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Programme
Day 0 – Wednesday 18, April
16.00-20.00

Registration (NH Constanza hotel)

Day 1 – Thursday 19, April
08.00-12.30

Registration (NH Constanza hotel)

10.00-12.30

Posters set up (CosmoCaixa, Conference site, Science Museum)

10.00

Transfer 1 from hotel to conference site for all Posters and Speakers of Day 1

10.30

Transfer 2 from hotel to conference site

11.00

Transfer 3 from hotel to conference site

11.30-12.30

Coffee/Snack/lunch available at conference site

12.30

General introduction of the conference, Organizing committee

12.40

Opening keynote address
What is the biological relevance of the specific bond properties revealed by single
molecule studies?
Pierre Bongrand, INSERM, Marseille, France

13.40

Break
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Day 1 – Thursday 19, April (cont.)

SESSION I

|

CELLS, CELLULAR INTERACTIONS

13.55

Yves Dufrêne introduces the session and Invited speakers

14.00

Adapting AFM for studying living cells
J.K. Heinrich Hörber University of Bristol, Bristol, United-Kingdom

14.30

AFM measurement of leukocyte adhesion to endothelial cells
Vincent Moy University of Miami, Miami FL, USA

15.00

Measurement of cell mechanical properties by atomic force microscopy
Daniel Navajas Universitat de Barcelona, Barcelona, Spain

15.30

Coffee Break / Posters

16.00

Mechanical dynamics during cell death
Andrew Pelling University College London, United-Kingdom

16.15

Elastic membrane heterogeneity of living cells revealed by stiff nanoscale
membrane domains
Frank Lafont Pasteur Institute, Lille, France

16.30

Probing microbial interfacial properties by force spectroscopy and
microelectrophoresis
Fabien Gaboriaud Nancy-University, CNRS, Villers-lès-Nancy, France

16.45

Monitoring of biomechanical cellular activity induced by vascular active agonists
with AFM
Charles M. Cuerrier Université de Sherbrooke, Canada

17.00

Cell topometry analysis can replace direct measurement of fluid permeability
Christoph Riethmuller University of Munster, Germany

17.15

Exploring the surface of living microbial cells using AFM
Yves Dufrêne Université catholique de Louvain, Louvain-la-Neuve, Belgium
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17.45

Coffee break / Poster session # 1 (Sessions I and IV)

18.45

Departure for the NH Constanza hotel

19.30

Arrival at the NH Constanza hotel

20.00

Departure for the concert

20.30

Concert in the church (Monastir de Pedralbes)

21.30

Tapas in « refectori » of the Monastery

23.00

Departure for the NH Constanza hotel
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Day 2 - Friday 20, April

SESSION II

|

SINGLE MOLECULAR RECOGNITION, AFFINITY,

UNFOLDING FORCES

08.55

Peter Hinterdorfer introduces the session and Invited speakers

09.00

Nanobiotechnolgical drug screening: imaging, sensing and locating
ligands that drive cellular machines
Daniel J. Müller Center of Biotechnology, Dresden, Germany

09.30

Molecular devices: sensors, grabbers and actuators
Hermann Gaub Ludwig-Maximilians-Universität, München, Germany

10.00

A rotaxane based method of determining hairpin location and kinetics in
nucleic acids with an AFM
Brian Ashcroft University Tempe, Arizona, USA

10.15

Single molecule force spectroscopy mapping
Arturo M Baró Instituto de Ciencia de Materiales de Madrid (CSIC), Spain

10.30

Coffee Break / Posters

11.00

Molecular mechanisms contribute to the fracture resistance of bone:
repeatable energy dissipation by sacrificial bonds and hidden length in
molecular networks
Georg E. Fantner University of California Santa Barbara, CA, USA

11.15

Mechanical properties of glucans/Dectin-1 interactions: Implications for
pathogen recognition
Liz Adams University of Delaware, USA

11.30

Myomesin: a molecular spring with adaptable elasticity
Patricia Bertoncini CNRS Institut des Matériaux Jean Rouxel, Nantes,
France

11.45

Atomic Force Microscopy study of interactions between supercoildependent gene regulatory proteins and DNA
Sergey Chasovskikh Georgetown University Washington, USA
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12.00

Single molecule recognition force microscopy
Peter Hinterdorfer Johannes Kepler Universität Linz, Linz, Austria

12.30

Lunch

SESSION III

|

HIGH RESOLUTION IMAGING

13.55

Simon Scheuring introduces the session and Invited speakers

14.00

G-Protein coupled receptors are active as dimers and higher oligomers:
a lesson from rhodopsin
Andreas Engel University of Basel, Basel, Switzerland

14.30

Dynamic behaviors of proteins at work captured by high-speed AFM
Toshio Ando Kanazawa University, Kanazawa, Ishikawa, Japan

15.00

Imaging of individual protein molecules with femto newton force
sensitivity
Ricardo Garcia Instituto de Microelectronica de Madrid, Madrid, Spain

15.30

Coffee Break / Posters

16.00

The supramolecular architecture of junctional microdomains in native lens
membranes
Nikolay Buzhynskyy Institut Curie, UMR-CNRS, Paris, France

16.15

High resolution AFM imaging of native single-standed DNA binding (SSB)
protein – DNA complexes
Olivier Piétrement Institut Gustave-Roussy, Villejuif, France

16.30

Specific patterning of LH2 and LH1 protein complexes
M. Escalante-Marun University of Twente, The Netherlands
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Day 2 - Friday 20, April (cont.)
16.45

Characterization of transcription regulatory complexes of bacteriophage

Phi29 by AFM
Paloma Gutiérrez del Arroyo Universidad Autónoma de Madrid, Spain

17.00

Structure and assembly of membrane proteins in native membranes by

AFM
Simon Scheuring Institut Curie, Paris, France

17.30

Coffee break / Poster session # 2 (Sessions II and III)

18.30

Departure for the NH Constanza hotel

19.00

Arrival at the NH Constanza hotel

19.50

Departure for Hotel Casa Fuster

20.15

Cocktail and dinner in Hotel Casa Fuster
Keynote address
High speed AFM and quantitative indentation testing
Paul Hansma, UC Santa Barbara, California, USA

23.15

Departure for the hotel
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Day 3 – Saturday 21, April
SESSION IV

|

MODEL MEMBRANES AND PROTEIN-MEMBRANE

INTERACTIONS

08.55

Christian Le Grimellec introduces the session and Invited speakers

09.00

Fingerprinting membranes with force spectroscopy
Fausto Sanz Universitat de Barcelona, Barcelona, Spain

09.30

Quantitative analysis of coarsening and spatial domain distribution in a ternary
membrane
Adam Cohen Simonsen University of Southern Denmark, Denmark

09.45

How can Atomic Force Microscopy help to understand sepsis?
Thomas Gutsmann Research Center Borstel, Germany

10.00

Dynamic strength of the interaction between lung surfactant protein D (SP-D)
and saccharide ligands
Esben Thormann Universtity of Southern Denmark, Odense, Denmark

10.15

Atomic force microscopy characterization of supported planar bilayers that mimic
the mitochondrial inner membrane
Jordi Hernandez-Borrell Universitat de Barcelona, Spain

10.30

Coffee Break / Posters

11.00

Concept of dynamic DNA network dedicated to DNA-Protein interactions studies
Céline Elie-Caille FEMTO-ST Institute, CNRS, Besançon, France

11.15

Using Atomic Force Microscopy to Quantify Amyloid Formation at the Nanoscale
Martijn van Raaij University of Twente Enschede, The Nederlands
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Day 3 – Saturday 21, April (cont.)
11.30

Alkaline phosphatase interactions with domains in supported bilayers
Christian Le Grimellec INSERM, Montpellier, France

12.00

Closing keynote address
A little can go a long way!
Mike Horton, UCL. Dept. of Medicine, United-Kingdom

13.00

End of the conference
Transfers to the NH Constanza hotel and to the airport will be available
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Organizing committee
Pierre Parot
CEA/DSV, Marcoule, France

Jean-Luc Pellequer
CEA/DSV, Marcoule, France

Daniel Navajas
Universitat de Barcelona, Barcelona, Spain

Yves Dufrêne
Université catholique de Louvain, Louvain-la-Neuve, Belgium

Peter Hinterdorfer
Johannes Kepler Universität Linz, Linz, Austria

Simon Scheuring
Institut Curie, Paris, France

Christian Le Grimellec
Inserm, Montpellier, France

CEA is a French government-funded technological research organization. A prominent player in the
European Research Area, it is involved in setting up collaborative projects with many partners
around the world.
The University of Barcelona (UB), founded in 1450, can lay claim to being the leading university in
Catalonia. It is the university with the most students and offers the widest and most complete range
of courses. The UB is the leading centre for university research in Spain and is one of the largest in
Europe in terms of the number of research programs and the excellence of its results.
The Bioengineering Institute of Catalonia (IBEC) was established in 2005 by the Government of
Catalonia, the University of Barcelona and the Technical University of Catalonia. IBEC seeks to
further the development of multidisciplinary research of excellence, from basic studies to medical
applications, in the field of biomedical engineering.

*CEA: French Atomic Energy Commission - IBEC: Bioengineering Institute of Catalonia
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Sponsors
AFM BioMed Conference has been generously supported by:

With the support of
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Keynote presentations
What is the biological relevance of the specific bond properties
revealed by single molecule studies?
Pierre Bongrand
INSERM U600 - CNRS FRE2059 Laboratoire d'Immunologie
Hôpital de Sainte-Marguerite Marseille, FRANCE


High Speed AFM and Quantitative Indentation Testing
Paul Hansma
Department of Physics, University of California,
Santa Barbara, California, United States


A little can go a long way!
Mike Horton
London Centre for Nanotechnology and Department of Medicine
University College London, United Kingdom
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Journal of Molecular Recognition

The Journal of Molecular Recognition will broaden the scientific scope of the
journal and in future will include AFM applications in the biological sciences. This
will be initiated with a Special Issue presenting peer-reviewed papers selected from
presentations made at the AFM BioMed 2007 Barcelona conference.
•
•
•

Deadline submission: April 21 2007
Submission of final version: July 2007
Special Issue Editors: Yves Dufrêne, Pierre Parot, Jean-Luc Pellequer

Wiley - Journal of Molecular Recognition
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Invited talks
Sessions
Session I

| Cells, Cellular interactions

Session II

| Single molecular recognition, affinity, unfolding forces

Session III | High resolution imaging
Session IV | Model membranes and protein-memebrane interactions
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SESSION I
Cells, cellular interactions

Session chair

Yves Dufrêne
Université catholique de Louvain
Louvain-la-Neuve, Belgium
Topics

Cell imaging, cell mechanics, cell adhesion
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Session I: Invited talk
Exploring the surface of living microbial cells using AFM
Yves F. Dufrêne
Unité de Chimie des Interfaces – Université catholique de Louvain – Croix du Sud 2/18 –
1348 Louvain-la-Neuve – Belgium

There is a need in current microbiological and biophysical research to develop new, high
resolution tools for probing the structure, properties and interactions of microbial cell
surfaces. The advent of atomic force microscopy (AFM) has recently opened a wide range
of novel possibilities for probing the surface of microbes (bacteria, yeast, fungi) in their
native environment (1-3). Using AFM imaging in aqueous solution, microscopists can
visualize cell surface nanostructures (surface layers, appendages), follow physiological
changes (germination, growth) and monitor the effect of external agents (antibiotics,
metals) in real-time. Further, using force spectroscopy researchers can learn about local
biomolecular interactions and physical properties. For instance, spatially-resolved force
mapping offers a means to determine variations of elasticity and chemical properties at the
subcellular level, thereby providing complementary information to classical
characterization methods. Functionalizing the AFM tip with chemical groups or
biomolecules enables quantitative measurements of surface charge, surface energy and
receptor-ligand interactions. Finally, force spectroscopy can be applied to single cell
surface molecules to gain insight into their mechanical properties. Clearly, these novel
AFM-based experiments contribute to improve our understanding of the structure-function
relationships of microbial cell surfaces and open the door to new applications in
biotechnology and medicine.
(1) Dufrêne Y. F. Nature Rev. Microbiol. 2 (2004), 451-460.
(2) Dupres V., et al. Nature Methods 2 (2005), 515-520.
(3) Hinterdorfer P., and Dufrêne Y. F. Nature Methods, 3 (2006), 347-355.
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Session I: Invited talk
Adapting Atomic Force Microscopy (AFM) for studying living cells
J. K. H. Hörber
HH Wills Physics Laboratory, Tyndall Avenue, Bristol BS8 1TL, UK
In the last 20 years, AFM has emerged as a powerful technique for biological research
giving ultra high resolution structural information and allowing measurements of molecular
forces at the single molecule level. An important aspect for AFM studies on living cells
from the very beginning was the integration of the instrument into an optical microscope.
Furthermore, a combination of more techniques in one instrumental set-up is desirable to
reduce the problems caused by variations in sample preparations.
A patch-clamp pipette as a sample holder for individual cells along this line is a first step to
combine AFM with electrophysiological measurements on ion channels in the membrane of
whole cells. A logical step further is a set-up that can be used to investigate also excised
membrane patches allowing studies on single ion-channels in the membrane, especially on
those activated by mechanical stimulation with the cantilever tip.
However, living cells are 3-D structures and AFM is a surface technique with its
performance directly coupled to the flatness of the surface investigated. Imaging inside
cells is impossible due to the mechanical connection of the instrument with the imaging tip.
Therefore, a scanning probe microscope without a mechanical connection to the tip would
be an ideal complementary technique. The Photonic Force Microscope (PFM) is such an
instrument, where the mechanical cantilever is replaced by the 3-D trapping potential of a
laser focus.
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Session I: Invited talk
ATOMIC FORCE MICROSCOPY MEASUREMENT OF LEUKOCYTE
ADHESION TO ENDOTHELIAL CELLS
Vincent T. Moy
Department of Physiology and Biophysics, University of Miami School of Medicine
Leukocyte adhesion to vascular endothelium is a key initiating step in the pathogenesis of
many inflammatory diseases such as atherosclerosis. This process requires the activation of
leukocyte integrins and the upregulation of the integrin ligands on the endothelial cells.
Here we present real-time force measurements of the interaction between monocytic HL-60
cells and a monolayer of human umbilical vein endothelial cells (HUVECs) acquired by
atomic force microscopy (AFM). The detachment of HL-60/HUVEC conjugates involved
a series of rupture events with force transitions of 30-100 pN. These rupture forces are
consistent with values measured for the unbinding of individual ligand-receptor pairs.
Integrated force of individual rupture events provided a quantitative measure of the
adhesion strength on a whole cell level. The AFM measurements revealed that HL-60 cells
adhered more tightly to the borders formed by adjacent HUVECs than to the cell body of a
HUVEC. The average force and mechanical work required to detach a single HL-60 cell
from the cell borders of a TNF-α activated HUVEC layer were twice as high as those of the
HUVEC bodies. HL-60 adhesion to the monolayer was significantly reduced by a
monoclonal antibody against integrin β1, and partially inhibited by function blocking
antibodies against P-selectin, E-selectin, ICAM-1 and VCAM-1, but was not affected by a
monoclonal antibody against αVβ3.
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Session I: Invited talk
Measurement of cell mechanical properties by atomic force microscopy
Daniel Navajas
Unitat de Biofísica i Bioenginyeria. Facultat de Medicina
Universitat de Barcelona, Spain

Mechanical properties of the cell play an important role in critical cell functions including
migration, contraction, mechanotransduction and gene expression. Atomic Force
Microscopy (AFM) probes single cell mechanics by indenting the surface of the cell with
the cantilever tip and measuring the force-displacement relationship (F-z). Assuming a pure
elastic behavior, an estimate of the Young modulus of the cell (E) can be obtained by fitting
F-z with an appropriate cell-tip contact model that takes into account the rise in contact area
as indentation increases. On the other hand, constant contact area indentation can be
performed with a flat-ended cylindrical tip obtained by modifying the pyramidal tip of
commercial AFM cantilevers using focused ion beam technology. The value of E computed
from F-z provides a rough estimate of cell stiffness. Cells, however, exhibit viscoelastic
behavior, which is more suitably probed by applying small amplitude vertical tip
oscillations around the operating indentation. The oscillatory force recordings require
correction for the viscous friction of the cantilever with the liquid. This hydrodynamic
artifact can be readily estimated by oscillating the cantilever in the liquid at different celltip distances and extrapolating the value of the viscous drag to the cell surface. The
viscoelastic modulus is computed in the frequency domain from the ratio of force and
indentation oscillations after correction for the hydrodynamic artifact. The cell exhibits
scale free dynamics with a viscoelastic modulus increasing with frequency as a weak power
law.
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SESSION II
Single molecular recognition, affinity,
unfolding forces

Session chair

Peter Hinterdorfer
Johannes Kepler Universitat Linz
Linz, Austria

Topics

DFS, Folding-Unfolding, protein-ligand, DNA,
single molecules, molecular recognition
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Session II: Invited talk
Single Molecule Recognition Force Microscopy
Peter Hinterdorfer
Institute for Biophysics, Johannes Kepler University of Linz, Altenbergerstr. 69, A-4040
Linz, Austria
In molecular recognition force microscopy (MRFM), ligands are covalently attached to
atomic force microscopy tips for the molecular recognition of their cognitive receptors on
probe surfaces. Using an appropriate tip surface chemistry protocol, the ligand density on
the AFM tip is sufficiently dilute for the allowance of single molecule studies. Interaction
forces between single receptor-ligand pairs are measured in force-distance cycles. A ligandcontaining tip is approached towards the receptors on the probe surface, which possibly
leads to formation of a receptor-ligand bond. The tip is subsequently retracted until the
bond breaks at a certain force (unbinding force). In force spectroscopy (FS), the dynamics
of the experiment is varied, which reveals a logarithmic dependence of the unbinding force
from the force velocity. These studies give insight into the molecular dynamics of the
receptor-ligand recognition process and yield information about the binding pocket, binding
energy barriers, and kinetic reaction rates. Applications on isolated proteins, native
membranes, viruses, and cells will be presented.
We have also developed a method for the localization specific binding sites and
epitopes with nm positional accuracy by combining dynamic force microscopy with single
molecule recognition force spectroscopy. A magnetically driven AFM tip containing a
ligand covalently bound via a tether molecule was oscillated at 5 nm amplitude while
scanning along the surface. Since the tether had a length of 8 nm, the ligand on the tip was
always kept in close proximity to the surface and showed a high probability of binding
when a receptor site was passed. The recognition signals were well separated from the
topographic signals arising from the surface, both in space (z ~ 5 nm) and time (half
oscillation period ~ 0.1 ms). Topography and recognition images were obtained
simultaneously using a specially designed electronic circuit. Maxima (Uup) and minima
(Udown) of each sinusoidal cantilever deflection period were depicted, with Udown driving the
feedback loop to record a height (topography) image and Uup providing the data for the
recognition image. In this way, topography and recognition image were gained
simultaneously and independently with nm lateral resolution.
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Session II: Invited talk
Nanobiotechnolgical drug screening:
Imaging, sensing and locating ligands that drive cellular machines
Daniel J. Müller
Center of Biotechnology, University of Technology, Dresden, Germany
Using the example of vertebrate Gap Junctions and the sodium/proton antiporter from
Escherichia coli NhaA we review the capabilities of high-resolution atomic force
microscopy (AFM) and single-molecule force spectroscopy (SMFS) to observe structural
and functional insights of membrane proteins, which are not attainable by other traditional
methods. While we use AFM to observe the ligand induced gating of native and single
membrane proteins, we apply SMFS to detect molecular interactions that switch the
functional state of the protein. The sensitivity of both methods makes it possible to detect
and locate interactions that stabilize secondary structures such as transmembrane alphahelices, polypeptide loops and segments within them. Controlled refolding experiments
using single-molecule force spectroscopy observed individual secondary structure segments
folding into the functional protein. Various folding pathways of NhaA were detected each
one exhibiting a certain probability to be taken. Time-lapse refolding experiments enabled
determining the folding kinetics and hierarchy of individual secondary structural elements.
Recent examples detected and located the ligand binding of an antiporter. Similarly,
inhibitor binding and location can be detected which in future guides towards comparative
studies of agonist and antagonist determining the functional state of a protein. We sketch
current and future potentials of these approaches to characterize the action of
pharmacological molecules on the membrane protein function. Further membrane proteins
investigated and discussed are G-protein coupled receptors (GPCRs), communication
channels, aquaporins, and others.

Figure 1. Architecture of Na+-binding sites of sodium transporters. SMFS experiments detects molecular
interactions established upon ligand binding to the functional domain of NhaA (on the left) that involves ahelix V, and two partly unwound a-helices IV and XI. Core of leucine/sodium transporter LeuTAa (on the
right) contains two Na+-binding sites embedded by partly unwound a-helices I and VI, and neighboring ahelix VIII. Positions of a bound Na+ (yellow) and a leucine molecule are shown. Functionally important
residues of both proteins were highlighted.

Key words: GPCR, ion channels, gap junctions, aquaporin, single-molecule approach,
stable segments, ion exchange, protein folding, two-stage folding model
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Session II: Invited talk

Molecular Devices: Sensors, Grabbers and Actuators
Hermann E. Gaub
Chair for Applied Physics - Biophysics and Molecular Materials Ludwig-Maximilians-Universität
München

Molecular devices are promising building blocks for functional nanosystems. Sensors,
grabbers and actuators may be designed based on DNA and proteins or other biopolymeric
systems. Azobenzen units in polypeptides may be employed as bi-stable photo-switchable
actuators. Lipases may be programmed to act as force sensors. Nucleic acid oligomers may
be used to implement assembler concepts based on hierarchical forces. This talk will
summarize our current activities in this field.
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SESSION III
High resolution imaging
Session chair

Simon Scheuring
Institut Curie
Paris, France
Topics

High resolution imaging, high speed imaging,
coupling with other methods
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Session III: Invited talk
Structure and assembly of membrane proteins in native
membranes by atomic force microscopy (AFM)
Simon Scheuring, Nikolay Buzhynskyy, Rui Pedro Goncalves, Szymon Jaroslawski
Institut Curie, UMR-CNRS 168, 26 rue d’Ulm, 75248 Paris, France.

The atomic force microscope (AFM) has become a powerful tool in structural biology
allowing the investigation of biological samples under native-like conditions: experiments
are performed in physiological buffer at room temperature and under normal pressure.
Topographies of membrane proteins can be acquired at a lateral resolution of ~10Å and a
vertical resolution of ~1Å. Importantly, the AFM features an extraordinary signal-to-noise
ratio allowing imaging of individual membrane proteins in prokaryotic 1 and eukaryotic 2
native membranes that participate in supramolecular assemblies. These images can be
docked with high precision by high-resolution structures resulting in atomic models of
multiple proteins working together. The development of a novel 2-chamber AFM setup, in
which membranes are deposited on nano-patterned surfaces, allows probing non-supported
functional membrane proteins 3.
1) Simon Scheurin & James Sturgis (2005) Chromatic adaptation of photosynthetic membranes. Science, 309,
484-487
2) Nikolay Buzhynskyy, Richard Hite, Thomas Walz & Simon Scheuring (2007) The supramolecular
architecture of junctional microdomains in native lens membranes. EMBO R., 8, 1,
doi:10.1038/sj.embor.7400858
3) Rui Pedro Gonçalves, Guillaume Agnus, Pierre Sens, Christine Houssin, Bernard Bartenlian & Simon
Scheuring (2006) 2-Chamber-AFM: Probing Membrane Proteins Separating Two Aqueous Compartments.
Nature Methods 2006, 3: 1007-1012
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Session III: Invited talk
G-Protein Coupled Receptors Are Active as Dimers and Higher
Oligomers: A Lesson From Rhodopsin
Andreas Engel 1, B. Jastrzebska 2, A. Philippsen 1, D.J. Müller 3, K. Palczewski 2, and D.
Fotiadis 1
1) M.E. Müller Institute for Microscopy, Biozentrum, University of Basel, CH-4056 Basel,
Switzerland.
2) Department of Pharmacology, Case School of Medicine, Case Western Reserve University,
Cleveland, Ohio 44106-4965, USA.
3) Center for Biotechnology, University of Technology, 01307 Dresden, Germany.

G protein-coupled receptors (GPCRs) participate in many physiological processes and
represent the largest and most structurally conserved family of signaling molecules.
Growing evidence indicates that many, if not all, GPCRs are active as dimers and/or
higher-order oligomers. High-resolution crystal structures are available only for the
detergent-solubilized light receptor rhodopsin, the archetypal class A GPCR. Rhodopsin is
the only GPCR for which the higher-order oligomeric state has been demonstrated by
imaging native disk membranes using atomic force microscopy (AFM). Based on these
data and the X-ray structure, an atomic model of rhodopsin dimers has been proposed, and
the AFM has also been used to measure forces required to unfold single rhodopsin
molecules, demonstrating which residues dictate rhodopsin’s stability. Functional analyses
of fractions from solubilized disk membranes revealed that higher-order Rho oligomers are
the most active species. These recent results have enhanced our understanding of GPCRs
structure and function.
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Session III: Invited talk
Dynamic behaviors of proteins at work captured by high-speed atomic
force microscopy
Toshio Ando1,2, Takayuki Uchihashi1,2, Noriyuki Kodera1, Daisuke Yamamoto2, Hayato
Yamashita1
1

Department of Physics, Kanazawa University, Kakuma-machi, Kanazawa 920-1192, Japan
Core Research for Evolutional Science and Technology (CREST) of the Japan Science and
Technology Agency (JST), Kawaguchi, Saitama 332-0012, Japan

2

Various experimental techniques have been invented to study the mechanisms of protein
functions. Because experimental data on protein functions are often indirect, theoretical
interpretations and inference have been necessary to speculate the mechanism of protein
functions from indirect experimental data. However, ideas derived from such analyses do
not necessarily converge onto one conclusion. Therefore, people have longed for a means to
view directly the nanometer-scale dynamic behaviors of single protein molecules at work.
High spatial resolution imaging of the nanometer-scale world in aqueous solutions is
possible only with atomic force microscopy (AFM). However, its temporal resolution was
too low to trace the dynamics. Therefore, in the last few years, various efforts1-5 have been
carried out to enhance the scan speed. Owing to these efforts and other efforts to reduce the
tip-sample interaction force6, it has recently become possible to image at (near) video rate,
without disturbing protein’s physiological functions. For example, hand-over-hand
movement of myosin V along actin filaments is clearly imaged. The negatively cooperative
binding events between Gro-ES and the two rings of GroEL are successfully captured.
These demonstrate that high-speed AFM is truly useful for studying protein’s dynamic
action and will surely open a new way of elucidating the mechanisms of protein functions.
1. M.B. Viani, L.I. Pietrasanta, J.B. Thompson, A. Chand, I.C. Gebeshuber, J.H. Kindt, M.
Richter, H.G. Hansma, and P.K. Hansma, Nature Struct. Biol. 7, 644 (2000).
2. T. Ando, N. Kodera, E. Takai, D. Maruyama, K. Saito and A. Toda, Proc. Natl. Acad.
Sci. USA 98, 12468 (2001).
3. N. Kodera, H. Yamashita, and T. Ando, Rev. Sci. Instrum. 76, 053708 (2005).
4. T. Ando, T. Uchihashi, N. Kodera, A. Miyagi, R. Nakakita, H. Yamashita, and K.
Matada, e-J. Surf. Sci. Nanotech. 3, 384 (2005).
5. G.E. Fantner et al. Ultramicroscopy 106, 881 (2006).
6. N. Kodera, M. Sakashita, and T. Ando, Rev. Sci. Instrum. 77, 083704 (2006).
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Session III: Invited talk

Imaging of individual protein molecules with femto Newton force
sensitivity
Ricardo Garcia
Instituto de Microelectrónica de Madrid, CSIC, Isaac Newton 8, 28760 Tres Cantos, Madrid, Spain

Atomic force microscopes have deeply transformed the study of materials. However, high
resolution imaging of biological systems has proved more difficult than obtaining atomic
resolution images of crystalline surfaces. The reasons that explain those shortcomings are
nonetheless established. The forces exerted by the tip on the molecules (1-10 nN) either
displace them laterally or break the noncovalent bonds that held the biomolecules together.
Here, we present a force microscope concept based on the simultaneous excitation of the
first two flexural modes of the cantilever. The coupling of the modes generated by the tipmolecule forces enables imaging under the application of forces (∼35 pN) which are
smaller than those needed to break non-covalent bonds. With this instrument we have
resolved the intramolecular structure of antibodies in monomer and pentameric forms.
Furthermore, the instrument has a force sensitivity of 0.2 pN which enables the
identification of compositional changes along the protein fragments.
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Session IV: Invited talk
Alkaline Phosphatase Interactions with domains in supported bilayers
Marie-Cécile Giocondi 1, Françoise Besson2, Patrice Dosset1,
Pierre-Emmanuel Milhiet1 and Christian Le Grimellec1.
1

INSERM U554, Nanostructures et Complexes Membranaires,Centre de Biochimie Structurale,
F34090 Montpellier, France ; CNRS UMR5048, F34090 Montpellier, France ; Universités
Montpellier 1 et 2, F34090 Montpellier, France.
2
Laboratoire Organisation et Dynamique des Membranes Biologiques, CNRS UMR 5013,
Université Claude Bernard Lyon I, 43 boulevard du 11 novembre 1918,
F-69622 Villeurbanne Cedex, France

GPI-anchored proteins preferentially localize in the most ordered regions of the cell plasma
membrane. Acyl and alkyl chain composition of GPI-anchors determine the association
with the ordered domains. This suggests that changes in the fluid and in the ordered
domains lipid composition affect the interaction of GPI-anchored proteins with membrane
microdomains. Atomic force microscopy (AFM) shows that the spontaneous insertion of
the GPI-anchored intestinal alkaline phophatase (BIAP) into the gel phase domains of
dioleoylphosphatidyl-choline / dipalmitoylphosphatidyl-choline (DOPC/DPPC) and
DOPC/sphingomyelin (DOPC/SM) also occurred in palmitoyloleoylphosphatidylcholine
/SM (POPC/SM) gel-fluid phase separated membranes. However changes in the lipid
composition of membranes had a marked effect on the bilayer topography: BIAP insertion
was associated with a net transfer of phospholipids from the fluid to the gel (DOPC/DPPC)
or from the gel to the fluid (POPC/SM) phases. For DOPC/SM bilayers, transfer of lipids
was dependent on the homogeneity of the gel SM phase. In POPC/SM binary mixtures with
the coexistence of fluid, gel and liquid ordered phases induced by cholesterol
(POPC:SM:Chl, 1:1:0,35), BIAP preferentially localized in the more ordered phase, at
room temperature. However, this distribution of BIAP between fluid and ordered phases
was a function of temperature. How the AFM imaging of BIAP in model systems could
contribute to the understanding of the behaviour of GPI-anchored proteins in biological
membranes and what are the limitations of AFM in such studies will be discussed.
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Session IV: Invited talk
Fingerprinting membranes with Force Spectroscopy
Fausto Sanz
Department of Physical Chemistry(University of Barcelona) and Institute for Bioengineering of
Catalonia
Martí i Franqués 1 08028-Barcelona

Understanding the effect of mechanical stress on biological membranes is of fundamental
importance since cells are known to naturally perform their function under the effect of a
complex combination of forces. Indeed, the chemical composition of such membranes is
the ultimate responsible for determining their architecture, while guaranteeing the cell
mechanical stability. Micro-scale assays have revealed a wealth of information regarding
the overall membrane mechanical resistance. Nonetheless, the diversity in the chemical
composition of such membranes makes it difficult to test the mechanical contribution of
every particular membrane component. Thanks to the capability of accessing contact areas
in the nanometer scale, force spectroscopy can precisely probe the mechanical resistance of
substrates under the application of force [1]. In particular, this technique has allowed us to
study the effect of solution ionic strength and temperature on the nanomechanics of
supported lipid bilayers [2]. A small increase in ionic strength (up to 200 mM) gives rise to
a 7-fold increase in bilayer (nano)mechanical resistance due to an ion-binding effect.
Mechanical resistance exhibits a discontinuity at temperatures where phase transitions
occur. We have extended our work towards individually testing the mechanical role of
different phospholipid headgroups and measured the resistance that a change in the
hydrophobic tail adds to the overall bilayer stability. The effect of different sterols on a
liquid (DLPC) and a solid (DPPC) membrane has been also addressed. This work paves the
way for the mechanical characterization of membrane components, suggesting that
mechanical stability can be regarded as the ‘sum of its parts’.
[1] J. Fraxedas et al., PNAS, 99 5228 (2002).
[2] S. Garcia-Manyes et al., Biophys. Journal, 89(3) 1812-1826(2005); 89(5) 42614274(2005).
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Session I: Cells, cellular interactions
Selected talk
Mechanical dynamics during cell death
Andrew Pelling1, Farlan Veraitch2, Carol Chu2, Chis Mason2, Michael Horton1
1) London Centre for Nanotechnology and Department of Medicine, University College London
2) Department of Biochemical Engineering, University College London

Measurement of the dynamic mechanical characteristics of living cell membranes can often
reveal surprising insights into cell biology in addition to quantifying material properties. In
this study, we induced early apoptosis in human skin fibroblasts with Staurosporine (STS)
and studied how the local cell membrane stiffness changed over a two hour period with
atomic force microscopy (AFM). It was found that the cell membrane underwent a single
oscillation in local stiffness with a period of ~30 minutes as opposed to controls. Utilizing
combined fluorescence-AFM and confocal microscopy, we observed that the oscillation in
mechanical stiffness was a consequence of early apoptosis and was marked by significant
morphological and structural changes. The underlying chemo-mechanical basis for the
oscillation is shown to be dependent cytoskeletal remodeling in concert with nuclear
collapse. The initial decay in stiffness is likely caused by Rho-kinase inhibition by STS,
followed by an apparent increase in stiffness due to microtubule condensation into a
meshwork dome surrounding the nucleus. Inhibiting caspase activity delayed the
mechanical dynamic but early apoptosis was not prevented. Using confocal microscopy we
observed that the final decay in stiffness was caused by nuclear condensation and
translocation. Caspase inhibition revealed that the nuclear collapse was part of a cell death
program but the initial cytoskeletal remodeling was a response to kinase inhibition.
Therefore, the dynamic mechanical signature is a caused by a complex interplay of kinase
inhibition by STS and a caspase mediated cell death program. Therefore, caspase dependent
and independent signaling pathways are activated in parallel during early apoptosis and
their relative effects can be distinguished in dynamic mechanical signatures.
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Session I: Cells, cellular interactions
Selected talk
Elastic membrane heterogeneity of living cells revealed by stiff nanoscale
membrane domains
Frank Lafont1 Sandor Kasas2, Charles Roduit2, Gisou van de Goot2, Stefan Catsicas2
1) Pasteur Institute Lille France
2) Ecole Polytechnique Fédérale de Lausanne CH

For several years, multiple approaches have been developed to characterize membrane
heterogeneity in living cells. We present here a study of the elastic properties of plasma
membrane domains in living cells using atomic force microscopy. This work demonstrates
the existence of nanometric scale heterogeneous domains with specific biophysical
properties. In particular, we focused on glycosylphosphatidylinositol (GPI)-anchored
proteins, which play important roles in membrane trafficking, cell signalling and diseases
and which were shown, using a wealth of methods, to preferentially partition in cholesterol
rich microdomains. We found that GPI-anchored proteins resided in domains stiffer than
the surrounding membrane, whereas membrane domains containing the transferring
receptor, which do not partition in cholesterol rich domains showed no such features. The
observed increase in stiffness with GPI-domains is consistent with previously documented
specific lipid condensation and slow diffusion rate of proteins/lipids within these domains.
These new data quantitatively document elastic membrane heterogeneity unveiling a
possible link between membrane stiffness, molecular diffusion and signalling activation.
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Session I: Cells, cellular interactions
Selected talk
Probing microbial interfacial properties by force spectroscopy and
microelectrophoresis
Fabien Gaboriau
Laboratory of Physical Chemistry and Microbiology for the Environment, Nancy-University, CNRS
405 rue de Vandœuvre 54600 Villers-lès-Nancy, France.

The surface properties of microbes in aqueous media play an important role in controlling
interfacial phenomena such as bacterial adhesion, biomineralization and biofilm formation.
There is a paucity of information on the relationship between the physico-chemical
properties of the bacterial surface and the development of microbial communities and allied
community phenomena both at the nano-scale (as relates to the cell-substrate interaction)
and the micro-scale (as relates to the environmental conditions of the system), warranting
further multidisciplinary and multiscale research. In recent years, remarkable advances
have been made in applying force spectroscopy to quantify the interaction forces and
physical properties of microbial surfaces. In this talk, we focus on the quantification of
surface forces, hydrodynamic features and mechanical properties for different type of
microbial cells (bacteria and yeast). In particular, the complementarity between
microelectrophoresis data and force spectroscopy by means of advanced soft particle theory
allowed to infer the interaction forces between the hard AFM probe and the soft cells. Such
theoretical model taking into account the heterogeneous and soft characters allowed, for the
first time, a means to differentiate between the contribution of surface forces and surface
mechanics to the net interaction measured between a hard AFM tip and a compliant
microbial surface. The results reveal new insights into the relationships between microbial
adhesion processes and physico-chemical composition of the electrolyte solution,
specifically pH and ionic strength.
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Session I: Cells, cellular interactions
Selected talk
Monitoring of biomechanical cellular activity induced by vascular active
agonists with AFM
Charles M. Cuerrier, Fernand Jr Gobeil, Michel Grandbois
Université de Sherbrooke Canada
Angiotensin II (AngII), thrombin (TB) and bradykinin (BK) are agonists implicated in
vascular processes such as the regulation of vascular permeability and blood pressure.
These peptides activate cellular signaling pathways, involving the mobilization of
intracellular calcium store as well as cytoskeleton reorganization leading to extensive
cellular morphology remodeling. We have use the AFM to monitor the cellular response
induced by these agonists on individual cells. AFM time course measurement of cellular
reorganization and the simultaneous measurement of intracellular Ca2+ release using a
calcium sensitive fluorescent indicator shows that these phenomenons are intimately
related. Cellular activation by AngII (1µM) produces an elevation of the apical cell surface
of the cell measured by the AFM corresponding to a maximum in the Ca2+ intracellular
concentration. This initial response is then followed by a significant mechanical oscillation
of the cell surface associated with extensive cell cytoskeleton remodeling. Furthermore,
time course analysis of TB (10nM) and BK (1µM) actions show an increase in the cell
stiffness (8.5 and 6.8 kPa, respectively) and the membrane tether elongation forces (48 and
51pN, respectively) after 30 to 45 minutes in comparison to the control (5.6 kPa and 42
pN), also suggesting a reorganization of the cytoskeleton and an increase of its interaction
with the membrane which clearly indicates a important biomechanical remodeling of the
cells. These results show that AFM can be used to perform time monitoring of intracellular
signalization induced by vascular active agonists through their effects on the mechanical
integrity of the cell.
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Session I: Cells, cellular interactions
Selected talk
Cell topometry analysis can replace direct measurement of fluid
permeability
Christoph Riethmuller, Joachim Wegener, Pia Jungmann, Hans Oberleithner
University of Munster Germany
Endothelial cells control water and solute flux beween blood and tissue. Short term changes
of paracellular permeability are regulated by actomyosin interaction. A higher intracellular
tension leads to formation of paracellular gaps and hence to a breakdown of barrier
function. Fluid permeability is usually quantitated by passage of macromolecules across
cell layers - a time consuming procedure, applicable only to cells grown on permeable
supports. Assuming that intracellular tension would affect the three-dimensional shape of
cells, we tried to assess paracellular permeability indirectly by a topometric approach.
Therefore we applied AFM to primary endothelial cells isolated from human umbilical
veins (HUVEC). As well, the electrical resistance across the layer was measured using
electrical impedance spectroscopy (ECIS). The Ca-ionophore ionomycin was used for
inducing cellular contraction. In samples treated with ionomycin, AFM was able to detect
paracellular gaps. Analogously, the electrical resistance decreased to virtually zero.
Moreover, the topometric parameters “maximal height”, “surface roughness” and “surface
area difference” were taken in order to enumerate the topographic information of the
scanned region. Values of all three paramet
ers augmented with increasing ionomycin concentrations, indicating a widening of cellular
clefts and a rounding of the cells due to elevated intracellular tension. We conclude that
AFM topometric data indicate the paracellular permeability properties of a cell layer. This
approach might also apply to substrates which are not suitable for classical assay
procedures.
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Session II: Single molecular recognition, affinity, unfolding
forces

Session II: Single molecular recognition, affinity, unfolding forces
Selected talk
A Rotaxane Based Method of Determining Hairpin Location and Kinetics
in Nucleic Acids with an AFM
Brian Ashcroft, Quinn Spadola, Stuart Lindsay
Biodesign Intitute of Arizona State University Tempe Arizona USA
Hairpins on DNA and RNA have also been implicated in a number of genetic diseases by
the hairpin mediated polymerase slippage model. The causes and dynamics of the slippage
are poorly understood. We have used cyclodextrin to build a rotaxane system to directly
measure the strength and dynamics of the interaction of a ring molecule and a nucleic acid
hairpin. The dynamics of a DNA molecule passing through the ring are measured, as well
as several hairpin structures. This method is beneficial that we can measure both the
location and strength of the hairpins on complicated structures. The force required to open
the hairpins corresponds to predictions made by mFold.
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Session II: Single molecular recognition, affinity, unfolding forces
Selected talk
Single Molecule Force Spectroscopy Mapping
J. Sotres1, A. Lostao2,4, L Wildling5, A Ebner5, C. Gómez-Moreno3,4 HJ Gruber5, P.
Hinterdorfer5, and Arturo M. Baró1
1) Instituto de Ciencia de Materiales de Madrid, CSIC, E-28049 Madrid, Spain
2) Instituto de Carboquímica, CSIC, Zaragoza, Spain
3) Dpto. Bioquímica, Universidad de Zaragoza, Pedro Cerbuna 12, 50009 Zaragoza, Spain
4) Instituto de Nanociencia de Aragón, Zaragoza, Spain
5) Institute for Biophysics, University of Linz, Altenbergerstr 69, A-4040 Linz, Austria

In this work we apply the AFM jumping operation mode, JM, [1] to the study of molecular
recognition. JM works by performing a force versus distance curve at each point of the
surface, recording simultaneously surface topography and tip-sample adhesion force. In this
way when imaging the sample, the adhesion force on top of a receptor molecule
corresponds to the unbinding force of the ligand-receptor complex. The main difficulty is to
deal with the appearance of multiple adhesion peaks of diverse origin. To solve this
problem we were working in the repulsive electrical double layer regime and make use of
the spacer technology [2] so that the ligand can reach the receptor without establishing
mechanical contact between tip and sample. Although rupture events in force spectroscopy
(FS) are done in well-defined molecules, so that the experiments are named as single
molecule, these are of stochastic nature, so that a statistic analysis is needed. In FS this is
done by averaging single unbinding events over multiple ligand-receptor pairs, i.e. several
molecules. In JM, thanks to its capability to obtain topographical information and to vary
the loading rate within a wide range without loosing image stability we are able to do the
statistics on a true single molecule. We have successfully applied this method to the avidinbiotin complex.
[1] de Pablo PJ et al., APL 73(1998) 3300
[2] Hinterdorfer P et al., PNAS 93(1996) 3477
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Session II: Single molecular recognition, affinity, unfolding forces
Selected talk
Molecular mechanisms contribute to the fracture resistance of bone:
repeatable energy dissipation by sacrificial bonds and hidden length in
molecular networks
Georg E. Fantner, Jonathan Adams, Patricia Turner, Philipp Thurner Paul K. Hansma
University of California Santa Barbara, Department of Physics, CA 03106, USA
Properties of the organic matrix of bone as well as its function in the microstructure could
be the key to the remarkable mechanical properties of bone. It was found that, calciummediated sacrificial bonds enhanced the binding strength of bone constituent molecules. By
investigating the nanoscale arrangement of the bone constituents and their interactions by
AFM molecular force spectroscopy, AFM and SEM we found evidence how this sacrificial
bond-hidden length mechanism contributes to the mechanical properties of the bone
composite. We find that bone consists of mineralized collagen fibrils and a non fibrillar
organic matrix which acts as “glue” that holds the mineralized fibrils together. Energy
dissipation in this glue comes, in large part, from work against the entropic elasticity of
molecules with sacrificial bonds and hidden lengths. The proteins involved, however,
unlike titin and fibronectin, lack the folded modular domains commonly associated with
sacrificial-bonds and hidden-lengths. We show that human osteopontin molecules, as found
in bone and arterial plaque buildup, can dissipate large amounts of energy, without the need
for folded domains within the protein. Osteopontin monomers can join together to form
networks that can be pulled for several microns using AFM force spectroscopy. The
strength of these networks can be increased by recruiting divalent ions from the solution
surrounding them, just as for the adhesive molecules previously detected in bone. Other
phosphorylated proteins show similar behavior in our experiments. This suggests that
strongly anionic flexible proteins, combined with Ca2+ ions, enable the formation of ionmediated, self healing networks.
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Selected talk

Mechanical properties of glucans/Dectin-1 interactions: Implications for
pathogen recognition
Liz Adams1, Gordon Brown2, Janet Willment2, David Williams3
1) University of Delaware
2) University of Cape Town
3) East Tennessee State University

The recognition of pathogens by the innate immune system is fundamental in controlling an
appropriate immune response. Glucans are structurally diverse biopolymers that are major
components of fungal cell walls. Glucans stimulate innate immunity and are thought to be
fungal PAMPs. Glucans are bound and internalized by the leukocyte β-glucan specific
receptor, Dectin-1. The glucan/Dectin ligand receptor pair plays a pivotal role in the innate
immune response to fungal pathogens. The purpose of this study was to determine the
influence of glucan structure on recognition and binding affinity by recombinant murine
Dectin-1 and Dectin expressing cells using AFM. A library of natural product (1→3)-β
and/or (1→6)-β-glucan ligands were employed. Mannan, an α-linked mannose polymer,
was employed as carbohydrate polymer controls. The primary structure and MW of each
carbohydrate was confirmed by NMR and GPC/MALLS. Binding interactions were
established using AFM. The binding of glucan to Dectin expressing cells was following
using AFM and confocal. Binding affinities for natural product glucan ligands were
observed over a very broad range (20-100 pN). In addition, rDectin-1 showed differential
recognition of glucan ligands. These data indicate that Dectin is highly specific for glucan
ligands that have a (1→3)-β-D-linked backbone structure. Furthermore, Dectin-1 can
clearly differentiate between (1→3)-β-glucan ligands based on structural determinants.
These data suggest that Dectin-1 immunosurveillance of fungal pathogens may be
dependent upon the presence of (1→3)-β-D-glucopyranosyl backbone structures in the
fungal cell wall glucans.
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Session II: Single molecular recognition, affinity, unfolding forces
Selected talk
Myomesin : a molecular spring with adaptable elasticity
Patricia Bertoncini1, Roman Schoenauer2, Irina Agarkova2, Martin Hegner3, Jean-Claude
Perriard2
1) CNRS Institut des Matériaux Jean Rouxel, NANTES, FRANCE
2) Institute of Cell Biology, ETH ZURICH, SWITZERLAND
3) Institute of Physics, Basel University, BASEL, SWITZERLAND

Myomesin is the most prominent structural component of the sarcomeric M-Band that is
expressed in mammalian heart and skeletal muscles. Like titin, this protein is an
intracellular member of the Ig-fibronectin superfamily, which has a flexible filamentous
structure and which is largely composed of two types of domain that are similar to
immunoglobulin (Ig)-like and fibronectin type III (FNIII) domains. Several myomesin
isoforms have been identified, and their expression patterns are highly regulated both
spatially and temporally. Particularly, alternative splicing in the central part of the molecule
gives rise to an isoform, EH (embryonic heart)-myomesin, containing a serine and prolinerich insertion with no well-defined secondary structure, the EH segment. EH-myomesin
represents the major myomesin isoform at embryonic stages of mammalian heart and is
rapidly down-regulated around birth, but it is re-expressed in the heart of patients suffering
from dilated cardio-myopathy. Here, we explore the mechanical stability and force-driven
structural changes of human myomesin’s sub-molecular segments using single-molecule
force spectroscopy and protein engineering. We find that human myomesin molecules are
composed of modules (Ig and FNIII), that are designed to withstand force and we
demonstrate that the human cardiac EH segment functions like an additional elastic stretch
in the middle part of the EH-myomesin and behaves like a random coil. So, we provide the
evidence that not only titin but also other sarcomeric proteins have complicated viscoelastic properties depending on the contractile parameters in different muscle types.
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Session II: Single molecular recognition, affinity, unfolding forces
Selected talk
Atomic Force Microscopy study of interactions between supercoildependent gene regulatory proteins and DNA
Sergey Chasovskikh1, Michael Bustin2, Anatoly Dritschilo1
1) Georgetown University Washington
2) National Cancer Institute, NIH

Modulating the extent of DNA supercoiling has been proposed as a mechanism for
regulation of the gene expression. Secondary structures of DNA, such as cruciforms, can
effect in transcription by creating new protein binding sites. Several proteins have been
shown to bind to supercoiled DNA, including high mobility group protein B1 (HMGB1)
and DEK protein, by recognizing specific DNA structures (cruciform and bent). Poly(ADPribose) polymerase (PARP-1) has an affinity for binding to supercoiled DNA. We have
used supercoiled topoisomers of pUC8F14 plasmid, containing one cruciform structure, for
investigation of proteins interactions with DNA. Using volume measurement analysis of
molecules of HMGB1, DEK and PARP-1 proteins, we determined the numbers of protein
molecules interacting with supercoiled plasmid. We found that HMGB1, predominantly
binds as large multiprotein complexes (1-5 dimers) to the nodes in supercoiled DNA. We
determined that HMGB1 can bend DNA after binding to the top of a DNA loop of a
supercoiled plasmid. DEK protein can binds to nodes or top of the DNA loop as 1-2 dimers.
In 2% of complexes, we observed the interaction of HMGB1 protein with junction regions
of cruciform the structures. In contrast, PARP-1 protein binds to the ends of the hairpin
arms of the cruciform structures and does not interact with junction regions. We found that
PARP-1 protein can binds to cruciform structures maximum as two dimmers.
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Session III: High resolution imaging
Selected talk
The supramolecular architecture of junctional microdomains in native
lens membranes
Nikolay Buzhynskyy1, Richard Hite2, Thomas Walz2, Simon Scheuring1
1) Institut Curie, UMR-CNRS 168, 26 rue d’Ulm, 75248 Paris, France
2) Harvard Medical School USA

Gap junctions formed by connexons and thin junctions formed by lens-specific aquaporin 0
(AQP0) mediate the tight packing of fibre cells necessary for lens transparency. Gap
junctions conduct water, ions and metabolites between cells, whereas junctional AQP0
seems to be involved in cell adhesion. High-resolution atomic force microscopy (AFM)
showed the supramolecular organization of these proteins in native lens core membranes, in
which AQP0 forms two-dimensional arrays that are surrounded by densely packed gap
junction channels. These junctional microdomains simultaneously provide adhesion and
communication between fibre cells. The AFM topographs also showed that the extracellular
loops of AQP0 in junctional microdomains adopt a conformation that closely resembles the
structure of junctional AQP0, in which the water pore is thought to be closed. Finally, timelapse AFM imaging provided insights into AQP0 array formation. This first high-resolution
view of a multicomponent eukaryotic membrane shows how membrane proteins selfassemble into functional microdomains.
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Session III: High resolution imaging
Selected talk
HIGH RESOLUTION AFM IMAGING OF NATIVE SINGLE-STRANDED DNA
BINDING (SSB) PROTEIN – DNA COMPLEXES
Loïc Hamon1, David Pastré1, Pauline Dupaigne2, Eric Le Cam2, Olivier Piétrement2
1) Laboratoire de Structure et Activité des Biomolécules Normales et Pathologiques, EA 3637,
Université d'Evry, Rue du Père Jarlan, 91025 Evry Cedex, France
2) Laboratoire de Microscopie Moléculaire et Cellulaire, UMR 8126 CNRS-IGR-UPS, Institut
Gustave-Roussy, 39 rue Camille Desmoulins, 94805 Villejuif Cedex, France

Single-stranded DNA binding proteins (SSB) play a central role in cellular processes
involving the generation and protection of single-stranded DNA (ssDNA). To characterize
binding mode transition, cooperativity or DNA wrapping around oligomers, imaging
nucleoprotein filaments formation at high resolution in native conditions is of particular
interest. However, only few atomic force microscopy (AFM) investigations of ssDNA
nucleoprotein filaments have been conducted up to now, due to the difficulty of spreading
them on mica properly, which leads to a poor resolution. In this study, we present AFM
images of native ssDNA / SSB complexes (E. coli SSB, Bacteriophage T4 gene 32 protein)
on mica obtained by using spermidine at a low concentration (<0.3mM). Trivalent cations
like spermidine induce a stronger adsorption of the complex than divalent ones, which are
ineffective in the ssDNA / SSB complex adsorption on mica. The additional benefit is its
ability to adsorb partially or fully saturated nucleoprotein filaments within a large range of
monovalent salt concentrations. This new method opens perspectives for the AFM
characterization of SSB proteins behavior on ssDNA, in association with conventional
biochemical techniques
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Session III: High resolution imaging
Selected talk

Specific patterning of LH2 and LH1 protein complexes
M. Escalante-Marun1, P. Maury2, K.O. van der Werf1, J. Huskens2,3, J. Olsen4, C.N.
Hunter4, V. Subramaniam1 and C. Otto1
1) Biophysical Engineering Group
2) Laboratory of Supramolecular Chemistry and Technology
3) Molecular Nanofabrication Group. MESA+ Institute for Nanotechnology.
University of Twente, P.O. Box 217, 7500 AE Enschede, The Netherlands
4) Department of Molecular Biology and Biotechnology, University of Sheffield, Sheffield S10
2TN, UK

The biological roles of proteins are extraordinarily diverse, and include catalysis,
mechanical support, signaling, and sensing. Proteins are also of great interest because of
their potential to be integrated in hybrid structures to create devices of unprecedented small
scale and high efficiency. However, both fundamental research and applications of proteinnanodevices are continuously challenged by the inherent difficulty of positioning these
small objects. We are investigating strategies to assemble biological molecules on a surface
to create (nano)patterns. Here we present optically active patterns of single photosynthetic
membrane proteins (light harvesting antennas LH1, LH2) from Rhodobacter Sphaeroides
purple bacteria. Protein complexes were immobilized via electrostatic interactions onto
chemically patterned glass substrates created by Nanoimprint Lithography (NIL). The
micro- and nanometer scale structures created are investigated with a custom-built
combined atomic force and confocal fluorescence microscope (AFFM) which provides
simultaneous topographical, optical and spectral information. Spectral images of the
patterned protein complexes indicated that the LH1 and LH2 complexes remain functional
after the patterning and immobilization procedure. This work points towards the possibility
to create biophotonic devices in a controlled manner with nanometer spatial resolution.
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Session III: High resolution imaging
Selected talk
Characterization of transcription regulatory complexes of bacteriophage
Phi29 by Atomic Force Microscopy
Paloma Gutiérrez del Arroyo 1, Marisela Vélez2, Margarita Salas3, José L. Carrascosa4,
Ana Camacho3
1) Centro Nacional de Biotecnología (CSIC). Instituto Univ. de Ciencia de Materiales Nicolás
Cabrera, Facultad de Ciencias, Universidad Autónoma de Madrid
2) Instituto Univ. de Ciencia de Materiales Nicolás Cabrera, Facultad de Ciencias, Universidad
Autónoma de Madrid
3) Instituto de Biología Molecular “Eladio Viñuela”, Centro de Biología Molecular “Severo Ochoa”
(CSIC-UAM)
4) Centro Nacional de Biotecnología (CSIC)

Atomic Force Microscopy (AFM) is used in this project to study DNA-protein complexes
that appear during the transcription of the genome of Bacillus subtilis bacteriophage Phi29.
Phage early promoters A2c and A2b and late promoter A3 are coordinately regulated by a
multimeric complex of viral proteins p4 and p6, which elicits the switch from the early to
the late transcription, repressing promoters A2c and A2b, and simultaneously activating
promoter A3. Here we present the results obtained on the structural characterization of the
nucleoprotein complexes formed with a 1189bps fragment of the phage DNA containing all
three promoters and the two transcriptional factors, proteins p4 and p6. We have found a
local bend induced in the DNA by protein p4 (specifically bound), as well as a
conformational rearrangement of the p4-DNA complex into a hairpin-like structure that
brings in closer proximity promoters A2c and A3 and occludes the A2b), due to the
consecutive binding of the nucleoid protein p6. Further modifications on the ternary
complex related to the additional interaction with the RNA polymerase were also observed.
A plausible model for the functional conformation of the nucleoprotein complex required
for the regulation of transcription is proposed.
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Session IV: Model membranes and protein-membrane interactions
Selected talk
Quantitative analysis of coarsening and spatial domain distribution in a
ternary membrane
Mikkel Herholdt Jensen1, Eliza J. Morris2, Adam Cohen Simonsen 3
1) Department of Physics, Boston University
2) Department of Applied Sciences, Harvard University
3) MEMPHYS -Center for Biomembrane Physics University of Southern Denmark

A number of morphological and statistical aspects of domain formation in a single and
double supported ternary membrane have been investigated. Such ternary membranes are
typically composed of an unsaturated phospholipid, a saturated phospho- or sphingolipid
and a sterol. They display macroscopic phase separation in two fluid phases and are widely
used as raft models. We find that membrane interactions with the support surface can have
a critical influence on the domain shapes if measures are not taken to screen these
interactions. Combined AFM and fluorescence microscopy demonstrates small (500 nm)
irregular domains and incomplete formation of much larger round domains. The
interaction-artefacts can be effectively removed by employing double supported
membranes under physiological salt concentrations. These fully decoupled supported
membranes display macroscopic circular domains closely mimicking the domains found in
free-standing membranes. The planar membrane geometry allows a quantitative
characterization of domain coarsening upon rapid cooling into the coexistence region. We
determine the domain growth exponent α=0.31 which is in close agrement with the
theoretical value of 1/3. Analysis of the spatial domain pattern in terms of Voronoi
polygons demonstrates a close similarity to equilibrated cellular structures with a
maximized configurational entropy.
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Session IV: Model membranes and protein-membrane interactions
Selected talk
How can Atomic Force Microscopy Help to Understand Sepsis?
Arne Böhling, Stefanie Gutsmann, Ulrich Seydel, Thomas Gutsmann
Research Center Borstel Germany

There is a battle between the immune system and invading pathogens, e.g. microorganisms
such as bacteria, or phathogenic factors, i.e. structures released from the microorganisms.
We focused on two important aspects of the Gram-negative sepsis, which causes about 50%
of all septic diseases. Gram-negative bacteria are surrounded by a cell envelope, consisting
of the cytoplasmic or inner membrane, a thin peptidoglycan layer, and an additional barrier,
the outer membrane (OM). The lipid composition of the OM is asymmetric: the inner
leaflet is composed of a mixture of phospholipids and the outer leaflet of glycolipids, in
most cases lipopolysacchrides (LPS). The OM and in particular the LPS plays a dual role:
(i) All antimicrobial agents attacking Gram-negative bacteria have to permeate through the
OM or to destroy it; (ii) When LPS is released from the OM during cell division or induced
by antibacterial agents, it interacts with immune cells and simulates them to release
mediators, e.g. proinflammatory cytokines. The activation of the immune cells can finally
lead to sepsis. To get insight into the molecular interaction mechanisms between lipid
membranes and peptides or proteins, the complex biological system of human cells or
bacteria has often to be reduced. Therefore, membranes are reconstituted from purified lipid
preparations to perform biophysical experiments on simplified models. We used the atomic
force microscope to investigate the structure and function of these lipid membranes and
their interaction with antimicrobial peptides as well as with proteins being involved in the
LPS-induced signal transduction in human immune cells.
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Session IV: Model membranes and protein-membrane interactions
Selected talk
Dynamic strength of the interaction between lung surfactant protein D
(SP-D) and saccharide ligands
Esben Thormanna, Jakob K. Dreyerb, Søren Hansenc, Adam C. Simonsena, Per L.
Hansena, Uffe Holmskovd and Ole G. Mouritsena
a

MEMPHYS, Department of Physics and Chemistry, University of Southern Denmark, Campusvej 55, DK5230 Odense M, Denmark.
b
Novo Nordisk, Device Chem & Biol, Hillerod, Denmark.
c
Immunology and Microbiology, Institute of Medical Biology, University of Southern Denmark,
Winsloewsparken 21,1DK-5000 Odense C, Denmark.
d
Center for Medical Biotechnology, Institute of Medical Biology, University of Southern Denmark,
Winsloewsparken 25, 3, DK-5000 Odense C, Denmark.

In order to investigate the dynamic strength of the interaction between lung surfactant
protein D (SP-D) and different sugars, maltose, mannose, glucose and galactose, we have
used an atomic force microscope to monitor the interaction on a single molecule scale. The
experiment is performed by measuring the rupture force when the SP-D--sugar bond is
subjected to a continuously increasing force. Under these dynamic conditions, SP-D binds
strongest to D-mannose and weakest to maltose and D-galactose. These results differs from
equilibrium measurements wherein SP-D exhibits preference for maltose. The binding site
is optimized for monosaccharide binding and we propose that binding of the disaccharide
maltose changes the interactions potential in a way which lowers the dynamic stability but
not the equilibrium stability. We emphasize that determining the strength of a proteinligand bond under a dynamic stress using an atomic force microscope is possible more
relevant for mimicking the actual non-equilibrium physiological situation in the lungs.
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Session IV: Model membranes and protein-membrane interactions
Selected talk
Atomic force microscopy characterization of supported planar bilayers
that mimic the mitochondrial inner membrane
Òscar Domènech, Lorena Redondo, M.Teresa Montero, Jordi Hernandez-Borrell
Facultat de Farmàcia, Universitat de Barcelona. Spain

In this study we examined the properties of supported planar bilayers (SPBs) formed with
phospholipid components comprising the mitochondrial inner membrane. We have used 1palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC), 1-palmitoyl-2-oleoyl-sn-glycero3-phosphoethanolamine (POPE) and cardiolipin (CL). Liposomes of binary POPE:POPC
(0.6:0.4, mol:mol) and ternary (POPE:POPC:CL (0.5:0.3:0.2, mol:mol:mol) compositon,
were used for the formation of SPBs onto mica. Characterization of the SPBs was carried
out below (4° C) and above (24° C and 37° C) the phase transition temperature (Tm) of the
mixtures in solution. We have observed: (i) that bilayers’ thicknesses, calculated from
cross-sectional analysis decreased as the visualization temperature increased; (ii) the
existence of laterally segregated domains, that respond to the temperature, in SPBs of
POPE:POPC:CL; (iii) increases in height and roughnesses (Ra) of SPBs after cyt c
injection at room temperature. The get further insight on the nature of the interaction
betwee cyt c and the bilayers the competition between 8-anilino-1-naphthalene sulfonate
(ANS) and the protein for the same binding sites in liposomes was monitored by
fluorescence. The changes in the surface potential of liposomes containing CL (1.5 mV)
revealed the existence of an electrostatic interaction which is dependent of the amount of
CL. Taking together these results and previous works published by the group we will
discuss the preferential adsorption of cyt c in CL domains. This would provide means for
the relevance of this phospholipids as a proton trap in the oxidative phosphorylation in the
energy transducing membranes.
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Session IV: Model membranes and protein-membrane interactions
Selected talk
Concept of dynamic DNA network dedicated to DNA-Protein interactions
studies.
Celine ELIE-CAILLE1, Eric LESNIEWSKA2, Alexandre BERTHIER3, Regis DELAGEMOURROUX3, Wilfrid BOIREAU1
1) FEMTO-ST Institute UMR6174-CNRS, Besancon
2) CARNOT Institute UMR5209-CNRS, Dijon
3) IFR 133 EA3922, Besancon

The approach lies on the development of an original DNA biosensor. This self-assembled
DNA biochip is constituted of a tethered lipid membrane presenting « protein/DNA »
complexes. This unique assembly, using a highly flexible bifunctional molecular spacer and
a fluidic matrix, allows the control of oligonucleotides surface density and their mobility
thus favouring hybridization of the DNA probes in liquid environment and under weak
constraints. Recent Surface Plasmon Resonance experiments lead to building of
protein/DNA dimers presenting two special DNA sequences recognized by regulation
proteins. We demonstrated the capacity and relevance of this biosensor in the case of an
estrogen receptor/DNA specific recognition, opening the possibility of specific drugs
screening. We present here preliminary characterizations of these thin biomolecular films
through Atomic Force Microscopy in liquid. The homogeneity of the lipidic film was
controlled, the surface coverage in protein was evaluated and specificity of binding is under
examination at the present time. Indeed, the visualization of the self-assembled « edifice »
at a molecular scale and in a bio-mimetic environment is a precious and complementary
way to improve the understanding of the protein/DNA interaction mechanisms.
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Session IV: Model membranes and protein-membrane interactions
Selected talk
Using Atomic Force Microscopy to Quantify Amyloid Formation at
the Nanoscale
Martijn van Raaij, Ine Segers-Nolten, Vinod Subramaniam
University of Twente Enschede NL
The aggregation of proteins inside or outside neural cells is the pathological hallmark
of many human neurodegenerative disorders. We use both commercial and custombuilt atomic force microscopes to investigate the morphology of aggregates formed
by alpha-synuclein, a protein implicated in Parkinson’s disease. We developed a
quantitative morphological analysis procedure (1) to precisely measure differences
between fibrillar aggregates formed by disease-related mutants and wildtype forms of
alpha-synuclein. Current work extends these procedures to measure fibril length
distributions as a function of initial protein concentration. These data will be used to
test a statistical-mechanical model of fibril formation to assess the energies of various
interactions between alpha-synuclein monomers as they aggregate. An inherent
limitation of AFM is that it probes only the exterior surface of any structure on a
support. To overcome this restriction, a combined AFM and single molecule confocal
fluorescence microscope was developed in our group. This instrument allows us
access to the ‘inside’ of the fibrils by fluorescent labeling of alpha-synuclein and its
mutants. In this way we expect to shed light on cofibrillation of fluorescently labelled
protein variants. (1) van Raaij, M. E., G. M. J. Segers-Nolten, V. Subramaniam
(2006). "Quantitative Morphological Analysis Reveals Ultrastructural Diversity of
Amyloid Fibrils from alpha-Synuclein Mutants." Biophys. J. 91(11): L96-98.
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Session I: Cells, cellular interactions
Study of bioactive composites based on polylactide/pseudowollastonite
for bone tissue engineering
Deborah BARONE, Pascal Viville, Michel Anseau, Roberto Lazzaroni, Philippe Dubois
University of Mons Hainaut Belgium

I1

Novel bioactive and bioresorbable composites based on semi-crystalline poly(L,Llactide) (PLA) and pseudowollastonite (psW) particles were fabricated by meltblending. The bioactivity of these PLA/psW composites was evaluated by soaking in a
simulated body fluid (SBF) at 37 °C and pH: 7.25. The hydrolytic degradation of the
polylactide matrix, the evolution of the pH and the ion concentrations in the SBF
solutions were evaluated by techniques such as gel permeation chromatography (GPC)
and atomic emission spectroscopy inductively coupled plasma (AES-ICP). The results
show that the immersion of the composites does not affect the local pH values of the
solutions, which remain within the physiological range. The materials release Ca2+
and (SiO4)4- ions in a controlled way over time. In this work, we also characterized
the degradation of the polylactide matrix, the dissolution of psW crystals and the
formation of hydroxyapatite (HA) at the surface of the composites, by means of atomic
force microscopy (AFM) measurements. The results show that the PLA/psW
composites exhibit a significant bioactivity because the formation of HA is induced
after immersion in SBF. These morphological studies, coupled with the
characterization of the molecular parameters, and the analysis of the evolution of the
pH and ion concentrations allow to establish a comprehensive model of the bioactivity
of the PLA/psW composites in the framework of their use in bone-guided regeneration.

Mechanical Properties of Human Lamina Cribrosa Cells of the Optic
Nerve Head
Richard Barry

I2

Centre for Research on Adaptive Nanostructures and Nanodevices, Trinity College,
Dublin, Ireland
Purpose: To investigate the nanomechanical properties and mechanoresponsiveness of
Lamina Cribrosa (LC) cells. Methods: LC cells harvested from normal human optic
nerve heads were imaged and indented using Atomic Force Microscopy (AFM).
Firstly, we scanned individual LC cells to acquire a detailed topographical image of
our LC cells. We then indented cells at upto 20 points, 2-5µm apart, in a line across a
number of cells to calculate the variation in cell elasticity throughout the cell body. We
applied repeated, point-specific, 5-10 nN forces to a number of cells to investigate the
mechanoresponsiveness over time. For each indentation a force curve was formed and
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using the Hertz model we calculated the elasticity of the cell. To account for cell
variability, both within the cell and between cells, large populations of cells were
examined. We used a force mapping model to quantify the variation in elasticity
throughout the individual cells. We also transfected our LC cells with a fluorescent tag
for F-actin and using these fluorescent cells focussed our AFM nanoprobe to indent
actin rich regions of our cells. Results: We found a large variation in elasticity across
the cell surface. Repeated force-specific indentations to areas of high elasticity resulted
in an almost linear increase in elastic modulus. This response to repeated AFM
indentation was rapid with a four-fold increase in elasticity in responding cells over a
~20 second period. Cells indented in areas of a lower elasticity did not respond to
repeated AFM indentation. Conclusion: The variation in elasticity across the cell
surface corresponds to the distribution of the cytoskeletal filaments intracellularly. We
believe that responding cells are indented at actin filament rich areas. These results
highlight the importance of the actin cytoskeletal filaments as mechanosensing and
mechanoresponding units of the LC cell.

A TEST BED FOR BIO CELL MANIPULATION
Joe CECIL1, LUNWEI ZHANG1, MIGUEL CRUZ2
1) NEW MEXICO STATE UNIVERSITY LAS CRUCES NEW MEXICO USA

2) TEXAS TECH MEDICAL CENTER AT EL PASO

I3

Bio, micro and nano technologies are among the most important of the recently
emerging domains in science and engineering. The focus of this paper is on biological
cell manipulation and the creation of a simulation framework to assist in such
activities. The field of biology presents interesting challenges especially in the context
of using micro / nano technological tools and approaches. One of the recent areas of
interest is the exploration of methods to manipulate (pull, push, move, etc) individual
cells. This paper outlines the design of a Bio Manipulation Research Test Bed for cell
manipulation contexts; the development of interactive force models to enable the
understanding of the mechanics underlying cell manipulation is also discussed. The
adhesive forces can be minimized through design of innovative gripping approaches
and gripper/probe shapes. The design of an integrated Virtual-Physical interface
involving a Virtual Reality environment and a physical AFM based manipulation
environment is also discussed. The creation of a simulation framework holds the
potential of enabling the virtual comparison of alternate cell manipulation approaches
prior to conducting physical activities.
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The Development of Scanning Ion Conductance Microscope Module
for Imaging Live Cells
Sang-Joon Cho, Eunpa Kim, Yong-Seok Kim, Jung-Rok Lee, Sang-il Park
PSIA Corp Suwon Korea

I4

A new scanning ion conductance microscope (SICM) module has been developed from
a conventional Atomic Force Microscope (AFM) platform, which use a glass
micropipette as a sensitive probe instead of silicon based stylus. Since it utilizes a
conventional AFM platform, SICM module is freely exchangeable with the AFM
Module. Therefore, we introduce the first machine to image the same sample with two
different scanning probe microscopic techniques at the same place. A glass
micropipette as a SICM probe filled with electrolyte senses ion current to feedback its
position when it images samples immersed in buffer solutions. Like Scanning
Tunneling Microscope operation in air, the SICM images the sample without physical
contact in liquid. The SICM is particularly valuable to imaging soft biological sample,
such as live cells. On the contrary, AFM is not very convenient for imaging soft
biological samples due to too many interactions with samples, but it still provides
invaluable data from the physical contact with the sample. No other technique other
than AFM can easily measure single molecular interactions. We have successfully
imaged various samples in buffer solutions using both SICM and AFM modules at the
same place and will introduce comparing results in this conference for the first time.
This instrument can be utilized in diverse biomedical research area and will bring huge
attention to Scanning Probe Microscopic technologies and nanobio science.

BioAFM Nanomechanical Responses of Green Tea Extract Induced
Annexin-I Expression on Actin Regulation in Human Lung and
Prostate Adenocarcinoma Cells in vivo
Sarah E. Cross1, Qing-Yi Lu2, Yu-Sheng Jin3, JianYu Rao3, James K. Gimzewski1

I5

1) Chemistry and Biochemistry Department, the Institute for Cell Mimetic Space Exploration
and California NanoSystems Institute, University of California, Los Angeles, USA
2) Center for Human Nutrition, University of California, Los Angeles, USA
3) Department of Pathology and Laboratory Medicine, University of California, Los Angeles,
USA

Cancer chemoprevention is an important strategy for cancer control and one key
component of these therapies is determination of surrogate end point markers which
are central in predicting a subject’s risk of developing disease and monitoring the
effectiveness of a particular therapy(1). Green tea, one of the most commonly used
beverages around the world, is widely known for its health benefits. In conjunction
with collaborators our research incorporating green tea has shown promising
anticancer effects on various cancers including bladder and lung cancers(2-6). Green
tea extract (GTE) and some of its major catechin components such as epigallocatechin3-gallate (EGCG) are known to produce numerous biological activities in several cell
models, including antioxidation, antiproliferation, antiangiogenesis and apoptosis(1, 7AFM BioMed Conference
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8). Previously we demonstrated with a human lung adenocarcinoma model that GTE
induces actin remodeling. This study uses AFM to probe the potential mechanisms of
the anticancer effect of GTE and identify potential biomarkers for GTE based
chemoprevention trials via monitoring associated nanomechanical properties. We
previously showed that actin remodeling correlated with increased cell adhesion and
decreased motiliy(9), although the exact biomechanical mechanism remained unclear.
In our current study we identify and probe a particular actin binding protein (ABP),
annexin-I, as the protein target responsible for the actin remodeling effect. Using AFM
we show nanomechanical responses of GTE induced annexin-I expression on actin
regulation in human lung and prostate adenocarcinoma cells in vivo and further
hypothesize that these protein targets might be used as potential surrogate end point
markers for GTE based chemoprevention trials.

An Atomic force microscopy study of the endometrial cell surface;
applications in female reproductive biology and regenerative
medicine.
Lewis Francis1, Richard Phillips1, Steven Conlan1, Phill Stevens2 Chris Wright 1
1) Swansea University
2) Cardiff University

I6

Mammalian cell interactions and attachment are key processes within clinical systems
and represent a challenging research area within human medicine. The endometrium, a
key interface in female reproductive biology, is the site for blastocyst attachment
following a complex network of hormonal and molecular signalling during ‘normal
cellular function’. MUC1, a transmembrane glycoprotein and a host of adhesive
proteins affect cellular adhesion and endometrial receptivity; defects in these systems
lead to abnormal function. Female infertility and uterine cancer are both current and
developing problem areas, approximately 1 in 6 couples are infertile with around 20%
of these cases unexplained (UIF) while uterine cancer accounts for 4% of the total UK
cancer figures. AFM sample preparation methods have been optimised and allow quick
and simple high resolution cellular imaging at the nanoscale for comparison with
Scanning electron Microscopy. Characterising cell surface differences between cell
lines, biopsy and whole tissues allows novel insights into epithelial morphogenesis and
will provide the platform for further adhesive and molecular cell surface research. In
the case of regenerative medicine, AFM imaging has also been used to characterise
biodegradable scaffolds and the proliferation of cells at their surface. Highly ordered
3D scaffolds, with micro and nanoscale pores, were produced in a range of polymers
using a novel colloidal templating technique. AFM observed the remodelling of the
scaffold with the development of the seeded fibroblasts. This research area has been
extended by the use of force mapping, liquid imaging and the combination of AFM
with confocal microscopy.
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Real-Time Examination of Cell Fusion Using AFM
Brigitte Städler, Thomas Blättler, Max Häberlin, Janos Vörös, Alfredo FrancoObregón
Institute for Biomedical Engineering, ETH Zürich

I7

Nowhere is the process of membrane fusion more accessible in an intact system than
when examining myogenesis. In response to a drop in trophic factors, individual
myoblasts withdraw from the cell cycle, align themselves into linear arrays and fuse
their membrane to form multinucleated myotubes, the first stage in the formation of an
adult muscle fiber. Importantly, the two initial conditions that must be met to enable
myoblast fusion independently of protein synthesis include: 1) A rise in intracellular
calcium; 2) and the existence of negatively charged phospholipids, namely
phosphatidylserine, in the other leaflet of the myoblast membrane. Using an in vitro
AFM approach we have been able to following the fusion events of aligned myoblasts
and discern local reorganization of the membrane-associated cytoskeletal network at
points of apposition in fusing cells. Specifically, tubular complexes of membranecytoskeleton appear shortly following alignment that connect fusing myoblasts and
then grow in girth and number as fusion proceeds to completion, usually two to three
hours. The Annexins are a class of protein fusion-regulators that bind
phosphatidylserine in a calcium-dependent manner and have putative calcium-channel
capabilities. Annexin V labels the surface of myoblasts prior to myotube formation and
in some instance appears to be more highly concentrated in the tubular membrane
networks that establish intracellular continuity between fusing myoblasts. We discuss
the implications of these findings.

AFM EXPLORATION OF THE SURFACE OF S. EPIDERMIDIS ATCC12228
IN LIQUID WITHOUT ANY CHEMICAL OR MECHANICAL FIXATION
TREATMENT
Amparo M. Gallardo-Moreno, Antonio Méndez-Vilas, Maria Luisa, GónzálezMartín
Department of Applied Physics / University of Extremadura Badajoz Spain
I8

The surprisingly high hydrophobicity of the biofilm-forming S. epidermidis
ATCC12228 has been used to naturally fix it onto the surface of glass. The absence of
any chemical or mechanical fixation has been decisive to provide a more realistic
nano-meter scale behaviour of the surface of a gram-positive bacterium in liquid
environment. The study shows how the surface of S. epidermidis exhibits both, elastic
and plastic deformations and these yields to two different patterns in the adhesion force
curves. These results can be very useful for revealing interesting aspects of the
physical properties and structure of the cell walls.
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Following the aging of RBCs by monitoring the roughness value of
their plasma membrane
Marco Girasole1, Giuliano Pompeo1, Antonio Cricenti1, Giovanna2, Boumis Gino
Amiconi2
1) Istituto di Struttura della Materia - C.N.R.
2) Dip. Scienze Biochimiche, Università di Roma “La Sapienza”

I9

We recently developed a protocol to use the roughness of the plasma membrane of
RBCs as an independent morphological parameter to label a sample as a whole and to
investigate the membrane-skeleton structure in healthy and pathological cells. The
method is based on the collection and the analysis, performed in statistical terms, of
AFM images of erythrocytes. In the present study we used the surface roughness to
investigate the physiological phenomenon of the aging of RBCs. It is well-known that
RBCs are unable to self-replicate. The turnover mechanism relays on the behaviour of
the spleen’s macrophages which, recognising specific markers on the RBC membrane,
remove from the blood circulation the aged cells. Mechanisms leading to the
occurrence of an aging-marker on the membrane have been proposed and yet it seems
interesting to investigate the behaviour and the possible role played by the cell
membrane-skeleton. In particular, we followed the aging of RBCs by monitoring the
roughness of their plasma membrane. The aging process has been accelerated and/or
modulated by acting on the blood’s proteasis and by artificially consuming the
erythrocytes’ ATP content. The results of such a study will be compared to the cells’
aging occurring when using the protocol of blood conservation normally employed for
transfusions (addition of ACD solution, with or without DPG, in a slightly acid pH).

ON THE PARTICULARITIES OF THE MECHANICAL TRAPPING OF
BACTERIAL CELLS FOR AFM ANALYSIS
María Luisa González-Martín, Antonio Méndez-Vilas, Amparo M. GallardoMoreno
Department of Applied Physics / University of Extremadura
I10

The influence of the protocol used for immobilization of bacterial cells onto surfaces is
discussed, in particular, the mechanical trapping of cells onto porous filters is under
revision. Two slime-producer strains of S. epidermidis are mechanically trapped onto
0.8 ƒÝm pore size filters before AFM exploration. Results show that mechanical
trapping of cells induces mechanical changes on the surface walls of bacteria, and this
can alter the real physico-chemical properties of the microbial surface. Such changes
can be enhanced by the mechanical deformation that pores suffer during the filtration
process. When the experiments are carried out with slime-producer bacteria,
exopolymeric substances tend to accumulate in their surrounding areas, making the
interaction with the tip stronger at these locations.
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Combined AFM and Fluorescence measurements on postnatal rat
pulmonary type II cells after stimulation with ATP
Francois Grauvogel, Matthias G. Langer, Edward Felder, Paul Dietl
Institute of General Physiology, University of Ulm
Type II cells are known to change their secretory function after stimulation of their
purinergic receptors. This stimulation is leading to the exocytosis of the lamellar
bodies, however, it is not yet clear how their physical properties change
simultaneously. We are using Atomic Force Microscopy (AFM) in constant force
I- mode with additional lockin modulation to record simultaneously the topography, the
11 stiffness and the viscosity of a whole cell during the stimulation process. The
monitoring of the lamellar body fusion on the same cell is done by use of FM1-43 dye
in the bath solution and a fast setup configuration switch. The experiments clearly
show that the physical properties of the cell are changing after ATP stimulation. The
additional use of AFM lockin signal modulation is critical to access elasticity and
viscosity. We can consequently present a unique set of pictures showing already
described phenomena such as surfactant release (cross-checked with fluorescence
images), cell swelling and most importantly, yet unknown phenomenon such as the
change in stiffness. Supported by the DFG, grant D1402, the FWF, grant P15743 and
the EU ("Pulmo-Net").

SENSING HYDROPHOBICITY OF FILAMENTOUS BACTERIA WITH AFM
Jildiz Hamit1, Krister Eskilsson2, Olof Norrlöw2, Thomas Arnebrant1
1) Department of Biomedical Laboratory Science and Technology
2) KEMIRA Kemi AB, SE-251 09 Helsingborg, Sweden

Certain filamentous bacteria occurring in activated sludge, causes problems with
foaming and bulking at wastewater treatment plants. Foaming is believed to be due to
the hydrophobicity of the filamentous bacteria leading to adsorption of air bubbles on
the bacterial surface (1). Tapping mode atomic force microscopy has been proven to
I- be a suitable method to characterize bacterial surfaces in native state without damaging
12 the bacterial cell surface (2). The method has in this study been used to image the
bacterial surface in liquid as an initial step in characterization of certain filamentous
bacteria, i.e. Microthrix Parvicella and Nocardioforms. Force volume measurments
with bare and functionalized tips will in further studies be used to characterize the
hydrophobicity along the cell surface of the filamentous bacteria. The tips will be
functionalized with different groups to investigate preferential interactions to domains
of the cell surface (3 4).
1. Rossetti, S.; Tomei, M. C.; Nielsen, P. H.; Tandoi, V., "Microthrix parvicella", a
filamentous bacterium causing bulking and foaming in activated sludge systems: a
review of current knowledge. Fems Microbiology Reviews 2005, 29, (1), 49-64. 2.
Velegol, S. B.; Logan, B. E., Contributions of bacterial surface polymers,
electrostatics, and cell elasticity to the shape of AFM force curves. Langmuir 2002, 18,
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(13), 5256-5262. 3. McNamee, C. E.; Pyo, N.; Higashitani, K., Atomic force
microscopy study of the specific adhesion between a colloid particle and a living
melanoma cell: Effect of the charge and the hydrophobicity of the particle surface.
Biophysical Journal 2006, 91, (5), 1960-1969. 4. Vadillo-Rodriguez, V.; Busscher, H.
J.; van der Mei, H. C.; de Vries, J.; Norde, W., Role of lactobacillus cell surface
hydrophobicity as probed by AFM in adhesion to surfaces at low and high ionic
strength. Colloids and Surfaces B-Biointerfaces 2005, 41, (1), 33-41.

Morphological changes in renal epithelial cells induced by aldosterone
Belinda Haupt, Brian Nicholls Steve Nesbitt Mike Horton
University college London / London Center for Nanotechnology
Aldosterone is known to stimulate inner medullary collecting ducts (IMCD) via the
classic genomic pathway and has recently been shown to also respond in rapid, nonI13 genomic effect. Currently we are investigating the response of mouse IMCD cells to
aldosterone at different exposure times ranging from 4 minutes to 48 hours and with
and without the aldosterone antagonist spironolactone. We used the atomic force
microscope (AFM) to study morphological changes of the cells by imaging and
measuring cell volumes. We present here preliminary findings obtained with the AFM,
with data indicating cell volume increased on exposure to aldosterone. Spironolactone
did not appear to inhibit the action of aldosterone on the mineralcorticoid (MR)
receptor and prevent cell volume change.

Visualization of adherent Salmonella Typhimurium on inert surfaces
by AFM imaging
Jean-Marie HERRY, Marie-Noëlle BELLON-FONTAINE, Florence DUBOISBRISSONNET
INRA UMR763 Massy France
I14

Fimbriae or flagella of gram-negative bacteria are often visualized by transmission
electronic microscopy. This technique needs chemical fixation and dehydration of
bacteria before observation and bacteria have to be detached from the surface if they
are adherent. Bacterial images can be obtained rather easily with an atomic-force
microscopy (AFM) without any pre-treatment of the bacteria as chemical fixation,
dehydration or staining. Adherent bacteria can be visualized in situ without
detachment. In this work, atomic force microscopy contact mode (PicoLE, Molecular
Imaging, ScienTec, Palaiseau, France) operated under air at room temperature was
used to observe adherent Salmonella to inert surfaces commonly used in food
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industries. We used cantilever (silicon nitrides gold coated oxide-sharpened, ScienTec,
Palaiseau, France) with a spring constant of 0.18 N.m-1. The microscope was operated
at a scanning rate of 1-2 Hz in constant force mode (dc-mode). The modes used were
topography and friction modes. The bacteria shape or the presence of flagella can be
clearly recognized in these magnification ranges. Measurements of length and
thickness of flagella can be achieved.

Detection and quantification of adherent bacteriophages by in situ
AFM
Jean-Marie HERRY, Margareth RENAULT, Julien DESCHAMPS, Thierry
MEYLHEUC, Romain BRIANDET
INRA UMR763 Massy France
I15

The mechanisms involve in bacteriophages adhesion to solid surfaces are poorly
understand although these interfacial phenomena could be linked to high economical
loss in the dairy industry. Indeed, bacteriophages of lactic acid bacteria constitute a
threat during industrial milk fermentation, because infection leads to the lysis of starter
cells. To have a better understanding of phage settlement on various model surfaces,
we estimated their adhesion ability by in situ atomic force microscopy (AFM) and
image analysis. In view of our results, it is clear that those model viral particles can
adhere on processing equipment in dairy plants. These immobilized virus could
therefore be protected from environmental stress i.e. hygienic procedures, and
contaminate the processed goods.

Nanomechanical Properties of Living Cells: High Resolution
Mapping Using Digital Pulsed Force Mode
Michael Holzwarth1, Alexander Gigler2, Othmar Marti1
1) Institute of Experimental Physics, Ulm University, D-89069 Ulm, Germany
2) Section Crystallography, University of Munich, D-80333 Munich, Germany
I16

Local mechanical properties of living cells have been investigated by means of AFM,
using the Digital Pulsed Force Mode (DPFM). In DPFM the sample surface is scanned
by probing its local mechanical properties. At least one force curve is recorded for
each point of the scanned area. Thus, more than 500,000 force curves are recorded for
each single experiment. Afterwards these curves can be evaluated with respect to
numerous quantities. The glass-like substrate serves as a reference material for
calibration purposes. First, the force trajectories have to be corrected for the viscous
drag force acting within a liquid environment. Secondly, the curves within the region
of the substrate are phase corrected to compensate for signal runtimes in the setup,
assuming a purely elastic response of the reference material. Finally, all the force
traces are corrected using this calibration parameters. Then all data are evaluated
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according to common continuum-elastic models. The results allow the determination
of Young's modulus, local adhesion, and hysteretic behaviour at a high lateral
resolution for the entire cell body. The measurement procedure and the described
signal correction strategy of the automated data evaluation will be presented.

Scanning Conductance Microscopy of Chromosomes
Casper Hyttel Clausen, Pranjul Jaykumar Shah, Linda Boye Jensen, Maria Ioannou
Dimaki, Winnie Svendsen
MIC - Department of Micro and Nanotechnology, DTU Lynby DK
In analysing chromosomes, one of the major challenges are the sorting of the
chromosomes before the actual analysis. In this work we will investigate the dielectric
constant of chromosomes using an atomic force microscope (AFM) operating in dual
I- scan mode(s?). The dielectric properties are important to know when designing
17 integrated sorting procedures using electrical forces. The Scanning Conductance
Microscopy (SCM) method is used to estimate the dielectric constant of fixed human
chromosomes. The fixation method of the chromosomes gives rise to a layer of cell
debris on top, which disturbs the electrical signal and a process of using pepsin has
been optimised to remove this disturbance. A thorough characterisation of the setup
has been necessary, as electrostatic forces are long range and background noise
becomes a major issue and also an estimate of the tip and cantilever properties (tip
radius, Q factor and spring constant of the cantilever) have been made by varying the
tip sample distance.

AFM Investigations on Chondrocytes Subjected to Mechanical Stress
Daniel Iscru1, Mirela Anghelina2, Sudha Agarwal2, Gunjan Agarwal3
1) Ohio State University AFM Core Lab DHLRI
2) Ohio State University College of Dentistry
3) Ohio State University Biomedical Engineering Center
I18

The superficial layer of articular cartilage, lamina splendens, is a matrix rich layer that
provides very low friction movement to the articular joint. Gross microscopic
examinations have revealed that the integrity of lamina splendens is severely
compromised in arthritic diseases. While it is well accepted that any therapeutic
intervention used to repair cartilage must return the functionality of lamina splendens,
neither the superficial structure of this layer of cartilage, nor the arrangement of
extracellular matrix (ECM) at high magnifications is as yet investigated. In the
perspective of lamina splendens’ importance for proper functionality of the joint, its
structure must be understood at nanoscale level to evaluate the responses of
therapeutic intervention used to treat, repair or regenerate diseased cartilage. The
ultrastructure of the pericellular cartilage matrix is a composite structure, which
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consists of collagen fibrils interspersed (the dispersed fiber phase) within a matrix
(continuous phase) of proteoglycans secreted by the cells. The characterization of each
cell, i.e., its size, shape, orientation, and distribution with respect to the articular
surface and applied forces is crucial in understanding the effects of mechanical forces
around a cell and how a cell responds to changes in its physical environment. The
proposed hypothesis is that the molecular composition and organization of the
pericellular matrix are critical factors in determining how mechanical signals are
perceived by the cells (chondrocytes) and how cells respond to them.

Evaluation of photodynamic reaction on cancer cell lines by
fluorescent methods and atomic force microscopy
Hana Kolarova, Katerina Tomankova, Robert Bajgar, Ladislav Dolezal, Jan Halek
Department of Medical Biophysics, Faculty of Medicine, Palacky University,
Hnevotinska 3, 775 15 Olomouc, Czech Republic
Photodynamic therapy (PDT) is a new treatment modality of tumours. The
photochemical interactions of senzitizer, light, and molecular oxygen produce singlet
oxygen and other forms of active oxygen, such as peroxide, hydroxyl radical and
superoxid ion. The tumour is destroyed either by reactive singlet oxygen species
(ROS), type II mechanism, and radical products, type I mechanism, generated in an
I- energy transfer reaction. The resulting damage to organelles within malignant cells
19 leads to tumor ablation. The cellular effects include membrane damage, mitochondrial
damage and DNA damage. The promising generation of sensitizers - phthalocyanines
were used to induce the photodamage. In addition, we also applied an ultrasound
treatment to support the photodynamic effect. We report the sensitizer uptake, the
production of reactive oxygen species and the phototoxicity on G361 melanoma cells.
The semiconductor laser was used as a source for evocation of the photodynamic
effect. Morphological changes in cells have been evaluated using fluorescent
microscope and atomic force microscopy. The quantitative cell viability changes in
relation to sensitizer concentration and irradiation doses were proved by fluoroscan.
We found optimum combinations of sensitizer concentration and corresponding
radiation dose which were lethal for cancer cells in tissue cultures. This work was
supported by the Ministry of Education of the Czech Republic MSM 6198959216.
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Examination of dentin surface using AFM
Roman Kubinek1, Zdenka Zapletalova2, Milan Vujtek1, Radko Novotny3
1) Department of Experimental Physics, Faculty of Science, Palacký University, Olomouc,
Czech republic
2) 1st Clinic of Stomatology, Medical Faculty, Palacký University, Olomouc, Czech republic
3) Department of Electron Microscopy methods, Medical Faculty, Palacký University,
Olomouc, Czech Republic
I20

Atomic force microscopy (AFM) as one the technique of Scanning Probe Microscopy
is useful for imaging of surface structures. This method can yield 3D high-resolution
topographic images of sample surfaces by using a scanning technique for conductors
and insulators on atomic scale. A special construction of AFM scanner enables to
follow biological samples in liquid environments. Artifacts caused by dehydration of
samples are removed this way. Dentin of human teeth is a vital hydrated tissue. It is
strongly sensitive to dehydration and drying that are commonly used in preparation of
samples in examinations by Scanning Electron Microscopy (SEM). We describe our
experience in examination of dentin surfaces of extracted human third molars using
contact method of AFM under moist conditions.

An Overview of Bacterial Sterilization via Microwave Irradiation and
The Effect on the Bacterial Cell Wall
Andrew Stevenson Lamb1, Professor Elias Siores1 and Dr Howard A. Foster2
1) The Centre for Material Research and Innovation. The University of Bolton. Bolton,
Lancashire, BL3 5AB England, United Kingdom.
2) Biomedical Sciences Research Institute, University of Salford, Greater Manchester. M5
4WT. UK

The destruction of food bacteria has been the subject of research and development in
many disciplines for a very long time. Solutions have emerged from time to time but
I- ultimately resulted in the on going quest for keeping abreast of new bacteria strains
21 emanating from old. Cell membrane damage has been proposed as to the cause of cell
death, and the work in progress involves the use microwaves at short time periods and
high power levels, to kill the food carried bacteria, Salmonella poona, Escherichia coli
and Staphylococcus aureus. Investigations carried out thus far have allowed the
researchers to discover an optimum kill time and frequency for the test bacteria. The
work involved controlled microwave conditions using fixed frequency generating
equipment to achieve the required microwave power rate at the required time intervals
and electromagnetic radiation delivery via rectangular waveguide. The use of the Baclite test kit was used to ascertain cell membrane damage whilst Scanning Electron
Microscopy (SEM) and Atomic Force Microscopy (AFM) are being utilised to
discover the anatomical and physiological effects of the Microwave Irradiation on the
cell membrane.
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Hyaluronan interaction with the CD44 membrane receptor locally
probed on living glioma cell by AFM
Charles-Antoine Lamontagne-Carpin, Michel Grandbois
Université de Sherbrooke Canada
Understanding the migration process that leads glioma cells (GM) to diffuse and
infiltrate the brain tissue from the primary tumour mass is of the foremost importance.
Hyaluronan (HA) is a ubiquitous glycosaminoglycan of very high molecular weight
largely involved in the formation of the extra-cellular matrix (ECM). Glioma cells
interact with HA through CD44, a cell membrane receptor which if often up-regulated
I- in cancer. Importantly, HA/CD44 interaction provide cell adhesion sites to the ECM,
22 which can only allow cell progression if a proper coordination of these links is made.
Using a HA modified AFM tip as a tool to locally probe single HA/CD44 interactions,
we evaluated the role and impact of CD44 distribution on the surface of GM cells in
the adhesion behaviour to the HA matrix. Results were compared when the receptors
are either localized on microvilli uniformly distributed over the cell surface of resting
cells or on membrane ruffles observed in highly motile PMA stimulated cells. Both
rupture forces and mechanical profiles of the interactions lead to a cell migration
model in which highly motile cells would interact lightly with HA and only at the
leading edge while resting cell would have their entire cell body strongly attached to
the HA. The role of the cytoskeleton in CD44 distribution and HA binding is also
highlighted.

Apoptosis and Necrosis studied by Atomic Force/Lateral Force
Microscopy
Giovanni Longo, Marco Girasole, Giuliano Pompeo, Agostina Congiu-Castellano2,
Antonio Cricenti1
1) Istituto di Struttura della Materia - C.N.R. Rome
2) Dip. Fisica, Università di Roma “La Sapienza”

I23

Atomic Force/Lateral Force Microscopy (AFM/LFM) is an experimental technique
that can provide both topographic (with nanometer scale lateral resolution) and
chemical information on the cell membrane. Apoptosis and necrosis are the major
cells’ death mechanisms that can be discriminated both in biochemical and
morphological terms. Through a high-resolution contact-mode AFM/LFM we have
studied the occurrence of these death processes in different environmental conditions
and cell lines. In particular we studied the interaction of the cytotoxic metals cadmium,
zinc and lead with human pancreatic cells and the selective induction of apoptosis or
necrosis in human granulocytes due to the withdrawal of an essential growth factor
(IL3). The results of the topographic studies evidenced the appearance of
morphological markers indicating the occurrence and progression of apoptosis or
necrosis-induced death. Additionally, the early appearance of strong friction contrasts
have been observed on the plasma membrane of the cells which are incoming the
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apoptosis pathway, while no LFM contrast was recorded on necrosis-induced cases
and on healthy cells. Thus, the coupling of two surface-characterizing techniques, such
as LFM detection and topographic AFM characterization, allows to distinguish
between different biochemical pathways of cell degradation induced by diverse
stimuli.

Ultra structure and properties of the stratum corneum: an Atomic
Force Microscopy study
Gustavo LUENGO, Anne POTTER, Sophie VICIC, Nawel Baghdadli
L'Oréal Aulnay sous Bois
Atomic Force Microscopy (AFM) extends the scope of information given by classical
methods like Scanning Electron Microscopy (SEM) or Confocal Microscopy, allowing
for example, a very high resolution of biological structures in ambient conditions to be
I24 reached. This is an advantage as many cosmetic properties rely on the deposition and
transfer of materials onto the skin surface to repair or improve its properties.
Knowledge of the local properties of skin outermost horny layer (the stratum corneum)
is essential to fully understand its role. In particular, the skin’s barrier function is for a
large part ascribed to adequate structure of its components. We will present some
applications of AFM to the study of in vitro skin properties and in particular the local
ultra structure of the stratum corneum surface and cellular constituents. This
morphologyical analysis will be further compared with a mapping of local mechanical
properties. Eventually these observations will be interpreted through well-known
biological processes.
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Mechanical Properties Of Mesenchymal Stem Cells and Their
Lineages Using Atomic Force Microscopy
Paula Maguire1, Geradline Kelly1, Veronica Campbell2, Brian O'Connell3, Patrick
Prendergast4
1) Centre for Research on Adaptive Nanostructures and Nanodevices, Trinity College, Dublin,
Ireland
Trinity Centre for Bioengineering, Trinity College, Dublin, Ireland
2) Department of Physiology, Trinity College, Dublin, Ireland
3) Dental School, Trinity College, Dublin, Ireland
4) Trinity Centre for Bioengineering, Trinity College, Dublin, Ireland

Mesenchymal Stem Cells (MSCs) are multipotent mechanosensitive cells capable of
generating multiple stromal cell lineages. We have investigated the mechanical
properties and mechanoresponsiveness of MSCs on different substrates and also along
different stromal lineages. Employing Atomic Force Microscopy (AFM) and live cell
imaging we have established the morphology, mechanical properties,
mechanosensitivity and migration characteristics of MSCs on glass and silicone
Isubstrates. Results reported a mechanosensitivity feedback loop controlled by cell
25
substrate interactions, effecting migration, mechanoresponsivess and mechanical
structure of the cell. While studying the subcellular structure of MSCs cultured on
glass, geodesic F-actin structures where observed, with their appearance correlating to
time cultured on the glass substrate. Mechanical properties of these structures were
calculated by dissipation mapping, indicating that mechanically geodesic F-actin
differs significantly from linear F-actin. Having established the mechanical properties
of unstimulated control MSCs, MSCs were treated with medium conditioned for the
osteogeneic lineage. Results indicated that MSCs conditioned for osteogenesis have an
increased elastic modulus compared to control MSCs. The mechanosensitivity of
control MSCs was observed to be significantly higher than MSCs treated with medium
conditioned for osteogenesis. While investigating the mechanical properties of control
MSCs versus MSCs treated with medium conditioned for osteogenesis, variation in the
mechanical properties and magnitude of mechanosensitivity was observed between
animals. This illustrates that at the single cell level, genetic differences between
animals can be determined. By investigating the mechanical characteristics of MSCs a
greater understanding of MSCs can be established, hence greatly enhancing the field
of regenerative medicine.
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Nitric Oxide Signalling in Bone Cells Induced By Atomic Force
Microscopy
Paula Maguire1, James McGarry1, Patrick Prendergast2, Suzanne Jarvis3
1) Centre for Research on Adaptive Nanostructures and Nanodevices, Trinity College, Dublin,
Ireland/ Trinity Centre for Bioengineering, Trinity College, Dublin, Ireland.
2) Trinity Centre for Bioengineering, Trinity College, Dublin, Ireland.
3) Centre for Research on Adaptive Nanostructures and Nanodevices, Trinity College, Dublin,
Ireland

Bone is a self-repairing structural material, capable of adapting its mass and structure
to serve its biomechanical function throughout life. Nitric Oxide (NO) is a vital signal
transducer in the response of bone cells to mechanical stimulation. Employing Atomic
Force Microscopy (AFM) and fluorescence microscopy, we have studied NO
signalling in response to mechanical stimulation. We have observed NO responses in
single osteoblasts induced by application of localised indenting forces to the osteoblast
I26 membrane. Periodic indentation (17 to 50 nN) stimulated three distinct NO responses
in the indented osteoblast: (i) a rapid and sustained diffusion of NO from the
perinuclear region; (ii) diffusion of NO from localised pools throughout the osteoblast
and (iii) an initial increase and subsequent drop in intracellular NO. NO responses
were associated with application of force to more rigid membrane sites, suggesting
cytoskeletal involvement in mechanotransduction. To monitor for the creation of false
positive results, independent controls working in real time with AFM data acquisition
were established to monitor cell viability and fluorescence abnormalities before,
during and after every experiment. By combining AFM force stimulation,
measurement of local elasticity at indentation sites, and real-time monitoring of NO
within single cells, we have reported that osteoblastic cells respond globally within
seconds to a localised mechanical force with synthesis and release of NO from discrete
regions of the cell. Correlating mechanical and biochemical signalling events, while
separating responding from non-responding cells, we have come one step closer to
understanding the complex nature of osteoblast response to mechanical stress.

Micro and Nano-Systems for Cellular Biomechanics
Jérôme Polesel Maris1, Gilles Weder André Meister Peter Vettiger Harry
Heinzelmann
I27

CSEM SA Neuchâtel CH
Cell-surface interactions play a crucial role in the adhesion, motility, function, gene
expression and survival of the cells. Hence, the control of the topographical and
chemical structuration of the substrate interacts directly on the tissue development.
Micro and nano-structuration techniques allow to create the ideal environment for
tissue engineering. Tissue growth and biocompatibility studies of implants need
specific characterization tools. Particularly, nanotools for micro-rheology
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characterization with high throughput are particularly promising to study cause-effect
phenomenon on cell adhesion. In this frame, we present different systems of micro and
nano-structured surfaces designed to control osteoblast and fibroblast behaviour. The
cell spreading is characterized by fluorescence microscopy to do the relation between
the topographical structure of the surface and the focal points locations. We will
present also the development and applications of 2D cantilever array technology for
life science. The integrated system is based on passivated piezoresistive cantilever
arrays. The potential of such piezoresistive cantilevers to explore biological samples
has been evaluated. The mechanical properties of fibroblast cells are studied by means
of force spectroscopy measurements. Such quantitative results are utmost promising
for the characterization of cell mechanical properties and cell adhesion. Finally, a
nanotool, based on silicon cantilevers, for attoliter volumes dispensing will be
presented. In a near future, the combination of nanodispensing with arrays of
cantilevers is expected to find promising applications in statistical measurements and
excitation for cellular biomechanics. We thank the Nanotools team of the Institute de
Microtechnology (IMT) of Neuchâtel for their collaboration.

Roughness of the Plasma Membrane is Sensitive to the Integrity of
RBCs Membrane-Skeleton: a Quantitative AFM Investigation
Giuliano Pompeo, Marco Girasole, Antonio Cricenti, Gino Amiconi, Giovanna
Boumis
Dept. Biochemistry, Rome University "La Sapienza" ISM – CNR
The surface roughness is an important parameter for the many applications which
require a characterization and/or a comparison of surfaces. The use of such a
parameter has received a new impulse from the application of SPM techniques and, in
particular, of AFM which is increasingly used in biology. A novel approach to the
I- study of RBCs based on the collection of three-dimensional high resolution AFM
28 images and on the measure of the surface roughness of their plasma membrane is
introduced. In the present study we show that the Roughness of RBCs is characteristic
of the single cells composing a sample but independent from the overall geometric
shape of the erythrocytes, thus providing additional information with respect to a
conventional morphology study. Therefore we tested the average roughness value as a
label of a whole sample on different kind of samples. Analysed data revealed that the
quantitative roughness value does not change after treatment of RBCs with various
commonly used fixation and staining methods. Finally, we studied cells with
cytoskeletal alteration either naturally occurring or artificially induced by chemical
treatments: a drastic decreasing of the average roughness value occurs. This last result
explains the usefulness of a surface roughness study for ascertaining the RBCs’
membrane skeleton integrity.
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AFM imaging of platelet adhesion to matrix proteins at arterial shear
stress
Katrin Schürzinger1, Francisco Rubio Sierra2, Polina Davydovskaja; Steffen
Massberg3, Robert W. Stark2
1) German Heart Center, Technical University of Munich, Germany
2) CeNS and Section Crystallography in the Department of Earth and Environmental Sciences,
Ludwig Maximilians University of Munich Germany
3) German Heart Center, Technical University of Munich, Germany and Dept. of Pathology,
Harvard Medical School, Boston, USA

Vascular injury leads to disruption of the endothelial monolayer and subsequent
exposure of extracellular matrix (EM) proteins. Platelet adhesion to proteins of the
EM, such as collagen, fibrinogen and von Willebrand factor (vWf), is initial step of
arterial thrombus formation. During adhesion, platelets become activated, degranulate
I- and undergo profound alterations in cellular architecture. In the present study we use
29 the Atomic Force Microscope (AFM) to obtain high resolution images of attached
platelets in order to evaluate EM protein-dependent morphological changes during
platelet adhesion at high shear stress. The AFM enables to study the attached platelets
with nm resolution over a µm range. The studied samples consisted of isolated human
platelets perfused at arterial shear rates through a flow chamber. The flow chamber is
equipped with coverslips coated with collagen, fibrinogen or vWF. After perfusion the
fixed cells were investigated using scanning electron microscopy (SEM) and AFM
imaging. The AFM setup included an optical microscope for fast inspection of
samples. Both, the adherent platelets and the different EM substrates, were
successfully imaged by AFM. The images reveal detailed morphological features of
platelet interaction with the protein substrate, which we were unable to detect with
scanning electron microscopy. Additionally, topographic AFM-analysis of platelets
showed cavities at the caudal cellular aspect, most probably resembling the
localization of platelet degranulation. AFM measurements exhibit a promising way of
platelet imaging. Therefore, our future goal is to analyse in depth the morphology of
platelet adhesion under physiological conditions.

Adhesion Force Spectroscopy of Single Cells on Nanopatterned
Substrates

I30

Christine Selhuber-Unkel1, Thorsten Erdmann2, Ulrich Schwarz2, Horst Kessler3,
Joachim P. Spatz1
1) University of Heidelberg & Max-Planck-Institute for Metals Research
2) University of Heidelberg (BIOMS)
3) Technical University Munich, Department Chemie

Surfaces of defined adhesion properties are required for a physical and quantitative
understanding of cell adhesion in vivo. Biofunctional nanopatterns can be employed to
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position adhesion ligands in a quasi-hexagonal lattice and thus allow cooperative
interactions between cellular receptors to be studied. In our work, nanopatterns are
used to investigate integrin-mediated cell adhesion, which is a highly complex
biological process and essential for numerous cell functions. With nanopatterns, the
distance between adjacent single integrin binding sites is precisely defined. Recent cell
culture experiments have revealed that this distance strongly affects cell adhesion and
the formation of adhesion clusters, known as focal contacts. To quantify the adhesion
cluster formation for different integrin binding site spacings, cell adhesion forces have
been studied by using atomic force microscopy (AFM). The experiments have
demonstrated that an integrin binding site spacing of 70 nm and more prevents the
cooperative formation of early adhesion clusters during the first five minutes of cellsubstrate contact. In long-term adhesion studies, after several hours of cell adhesion, it
turned out that the focal contact formation cooperatively increases the local adhesion
strength. The experimental results were related to theoretical models and make a
contribution to understanding the formation and stability of in vivo cell adhesion
clusters.

A novel design of AFM probe integrated with hollow microneedle for
cellular function analysis
Norihisa Kato1, Takayuki Shibata1, Takahiro Kawashima1, Takashi Mineta2, Eiji
Makino2
1) Toyohashi University of Technology
2) Hirosaki University

In order to realize cellular function analysis on a chip-base system, we have been
developing a newly designed AFM probe in which a conventional sharp tip is
superseded by a hollow silicon dioxide (SiO2) microneedle connecting the root to a
fluidic microchannel embedded into a silicon (Si) cantilever beam structure. The probe
will be capable not only of performing AFM measurements but also of introducing
desired biomolecules (nucleic acids, proteins, etc.) into living cells and the parallel
I31 extracting biomolecules expressed in the cells. The micromachining technique of a
hollow SiO2 microneedle involves photolithography and a combination of an
anisotropic deep reactive ion etching (DRIE) process for producing thorough holes
into a Si substrate as a needle mold followed by wet oxidation and an isotropic XeF2
etching process for leaving a SiO2 microneedle structure. A typical microneedle
fabricated here had an inner diameter of 3 µm, an outer diameter of 5 µm, and a length
of 50 µm with sharp tip shape (<1 µm). The penetration tests were conducted with a
gelatin as an artificial cell, indicating that the microneedle is expected to be
sufficiently stiff to penetrate living cells without fracture. Furthermore, a circularshaped microchannel (typically 5 µm in diameter) was also successfully fabricated into
Si by a combination of anisotropic DRIE and isotropic XeF2 etching together with wet
oxidation. Further development of our proposed novel AFM probes where a
microneedle will be fully integrated at the end of a cantilever structure embedded a
microchannel is under study.
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Differential motion of intracellular organelles in response to
nanonewton forces
Yaron R. Silberberg1, Andrew E. Pelling1, William R. Crum2, David J. Hawkes2,
Mike A. Horton1
1) London Centre for Nanotechnology, University College London
2) Centre for Medical Image Computing, University College London

Mechanical stress affects and regulates many aspects of the cell, including
morphology, growth, differentiation, gene expression and apoptosis. It also facilitates
the way we perceive the world around us using the senses of touch and taste. In our
current work we are studying how mechanical stress perturbs the intracellular
I- structures of the cell, and how these changes induce mechanical and biochemical
32 responses. Using various live-cell labelling techniques such as fluorescent protein
fusion and in-vivo fluorescent dyes, we can label different intracellular structures such
as the nucleus, mitochondria and the cytoskeleton. In order to correlate mechanical
perturbations to cellular responses we used a combined fluorescence-atomic force
microscope (AFM) to produce well defined mechanical perturbations and
simultaneously track the real-time motion of the labelled structures. Image registration
software has allowed us to begin quantifying the spatial dislocation of organelles in
response to applied loads. In particular, results will be presented which demonstrate
the highly dynamic and non-linear mechanical response of mitochondria in fibroblast
cells. Future work will aim to understand how mechanical transduction through
epithelial cells, such as skin keratinocytes and the tongue’s papillae, can affect the
perception of touch and taste.

Probing Elasticity and Adhesion of Living Cells by Atomic Force
Microscopy
Lucel Sirghi, Jessica Ponti, Francois Rossi
Institute for Health and Consumer Protection, EU Joint Research Center Ispra
I33

Atomic force microscopy (AFM) is currently used in different laboratories for either
imaging or probing mechanical properties of living cells. In the contact mode AFM,
the cells comply with the AFM tip shape on a contact area that depends on the cell
softness, the tip geometry, the adhesion force between cell membrane and the tip, and
the external force applied to the AFM probe. These parameters are crucial in imaging
of the cell surface, since large deformations and tip sticking effects may arise because
of large adhesion or externally applied forces. The atomic force spectroscopy
experiments on living cells are also strongly affected by these parameters. The present
work reports results of our AFM study on the interaction between living cells and tips
of the AFM probes. We measured force-displacement curves for silicon, titaniumcoated, and poly(ethylene glycol) (PEG) coated AFM tips and living Balb/c3T3 clone
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A31-1-1 cells cultured on sterilized micro cover glass. While the adhesive force were
very different for these tips (with the same conical geometry), the experiments allowed
us to evaluate the effect of the adhesion force on the AFM indentation experiments of
the living cells. We propose an indentation model for the case of relatively weak AFM
tip-cell adhesive forces, when the elastic deformation of the cell cytoskeleton can be
described by Sneddon’s theory and tip-cell contact area changes continuously by the
change of the externally applied force.

Exploring the feasibility of the dip-pen nanolithography technique to
the development of nanoscale immunosensors
Xavier Sisquella1, Elena Martinez1, Mateu Pla2, Josep Samitier2
1) Plataforma de Nanotecnologia, Parc Científic de Barcelona, c/ Josep Samitier 1-5, 08028
Barcelona
2) Laboratori de Recerca en Nanobioenginyeria, Institut Català de Bioenginyeria (IBEC), c/
Josep Samitier 1-5, 08028 Barcelona

Nowadays it is clear that there is interest in the development of biosensors at the
nanoscale that would allow an increase in sensitivity, speed, and reliability, and be
more cost effective. One biosensing technique is immunodetection, used in genomic
and proteomic microarrays. In order to increase the capabilities of this technique, one
promising approach is the nanoscale patterning of biochemical functional elements.
Dip Pen Nanotithography (DPN) is one capable technique to produce biochemical
functional nanoscale patterns (1-3). Proteins, DNA, peptides, oligonucleotides can be
directly transferred from a coated AFM probe to the substrate of interest. It is also
I- possible to deposit smaller organic molecules which link covalently to the substrate
34 and recognize specifically certain biomolecules. The transfer of these molecules
should be faster and provide us of lower minimum features („w20 nm), regarding their
smaller sizes. This is thus the strategy we present in this work. Among the organic
molecules that can be deposited by DPN technique, thiols are of special interest. They
have been used in the patterning of recognition sites for proteins, enzymes,
nanoparticles and RNA (4). Three different thiol derivates are proposed as "inks" to
work onto gold: biotin (5), an specific receptor for avidin proteins (streptavidin,
neutravidin); N-hidroxysuccinimide (NHS), an activated carboxylic acid which reacts
with the free amino groups of the lysine residues of proteins; and an oligonucleotide
thiol derivated which interacts with any biomolecule linked to its complementary
oligonucleotide. All of them offer minimum features of about 40 nm and each one can
recognise specifically a protein or other biomolecules. Multibiofunctional nanopatterns
can help to distribute different proteins at the nanoscale and so to approximate the idea
of a genomic/proteomic "nanoarray".
1 R. D. Piner, J. Zhu, F. Xu, S. Hong, C. A.Mirkin, Science 283, 661-663 (1999). 2 S.
H. Hong, J. Zhu, C. A. Mirkin, Science 286, 523-525 (1999) 3 S. H. Hong, C. A.
Mirkin, Science 288, 1808-1811 (2000) 4 S. Disawal, N. Amro, Nanoink Techn Note
5 E. Prats-Alfonso et al., Tetrahedron 62, 6876-6881 (2006).
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Effect of temperature on cell rheology probed by Atomic Force
Microscopy
Raimon Sunyer, Fèlix Ritort, Daniel Navajas
Universitat de Barcelona
Cytoskeleton (CSK) is a complex polymer network that regulates the structural
stability of living cells. Although CSK plays a key role in many important cell
functions, the mechanisms that regulate its dynamics are poorly understood. CSK
dynamics exhibits a scale free behavior with a complex elastic modulus (G*)
increasing with frequency as a power law. It has been suggested that CSK dynamics
might be driven by activated processes. According to this hypothesis CSK rheology
I35 should exhibit a marked dependence on temperature. The aim of this work is to
elucidate the effect of temperature on CSK rheology using Atomic Force Microscopy.
We measured G* of A549 human alveolar epithelial cells (n = 36) with a spherical tip
cantilever at 13, 21 and 37ºC. G* was measured at an operating indentation of 500 nm
by superimposing small amplitude (50 nm) sinusoidal oscillations of frequencies
ranging from 0.1 to 25Hz. At 37ºC, the real (storage modulus) and imaginary (loss
modulus) parts of G* were 450 +/- 186 Pa (mean +/- SE) and 115 +/- 55 Pa,
respectively. No significant changes with temperature were observed. This contrasts
with the marked decrease in G* with temperature estimated from data reported by
particle tracking rheology techniques. Our results indicate that cell mechanics is
governed by passive behaviour of the viscoelastic CSK network, and that particle
tracking techniques do not provide a reliable estimation of cell rheology.

MORPHOLOGICAL AND MECHANICAL CHARACTERIZATION OF
MARINE DIATOM Cylindrotheca fusiformis
Tea Mišċ, Marko Miljevċ, Vesna Svetličiċ
Ruđer Bođkoviċ Institute Zagreb
This study highlights the capacity of AFM for investigating surface properties of live
diatom cells. The intricate and ornate silicified cell walls of diatoms are one of the
most outstanding examples of nanoscale-structured materials in nature. We studied
Imorphological and mechanical properties of Cylindrotheca fusiformis (C.f.), which is
36
believed to be unique because the part of its cell wall is without the shell(1). The two
C.f. strains were studied: CCMP343 and a Northern Adriatic strain. The topology of
intact cell in hydrated state was imaged in air using contact mode. Force curves
obtained by probing the cell surface of the two morphologically different regions of
the cell wall showed no significant difference in elastic modulus. Application of the
greater force during repeated scanning to the both regions showed no expected effect
of sweeping away organic material (2). These two findings suggest that organic
material and silica are tightly bound as the organo-silica composite forming the entire
cell wall of Cylindrotheca fusiformis. 1. Reimann, B.E.F., J.C. Lewin & B.E. Volcani
(1965). Studies on the biochemistry and fine structure of silica shell formation in
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diatoms I. The structure of the cell wall of Cylindrotheca fusiformis Reimann and
Lewin. J. Cell Biol. 24, 39-55. 2. Crawford, S.A., M.J. Higgins, P. Mulvaney & R.
Wetherbee (2001). Nanostructure of the diatom frustule as revealed by atomic force
and scanning electron microscopy. J. Phycol. 37, 543-554.

Ultrastructural characterization of F17 fimbriae from Escherichia
coli by AFM
Katty Goossens, Kim Remans, Dominique Maes, Lode Wyns, Ronnie Willaert
Vrije Universiteit Brussel
Pathogenic bacteria often adhere to eukaryotic cells by means of hairlike fibers
expressed on their surfaces. These virulence organelles, termed pili or fimbriae, are
used to successfully colonize target tissues in the mammalian host and to resist
cleansing mechanisms that are presented by the host. Fimbriae are polymers of one
single pilin protein and generally present a sticky protein, the adhesin, at their tip.
Fimbriae are used to reach out to carbohydrate receptors, being glycoproteins or
I37 glycolipids on the epithelium of the eukaryotic host cells. F17 fimbriae are present on
the surface of enterotoxigenic Escherichia coli strains causing diarrhea with high
mortality rates in new born ruminants, like calves, goat kids and lambs. In this
contribution, the F17 fimbriae of E. coli were structurally characterized using atomic
force microscopy (AFM). Whole E. coli cells containing the total F17a gene cluster on
a plasmid were adsorbed on mica and visualized using tapping mode in air. These cells
were compared with cells where the usher gene was silenced. In the latter case,
fimbriae were not formed and could not be detected in contrast to the former case. F17
fimbriae were isolated from the cells using shear mixing of the cell solution, and
further purified using ammonium sulfate precipitation. The morphology and
substructure of the fimbriae was observed using tapping mode in air. Ultrastructural
characterization revealed a left-handed helix with a pitch of 20 nm. The flexibility of
the isolated fimbriae has also been determined.

Effects of pore size and 3D structure of honeycomb-patterned
pollymer films on the initital spreading process of endothelial cells
Sadaaki Yamamoto1, Masaru Tanaka2, Emiko Ito3 Hiroshi Sunami1, Kuniharu Ijiro2,
Yuka Morita4 Masatsugu Shimomura2
I38

1) Creative Reserch Initiative "Sousei", Hokkaido University Sapporo Japan
2) :RIES/Hokkaido University
3) CREST/JST
4) CRIS/Hokkaido University

The mechanism that cells use to recognize micro-patterned topographies was clarified.
First, 3D double-layer poly(£`-caprolactone) scaffolds equipped with honeycombpatterned micro-pores ("honeycomb films") were prepared by simply casting a
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polymer solution of water-immiscible solvent under high relative humidity of about
80% at 20°C. Then, porcine aortic endothelial cells (PAECs) were cultured on these
scaffolds for 1-6 h in serum-free medium. Finally, their initial spreading process was
investigated by using atomic force microscopy and confocal laser scanning
microscopy. The attachment and spreading of PAECs on honeycomb films having
either 6- or 16-ƒÝm pore diameters, resulted in voids within the cell cytoplasm, which
correspond with the size and location of the honeycomb micropores. This is the first
report of this unique morphology. The number of cells with this morphology decreased
with increasing culture time. This dependence of morphology on film pore size and
culture time suggests a spreading process of PAECs in which the cells spread, trying to
sense suitable sites on which to adhere. Using thick filopodia, the cells spread along
the rim of the film and produced pores by close contact between two spreading
filopodia. Evidently, these pores became filled in during culture, presumably as the
cells began to reorganize their cytoplasma. Moreover, the cells migrated into the
honeycomb pores and expanded along the bottom layer through interconnecting
channels of the film. In conclusion, the spreading of PAECs on a honeycomb film
gives insight into the mechanism of a honeycomb film to control cellular behavior.
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Session II
Single molecular recognition, affinity, unfolding forces

ATOMIC FORCE MICROSCOPY OF PROTEIN ATAXIN-3 PREFIBRILLAR
AGGREGATES
Andrea Baserga1, Carlo EnricoBottani1, Matteo Riva2, Maria ElenaRegonesi2,
PaoloTortora2, Andrea Li Bassi1, Carlo Spartaco Casari1
1) NEMAS-Center for NanoEngineered MAterials and Surfaces, Dipartimento di Ingegneria
Nucleare, Politecnico di Milano, Via Ponzio 34/3 I-20133 Milano, Italy
2) Dipartimento di Biotecnologie e Bioscienze, Università di Milano-Bicocca, Piazza della
Scienza 2, I-20126, Milano, Italy

Ataxin-3 (AT-3) is a protein responsible for the Machado-Josephin disease,
characterized by large intranuclear amyloid aggregates whose formation is strictly
related to the abnormal expansion of the poly-Q tract in the protein C-terminus. In this
work Atomic Force Microscopy (AFM) was exploited to investigate different humane
and murine AT-3 variants: truncated at the residue 182 (Josephin domain alone),
II- truncated at the residue 291 (without the poly-Q tract), the murine ataxin-3 carrying
six consecutive glutamines. All proteins were subjected to a temperature increase from
1
37°C to 85°C with a rate of 1°C/min to accelerate aggregation kinetics. AFM
measurements were performed on proteins deposited from solution on mica substrates.
They clearly showed that the Josephin domain, the 291 residue cut and the murine Q6
protein generate aggregates constituted by skein of strictly interconnected filaments.
These filaments are constituted from a linear assembly of spheroidal entities whose
dimensions range from 2.5 nm to 9 nm in height and are consistent with the
dimensions of the individual protein molecules. This fact supports the idea that the
molecules act as monomers whose linear linkage leads to the formation of the
observed filaments as the first aggregates in the hierarchical amiloidogenic process of
ataxin-3. Our work supports the recent idea that the Josephin domain plays a
predominant role in the activation of the process, while the poly-Q tract in its
pathological expansions intervenes secondly triggering the growth of mature fibrils
from the starting short protofilaments. We expect that AFM analysis of human healthy
and pathological ataxin-3 currently under investigation should confirm the above
results.
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APPLICATION OF ATOMIC FORCE MICROSCOPY VISUALIZATION AND
FORCE SPECTROSCOPY TO THE STUDY OF Aβ1-42 AGGREGATION
Ramona Bravo1, Montse Morell2, Salvador Ventura2, Xavier Fernàndez-Busquets1
1) Bioengineering Institute of Catalonia, and Nanoscience and Nanotechnology Institute
Barcelona
2) Departament de Bioquímica i Biologia Molecular, Universitat Autònoma de Barcelona

One of the hallmarks of Alzheimer’s disease (AD) is the self-aggregation of the
amyloid β peptide (Aβ) in extracellular amyloid fibrils. Among the different forms of
Aβ, the 42-residue fragment (Aβ1-42) readily self-associates and forms nucleation
centres from where fibrils can quickly grow. We have used AFM visualization in
liquid environment to study in vitro the effect of carbohydrates on the fibrillogenesis of
synthetic Aβ1-42. Amyloid fibrils coalesce to form larger aggregates, or senile
II plaques, that can be easily identified with the light microscope in preparations of AD-2
afflicted brains. A mechanism leading to neurodegeneration during AD is Aβ-induced
neurotoxicity. There is increasing evidence that aggregation of Aβ into fibrils, and
deposition of fibrils into amyloid plaques, are key steps in the onset and progression of
AD. Senile plaque study has eluded so far the use of AFM techniques because plaques
can not be easily purified from cerebral tissue, and their in vitro growth is difficult.
Bacterial over-expression of recombinant genes can result in the aggregation of
insoluble polypeptide chains as inclusion bodies (IBs). IBs mimic some of the
characteristics of senile plaques and thus can be used as a model for in vitro studies.
We have overexpressed a fusion of Aβ1-42 to green fluorescent protein that results in
highly fluorescent IBs, and have applied AFM visualization on line to characterize the
dynamics of IB removal by proteases. Force spectroscopy data have provided
information about the internal structure of Aβ1-42 IBs. Future research involves single
molecule force spectroscopy and AFM/fluorescence analyses.

Distribution of C12 ions induced-damages in plasmid DNA resolved
by gel-electrophoresis and scanning force microscopy
Mihail Brezeanu, Frank Träger, Frank Hubenthal
Institute of Physics and Center for Interdisciplinary Nanostructure Science and Technology –
CINSaT, University of Kassel, Germany
II
-3

Analysis of DNA damage induced by swift ions is essential for a detailed
understanding of the processes that occur in clinical cancer therapies with heavy-ions
and in DNA repair. The most serious damages of DNA molecules are double-strand
breaks (DSB), i.e. the rupture of both DNA strands in the range of a few base pairs and
single-stand breaks (SSB), when one of the DNA strands is broken. The theoretical
concept of dense track structure for heavy ions explains that DNA damages are more
pronounced after irradiation with heavy ion compared to the X-rays, at the same dose.
In our recent experiments scanning force microscopy (SFM) and gel-electrophoresis
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have been combined for a precise analysis of damages induce in ÔX174 plasmids in 20
mM Hepes solution by irradiation with X-rays and C12 ions. The percentages of
plasmids with double-strand breaks (DSBs) and single-strand breaks (SSBs) have been
determined as a function of radiation dose by gel-electrophoresis. The results show an
increase of the percentage of DSBs after X-rays irradiation from 0% to 12.5% in the
range from 0 Gy and 1 kGy, while after carbon ion irradiation a higher percentage of
DSBs of 19% has been measured. For more detailed analyses SFM has been
performed. The results revealed that the distribution of plasmid fragments after
irradiation with C12 ions contains a significant larger amount of small fragments in the
range from 50 nm to 700 nm, compared to the X-rays, while a clear reduction of large
fragments has been observed. The results resolve the distribution of induced damages
in plasmid DNA after irradiation with X-rays and C12 ions at low doses and support
the theoretical concept of track structure for heavy ions.

Study of the interactions between Single Walled Carbon Nanotubes
(SWCNTs) and plasmid DNA
Annalisa Calò, Fabio Biscarini
CNR ISMN Bologna
We propose a statistical method to verify if there’s a preferential interaction between
Single Walled Carbon Nanotubes (SWCNTs) and double stranded DNA (dsDNA).
This method consists in counting the number of the crossings between a SWCNT and
II
-4 plasmid DNA molecules (pUC-19) from a series of AFM images. Aqueous dispersions
of SWCNTs with pUC-19 at different concentrations were deposited on mica and a
number of AFM images were collected for each sample. We performed the statistical
analysis on 2 batches: a purified CNTs dispersion in water (batch 1) and a purified
CNTs suspension in O-Benzyl-L-Tyrosine aqueous solution (batch 2). O-Benzyl-LTyrosine is a chemically modified aminoacid able to produce stable suspensions of
individual SWCNTs in water, and it is also a biocompatible agent for applications with
nucleic acids. Our results show that only in the case of batch 2 a selective interaction
between CNTs and DNA is found.

PUNIAS: Protein Unfolding and Nano-Indentation Analysis Software
Philippe Carl1, Paul Dalhaimer2
II
-5

1) Veeco Instruments GmbH / University of Muenster
2) Yale University

In the last fifteen years, the atomic force microscope (AFM) has emerged as a powerful
tool for studying surface interactions by means of force-distance curves. For instance,
single-molecule force spectroscopy experiments have given new insights into intraAFM BioMed Conference

19-21 April 2007

Barcelona

Spain

81

and inter-molecular forces, but have also shown variations in physical parameters of
individual molecules with respect to the mean values derived from ensemble
measurements. In a similar way, the mechanical properties of free standing films,
micro-capsules or even biological samples has been measured using either the colloidal
probe or nano-indentation force spectroscopy technique. Because of the high
sensitivity of these measurements a large number of force-distance curves need to be
analyzed in order to obtain accurate statistics. However, there is no software package
available which allows the analysis of the force-distance curves. Thus, the files first
need to be exported and manipulated with spreadsheet software. Because, of the large
number of files to be analyzed, this procedure is very repetitive and time consuming.
PUNIAS has been developed in this frame: it is a graphical user interface freeware
allowing a fast analysis of a large amount of force-distance curves. This efficiency is
reached by the use of a batch processing combined with semi-automated analysis
routines which results are visualized graphically and can be modified by means of the
mouse or hotkeys. The obtained results are in an ASCII form and can then easily be
exploited or plotted.

Full atom Steered Molecular Dynamics simulation of pulling
rhodopsin from the membrane
Aleksander Debinski, Anna Modzelewska, Slawomir Filipek
International Institute of Molecular and Cell Biology Warsaw
Rhodopsin (Rh) is a prototypical G protein coupled receptor (GPCR) and only one
with three-dimensional structure known. The mechanism of receptor activation appears
to be conserved for all members of the GPCR superfamily so Rh may be used not only
as a structural template but it is also mechanistically analogous to other GPCRs.
Rhodopsin monomer (Rh) with S-S bridge unbroken was pulled out from 3-component
membrane, typical for rod outer segments. During SMD simulation a harmonic
II potential was applied to N-terminus of Rh. The periodic box 6 nm x 9 nm x 19 nm was
-6 used. The dimension along the z-axis was long enough for a fully stretched single
transmembrane helix so the simulation was divided into parts. We used pulling speed 6
nm/ns (6 m/s) and spring constant 5 N/m. Spring constant larger than used in AFM was
forced by higher pulling speed. The program NAMD2 was used with full atom force
field CHARMM27. There is an evident difference in height between AFM and SMD
force peaks about one order of magnitude. This originates from much larger difference
in cantilever speeds about seven orders of magnitude. Each new simulation started
about 500 pN lower than analogous part of Rh structure in previous simulation. This is
a result of nonzero friction force of unfolded fragment passing through the water.
Although the speed was still several orders of magnitude larger than used in SMFS
experiments there is a striking similarity of location of stable structural segments in
Rh.
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Polymer and Drug Adhesion onto Implants
Michael Geisler, Tobias Pirzer, Thorsten Hugel
TUM Garching Germany
Biomimetic materials are often bonded systems with the surface layer consisting of
polymers and / or drugs. The adhesion of this layer is crucial for the function of the
compound. In the last couple of years we and others developed a technique to measure
the quasi-equilibrium adhesion force of single polymers to solid substrates. We
covalently attach a polymer onto a cantilever tip, bring it in contact with a substrate
II and measure the quasi-equilibrium force necessary to pull the polymer off the surface.
-7 With this method we already gained new insight into the electrostatic contribution of
the desorption force. Here, we use and extend this method to investigate the adhesion
of polymers and drugs onto stents and catheters in solvents. It is known, that the
structure and hydrophobicity of the supporting material as well as the solvent play an
important role for the adhesion properties of the surface layer. Our measurements are a
first step towards a quick, nondestructive and easy to use method to test structured
surfaces for their suitability as components of a subsequent adhesive bond in various
environments. In addition, the very good agreement of our first results with MDSimulations done in the group of Prof. Roland Netz (TUM) allows for new insights
into the hydrophobic contribution to polymer adhesion on a molecular level.

DEVELOPMENT OF SINGLE MOLECULE NANOBIOSENSORS FOR THE
BIODISCOVERY OF ANTIBIOTIC AND ANTIMALARIAL COMPOUNDS
Xavier Sisquella1, Jordi Robles2, Fausto Sanz3, Santiago Imperial3, Xavier
Fernandez-Busquets1
1) Bioengineering Institute of Catalonia, and Nanoscience and Nanotechnology Institute
2) Department of Organic Chemistry, University of Barcelona
3) Department of Physical Chemistry, University of Barcelona
4) Department of Biochemistry and Molecular Biology, University of Barcelona
II
-8

The discovery of new bioactive compounds to treat microbial infections is an ever
increasing need as a result of the constant evolution of resistance by the infectious
agents, notably the malaria parasite and pathogenic bacteria. We apply single molecule
force spectroscopy (SMFS) to the development of nanobiosensors for the biodiscovery
of new antimalarials and antibiotics. The main advantage of this approach is that by
monitoring single molecule interactions novel inhibitory molecules can be detected
that otherwise escape identification by current methods requiring high concentrations
of the sought-after compound. Our general strategy consists on the search for inhibitors
of molecular interactions that are essential for the survival of the pathogenic agents.
We have selected as metabolic target a biosynthetic route that is present in the malaria
parasite and in most human pathogenic bacteria, but not in vertebrates. Inhibitors of the
enzymes of this metabolic pathway constitute a potential source of highly specific
antimalarials and antibiotics. The chosen enzyme/substrate pairs are covalently
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immobilized on the AFM tip and surface following different chemical methods with
the objective of diminishing steric hindrances that can hamper the access of the
substrate to the active center of the enzyme. Preliminary SMFS data indicate that
binding forces between enzyme and substrate are around 200 pN, and that the
interaction is abolished in the presence of soluble substrate. Our current challenge is to
increase the sensitivity of SMFS-based nanobiosensors through strategies that permit
the immobilization of a smaller number of enzyme molecules on the AFM tip.

Comparison of AFM and SPR measurements of the HER2 antibodyantigen reaction
Yunbog Kim, Minah Woo, Myunghaing Cho, Dongryul Jeon
Seoul National University

We have used atomic force microscopy (AFM) and surface plasmon resonance (SPR)
to study the HER2 antibody-antigen reaction. HER2 protein is found in SKBR3 cancer
cell, so its detection is important in breast cancer diagnosis. On a gold film evaporated
on a Si wafer, we coated linker molecule, dithiobis nsuccinimidyl propionate by selfII assembly. AFM showed that the roughness of the gold surface reduced after the linker
-9 coating because of the filling effect. HER2 antibody was coated on the gold surface by
dipping the substrate in a buffer solution, and then the HER2 antibody-antigen reaction
was induced by dipping the HER2-coated substrate in a SKBR3 lysis buffer solution.
For comparison, the HER2-coated substrate was also dipped in a H520 lysis buffer
solution which did not contain HER2 protein. At each stage, the samples were
examined using AFM and SPR. Morphology of the HER2-coated surface showed
lumps which were thought to be antibody adsorption sites. After dipping in a SKBR3
lysis solution, we could observe lots of high protrusions on the surface, but when
dipped in a H520 solution the protrusions were not observed. The SPR signal shifted in
accordance with AFM measurements. Our study showed that AFM and SPR can be a
good combination in detecting cancer cells.

Evolution of amyloid peptide self-assembly: from continous
monolayer to fibrillar structures
Adina Lazar Chiara Dionigi Pablo Stoliar Cristiano Albonetti Fabio Biscarini
II
10

ISMN-CNR Bologna Italy
Proteins are the main essential active agents in biology and their geometrical
characteristics are determinant for their functioning. Changes of the tertiary structure
of proteins may be at the basis of a series of diseases like Alzheimer, Mad cow, Cystic
fibrosis and even some types of cancers. Fibrils of β-amyloid peptides are one of the
main components of the amyloid plaques that are responsible for the disfunctioning
and death of neurons in Alzheimer’s disease. Yet the mechanism and the kinetics of
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the aggregation of these peptides remain uncontrolled and not well understood. With
the use of atomic force microscopy we show the formation of a monolayer of peptides
of β-amyloid. More than that, there are evidences of the re-assembling of this peptidic
monolayer into fibrillary like structures. The continuity of this monolayer as well as
the process of re-organisation is dependent on peptide concentration, adsorption time
and the characteristics of the substrate (charge and hydrophilicity). These preliminary
results propose a new theory of self-assembling of amyloid peptides that could be of
extreme importance for the clarification of the mechanism of amyloid aggregation.

Investigation of ligand-receptor interactions via AFM influenced by
force loading rate and ligand-receptor contact time
Yatao Liu, Joshua Strauss, Terri Camesano
Worcester Polytechnic Institute MA USA
AFM has been widely used in biological researches especially in the force
measurements. However, the measured forces are subject to the experimental
conditions such as the force loading rate, tip-substrate contact duration and molecular
orientation, particularly in the presence of ligand-receptor interactions. The present
study aims to quantify the effects of those factors on the ligand-receptor interactions.
As a common issue in the infected implant biomaterials, Staphylococcus epidermidis
and fibronectin (FN) were chosen as the model system. The bacteria were immobilized
II- onto an AFM tip via our novel coating method. FN was immobilized onto different
11 SAMs substrata. Force measurements were performed under different force loading
rates and contact durations. Approach data were correlated with DLVO theory to
characterize the adhesion energy barrier and the orientation effects. Retraction data
were analyzed to obtain the adhesion forces, frequency and distance distribution. The
adhesion forces between S. epidermidis receptors and FN ligands ranged 0.1~2.0 nN
depending on the loading rates and the contact duration. Accordingly, the adhesion
frequency varied in different pull-off distance regions. The pull-off distances varied
from 8.31~298.37 nm. The time duration for forming a ligand-receptor interaction was
estimated around 1 microsecond by conducting statistical analysis including histogram
and Poisson analysis. Also the strength of a ligand-receptor interaction was derived via
the greatest common divisor analysis from vast force data. This study explores the
factors affecting the force measurements, which should be considered when comparing
the results performed under different measurement conditions. The results also provide
insightful knowledge of the fundamental biological interaction forces.
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Pull-off force measurements between functionalized particle and
proteins
Anni Määttänen1, Tuomas Näreoja2, Harri Härmä2, Jouko Peltonen3
1) Åbo Akademi University - Department of Physical Chemistry
2) University of Turku - Laboratory of Biophysics Finland
3) Åbo Akademi University - Laboratory of Paper Coating and Converting

Atomic force microscopy (AFM) has been used to measure the strength of bonds
between biological receptor molecules and their ligands in physiological
conditions.[1], [2] However, roughness of the interacting surfaces is a significant
factor affecting the experimentally measured pull-off forces. [3] To approach the ideal
sensor configuration, PEG-linkers have been used to couple ligands to an AFM tip via
long flexible spacers. [2] They facilitate the detection of single recognition events as
the non-specific and specific adhesion can be distinguished from the different jump-off
IIdistances. Proteins attached to the PEG-linker can also move and orient freely about
12
the tip and there is a better opportunity for a specific binding. The goal of this work
was to investigate the binding strength of antibody molecules or FAb fragments to
their specific antigen. The comparison of specific and non-specific interactions was of
special interest. The used system was tested with the strongest biological and noncovalent interaction known, the streptavidin-biotin bond. A small surface
concentration of bio-BSA functionalized polystyrene nanoparticles (diam. 202 nm)
was distributed randomly on a polycarbonate substrate which was covered by a layer
of streptavidin. AFM tips functionalized with streptavidin were used to probe the
forces between biotin and streptavidin.
References: [1] G. U. Lee, David A. Kidwell, and Richard J. Colton, Langmuir, 1994,
10, 354–357. [2] P. Hinterdorfer, W. Baumgartner, H. J. Gruber, K. Schilcher, and H.
Schindler, Proc. Natl Acad. Sci. USA, 1996, 93, 3477–3481. [3] E. R. BEACH, J.
colloid interface sci., 2002, 247, 84–99.

Construction and Imaging of DNA Nanostructures: A Combined
AFM and STM approaches
Wael Mamdouh Mingdong Dong Eva Rauls Kurt Gothelf Flemming Besenbacher
iNANO Aarhus DK
II13

By using state-of-the-art surface science techniques such as atomic force microscope
(AFM) and scanning tunneling microscope (STM), we investigate the self-assembly of
artificial DNA structures and arrays into predesigned nanoarchitectures on surfaces in
order to characterize and explore the basic properties of such nanostructures. DNA 3way junctions were prepared via a precise synthetic procedure where the 3-way
junctions can be assembled in two different manners, either by hybridization between
complementary DNA 3-way junctions on top of each other, or by using one 3-way
junction with one template, leading to the formation of DNA nanowires. Preliminary
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AFM experiments recorded in air and also under liquid conditions suggest that these
DNA nanowires are successfully formed with different lengths. Despite the difficulty
of immobilizing individual DNA nucleobases upon their adsorption on a solid surface,
we were able to mix complementary DNA bases (adenine with thymine) and (guanine
with cytosine) and perform STM experiments at the liquid/solid interface, and new
supramolecular nanopatterns were successfully observed that are significantly
different from those of the individual nucleobases. [1, 2] Self-Consistent Charge
Density-Functional based Tight-Binding (SCC-DFTB) calculations support our STM
findings. Our results open attractive pathways towards host-guest complexation and
molecular templating based on DNA architectures.
References: 1. Mamdouh, W.; Dong, M.; Rauls, E.; Besenbacher, F. J. Am. Chem.
Soc. 2006, 128, 13305-13311. 2. Xu, S.; Dong, M.; Rauls, E.; Otero, R.; Linderoth, T.
R.; Besenbacher, F. Nanolett. 2006, 6, 1434-1438.

Electrostatic Stretching and AFM imaging of Hyaluronic Acid
Molecule
Takashi Mineta1, Mio Kanezawa1, Eiji Makino1, Satoshi Toh1, Takayuki Shibata2
1) Hirosaki University
2) Toyohashi University of Technology

Hyaluronic acid (HA), which is a high-molecular-mass polysaccharide with a straight
chain structure, has been suggested to exert lubricating functions in joins and tissues
because of its high hydrophilicity and high shear-dependent viscoelasticity. We have
studied precipitation and stretching of HA molecules on a surface of a micro chip, in
particular, control of stretching direction. Silicon based micro chips with Pt/Ti thin
film electrodes on SiO2 surface were fabricated. An HA solution was dropped and airII- dried on the micro chip. Square pulse voltage was applied between the electrodes
14 during drying. After the droplet was dried, atomic force microscopic (AFM)
observations for precipitated HA molecule shape were conducted. Straight string like
HA molecule images were observed successfully by using An AFM tapping mode
with a silicon probe of 10nm tip radius. The precipitated HA molecules were stretched
and aligned toward same direction on the SiO2 surface when the applied pulse voltage
frequency was 1MHz or higher. The HA molecules seem to be loosened in the solution
under high frequency electrostatic force. The stretched direction was determined only
by a receding direction of the droplet edges during drying, independent of electrode
shape, direction of electric field, and pulse voltage frequency. The molecules were
separated into mono molecule completely during precipitation in the finest case. In
addition to the AFM imaging, molecular surgery operation of the stretched HA
molecule chain was also carried out successfully by using nano-scratching technique
with an AFM probe tip as a cutting knife.
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Mechanically functional amyloid structures in natural adhesives
Anika Mostaert, Suzanne Jarvis
Trinity College Dublin
Using AFM force-extension data we have been able to provide an explanation into the
mechanical design for adhesive strength and attachment of several bioadhesives at the
molecular level. We recently showed that the adhesive of a green alga (Prasiola
linearis) exhibited high mechanical strength and toughness due to the presence of
‘sacrificial bonds’ and ‘hidden length’ within adhesive molecules. We proposed a
mechanism for its adhesive tensile strength based on protein within a pleated ß-sheet
amyloid structure, based not only on mechanical data, but also polarizing and confocal
microscopies. We consider this quaternary protein structure, irrespective of amino acid
sequence, to be non-pathological, mechanically functional amyloid. So far, we have
found evidence for its presence in other permanent (unicellular and multicellular
II15 algae) and temporary (parasitic worm) bioadhesives. We have already observed
differences in measured mechanical responses that we believe to be related to crosslinking, and this is being explored with Raman spectroscopy. Permanent adhesives
may be cross-linked in contrast to the temporary adhesives, and this may be correlated
to their specific function or the mechanical demands placed upon them (at the
molecular level), in response to their natural environments. This discovery has
motivated our interest towards the generic and specific nature of amyloid fibril
structures. Emerging evidence exists for the occurrence of non-pathological amyloid
occurring in nature, and the generic nature of the amyloid fold could provide a
widespread mechanism for mechanical strength in other natural adhesives, while the
attachment mechanism itself may remain species specific.
Related publications: • Mostaert, A. S. & Jarvis, S. P. (2007). Nanotechnology 18:
044010 • Mostaert, A. S., Higgins, M. J., Fukuma, T., Rindi, F. & Jarvis, S. P. (2006).
Journal of Biological Physics DOI 10.1007/s10867-006-9023-y • Fukuma, T.,
Mostaert, A. S. & Jarvis, S. P. (2006). Tribology Letters 22: 233-237

Force-distance curve treatment in DFS for multiple parallel bonds
Michael Odorico, Jean-Marie Teulon, Shu-wen W.Chen, Pierre Parot, Jean-Luc
Pellequer
CEA Valrho / DSV/iBEB/SBTN, Bagnols sur Cèze France
13 Avenue de la Mayre, 30200 Bagnols sur Cèze, France
II16

Dynamic Force Spectroscopy (DFS) is a technique useful to interpret the energy
landscape of cellular adhesion and single molecular bonds. Using Atomic Force
Microscopy (AFM), it is possible to obtain kinetic dissociation constants as well as the
width of the activation energy barrier of an unbinding reaction between a receptor and
a ligand. Multivalency is a molecular and cellular property that requires the binding
(and unbinding) of multiple parallel bonds such as those involved in antibody-antigen
or cell-cell interactions. Interpretation of experimental force-distance curves in the
presence of a pulling force is not straightforward in the presence of multiple parallel
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bonds. First, it is necessary to correct the applied loading rates by the loading rate
experienced by the proteins chemically attached on a flat substrate. Such a correction
is difficult to robotize unless the force-distance curves contain a large number of data
points. It also raises a limitation in the choice of cantilever relative to the flexibility of
proteins. Second, rupture force distribution in the presence of multiple parallel bonds
requires the fitting of multiple Gaussian curves. These fittings allow us to obtain the
most probable rupture forces (F*) that can be plotted against the logarithm of the
loading rate in order to obtain the desired kinetic parameters. Another difficulty in
such a plot is the statistical relevance of the fit since the greater number of population
the larger experimental data points is required.

Molecular organization on a DNA chip
Magali Phaner-Goutorbe1, David Lallemand1, Vincent Dugas2, Yann Chevolot1,
Eliane Souteyrand1
1) INL /Ecole Centrale de Lyon Ecully France
2) Biotray/ Ecole Normale Supérieure de Lyon

Atomic Force Microscopy (AFM) presents the greatest accuracy for a direct
observation of biological systems at a nanometric scale in air or in liquids.
Development of dynamic modes adapted for the imaging of soft samples has
significantly contributed to overcome the usual issue of damage done to these
biological objects by the tip. Experiments mostly concern the observation of adsorbed
biological molecules, DNA or cells to study their individual conformation or their
assembly in molecular layers. Few studies relate on real biosystems with direct
IIapplications as this work concerning an AFM study of a DNA – chip does. DNA-chips
17
are structured in an array of single-stranded DNA chains called probes, covalently
bonded on a substrate, which are able to recognize complementary single-stranded
DNA chains called targets, by hybridisation. Each step of preparation from probe
immobilisation to target hybridisation has been characterised by AFM. In fact, the
sensitivity of these objects depends on the molecular organisation of the probes on the
substrate. Then, this AFM study focusses on the identification of the parameters which
could influence this organisation. We studied the influence of length (25 bases or 12
bases), the sequence arrangement and the presence of a fluorescent dye at the free
extremity of the probe. We showed that probes organise themselves in different
structures depending on their sequence and on the presence of the dye. After
hybridisation, we showed that target molecules could be individually identified.
Moreover, with appropriate experimental conditions, the hybridised region along the
target could be distinguished.
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AFM investigations of DNA/protein complexes on mica
Olivier PIETREMENT1, Isabelle SOREL2, Loïc HAMON2, Eric LE CAM1 David
PASTRE2
1) Institut Gustave Roussy Villejuif France
2) Université d'Evry France

Atomic force microscopy (AFM) is a widely used technique to image protein-DNA
complexes on mica, and its application has now been extended to the measurements of
protein-DNA binding constants and specificities. However theses studies require
imaging DNA under different physiological conditions. A better understanding of the
DNA adsorption mechanism on mica should enable to adapt the buffer composition, in
II18 order to adsorb DNA, to the biological requirements like that of the ionic strength. For
that purpose, we construct phase diagrams of DNA adsorption versus monovalent and
multivalent salt concentrations. A model of DNA adsorption on mica is presented
which shows that DNA adsorption takes place when the energy gain in counterion
correlations overcomes an energy barrier. The analysis of the AFM results provides an
estimation of this energy barrier. We then tackle the surface influence on protein-DNA
interactions, which is critical for AFM users, under different buffer conditions. The
extensively studied EcoRI-DNA complex is used as a model to provide quantitative
information about the surface influence. The equilibrium binding constant of the
complex is determined by AFM both at low and high ionic strengths and compared to
electrophoretic mobility shift assay measurements (EMSA). Finally, we propose a
two-step mechanism which describes the adsorption of the EcoRI-DNA complexes on
the surface. This model could also be extended to other protein-DNA complexes.

Decreasing Escherichia coli Adhesion Forces by the Use of
Cranberry-Rich Media: Preventing Urinary Tract Infections
Paola A. Pinzon-Arango, Yatao Liu, Terri A. Camesano
Worcester Polytechnic Institute Worcester MA USA
Bacteria adhesion to uroepithelial cells is the first step in the development of a urinary
tract infection (UTI). Previous research has suggested that compounds in cranberry
juice (CJC) have the potential of decreasing this adhesion by changing the
II19 conformation of fimbriae organelles. E. coli use these proteins, located on the surface
of the bacterial cell, to adhere to receptors that are found on uroepithelial cells.
Cranberry components have shown the ability to inhibit this adhesion process;
however, the mechanisms of this anti-adhesion activity are not well understood.
Experiments were designed to understand how adhesion is affected by cranberry juice
and isolated cranberry fractions (proanthocyanidins; PACs). The P-fimbriated E. coli
strain HB101pDC1, the main cause of acute pyelonephritis, and the non-fimbriated
strain HB101 were grown in the presence of 0,5 and 10 wt% CJC or PACs for more
than eight times. After the cells had reached late exponential growth phase, clean glass
slides were chemically treated to bond bacterial cells to the surface. Once the bacteria
had adhere, force measurements were taken in liquid and bacterial images were
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captured using an atomic force microscope (AFM). E. coli HB101pDC1 that was
grown in higher concentrations of cranberry juice compounds showed less adhesion
forces than the bacteria that were grown in pure media that did not contain CJC or
PACs. Further, adhesion forces decrease as the number of bacterial cultures increased,
suggesting that the continuous intake of cranberry products might prevent significantly
the development of UTIs.

Investigating the conformational properties of DNA in the presence of
free and supported polycations and condensing agents by Atomic
Force Microscopy
Alessandro Podesta (1,4), M. Indrieri(1,4), E. Emilitri(2,4), S. Rodighiero(4), E.
Jacchetti(1,4), E. Fulcini(4), C. Lenardi(3,4), E. Ranucci(2,4), P. Ferruti(2,4), P.
Milani(1,4).
1. Dipartimento di Fisica, Universita’ di Milano, via Celoria 16, 20133 Milano, Italy. 2.
Dipartimento di Chimica Organica e Industriale, Università di Milano, Via Venezian 21,
20123 Milano, Italy. 3. Istituto di Fisiologia Generale e Chimica Biologica, Universita’ di
Milano, via Trentacoste 2, 20134 Milano, Italy. 4. CIMAINA, Centro Interdisciplinare
Materiali e Interfacce NAnostrutturati, Universita’ di Milano, Italy.

DNA is a stiff biopolymer, with a persistent length in physiological solutions of about
55 nm. Despite its rigidity, DNA exhibits a striking capability to change its elastic
properties in different environments, reaching extremely high packing ratios in viral
capsids and in chromatin, achieving a five-fold reduction of its persistence length
when supported on polyamine-coated surfaces [1], as well as condensing in the
presence of multivalent cations [2] and of hydrophobic-hydrophilic polymers [3]. The
IIprevious examples suggest that electrostatic interactions play a major role in
20
determining DNA rigidity. In particular, we look at the exciting possibility of tailor
DNA elasticity and morphology by means of suitable interactions with charged
molecules and polymers in solution and/or at interfaces. Controlling the condensation
of DNA in the presence of a cell culture by means of charged polymers could be a
suitable way to optimize cell transfection efficiency. It is known indeed that cells have
adapted to produce several polyamines, poly-valent cations, which can neutralize the
negative charge on the DNA phosphates, softening the chain, favouring DNA
aggregation and encapsulation in the cell. We will report on an atomic force
microscopy study of the elastic and conformational properties of linear and circular
DNA molecules in the presence of different charged polymers. We have exploited the
versatility of the poly(amidoamine) family to study peptide-mimicking polymers with
different polyelectrolyte structures. Special attention was given to the interaction
observed with a poly(amidoamine) condensing agent, AGMA-1 [4]. Agmatine mimics
the tripeptide arginin-glycin-aspartic acid (RGD), capable of reproducing the
receptorial site of proteins involved in cell adhesion and it is important for the
functional activity of soluble polymers as transfection agents. We have investigated
the influence of buffer pH and AGMA/DNA ratio on the formation of complexes, and
studied the interaction of DNA with amphoteric AGMA either in solution and
supported on a surface. The morphological data obtained by AFM study have been
related to the transfection efficiency of PAA-AG on NIH3T3 cells. [1] A. Podestà et
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al., Biophysical Journal 89, 2558 (2005). [2] V.A. Bloomfield, Biopolymers 44, 269
(1997). [3] K. Osada;Y. Yamasaki, S. Katayose Angew. Chem. Int. Ed.44, 3544
(2005). [4] J. Franchini, E. Ranucci, P. Ferruti Biomacromolecules 7 (4): 1215-1222
(2006).

Temperature dependence of molecular interactions measured by
dynamic force spectroscopy
Felix Rico, Yuging Qin, Vincent Moy
Dept. of Physiology and Biophysics. University of Miami Miller School of Medicine
Molecular interactions are essential in cell biology since they are the ultimate
mediators of cell adhesion. Specific ligand/receptor interactions mediate cell adhesion
and are the basis of drug design. The dynamic strength of these interactions is
characterized by their free energy landscape. The atomic force microscope (AFM) in
II- dynamic force spectroscopy (DFS) mode has been shown to be an appropriate method
21 for determining the free energy landscape of ligand/receptor complexes. DFS consists
of measuring the force required to unbind single ligand/receptor bonds, i.e. rupture
force (F), at different loading rates (dF/dt=rt). Rupture force spectra (F vs. rt)
interpreted in terms of the Bell model enable us to determine the unbinding rate (k0)
and position of the energy barrier (x) of the interaction. The streptavidin/biotin
complex has been used as a model of molecular interaction and it has been widely
characterized. However, the temperature dependence of the interaction strength is still
unknown. In this work, AFM in DFS mode was used to characterize the
streptavidin/biotin complex interaction at different temperatures, ranging from 17 to
37 ºC. The dynamic force spectra were analysed in terms of the Bell model to
determine k0 and x. The suitability of the thermally activated process assumption was
discussed.

Single molecule force spectroscopy probes the conformational
diversity of alpha-Synuclein, an intrinsically unstructured protein
Massimo Sandal1, Francesco Valle2, Isabella Tessari3, Francesco Musiani4, Luigi
Bubacco3, Bruno Samorì2
II22

1) Department of Biochemistry, University of Bologna
2) Department of Biochemistry, University of Bologna and National Center on
Nanostructures and BioSystems at Surfaces (S3) of INFM-CNR (Modena, Italy)
3) Department of Biology, University of Padua
4) Department of Biochemistry, University of Bologna

Intrinsically unstructured proteins (IUPs) play key roles both in physiological cell
function and amyloid diseases. Their structural disorder is usually depicted as the
AFM BioMed Conference

19-21 April 2007

Barcelona

Spain

92

outcome of a complex ensemble of conformers driven by a rugged energy landscape.
Their folding and aggregation mechanisms remain a major unsolved problem for
modern biology. In fact, IUPs often are amyloidogenic proteins. The aggregation
process is linked to a conformational transition to a folded beta-sheet structure.
However, no conclusive evidence has been so far provided for a long-lived beta-sheet
conformation of a IUP in the absence of oligomerization. We applied for the first time
single molecule mechanical unfolding by AFM to the study of human alpha-synuclein
(aSyn), a IUP whose aggregation is involved in Parkinson’s disease. We were able to
identify at least four distinct classes of conformers. We found that, under physiological
conditions, the potentially toxic beta-structured monomeric form of aSyn exists as a
stable conformer, in equilibrium with a complex ensemble of other conformers, and its
population in vitro can be significantly shifted increasing the buffer concentration.
This novel picture of the structural diversity of aSyn suggests that a simple population
shift can trigger the aggregation of this protein. Our single molecule approach, being
able to discriminate and quantify the beta-structured monomer, is a unique tool to
directly test the influence of mutations and the effectiveness of therapeutic strategies
upon the early steps of pathogenic assembly.

RNA and RNA-Protein Complexes studied by Atomic Force Microscopy
and Force Spectroscopy
Peter Schön1,2, J. Zivkovic1, H. A. Heus2 and S. Speller1
1Scanning Probe Microscopy, Institute for Molecules and Materials (IMM),
Radboud University Nijmegen, The Netherlands
2Biophysical Chemistry, Institute for Molecules and Materials (IMM),
Radboud University Nijmegen, The Netherlands

RNA-protein complexes are crucial intermediates in the replication of viral RNA. A
prominent example of such an RNA-protein complex is the so-called Rev-RRE system
of the HIV virus. The RRE (Rev Response Element) is a 351 nucleotide elongated
hairpin motif within the HIV RNA genome, which binds up to 10 copies of the Rev
II- protein during the late life cycle of HIV. Formation of this complex regulates splicing
23 and export of the HIV mRNAs and is therefore also an important possible drug target
against AIDS.
We use the Rev-RRE interaction as a model system to study RNA-protein interactions
at the single molecule level by the atomic force microscopy and AFM force
spectroscopy. Initial studies were focused on imaging RNA and RNA-protein
complexes on mica after electrostatic adsorption from buffer solutions. Further
concepts of immobilization were tried. For example end-abelled RNA molecules were
attached in an oriented manner on self-assembled monolayers also suitable for
nanolithographic techniques like nanoshaving/nangrafting. AFM force spectroscopy
was used to probe unbinding forces of single specific RNA-protein complexes. For
this purpose RNA mutants and oligopeptides were tethered to AFM tips and substrate
surfaces via flexible linkers. Currently inhibition studies of the RNA-protein
complexation are in progress.
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Effect of Molecule Anchoring Positions on the Force-Extension
Curves Measured in the Atomic Force Spectroscopy Experiments on
Chain Molecules
Lucel Sirghi, Francois Rossi
Institute for Health and Consumer Protection, EU Joint Research Center Ispra Italy
In single-molecule stretching experiments performed by atomic force microscopy
(AFM), one end of a molecule is bound to the tip of an AFM probe while the other end
is bound to a substrate. To do this, the molecules to be studied are deposited on a
substrate where from they are picked up by the AFM tip. In some experiments, the
II- molecules are picked up by the AFM tip from their natural substrate, as in cases of
24 collagen from tendons and polysaccharides from a bacterial surface. In all these
experiments, the AFM tip is pushed to the sample surface in order to bind the end of a
molecule to its surface. Given the experimental conditions described here, it is
reasonable to assume that there is a certain unknown lateral (perpendicular to the AFM
tip displacement direction) distance, r, between the molecule anchoring sites on the tip
and substrate, respectively. The present work gives an analysis of the consequences of
this variable on the force-displacement curves measured in single-molecule stretching
experiments performed by AFM. We simulated AFM force-distance curves affected
by occurrence of finite values of r. and then fitted these force-distance curves with the
force-extension formulae predicted by freely jointed chain and worm like chain
molecule models. A direct experimental evidence of the effect was obtained by
simultaneously acquiring the normal and lateral forces during collagen molecule
stretching.

Non-contact AFM imaging of single biomolecules in the repulsive
electrical double layer regime
Javier Sotres1, Ana Isabel Lostao2, Carlos Gómez-Moreno3, Arturo M. Baró1

II25

1) Instituto de Ciencia de MAteriales de Madrid, ICMM-CSIC Madrid Spain
2) Instituto de Carboquimica (ICB-CSIC) & Instituto de Nanociencia de Aragón (INA)
3) Dpto. Bioquímica Universidad de Zaragoza & Instituto de Nanociencia de Aragón (INA)

We present a method to image single isolated biomolecules in aqueous media by AFM
without establishing any mechanical contact between tip and sample. The
biomolecules are electrostatically adsorbed onto a surface and the experimental
conditions can be chosen such that a repulsive electrical double layer (REDL) force [1]
exists between the tip and the surface. If the biomolecules are much smaller than
typical tip radius the force on top of the molecule is still repulsive, and a load force
lower than that corresponding to the jump into the mechanical contact instability can
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be applied. The AFM is operated in the jumping mode (JM) [2]. JM is able to maintain
constant the applied normal force while imaging, with independence of drift problems.
This is a necessary condition to maintain the stability of loading forces at values lower
than 100 pN. This method is applied to image various biomolecules like avidin,
streptavidin and DNA characterized by different electrostatic surface potentials.
[1] JN Israelachvili, Intermolecular and Surface forces, 2nd ed., Academic Press:
London, 1992 [2] PJ de Pablo, J Colchero, J Gómez-Herrero and AM Baró Appl.
Phys. Lett. 73 (1998) 3300

Kinetic parameters and energy landscape of a uranyl-antibody
interaction
Jean-Marie Teulon, Michae Odorico, Pierre Parot, Jean-Luc Pellequer
CEA-Valrho/DSV/iBEB/SBTN Bagnols sur Cèze France

Molecular recognition plays a critical role in cellular mechanisms; especially in
immunology where the specific recognition of antigens by antibodies is the key to
immunity. Understanding the mechanisms underlying the deleterious effect of
xenobiotics at cellular and molecular levels is highly relevant in toxicology. We study
II- a model system composed of a dicarboxilic phenanthroline acid - chelated uranyl
26 (DCP-UO2) and monoclonal antibodies raised against a DCP-UO2 conjugate. Several
monoclonal antibodies were selected and their dissociation constants have been
determined using Dynamic Force Spectroscopy. Using Bell’s model, we analyzed
kinetics parameters of the unbinding process. The energy landscape of the dissociation
of the complex upon an external force revealed the presence of at least two energy
barriers. Using a three-dimensional molecular model of the DCP-UO2-MabU04S
complex we suggest that an inner activation barrier corresponds to the rupture of
chelated metal with antibody whereas an outer activation barrier corresponds to the
rupture of the chelated DCP with antibody. Here we compared these results with those
of a second monoclonal antibody MabU08S. Extensive force-distance rupture events
analysis allows us to refine our model of the dissociation between DCP-UO2 and
monoclonal antibodies.

Measurement of single fibrinogen molecule detachment force using
the AFM
II27

Theodora Tsapikouni, Yannis Missirlis
Laboratory of Biomechanics & Biomedical Engineering, University of Patras, Greece

This experimental work attempts a contribution in the study of protein interaction with
biomaterial surfaces by measuring the protein unbinding force. Contrary to various
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other reported works, which measure the interaction between layers of adsorbed
protein, we have used the AFM tip to measure the detachment force of single protein
molecules from mica or glass surfaces. For this purpose, fibrinogen was covalently
bound on the tip. Initially the Si3N4 probe was oxidized by short immersion in piranha
solution and silanized with 3-aminopropyldimethylethoxysilane. Then, the
homobifunctional crosslinker bis(sulfosuccinimidyl) suberate (BS3) was added to
immobilize protein molecules on the tip via interaction of its sulfo-Nhydroxysuccinimide esters (one at each end) with the amino groups on the protein
molecules and the functionalized probe. Single molecule interaction with the substrate
was identified through the stretching pattern observed at the force curves upon
retraction of the tip. Hundreds of such curves were collected at three different
detachment rates - 0.5, 1 and 2 Hz – and the unbinding force as well as the separation
distance were extracted from them in order to be statistically processed. The first
results showed a reasonable correlation between the detachment rate and the unfolding
patterns before unbinding. The authors acknowledge financial support by “Irakleitos EPEAK II Research Programme”

[Ru(TAP)3]2+-photosensitized DNA Cleavage Studied by Atomic
Force Microscopy and Gel Electrophoresis: A Comparative Study
Hiroshi Uji-i, Philippe Foubert, Willem Vanderlinden, Frans De Schryver, Steven De
Feyter
Katholieke Universiteit Leuven Belgium
Topological modifications of plasmid DNA adsorbed on a variety of surfaces were
investigated by atomic force microscopy (AFM). On mica modified with 3aminopropyltriethoxysilane or poly-L-lysine, the interaction between the plasmid
DNA and the surface 'freezes' the plasmid DNA conformation as deposited from
solution and the AFM images resemble the projection of the three-dimensional
conformation of the plasmid DNA in solution. Modified mica with low concentrations
II28 of Mg2+ leads to a decrease in the interaction strength between plasmid DNA and the
substrate, and the AFM images reflect the relaxed or equilibrium conformation of the
adsorbed plasmid DNA. Under these optimized deposition conditions, the topological
modifications of plasmid DNA were produced under irradiation in the presence of
Ru(TAP)32+, which is a non-intercalating complex, and were followed as a function
of illumination time. The observed structural changes correlate well with the
conversion of the covalently closed circular form (ccc form) into the open circular
form (oc form), induced by a single-strand photocleavage. The AFM results obtained
after fine-tuning the plasmid DNA - substrate interaction match well those observed
with gel electrophoresis, indicating that under the appropriate deposition conditions,
AFM is a reliable technique to investigate irradiation-induced topological changes in
plasmid DNA.
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FORCE SPECTROSCOPY OF LACTATE OXIDASE
MONOLAYERS
Ana PARRA1, Elena CASERO1 Felix PARIENTE1, Encarnacion LORENZO1, Luis
VÁZQUEZ2
1) UNIVERSIDAD AUTÓNOMA DE MADRID
2) INSTITUTO DE CIENCIA DE MATERIALES DE MADRID (CSIC)

We report on the study of the nanomechanical properties of a lactate oxidase (LOx)
monolayer immobilized on gold substrates by Atomic Force Microscopy techniques
operating under buffer conditions. Topographical contact mode imaging evidenced the
protein deformation under the applied tip load. We have performed approaching force
II29 curves with both stiff and soft cantilevers by imposing maximum loads of 1.6 nN and
400 pN, respectively. We have found that for our experimental conditions the force
curves can be, in principle, well fitted by the Hertz model for both conical and
spherical indenter geometries. However, as the Young’s modulus obtained for both
geometries can differ appreciably, it became necessary to assess which indenter
geometry was more adequate to explain the experimental data. For such purpose a
systematic study of the indentation versus applied force curves obtained from both
fittings for all the experimental curves was done. From this study resulted that the
experimental data were better fitted by the Hertz model for a conical indenter,
obtaining an average value of the Young's modulus for the LOx layer in the 0.5-0.8
GPa range. These results agreed with those obtained for LOx submonolayer deposits
on mica substrates, which allows discarding any important contribution from the
underlying substrate on the measured properties.

Nanomechanics of collagen fibres: Insights into the structural
properties of fibres using atomic force microscopy
Marco Wenger, Patrick Mesquida, Laurent Bozec, Mike Horton
University College London UK
II30

Collagen is the most abundant protein in mammals. It provides a mechanical structure
to our bodies, protecting and supporting the softer tissues and connecting them with
the skeleton. Many of the most common skeletal diseases are related to either a loss of
bone mass (both collagen and the hydroxyapatite mineral phase) such as in
osteoporosis, or altered collagen structure present in the inherited disorder,
osteogenesis imperfecta. Investigations of the structural behaviour of collagen
matrices down to the fibrillar and molecular level are essential if findings in these
diseases are to be applied to an understanding of the architecture of the normal
skeleton. We present here a precursor study of native collagen (from rat tail tendons)
using an atomic force microscopy based technique (nanoindentation; force mapping).
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Mechanical properties and behaviour such as the evolution of Young’s modulus of
single collagen fibrils were characterised. New insights in to the fibril structure were
also gained by stretching fibrils until rupture and performing controlled fibril
nanodissection. The revealed internal structure allowed us to compare the stiffness of
the fibril’s surface with the core.

Single molecule force spectroscopy study of specific interaction
between cell membrane receptor Laminin Binding Protein and
different surface proteins of flaviviruses
Boris Zaitsev1, Garegin Nalgranyan1, Melanie Favre2, Sergey Sekatskii2
1) State Research Center of Virology and Biotechnology ”Vector” , Koltsovo, Novosibirsk
Region, 630559, Russia
2) Lab. Phys. Mat. Viv., IPMC, BSP, Ecole Polytechnique Fédérale de Lausanne, CH 1015,
Lausanne, Switzerland

Specific interactions of viral proteins with cell receptors play a crucial role in the
process of penetration of virus particles into a cell and development of viral infection.
Inhibition of such an interaction can prevent the entry of a virus into a cell. We applied
II- single molecule force spectroscopy to study the specific interactions between the
31 universal cell receptor “laminin binding protein” (LBP) and surface proteins of two
flaviviruses. Two fragments of recombinant envelope protein E of West Nile Virus
(WNV) were used as ligands: E1-180 fragment containing domain I and domain II,
and E53-126 fragment containing domain II; the third object was the recombinant
envelope protein of Tick-Borne Encephalitis Virus (TBE). In all cases a prominent
specific interaction, with the average force about 100 pN has been observed for force
loading rate of 60 nN/s. Specific interaction between LBP and extracellular basement
membrane glycoprotein laminin was also studied. The average value of specific force
recorded for this pair was about 90 pN. These single molecule force spectroscopy
results are in a good agreement with the immunochemical data obtained by ELISA
thus strongly confirming the hypothesis of an importance of LBP as a (co)receptor for
flaviviruses attachment to the cell membrane.
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Electrochemically controlled growth and dissolution of PLL/DNA
multilayers for tailored DNA release studied by EC-OLWS and insitu AFM
Lorena Diéguez Moure1, Tomaso Zambelli2, Janos Vöröes2
1) University of Barcelona Spain
2) LBB ETH Zurich Switzerland

Electrophoresis is the widely employed procedure for DNA and RNA transfection,
nevertheless it often shows limited efficiency and it requires the use of large amount of
nucleotides. Recently, our group has developed a novel method for the electrochemical
dissolution of polyelectrolyte multilayers from the surface of an electrode for
II- applications in controlled drug delivery. Nanoobjects and charged molecules, such as
32 DNA can readily be incorporated into polyelectrolyte multilayers facilitating the
surface initiated controlled release of various compounds. The aim of our project is to
combine the incorporation of DNA into polyelectrolyte multilayers with the
electronically controlled dissolution. The entire process of buildup and consecutive
dissolution of the multilayers are monitored by Electrochemical Optical Waveguide
Lightmode Spectroscopy, whereas the morphology of the film during dissociation is
observed in-situ with AFM in an electrochemical liquid cell. Stable PLL/DNA
multilayers are formed on substrates covered with indium tin oxide as conductive
layer. We discovered that no galvanostatic dissolution occurs when the multilayers are
grown at open circuit potential. On the contrary, they can be dissolved if a potential
bigger than 0.2 V (versus Ag/AgCl ) is applied during the build-up. The dissolution
rate increases by increasing the applied potential. The underlying mechanism is still to
be elucidated, nevertheless these original result may be of great consequence for the
fabrication of multilayer with controlled stability.

Bacillus subtilis primosomal protein DnaD-DNA interactions
An AFM imaging and force spectrum study
Wenke Zhang1, Stephanie Allen2, Clive J. Roberts2 and Panos Soultanas1
1) Centre for Biomolecular Sciences School of Chemistry
2) Laboratory of Biophysics and Surface Analysis, School of Pharmacy, University of
Nottingham, University Park, Nottingham NG7 2RD, United Kingdom
II33

The Bacillus subtilis DnaD protein is an essential protein that has been implicated in
the primosomal step of DNA replication. We have used AFM imaging and AFMbased single molecule force spectroscopy (SMFS) to investigate the DNA
binding/remodeling behavior of the DnaD protein and its separate N- and C-terminal
domains (Nd and Cd, respectively). We discovered that DnaD has a global DNA
remodeling activity implying a more widespread role in bacterial nucleoid
architecture. Full length DnaD opens up supercoiled DNA and circularizes linear
double-stranded DNA molecules. In order to achieve this it untwists the DNA duplex
and converts plectonemic DNA to a more paranemic form. Our results show that Nd
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exhibits an oligomerization activity and Cd a DNA-binding activity and a second
DNA-induced oligomerization activity. Although Cd can bind to DNA forming large
nucleoprotein complexes, it does not exhibit the characteristic global DNA-remodeling
activity. The presence of separate Nd does not restore this activity. Thus the global
DNA remodelling activity of DnaD is the sum of separate oligomerization and DNAbinding activities residing on two distinct but linked domains.
References: 1. Carneiro, M. J. V. M., Zhang, W., Ioannou, C., Scott, D. J., Allen, S., Roberts, C. J. and
Soultanas, P. Mol. Microbiol. 2006, 60:917–924.
2. Zhang, W., Carneiro, M. J. V. M., Turner, I. J., Allen, S., Roberts, C. J. and Soultanas, P. J. Mol.
Biol. 2005, 351:66–75.
3. Zhang, W., Allen, S., Roberts, C.J. and Soultanas, P. J. Bacteriol. 2006, 188:5487-93.

AFM BioMed Conference

19-21 April 2007

Barcelona

Spain

100

Session III: High resolution imaging
Redox proteins immobilized on carbon nanotubes: A Conductive
Atomic Force Microscopy characterization at the single molecule
level
Chiara Baldacchini, Laura Andolfi, Salvatore Cannistraro
Biophysics and Nanoscience Centre, CNISM, and CNR-INFM Viterbo Italy
The integration between metalloproteins and single-walled carbon nanotubes
(SWNTs) is an active field of research, with the goal of optimizing electronic signal
transduction in advanced and highly sensitive nano-biosensors. To this aim, the
immobilization strategy of the protein on the SWNT is crucial, because it determines
the molecular orientation and conduction properties. It is known that metalloprotein
molecules adsorbed on SWNTs via amide bonds preserve their redox functionality
III- [1], and several metalloproteins have been imaged at the single molecule level once
adsorbed on SWNTs, by means of Tapping-Mode Atomic Force Microscopy [2].
1
Nevertheless, these characterizations do not provide direct information on the
conduction of the single molecule. By means of Conductive Atomic Force
Microscopy, imaging at the single molecule level can be coupled with the
investigation of single molecule conductive properties [3]. For the first time,
simultaneously recorded topography and current images of single metalloproteins
adsorbed on SWNTs are presented. By using different immobilization strategies, the
protein-SWNT interaction is correlated with the efficiency of the transport
mechanism. The I/V characteristics of single metalloprotein molecules provide
information on possible conduction channels across the protein. They have been
recorded as a function of the applied force load in order to establish a stable electrical
contact between protein and tip. [1] J.J. Gooding et al., J. Am. Chem. Soc. 125, 9006
(2003) [2] B.R. Azamian et al., J. Am. Chem. Soc. 124, 12664 (2002) [3] L. Andolfi
and S. Cannistraro, Surf. Sci. 598, 68 (2005)

Modeling of local acidosis condition: towards understanding of
origin and mechanisms of cytotoxic brain edema
Lyubov Belova1, Hans von Holst2
III2

1) Dept. of Materials Science and Engineering, Royal Institute of Technology, 10044
Stockholm, Sweden
2) Dept. of Clinical Neuroscience, Section of Neurosurgery, Karolinska Institute, 17177
Stockholm, Sweden

Etiology of cytotoxic edema after brain lesion is still poorly understood. Clinicians
are usually facing combined results of a cascade of processes triggered off by the
initial impact. In this regard it is not possible to resolve each event in this cascade. In
an ideal situation, in order to provide the most efficient treatment, one should have a
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clear understanding which process leads to which consequences. In an effort to
further understand the origin and mechanisms of cytotoxic edema, we have developed
a model of isolated acidosis condition (without first initiating ischemia) by using
ozone to model relevant cell condition. The model was tested on animals (rats) and
Magnetic Resonance Imaging (MRI) showed condition similar to that in case of a
lesion induced edema. The same approach was then used in-vitro to analyze impact of
the model acidosis condition on protein structures. Albumin (specifically bovine
serum albumin, BSA) was used to test the model, as it is the most abundant protein in
the CSF. Atomic Force Microscopy (AFM) was used to study morphology of BSA
molecules after ozone treatment. The in-vitro study demonstrated that ozone
treatment results in a substantial decrease in pH down to 3.8, which subsequently
triggers off unfolding of the protein molecules. This structural transformation was
found to result in manifold increase in both surface area and volume of the albumin
molecules.

AFM imaging and force spectroscopy : tools for studying plant
surface and characterizing carbon nanotubes / bio-molecules hybrids
Patricia Bertoncini1, Matthieu Grésil1, Olivier Chauvet1, Sabine Constant2, Hocine
Benharrat2
1) Institut des Matériaux Jean Rouxel Nantes France
1) Groupe de Physiologie et Pathologie Végétale Nantes France

In this poster, we propose to show first results about the characterization of the
surface of a parasitic plant Orobanche and of complexes made of bio-molecules and
IIIcarbon nanotubes (CNTs). Orobanche parasites many plants in Europe and North
3
Africa : sunflower, oilseed rape, tobacco, tomato… In proximity of a host plant,
orobanche seeds are stimulated, germinate and fix themselves on the host plant roots
and develop. We are studying the physical properties of the Orobanche root surface at
its first development stages. The integration of biomaterials (proteins/enzymes,
antigens/antibodies, or DNA) with carbon nanotubes (CNTs) provides new hybrid
systems that combine the electronic properties of CNTs with the recognition or
catalytic properties of the biomaterials. Our interest is focused on the synthesis of
biomaterial-CNT hybrids (non-covalent interaction) and on the characterization of the
structure of these hybrids
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Scanning Probe Microscopy investigation of tumour suppressor p53
and of its complex with Azurin
Francesca Bianchi, Laura Andolfi, Salvatore Cannistraro, Anna Rita Bizzarri
Biophysics & Nanoscience Centre Viberto Italy
p53 is a tumor suppressor protein that plays a widely recognized role in preventing
cancer development by inducing cell cycle arrest and apoptosis in response to DNA
damage. p53 mutations are one of the most common genetic alterations found in
human cancers. Very recently, it has been suggested that a small copper protein,
Azurin from Pseudomonas aeruginosa, can enter mammalian cancer cells and form a
complex with p53, contributing to its stabilization and restoring its role of “guardian
of the genome” [1]. Therefore, a deeper knowledge of the molecular mechanism
III- underlying the interaction between p53 and Azurin could open new horizons for
4
cancer therapy. Scanning Probe Microscopies (SPM) are very advanced tools for high
resolution imaging and investigating topography and molecular interactions. Indeed,
they opened up many new areas of science and engineering at the atomic and
molecular level. In particular, these techniques allow studying single
biomacromolecules under physiological conditions. In this respect, we have used
Atomic Force Microscopy (AFM) and Scanning Tunneling Microscopy (STM) to
investigate the topology of p53 DNA Binding Domain (p53 DBD) immobilized
directly on gold and on a glutaraldehyde-cysteamine monolayer. We have also
studied the complex formation between p53 DBD and Azurin by following the
variation of both volume and conductive properties. The results are discussed in
connection with the physiological role of the p53 DBD-Azurin complex. [1] T.
Yamada et al., PNAS 101, 4770-4775 (2004). This work has been partially supported
by CNISM (Innesco-Project 2005)

Nano – Infrared AFM based spectroscopy A new diagnostic tool for
Biophysicists
Laurent Bozec, Mike Horton
University college London / London Center for Nanotechnology
III5

Bone can be considered to be one of the best examples of composite material that
nature has produced, consisting of two phases: a mineral phase (hydroxyapatite) that
gives the bone its strength and resistance to deformation, and an organic phase
(mainly collagen) that gives bone its flexibility. Being able to map the different
region using an atomic force microscope has been a very difficult task until recently.
Using the combination of atomic-force microscopy and localised infrared
spectroscopy, fundamental questions that have not yet been addressed, can now be
elucidated. The overall concept of our technique is to record simultaneously an image
carrying both structural and chemical information (infrared) about a given sample at a
scale beyond that of an optical microscope. Infrared spectroscopy enables damage
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done to the collagen matrix to be clearly identified, from entire ‘tissues’ down to the
single molecule level. Transitions, such as shifts in the amide I, II and III bands in the
infrared spectrum can be related to the ‘gelatinisation’ of the matrix. In a proof of
concept experiment, it was shown that this technique was able to discriminate
between native and denatured collagen, but at the scale of an AFM probe. This ability
to fingerprint the degradation state of collagen leads to studies in the field of
conservation of historical documents, but as well as in case of osteoarthritis or any
collagen degenerative diseases.

Kinesin tracks on single protofilaments
Iwan Schaap1, Carolina Carrasco2, Pedro J. dePablo2, Christoph F. Schmidt3
1) National Institute for Medical Research, London
2) Universidad Autónoma de Madrid
3) Physikalisches Institut, Göttingen

The function of most enzymes involves dynamic transitions, but the small size of
most proteins prohibits direct imaging of these dynamics with light microscopy.
III- Single motor proteins of the Kinesin family can move processively along
6
microtubules by taking hundreds of successive steps. Kinesins are responsible for
intracellular transport and are among the most studied motor proteins. Fundamental
questions about its stepping their functional mechanism have remained unresolved
because it has been impossible to image the motors with molecular resolution while
they move. We have here pushed the limits of atomic force microscopy in buffer to
observe individual processive Kinesin-1 motors from Neurospora crassa in their
motion along a microtubule with nanometer resolution. We specifically found that
both heads of one Kinesin-1 dimer are bound for the major part of the chemical cycle
time to the microtubule. Furthermore, we could unambiguously resolve that both
heads bind to the same protofilament, instead of straddling two, and remain on this
track when they move.

Electrical imaging of biosamples using dc and ac current-sensing
atomic force microscopy
Ignacio Casuso1, Laura Fumagalli1, Gabriel Gomila1, Giorgio Ferrari2, Josep
Samitier1
III7

1) Dept. of Electronics, Universitat de Barcelona and Lab. Nanobioengineering, Barcelona
Science Park, Barcelona, (Spain).
2) Dept. di Elettronica ed Informazione, Politecnico di Milano, Milano, (Italy).

Recent advances in the development of nanoscale biosensors have raised new
challenges in understanding the fundamental electrical transport of biosamples, such
as protein membranes, which demands new measurement tools and protocols. Atomic
Force Microscopy (AFM) is an ideal technique towards this aim: it has nanoscale
spatial resolution; it is able to work with biosamples under their physiological
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environment; and it can be adapted to perform a variety of electrical and
electrochemical measurements under accurate control of the force applied to the
biosample. In spite of the enormous interest of electrical conductivity measurements,
only a few single-point measurements on biosamples have been reported so far,
obtaining current-voltage (I-V) characteristics. The fact that electrical images of
biological samples have not been obtained yet is due to the difficulty of minimizing
the large shear forces between the tip and the sample during the scanning in contact
mode, which are destructive for the biosample. Here we present two new
measurement protocols capable of mapping the dc and ac electrical transport of
biological samples at the nanoscale using current-sensing AFM. While nanoscale
conduction maps are obtained by dc current-sensing, ac current-sensing provides
nanoscale capacitance images, offering the possibility of directly probing dielectric
variations of biosamples. These techniques will provide new insight in the study of
dielectric properties of biomolecules towards the development of bioelectronics
applications.

An AFM study on structural and mechanical properties of native,
chemically-stabilized, and drug treated pericardium tissue
Klaudia Matyka, Iwona Mroz, Antoni Ciszewski
Institute of Experimental Physics, University of Wroclaw PL

Tissues based on collagen fibrils are widely used for production of biomaterials
mostly due to their advantageous mechanical properties. The properties, which are
physiologically important, result from the constitution of respective collagen fibrils
and the way of their arrangement in the tissue. A structural feature of the collagen
fibril is striation, the so-called D-banding, which is a result of the characteristic
distribution of collagen molecules along the fibril axis. The structure of the collagen
fibril is stabilized by numerous intermolecular interactions, which are called the
IIIcrosslinking bonding. Action of chemical agents such as preservatives or drugs may
8
perturb the structure of collagen fibrils, which affects the mechanical properties of the
tissue. Using an example of a fibrous layer of the hog pericardium tissue, which is
composed mainly of collagen fibrils of type I, we present changes observed within the
surface of collagen fibrils after treatment with crosslinking agent of dimethyl
subermidiate (DMS) and drugs of Naproxen, Ibuprofen and acetylsalicylic acid
(aspirin). The measurements were made at room temperature on samples dried in air,
by employing the atomic force microscopy (AFM) Nanoscope E and Nanoscope IIIa,
Veeco, operating in the contact mode. We also present results of our attempt to
estimate mechanical properties of the fibrous layer of the native and the chemically
and drug treated tissue. AFM images show that the treatment agents applied introduce
considerable changes in surface topography, fibril thickness and fibril arrangement on
the tissue surface. They also change mechanical properties of the fibrous layer.
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Visualization of Straight-to-Ring transition of individual tubulin
protofilaments
Celine ELIE-CAILLE1, Daniel J. MÜLLER2, Tony HYMAN3
1) FEMTO-ST Institute UMR6174-CNRS, Besançon
2) BIOTEC, Dresden
3) MPI of Molecular Cell Biology and Genetics, Dresden

We show that Atomic Force Microscopy can be used to assess the intrinsic curvature
of protofilaments resulting from the microtubule lattice, and correlate this curvature
with the kink between tubulin subunits. These data have allowed us to confirm the
prevalent model for how microtubules are destabilized by GTP hydrolysis. Namely
that GTP hydrolysis induces a kink between the subunits, thus inducing curvature in
the protofilaments. This curvature works against the interprotofilament interactions,
IIIputting strain on the lattice and destabilizing it. These data also suggests the mode of
9
action of taxol, a microtubule stabilizer. Taxol works against the tendency of the
tubulin subunits to kink after GTP hydrolysis. Our data show that taxol initially
prevents the GDP subunit kinking in the lattice. Perhaps most interestingly, the data
show that even in the presence of taxol, there is a slow transition between the straight
and curved conformations, and this analysis appears to be trapping intermediates in
this process. We don’t know why there is a slow change, but the most likely
explanation is that taxol slows down the straight to curved reaction. More generally,
the data from taxol and MCAK (a kinesin known as a microtubule depolymerizer)
suggest that one of the basic modes by which stabilizers and destabilizers affect the
stability of the microtubule lattice is by stimulating or counteracting the basic
tendency of the protofilament to curve. The assay that we have established in this
study will allow us to test this more generally for other stabilizing and destabilizing
agents.

Study of Fractal Dimension and Localization of DNA Knots by
Atomic Force Microscopy
Erika ERCOLINI1, Francesco Valle1, Jozef Adamcik1, Guillaume Witz1, Ralf
Metzler2
III10

1) Laboratory of Physics of Living Matter, IPMC, Ecole Polytechnique Fédérale de Lausanne
(EPFL)
2) Nordic Institute for Theoretical Physics (NORDITA)

The scaling properties of homo- or heterogeneous mixture of viral DNA knots were
studied by Atomic Force Microscopy (AFM). DNA knots were adsorbed onto mica in
regimes of (i) strong binding, that induces a kinetic trapping of the three-dimensional
(3D) configuration, and of (ii) weak binding, which permits (partial) relaxation on the
surface. The DNA contours were analyzed with a box counting algorithm, giving the
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number of filled boxes as a function of the box size L. In (i) the radius of gyration of
the adsorbed DNA knot scales with the 3D Flory exponent nu~0.60 within error. In
(ii), we find nu~0.66, a value between the 3D and 2D (nu = 3/4) exponents, indicating
an incomplete 2D relaxation or a different polymer universality class. Evidence is
also presented for the localization of knot crossings in 2D under weak adsorption
conditions.

Variations in Morphology in Surfaces of Human Bone – Possible
Collagen Collapse
Tue Hassenkam1, HenrikJørgensen2, Jens-Erik Jensen3, Jes Lauritzen4
1) Nano-Science center, University of Copenhagen, Universitetsparken 5, Copenhagen,
Denmark
2) Department of Clinical Biochemistry, Bispebjerg Hospital, University of Copenhagen,
Denmark
3) Department of Endokrinology, Hvidovre Hospital, University of Copenhagen, Denmark
4) Department of Orthopaedics, Bispebjerg Hospital, University of Copenhagen, Denmark

Understanding the structural relationships between the building blocks of bone is
important for understanding the mechanical properties of the bone tissue. Human
bone tissue is composite material consisting of small mineral plates embeded in a
matrix of organic fibres. The size scale of the individual building blocks of bone is in
IIIthe nanometer range with collagen fibrils being 100 nanometer in diameter and
11
mineral plates being about 50 nanometer in diameter. To understand bones ability to
resist fracture as a tissue, and thus its quality, one has to elucidate the intricate
interplay between these building blocks. We have used the Atomic Force Microscope
(AFM) as tool to elucidate this interplay in structural sense as well as in nanomechanic sense. We show detailed images of the surface from several trabecular
struts in several patients. The images reveal big variances in morphology. The
morphology reveals that the collagen fibrils degenerate into a lesser order. Struts from
Young Patients reveal less structural degeneracy while struts from elderly patients
show greater variances in morphology, suggesting that the collagen fibrils falls apart
with age. The Nanomechanics of the various morphologies found is also presented.
The results seems to contradict a consensus of collagen fibrils generating more
internal cross-links from advanced glycation endproducts (AGE), thus forming stiffer
and more brittle fibrils over time. In addition we have mapped the imprint of bone
remodelling, to elucidate the structural relationship between old bone and the osteoid.
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Close Approximation of Two Platelet Factor 4 Tetramers by Charge
Neutralization Forms the Antigens Recognized by HIT Antibodies
Andreas Greinacher1, Manesh Gopinadhan1, Werner Weitschies1, Theodore
Warkentin2, Christiane A. HELM1
1) Ernst-Moritz-Arndt Universität, Greifswald Germany

2) McMaster University, Hamilton (CA) USA

Heparin-induced thrombocytopenia (HIT) is a prothrombotic drug reaction caused by
antibodies that recognize positively charged platelet factor 4 (PF4), bound to the
polyanion, heparin. The resulting immune complexes activate platelets.
Unfractionated heparin (UFH) causes HIT more frequently than low-molecularweight heparin (LMWH), whereas the smallest heparin-like molecule (the
pentasaccharide, fondaparinux), induces anti-PF4/heparin antibodies as frequently as
IIILMWH, but without exhibiting cross-reactivity with these antibodies. To better
12
understand these findings, we analyzed the molecular structure of the complexes
formed between PF4 and UFH, LMWH, or fondaparinux. By atomic force
microscopy and photon correlation spectroscopy, we show that with any of the 3
polyanions, but in the order, UFH LMWH
fondaparinux—PF4 forms clusters in
which PF4 tetramers become closely apposed, and to which anti-PF4/heparin
antibodies bind. By immunoassay, HIT antibodies bind strongly to PF4/H/PF4
complexes, but only weakly to single PF4/heparin molecules. HIT antigens are
formed when charge neutralization by polyanion allows positively charged PF4
tetramers to undergo close approximation. Whereas such a model could explain why
all 3 polyanions form antibodies with similar specificities, the striking differences in
the relative size and amount of complexes formed likely correspond to the observed
differences in immunogenicity (UFH>LMWH~fondaparinux) and clinically relevant
cross-reactivity (UFH>LMWH>>fondaparinux)

Hydrophobic interactions at the three-dimensional nanoscale
investigated with miniature-cantilever AFM
Allard KATAN, Dian van der Zalm, Raymond Koehler, Tjerk Oosterkamp
Leiden University The Netherlands
III13

Hydrophobic interactions are ubiquitous in nature. They play an important role in
protein folding, self-assembly of membranes and protein-protein interactions.
Nevertheless, very little is known about the exact nature of the hydrophobic force.
Even something as basic as the length scale over which it acts is still under
discussion. Most of the sparse experimental data comes from Surface Forces
Apparatus or AFM measurements on surfaces that are homogeneous over a large
scale. A complicating factor in these experiments is the occasional appearance of
nanoscopic gas bubbles, that are not seen with less invasive techniques. In order to
understand more about the hydrophobic interaction in more complicated geometries,
we built a model system that consists of a monolayer of two different types of
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molecules, that phase-separate into two-dimensional domains with a typical size of 550 nm. These domains present either only hydrophilic, or only hydrophobic
endgroups at the interface. We investigate the interactions of these domains,
immersed in pure water, with a carbon nanotube that is mounted onto an AFM tip. To
optimize the force resolution without the problem of snap-in at short distances we use
miniature cantilevers with 2 N/m spring constant and 1MHz resonance frequency.
This allows us to present the first experimental data on hydrophic interactions at the
three-dimensional nanoscale.

High-resolution AFM/Phase Lag investigation of 20-mer
oligonucleotides anchored on an unoxidized crystalline silicon
surface
Giovanni Longo, Fabrizio Cattaruzza, Alberto Flamini, Marco Girasole, Antonio
Cricenti
Istituto di Struttura della Materia - C.N.R. Rome Italy

Single-strand poly-thymine oligonucleotides have been anchored on a carboxylic-acid
functionalized crystalline silicon (1,0,0) surface to produce a silicon-based nano-bio
III- sensing device capable to react selectively with a specific target molecule, the Poli14
adenine (Poli-A). Intermittent-contact AFM imaging and quantitative fluorescence in
solution have been performed on these samples in order to optimize the preparation
protocol and to fully characterize the immobilization and hybridization processes. The
topography measurements and the extremely controlled preparation procedure have
produced images of the single-strand oligonucleotides with a state-of-the-art lateral
resolution of 8.6 nm. Moreover, phase-lag images have evidenced interesting nontopographic structures on the functionalized substrates that have been interpreted as
areas of different molecule self-orientation. In conclusion, the coupling between
Tapping-mode AFM, Phase-lag imaging and quantitative fluorescence have proved
useful for the characterization of DNA-based proto-biosensors allowing to bridge the
gap between the macroscopic functional behaviour of the device and the microscopic
molecular-molecular recognition.

ENHANCED COMPOSITIONAL SENSITIVTY IN ATOMIC
FORCE
MICROSCOPY BY EXCITACIÓN OFTHE FIRST TWO
FLEXURAL MODES
III15

Nicolas F. Martínez, S.V. Patil, J.R. Lozano and Ricardo García
Instituto de Microelectrónica de Madrid, CSIC, c/ Isaac Newton 8, Tres Cantos, 28760 Madrid.

We demonstrate that the compositional sensitivity of an atomic force
microscope is enhanced by the simultaneous excitation of its first two normal
eigenmodes. The coupling of excited modes by the probe-surface force interaction
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enables to map compositional changes in several conjugated molecular materials with
a phase shift sensitivity about one order of magnitude higher than the one achieved in
amplitude modulation AFM1,2. This technique has been used for high resolution
imaging of organic molecules, as T6 and TTF, and also antibodies in two different
forms: IgG (trimers) and IgM (pentamers).
1.
2.
3.
4.

T. Rodríguez, R. García., Appl. Phys. Lett. 84, 3 (2004)
N.F. Martínez et al. Appl. Phys. Lett. 89, 153115 (2006)
S. V. Patil et al. PNAS, (submitted)
R. Proksch, Appl. Phys. Lett. , 89, 113121 (2006)

Escherichia coli FtsZ filament structure and dynamics studied with
atomic force microscopy
Pablo MATEOS1, German RIVAS2, Marisela VÉLEZ1
1) UNIVERSIDAD AUTÓNOMA DE MADRID
2) CENTRO DE INVESTIGACIONES BIOLÓGICAS (CSIC)

FtsZ, the prokaryotic homologue of tubulin, is an essential cell division protein. In the
cell it localizes at the center forming a ring that constricts during division. In vitro it
binds and hydrolyzes GTP, and polymerises in a GTP-dependent manner. We have
used atomic force microscopy (AFM) to study the structure and dynamics of FtsZ
polymer assembly on a mica surface under buffer solution. The polymers were highly
dynamic and flexible, and continuously rearranged over the surface. End-to-end
III- joining of filaments and depolymerization from internal zones were observed,
16
suggesting that fragmentation and reannealing may contribute significantly to the
dynamics of FtsZ assembly. The shape evolution of the restructured polymers
manifested a strong inherent tendency to curve. Polymers formed in the presence of
non-hydrolysable nucleotide analogues or in the presence of GDP and AlF3 were
structurally similar but showed a slower dynamic behaviour. Theoretical modelling
indicates that lateral interactions between neighbouring filaments and the presence of
a preferred angle between monomers are sufficient to account for the structures
observed, suggesting that lateral interactions could be relevant for the function of the
FtsZ filaments during cell constriction. Since mutations that affect the lateral
interaction between filaments have been described as being non-functional, we
explore the structure and dynamic behaviour of some of these mutants on a mica
surface in order to associate functionally relevant interactions with the in vitro
structure and dynamic of the filaments on mica observed with AFM.
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Ultrastructure and polymorphism of amyloid fibrils
Patrick Mesquida1, Rachel McKendry2, Cait MacPhee3
1) Department of Mechanical Engineering, King's College London
2) Department of Medicine, University College London
3) Department of Physics, University of Edinburgh

Amyloid fibrils are self-assembled, beta-sheet-rich superstructures of peptides or
proteins. Although these aggregates have first been found in connection with proteinmisfolding diseases, such as Alzheimer's or Parkinson's disease, there is evidence that
the ability to form fibrils is a thermodynamic property of any polypeptide chain rather
IIIthan a result of specific, disease-related amino-acid sequences. Fibrils can easily be
17
formed in-vitro from disease- and non-disease-related proteins, which can serve as
model systems to study the morphological and physico-chemical properties of
amyloid fibrils. Here, we present AFM-investigations of the ultrastructural and
physical properties of the peptide TTR105-115, which forms well-defined fibrils of ca
10nm diameter. Fibrils showed typical polymorphism, which is indicative of the
different strains often observed in protein-misfolding diseases. They could be
chemically dissected into smaller protofilaments, which were studied at high
resolution by AFM. Furthermore, it has been found that fibril adsorption on surfaces
is influenced by electrostatic surface properties and can be controlled by appropriate
choice of solvent conditions.

Global architecture of full length human poly(A)-specific
exoribonuclease, PARN, revealed by AFM in liquid
Anna Niedzwiecka1, Malgorzata Lekka2, Per Nilsson3, Anders Virtanen3

III18

1) Biological Physics Group, Institute of Physics, Polish Academy of Sciences, 02-668
Warsaw, Poland and Division of Biophysics, Institute of Experimental Physics, Warsaw
University, 02-089 Warsaw, Poland
2) Department of Applied Spectroscopy, Institute of Nuclear Physics Polish Academy of
Sciences, 31-342 Krakow, Poland
Per Nilsson, Anders Virtanen
3) Department of Cell and Molecular Biology, Uppsala University, SE-751 24 Uppsala,
Sweden

AFM imaging has been routinely focused on objects of ~100 nm or greater. The aim
of this work was to learn a shape and dimensions of a single protein molecule in
solution with a resolution below 10 nm. PARN, poly(A)-specific exoribonuclease, is
a large dimeric protein responsible for turnover of eukaryotic mRNA. Deadenylation
of the 3’ poly(A)-tail by PARN is the initial and rate-limiting step in the mRNA
decay. Disturbance of mRNA turnover leads to cancer, inflammation, Alzheimer
disease, and influences embryogenesis. PARN activity is regulated by the mRNA 5’
cap. A fragmentary crystal structure of PARN without one functional domain, RRM,
was published recently. Two remaining domains, nuclease and R3H, resembled a seehorse shape, with an empty space in the middle. The structure neither explained the
poly(A)-specificity nor contained the cap-binding site. Hence, learning an overall
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appearance of full length PARN was highly desired. Imaging was performed in a
contact mode, using sharp tips (rc of ~2 and 20 nm) on cantilevers with soft spring
constants (0.006 to 0.05 N/m). Collected images show that a single PARN molecule
has a compact, ellipsoidal shape, with dimensions of 10.87 +/- 0.19, 7.56 +/- 0.17,
4.56 +/- 0.31 nm, and a volume of 196 +/- 15 nm3. These results suggest that the R3H
domain is moved toward the nuclease of the same subunit and the RRM fills the
central empty space. Thus, high resolution imaging provided an insight into a global
architecture of PARN. Supported by Polish Ministry of Science 2P04A03328

AFM characterization of DNA-biosensor nanofilms adsorbed onto
charged surfaces
Ana Maria Oliveira-Brett, Ana-Maria Chiorcea-Paquim
Departamento de Química, Universidade de Coimbra
In a health perspective the need for the analysis of gene sequences, oxidative damage
to DNA and the understanding of DNA interactions with molecules or ions led to the
development of electrochemical DNA-biosensors. The detection of chemical
compounds that cause irreversible damage to DNA is very important, as they may
lead to hereditary or carcinogenic diseases. The electrochemical DNA-biosensor is a
complementary tool for the study of biomolecular interaction mechanisms of
compounds with DNA, enabling the screening and evaluation of the effect caused to
IIIDNA by health hazardous compounds and oxidising substances. A critical issue in the
19
development of an electrochemical DNA-biosensor is the sensor material and the
degree of surface coverage. AFM was used to characterize the process of adsorption
of DNA on a highly oriented pyrolytic graphite (HOPG) electrode surface using
different concentrations of DNA and adsorption procedures [1-3]. Reactions with
chemical substances cause changes in the structure of DNA and the base sequence,
leading to perturbations in DNA replication. The electrochemical DNA-biosensor
provides very relevant information because the mechanisms of DNA-drug
interactions at charged interfaces mimic better the in vivo DNA-drug complex
situation, where it is expected that DNA will be in close contact with charged
phospholipid membranes and proteins, rather than when the interaction is in solution.
1-A.M. Oliveira Brett, A.-M. Chiorcea, Electrochem. Commun., 2003, 5, 178-183. 2A.M. Oliveira Brett, A.-M. Chiorcea, Langmuir, 2003, 19, 3830-3839. 3-A.-M.
Chiorcea Paquim, T.S. Oretskaya, A.M. Oliveira Brett, Electrochim. Acta, 2006, 51,
5037-5045.
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AFM imaging of heterologous membrane proteins expressed in
Xenopus laevis oocytes
Francesco Orsini, Santacroce Massimo, Stefania Anna Mari, Vellea Franca Sacchi,
Giulio Poletti
University of Milan Italy
Xenopus laevis (X. laevis) oocyte represents a well-known, high efficient model
system for the heterologous expression of plasma membrane proteins [1]. Recently,
atomic force microscopy (AFM) has been proved to be a useful tool for studying
membrane proteins in native environment [2]. In this study, the first reproducible
AFM images of eukaryotic plasma membrane proteins starting from X. laevis oocyte
membranes purified by ultracentrifugation on sucrose gradients were obtained. The
morpho-dimensional analysis of these proteins confirmed previously published AFM
data [3] obtained preparing samples using different protocols. The average diameter
and height of the protein complexes resulted of 23.3 nm (S.E. = 0.3 nm; n = 200) and
1.5 nm (S.E. = 0.1 nm; n = 90) respectively. Besides, protein complexes densely
packed and arranged in an ordered way according to two different patterns, hexagonal
and square packings, were visualized. These ordered membrane domains were
III- processed and analysed by Fast Fourier Transform to study the protein assembly and
20
their spatial organization. Electron microscopy imaging allowed to validate AFM
results with a different technique. Finally, the first data of an AFM study of rat
gamma-aminobutyric acid transporter (rGAT-1) expressed on X. laevis oocyte plasma
membrane are reported. In particular, the rGAT-1 proteins were visualized as
oligomers in accordance with recent physiological and crystallographic studies [1, 4].
Future developments will be addressed to perform AFM study of the oocyte plasma
membrane expressing rGAT-1 operating in single molecule force spectroscopy mode
[5]. References: 1. Mari, SA, Soragna, A, Castagna, M, Santacroce, M, Perego, C,
Bossi, E, Peres, A, and Sacchi, VF. Role of the conserved glutamine 291 in the rat ¦Ãaminobutyric acid transporter rGAT-1. Cell. Mol. Life Sci., 63, 100-111 (2006). 2.
Scheuring, S. AFM studies of the supramolecular assembly of bacterial
photosynthetic core-complexes. Curr. Opin. Chem. Biol.,10, 387-393 (2006). 3.
Orsini, F, Santacroce, M, Perego, C, Lenardi, C, Castagna, M, Mari, SA, Sacchi, VF,
and Poletti, G. Atomic Force Microscopy Characterization of Xenopus laevis Oocyte
Plasma Membrane. Microsc. Res. Tech., 69, 826-834 (2006). 4. Yamashita, A, Singh,
SK, Kawate, T, Jin, Y, and Gouaux, E. Crystal structure of a bacterial homologue of
Na+/Cl--dependent neurotransmitter transporters. Nature, 437, 215-223 (2005). 5.
M¨¹ller, DJ, Sapra, KT, Scheuring, S, Kedrov, A, Frederix, PL, Fotiadis, D, Engel, A.
Single-molecule studies of membrane proteins. Curr. Opin. Struct. Biol., 16, 489-495
(2006).
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Supramolecular polymers based on proteins and DNA for
conformational sensitive biosensors
Magali Phaner-Goutorbe1, Jean Pierre Cloarec1, Aude Laisné2, Yann Chevolot1,
Eliane Souteyrand1 Denis Pompon2
1) INL/Ecole centrale de Lyon France
2) CGM/Gif sur Yvette France

In order to implement a new generation of biosensor based on the detection of
conformational changes of biomolecules, supramolecular self-assembled scaffolds
were created by genetic and protein engineering, immobilized on a functionnalised
Si/SiO2 substrates and characterized by Atomic Force Microscopy. Each scaffold is
made by polymerization of monomers constituted of cytochrome b5 protein linked to
an oligonucleotide. Membrane anchor of native human cytochrome b5 was removed
III- by genetic engineering to obtain a soluble form. A His-tag sequence was added to the
21
truncated C-terminus and a unique cystein residue was introduced by directed
mutagenesis on a surface loop. The thiol-extremity was coupled through a synthetic
bifunctionnal linker to different types of oligonucleotides bearing an amino group
terminated extension at their 3’-end. Resulting PDNAs were synthesized and purified
to homogeneity at mg scale. Thus polymeric chains (200 nm length) of double strands
DNA bears regularly spaced (40 nm) proteins able to be anchored at the surface.
Different monomers were linked together using fragment of complementary
oligonucleotides, leading to supramolecular polymer. The polymers were
immobilised onto a Si/SiO2 substrates modified with a silane and bearing a nickel
layer. AFM images were performed on this surface in the dynamical mode in soft and
hard tapping conditions. Images revealed the presence of the polymeric chains, of 200
nm long, lying on the surface which became entangled at some places. In hard
tapping conditions, some hillocks attributed to the presence of the b5 protein were
observed along isolated polymer on the phase images.

Interchromatidal central ridge in early metaphasic human
chromosome one by AFM
Orlando Argello-Miranda, Giovanni Sãenz-Arce
LAMI, Dep de FÃsica, Universidad Nacional de Costa Rica
III22

The structure of GTG stained early metaphase human chromosomes was analyzed by
AFM in AC mode. Longitudinal height measurements for the early sister chromatids
and the middle of chromosomes showed a central ridge that was further characterized
by transversal height measurements. The heterochromatic regions displayed a higher
level of transversal symmetry, while the euchromatic ones presented several peaks
across the transversal height measurements, supporting evidence for interchromatid
interactions prior to disjunction. We suggest that this central ridge could point out a
transitional arrangement of the early metaphase chromosome towards the typical
disjunction of the sister chromatids.
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Fast force mapping using small cantilevers
Tilman Schäffer
University of Münster Germany
Force mapping allows the acquisition of locally resolved, quantitative material
properties such as stiffness and adhesion, simultaneously with sample topography. By
using 12-micron-long, high-resonant-frequency cantilevers in a special AFM, we
reduced the force map acquisition time in liquid by two orders of magnitude, as
III- compared to conventional AFM. We thereby recorded high-speed image sequences of
23
topography and stiffness of organelles during their enzymatic digestion. To further
reduce the acquisition time, we have developed a theory that strips off the
hydrodynamic drag of the cantilever from the force curves, thereby revealing the bare
tip-sample forces. This theory automatically adapts to changing experimental
conditions. It is therefore well suited for high-throughput reconstruction of true tipsample forces and even allows extracting viscous surface forces that are usually
covered by the hydrodynamic drag in the liquid. Using small cantilevers together with
this theory, we reconstructed tip-sample forces up to a vertical speed of 10,000
microns per second.

DETAILED MORPHOLOGICAL ANALYSIS OF ALPHA-SYNUCLEIN
AGGREGATION INTERMEDIATES BY ATOMIC FORCE MICROSCOPY
Ine Segers-Nolten, Martijn van Raaij, Kirsten van Leijenhorst, Kees van der Werf,
Vinod Subramaniam
University of Twente Enschede NL
Protein misfolding and aggregation is associated with a variety of diseases, including
several neurodegenerative disorders. High concentrations of fibrillar aggregates of the
natively unfolded protein á-synuclein are found in the brain of Parkinson’s patients. A
relation between the formation of fibrillar á-synuclein aggregates and loss of
neurological function has been proposed, although the exact mechanism is not yet
IIIknown. The aggregation process is thought to take place in a nucleation dependent
24
manner, from monomeric folding intermediates to nucleation centers, protofibrillar
structures and mature fibrils. We applied high-resolution atomic force microscopy to
study the detailed morphology of the various species formed during á-synuclein
aggregation at different sample conditions, including different initial protein
concentrations and agitation methods. We also monitored the kinetics of aggregation
by measuring the enhancement of Thioflavin T fluorescence. Agitation was seen to
influence aggregation kinetics and fibril length. Many fibrils showed a periodicity
perpendicular to the fibril length. In the longitudinal direction we also observed fibril
sections with distinct differences in height. We propose that the fibril formation
process may rather be based on the assembly of smaller fibril segments than on
intertwining of fibrillar structures, suggesting that the previously described
hierarchical assembly model, that proposes intertwining of protofilaments and
protofibrils, may not be fully applicable. Knowledge on the mechanism of fibril
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assembly, possibly a multi-pathway process fundamental to many protein misfolding
diseases, is important in view of the development of means for therapeutic
intervention.

Surface Diffusion Controls the Growth Mechanism of
Triosephosphate Isomerase Crystals
Mike Sleutel1, Celine Vanhee1, Cécile Van de Weerdt2, Lode Wyns1, Ronnie
Willaert1
1) Vrije Universiteit Brussel
2) Université de Liège

In the protein crystallization process, a growth unit has two possible molecular
pathways it can follow from solution to the crystal bulk, namely the process of direct
incorporation from solution or the process of surface diffusion preceded by surface
III- adsorption. We use real time in situ atomic force microscopy to monitor the
25
molecular processes that govern the crystallization of the protein triosephosphate
isomerase. With this technique, we study the step edge dynamics on a molecular
scale. We conclude that step reorganization as a result of line diffusion has a
negligible effect on step dynamics. Therefore, step displacements are attributed to the
exchange of growth units with the surrounding phases, i.e. the terrace and the
solution. Recorded high resolution atomic force microscopy images allow us to
identify the dominating growth units as single and double unit cells. From the
statistics of molecular attachment and detachment from the step, we conclude that the
incorporation of growth units occurs through surface diffusion. Additionally, in the
supersaturation range of ~1.5 to 6, normal growth is dominated by the twodimensional nucleation of triangular islands. The step edges of these nuclei have
equal step formation energy.

Atomic force microscopy study of photodynamic effect on cancer cell
lines using liposomes for photosensitizer delivery
Katerina Tomankova1, Hana Kolarova2, Robert Bajgar2, Ladislav Dolezal2, Jan
Halek2
III26

1) Palacky University, Faculty of Medicine, Department of Medical Biophysics Olomouc
Czech
2) Palacky University, Faculty of Medicine, Department of Medical Biophysics

Atomic force microscopy (AFM) has been used to image the morphology of
developing tumorous cells and their processes. However, it is frequently reported that
prior fixation is required for reliable imaging of cells with lower adhesive properties.
Scanning of these objects is limited by construction of atomic force microscopy
AFM BioMed Conference

19-21 April 2007

Barcelona

Spain

116

(AFM), therefore we replenished the apparatus with an inverse optical microscope. In
addition, a liquid scanner gave us possibility to study cells in vitro. The aim of the
presented study is picture of cell surface in liquid surroundings of nutrient media and
in air. In our work we used cell line G361 and A549 as biological materials. We
imaged the cancer cells before and after photodynamic effect (PDE). PDE of
photosensitisers ZnTPPS4 and ClAlPcS2 incorporated in liposomes was induced by
an efficient LED source. We also sonicated the cell samples by ultrasonic therapeutic
device to improve the effectiveness of PDE. After sonication and irradiation the cells
were scanned in air and in liquid. Our results show images of the cell lines before and
after PDE including the both types of imaging the topography and the phase image.
The treatment of the cells with the photosensitisers leads the loss of surface rigidity
and eventually to dramatic changes of the cells shape. Individual cells before PDE
were characterized by smooth surface without protrusion on the whole surface. This
work was supported by the Grant Project MSM 6198959216.

AFM images of modified DNA strands
Juan Jose Valle-Delgado1, Mathias G. Svahn2, Maroof Hasan2, Mark W. Rutland1,
C.I. Edvard Smith2
1) Royal Institute of Technology (KTH), Stockholm
2) Karolinska Institutet, Stockholm

DNA research is a ¡§hot topic¡¨. Some of the most exciting research lines involve the
modification of bacterial DNA by the strand invasion of certain DNA analog
oligonucleotides. Plasmids created by the combination of DNA strands with a desired
genetic sequence and oligonucleotides carrying specific groups could be useful, for
example, in therapeutic treatment [1]. But modified DNA strands can be also used for
IIIthe formation of DNA-based structures through a process of self-assembly [2].
27
Nanomotors, nanoelectric circuits, biosensors or DNA lattice for single molecule
detection are some of the very interesting applications for self-assembled DNA
structures. AFM images of modified bacterial DNA strands are presented. Especially
interesting is the formation of dimers by the connection between two DNA strands by
means of different oligonucleotides [3], which could be the first step in a new way of
DNA self-assembly. Images like these ƒ{in which the DNA modifications can be
clearly distinguishedƒ{ make the AFM a very suitable device in DNA research.
REFERENCES [1] O. Zelphati, X. Liang, C. Nguyen, S. Barlow, S. Sheng, Z. Shao
and P.L. Felgner. BioTechniques 28, 304 (2000). [2] N.C. Seeman and P.S. Lukeman.
Reports on Progress in Physics 68, 237 (2005). [3] M.G. Svahn, M. Hasan, V. Sigot,
J.J. Valle-Delgado, M.W. Rutland, K.E. Lundin and C.I. Edvard Smith.
Oligonucleotides (in press).
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Nanoscale imaging of drug-induced alterations in Mycobacterium
bovis BCG
Claire Verbelen 1, David Alsteens, Franco D. Menozzi2, Alain R. Baulard 3, Yves F.
Dufrêne 1
1) Unité de Chimie des Interfaces – Université catholique de Louvain
2) INSERM Avenir - Pathogénie des Légionelles - Institut Pasteur de Lille
3) INSERM U629 - Mécanismes Moléculaires de la Pathogénie Microbienne - Institut
Pasteur de Lille

Progress in understanding the structure-function relationships of the mycobacterial
cell wall has been hampered by its complex architecture as well as by the lack of
sensitive, high resolution probing techniques. For the first time, we used atomic force
microscopy (AFM) to image the surface topography of hydrated Mycobacterium
IIIbovis BCG cells and to investigate the influence of antimycobacterial drugs on the
28
cell wall architecture. We first studied the effect of ethambutol, an antibiotic that
inhibits the synthesis of cell envelope polysaccharides. While untreated cells showed
a very smooth and homogeneous surface morphology, incubation of cells in the
presence of ethambutol caused dramatic changes of the fine surface structure. At 4
µg/ml, the drug created concentric striations at the cell surface and disrupted a 8 nm
thick cell wall layer, attributed to the outer electron-opaque layer usually seen by
electron microscopy, while at 10 µg/ml an underlying 12 nm thick layer reflecting the
thick electron-transparent layer was also altered. We are currently extending this
study to drugs that target other components of the mycobacterial cell wall, including
ethionamide and isoniazid which affect lipids and streptomycine that inhibits the
synthesis of proteins. These non-invasive ultrastructural investigations provide novel
information on the macromolecular architecture of the mycobacterial envelope as
well as into the destructuring effects of antibiotics.

AFM BioMed Conference

19-21 April 2007

Barcelona

Spain

118

Session IV
Model membranes and protein-membrane
interactions
AFM studies of SNAREs interactions during membrane fusion and
fission
Midhat Abdulreda, Vincent Moy
University of Miami, Miller School of Medicine, Physiology&Biophysics Dept. Miami FL
USA

SNAREs are considered the minimal machinery for membrane fusion in vitro.
Liposomes reconstituted with SNARE proteins have been used to investigate
membrane fusion. We employed the atomic force microscope to measure fusion
forces of two apposing lipid bilayers and rupture forces associated with the
dissociation of v- and t-SNARE complexes during approach and retraction,
respectively. Egg phosphatidylcholine bilayers containing v-SNAREs (synaptobrevin
2) or binary t-SNAREs (syntaxin 1 and SNAP 25) were formed by lipid vesicle
IV- adsorption onto opposite glass dishes and glass microbeads attached to cantilever tips.
1
Fusion and rupture forces increased with loading rate (LR). The dynamic force
spectrum (DFS) of the fusion process revealed a single linear loading regime in
presence/absence of SNAREs. This indicates that membrane fusion is governed by
one energy barrier under the current conditions. In the presence of SNAREs, the width
of the energy barrier increased by ~3 fold compared to that in egg PC alone, whereas
the activation potential was unchanged. This suggests that interaction of cognate vand t-SNAREs facilitated membrane fusion by reducing the slope of the energy
barrier. Alternatively, the DFS of the SNARE complex dissociation revealed two
loading regimes, suggesting the presence of two energy barriers during dissociation of
v-SNARE/t-SNARE complexes. The inner (high LRs) and outer (low LRs) barrier
widths were 0.39Å and 2.9Å, and dissociation rate constants were 15.5 s-1 and 0.3 s1, respectively. These energy barrier parameters suggest that under pulling force,
dissociation of the v-SNARE/t-SNARE complex is effectively dominated by the inner
barrier.
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Nanoscale interactions between tilted peptides and supported lipid
bilayers
Guillaume Andre 1, Robert Brasseur 2, Yves Dufrêne 1
1) Unité de Chimie des Interfaces – Université catholique de Louvain – Croix du Sud 2/18 –
1348 Louvain-la-Neuve – Belgium
2) Centre de Biophysique Moléculaire Numérique, Faculté Universitaire des Sciences
Agronomiques de Gembloux, Passage des Déportés, 2, B-5030 Gembloux, Belgium

Tilted peptides are hydrophobic peptides known to insert in lipid bilayers with an
oblique orientation, thereby destabilizing membranes and facilitating membrane
fusion processes. Despite the vast body of literature that has accumulated on tilted
peptides in the past decade, information on the forces that drive their interaction with
lipid membranes is dramatically lacking. Here, we used atomic force microscopy
(AFM) to explore the nanoscale interaction forces between the simian
IV- immunodeficiency virus (SIV) peptide and supported bilayers composed of various
2
lipids
(dipalmitoylphosphatidylcholine,
dioleoylphosphatidylcholine,
dioleoylphosphatidic acid and dipalmitoylphosphatidylethanolamine). To detect single
molecule interactions, histidine-tagged peptides were attached onto AFM tips
terminated with nitrilotriacetate and tri(ethylene glycol) groups. This coupling
approach offers several advantages: optimal exposure of the C-terminal hydrophobic
domain, high mobility of the attached peptides, nonspecific adsorption minimized and
low coupling density. AFM force-distance curves recorded between the SIV-tip and
the bilayers did not show any unbinding events, whatever the nature of the lipid
investigated. To explain this unexpected behavior, we suggest a mechanism in which
lipids are pulled out from the bilayer during the first retraction due to strong
interaction with the SIV tip, which is consistent with the relative low force needed to
extract lipids from supported bilayers (20-50 pN). We conclude that while AFM tips
modified with hydrophobic peptides have a strong potential in biophysics, they are not
appropriate for measuring forces on supported lipid bilayers. Suggestions are made to
circumvent this limitation in future studies.

AFM analysis of Starfish footprint adhesives
Malgorzata Baranowska, Greg M. Barbara, J. Douglas McKenzie
Integrin Advanced Biosystems Oban UK
IV3

Starfish (Echinodermata, Asteroidea) use their tube feet for activities such as
attachment to the substratum, locomotion, handling of food and burrow-building. The
tube feet are specialized organs that produce adhesive secretions. The locomotory
adhesive is the most interesting but it is still not very clearly recognized. All
temporary adhesives are by their nature cyclical and must be followed by de-adhesion
and yet while the starfish literature abounds with information on adhesion the subject
of de-adhesion has only recently been discussed. The de-adhesive aspects of such
temporary interactions are obviously important and as necessary as the adhesive ones
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and are fundamental to understanding many biological systems. To understand the
process of locomotion in starfish, we will analyse the secretion footprint
(histochemically and biochemically). The footprint of the starfish consists of a
sponge-like material deposited as a thin layer on the substratum. Although the
diameter of the footprint is easily measured after histochemical staining of the
adhesive material, the thickness of the footprint is difficult to estimate. By using the
surface-imaging tool AFM to analyse the footprint we can provide a three
dimensional image of the surface ultrastructure with molecular resolution in real time,
under physiological conditions and minimal sample preparation. AFM can help to
probe the physical properties, such as the molecular interactions, surface
hydrophobicity and surface charges of the starfish footprint adhesives.

Nanocharacterization of a Cr(VI)-Sensitive Layer ElectrolyteMembrane-Insulator-Semiconductor Sensor by Atomic Force
Microscopy
David Caballero1, A. Zazoua2, N. Zine3, J. Samitier1, A. Errachid1
1) Laboratori de Nanobioenginyeria -IBEC, CIBER, Parc Científic de Barcelona (PCB) –
Departament d’Electrònica, Universitat de Barcelona
2) Université de Jijel, BP 98, Ouled Aissa, 18000 Jijel, Algeria and Université de Annaba, BP
12, El-Hadjar, Annaba, Algeria
3) Laboratori de Nanobioenginyeria -IBEC, CIBER, Parc Científic de Barcelona (PCB) –
Departament d’Electrònica, Universitat de Barcelona

The health of workers in many industries is at risk through exposure to hexavalent
chromium (Cr[VI]) compounds. Airborne Cr(VI) has been identified as a known
human respiratory carcinogen, and analytical methods for the measurement of this
species in workplace aerosols are desired. Aside from carcinogenic effects, some
IV- Cr(VI) compounds have also been found to act as contact allergens. Hexavalent
4
chromium exposures in the workplace have been associated with numerous industries.
So, there is a strong desire on the part of the occupational and environmental health
community to have the capability to accurately measure airborne Cr(VI) species at
trace levels. Hence, in recent years the development of improved analytical methods
for the determination of Cr(VI) has been a subject of significant interest. In this work,
we characterize by atomic 6force microscopy (AFM) a novel Electrolyte-MembraneInsulator-Semiconductor (EMIS) structure sensitive to Cr(VI). Two molecules,
tributylphosphate (TBP;PO(C4H9O)3) and tri-n-octylphosphine oxide (TOPO;
C24H51OP), have been used as the sensing ionophores for Cr(VI) due to their high
sensitivity. The developed device has been characterized by C-V and by AFM to
study the sensitivity and the conformational topography of the two polymeric
membranes. Adhesion force measurements were also performed to study and compare
the properties of adhesion of the two selective membranes We conclude from our
results that the differences in the conformational topography are due to variations in
the microstructural properties of the two ionophores. Adhesion force studies probe the
exposition of different functional groups on the surface of both membranes.
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The Complex Film Structure and Properties of Human Saliva
Marité Cárdenas Gómez1, Liselott Lindh1, Mark Rutland2, Juan Valle Delgado2,
Thomas Arnebrant1
1) Malmoe University Sweden
2) KTH

Films formed from saliva on surfaces are important for maintenance of oral health and
integrity by protection against chemical and/or biological agents. The aim of the
present study was to investigate adsorbed amounts, thickness and the structure of
IV- films formed from human whole saliva on various model surfaces by means of in situ
5
ellipsometry, neutron reflectivity and atomic force microscopy. The results showed
that the salivary film morphology strongly depend on the type of surface used. In
general, the film can be modelled by two layers: an inner and dense thin region which
forms a uniform layer, and an outer, more diffuse and thicker region that protrudes
towards the bulk of the solution. The film morphology described a uniformly covering
dense layer and a second outer layer containing polydisperse adsorbed
macromolecules or aggregates. The density, size and height of the large aggregates
strongly depend on the type of substrate used. Further AFM studies in terms of
interaction forces and frictions were performed to further understand the properties of
these systems.

Supported bilayer membrane domains at the Nanoscale
Jérôme Chalmeau1, Salomé Laurence2, Franck Carcenac1, Christophe Thibault1,
Christophe Vieu1
1) LAAS-CNRS Toulouse France
2) IPBS-CNRS Toulouse

Studying biological structures and organization of cell membranes is one of the major
challenges for understanding cell’s behaviour in response to their external
IV- environment. Studying these structures in vitro needs artificial reconstitution of
6
supported lipidic bilayers, mimetic of the membrane of living oragnisms. This
assembly coupled with imagery tools like AFM in liquid media opens new ways for
studying natural spatial arrangement and interactions of membranes proteins. In this
perspective, we are developing the technique of micro contact printing “µcp” in order
to elaborate domains of supported bilayer membrane at the nanoscale. Properties of
these domains are currently analyzed and will be followed by the investigation of
proteins incorporated in these membranes. The technology we are developing is
inspired by the pioneering works of Boxer et Al [1]. µcp is used as a nanoscale
lithography method enabling the deposition of bio molecules along patterns of
arbitrary shapes. In our works BSA proteins are patterned by µcp on a cleaned glass
slides and patterns down to the submicronic scale are routinely produced. These BSA

AFM BioMed Conference

19-21 April 2007

Barcelona

Spain

122

features serves as a barriers for the fusion of liposome’s and subsequently
proteoliposomes rendering possible the elaboration of domains of supported lipidic
membranes of arbitrary shape and dimensions. We will concentrate our presentation
on the AFM characterization of this process, from the BSA patterns to the supported
bilayer membranes partitioned into sub-micronic patches. This work was supported in
part by the EC-funded project NaPa and by the ANR (French Research National
Agency) funded project FlaNaMo [1] Langmuir 2000, 16, 6774-6776, Steven G.
Boxer

STRUCTURAL ANALYSIS BY ATOMIC FORCE MICROSCOPY OF
COMPRESSED PULMONARY SURFACTANT FILMS
Luis Vãzquez1, David Schurch2, Antonio Cruz2, Jesus PÃrez-Gil2
1) Instituto de Ciencia de Materiales (CSIC), Madrid, Spain
2) Dept. de BioquÃmica y BiologÃa Molecular I, Fac de BiologÃa, Universidad
Complutense de Madrid, Spain

Pulmonary surfactant is a lipid-protein complex synthesized and secreted by the
alveolar epithelium of mammalian lungs. The saturated phospholipid DPPC is the
major component and the responsible of surfactant main function: reduces the surface
tension of the thin aqueous layer covering the alveolus to near 0 mN/m, to prevent the
alveolar collapse during expiration. Nevertheless, transference of DPPC from the
lamellar structures, were surfactant is stored, into the aqueous interface is not easy due
to the physical properties of this lipid. Other components, as unsaturated
IV- phospholipids, cholesterol and the hydrophobic surfactant proteins SP-B and SP-C,
7
are proposed as modulators of the rheological and structural properties of surfactant in
order to facilitate the adsorption and recycling of surface active species during the
breathing cycle. Atomic force microscopy has been used to analyse the structure of
Langmuir-Blodgett films transferred from films of native and cholesterol-depleted
pulmonary surfactant preparations. The compression-driven isotherms of these
surfactant films show a first plateau occurring at surface pressures about 45 mN/m,
previous to the collapse plateau of the films occurring at ~70 mN/m (almost 0 mN/m
surface tension). The films contain condensed microdomains at pressures prior to the
first exclusion plateau indicating lateral segregation of material into the interfacial
plane. AFM allows observation of the presence of condensed nanodomains and
extruded areas protruding out from the interface. The presence of these threedimensional structures have been interpreted in terms of partial exclusion of minor
surfactant components from the compressed interface to improve stability of the films
at pressures close to 70 mN/m.

AFM BioMed Conference

19-21 April 2007

Barcelona

Spain

123

Atomic Force Microscopy with ultrasound excitation
Teresa Cuberes
University of Castilla-La Mancha Almaden Spain
AFM-based procedures that rely on the excitation of surface ultrasonic vibration have
already demonstrated their ability to render information about nanoscale dynamic
materials properties such as elasticity, viscoelasticity, adhesion and friction.
Techniques such as Acoustic-AFM [1] or SLAM (Scanning Local Acceleration
Microscopy) [2] monitor the cantilever vibration linearly induced through the tipsample contact when the tip is in contact with a vibrating surface typically excited at
frequencies of some tens of MHz. In Ultrasonic Force Microscopy (UFM) the surface
IV- ultrasonic vibration is detected via the "ultrasonic force" [3] that originates due to the
8
non-linearity of the tip-sample interaction. Based on the nonlinear detection of
ultrasound, novel ultrasonic AFM-based techniques such as Heterodyne Force
Microscopy (HFM) [4] and Mechanical-Diode Mode Ultrasonic Friction Force
Microscopy (MD-UFFM) [5] have been recently proposed. Experiments from our lab
performed on mica demonstrate the nonlinear detection of surface ultrasonic vibration
with an AFM cantilever tip operating in liquid environments. In the poster I will
describe the techniques of UFM, HFM and MD-UFFM, discuss the possibilities to
implement them in liquids, and the opportunities for their application in biology.
[1] U. Rabe and W. Arnold, Appl. Phys. Lett. 64 (1994) 1493. [2] N. A. Burnham et
al., J. Vac. Sci. Technol. B 14 (1996) 794. [3] O. Kolosov and K. Yamanaka, Jpn. J.
Appl. Phys. 32 (1993) L1095. [4] M. T. Cuberes et al., J. Phys. D.: Appl. Phys. 33
(2000) 2347. [5] M. T. Cuberes and J. J. Martínez, J. of Phys.: Conf. Ser. (in print)

Biolubrication of mucin studied by Friction force microscopy
Adam FEILER
Ytbioteknik Uppsala University Sweden

Colloidal Probe Friction Force Microscopy has been used to study the lubricating
IV- ability of various mucins in vivo. Mucin is well known to provide a lubricating and
9
protective role for many areas in the body including eyes, mouth, and gut. The study
reveals that the adhesion and frictional properties of mucin is intrinsically linked to
complexation with other lower molecular weight biomolecules. Excitingly it is shown
to be possible to tune the frictional behaviour of adsorbed mucin layers. This study
has direct relevance for application in new bio-functional materials for implants and
in particular for contact lenses.
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Atomic force microscopy as a tool for imaging Salmonella biofilm
formation
Kristina Jonas1, Henrik Tomenius2, Ute Römling1, Lyubov Belova2, Öjar Melefors1
1) Department of Microbiology, Tumor and Cellbiology, Karolinska Institutet, Stockholm,
Sweden
2) Department of Materials Science and Engineering, Royal Institute of Technology,
Stockholm, Sweden

Bacteria tend to form sessile communities on surfaces, where the cells are embedded
in a matrix of extracellular substances. These so-called biofilms provoke major
concern in industry and in medicine. In order to prevent and to treat biofilms, it is
necessary to get a detailed understanding of biofilm formation at the molecular level.
IV- In this work we have established a model system based on atomic force microscopy in
10 combination with light microscopy, which allowed us to follow Salmonella biofilm
development at the morphological level with high resolution over time. Biofilms were
allowed to grow on mica mineral surfaces that were submerged in Petri dishes with
standing cultures of Salmonella enterica serovar Typhimurium. After 3 h, 4 h, 8 h and
24 h the biofilm covered mica chips were rinsed with water, air-dried and analyzed by
AFM and light microscopy. Our results showed that the bacteria undergo dramatic
changes in colony and individual cell morphology during biofilm growth. Beside
differences in cell and colony size as well as colony topography, we also noted that
the bacteria expressed flagella, the locomotor system of bacteria, and other
extracellular substances, such as pili, curli and cellulose, in a growth-phase-dependent
manner. By using strains, mutated in these surface components, we were able to
investigate their roles in biofilm development. We found that curli and cellulose were
necessary for the formation of a confluent biofilm after 24 h, but not for the initial
attachment events within the first 8 hours of biofilm formation.

Lipid Layers Assembled on Multilayer Polyelectrolyte SupportsStudies by Colloidal Force Spectroscopy
Stefano Leporatti1, Sergio Moya2, Guido Koehler3, Edwin Donath3, Ross Rinaldi4

IV11

1) National Nanotechnology Laboratory of CNR-INFM University of Lecce and
Institute of Medical Physics and Biophysics of Leipzig University
2) CICBiomagune, Gipuzkoa, Spain
3) Institute of Medical Physics and Biophysics of Leipzig University
4) National Nanotechnology Laboratory of CNR-INFM University of Lecce
The interaction between lipid layers supported by polyelectrolyte multilayer cushions
has been studied by colloidal force spectroscopy (CFS). In a typical experiment a
colloidal probe engineered with a layer-by-layer film and a lipid bilayer on top is
approached to a planar surface coated in a symmetrical way. Charged lipid layers
composed of mixtures of DMPC and sphingosine typically show repulsion upon
approaching and almost no adhesion in the retraction curves. Lipid layers composed
of DPPC, DMPC, DOPC, or POPC present approaching curves characterized by
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almost no repulsion and the presence of kinks of a few nanometers in width, reflecting
either fusion processes involving vesicle membranes or the penetration of the polymer
blobs into or through the phospholipid layer. Adsorbed vesicles can be identified by
CFS. Retracting curves show polymer stretching demonstrating thus that either the
lipid coverage was incomplete or the polyelectrolyte multilayers made contact as a
result of penetration or fusion. These phenomena are largely absent when charged
phospholipids were employed. In addition pulling of lipid tethers was found. The
assembly of phospholipids on polymer cushions was also followed with the quartz
crystal microbalance with dissipation, which allowed us to distinguish between
deposited lipid bilayers and a layer of adsorbed vesicles. Inhomogeneities in the
zwitterionic lipid coverage on colloidal particles have also been confirmed by
confocal laser scanning microscopy.

Continuous Planar Phospholipid Bilayer Supported on Porous
Silicon Thin Film Reflector
Pierre-Emmanuel Milhiet1, Frédérique Cunin2, Michael J. Sailor3, Emily Anglin3,
Christian Le Grimellec1
1) CNRS UMR5048, Centre de Biochimie Structurale, F34090 Montpellier, France
2) Laboratoire de Matériaux Catalytiques et Catalyse en Chimie Organique, UMR
ENSCM/CNRS/UMI 5618, Institut Charles Gerhardt, Montpellier, France.
3) Department of Chemistry and Biochemistry 0358, University of California San Diego, La
Jolla, CA
IV12

Reconstituting artificial membranes for in vitro studies of cell barrier mechanisms and
properties is of major interest in biology. Here, artificial membranes supported on
porous silicon photonic crystal reflectors are prepared and investigated. The materials
are of interest for label-free probing of supported membrane events such as protein
binding, molecular recognition, and transport. The porous silicon substrates are
prepared as multilayered films consisting of a periodically varying porosity, with pore
dimensions of a few nanometers in size. Planar phospholipid bilayers are deposited on
the topmost surface of the oxidized hydrophilic mesoporous silicon films. Atomic
force microscopy provides evidence of continuous bilayer deposition at the surface,
and optical measurements indicate that the lipids do not significantly infiltrate the
porous region. The presence of the supported bilayer does not obstruct the optical
spectrum from the porous silicon layer, suggesting that the composite structures can
act as effective optical biosensors.
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Improving AFM microbial cell nanomanipulation by the use of a
nanohandling microrobot
Jorge Otero1, Manel Puig-Vidal1, Saskia Hagemann2, Florian Krohs2
1) Sistemes d'Instrumentació i Comunicacions - Departament d'Electrònica - Universitat de
Barcelona
2) Division Microrobotics and Control Engineering - University of Oldenburg

There are two principal problems when using the AFM for biological
nanomanipulation. The first one is the lack of visual information during the
nanomanipulation experience. The second one is the use of the same tip for imaging
and manipulating the microbial cell. The use of non-suitable tip for imaging and tip
contamination during the manipulation cause loss of resolution in the images acquired
IV- before and after each nanomanipulation. The lack of visual information can be
13 partially solved by the use of virtual imaging and force feedback techniques. The use
of a nanomanipulation microrobot equipped with a self-sensing AFM tip
(piezoresistive cantilever) to work in cooperation with the AFM microscope is also
proposed. The whole system will have the benefits of using the right tip for imaging
the sample with the AFM and the best tip to perform the nanomanipulation with the
robot. The system also allows simultaneous measurements (electrical, mechanical and
thermal conduction) in different points of the sample. Different implementations on
the AFM robot have been performed. A 6DOF robot with 12mm/6º travel and 2 nm
resolution in closed loop using a piezoresistive cantilever from KLA Tecnor supplier
and a robot based on linear micropositioning axis from SmarAct with 7 mm travel, a
step size of 50 nm and a subnanometer resolution have been developed. First results
show the ability of these robots to perform AFM based mechanical nanomanipulation
with a resolution of 2 nm.

Langmuir- Blodgett models of the bacterial membrane studied by
surface probe microscopy
Laura Picas-Escofet, Gerard Oncins, M. Teresa Montero, Jordi Hernandez-Borrell
Facultat de Farmàcia, Universitat de Barcelona.

IV14

1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine (POPE) and 1-palmitoyl-2oleoyl-sn-phosphoglycerol phospholipids are the main constituents of the bacterial
membrane of gram negative species such Escherichia Coli (1). POPE appears to be
involved in processes of biological relevance such as folding and activity of
transmembrane proteins (2) and has a definite role in the formation of pores across the
membranes most likely because of its ability to form inverted hexagonal phases (HII)
(3). It is also involved in the formation of segregated domains when mixed with
cardiolipin (CL) (4) and phosphaditylglycerol (5). In this communication LangmuirBlodgett (LBs) films, mono- and bilayers of these phospholipid species were
transferred at diferent surface presure onto mica and imaged through Atomic Force
Microscopy (AFM). Differences in topography and nanomechanical properties of
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these LBs were observed when temperature and ionic strength of the system was
changed. The observations of definite regions suggest the existence of domains which
differ in height that indicates the presence of diferent ordered states in these samples.
Thus, for LBs with phospolipid mixtures it has been also seen differences in height
suggesting the presence of laterally segregated domains that differ in phospholipid
composition.
References 1. K. Matsumoto, J.Kusaka, A. Nishibori, H.Hara, (2006) Molecular
Microbiology 61, 1110-1117. 2. S. Merino, Ò. Domènech, M. T. Montero, J.
Hernández-Borrell, (2005) Langmuir 21, 4642-4647. 3. Ò. Domènech, A. Morros, M.
E. Cabañas, M. T. Montero, J Hernández-Borrell, (2006) Biochim. Biophys. Acta
1786, 100-106. 4. Ò. Domènech, F. Sanz, M. T. Montero, J. Hernández-Borrell,
(2006) Biochim. Biophys. Acta, 1758, 213-221. 5. L. Picas, S. Merino-Montero, A.
Morros, J. Hernández-Borrell, M. T. Montero (2006) J. Fluorescence (available on
line). L.P. is recipient of a ‘Recerca i Docència’ fellowship from the University of
Barcelona. This work was supported by Grant CTQ2005-07989 from the Ministerio
de Ciencia y Tecnología (MCYT) and SGR00664 (Generalitat de Catalunya) of
Spain.

FORMATION OF SUPPORTED LIPID MEMBRANES FROM
BIOTINYLATED LIPOSOMES ONTO DIFFERENT STREPTAVIDINCOATED SOLID SUPPORTS
Sari Pihlasalo1, Harri Härmä2, Jouko Peltonen3
1) Department of Physical chemistry, Åbo Akademi University, Porthaninkatu
2) Laboratory of Biophysics, Institute of Biomedicine, University of Turku,
Tykistökatu
3) Laboratory of Paper Coating and Converting, Åbo Akademi University,
Porthaninkatu
FI-20500 Turku, Finland
IV15

Supported phospholipid bilayer (SPB) formation from biotinylated liposomes has
been examined by dissipative QCM (quartz crystal microbalance based on impedance
analysis) and AFM (atomic force microscopy) techniques on various surfaces. With a
view to construct a model for a biological membrane by fusion of proteoliposomes,
unfavorable interactions of transmembrane proteins with the solid substrate should be
avoided. In our approaches the surface was first functionalized by streptavidin. Then
the biotinylated liposomes were anchored onto the streptavidin molecules attached to
the solid support. The first approach was to adsorb streptavidin directly onto the
hydrofobic substrate (polypropylene or polystyrene) after which the fusion of
biotinylated vesicles on that surface was done. AFM results showed a 6 to 8 nm thick
continuous bilayer formation revealed by the holes in the structure. Although almost
all the 100 nm diameter vesicles had ruptured, some of those were intact and had only
flattened due to adhesion with the surface. The second method used was to agglutinate
streptavidin to SPB formed from biotinylated L-alpha-Phosphatidylcholine vesicles
onto the silicon dioxide. [1] Streptavidin allows subsequent tethering of biotinylated
vesicles. Several parameters, of which liposome and solution composition have
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considerable effects, involve in the process of SPB formation. Deposition of
liposomes consisting of 1,2-Dipalmitoyl-sn-Glycero-3-Phosphocholine, 1-Palmitoyl2-Oleoyl-sn-Glycero-3-[Phospho-rac-(1-glycerol)] and 1,2-Dipalmitoyl-sn-Glycero-3Phosphoethanolamine-N-(Cap Biotinyl) showed the final frequency shift –28 Hz and
low dissipation change for all measured harmonics after exposure to calcium chloride
and pure water indicating vesicle rupture and SPB formation. When aluminium was
used as a substrate, liposomes formed a supported vesicular layer (SVL) instead of
SPB as confirmed by a high dissipation change and a large negative frequency shift. It
was also observed that SVL formed on streptavidin attached to gold via biotinylated
bovine serum albumin. The results are comparable with similar previous studies,
where methods for SPB formation on biotinylated surface by polyethyleneglycol
triggered fusion has been described. [2–5] References: [1] A. R. Patel and C. W.
Frank, Langmuir, 22 (2006) 7587. [2] V. Proux-Delrouyre, J.-M. Laval and C.
Bourdillon, J. Am. Chem. Soc., 123 (2001) 9176. [3] O. Fliniaux, C. Elie-Caille, J.
Pantigny and C. Bourdillon, Electrochem. Communications, 7 (2005) 697. [4] A.
Berquand, P.-E. Mazeran, J. Pantigny, V. Proux-Delrouyre, J.-M. Laval and C.
Bourdillon, Langmuir, 19 (2003) 1700. [5] C. Elie-Caille, O. Fliniaux, J. Pantigny, J.C. Mazière and C. Bourdillon, Langmuir, 21 (2005) 4661.

Kinetics and mechanistic studies of self-assembled monolayer of a
series of thiolipids by using AFM
Muhammad Raza Shah, Ingo Koper
Max Planck Institute for Polymer Research Mainz, Germany
Tethered monolayer and bilayer lipid membranes have been developed in the past
decade as a model system of the biological membrane. They provide a fluid, stable,
and electrically sealing platform for the study of membrane related processes,
specifically, the function of incorporated membrane proteins. We have used AFM to
study the growth process of eight self-assembled monolayer of thiolipids, i.e. (2,3-dio-phytanyl-sn-glycerol-1-tetraethylene glycol-D,L-α-lipoic acid ester lipid (DPTL),
2,3-di-o-phytanyl-sn-glycerol-1-hexaaethylene glycol-D,L-α-lipoic acid ester lipid
IV- (DPHL), 2,3-di-o-phytanyl-sn-glycerol-1-octaethylene glycol-D,L-α-lipoic acid ester
16 lipid (DPOTL), 2,3-di-o-phytanyl-sn-glycerol-1-tetradecaethylene glycol-D,L-α-lipoic
acid ester lipid (DPTDL), 2,3-di-o-phytanyl-sn-glycerol-1-tetraethylene glycol-thiol
(DPTT), 2,3-di-o-phytanyl-sn-glycerol-1-hexaethylene glycol-thiol (DPHT), 2,3-di-ophytanyl-sn-glycerol-1-hexaaethylene glycol-D,L-α-Di-lipoic acid ester lipid
(DPHDL), mono-phytanyl-sn-glycerol-1-tetraaethylene glycol-D,L-α-lipoic acid ester
lipid (MPTL). AFM images (performed in liquid cell or air) of samples immersed in
ethanol solution for varying exposure times showed that before forming a complete
monolayer the thiolipids molecules aggregated in the form of small islands, in which
2D aggregates of adsorbate molecules nucleate, grow, coalesce, etc. on the substrate.
With the proceeding of immersion, these islands gradually grew and merged into
larger patches. Finally, a close-packed film with uniform appearance was formed. The
kinetics of the self-assembly process also depends on the chain length of the
thiolipids. Longer-chained thiolipids, such as DPTDL, formed complete SAMs more
rapidly than did shorter-chained thiols, such as DPTL. The rate of self-assembly was
also found to be dependent on the anchor group, like the self-assembly of DPTL was
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found faster than DPTT, probably due to the more susceptibility of DPTT toward
oxidation to form sulphoxide. A very interesting behavior was shown by self-diluted
DPHDL. Fastest self-assembly is shown by MPTL dictating the role of phytanyl
group.
Nanoscale Visualization of Extracellular Polymer Release by Marine Diatom
Cylindrotheca fusioformis
Vesna Svetličiċ1, Vera Žutiċ1, Tea Mišiċ1, Amela Hoziċ1 Zimmermann1, Richard
Gordon
1) Ruđer Boškoviċ Institute Zagreb HR
2) University of Manitoba,Winnipeg, Canada
AFM has already proven useful as a technique for investigating structural and
mechanical properties of the diatom extracellular polymer substance of which
polysaccharides are the primary component. Extracellular polymer substance is
defined as any macromolecule secreted external to the cell wall that may stay attached
or be released to the environment. Direct visualization of extracellular polymer
IV- molecules and of their supramolecular organization has not been achieved before. We
17 selected Cylindrotheca fusiformis (the planktonic, raphid, motile marine diatom) to
investigate extracellular polymers at the time of their release and their capacity for
supramolecular organization using experimental procedure adopted for AFM imaging
of the marine gel phase. Cylindrotheca spp. are considered the main exudates
producers in the shallow northern Adriatic Sea and may be associated with the
formation of an enigmatic gel phase in this marine system. We show that the
carboxylated and sulfonated polysaccharides produced by single Cylindrotheca
fusiformis cell form a nanoscale structured material. The structure consists of a web or
tangle of strings up to 900 nm in length that are 0.7 to 0.9 nm thick, interconnecting
beads 2.5 to 12 nm in diameter. The beads may have a protein core that allows
efficient intracellular packing of negatively charged polysaccharide fibrils and may
serve the diatoms as nucleation centers for silica precipitation when excreted.

ZipA reconstituted in planar lipid bilayers: its effect on bacterial
FtsZ polymerization
Marisela Velez1, Pilar López Navajas2, Germán Rivas2
1) Universidad Autonoma de Madrid 2) Centro de Investigaciones Biológicas
IV18

Bacterial cell division requires the assembly of a proteolipid complex at the midcell
division site called the septosome. Two of the initial components of this septal
complex in Escherichia coli are the membrane protein ZipA and the soluble protein
FtsZ. This 40 kD soluble protein with GTPase activity polymerizes on the inner side
of the cytoplasmic membrane during bacterial cell division forming a dynamic ring
that is essential for the recruitment of other proteins. It is thought to be anchored to
the membrane through its interaction with ZipA. Our aim is to study the structure and
dynamic behaviour of FtsZ polymers formed on a surface in vitro in a similar
environment as that found in the cell. For that purpose we reconstitute ZipA in planar
lipid bilayers and use atomic force microscopy to characterize the shape and dynamic
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behaviour of E. coli FtsZ protein filaments formed on the surface. We find that FtsZ
shows no affinity for lipid bilayers of different composition, but is able to attach and
polymerize on a lipid surface in the presence of oriented ZipA reconstituted in
bilayers prepared with E. coli lipid extract.

Detergent-mediated reconstitution of membrane proteins in planar lipid bilayers
Ellen Verheyen, Frits Flesch, Rene van Nostrum Bart Gadella Wim Hennink
Utrecht University
Supported lipid-protein bilayers are widely used to study membrane proteins in their
native environment1.The building up of membranes on glass and the subsequent
insertion of proteins, however, are poorly understood. We developed a method to
prepare a supported lipid-protein bilayer on glass, based on detergent mediated
reconstitution of membrane proteins in a preformed bilayer. Lipid bilayers were
formed by spontaneous fusion of vesicles onto the glass support (96 wells format)2.
Next, proteins were allowed to insert by incubating the bilayer with a proteindetergent solution (pmoles of protein and detergent far below the CMC). Finally, the
IV- detergent was removed by rinsing with buffer. Epifluorescence microscopy
19 (fluorescent dye-lipid probe) showed that the lipid bilayers were homogenous. Total
phospholipid content (colorimetric determined) showed the presence of a single
bilayer covering the glass surface. Embedded proteins were investigated by AFM.
Height measurements of the extramembraneous domains protruding from the bilayer
demonstrated that proteins were indeed incorporated in the lipid bilayer. An ELISAlike assay was designed to confirm these findings. Detergent mediated reconstitution
of membrane proteins in a preformed bilayer is a simple and versatile method, by
which membrane proteins can be successfully reconstituted into lipid bilayers, within
two hours, using only as little as 1 pmol protein. This array approach can facilitate
High-Throughput-Screening methods, e.g. to identify membrane proteins as potential
drug targets and assess the interaction between drug target and drug delivery system.
1. Sackmann, E., Supported membranes: Scientific and Practical Applications.
Science 1996, 271, (5245), 43-48. 2. Brian, A. A. M. H. M., Allogeneic stimulation of
cytotoxic T cells by supported planar membranes. Proc. Natl. Acad. Sci. USA 1984,
81, 6159-6163.
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