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2016. Fourth annual report. Still growing scientifically. Good sign. Some
things repeat themselves. They are self-replicating systems independent
of time. Therefore, we have continued to manage laboratories that are con-
stantly used by DNBT coworkers and "external" researches (mainly from
BOKU, ACIB and the AIT). We are still present in BOKU commissions re-
lated to leadership, teaching, research and ethical matters (DLK, DokStuko,
FachStuko, Forschungsprecher, ethics platform). Bureaucracy has increased
for me since I accepted to be Head of Department (hopefully it will only last
for 3 years).

Analysing per parts, teaching is going well although we do not have too
many students since we mainly teach master topics. So far, the students
evaluated positively our lectures. I hope this will bring us a couple of good
MSc students. We need them to face "easy" and basic research topics that
can be a foundation of future PhD projects. In 2016, a major teaching im-
provement for the institute has been the kick-off of the Microscopy lab in
Biophysics (803311), a practical lecture that shows the main experimental
techniques that we use everyday in the lab. On this context, many students
and coworkers were trained by Jacqueline, Alberto and Jagoba on the basics
of AFM, while Dietmar introduced them to the fundamentals of TEM and
SEM.

2016 has been interesting and positive from the publishing point of view,
even if we could not achieve the numbers of 2015 (and former co-workers
used data of the institute without informing me, which is not a tragedy). We
have made progress in the understanding of lipid-protein systems, S-layer
recrystallization in 3-D and cell mechanics and the chemical and mechan-
ical characterization of plant cell walls. Briefly, our numbers are: 11 (SCI)
publications, 1 book and 22 communications to conferences, workshops
or seminars (including invited lectures). The real highlight of the year has
been the incorporation of Dr. Notburga Gierlinger (ERC and START grant
holder) and her research group to our institute. She expands notably the
existing research portfolio of the institute by bringing "green" topics. Not
only that, with Notburga we (and the department) gain expertise in raman
and infrared spectroscopy. Who knows if this could help us to establish a
CD-laboratory devoted to nanoscopy. . .

I am also happy because we managed to get our second FWF regular
project (concerning what proteins do at soft interfaces) after several attempts.
2016 was also a good year to consolidate our summer school, which I would
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like to keep even if we are short of global money. It is important to get
together and get to know and discuss what we do at work. This event gives
me a global picture of what is going on and should help us to strength the
collaborations inside the institute.

This year we hosted again visiting researches. In total we had three se-
niors (Dr. Rafael Benitez, Dr. Xavier Garcia and Dr. Spela Zemlijc-Jokhadar)
and five students (Agnes Weiss, Mirka Kamenikova, Eva Sanchez, Ilaria
Pecorari, Alexander Rudt), who carried out with us part of their PhD and
MSc thesis. Although, not all of them took the change to progress and come
back home with good results, we will continue to invite researches and
students from other countries. We should not forget we have social tasks to
fulfill.

There are few things that I wish for 2017. The first would be to see
Notburga’s group fully integrated in the new environment doing great ex-
periments. The second would be to extend our theoretical and experimental
knowledge on cell mechanics. (The projects concerning proteins at different
interfaces are running well.) The third, and very important, is to help our
students (and coworkers) to improve. In the case of our students we have to
make sure that they finish and are ready to work in competitive laboratories
or companies.

Finally, like every year, I would like to thank all the members of the
institute and visitors that made this possible. With special mention to those
who left to continue a professional career somewhere else. Thank you.

José L. Toca-Herrera

PS: Aagghh! How could I forget Uwe’s book about science and arts? Did I hear about it before?
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1 Research Topics

S-layer directed nanoscale fluid mechanics

Dietmar Pum, Andreas Breitwieser, Jagoba Iturri, Jose Luis Toca-Herrera, Uwe B.
Sleytr
1 Institute of Biophysics, Dept. of Nanobiotechnology, University of Natural Resources and Life Sciences, Vienna

Aim/Objective

The main objectives of this research proposal are the detailed investigation
of the anti-fouling and the hydrodynamic surface properties of S-layers. We
assume that the S-layer modifies the structure of the first "locked-in" water
layer(s) and, in this way, makes it to a liquid-repellent and slippery surface.

Anti-fouling properties of S-layers.

Crystalline bacterial cell surface layer proteins (S-layer proteins) represent
the outermost cell envelope component in a broad range of prokaryotes (bacteria
and archaea), and are one of the most abundant biopolymers on earth. S-layers
are isoporous protein mesh works with unit cell sizes in the range of 3 to 30 nm,
thicknesses of 5 to 10 nm (up to 70 nm in archaea), and pore sizes of 2 to 8 nm.
A broad range of specific functions of S-layers has been studied over the last
decades (e.g. acting as molecular sieves, determination of cell shape, etc.) but
the reason for many unique surface characteristics like the excellent antifouling
properties are still unknown.

Thus, the main objectives of this research project are the detailed investi-
gation of the relevance of the anti-fouling properties and the flow resistance
of S-layers for the bacterial cell. In the course of the investigation of the anti-
fouling properties contact angles were determined in the sessile drop as well
as Wilhelmy-plate approach. The S-layer shows hydrophobic surface charac-
teristics in the dried state, which is not surprising, since S-layers contain a
high amount of hydrophobic amino acids. However, in the Wilhelmy plate
approach, it turned out that upon removal from the subphase the S-layer drags
the water surface up. As a matter of fact, the contact angle of the generated
meniscus yields a hydrophilic surface characteristic caused by the combined
layered architecture of the S-layer and the associated (locked-in) water layers.

Non-classical pathway of S-layer crystal growth

The reassembly of S-layer proteins has attracted much attention in the lit-
erature recently. The process is entropy-driven and a fascinating example of
matrix assembly following a multistage, non-classical pathway in which the
folding of the S-layer proteins is directly linked with assembly into extended
clusters. Based on our broad knowledge in the functionalization of surfaces
by the reassembly of native S-layer - and functional S-layer-fusion proteins,
we investigated the non-classical pathway experimentally and were able to
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Figure: QCM-D (∆f∆D) plot demonstrating the non-classical two-step recrystallization of rSbpA on
hydrophobic silicon.

separate it into two consecutive but independent steps! QCMD and in-situ AFM
demonstrated that adsorption of S-layer monomers from solution is completed
within 5 minutes, the amount of adsorbed protein sufficient for the generation of
a complete monolayer but prolonged incubation in a buffer system containing
CaCl2 mandatory. Moreover, up to our knowledge, this is the first time that
QCM-D measurements in particular ∆f∆D-plots were used to characterize the
advancing crystallization (Fig.1).

In addition, contact angle measurements were performed in order to elu-
cidate the change in the surface properties of S-layers from hydrophilic to
hydrophobic as the crystallization proceeds. Our approach offers several ad-
vantages ranging from the perfect control of the experimental parameters (e.g.
protein concentration, buffer composition, time evolution, etc.) to the new way
of using spray-coating for the deposition of S-layers in (nano)biotechnological
and biomedical applications.

Flow resistance of S-layers in water

It is still not clear whether the S-layer reduces or increases the flow resistance
of bacterial cells in water. If the body of the bacterial cell has no friction against
the surrounding medium, due to the torque balance, it would not move forward
at all. Otherwise, if friction is too high, the bacterial cell would not move either.
Thus, we assume that there is a delicate balance between the anti-fouling prop-
erties and the flow resistance of S-layers which was optimized by nature in the
course of evolution. Thus, in addition to rheology studies and drag experiments
with optical tweezers, nanoparticle-tracking analysis (NTA) experiments were
performed this year. The question is still not solved and a more accurate optical
setup needed in order to measure the extremely small differences. Currently it
seems that the S-layer increases the flow resistance!
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Summary

The results of this project are primarily relevant for basic research but the
achievements might provide the basis for novel developments in biocompatible
non-wetting surfaces.

Acknowledgments

This work is funded by the Air Force Office of Scientific Research (AFOSR),
Agreement award FA9550-15-1-0459.
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Insight in the Viscoelastic Characteristics of Gelatin Nanoparti-
cles as Drug Delivery System

Agnes Weiss1, Jagoba Iturri2, José Toca-Herrera2 and Marc Schneider1

1 Department of Pharmacy, Biopharmaceutics and Pharmaceutical Technology, Saarland University, 66123 Saarbruecken,

Germany.
2 Department of Nanobiotechnology, Biophysics, University of Natural Resources and Life Sciences, 1190 Vienna.

Figure: Zener’s model. E indicates the elasticity and η the viscosity. E0 and E1 is E∞.

Aim/Objective

In the research of drug delivery systems, nanoparticles (NPs) are in focus
due to their advantages in drug targeting. In recent years the elasticity was
shown to have a high impact on the retention time in the blood and the cellular
uptake. Both are important parameters for the successful delivery of drugs to
their site of action. Even though cross-linked gelatin NPs are well studied and
characterized their stiffness and its tenability remains unknown.

The aim of this study was to design a setup to measure and evaluate the
viscoelastic parameters of gelatin NPs. Therefore, cross-linked NPs with an
average hydrodynamic diameter of around 200 nm are used. First of all, we in-
vestigated different crosslinking reaction times which should lead to differently
cross-linked and hence variously elastic particles.

Summary

The viscoelasticity can be determined by force-distance-measurement with
atomic force microscopy (AFM). When the tip and the NPs are in contact, either
the force or the height is kept constant for 10 sec. The resulting creep and force
relaxation curves can be fitted to the Zener model by a single exponential decay
and the parameters c0, c1 and x1 or a0, a1 and tau1 are extracted. To check the
linear relation of stress and strain we applied different forces between 0.5 and
2.5 nN. The read out was the time-dependent parameters x1 and tau1. Their
consistency is shown and proves the linearity of the relation. The linear depen-
dence between stress and strain was examined for particles with crosslinking
times of 3, 15 and 18 hours.

For the following experiments, a load of 1 nN was chosen. This allows eval-
uating the obtained results by Zener’s model. From the extracted parameters
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the elasticity is calculated. For E1 and E∞ there is a slight increase visible in the
elasticity from 6 to 18 hours crosslinking time. The NPs which are cross-linked
for only 3 h do not show this trend but the standard deviation is very high for
these particles. Even though there is a small increase in the elasticity the aging
of cross-linked gelatin nanoparticles after a storage time of approx. 4 weeks
at 4 ◦C has an influence on the stiffness which is much bigger. For E0 there is
no influence observed of the crosslinking time looking at the freshly produced
NPs. With the influence of the storage time, this changes whereas the elasticity
increases from 40 to 69 MPa for the 15 h cross-linked NPs the values for the NPs
with 18 h crosslinking are more than double as high after storage. The viscous
characteristics show the same tendency as E1 and E∞.

From the performed experiments, we can conclude that the cross-linked
gelatin NPs show linear elasticity in the examined range. Furthermore, the
crosslinking time of the NPs seems to have only a small or no influence on
the stiffness of the particles. In contrast, the aging of the NPs showed a high
influence to our NPs and changed the stiffness clearly.
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Mechanical response of Endothelial Cells by variation of the
Substrate stiffness and Cytoskeleton consistency

Jagoba Iturri1, Spela Zemlijc-Jokhadar2, Amsatou Andorfer-Sarr1, José Luis Toca-
Herrera1

1 Institute for Biophysics, Dept. of NanoBiotechnology, University of Natural Resources and Life Sciences, Muthgasse 11,

1190 Wien, Austria.
2 Department of Biophysics, Medicine Faculty, University of Ljubljana, Vrazov trg 2, 1000 Ljubljana, Slovenia.

Figure: (Top) Average Force-distance plots of HUVEC cells on the different PDMS/cross-linker
ratios tried. Fitting of these plots by Hertz-Sneddon model yielded the Young’s moduli shown on
the right. (Down) Characteristic F-d plots measured on different HUVEC cells on glass, showing
the piezo retract segment. Image on the right highlights the appearance of multiple rupture events
between tip and membrane, as well as the shift induced in the elastic modulus towards lower
values.

Aim/Objective

The variation of the cell mechanics on Human Umbilical Vessel Endothe-
lial cells (HUVEC) has been studied by means of Force Spectroscopy under
different conditions: either varying stiffness of the underlying substrate or by
disturbing the structure-supportive microfilaments within the cytoskeleton. In
the former case, cells were seeded on elastomeric PDMS composed of different
pre-polymer/cross-linker ratios. Prior to the incubation of cells, elastomeric
films were shortly (10 s) exposed to oxygen plasma activation, which produces
conversion of naturally hydrophobic dimethyl Siloxanes into hydrophilic inter-
faces. Contrarily, alteration of cytoskeleton could be achieved through exposure

10



2016 Annual Report
Institute for Biophysics
Research Topics

to Cytochalasin-D (CytoD), an inhibitor of the polymerization of actin filaments
which, among other functions, maintain the cell shape via extensive and intimate
membrane-cytoskeleton interactions. Both interferences on the environmental
conditions might induce a huge impact on the final cell membrane mechanical
response.

Results

Analysis over HUVEC cells seeded on PDMS films of varying stiffness
(incub. time = 24 h) showed invariability of the Young’s moduli (E) for the
compositions tried, with values in the range of 2-3 KPa. Such unexpected results
derive from the surface plasma activation step, which creates a thin layer of
rigid silica at the interface and balances out the initially existing differences. In
comparison, HUVECs on plasma-treated glass result in up to 4-fold higher E
values, as a consequence of a better spreading and, by extension, of a hardening
of the membrane.

Subsequent exposure of these cells to low concentrations of CytoD, allow the
complete disruption of the internal cytoskeleton architecture, leading to a more
fluid state of the whole membrane. This change is reflected by a remarkable
drop in E values, and the appearance of multiple rupture events between the tip
and the cell along the piezo retract -before the total loss of contact-, compared
to the defined stepwise recovery (tethers) in the unaltered case.
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Investigating Cell-Substrate and Cell-Cell Interactions by Means
of Single-Cell-Probe Force Spectroscopy

A. Moreno-Cencerrado1, J. Iturri1, I. Pecorari2, M. d. M. Vivanco3, O. Sbaizero2, J. L.
Toca-Herrera1

1 Institute for Biophysics, Dept. of NanoBiotechnology, University of Natural Resources and Life Sciences, Muthgasse 11,

1190 Wien, Austria.
2 Department of Engineering and Architecture, Universit a Degli Studi Di Trieste, via Valerio 6 - 34127, Trieste, Italy.
3 Cell Biology and Stem Cells Unit, CIC bioGUNE, Bizkaia Science and Technology Park, Derio, Spain.

Figure: (Left) Schematic cell capturing process: a chemically modified flat cantilever is placed in
contact with an individual MCF7 cell pre-seeded on SbpA-coated glass. Subsequently, the cell
can be taken away, as shown in the picture, forming our new living probe. ((Right) Characteristic
Force-distance plot in retraction mode, showing the adhesive cell-to-substrate forces in the case of
SbpA (black) and Fibronectin (Red) films.

Aim/Objective

Atomic Force Microscopy appears as a powerful device which can mea-
sure cell parameters by means of manipulation of single cells. This method,
commonly known as cell-probe force spectroscopy, allows us to control the
force applied, the area of interest, the approach/retracting speed, the force rate,
and the time of interaction. Here, we developed a novel approach for in situ
cantilever cell capturing and measurement of specific cell interactions. In par-
ticular, we present a new setup consisting of two different half-surfaces coated
either with recrystallized SbpA bacterial cell surface layer proteins (S-layers) or
integrin binding Fibronectin, on which MCF-7 breast cancer cells are incubated.
The presence of a clear physical boundary between both surfaces benefits for a
quick detection of the region under analysis.

Results

Cell-cell interactions, in the time scale of this experiment, are proven to be
highly influenced by the strength of the interaction to the surface acting as sup-
port. The presence of a higher number of receptors allows a good cell-surface
linkage but, on the other hand, this compromises further interactions with
cells brought to contact. This type of alterations may be required, for example,
to promote migration and invasion of breast cancer cells and warrant further
investigation. The proven simplicity and effectiveness of the two half-slide
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methodology described in this work, together with the use of bacterial S-layers
as anti-fouling films for the cell capture step, could become a very useful tool in
the analysis of further cell-surface or cell-cell interactions. Moreover, the broad
range of substrate coating possibilities for the "adherent" half of the sample
(half-coverslip) and the number of available cells, provide a white canvas on
which a totally new composition could be painted each time, by means of the
AFM.
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Nanoscale protrusions for controlled recrystallization of S-layers

Alberto Moreno-Cencerrado, Jagoba Iturri, Jose Luis Toca-Herrera
Institute for Biophysics, Dept. of NanoBiotechnology, University of Natural Resources and Life Sciences, Muthgasse 11,

1190 Wien, Austria

Figure: Frequency and Dissipation time variations (Overtone, n=3) for the respective hybrid
disulfides, after injection of the SbpA bacterial protein in recrystallization buffer (pH 8.5). Dashed-
Boxed areas highlight the existing differences in both mass adsorption and film viscoelasticity in
the initial moments of the incubation.

Aim/Objective

As already mentioned in this Annual Report, surface wettability plays an
irrefutable role on bacterial S-layer protein recrystallization phenomena. How-
ever, the understanding of the reassembly mechanism of proteins on both
hydrophobic and hydrophilic interfaces at molecular scale remains still unclear.
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In order to elucidate the involved protein-surface interactions, a novel approach
by means of surface modifications based on hybrid disulphide molecules con-
taining hydroxyl-terminated (-OH) and methyl-terminated (-CH3) chains in the
same structure is presented. By tuning the length of the supporting aliphatic
chain, exposure to either one group or the other can be achieved in a controlled
way. This work analyses then the impact of the different chain lengths (Nano-
protrusions) on the diffusion, adsorption and self-assembly processes of SbpA.

Results

Quartz Crystal Microbalance with Dissipation (QCMD) technique was em-
ployed for real-time monitoring of the interaction between isolated SbpA pro-
teins and disulphide-coated gold surfaces. Experiments were performed in
stopped-flow mode, allowing protein-surface interactions to be merely driven
by the respective intermolecular affinity. Preliminary results show very distinct
Frequency decreasing trends already from the initial moments after protein
injection, which are balanced out only after 5 minutes of incubation. Then, a
plateau is then reached (ca. -95 Hz) in the region known for fully hydrophobic
substrates. By attending to complementary Dissipation values, the typical transi-
tion peak for hydrophobic surfaces (see Surface wettability impact project) could
be observed in most of the cases under analysis. These observations would be
explained by either an insufficient chain gap between the active groups on the
surface, leading to dominant hydrophobic-like behaviour, or by a disulphide
synthetic protocol yet to be optimized.

Acknowledgments

This work was supported by the International Graduate School BioNanoTech
(IGS) Program of the Federal Ministry for Science and Research, Austria.
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Polymeric niches as reservoirs for drug delivery devices

Jagoba Iturri, Jacqueline Friedmann, Claudia König, Jose Luis Toca-Herrera
Institute for Biophysics, Dept. of NanoBiotechnology, University of Natural Resources and Life Sciences, Muthgasse 11,

1190 Wien, Austria.

Figure: General scheme of the protocol followed for capsule/particle deposition on micro-structured
polymer brushes of PMETAC.

Aim/Objective

The high porosity of Calcium Carbonate (CaCO3) and Melamine Formalde-
hyde (MF) particles allow for the loading of molecules (i.e. fluorophores) prior
to their coating with oppositely charged polyelectrolytes (PE) following a layer-
by-layer (LbL) deposition. By means of the subsequent dissolution of the
micro-particle cores (with EDTA for the CaCO3 or HCL for MF) protein-filled
polyelectrolyte capsules can be obtained, which are described for their potential
applications as drug delivery devices. However, the capture and release of
these capsules as individual entities (i.e. for characterization purposes) is still a
challenge to be solved.

Results

Different approaches have been followed in order to develop stable reser-
voirs of these drug-delivery devices: On one hand, the LbL deposition of PE
layers on 2D substrates can be used to form soft, highly hydrated monolayers
of variable surface charge where micro-capsules could be assembled via electro-
static interactions to form either a single layer of capsules or a new multilayer
formed by alternate binding of these 3D systems. A second approach is that
of charged polymer brushes. Brushes are described as a dense and highly hy-
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drated layer of polymers attached with one end to a surface (grafting from),
which shows a high responsiveness to external stimuli such as ionic strength
or pH variations. Combination of patterning techniques with polymer brushes
provides additional control over the capsule binding and, for sufficiently small
patterns, would even enable single capsule/particle capture.
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Polyelectrolyte brushes as supportive substrate for bacterial S-
layer recrystallization: Polymer charge and chain extension fac-
tors

Jagoba Iturri, Alberto Moreno-Cencerrado, Jose Luis Toca-Herrera
1 Institute for Biophysics, Dept. of NanoBiotechnology, University of Natural Resources and Life Sciences, Muthgasse 11,

1190 Wien, Austria.

Figure: Scheme of SbpA adsorption on a polymer brush of undefined charge (+, 0, -) and chain
length (Z) and monitoring of the process by time dependent ∆D vs ∆f plots and the resulting AFM
Amplitude error image of the crystalline layer.

Aim/Objective

Polymer brushes of different structure (full extension vs collapsed) and
charge (+, 0, -), grown via ATR polymerization, have been employed as sup-
porting "smart" interface for investigating the recrystallization pathways of
isolated SbpA bacterial surface proteins. Such study has been done by means
of Quartz Crystal Microbalance with Dissipation monitoring (QCMD), which
allowed following the real-time evolution of frequency (related to the adsorbed
mass per area) and dissipation (elastic properties) factors, either individually or
combined as the so-called Df plots.

The brushes employed are featured by different interfacial properties that
allow to compare the effects of different charges in the interaction between

18



2016 Annual Report
Institute for Biophysics
Research Topics

protein and substrates: First, polyelectrolyte brushes composed of either posi-
tively charged PMETAC or negatively charged PSPM are tested under different
structural conformations (fully extended vs collapsed). For both systems chain
collapse can be induced upon an increase in the ionic strength as a consequence
of the screening of charges in the brush and/or by the effect of a counterion
exchange from chloride (Cl-) counter-ions to perchlorate (ClO4-), which creates
a more hydrophobic environment for the film. Second, PNIPAAm brushes
of neutral charge, known by undergoing a thermally-induced conformational
change above its lower critical solution temperature (LCST) of around 32 ◦C,
were employed. We have also analysed the behaviour of PNIPAAm-b-PMETAC
and PNIPAAm-b-PSPM di-block polymer brushes. These systems reproduce
the surface charge conditions of their mono-block partners with the difference
of a more limited chain extension.

Results

The analysis shows the influence of the substrate charge and volume fea-
tures in both the protein film formation and crystallization capability. Besides
the S-layer formation on negative SCWP and positive PMETAC, already well-
described systems, the finding of a crystalline layer on PSPM brushes grown
in the presence of Cu2+ represents a major novelty. In comparison to the null
effectivity towards recrystallization shown by its homologous systems, PSPM
1:4 apparently supplies the optimal conditions for SbpA self-assembly. Such
result reveals a strong contribution from structural features (i.e. chain packing
degree) of the underlying film, besides electrostatic-related interactions, to the
final achievement of an S-layer coating.

Acknowledgments

This work was supported by the International Graduate School BioNanoTech
(IGS) Program of the Federal Ministry for Science and Research, Austria.
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Surface wettability impact on S-layer recrystallization process:
a real-time characterization by QCM-D

Jagoba Iturri1, Ana C. Vianna2, Alberto Moreno-Cencerrado1, Dietmar Pum1, Uwe
Sleytr1, Jose Luis Toca-Herrera1

1 Institute for Biophysics, Dept. of NanoBiotechnology, University of Natural Resources and Life Sciences, Muthgasse 11,

1190 Wien, Austria.
2 University of Sao Paulo (USP), Faculty of Philosophy, Science and Letters of Ribeirao Preto (FFCLRP), Department of

Chemistry, Ribeirao Preto, SP, Brazil.

Figure: Df plot with the different trends observed for SbpA recrystallization on both hydrophilic
and hydrophobic silicon wafers AFM micrographs on the right show final S-layer topography on
underlying (a) SCWP and (b) fluorosilane-modified substrates.

Aim/Objective

How wettability of planar SiO2 surfaces (hydrophilic vs hydrophobic) in-
fluence the recrystallization pathways of SbpA proteins is here studied from
a physico-chemical point of view. By means of either oxidative treatment
(UV/Ozone) or vapor deposition of a fluorinated silane the wetting properties
of the substrate could be easily transformed into hydrophilic or hydrophobic,
respectively. Then, exposure of the samples to SbpA and their subsequent evo-
lution in time was followed in situ by QCMD with the support of Atomic Force
Microscopy for topographical analysis of the resulting crystal-like films.

Results

Time evolution of frequency and dissipation factors, either individually or
combined as the so-called Df plots, showed a much faster crystalline coating
formation for hydrophobic samples, characterized by a phase transition peak at
around the 70% of the total mass adsorbed. This behavior was proven to mimic,
both in terms of kinetics and film assembly steps, the recrystallization taking
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place on underlying Secondary Cell Wall Polymer (SCWP) as found in bacteria,
which specifically recognizes the N-terminal region of the S-layer protein. Com-
plementary Atomic Force Microscopy (AFM) experiments corroborate these
findings and reveal the impact on the final structure achieved.

Acknowledgments

This work is funded by the Air Force Office of Scientific Research (AFOSR),
Agreement award FA9550-15-1-0459.
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Stability of lipid membranes against bacterial toxins: A Langmuir-
Blodgett study.

Tajda Bogataj, Alberto Moreno-Cencerrado and José Luis Toca-Herrera
Institute for Biophysics (DNBT), University of Natural Resources and Life Sciences, Muthgasse 11, 1190 Wien, Austria.

Aim/Objective

Protein-lipid interactions are a key topic in biophysics since they control
almost all the processes in living organisms. In particular, toxin proteins are
known for targeting and binding cell membranes in order to develop their
function. Cyt2Aa2 is a cytolytical toxin from Bacillus Thuringiensis bacteria,
which is known for its insecticidal properties against the cell membrane of
mosquito larvae. In this work, we study the mechanism between this toxin and
a lipid/cholesterol model membrane as a function of the cholesterol concentra-
tion for two different types of phospholipids by means of Langmuir-Blodgett
films. Preliminary results confirm the importance of the lipid/cholesterol ratio
and the phospholipid chain length on the monolayer stability against the effect
of cytolityc proteins (monolayer rupture).
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Unravelling the role of bacterial fimbriae on biofilm formation
process
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Figure: (Left) Optical Micrograph of an AFM chip on top of a pre-formed bacterial biofilm on glass.
The circled area highlights the presence of the pyramidal-shaped tip. (Right) Representative Force
vs distance plots in the retract segment for each of the surface chemistries employed.

Aim/Objective

Adhesion of bacterial cells to surfaces and the subsequent formation of a
biofilm is a naturally occurring process. The cell-surface attachment might be in-
duced by different factors, including recognition of either specific or non-specific
attachment sites on a surface, or even the presence of nutritional cues. However,
the real formation mechanism of the biofilm still represents a scientific challenge,
known its relevance because of taking place on living and non-living surfaces
as well as in different environments (natural, industrial and/or medical). Here,
Atomic Force Microscopy (AFM) in its Force Spectroscopy mode is employed
on films formed by E. Coli bacterial cells to analyze the forces dominating the
interactions between chemically modified tips and bacteria fimbriae.

Results

Commercially available AFM chips (Silicon Nitride and Gold-coated) were
modified with Mannose, inducing specific fimbriae recognition) and a molecule
of hydrophobic character, such as Octanethiol. Both systems were compared, as
reference, to a Silicon Nitride tip. The differences observed between the forces
impact, among other factors, the type of tip-cell contact ruptures recorded and
the range in which these events appear. Thus, a more specific interaction, like
the one posed by Mannose-modified tips, results in a tether-like contact loss
(gradual steps) reaching lengths up to a tenth of micrometers. Contrarily, Sili-
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con Nitride tips promote the formation of multiple short-ranged, non-specific
interactions while fimbriae-Octanethiol contact appears as the weakest one.
However, further investigation needs to be performed for a proper characteriza-
tion of the process.
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Stick-Slip Friction of PDMS Surfaces for Bioinspired Adhesives
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Figure: Surface topography of PDMS under different preparation conditions. Below, general scheme
of the friction tests applied.

Aim/Objective

Friction plays an important role in the adhesion of many climbing organisms,
such as the gecko. During the shearing between two surfaces, periodic stick-
slip behaviour is often observed and may be critical to the adhesion of gecko
setae and gecko-inspired adhesives. Here, the influence of short oligomers
and pendent chains on the stick-slip friction of polydimethylsiloxane (PDMS),
a commonly used material for bioinspired adhesives, is investigated under
varying processing conditions: changing the curing time, washing the samples
in organic solvent, and oxygen plasma treatment. Such treatments make PDMS
oligomers and pendant chains migrating to the contact interface which alter the
stick-slip performance.
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Results

Three different stick-slip patterns were observed on these surfaces (flat or
micro-structured) depending on the presence or absence of oligomers and their
ability to diffuse out of the material. After washing samples to remove any
untethered oligomeric chains, or after oxygen plasma treatment to convert
the surface to a thin layer of silica, we decouple the contributions of stiffness,
oligomers, and pendant chains to the stick-slip behaviour. The stick phase is
mainly controlled by the stiffness while the amount of untethered oligomers
and pendant chains available at the contact interface defines the slip phase. A
large amount of oligomers and pendant chains resulted in a large slip time,
dominating the period of stick-slip motion.
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Controlled degradation and antifouling property loss of bacte-
rial S-layers
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Figure: Full range of 3D structures obtained for PAH/PSS multilayered capsules and the corre-
sponding elastic modulus calculated.

Aim/Objective

S-layer protein films are featured, among others, by their antifouling activ-
ity. However, such a relevant property can be only maintained while keeping
their characteristic crystalline structure. The disruption of the crystalline state,
frequently known as film degradation, has been proven to take place under
well-defined conditions: for instance, exposure to high temperatures (ca 90 ◦C)
or to pH values below the pI induce overall denaturation of the protein, while
treatment with chelating agent EDTA leads to selective removal of Ca2+ ions
within the structure. Thus, two different degradative pathways (pH<4 buffer
and EDTA) were followed on pre-formed SbpA films on underlying hydropho-
bic SiO2 supports, and their respective impact into the final performance against
foulants was monitored in real time by means of Quartz Crystal Microbalance
with Dissipation, and complementarily supported by Atomic Force Microscopy
and Optical Microscopy imaging.

Results

Degradation of S-layers rebuilt from SbpA proteins brought a very different
behavior depending on the 2 different agents employed. While treatment EDTA
seems not to affect much to the overall crystallinity of the film, which in a
certain way is able to keep its functionality, exposure to acidic Citrate buffer
transforms the film in such a way that its performance is fully modified. This is
evidenced by the subsequent exposure to different systems: polyelectrolytes,
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proteins and cells, which show high affinity for the degraded layer if compared
to its undamaged version.
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Graphene Oxide films as support for S-layer recrystallization
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Figure: (Left) Real time Frequency and Dissipation factors variation as monitored by QCMD. The
black arrow indicates SbpA injection, while grey arrows show buffer baseline achievement. (Right)
Resulting Df plot of the recrystallization process on GO, compared to the trend obtained on pure
hydrophilic and hydrophobic silicon surfaces. The colour scale reflects the time elapsed after SbpA
protein injection.

Aim/Objective

Graphene has attracted the attention of scientist all over the world, since
it was isolated and characterized in the early 2000s. Its amazing features (con-
ductivity, strength, etc), together with its pure bi-dimensional character, where
the film thickness corresponds to a layer of Carbon atoms in regular hexagonal
array, have turned Graphene into one of the most intriguing and challenging
materials in nanotechnology. In addition, and due the high reactivity of Carbon
atoms, it allows for chemical modification of the surface (most commonly bear-
ing oxygen- and nitrogen-containing functional groups). This possibility opens
new pathways for the assembly of additional molecules, which might confer
additional properties to the native ones. In this regard, the use of bacterial S-
layer proteins turns of major interest: Crystalline S-layer films represent another
fantastic example of 2D active coatings with a bunch of interesting properties
and applications. A joint material could then incorporate combined features,
while the thickness of the whole film would stay in the nanoscale.

Results

The re-assembly of SbpA S-layer proteins onto Graphene Oxide (GO) films
could be followed in real time by means of Quartz Crystal Microbalance with
Dissipation. The GO layer could be prepared ex-situ by usual methodologies
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prior to undergo protein injection measurements. Monitoring of frequency and
Dissipation factors brought a fast response to SbpA injection and a behavior
which resembles that of hydrophilic Silicon references, compared to the charac-
teristic structure transition peak on more hydrophobic interfaces.
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Force spectroscopy analysis on HT29-MTX mucus producing cells
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Figure: Representative Force-distance plot obtained on HT29MTX cells. The highlighted region
focuses on the tether-like stepwise retract of the tip from the surface.

Aim/Objective

Zinc plays a key role in the normal functioning for maintenance and devel-
opment of immune cells, and its deficiency might lead to several body failures.
However, external Zinc supplementation can reverse the negative effects of zinc
deficiency. A more detailed understanding of the molecular effects of zinc and
their controlled manipulation might prove to be a useful future tool for targeted
modulation of the immune system with very limited side effects [Maares et al.
Arch. Biochem. Biophys., 2016, http://dx.doi.org/10.1016/j.abb.2016.03.
022]. A limiting factor for proper supplementation of zinc would come from the
capability of cells to absorb the ions from the environment. In this regard, the
mucus layer covering the intestinal epithelium has been shown to play a role in
soluble ion absorption [ G.J. Mahler et al. / Journal of Nutritional Biochemistry
20 (2009) 494-502]. According to the mechanism proposed, Mucin proteins
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(present in a high percentage in mucus composition) seem to form ion-mucin
complexes which enable a smoother uptake.

In this work, Atomic Force Microscopy is employed over mucus secreting
HT29MTX (human colonic adenocarcinoma cells with resistance to methotrex-
ate) to characterize in which way cells respond upon Zinc adsorption and the
role played by mucins in this process.

Results

Nano-indentation studies on HT29 cells were firstly carried out over mucus-
free samples, where only the influence of trans-membrane mucins can be taken
into account. Such samples offer a first control over the cell performance in the
absence of the protective mucus layer, which would represent an additional
tenth of microns over the surface. This step becomes critical for a proper discrim-
ination between the different contributing agents to the either elastic modulus
or adhesive forces.
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Time influence on the interaction between Cyt2Aa2 toxins and
lipid-cholesterol bilayers
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Figure 1: Representative scheme of the protein-lipid/cholesterol bilayer behavior.

Aim/Objective

The aim of this project is to investigate protein-membrane interactions as a
function of the time. In particular, we have analysed the interaction between
Cyt2Aa2 proteins and cholesterol-containing surface-supported lipid bilayers
(SLBs) by means of atomic force microscopy (AFM).

Results

We have studied the protein binding mechanism at low protein concen-
trations (10 µg/ml). Besides, we have demonstrated that although holes are
formed at the beginning of the protein-lipid interaction (as reported in formed
work of our Institute), molecular mobility of the bilayer allows for a self-repair
of the lipid interface, leading the system to create a homogenous and isotropic
protein-lipid/cholesterol layer within 3 hours. We also have shown that the
creative combination of different AFM operation modes such intermittent con-
tact, force spectroscopy and phase contrast achieves the characterization of
topography dynamics (molecular mobility), layer thickness and mechanical
properties of the protein-lipid/cholesterol system.
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Figure 2: AFM micrographs (tapping mode) showing protein adsorption and diffusion process as a
function of time. The AFM height micrographs show the evolution of the protein-lipid/cholesterol
system at the different final scanning times: a) time = 15 min; b) time = 20 min; c) time = 25 min; d)
time = 30 min. One defect in all the four scans -possibly SiO2 wafer- has been highlighted by a blue
circle in order to give a reference to the reader.

Conclusions

We have proved that the relation between protein concentration and (obser-
vation) time is an issue that should be taken into account. Thus, even if toxin
Cyt proteins induce hole-like structure formation at low concentrations this
might not be the final state of the hybrid system. When this system has enough
time to evolve the holes seem to be repaired. On the contrary, at high protein
concentrations such process seems to be independent of time. Furthermore,
the rigidity of the hybrid layers formed by different protein concentrations is
clearly different. At low concentrations, cytolytic proteins are able to penetrate
the bilayer and lipids might reorganize with time closing the holes formed
by the proteins. Such phenomenon is possible because there is no saturation
of proteins on the membrane and molecular mobility (translation) still occurs.
After 3 hours, the protein-lipid/cholesterol system reaches a final state that can
be described as a hybrid homogeneous and isotropic layer of thickness of about
5 nm and similar plasticity.
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Aim/Objective

Protein adsorption and recrystallization at interfaces is a common problem in
academic and technological fields related to surface sciences. Such phenomena
depend strongly on the molecular interactions, which can be model with surface
chemistry. Two of these molecular interactions (hydrophobic vs. hydrophilic)
are responsible for wetting, what in fact influences protein adsorption. In this
project we present a molecule (disulfide with -OH or -CH3 functional groups)
to control such interplay at the nanoscale. Thus, the host surface can be tuned
as desired (ranging from hydrophobic to hydrophilic by changing the extension
of the chain length of the -CH3 groups).

Results

In our study we have investigated the self-assembly of SbpA as function
of hydroxyl-terminated (-OH) and methyl-terminated (-CH3) chemical groups.
Crystal formation kinetics and its final nanostructure have been investigated by
Atomic Force Microscopy (AFM). Results show that increasing the hydropho-
bicity of the substrate, smaller crystalline domains are obtained. The lattice
parameters of the crystalline domains are presented. Furthermore, it has been
observed that during crystal formation, the line tension of the crystal front is
affected by the degree of surface wettability.
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Figure: Contact Angle and AFM. (Top): contact angle values of water droplets on top of disulfide-
coated gold chips. Variation on the measured angles with the phobic/philic group spacing suggests
the correct preparation of the compounds. (Down): topographical changes on each of the samples
analyzed by Atomic Force Microscopy. The micrographs show Height imaging over 700 nm2 areas
for the 3 cases under study.
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Bioorganic coatings for biomaterials for tissue regeneration
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Figure: a) AFM height image of collagen fibres originating from a hydrogel containing 0,3125
mg/ml fucoidan, with b) the 3D-model of that image. c) detailed AFM height image of a collagen
fibre, with d) the 3D-image of the fibre.

Aim/Objective

Nowadays, a very important topic in the research of biomaterials is the
modification of the surface properties of the material, which influence the inter-
actions with cells and tissues. Examples of surface properties are the chemical
composition, hardness and topography. When biomaterials are used with the
aim of tissue regeneration, such as implants and prostheses, integration of the
material with the surrounding tissue is highly desirable. One modification
strategy is to coat the surface of the biomaterial with a layer of biomolecules.
Several biomolecules can be used which have the ability of adhesion, prolifer-
ation and differentiation of cells. Biomolecules can also have an antibacterial
activity which helps preventing bacterial contamination.

Results

During this project, collagen was used in combination with fucoidan to
create coatings on mica. The coating was performed by using hydrogels with a
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constant collagen concentration and a different fucoidan concentrations, rang-
ing from 0 to 5 mg/ml. The difference was also determined between coatings
that result from the formation of the hydrogel directly on the substrate, and the
coatings that were formed by using pre-formed gels.

All coatings were analysed using Atomic Force Microscopy. The topography
of the coatings was visualized and comparison was made between the different
coatings. On points of interests nano-indentation studies were performed, and
with a colloidal probe, a more general overview of the mechanical properties
of the sample were obtained. In a later stage, the effect of the coatings on cell
adhesion, proliferation and differentiation can be examined.
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Assessment of the mechanical properties of cells with genetic
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Aim/Objective

Over the last decades, numerous studies have demonstrated the influence
played by pathological conditions on the mechanics of biological samples, e.g.
anomalous elasticity of cancer cells compared to that of healthy ones. Besides, it
is well-known that diseases may be caused by genetic mutations: for instance,
the laminopathies are due to aberrations in the gene encoding for A-type lamins
(LMNA), whereas arrhythmogenic right ventricular cardiomyopathy is caused
by genetic defects of the desmosome (mainly mutations of the PKP2 gene). The
present project assumed that genetic mutations, like LMNA knock-out and
PKP2 knock-down, can affect the mechanical properties of cardiac cells (murine
cardiac fibroblasts and murine HL-1 cardiomyocyte-like cells, respectively).
Atomic force microscopy technique was employed to characterize the mechani-
cal properties of wild type and mutant cells, in order to reveal any difference
caused by the genetic alteration.

Results

Unfortunately, the assessment of mechanical properties of wild type and mu-
tant (LMNA) cardiac fibroblasts was not accomplished because the conditions
of the cells were inappropriate. Conversely, wild type and PKP2 knock-down
(PKP2-KD) HL-1 cells were seeded on gelatin-fibronectin coated coverslips
and probed with a pyramidal tip in order to acquire the characteristic force-
displacement curves. The plots allowed to assess the elasticity (namely Young’s
modulus) and the adhesion properties (namely work of adhesion, maximum
detachment force and the distance at which the maximum detachment force
occurs) of both sample types. The statistical analysis of preliminary results was
done using the software R. Young’s modulus of wild type HL-1 is normally
distributed, as determined by Shapiro-Wilk test and confirmed by Q-Q plot;
the same tests revealed Young’s modulus of PKP2-KD cells as not normally
distributed. Datasets were compared through Wilcoxon-Mann-Whitney rank
sum test, but no statistical difference between wild type and mutant HL-1 was
observed. Datasets describing adhesion properties for both cell conditions are
not normally distributed, but come from a lognormal distribution (as deter-
mined by applying Shapiro-Wilk test and Q-Q plot to the logarithm of data). So
far, Wilcoxon-Mann-Whitney rank sum test revealed significative differences
in the maximum detachment force and the distance at which the maximum
detachment force occurs, but not in the work of adhesion.
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Conclusions

Young’s modulus of wild type cells is little higher than values found in liter-
ature (Kossivas et al., 2015), but this could be consistent with previous studies
reporting larger Young’s moduli as measured by sharp tips instead of spherical
indenters (Vargas-Pinto et al., 2013). Nevertheless, the obtained results are in
contrast with the data presented by Puzzi et al. (2015), which show a significant
decrease (5 times) of the Young’s modulus of PKP2-KD cells as compared to
wild type cells. Yet, Vargas-Pinto and colleagues reported that with sharp tip
and 10 µm-spherical tip, Schlemm’s canal cells resulted stiffer than HUVEC
cells, but this difference was not observed when a 4.5 µm-spherical tip was used
(Vargas-Pinto et al., 2013). This could have happened also in the performed
study. In order to better elucidate the issue, further evaluations should be done
and/or the measurements could be repeated, thus increasing the dataset size.

References

Kossivas F, Michaelides M, Hadjisavvas A, Kyprianou A, Kyriacou K, Constan-
tinides C, "Elasticity measurements from left ventricular HL-1 cardiomyocytes
using atomic force microscopy", The FASEB Journal (2015); 29(1).

Vargas-Pinto R, Gong H, Vahabikashi A, and M. Johnson M, "The effect of the
endothelial cell cortex on atomic force microscopy measurements", Biophys J.
(2013); 105(2): 300-309.

Puzzi L, Martinelli V, Weiss M, Gurha P, Marian AJ, Sbaizero O, "Altered biome-
chanical properties of PKP2-deficient HL-1 cardiac cells", Circulation (2015);
132(3)

Acknowledgments

The present work is partially supported by the Foundation Leducq, Transat-
lantic Network of Excellence (14-CVD 03). Finally, heartfelt thanks is owed to
the Department of Nanobiotechnology for the warm welcome. This work was
partially funded by the PhD exchange ERASMUS program.

41



2016 Annual Report
Institute for Biophysics
Research Topics

Mechanical properties of elastomeric polydimethylsiloxane

Julia Miholich1, Jagoba Iturri1, Rafael Benitez2, Jose Toca-Herrera1

1 Institute for Biophysics, DNBT, University of Natural Resources and Life Sciences, Muthgasse 11, Vienna 1190, Austria.
2 Department of Mathematics, Centro Universitario de Plasencia, University of Extremadura, Avda. Virgen del Puerto 2,

10600 Plasencia, Spain.

Figure: Young modulus as a function of base-to-curing-agent ratio for natural hydrophobic PDMS
and plasma-treated hydrophilic PDMS measured in water as well as in dry state. E is increased
considerably by oxygen-plasma treatment.

Aim/Objective

Mechanical characterization of cells is an issue of main importance, because
a change in the mechanical properties is sometimes associated with diseases
like cancer. Since cells and are influenced by their surrounding environment it
is also of great interest to characterize the substrate. In this work, atomic force
microscopy (AFM) was applied to examine the mechanical properties of the
silicone elastomer polydimethylsiloxane (PDMS) which is commonly used as
a substrate in cell culture. The final aim was to determine some mechanical
parameters (e.g. stiffness) of PDMS samples containing varying amounts of
crosslinking agent.

Results

AFM force spectroscopy analysis was done over 5 PDMS specimens with
different cross linker/base-agent ratios that impact the final material properties.
Additionally, half of the samples were treated with oxygen plasma in order to
get a hydrophilic surface. The influence of the crosslinking agent and the plasma
treatment on stiffness, Young modulus and relaxation time of the material was
determined by analyzing the obtained Force-distance curves. Data evaluation
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was done with the R statistical language.

It could be shown that samples containing a higher amount of crosslinking
agent are stiffer than those containing a very small ratio of crosslinking-to-base-
agent ratio. However, a very important finding of this work is that the properties
of PDMS are highly influenced by prior oxygen plasma treatment. It was found
that the Young modulus as well as the stiffness is increased substantially by
this treatment. For instance, the Young modulus of non-treated PDMS is in the
range between 0.4 to 2.4 MPa whereas the values for plasma-treated PDMS are
increased up to 44 MPa (compare figure 1). This is due to the formation of a very
thin silica-like surface layer. Furthermore, the formation of this layer hardens
the surface of PDMS in such a way that no relaxation time can be observed any
more.

Conclusions

It was shown that the more crosslinking agent is added to PDMS, the stiffer
the material is. Since cells are seeded just on plasma-treated hydrophilic PDMS,
it is important to note that this plasma treatment affects the mechanical prop-
erties of PDMS as it gets much stiffer. These results can be used in future
cell-seeding experiments in order to recognize influences coming from the sub-
strate.
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Poly(ε-caprolactone) based films for controlled release of antibi-
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Figure 1: AFM topographic images and drug release profiles for PCL/CAM and PCL/Q systems in
different compositions.

Aim/Objective

The use of biopolymers for biomedical applications makes smart therapies
feasible, and allows on-demand designs for the need of each patient. When a
drug is miscible with a polymer it can be released in a controlled way within
the therapeutic margin. Besides, if a medical device is made of a biopolymer, it
does not need to be taken off after finishing its mission.

In this regard, Poly(ε-caprolactone) (PCL) is a widely used polymer for
biomedical applications. Its degradation can last from several months to years,
which made it suitable for the design of long-term usage devices. PCL can be
mixed with biologically active compounds such as Chloramphenicol (CAM),
a broad spectrum antibiotic, and Quercetin (Q), a flavonoid found in many
plants with antioxidant and anti-inflammatory effects, used in this research. In
this work, Atomic Force Microscopy (AFM) technique was employed to exam-
ine the morphology and thickness of pure PCL, PCL/CAM and PCL/Q films
obtained by spin-coating. In order to elucidate the release mechanism from
both thick (µm) and thin (nm) films, UV-Vis spectrophotometer and Quartz
Crystal Microbalance with Dissipation monitoring (QCM-D) techniques were
applied respectively. Finally, the adhesion and proliferation of human umbilical
endothelial cells (HUVEC) was studied on different polymer/drug mixtures
using Optical Microscopy (OM).
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Results

It was found that intermolecular interactions conditioned crystal growth
and release kinetics. The maximum bending in crystals occurred in those blends
where there are hydrogen bonding specific interactions, i.e., PCL/CAM 40/60
and PCL/Q 60/40. It can be concluded that, as in these systems interactions
are stronger, the amorphous solid dispersion they can form is stable enough for
making drug eluting devices.

In addition, it could be proven that the release of the drug from the poly-
meric matrix is conditioned on the interactions between the two species. The
release rate from PCL/CAM systems is constant and independent of its concen-
tration. However, for PCL/Q, both diffusion and polymeric matrix swelling
mechanisms contribute additively to the release.

Figure 2 shows different degree of cell spreading for different polymer/drug
systems. A higher stability of the amorphous solid dispersion created in PCL/Q
60/40 blend, yield to a better spreading of endothelial cells.

Figure 2: OM images of HUVEC cell adhesion and spreading after 24 h of incubation on PCL/CAM
and PCL/Q blends.
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Influence of quercetin on the interaction of gliclazide with hu-
man serum albumin
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Toca-Herrera3, Milan Nagy1
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Aim/Objective

Protein binding interactions are displacement reactions, which have been
implicated as the causative mechanisms in many drug-drug interactions. Thus,
the aim of presented study was to analyse human serum albumin binding dis-
placement interaction between two ligands, hypoglycaemic drug gliclazide (G)
and widely distributed plant flavonoid quercetin (Q). Fluorescence analysis was
used in order to investigate the effect of substances on intrinsic fluorescence
of HSA and to define binding and quenching properties of ligand - albumin
complexes in binary and ternary systems, respectively. Additionally, secondary
and tertiary structure conformational alterations of HSA upon binding of both
ligands were investigated using synchronous fluorescence and circular dichro-
ism.

Results

The displacement effect of one ligand from HSA by the other one has been de-
scribed on the basis of the quenching curves and binding constants comparison
for the binary and ternary systems. According to the fluorescence data analysis,
gliclazide presents a substance with a lower binding capacity towards HSA
compared with quercetin. Results also showed that the presence of quercetin
hindered the interaction between HSA and gliclazide, as the binding constant
for gliclazide in the ternary system was remarkably lower compared to the
binary system. This indicates a possibility for an increase of non-bound fraction
of gliclazide what can lead to its more significant hypoglycaemic effect.

Synchronous fluorescence demonstrated that in all systems mainly the po-
larity around Tyr (∆λ = 15nm) was altered, although also gradual fluorescence
decrease was observed when ∆λ = 60nm. This suggests that drugs bind in
proximity to the Tryp residue.

The far-CD spectral profiles of systems indicate that binding of Q or G in-
duces no significant perturbation in the secondary structure of HSA. On the
other hand, binding of quercetin caused significant changes in the near-UV CD
spectrum of HSA. Spectral changes were already observable in molar ratio 0.5:1
(Q:HSA) which indicates that Q - even in low molecular range - induced some
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structural changes in the environment around the aromatic side chains. On the
other hand, upon binding G to HSA, no significant change in the near-UV CD
spectrum was observable. That could be explained that the weaker binding of
G did not induce structural changes in the environment of aromatic side chains.

Conclusions

Our current study shows that concomitant combination of gliclazide with
higher doses of natural flavonoid quercetin may cause competition of both
substances in binding to serum albumin and lead to a drug displacement from
protein. This could result to increased hypoglycaemic effect of gliclazide, what
can be considered as an undesired adverse effect. Presented results might be of
importance when demonstrating the interactions between herbal remedies or
food/dietary supplements and drugs.
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Joint MIR- and Raman micro spectroscopic investigation of me-
teorite grains

Notburga Gierlinger1, Barbara Stefke1, Martin Hilchenbach2, Cécile Engrand3, Lu-
dovic Ferrière1, Franz Brandstätter4, Christian Koeberl4, Kurt Varmuza5

1 Institute for Biophysics, DNBT, University of Natural Resources and Life Sciences, Muthgasse 11, Vienna 1190, Austria.
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tational Statistics, Vienna, Austria.

Figure 1: The scores plot displaying the principal component 1 (PC1) against PC 2 separates Tissint
(green, Martian meteorite, shergottite) and Renazzo (pink, carbonaceous chondrite) clearly from
the other meteorites. Murchison (turquois, carbonaceous chondrite) appears partly well separated,
partly highly heterogeneous. Lancé plus a major part of Allende (red, blue both appear as one
group). All other meteorite grains show a rather heterogeneuous distribution.

Aim/Objective

Vibrational spectroscopic data (infrared and Raman spectra) are acquired
from selected meteorite grains to assess chemical profile characteristics and/or
classify different meteorite groups. These FT-IR and Raman data are finally ana-
lyzed together with a data pool of mass spectroscopic data (TOF-SIMS, LDI-MS)
in order to support the development of a model (Technical University Vienna)
capable of assigning data received from the Rosetta mission (ESA) to data from
known meteorites.
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Results

Tiny grains of chondrites, carbonaceous and ordinary, and Martian mete-
orites fixed on gold-targets were investigated by means of MIR micro spec-
troscopy using a Fourier Transformed Infrared Microscope (Hyperion 2000,
Bruker) and by Confocal Raman micro spectroscopy (WITEC alpha 300RA).
Band integration (univariate) and multivariate methods were applied to both
Raman and MIR spectral data. Principle component analysis (PCA) was per-
formed to get an insight into possibilities in distinguishing between meteorites
out of the MIR reflective spectra data pool. PCA based on MIR data gave a
twofold picture: On one hand it clearly displayed a high diversity within some
meteorites, on the other hand it was possible to clearly find other meteorites as
separable groups within the pool of all meteorites investigated (Figure 1).

FT-IR spectra already showed variability acquired from the same meteorite.
Raman data allowed to unravel in more detail the grains’ composition and
the components’ spatial distribution on the grain. By integrating characteristic
bands for carbonaceous matter and Olivine, the distribution of the two phases
can be visualized (Figure 2A-B). Extracting average spectra from the highlighted
region shows clearly the high carbon bands (Fig. 2C) and the mineral Raman
spectrum clearly represents bands typical for Forsterit (Fig. 2D).

Figure 2 (A-D): Raman images and spectra acquired on the meteorite grain of Lance: By integrating
the 1347cm-1 band carbonaceous matter is displayed (A), whereas integration of the 843 cm-1
highlights the mineral phase. Extracting average spectra of the distinguished region shows clearly
the dominance of carbonaceous matter (C) and the typical bands for the mineral Forsterit (D).
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Conclusions

Based on FT-MIR data different meteorites can be grouped as the changing
chemistry is reflected in the acquired spectra. A high variability is observed
within and between grains of the same meteorites with FT-IR. With much better
spatial resolution Raman microscopy allows imaging heterogeneity within one
grain by integrating bands characteristic for carbonaceous and mineral phases.
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Maximum information gain from chemical imaging of plants by
new spectral database and band assignment

Peter Bock and Notburga Gierlinger
Institute for Biophysics, DNBT, University of Natural Resources and Life Sciences, Muthgasse 11, Vienna 1190, Austria.

Figure: Since free spectral libraries are scarce in the field of Raman spectroscopy on plants, a
small but growing collection of spectra is available at the group’s website: http://bionami.at/
spectraimages.html

Aim/Objective

To retrieve a maximum of information from Raman and FT-IR spectroscopic
imaging experiments on plants a database of Infrared and Raman spectra of
plant cell wall compounds and well-designed experiments for assignment of
the spectral bands are necessary.

Introduction

Vibrational spectra of simple molecules can exhibit already quite complex
features owing to different conformers present, vibrational coupling, overtones
and resonance phenomena. Spectra of mixtures can show the same complexity
or appear even simpler. Vibrations are not stable upon molecular changes and
will appear throughout the spectrum which results in a more or less homoge-
nous background in some spectral regions, where only those vibrations emerge
from that background as so-called group frequencies. In multicomponent spec-
tra like wood therefore strong absorbing/scattering groups dominate. In order
to find these group frequencies, spectra of neat compounds in substitutions
series have to be recorded. This has been done extensively and culminated
eventually in a series of classical publications (Bellamy, Colthup, Dollish among
others). Vibrations lying above the finger print area (>1500cm-1) have been
resolved to a great extent (carbonyls, olefinic groups, CH and OH stretches). Yet
the fingerprint region (0 - 1500cm-1), which is unique to every molecule and
hard to interpret, remained unsatisfactorily explored. This has changed by the
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advent of theoretical calculations which are able to predict a much more detailed
picture on the individual vibrations a molecule undergoes upon excitation.

After some breakthroughs in instrumentation Infrared spectroscopy quickly
overtook the role of the reliable companion of chemistry, which is reflected in
the sheer amount of literature on infrared spectroscopic experiments. Raman
spectroscopy was for a long time more like the little brother of infrared serving
only as a proof in situations where the infrared spectra alone could not be suffi-
ciently explained. Beside more complicated and expensive experimental set up
Raman spectroscopy suffers from the inherent problem of fluorescence, which
often limits the application. However, regarding probing of plant material, a big
drawback of infrared spectroscopy is its strong sensibility to water and in com-
bination with microscopy the diffraction limited spatial resolution not as good
as in Raman microscopy. In the microscopic imaging approaches thousands
of spectra are acquired for one image and although multivariate data analysis
is available for data analysis, the final interpretation of spectral differences re-
mains challenging and needs solid background knowledge on Raman bands. In
the light of these statements, the benefit of building up a comprehensive spectral
database specifically for components occurring in plants and their cell walls
is clear. This has to be combined with detailed assignments from literature to
finally explain peak shifts and ratio changes observed in plant cell wall images
during e.g. the course of lignification and nut shell development.

Results

A number of compounds has been subjected to fully-fledged Raman mea-
surements, meaning that polarization filters and different gratings were em-
ployed to obtain a solid basis of spectral information. For some substances this
information is even available for both laser excitations currently in use (532 and
785nm) to draw conclusions on the resonance enhancement of certain bands,
e.g. the aromatic ring stretch (Φ8). Additionally, infrared data are available for
an increasing number of compounds.

Substances of carbohydrate or aromatic nature are measured, but currently
the focus is on lignin model compounds, on the phenylpropene backbone. Ad-
ditionally, reduction experiments have been conducted to further aid and revise
previously made assignments, with concentrating right now on the important
olefinic and carbonyle groups. Such experiments have yielded compounds
currently unavailable for purchasing in a sufficient purity, which in turn also
resulted in additional experimental data, closing gaps in important substitution
series.

Conclusions

Recording reference spectra in 2016 is still important, although commercial
spectral libraries are on the rise. Having the neat substances available also
enables the modification of a molecule to track spectral changes and prove

52



2016 Annual Report
Institute for Biophysics
Research Topics

assignments. Incorporation of ab-initio calculated data is greatly helping with
the (re)assignment of vibrational modes.
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RAMAN imaging to reveal in-situ molecular changes of wood
during heartwood formation and drying

Martin Felhofer, Batirtze Prats Mateu and Notburga Gierlinger
Institute for Biophysics, DNBT, University of Natural Resources and Life Sciences, Muthgasse 11, Vienna 1190, Austria.

Figure 1: The two faces of heartwood: The impregnated extractives can lead to problems (-) or have
desirable effects (+).

Aim/Objective

The objective of this work was to investigate the topo-chemical distribu-
tion of wood components in microtomed native cross-sections of Pine (Pinus
sylvestris L.) by state of the art Confocal RAMAN Microscopy (CRM). In ad-
dition, the influence of artificial drying was investigated in order to see if
heartwood and its extractives react in a different way than sapwood.

Background

Due to global warming an increase of average temperatures and extreme
events is expected, which will affect tree populations in Austrian forests. More
drought resistant species such as oak and pine will adapt, which are known to
accumulate higher contents of extractives in their inner "heartwood". Some of
these extractive components are known to enhance the trees (woods) natural
durability by protecting against insect infestation and microbial attacks. Apart
of the fact that heartwood is essential for a long-living tree, these more durable
heartwoods are desired for construction applications and might give access to
valuable add-on products in a biorefinery process (Figure 1).

On the other hand, in the Austrian pulp and paper and timber industry the
presence of extractives is not always welcome as technical processes may be hin-
dered and have to be adapted (Figure 1). Heartwood formation (Figure 2) has
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Figure 2: Schematic illustration of heartwood formation.

been studied since a long time. High variabilities among species, within single
trees and under different environmental conditions have shown the complexity
of this natural drying and impregnation process. Up to know, the chemical
characterization has been mainly achieved by using different wet-chemical and
chromatographic analysis. The context and relation to the wood microstructure
is lost and often not all components are solved as changes in composition might
need other treatment conditions and interactions with other cell wall polymers
might occur. Still a knowledge gap exists on the distribution of these extractives
on the micro- and nanoscale and their interaction with other wood components

Figure 3: In-situ "photo shooting" of pine tracheids during heartwood formation: RAMAN images
(40 x 40 µm) acquired on a transverse micro section (18 µm thick and embedded in D2O) of a Pinus
sylvestris stem from sapwood to heartwood show that pinosylvin increases rapidly within one tree
ring ( 2mm) in the transition zone.
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Results

CRM was successfully used to track the extractives distribution with high
lateral resolution ( 300 nm) in a non-destructive manner. The focus was on pine
as characteristic marker bands of stilbenes are present in the RAMAN spectra
and a low fluorescence background. Integrating these marker bands enabled to
clearly track the beginning of stilbene deposition from sapwood to heartwood
within one tree ring (Figure 3). On the micron level the higher impregnation
of cell corner and compound middle lamella compared to the secondary cell
wall has been visualised as well as an increase in the S3 layer and pits (Figure 3,
14-16).

Figure 4: Pine heartwood tracheids: (A) Raman images of a native cross section and (B) dried at
room temperature.

Furthermore, extractives have been found in small deposits within the lumen
of tracheids in sapwood (lipids and stilbenes) and heartwood (more stilbenes)
(Figure 3, white arrows), but also parenchyma cells. Multivariate data analysis
e.g. Vertex Component Analysis (VCA) gave further insights into the deposits
composition and visualized an extractive distribution (pathway) from radial
rays over the lumen and pits to the secondary cell wall of tracheids. After
drying of the microsections the S3 layers become even more reinforced, the pit
chambers completely filled as well as micro- and nanocracks (Figure 4). These
preliminary data suggest further blocking of the transport pathway for water

56



2016 Annual Report
Institute for Biophysics
Research Topics

and fungal hyphae as well as a kind of "self-sealing" by drying induced diffusion
of extractives.

Conclusions

The results demonstrate that extractive distribution on the micron-level is
optimized to block the water and fungal hyphae pathway as well as to enable
"self-sealing" during drying. This work showed clearly the potential of CRM
combined with multivariate statistics to get detailed insights into the natural
process of heartwood formation as well as into industrial processes like dry-
ing. More experimental set ups and samples as well as efforts on improving
RAMAN band assignments have to be tackled in future projects.
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Bone mineralization revealed by AFM and Raman microspec-
troscopy

Batirtze Prats-Mateu1, Sonja Gamsjaeger2, E.P. Paschalis2, Notburga Gierlinger1
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Medical Department, Hanusch Hospital, Heinrich Collin-Straße 30, 1140, Vienna, Austria.

Figure 1: (A) Composite image showing the distribution of the three main components (endmem-
bers) (green: mineral, red: high background signal and blue: PMMA) based on Non-negative matrix
factorization (B) Profiles of the mineral/matrix (green) and PMMA/organic matrix (nanoporos-
ity)(blue) ratios along the arrow.

Aim/Objective

Bone is a composite material with a highly complex hierarchical structure
(from nano- to macroscale) based on a collagen-rich organic matrix and embed-
ded mineral particles. The mineralized component consists of poorly crystalline
carbonated hydroxyapatite and incorporated crystal lattice water while 90%
of the organic matrix can be attributed to type I collagen fibers with a small
amount of proteoglycans and noncollageneous protein. The mineral provides
stiffness, while the organic matrix reduces the mineral inherent brittleness and
provides toughness. For revealing chemistry and mechanics together at the
nano-microscale level the feasibility of Raman microspectroscopy combined
with AFM (Atomic-force-microscopy) was tested.

Results

A human iliac crest biopsy embedded in PMMA (polymethylmethacrylate)
was used to investigate the lowest hierarchical levels in actively osteonal bone
forming areas. The sample was labeled with tetracycline during growth to know
the exact age of the bone. The embedded sample was cut and polished prior
the measurements. Raman images based on non negative matrix factorization
(NMF) show clearly the distribution of the 3 main components: mineral plus
organic matrix (green), PMMA (blue) and a third background component (red),
which was related to the tetracycline labelling (Figure 1A). The mineral to ma-
trix ratio was extracted and shows an increase from osteoid to interstitial bone
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(Figure 1B, green). Furthermore, the nanoporosity of the bone, representing
the tissue water, had a maximum in the central haversion canal and osteocytes,
where pure PMMA was found (Figure 1B, blue line).

Figure 2: (A) Topography images of lamellae in the osteon. The cubes in color indicate the areas
where higher resolution images were acquired (B). An example of the mechanical properties (adhe-
sion, Stiffness, Young’s Modulus) that can be derived by AFM-DPFM measurements, calculated for
"a" (red frame).

Digital pulsed Force mode AFM is an intermediate mode that performs
force-disctance curves at each defined point in the sample. The measurements
were performed on areas of pure PMMA, high mineralized bone and along the
osteon to obtain topography, stiffness, adhesion and young modulus distribu-
tion maps. An example of these measurements is shown in Figure 2. In the
lamella of the osteon, the orientation of collagen fibrils could be detected in the
topography images (Figure 2B), whereas "mechanical" images reflect more the
mineral distribution (Figure 2C). Differences in all mechanical properties were
found between pure mineral and PMMA. Inside the osteon also a decrease in the
Young’s modulus from 10 (position a) to 4 GPa (position d, mechanical images
not shown) towards the central canal was observed, but no significative changes
in adhesion and stiffness. The distribution profiles of the values calculated did
not show a normal shape, indicating higher heterogeinity in the distribution
than in the pure references, like mineral and PMMA.
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Conclusions

The combination of Raman microspectroscopy and DPFM-AFM is a new
possibility to get further chemical and mechanical information’s from the lowest
hierarchical levels in bone.
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Scattering and tapping on soft-hard-open nuts

Violetta Golebiewska, Karolina Theresa Peter and Notburga Gierlinger
1 Institute for Biophysics, DNBT, University of Natural Resources and Life Sciences, Muthgasse 11, Vienna 1190, Austria.

Figure: Raman images of microtomed cross-section of a walnut shell: a) Area of measurement
highlighted in the red rectangle; b) C-H stretch (2909.9 rel. 1/cm); c) Fluorescence (2245 rel. 1/cm);
d) Aromatic rings (1600 rel. 1/cm); e) Coniferyl alcohol/aldehyde (1659.2 rel 1/cm); f) Cellulose
(1096 rel. 1/cm).

Aim/Objective

The Project SCATAPNUT is focused on the application of microspectro-
scopic and scanning probe methods to obtain the sought information about the
chemical and mechanical properties of nutshells at the micro and nano level.
Following different developmental stages and thus the maturation and harden-
ing of the tissue as well as the germination and opening will reveal important
structure-function relationships, which are of interest for biomimetic material
design.

Background

The project SCATAPNUT predefines several crucial steps. First of all, there
is a need of the development of adequate sample preparation (embedding
procedures, cryomicrotomy) to keep the most native state and end up with
a very plane surface. This is necessary for high quality Raman imaging to
reveal the chemical microstructure as well as scanning probe approaches such
as atomic force microscopy (AFM), scanning near field spectroscopy (SNOM)
and tip enhanced raman spectroscopy (TERS), which aim at the highly precise
nanostructure investigation. Finally, the last step includes multivariate data
analysis. Furthermore, nano-computed tomography is also one of the meth-
ods which may lead to a better understanding of its three-dimensional structure.
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Results

So far Raman Spectroscopy enabled to give the first insight into chemical
composition of the cross-section of walnuts (Juglans regia L.) harvested in the
BOKU botanical Garden in the beginning of October 2016. The section (4 µm
thick) was obtained by cutting with a rotary microtome after embedding in
PEG 1500. Raman mappings have been acquired using a 532 nm laser excitation.

The light-microscopic image of the walnut section (Figure 1a) shows the very
dense tissue of the outer nutshell. The cells which are typical for the majority
of the nuts are called stone cells (sclereids). By integrating different Raman
bands, the cells and connection tissues are highlighted in various ways (Figure
1b-f). The intensities of Raman band at 2909 rel. 1/cm (Figure 1.b) are related
to C-H stretching region and show medium intensity within the thick cells
and some high intensity spots between the stone cells. Exactly these spots are
most highlighted in Figure 1.c, which is based on the changing background
(no Raman band) and thus reflects the fluorescence of the sample. Also the
middle lamella and a few pits which connect adjoining cells). Integrating the
aromatic stretching vibration reflects also the already described spots, but also
high intensity as a small line (middle lamella) between the cells and medium
intensity within the cells (Figure 1.d). From this it can be concluded that a kind
of lignin glues the cells together, but also fills finally some canals going from
cell to cell and also impregnates the cell wall. The intensities of the band at
1659.2 rel. 1/cm stands for the coniferyl alcohol ad aldehyde which form lignin
and gives a similar picture, although the high intensity spots less pronounced.
Finally, the last Raman image, namely figure 1.f, confirms the presence of the
cellulose as the basic structural element of the cell wall.

Conclusions

The first experiments univocally show the presence of lignin in the stone
cells of the walnut shell. No uniform distribution is observed, but a clear accu-
mulation between the cells (middle lamella) as well as in lines and cracks going
from cell to cell. These results testify that the project SCATAPNUT is on its best
way to bring about the sought-after outcomes.
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1. Stick-Slip Friction of PDMS Surfaces for Bioinspired Adhesives
L. Xue, J. Pham, J. Iturri, A. del Campo.
Langmuir 32 (2016) 2428

2. The difficulty of the postural control task affects multi-muscle control
during quiet standing
X. García-Massó, M. Pellicer-Chenoll, L. M. Gonzalez, J. L. Toca-Herrera
Experimental Brain Research 234 (2016) 1977

3. Influencing bacterial S-layer protein recrystallization on polymer brushes
through surface charges and accessible volume: a combined AFM and
QCMD analysis
A. Moreno-Cencerrado, J. Iturri, D. Pum, U. B. Sleytr, J. L. Toca-Herrera
Polymer 102 (2016) 379

4. Time influence on the interaction between Cyt2Aa2 and lipid/cholesterol
bilayers
A. Moreno-Cencerrado, S. Tharad, J. Iturri, B. Promdonkoy, C. Krittanai, J. L.
Toca-Herrera
Microscopy Research and Technique 79 (2016) 1017

5. Smart Hierarchical Bio-Based Materials by Formation of Stimuli-Responsive
Hydrogels inside the Microporous Structure of Wood
T. Keplinger, E. Cabane, J. K. Berg, J. S. Segmehl, P. Bock, I. Burgert
Advanced Materials Interfaces 3 (2016) 1600233

6. Automated detection of protein unfolding events in atomic force mi-
croscopy force curves
X. García-Massó, M. C. Huber, J. Friedmann, L. M. Gonzalez, S. M. Schiller, J.
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Microscopy Research and Technique 79 (2016) 1105

7. Waterproofing in Arabidopsis: Following phenolics and lipids in situ
by Confocal Raman Microscopy
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8. Magnetic beads functionalized with recombinant S-layer protein ex-
hibit high human IgG binding and antifouling properties
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9. Bacillus thuringiensis Cyt2Aa2 toxin disrupts cell membranes by form-
ing large protein aggregates
S. Tharad, J. L. Toca-Herrera, B. Promdonkoy, C. Krittanai
Bioscience Reports 36 (2016) e00394

10. Inward multivesiculation at the basal membrane of adherent giant phos-
pholipid vesicles
S. Moreno-Flores
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European Journal of Pharmaceutics and Biopharmaceutics 108 (2016) 145

64



2016 Annual Report
Institute for Biophysics
Conferences, workshop and schools

3 Books and book chapters

• Curiosity and Passion for Science and Art. Series in Structural Biology.
Uwe B. Sleytr.
Vol. 7, 470 pp, World Scientific Publishing Co. Inc.
ISBN-13: 978-981-3141-81-0

4 Conferences, workshop and schools

• AUTHOR: J. Iturri
TITLE: About cells, S-layers and polymers: a panoramic view of 2015 (oral
presentation)
CONFERENCE: DNBT Spring School
PLACE: Graz (Austria)

• AUTHOR: J. Iturri, A. Moreno-Cencerrado, O. Bixner, J. L. Toca-Herrera
TITLE: Nanoscale protrusions for controlled recrystallization of S-layers (poster)
CONFERENCE: 1st European Young Chemists Meeting
PLACE: Guimarães (Portugal)

• AUTHOR: J. Iturri, J. Friedmann, C. König, J. L. Toca-Herrera
TITLE:Polymeric niches as reservoirs for drug delivery devices (poster)
CONFERENCE: 1st European Young Chemists Meeting
PLACE: Guimarães (Portugal)

• AUTHOR: J. Iturri, A. Moreno-Cencerrado, D. Pum, U. B. Sleytr, J. L.
Toca-Herrera
TITLE: Influencing bacterial S-layer protein recrystallization on polymer brushes
through surface charge and accessible volume: a combined AFM and QCMD
analysis (poster)
CONFERENCE: 6th International Colloids Conference
PLACE: Mainz (Germany)

• AUTHOR: A. Moreno-Cencerrado
TITLE:Proteins at interfaces: Studying biomolecules by means of atomic force
microscopy.
CONFERENCE: DNBT Spring School
PLACE: Graz (Austria)

• AUTHOR: A. Moreno-Cencerrado, J. L. Toca-Herrera
TITLE: 43rd Course: Nanoscale biophysics: focus on methods and techniques
CONFERENCE: International School of Biophysics "Antonio Borsellino"
PLACE: Erice (Italy)
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• AUTHOR: A. Moreno-Cencerrado, J. Iturri, O. Bixner, J. L. Toca-Herrera
TITLE: Surface Wettability at the nanoscale for controlled recrystallization of
S-layers. (Poster)
CONFERENCE: Fuerzas y Túnel 2016
PLACE: Girona (Spain)

• AUTHOR: N. Gierlinger
TITLE: Revealing plant composition on the micro and nanoscale by Raman and
Atomic force (oral)
CONFERENCE: 11th International Conference on Agrophysics: Soil, Plant
& Climate
PLACE: Lublin (Poland)

• AUTHOR: B. Prats-Mateu, N. Gierlinger
TITLE: New insights into plant cell walls by Raman and Atomic force microscopy
(oral)
CONFERENCE: Plant Biology Europe 2016
PLACE: Prague, Czech Republic, 26th to 30th June 2016

• AUTHOR: B. Prats-Mateu, N. Gierlinger
TITLE: Waterproofing in Arabidopsis: following phenolics and lipids in situ by
Confocal Raman microscopy (oral)
CONFERENCE: Plant Biology Europe 2016
PLACE: Prague, Czech Republic, 26th to 30th June 2016

• AUTHOR: N. Gierlinger
TITLE: Revealing plant cell wall complexity by FT-IR and Raman microscopy
(oral)
CONFERENCE: Exploring lignocellulosic biomass
PLACE: Reims (France)

• AUTHOR: B. Prats-Mateu, N. Gierlinger
TITLE: Multivariate analysis of Raman images of plant cell walls (oral)
CONFERENCE: XVI Chemometrics in Analytical Chemistry
PLACE: Barcelona (Spain)

• AUTHOR: B. Prats-Mateu, N. Gierlinger
TITLE: Raman microscopy combined with multivariate data analysis to reveal
plant cell wall structure and deposition of hydrophobising substances on the
micro- and nanoscale (oral)
CONFERENCE: XIV Cell wall meeting
PLACE: Chania, Greece, 17th to 20th June, 2016
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• AUTHOR: P. Bock, B. Prats Mateu, N. Gierlinger
TITLE: Chemical and mechanical characterization of plant cell walls by Raman
Microscopy and AFM (poster)
CONFERENCE: ATSPB
PLACE: Berchtesgaden (Germany)

• AUTHOR: M. Felhofer, B. Prats Mateu, N. Gierlinger
TITLE: Raman imaging to reveal in-situ molecular changes during heartwood
formation in pine trees (Best Poster Award)
CONFERENCE: 21st Meeting of the Austrian Society of Plant biology
(ATSPB)
PLACE: Berchtesgaden (Germany)

• AUTHOR: Prats-Mateu B, Stefke B, Gierlinger N (2016)
TITLE: Raman imaging of spruce needles: a model system to understand cell wall
hydrophobisation and environmental adaptations (poster)
CONFERENCE: 21st Meeting of the Austrian Society of Plant biology
(ATSPB), Best Poster Award
PLACE: Berchtesgaden (Germany)

• AUTHOR: D. Pum, E. Ladenhauf, D.S. Wastl, P.A. Lieberzeit
TITLE: S-layer lattices as templates for molecular imprinting (poster)
CONFERENCE: CIMTEC Conferences
PLACE: Peruggia (Italy)

• AUTHOR: J. L. Toca-Herrera
TITLE: Atomic force Microscopy: Mechanical properties of biomaterials and
molecular life time interactions. (oral)
CONFERENCE: International School of Biophysics "ANTONIO BORSELLINO"
(Ettore Majorana Foundation)
PLACE: Erice (Italy)

• AUTHOR: Uwe B. Sleytr
TITLE: S-layer 2D crystal lattice in nanobiotechnology and uncommon Arts
CONFERENCE: Proteins and Peptides: Structure, Function and Biotech-
nology
PLACE: Genf (Switzerland)

• AUTHOR: Uwe B. Sleytr
TITLE: Synthetic Biology Otto Mauer Center, Vienna (oral)
CONFERENCE: International Rotary Club (Otto Mauer Center)
PLACE: Vienna (Vienna)
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• AUTHOR: Uwe B. Sleytr
TITLE: S-layer proteins as basic building blocks for nanobiotechnological applica-
tions (oral)
CONFERENCE: Kolloqium of the Erwin Schrödinger Society
PLACE: Vienna (Vienna)

• AUTHOR: K. Taczanowska, A. Antoni Zieba, J. Hibner, W. Makaruk, C.
Brandenburg, A. Muhar, B. Latosińska, H. Preisel, L. M. González, X.
García, J. L. Toca-Herrera, S. Ziobrowskit
TITLE: Application of GPS-tracking to analyse the spatial behaviour of cable car
users - a case study from the summer season in the Tatra National Park (Poland)
CONFERENCE: Monitoring and Management of Visitors in Recreational
and Protected Areas
PLACE: Novi Sad (Serbia)
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5 Accepted / Ongoing projects (external funding)

• S-layer directed nanoscale fluid mechanics,
Air Force Office of Scientific Research (AFOSR). Agreement award FA9550-
15-1-0459.
Dietmar Pum (PI), Uwe B. Sleytr (Co-PI), and Jose-Luis Toca-Herrera (Co-
PI)

• Scattering and tapping on soft, hard, open nuts,
ERC-consolidator grant SCATAPNUT.
Notburga Gierlinger (PI).

• Plant surfaces and Interfaces: Lignin, Suberin and Cutin,
START-Project Y728-B16 SURFINPLANT (Austrian Science Fund, FWF).
Notburga Gierlinger (PI).

• Meteoriten Chemie und Vergleich mit Kometendaten von Rosetta,
FWF-Projekt (P 26871 - N20).
Kurt Varmuza (PI, TU-Vienna), Notburga Gierlinger (Co-author).

• S-layer recrystalization though hydrophobic/hydrophilic nanoprotrusions,
FWF-projekt (P29562-N28).
Jose L. Toca-Herrera (PI), Dietmar Pum (co-author).

• Dependence of structural and mechanical properties of model membranes on
hydrophobicity of embedded carotenoids,
ÖEAD (Scientific & Technological Cooperation with Poland, 2016-18, num-
ber: PL 14/2016).
PI: J. L. Toca-Herrera and K. Burda.

• Training and research in environmental chemistry and toxicology,
CEEPUS Network (Code CIII-SI-0905-02-1516) OeAD.
Jose Luis Toca-Herrera (PI, Coordinator).

6 National / International collaborations

• Peter Lieberzeit
University of Vienna, Inst. of Anal. Chem., Vienna, Austria

• Carole C. Perry
Nottingham Trent University, Nottingham, UK

• Rafael Benítez
University of Extremadura, Dept. of Mathematics, Spain
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• Luis Millán González
University of Valencia, Dept. of Physical Education and Sport, Spain

• Stefan Schiller
University of Freiburg, Inst. of Advances Studies, Germany

• Chartchai Krittanai
Mahidol University, Institute of Molecular Biosciences, Thailand

• M. Schneider
Institute biopharmacy and pharmaceutical technology, University of Saar-
land

• Maria Vivanco
CICbioGUNE, Spain

• Marjan Enayati
Medical University of Vienna, Austria

• Longjian Xue
Wuhan University, China

• Felipe Ortega
Universidad Complutense, Madrid, Spain

• Ronald F. Ziolo
CIQA - Conacyt, Mexico

• Spela Zemlijc
University of Ljubjana, Slovenia

• Hajo Haase / Claudia Keil
TU Berlin, Germany

• Antonio Heredia
(University of Malaga, Spain)

• Ingo Burgert
(ETH Zurich, Switzerland)

• Sonja Gamsjäger, E.P. Paschalis
(Ludwig Boltzmann Institute of Osteology, Vienna)

• Ursula Meindl
(Universität Salzburg)

• Stefan Mayr, Gilbert Neuner, Andreas Holzinger
(Universität Innsbruck)

• Thomas Speck
(Universität Freiburg)

• Michaela Eder
(Max Planck Institute of Colloids and Interfaces, Potsdam)

• Kurt Varmuza
(TU Wien)

• Jakub Dostálek
(AIT Wien)
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7 Supervision and Training activities

PhD

• Eva Maria Ladenhauf (AFORS): S-layer based bio-imprinting - Synthetic
S-layer polymers

• Alberto Moreno Cencerrado (IGS) : Proteins at (soft) interfaces

• Elham Ghorbani Gorji: Resveratrol milk proteins interactions

• Maria Sumarokova (Erasmus Iamonet): Mechanical properties of hydro-
gels

• Eva Sanchez: Poly(ε-caprolactone) based films for controlled release

• Ilaria Pecorari: Mechanical properties of cells with genetic mutations

• Agness Weiss: Insight in the Viscoelastic Characteristics of Gelatin Nanopar-
ticles as Drug Delivery System

• Mirka Kamenikova: Influence of quercetin on the interaction of gliclazide
with human serum albumin

• Batirtze Prats Mateu: Microchemistry and nanostructure of xylem con-
duits and pit membranes

• Peter Bock: Elucidating plant cell wall Raman spectra: from single monomers
to polymers to walls

• Violetta Golebiewska: From soft to hard material: Understanding nut
shell development on the micro- and nanoscale

MSc/Diploma/Training/Erasmus

• Alexander Rudt: Biomaterials mechanics

• Kevin Saabe: Polymer viscoleasticity

• Martin Felhofer: Raman imaging to reveal in-situ molecular changes of
wood during heartwood formation and drying

• Julia Miholich: Mechanical properties of biocompatible polymer systems

• Laia Gili Solé: New designs for drug delivery systems

• Eline de Meyer: Mechanical properties of cell supports

BSc

• Tajda Bogataj: Lipid-toxin interactions

• Karolina Theresa Peter: Soft-hard-open nuts
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8 Miscelanea

International School of Biophysics "Antonio Borsellino" - 43rd
Course Nanoscale biophysics: focus on methods and techniques

Alberto Moreno-Cencerrado

The International School of Biophysics took place in Erice (Sicily), from 17th
to 24th of April 2016. This event is one of the many different physics schools
organized by the Ettore Majorana Foundation and Centre for Scientific Culture,
an organization founded in 1962 with the aim of promoting scientific culture
http://www.ccsem.infn.it/em/history/index.html. Celebrity scientist as
Blackett, Weisskopf or Feynman have actively participated through many years
in the development of this organization.

Our Institute was represented by me and Prof. Toca-Herrera. Our contribu-
tion was mainly devoted to Atomic Force Microscopy. Senior scientists were in
charge of the lectures, while PhD students participated in colloquiums about
theoretical concepts and technical applications as well as hand-on experiments
(confocal microscopy). Professor Toca-Herrera gave a didactic introduction
of the technique and, as result, many students were looking for him during
the rest of the week. On another hand, fluorescence microscopy represented
for me a key-factor in terms of research, and the School brought me a great
opportunity to learn the fundamentals of the technique. Specially for me, it was
very interesting to discuss the novelties and limits of modern optics with Sara
Abrahmsson and Marti Duocastella.

The atmosphere of the whole meeting was outstanding, very friendly, and
all the participants evaluated the conference with a high mark. Nevertheless,
further collaborations were established and one of the excellent young scientists
there -Marti Duocastella- joined the Summer School of our Institute five months
after the conference.

Since Erice is on the top of a mountain and we could escape without a bus
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or a car, we had to enjoy the free and peaceful time of the environment and the
funny looks of the people living in the town. This gave us sufficient energy
to write a new paper about protein-lipid interactions. A great experience that
anyone would like to have again!

Program

• Structure Illumination Microscopy
S. ABRAHMSSON, The Rockefeller University, New York, NY, US

• Non linear and multimodal optical microscopy
P. BIANCHINI, Istituto Italiano di Tecnologia, Genova, IT

• Nanoscale fluorescent biosensors
R. BIZZARRI, NEST, Istituto Nanoscienze-CNR and Scuola Normale
Superiore, Pisa, IT

• FRET/FLIM for the nanoscale investigation of protein interactions and molecular
environments
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G. BUNT, Georg-August-Universität, Göttingen, DE

• Current Developments in Single Molecule Biophysics
C. BUSTAMANTE, University of California, Berkely, CA, US

• Protein-membrane interaction. From model membranes to living cells: new AFM
approaches
C. CANALE, Istituto Italiano di Tecnologia, Genova, IT

• Nanobiosensors
L. CASALIS, Elettra-Sincrotrone, Trieste, IT

• Quantitative approches in advanced single molecule localization techniques
F. CELLA ZANACCHI, ICFO, The Institute of Photonic Sciences,
Barcelona, ES

• Optical manipulation for single cell experiments
D. COJOC, Institute of Materials (IOM-CNR), Area Science Park, Trieste, IT

• 3D nanostructured surfaces for neuronal network interfaces
F. DeANGELIS, Istituto Italiano di Tecnologia, Genova, IT

• Nanoscale Biophysics
A. DIASPRO, Istituto Italiano di Tecnologia, Università di Genova, IT

• Non-fluorescence based super-resolution microscopy: from liquid lenses to
microspheres
M. DUOCASTELLA, Istituto Italiano di Tecnologia, Genova, IT

• Image Scanning microscopy, SOFI, cryo-STORM and Metal-Induce Energy
Transfer Imaging
J. ENDERLEIN, Georg-August-Universität, Göttingen, DE

• Molecular flows in cells
E. GRATTON, University of California, Irvine, CA, US

• Optical Nanoscopy
S.W. HELL, Max-Planck-Institut for Biophysics Chemistry, Göttingen, DE

• Principles and Biological Applications of Localization Microscopy
S. HESS, University of Maine, Orono, ME, US
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• Stimulated Emission Based Fluorescence Detection
F.-J. KAO, National Yang-Ming University, Taipei, TW

• Biological applications of super-resolution microscopy
M. LAKADAMYALI, ICFO, The Institute of Photonic Sciences, Barcelona,
ES

• Temporal and spatial spectroscopy for nanoscale investigation of subcellular
structures
L. LANZANÓ, Istituto Italiano di Tecnologia, Genova, IT

• Fast Super-Resolution Microscopy
P. SAGGAU, Allen Institute for Brain Science, Seattle, WA, US

• Genomic and proteomic characterization of single tumor cells isolated from the
peripheral blood
G. SCOLES, ERC University of Udine, IT

• Focusing of light
C.J.R. SHEPPARD, Istituto Italiano di Tecnologia, Genova, IT

• Pushing the envelope in biological imaging
H. SHROFF, High Resolution Optical Imaging, NIBIB, NIH, Bethesda,
MD, US

• Nanoplasmonics
M. STOCKMAN, Center for Nano-Optics, Georgia State University,
Atlanta, GA, US

• AFM - Mechanical properties of biomaterials and molecular life time interactions
J. TOCA HERRERA, University Natural Resources and Life Sci., Vienna,
AT

• RESOLFT Nanoscopy: applications for life science
I. TESTA, SciLifeLab, KTH Royal Institute of Technology, Stockholm, SE

• How to boost your microscope by exploring new dimensions (temporal, spatial,
spectral)
G. VICIDOMINI, Istituto Italiano di Tecnologia, Genova, IT

• Principles and basics of FRET/FLIM
F. WOUTERS, Georg-August-Universität, Göttingen, DE

75



2016 Annual Report
Institute for Biophysics
Miscelanea

Ciencia Migrante - Migrant science

Members of the Institute for Biophysics (BOKU) participated in a round
table about migrant science the 31st of May. The venue was the Cervantes
Institute (Spanish culture Institute) in Vienna.

The event started with a warm welcome and a short introduction to the
Spanish scientific situation by Carlos Ortega, director of the Cervantes Institute.
He also presented the moderator and the participants: José L. Toca-Herrera
(moderator, BOKU), Leticia González (full professor, University of Vienna),
Iñigo Tirapu (Laboratory director, Boehringer Ingelheim), Guadalupe Pinar (Se-
nior Scientist, BOKU) and Alberto Moreno-Cencerrado (PhD student, BOKU).

The round table lasted 90 minutes and every speaker had the possibility to
explain the reasons why they are actually working in Austria and not in Spain.
The participants commented the different career paths that have led them to
Austria and how their work contributes positively to the Austrian society. Fi-
nally, they pointed out that it would not be realistic (e. g. working conditions,
family matters, etc.) to return to Spain in order to develop a full scientific career.

This event is the second collaboration between the Institute for Biophysics
and the Cervantes Institute, which we aim to continue in 2017.
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Summer School of the Institute for Biophysics.

University of Natural Resources and Life Sciences Vienna (BOKU)
Bad Tatzmannsdorf, Austria; 13th-15th September 2016.

Participants

Prof. José-Luis TOCA-HERRERA
Prof. Uwe B. SLEYTR,
Dr. Dietmar PUM,
Dr. Andreas BREITWIESER,
Dr. Marti DUOCASTELLA,
Dr. Notburga GIERLINGER,
Dr. Jagoba Jon ITURRI,
Dieter JÄGER,
MSc. Alberto MORENO-CENCERRADO,
MSc. Batirtze PRATS-MATEU,
DI Peter BOCK,
DI Barbara STEFKE,
BSc. Martin FELHOFER,
Mag. Jacqueline FRIEDMANN,
Mag. Amsatou ANDORFER-SARR,
Tajda BOGATAJ,
Claudia KÖNIG,
Julia MIHOLICH,
Iris STRUBE,
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Program

Tuesday - 13.09.2016
14.15 h:

Opening of the Biophysics Summer School:
José L. Toca-Herrera

First session, Chair: José L. Toca-Herrera
14.20 h - 14.45 h:
Jagoba Iturri: AFM and cells: a (hopefully) long-lasting marriage

14.50 h - 15.15 h:
Andreas Breitwieser: Studies exploring the anti-fouling properties and
nanoscale fluid mechanics of S-layer coated solid phases

Coffee break: 15/20 minutes

15.30 h - 15.55 h:
Martin Felhofer: RAMAN imaging to reveal in-situ molecular changes during
heartwood formation in pine trees

16.00 h - 16.25 h:
Batirtze Prats-Mateu: Mineralization of bone revealed by AFMand Confocal
RAMAN Microscopy

Wednesday - 14.09.2016
Second session, Chair: Notburga Gierlinger
9.30 h - 9.55 h:
Barbara Stefke: JointMIR- and RAMAN micro spectroscopic investigation
ofmeteorite grains

10.00 h - 10.25 h:
Alberto Moreno-Cencerrado: SurfaceWettability at the Nanoscale for Controlled
Recrystallization of S-layers

Coffee break: 25/30 minutes

11.00 h - 11.25 h:
Marti Duocastella: Toward real-time volumetric imaging and tracking of
biological systems

11.30 h - 11.55 h:
Peter Bock: RAMAN Band Assignment: Improving group frequency charts
with ab initio data
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Lunch break and relaxing time

Third session, Chair: Dietmar Pum
14.30 h -14.55 h:
Tajda Bogataj: Proteins at (soft) interfaces

15.00 h - 15.25 h:
Julia Miholich: Investigating mechanical properties of elastomeric poly-
dimethylsiloxane with atomic force microscopy

Coffee brake: 25/30 minutes

15.45 h - 16.10 h:
(Round table) José L. Toca-Herrera

16.15 h - 17.00 h:
José L. Toca-Herrera - Round table (optional)

Thursday - 15.09.2016
Fourth session, Chair: Jagoba Jon Iturri
9.30 h - 9.55 h:
Notburga Gierlinger: RAMAN image of Micrasterias denticulata

10.00 h - 11.25 h: Brain storming
11.30 h - 13.50 h: Lunch break
14.00 h: Departure to Vienna
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