggest that the PHEMA-PLA biomaterials did not
promote cytotoxicity activity in vitro and did not promote an inflammatory processes in vivo,
improving cell adhesion and showing greater biocompatibility.
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Fig. 1: MRC-5 fibroblasts viability by MTT assay.
 

 
Fig. 2: Scanning electron microscopy of MRC-5 fibroblasts upon PHEMA-PLLA after 72 hours. A. Broad view of
PHEMA-PLLA disc without fibroblasts cells. B. Broad view of half part of PHEMA-PLLA disc with MRC-5 for 72h. C. High
magnification of B, showing fibroblasts cells overspread and well attached to PHEMA-PLLA scaffold. Bars: A-B: 1.0 mm;
C: 100 µm.
 

 
Fig. 3: SEM of PHEMA-PLLA scaffolds inserted into mouse subcutaneous space for 4 days. A. PHEMA-PLLA general view.
B. High magnification of A. Observe the presence PHEMA-PLLA involved by connective tissue and large number of
fibroblasts. C. High magnification of C. Observecell association forming a connective tissue. Bars: A: 1.0 mm; B: 200
µm; C: 40 µm.
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Calcium phosphates are a class of bioactive bioceramics widely used in the field of
biomaterials. There are several known morphologies and crystalline structures for calcium
phosphates [1]. These structures, dependent on calcium phosphate synthesis conditions and
chemical environment, usually control the solubility and biocompatibility of these bioceramics.
Since the 80´s there is an increasing trend in coating implantable devices with calcium
phosphate films in order to enhance its biocompatibility. The effectiveness of this method is
recognized, however it is still very challenging to predict the behavior in vivo of these devices,
due to the difficulty of characterizing calcium phosphates attached to a surface [2]. Therefore,
the aim of this work is to characterize by TEM calcium phosphate particles grown attached to a
polymeric surface. The morphologies of the samples were also investigated in a Carl Zeiss
Libra 120 transmission electron microscope (120 kV) equipped with an in-column OMEGA
energy filter and a Olympus CCD camera 14 bits with 1376 x 1032 resolution.
Poly(ε-caprolactone) (PCL) thin films containing a nucleating agent were prepared by spin
coating. The nucleating agent is a molecule that has a negative charge and a nonpolar
carbonic chain. These negative charges migrate to the surface in order to act as a nucleation
site to calcium phosphate growth, while the carbonic chain acts as a polymer anchor.
Figure 1a shows the bright field image of a semi-crystalline calcium phosphate particle,
attached on the PCL film surface, produced by 10 cycles of alternating soaking in calcium and
phosphate solutions. Figure 1b shows the diffraction pattern of the calcium phosphate particle.
Figure 1c shows the bright field image of another particle and Figure 1d the corresponding
diffraction pattern, showing that the latter is much more crystalline. This demonstrates that
even at the same synthesis conditions and chemical environment it is possible to obtain
different calcium phosphate crystalline structure and morphology.
These particles were also characterized by ESI-TEM (Figure 1e) and EELS (data not shown).
Figure 1f shows a magnified bright field image of this crystalline particle, showing it has an
amorphous layer surrounding the inner crystalline structure.
This work shows that it is possible to characterize these particles by ESI-TEM in spite of
polymer and particle low resistance to beam damage. Determining the particle structures at
different growth stages is essential to understand their formation mechanism and also to
predict in vivo behavior.
REFERENCES
[1] Vallet-Regi, M., & González-Calbet, J. M. (2004). Prog in Solid State Ch, 32 (1), 1-31.
[2] Surmenev, R. A., Surmeneva, M. A., & Ivanova, A. A. (2014). Acta Biomater, 10 (2),
557-579.
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Fig. 1: Bright field images (a, c and f) of calcium phosphate particles attached to a PCL thin film surface, diffraction
patterns (b and d) and calcium map (e) of the same particle showed in (c).
 



Type of presentation: Poster
 

ID-13-P-2294 Physicochemical characterization by electron microscopy of the
hydroxyapatite nanoparticles obtained by co-precipitation in presence of tannic
acid.
 

Santana M M.1, Ramirez A.2, Zorrilla C.3, Reyes J.3, Herrera R.3
 
11 Posgrado en Ciencia e Ingeniería de Materiales, Instituto de Física, UNAM Circuito Exterior,
Ciudad Universitaria, Coyoacán, 04510, México., 22 Unidad de Posgrado de Odontología, UNAM
Circuito Exterior, Ciudad Universitaria, Coyoacán, 04510, México., 33 Departamento de Materia
Condensada, Instituto de Física UNAM Circuito de la Investigación Científica Ciudad
Universitaria, Coyoacán, 04510, México.
 

Email of the presenting author: cristina@fisica.unam.mx
 
Numerous are the reports in literature on the synthesis of hydroxyapatite (HAP) highlighting
characteristics as particle size and morphology, which can be associated with the complexity
of the particular method of preparation thereof [1, 2]. Most of the synthesis reports include
reactions which must take place at relatively high temperatures and/or longer heat treatment
times.
The synthesis of HAP nanoparticles obtained by the co-precipitation method at room
temperature in presence of tannic acid, and varying by two different species of calcium, is
reported in this work. The electron microscopy characterization was performed using the
electron microscopes SEM JSM5600 and JEOL FEG 2010.
The first synthesis reaction was carried out from (CaCl2•2H2O) 0.1M, (N(C3H7)4OH), 0.1M and
(H3PO4) 0.06M using 2.17% tannic acid. The reaction is performed in a round-bottomed flask
of three necks maintained in constant reaction stirring of 455 rpm for 30 min. After this, the
H3PO4 is added with continuous stirring for two hours. The obtained product was washed 3
times with methanol-distilled water (1:1) to maintain a neutral pH.
The procedure is similar for the second synthesis variation. This was carried out using the
reagents (Ca(OH)2) 0.1 M and (H3PO4) 0.06M into a concentration of 1.79% tannic acid.
Structural and chemical analysis by scanning electron microscopy (Figure 1) and transmission
electron microscopy (figure 2) confirms the obtaining of the HAP particles in nanometer size,
with sizes of 20nm approximately. Figure 3 shows the EDS spectrum from the sample shown in
Figure 1.
[1] M.P. Ferraz, F.J. Monteiro, C.M. Manuel, Journal of Applied Biomaterials & Biomechanics 2
(2004) 74-80.
[2] H. Alobeedallah, J. L. Ellis, R. Rohanizadeh, H. Coster and F. Dehghani, Trends Biomater.
Artif. Organs 25, (2011) 12-19.
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Fig. 1: Figure 1 SEM secondary electron image of the HAP grains synthesized by co-precipitation in presence of tannic
acid.
 

 
Fig. 2: Figure 2 TEM bright field image of the HAP grains synthesized by co-precipitation in presence of tannic acid.
Note their nanometric size.
 

 
Fig. 3: Figure 3. EDS spectrum of the HAP grains shown in figure 1.
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The development of implants over last eighty years includes improvement of known materials
as well as designing new ones to increase their mechanical properties, corrosion resistance in
body fluids and biocompatibility. Despite of the significant progress still high number of
implants failure is connected with bacterial infections. To reduce the risk of microbial infection
during surgery different approaches are proposed. One of them is the modification of the
biomaterials surface to prevent bacterial attachment and biofilm formation. Another is the
incorporation of antimicrobial agents (e.g. silver, NO, antibiotics) into the coating structure to
inhibit bacterial proliferation.
This study shows microscopic characterization of the porous coatings with incorporated silver
deposited on commercially pure titanium (CP-Ti) and two-phase (a+b) Ti6Al4V alloy by
micro-arc oxidation (MAO) process. The process parameters and electrolyte composition were
the same for both materials. Solution used for deposition contained: (CH3COO)2Ca·H2O,
Na2PO4 and the addition of 0.001 mol/l of CH3COOAg. Microstructure and chemical
composition of the coatings were investigated utilizing SEM- and TEM-EDS techniques.
SEM investigation of the samples plain view showed high porosity and surface development of
the coatings (Fig. 1a). The complex microstructure, including specific platelets (red circle in
Fig. 1b) and nanometer sized particles (yellow circle in Fig. 1b) was visible around the pores.
EDS point analysis of different areas of samples surface showed that platelets contained only
Ca, P and O while particles area was composed of around 40 at.% of Ag and additionally Ti, Ca,
P and O. Detailed TEM investigation, including phase identification by electron diffraction is in
progress. The analyses of sample cross-sections revealed the differences in the coatings
thickness between both materials. The thickness of the coating formed on CP-Ti was measured
as around 12 μm, while that on Ti6Al4V was around 22 μm thick (Fig. 2). Both coatings had the
layered structures. Directly at the substrates, titanium dioxide phases were present, while
outer layer was composed of calcium phosphates. The Ag distribution within both coatings was
determined using EDS mapping. In the case of CP-Ti, Ag was present around the pores in the
TiO2 layer, while in the coating formed on the Ti6Al4V alloy it was accumulated at the
interface between titanium dioxide and calcium phosphates layers.
Many reports are proving excellent antibacterial activity of silver releasing materials, however
in some case also harmful effect on human cells was observed. To verify biological properties
of prepared coatings in vitro cytotoxicity tests with cell cultures are in progress.
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Fig. 1: SEM images of the microstructure of the coating (plain view) deposited on CP-Ti, a) general view, b) high
magnification view showing specific platelets (red circle) and nanometer sized particles (yellow circle).
 

 
Fig. 2: SEM images of the coatings’ cross-sections deposited on: a) CP-Ti substrate, b) Ti6Al4V substrate.
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Smooth surface of a dental restoration is necessary to obtain clinical durability and aesthetic
appearance, as well as to prevent discolorations and dental biofilm retention [1]. Therefore,
surface of the restoration has to be stable in the oral environment where it is constantly
exposed to saliva humidity. Natural saliva is an aqueous hypotonic solution of water,
containing inorganic ions, organic constituents and proteins [2]. There are many artificial saliva
products, which can serve as a replacement for natural saliva in experiments that simulate oral
environment conditions in vitro. The aim of this study was to determine the effect of artificial
saliva storage on AFM roughness parameters and topography of dental composites.
Four representative dental resin-based composites were tested in the study: nanofilled and
nanohybrid (Filtek Ultimate Body, and Filtek Z550, 3M ESPE), microfilled (Gradia Direct, GC)
and microhybrid composite (Filtek Z250, 3M ESPE). Each polymerized specimen was polished
according to dental polishing protocol (Shofu). Topography and roughness of each specimen
was examined by AFM before and after artificial saliva storage (aqueous solution of Sinclair
saliva supporting tablets, in dark containers, at 37 ºC in a water bath, for three weeks).
The AFM images of both testing groups show surfaces with furrowed topography, created by
the abrasive wear mechanism of the conducted polishing method. However, the artificial saliva
storage did not qualitatively change the topography of the tested materials (Fig. 1). Calculated
AFM average roughness parameter (Ra) showed a reduction of roughness after storage in
saliva for both nanofilled and nanohybrid composites, as well as for microfilled composite (Fig.
2). Only the microhybrid material showed different results with increased roughness values
after the storage. AFM peak-to-valley distance roughness (Rp-v) also decreased for nanohybrid
and microfilled material after the medium; for nanofilled the influence of storage solution did
not show a significant difference; and again only the microhybrid material had higher
roughness values after the saliva storage (Fig. 3). The artificial saliva has not negatively
affected surface topography of the tested nanocomposite materials. However, inorganic filler
particles can be removed or leached by the artificial saliva medium, leading to positive or
negative changes in roughness values, depending on the size of filler particles.
1. Antonson SA et al. Comparison of different finishing/polishing systems on surface roughness
and gloss of resin composites. J Dent 2011; 39s:e9-e17.
2. Gibson J et al. Natural and synthetic saliva. Biotechnol Genet Eng Rev 1994;12:39-61.
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Fig. 1: AFM images of surface topography of the tested materials
 

 
Fig. 2: Comparison of AFM average roughness values (Ra)
among the tested materials
 

 
Fig. 3: Comparison of AFM peak-to-valley roughness values
(Rp-v) among the tested materials
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Nature is source of a great number of biomaterials, such as bovine bone, capable of being
used as template in the synthesis of biocomposites. Hydroxyapatite, being represented by the
formula Ca10(PO4)6(OH)2 [1], is the most ubiquitous compound of the family of calcium
phosphates, well-known for being the main compound in bones and teeth structure.
Furthermore, bovine bone is a natural, cheap, very resistant and waste material. Even more, it
is biodegradable and renewable material. [2] In other hand, mono- and bimetallic Au, Ag, Pt,
Pd, Fe and Cu nanostructures can be synthesized by reduction of their corresponding ions
assisted by aqueous extract green tea (Camellia sinensis) [3]. Bio-reduction technique involves
biomolecules present in green tea extracts for reducing the metallic precursor to obtain
different kind of nanostructures, in size, shape and composition. The phenolic compounds and
terpenoids are responsible for the formation and stabilization of nanoparticles, thus the
concentration of these metabolites can serve as control of the size and shape of the
nanostructures formed. This ecofriendly bioreduction method allows the formation in solution
and in-situ support of metallic nanostructures on bovine bone and others biomaterials.
In this work, bovine bone is employed as a template to direct the nucleation and growth of
mono (Au, Ag, Pt, Fe and Cu) and bi-metallic (Ag-Au and Au-Fe) nanostructures (micro-,
submicro- and nanostructures to obtain, thus, the low cost and renewable metal/bovine bone
nanocomposite. Novel biocomposites were analyzed by SEM, TEM and STEM (HAADF and BF)
techniques. Microscopy studies of metal nanoparticles/bovine bone composite show their
average size is under 10 nm for Au, Pt and Ag (Figure 1). Diffuse reflectance UV-Vis
spectroscopy (DRS) was used to probe surface plasmon resonance behavior in the
biocomposites,
One of the most promising area of application for nanotechnology is that related to
environmental sciences, it is well known that the focus is towards green and viable methods
that allow the remediation and treatment of wastewater, based on this, this project intends to
obtain biocomposites build from metallic nanoparticles supported on bovine bone and use
them as catalysts in the reduction of phenolic compounds presents in contaminated water.
Bionanocomposites obtained have also promising future applications as catalyst, sensor and
medical bone replacements.
References
[1] Kannan S., et al. Chem Mater 2006;18:2181–6.
[2] Becerril-Juárez I. G. et al. Materials Letters 2012;85:157–160
[3] Vilchis-Nestor A. R. et al. Materials Letters 2008;62(17):3103–3105.
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Fig. 1: Figure 1.- HAADF and BF-STEM images of platinum nanoparticles supported on bovine bone.
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The shark teeth present a great similarity in composition to the mammalian teeth and bone
tissue, which consists of a mineral phase of calcium-deficient carbonated hydroxyapatite
together with fluorapatite, where hydroxil is partially replaced by fluorine [1]. Thus, this fishing
by-product has a potential application in the medical field as a bone filler material in
orthopedical surgery, enamel regeneration and other dental and maxillofacial treatments.
In the present work, a TEM analysis was performed to study the structural transformations
during the fabrication process of these materials to obtain the final bioceramic product. Teeth
from two species of shark (Isurus oxyrinchus and Prionace glauca) were boiled in water to
remove organic remains from the jaw. Then, the whole natural pieces were subjected to a ball
mill (Retsch MM2000) during 5 minutes and with an oscillation frequency between 3-35 Hz to
obtain a powder. This powder was pyrolyzed at 950 ºC during 12 hours with a heating ramp of
2 ºC/min and an ending cooling ramp of 20 ºC/min to remove the organic matter.
In order to assess the composition of the starting material, SAED patterns were obtained from
the non-pyrolized powder (Fig.1). The analysis of the electron diffraction pattern (Fig.2)
allowed for the indexing of the (002), (121) and (1-12) reflections as found in the crystal
structure resolved by Hughes et. al. [2], thus confirming the presence of fluorapatite on the
shark teeth. However, when the same analysis was conducted on the pyrolized sample (Fig. 3),
the SAED diffraction spots could no longer be attributed to fluorapatite but to the formation of
whitlockite, as indicated by the indexing of the (223), (0-14) and (131) corresponding to the
crystal structure described by Calvo et. al. [3]. It has already been reported that the thermal
treatment of biological hydroxyapatites induces the formation of whitlockite [4], that albeit
having a different crystal structure, it has also shown excellent biocompatible properties [5].
REFERENCES
[1] J. Enax, O. Prymak, D. Raabeb, M. Epple. J. Struct. Biol. 178 (2012), 290-299.
[2] J.M. Hughes, M. Cameron, K.D. Crowley, Am. Mineral. 74 (1989), 870-876.
[3] C. Calvo, C. Gopal 60 (1975). Am. Mineral. 120-133.
[4] A. Kohutová, P. Honcová, L. Svoboda, P. Bezdička, M. Maříková, J. Therm. Anal. Calorim. 108
(2012), 163–170.
[5] H.L. Jang, K. Jin, J. Lee, Y. Kim, S.H. Nahm, K.S. Hong, K.T. Nam, ACS Nano 8 (2014),
634-641.
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Fig. 1: TEM image of a particle of shark tooth powder prior
to pyrolization. The circle indicates the area where the
SAED aperture was placed.
 

 
Fig. 2: SAED pattern showing the reflections indexed as
fluorapaite.
 

 
Fig. 3: TEM image of a particle of 1000 ºC pirolyzed shark
tooth powder. The circle indicates the area where the SAED
aperture was placed.
 

 
Fig. 4: SAED pattern showing the reflections corresponding
to the presence of whitlockite.
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Dentin is the most abundant mineralized tissue in the human tooth. It is composed of collagen
fibrils and nanocrystalline apatite minerals. Recent advances in TEM, i.e spherical aberration
techniques and low-voltage capability available with sufficient spatial resolution, allow us to
characterize the dentin structure in a more easily way with considerable less damage and a
high resolution. These advances definitely help to gain insights into the dentin, and dentin
tubule structure and chemistry in tooth, and provide a deeper understanding as the material
remains unaltered for quite a long time at a low voltage. The damage energy threshold is
supposed to be less than 100 kV [1-2].
In this study, we have used an image-side CS-corrected TEM (TEM/STEM JEOL 2100F), working
at 80kV to closely examine the dentin microstructure and atomic structure of a healthy human
tooth, and to analyze the effects of electron beam induced damage at different accelerating
voltages on the dentin structure. During the experiment, a cooling stage was employed. TEM
specimens were carefully prepared by wedge Tripod polishing, and followed by a final low
energy ion milling for a few minutes.
The very local chemistry of dentinal tubule (DT), peritubular dentine (PD) and intertubular
dentine (ID) have been carefully analyzed (Fig.1). By means of intensive EDX and EELS
spectrum-image analysis, it is demonstrated that the local chemical compositions in DT, PD
and ID are different, particularly, the Ca/P atomic ratio. It is found that peritubular dentine (PD)
shows a relative low the Ca/P atomic ratio as compared to DT and ID. Energy loss near-edge
structure analysis reveals that the fine structures of P-L2,3, O-K and low-loss spectra in DT, PD
and ID are dissimilar, which are supposed to relate to the change of local chemistry and
coordinates. Fig.2 shows one EELS measurement on the intertubular mineral region.
At 80 KV, atomic structure of hydroxyapatite (HA), such as nanocrystalline apatite mineral can
be imaged very clearly. It shows a well-defined crystalline structure and reveals additional
grain boundaries and interfaces. It is noted that under a certain amount of beam doses the
plate-like crystal starts growing into a big crystal within a few minutes (Fig.3 and Fig.4).
Reference
[1] E F Brès et al, Ultramicroscopy 35(1991), p. 305.
[2] A E Porter et al, Biomaterials 26(2005), p. 7650
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Fig. 1: The bright-field image shows the plate-like
intertubular mineral structure morphology in the normal
dentin and intratubular mineral regions much dark areas at
left side. The numerous voids are obvious and distributed
among the intertubular structures.
 

 
Fig. 2: A ADF image showing a crack starts at DT and
normally ends at IDs. The tubules are thus believed to be
the sites of microcrack nucleation
 

 
Fig. 3: EELS spectrum taken from the intertubular mineral
region, where C, Ca and O peak are visible, and
corresponding low-loss spectrum inserted.
 

 
Fig. 4: A typical HRTEM image acquired from the crystallite
in intertubular mineral region after exposed to a certain
electron beam doses shows the formation of a CaO –type
crystal with multiple twins
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Over the last years, the synthesis and application of biomaterials has become one of the most
active and promising areas of research. A broad range of organic and inorganic materials have
been explored as biomaterials. Recently, porous magnetic materials are of great interest due
to their potential applications such as magnetic resonance imaging [1], magnetic hyperthermia
[2] and as drug carriers [3]. Herein we report a morphological ans structural studio on M-type
barium ferrite  with hexagonal structure (BaFe12O19). Shape and cristalline structure of the
as-synthesized BaFe12O19 were characterized by scanning electron microscopy (SEM, FE-SEM,
JEOL JSM-7600), transmission electron microscopy (TEM, Tecnai, FEG Phillips f20), and X-ray
difraction (XRD, SIEMENS, D-5000) respectively. BaFe12O19 porous nanostructured materials
was synthesized by sol-gel method via spray drying (Mini-Spray Dryer SDL31 Yamato).
Chemicals used for the synthesis of BaFe12O19 were iron (III) nitrate nonahydrate
(Fe(NO3)3·9H2O), barium carbonate (BaCO3), ammonium hydroxide (NH4OH) and tween-20 as
surfactant. All reagent-grade commercial products were used without further purification.
Polystyrene (PS) spheres were used as templates in order to obtain the porousness.
Characterization of BaFe12O19 magnetic nanoparticles shows that the chemical composition
proposed here for the synthesis of BaFe12O19 coukd be used as a good approach in
engineering magnetic nanoparticles as drug delivery vehicles owing to their great potential.
keywords: Biomaterials, Drug delivery, Barium hexagonal ferrite
[1] Tina Lam, Phiippe Pouliot, Pramod K. Avti, Frédéric Lesage, Ashok K. Kakkar,
"superparamagnetic iorn oxide based nanoprobes for imaging and theranostics", Advances in
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Laurence Motte, Arnaud Brioude, Yoann Lalatonne, "Iron oxide nanoparticles with sizes, shapes
and compositions resulting in different magnetization signatures as potential labels for
multiparametric detection", Acta Biomaterialia, 9 (2013) 6150-6157
[3] Il Keun Kwon, Sang Cheon Lee, Bumsoo Han, Kinam Park, "Analysis on the current status of
targeted drug delivery to tumors", Journal of Controlled Release, 164 (2012) 108-114 
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Fig. 1: SEM image of BaFe12O19 showing a spherical shape.
 

 
Fig. 2: TEM image of BaFe12O19 showing a spherical shape.
 

 
Fig. 3: EDS spectrum showing the characteristics peaks of BaFe12O19.
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The clinical procedures when braces fixation suggest adhesion forces between 2.8 and 10.0
MPa as appropriates. In this work the dental enamel edge was evaluated by SEM before and
after debonding the braces and measure the bond strength and enamel loss after the brackets
debonding with the help of AutoCAD software. 30 bicuspids with prophylaxis were used and
observed with SEM, metallic braces (Roth Inovation .022 GAC) were bonded with Transbond
Plus SEP 3M Unitek adhesive and Transbond XT 3M resin. The samples were colocated to 37°C
during 24 hours and submitted to tangential forces with the Instron Universal machine with
speed load sheading 1.0mm/min to obtain the strength resistance when debonding. ARI test
was made, the base of the braces and bicuspids were observed. All the SEM images of the
braces were processed with AutoCAD program was used to measure area of enamel lost, resin
over the bracket base and the metal base free of resin (mm2) over the SEM images. In the
shear bond strength test was obtained an average value of 6.8MPa (SD±3.2MPa). The  63.3%
 of the samples presented value 1 ARI, the 20% value 2, the 13.3% value 3 and 33% presented
value of 0. All those samples with dental enamel lost presented different situations as
fractures, steps, horizontal lost, and vertical in some cases, and little lines of scratches. There
is no association between the debonding resistance and enamel presence. When the resin area
increases is also increasing the debonding resistance.
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Fig. 1: Presence of enamel prisms Transbond Plus® SEP
 

 
Fig. 2: Different situations as fractures, steps, horizontal lost, and vertical in some cases, and little lines of scratches.
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Cellulose is being widely studied as nanomaterial due to its reinforcement capacity, strength
and thermal expansion. However, metallic nanoparticles are more studied as reinforcers than
thus from organic sources [1]. To purify cellulose from agave waste and wood pulp could be
the basis to obtain organic nanoparticles that can be functionalized with different compounds
to improve their properties. The crystalline properties of cellulose make it stable; however, the
amorphous part is the most important for the functionalization due to its free functional groups
[2]. The aim of this work is to produce cellulose nanoparticles (CNP) from the purification of
agave waste and wood pulp, characterize and functionalize them for possible use as
reinforcers. The nanoparticle synthesis was made using dry agave fibers and wood pulp, [2]
which were washed in DI water. Then, the fibers were pretreated with a NaOH solution and
washed to remove the lignin and hemicelluloses. The pretreated fibers were hydrolyzed with a
H2SO4 and HCl solution in an ultrasonic bath. Finally, the functionalization was made by
adding Congo red solution (0.01%) and silver nitrate 250mM dropping meanwhile heating.
Some images were taken using SEM and TEM; these images were analyzed to obtain
morphology, particle size, distribution, crystallinity and atomic distribution. In this work, an
image analysis was made, using micrographs taken with SEM, to calculate particle size of the
pure CNP, obtaining sizes between 20 ± 12 nm with a quasi-spherical morphology meanwhile,
CNPF sizes are between 2-20 nm and more disperse than CNP (Fig.1). Analyzing high
resolution TEM images (Fig.2) allowed the observation of the atomic columns, the difference
between the arrangements of the crystalline regions and the amorphous regions in a
nanoparticle, these results were similar to other reports [3]. Also, some diffraction patterns
were taken to measure and obtain some information about the cellulose crystalline structure,
which is triclinic (Fig.3). The CNPF have different diffraction patterns due the presence of silver
(Ag) and Congo red. Also, the amorphous regions of the CNP disappear on the CNPF TEM
images, which indicate a more stable structure. This work demonstrated that it was possible to
produce cellulose nanoparticles, and that its amorphous and crystalline regions are useful to
functionalize them with silver and Congo red to improve and develop some properties so that
they could have a potential use in the reinforcement of films with potential applications in the
food industry.
1.Hepworth, D. (2000). Composites. Part A. 31: 283–285. 2.Liitiä, et al. (2003). Cellulose. 10:
307–316. 3.Nishiyama, et al. (2003). Crystal Structure and Hydrogen Bonding System in
Cellulose. JACS.
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Fig. 1: A) SEM image with measures of the nanoparticles, notice the size that goes from 20 to 80 nm. B) SEM of CNPF,
notice the roundness and the smaller sizes.
 

 
Fig. 2: TEM. A) Cellulose nanoparticle micrograph and diffraction pattern on top. B) Silver-cellulose nanoparticle
micrograph and diffraction pattern on top. C) Cellulose-silver-Congo red nanoparticle micrograph.
 

 
Fig. 3: A) Nanoparticle zooming. B) Diffraction pattern of the nanoparticles. C) Drawing of the triclinic diffraction
pattern. D) Measuring of the angles and shapes.
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Organogels are soft materials, which result from the immobilisation of an organic liquid or oil in
a three dimensional network by a gelator. The organogels in this study were obtained from an
organic liquid and a low molecular mass organic gelator (LMOG). In solution, an organogelator
as 12-hydroxystearic acid (HSA) self assemble by non-covalent interactions and form fibrous
structures responsible for the gelation phenomena. We elaborated original soft materials from
organogels, and at all the development steps, electron microscopy (SEM, LV-SEM and TEM)
have been used to characterize and optimize these materials.
Gelation of the oil:
In order to visualize the self-organization of the low molecular-mass organogelator (HSA), SEM
observations were carried out (Fig.1a, 1b) and it clearly shows the nanofibrillar organization in
a vegetable oil like soybean oil.
Microporous organogels:
This soft material was prepared from HSA as organogelator, and soybean oil as organic liquid.
Particulate leaching technique with sugar, salt and powdered sugar templates were used to
introduce a controlled porosity inside the organogels. The obtained organogels are used as
artificial matrices for cell cultures, or as new adsorbent porous material to collect or remove
pollutants. Scanning electron microscopy was intensively used to characterize the
morphologies and the porosity of the materials (Fig.1c)
Water dispersion of gelled nanoparticles:
Gelled particles of soybean oil and HSA were obtained by hot emulsification (T > Tgel), with a
stabilizing agent (surfactant or polymer), and cooling at room temperature (T < Tgel). The TEM
observations of the dispersions show spherical particles with a mean diameter of 200 nm
(Fig.1d). The gelled particles are able to encapsulate hydrophobic drugs for a controlled
delivery.
All of these results underline the importance of electron microscopy in the characterization and
optimization of these original soft materials based on organogels.
References:
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Fig. 1: Figure 1: Electron microscopy images of organogels. a,b) TEM observations of fibrils and fibers of HSA
self-assembled in soybean oil. c) LV-SEM of a microporous organogel obtained with sugar porogen and HSA/soybean oil
as gel phase. d) TEM of organogel nanoparticles HSA/soybean oil.
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The work aims to identify how a tridimensional structure of an polymeric biomaterial produced
by drip-spinning method (patent required) looks like when analyzed through scanning electron
microscopy (SEM) without metallic coating over the sample. Using a low electric tension (0,5 to
5kV ) and operational techniques of the microscope (tilt and spot size variations), images with
relative good magnification and resolution were achieved. The biomaterial is basically made
from two polysaccharides, which are being studied by the authors at Laboratório de
Biomateriais (Labiomat). This work is part of the characterization of an new material with
potential to be used as scaffold for regeneration of soft tissue. The information provided by the
images helps to understand some characteristics such as absorption, permeability and
adherence of such biomaterial – depending on its application.
It can be seen from this work that is it not necessary to cover organic tridimensional materials
to get real good images and information. Some variables such as electron tension, spot size
and tilt, which can be modified in order to enhance resolution in each magnification, can be
used. Moreover not to use always a focused energy density (small spot size) in a specific area
of a material means a gain in the image resolution or detailed information. It is necessary to
understand how the material is (plane or in a tridimensional format) in order to use with
coherence the operational variables of the scanning microscope.
References:
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Fig. 1: SEM images, samples without metallic coating: A) 1
kV, SP 30, T 0; B) 0,5 kV, SP 20, T 0;  Some parts of the
sample have been charged more than others because of
the different elements which compound the fiber.
 

 
Fig. 2: SEM images, samples without metallic coating: C) 5
kV, SP30, T 0; D) 5 kV, SP 20, T 0. Some parts of the
sample have been charged more than others because of
the different elements which compound the fiber.
 

 
Fig. 3: Analyzing the effect of tilting.: A) 2 kV, SP 30, T 0; B)
2 kV, SP 30, T 45.
 

 
Fig. 4: Analyzing the resolution with amplification of images
at 2 kV, SP 30, T 45; from 50 x until 8.000x
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The mechanisms of life and their effects to diseases form the basis of biological researches.
Due to the dynamic nature of the biological organizations, monitoring of living cells and effects
of drugs and chemicals on mammalian cells has very essential importance. In recent years,
lab-on-a chip systems have been introduced to detect for cellular organizations quickly and
accurately [1]. The aim of this study is designing biofunctional conductive electrode surfaces
which will allow long-term cultivation of mammalian cells for lab-on-a chip systems. However,
most of the electrodes (gold, platinum, etc.) are not transparent and thus, not suitable for
many light microscopy techniques. ITO-glass surface is most advantageous for light
microscopy techniques due to its transparent nature; it is also conductive and can be used for
electrochemistry.
Here we showed that 4-(2,5-di(thiophen-2-yl)-1H-pyrol-1-l)benzene meta-amine (RMF)
monomer can be electropolimerized on ITO electrode surfaces without effect on the surface
transparency. We also modified surfaces with RGD peptide to investigate cell adhesion and
proliferation. Morphology of the surfaces was analyzed by scanning electron microscopy (SEM)
and atomic force microscopy (AFM). Biocompatibility was determined by in vitro tests, the
African green monkey kidney cell line (Vero), human keratinocyte cell line (HaCaT) and human
neuroblastoma cell line (SH-SY5Y) were cultivated on the biofunctionalized electrode surfaces.
Their adhesion, proliferation, spreading and homogeneous distribution on polymers was
monitored by fluorescence microscopy. Our results showed that RGD modified electroactive
surfaces showed better cell adhesion than non-modified electrode surfaces and conventional
polystyrene surfaces. We were able to conduct cell imaging studies up to 72 h on these
surfaces with comparing all of the cell lines. We also determined that polymer thickness effects
the cell adhesion. The polymers were deposited on the ITO working electrode with scans of 5,
10 and 25 cycles which correspond to 16±2.14, 26±5.14, 31±0.69 nm respectively. The 10
cycle polymer deposited surfaces were the best effective substrates for cell adhesion.
In conclusion, we determined optimum conditions for bio-electronic platforms. Proposed
electrode was successfully used for monitoring cell adhesion and viability via microscopic
techniques. In future studies, we plan to test cell adhesion and proliferation on this bio
modified surfaces by using holographic microscopy in a label-free manner.
References
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Fig. 1: Schematic representation of electrode preparation for cellular imaging platform.
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Background and aims Seeding of dental implants or bone substitutes with mesenchymal
stem cells (MSCs) may improve osseointegration and bone regeneration. MSCs are multipotent
stem cells capable of differentiating toward osteogenic, adipogenic and condrogenic lineages.
Apidose tissue derived MSCs can be easily harvested from donor fat tissue with liposuction. In
our model system different surfaces like titanium alloy meshes, plastic and bovine bone
substitutes (Bio-Oss) were covered with modified matrix-mimetic oligopeptide motifs, RGD.
The arginyl- gliycyl-aspartate (RGD) have been broadly applied for biomimetic functionalization
of various coating polymers.
Materials and methods Cell adhesion, and differentiation of Ad-MSCs was followed by
immunohistochemical staining of osteogenic progression indicating proteins, GFP expression
and calcium deposition staining with alizarin. Adhesion of Ad-MSCs on covered and uncovered
surfaces was visualized by scanning electron microscopy.
Results Alizarin and ALP staining were sensitive indicators of osteogenic progression. However
titanium alloy and bovine bone substitutes itself exhibit excellent biocompatibility, cell
adhesion as well as osteogenic induction was highly increased by functionalization of surfaces
with our polypeptide conjugates. The better adhesion of Ad-MSCs to coated surfaces resulted
proliferation and differentiation. The stronger attachment of MSCs to coated surfaces were
visualized by SEM as well.
Conclusions A reliable system was established for the follow-up of in vitro ossification and
testing various scaffold surfaces. The effect of the peptides is promising, and will be further
tested in animal models.
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