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‘AFM BioMed Conference
. Red Island Croatia 2010

Third International Meeting on AFM in Life Sciences and Medicine
Red Island, Croatia, May 12-15, 2010

Program

Training Day and Courses

Tuesday, May 11

Special lectures

Daniel NAVAJAS: Mechanical properties of living cel Is
Pierre-Emmanuel MILHIET: Membrane reconstituted Sys  tems

Conference Schedule

Wednesday, May 12
Thursday, May 13 "
Friday, May 14 ™
Saturday, May 15 ™

Keynote Lecture: 45 minutes
Plenary and Invited Lectures: (25+5) minutes
Selected Lectures: (15+5) minutes
Selected Short Oral Presentations: (8+2) minutes



Training Day and Courses

Special lectures

Daniel NAVAJAS: Mechanical properties of living cells
Pierre-Emmanuel MILHIET: Membrane reconstituted Systems

From 16:00
Attendees arrive
Registration and Rooming

20:00

Welcome Party



8:15

8:25

8:30

9:00

9:20

9:40

10:00
10:30

10:50

11:10

11:30

12:10

13:30

Opening Ceremony
Danica RAMLJAK
Ruder Boskovi¢ Institute, Zagreb, Croatia

Session I: Interaction & Recognition
Gil LEE
University of Dublin, Ireland

Chair's introduction

Invited Lecture

Fishing single molecules on live cells
Yves DUFRENE, Université de Louvain-la-Neuve, Belgium

A fiber force probe for soft materials in fluids
Babak SANII, Lawrence Berkeley National Lab, Berkeley CA, USA

AFM Force spectroscopy reveals the complex dynamiasd single protein
molecules
Jasna BRUJIC, New York University NY, USA

Mapping single interactions between DC-SIGN andandida albicans
associated molecular patterns by AFM force spectraspy
Joost TE RIET, Radboud University Nijmegen, The Netherlands

Break (30 minutes)

Tailored 2D and 3D cell culture substrates for AFMbased singlecell
force spectroscopy
Clemens FRANZ, Karlsruhe Institute of Technology, Germany

AFM and living cells: from immobilization to single molecule force spectroscopy
Etienne DAGUE, Université de Toulouse, France

Shear force microscopy with active and passive miemachined AFM probes
Arturas ULCINAS, University of Technology, Kaunas, Lithuania

Plenary Lecture

Topography and Nanomechanics of Live Neuronal Growt Cones Analyzed
by Atomic Force Microscopy

Gil LEE, University of Dublin, Ireland

Lunch

Poster session A



14:55

15:00

15:30

15:50

16:10

16:30

17:00

17:20

17:50

Session II: Nanoecology & Nanotoxicology
Vesna SVETLICIC
Ruder Boskovi¢ Institute, Zagreb, Croatia

Chair's introduction

Invited Lecture

Natural and manufactured nanoparticles in the envionment
Jamie LEAD, University of Birmingham, UK

Heterotrophic bacteria and Synechococcus interactits with organic
matter continuum: an AFM study of microscale microkial ecology
Francesca MALFATTI, Scripps Institution of Oceanography, La Jolla CAAJ

The size related toxicity of cerium oxide nanopartiles
Ruth MERRIFIELD, University of Birmingham, UK

Seawater at nanoscale: Organic assemblies imaged AFM
Tea MISIC RADI(:, RuZer BoSkow Institute, Zagreb, Croatia

Break (30 minutes)

Dynamic of proteo-nucleic complexes
Eric LESNIEWSKA, University of Bourgogne, Dijon, France
Plenary Lecture
Marine ecology at nanoscale
Vesna SVETLIéIé, Rufer Boskow Institute, Zagreb, Croatia

Break (25 minutes)

10



AFM BioMed Conference Red Island Croatia 2010
PROGRAM

Selected short oral presentations of sessions I, II, III

Simon Scheuring
Institut Curie, France

18:15 AFM investigation of self assembling amphiphilic pptide
Michele ALDERIGHI, University of Pisa, Italy
18:25 External conditions influencing the elasticity of he cerebral endothelial cells
Gyorgy VARO, Biological Research Center of the HAS, Szeged, Hynga
18:35 | Atomic force microscopy-based molecular recognitiomf fibrinogen receptor
in human erythrocytes
Filomena CARVALHO, Universidade de Lisboa, Lisbon, Portugal
18:45 AFM imaging of extracellular polymer release by maime diatom
Galja PLETIKAPIC, Rufer Boskowu Institute, Zagreb, Croatia
18:55 Break (15 minutes)
19:10 Screening estrogenic compounds using force spectcapy
Céline ELIE-CAILLE, Institut Femto-st, Besangon, France
19:20 Bimodal atomic force microscopy imaging of proteins
José LOZANO, Instituto de Microelectronica de Madrid, Spain
19:30 | Analysis of the Bacterial Cell Employing a Novel Lgis System and Atomic
Force Microscopy

Douglas DENNIS, Morehead State University KY, USA

19:40 Changes in the Mechanical Properties dBacillus anthracisby Germinants
and Antimicrobial Peptide Chrysophsin-3
Paola PINZ()N-ARANGO, Worcester Polytechnic Institute, MA, USA
19:50 Internal motion of proteins under force leads to nmexponental unfolding
kinetics
Eric VANDEN-EIIJNDEN New York University, New York, NY, USA

20:30

Dinner
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Chair's introduction

8:30

Invited Lecture

Quantifying domain patterns and domain textures inlipid bilayers
Adam COHEN SIMONSEN, University of Southern Denmark, Odense, Denmark

9:00

Annular oligomers in the transthyretin amyloid fibr illogenetic pathway
captured with AFM
Ricardo PIRES, Semmelweis University,Budapest, Hungary

9:20

AFM nano-guided bacterium adhesion to the host celbr biophotnic-based
measurements of the dynamics of cytoskeleton andisaling molecules upon infection
Yann CICZORA, Institut Pasteur de Lille, France

9:40

Direct correlation of structures and nanomechanicaproperties of
multicomponent lipid bilayers
Shan ZOU, Steacie Institute for Molecular Sciences, Ottawa, &&n

10:00

Break (30 minutes)

10:30

Plenary Lecture

Nanomechanics of living cells: applications in regmtory medicine
Daniel NAVAJAS, Universitat Barcelona, Spain

10:50

Nanoscale investigation of the interaction betweeionic detergents and
supported lipid membranes
Karim EL KIRAT, Université de Technologie de Compiégne, France

11:10

Atomic force microscopy as a valuable tool to studgmyloid aggregation and
aggregate-membrane interaction
Annalisa RELINI, University of Genoa, Italy

11:30

Plenary Lecture
AFM Imaging of Purified Transmembrane Proteins Recostituted into Artificial Membranes
Pierre-Emmanuel MILHIET, CNRS, Montpellier, France

12:10

Lunch

13:30

Poster Session B
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14: . . .
23 Chair's introduction
15:00 Invited Lecture
Direct Visualization of Dynamic Processes on Biometules with High-Speed AFM
Takayuki UCHIHASHI, Kanazawa University, Japan
15:30 First FluidFM applications in biology: from single-virus dispensing to
cell-organellae transplantation
Tomaso ZAMBELLI, ETH Zurich, Switzerland
15:50 Precision force spectroscopy: A new window on theydamics of unfolding
and refolding membrane proteins
Thomas PERKINS, University of Colorado, Boulder CO, USA
16:10 | Principles for using high-resolution topographicalsurfaces obtained in AFM for
assembling molecular complexes: test case of thebacco mosaic virus (TMV)
Minh Hieu TRINH, CEA Marcoule, Bagnols sur Céze, France
16:30 Break (30 minutes)
17:00 Near-field IR microspectroscopy as a tool to discminate nano-molecular
alterations at cell or near-cell level in biomedicbresearch
Hubert POLLOCK, Lancaster University, UK
17:20 | Quantifying the dielectric constant of biomembranesand lipids bilayers with
atomic force microscopy on insulating substrates
Laura FUMAGALLI, Institute for BioEngineering of Catalonia, BarcelgrSpain
17:40 Expanding the temporal and spatial scales in scanmg force microscopy
Miklos KELLERMAYER, Semmelweis University, Budapest, Hungary
18:00 Using microcantilevers to count biological bonds
Todd SULCHEK, Georgia Institute of Technology, Atlanta GA, USA
18:20

Break (15 minutes)

13



AFM BioMed Conference Red Island Croatia 2010
PROGRAM

Selected short oral presentations of sessions IV, V,

VI

Jean-Luc PELLEQUER
CEA Marcoule, France

18:35

AFM in drug discovery and development — Applicationopportunities and
technology needs
Johannes KINDT, Veeco GmbH, Mannheim, Germany

18:45

How to make a fresh start with carbon nanotube proks?

Sophie MARSAUDON
Université Bordeaux 1, France

18:55

Insulated nanoneedle probes for combined atomic foe and scanning
electrochemical microscopy (AFM-SECM)
Mehdi YAZDANPANAMH, University of Louisville KY, USA

19:05

Detection of populations of amyloid-like protofibrils with different physical
properties
Ranieri ROLANDI, University of Genoa, Italy

19:15

Break (15 minutes)

19:30

Characterization of self-oscillating Soft Imaging ly means of photothermal
excitation

Massimo VASSALLLI, Institute of Biophysics, Genova, Italy

19:40

Functionnalized Si(111) surfaces with tunable surfege chemistry:
New atomically flat platforms for the anchoring of bio-molecules for AFM
characterization purposes

Catherine HENRI de VILLENEUVE, Ecole Polytechnique, France

20:30

Dinner
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8:25

8:30

9:00

9:20

9:40

10:00

10:30

10:50

11:30

12:10

Session V: AFM Bio I1
Paolo FACCI
S3-INFM-CNR, Modena, Italy

Chair's introduction

Invited Lecture
Quantifying the dynamics of nucleosomes with AFM
John van NOORT, Leiden University, The Netherlands

A combined imaging and force spectroscopy approaateveals the mechanical
structure of viral nano-particles
Wouter ROOS, Vrije Universiteit, Amsterdam, the Netherlands

Imaging bacterial cell death induced by antimicrobal peptides in real time
using high speed AFM
Georg FANTNER, Massachusetts Institute of Technology, Cambridge W8%A

Measurement of DNA morphological parameters at higly entangled regime
on surfaces
Annalisa CALO, Istituto per lo Studio dei Materiali NanostrutturaBologna, Italy

Break (30 minutes)

An integrated AFM—polarized Raman micro-spectroscop instrument for
investigations of biological nanomaterials
Banyat LEKPRASERT, The University of Nottingham, UK

Imaging the nanoscale organization of peptidoglycam living Lactococcus
lactis cells
Guillaume ANDRE, Université Catholique de Louvain, Belgium

Plenary Lecture

Unravelling lipid-protein interaction in model bilayers by AFM
Paolo FACCI, S3-INFM-CNR, Modena, Italy

Lunch

15



14:00

18:00

19:00

20:00

21:00

23:00

Large Poster Session C

NETWORKING & SOCIAL EVENTS

Best Short presentations and Posters Awards
&

Keynote Lecture
AFM as an essential tool in cell and molecular bioly studies

Dennis DISCHER
University of Pennsylvania, Philadelphia PA, USA

Conference Gala dinner
Announcement and invitation to the next AFM BioMed Conference
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8:25

8:30

9:00

9:20

9:40

10:00

10:30

10:50

11:10

11:30

12:10

13:30

Session VI: Nanomedicine
Hans OBERLEITHNER
University of Mlnster, Germany

Chair's introduction

Invited Lecture
Mechanics of Cancer versus Normal Cells: Fundamenkaand Possible
Applications
Igor SOKOLOV, Clarkson University, Potsdam NY, USA
Investigating Angiotensin Il AT-1 receptor bias signaling with AFM
Elie SIMARD, Université de Sherbrooke, Canada

Combining atomic force microscopy with micro-electode arrays for studying the
mechano-electrical behavior of cardiac myocytes

José SAENZ, University of Genova, Italy

Substrate elasticity dominates integrin-ligand avdability during cellular
adhesion and spreading

Ilia LOUBAN, Max-Planck-Institute f. Metals Research, Stuttg&ermany

Break (30 minutes)

Parallel AFM imaging and force spectroscopy using-2limensional probe arrays for
applications in cell biology

André MEISTER, Centre Suisse d'Electronique et de Microtechnityeeichéatel, Switzerland

Monitoring of mechanical properties of serially pasaged bovine articular
chondrocytes by atomic force microscopy

Michal WOZNIAK, Faculty of Materials Science and Engineering, WarsBoland

AFM Based Force Spectroscopy:
A New Tool to ProbeEx Vivo Vascular Endothelium Rigidity

Yannick MIRON, Université de Sherbrooke, Canada
Plenary Lecture

Nanophysiology of the vascular endothelium
Hans OBERLEITHNER, University of Miinster, Germany

Lunch

Poster Session D
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14:25 Chair's introduction
14:30 Plenary Lecture
Mechanobiological regulation of tumor and stem celbiology in the central
nervous system
Sanjay KUMAR, University of California, Berkeley CA, USA
15:00 Identification of cancerous cells using AFM
Malgorzata LEKKA, The Henryk Niewodniczaki Inst. of Nuclear Physics, Polan
15:30 Break (30 minutes)
16:00 | AFM in health and diseases: identification of techalogical gaps toward new
applications for specific needs?
Frank LAFONT, Institut Pasteur de Lille, France
16:20 European Cooperation in AFM for Nanomedicine
Jean-Luc PELLEQUER, CEA Marcoule, France
16:40 End Meeting Plenary lecture

Past, Present and Future of AFM in NanoMedicine andLife Sciences
Simon SCHEURING, Institut Curie, France

Conference ends
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SESSION |

Interaction & Recognition

Chair: Gill LEE
University of Dublin, Ireland

19



Invited Lecture

Fishing single molecules on live cells

Yves F. Dufréne

Unité de Chimie des Interfaces, Université Cathaigle Louvain, Croix du Sud 2/18,
B-1348 Louvain-la-Neuve, Belgium

Although much is known about the structure andypitigesis of microbial cell
envelope constituents, the three-dimensional orgdion, assembly, and interactions of
the individual components remain poorly understadtiat is the spatial arrangement of
cell surface receptors, clustered or homogeneoudtt Vare the adhesive and
mechanical properties of cell surface proteins palysaccharides, and how are they
related to function? Traditionally, these questibase been difficult - or impossible - to
address owing to the lack of high-resolution sirgg#t and single-molecule probing
techniques. With its ability to observe and forgelhe single live cells to molecular
resolution, atomic force microscopy (AFM) technigueffer new opportunities in
molecular microbiology [1,2]. While high-resolutiamaging is a powerful tool for
visualizing the architecture of cells in buffer @idn, force spectroscopy offers a means
to analyze the localization, interactions and adgtof their individual constituents. In
this talk, | will discuss recent progress we hawaamin the area.

[1] Y.F. Dufréne, Nat. Rev. Microbiol., 6 (2008)74-680.

[2] D.J. Miller, J. Helenius, D. Alsteens, Y.F. Bérie, Nat. Chem. Biol., 5 (2009), 383-
390.
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A fiber force probe for soft materials in fluids
Babak Saniiand Paul D. Ashby*

Molecular Foundry, Lawrence Berkeley National LBlerkeley, CA 94618 USA
bsanii@Ibl.goy pdashby@Ibl.gov

Performing AFM on soft materials in fluids (e.gvimg cells) is challenging due to their ready
deformation by the tip. The thermal force-noisele cantilever is the principal limitation to
reducing sample deformation, and minimizing a dawdir's cross-section drastically reduces
its noise. However, the minimum size of a usaldatiever is currently limited by the
conventional deflection detection scheme, whicluireg a large surface area for laser specular
reflection. We introduce a non-interferometric iogt approach to determine the position of
nanowires with high sensitivity and bandwidth. fysical origins and limitations are
determined by Mie scattering analysis. This enahlesamatic miniaturization of detectable
cantilevers, with attendant reductions to the fumeiatal minimum force noise in highly
damping environments. We measure the force-noisa 81+9nm radius Ag2Ga nanowire-
cantilever in water at 6+3fN/ Hz.

Reference:

[1] B. Sanii and P.D. Ashby, High sensitivity deflen detection of nanowires, Phys. Rev.
Lett. (2010).
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AFM Force spectroscopy reveals the complex dynamiad single protein
molecules

Herbert Lannon, Ted Mariallis, Maxime Clusdhsna Brujic

New York University, 4 Washington Place, 10003 Nevk, USA

Ensemble studies of protein unfolding are typicatigydeled as two state reactions with a well-
defined rate constant. Here we examine whethervibis also holds at the single molecule
level. We have developed force-clamp spectroscodpltow the end-to-end length of single
small proteins during their folding reaction. Wesfimeasure the kinetics of unfolding of the
protein ubiquitin under a constant force and discoa surprisingly broad distribution of
unfolding rates that follows a power law with noachcteristic mean. The structural
fluctuations that give rise to this distributionveal the architecture of the protein's energy
landscape. Following models of glassy dynamicss tbomplex kinetics implies large
fluctuations in the energies of the folded protenaracterized by an exponential distribution
with a width of 5-10 kbT. Our results predict thastence of a ““glass transition” force below
which the folded conformations interconvert betwéderal minima on multiple time-scales.
Both the unfolding as well as the folding pathwagptured by force-clamp spectroscopy are
much more complex than the two state model thabimmonly used to interpret such data in
classical protein biochemistry. Our results pomthe necessity of using statistical mechanics
to fully describe the folding of proteins undert@eghing force.
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Mapping single interactions between DC-SIGN an€andida albicansassociated
molecular patterns by AFM force spectroscopy

Joost te Riet? Inge Reinieren-BeerénSylvia Spellet, Alessandra Camband
Carl G. Figdot

'Department of Tumor Immunology, Nijmegen Centrévolecular Life Sciences, Radboud
University Nijmegen Medical Centre, P.O. Box 918HQ0HB Nijmegen, The Netherlands
“Department of Scanning Probe Microscopy, InstifateMolecules and Materials, Radboud
University Nijmegen,

P.0O. Box 9010, 6500GL Nijmegen, The Netherlands

The fungus Candida albicansis the most common cause of mycotic infections in
immunocompromised hosts. Little is known aboutittigal interactions betwee@andidaand
immune cell receptors, such as DC-SIGN, becausalei@tcharacterization at the structural
level is lacking. Understanding these processdsultimately provide relevant information to
develop novel treatments. The C-type lectin DC-SIé&xpressed on dendritic cells (DCs)
recognizes specifi€andidaassociated molecular patterns. DC-SIGN bindSaadidavia N-
linked mannan present in the cell wall@indida However, the exact binding epitope is not
yet determined. Furthermore, the regulation of inigcby DC-SIGN oligomerization is still
unknown. Here, we exploit atomic force microscopecé spectroscopy (AFM-FS) to gain
better insight in the carbohydrate recognition peodf DC-SIGN. We demonstrate that slight
differences in theN-mannan structure dfandidaglycosylation mutants can be detected by
AFM-FS, giving insight in the single bond affinityf the DC-SIGNEandida interaction.
Furthermore, biophysical Bell parameters determirfed different carbohydrate-protein
interactions exhibit a similar dynamical resporséotces (.e. dynamical affinity) for this type
of interactions. More detailed knowledge on thedbig pocket of DC-SIGNzandida will
definitely lead to a better understanding of thebohydrate recognition of C-type lectins.

13se|

detector

nt'\\e\le"

candida cell

- WY pcsien-Fe
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Tailored 2D and 3D cell culture substrates for AFMbased single-cell force
spectroscopy

Clemens M. Franz

Young Scientist Group Nanobiology DFG-Center fon&tional Nanostructures
Karlsruhe Institute of Technology Wolfgang-Gaedel&t
76131 Karlsruhe Germany

AFM-based single-cell force spectroscopy (SCFS3 =ensitive method to measure cellular
adhesion forces across dimensions from the singlegule level to that of the entire cell. In
SCFS experiments rigid surfaces homogeneously dosith components of the extracellular
matrix (ECM) are commonly used as adhesive sulestraiowever, in tissues cells are often
surrounded by a well-structured and flexible sddffof ECM macromolecules. Analyzing the
adhesive interactions between cells and structam@tdoenvironments is therefore important
for understanding how cells perform their tissueesfic function. Microstructured ECM
substrates may mimic the cellular environment mdosely and ensure that results from
adhesion experiments can be applied for understgrahiysiological interactions between cells
and ECM. We have developed different 2D surfaceepsing methods and analyzed the effect
of pattern configuration on cell adhesion formatiging combined fluorescence microscopy
and AFM. Furthermore, we have used hetero-functidd@M micropatterns to directly
compare the affinity of specific adhesion receptorglifferent ECM proteins or to the same
ECM protein offered in different topographies. Twwthermore test the effect of substrate 3-
dimensionality and flexibility on cellular forcesye have produced elastic 3D cell culture
scaffolds by direct laser writing into a bio-coniplg photoresist. These 3D scaffolds contain
flexible beam elements of submicron thickness witieh be rhythmically deformed by single
beating cardiomyocytes. To obtain a quantitativesoee of the involved cellular contraction
forces, the cell culture substrates can be caédratsing the AFM cantilever as a micro-
indenter. In conclusion, SCFS performed on micrigpaéd, multi-functional 2D and 3D
adhesion matrices provides novel insights into raaidms of receptor-mediated ECM
adhesion.

References

1. F.Klein, T. Striebel, J. Fischer, Z. Jiang, CAvanz G. von
Freymann, M. Wegener and M. Bastmey#astic Fully Three-
dimensional Microstructure Scaffolds for Cell Foldeasurements.
Adv. Mat. 22, 1-4 (2010)

2. C.M. Franzand P.H. Puechtomic force microscopy — a versatile
tool for studying cell morphology, adhesion and haatcs.Cell. Mol.
Bioeng.1, 289-300 (2008)

3. C.M. FranzA. Taubenberger, P.H. Puech, and D.J. MuSi&udyinc
Integrin-Mediated Cell Adhesion at the Single-Molecule L&lsthg
AFM Force SpectroscopSci. STKE 96 (2007)

4.J. Friedrichs, A. Taubenberger, C.M. Fraamd D.J. Muller.
Cellular Remodelling of Individual Collagen Fibrildsvalized by
Time-Lapse AFMJ. Mol. Biol.372,594-607 (2007)
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AFM and living cells: from immobilization to single molecule force spectroscopy
Etienne Dague

CNRS ; LAAS ; 7 avenue du colonel Roche, F-310tlblise, France
Université de Toulouse ; UPS, INSA, INP, ISAE ; 8AR-31077 Toulouse, France

* edague@laas.fr

Exploring living cells at the nanoscale i
now possible thanks to Atomic Forc
Microscopy conducted in liquid. Ou
researchs on different micro-organis
(Lactococcus lactis Escherichia coli but
also on eukaryotic cellsSaccharomyces
cerevisiae or human fiboblasts) aims a
measuring parameters such as cell w
elasticity and to correlate the result with a

function (adhesion, viability, mobility). For Figure 1:E. colias seen by AFM. On the left (
example we've demonstrated thit coli the deflection image recorded in contact mod
cell wall becomes stiffer when it's damage&BS. On the gh (b) the elasticity map of the ct

by a thermal treatmehffigure 1). The brighter the pixel, the higher the ela
modulus.

With Lactococcus lactisvith have designed a cell probe
(figure 2) and measured the interactions between a
single bacteria and mucin, the main glycoproteithef
intestinal mucus Moreover a dynamic study tends to
demonstrate that we are probing single molecule
interactions as the force is a function of the Ingdate.
This approach has been used to compare different
strains known for their different ability to
macroscopically adhere to glass.

CNR Omm x4.00k SE

Figure 2: Lactoprobe

Finally, | will present a new biofunctionalizatiatrategy for AFM tips that we have developed
on the couple GST-antiGST. Figure 3A shows the lrest single molecule interactions
between the tip functionalized with the antibodsedted against GST and a surface covered by
GST. Figure 3B shows the result of the same exm#invhen free antiGST antibodies are
added in the solution.
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Figure 3: Single molecule force spectroscopy betw®8i on a surface and antibody antiGST on

the AFM tip.

A: the histogram repartition of the interactionscfes between GST and anti-GST and a typical

force curve.

B: the force repartition when the GST surface isrs#dd with free antibody and a typical force

curve

1. Cerf, A,; Cau, J.-C.; Vieu, C.; Dague, E., Narcimanical properties of dead or alive single-
patterned bacteridangmuir2009,25, (10), 5731-5736.

2. Dague, E.; Le, D. T. L.; Zanna, S.; Loubiere ,NParcus, P.; Mercier-Bonin, M., Probing in
vitro interactions betweelnactococcus lactisnd mucins using AFM.angmuirSubmitted.
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Shear force microscopy with active and passive miomachined AFM probes
Art iiras Ulginas, Giovanni Valdre and Massimo Antognozzi

Research Centre Microsystems and Nanotechnold§as)as University of Technology,
Kaunas, Lithuania
" Laboratory of Biomaterials and Applied Crystallaghy, Department of Earth and Geo-
Environmental Sciences, University of Bologna, Bok Italy
“ H. H. Wills Physics Laboratory, University of Bd Bristol, UK

Shear force microscopy (ShFM) is an important forgeroscopy technique, offering true non-
contact operation and ability to investigate theerfacial phenomena such as lubrication and
friction on the nanoscale with unparalleled sewisiti Applications of this technique to study
biological systems were limited, mostly due to ldmek of reliable detection system to sense the
force on the probe in liquid, and difficulty wittsimg micromachined probes with carefully
controlled properties in vertical orientation. Reity developed innovative ShFM based on
scattered evanescent wave detection [1] enablesrectly monitor the displacement of the
probe tip in air and liquid, thus opening the wayuse variety of commercial or custom
nanomechanical force probes. Here, we report agits of this technique for surface
imaging and investigation of viscoelastic propert® confined fluids using mechanically
driven (“active”) and thermal noise actuated (“pasy micromachined probes, and discuss its
suitability for high resolution non-contact imagingnd shear force spectroscopy of
biomolecules and hydration shells around them.

[1] M M. Antognozzi, A. Ulcinas, L. Picco, S.H. Spwson, P.J. Heard, M.D. Szczelkun, B.

Brenner, M.J. Miles, A new detection system forremntely small vertically mounted
cantilevers. Nanotechnology 19 (2008) 384002.
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SESSION |

Plenary Lecture

Topography and Nanomechanics of Live Neuronal Growt Cones
Analyzed by Atomic Force Microscopy

Ying Xiong*, Emily Gryzwa;! Aih Cheun Le& Daniel M. Sutet, andGil U Lee'?

! School of Chemical and Biomedical Engineering, Rertiniversity, West Lafayette, Indiana,
USA
Department of Biology, Purdue University, West afte, Indiana, USA
*School of Chemistry and Chemical Biology, Univgr€ibllege, Dublin, Ireland

Neuronal growth cones are motile, hand-like stmeguocated at the end of axons that read
extracellular guidance information and translat@tiv directional movement. Despite of their
important role in the development and regeneratibnhe nervous system, relatively little
guantitative information is available regarding ithéhree-dimensional morphology or
mechanical properties. Aplysia bag cell neuronginocones are a model system for the study
of cytoskeletal dynamics and biomechanics due &ir tlarge size and distinct cytoplasmic
regions. In this presentation we will describe tised the atomic force microscope (AFM) to
obtain high-resolution images of the peripheraldBnain, transition (T) zone, and central (C)
domain of liveAplysiagrowth cones. The average height of these regi@sscalculated from
contact mode AFM images to be 183 £ 33, 690 + 2nd, 1322 + 164 nm, respectively, which
was consistent with data derived from dynamic miosleges of live and contact mode images
of fixed growth cones. Nanoindentation measuremesnealed that the elastic moduli of the
P-domain and T-zone ruffling region are signifidarttigher than those measured in the C
domain. High-resolution images of the P-domaingsst) that the higher elastic modulus
results from a dense meshwork of actin filamentslamellipodia and actin bundles in
filopodia. The nanomechanical properties of Amysia growth cone have been interpreted
with the cytoskeletal organization of the subceltutegions and related to their proposed
function in growth cone maotility.
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Invited Lecture

Natural and manufactured nanoparticles in the envionment

Jamie Lead

GEES, University of Birmingham
Birmingham, B15 2TT, UK. E: j.r.lead@bham.ac.uk

Nanoparticles (NPs) are defined as between 1 afdnb® in size and may be produced
naturally by microbial processes, weathering andnibal hydrolysis, as an incidental by-
product of combustion and other industry and deditedy by human activity for specific
purposes. This talk will discuss the uses of AFMthim a multi-method approach, to
understanding the properties and characteristidsotti natural and manufactured NPs. The
formation of nanoscale films of natural NPs, infiumg fate, behaviour and ecotoxicology of
pollutants (including manufactured NPs) will be d#ésed. Further discussion of AFM, within
a multi-method approach, will be given for the phbgschemical characterisation of
manufactured NPs, including accuracy and underpgmof this approach to nanotoxicology.

30



Heterotrophic bacteria and Synechococcugteractions with organic matter
continuum: an AFM study of microscale microbial ectogy.

Francesca Malfattiand Farooq Azam

Scripps Institution of Oceanography, University i@ahia San Diego, La Jolla, USA

Marine bacteria are important players in biogeodbhahtycles in the ocean. They intimately
interact with the size continuum of organic mattd@gt includes truly dissolved molecules,
colloids up to organisms. Using atomic force micapsy (AFM) we discovered that a
substantial, and variable, fraction (on average 31%8 with a range 0% to 55%) of “free-
living” bacteria in our samples from California ataél and open ocean environments were
intimately associated with other bacteria at nmgoale. Twenty-one percent to 43% bacteria,
including Synechococcué major primary producer), were conjoint. Moregwe substantial
fraction (4-55%) of bacteria was connected by @ild gels into cell-cell pairs or occurred in
networks of up to 20 cells. We followed the dynawiiheterotrophic bacteria interacting with
organic matter and conjoint heterotrophic bact&yaechococcuduring microcosm bloom
experiments. Using AFM we imaged the colloidal fimt of the organic matter as well as
measured viscosity changes during the phytoplanitoom. This latter measurement relies on
the dampening of the resonance frequency of théleaer because of increase in viscosity.
We will discuss our results in the context of howrime bacteria interact with organic matter
and with other bacteria and the biogeochemical @pmsnces of these interactions for ocean
carbon cycle.
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The size related toxicity of cerium oxide nanopartles.
R.C. Merrifield , P. Cole, J.R. Lead

University of Birmingham, Birmingham B15 2TT, UK

Cerium oxide nanoparticles have been shown to aserehe efficiency of diesel engines,
therefore these particles could quite easily eiher environment either into the air as
particulates or into the water systems. We show ¢hanmercially available powders have a
large size distribution when dispersed in algae imeohd have a range in size from 3 to
hundreds of nanometers. Our synthesised ceriumeoxahoparticles of sizes 5, 7, 10, and
35nm exhibit narrow size distributions. We expotelfresh water algae (Pseudokirchneriella
subcapitata)to the bulk, commercially brought nanoparticles amatr synthesised ceria
participles to determine the EC50 of the algae. [Basnof the algae were taken at several
points over the 72 hour exposures for AFM analyslsgre the size and shape of the algae cells
were recorded. In the exposures to the larger sgigld partials, the bulk and the commercial
ceria nanoparticles, it was observed that the oerdded the algae. The EC50 for these samples
showed no significant effect on the growth ratehaf algae. In contrast the algae exposed to
the 5nm synthesised nanoparticles changes the akjhshape and showed rapid signs of
degradation with the apperence of dips in the algadgace. This research highlights the
importance of size on the toxicity of cerium oxitnoparticles and the uncertainty in the size
of mass produced commercial nanoparticles.
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Seawater at nanoscale: Organic assemblies imaged AFM
Tea Misi¢ Radi¢, Vesna Svetti¢, Vera Zuté

Division for Marine and Environmental ResearchdBuBoskow Institute, Zagreb, Croatia

The present study introduces atomic force microg¢@M) as a direct imaging technique for
characterization of marine biopolymer assemblie$ amderstanding molecular mechanism of
biopolymers associations in seawater, not accesbkipbther techniques.

A nutrient enrichment experiment ("Phosphorus kit carbon fixation, cycling and

persistence and role of aggregation in the pros&sgerformed from October 2007 until

February 2008 in the Northern Adriatic (Piran, $Inia) gave us the opportunity to follow the
stages in self-assembly of exopolymers produceihgltihe diatoms dominated phytoplankton
bloom. Direct deposition of whole seawater on flesieaved mica followed by rinsing is the
procedure that causes the least impact on thenatigiructures of biopolymer assemblies in
seawater.

Topographic images revealed main structural orgdioias spanning from single fibrils and
globules to their associations and gel networks,d&o vesicles and nanobubbles. Although
these findings apply directly to the organic stawes observable in the northern Adriatic Sea,
they also form basis for advancing research ondiyoper associations in the ocean using
AFM.
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Dynamic of proteo-nucleic complexes

M. Ewald', D. Carriod, E. Bourilot, M. Branowsk3 E. Lesniewska,
N. Koder&, T. Andd,
A. Laisné, J.-L. Leroy, D. Pompoi

Ynstitute Carnot Bourgogne UMR CNRS 5209, UniversitBourgogne, Dijon, France.
“Department of Physics, Kanazawa University, Kakumaghi, Kanazawa 920-1192, Japan.
3CGM-FRE3144 and ICSN-UPR2301 CNRS, Gif-sur-YVvettce

Designing realistic nanofabrication approaches feadio reliable network of functional
nanostructures in the size range of one to few tefithanometer remains today a real challenge.
This project combines classical and high-speed iatdorce microscopy (AFM) to synthetic
biology. Commercially available AFMs require atde80 — 60s to capture an image, whereas many
interesting biological processes occur at a mugfhdri rate. High-speed AFM imaging, because
“direct and real-time visualization” can provideasghtforward and prompt answers to understand
biomolecular processes. The capability of this nearascope has been demonstrated by studying
the dynamic of reversible molecular interactionsgween synthetic proteo-nucleic (p-DNA)
structures. In such structures, the protein donminsed to control interaction with the surface
providing a tight attachment while preserving latetiffusion and the DNA domain to link protein
parts together and to control self-assembly of abjby reversible lateral interactions. Extensién o
high-speed AFM imaging approach is now considered tfie analysis of the self-assembly
mechanism of DNA [-motif tiles. This non-classicalrémheric form of DNA can self-assemble to
form wire structures by a mechanism critically degzert on pH and monomer concentration. Low-
speed AFM in solution evidenced that such self-oizgion can lead to a large variety of structural
organizations with in some cases long distance ortlee major goal is now to transpose the
concepts of p-DNA technology for the analysis of medras of I-wire formation and structure
stabilization under geometric constraints. Thisolmes the characterizations of kinetic parameters,
the analysis of the length distributions and of toatribution of different parameters (pH, strand
concentration, temperature and geometry).

Dynamic analysis of a population of transientlyeratting p-DNA construct®\. Left, static image of the
population.B. Right, superposition of two frames (red and gre®n}00 ms interval showing immobile
(white) and moving (red and green) segmentStructure of b5-based p-DNA building block

[1] D. Pompon D and A. Laisné. (2007) Biochem. Sansact. 35 :495-497.

[2] J.L. Leroy. (2009) Nucl. Acids Res. 37, 4127341

[3] T. Ando, T. Uchihashi, N. Kodera, D. Yamamaié, Taniguchi, A. Miyagi & H. Yamashita (2007) J.
Mol. Recognit. 20, 448-458.

[4] M-C. Giocondi, D. Yamamoto, E. Lesniewska, PMalhiet, T. Ando, C. Le Grimellec. (2009) Biocheet
Biophys. Acta, in Press

[5] A. Laisné, E. Lesniewska, D. Pompon. (2009) NAcids Res. (submitted).
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Plenary Lecture

Marine ecology at nanoscale

Vesna Svetlié

Division for Marine and Environmental ResearchdBuBoSkow Institute, Zagreb, Croatia

This study highlights the capacity of AFM to becoantol in marine ecologyarine ecology
describes the interactions of marine species widir thiotic and abiotic environments. The
biotic environment includes interactions with otliging organisms. The abiotic environment
includes aspects of the physical habitat.

The two intriguing processes which occur in theiaiilt Sea at very different length scales
will be presented. First: an abiotic process gidaol-gel transition within the water column
resulting in a giant gel formation. Second: a bgidal process of extracellular polymer release
by marine diatom.
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AFM investigation of self assembling amphiphilic pptide
M. Alderighi *, A. Battistf', F. Fusd, M. Allegrini?, R. Solard

'Chemistry and Industrial Chemistry departmenta Risorgimento 35- 56126 University of Pisa, Italy
Physics departmentl-argo Pontecorvo 3 - 56127 University of Pisa, ytal

Nanoscience and nanomedicine are strongly drivesdayning probe microscopy which allows
investigation and manipulation down to the atomilescThe Atomic Force Microscope (AFM) can
be exploited as a powerful tool to explore and ustded aggregation processes of a particular type
of peptides under different conditions. Among seembling peptides, the class of amphiphilic
peptides is of special interest: This family of pe@s has both hydrophilic and hydrophobic
properties. This unique structural feature allows floe formation of stable aggregates under
particular conditions (pH, concentration, tempemtamd time).

In this work the self-aggregation behavior of a ipatar amphiphilic peptide PA (Fig.1) has been
studied with light scattering, viscosimetry and AFMicroscopy both in air and in liquid
environment.
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Fig. 1 Schematics of the amphiphilic peptide stddie
Experimental
AFM. Scanning of peptide aggregates was performegpimtamodes by using a commercial AFM (Multimodéwi
Nanoscope IV controller, Veeco Instruments) eqdipgith scanners E and J. Measurements in fluidaemaent were
performed by using a MTFML cell (Veeco Metrologye.). Samples imaged in air were scanned by usiitsR
probes (Veeco Instruments) with 40 N/m elastictanband 300 kHz resonance frequency.
Light ScatteringA PerkinElmer LS 50 spectrofiuorimeter equippethva xenon pulsed lamp was used for light
scattering measurements. The excitation wavelevagtB20 nm. The scattered light was collected’awi0 respect to
the excitation beam and analyzed in the range 33@Am; micro sample cells of 10mmx2 mm have bset
ViscosimetryThe viscosity measurements were performed witiuemated Micro Viscosimeter AMVn (Anton Paar
GmbH) equipped with a 500 pl capillary tube. Tiselte were expressed as relative viscagity=(/7/ 17, whererz andry,
are the viscosities of sample solution and solkesgectively).
Hydrogel formationThe PA hydrogels were prepared by adding watati@olcontaining different concentration of
CaC}, to PA water solution at pH 7.4 (1:1v/).
Hydrogel stiffness measurement with AFM.
Stiffness measurement were performed in liquid BylA&quipped with PicoForce stage, allowing forezlibdoop scans
in the Z direction (J-type scanner) and thus emdpwiprecise and reliable movement along the zuseful during
elasticity measurements. To measure the elasperties of the peptide gel a special cantileVastie constant K=4.5
N/m) with, mounted as probe a borosilicate sphétie avdiameter of 10 um, was used. This specidilesan was
provided by Novascan Technologies, Inc. (Amesoisel).

In synthesis, the aggregation behavior of a speaifiphihilic peptide has been studied. The cac has
been evaluated between 7°Mand 2-10M showing a rather fast (tens of minutes) aggregatio
dynamics. Morphology of the aggregates has beeyzwth by AFM on deposited samples,
demonstrating the transition from nanosized, ri&d-Bhapes to compact and tightly interconnected
morphologies as a function of time. Moreover, ARMIguid has been used to evaluate the stiffness
of freshly-prepared peptide hydrogels through forsedistance curves acquired at the local scale
during the tip approach onto hydrogel specimensuRe demonstrate the material is rather stiff,
being the stiffness related to the amount of*Gans present in the preparation solution. This
suggests that Chions are effectively involved in promoting inteegides links, leading to the
formation of robust networks suitable for biologisahffolds.
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External conditions influencing the elasticity of he cerebral endothelial cells

Gyorgy Varo, Gergely A. Végh, Istvan Krizbai, Imola Wilhelmsila Fazakas, Krisztina
Nagy, Zsolt Szegletes

Institute of Biophysics, Biological Research Cemtethe HAS, Szeged, Hungary 6726

Cerebral endothelial cells form the blood-brainflesr which blocks the passage of
different chemicals from the blood stream to thaifyrexcept that necessary for living. In the
following study cerebral endothelial cells were @ntigated by atomic force microscope.
Beside imaging the cells force measurements wereanducted on them. The change of the
elastic Young’'s modulus on the external conditiaas investigated. First the reliability of the
force measurements was estimated by two ways. @Gisemreasuring for long time (hours) at
the same place of the cell. This gives the tenimtadility of the force measurement. Another
set of forces were measured from one edge of thaaress the nucleus to the opposite edge in
many points, resulting the spatial dependeenchetell elasticity. For similar task was also
applied the technique of force volume mapping. Teasurements were performed on three
types of cerebral endothelial cells. Single livicg)ls on a collagen coated surface, confluent
living cell culture and fixed cells.

The spatial dependence of the elastic modulus hathall error and showed that the
nuclear part of the cell is softer. The value @& ¥oung’s modulus increases toward the edge
of the cell, compared to the nuclear region. Thapieral stability in short time period was
remarkable. On long term, in several cases, instéadstabile elasticity it shows a long period
oscillation. We investigated when these oscillattmeur and clarified the conditions, which
produces it. The error of the elastic modulus anfiked cells increased, due to offline data
processing

By comparing the three different types of cell atdss, the confluent cells appeared to be
the softest. The single cells had about two-thieeg larger Young’ modulus, while the fixed
cells were more than one order of magnitude harder.

The effect of some chemicals on the cerebral emtdiathcells was investigated. One of
the studied chemical was the mannitol, a cell-impsable non-toxic alcohol, successfully used
in clinical treatments for reversible opening of thlood-brain barrier in hyperosmotic
concentration. It was observed a ten fold decr@aske Young's modulus and a remarkable
decrease in the volume of the cell. These poimtnt@ction mechanism of the mannitol on the
cells (1). In another study the depletion of thérawellular calcium disrupted the connection
between the confluent cells by a decrease in then@ of the cells and a change in their shape
These changes were reversible (2).

The above study indicates that the atomic forcerasmpe is a powerful tool in drug
testing by being able to study cells in their na@nvironment.

This work was supported by the National Sciencedraf Hungary OTKA K 81180.
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Atomic force microscopy-based molecular recognitiomf fibrinogen receptor in
human erythrocytes
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The established hypothesis for the mechanism ahergyte hyperaggregation is due to an
increase in plasma adhesion proteins, particufdstinogen. Fibrinogen (Fg) is a blood-borne
glycoprotein comprised of three pairs of distingpaisle polypeptide chains with three potential
integrin-binding sites, but can also interact witkells through non-integrin receptors.
Fibrinogen-induced erythrocyte aggregation was idemed to be caused by non-specific
protein binding to erythrocytes membranes. In @stir platelets are known to have a
fibrinogen integrin receptor expressed on the mamdrsurface (membrane glycoprotein
complexa,Bs).

We showed that there is also a single-moleculeraot®mn between Fg and an unknown
receptor on RBC membrane, with a lower but comgarafinity relative to platelet binding
(fibrinogen-erythrocyte and -platelet average (umjlmg forces were 79 and 97 pN,
respectively). In order to evaluate the similalitween the erythrocyte receptor for fibrinogen
and the glycoprotein,3; platelet receptor, force spectroscopy studies wenelucted, using
Fg-functionalized atomic force microscope (AFM)stiand RBC or platelets, in different
experimental conditions: (i) in the presence oticath or EDTA (to evaluate if the binding
between fibrinogen and erythrocyte membrane recaptoalcium-dependent); (ii) with blood
cells isolated from a Glanzmann Thrombastheniaf@ hereditary bleeding disease caused by
opB3 deficiency) patient; and (iii) in the presence aitkence of eptifibatide, at different
concentrations. Eptifibatide is a cyclic heptapéptihat inhibits specifically and reversibly the
binding of fibrinogen to ther,,3; receptor in platelets. It is clinically used fhettreatment of
platelet hyperaggregation.

On all the experiments, blood cells were depositegholy-L-lysine treated glass slides. Force
spectroscopy measurements were performed usinghdden functionalized AFM silicon
nitride tips that were first silanizeda a short linker of glutaraldehyde. Rupture forcesrav
measured at the same pulling speed and loadingmneadl experiments.

From the results we could conclude that the ergiytmreceptor is influenced by calcium and
eptifibatide, but not as severely as the platadeeptor. Its inhibition by eptifibatide indicates
that it is a0, Bs-related integrin. Results obtained for a Glanzmt@inombastenia patient show
impaired fibrinogen-erythrocyte binding. Correlatiowith genetic sequencing data
demonstrates that one of the units of the fibrimogezeptor on erythrocytes is a product of the
expression of th@; gene, found to be mutated in this patient.

39



AFM BioMed Conference Red Island Croatia 2010
Selected short oral presentations of sessions I, II, III

AFM imaging of extracellular polymer release by mame diatom

Galja Pletikapi¢, Tea Mist Radt, Amela Hozé Zimmermann, Vesna Svefié, Martin
Pfannkucheh Vera Zuté

Division for Marine and Environmental ResearchdBuBoskow Institute, Zagreb, Croatia
'Center for Marine Research, Rer Boskow Institute, Rovinj, Croatia

Extracellular polysaccharide production by marinatains is a significant route by which
photosynthetically produced organic carbon enteesttophic web and may influence the physical
environment in the sea [1]. Visualization of suprémnalar organization of diatom extracellular
substance (EPS) release is a key step towards tentidirgy the relationship that links diatom EPS
and large scale phenomenon of gel formation if\thehern Adriatic Sea [2]. This study highlights
the capacity of AFM for investigating diatom extedlalar polysaccharides with a subnanometer
resolution. Here we address a ubiquitous marine mi&@glindrotheca closteriumye have isolated
from the Northern Adriatic seawater and its EPS atsthgle cell level using AFM. A congeneric
diatom, Cylindrotheca closteriuni3] was used for comparative studies-taxonomy aR8 Eelease.
For AFM imaging a suspension of live cells was pgxkdirectly onto mica substrate. The diatom
cells and EPS stayed firmly attached to the miafasa after rinsing with water enabling stable
high resolution imaging in air. Cells used for AFbkperiments were recovered from both
logarithmic and stationary growth phase. In lodemic growth phase we visualized almost no EPS
release, while during stationary growth phase EPS faasd on approximately 25% cells. The
interconnected polysaccharide fibrils were mainlieaging from cell rostra and seemed attached to
cells (Fig. 1). Single fibrils and three dimensibnatworks of fibrils were also found free in bulk
culture medium. Extracellular fibrils were compaseith a biofilm formed on mica sheets in the
culture medium and with extracted and purified eXggaccharides. The biofilm appeared as a
dense gel structure, while isolated exopolysaccharidere present both as single fibrils and
networks, depending on concentration used for saprglgaration.

Figure 1. Extracellular polysaccharide release byime diatonCylindrotheca
closteriumvisualized by AFM in air. Contact mode (5um x 5um).

References:

[1] G.J.C. Underwood and D.M. Paterson, The impadast extracellular carbohydrate production by
marine epipelic diatoms. Adv. Bot. Ré€ (2003) 184-240.

[2] V. Zuti¢ and V. Svetlii¢: Interfacial processes, The Handbook of EnvirortaeBhemistry, Vol. 5
Part D, Marine Chemistngpringer Heilderberg, 2000, pp. 149-165.

[3] Obtained from the Provasoli-Guillard Center @ulture of Marine Phytoplankton, Bigelow
Laboratory for Ocean Sciences.
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Screening estrogenic compounds using force spectcopy
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Estrogens, and particularly Estradiol-{E2), are female hormones involved in development,
growth and maintenance of reproductive tissues.s&heormones interact with Estrogen
Receptors (ER), which are transcription factorsvatéd by ligand binding. These activated
nuclear receptors modulate expression of estroggpensive genes after the interaction with
palindromic DNA sequences called estrogen respagiement (ERE). Classically, the
identification of new potential estrogenic composingas based on cellular or animal models.
However, the ER/DNA interaction being the inititéjs of the estrogenic genomic mechanism,
a prescreening of interesting molecules could legased upstream, in order to reduce time
and money consumption. Surface Plasmon Resona/d®) (Bosensors, which allow the real-
time biomolecular interaction detections, has beeently proposed for this prescreening step
[1]. Nevertheless, the binding of ER to the EREni@ sufficient to induce target gene
expression. Indeed, this receptor must first disgerand then, dimers must have the right
conformation to interact with the transcriptionaachinery. Thus, the agonist or antagonist
ligand’s nature could be determined studying the difRerisation. We propose here to use
force spectroscopy to screen new potential estiogeompounds or to detect derivative
estrogenic molecules (like phytoestrogens [2], lpana..), employing an ER modified tip
interacting with a ER covered gold surface. Indéetiractions of these compounds with ER
have an impact on the conformational state of HRisT the agonist or antagonist nature of the
bonded compounds allows or not receptor dimerisatiwWe show in this work that such
interactions between ER monomers appeared, andevasled, in the presence of Estradiol-
17-b (E2), through a particular, specific and rejpmble pattern of force curves, for which
modelling would help in understanding ER conformiaéil modification.

References :

[1] Berthier A., Elie-Caille C., Lesniewska E., BRgk-Mourroux R., Boireau W. (2008).
Nanobioengineering and characterization of a nesogen receptor biosensor. Sensors, 8,
4413-4428.

[2] Berthier, A., Girard, C., Grandvuillemin, A., Ward, F., Skaltsounis, A. L., Jouvenot, M.
and Delage-Mourroux, R. (2007) Planta Med 73, 1847-
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Bimodal atomic force microscopy imaging of proteins
José R. LozangElena T. Herruzo, Christian Dietz and Ricardod&ar

Instituo de Microelectrénica de Madrid, CSIC, Isdsdewton, 8, (28760) Tres Cantos, Madrid,
Spain

We develop a dynamic atomic force microscopy (ARNBthod based on the simultaneous
excitation of the first two flexural modes of thantilever. The instrument, called bimodal
AFM, opens up additional channels (amplitude anasphof the % flexural mode) which can
be used for imaging with enhanced lateral resatutioth respect to amplitude modulation
AFM (AM-AFM). Bimodal AFM allows us to resolve the&ructural components of antibodies
in both monomer and pentameric forms. The instrdroperates in both high and low quality
factor environments, i.e., air and liquid, so tthet imaging of biomolecules can be carried out
in their natural media.

Bimodal AFM is studied in great detail by meansthworetical and numerical methods. The
theoretical approach also allows us to estimatddiees applied on the sample during bimodal
AFM operation. The calculated forces lie below 129, an essential fact when imaging

proteins. This is due to the enhanced sensitivitthe 2 mode phase channel, able to detect
changes while the cantilever tip vibrates far afvayn the sample.

Fig. 1. (a)Bimoda AFMI topography image of an igethlgM antibody in water and
(b)Bimodal phase image in air. (c)Topography imagi Bimodal AFM imaging of GroEl
chaperonins in buffer.

[1] Patil S, Martinez N F, Lozano J R and Garcia@®7,J. Mol. Recognit20 516—-23
[2] Lozano J R and Garcia R 20B8ys. Rev. Lettl00 0761024
[3] N F Martinez et al 200Blanotechnologyt9 384011
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Analysis of the Bacterial Cell Employing a Novel Lgis System and Atomic Force
Microscopy

Douglas Dennis Tiffany Stacy and Jacob Jordan
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A novel bacterial lysis procedure that resultshia generation of intact subcellular structures
has been developed. The procedure is rapid arglrdieely on the intervention of enzymes,
chaotropic chemicals, or harsh physical conditioBecause of this, it is thought that the
structures generated are realistic representatibiméerior cell surfaces, offering an
unparalleled opportunity for high resolution atorfocce microscopy. Structures obtained by
this procedure are intact outer membrane ghogtgtinell ghosts, spheroplasts that possess a
unique curvilinear network on their surface, célbgts possessing helical constrictions, cell
ghosts with stippled surfaces, and cells in whiehduter membrane has lysed revealing a
multi-layered peptidoglycan surface. The resultsigh-resolution atomic force microscopy

on all of these structures, and the implicatiomsbfacterial cell wall structure will be presented.

. . ‘ " ‘% 2 5 "I'.‘ :
Fig 1. AFM phase images of intact cellular productsasésl by osmotic lysis. A) Spheroplast ghost

exhibiting curvilinear structures on surface. Hiig ~240 nm, 1.9 pfrscan. B) Spiral ghost. Height = ~8
nm. 3.5 uMiscan. C) Stippled cell ghost exhibiting rounided structures. Height = 100 nm. 2.0%stan.
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Changes in the Mechanical Properties dBacillus anthracisby Germinants and
Antimicrobial Peptide Chrysophsin-3
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U. S. Army Natick Soldier Research, Developmennéifieering Center, Molecular Sciences
and Engineering Team, Natick, MA 01760

Bacterial spores such 8&acillus anthracisare one of the most resistant life forms known ttue
their nanoscale multi-compartmental structure araphology. During germination, the thick
surface coats of spores are degraded, leavinglanty vegetative cell with a thinner membrane that
is susceptible to the entrance of antisporal agdmtsvever, during the virulent state, these
organisms are capable of developing life-thratemifctions, such as pulmonary anthrax. Atomic
force microscopy (AFM) was used to characterizengba in the surface elasticity Bf anthracis
spores before and after exposure to L-alanine anmadésine. The Hertz model was applied to
calculate the Young's modulus of the spores. Dotrapares had the highest modulus (197 + 81
MPa), due to the numerous protein layers that grrdke core. Elasticity of spores significantly
decreased after exposure to L-alanine and ino2B& & 14.8 MPa) and vegetatiBe anthracis
had the lowest Young's moduli (12.4 + 6.3 MPa) doghe degradation of the spore cdat.
anthracisspores were also treated with the antimicrobiatigehrysophsin-3 and the elasticity of
peptide-treated spores increased compared to ttieated spores. The Young's modulus of
vegetativeB. anthracisexposed to 500 pug/mL increased significantly fréhdt MPa to 84.12 MPa.
The ability of chrysophsin-3 to kiB. anthracisspores was also tested and our results suggest that
spores treated with a mixture of germinants andigepesults in the killing of ~90% of spores.
AFM images of the killed spores indicated that shphsin-3 lyses vegetatit®e anthracis(Figure

1). The antimicrobial peptide chrysophsin-3 in conjigrcivith germinants can be potentially used
for the development of antisporal agents, duediv gowerful method for spore deactivation.

0 10.0 pm
Figure 1: Vegetativ®. anthracisexposed to 500 pg/mL chrysophsin-3 for 2 hoursgkxdan air in

tapping mode.
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Internal motion of proteins under force leads to naexponentai unfolding kinetics
Eric Vanden-Eijnden

Courant Institute of Mathematical Science New Ydmkversity, New York, NY, USA

Single molecule force spectroscopy experimentsguie AFM have revealed a diversity of
unfolding and refolding pathways of the small photabiquitin on multiple timescales. The
observed heterogeneous trajectories are a signafuhe complex protein folding landscape.
Since the AFM measurements are limited to a singgetion coordinate of the protein's end-
to-end length, the microscopic mechanism by whadtlifg occurs remains unknown. In order
to gain access to the structural features of tléepr's response to a constant stretching force
we employ molecular dynamics simulations. Whilenderd numerical calculations are obliged
to pull on the proteins with forces that are ordgfrmagnitude larger than those used in vitro or
encountered in vivo, we bridge the timescale gaméen experiments and simulations using
novel sampling methods to accelerate the proces®ui modifying the free energy landscape.
These numerical experiments indeed reveal confeometdynamics that is different to that
observed at high forces. The thermal motions oftiaéein exert forces on the hydrogen bonds
between the beta-sheets in directions differemhftioe one of the applied force. We argue that
this mechanism is consistent with the nonexponkhtieetics observed in the experiments.
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Quantifying domain patterns and domain textures inlipid bilayers
Adam Cohen Simonsen

MEMPHYS — Center for Biomembrane Physics, UniverdiSouthern Denmark, Campusvej
55, DK-5230 Odense M, Denmark

Lipid bilayers are formed by self-assembly and titute the structural backbone of complex
biomembranes. The lipid composition of biomembraisea key factor for regulating biological
function through modulation of a wide range of pbgsimembrane properties. One example is the
lateral pressure profile and another is the foromatf lipid domains and laterally differentiated
regions in the plane of the membrane. An improvedeustanding of the spatial organization of
biomembranes is crucial for establishing the reteghip between membrane structure and function.
The use of simplified model membranes has advaouedinderstanding of how domain formation
is governed by the lipid composition and thermodyitaparameters. In this talk | will review our
recent efforts to quantitatively characterize meamlkrdomains patterns and domain textures based
on scanning probe and optical microscopy of suggonmodel membranes. We have focused on a
detailed characterization of domains in simple ayst as a foundation for understanding more
complex membranes. | will outline the major challengelated to domains in biological membranes
which are often far from thermodynamic equilibriumdadriven by various energy sources in
addition to exchange of components.

Texture of a gel domain [2]

[1] U. Bernchou, J. H. Ipsen, and A. C. Simonsenwinmf Solid Domains in Model Membranes:
Quantitative Image Analysis Reveals a Strong Coicgldietween Domain Shape and Spatial Position. J.
Phys. Chem. B. 113(20):7170-7177, 2009.

[2] U. Bernchou, J. R. Brewer, H. S. Midtiby, J. idsén, L. A. Bagatolli, and A. C. Simonsen. Texture of
lipid bilayer domains. J. Am. Chem. Soc. Commun.,(48}%14130+, 2009.
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Annular Oligomers in the Transthyretin Amyloid Fibr illogenetic Pathway
Captured with AFM
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Ynstitute of Biophysics and Radiation Biology, Sefwais University,
Tiizolt6 u. 37-47, 1094 Budapest IX, Hungary
?Instituto de Biologia Molecular e Celular, Univetside do Porto,
R. Do Campo Alegre 823, 4150-180, Porto, Portuga
*Dept. Biophysics, University of Pécs, Szigeti ytPécs H7624, Hungary
“Instituto de Ciéncias Biomédicas de Abel Sala@BAIS), Universidade do Porto,
L. Prof. Abel Salazar, 2, 4099-003 Porto, Portugal

Transthyretin (TTR) is a human serum-circulatingotpin involved in the transport of
thyroxine and co-transport of retinol. The preseat&@ TR amyloid fibrils is associated with
severe neurological and systemic disorders. Cyicitgxin amyloidoses has often been
attributed to the formation of ion channels by danwligomers. However, the role of such
annular in amyloid fibrilogenesis remains to beenstbod.

Here we report the early events leading to the &vion of TTR amyloid protofibrils and
fibrils, which we have followed using AFM in liquidVe observed that the formation of WT
TTR protofibrils in mildly acidic conditions is pteded by the appearance of annular
oligomers with 16 2 nm (s.d.) in diameter, 110.5 nm (s.d.) in height and containing a 6 nm
+ 3 nm (s.d.) substructure. We show that annulgyoatiers display the tendency to associate
laterally, forming axial structures with 2.6 0.6 nm in height. Subsequently, amyloid
protofibrils positive for thioflavin and Congo redppeared. Height analysis of these
protofibrils revealed a periodicity of 9 and 16 ranmean height of 3.2 0.8 nm (s.d.) and an
amplitude of 1.6t 0.3 nm (s.d.). Annular oligomers are thereforeliiko be an “on pathway”
intermediate in amyloid fibrillogenesis. To prolee tprotofibrils' underlying structure, we
evoked their disassembly by solvent exchange. i8tylik, a distinct type of annular oligomers
appeared with a diameter of 2.8 nm (s.d.) and a height of 48.7 nm (s.d.).

To further probe structural details, we performgdainic force spectroscopy on native TTR
and on protofibrils at different growth stages. deorcurves revealed a ~4 nm periodicity.
Conceivably, this pattern corresponds to successivectural transitions related to the
sequential unfolding of the R-strands within the RTThonomer. Force spectra of TTR
protofibrils also revealed a time-dependent inedaghe length of the manipulated structure,
indicating that the axial association between maogrsnstabilizes with time. Thus, stabilization
of intermonomeric contacts appears to be a mucheslprocess than that of mere assembly,
possibly involving additional structural rearrangmts of the monomer within the protofibrils.

In sum, our results indicate that annular oligonaes directly involved in the fibrillation of

TTR via an associative mechanism followed by stmadt rearrangements giving rise to a
double helical structure as suggested earlieh®MTR protofilament.
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AFM nano-guided bacterium adhesion to the host cefbr biophotnic-based
measurements of the dynamics of cytoskeleton andysialing molecules upon
infection

Yann Ciczora, Sébastien Janel and Frank Lafont

Cellular Microbiology of Infectious Pathogens — @arfor Infection and Immunity of Lille,
Institut Pasteur de Lille,
F-59019 Lille, France; CNRS UMR8204, F-59021 Likeance; INSERM U1019, F-59021
Lille, France; Univ. Lille Nord-de-France, F-590Q0lle

For biologists AFM gives the opportunity on the sasample and with a single scan to obtain
the topography of the cell surface, to locate @gikeceptor, to determine the interaction force
between this receptor and its ligand and the menebetasticity where the interaction occurs
However, in this work, we used the AFM to nano-rpafate bacteria in order to process
samples for biophotonic measurements. Using spegifowing conditions, AFM cantilever
preparation and coating procedures, it was possibledsorb non-covalently living bacteria
onto the tip of an AFM cantilever. With this methaolde same living bacteria could be engaged
on several parts of the cell surface with the adraf the contact force between the bacteria
and the cell surface at the selected binding sites.

By coupling a video microscope to the AFM, we felkd the infection kinetic of the bacteria
onto 3 different cell surface compartments. Fing, observed the recruitment of a membrane
inserted GPIl-anchor protein (a GFP-GPI fusion pndtat Yesinia pseudotuberculosentry
sites.

Secondly, we observed the recruitment of cytoplasuafiquitin proteins at the cell surface
during the bacterium adhesion step. As bacterigy émnimpaired, we could uncouple adhesion
and invasion steps while recording the dynamidSeP-tagged ubiquitinated proteins.

Thirdly, using AFM coupled to TIRF video microscojitewas possible to follow the dynamics
of the actin cytoskeleton upon adhesion of thedsaan coated on the tip applying different
forces with the AFM. We could demonstrate that &dat can induce actin network
reorganization not only at the entry site but asdistance from it. This opens new avenue in
investigating specific pathways during the hostl a@gnalling response upon pathogen
invasion.

[1] Roduit G et al.(2008) Elastic membrane heterogeneity of livinlisaevealed by stiff
nanoscale membrane domaiBgphys J94(4):1521-1532.
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Multicomponent Lipid Bilayers

Ruby May A. Sullah?, James K. 13 andShan Zou"

ISteacie Institute for Molecular Sciences, Natidkesearch Council Canada, 100 Sussex Drive,
Ottawa, ON K1A OR6, Canada
“Department of Chemistry, University of Toronto,80George Street, Toronto, ON M5S
3H6, Canada

Quantification of the mechanical stability of lipldlayers is important in establishing the
composition-structure-property relations, and sHigght on understanding functions of
biological membranes. A direct correlation of thelf®rganized structures has been
demonstrated in  phase-segregated  supported lipidlayels  consisting  of
dioleoylphosphatidylcholine / egg sphingomyelinigsterol (DEC) in the absence and
presence of ceramide (DEC-Ceramide) with their n@xhanical properties using AFM
imaging and force mapping. Direct incorporatiorcefamide into phase-segregated supported
lipid bilayers formed ceramide-enriched domainserehthe height topography was found to
be imaging setpoint dependent. In contrast, liquidered domains in both DEC and DEC-
Ceramide presented similar heights regardless oM Abfaging settings. Owing to its
capability for simultaneous determination of thedlmgy and interaction forces, AFM-based
force mapping was used in our study to directlyrelate the structures and mechanical
responses of different coexisting phases. We hasgded an experiment to directly probe and
guantify the nanomechanical stability and rigidifithe ceramide-enriched platforms that play
a distinctive role in a variety of cellular process Our force mapping results have
demonstrated that the ceramide-enriched domainsresijoth methyp-cyclodextrin (MbCD)
and chloroform treatments to weaken their highlgeoed organization, suggesting a lipid
packing different from typical gel states. Our fesw@wlso show the expulsion of cholesterol
from the sphingolipid/cholesterol- enriched domainsa result of ceramide incorporation. This
work provides quantitative information on the nammmanical stability and rigidity of
coexisting phase-segregated lipid bilayers with phesence of ceramide-enriched platforms,
indicating that generation of ceramide in cellsstically alters the structural organization and
the mechanical property of biological membranes.

References:

1. R.M.A. Sullan, J.K. Li, S. Zow,angmuir25 (2009) 7471-7477.

2. R.M.A. Sullan, J.K. Li, S. Zow,angmuir25 (2009) 12874-12877.

3. Ira; Zou, S.; Carter, D.; Vanderlip, S.; Johnstio. J. Struct. Biol2009 168,78-89.
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Nanomechanics of living cells: applications in resptory medicine
Daniel Navajas

Biophysics & Bioengineering Unit. School of Medgitniversity of Barcelona and Institute
for Bioengineering of Catalonia

Mechanical properties of cells play a critical ralemany essential biological functions including
migration, contraction, differentiation and genepression. Moreover, cells feel and actively
respond to adhesive forces and deformations exbstettie adjacent cells and the extracellular
matrix. The cell mechanical behavior is increasimgtognized as a key determinant of normal cell
function and of its alterations under pathologicainditions. However, knowledge of the
mechanical behavior of the cell remains largelyoinplete. Atomic force microscopy (AFM)
allows 3-D manipulation of cells and molecules withnometric resolution with simultaneous
measurement of the applied force with pN sengitidiihese are the displacement and force scales
suitable for probing single molecules and cellsrddoer, measurements can be carried out in liquid
with controlled environmental conditions and thé mesponse to pharmacological agents can be
monitored in real time. AFM is therefore a powetfubl for probing the mechanical behavior of
living cells and its alterations in disease. Chroabstructive pulmonary disease (COPD) is
associated with an abnormal inflammatory resporisthe lung to noxious particles or gases
characterized by a specific pattern of inflammatiomlving neutrophil pulmonary infiltration. The
mechanical properties of neutrophils regulate thassage through the pulmonary capillary bed.
Abnormal cell stiffening slows down the capillanagsage, promoting neutrophil pulmonary
sequestration and subsequent transendotheliatatiih. Methods for probing cell mechanics with
AFM are discussed and alterations in neutrophillaeics associated with COPD are investigated.
Neutrophil mechanics was measured in patients adttanced hypoxemic COPD before and after
bilateral lung transplantation, and compared withasurements taken in healthy nonsmokers.
Neutrophils isolated from venous or arterial blaeete plated on poly(HEMA) coated cover slips
to avoid cell spreading. Cell stiffness was probtti a custom-built AFM attached to an inverted
optical microscope. The surface of the cell waeiield with a spherical polystyrene bead attached
to the end of the cantilever. Young's modulus wamputed by fitting the Hertz contact model of a
spherical punch to the force-indentation curvesuris modulus of neutrophils isolated from
COPD patients was significantly greater than thaeaotrophils obtained from healthy nonsmokers.
Neutrophil stiffness decreased after lung transateom showing no significant differences with
respect to healthy nonsmokers. Our findings indithat increased neutrophil stiffness in COPD
patients may be related to the abnormal inflammatmsponse of the lung. Neutrophil improvement
in very severe COPD patients after lung transplimntasuggests decreased inflammatory
pulmonary and systemic responses. AFM is a usedthique for assessing neutrophil mechanical
abnormalities induced by inflammatory diseases.

Acknowledgements: Ministerio de Sanidad y Consé081908, CIBERES and CIBERBBN.
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supported lipid membranes
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Biomembranes are not homogeneous, they presetetral lsegregation of lipids and proteins which
leads to the formation of functional domains in rbesnes, also called “rafts”. These rafts are
particularly enriched in sphingolipids, cholestef@hol) and glycosylphosphatidylinositol anchored
proteins. Many studies have been based on the pisonthat rafts can be isolated from cells as
detergent-resistant membrane (DRMs). To obtaifDRBs, the cell membranes have to be treated with
non-ionic detergents at 4°C. Despite the huge lmbdierature on DRMs, the mechanisms governing
their resistance at the nanometer scale still rear@important matter of debate.

Owing to their conical molecular structure, detatgemolecules produce a positive, spontaneous
curvature of membranes. Therefore, alone in solutetergents form small spherical structures with
strongly curved surface (micelles). The solubilabf vesicles in solution was described with @e¢h
stage model in an all-or-none mechanism. Durindfitse stage, when the detergent is added at low
concentration, the detergent molecules are partitidoetween the aqueous medium and the phospholipid
bilayers. This progressive insertion of individuablecules of detergent provokes the swelling of the
vesicles. At stage Il, when increasing detergententration, some mixed micelles of lipid-detergent
dissociate from the detergent-saturated membrhossésulting in a decrease of the turbidity reedrat
450 (or 540) nm. For higher detergent concentratianstage lll, vesicles are completely solulidliaad
all the phospholipid molecules reside in curvecedilipid-detergent micelles.

In this study, the solubilization of homogeneouyspsuted lipid bilayers (SLB) or of SLB exhibiting
phase segregation was followed by time-lapse atéonie microscopy (AFM). To this end, we have
prepared different types of bilayers: dipalmitoypphatidylcholine (DPPC) alone,
dioleoylphosphatidylcholine (DOPC)/DPPC 1:1 (molim®OPC/sphingomyelin (SM) 1:1 (mol/mol),
DOPC/SM/Chol 2:1:1 (mol/mol/mol) or 4:3:1 (mol/mmidl). In this work, AFM permitted to explore, at
the nanometer scale, the differences between datsrdpelonging to the same family of non-ionic
detergents (Triton X-100 (TX-100y-octyl Z-D-glucopyranoside (OG) and Tween-20 (Tw20)). AFM
finally pointed out major differences between TX31@G and Tw20 mediated solubilizations of
biomembranes, even though they have an indistingis behavior at the macroscopic level. Moreover,
our results confirm the requirement for a minimumoant of Chol mixed with SM to provide a good
resistance to DRMs’ solubilization by TX-100.
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Atomic force microscopy as a valuable tool to studgmyloid aggregation and
aggregate-membrane interaction

Annalisa Relini, Ranieri Rolandi, Alessandra Gliozzi

Department of Physics, University of Genoa

Aggregation of normally soluble proteins into orel@fibrillar structures named amyloid fibrils
is a process involved in a number of severe patficdd conditions, including Alzheimer’s and
Parkinson’s disease and systemic amyloidoses. Uappropriate conditions, even disease-
unrelated proteins can undergo amyloid aggregafimming amyloid fibrils and cytotoxic
prefibrillar aggregates, with the same propertethase involved in pathologies.

We AFM to obtain detailed information about thepst®f the aggregation process of different
amyloidogenic proteins, such as the N-terminal domaf the bacterial hydrogenase
maturation factor Hypf-N, beta2-microglobulin, aglgbsphatase, apolipoprotein A-l,
hexokinase, calcitonin. We have characterized thwphology of the intermediates that
precede fibril formation, such as spherical oligosn], beaded protofibrils, rings, and we
have investigated the ultrastructure of mature aidyfibrils. In addition, from the analysis of
AFM images using a polymer theory-based approaethtained physical parameters, such as
bending modulus and Young’'s modulus, which areteelao the mechanical properties of
fibrils or protofibrils.

Finally, to get insight into the mechanism of aggte cytotoxicity, we have used AFM to
study the interaction between amyloid aggregatelsaatificial or natural membranes, such as
supported lipid bilayers of different compositiomda membrane rafts extracted from
neuroblastoma cells and deposited on solid suppothe case of rafts, by measuring force-
distance curves and imaging the raft sample befow@ after exposure to proteases, we
identified the domains observed in the sample ail fproteolipid components of the raft
fraction [2]. Membranes were imaged before andr afteubation with protein aggregates. We
have analyzed the changes in membrane morpholagygéd by prefibrillar protein aggregates
and we have compared them with the effects of mammrproteins and mature amyloid
fibrils.

[1] S. Campioni, B. Mannini, M. Zampagni, A. Periga) C. Parrini, E. Evangelisti, A. Relini,
M. Stefani, C. M. Dobson, C. Cecchi, and F. Chiticausative link between the structure of
aberrant protein oligomers and their toxicity. NatChem. Biol. 6 (2010), 140-147.

[2] C. Cecchi, D. Nichino, A. Pensalfini, C. Bergh®ni, A Relini, A Gliozzi, G. Liguri, and

M. Stefani. A protective role for lipid raft chotesol against amyloid-induced membrane
damage in human neuroblastoma cells. Biochim BispAgtal788(2009) 2204.
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AFM Imaging of Purified Transmembrane Proteins
Reconstituted into Artificial Membranes
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Besides its important contribution in the field lfid microdomains, AFM is the only
microscope that allows imaging of proteins embeddediological membranes with a
subnanometer resolution under physiological coowéti In the difficult context of the
structural analysis of membrane proteins (theyasgmt about 25% of the open-reading frames
of the human genome but only ~200 structures aadladle in the protein data bank), AFM
represents a very attractive technique but requfresreconstitution of detergent-solubilized
and purified membrane proteins within artificiapported membranes.

In this talk we will introduce some technical dey@hents allowing high resolution imaging of
membrane proteins reconstituted in supported lipihyers (SLBs), namely the direct
incorporation of proteins within SLBs preformed omica and destabilized by low cmc
detergents [1,2] and the transfer of membrane pataobbtained from two-dimensional
crystallization trials performed at the air-wateterface. Both techniques requires very small
amount of purified proteins. Development of thesehhiques in the context of membrane-
inspired biosensors will be discussed.

References

[1] P.E. Milhiet, F. Gubellini, A. Berquand, P. B, J.L. Rigaud, C. Le Grimellec and D.
Lévy, Biophysical J 91 (2006), 3268-3275.

[2] Picas, L., Teresa Montero, J.L. Vazquez-lbaargier, B., Milhiet, P.E. and Hernandez-
Borrell, J. BBA Biomembranes (2010), in press.
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Real Time Imaging of Protein Conformational Changeausing High-Speed AFM

Takayuki Uchihashi and Toshio Ando

Physics Department, Kanazawa University, Japan

Biological molecules show their vital activitieslgnn aqueous solutions. It had been
one of dreams in biological sciences to directlgarlie biological macromolecules such as
proteins and nucleotides at work under a physickdgtondition, because such observation
is straightforward to understanding their dynam@hdwiors and functional mechanisms.
Atomic force microscopy (AFM) can visualize moleesilin liquids at high resolution.
However the imaging rate of conventional AFM is fow to capture dynamic biological
processes. The imaging rate is limited by slow raeatal response of the cantilever and
scanner. In addition, large tip-sample interactiwould disturb weak protein-protein
interactions and sometimes leads to destructidragfle proteins. Two key techniques are
required to realize high-speed AFM for biologicalsearch; fast feedback control to
maintain a weak tip-sample interaction force andeehnique to suppress mechanical
vibrations of the scanner. Various efforts havenbearried out in the past decade to
materialize high-speed AFM. The current high-spAE&§ can capture images on video at
30-60 frames/s, without significantly disturbing ekebiomolecular interactiofr? Our
recent studies demonstrate that this new microscapeeveal biomolecular processes such
as hand-over-hand movement of myosin V along attacks?! and photo-induced
conformational change of bacteriorhodofin The capacity of nanometer-scale
visualization of dynamic processes in liquids wilhovate on biological research.

[1] T. Ando, N. Koderat al, Proc. Natl. Acad. USA8 (2001) 12468

[2] T. Ando, T. Uchihashi and T. Fukunfatog. Surf. Sci83(2008) 337

[3] N. Koderaet al. (in preparation)

[4] M. Shibata, H. Yamashita, T. Uchihashi, H. Karicand T. AndoNature Nanotech(in
press)
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Glass micropipettes are the typical instrumernitfracellular injection, patch clamping or extradal deposition of
liquids into viable cells. The micro pipette isréi®y slowly approached to the cell by using micamipulators and visual
control through an optical microscope. The methodually performed by extensively trained andrequzd operators.
During this process, however, the cell is oftenhaeically injured which leads to cell death aridifeiof the experiment.
To overcome these challenges and limitations ef ¢bnventional method we developed in the framewbrit
collaboration with the CSEM SA (Neuchéatel, CH) fiédldFM technology, an evolution of standard AFMroscopy
combining nanofluidics with conventional BioAFM] [1

The instrument is composed of custom made AFMIeazers encompassing an integrated microfluidic reslan
The microchannel ends at a well defined apertaegdd at or in the vicinity of the apex of the Aphdbe tip while the
other end is connected to a reservoir. The resésviiereby also used to precisely control thespre in the liquid
channel. At the same time, the force control systitine AFM microscope allows a very precise coatithe force
exerted on the sample by the modified AFM probeTige instrument can therefore also be regardesl \asy
sophisticated, multifunctional micropipette withic feedback. Thanks to the instruments versatiliigractions like
gentle contact, deep indentation or membrane péoetcan therefore be well defined by the useuitls can be
released or extracted through the hollow probevtipnever necessary. Highly localized biochemiaaiutation or
manipulation of single living cells under physiatagconditions becomes essentially practicabfguir instrument.

To demonstrate the potential of FuidFM we are ngimg to answer true biological open questionsthis
presentation we will concentrate on two applicatidhe first one deals with viruses and in paetiowith the phenomena
connected with their entry into a cell. We arenglddvantage of our technology combined with cahfoicroscopy to
dispense single viruses onto a selected cell @r twdnvestigate the molecular factors involvelbdalized cytoskeletal
perturbation and signalling during vaccinia virirglimg and subsequent entry (blebbing effect, T2jg second one is
related with the extraction of organellae from t/eelts and their subsequent transplantation @itgbour cells.

a) Two fluorescent viruses ejected from a microckéed cantilever. b) The arrow indicates a blebbing
cell after being individually infected with the t&M.

We would like to thank Stephen Wheeler from the WBBkshop for technical help.
[1] A. Meister, M. Gabi, P. Behr, P. Studer, J. %rP. Niedermann, J. Bitterli, J. Polesel-Maris Liey, H.

Heinzelmann, T. Zambelli, Nano Letté¥$2009) 2501.
[2] 3. Mercer, A. Helenius, Scien820(2008) 531.
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Single-molecule force spectroscopy studies havelymed rich insights into the unfolding of
individual proteins and nucleic acid structuresa ltypical force spectroscopy experiment, an AFM
tip is coupled to a surface-adsorbed protein bgging the tip into it. Force-extension curves are
then generated by retracting the tip at a constlatity using a piezoelectric (PZT) stage. Fogce i
measured by cantilever deflection. Extension, orenmecisely tip-sample separation, is deduced
from the PZT stage position used to control théicadtip position. Thus, this deduced extension is
sensitive to the vertical mechanical drift of thEM\assembly (~10 nm/min). We have previously
developed an ultrastable AFM in which the tip dmelgample positions are independently measured
by, and stabilized with respect to, a pair of Ideer in three dimensions. These lasers establish a
local reference frame that is insensitive to lcggat mechanical drift of the AFM assembly. This
new measurement of position is complementary to dietilever deflection sensing, which
measures force. We have now extended the ultrastaBM capabilities into liquid and can
routinely mechanically unfold proteins at slow mgl velocities (2 nm/s), which allows averaging
to increase precision. We can also stop pullinggather and hold the molecule at constant force
while independently measuring tip-sample separdtion0.2 nmAf = 1-50 Hz). Alternatively, we
can stabilize tip-sample separation and measuce for= 5 pN, Af = 1-50 Hz) over 100s of
seconds. Using these techniques, we are studyengrtiolding and re-folding of bacteriorhodopsin
(BR), a model transmembrane protein.

In an atomic force microscope (AFM), force is meadlby a laser beam (yellow
in this artist's rendition) bouncing off the divibgard like cantilever. To make
an ultrastable AFM, two other lasers (green and weste added to measure the
three dimensional position of the tip and a refeeemark in the sample.
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Principles for using high-resolution topographicalsurfaces obtained in AFM for
assembling molecular complexes: test case of thebBwco mosaic virus (TMV)

Minh-Hieu Trinh , Michael Odorico, Shu-wen W. Chen, Pierre PaandLuc Pellequer

CEA Marcoule, IBEB, Department of Biochemistry &hatlear Toxicology,
F-30207 Bagnols sur Céze, France

One of the challenges in determining the structifrbiological macromolecules is their size
and flexibility. Promising techniques for studyitayge and flexible molecules are emerging
from the near-field microscopy. Under appropriaiaditions, atomic force microscopy (AFM)
is able to obtain high-resolution topographic stefaf single molecules. Using topographical
surfaces, we developed a computational protocobéiiding the complete structure of larges
proteins or supercomplexes using their own compisnen

The difficulty in fitting molecular models at theoaic resolution in AFM-based surface
topographs is the complexity of the search in tRalBnensions. We use an exhaustive search
engine (docking program DOT) to test all the palisds for positioning individual domains
of a molecule/complex using fine translations aottions in the reel space. A best fit score
has been devised to identify multiple solutionstie problem of molecular assembly. Our
method allows the investigation of the flexibilitgnge of large molecular complexes at the
single molecule level.

We have applied this protocol to the tobacco mosaics particle which is an assembly of
2130 identical sub-units around a single strandBd\.RUsing high-resolution topographs of
the TMV on mica and appropriate surface erosiotak® into account the finite shape of the
AFM tip, we were able to assemble a long partidmg a single disk of proteins as docking
domains.

Two-dimension topographic AFM image in white and #ssembled structure of a large
section of the tobacco mosaic virus (blue and green
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Near-field IR microspectroscopy as a tool to discminate nano-molecular
alterations at cell or near-cell level in biomedicbresearch

Frank L. Martin, Matt J. German, Nigel J. Fullwogazedine Hammiche andubert M. Pollock”

"Biomedical Sciences Unit, Lancaster University, ¢aster LA1 4YQ, England

For some years, conventional methodologies suskirehrotron Fourier-transform infrared (FTIR)
microspectroscopy have been employed for cell-tiyetaracterization. Potentially, through the
generation of an infrared (IR) spectrum of a remgigample, a "biochemical-cell fingerprint* may
be generated, and such applications have immengentipb in disease diagnosis and
characterization. Meanwhile, there have been usefeint developments in the area of "near-field"
technology and in its application to the imagindpaalised spectroscopy of solid state, organic and
biological samples [1]. Novel approaches that ekple photothermal effect have now been
successfully used to achieve chemical resolutionbdeed with sub-wavelength spatial imaging,
giving localised PhotoThermal Micro-SpectroscopyNFS). Combined with multivariate analyses
such as principal component analyses (PCA) thatvalbr the reduction of large spectroscopic
datasets towards cluster analysis, there is noywdhsibility to derive from a cell, or a sub-cediul
compartment, a biomolecular signature of what g a normal state. It is then possible to
rapidly discriminate IR spectra that deviate frohist"normal" state, and to identify the
wavenumbers, and thus the hano-molecular altegatibat are responsible for such deviation.

A major obstacle to diagnosing of cancers earber leen the difficulty in differentiating between
molecular species within large populations of cell® characterise the very small proportion of
cancerous cells in a typical biopsy is a "needke raystack” problem. In the absence of a brillian
light source such as a synchrotron facility, PTNI&wes individual types of suspicious cells to be
selected at the bench-top. Thus any diluting tfféerived from an IR signature of normal adjacent
cells are eliminated, and differences in spectrabemalities are greatly enhanced. Conventional
FTIR spectroscopy, especially when run in trandonssode, may generate misleading results as a
consequence of the interrogation of IR opaque mh&ich as condensed chromatin: in contrast,
PTMS allows for the generation of true absorptiBhspectra. The multivariate data analyses
enable identification of the molecular groups resjide for these differences. We have employed
this approach to generate a spectroscopic fingerfor susceptibility-to-adenocarcinoma in the
prostate; to monitor cell cycle distributions inmammary cell line; and to discriminate different
categories of exfoliative cervical cytology. Tlare techniques may be used to identify a new type
of marker for stem cells, again pointing to theavapplicability of this tool to address unresolved
guestions in other areas of biomedical researdhasicegenerative medicine.

[1] F L Martin and H M Pollock, in: Oxford Handboaif Nanoscience and TechnologyA V Narlikar
and Y Y Fu, eds.), 2009, pp. 285-336 ;
http://www.lancs.ac.uk/depts/physics/research/condmatto/pages/microtherm.htm
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Processed spectral data acquired from epithelial cells linmng
glandular elements of prostate tissue fom one patent,
acqured using synchrotron FTIR mucrospectroscopy. The
specira were collected from particular tissue regions
(peripheral zone, @ black: transition zone. v, blue; and
cancerous zone, & red). With processing by PCA-LDA P [P Sy U
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Quantifying the dielectric constant of biomembranesand lipids bilayers with
atomic force microscopy on insulating substrates

Laura Fumagalli'? Georg Gramsé, Aurora Dol$? Daniel E. Ferrér Martin A. Edwards
and Gabriel Gomife?®

lInstitute for BioEngineering of Catalonia (IBEC) afidniversity of Barcelona ¢/ Marti i Franqués 1,
08028 Barcelona, Spain

The dielectric constant is a fundamental parameterell bioelectricity, as it quantifies the
intrinsic dielectric behaviour of the plasma menmeraat low frequencies (< 1MHz) in
processes such as membrane potential formatidongmbtential propagation or ion membrane
transport. It also determines the cell responselétric fields employed in bioelectrical
techniques, such as dielectrophoresis, impedaresregcopy or electroporation. Furthermore,
probing the dielectric constant can be a route é&moscale compositional mapping of
biomembranes. However, very little is known abd dielectric constant of biomembranes,
since it cannot be laterally resolved by standaetedtric characterization techniques, limited
to micrometer-scale spatial resolution. Althoughngnacanning probe microscopy (SPM)
techniques have been developed to measure eléqgbrioperties at the nanoscale [1], e.g
impedance, capacitance, surface potential, potéizdorces and piezoelectric response, the
guantification of the low-frequency dielectric constants of bionfeanes by AFM has been
demonstrated only very recently [2,3] for the cafasing conductive supports.
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Fig. 1 (a) Topography and dielectric image of acpatf Purple Membrane on graphite [2], showing a
dielectric constant of ~ 2. (b) Topography and cétpace gradient images of a freeze-dried DPPC lipid
bilayer on mica. The electric signal shows an dgoelspatial resolution (<50 nm) thanks to the high
sensitivity of the AC-EFM measurements (<1 zF/nm).
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Here we extend these previous results to the mbadlenging and interesting case of
biomembranes on millimeter-thick insulating supppguch as mica and glass cover slips,
conventionally used in the study of biomembraneshat nanoscale. To this end we have
implemented a state-of-the-art ac electrostaticefanicroscope (ac-EFM) and developed large
scale finite-element calculations in order to magl auantify at the nanoscale level the
dielectric constants of supported biomembranesneulating substrates [4]. Results obtained
on lipid bilayers and protein monolayers will beegented as examples of application of this
technique.

References: [1] S. Kalinin and A. Gruverman, edsanBing Probe Microscopy, ‘Electrical and
electromechanical phenomena at the nanoscale’ (iek; Springer, 2007). [2] L. Fumagalli, G. Ferrari
M. Sampietro and G. Gomila\ano Lett 9 (2009) 1604. [3] G. Gramse, |. Casuso, J. Tosefuimagalli
and G. GomilaNanotechnology0 (2009) 395702. [4] L. Fumagalli, G. Gramse, D.Hsteban, M. A.
Edwards and G. Gomila (submitted).
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Expanding the temporal and spatial scales in scanmg force microscopy

Miklos S.Z. Kellermayer, Zsolt Martonfalvi, Balazs Kiss, Unige Murvai, At Nagy*, Arpad
Karsai*, Pasquale Bianco*, Andras Kengyel*, Tamabet*, Margit Benke*, Brennan
Decker* and Laszl6 Grama*

Dept. Biophysics and Rad. Biol. Semmelweis UnityerBudapest Hungary
*Dept. Biophysics, University of Pécs, Pécs Hungary

The atomic force microscope is a high-resoluticansing-probe instrument which has become
an important tool for cellular and molecular biopitg in recent years. However, it lacks the
time resolution and functional specificities offérey other methods. An important aim of our
research is to expand the spatial and temporaksaal AFM either by combining it with
fluorescence or by employing alternative scannatgemes on unique biomolecular systems.
To simultaneously exploit the advantages of AFM #undrescence, we developed a spatially
and temporally synchronized total internal reflentfluorescence and atomic force microscope
system Figure 1.8). The instrument is a stage-scanning device ircvithe mechanical and
optical axes are co-aligned to achieve spatial lsymy. At each point of scan the sample
topography (AFM) and fluorescence (photon count iotensity) information are
simultaneously recorded. The tool was tested adidatad on various cellular (monolayer
cells in which actin filaments and intermediatarfilents were fluorescently labeldegure
1.8 and biomolecular (actin filaments and titin maikss) systems. Using the technique
correlated sample topography and fluorescence image be recorded, soft biomolecular
systems can be mechanically manipulated in a wdgéishion, and the fluorescence of
mechanically stretched titin can be followed withthtemporal resolution.

To enhance the temporal resolution of AFM for theppse of following fast biomolecular
events, we applied a simply modified techniqueethbcanning force kymographfigure
1.b). Using the method we monitored the growth, onansigrface, of individual amyloid fibrils
with near-subunit (~1 nm) spatial and subsecon@@+8s) temporal resolution. Amyloid fibril
assembly was polarized and discontinuous. Burstapél, up to 300 nmisgrowth phases that
extended the fibril by ~8 nm or its integer mukiplwere interrupted with pauses. Amyloid
assembly may thus involve fluctuation between &daswing and a blocked state in which the
fibril is kinetically trapped because of intrinsgtructural features. The employed scanning
force kymography method may be adapted to anaheessembly dynamics of a wide range
of linear biopolymers.

Figure 1. a TIRF/AFM image of a HelLa cell labeled for actn.Kymographic
recording of AR25-35 fibrils on mica. The spatiahdon image (top) converts to
temporal-domain kymogram (bottom).
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Using microcantilevers to count biological bonds
Todd Sulchek

Georgia Institute of Technology, Atlanta, GA, USA

This talk will describe our method of using singi®lecule dynamic force spectroscopy to
determine the binding strength of antibody-proteomplexes as a function of interaction
valency in a direct and simple measurement. Ite known that the adhesion force increases
with an increasing number of biological bonds. Heere because the rupture force of
biological bonds will vary due to their stochastiature, it is problematic to definitively
determine the number of bonds, or the valency, péricular interaction. We show that the
compliance of nanomechanical polymer tethers cateelwith the number of biological bonds
and can therefore be used to count the numbermidbformed. Mechanical work will disrupt
these bonds and can be used to quantify the oeénallics of dissociation. The ability to form,
count and dissociate biological bonds with nanoraeial forces provides a powerful method
to study the physical laws governing the interawtiof the biological molecules.
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AFM in drug discovery and development — Applicationopportunities and
technology needs

Kindt, JohannesH, “Lauer, Matthias E.

Weeco GmbH,,Dynamostr. 19, 68165 Mannheim, Germany
’F. Hoffmann-La Roche Ltd., Discovery Technolodiéslecular Structure Research, CH-
4070 Basel, Switzerland

For over a decade AFM was explored as a reseaothindhe Pharmaceutical Industry. The
performed applications are diverse and cover tleadrexperimental capabilities of AFM.
Once a biologically active molecule is selected farther development the solid state
properties of the material are in focus. In additio well established methods that characterize
the bulk properties of the material AFM is abouthiecome a routine method for surface
analysis of both APl and excipients. In particulae characterization of APl polymorphism
and API — excipient physico-chemical compatibilitieere addressed with AFM methods. In
addition powder particle characterizations werefgered in order to clarify unexpected
milling properties or powder flow ability of newliscovered compounds. So far, the AFM has
not made the leap to the status of a «Standard»Tioothis area. However, we expect that
recent and future advances in AFM technology wilhlgle routine applications of AFM in
pharmaceutical industry

The class of problems for which the AFM can bringque capability to drug development
will be explored. Furthermore, a recently complesaatly of an assay to profile API-excipient
miscibility and stability will be presented in deétaConsiderations for AFM tool and
application design for pharmaceutical applicatialsalso be discussed.
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How to make a fresh start with carbon nanotube prolkes?

Sophie Marsaudon Julien Buchoux, Anne Marie Bonnot*, Cattien V.uygn** Jean-Pierre
Aimé

Chimie Biologie des Membranes et Nano-objdtsyersité Bordeaux 1, Bordeaux, France-
*Institut Néel, Grenoble, France- *NASA Ames resbagenter, CA, USA

Carbon nanotubes are man-made nanosized cylindade rof carbon atoms discovered in
1991.With their small size, their excellent mecleahiproperties and their high aspect ratio,
carbon nanotubes solve many tip related difficalaed problems. Spectacular demonstrations
of carbon nanotube tips contributions have beenighdd since 1996 on various samples
including antibodies, fibrils, DNA,... Despite thmanotube tips high intakéhe use of such
carbon nanotube tips hasn't spread as much astespdavo main reasons explain why the
development of carbon nanotube tips isn't as lageexpected: the difficult control of the
nanotube length orientation and attachment to dipd the complex mechanical nanotube
behavior.

With the latest synthesis progress and the latgratiure on nanotube tips specific properties, it
may be the time now for their development. Twotetyges for nanotube tip fabrication will be
presented: either direct growth of single walledhotabes (made of one cylinder) on
commercial tips, or synthesis of multi walled narbes (many cylinders with the same axis)
on a filament followed by manual attachment topa(See figure). Examples of applications
will be given.

From left to right : scanning electron microscomages of a 600nm long single walled nanotube on an
AFM tip , a model of a single walled nanotube; rloaf a multiwalled nanotube and scanning electron
microscopy image of a {n long multiwalled nanotube.

Reference:

S. Marsaudon, C. Bernard, , D. Dietzel, C. V. Ngyy&. M. Bonnot, J. P. Aimé, R. Boisgard,.
"Carbon nanotubes as scanning Microscopy tips, nstaieding carbon nanotube tips
mechanical properties and consequent use for igggihapter 4 in “Applied Scanning Probe
Methods”, pp 137-181, Vol 8-10, edited by B. Bhas, H. Fuchs and M. Tomitori, Springer
— Verlag, Heidelberg.(2008).
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Insulated nanoneedle probes for combined atomic fee and scanning
electrochemical microscopy (AFM-SECM)

Romaneh Jalilian*, Olga S. lvanova**, Jose E. Riffdfrancis P. Zamborini*Mehdi M. Yazdanpanah*

*NaugaNeedles LLC, Louisville, KY
**Department of Chemistry, University of Louisvijlleouisville, KY

The combination of atomic force microscopy (AFM)dascanning electrochemical microscopy (SECM),
known as AFM-SECM, is highly desirable in orderdorrelate surface chemical information (reactivity,
porosity, catalytic activity, etc.) obtained by S&®vith high resolution topographic information obted by
AFM. The addition of AFM to SECM allows better carttand knowledge of the distance between thertip a
the sample and improved spatial resolution forrdgteng the location of the electrochemical infotima. To
make this possible, it is necessary to fabricatelective AFM probes that are electrically-insulaéedrywhere
except at the very end of the tip. There are nd smemmercially available probes, requiring sciésitio
fabricate custom probes, usually requiring sevataication steps and high cost.

In this work, we report a commercially viable mettior low-cost fabrication of AFM-SECM probes. Tihrst
step involves the fabrication of conductive highegs ratio AFM probes by growing metallic silverigan
(Ag2Ga) nanoneedles on an AFM tideedleProbed M) [1]. Next, we mount the NeedleProbes onto an
alumina substrate, wire and then insulate themnatikconductive glue (except the cantilever and el@se to

it). We then coat the entire device with parylemdlofved by a hydrophobic monolayer layer of
perfluorodecyiltrichlorosilane (FDTS) to decreasewletting property of the parylene, thereby deangdigjuid
diffusion into pinholes. Finally, we cut the indeld nanoneedle to expose a conductive region anithe\WWe
will report three simple methods for exposing timel ®f the nanoneedle. To enhance the electrochiemica
stability of the probes, we coat the very end efitobe with Pt by galvanic exchange of Ag2Ga WwiiGl42-

by dipping the very end of the needle into a sofutif K2PtCl4 in water. Due to cylindrical geometrfythe
nanoneedles, a stable meniscus forms between dhef ¢he needle and the liquid surface that resultee
formation of a sharp Pt tip at the end of the @batedle.

The probes fabricated as described above perforwedt electrochemically when tested with cyclic
voltammetry as the working electrode with a Pt teuand Ag/AgCl reference electrode in an aqueolugion
containing 5 mM Ru(NH3)63+ dissolved in 0.1 M KClO#he completely insulated nanoneedles displayed a
leakage current less than 10 pA and no discerranbdaic current from the Ru(NH3)63+/2+ wave. Ekmps
the end of the probe by cutting led to characterssgmoidal voltammograms for several tips withesty-state
currents ranging from 50 pA to nA values, as exqubfdr electrodes on the nano/micro scale. Futudies
will explore the use of these probes for scannardiomyocyte cells in buffer solutions.

[1] www.nauganeedles.com
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Figure 1.Nanoneedles are used as templates to fabricatecoomglex devices. (a) Schematic of the
fabrication steps. (b) SEM images of the devicdifferent stages. (c) Optical image of a coated
nanoneedle that is being cut and exposed at the end
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Detection of populations of amyloid-like protofibrils with different physical
properties

Ranieri Rolandi’, Annalisa Relini®, Silvia Torrassa Riccardo FerrandpSilvia Campion,
Fabrizio Chit ", Alessandra Gliozzi

"Department of Physics, University of Genoa, &uihsorzio Nazionale Interuniversitario per
le Scienze Fisiche della Materia (CNISM) Via Dodezso 33, 16146 Genoa, Italy
'Department of Biochemical Sciences, Universityloféhce, Viale Morgagni 50, 50134
Florence, Italy

8 Consorzio Interuniversitario “Istituto Nazionale dgitrutture e Biosistemi” (I.N.B.B.), Viale
delle Medaglie d’Oro, 305, 00136 Roma, Italy

Amyloid aggregation is involved in several fatalselkses, such as Alzheimer's disease,
Parkinson’s disease and systemic amyloidoses. HygMW 10452 Da) is the N-terminal
domain of a bacterial hydrogenase maturation faclidris protein undergoes amyloid
aggregation in the presence of trifluoroethanolEY &nd its prefibrillar aggregates are toxic to
cultured cells. Therefore, it represents a usefadeh to study amyloid formation and
aggregate toxicity [1].

We used tapping mode atomic force microscopy talystine morphology of the amyloid
protofibrils formed at fixed conditions by self-agsbly of HypF-N. Although all protofibrils

in the sample share a beaded structure and simalaes of height and width, an accurate
analysis of contour length and end-to-end distaante the comparison of experimental data
with theoretical predictions based on the worm-liteain model show that two different
populations of protofibrils are present. These pajons are characterized by different
persistence lengths, bending rigidity and Young'odmus. Fluorescence quenching
measurements on earlier globular intermediates iggovan independent evidence of the
existence of different populations. The findingttd#ferences in mechanical properties exist
even within the same sample of protofibrils carcbeelated to the presence of different sub-
populations of pre-fibrillar aggregates with potelty different toxicity [2] . This study
describes a strategy to discriminate between siftdgreht sub-populations that are otherwise
difficult to identify with conventional analyses.

[1] A. Relini, C. Canale, S. Torrassa, R. Rolamli, Gliozzi, C. Rosano, M. Bolognesi, G.
Plakoutsi, M. Bucciantini, F. Chiti and M. Stefarionitoring the process of HypF fibrillization
and liposome permeabilization by protofibrils.Mol. Biol 338 (2004), 943-957.

[2] S. Campioni, B. Mannini, A. Pensalfini, M. Zaagni, C. Parrini, E. Evangelisti, A. Relini,

M. Stefani, C. M. Dobson, C. Cecchi, F. Chiti. Ausative link between the structure of
aberrant protein oligomers and their toxicilature Chem. Biob (2010), 140-147.
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Characterization of self-oscillating Soft Imaging ly means of photothermal excitation
Massimo Vassallt, Paolo Paoletti, Michele Bassd Valerio Pinf, Bruno Tiribilli?

Ynstitute of Biophysics, National Research Coufi&F-CNR), Genova, Italy
?Istitute of Complex Systems, National Research €Ib(i8C-CNR), Firenze, Italy
3systems and Informatics Dept., University of Fieetidrenze, Italy
“BioNanoMechanics Lab, Nat. Center for MicroelectosnMM-CNM (CSIC), Madrid, Spain

Since its invention in 1986, atomic force microscOdFM) has been widely used as a tool for invetitigy
material characteristics at a nanoscale leveltarichprovement has rapidly led to reliable andagpcible
methods of imaging of biological specimens. Sudh samples can be imaged in liquid without severe
distortions by using dynamic mode AFM, where thatileaver is typically excited near its resonance
frequency by a dither piezo and the measuring sysenses the amplitude of the oscillations dutieg t
scan. Besides its simple implementation schengellansed in commercial instruments, this workiragien
(AM-AFM) presents some drawbacks limiting the dffemess of the measurement procedure. As an
important enhancement, several self-driven (SD-AEMitation schemes have been proposed, in which
the excitation signal is provided by a positivedfegck of the cantilever deflection that inducessedtained
oscillations, whose frequency is related to thesaimple distance and used as feedback signal.ugttho
such operating mode has the potential of achievigiger resolution, the complex nature of the freqye
shift signal makes it difficult to be used in mwsaging applications. Recently, some novel mettidds
AFM) have been proposed with the goal of combitlivgbenefits of the above classes of dynamic AFMs
[1], [2]. These approaches are based on some fdedbachanisms providing the cantilever excitation,
similarly to SD-AFM, although the measured quansitstill the oscillation amplitude as in AM-AFM.

In this work we report a detailed experimental aberization of transient behavior and imaging
performance of AT-AFM, compared with standard AMM\FMoreover, an additional degree of freedom
provided by the presence of a variable saturatieesiold in control loop is exploited to designoaeh
control algorithm (ATC-AFM) which greatly decreadbs tip-sample mean interaction force yet achgvin
better resolutions. This soft imaging mode has hbested in air and in water by using photothermal
excitation of the cantilever [3], thus obtainingtable and reproducible dynamical characterization.

Image of biological sample in different conditiodg. Standard AMAFM with an amplitude threshold of 9C
of the free amplitude (soft). B] Standard AM-AFMtiwvianamplitude threshold of 78% of the free amplit
(hard). C] Image in AT-AFM with an amplitude threshold of 90% of the fegaplitude (soft,

[1] M.Basso, P.Paoletti, B.Tiribilli, M.VassallModelling and analysis of autonomous micro-canélesscillations

Nanotechnology, 19, 475501 (2008)
[2] G. Prakash, S. Hu, A. Raman, and R. Reifenlelidesoretical basis of parametric-resonance-basedatdorce

microscopy Phys. Rev. B 79, 094304 (2009)
[3] V.Pini, B.Tiribilli, C.M.C.Gambi, M.VassalliDynamical characterization of vibrating AFM cantikrs forced by

photothermal excitatiorPhys. Rev. B 81, 054302 (2010)
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Fonctionnalized Si(111) surfaces with tunable surfae chemistry:
New atomically flat platforms for the anchoring ofbio-molecules for AFM
characterization purposes

C. Henry de Villeneuve J. S. Andresa, P. Allongue, L. Touahir, A. Mdaai|
A. C. Gouget-Laemmel, J.-N. Chazalviel and F. Orana

LPMC - UMR 7643 CNRS — Ecole Polytechnigue — France

The anchoring of bio-molecules on atomically flatface is key issue for the investigation of bio-
interactions at molecular scale by AFM. Very few dtdiss answer to the prerequisites (flatness,
inertness, adapted interaction strength to immadibio-molecules) for the implementation of the
technique which explains that mica remains curretity substrate mostly used even though the
electrostatic immobilization of the bio-moleculesits surface originates some limitations.

In this talk, we will present our works dealing witle threparation of atomically flat functionalized
Si(111) surfaces which open interesting alternatixges for bio-molecules anchoring. The Si(111)
surfaces are hydrogenated and prepared atomidatlypy anisotropic chemical etching in \H
solutiod” and then after functionalized by grafting a mogetaof alkyl chains bearing carboxylic
(-COOH, -COOR) end-groups. By coupling AFM characteiazest at molecular scale and
guantitative FTIR measurements we have developedoatithized protocols which allow i) the
preparation of COOH functionalized Si surfaces with welhtrolled chemical compositiBh ii)

the conversion of the COOH groups into succimidylvatéd ester allowing iii) the subsequent
covalent coupling of amino modified entities thrbugmidation (fig.1). At each step, particular
attention has been paid on the control of surfaraposition and on the preservation of the well
defined atomic structure of the initial H-Si(111)yface. These functionalized Si surfaces exhibiting
flat terraces separated by atomic steps are wethidai platforms for AFM characterizations of
individual biological recognition events and/orfse interaction/adsorption phenomena. Compare
to other substrates, the physico-chemical propedighe surfaces can be adjusted allowing various
kinds of bio-molecules anchoring (covalent, elestiatic...), variable density of anchoring sites,
tuning of the bio-molecules environment... Firgules concerning the covalent anchoring of DNA
strands on these surfaces will be presented.

References:
[1] M.L Munford and al. Sens. Mater (2001) 13, 259
[2] A. Faucheux and al. Langmuir (2006) 22, 153
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Figure 1: (a) AFM image showing the atomic staielstructure of a Si(111) surface functionalizethwi
alkyl chains bearing COOH end-groups. The flat tmsaare ~ 100 nm large, separated by parallel atomi
steps 3.1A height and homogeneously covered byiannaonolayer (3 18 acid chains/c). (b) Multi-
step protocol for the covalent linkage of amino ified DNA single strands. (c) AFM image showing
the anchorage of a DNA monolayer on a NHS-activatethce.
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Invited Lecture

Quantifying the dynamic of nucleosomes with AFM

John van Noort

Physics of Life Processes Huygens LaboratoriesldrelUniversity, Leiden, The Netherlands

In the past decade it has become clear that altegees involving DNA are regulated in
eukaryotes by modulation of its packaging into amatin. In chromatin an octamer of histone
proteins tightly wraps 1.7 turns of DNA, forminghacleosome. About 75% of all eukaryotic
DNA is wrapped into nucleosomes, which stericaligder its accessibility by transcription
factors, repair enzymes and other factors thatrantewith DNA. Occlusion of DNA by
nucleosomes can de lifted by ATP-dependent remodmieymes, which are DNA based
molecular motors that translocate nucleosomes atbegDNA. Here | will discuss how
nucleosomes move over DNA and how we used Atomicd-dlicroscopy to unravel the
mechanics of such dynamics.

There is an intricate interplay between the DNAusage itself and the position of the
nucleosomes on the DNA. Using the 601 nucleosonséipoing element for reconstitution of
nucleosomes we show that we obtain a homogeneopsiigtion of well positioned
nucleosomes. In the same field of view we resobledsubstructure of the 1.7 MD remodeler
complex RSC, featuring a large cavity that can emgass the nucleosome. By imaging,
careful quantification and monte-carlo modellingtloé reaction products after ATP dependent
remodelling, we show that the processivity of tiacation is strongly modulated by DNA
sequence and we propose a kinetic model that escitie reaction cycle.

Using a pair of nucleosomes reconstituted on thé@RNthe Mouse Mammory Tumor Virus,
we show that a brief exposure to elevated tempersitis sufficient to move nucleosomes
along the DNA. In fact the nucleosomes approachiawade each other's DNA. With AFM
we show that such nucleosomes loose the H2A-H2®1es but retain the possibility to stack
on each other, which induces higher order structarechromatin. Overall, analysis of
nucleosome positions and sizes reveals the physisathanisms that regulate DNA
accessibility in model chromatin.

A combined imaging and force spectroscopy approach
reveals the mechanical structure of viral nano-paitles

Wouter H. Roos Marian Baclayon, Gijs J. L. Wuite
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Natuur- en Sterrenkunde, Vrije Universiteit, De Bt@an 1081, 1081 HV Amsterdam, the
Netherlands

Force spectroscopy measurements are
becoming increasingly popular tc
study the material properties o
macromolecular assemblies such
viral shells (capsids) [1]. Here we
present AFM nanoindentation studie
on the mechanical properties ¢
various viral capsids. Combining
these measurements with  hig
resolution imaging of the viral nano
particles before and after indentatio
it can be observed how singl
capsomeres (the viral structural unite
are removed out of the icosahedr:
capsid lattice [2]. We furthermore
biochemically remove the 12 vertices
the pentons, of the herpes capsii
(see figure) and test the effects on tt
material properties of an icosahedrc
with missing vertices. In the light of changestie particle spring constant and breaking force
we discuss the influence of the icosahedral copménts on the mechanical stability of the
particle. In addition we show how finite element detiing and molecular dynamics
simulations on the deformation of viral shells by¥M cantilever tips can give additional
essential insights into the viral material propestiln particular accurate values of the shell's
Young’s modulus and the molecular basis of irreidesdeformation of viruses are extracted
from the comparison of experimental and modellieguits.

AFM image of the icosahedral shell of a herpes
simplex virus particle. Individual capsomeres and the
holes left by the removed pentons can be observed.

[1] W. H. Roos, G. J. L. Wuite, Nanoindentationdsis reveal material properties of viruses,
Adv. Mat.,21 (2009) 1187

[2] W. H. Roos, K. Radtke, E. Kniesmeijer, H. Geerha, B. Sodeik, G. J. L. Wuite, Scaffold

expulsion and genome packaging trigger stabilipatibHerpes Simplex Virus capsids, Proc.
Natl. Acad. Sci. U. S. A106(2009) 9673
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Imaging Bacterial Cell Death Induced by Antimicrobial Peptides in Real Time
using high speed AFM

Georg E. Fantnet, Roberto J. BarberpDavid S. Gral; Angela M. Belchef.

"Biomolecular Materials Group, Department of Matdsi&cience and Engineering,
Massachusetts Institute of Technology, Cambridge 02439 USA
"Biomolecular Materials Group, Department of Biologli Engineering, Massachusetts
Institute of Technology, Cambridge MA, 02139 USA
" fantner@mit.edu

Antimicrobial peptides (AMP) are a promising clagsantimicrobial agents in the battle against
bacteria that have built up resistance to conveatiantibiotics. The mechanism by which these
peptides kill bacteria is still poorly understodthe interaction of the peptides with the bactemdsil
walls has been suggested to be responsible fdrattericidal effectd-3). Thus far, this interaction
has not been visualized nor is there much dataekihetics of this interaction. Traditional Atomic
Force Microscopy (AFM) is a useful tool for obseryithe changes in the cell wall of living cet, (
but due to it's slow image acquisition speed it cab provide insight into the dynamics of the
mechanism. We have used custom-built AFM comporterssd on small cantilever) (o image for
the first time the bactericidal action of antimizied peptides in real time. With this system, we
investigated the activity of the chimeric AMP CMth nanometer spatial- and seconds temporal-
resolution on live E.coli cells. We observed raglichnges in surface morphology of the cells after
injection of the AMP (see figure 1), with a respotime that differs between individual monoclonal
bacteria in the same image (see figure 2). Usimgbgted AFM and fluorescence microscopy, we
correlated the change in cell morphology to cell permeability and cell deat)

The results of this study show that high-speed iatéonce microscopy can reveal distinctively
different behavior of individual cells than comphte the behavior of bulk cells. In the case of the
antimicrobial peptides, the presence of an incobgthase gives new indications for the mechanism
by which the antimicrobial peptide attacks the éraain. We believe that this technique will enable a
whole new method of characterizing and studyingeffeetiveness of synthetic antimicrobial peptides.

1. B. BechingerBiochimica Et Biophysica Acta-Biomembrarid$2 157 (Dec 15, 1999).

. G. Francius, O. Domenech, M. P. Mingeot-Leclefcé. DufrenejJoumal of Bacteriologg9Q 7904 (December 15, 2008, 2008).
R. E. W. HancoclCurrent drug targets - Infectious disordezs79 (2002).

Y. F. Dufrene, D. J. MulleMicrobial Imaging34, 163 (2005).

. G. E. Fantneet al, Ultramicroscopyl06, 881 (Jun-Jul, 2006).

. G. E. Fantner, R. J. Barbero, G. S. Gray, ABkIcher,Nature Nanotechnology press, (2010).

ot

Figure 1: Bacterial response to antimicrobial pejas: The upper bacterium is attacked by the AMP
(bacterial surfaces develop a disturbance of theamsurface) but the lower bacterium still resists
antibiotic. 7 seconds / image
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Measurement of DNA morphological parameters at higly entangled regime on
surfaces

Annalisa Calo, Pablo Stoliar, Eva Bystrenova, Francesco Valiié Biscarini

CNR, Istituto per lo Studio dei Materiali Nanosturati (ISMN), Via Gobetti 101 - 40129
Bologna (ltaly)

The morphology of circular DNA deposited from saaton the mica surface is analyzed from
the power spectrum density (PSD) of the AFM imafe®). DNA exhibits a multi-affine
behaviour with two correlation length scales, theorter one (about 50 nm) which
approximates well the persistence length P (3-4l) atonger one&j which can be related to
the intermolecular distance. We verify this assuomptexploring a broad range of
concentration C from isolated molecules to highiyaagled networks. As P remains constant
within the C rangeg exhibits a decay increasing C. Applying a diffusttased model in which

~ D—025 [(D—O.S
& scales asgr we extracted DNA diffusion coefficient ®2¢10-7 cm2/s. This
value is consistent with a high molecular weighasphid DNA supercoiled in the depositing
solution.

1. A. Calo, P. Stoliar, E. Bystrenova, F. Valle BscariniJ. Phys. Chem. B009, 113, 4987.
2. Biscarini, F.; Samori, P.; Greco, O.; ZamboniPRys. Rev. Lett. 1997, 78, 2389.

3. Rivetti, C.; Walker, C.; Bustamante, C. J. MBibl. 1998, 280, 41.

4. Rivetti, C.; Guthold, M.; Bustamante, C. J. MBiol. 1996, 264, 919.
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An integrated AFM—polarized Raman micro-spectroscog
instrument for investigations of biological nanomagrials

Banyat Lekprasert’, Victoria Sedmah Clive Robertsand loan Notinghét

'School of Physics and Astronomy, The Universityaifingham,
?Laboratory of Biophysics and Surface Analysis, 8thbPharmacy
University of Nottingham, Nottingham NG7 2RD

An integrated instrument based on atomic force @sioopy (AFM) and confocal polarized
Raman micro-spectroscopy has been developed fogstigations of biosamples at the
nanoscale. The system is based on an inverted sompe to enable simultaneous high
resolution topography images by the AFM as welchsmical properties of the samples by
Raman spectroscopy. Polarized Raman spectra allovef analyzing of conformation and
orientation of molecules in samples. We will report using this instrument to investigate
diphenylalanine nanotubes (FF-nanotubes)articularly molecular structure and orientation
within the tubes. These nanotubes have potentialany applications, including patterning or
drug delivery. The AFM images deliver an accurateasurement of the size of the
investigated nanotube while the Raman mappingsatetre distribution of the selected
chemical bond. The molecular conformation of ther@Rotubes can be evaluated from the set
of polarized Raman spectra. This integrated instntnoffers great potential for advancing the
understanding of molecular interactions in the malpes. Such understanding is needed for
tailoring the properties of the nanotubes for pcattapplications.
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Figure 1: Simultaneous AFM and Raman imaging of FF nanatube
a) AFM image of a 1um FF tube.
b) Typical Raman spectra obtained from a nanotube.
c) Raman imaging of the tube in a) was built by using intensity of the 1000 chassigned to s

breathing vibration of the phenyl group.

[1] C. H. Gorbitz, The structure of nanotubes forrbgdliphenylalanine, the core recognition motif of
Alzheimer’'sp-amyloid polypeptide, Chem. Commun. (2006) 2332-2334
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Imaging the nanoscale organization of peptidoglycaim living Lactococcus lactigells

Guillaume Andre!, Saulius KulakauskasMarie-Pierre Chapot-ChartfeiBenjamine Navét
Marie Deghoraify Pascal Hof§ and Yves F. Dufrére

Ynstitute of Condensed Matter and Nanosciences &Soft Matter, Université Catholique de
Louvain, Croix du Sud 2/18, B-1348 Louvain-la-Ne®B&gium
2INRA, UMR1319 Micalis, Domaine de Vilvert, F-783E®iy-en-Josas, France
3Unité de Génétique, Institut des Sciences de laWfieversité catholique de Louvain, Croix
du Sud 5/6, B-1348 Louvain-la-Neuve, Belgium

Bacterial cell walls constitute the frontier betwettre cells and their environment, and
therefore play several key functions as supporttiireginternal turgor pressure of the cell, protegtin
the cytoplasm from the outer environment, imparshg@pe to the organism, acting as a molecular
sieve and controlling interfacial interactions, . i.molecular recognition, cell adhesion and
aggregatioh®. Understanding these functions requires elucidatibthe molecular architecture of
bacterial cell walls. Particularly, the spatial argation of peptidoglycan, the major constituent of
bacterial cell walls, is an important, yet still ohed issue in microbiolody

Here, we show that the combined used of atomic foriceostopy and cell-wall mutants is a
powerful platform for probing the nanoscale archiiee of cell wall peptidoglycan in living Gram-
positive bacteria. Using topographic imaging, we finatLactococcus lactisvild-type cells display
a smooth, featureless surface morphology, while mgiains lacking cell wall exopolysaccharides
(WPS) show 25 nm-wide periodic bands attributed to pegfigcan. Next, using the recognition
properties of LysM we use single-molecule recognition imaging to destrate that peptidoglycan
in the mutant cells localizes as discrete lines @ parallel to the bands observed in the
topographic images.

The single-cell experiments presented here open aeenues for understanding the
architecture and assembly processes of peptidaglykaing the cell cycle of Gram-positive
bacteria. The use of mutant strains lacking ouédlrwall components is a powerful approach to
reveal the organization of inner cell wall layersedtly in live cells, thus without using any fixatio
or staining procedures.

Figure 2 : AFM imaging of the organisation of peptjlycan in livingL. lactiscells. AFM deflection
images of the (a) polar region and of (b) dividogdls of a WPSmutant ofL. lactis (c) Single-molecule
recognition imaging of peptidoglycan recorded vethysM tip in the square area shown in (b).

Beveridge, T.J. & Graham, L.L. Microbiol Mol BiRev55, 684-705 (1991).
Sleytr, U.B. & Beveridge, T.J. Trends Microbio253-260 (1999).

Vollmer, W. & Seligman, S.J. Trends Microbk®:59-66 (2010).

Andre, Get al.J Bacterioll9G:7079-7086 (2008).
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Unravelling lipid-protein interaction in model bila yers by AFM
Andrea Alessandrinf, Heiko M. Seegér Paolo Facct*

1 Department of Physics, University of Modena arddi Emilia, Modena, Italy,
2 Center S3 CNR-lIstituto di Nanoscienze, Modeady. It

Atomic force microscopy is particularly suited fbe investigation of biological and artificial méde
membranes at surfaces. Parameters such as ienigteirpH, temperature, molecular composition can
be easily tuned and controlled throughout the éxeets. Nucleation and kinetics of domain
formation [1, 2] as well as molecular 2d diffusiand clustering [3] can be readily followed by the
technique. We report an atomic force microscopgysion the lateral spatial redistribution of an
integral membrane protein reconstituted in supddiped bilayers (SLBs) subjected to a thermally
induced phase transition. KcsA proteins were rditotes in proteoliposomes of POPE/POPG (3:1,
mol/mol), and SLBs, including the proteins, werentlobtained by the vesicle fusion technique on
mica. By decreasing the temperature, the lipidybilgpassed from a liquid disordered (Id) phase, in
which the proteins are homogeneously distributeda tcoexistence of solid ordered (so) and Id
domains with the proteins preferentially distritolite the Id domains. The inhomogeneous distribution
eventually led to protein clustering. The obtaimesults are discussed, along with functional data
obtained on BLM equivalent model systems, in lighthe role that the lipid/protein interaction can
have in determining the function of integral memiergroteins such as selected ion channels [4].

1. H. M. Seeger, G. Marino, A. Alessandrini, P. ¢t&&ffect of Physical Parameters on the Main Phase
Transition of Supported Lipid Bilayers” Biophys. 97,(2009) 1067.

2. H. M. Seeger, A. Di Cerbo, A. Alessandrini, Pcétd'Supported lipid bilayers on mica and silicon
dioxide: comparison of the main phase transitiomaveour”, 2010, submitted.

3. H. M. Seeger, C.A. Bortolotti, A. Alessandrini, FFacci “Phase transition-induced protein
redistribution in lipid bilayers” J. Phys. Chem183(2009) 16654.

4. H. M. Seeger, L. Aldrovandi, A. Alessandrini,FRacci “KcsA functionality is affected by the phgai
state of the hosting lipid bilayer”, 2010, subnttte

KcsA molecules are excluded from the so phase egatgated in the Id one upon decreasing T
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Keynote Lecture

AFM as an essential tool in Cell and Molecular Bialgy studies

Dennis E. Discher

Biophysical Eng’g. Lab, University of Pennsylvarijladelphia, PA
discher@seas.upenn.edu

Cells generate force and are also exposed to ekfernas, but the extent of molecular remodelingas

yet clear. Do proteins within cells unfold underde and change in tertiary structure, and/or do th
proteins dissociate from each other with changegjuaternary structure due to stress? We have
developed a suite of nano-mechanical and chemigabaches to address these questions. Coupled AFM
nano-mechano-chemical schemes with purified pret¢il establish a general methodology for cell
studies, and the strong temperature dependenderablecular transitions must be appreciated — nbt o

for the special challenges it presents at the singblecule scale [2]. The nanomechanical probag h
been further used to characterize the complianseilndtrates that cells adhere to and apply strésges
proportion to substrate compliance) [3, 4]. Thisctfatogether with the entire set of
experimental/computational methods can be extetmléelp identify — within living cells — proteinsd
their sites that indeed unfold and dissociate ursdess [5]. How these processes contribute to the
collective self-organization of the cytoskeletoraigpic of ongoing interest [6].
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Figure 1: Force-induced changes in protein strectme hypothesized to expose novel binding sites fo
ligands. This example of a molecular dynamics satioih shows that Cysteinel167@3spectrin exposes
0 A% surface area (of 224%Runtil forced extension exposes Cysteine'’s thiougrfor reaction.

References:

[1] P. Carl, C. Kwok, G. Manderson, D.W. Speiclaexq D.E. Discher. Forced unfolding modulated kylfide bonds in the
immunoglobulin domains of a cell adhesion moledeitec. Natl. Acad. Sci. USA8: 1565-1570 (2001).

[2] R. Law, G. Liao, S. Harper, G. Yang, D.W. Siei, and D.E. Discher. Pathway shifts and thesofiening in
temperature-coupled forced unfolding of spectrimdims.Biophysical Journal85: 3286-3293 (2003).

[3] A. Engler, S. Sen, H.L. Sweeney, and D.E. [BiscMatrix elasticity directs stem cell ineageciization Cell 126: 677-689 (2006).

[4] A.E.X. Brown, R. Litvinov, D.E. Discher, P. Rohit, J. Weisel. Multiscale mechanics of fibrin yroker: Gel
stretching with protein unfolding and loss of watetience325: 741-744 (2009).

[5] C.P. Johnson, H-Y. Tang, C. Carag, D.W. Speicaied D.E. Discher. Forced unfolding of protewithin cells.
Science317: 663-666 (2007).

[6] A. Zemel, F.Rehfeldt, A.E.X. Brown, D.E. Disahand S.A. Safran. Optimal matrix rigidity in teelf-
polarization of stem cellfNature Physicqto appear, 2010).
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Invited Lecture

Mechanics of Cancer versus Normal Cells: Fundamenksand Possible
Applications

Igor Sokolov

Department of Physics, Nanoengineering and Bioteldyy Laboratories Center (NABLAB),
Clarkson University,
Potsdam, NY 13699, USA

Humans are still far from conquering cancer witiditional biochemical methods. There is a
hope that physical sciences could bring new insightd provide new ways to attack on cancer.
With the development of nanoscience and nanoteolggpkcientists have obtained a new set
of instruments to study physics of cancer at nases@tomic force microscopy (AFM) allows
collecting unique information about interactionsaneell surface, in particular, studying
surface properties of viable cells in the physia@afjenvironment. In this talk, | will describe
the study of mechanical properties of human epéhekrvical, both cancerous and normal,
cells. We found quantitative differences betweenmnmal and cancerous human cervical
epithelial cells by considering a brush layer oa tiell surface. These brush layers, which
consist mostly of microvilli, microridges, and eiliare important for interacting with the
environment. After taking into account the bruste difference in mechanics of cancerous and
normal cells was found to be statistically insigraht. However, the bush lengths and densities
turned out to be significantly deferent. Moreovarsmall and dense brush was found to be
specific only to cancerous cells. To understandntiiire of this brush, electron microscopy,
specific dye staining, confocal microscopy, etcravesed. However, the nature of this layer is
still not completely understood, and will be dissed in this talk.

The discovery of the specific physical feature aficerous cells opens not only a new
way to look at fundamental changes associated @aticer, but also show a possible non-
traditional way for cancer detection. Here | wiiscribe a few possible methods of this kind.
The accuracy of the detection of cervical cancéh wiese just pure physical methods seems to
be substantially higher than when using the exgsbimchemical and medical methods. This
high sensitivity and selectivity for cancer makesnteresting to perform further statistical
tests.
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Investigating Angiotensin Il AT-1 receptor bias signaling with AFM
Elie Simard, Jeffrey J. Kovacs Robert Lefkowitz and Michel Grandbois

Département de pharmacologie, Faculté de médetidessciences de la santé, Université de
Sherbrooke, Canada

"Department of medicine and Immunology/Howard HudWedical Institute, Duke University
Medical Center, USA

With the emergence of new drug categories sucheasrge antagonist or bias ligand,
developing sensitive and specific assays to detabtle cellular events has become an
important focus in pharmacology. We have previouslgd of AFM for real-time monitoring
of angiotensin ll-induced contractile responsenidividual cells providing a new perspective
on cellular events such as contractility. AT-1 mgoe is known to activate a variety of
signalling pathways through the heterotrimeric @t@in Ggq which leads to an increases in
intracellular calcium levels with associated calfutontraction in a variety of cellular models.
However, AT-1 receptor can also activate a Gq ieddent pathway involving-arrestin-
dependent signalling through MAPK ERK1/2. In thesent study, we use AFM-based force
measurements to delineate the contribution of thaisénct signalling pathways in cell
contraction using the AT-1 receptor bias agonist Which is known to signal solely through
the B-arrestins. We first establish the Ang Il contrgctresponse of HEK 293 cells
overexpressing AT-1 receptor using phase contragtrostopy and real-time AFM
measurements. In these experiments, the AFM tiejd in contact with the cell body for 30
min while force data were recorded. As publisheevjmusly, 1 nM Ang Il triggered a cell
contraction of approximately 400 nm followed by Icspreading. To identify Gq anfl-
arrestin-dependent individual contribution, we aectéd similar experiments with the AT-1
receptor ligand, Sll, specific for ttfearrestin signalling pathway. Surprisingly, no sfgant
cells body contraction was observed by AFM, howertracellular activity could be detected
as indicated by the fluctuation in the AFM signdlo further determine the possible
contribution of-arrestin in the contractile response, we meastitedmechanical response
induced by Angll in cells knock down for type 1 &md2 B-arrestins. In this experiment we
observed an attenuation of the contractile respofiséen together, our data suggest a
supporting role off-arrestins signalling in Ang ll-induced contractilesponse and that
arrestin signalling is not sufficient to triggecantractile response by itself. In conclusion, this
study demonstrate how AFM-based force measuremamtbe used to study of cellular
processes involving contraction of the cell bodyrdcellular reorganisation associated with
the movement of the intracellular organelles andoskeleton or general cellular
morphological activity.
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Combining Atomic Force Microscopy with Micro-Electrode Arrays for Studying
the Mechano-Electrical Behavior of Cardiac Myocytes

Jose F. Saertz M. TedescoS. Martinoia,R. Raiteri

Department of Biophysical and Electronic EnginegerrDIBE, University of Genova, Via Opera Pia
11A, 16145, Genova - Italy
* E-mail: jose.saenz@unige.it

In the present work we propose a new analyticafqrim based on the combination of
Atomic Force Microscopy (AFM) with Micro-Electroderrays (MEA) for performing precise-
and-local mechanical stimulations on living cellbile measuring in situ and in real time
changes in their extracellular electrical activitgd mechanical properties. We applied this
combined set-up to mechanically stimulate a sirglediac myocyte (CM) and monitor the
induced electrophysiological response. Such appradlows investigation, at the single cell
level, of cell cardiac electro-mechanics and MechBlectrical Feedback (MEF) phenomenon
which is involved in the adjustment of heart ratee initiation of arrhythmias, and the re-
setting of disturbed heart rhythm by ‘mechanicabtfaid procedures [1]. Despite all the work
done in the exploration of the dynamical electrcehamical properties of the myocardium at
the organ and tissue level, the signal transdud¢tidiEF and other effects and mechanisms of
beating CMs are not completely understood yet[2,IiB]order to elucidate the (sub)cellular
mechanisms and processes of signal transductitireinardiac MEF phenomenon, AFM looks
particularly promising since it allows the applicatof controlled low forces, the possibility to
measure the mechanical properties at the pointimfiation and a minimal disruption to the
membrane. On the other hand, recording of extraleellpotentials from contracting CMs
without interfering with cell motility or producingndesirable side effects is possible when the
cells are grown on a glass surfaces with integratéctoelectrodes such as in the MEA
technology [4].

We have combined a commercial Agilent 5500 AFM WMEA instrumentation so that
the AFM body sits onto a custom made MEA connegtbile both are positioned onto an
inverted light microscope. In this way it is podsilo check with accuracy the position of the
AFM tip over the MEA and the cell culture. The atezal and mechanical noise in the
developed platform is comparable with the noisethe standard configuration of both
instruments. In initial experiments we studied magers and patterned cultures of CMs from
rat embryos. First we characterized the mecharacal electrical spontaneous activity of
contracting cells. Then we applied controlled psileé force, peak force in the range 1nN to
150nN and duration in the range 10ms to 100ms, tthr@anembrane of cells sitting on top of
or near to recording electrodes. We could cleatyseove induced electrophysiological
responses, especially when applying force pulseatgr that 40nN. By controlling the delay
between the spontaneous electrical activity andnitheced, we observed that the waveforms of
the evocated activity are in agreement with thesids activation of stretch-activated ion
channels. By analyzing the force vs. distance m#dion of the AFM stimulation we estimated
the elasticity of the cell membrane related with tlycle of the spontaneous electrical activity
and the induced electrophysiological changes. fRnadiry results suggest that the electrical
response of CMs to nano-mechanical stimulatiorlsted to the localization f the indentation
site and changes in the local mechanical propesfidse membrane-cytoskeleton structure.
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Applied Force vs. Time
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Substrate elasticity dominates integrin-ligand avdability during cellular
adhesion and spreading

llia Louban*? Janosch A. Deég, Daniel Aydirt? Catharina Cadmd§ Christine Selhuber-
Unkef, Roberto Fiammendd and Joachim P. Spafz

Max-Planck-Institute f. Metals Research, Dept. eii\Materials & Biosystems;
Heisenbergstr. 3, D-70569 Stuttgart,Germany
University of Heidelberg, Dept. of Biophysical Cligmy; Im Neuenheimer Feld 253 D-69120
Heidelberg, Germany
®Niels Bohr Institute, Optical Tweezers Group, Cdgen, Denmark

Properties of the cellular environment e.g. biojtglsand biochemical signals play a crucial role in
regulating the integrity and functionality of ceflad tissues. Compliance of the extracellular matri
(ECM), for example, could be sensed by cells, whégults into various biological responses such
as changes in proliferation or gene expression. umderstand the interplay between crucial
parameters like ECM compliance and cellular admebgand availability artificial ECM analogs
are needed, where the environmental stimuli couldltezed fullyindependentifrom each other.
These alterations should include several ordemaghnitude and thereby reveal functional limits of
the investigated cell type.

Here, we present a substrate system acting as a taendional space of environmental
parameters, offered to the cells, featuring thelysical and biochemical properties of connective
tissues.

The Young's moduli E of poly(ethylene glycol)-diacrylate (PEG-DA) basegdrogel substrates
span more than four orders of magnitude (0.6 kHg < 6 MPa). Since PEG-DA substrates are
protein repellent, they were decorated by quasi ¢axally ordered, extended gold nanoparticle
arrays, manufactured by block copolymer micellamatghography (BCMN). To provide
bioactivity in terms of cell adhesion c(RGDfK) pegmtjdwvhich is specific fonyps integrins, was
immobilized on the nanopatrticles. The interpartgacing and, hence, spacing of integrin binding
sitesAL could be precisely tunethdependentlyf the substrate rigidity (20 nmAL < 160 nm).

This system was used to investigate the behavifibablasts as a function of changes within two-
dimensional parameters spac&l) Ey). To this end, cell spreading area and cell-salestr
interaction forces were determined by phase cont&sbscopy and single cell force spectroscopy
(SCFS), respectively. During the experiments bottvirenmental parameters were varied
simultaneously. Results from these experiments @etermined as a function of hydrogel stiffness
and integrin-ligand spacing. They revealed two kacdet points, thresholds in cellular sensing
behavior, at E~ 8 kPa and\L ~ 70 nm, after 6, 12, and 24 hours of adhesion ectsly.

Moreover, according to the hierarchical phase madetellular behavior [1], classes of
functional protein modules dominate the behaviosmfeading cells during a certain phase. From
the biophysical point of view, progression in phasmsition can be expected as trajectories in
multidimensional parameter space. With the presestébstrate system we could show that the
mechanosensing signal, originating from soft emvinent, stops phase transitions. In contrast,
disturbed integrin clustering, that originates frhigh spacing of binding sites most likely does. not
Therefore, substrate elasticity was identified tothse dominant parameter in cellular sensing
processes.
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Parallel AFM imaging and force spectroscopy using-g2limensional probe arrays
for applications in cell biology

André Meister, Mélanie Favre, Stefan Dasen, Gabriel Gruener| Rélaer, Thomas
Overstolz, Joanna Bitterli, Peter Vettiger, Martlilay, Harry Heinzelmann

CSEM, Centre Suisse d'Electronique et de MicrotieglnSA, Neuchatel, Switzerland

Atomic force microscopy (AFM) is increasingly useddell biology to study individual cells: to
characterize a cell's morphology or to measuremiézhanical or adherence properties using force
spectroscopy. Today’'s commercial AFMs use singletileavers to probe the sample surface.
However, AFM based analyses involving living cells asually extremely time consuming, due to
cell dynamics and the need for a large number efitidal experiments for statistical reasons. In
order to be routinely utilized in R&D e.g. for célhsed screening, the method has to become faster
and easier to use.

We describe here an instrument to manipulate 2-aineal cantilever arrays. The deflections of all
cantilevers in the array are measured in paradlielgia Michelson interferometer. An interferogram
captured by a CMOS camera is analyzed using dedicaiftware to determine the deflection of
each cantilever. A special instrumental platform besn developed, that includes the optical read-
out, micro- and nanopositioning stages, as well disiid chamber to keep the cells in a liquid
environment at 37°C. The 2-dimensional AFM arraysenmgeveloped and fabricated at CSEM.
Cantilevers with and without tips were fabricated: foemer to analyze the topography and
mechanical properties of cells, and the latter éasure intercellular interaction forces.

First experimental measurements have demonstiagedse of the platform to operate 2D cantilever
arrays in air and in liquid. The system was firstee by parallel topographical imaging on fixed
and dehydrated cells in air. The 35 topography Esaghown in the Figure were taken
simultaneously by the cantilever array. Individealls can be distinguished in the inset. The
platform was then tested for parallel force specwpg on living 3T3 cells in a liquid environment.
All force curves were taken simultaneously. The buturve in the graph was taken on a hard
substrate.

One targeted application of the new system is in logyo especially research into cancer
metastasis. Analysis of intracellular adhesion Isvant to the release of metastatic cells from the
primary tumor. Studies of mechanical cell stiffnediew to analyze how reagents can affect the
softness of the metastatic cells, the softness etfasmatic cells being related to their invasive
character. These developments aim to open new obsgassibilities in the field of metastasis,
from fundamental cancer research to pharmacology.

Cantilever deflection [nm]

z position [um]

Figure: From left to right: Instrumental platfors-M probe arrays, parallel imaging on fixed cediad
parallel force spectroscopy on living cells.
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Monitoring of mechanical properties of serially pasaged bovine articular
chondrocytes by atomic force microscopy

Michal J. Wozniak'?, Naoki Kawazo® Tetsuya TateishiGuoping Cheti and Krzysztof J. Kurzydiowski
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Str., 02-507 Warsaw, Poland
“Biomaterials Center, National Institute for MatésiScience, 1-1 Namiki, Tsukuba, Ibaraki 305-0eidan
%International Center for Materials Nanoarchitectosi(MANA), National Institute for
Materials Science,1-1 Namiki, Tsukuba, Ibaraki 3084, Japan

Chondrocytes are highly specialized cells respdaditr the production and maintaining the
integrity of the cartilaginous extracellular matii€CM), which contributes strongly to the
viscoelasticity of the cartilage tissue. Chondresytchange their morphology and
dedifferentiate during in vitro expansion of thdtare. They change gene expression pattern
from chondrocyte-specific to type | collagen, whishnormally expressed by fibroblasts. In
this study, we investigated the effect of the pgesaumber of the living Bovine Articular
Chondrocytes (BACs) on their elasticity using AFWhe BACs were isolated from a knee
joint of a 6-week-old calf and sub-cultured 5 timesobtain serially passaged chondrocytes
(generations P1-P5). AFM images of the living calte shown in Fig.1A. Freshly isolated
chondrocytes (P0) show typically round morpholodgyerially passaged on uncoated
polystyrene tissue culture dishes cells (P2 andppdgressively change their morphology to
fibroblast-like spindles. The values of Young's mbag, calculated using Hertz model from
data obtained by AFM, are given in Fig. 1B. Statédtanalysis of the data shows a significant
difference among the mean moduli of all groupshafrrocytes, with exception of P3 and P4
passages for which no significant difference iseobsd.
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Figure 1. A) AFM images (merged: height and illuation) of living, freshly isolated PO (scan sizexi
15 pm) and serially passaged P2 and P4 (scanGizé6 um) chondrocytes in PBS solution. The| Z-
scale of images is equal 5 um. The PO cells shdwiadrocyte-like, round morphology; cells P2 and P4
show a fibroblast-like, spindle morphology. B) Azge Young's modulus values calculated for the
indentation depth up to 400 nm. Data are preseasednean + standard deviation. For a single
generation of cells, n = 1000 (20 cells, 50 fonoeves collected for each cell). Results of the petec
Tukey-Kramer test: *** - p <0.001, N.S. - no sifjcant difference.
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The dedifferentiation of chondrocytes (phenotypeiateon), evaluated by changes in cell
morphology, was accompanied by the decrease irstifliess. The changes in the mechanical
properties of cells are most evident for the firvgd passages (P0-P2) and less significant for
the next three generations of cells (P3-P5).

Acknowledgement: This work was supported in part bg WPl Initiative on Materials
Nanoarchitectonics and in part by the NEDO Japan.Hdic). Wozniak is awarded the Fellowship for
Young Doctors Center for Advanced Studies WarsawelBity of Technology.

References: 1. M.J. Wozniak et al., Micron 40 (20880-875. 2. M.J. Wozniak et al., Soft
Matter, in review
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AFM Based Force Spectroscopy: A New Tool to Probiéx Vivo Vascular
Endothelium Rigidity.

Yannick Miron , Charles M. Cuerrier and Michel Grandbois

Département de Pharmacologie, Université de Sheiteo

Mechanical properties of individual cells are actal component of several biological
processes involving cell motility, cell contractiamd force-mediated cell signalling. Several
studies have been conducted using the AFM to dyasell mechanical properties, making it a
valuable tool in the field of single cell biomecharin this context, endothelial cells have been
widely studied because of there biomechanicallypoasive abilities. Indeed, in their
physiological environment, endothelial cells aratonously exposed to forces from the blood
flow mediated shear stress and friction due toctirilar components of the blood plasma. Up
to now, most AFM experiments on individual cellssrédeen conducted on cultured cefis
vitro. In this study, we performed AFM-based force experits to characterize the elastic
properties of endothelial cells in mouse aogasivo The aortas endothelium can be exposed
to allow AFM experiments to be conducted on singtelothelial cells. Prior to the AFM
experiments, the structural integrity of the enétitim was assessed by immunofluorescence
detecting the von Willbrand factor as an endothetiells marker. Then, we conducted
elasticity assays on the endothelium by doing itateon force curves to evaluate the young
modulus which was found to be 3.35+0.40 kPa. Meamants performed as a control on
endothelial celin vitro (1.06+£0.03 kPa) were in a similar range value. iddally, our data
are consistent with previously published endothekds Young moduli varying from 0.5 to 10
kPa depending on the nature of the cell substmatghich region of the cell was probed. In
conclusion, we show that AFM-based force experimean be used not only to characterize
the mechanical properties of cultured cell modelsitro but also to evaluate the mechanical
state of cells composing a living tissee vivo Such experiments may prove to be crucial in
elucidating the relationship existing between eedichanics within the endothelium and the
physiological process in blood vessels.
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Plenary Lecture

Nanophysiology of the vascular endothelium
Hans Oberleithner

Institute of Physiology Il, University Miinster, Geny

A scenario is reported that should demonstrateafidication of advanced nanotechniques in
the field of cardiovascular research.

Dietary sodium and potassium contribute to the rabif the blood pressure. Endothelial cells
are targets for aldosterone which activates sodibamnels in the apical plasma membFane
The activity of these channels is negatively cate with the release of nitric oxide (NO) and
therefore determines endothelial functfn A mediating factor between channel activity and
NO release is the mechanical stiffness of the scgllasma membrane, including the
submembranous actin network (the cell’'s “shell”)edWianical stiffness of living endothelial
cells grown in vitro can be quantified with picoNlew resolution using the atomic force
microscope as a nanosensor. Changes of plasmansétliand potassiund”, within the
physiological range, regulate the viscosity of tkisell and thus control the shear-stress
dependent activity of the endothelial NO synthasmted in the shell’'s “pockets” (caveolae).
High plasma sodium gelates the shell of the endiatheell while it is fluidized by high
potassium. Accordingly, this concept envisages ttmhmunications between extracellular
ions and intracellular enzymes occur at the plasmanbrane barrier while 90% of the total
cell mass remains uninvolved by these changesohtlasion, endothelial cells are highly
sensitive to extracellular sodium and potassiums Bknsitivity may serve as a physiological
feedback mechanism to regulate local blood flow.détstanding the nanomechanical
dynamics of endothelial cells using AFM techniqogens new perspectives in cardiovascular
medicine.
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Mechanobiological regulation of tumor and stem celbiology in the central
nervous system

Sanjay Kumar

Department of Bioengineering, University of Califia, Berkeley, USA

One of the most exciting breakthroughs in cell &yl over the past decade is the recognition
that micromechanical inputs to cells from the salidte extracellular matrix (ECM), such as
those encoded in ECM geometry, topography, andietgs can influence cell and tissue
physiology and pathology in profound and specifays: This connection between mechanics
and biology (mechanobiology) bears direct relevatucéhe pathogenesis of diseases of the
nervous system in which cells alter their structmnetility, or compliance, including neuronal
and glial tumors and neurodegenerative disorderssaggests that specific cell behaviors may
be engineered by directly manipulating the undagyhnolecular systems. | will discuss efforts
my colleagues and | have taken to harness the fmtesf mechanobiological crosstalk
between cells and the ECM to understand and maigwimor and stem cell biology in the
nervous system. | will describe studies in whioh @lucidate the role of physical cues from
the ECM in driving cell structure, cytoskeletal anization, cell migration, and proliferation in
malignant brain tumors. | will also discuss ourffods to engineer the differentiation
trajectories of neural stem cells by manipulating lbiophysical properties of the ECM and the
mechanotransductive signaling pathways that enadlle to mechanically communicate with
the ECM.
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Identification of cancerous cells using AFM
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The determination of mechanical properties oflivcells and their capabilities of being
an indicator of cancer transformation has beconssipte with the development of such local
measurements techniques as an atomic force migrgsotagnetic or optical tweezers. From
the first publication showing the capability of tlsomic force microscopy to measure
mechanical properties of a single living cell innddions close to natural one, several
publications have been reported the applicationABM as a technique having potential
possibility to detect the pathological changeshat gingle cell level. The correlation between
the cell ability to deform, different diseases, dhd internal organization of cytoskeleton has
been known for a long time. The noticeable charfgeaacer cell stiffness has been already
observed by AFM for bladder cells, where nhon—-maligncells were one order of magnitude
stiffer than cancerous ones. These results higieligithe AFM capability to detect cancer
through mechanical analysis. Thus, when oncogeaitstormation introduces large changes,
cancer cells can be easily detected by both AFM tastmorphological analysis. However,
when cells do not differ significantly, their stiffss distributions can overlap, and the detection
becomes difficult. Moreover, samples collected frpatients can be affected by other factors
influencing cell stiffness. Therefore, the numbemeasured cells should be significantly high,
especially for samples from patients where i) tbsspbility of repeating the experiment and ii)
the probability of obtaining identical canceroudiare rather low. Thus, to apply the cell
stiffness as an indicator of cancer alteratiorssyélue should be determined with high cells
statistics where for each single cell, stiffneski®a origin separately from many indentations
taken at different positions. This includes th&rstiss variations within a single cell and within
the non—-homogenous population of cancerous cellpaitient's sample. Nevertheless, the
elasticity measurements at a single te#l have a potential to be applied as an altermaipproach
used for the cancer diagnosis.
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Figure 1. Deformability of human bladder cell lines
Non-malignant cells (blue) were stiffer than thdigraant ones (red) indicating changes in the
cytoskeleton organization.
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AFM in health and diseases: identification of techalogical gaps toward new
applications for specific needs?

Frank Lafont
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AFM has entered in maturity as a technique to afdtmological issues. Its validation in
investigating molecular interactions, morphologghesion and stiffness make it a valuable
tool to investigate for instance cell biology, icfeus and disease-related topics. However,
AFM remains still confidential in the toolbox of ydicians and pharmacists as well as quality
control officers in food industry. Will the futuif AFM turn out to consider it as an important
component of the toolkit in diagnosis, control diyahnd investigation methods in global
health and biomedicine fields?

As an attempt beginning to answer this questionwillediscuss how coupling AFM to other
techniques could boost its use for more versagikxs in nanomedicine.
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Atomic Force Microscopy (AFM) has become an enabiiatform in nanotechnology. It has
provided a great impact in Life Sciences and isobéng indispensable also in NanoMedicine.
NanoMedicine is an emerging area, which focuses aginy, early diagnosis, pathological tissue
analysis, and drug delivery. Although significanfoets have been devoted to enhancing the
performance of AFM, full exploitation of its capéties has been hampered by the uncoordinated
relationship between researchers active in fundaahsoiences, and users in the biomedical field.
In addition, due to the swift development of AFMfe_science scientists depend on collaboration
with experts in physical sciences to utilize the poafeAFM instrumentation. In 2009, a European
Cooperation in Science and Technology (COST) adiembeen deposited to the European Science
Foundation. This action aims at bundling the expest of the most active European AFM
laboratories with the biomedical scientific enviramhinto a network to foster further enhancement
of AFM instrumental development, and explore angpsut its extensive applications in Life
Sciences and Nanomedicine.

An interdisciplinary COST Action is believed to progid key strategic platform and community to
bundle these research activities. The COST Action withvide the conditions required for
facilitating personal interactions throughout Eweagnd for increasing collaborations in the AFM
community, ranging from physicists to clinicians.

The Action envisions an establishment of a dynaratevark of AFM scientists including the major
AFM centres in Europe. These AFM research centaee ldifferent focuses or specialization, such
as AFM imaging, AFM manipulations, AFM nanomechani&FM nanodiagnostics, and so on.
These centres will provide a diverse training enwinent for physician-scientists based on their
needs, thus introducing new aspects of technolodicalvledge for their research. This training
strategy will provide the basis for medical sciesti® becoming AFM experts. As they return to
their clinical research facilities, they can builg their own AFM laboratories. By interacting with
medical scientists, the range of applications ofMARvould be significantly enhanced in
Nanomedicine and biology. By exploring new reseaield$ of AFM, one may also identify current
limitations and propose solutions to overcome tlihgrintegrating the network expertise.

Currently, the proposal has passed several rouh@valuation and the final result is awaiting.
Perspective on the action will be presented andidés.
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Biological AFM: Where we come from — where we are {where we go)

Simon Scheuring

Institut Curie, U1006 INSERM, UMR168 CNRS, 26 ru#rd, 75005 Paris, France
Email: simon.scheuring@curie.fr

Biological AFM is a fast growing and advancing dielThis lecture has as objective to
conceptualize the state of the art and retracesaehients of biological AFM, as presented by
past and present research, and wishes to givebpesire) outlook where biological AFM may
go in the upcoming years. The following areas dériest are discussed: High-resolution
imaging, cell imaging, single molecule force spestopy, cell mechanical measurements,
combined AFM instrumentation, and AFM instrumertati Of these topics, particular
representative examples are discussed, each ofdtading for a variety of achievements by
a variety of groups.
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Quantification of the detachment force for water dinking biofilm using Atomic
Force Microscopy

Yumiko Abé', Pavel Polyakay Salahédine Skali-LarhandGrégory Francius'

! aboratory of Physical Chemistry and Microbiology the Environment, Nancy University, CNRS
UMR7564, 405 rue de Vandoeuvre, Nancy Universif§4600 Villers-lés-Nancy, France
“_aboratory of Energetics and Applied Theoreticalddanics, Nancy University, CNRS
UMR7563, 2 avenue de la Forét de Haye, F-54504 Vemvdre-lés-Nancy, France

Around 99% of the world’s population of bacterigasind in the form of a biofilm at
various stages of their growth. Biofilms are obsérin many medical, industrial, and domestic
environments where the growth of biofilms is detrittal in most cases. There has been a large
volume of studies carried out to better understdred growth of biofilms. However, their
detachment behavior is much less explo ed dedmaténtreasing interest in effective removal
of undesired biofilms. Most studies use a flow-cedhctor in which biofilm had been
developed to measure the detachment force of arbibly gradually increasing the applied
hydrodynamic forces. However, such method uttexbk$ a detailed control on the magnitude
and the direction of forces. In this study, we mep AFM methods to estimate the shear
modulus of a biofilm using a 1-month-old drinkingater biofilm as an example. A biofilm
matrix is the result of lateral reinforcement ofidar adhesion after the initial contact between
a bacterial cell to a surface. In addition, bioBlare known to have viscoelastique properties;
hence, in order to mechanically remove a biofilmateral force which exceeds the shear
module of the biofilm must be applied.

We tested two different approaches to better umaledsthe applicability of AFM to
qguantify the shear modulus, or detachment force, bibfilm. First method can be referred to
as a mechanical detachment of biofilm by the mowenoé the cantilever while scanning.
Several scans of the same surface were collectéd imhreasing the applied force each time.
Then, the deflection data were analyzed to caleulz lateral force exerted upon the biofilm,
and the surface area occupied by each aggregaten(gihat the drinking water biofilm is
highly discontinuous) was calculated based on #ight image. Based on these data, the shear
modulus applied to the biofilm surface can be ot#di Second method involves the force
spectroscopy to directly quantify the biofilm’s Yray module which was then interpreted to
calculate the shear modulus. Tk e
results from two methods reveale ‘
that the shear moduli obtained fror
these two methods were in goo

agreement. We also observed thats.ing arcion *
drinking water biofilm is

heterogeneous in terms of she: —

moduli. Despite a rather comple: —
interpretation of the data, the ‘ Resuspended bacteria
presented AFM methods to estima R
the shear modulus can be performe B SeeRiG ST
rapidly and are capable of providin N
the special distribution of shea Seenma et =
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Unfolding single cell-adhesion proteins fronCandida albicans
David Alsteens, Vincent Dupre’ Peter N. Lipkéand Yves F. Dufrérle

'Unité de Chimie des Interfaces, Université Catluglide Louvain, Croix du Sud 2/18, B-1348
Louvain-la-Neuve, Belgium
Brooklyn College, Brooklyn, New York

Microbial infection is generally initiated by theesific adhesion of the pathogens to host tissies.
prominent example is found Bandida albicansthe most common agent causing opportunistictiofecin
immunocompromised patients. AdhesioColbicansyeast cells to host tissues is mediated by ayfaidell-
surface proteins known as the agglutinin-like secgiAls) proteins. Als proteins possess four iomat regions
(Fig. 1a), i.e. an N-terminal immunoglobulin (ldgel region, which initiates cell adhesion, followby a
threonine-rich region (T), a tandem repeat (TRpretat participates in cell-cell aggregation, argtalk region
projecting the molecule away from the cell surfadih its ability to observe and manipulate singldetules at
work, atomic force microscopy (AFM) has provideglealth of novel opportunities in life sciences [1-&re we
used AFM to measure the forces required to seglhentifold single Als proteins, both on purifiedletules and
on live cells [4]. Soluble Als Ig-T-TR6 fragmentsrinated with a His-tag were attached at low tjeosigold
surfaces modified with nitrilotriacetate groups pitked up by their terminal Ig domain using AHp4 modified
with Ig-T fragments (Fig. 1b). Remarkably, forcéeasion curves showed sawtooth patterns with wétiet
force peaks, each peak corresponding to the faticeed unfolding of an individual TR domain (Fig). Urea
altered the shape of the unfolding peaks, refie@iross of mechanical stability of the TR domalne to
hydrogen bond disruption. Next, single Als proteirse localized and unfolded directly on live cdfisrce-
extension curves obtained on cells expressingepeats displayed sawtooth patterns similar to foosel on
isolated proteins, while cells expressing no repest unable to bind the AFM tip. The unfoldinghadoility
increased with the number of repeats and was aedelith the level of cell-cell adhesion, sugggsthese
modular domains may play a role in fungal adheSioa.modular and flexible nature of Als conveysistiength
and toughness to the protein, making it ideallgduor cell adhesion. These single molecule mesamnts open
new avenues for understanding the mechanical piegpef adhesion molecules from mammalian and biaro
cells, and may help us to elucidate their potdantjalications in diseases like inflammation, carscet infection.
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Figure 1. (a) Representation of an Als5p molecutgegting outward from th€. albicanscell wall by
means of the stalk region. (b) Principle of thealsihg experiments. Ig-T-T&Rfragments were attached
on a gold surface and stretched via their Ig domaising an Ig-T-tip. (c) Force-extension curves
obtained by stretching single Ig-T-FRhowed periodic features well-described by themvbke-chain
model (red line) and reflecting the sequential idifiy of the TR domains.

[1] D.J. Mlller, J. Helenius, D. Alsteens, Y.F. B&rfie, Nat. Chem. Biol5 (2009), 383-390.
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Using microfluidics to allow the ex-vivo study of lbod soluble microparticles
B.A. Ashcroft, J. de Sonneville, Y. Yuana, S. Osanto, R. Berfih&. Kuil, T.H. Oosterkamp

Leiden University, Kamerlingh Onnes Laboratory, PBdx 9504, 2300 RA Leiden, The
Netherlands

A novel method has been developed that allows peciic capture and analysis of an
emerging biomarker of microvesticles. Microvesticuld be valuable biomarkers of cancer,
and are taken from blood plasma, urine and othdy loids, but recent work has shown that
the majority of the particles are too small to dk®rescence-activated cell sorting. The
described method uses microfluidics to achieve rg genall interaction over a coated mica
surface, that is then analyzed using atomic fore@ascopy. This method allows the capture
of both greater numbers of particles as well aargelr variety of particles than comparable
methods. In addition, the method could be used @wo,vremoving the need for
ultracentrifugation and washing, which can potdiytidisturb the microvesticles and cause
systematic errors. Last, the method detects andtsdoiomarkers that are too small to be
detectable and analyzed using other methods, amé\en give additional information about
the state of the microvesticles.

102



Quantifying the structure of natural aquatic nanoparticles (<5 nm) by field flow
fractionation and atomic force microscopy

Mohammed Baaloushaand Jamie R. Lead

School of Geography, Earth and Environmental S@entiniversity of Birmingham,
Edgbaston, B15 2TT, United Kingdom

It is well recognized that natural nanoparticlesparticular those smaller than 25 nm, are of
prime importance in trace element partitioning. Eirstianding the role of natural nanoparticles
in the environment requires a thorough quantifaratof their size and structure. Here, we
present a methodology and initial results basedenifying the assumptions of Stokes-Einstein
relationship by comparing the sizes from two défermeasurements. Field flow fractionation
(FIFFF) is a separation technique based on hydmuie principles in which particles are
separated according to their diffusivity and frormhiethh a corresponding hydrodynamic
diameter @) distribution can be calculated by applying Stek@sstein equation. AFM
measures nanoparticle topography/heigiitan the basis of the repulsive or attractive ferce
between the sample and the tip. If the ratib is 1, then nanoparticles fulfil the Stokes-
Einstein assumption of hard spheres. Results ffogetdifferent sites show a ratio of 1 in one
site and higher values at the two other sites. rékie d/h increased with the decrease in ionic
strength, suggesting that variations betwekeand h might be related to structural/shape
variations at the nanoscale level. The rattodeviates more from a value of 1 in the presence
of a surface coating probably of organic matter,dasnonstrated by AFM images. The
methodology offer an opportunity to quantify theusture (sphericity and permeability) of
nanoparticles relevant to environmental processels as trace pollutant chemistry in a simple
parameter which could be incorporated into, fornepsie, speciation codes defining metal
chemistry. Current work focuses on applying AFMdifferent modes (contact, tapping and
noncontact) and in dry and liquid modes to obth& most representative size measurement of
natural nanopatrticles.

AFM tapping mode image (2x2m) of natural colloidal particles lake water
(Vale Lake, Birmingham, UK)
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Combining AFM with hollow cantilevers for electrophysiological measurements
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Biomedical experiments on single cells such asdstular injections, patch clamp or extracellular
deposition of liquids are typically carried out mafly using tapered glass micro pipettes. The cell
is thereby slowly approached by the micropipett@gishicro manipulators under optical control.
During this process, even when carried out by skitbperators, the cell is often mechanically
injured. Such perturbations frequently lead to detith and therefore failure of the experiment. To
overcome these drawbacks we propose a technique basadcombination of micro fluidics and
atomic force microscopy known as FluidFM technol§bly This approach is further motivated by
the fact that AFM techniques are already widely usedhe field of nano-biotechnology [2].
Additionally, the direct manipulation of single eelusing AFM has already been successfully
reported in earlier works [3].

Our instrument is composed of custom made hollow Afavitilevers with different tip geometries
and opening sizes. The cantilevers have an inegjraticro-fluidic channel that ends at a well-
defined aperture located at or in the vicinity koé tip apex. The other end is connected to a pressu
controlled reservoir. The force control system lné underlying AFM allows for a very precise
regulation of the force applied by the hollow AFMope to e.g. the membrane of a cell. It even
becomes possible to discriminate between a “gentiéact” and a controlled perforation of the cell
membrane under investigation. Highly localized bemtal stimulation or direct manipulation of
single viable cells under physiological conditiorssentially becomes practicable using the
FluidFM technology. The feasibility of our approaehs been demonstrated earlier by selectively
injecting single living cells in vitro with a membra impermeable dye [1].

In this work we present how standard AFM microscopgambination with hollow cantilevers can
be used for electrophysiological experiments (&ggpaé 1). The high resolution imaging capabilities
and the force feedback of the underlying AFM op#res door for numerous new experiments:
Investigations such as spatially coherent patcmgiag while minimizing mechanical perturbations
of the investigated cells are pictured to beconaetmable using our technique.

Hollow AFM cantilever

e I— | microfluidic channel

electrodes

Fig 1: Schematics of a combined AFM-patch-clamp
experiment. Using hollow cantilevers it is possitale
use the same probe for acquiring AFM images and
measuring ion channel activities.

[1] A. Meister et al., Nano Letter20099 (6), 2501-2507
[2] D. J. Miiller et al., Nature Nanotechnolog@08 261-269
[3] M. Currie et al., Biochem. and Biophys. Research @gr2007355 (3), 632-636
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Morphology and nanomechanics of surface-adsorbegpbsomes
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Liposomes, owing to their unique biocompatible dmdsimilar properties, are increasingly
used as drug delivery systems and biomembrane mdderphological features of liposomes
are usually charaterized by light and electron asicopy. While light microscopy lacks
resolution and electron microscopic techniques geeartifacts due to fixation and staining,,
atomic force microscopy (AFM), beside its high sgatesolution on unfixed samples, enables
the nanomanipulation of nano- and submicron-sizsicles. Furthermore, AFM may provide
information about local structural, chemical anggibal properties of domains or membrane-
bound molecules in the vesicles.

In the present work we investigated the structurd manomechanics of small unilamellar
vesicles immobilized on glass and mica surfacegosomes were prepared by extrusion of
hydrated DPPC film through a polycarbonate membnaitk 100 nm porosity. Liposomes
were attached to either cleaned glass or fresklgveld mica surface by incubating an aliquot
of the sample for 5 minutes and washing away thHsound vesicles. The surface-adsorbed
liposomes were investigated by using tapping-mo@@lAunder aqueous buffer conditions.
Vesicles appeared as flat circles with an averégmeter of 160 nm and height of 5 nm. While
the diameter corresponds well to size measuremeitlts dynamic light scattering, the flat
shape deviates from the presumed spherical appeardre hypothesize that the flattening of
the vesicles was caused by adhesion forces arigpuyn surface adsorption. To explore
nanomechanical properties, a calibrated cantilevas first pushed into the vesicle surface
with ~1 nN force, then the cantilever was pullecagwith a mean velocity of 1000 nm/s. In
the nanomechanical traces constant-force platepeaapd which may be explained by the
generation of membrane nanotubes. The force miaaly Ireflects the adhesion force arising
between the vesicle and the surface, consideriagphlling a nanotube from a completely
flattened vesicle can occur only at the expengdesbrption from the substrate surface. In sum,
the AFM techniques employed here provide a unigosight into the structural and
nanomechanical features of liposomes.
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Origin and spatial distribution of forces in motile cells
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A fundamental step in cell migration is the advaneet of the cell’'s leading edge. It is
generally accepted that this motion is driven byinapolymerization against the plasma
membrane but this has not been directly measured.

Here we present precise force measurements usingwdy established AFM-technique
combined with high resolution imaging and lamelipon feature tracking analysis. Our
AFM-based technique uses the vertical and lateeflection of a modified cantilever and
allows direct measurements of the forces exertethbycell [1]. We measure the maximum
forces which are generated at the leading edgheofamellipodium, retrograde forces within
the lamellipodium, and the cell body. Through sklec manipulation of molecular
components by addition of different drugs, sucllasplakinolide, Cytochalasin D, and ML-7
the measured forces and velocity changes can bpareah

We resolve that the force generating mechanismhat leading edge is indeed actin
polymerization, and we directly measured a ford¢ebatted to the retrograde flow within the
lamella, which critically demonstrates that thetprsion forces are decoupled from the cell
body and are generated exclusively at the leadiigg e

Protrusion and retrograde flow in the central |dipetlium are thus driven by polymerization
and depolymerization forces, whereas the lamellgdoglings and the forces that pull the cell
body along rely heavily on contractile actin-myosmeractions. The traction forces in the
wings significantly contribute to the local retrade flow and are the origin of strong forces
that advance the cell body [2].

To improve the temporal and spatial sensitivityc@mbination with optical tweezers to
stabilize the setup, promises possible measureneéritsces on slower and softer cells, like
neurons, fibroblast etc to complete the phase spéamotile cells and to understand the
underlying mechanisms nature invented.
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SFM-Force measurement of a migrating keratocytdnt&rference reflection microscopy
images: the cell pushes against the cantileverad f&ight spot) and finally lifts it up. B:
Sketch of the experiment, the cell pushes agdiestantilever; the lateral deflection
corresponds directly to the force. C: Lateral deften signal (red) reflects the forces the cell
exerts in different regions of the cell during theasurement, vertical deflection signal (black)
corresponds to height .

References
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Cell-substrate interactions determine cell adhesiastility, growth, proliferation, and fate. Thewrc
influence cell differentiation and commitment, aselivas intracellular signaling. Their technological
impact concerns transducers, sensors, cell caseaffolds for tissue growth. We investigate houltim
scale morphology of functional thin films affecteein vitro behavior of human neural astrocytoma
1321NL1 cells. Pentacene thin film morphology iscizedy controlled by means of the film thickn€&s
(here expressed in monolayers, ML). Fluorescendetmmic force microscopy allows us to correlage th
shape, adhesion and proliferation of cells to tleeptmlogical properties of pentacene films corgobll
by: saturated roughness correlation lengtt§ and fractal dimensiod;. At early incubation time, cell
adhesion exhibits a transition from higher to lowaues a® ~10 ML. This is explained with a model of
conformal adhesion of the cell membrane onto tbevigg pentacene islands. From the model fitting of
the data we show that the cell explores the sudétbea deformation of the membrane whose minimum
curvature radius is 90(x45) nm. The transitiorhim &adhesion around 10 ML arises from the saturafion
& accompanied by the monotonic increase,ofvhich leads o a progressive decrease of the qerga
local radius of curvature and hence to the surfaea accessible to the cell. Cell proliferatioral&
enhanced fo® < 10 ML, and optimum morphology range for cell ldgment and growth is far<6 nm,
&>500nm, di >2.45. Characteristic time of cell proliferatios 1=10+2hours. The trend of viability
mimics the one of adhesion, although the reasoghtre entirely different. Here we highlight thatrte

is optimum viability is achieved for ultra-thinrfils. This finding hints that a technology capable of
controlling the multiscale morphology of ultra-ttims is attractive also for engineering substdte
cell research, sensing interfaces and tissue esrgige

Figure 1. a) AFM imagef typical pentacene th
films grown on silicon dioxide surface.
Schematic drawings of the cell sitting on a ro
pentacene surface. c) Typical AFM image of
astroglial cell grown on pentacene thin film (6 M
for 48h under standard conditions aidkefl in 4%
paraformaldehyde. dHuman 1321N1 astrogli
cell viability and proliferation characteristics. I{S¢
were incubated for different time on pentacene
films with different thickness and tested by Try)
blue exclusion test.
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Watching membrane-mediated protein-protein interacton in action
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Membrane proteins are, due to their amphiphilicretrestricted to the membrane plane. They
diffuse within the membrane, form oligomers, an@ aensely packed in supramolecular
assemblies. Although numerous theoretical and nigalestudies have explored membrane-
mediated interactions between membrane proteingctdiexperimental measure of in-
membrane-plane interaction potentials have not lobé¢sined until now. Here, we show high-
speed atomic force microscopy (HS-AFM) image segesmf native purple membranes (PM)
of Halobacterium salinarum, containing ATP-synthasegs, in bacteriorhodopsin (bR) array
edge regions. PM borders have a lipid membrane tti@re bR and c-rings diffuse. C-rings
formed dimers that temporary dissociated. C-rinhads were rather static and revealed
subdiffusive motion, while dissociated monomergudiéd freely. Direct imaging analysis of
the c-rings center-to-center distance probabilitgtridbution allowed the calculation and
modeling of an in-membrane-plane energy landschae fresented repulsion at 80A, most
stable dimer association at 103A (-3.5kBT strengihyl dissociation at 125A (-1kBT strength)
center-to-center distance. We present first expartal data of non-labeled membrane protein
diffusion analysis and the corresponding in-memé#alane interaction energy landscape. We
conclude that membrane protein diffusion is assgnarid size dependent and that the
attractive range of a membrane protein is of sé\dBa& and reaches to a radius of about 50A
within the membrane plane.
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Fig. A) Two ATP-synthase c-rings on the edge liggdion of the bR arrays. B) Particle
tracking of the motion of the ATP-synthase dimer.
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Signal transducer and activator of transcription(STAT3) proteins modulate various
physiological functions including cell-cycle regtitan, apoptosis and cell survival by
regulating gene expression. Upregulation of phospRAT3 activity or increases of
unphosphorylated STAT3 levels have been observedriners. Both forms of STAT3 are able
to regulate gene transcription and contribute moduprogression. The phosphorylated STAT3
forms a dimer and binds to IFMctivated sequences (GAS) on DNA. It is not clger
whether unphosphorylated STAT3 binds to its own DBbife or regulates gene expression
through interaction with other transcription fastoAtomic Force Microscopy (AFM) allows
visualization of structural relationships in theeraction between protein and DNA. In this
study we used AFM to analyze binding of unphospladeg STAT3 to DNA to better
understand the mechanism of STAT3-dependent trigtiecral regulation. We investigated the
effect of Hel2A-pen small molecules on STATS3 dimation and STAT3-DNA interactions.

We found that full sized STAT3 protein binds to GaEment as a dimer. We observed that
the C-terminally truncated 67.5 kDa STAT3 isoforandinds to the ends of the hairpin arms
of the cruciform structure on DNA containing sharipaired AT-rich sequences. Full length
STAT3 proteins bind to the four-way junction regionthe cruciform structure and DNA
nodes. Statistical analyses of the volume distigmst of STAT3 molecules in DNA-STAT3
complexes reveals that the 67.5 kDa STAT3 isofoimas predominantly as monomers or
dimers to cruciform structures. We found that ZAepen small molecules increase
oligomerization STAT3 in solution and on the pladrbiNA.

Secondary DNA structures, such as cruciforms, aaate new protein binding sites and
potentially block the movement of the transcriptelongation complex. Our data suggest that
STAT3 might be involved in regulation of gene aityivthrough recognitions of secondary
structures DNA.

Accordingly, the effects of Hel2A-pen small molezsilon the STAT3-DNA interactions may
offer a novel therapeutic target for gene reguiatio
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Enhancement of molecular features by stripe noiseaduction in AFM images
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The immediate obstacle of characterizing object&\lM images is stripe noises. Different
sample and operational conditions lead to variggped of stripe noises. The present work
demonstrates two categories of stripe noises oftenountered in AFM images for
investigating a system of biomolecules. We charamehem based on their intensity values
relative to that of the environment. The first typlenoise will be denoted as generic stripes
while the second one addressed as abrupt stripehake found that the generation of the two
noises is correlated with contents of the studiathme. To demonstrate this, we have
developed two techniques of noise reduction widpeet to the two kinds of noises. For the
first one, we simply adopted the subtraction sthate remove it from the frequency domain of
the image. Regarding the second category of naisehave developed a methodology which
detects noise locations and re-assigns an intevaitie to the noise location. The consequence
of this image treatment is enhancing the moledelature of the system studied.

Abrupt noise is clearly seen in the raw AFM imagetioa left (arrow) After removing it, only th
classical generic strip noise left in the middlega. The final image shows the results after bgibhg
of noises removed, on the right. The scale bar [Exel.
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In atomic force microscopy (AFM), it can be diffit@nd time-consuming to locate sparsely
distributed regions of interest. Typically, the tpscanned until the desired object is located.
This process can mechanically or chemically degtheetip, and damage fragile biological
samples. Protein assemblies can be detected un@rigatkscattered light from a focused laser
beam. We previously used a pair of focused lasamiescattering off an AFM tip and a
fiducial mark on the substrate to stabilize an ARMthe present work, we used one of these
foci to optically image patches of purple membrargsese rapidly acquired optical images
were inherently registered with the subsequent AlRMges, with minimal misregistration
(~200 nm). This registration arises because thpdgition is referenced to the same laser focus
used to generate the optical image. Thus, thid-faie imaging over a large area (30x309m
efficiently locates sparsely distributed membrarsicpes for AFM study and thereby
minimizes unnecessary tip-sample interaction.
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AFM has been increasingly used in biological saisnand it is now established as a versatile
tool to address the structure, properties and iomstof biosystems. AFM is unique in
providing 3-D images of biological structures of kihds in their native environment with
nanometer resolution. A crucial prerequisite faccassful, reliable biological AFM is that the
samples need to be well attached to a solid fl&ase using appropriate and non destructive
methods. Our group has designed different procedimeimmobilizing proteins for several
AFM studies: topography imaging, molecular recagnitimaging and Force Spectroscopy.
The methods have been optimized to minimize nornpeacihesion with the tip. We have also
developed procedures to control the quantity amdtfanality of the bound molecules. These
methods range from electrostatic adsorption to lemtainding to achieve separated resolved
molecules or monolayers. In the case of proteiaddyrecognition studies, the rupture forces
are often obscure by the lack of molecular mohilitpnspecific adhesive bindings or an
incorrect orientation of a molecule over the otl@ur group has been using a linker molecule
to increase the mobility of the molecule at the tith success [1]. Typically, the
immobilization of the molecules is carried out iman-oriented manner. In some cases, this
could be problematic for imaging, but can be vezgative in Force Spectroscopy experiments,
where an incorrect orientation of the moleculehia sample over the one at the tip makes the
binding does not take place or occurs in a veryllspeacentage of approaches, which is quite
common in these experiments. In this work we intice the factor of protein orientation to
measure intermolecular forces in flavoprotein capbk. The enzyme FNR catalyses the
transfer of two electrons from two independent &goxin molecules, previously reduced by
Photosystem |, to NADPIn the photosynthetic chain. This reaction recgiifermation of a
complex that allows the optimal orientation betwélea redox centers of both molecules for
the subsequent electron transfer. We have developmdtrategies of oriented immobilization
of FNR on mica. On one hand, we have attached Fi#Rted to its protein redox partner that
will be also oriented bound to the AFM tip [2]. @re other hand, a double histidine mutant in
FNR will favour the proper orientation in the swdéato the NADP substrate that will be
attached to the tip. In summary, we have developeaie new strategies to control the
immobilization of different proteins on substratasd tips in order to optimize imaging and
Force Spectroscopy experiments.

113



;L ; ;.L
a a a
a & a.
& & &
L oE o =
wmow wm e wm =
L - T - R -~ - SR
EE B & BB
B =2 A =2 =

Pop. Ppg, DY
PO 8
POt Pop \‘\“"q ""‘"’
FNR-PDP  Fd-PDP
Figure 1. Streptavidin covalently bound a) to APHfEBa through glutaraldehyde to form a
monolayer and b) to thiolated mica to get resolmalecules. c) Ferritin molecule in acetate

buffer. d) Orientation strategy to achieve FNR hsstly oriented to its protein partner on mica
meanwhile Fd will be oriented to FNR at the tip.

[1] J. Sotres, A. Lostao, L. Wildling, A. Ebner, Gomez-Moreno, HJ. Gruber, P. Hinterdorfer, AM.
Bard, Unbinding molecular recognition force mapslafalized single receptor molecules by AFM,
ChemPhysCheng (2008) 590.

[2] A. Lostao, J.Sotres, R. de Miguel, M. Martin€dvéz, C. Gébmez-Moreno and A.M. Bard, AFM
applied to the Study of single Flavoprotein CompéexXdavins and Flavoproteinkt (2008) 589.
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The development of the fluidFM [1] technology, cdnibg the precise AFM force feedback
with nanofluidics via an incorporated microchanniebctly in the cantilever, opens novel strategies
for the spatial manipulation of biological objecthe microchannel in the cantilever ends with a
submicron aperture at the apex of the pyramidakiiygl with a reservoir on the other side. By fixing
the chip against the hollow probeholder, a contisuitwidic pipeline is obtained connecting the tip
aperture with a syringe or a pressure controlleerd@tore, the fluidFM can be immersed in liquid
environment while a pressure can be applied todghsisn inside the channel.

In this study, we demonstrate a unique way of spatiahipulation of various cell types
including myoblasts, neurons, yeast, and bactéfmtake advantage of the principal features of the
fluidFM technology, the force feedback, for a safel quick approach onto the biological objects
and the possibility to apply an underpressure tasig' the cells, whereby different tip apertures can
be used. The object is then lifted and moved toedgfined new position where the force feedback
is activated again to approach the surface anda skierpressure pulse is administered to release
the object.

Two different cantilever designs were used for theeggeriments, one having a blunt and the
other a tube shaped tip. Manipulations were caoigdvith a low cost, custom BioAFM (skeleton-
fluidFM) and custom LabView software.
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Budding yeast cella) before and) after spatial manipulation with the fluidFM.
We would like to thank Stephen Wheeler from the WBkshop for technical help.

[1] A. Meister, M. Gabi, P. Behr, P. Studer, J. \KrB. Niedermann, J. Bitterli, J. Polesel-Maris, M.
Liley, H. Heinzelmann, T. Zambelli, Nano Letté&x$2009) 2501.
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Force spectroscopy allows scientists to examinepgotees of biomolecules like the
stability, dynamic properties or forces within glitdr and membrane proteins (see for example
[1]). However, the potential of force spectroscogghniques does not end here. Force
spectroscopy is successfully applied to furthersusmments like binding forces of antibodies
[2], stretching a diverse set of biomolecules IXEA [3] or inferring information about cell-
cell adhesion forces [4]. Nowadays, the devicesfdote spectroscopy are getting more and
more automated. Today, it is possible to measure
thousands of force-distance curves per hour inllg fu
automated manner. In contrast, the state of thbjsiaa\
of the experimental data is far from it. The exhengs
analysis is mostly based on manual peak finding
annotation of the force-distance curves. The manW
annotation is time-consuming and error-prone. Up
now, there is no fully automated analysis softwa
available, which could deal with the huge amount ¢
data and support the scientist with objective aastefr
results.

For this reason, we developed software that is a
to analyze up to 40.000 force-distance curves per h
fully automated. The analysis includes filterinignding \
signals (WLC) and alignment of the curves with high s
accuracy. Moreover, the scientist is served withide
range of tools for further data analyses.

This is the first time, scientists are providedhnét
technology to analyze high-throughput force
spectroscopy experiments on biopolymers in a fully
automated manner.

Our technology is free to use for academics withie context of collaboration projects.
Additionally, a free online version will be availalsoon.
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Understanding how proteins respond to mechanicaéfand how this response could be related
to function is of fundamental importance in curreell biology. During the past two decades,
atomic force microscopy (AFM) has emerged as aatiestechnique for probing biological
systems in their native state, going from singldenales to live cells [1-5]. Moreover, there have
been rapid advances in employing single-molecuteefspectroscopy (SMFS) for studying the
mechanical behavior of proteins. Yet, mechanicalisgion cell surface proteins embedded in their
native cellular environment, thus in their fullynittional state, remain very challenging.

Here, we present in vivo measurements of the mecildmtavior of a cell surface sensor using
single-molecule AFM. We focus on the yeast wall ssreomponent sensor Wscl, a plasma
membrane protein that is thought to function adgal rprobe of the cell wall status. We first
detected individual histidine-tagged sensors onndivyeast cells using AFM tips carrying
nitrilotriacetate groups. We then showed that Wseiabes like a linear nanospring that is capable
of resisting high mechanical force and respondingell surface stress [6] (Fig. 1).

We also studied the relationship between the strea@fiWscl and its mechanical properties using
mutagenesis, and found that glycosylation of Wsglistntially contributes to its linear spring
properties.

Then, we mapped the distribution of individual seasn living yeast cells and found that they
form clusters of ~ 200 nm. We showed that clustedhiVscl is strongly enhanced in deionized
water or at elevated temperature, suggesting gsaake in proper stress response.

The combined method of genetic design and singlkeecute measurements used in this study
has great potential for investigating how proteirsspond to forces in cells, and how
mechanosensing and mechanotransduction eventsepliocévo.
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[2] P. Hinterdorfer and Y.F. Dufréne, Nat. Metho8$2006) 347
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[4] Y.F. Dufréne, Nat. Rev. Microbiolg (2008) 674

[5] A. Engel and H.E. Gaub, Annu. Rev. Bioche#Y,(2008) 127
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Towards nanoscale electrical characterisation of sgle bacteria
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Individual cells within clonal microbial culturexkibit remarkable phenotypic heterogeneity,
i.e. in spite of having the same genetic conteait tliesponse to the same environment provides
different observable characteristics related to phology, development, biochemical and
physiological properties, and behaviour. The hefeneity at the single-cell level is typically
masked in conventional studies of microbial popatet, which rely on data averaged across
thousands or millions of cells in a sample. Considie effort has been devoted to perform
methodological advances enabling the investigatidnprocesses governing cell-to-cell
variability in single bacteria [1]. To cope withi$ methodological issue in recent years some
groups have started to develop nanoscale technigmésmethods, in what is being named
nano-microbiology [2-4]. Until now, almost all insgations in this emerging field of research
have been performed with the use of the force masgapabilities of conventional atomic
force microscopes in order to gain nanoscale insigh morphological, adhesion and
mechanical properties of single bacteria cells.

In spite of these results, much still remains toelsplored in order to better understand the
single bacteria cell variability. One avenue ofdgtigation that we are pursuing is performing
electrical AFM measurements on single bacteriascebdressing amongst others: surface
charges, dielectric constants, conductivity, etisiclv would allow one to differentiate between
different phenotypesin vivo, without the need for labelling, or otherwise cdexpsample
preparation. Thus the molecules can be viewed inrgerturbed environment and potentially
processes may be followed on a temporal basish&umore, the electrical properties are often
intrinsic to the function of the molecules in thellglar environment and so their measurement
can prove critical to understanding their mode pération.

Within our group an AFM equipped with a custom, hlgandwidth, low-noise, and low-
current amplifier has been developed capable offopaing of nanoscale dielectric
spectroscopy as well as other electrical AFM mesments (e.g. electrostatic force
microscopy)[5]. This work presents a brief outliné the instrumentation and techniques
followed by results obtained within the group lamkiat the application of electrical modes of
AFM operation to single bacteria.

Crucial to the interpretation of electrical AFM nseeements is a suitable theoretical
framework to convert the current/force vs. positidata into a quantity of interest, e.g.
dielectric constant, surface charge, etc. of thaepda beneath the tip. To this end a finite
element modelling scheme will be presented, whitbma one to quantitatively interpret
electrical AFM measurements.
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of instrumentation set-up for high-resolution efieeti AFM.
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S. V. Avery, Nat. Rev. Microbiology 4, 577 (2006
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D. Alsteens et al.,Nanosc. Res. Lett. 2, 365-ZMD7)
Y. F. Dufrene, The Analyst 133, 297-301 (2008)
L. Fumagalli et al., Nanotech. 17, 4581, (2006)
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electrokinetic properties of Escherichia colicells subjected to osmotic stress
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The physicochemical properties and dynamics of dvidt cell envelopes, which possibly
involve protruding cell surface appendages anchatdhe cell wall, play a major role in
bioadhesion and infection processes. In this stuflg, morphological, nanomechanical and
electrohydrodynamic properties of tligram-negativeEscherichia coliK-12 mutant cells were
thoroughly investigated as a function of bulk medliionic strength (KN@salt) using atomic force
microscopy (AFM) and electrokinetics (electrophaskesThe studied cells were differing according
to genetic alterations controlling the productidrdifferent surface appendages, ranging from none
to either short rigid Ag43 adhesins, or longer armtenflexible surface appendages (typ@rbriae
or F conjugativepilus). From the analysis of the spatially resolved éeiredentation curves, it is
shown that the elasticity (Young Modulus) and Turgoessure ofE. coli cells are not only
depending on bulk salt concentration but also @ ptesence/absence and nature of cell surface
appendage. In 1 mM KNGolution, cells with no visible surface appendagesells surrounded by
short Ag43 adhesinsxhibit large Young moduli and Turgor pressureshwiglues in the range
~1.3-1.8 MPa and ~100-300 kPa, respectively. Uniteilas ionic strength condition, a dramatic
~50% to ~70% decrease of these nanomechanical pteanwas evidenced for cells with longer
surface appendages-(fus, type lfimbriag). Qualitatively, such dependence of nanomechanical
behavior on bacterial cell envelope organizatiomaims when increasing medium salt content to
100 mM, even though, quantitatively, differences miarked too much smaller extent. Additionally,
for a given surface appendage, it is found thatrttagnitude of the nanomechanical parameters
decrease significantly when increasing bulk saliceotration. This effect is ascribed to a bacterial
exoosmotic water loss resulting in a combined catita of bacterial cytoplasm together with an
electrostatically-driven shrinkage of the surfaggendage. The former process is demonstrated
upon AFM analysis of the bacterial morphology, whhe latter, inaccessible upon AFM imaging,
is inferred from electrophoretic data interpretedaading to advanced soft particle electrokinetic
theory. Altogether, AFM and electrokinetic resulteacly demonstrate the intimate relationship
between structure/flexibilityand chargeof bacterial envelope and propensity of bacteriumd a
surface appendage to contract under hypertonicitiomst
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AFM application in research of interaction Neutrophils with Er/Yb nanoparticles
Ekaterina N. Gorshkova, Svetlana N. Pleskova, Elza R. Mikheeva

N.l. Lobachevsky Nizhny Novgorod State UniverBiissia

Er/Yb nanoparticles are a new type of fluorophovdsich can be applied in biological
investigations (For example these stuffs can bel dgeindicting of extracellular transport).
But it is necessary to determine its bioharmlessiegore using this substance in vivo. The
main goal of this research was to establish theipitity of nanoparticles toxicity. We used
neutrophils as the test system because this kirelts participates in the immune reactions.
For neutrophils testing we used the method of sSognprobe microscopy. Atomic force
microscope SOLVER BIO™ (NT-MDT, Zelenograd, Russiagcludes optical inverted
microscope and measuring AFM head was establishétd Dhe research was made under vital
condition by DNP (Veeco, USA) probe in the semieshtmode [1]. Er/Yb was added after
series of control scanning. The treatment of imagas made on TopoSpm software (Veeco,
USA). The neutrophils have been scanning for 45ute We did not see any considerable
changes in the cell morphology during this timee Tservation within 60-120 minutes after
edition of the Er/Yb at entering various concenratof 1,6610°M, 8,2510°M has shown
that the neutrophils morphology was significantfianged. The viability of cells was estimated
by using of postmortal dye propidium iodide (Pl)s A result of incubation with Er/Yb in
concentration of 1,660°M the destruction of cells with nucleus visualipatiwas registered
near 100%; 73% lethality was registered after émjeEr/Yb into concentration 8,2B°M.
The estimation of neutrophyl’'s membrane rigidityswaade by method of power curves which
is based on elasticity indicator of Yung modulerted on Hertz model [2]. For measurement
we used MSCT (Veeco, USA) probe. Firstly, we meadurigidity of membrane without
influence of Er/Yb nanopowder, it was 26,46 + 2. Secondly, we measured rigidity of
membrane with influence of Er/Yb. This value hasrdesed to 19,07 + 3,34 kPa. For
reduction of toxic effect nanoparticles was inceblawith blood whey (37% 60 min). As a
result we had a decrease of membrane rigidity tml®3,98 + 3,46 kPa. This fact shows the
protective action of blood whey proteins.

Acknowledgement: The work was supported by RFBRt gp@9-04-97068-r_Volga_regiom_
and CRDF (RUXO 001NN-06)

[1] S.N.Pleskova, M.B.Zvonkova, Y.Y.Gushina, Thedstigation of neutrophyl granulocytes
morphological properties by AFM, Morphology 127 (), P.60-62 (by Russian)

[2] D.V.Lebedev, A.P.Chuklanov, A.A.Bukharev , (8uzhinina, The measurement of
Yung module of biological objects in liquid conditi by atomic force microscope special
probe, Letters to journal of theoretical physi&8, (2009) 8, P. 54-61 (by Russian)
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The analysis of effect of single-nucleotide-polyptisms (SNPs) in the human genome is greatly
contributing to increase the comprehension of dtetion between genetic factors and diseases. 1B=gue
analysis of genomic DNA in different individualsseals positions at which variations, involving iridial
basesubstitutions, can occur. The single nucleotidgmpoiphisms (SNPs) are highly abundant and can have
different consequences at the phenotypic levetr8kattempts were made to apply Atomic Force Idapy
(AFM) imaging to detect and map SNP sites in DNArgts. This study was performed using AFM techisique
to identify the SNPs present in a portion of thex SPP1 gene promoter, encoding osteopontin.

The osteopontin gene has multiple functions, maihe level of immune response, inflammation and
cancer, which makes very interesting the searcmfalecular variants eventually associated to fanati
variation. Analysis of polymorphic variants asstdeto pathological conditions becomes more pohiéiitu
can identify different combinations of them in lutgbes. The aim of this work is the set up of grlistic
method able to directly identify a haplotype ugkigM techniques. The method is based on the knowletig
different SNPs in a fragment of the gene, thatbeanombined in different haplotypes. Namely, knovtire
location of SNPs in the DNA sample under investigatve are able to find a correspondence amorigitife
sample in exam and the possible haplotype comtamati this way it is possible to classify an unkndNA
sample in one of the known haplotype classes aidte®pontin promoter. Such method may be applitebt
analysis of association between DNA variants apibtypes and diseases. Moreover, having knowletige o
possible haplotypes in a gene fragment, this apipisalso able to detect the presence of new Diviants.
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Fig. 1: AFM Tapping mode image of a DNA strand functionadizvith Mut-S a mismatch repair protein
and histogram of the Mut-S position in heterodugD#y¥A strands.

In order to achieve this aim we have used the Mutgic marker, a mismatch repair protein thatal
us to tag mismatches in heteroduplexe DNA straifgsheteroduplelNA strands are obtained by mixing a
wild-type homoduplex DNA and a mutant DNA to subjeto a thermal denaturation and renaturatioterAf
the heteroduplexes formation, the Mut-S labeldeddo recognize the SNP sites in heteroduplé strands
by means of the AFM. As first step toward the distle®f the all polymorphic sites in the osteopoigiene
fragment, we apply AFM imaging to the detection arabping of a DNA strand with one single mutation.
Tapping Mode AFM image (Fig.1) the presence of teotleplex molecule at the level of a known SNP is
clearly shown. In Figl is displayed the histogrdrthe Mut-S position as well. The average Mut-Stjoosis
in full agreement with actual Mut-S position. Trexinstep will be analyses on DNA strands with ipigiti
SNPs.
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Desmin filaments form the intermediate filamenttegsin muscle cells where they are thought
to be important in determining mechanical integityd elasticity. The molecular basis of
desmin's elasticity is not fully understood. In fresent work we mechanically manipulated
desmin filaments polymerized from purified monoméng using single-molecule atomic force
microscopy (AFM).

Desmin, purified from chicken gizzard, was polyiped by the addition of either MgglI
or NaCl. For mechanical manipulation desmin filatsemadsorbed to mica or silanized glass
surface, were captured with the tip of a flexiblEM cantilever. The filaments were then
stretched by moving the cantilever away from thdag@. Mechanically manipulated desmin
displayed complex force responses. We identifiedr fundamental types of mechanical
behavior: a) initial transition, b) force plateduptateau bumps and d) non-linear elasticity. a)
The initial transition trace was the most frequgotbserved force pattern characterized by two
discrete 20-60 pN force steps. This may corresgondnbinding and removal of individual
coiled-coil desmin dimers from the filament surfabg Force plateaus are characterized by
constant force as a function of extension and res=molymer desorption processes by
protofilaments longer than 60 nm. c) Plateau bumpee superimposed on force plateaus in
16-nm steps. Conceivably, these force transitiqgpeear as a result of unzipping or peeling
protofilaments away from the surface of the desfitment. d) Non-linear force curves often
followed in tandem to form a sawtooth pattern. Tom-linear curves were fitted with the
wormlike chain model of entropic elasticity to obtahe persistence length (measure of
bending rigidity) of the mechanically manipulatetlams. The mean persistence length
acquired from force measurement experiments wad nfh, which is far below previous
measurements for intermediate filaments (~1 pmpstiering that the persistence length was
similar to that of unfolded protein molecules (g.gaechanically unfolded titin), it is
conceivable that the non-linear force curves réflde behavior of unfolded desmin
monomers/protofilaments. To independently assess ethiropic elasticity of unperturbed
desmin, we analyzed the shape fluctuations of seséaisorbed filaments. Based on this shape
analysis the persistence length of desmin filaménts0.45 um, and the calculated Young
modulus is 3.7 MPa. The obtained quantitative meassof desmin elasticity may provide a
basis for estimating desmin-associated mechargedilifes at the muscle fiber level.
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Atomic force microscopy has been extensively usedeih biology [1-2]. Imaging techniques [3]
that can visualize local populations of hanopaticht nanometer resolution within the structures of
cells are therefore important. We show that livirellsc can be probed using a nondestructive
imaging method, called scanning near field ultréisoholography (SNFUH). This method
developed for study in liquid, has provided deptfoimation as well as spatial resolution at the
nanometer scale using a resonant frequency of dbdditiz. Calibration has been performed on
samples of buried structures made by e-beam liggtyr and ionic machining or reactive ion
etching. Different materials, forms, shapes, peditgli depths have been used to adjust the resonant
frequency and understand the acoustic image foom&froblem in contrast understanding). On
different biological specimens such as bilayer, walad distinguish the different phases: a liquid
phase in the background, and a gel phase gel @& cttrast on the image. The acoustic answer is
revealed by a positive contrast. Proteins incorgoran bilayers were detected in inverted contrast.
Scanning near field ultrasonic holography is a wiséfchnique for probing the interactions of
engineered nanomaterials in biological systems, lwhii#l greatly benefit areas cellular biology.
We have developed a non-invasive and innovativé abaeharacterization for biology: make an
adaptation of the acoustic microscope to study @ggiehence: a huge potential for biological
samples in terms of resolution and information. Thensverse generation of wave of high
frequency seems an alternative which it is intemgstio exploit within the biomolecular film
framework. Adaptation of acoustic mode AFM microscape High Speed (HS-AFM for non-
contact AFM mode imaging will be performed.

[1] E. Lesniewska, P.E. Milhiet, M.C. Giocondi, Ce Grimmellec. AFM imaging of cells and membranes.
Article in AFM in Cell Biology by B.P. Jena and Horber, Series Methods in Cell Biology 68, 39 (2089.

[2] S. Lydataki, E. Lesniewska, M.K. Tsilimbaris, Bron, I.G. Pallikaris. Corneal tissue observedrmans of
atomic force microscopy. Methods Mol. Biol. 242 Q20 69.

[3] L. Tetard, A. Passian, K.T. Venmar, R. M. Lynd.H. Voy, G. Shekhawat, V.P. Dravid, T. Thundat.
Imaging nanoparticles in cells by nanomechanicidraphy. Nature Nanotechnology 3 (2008) 501.
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Influence of subsurface composition on the adhesiarf bacteria and the
adsorption of proteins
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Biofilms are of special importance in various feldf the everyday life. Their initial formation
is composed of two crucial steps: the adsorptioprofeins and the adhesion of bacteria. These
are complicated processes that depend on manydacto

So far, most studies focused on surface chemibirgirophobicity and surface roughness -
factors that influence mainly the short-range iations.

Our studies concentrate on the impact of long-rantgractions, in particular van der Waals
forces, which can be tuned by the use of tailotdbsates.

To characterize the processes, we follow two paysw@ne way is to characterize protein
adsorption on a fundamental level via ellipsometinother is to directly probe bacterial
adhesion by AFM - force spectroscopy.

As model systems we uStaphylococcus aureumcteria and proteins like amylase, lysozyme
and bovine serum albumin.

The results of our experiments show that proteirogution kinetics as well as bacterial
adhesion are dependent on the subsurface composfttbe substrate [1,2].

Hence it is of great importance for the designraf-adhesive surfaces to consider not only the
lateral but also the vertical composition of thesttate.

[1] A. Quinn et al., Protein adsorption kineticsdifferent surface potentials, Europhysics Lett
81 (2008) 56003

[2] M. Bellion et al., Protein adsorption on taior substrates: Long-range forces and
conformational changes, J. Phys.: Condens. Ma@¢2008) 404226
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The knowledge of the oligomerization states of fheteins in different physiological
conditions can bring significant information abdhé role they play in the cellular life. The
quantification of different oligomeric species iem quite difficult to perform. There are useful
techniques that can be effective in some casesldit@gtion chromatography, mass analysis or
some forms of electrophoresis. However, these tgaba do not give good results with many
proteins. This work proposes Atomic force microgc¢pFM) as an alternative technique to
analyze the oligomerization states of proteins.a€bieve this purpose is needed to immobilize
the protein on a flat substrate in the physioldgicaditions of study, preferably by adsorption;
choose a incubation concentration that allows teolwe each oligomer individually; and
obtaining high-resolution images that can distisjueach monomer. In some cases may be
necessary to make a volumetric analysis of theufeatbut if the images have a good resolution
will be enough to zoom on each feature to deterithiagype of oligomer.

In this work we have used AFM to unravel proteintpin interactions in relevant
conditions that give us important data of protginamics. AFM allows single-molecule imaging
and monitorization of the status of the ferric Wptaregulator FurA under different redox
conditions in a physiological environment. Fur pios are global prokaryotic transcriptional
regulators. Functional studies of FurA from the rol@acteriumAnabaenasp. PCC 7120
evidenced the influence of the redox environmenhé@activity of the regulator and its ability to
aggregate through disulphide bridges. The estimated average diameter was of 4am. In
the absence of reducing agents FurA is mainly &geacas trimers; being 40° the prevalent
anglea conformed by protein monomers. Reducing conditiodsices trimer rearrangment to
protein monomers and a major fraction of FurA den&isruption of the dimeric assemblies and
appearance of higher order aggregates, namelyrtriane tetramers are induced by oxidation
with diamide or hydrogen peroxide. The homogeneitghe angles exhibited by the trimeric
particles, as well as the occurrence of dimerképresence of DTT, suggests the participation of
relatively specific hydrophobic interactions maintag the dimer. Direct visualization of the
regulator under liquid phase at molecular resafutimravels the importance of non-polar
interactions in FurA dynamics and shows thaAirabaenadisulphide bridges are not essential
for the dimerization of FurA.
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Figure 1. AFM features zoomed to observe some Fgdregates in detail, showing a) a monomer,
b) a dimer, c) a trimer and d) a tetramer. Imagd&sined using Jumping mode in Bis-Tris 10 mM,
KCl 40 mM, MnC} 0,1 mM, MgC} 1mM, pH 7,5, at different redox conditions using T H,O, or
Diamide.

[1] A. Lostao, M.L. Peleato, C. Gémez-Moreno, M.RlaE Oligomerization properties of FurA from the

cyanobacteriunAnabaena spPCC 7120: Direct visualization by in situ atomicc® microscopy under
different redox conditions, submitted to BBA (BBAPRO-0G7).
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Glass is one of the most important materials in ine@dagent and drug storage. Therefore,
glass has to fulfil special requirements to assliaé there is no alteration of the agent. On the
one hand it is important to minimize the structuthhnge of the glass surface, which can
influence the agent dilution and on the other harsttong agent adsorption should be avoided.
During adsorption the structure of an agent camgaaeversibly or irreversibly. This comes
along with a decrease of the agent concentratian.cdmpensate this effect there is an
overfilling of the agent. Especially for low dosexpensive or toxic ingredients, agent
adsorption should be prevented.

Nearly the half of agents that are stored in gfzesskaging like vials and injections are based
on a biological structure. This reveals why it iscessary to investigate the adsorption of
proteins as a starting point for further investigaé of the more complex agent adsorption
process. The adsorption of proteins is a very comeftect, it appears as soon as a protein
comes in contact with a surface. Scanning forcectspecopy is a useful method for
investigations on protein adsorption. Besides thygographic differences before and after
protein adsorption, there is the opportunity to suea adhesion forces up to the pico-Newton
regime. The measurement of the adhesion force depmmthe pH-value, the contact time, the
chosen surface and protein. The topographic infoomaobtained via force maps can be
combined with force spectroscopy to specify théasgr coverage.

The focus of this presentation is on the adsorgiigmavior of albumin and lysozyme, as model
proteins for weak and strong proteins, as wellilignbgen, as an important clotting protein.
Conventional and Sig£covered borosilicate glass were used as mediaasglackaging.

The adhesion force between the proteins and ba#s@urfaces shows time dependence. After
an increase of adhesion force with contact timé&radon could be detected. The adhesion
process follows a second order kinetics. By ingadiing the pH-dependency, the electrostatic
force could be identified as the dominating forf¢he interaction. Furthermore, a quantitative
difference between both glasses with respect ttepradsorption was observed.
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Research of the semiconductor nanoparticles influee on the neutrophil
granulocytes by AFM
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Semiconductor nanoparticles (quantum dots) areppetive products of nanotechnology for
bioimaging and medical diagnostics, due to theiqua properties. However, the information
about of quantum dots toxicity in the system witbldgical objects is actual known [1 — 5].
Therefore the question about biosafety and bioaldity nanocrystals is priority and the
possibility of creation the systems for examplengsof blood cells allow to express and
economy estimate (diagnostics) to influence of quardots. In the presented work interaction
between the neutrophil granulocytes and semicondugtantum dots has been investigated.
The neutrophil granulocytes are the blood cellscWwhiesponsible for nonspecific immunity
and are the first barrier on a way of the antigesmsetration. Human neutrophils were isolated
from venous blood of healthy volunteers by cengifiion through ficoll-verografin density
gradient (Pharmacia, Sweden) using densities of71énd 1.116 g/ml. The quantum dots
CdSe/CdS coated with mercaptoacetic acid (MAA) haeen received in laboratory of
V.R.Zlomanov (Lomonosov Moscow State Universityjldras been used at a concentration of
0.06 mg/ml. The cells morphology was investigatgdatbmic force microscopy (Solver Bio
™ NT-MDT, Russia). Neutrophils were incubated inrPdishes and have been scanning for
45 minutes. We did not see any changed in the nobogk of cells. After control scanning
CdSe/znS-MAA QDs was added and studied in real tieggme during 4 h. We have been
observed the changes in the cells morphology: hheifcells was decreased significantly in
the field of a nucleus (more then 60%); the ceallsried atypical pseudopodia; the membranes
of cells became thinner. The rigid of cells membrdras been investigated too. For the
estimation of neutrophil membranes rigidity hasrbased the kind of AFM: FS-spectroscopy.
The rigid of native cells was 26.46 + 2.49 kPa, bfier addition of quantum dots it was
decrease for 10.18+1.56 kPa.

Acknowledgement: The work was supported by RFBRt gp@9-04-97068-r_Volga_regiom_
and CRDF (RUXO 001NN-06)
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The interaction of cytochrome c (cyt c) with fluidlgheutral supported lipid membranes was
investigated by time-lapse atomic force microsc@yM). AFM revealed the random formation of
depressed areas in fluid membranes promoted by.cyhese depressions corresponded to the
desorption of fluid bilayer patches induced by cytBy contrast, the gel domains were never
desorbed but they were progressively thickenederptiesence of the protein. These results suggest
that cyt ¢ molecules might intercalate between ti@mmand the lipid bilayer. Furthermore, our data
show that the net positive charge of cyt ¢ molecplags a pivotal role but it is not the sole factor
responsible for cyt ¢ insertion in the membrane.

Considering the pivotal influence of cyt ¢ in theésgortant cellular processes, the nature of
cyt ¢ interactions with model lipid membranes hdsaeated much interest. The forces driving the
interaction of cyt ¢ with negatively charged memiesuare mainly electrostatic. Indeed, the cyt ¢
molecules expose a cluster of lysine residuesg@alite A and surrounding the heme edge) which is
involved in the electrostatic interaction with negalty charged lipids. Cyt ¢ molecules also present
a second electrostatic binding site that interadgts protonated acidic phospholipids by hydrogen
bonding (site C). Another important feature of cys @lso its ability to interact with phospholipids
via hydrophobic forces. Indeed, cyt ¢ can be foumskrted, at least partially, into the inner
mitochondrial membrane. This membrane-inserted fofrtyt ¢ may have a biological role in both
electron transfer and in apoptosis.

This work presents the time-lapse imaging of cyhi@raction with zwitterionic supported
model membranes at the nanometer scale. The modayets were composed of
dioleoylphosphatidylcholine (DOPC)/dipalmitoylphosptigicholine (DPPC) (1:1, mol/mol) or
DPPC alone. These neutral membranes were chosewdp tfee hydrophobic-driven interaction
with cyt c. In this work, we have studied the influeraf two parameters on the behaviour of cyt c:
the lipid molecular packing and the protein chafgereover, we have compared the interaction
between cyt ¢ and model lipid membranes with anatberparable small basic protein: egg yolk
lysozyme. Finally, by measuring the force necessagunch the supported bilayers with the AFM
tip, we have evidenced the weakening of lipid phases.
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Effect of beta-sheet-breaker peptide on epitaxiallgrown AR25-35 amyloid fibrils
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Amyloid fibrils are filamentous aggregates depositeéd extracellular tissue in various
neurodegenerative and protein misfolding disordémniloid B peptides form self-associating
fibrillar structures possessing predominantly cipssonformation. The structural properties of
amyloid fibrils are hard to investigate becauséheaf insoluble aggregate formation that precludes
the use of standard structural methods such ay xcrgstallography and solution NMR. The
molecular structure off-amyloid fibrils and the exact mechanism of amytgdnesis and
fibrillogenesis have not been fully elucidated y&tomic force microscopy is a useful tool for the
visualization of single amyloid fibrils and for meaing the forces that hold the fibril-structure
together.

It has been shown that beta-sheet-breaker (BSB)idesptmay interfere with amyloid fibril
assembly. Although BSB peptides are prospectiveaffeartic agents in amyloidosis, there is
ambiguity about the mechanisms and generality eif tiction.

In the present work we analyzed the effect of the B@Btide LPFFD on the growth kinetics,
morphological and mechanical properties of amylBRb-35 (AR25-35) fibrils assembled in an
oriented array on mica surface. AR25-35 is thoughtepresent the biologically active, toxic
fragment of the full-length beta peptide. Growth kicee and morphological features were analyzed
by usingin situ AFM in the presence of various concentrations BFED. We found that the
addition of LPFFD slightly altered the assembly kice of A325-35 fibrils. Already formed fibrils
did not disassemble in the presence of high coratiomns of LPFFD.

The mechanical stability of the fibrils was exploredth force spectroscopy methods. The
nanomechanical behavior of AR25-35 fibrils is cleteezed by the appearance of force staircases
which correspond to the force-driven unzipping amssatiation of several protofilaments. In the
presence of LPFFD single-plateau force traces ddedna

The effects of LPFFD on AR25-35 fibril assembly amabgity suggest that inter-protofilament
interactions were slightly weakened. Complete disabseof fibrils, however, was not observed.
Thus, LPFFD may not be considered as a BSB peptitle generalized beta-sheet breaking
properties.
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Rapid development of nanotechnologies no doubt nedllt in wide usage of nanomaterials and
products containing nanomaterials in the everyday One of the most important questions on the
way of introduction the nanotechnology productshiirt safety for environment and human being.
Investigation of the interactions between nanoobjeict particular nanoparticles, with biological
cells is one of the main nanotoxicology problems.

In this work we present application of the scanningbp microscopy (SPM) methods for
investigation of magnetite interaction with alveofaacrophages of rats. Micro- and nanoparticles
of magnetite Fg, with nominal sizes 10 nm, 50 nm angurh (produced by "IVA" Ltd, Russia)
were used for the experiments. All experiments wergethout on outbred white female rats with
the initial body weight of 150-220 g. We have stddie vivo micro- and nanopatrticles interaction
with alveolar macrophages. Intratracheal instillatiof nanoparticles 1 ml aqueous suspension
(2 mg/ml) was made to the rats. Bronchoalveolar davfluid (BALF) taken 24 hours after
instillation was then analyzed by SPM. 8 to 10 afémaere in each exposed (interaction with
micro-and nanoparticles) and control groups. Sasnfile SPM were prepared by the following
way: a 3ul drop of the cell suspension was placed on thenfadsavage of mica; after 1 minute
incubation the drop was removed by the filter pafiex;sample was then dried by the nitrogen.
SPM measurements were performed using the probdatematory NTEGRA Prima (NT-MDT,
Russia) and the NSGO1 probes with the tip heightih5and the tip curvature radius less than
10 nm. Statistical treatment and analysis of théMSfata has been done using the specialized
software SPIP (Image Metrology, Denmark) and SIAMSt&lab (SIAMS, Russia).

Mainly, the semi-contact atomic force microscopg-£8-M) was utilized to visualize the surface
morphology of the BALF cells (both alveolar macraghs and neutrophil leucocytex)exposed
and control groups. The characteristic “pits” welsserved at the surface of the cells from the
exposed groups. It was shown that the typical trassv&izes of these pits depend on the size of the
magnetite particles used. It should be stressddfdhdhe cells of control group the number of the
pits at the surface was negligible. Consequentlyais concluded that these pits on the cell surface
are associated with the micro- and nanoparticlesrpwrated inside the cells. It may be assumed
that pits visible with the sc-AFM are produced bydgination of the plasma membrane which is
the I step of particles’ engulfment by phagocytizingel

The statistical analysis on distribution of thespif different sizes at the surface of cells beiogg

to different exposed groups was carried out in ordelisclose the peculiarities of the phagocytosis
of nanoparticles of different size.

This research was carried out thanks to the finahsupport from the part of the Russian
Federal Agency of Science and Innovations.
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The cell cytoskeleton is a composite and versatigcture that confers the cell their complex
mechanical properties. The actin cortex, in paldicuassembles in a dynamic way under the
membrane and provides the necessary forces for stepe changes and motility: actin
polymerization allows the growing filaments to puble membrane forward while molecular
motors produce the contractile forces. Biomimetigsteams are useful tools to study
individually the cellular modules in a simplifiedndronment. Such an experiment was
performed to reproduce the actin cortex. The nergssgredients for actin polymerization
were introduced inside a liposome and the reastias localized next to the membrane thanks
to the grafting of the activator directly onto theembrane lipids, thus mimicking the cellular
cortex architecture. After the polymerization waggered, we managed to obtain an actin gel
assembling into a shell under the membrane. Thénamical properties of such a system were
addressed through the characterization of theiayes while spreading onto a surface. The
results were in good agreement with those obtaoredells. Those simplified systems were
also used in a physiological context: the intemalon of the Shiga toxin in cells. We found
that this toxin was internalized in a system asp#mas the liposomes containing a
reconstituted actin cortex, thus underlying theicai role of the actin cortex in this process.
This bottom-up approach will be extended to thestof cell-cell interactions. As a first step,
the adhesive forces in a cellular assembly candogpbered through the study of biomimetic
liposomes packing.
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Insertion of lactose permease in lipid planar bilagrs mimicking Escherichia coli
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Phosphatidylethanolamine (PE) and phosphatidyl@yd&G) are the main component of the
Eschericia colinner membrane. In previous studies we used iatfmrce microscopy (AFM)
and force spectroscopy (FS) to study the topogecapimd nanomechanical properties of
supported lipid bilayers (SLBs) of-dalmitoyl-2-oleoylsnglycero-3-phosphoethanolamine
(POPE) and POPE and 1-palmitoyl-2-olesgglycero-3-phosphoglycerol (POPG) (3:1,
mol/mol). In the present report the study has bedanded for completeness to asymmetric
SLBs obtained by the Langmuir-Blodgett (LB) methddws we have have prepared SLBs
with the proximal leaflet extracted at 30 mN'mnd the proximal leaflet extracted at 25 mN m
! The composition of the SLBs: both leaflets witle same composition (POPG/POPG), and
with the proximal leaflet of POPE and distal letfti¢ POPG or POPE:POPG (3:1, mol/mol).
The topography of the SLBs adquired in liquid wempared with the topography of the
monolayers adquired in air. Breakthroudh)(and adhesion force§ ;) of SLBs have been
extracted from force curves. The values obtaineddecussed in terms of possible implication
of the nanomechanical properties of the SLBs on bmane protein insertion. We report the
insertion of a transmembrane protein, lactose pasmélLacY) fronEscerichia coli(E. coli),

in supported lipid bilayers (SLBs) of 1-palmitoyle®eoyl-sn-glycero-3-phosphoethanolamine
(POPE) and 1-palmitoyl-2-oleogir-glycero-3-phosphoglycerol (POPG), in biomimeticlano
proportions. We provide evidence of the preferéntisertion of LacY in the fluid domains.
Analysis of the self-assembled protein arrangemshtsved that LacY: (i) is inserted as a
monomer within fluid domains of SLBs of POPE:PORGL( mol/mol), (ii) has a diameter of
approx. 7.8 nm; and (iii) keeps an area of phosplid surrounding the protein that is
compatible with shells of phospholipids.
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Using of AFM for morphological and visco-elastic chracteristics of living cells
under hydrogen peroxide conditions
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It is great number of hydrogen peroxide,@3) physiological effect [1, 2]. They are especially
important for professional phagocytes, because NARIdase system generated reactive
oxygen forms in the respiratory burst [3]. We udenac force microscopy (AFM) for
estimation the influence 4@, on the human blood neutrophils.

The neutrophils have been isolated from blood hgalblunteers and investigated under vital
conditions by DNP probe (Veeco, USA) in the semiaoh mode, using atomic force
microscope SOLVER BIO™ (NT-MDT, Zelenograd, Russkjst of all we have scanning the
cells in the control (about 2 h) and have seendhlg didn't change morphology under probe
condition just long time. Secondary we have adde@.th different concentrations (from 3
mM till 25 mM). We can't use bigger concentrategidiogen peroxide, because the
concentrations after 25 mM decompose very quicki¢ Borms bubble of oxygen, which lift
the cantilever and prohibit the scanning process.

Under HO, condition cells have loosed their height from 2,0, mkm till 1,3 + 0,2 mkm
(H,0,in concentration 5 mM). We saw three kind of cdisith: (1) necrosis — cells has loosed
height and destructing; (2) mummification — celislh’t change morphology for a long time
scanning and cells were extremely rigid (increabedpressing force of a probe in 6,5 times
exceeding the influence on the native cells didatise cells’ destruction and/or modification);
(3) blebbing — under surface of cells numerous lshave been formed and cells lost their
nucleus. The first and second type of cells deattsdéanning probe microscopy has been
observed; the third type can be studied only bycapmmicroscopy.

Acknowledgement: The work was supported by RFBRt gp@9-04-97068-r_Volga_regiom_
and CRDF (RUXO 001NN-06)
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Attaching micrometer-sized spherical particleste tantilevers of atomic force microscopes
(AFMs) allows producing colloidal probes for a widange of applications, such as the
characterization of nanoscale surface interact@mnthe test of nanomechanical properties of
thin films and tissues. One of the main advantagiesising colloidal probes instead of
commercial AFM tip is that they have a well defirggbmetry, and their size can be controlled
and characterized accurately; this allows in tupplgng well consolidated models for
describing the interaction of the colloidal probigthwihe surface under investigation. Different
techniques have been developed with the aim otlittg microspheres to cantilevers [1-2].
Typically, these techniques require using glue xgpresin) or glycerol. This might be a
potential source of contamination of the surfac¢hefcolloidal probe. Furthermore, when the
probe is used in liquid environment, in particularorganic solvents, a certain amount of the
glue might be dissolved and re-adsorb on the satlesmnder investigation; this would be
particularly unpleasant for biological samples lidalls. Here we report a simple method for
the production and characterization of colloidabh@s. In particular we have improved the
high-temperature sintering technique reported byagourso [1], developing a simple method
that does not require adhesives like glues or gbjce

We have also addressed the problem of performirgiable and accurate characterization of
the probe radius, a task that is at present tylgieacomplished by scanning electron or optical
microscopy, or by making a section analysis of AlMerted tip images acquired on suitable
gratings. These methods are often either time-coimgy or poorly accurate, and lack of
statistical strength. We present a procedure basethe statistical analysis of AFM maps
containing hundreds of independent inverted proteges, where the interacting part of each
colloidal probe is modeled as a spherical cap. Tishod allows characterizing with ~1%
accuracy the radius of curvature (and other gedcadtproperties) of the region of the probe
interacting with the surface. We discuss the sauafeerrors in the determination of the tip
radius, highlighting the role of defected caliboatigratings (broken spikes), pixelization of
AFM images, etc...

[1] Y. Gan,Review of Scientific Instrumen007, 78, 081101.
[2] Veeco Metrology group, Support Note 226, Revisih
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Glutamate synthases (GItS) are complex iron-silawoproteins, found in bacteria, yeast and
plants, where they play an essential role in ameasisimilation processes [1]. In order to
unravel the complex biological functionalities dfigt class of enzymes, their structure and
oligomerization behavior in solution must be det@ed. Crystallization experiments of the
model NADPH-GItSholoenzyme, consisting of two subunits §ubunit, 164 kDa ands
subunit, 52 kDa), have been so far unsuccessfulortter to overcome this limitation, a
combined effort based on different microscopy gmetroscopic techniques has been initiated.
Recently, the synergic use of cryo-electron micopgc small angle x-ray scattering and
molecular modeling providetbr the first time a molecular model for the Glt8ldenzyme,
which is a 1.2 MDadB)s complex that exists in solution in equilibrium kithe catalytically
activeaf3 protomer, in the 1-20 mg/ml concentration rangel@ed by these techniques [2].
Here we present the complementary results of atijaive atomic force microscopy (AFM)
study of the structure and the oligomerization lvéraof NADPH-GItS. By combining high-
resolution AFM to suitable quantitative metrolodigarotocols, we could characterize the
oligomerization state of GIt&(3 holoenzyme and of ita subunit, in different ionic strength
conditions, in the low concentration regime thatyjsical of kinetic assays. Our findings are in
substantial agreement with the results of cryotsbac microscopy andmall angle x-ray
scattering, but provide insights on the behaviothaf system at low protein concentrations,
where oligomeric forms intermediate between tb@){ hexamer and the3 protomer are
detected. Comparison of the experimental AFM topphies to those simulated on the basis of
the three-dimensional structures of the GItS hexaane of the isolated subunit, proved to
be a powerful guide for the interpretation of AFMages, and provided additional insights on
the structure of the observed species.

This work highlights the relevance of a combinedtimiachnique experimental approach for
the investigation of the structure of biomolecutaimplexes, and emphasizes the single-
molecule capability of AFM in this framework.

[1] Vanoni, M. A., Curti, B. (2005) Structure-fumeh studies on the iron-sulfur flavoenzyme
glutamate synthase: an unexpectedly complex sgifiaged enzymeirch Biochem Biophys
433, 193-211.

[2] Cotteville, M. et al. (2008) The subnanometsalution structure of the Glutamate
synthase 1.2-MDa hexamer by cryoelectron microseoplyits oligomerization behavior in
solution: functional implications]. of Biological Chemistr83(13), 8237.
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Macrophages plays central role in the immune sys#snshown in recent study [1], the
mechanical properties of the substrate providerinétion that is integrated by the cells.
Investigating the mechanical properties of macrgplkacan provide a better understanding of
the immune system. Our laboratory is interestedobiting in the cells mechanical properties
at a very high resolution level. We recently depeld a new imaging mode allowing detecting
stiffness changes inside a substrate, which weaé8tiffness Tomography” [2].

The difficulty to image the macrophages by AFM cenfeom their non adherent and
versatile properties. We overcome these limitatiopgncubating the macrophages in substrate
coated with high concentration of Poly-L-Lysine. Wmst-processed our AFM force-
spectroscopy images with OpenFovea [3] to reveastiifness properties of the cell.

The figure 1 shows the post-processing result ofefspectroscopy scan from the fixed
macrophages. Some interesting features of 0.3-th4ige are observed on these fixed cells.

The stiffness tomogaphy reveals that these featne®n the top of columns that come from
deeper in the cell.
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Figure 1: Stiffness tomography of a Macrophage shgwetails of columns under the
membrane.

1. Salaita, K. et al. Restriction of Receptor Movetiters Cellular Response: Physical Force Sensing
by EphA2. Science 327, 1380-1385 (2010).

2. Roduit, C. et al. Stiffness Tomography by Atofricce Microscopy. Biophysical Journal 97, 674-@009).
3. see http://www.freesbi.ch/openfovea
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A major problem encountered in the application ohd bioimplant materials is their slower
rate of resorption in comparison to the rate of fmne formation. It was shown that the rate
of new bone formation coincides more closely with tesorption rate of poorly crystalline or
amorphous calcium phosphate (ACP) cements and a=ah]. But these materials still
exhibit problems of mechanical strength, injecifhiland application techniques. It is known
that the highly hydrate spherulites of ACP grow dnygregation of much smaller primary
particles and are subsequently joined together dgorsdary aggregation into chainlike
structures [2]. Therefore coating of ACP primaryrtigées with surfactants could be the
solution to some of these problems. In recent yedireric surfactants, consisting of two
single-chain ionic surfactants linked by a spadehead level, have attracted considerable
attention due to their superior properties in congo& to conventional surfactants. In this
work we have compared the influence of monomeridedgltrimethlyammonium bromide,
DTAB, and corresponding dimeric dimethylene-1,2dhiglecyldimethlyammonium bromide),
12-2-12, on the transformation of ACP. AFM wascassfully applied to study amorphous
calcium phosphate formation in each step of agdi@yarocess.

In this work it was found that in the presence bbgphate ions DTAB forms only spherical
micelles. 12-2-12 forms two kinds of micelles, spte micelles at lower concentrations and
larger non spherical micelles at higher concemtrati Combination of AFM and dynamic light
scattering (DLS) enables to determine the sizeatii,bprimary particles and their secondary
aggregates. The largest ACP primary particles fiaraed in the presence of both kinds of 12-
2-12 micelles as confirmed by AFM. However, DLS sw@aments have shown that the
smallest ACP aggregates are obtained in the presehboth DTAB andl2-2-12 micelles.
These findings could be explained by zeta potentighsurements which show that charge of
ACP particles becomes more positive with increasngfactants concentration resulting in
inhibition of aggregation at higher surfactant camtcations.

[1] P. Frayssinet, J.L. Trouilelet, N. RouquetA&Zimus, and A. Autefage, Osseointegration of
macroporous calcium phosphate ceramics having dereiit chemical composition,
Biomaterials, 14 (1993) 423

[2] Lj. Brecevi¢, V. Hlady, H. Firedi-Milhofer, Influence of gelation the precipitation of
amorphous calcium phosphate, Colloids S28f(1987) 301
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Caseins, the main protein component in milk, agegilfle proteins with a segregated structure
therefore being highly amphiphilic and surface\ac{il]. Caseins act as natural emulsifiers in
milk but are also used as emulsifiers or dispessamtmany applications [2, 3]. Caseins are
present in milk in four major fractions varyinggomposition mainly in the hydrophilic part. The
frictional and cohesive properties of self-assenhlasein layers are of both fundamental and
applied interest, in particular with respect to anfjluence by the different structures. In the
present work the friction, wear and funicity prdpes of - and x-casein monolayers on
hydrophobic surfaces immersed in ionic solutiongehbeen studied by means of lateral force
microscopy. For this purpose, nanometer-sizedwigr® employed to scratch a given area of the
sample. Despite of the uncertainty in the probe,sising common imaging tips allows both to
apply the high pressures needed to exert wearese tlyers, and to visualize the topography of
the scratched area while simultaneously monitothrey lateral forces exerted on the tip. The
performance of these experiments on bfthand k- casein monolayers revealed several
important properties of these systems. First, ghiswn how they can support pressures up to
hundreds of MPa exerted by a model hydrophilicigartti.e. the tip, before rupture and/or
removal while still exhibiting a highly frictionddehaviour. It is also shown that, although the
friction while sliding is similar for both proteilayers, the cohesion of those made up-ofsein

is higher than those made upefasein. Moreover, the cohesion of both systemeases with
the ionic strength of the solution. Finally, thaittity of these systems has been characterized by
scratching the same area of given samples seumes.tThese experiments reveal two different
diffusion processes of the proteins along hydrophebrfaces: one where the monomers cover
the surface in a very short time scale (faster therAFM characteristic acquisition time), and a
slower process where the monomers rearrange theesgatreasing the stability/cohesion of the
system.
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Fig. A) Topography images, along with examples of latkmade profiles, corresponding to different load
forces of the scratch process df-aasein monolayer on top of a hydrophobic silicdese in water. Images
in the upper row correspond to the loading procEks. first image corresponds to the sliding of tipe
along the protein layer. This behaviour ends abyughien the layer is indented for the first timegiR after
this moment (second image) a new regime, with hi¢fietion coefficient, starts. The third capturteosvs
the protein aggregates generated during the sgrgtphocess. Due to its high affinity for the sedathese
aggregates give raise to a high increase in tiaéofni of the system. The final image in the upper r
corresponds to the clean silica surface after raaofvall the proteins. In a similar way, four inesgfrom
the unloading process are shown in the lower réavtisg from the clean silica surface at the higload
(left), going through the proteins diffusing baak the scratched area (two middle images), andyirtale
sliding along the recovered protein monolayer ()igB) Two different representations of the friction vs.
load forces acting on the tip corresponding tostirae scratching process as the images shown in A).
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High resolution AFM imaging to understand heterogeeous lipoprotein assembly
and structure

Todd Sulchek

Georgia Institute of Technology, Atlanta, GA, USA

Traditional biochemical analytical techniques oftemffer from a common problem—they

provide an average, or “ensemble” view of the caxwps$. Thiscan be a particular problem if
the ensemble average masks important structutaibchemical information. Here, we present
our work in understanding heterogeneous lipoproteissemblies formed from the

apolipoproteins apoE4 and apoAl fragments and wariphospholipids. We show that

chromatography separation techniques often do radyce homogenous particle sizes. This
has important implications for techniques requirifgpmogeneity, such as X-ray

crystallography. We also present a strategy toeaeh®0+% particle monodispersity, which is
sufficient to obtain crystals of lipoproteins.
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Characterisation of mechanical unfolding trajectory of HaloTag 7 protein by
dynamic force spectroscopy

Yukinori Taniguchi and Masaru Kawakami

School of Materials Science, Japan Advanced Instibfi Science and Technology (JAIST),
1-1 Asahidai, Nomi, Ishikawa, Japan

Atomic force microscopy-based dynamic force specimpy is a powerful tool to probe the
dynamics of protein (un)folding. In this methodpigally tandemly-arranged multidomain
protein is tethered between the substrate and leesti to stretch and obtain the force-
extension profile, and unfolding forces of eachdéal domain are recorded. For attaching a
protein molecule to the substrate/cantilever, wagiapproaches have been proposed so far.
Physical (non-specific) adsorption is one of theownly used methods. However, in this case
a protein molecule has to strongly bind to the sabs or cantilever, while the other end has to
bind to the other surface at the same time. Thigradicting request is one of the serious
reasons for the low hitting rate in the force meament. Biological tags such as His-tag are
not effective for this study, due to their typivedak interaction force (their rupture forces are
typically 100-200 pN). The immobilisation of a peot using gold-thiol bond is often used
because of its strong (its mean rupture force ig AN) and specific formation between gold
coated substrate/cantilever and sulfur atoms ofeays residues in the protein. Usually the
cysteine residue is inserted/mutated to be locatdd at the N or C terminal of the protein.
However, this method cannot be used for proteinemdes if they have intrinsic cysteine
residues.
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Figure: A cartoon representation of the experimesetap (left) and typical force-extension profiles
of HT7-127, (right). Infrequently small peaks were observeth{gs). Bar represents 100 pN.
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In this study, we have introduced a commercial Hatp technique to immobilise a tandem
protein. A covalent bond is formed between a cétaily inactive derivertive of haloalkane
dehaloganase, HaloTag 7 (HT7) protein, and itsmligadaloTag ligand was linked covalently
to mica substrate using a PEG-linker. HT7 was esg@@ as a fusion protein in which four 127
domains are connected to the C-terminal of HT7, amthobilised to the substrate. We
performed dynamic force spectroscopy to charaetahie mechanical unfolding trajectory of
the HT7. The force curve showed a characteristid@ah pattern, in which one of unfolding
force peak has contour length increment of ~70 nohthe unfolding force of ~100 pN. The
value of 70 nm is consistent with the length cated from the number of amino acids
between the C-terminal of HT7 and Asp106, the afiteovalent bond with HaloTag ligand. In
addition, in some force curves two different tyméssmall rupture event were detected; one
was found at ~30 pN immediately after the unfoldengnt of HT7 and the other was at ~40
pN in the rising phase of the next force peak. €hemall peaks suggest the existence of
unfolding intermediate states of HT7 domain. Thes imobilising method demonstrated in
this study would become a useful tool for the stoflyysteine containing proteins by single
molecule force spectroscopy.
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Measuring nanopatterns of His-tagged proteins by AM

Joost te Riet? Inge Reinieren-BeerénAlessandra CamhiSylvia Spellefand Carl G.
Figdor

! Department of Tumor Immunology, Nijmegen Centréfolecular Life Sciences, Radboud
University Nijmegen Medical Centre, P.O. Box 918BQ0HB Nijmegen, The Netherlands
2 Department of Scanning Probe Microscopy, InstifoteMolecules and Materials, Radboud
University Nijmegen, P.O. Box 9010, 6500GL Nijmegdre Netherlands

The last decade, proceedings in patterning teclgiedohave made it possible to construct
molecular structures at the nanoscale. An intargstipplication of patterning proteins for
immuno-cell-biology would be to mimic nano- and miclusters of cell adhesion molecules
(CAMs) as observed on the cellular membrane, sichiD@-SIGN (dendritic cell-specific
ICAM-3-grabbing non-integrin) and ALCAM (activatdéukocyte cell adhesion molecule)
clusters. By mimicking these structures, it is jjusesto investigate the purpose of CAM
clustering on regulating the adhesion by cellsthis study, we investigated the chemistry
needed to construct nanopatterns of DC-SIGN and AUCby atomic force microscopy
(AFM) in self-assembled monolayers (SAMs) step-teps Therefore, AFM assisted
nanografting is exploited to construct these nanosires. To specifically immobilize proteins
in an oriented fashion on a substrate N-nitrilateigc acid-histidine (NTA-Hi§ chemistry is
exploited. The patterned SAMs consist of two conguis, one being an NTA-thiol which
specifically binds to a His-tag of the protein, ahd other a multi-ethylene glycol (EG)-thiol.
With single molecule accuracy, we demonstrate byAtRat the His-tagged proteins DC-
SIGN-His and ALCAM-His can be specifically boundan NTA-containing SAM.
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Biotin-(Strept)avidin bonding revisited using Dynamic Force Spectroscopy
Jean-Marie Teulon, Yannick Delcuze, Michael Odorico, Pierre Parad dean-Luc Pellequer

CEA Marcoule, iBEB, Department of Biochemistry &hdtlear Toxicology, 30207 Bagnols
sur Céze, France

Life at the cellular level can be described as nwréess durable interactions between biological
molecules involved in processes spanning a wideerafigtrength and complexity. The duration of
the molecular interaction between those moleculeenids on the frequency of their encounter, the
structure of the partners, and mostly the numbesirotiltaneous bonds they can form. Among the
innumerable pairs of ligand — receptor, one spewialple composed of biotin, a water soluble
vitamin (vitamin H), and avidin or streptavidin (kscterial equivalent), became a paradigm.
The biotin-(strept)avidin complex exhibits the pb#iy of forming multiple bonds due to the
tetrameric structure of the (strept)avidin. In tbése, multiple bonds lead to avidity and explain t
exceptionally high affinity of this complex. Indeetie streptavidin - biotin system has one of the
largest free energy of association yet observeddorcovalent binding of a protein and small ligand
in aqueous solution (K. = 10'). The complex is extremely stable over a wide raofe
temperature and pH.
We present force-displacement curves of multiplalfel bonds between biotin and avidin. Using
Dynamic Force Spectroscopy (DFS) formalism, we amelythe rupture of these multiple bonds
using the YIELDFINDER Il software. Our results indicateat most published results on this
system encompass various level of multiple binding.
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Figure: Experimental most probable rupture forcéh e confidence interval (95% of the linear
regression) vs the experimental loading rate otidmainds interaction between avidin and biotin.i&ol
black lines indicate the distribution of previouplyblished most probable rupture forces (accorting
Bell-Evans theory).

= Yuan C., A. Chen, P. Kolb and V. T. Moy (2000) Bioclieny 39(33): 10219-23.

¥ de Odrowaz Piramowicz M., P. Czuba, M. TargosZB#rda and M. Szymonski (2006) Acta
Biochim Pol 53(1): 93-100.

A: Merkel R., P. Nassoy, A. Leung, K. Ritchie and Eais (1999) Nature 397(6714): 50-3.

146



A sound card application for cantilever calibration

Bruno Tiribilli ¥, Paolo Paoletti, Massimiliano Papj Valerio Pinf, Francesca Sbraha
Massimo Vassalfii

Yistituto dei Sistemi Complessi, Consiglio Nazior#ie Ricerche, (ISC-CNR) Sesto Fiorentino, Italy
?stituto di Fisica, Universita Cattolica S. Cuoreaigo Francesco Vito 1, 1-00168, Roma, Italy.
*BioNanoMechanics Laboratory, Nat. Center for Midemronics IMM-CNM (CSIC) Madrid, Spain
“Universita di Genova Dip. Ingegneria Biofisica ed Etetica (DIBE) Genova, ltaly
®Istituto di Biofisica, Consiglio Nazionale dellecRiche, (IBF-CNR) Genova, ltaly

“Chantilever” is a simple software application thasing the standard PC sound card, acquires the
deflection signal of an AFM probe subjected to thedrmoise. The power spectral density is
obtained from an FFT algorithm and a fitting prasedis applied for evaluating the peak frequency
and the Q-factor. These parameters together witkettgth and width of the probe allow calculating
the spring constant according to the Sader methjpd [

Alternatively, when the geometry of the probe is wwn, the thermal noise method can be applied
[2] to obtain the spring constant with reasonabt®ieacy.

Finally if both calibration method can be applied the same probe, the software additionally
provides the calibration of the deflection signam(V) without the need to push the probe tip
against an hard surface [3].

We report the results of some tests performed with iome-made AFM on rectangular soft
cantilevers by means of a standard 44 kHz/16 bind@ard and high quality 192 kHz/24 bit board.
“Chantilever” has been developed using C# programgmianguage and it runs natively on
Windows® platforms using .NET framework. The softwarélistributed free of charge under GPL
open source license.

Binary and source code download will be provided nsoat the webpage:
http://www.fi.isc.cnr.it/chantilever.php
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Picture. Screenshot of the running "Chantilever" application

[1] J. E. Sader, W. M. James, and Paul Mulvaney. Bev Instrum. 70, 3967 (1999).

[2] S. M. Cook, T. E. Schaffer, K. M. Chynoweth, Miigton, R. W. Simmonds and K. M. Lang,
Nanotechnology 17, 2135 (2006)

[3] - M. J. Higgins, R. Proksch, J. E. Sader, Miciko S. Mc Endoo, J. P. Cleveland, and S. P. §aRev. Sci.
Instrum. 77, 013701 (2006)
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Changing of cellular mechanics during aging
J. Zahn'? I. Loubart?, M. Bissinger? R. Kemkemer, J.P. Spatz*

"Max-Planck-Institute for Metals Research, DeptNefv Materials & Biosystems;
Heisenbergstr. 3, D-70569 Stuttgart, Germany
University of Heidelberg, Dept. of Biophysical Cligny; Im Neuenheimer Feld 253, D-69120
Heidelberg, Germany

Aging is closely correlated with drastic changeg.(genetic, molecular) on the cellular level.
Many details about aging from the molecular sideviefv are already known, e.g. changes in
gene expression or the reduction of telomeres giiote DNA (Nobelprize 2009). How the
cytoskeleton changes its structure and functiontaowd aging alters the mechanical properties
of cells are still under investigation.

For our experiments fibroblasts from human dondfferihg in age were chosen. Their age
lies in the range between 10 and 54 years. Ingigleriments demonstrated an age-specific
difference in mechano-sensitivity. Senescent geliet faster on mechanical stimulation than
cells from young donors. To correlate that age-$ipedifference in mechano-sensitivity to
mechanical cell properties the Young-modulus of ¢hls was measured using atomic force
microscopy (AFM). Large cell areas (100x100pum?) evenapped with 5x5um (per pixel)
resolution to get an insight of the local cell peages. At each point a force-distant curve was
acquired and the Young-modulus was calculated eidzHit.

A significant difference for the Young-Modulus vahiof young and senescent cells was
found. As the most common and best preserved stalgbrotein of cells actin was chosen as
structure of interest. The whole amount of actinvaf as the amount of G-actin & F-actiras
determined. A decrease of the amount of actin meseent cells was shown. The ratio G/F
actin seems to be independently from age. To aeahese further cells were transfected with
siRNA to decrease the amount of actin aiming fa #alue for senescent cells. Using this
method it was shown that the elasticity of the d¢faated cells is in the same range as the
elasticity of senescent cells.

In conclusion, our results suggest on a genetielleg well that the expression of actin is
decreases with aging and thus softening of thes ¢akes place. This may also explain the
faster mechano-response of the older cells sinamaller amount of actin needs to be
reorganised.
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