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Mechanobiology of Lung Cellsand Their Microenvironment
Daniel Navajas
School of Medicine, University of Barcelona and Institute for Bioengineering of Catalonia. Barcelona. Spain
Abstract
Mechanical properties of cells play a key role in several cell functions including migration, proliferation, and
differentiation. Moreover, cells sense and actively respond to mechanical features of their microenvironment.
However, mechanical properties of cells and their mechanical interplay with the extracellular matrix are poorly
understood. We use atomic force microscopy (AFM) to study cellular mechanobiology. Our work is mainly focused
on cells and the extracellular matrix of the lung. We measured the mechanoresponse of alveolar epithelial cells
and lung fibroblasts to compression and tension forces by using flat-ended cylindrical tips. Both cell types
exhibited higher resistance to compression than to extension. This asymmetric mechanoresponse was integrin
dependent and mediated by the actin cytoskeleton. We probed local mechanical properties of different regions of
the lung extracellular matrix by applying low amplitude oscillations with the AFM tip. Measurements were
performed simultaneously over a wide frequency range by applying multifrequency excitation composed of
different sine waves. The complex shear modulus was computed in the frequency domain as the ratio between
force and indentation. The complex shear modulus was separated into its real and imaginary parts, accounting for
the elastic and viscous moduli, respectively. Lung extracellular matrix was dominated by a solid-like behavior
exhibiting an elastic modulus increasing with frequency as a weak power law. Alveolar wall segments and
junctions showed similar stiffness, whereas pleural membrane was three times stiffer. Our results suggest that
local differences in mechanical properties and topology of the parenchymal site could constitute relevant
mechanical cues to regulate the spatial distribution, differentiation and function of lung cells.
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Mechanical Properties of Human Gliomas and Mechanoresponses of Glioblastoma
Cells
Katarzyna Pogoda, Małgorzata Lekka, Cezary Marcinkiewicz, Paul Janmey
The Henryk Niewodniczaoski Institute of Nuclear Physics, Polish Academy of Sciences, Radzikowskiego 152,
31-342 Kraków, Poland Department of Biology, Temple University, 1900 North 12th Street, PA 19122, Philadelphia,
USA Institute for Medicine and Engineering, University of Pennsylvania, 1010 Vagelos Laboratories 3340 Smith
Walk, PA 19104, Philadelphia, USA
Abstract
The stiffness of tissues, often characterized by their time-dependent elastic properties, is tightly controlled under
normal condition and central nervous tissue is among the softest tissue in vertebrates. Changes in tissue and
organ stiffness occur during development and are frequently symptoms of diseases such as fibrosis,
cardiovascular disease and some forms of cancer. Primary cell isolated from various tissues often respond to
changes in the mechanical properties of their substrates, and the range of stiffness over which these responses
occur appear to be centered on the elastic modulus of the tissue from which they are derived. Both glial and
neuronal cells differ from most other cell types in that they respond in vitro to a much lower range of stiffness
than cells derived from stiffer organs, with glial cells activating cytoskeletal assembly with increasing stiffness, but
neuronal cells exhibiting inhibited neurite outgrowth and branching. Here we test the hypotheses that the
stiffness of tumors derived from CNS tissue differs from that of normal brain, and that transformed cells derived
from such tumors exhibit mechanical responses that differ from those of normal glial cells. When the Young’s
moduli of 7 different human gliomas were measured by indentation, the average values were 134 +/- 56 Pa, the
range from 90 to 141 Pa, and there was a significant lateral heterogeneity on a sub mm length scale. When
probed to different depths ranging from 50 to 200 microns, there is evidence of slight strain stiffening. The
magnitudes of these elastic moduli are well within the range of stiffness reported from normal brain, both red
and white matter, suggesting that the local stiffness, measured on a 100 micron to 1 mm length scale is not
substantially greater for tumors compared to normal tissues. On the other hand, different classes of immortalized
cells derived from human glioblastoma show substantially different responses to the stiffness of substrates in
vitro. When cultured on polyacrylamide gels with Young`s moduli ranging from 200 Pa to 40 kPa and soft
hyaluronic acid gels glioma cells attach and spread differentely dependent on substrate stiffness and ECM
component used as a ligand. Unlike breast and some other cancers where the stroma and the tumor itself is
substantially stiffer than the surrounding normal tissue, the data here suggest that gliomas can arise without a
gross change in the macroscopic tissue stiffness. However, the chemical and topographical features of the
extracellular environment within gliomas is substantially different from that of normal brains, and some
glioblastoma cells exhibit strongly altered response to substrates that contain different ECM components such as
fibronectin or collagen 1 that are expressed at low levels in normal CNS but at much higher levels within
tumorous.
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In-Situ Determination of The Mechanical Properties of Gliding or Non-Motile Bacteria
by Atomic Force Microscopy under Physiological Conditions without Immobilization
Samia DHAHRI，Michel RAMONDA，Christian MARLIERE
1

Géosciences Montpellier, University Montpellier;

2

UMR CNRS 5243, Montpellier, France 2 Centrale de Technologie en Micro et nanoélectronique, Laboratoire de

Microscopie en Champ Proche, University Montpellier 2, Montpellier, France
3

Institut des Sciences Moléculaires d’Orsay, ISMO, University Paris-Sud, UMR CNRS 8214, Orsay, France.

Abstract
We present a new, non-perturbative, easy-to-apply method for AFM imaging of living bacteria in their genuine
physiological liquid medium. No immobilization protocol, neither chemical nor mechanical, was needed. For the
first time, the native gliding (crawling) movements of gram-negative filamentous Nostoc cyanobacteria, along the
surface and at speeds up to 250nm/s (900m/h), were studied by AFM. That original method deals with an
improved combination of a gentle sample preparation process and an AFM procedure based on fast and complete
force-distance curves made at every pixel, drastically reducing lateral forces. No limitation in spatial resolution or
imaging rate was detected. Gram positive and non-motile Rhodococcus wratislaviensis bacteria were studied as
well. From the approach curves, Young modulus and turgor pressure were measured for both strains at different
gliding speeds and are ranging from 20±3 to 105±5MPa and 40±5 to 310±30kPa depending on the bacterium and
the gliding speed. For Nostoc, spatially limited zones with higher values of stiffness were observed. The related
spatial period is much higher than the mean length of Nostoc nodules. This was explained by an inhomogeneous
mechanical activation of nodules in the cyanobacterium. We also observed the presence of a soft extra cellular
matrix (ECM) around the Nostoc bacterium. Both strains left a track of polymeric slime with variable thicknesses.
For Rhodococcus, it is equal to few hundreds of nanometers, likely to promote its adhesion to the sample. While
gliding, the Nostoc secretes, behind it, a slime layer the thickness of which is in the nanometer range and
increases with the gliding speed. This result reinforces the hypothesis of a propulsion mechanism based, for
Nostoc cyanobacteria, on ejection of slime. These results open a large window on new studies of both dynamical
phenomena of practical and fundamental interests such as the formation of conglomerates of bacteria (biofilms)
and static properties of bacteria in real physiological conditions.
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Successive AFM height (1-5) images of Nostoc cyanobacterium in its physiological medium are plotted. Time
interval between two consecutive images is equal to 35 seconds. For comparison an optical image acquired
during this AFM sequence was numerically treated to get the same magnification as in AFM images (1-5).
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Manipulation of Single Cells and Colloids with Fluidfm
Pablo Dörig, Philipp Stiefel ,Orane Guillaume-Gentil, Janos Vörös, Julia Vorholt, Tomaso Zambelli
1

Laboratory of Biosensors and Bioelectronics, ETH Zürich Gloriastrasse 35, ETZ 8092 Zürich

2

Institute of Microbiology, ETH Zürich HCI F Wolfgang-Pauli-Strasse 10 8093 Zürich

Abstract
Select applications of fluid force microscopy (FluidFM) could already be shown in proof of principle experiments
1,2. The technology is based on atomic force microscopy (AFM) cantilevers with integrated microchannels. 1 It
offers the versatile combination of a nanoscale pipette, suction-cup and syringe. The experiments are then
performed in liquid environment on an inverted microscope. With the force sensitivity of an AFM the approach
onto any object, such as a cell, can be safely achieved. Using blunt tips and underpressure, the object is then
lifted up and relocated, while the adhesion forces can be measured. Using sharp tips instead, a cell can be
injected with volumes in the femtoliter range. Pick and place experiments were shown on mammalian cells,
baker’s yeast and bacteria 2. Now forces are also measured using easily replaceable colloid probes, where the
colloid can be functionalized and is attached to the fluidFM cantilever by suction. Injection with FluidFM into
single mammalian cells has been shown 1, now an injected volume calibration protocol could be established and
injection on yeast cells is investigated. The manipulations were carried out with a low cost, custom BioAFM and
custom LabView software, as well as with a commercial device. We would like to thank Stephen Wheeler from
the LBB Workshop for technical help.

[1] A. Meister, M. Gabi, P. Behr, P. Studer, J. Vörös, P. Niedermann, J. Bitterli, J. Polesel-Maris, M. Liley, H. Heinzelmann, T. Zambelli, Nano
Letters 9 (2009) 2501.
[2] P. Dörig, P. Stiefel, E. Sarajlic, D. Bijl, P. Behr, M. Gabi, J. Vörös, J. Vorholt, T. Zambelli, Appl. Phys. Lett. 97(2) (2010)
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AFM Based Mechanical Characterization of Circulating Tumor Cells (Ctcs) in Prostate
Cancer as Diagnostic and Prognostic Tool
Chun-Liang Chen, Devalingam Mahalingam，Pawel Osmulski, Rohit R. Jadhav, Chiou-Miin Wang, Robin J. Leach
Tien-Cheng Chang Steven D. Weitman Addanki Pratap Kumar LuZhe Sun Maria E. Gaczynska Ian M. Thompson Tim
Hui-Ming Huang
1

Department of Molecular Medicine, Cancer Therapy and Research Center, University of Texas Health Science

Center, San Antonio, Texas
2

Department of Medicine, Cancer Therapy and Research Center, University of Texas Health Science Center, San

Antonio, Texas
3

Department of Cellular and Structural Biology, Cancer Therapy and Research Center, University of Texas Health

Science Center, San Antonio, Texas
4

Department of Urology, Cancer Therapy and Research Center, University of Texas Health Science Center, San

Antonio, Texas
5

Department of Obstetrics and Gynecology, Cancer Therapy and Research Center, University of Texas Health

Science Center, San Antonio, Texas
6

Department of Pediatrics, Cancer Therapy and Research Center, University of Texas Health Science Center, San

Antonio, Texas
7

Department of Institute for Drug Development, Cancer Therapy and Research Center, University of Texas Health

Science Center, San Antonio, Texas
Abstract
Biological applications of atomic force microscopy (AFM) are best known for the high-resolution images of DNA
and protein assemblies, for revealing dynamic behavior of macromolecules or analyzing mechanical properties of
structural proteins. In recent years one more application is soliciting much interest: mechanobiology of living cells.
Basic physical properties of cells: their elasticity, deformability, roughness and adhesiveness, provide a rich
resource for characterizing cell physiology. The resource was long marginalized due to inadequate methodology
and instrumentation, the roadblock successfully removed by advances in AFM. Cancer cell biology is the most
promising and the most benefiting from the technology. AFM fits very well with the general trend following
recent technological advances: the broad use single cell methods as diagnostic, prognostic, and predictive tools in
cancer. A seminal observation several years ago brought to attention the robust, many-fold differences in cell
elasticity that follow the neoplastic transformation and correlate with cancer invasiveness. Multiple examples of
cultured human cancer cells have been found to conform to the rule. Apparently, changes in cell membrane and
underlining cytoskeleton not only manifest but also amplify physiological alterations found during development
and progression of cancer. Here we present an important step toward bringing the AFM cell mechanics studies
from a bench to a bedside: the analysis of physical properties of circulating tumor cells (CTCs) isolated from
prostate cancer patients. CTCs constitute very tempting yet challenging subjects for biophysical characterization.
CTCs are malignant cells shed from tumors into the bloodstream that may constitute seeds for metastatic spread
in distant organs. The number and properties of CTCs can be used as very sensitive predictive and prognostic
markers, however these cells are notoriously elusive. The established clinical method of affinity-based cell
separation does not allow for cell stratification and misses the most invasive CTCs undergoing
epithelial-mesenchymal transition (EMT). In our study the CTCs were separated from blood cells by microfiltration.
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Then, cell elasticity and surface roughness were determined by AFM. Apparently, CTCs were as soft or softer than
commonly studied human cultured prostate cancer cells (PC-3, LNCaP), and several-times softer than
noncancerous BPH-1 cells. Moreover, we found CTCs to be exceptionally smooth. The presented AFM based
analysis of CTCs is a part of comprehensive single cell studies including gene profiling. The studies (Prostate (2013)
in press) are now continued with a more advanced AFM method: the recently introduced information-rich Peak
Force Quantitative Nanomechanics mode (PF QNM; BioScope Catalyst AFM, Bruker). The new mode enables
efficient gathering of multiple layers of information: topography, elasticity, deformability, adhesiveness, in a single
cell scan, as illustrated in Fig. 1. The studies are in progress to establish AFM as a clinically viable prognostic
method for stratification of CTCs in many types of cancers.

Fig. 1. PF QNM AFM imaging of a single PC-3 cell. Content of six simultaneously captured channels is shown:
optical image, height (cell shape), PeakForce error (roughness), elasticity (Young’s modulus), deformation, and
adhesion. The vertical scales of false colored images are shown in raw arbitrary units.
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Studying Cell-Matrix Interactions Using Atomic Force Microscopy
Clemens M. Franz
DFG-Center for Functional Nanostructures Karlsruhe Institute of Technology Wolfgang-Gaede-Str 1a 76131
Karlsruhe Germany
Abstract
The dual function as an imaging and force spectroscopy device makes AFM an extremely versatile tool in life
science research. Here I describe several current applications of AFM as part of our effort to better understand
biochemical, structural and mechanical aspects of cell adhesion to the extracellular matrix. With AFM cell-matrix
interactions can be visualized at the nanoscale. However, in adherent cells matrix these interactions occur
primarily on the basal cell side, making them inaccessible to high-resolution, surface-scanning imaging techniques.
Using a novel cell inverting technique, we have been able to expose the basal cell membrane for direct analysis by
AFM in combination with fluorescence microscopy. Cells including their matrix adhesion sites remain intact
during the inversion process and are transferred together with the complete array of basally associated matrix
proteins. Molecular features of ECM proteins, such as the characteristic 67 nm collagen D-periodicity, are
preserved after inversion. Using this technique we also show distinct differences in the cellular remodeling of
different matrix components. The presented cell inversion technique thus provides novel insight into nanoscale
cell–matrix interactions at the basal cell side. Differential adhesion of individual cells to different matrix
components governs a wide range of cellular functions. To elucidate differential adhesion processes on the single
cell level, we prepared bifunctional adhesion substrates featuring adjacent laminin and collagen stripes, two
major matrix components, and alternatingly measured CHO cell adhesion forces on both components by
single-cell force spectroscopy. In repeated measurements (≥60) individual cells showed a stable and ECM
type-specific adhesion response. All tested cells bound laminin more strongly, but the scale of laminin over
collagen binding varied between cells. Together, this demonstrates that adhesion levels to different ECM
components are tightly yet differently set in each cell of the population. Adhesion variability to laminin was
non-genetic and cell cycle-independent but scaled with the range of integrin receptor expression on the cell
surface. Adhesive cell-to-cell variations due to varying receptor expression levels thus appear to be an inherent
feature of cell populations and should to be considered when fully characterizing population adhesion. In this
approach, SCFS performed on multifunctional adhesion substrates can provide quantitative single-cell
information not obtainable from population-averaging measurements on homogeneous adhesion substrates.
During tissue invasion, cells need to deform strongly to move through small pores in the extracellular matrix.
Using artificial 3D porous cell culture matrices and AFM cell indentation measurements, we have studied the
contribution of cell elasticity in this process. We show that factors decreasing cell nucleus stiffness positively
regulate matrix invasion. Together, these applications demonstrate the versatility of AFM in studying cell-matrix
interactions on the nanoscale.
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Differential adhesion of Chinese hamster ovary cells (in green)on a star-patterned bifunctional laminin/collagen
substrate. Laminin stripes(in red)were produced by microcontact printing.

11 / 119

Session: Cellular MechanoBiology

ORAL PRESENTATION

Is Compartmentalization Driven by Adhesion? – Probing Cellular Adhesion Forces
Using a Modified BioAFM
Steve Pawlizak, Anatol Fritsch, Josef A. Käs
University of Leipzig, Faculty of Physics and Earth Sciences, Institute of Experimental Physics I, Soft Matter Physics
Division, Linnéstr. 5, 04103 Leipzig, Germany
Abstract
Motivated by the success of a novel surgical method taking account of cellular confinement to compartments in
order to resect cervical cancer 1, the impact of compartmentalization on tumor development and spreading
comes more and more into focus of today’s cancer research. Compartmentalization is a universal and
fundamental organization process in which in vivo different cell populations develop in separate confined areas. It
has been observed that even tumor cells are confined to their original compartment for a relatively long time
until they finally become able to overcome lineage boundaries. For that reason, an understanding of the
mechanical principles underlying this process is of great importance. The differential adhesion hypothesis gives a
first explanation by differences in surface tension and adhesiveness of the interacting cells 2. In this context, we
are investigating whether cellular adhesion is in fact a necessary or even sufficient factor to characterize
compartmentalization and tumor spreading. We use a modified AFM to directly measure the adhesion forces
between two cells in contact for different cell populations. However, a contemporary issue concerning such date
is normalization which is very challenging since the contact area is not accessible using conventional transmitted
light techniques. A commonly accepted approach is limited to pre-selection of cells that have roughly the same
size. In a new approach, we modify our setup to gain a “simultaneous” side view, which might help to estimate
the diameter of the contact area. In complementary in vitro experiments, we study the process of cell
aggregation and segregation using a common model system for compartmentalization: Two populations of
suspended cells are mixed. When the populations are different, the mixture will eventually segregate into two
phases (see Figure), whereas mixtures of the same cell type will not. The combination of these techniques will
help to shed some new light on the role of cellular adhesion for compartmentalization and tumor spreading.

[1] M. Höckel, L. C. Horn et al.: Resection of the embryologically defined uterovaginal (Müllerian) compartment and pelvic control in
patients with cervical cancer: a prospective analysis, Lancet Oncology 10 (7): 683–692 (2009)
[2] R. A. Foty, M. S. Steinberg: The differential adhesion hypothesis: a direct evaluation, Dev. Biol. 278 (1): 255–263 (2005)

Schematic representation of the 3D segregation behavior of two different cell populations in droplet culture.
According to the differential adhesion hypothesis, the interplay of single cell biomechanics, cell adhesion, and cell
migration causes a surface tension σ. In the process of compartmentalization, the interfacial free energy is
minimized and total cell-cell binding strength is maximized.
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Mechanoadaptative Regulation of Tumor and Stem Cell Behavior
Sanjay Kumar
Department of Bioengineering, 274A Stanley Hall #1762, University of California, Berkeley, Berkeley CA
94720-1762, USA.
Abstract

Living cells respond to mechanical inputs from the surrounding environment by adapting their own intrinsic mechanical
properties. In this presentation, I will discuss two recent approaches my research group has been taking to investigate and
control this “mechanoadaptation,” and in both cases atomic force microscopy (AFM) nanoindentation of living cells has proven
to be a key enabling tool. First, we have investigated the role of extracellular matrix (ECM) mechanics in regulating lineage
commitment decisions in adult neural stem cells (NSCs). We have shown that ECM stiffness regulates neurogenesis during a key
early time window during differentiation by controlling activation of the Rho family GTPases RhoA and Cdc42, which activate
cell contractility and ECM stiffness adaptation (as measured by AFM). Second, we have engineered cells to express
mechanoregulatory proteins under the dose-dependent induction and repression of small molecules, and we have shown that
this enables us to quantitatively control many mechanobiological properties in a dynamic and graded fashion, including
indentational stiffness, adhesion, motility, and traction force generation. This approach has also enabled us to control the ECM
stiffness-sensing properties of tumor-initiating cells in vitro and manipulate their tumorigenic properties in vivo. Together, these
studies have given us new insight into the biophysical basis and biological implications of mechanoadaptation and how this
process might be leveraged to control tumor and stem cell biology.
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SPM for Material Research
Jinfeng Jia
Dept. of Physics, Shanghai Jiaotong University, No. 800 Dongchuan Rd., 200240, Shanghai, China
Abstract
By giving several examples, I will show you that atomic structures and local electronic structures of materials can
be investigated with STM. More importantly, STM can provide very unique information to improve the controlling
ability for sample growth and preparation. Therefore, by combining STM with molecular beam epitaxy (MBE), we
can grow very special structures with precise control down to several atoms up to millions of atoms, such as,
periodical identical-nanocluster array and uniform metal thin films with controlled thickness down to one atomic
layer. So, some special problems can be investigated. Finally, I will demonstrate that STM combined with MBE is a
very powerful tool for material research.

[1] Science 305, 1915 (2004)
[2] Phys. Rev. Lett. 95, 096802 (2005)
[3] Phys. Rev. Lett. 97, 266102 (2006)
[4] PNAS 104, 9204 (2007)
[5] Adv. Mater. 22(36), (2010) 4002
[6] Nature Physics 6, (2010)104
[7] Science 336, (2012) 52
[8] J. Phys. D: Appl. Phys. 44, (2011) 464007
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Time-Resolved Nanometer Scale AFM Imaging of Antimicrobial Peptide Activity
Andrea, Slade，Johannes H., Kindt，Stephen C., Minne
Bruker Nano Inc., 112 Robin Hill Road, 93117, Santa Barbara, USA
Abstract
Understanding drug-membrane interactions is crucial to drug research and development. Bacterial membranes
have a much more complex structure than mammalian cell membranes. As such, knowledge of bacterial
membrane composition and organization, as well as characterization of the molecular-level responses to drug
interactions, is critical to the development and assessment of effective drug formulations. Cellular drug responses
involve highly dynamic processes. However, the ability to image live cells with nanometer resolution on
timescales relevant to dynamic cellular events has proven challenging. The ability of atomic force microscopy
(AFM) to obtain three-dimensional topography images of biological molecules with nanometer resolution and
under near-physiological conditions remains unmatched by other imaging techniques. With traditional AFM
systems, the typically longer image acquisition times required to obtain a single high-resolution image has limited
the ability to investigate dynamic biological processes. While recent years have shown significant progress in the
development of high-speed atomic force microscopy (HS-AFM)1, the nature of the instrumentation that has been
developed has several drawbacks in specimen size, requiring small scan sizes and flat sample surfaces. As such,
the majority of biologically-related HS-AFM studies have concentrated on imaging single biomolecules 2-5 with
little focus on using HS-AFM to examine cellular processes 6. With the rapidly growing antibiotics crisis,
antimicrobial peptides (AmP) are increasingly being investigated as therapeutic alternatives. Key to their success
is an understanding of the mechanisms by which AmPs interact with the cell membrane and facilitate cell death.
Using HS-AFM, we have obtained the first high-resolution time sequence images of the native structure of a
bacterial outer membrane, obtained directly on the surface of live Escherichia coli cells. The increased time
resolution of HS-AFM allowed us to observe dynamic changes in the nanoscale structure of the outer membrane
in direct response to the AmP CM15, at timescales relevant to the mechanism of AmP-induced cell death. The
results of these HS-AFM studies have provided the first opportunity to resolve the dynamics of AmP-mediated cell
death in a native cell membrane environment in real-time and with nanoscale resolution. As the lethal
consequences of AmPs are associated with permeabilization of the bacterial inner membrane, which is not
accessible to the AFM probe on gram negative cells such as E. coli, we also conducted HS-AFM studies of the
interactions of CM15 with model membrane systems mimicking the composition of the E. coli inner membrane.
With the combination of high spatial resolution and high temporal resolution achieved by HS-AFM, direct
visualization of the disruption of supported lipid bilayers by CM15 can provide keys insights into determining the
specific mechanisms of AmP activity.

[1] Ando et al. (2007) JMR 20, 448-458.
[2] Kodera et al. (2010) Nature 468, 72-76.
[3] Shibata et al. (2010) Nature Nanotech 5, 208-212.
[4] Shinozaki et al. (2009) PLoS Biology 7, e103.
[5] Uchihashi et al. (2011) Science 333, 755-758.
[6] Fantner et al. Nature Nanotech 5, 280-285.
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Macromolecular Complex Reconstruction Protocol Using Atomic Force Microscopy
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Rui C., Chaves ，Michael, Odorico ，Jean-Marie, Teulon ，Yannick, Delcuze ，Pierre, Parot ，Shu-wen W. Chen
and Jean-Luc Pellequer
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CEA, iBEB, Department of Biochemistry and Nuclear Toxicology, F-30207 Bagnols sur Cèze, France

2

13 Avenue de la Mayre, 30200 Bagnols sur Cèze, France

Abstract
The biochemical step that generates thrombin is known as the prothrombinase complex made of the cofactor Va
(FVa), the enzyme Xa (FXa), negatively charged membranes and calcium atom; the prothrombinase complex
increases the catalytic conversion of prothrombin into thrombin. A model of the complete conformation of
human FVa was proposed [Pellequer et al, 2000, Thromb. Haemost. 84: 849] and a partial crystal structure of the
bovine FVa has been determined [Adams et al., 2004, Proc Nat Acad Sci USA 101: 8918]. An updated comparative
model was built for the complete FVa structure [Gale et al. 2007, J. Biol. Chem 282: 21848]. To distinguish which
model is appropriate, topographic images of FVa were obtained in air and in liquid using a Multimode III AFM. We
applied the AFM-Assembly concept [Trinh et al., Structure 20, 113 (2012)] to "dock" available FVa structures
beneath the experimental topographic surface. The topographic image (322 pixels) [Figure a] was deconvoluted
from the tip shape and used as envelop surface. The top scored result from the reconstruction of 20003 solutions
out of 1011 docking orientations (computation time 3h30, 30 CPUs) is represented in Figure b and c. How each
existing FVa models represent the real molecule was evaluated by comparing the docking of each model to
multiple AFM images. This multi-scale protein reconstruction opens new possibility for AFM in structural biology.

a) AFM topograph of human coagulation factor Va deposited on mica obtained in liquid environment with a
Multimode III microscope; b) Docking of the complete factor Va structure in the topographic envelop from a); c)
Current three-dimensional model of the structure of coagulation factor Va used in the docking experiment in b).
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Nanoscale Control on the Assembly of Amyloid-like Peptides at Solid/Water
Interfaces
Bin, Dai，Fuchun, Zhang，Feng, Zhang，Jun, Hu，Yi, Zhang
Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Shanghai 201800, P. R. China
Abstract
The self-assembly of peptides and proteins has recently attracted much attention because of its scientific
importance and widespread applications in the fields of nanomaterials, crystallography and pathology.
Particularly, assembly of peptides or proteins on inorganic substrates has been recognized as an important
approach to understanding the pathology of some diseases as well as exploring the applications in de novo
nanodevice design and fabrication. In these cases the peptide (or protein) is precisely assembled with the
assistance of inorganic templates. This feature allows us to manipulate the arrangement of peptide molecules in a
pre-designated fashion on substrates by proper design of peptide sequence and elaborate control on the
assembly conditions. Herein, we present an atomic force microscopy (AFM) in situ investigation on the
one-dimensional epitaxial growth of GAV-9 peptide, a conserved consensus of several neurodegenerative
disease-related proteins, at the interfaces of solid substrates and water. Detailed information of the growing
process including nucleation and extension on the substrates will be provided. The driving forces and mechanisms
for the ordered assembly of the peptide on the substrates will be discussed. More importantly, it is found that the
formation of nucleation seeds and afterwards nanofilament extension at designated positions can be controlled
by mechanical modification of a growing filament with an AFM tip. References

[1] F. Zhang et al., Angew. Chem. Int. Ed. 2006, 45, 3611-3613.
[2] F.C. Zhang et al., ACS Nano 2010, 4(10), 5791–5796.
[3] S. Kang et al., J. Am. Chem. Soc. 2013, 135, 3150-3157.
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Intraprotein Forces Drive Distant Conformational Changes during Cytotoxin Pore
Formation: A Novel Paradigm for Long-Distance Structural Changes within Proteins
Daniel Czajkowsky，Jingfang Wang，Jielin Sun，Jun Hu，Zhifeng Shao
Key Laboratory of Systems Biomedicine, Shanghai Jiao Tong University, 800 Dong Chuan Rd, Shanghai 200240,
China Physical Biology Laboratory, Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Shanghai
201800, China
Abstract
Many proteins function through the coordination of structural changes between quite distant regions. However,
the mechanisms underlying such long distance communication are generally poorly understood. During pore
formation of the cytotoxin, perfringolysin O, an amphipathic region (the TMHs) unfurls and a distant domain (D2)
collapses during a single step in the pore forming process. Using molecular dynamic simulations and atomic force
microscopic mechanical manipulation, we show that these two events are causally related, with the hydrophobic
forces exerted on the unfurled TMHs generating a compressive force across the D2 domain, which catalyzes its
collapse. The distant conformational changes in PFO are thus coordinated by intra-protein forces resulting from
the hydrophobic forces driving bilayer insertion. Intra-protein forces may prove to be a generally useful concept in
the coordination of structural changes between distant domains in proteins.
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Study of Rap1 Binding at Telomeric DNA
Olivier PIETREMENT，Yann-VaÏLE BIHAN，Simona MIRON，Eric LE CAM，Marie-Hélène LE DU
1

Maintenance des Génomes, Microscopies Moléculaires et Bionanosciences, UMR 8126 CNRS and University

Paris-Sud, 94805, Villejuif, France;
2

CEA/DSV/IBiTec-S/SB2SM, Laboratoire de Biologie Structurale et Radiobiologie, CNRS UMR 8221, CEA Saclay,

91191, Gif-sur-Yvette, France.
Abstract
Telomeres are specialized nucleoprotein complexes that control numerous DNA processes occurring at the end of
linear eukaryotic chromosomes. They protect the linear chromosome extremity against DNA repair machinery,
regulate the transcription of nearby genes, control the terminal replication of chromosomal DNA, and localize
chromosome ends within the nuclear space. Alteration of telomere structure critically affects these processes,
leading to genome instability and development of many diseases, including cancer (Blackburn, 2000). Telomeric
DNA consists of repetition of short G-rich sequences with a single stranded tail on the 3’-oriented strand. In
Saccharomyces cerevisiae, the telomere nucleoproteic assembly includes Rap1, its functional partners Rif1, Rif2,
Sir3, Sir4, the single stranded DNA-binding protein Cdc13, and its functional partners Stn1 and Ten1. Rap1 directly
binds double stranded DNA through a central double-Myb domain (DBD), recruits the Rifs and Sirs proteins
through a C-terminal globular domain (RCT), and contains a single BRCT domain located in its N-terminal part.
The available data strongly suggest that telomere structure appears dynamic and regulated. How Rap1 integrates
different molecular signals (as telomere shortening) and regulates its interaction with its multiple partners is
unknown. Despite extensive evidence for the fundamental roles Rap1 plays at telomeres, how Rap1 is organized
along the length of telomere DNA to organize changes between different telomere states is unknown. Here, we
analyzed Rap1 binding to arrays of telomeric recognition sites. Associating atomic force microscopy, electron
microscopy, SAXS data, microcalorimetry and EMSA experiments, we provide a new view of Rap1/DNA
nucleoproteic complex.

Rap1-DNA complex images with TEM in dark field mode (A,B), AFM (C,D), TEM with negative staining (E) and
Cryo-EM (F). The arrows indicate the array of 16 recognition site covered by RAp1
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High-Speed AFM at Up to 100 Frames per Second as a Tool for Studying Membrane
Protein Rotation
Ignacio Casuso，Adai Colom，Mohamed Chami，Simon Scheuring
For I.C., A.C. and S.S. the adress is: U1006 INSERM, Université Aix-Marseille, Parc Scientifique et Technologique de
Luminy, 163 avenue de Luminy, 13009 Marseille, France For M.C. the adress is: Center for Cellular Imaging and
NanoAnalytics (C-CINA), Biozentrum, University Basel, Mattenstrasse 26, WRO-1058, CH-4058 Basel, Switzerland
Abstract
High-speed atomic force microscopy (HS-AFM) has become a unique and powerful tool for studying structure and
dynamics of proteins. Recent HS-AFM studies of the cell membrane have shed new light on the diffusion of
membrane proteins, the formation of local environments, the transient contact between different functional
partner molecules and its role in cellular functioning 1-3. Most recently, through optimization of the entire
cantilever oscillation position detection system we have achieved a sensitivity and signal-to-noise ratio in our
HS-AFM setup that allows us to acquire movies with only 1.5 cantilever contacts on each recorded pixel,
approaching the limits of the cantilever resonance frequency. Under such conditions and imaging small scan areas
of the cell membrane, we acquire movies that resolve the individual protein subunits at up to 100 frames per
second. At 10ms frame-rate we can analyze the rotational diffusion of single unlabeled membrane proteins, a
parameter that has so long eluded analysis, or suffered ambiguity when analyzed indirectly through fluorescence
and isotopic labels that feature themselves rotational motion 4.

[1] I. Casuso, et al., Nature Nano 7, 525-529 (2012)
[2] A. Colom, I. Casuso, T. Boudier, S. Scheuring, Journal of Molecular Biology (2012)
[3] I. Casuso, P. Sens, F. Rico, S. Scheuring, Biophysical journal 99, L47-L49 (2010)
[4] D.R. Fooksman, M. Edidin, B.G. Barisas, Biophysical Chemistry 130, 10-16 (2007)
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From the Statistical Properties of DNA to the Dynamics of Living Organisms
Giovanni Dietler
EcolePolytechniqueFédérale de Lausanne (EPFL), CH-1015 Lausanne, Switzerland
Abstract
DNA is a very handy polymer because of its long persistence length that permits to study it over a large length
scale from few nanometers up to micrometers, spanning from the stiff polymer regime up to the flexible regime.
Moreover, DNA comes in different topological forms (linear, circular and knotted) therefore enabling to study the
physics of polymers depending upon the topology of the investigated polymer. Moreover, concentrated "solution"
in 2D and confined configurations can be investigated. For these studies, Atomic Force Microscopy (AFM) images
of DNA were taken and analysed using polymer physics concepts. It turns out that AFM images deliver a wealth of
detailed data never available before and that now it allows additional comparison between theoretical
predictions for linear, circular and knotted polymers with real polymers. One application of these studies to a
biological problem consists in investigating the role of the degree of supercoiling of circular DNA in the control of
gene expression.
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Direct Evidence on the Force-Stabilized Calcium Binding of the Gelsolin G6 Domain
Chunmei, Lv; Xiang, Gao; Wenfei, Li; Meng, Qin; Yi, Cao; Wei, Wang
National Laboratory of Solid State Microstructure and Department of Physics, Nanjing University, Nanjing 210093,
P. R. China
Abstract
Many proteins are subjected to forces in vivo. However, how force controls the structure, ligand binding and
function has only been studied recently with the invention of single molecule force spectroscopy techniques.
Generally, force will destabilize the native conformation of a protein and decrease its affinity to ligands. Here we
show, for the first time, that force can also increase the ligand binding affinity. We used single molecule force
spectroscopy by atomic force microscopy (AFM) to study the effect of calcium binding on the unfolding of the G6
domain of gelsolin. We found that at saturated calcium concentration, the unfolding forces of G6 are ~40 pN,
which are significantly higher than those of apo G6 of ~20 pN. At intermediate calcium concentrations, the
unfolding forces show a unimodal distribution, indicating fast inter-conversion rate between apo and holo G6.
More strikingly, we found that if the binding constant of G6 is independent of force, the predicted unfolding
forces based on the kinetic parameters obtained from apo and holo G6 are significantly lower than the
experimentally obtained ones. To reconcile such discrepancy, we proposed a new model, in which we considered
that the binding affinity of calcium to G6 is also force dependent. Fitting this model to experimental data clearly
indicates that G6 has much higher calcium binding affinity at higher forces. We proposed that such a special force
stabilized calcium binding may be important for the function of gelsolin in vivo.
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Testing the Mechanical Strength of Single Viral Nanoparticles by AFM
Nanoindentation
Joost Snijder; GijsWuite; Wouter H. Roos
Natuuren Sterrenkunde and LaserLab, VrijeUniversiteit, De Boelelaan 1081, Amsterdam, The Netherlands.
Abstract
Force spectroscopy experiments are turning into a standard tool to study the material properties of
macromolecular assemblies such as viral shells (capsids). Here we present AFM nanoindentation studies on the
mechanical properties of various viral capsids. Combining these measurements with high resolution imaging of
the viral nanoparticles before and after indentation gives a complete picture of the response of such
nanocontainers to mechanical stress. By presenting examples of recent work from my lab I will illustrate how
diverse the properties of viruses can be. For instance a variety of viral nanoparticles turn out to possess
pre-stressed shells. This had already been predicted 10 years ago by applying continuum elastic theory, but until
recently it was impossible to test this prediction experimentally. We have now been able to show that this
macroscopic theory really holds at the nanoscale by devising a novel combined experimental and simulation
approach to tackle the problem of how to test pre-stress in nanometer sized complexes. Next to scrutinizing
general viral design principles, we also studied genome uncoating of human pathogens such as adenovirus. I will
show how by using different host cell molecules, such as integrin and defensin, we reveal for the first time a
direct link between mechanical stability and genome uncoating. Finally, I present data on the influence of pH on
genome-capsid interactions of an insect virus. It turns out that the genome has a dual role. At neutral pH it
stabilizes the densely packed virion and, upon pH increase, it triggers uncoating by relaxing the stabilizing
interactions with the capsid. All in all these experiments provide striking examples of the ingenious ways in which
nature designed a versatile set of protein nanocontainers.
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High-Speed Force Spectroscopy of Protein Unfolding
Rico, Felix; González, Laura; Casuso, Ignacio; Puig, Manel; Scheuring, Simon
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2

Department of Electronics, Universitat de Barcelona, c/ Marti Franques 1, 08028 Barcelona, Spain

Abstract
Since the first, landmark experiments of single molecule forced unfolding of protein titin using atomic force
microscopy (AFM), steered molecular dynamics (SMD) simulations have helped to unravel the molecular
mechanism of protein unfolding 1,2. However, experimental and simulated unfolding forces are still not directly
comparable due to the orders of magnitude difference in the pulling velocities. In an effort to fill the gap between
experiments and simulations, we have adapted a high-speed AFM to perform high-speed force spectroscopy
(HS-FS) to allow pulling at velocities in the mm/s regime, speeds of SMD simulations. We unfolded titinoctamers
at pulling rates ranging from 9 nm/s to 3.8 mm/s (Fig. 1). Intermediate states were observed at speeds up to ~2
mm/s, implying a fast folding rate of the intermediate to the native titin state. The now accessible experimental
dynamic range over ~6 orders of magnitude in pulling speeds (velocities) reveals a more detailed understanding
of the unfolding mechanism. We anticipate that the HS-FS technique will provide new experimental information
on dynamic processes such as receptor/ligand interactions and link experiment to simulation.

[1]Rief, M.; Gautel, M.; Oesterhelt, F.; Fernandez, J. M.; Gaub, H. E. Science 1997, 276, 1109-12.
[2]Marszalek, P. E.; Lu, H.; Li, H.; Carrion-Vazquez, M.; Oberhauser, A. F.; Schulten, K.; Fernandez, J. M. Nature 1999, 402, 100-103.

Figure 1.Unfolding force versus retraction velocity.
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Abstract
The molecular complexity involved in gene expression is quite staggering, even for simpler prokaryotic systems.
Problems in correct expression of genes are usually implicated in degeneration of function and consequent
biomedical conditions. More and more genomes are being discovered with over-lapping and nested gene
structures, either in convergent or tandem configurations. At present it is unclear whether these are evolutionary
artifacts or serve as specific control mechanisms for gene expression. We are using atomic force microscopy (AFM)
to investigate the dynamics of relatively simple model systems at the single molecule level. We study the
interactions of more than one E. coli RNA polymerase (RNAP) operating on single linear double-stranded DNA
templates 1,2. These templates are fabricated to include a short homopolynucleotide sequence of A, C, G or T
forming a single-stranded end loop to discriminate polarity of the DNA molecules in the AFM 3,4. Model
templates include convergently and tandemly-aligned promoters for bacterial E. Coli RNAP. Measurement of the
positions of the RNAP on the DNA before and after firing from the promoters allow us infer outcomes of “collision”
events. The end-labellingssDNA loop not only acts as a fiducial marker but also captures RNAPs that have fired
from promoters directed towards and closest to the loop. This enables us to quantify different outcomes of these
events between more than one RNAP operating in a convergent or tandem configuration. Interestingly, RNAPs
which approach each other often stall before close contact is made, implying that transient DNA super-coiling
between RNAP mediates their interactions. Furthermore, the distribution of outcomes for head-on (convergent
transcription) and rear-end (tandem transcription) collision events are similar, suggesting that long range
interactions mediated through the local DNA conformation serve to regulate RNAP activity and positioning on the
templates. These experiments inform the regulation of genetic expression at the molecular level, including acting
as simple models for nested genes.

[1] Billingsley D.J., Bonass W.A, Crampton N., Kirkham J. and Thomson N.H. (2012) Physical Biology 9 021001.
[2] Crampton N., Bonass W.A., Kirkham J., Rivetti C. and Thomson N.H. (2006) Nucleic Acids Research 34 (19) 5416-5425.
[3] Billingsley D.J., Crampton N., Kirkham J., Thomson N.H., Bonass W.A (2012) Nucleic Acids Research 40 (13) e99.
[4] Chammas O., Billingsley D.J., Bonass W.A, Thomson N.H. (2013) Methods – in press. http://dx.doi.org/10.1016/j.ymeth.2013.03.002
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Structural and Mechanical Heterogeneity of the Erythrocyte Membrane Reveals
Hallmarks of Membrane Stability
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Abstract
The erythrocyte membrane, a metabolically regulated active structure that comprises lipid molecules, junctional
complexes and the spectrin network, enables the cell to undergo large passive deformations when passing
through the microvascular system. Here we use atomic force microscopy (AFM) imaging and quantitative
mechanical mapping at nanometer resolution to correlate structure and mechanics of key components of the
erythrocyte membrane, crucial for cell integrity and function. Our data reveals structural and mechanical
heterogeneity modulated by the metabolic state at unprecedented nanometer resolution. ATP-depletion,
reducing skeletal junction phosphorylation in RBC cells, leads to membrane stiffening. Analysis of ghosts and
shear-force opened erythrocytes show that, in absence of cytosolic kinases, spectrinphosporylation results in
membrane stiffening at the extracellular face and a reduced junction remodeling in response to loading forces.
Topography and mechanical mapping of single components at the cytoplasmic face reveals that, surprisingly,
spectrin phosphorylation by ATP softens individual filaments. Our findings suggest that, besides the mechanical
signature of each component, the RBC membrane mechanics is regulated by the metabolic state and the
assembly of its structural elements.
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Force Spectroscopy of Marine Polysaccharides: from Gel Networks to Individual
Fibrils
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10000 Zagreb, Croatia Kellermayer: Department of Biophysics and Radiation Biology, Semmelweis University,
Tuzolto u. 37-47. H1094, Budapest, Hungary Brujid: Center for Soft Matter, New York University, 4 Washington
Place at Broadway, 10003 New York, USA
Abstract
Microscopic (TEM, AFM) and NMR studies revealed that fibrillar polysaccharides form the bulk of oceanic
dissolved organic matter 1 and 10% can self-assemble as polymer gels 2. Due to the inherent complexity and
heterogeneity of the marine gel phase it is difficult to isolate the physical forces in the biopolymer network
assemblies. However, based on AFM imaging and differential scanning calorimetry, the marine gel was
characterized as a thermoreversible physical gel and the dominant mode of gelation was proposed to be
crosslinking of polysaccharide fibrils by hydrogen bonding which results in helical structures and their associations
3. Here, the force spectroscopy together with high resolution AFM imaging was applied to quantify intramolecular,
interdomain and intermolecular forces within the marine gel network. The ability to control the degree of gel
network entanglements by dilution and stirring was used to probe marine polysaccharides at different levels of
association. The following reproducible patterns on force extension curves were identified: non linear individual
peaks, sawtooth patterns, plateaus and steps. The typical events that lead to such patterns upon stretching
include entropic behavior of individual fibrils and more complex events such as unfolding polysaccharide
entanglements, unzipping helices and peeling fibrils from the bundles. These are the first force spectra
experiments conducted on marine gel polysaccharide network and individual fibrils.

[1] Santschi PH, Balnois E, Wilkinson KJ, Zhang J, Buffle J. 1998. Limnol.Oceanogr. 43: 896–908.
[2] Verdugo, P, Alldredge AL, Azam F, Kirchman, DL, Passow U, Santschi, PH. 2004. Marine Chemistry 92:67–85.
*3+ MišidRadid T, Svetličid V, Žutid V, Boulgaropoulos B. 2011. J. Mol. Recognit. 24: 397-405.
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Investigating at the Nanoscale by Coupling AFM-STED-FCS Biological Applications
Claudio, Canale; Jenu, Chacko Varghese; Silvia, Seghezza; Benjamin, Harke; Alberto, Diaspro
IstituitoItaliano di Tecnologia. Nanophysics Department.Via Morego 30, 16163.Genova. Italy.
Abstract
Since its introduction in 1986 the AFM has been widely applied to the study of biological sample. The unique
capability of the AFM to work in a controlled liquid environment observing biological processes in real time and
also on living systems with a nanometric resolution made the instrument an essential tool for biology and
nanomedicine. The label-free nature of the AFM technique is often considered one of its strengths, since the
sample can be analyzed avoiding any kind of chemical treatment (fixation, fluorescent labeling, metal coating etc.)
that can affect some of its properties and modify, if not totally blocked, the dynamics of biological processes. On
the other hand, the lack of chemical specificity is one of the greatest limit of the technique, especially working on
complex biological materials, characterized by the presence of several molecular species that are not
distinguishable from their topographical view. The coupling with fluorescent optical microscopy has been the
most common solution exploited to overcome the problem of aspecificity; the information gained from the AFM
correlated with a color-encoded molecular fluorescence map is distinctly an important tool for deeper
interpretation of the results. Anyway, Fluorescence image from a conventional microscope can only make a
limited contribution since the lateral resolution of the light microscope is about one order of magnitude lower
than the one obtained by the AFM. We developed a new tool of analysis by coupling an atomic force microscope
(AFM) to a super-resolution stimulated emission depletion (STED) microscope. We mounted a commercial AFM
system on a custom made STED setup developed in our laboratory that reaches a resolution well below 65 nm.
Firstly, we demonstrated the high precision of the optical overlay with the AFM image and the improvement that
the coupling with STED provides to AFM nano-manipulation working on a technical sample under dry conditions.
Then we prove the same capability on a biological sample in fluid environment (1). This precision modality steps
into another level by the ability of looking into temporal fluctuations by a spot variable fluorescence correlation
spectroscopy (FCS). We are focusing our attention on the study of model membranes, observing the diffusion of a
particular lipid or protein component of the bilayer (FCS) and coupling this information with topographical and
mechanical characterization (AFM). This new combined system paves the way to a new experimental approach to
characterize the affection of membrane properties induced by the interaction with toxic agents, such as
pathological proteins/protein aggregates (amyloid olygomers) or nanoparticles.

[1] “A novel nanoscopic tool by combining AFM with STED microscopy”, B. Harke, J.V. Chacko, H. Haschke, C. Canale and A. Diaspro;
Optical Nanoscopy, 2012
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Single-Molecule Imaging and Functional Analysis of Als Adhesins and Mannans
during Candida albicans Morphogenesis
Audrey Beaussart; David Alsteens; Sofiane El-Kirat-Chatel; Peter Lipke; SonaKucharikova; Patrick Van Dijck Yves
Dufrêne
Institute of Life Sciences & Institute of Condensed Matter and Nanosciences, Universitécatholique de Louvain,
Belgium Department of Biology, Brooklyn College of City University of New York, Brooklyn, New York, 11210, USA
Departement of Molecular Microbiology, VIB, K.U. Leuven, Leuven, Belgium Laboratory of Molecular Cell Biology,
Institute of Botany and Microbiology, K.U. Leuven, Leuven, Belgium
Abstract
Cellular morphogenesis in the fungal pathogen Candida albicans is associated with changes in cell wall
composition that are thought to play important roles in adhesion, biofilm formation and immune responses. Yet,
the extent to which the distribution and biophysical properties of the individual molecular components differ on
yeasts and hyphae and modulate cell surface interactions remains poorly understood. Here, we use
single-molecule atomic force microscopy 1 to localize and analyze the key components of the surface of living C.
albicans cells during morphogenesis 2. We show that the yeast-to-hypha transition leads to a major increase in
the distribution, adhesion, unfolding and extension of Alsadhesins and their associated mannans on the cell
surface. Morphogenesis also dramatically increases cell surface hydrophobicity. We suggest that these changes in
both physical and biochemical properties promote fungal adhesion to abiotic surfaces and host cells, and, in turn,
lead to modulation of pathogenesis and immune responses (Figure 1).

[1] Müller, D.J.; Dufrêne, Y.F.; Trends Cell Biol. 2011, 21, 461-469.
[2] Beaussart, A et al., ACS Nano 2012, 12, 10950-10964.
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Promote the Applications of Multi-functional Micro/Nano-bubble: Insights from the
Alveolus
Ning Gu; Fang Yang; Xubo Lin
Southeast University 2 Sipailou 210096 Nanjing People's Republic of China
Abstract
The entire alveolar surface of mammalian lungs at the air-water interface is lined with pulmonary surfactant,
which can reduce surface tension of the alveolar surface and thus maintain the alveolus’ stability during breathing
process. Many methods, such as AFM, molecular dynamics simulation, have been used to probe structures and
functions of pulmonary surfactant. On the basis of these studies, we are using experiments and simulations to
probe the detail interactions between nanoparticles and model pulmonary surfactant 1. From the bio-mimetic
perspective, micro/nano-bubble has similar structure with alveolus, and thus many insights from the alveolus can
be considered for improving the stability, diversity and applications of micro/nano-bubble. We are trying to
synthesize some kinds of lipid-, surfactant-, polymer-stabilized micro/nano-bubble and its complex with magnetic
nanoparticles, drug, antibody, etc. in order to promote bubble’s applications in imaging and therapy 2-6.

[1] Xubo Lin, Yang Li, NingGu*, Molecular dynamics simulations of the interactions of charge-neutral PAMAM dendrimers with
pulmonary surfactant, Soft Matter 2011, 7, 3882-3888
[2] Fang Yang, Yixin Li, Zhongping Chen, Yu Zhang, Junru Wu, NingGu*, Superparamagnetic iron oxide nanoparticle-embedded
encapsulated microbubbles as dual contrast agents of magnetic resonance and ultrasound imaging, Biomaterials 2009, 30, 3882-3890.
[3] Fang Yang, Ping Chen, Wen He, NingGu*, Xizhi Zhang, Kun Fang, Yu Zhang, Jianfei Sun, Jiayi Tong, Bubble Microreactors Triggered by
an Alternating Magnetic Field as Diagnostic and Therapeutic Delivery Devices, Small 2010, 6, 1300-1305.
[4] Fang Yang, Miao Zhang, Wen He, Ping Chen, XiaoweiCai , Li Yang ,NingGu* and Junru Wu, Controlled Release of Fe3O4 Nanoparticles
in Encapsulated Microbubbles to Tumor Cells via Sonoporation and Associated Cellular Bioeffects, Small 2011, 7, 902-910.
[5] Wen He, Fang Yang, Yihang Wu, Song Wen, Ping Chen, Yu Zhang, NingGu*, Microbubbles with surface coated by superparamagnetic
iron oxide nanoparticles, Materials Letters 2012, 68, 64-67.
[6] Fang Yang, Sunling Hu, Yu Zhang, XiaoweiCai, Yan Huang, Feng Wang, Song Wen, GaojunTeng, NingGu* , A Hydrogen
Peroxide-Responsive O2 Nanogenerator for Ultrasound and Magnetic-Resonance Dual Modality Imaging, Advanced Materials 2012, 24,
5205-5211.
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Visualization of Rvwf-Rfviii Complex Formation at the Single Molecule Level by AFM
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Baxter Innovations, Industriestraße 67, 1221 Vienna,Austria

Abstract
Although AFM opens up the possibility of nanoscale imaging under liquids, reports of molecule interactions
studied in-situ on a single molecule level are scarce, because molecules must be immobilized on a substrate
without significantly changing the molecule´s properties. Here, we show various strategies to achieve gentle but
still sufficient attraction between proteins and substrate. These strategies include the regulation/control of
electrostatic forces by the use of different buffers and application of external potential or the increase of
hydrophobic interactions using highly hydrophobic (bio)substrates such as self-assembled monolayers (alkyl
chains) and ordered films of hydrophobins. Due to the problems with immobilization for in-situ imaging under
liquid an alternative method has been developed. In this approach interaction studies are performed ex-situ and
AFM-imaging is performed in air. After ex-situ complex formation the identical molecules are retrieved for
subsequent AFM imaging using a nano-scratch as a marker. Here, a study on rVWF-rFVIII-complex (r =
recombinant) formation by atomic force microscopy is presented. Von Willebrand factor (VWF) and Factor VIII
(FVIII) are essential haemostatic components of human blood that circulate as a stable non-covalent complex.
This complex was particularly difficult to study by imaging, because the globular rFVIII molecules did not differ
significantly in size from the globular domains of rVWF. rFVIII binding was discernible by an appearance of
globular domains appended to the N-terminal large globular domains of rVWF, containing the major rFVIII binding
site. rFVIII :rVWF monomer ratios of 1 : 4 were found, confirming that at least in vitro VWF has a higher rFVIII
binding capacity than could be assumed from the measured ratio of normal human plasma. The specificity of the
approach could be demonstrated by incubating rVWF in the absence of rFVIII or with rFVIII in the presence of a
high ionic strength buffer; in both cases, structures indicative for complex formation were virtually absent. With
this method, rVWF-rFVIII complex formation has been visualized for the first time.
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TM-AFM image of a VWF molecule marked with a nanoscale scratch. The molecule could be readressed after
ex-situ complex formation. Size: 550nm x 550nm, hight scale: 5 nm
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Single-Step Rapid Assembly of DNA Origami Nanostructures for Addressable
Nanoscale Bioreactors
Yanming Fu;Dongdong Zeng;Huajie Liu;Chunhai Fan
Laboratory of Physical Biology, Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Shanghai
201800, China
Abstract
Self-assembled DNA origami nanostructures have shown great promise for bottom-up construction of complex
objects with nanoscale addressability. Here we show that DNA origami-based 1D nanoribbons and nanotubes are
one-pot assembled with controllable sizes and nanoscale addressability with high cooperativity (within only 10-20
min). By exploiting the high specificity of DNA-based self assembly, we can precisely anchor proteins on these
DNA origami nanostructures with sub-10-nm resolution and at the single-molecule level. We attach a pair of
enzymes (horseradish peroxidase and glucose oxidase) at the inner side of DNA nanotubes, and observe high
coupling efficiency of enzyme cascade within this confined nanospace. Hence, DNA nanostructures with such
unprecedented properties shed new light on the design of nanoscale bioreactors and nanomedicine, and provide
an artificial system for studying enzyme activities and cascade in highly organized and crowded cell-mimicking
environments.
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AFM Reveals Fine Membrane Modifications by Mechanical Analysis: a Model for Aβ
Toxicity
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Abstract
Alzheimer's disease (AD) represents the most common form of senile dementia and affects about 5% of
population over age 65. Despite the raise of life expectancy in the last century has increased the interest in the
study of age-related neurodegenerative disorders, AD pathogenic mechanism is still far from understanding. One
of the hallmarks that has been identified is the presence, in the brains of affected patients, of insoluble
extraneuronal fibrils that originate from the polymerization of small amyloid-β (Aβ) peptides. The investigation of
the interaction between these Aβ aggregates and cell plasma membrane, accomplished through the use of
simplified models, could be a good starting point to understand the molecular mechanism that leads to
neurodegeneration. Supported Lipid Bilayers (SLBs) are a very useful tool in the study of the interaction between
membrane lipids and other substances, such as Aβ peptides. These systems are particularly suited for Atomic
Force Microscopy analysis: AFM imaging is very effective in monitoring events of broad disruption of the model
membrane which may occur after the exposure to amyloid proteins, as well as in detecting small cues such as the
presence of protein aggregates onto the surface or the appearance of pores of few tens of nanometers in
diameter. Moreover, if the integrity of the membrane is not fully compromised, it is possible to run a force
spectroscopy analysis to check if the mechanical properties of the membrane have significantly changed. In our
work we administered two of the forms of Aβ peptides that are thought to be more active in AD _Aβ(1-40) and
Aβ(1-42)_ on silicon supported lipid bilayers that mimic the composition of neural plasma membrane. Since
amyloid toxicity is strictly related to the peptide aggregation state, as well as to the membrane lipid composition,
we ran different sets of experiments varying both these parameters. Imaging was sided by an accurate force
spectroscopy analysis in which we tried to detect, for each force curve, a characteristic discontinuity that
corresponds to tip penetration into the membrane: we expect that the force at which this event occurs could
change as a consequence of Aβ-induced membrane destabilization. Since force curves on lipid bilayers may
display several artifacts, a particular stress will be put on result interpretation.
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Atomic Force Microscopy for Estimation of The Morphological Changes of Blood Cells
under the Quantum Dots Conditions
Svetlana Pleskova，Ekaterina Pudovkina，Elza Mikheeva，Ekaterina Gorshkova
Nizhny Novgorod Technical State University, str. Minina, 24, bild. 1 603950, Nizhny Novgorod, RUSSIA
Abstract
The effect of three types of quantum dots on neutrophils and erythrocytes of human blood has been studied.
CdSe / ZnS-mercaptopropionic acid (max. emission 620 nm) – QD-MPA, (CdSe / CdZnS) ZnS-polyT (max. emission
580 nm) - QD-polyT and CdSeCdSZnS/polyT/SiO2-NH2 (max. emission 605 nm) - QD-NH2 were synthesized by
"Nanotech-Dubna" ( Russia). The spectra were recorded on NTegra Spectra (NT-MDT, Russia). QD size vary 9 – 30
nm, 90% of QD had size 11 - 20 nm. ζ-potential was measured by Zetasizer Nano (Malvern Instruments Ltd., UK).
The final concentration of QD was 0.1 mg / ml. Neutrophils and erythrocytes were isolated from heparinized
blood of healthy donors by Percol, and then washed three times with PBS. Neutrophils were put on Petri dishes
and incubated for 10 min for spontaneous adhesion. Neutrophils were studied in native condition (without
fixation) in tapping-mode. Erythrocytes after incubation (30 min, 37°C) with PBS (control) or QD (experiment)
were transferred on the glass and fixed with glutaraldehyde (1.5%, 20 min, 24°C), washed three times and
scanned in contact mode by Solver Bio (NT-MDT, Russia). The software SPMLab Analysis (Topometrix, USA) was
used for the processing of data. The main morphological parameters of the cells were evaluated by the cross
section of the side profile of the package SPMLab Analysis. All kind of QD was toxic for neutrophils and
erythrocytes. The process of forming of abnormal pseudopods by neutrophil was noted. Morphological changes
matched necrosis and apoptosis were registered for neutrophils. The nucleuses were lost after cells death and
their cytoplasmic membrane were surrounded by halo of quantum dots. Were measured and statistically
processed by the following parameters of erythrocytes: the diameter, the maximum height of the cell (in the area
of the torus) and the minimum height (in pellora). QD with a different cover caused the phenomenon
poikilocytosis and anisocytosis. However the predominant morphology of erythrocytes was depended on kind of
QD. For example, QD-MPA caused stomatocytes and planocytes in smears, whereas the incubation of the cells
with QD-polyT and QD-polyT-NH2 resulted in the preferential formation of echinocytes, elliptocytes and
kodotsitov. The maximum change of morphology and poikilocytosis registered for QD-MPA.
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DC-Bias Controlled Capacitive Driven Cantilever Oscillation for High Resolution
Atomic Force Microscopy
Jinjin Zhang; Daniel M. Czajkowsky; Yi Shen; Jielin Sun; Chunhai Fan; Jun Hu Zhifeng Shao
Physical Biology Laboratory, Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Shanghai 201800,
China Key Laboratory of Systems Biomedicine, Shanghai Jiao Tong University, Shanghai 200240, China
Abstract
Well controlled cantilever oscillations are essential for precise measurements in dynamic atomic force microscopy
(AFM), especially in demanding conditions such as under solution and at high frequencies. Here we show that,
with a capacitive driving system, an externally introduced DC-bias significantly increases the driving efficiency in
solution and in air, as well as at high resonant frequencies, in agreement with theoretical predictions. For
operation in solution, it is essential that one of the electrodes of the driving system is insulated from the
electrolyte to avoid detrimental electrochemical reactions. This DC-voltage dependence not only improves the
robustness of the method, but also offers a new possibility for precise amplitude control. The simplicity of this
design further undergirds its potential for widespread implementation in dynamic AFM, particularly for high
resolution imaging of bio-samples in electrolytic environments.
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Molecular-Scale Biological Interactions in Liquids Revealed by Frequency Modulation
Atomic Force Microscopy
Hirofumi Yamada, Shinichiro Ido, enichi Umeda, Kazuhiro Suzuki, ei Kobayashi
Kyoto University, Katsura Nishikyo, 615-8510, Kyoto, Japan
Abstract
Significant progress has been made in frequency modulation atomic force microscopy (FM-AFM) in liquids over
the past several years, which allows us to directly investigate "in vivo" molecular-scale biological processes 1-3. In
fact this development has opened the way to high spatial resolution analysis of biomolecules such as membrane
proteins and DNA molecules in liquids. In this study, submolecular-resolution imaging of biomolecules has been
conducted for the molecular-scale analysis of various biochemical functions. In addition, three-dimensional (3D)
hydration structures on the biomolecules have been visualized by 3D force mapping method based on FM-AFM
for exploring the roles of water molecules in the biological functions. Furthermore, the molecular-scale
distributions of surface charge density on molecular assemblies at solid-liquid interfaces were successfully
measured by fitting the force mapping data to a modified DLVO theory. Plasmid DNAs (pUC18, 2686 bps)
adsorbed onto a mica surface were imaged by FM-AFM in a buffer solution containing 50 mM NiCl2. We
succeeded in clearly visualizing both major and minor grooves along the DNA chain, as shown in Figs. 1 (a) and (b)
4. Furthermore, individual phosphate groups composing the DNA backbone chains were successfully resolved. In
addition, we recently succeeded in FM-AFM imaging of sub-molecular structures of a monoclonal
immunoglobulin G (IgG) antibody molecule such as protein domain structures (Ig domains). We newly revealed
that the IgG antibodies spontaneously assembled into hexamers and successively formed into a two-dimensional
(2D) crystal in an electrolyte solution. Furthermore, we found that the 2D antibody crystal was biochemically
active, being interacted with antigenic serum albumin molecules.

[1] T. Fukuma, K. Kobayashi, K. Matsushige and H. Yamada, Appl. Phys Lett., 2005, 87, 034101.
[2] S. Rode, N. Oyabu, K. Kobayashi, H. Yamada and A. Kuhnle, Langmuir, 2009, 25, 2850.
[3] K. Kimura, S. Ido, N. Oyabu, K. Kobayashi, Y. Hirata, T. Imai, H. Yamada, J. Chem. Phys., 2010, 132, 194705.
[4] S. Ido, K. Kimura, N. Oyabu, K. Kobayashi, M. Tsukada, K. Matsushige, H. Yamada, to be published in ACS Nano, 2013

41 / 119

Session: High-resolution & High-speed Imaging

PLENARY LECTURE

Figure 1: (a) FM-AFM image of a double-stranded DNA molecule (pUC18) deposited onto a mica surface in a
buffer solution. (b) Zoomed-in image of the white square in (a). (c) Simulated DNA model obtained by the SPM
geometric simulator with a tip radius simulation parameter of 1 nm.
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A High-Speed Atomic Force Miscroscope / Optical Microscope Hybrid: Imaging Single
Membrane Proteins on a Cell
Adai, Colom, Ignacio, Casuso, Félix, Rico, Simon, Scheuring
U1006 INSERM, Aix_Marseille Université, Parc Scientifique de Luminy, Marseille, 13009 France
Abstract
High-speed atomic force microscopy (HS-AFM, 1) has become a powerful tool for studying structure and
dynamics of proteins (2,3). So far, however, HS-AFM was mainly restricted to well-controlled molecular systems.
Here, we integrate optical microscopy (OM) and HS-AFM, allowing bright field and fluorescence microscopy,
without loss of HS-AFM performance. This hybrid HS-AFM/OM setup allows positioning of the HS-AFM tip with
high spatial precision on an optically identified zone of interest, allowing HS-AFM on cells. We present movies at
960ms frame rate displaying aquaporin-0 in the plasma membrane of eye lens cells. The presented hybrid setup
allows HS-AFM imaging on cells about 1000 times faster than conventional AFM/OM setups. The OM function in
bright field and fluorescent modes allows identification of zones of interest on the cell, placement of the HS-AFM
tip, and for the first time the visualization of unlabeled membrane proteins on cells. This development advances
HS-AFM from molecular to cell biology opening novel research applications to analyze cellular process at the
membrane such as signaling, membrane trafficking, infection and diffusion.

[1] T. Ando et al, PNAS 2001
[2] I. Casuso, et al, Nature Nanotech 2012
[3] A. Colom et al, JMB 2012.

Figure1. Optical microscopy guided placement of HS-AFM tip and HS-AFM overview analysis of cells in the
HS-AFM/OM hybrid setup a) Bright field, and b) fluorescence (GFP expression) optical microscopy images of
E. coli cells in the HS-AFM setup. c) HS-AFM overview image series on an E. coli cell, selected by its strong optical
signal (see (b)) d) Bright field, and e) fluorescence (FX4-64 membrane staining) optical microscopy images of short
HS-AFM cantilever placed on lens cells in the HS-AFM setup. f) and g) HS-AFM overview image series on lens cells.
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Ball-and-socket like structures (arrow in e) and surface hump and valley structures on the cell surfaces are
identified at high resolution Figure2. HS-AFM analysis at 960ms frame rate of unlabelled AQP0 on a lens cell in
physiological buffer and under ambient temperature and pressure. a) HS-AFM image series showing the typical
square AQP0 lattice (a=b=6.5nm, g =90°) and AQP0 assembly dynamics (see arrowheads in images 3.86s and
4.83s) neighboring stable AQP0 molecules (arrows). A strongly protruding molecule (dashed circle) and its
molecular environment have been used to analyze the displacement of the array. b) Tracking trace of the AQP0
array (the relative position of the array in the first six frames is highlighted by colored circular markers). c)
Displacement distance histogram, and d) RMSD plot of (b).
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Understanding the Calcite-Water Interface through AFM Experiments and MD
Simulations
P. Spijker, B. Reischl, K. Voitchovsky, M. Watkins, T. Fukuma, A.S. Foster
COMP Centre of Excellence, Department of Applied Physics, Aalto University, Helsinki, Finland Department of
Material Science and Engineering, Ecole Polytechnique Federale de Lausanne (EPFL), Lausanne, Switzerland
London Centre for Nanotechnology, University College London, London, United Kingdom Department of Electric
Engineering and Computer Science, Kanazawa University, Kanazawa, Japan
Abstract
Solid-liquid interfaces play a fundamental role in many biomolecular and electrochemical applications at the
nanoscale. Although spectroscopy and diffraction techniques can provide very accurate information about such
interfaces, high resolution atomic force microscopy (AFM) has the advantage of probing the investigated system
locally. Using AFM in liquids offers atomic scale insight into the structure at water/solid interfaces and is perhaps
the only tool capable of resolving the nature of formed hydration layers. Recently, it has been demonstrated that
AFM has the capability to probe the solid-liquid interface quantitatively at with sub-nanometer precision 1,2.
However, convolution between the imaging signal and the tip/surface interactions and hydration layers means
interpretation is far from straightforward. Modeling the complex imaging mechanism of atomic force microscopy
in liquids requires calculation of the free energy profile as a function of the distance between AFM tip and surface.
Its derivative is the best approximation for the force acting on the AFM tip, including entropic contributions from
interactions with water molecules in hydration layers over the surface and around the tip apex 3,4. In the current
work we have studied in great detail the calcite-water interface with atomic-level resolution, mainly because
calcite plays an important role in geochemical and environmental systems 5. To enhance the insight obtained
through the AFM experiments on these calcite-water interfaces, we performed large-scale molecular dynamics
(MD) simulations of similar systems, in which the 10-14 surface of calcite is exposed to water or a water-ion
solution. Our simulations show a strong ordering of water near the interface 4,6. For instance, the computed
density profiles perpendicular to the surface are in good agreement with comparable X-ray scattering
measurements 7 and the simulated frequency shift images and spectroscopy data obtained with our virtual AFM
code, using the force field derived from free energy calculations, agree well with experimental results 1.
Furthermore, it is shown that despite the charged calcite surface ions do not get adsorbed at the interface, but
tend to be blocked by the strong ordered water layer 6. Also, analysis of the MD trajectories gives further insight
into the atomistic details responsible for the contrast observed in the images, and establishes the relation
between the real water-insulator interface and that seen by the AFM. As such the computer simulations proved
to be an important addition for better understanding the AFM experiments.

[1] S. Rode, N. Oyabu, K. Kobayashi, H. Yamada, and A. Kühnle, Langmuir, 25:2850–2853 (2009).
[2] K. Voïtchovsky, J.J. Kuna, S.A. Contera, E. Tosatti, and F. Stellacci, Nat. Nanotechnol., 5:401–405 (2010).
[3] M.Watkins and A.L. Shluger, Phys. Rev. Let., 105:196101 (2010).
[4] B. Reischl, M.Watkins, and A.S. Foster, J. Chem. Theory Comput., 9:600–608 (2013).
[5] F. Heberling, T.P. Trainor, J. Lützenkirchen, P. Eng, M.A. Denecke, and D. Bosbach, J. Colloid Interface Sci., 354:843–857 (2011).
[6] M. Ricci, P. Spijker, J.F. Molinari, F. Stellacci, and K. Voïtchovsky, Langmuir, accepted (2013).
[7] P. Geissbühler, P. Fenter, E. DiMasi, G. Srajer, L.B. Sorensen, and N.C. Sturchio, Surf. Sci., 573:191–203 (2004).
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Fine Structure of DNA in UHV and Quantitative AFM Height Evaluation Using
FM-AFM
Dusan, Vobornik, Andrea, Cerreta, Giovanni, Dietler
EPFL SB IPSB LPMV BSP 422 (Cubotron UNIL) Rte de la Sorge CH-1015 Lausanne
Abstract
DNA recently attracted a lot of interest due to its potential use in nanotechnology 1, 2. DNA is a polymorphic
molecule and the knowledge of DNA conformation in non-physiological conditions is essential for many of its
nanotechnology applications. We use Frequency Modulation (FM) AFM to study double stranded DNA in vacuum
and at room temperature 3. We combined several FM-AFM based strategies to reveal DNA structure and
properties in UHV. For topographic DNA imaging we chose non-contact imaging where a low negative frequency
shift is used as a feedback setpoint, making sure that at no time the AFM tip compresses DNA. Non-contact AFM
allowed us to study DNA with the tip apex relatively far (a couple of nm) from the sample and with low forces
(tens of pN) applied at all times during scanning. We then tested constant height frequency shift imaging of DNA
similarly to what was recently done on pentacene molecules 4 and also carried out DNA-tip force mapping.
Combined results of these approaches yield high resolution information about the DNA structure. We also
developed models for tip-DNA interaction and the results are in excellent agreement with experimental data. Our
data indicate that DNA remains in the B-form conformation in UHV when deposited on APTES functionalized mica
5 – this is an unexpected result as dehydrated DNA is thought to assume the A-form structure. Our data could
have important consequences for nano-electronics and nano-templating DNA applications.

[1] F. A. Aldaye, A. L. Palmer, and H. F. Sleiman, Science 321, 1795 (2008).
[2] A. V. Pinheiro, D. R. Han, W. M. Shih, and H. Yan, Nat. Nanotechnol. 6, 763 (2011).
[3] A. Cerreta, D. Vobornik, G. Di Santo, S. Tobenas, L. Alonso-Sarduy, J. Adamcik, G. Dietler, J. Mol. Recogn. 25, 486 (2012).
[4] L. Gross, F. Mohn, N. Moll, P. Liljeroth, G. Meyer, Science 325, 1110 (2009).
[5] A. Cerreta, D. Vobornik, G. Di Santo, S. Tobenas, L. Alonso-Sarduy, J. Adamcik, G. Dietler, submitted for publication.
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Progress of High-speed AFM Technology
Toshio, Ando，Takayuki, Uchihashi，Noriyuki, Kodera
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Department of Physics, Kanazawa University, Kakuma-machi, 920-1192, Kanazawa, Japan

2

Department of Physics, Kanazawa University, Kakuma-machi, 920-1192, Kanazawa, Japan

3

Bio-AFM Frontier Research Center, Kanazawa University, Kakuma-machi, 920-1192, Kanazawa, Japan

Abstract
Directly observing protein molecules in action at high spatiotemporal resolution is considered to be the most
straightforward approach to understanding how the proteins operate. To this end, high-speed atomic force
microscopy (HS-AFM) has been developed 1, 2. The current HS-AFM can capture an image of biological molecules
within 40-80 ms, without disturbing their physiological function. By exploiting this capability, dynamic processes
and structural dynamics of several proteins have been revealed; myosin V walking on an actin filament 3,
bacteriorhodopsin responding to light 4, rotary propagation of conformational changes in rotorless F1-ATPase 5,
unidirectional movement of cellulase hydrolyzing cellulose fibers 6, and so on (see review 7). Visualized dynamic
images of proteins provide information inaccessible with other approaches, giving great insight into how the
proteins function. There is no doubt that more and more HS-AFM studies on the functional mechanism of
proteins will be performed in the near future, uncovering the mysteries hidden therein. The progress of the
HS-AFM technology is not yet saturated. To expand the scope in which this technology is applicable, my group has
been continuously attempting to increase its innovative power; developments of (1) interactive HS-AFM, (2)
tip-scan type of HS-AFM instrument that can be combined with a fluorescence microscope, and (3) fast,
wide-area scanner. Moreover, we are attempting to increase the imaging rate of scanning ion conductance
microscopy (SICM). The interactive HS-AFM allows manipulating an imaged molecule and subsequently imaging
the manipulated molecule. The tip-scan HS-AFM permits the use of a large sample stage as well as simultaneous
HS-AFM/fluorescence microscopy imaging. The wide-area scanner allows observing dynamic events occurring in
live cells and intracellular organelles. HS-SICM enables observing dynamic events occurring in very soft samples
under the non-contact condition. We will report the progress of these technological developments.

[1] T. Ando et al., Proc. Natl. Acad. Sci. USA 98:12468-12472 (2001).
[2] T. Ando, T. Uchihashi, and T. Fukuma, Prog. Surf. Sci. 83:337-437 (2008).
[3] N. Kodera, D. Yamamoto, R. Ishikawa, and T. Ando, Nature 468:72-76 (2010).
[4] M. Shibata et al., Nat. Nanotechnol. 5:208- 212 (2010).
[5] T. Uchihashi, R. Iino, T. Ando, and H. Noji, Science 333:755-758 (2011).
[6] K. Igarashi, et al., Science 333:1279-1282 (2011).
[7] T. Ando, Nanotechnology 23:062001 (27 pp) (2012).
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Study of Lectin-Glycoconjugates Arrangement to Inhibite Host-Pathogen Interactions
in Cystic Fibrosis
Magali Phaner-Goutorbe，Delphine Sicard，yann Chevolot，François Morvan，Sébastien Vidal，M. Phaner-Goutorbe,
D. Sicard, Y. Chevolot, F. Morvan, S. Vidal, J. J. Vasseur and E. Souteyrand
M. Phaner-Goutorbe, Y. Chevolot, E. Souteyrand
Université de Lyon, Institut des Nanotechnologies de Lyon (INL, UMR CNRS 5270),Ecole Centrale de Lyon, 36
avenue Guy de Collongue, 69134 Ecully, France D. Sicard Université de Bourgogne, Laboratoire Interdisciplinaire
Carnot de Bourgogne (ICB UMR CNRS 6303) – Dept Nanosciences/OSNC ,Faculty of Sciences Mirande, 9 Avenue A.
Savary – BP 47870 21078 Dijon, France F. Morvan, J. J. Vasseur 3 Institut des Biomolécules Max Mousseron,
Département des Analogues et Constituants des Acides Nucléiques (DACAN), UMR 5247 CNRS-UM1-UM2,
Université de Montpellier 2, CC1704, Place E. Bataillon 34095 Montpellier Cedex 5, France S. Vidal Université de
Lyon, Institut de Chimie et Biochimie Moléculaires et Supramoléculaires (ICBMS, UMR CNRS 5246), Laboratoire de
Chimie Organique 2-Glycochimie, 43 boulevard du 11 Novembre 1918, 69622 Villeurbanne, France
Abstract
The bacterium Pseudomonas aeruginosa is present in many natural environments such as soil, water and plants.
For healthy individuals, it presents no real danger. For cystic fibrosis patient, it is the main cause of mortality in
severe infections in the lungs. This pathogen is also responsible of 10% of nosocomial infections. Indeed,
immuno-depressed or weaker patients such as badly burnt persons are prone to these infections. In its infection
strategy, this pathogen uses carbohydrate-binding proteins, called lectins, to recognize specifically and bind to
host cells 1-3. These bacteria have developed strains resistant to multiple antibiotics, and the treatment is often
very long and grueling for patients. New therapeutic approaches are currently a major topics of research. One
approach is based on preventing the colonization of host tissue by this bacterium thanks to the inhibition of
bacterial adhesion. The lectin PA-IL (LecA) is a galactose binding lectin from P. aeruginosa suspected to be
involved in this phenomenon. The injection of synthesized glycoconjugates functionalized with galactose in
competition with PA-IL natural ligand should in principle prevent bacterial adhesion. Our objective is to define the
most appropriate glycoconjugate which can be used to inhibit the binding of the bacterium on the cell via the
lectin PA-IL, galactose-specific. Thus, the interaction should be characterized at the nanometric scale, and atomic
force microscopy (AFM) appears one of the most appropriate techniques. In this study, the molecular
arrangement of the complexes formed by the lectin PA-IL and three different galactosylated-glycoconjugates were
investigated. Considering the same experimental conditions, the arrangement of the created complexes was
compared. We showed that the geometry of the structures depends on the geometry of the heart of the
glycocluster, on the nature and on the orientation of the space branchs 4. These AFM analyses were combined
with ITC measurements (Isothermal Titration Calorimetry) to get molecular modeling to get molecular
information on the chelating mechanisms. We also tried to understand the influence of the concentration of
glycocluster on the formation of aggregates and on the lectin/lectin interaction.

[1] - Kocourek J. et al., Nature, 290 (1981) 188.
[2] - Imberty A. et al., Curr. Opin. Struct. Biol., 15 (2005) 525-534.
[3] - Imberty A. et al., Curr. Opin. Struct. Biol., 18 (2008) 567-576.
[4] - Sicard D. et al., Chem. Commun., 47 (2011) 9483-9485.
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Figure 1: AFM image of the arrangement between the LectinPA-IL and the tetra-galactosylated &,3 alternate
calix[4]arene-based glycocluster. Scan size 400nm x400nm. Cross sections on the mica and along the filament.
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Single Molecule in situ Detection on Cell Membrane
1,2

J. Y. Cai，Y. Chen，H Jin，L.Y. Zhong，J Pi，Z.W, Chen
1

Department of Chemistry, Jinan University, Guangzhou510632

2

Department of Microbiology and Immunology, University of Illinois,Chicago60612

Abstract
Bionanotechnology is emerging as a multidisciplinary tool to advance life science and medicine. However,
nanoscale imaging or dissecting of functional biologic molecules in cells remain challenging. Near-ﬁeld scanning
optical microscopy (NSOM) has proved to be a useful nanotechnology tool for studying hard and ﬂat materials,
but its application in biomedical research is still limited. Complicated natures of cell membranes or biologic
molecules make it difﬁcult for NSOM to generate high spatial resolution images. the absence of highly
photostable ﬂuorophores for use in NSOM is perhaps one of the major reasons why NSOM has not been
reproducibly used for nanoscale imaging of functional cellular molecules. We ﬁrst established a NSOM- and
ﬂuorescent quantum dot (QD)-based imaging system to generate a best-optical-resolution immunoﬂuorescence
imaging of a cell membrane protein.We then used this powerful NSOM/QD imaging system to visualize
theirαβTCR counterparts for membrane distribution patterns before activation–expansion.This technique
combined with AFM detection of cell ultrastructure and interaction force between molecules were able to get
more information of cells. The nanoscale distribution of CD20 molecules induced by different antibodies on the B
lymphoma cell surface was also visualized. CD20 were distributed in cluster with induction by C2B8 antibody and
in dispersed distribution by 11B8. The molecular distribution was closely related to the anti-tumor effect. A
possible molecular mechanism for cell migration induced by VEGF was proposed based on double-color
fluorescence imaging of NSOM: As a co-receptor of VEGFR-2, CD44 were stimulated rapidly after VEGF binding to
VEGFR-2. The stimulation of CD44 induced the redistribution of lipid rafts. The lipid rafts recruited more Src
kinases, which activated CD29 to form clusters. At last, CD29 and VEGFR-2 made cells migrated through FAK/Src
pathway.

[1] Chen Y, Shao L, Ali Z, Cai J, Chen ZW, Blood 111, 4220 (2008).
[2] Zeng G, Chen J, Zhong L, Wang R, Jiang L, Cai J, Yan L, Huang D, Chen CY, Chen ZW, Proteomics 9, 1538 (2009).
[3] Zhong, Liyun; Liao, Wentao; Wang, Xiaopin; Cai, Jiye, Colloid Surface A 313-314, 642 (2008).
[4] Chen J, Pei Y, Chen Z, Cai J, Micron 41, 198 (2010).
[5] Hu M, Chen J, Wang J, Wang X, Ma S, Cai J, Chen CY, Chen ZW, J Mol Recognit 22, 516 (2009).
[6] Chen J, Wu Y, Wang C, Cai J, Scanning 30, 448 (2008).
[7] Jin H, Zaho H, Chen X, Ma L, Huang X, Ye H, Cai j. Mol Biol Rep,38,4495 (2011).
[8] Jin H, Huang X, Chen Y, Zhao H, Ye H, Huang F, Xing X, Cai J. Appl Microbiol Biotechnol, 88, 761 (2010).
[9] Jin H, Xing X, Zhao H, Chen Y, Huang X, Ma S, Ye H, Cai J. Biochem Bioph Res Co, 391, 1698 (2010).
[10] Pi J, Jin H, Liu R, Song B, Wu Q, Li L, Jiang J,Yang F, Cai H, Cai J. Appl Microbiol Biotechnol, 97,1051 (2013).
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Imaging Biomolecules with the Force Feedback Microscope
Luca, Costa, Mario S., Rodrigues, Joel, Chevrier, Fabio, Comin
European Synchrotron Radiation Facility, 6 rue Jules Horowitz BP 220, 38043 Grenoble Cedex, France
Departamento de Fısica, Universidade de Lisboa, Campo Grande 1749-016 Lisboa, Portugal Institut Neel CNRS BP
166, 38042 Grenoble Cedex 9, France European Synchrotron Radiation Facility, 6 rue Jules Horowitz BP 220,
38043 Grenoble Cedex, France
Abstract
We developed an AFM that can provide simultaneously force, force gradient and damping at any tip-sample
distance, in any environment, for a complete characterization of the interaction at the nanoscale.1 These three
quantities are directly provided by the instrument that we call Force Feedback Microscope (FFM). Our FFM is
based on a new mechanical feedback mechanism that avoids the jump to contact and keeps the tip steady at any
given distance from the sample. The feedback drives an external force that counteracts the tip-sample interaction
ensuring that at any time the total force acting on the tip is zero. The measured force corresponds to the applied
force. To achieve this, our microscope provides full control of the tip position during a force measurement. Since
the feedback mechanism operates with any type of cantilever, we extend this strategy to a wide range of forces,
from the piconewton to several nanonewtons. Mechanical impedance is accessed using a superimposed tip
vibration at subnanometric amplitude of oscillation. Here we present the imaging capabilities of the FFM. Imaging
is possible selecting as set-point either the force, either its gradient or the damping. Truly Static Non Contact
imaging of the sample is then a possible imaging mode used in the attractive part of the interaction. It opens the
path to chemical contrast imaging. The instrument fully characterizes the interaction curve at excitation
frequencies not necessarily linked to the cantilever eigenmodes 2-3. This gives access to the elasticity and the
damping rate of soft samples at any arbitrary frequency. We present images of lipids at the solid/liquid interface
measured using a constant repulsive force. Using a constant phase mode, which we demonstrate to be here
essentially a constant dissipation mode, we have imaged DNA on mica in liquids (5mM MgCl2, 10 mM HEPES at
ph 6.5) and clusters of TBK and OPTN proteins on mica in physiological conditions. The tip/DNA interaction was
repulsive, while it was attractive in case of protein clusters. The top-left panel of the figure shows an image of
DNA on mica collected at mainly constant dissipation, while the tip was oscillating at 3.55 kHz with an amplitude
of 0.3 nm. Beside topography, the other images give the relevant interaction parameters of the sample
simultaneously acquired. They are the force, the sample elasticity and the associated dissipation.

[1] M. S. Rodrigues, L. Costa, J. Chevrier, F. Comin, Why do atomic force microscopy force curves still exhibit jump to contact ?, Appl. Phys.
Lett., 101, 203105 (2012)
[2] R. Garcia, E. T. Herruzo, The emergency of multifrequency force microscopy, Nat. Nanotechnology, 7, 217-226 (2012)
[3] A. Raman, S. Trigueros, A. Cartagena, A. P. Z. Stevenson, M. Susilo, E. Nauman, S. A. Contera, Mapping nanomechanical properties of
live cells using multi-harmonic atomic force microscopy, Nat. Nanotechnology, 6, 809-814 (2011)
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Scale bar 500 nm. a) Topography, b) Sample stiffness, c) Force between the tip and sample during the image
acquisition, d) Dissipation
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AFM Imaging of Self-Assembled DNA/RNA Strands from Rolling Circle Amplification
Yinzhou Ma，Hongning Zheng，Xin Guo，Shou-Jun Xiao
22 Hankou Rd. School of Chemistry and Chemical Engineering Nanjing University Nanjing 210093 China
Abstract
Thousands of nucleotide(nt)-long single strand DNAs or RNAs, generated from rolling-circle-amplification (RCA) or
rolling-circle-replication (RCR), were used as scaffolds to create DNA/RNA nanoscale wires and plates with a few
short staple strands by following the origami design principle with a crossover at 1.5 turn. The core sequence of
the circle template, for producing tens and hundreds of tandemly repeated copies of it by RCA, was designed
according to Seeman’s sequence design principle for nucleic acid structural engineering. The significance for
folding the RCA/RCR products into nanoscale shapes lies in the design flex-ibility of both staple and scaffold
strand codes, simplicity of a few short staple strands to fold the periodic sequence of RCA products, and low cost.
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AFM Study of the Effects of Substrate Stiffness and Ligand Stimulation on Cell
Elasticity
Xiaoli Shi, Xuejie Zhang, Xiaohong Fang
Key Laboratory of Molecular Nanostructures and Nanotechnology, Institute of Chemistry, Chinese Academy of
Sciences, Beijing 100190, P. R. China
Abstract
AFM Study of the Effects of Substrate Stiffness and Ligand Stimulation on Cell Elasticity Xiaoli Shi, Xuejie Zhang,
Xiaohong Fang* AFM is a multifunctional molecular tool for biomedical research. With the immobilization of
specific ligands onto AFM tips, we have applied AFM based single molecule force spectroscopy to investigate the
formation of cell signaling complex, and the molecular mechanism of signal transduction inhibitor and
therapeutic drugs. Without specific ligand immobilization on the tip, the force-distance curves have been used to
probe the elastic properties of cardiac cells and tumor cells, where the knowledge on their cellular mechanics is
of particular importance. It is known that the transmission of mechanical force between cardiac cells and the
extracellular matrix (ECM) is a principal function in hearts. As the up regulation of ECM components and/or
increase in mechanical stress have been found to be involved in many cardiac disease development, we examined
the effect of substrate stiffness on the elasticity of cardiac myocytes and fibroblasts. While cardiac myocytes
showed no evident change in cell elasticity on different substrates, cardiac fibroblasts displayed the
non-monotonic dependence on substrate stiffness with a maximum elastic modulus. The elasticity change of the
fibroblasts may support their rapid force signal detection and transmission as sentinel cells connecting cardiac
myocytes and ECM. We have also studied the elasticity change of tumor cells under the stimulation of two
representative growth factors, and found different types of cells showed different elasticity changes after
activation Measuring mechanical properties with living cells by AFM provides new information for the better
understanding of cell physiology and pathology.

[1] Shi, X.; Zhang, X.; Xia, T., Fang, X.*; Nanomedicine, 7: 1625(2012).
[2] Yang, Y., Xu, Y., Xia, T., Chen, F., Zhang, F., Liang, W., Fang, X.* , Chem. Commun., 47: 5440(2011). [3] Zhang, X, Shi, X.; Xu, L.; Yuan,J.;
Fang, X.*,Nanomedicine: NBM, in press (2013).
[4] Shi, X., Xu, L., Yu, J., Fang, X.* Experimental Cell Research, 315: 2847(2009).
[5] Shi, X., Qin, L., Zhang, X., He, K., Xiong, C., Fang, J., Fang, X.*,Zhang, Y.*, Phys. Chem. Chem. Phys., 13 :7540-5(2011)
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Do Cells Have the Sense of Touch? An Application to the Characterization of the
Softness of Hematopoietic Stem Cells
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Abstract
During the past decade, the development of biophysical tools to mechanically probe cells and molecules in fluid
media with picoNewton forces and nanometer spatial resolutions has facilitated quantitative and systematic
experimental studies of how biochemical factors alter the cellular and subcellular mechanical properties. I will
introduce the methodology that we have used that combines optical and nanomechanical tools to probe soft
hematopoietic cells, and how it can be implemented to allow a comparison with other techniques such as pipette
aspiration techniques. I will compare three cell examples, namely healthy and sick stem cells with stromal cells to
show that the stiffness and more generally that the dynamical response of these cells changes with their
transformation from healthy to cancer profiles.
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Morphological Change of Cells on a Nanowire Array Depending on Cell Invasiveness
Yu Jin, Kim，Young Keun, Kim
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Abstract
Recently, physiological responses of cells using direct measurements have been studied in various field including
pharmacy and medical science. In addition, nanostructured materials have been employed in diverse applications
for controlling cell functions. Nanostructured materials are attractive in biological applications in terms of
delivering compounds, sensing platforms or microchips for investigating physical properties of cells. Here, we
investigate an interaction between a metallic nanowire array (NWA) and cells by scanning electron microscopy
and scanning probe microscopy. Various factors such as environment, location or hormone secretion from the
surrounding has altered the shape, growth, differentiation and motility of cell in vivo. Mechanical properties of
cells by an in vitro study, such as hardness of cell by atomic force microscopy measurement (Cross et al., 2007), a
focal adhesion force on the micropillar (Tan et al., 2003) and cell morphology on the submicrometer structures
(Kwon et al., 2007), provided information about the behavior and function of cells. Then, we can infer the
physiological responses of cells in vivo understanding these physical properties. Morphology of cell depends on
the cytoskeleton. However, actin filaments are one of the three major components of the cytoskeleton. A thin
meshwork of these filaments underlies the surface of cell, forming the actin cortex. Filopodia, lamellipodia, and
microvilli are all full of actin fibers, which cross-link to one another to form stiff bundles that help to push these
projections out of the cell. Thus, actin participates in many important cellular functions, including muscle
contraction, cell motility, cell division, and the establishment and maintenance of cell shape. Cell migration is
central process in the development and maintenance of multicellular organisms and it plays an important role in
biological systems as an integrated complex process in progress of several diseases including cancer. Especially,
tissue formation during embryonic development, wound healing and immune responses require the systematized
behavior of cells in particular directions to specific locations. An understanding of cell migration mechanism can
lead to the development of novel therapeutic strategies for controlling, such as regulation of tumor cells
invasiveness. In this study, we pay attention to the effect of Au-NWA on the cell behaviors such as adhesion and
growth rate. We observed morphological change of human normal breast epithelial cells (MCF10A), breast cancer
cells (MCF7) and metastatic cancer cells (MDA-MB 231) on the Au-NWA which was fabricated by filling nanopores
of an anodized aluminum membrane using by electrodeposition (Lee et al., 2007). In addition, we investigated
the differences of interaction between cell membrane and submicrometer structure depends on the cell
invasiveness. The results demonstrate the difference of morphological changes show the characteristics of cell
invasiveness.

[1] SE, Jin YS, Rao J and Gimzewski JK. 2007. Nanomechanical analysis of cells from cancer patients. Nature Nanotechnol. 2: 780-783.
[2] Kwon KW, Choi SS, Lee SH, Kim B, Lee SN, Park MC, Kim P, Hwang SY and Suh KY. 2007. Label-free, microfluidic separation and
enrichment of human breast cancer cells by adhesion difference. Lab Chip 7: 1461-1468. [3] Lee JH, Wu JH, Liu HL, Cho JU, Cho MK, An
BH, Min JH, Noh SJ, and Kim YK. 2007. Iron–Gold Barcode Nanowires. Angew. Chem. Int. Ed. 46: 3663 –3667.
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[4] Tan JL, Tien J, Pirone DM, Gray DS, Bhadriraju K, and Chen CS. 2003. Cells lying on a bed of microneedles: An approach to isolate
mechanical force. PNAS 100(4): 1484–1489.

Figure1. Scanning electron microscope images of Au nanowire array cross section (A), human breast cancer cell
MCF7 (B) and metastatic cancer cell MDA-MB 231 (C) on the Au nanowire array. MDA-MB 231 is highly
invasiveness cells than MCF7. Morphology of MDA-MB 231 show drastic change on the nanowire array.
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Several Techniques for Large-Scale High-Speed Atomic Force Microscopy
Chen Daixie; Yin Bohua; Han Li; Lin Yunsheng; Chu Mingzhang
Institute of Electrical Engineering, No.6 BeiertiaoZhongguancun, 100190, Beijing, China
Abstract
With atomic force microscopy (AFM) being widely used, its slow scanning speed can’t satisfy the developing
needs, such as real-time in-situ detection for biological samples, industrial online measurement for
semiconductor chips, and so on. High-speed high-precision AFM is a very complicated system. Although there are
various factors influencing the maximum speed that AFM can reach, it is generally acknowledged that the key
factors include: small cantilevers, force detection, high-speed scanner, damping system and data processing. With
several years experiences in AFM research and developing, we have made a high-speed high-precision AFM with
large scan scale. This paper will introduce the instrument include the following: 1. Design an integral software and
hardware control system. The software has a man-machine interface which is made by VC++ on host-computer,
and the main functions include: parameters input, command and data transport between host-computer and
slave-computer based on TCP/IP network protocol, imaging data display. The hardware which is modularly
designed mainly includes: Embedded control system which takes on the normal control task such as sending
scanning command and receiving imaging data; FPGA computing module, as a coprocessor, takes on the fast and
real-time algorithm, such as scanning motion and intelligent control; 16bit A/D converter which is used to convert
analog voltage to digital value with high-speed and high-precision; 16bit D/A converter which is used to convert
digital value to analog voltage; Signal processing module which takes on some function implementation; Motor
driving module that takes on three motors driving task; High-voltage amplify module amplifies the D/A output to
drive the scanner. 2. Study the control method for Z direction to realize high-speed high-precision imaging
without changing of existent hardware system. Firstly, in response to imaging influenced by uneven sample
placement when scanning in large range, we present an auto leveling feed-forward control method; Secondly, as
the current scan line has the similar surface features with the last one, we present a feed-forward control method
based on last line scan to improve response speed in Z direction; Thirdly, on the basis of normal PI feedback
control, we present an improved dynamic P parameter PI feedback control, which can not only improve the
response speed in Z direction but also avoid self-oscillation; Lastly, we integrally use the methods mentioned
above to achieve better control results. Although the results are not perfect as the error signal couldn’t be zero,
we can still compensate the error signal into images for higher precision. 3. As PI feedback parameters are not
easy to set, we present an auto optimizing algorithm. This algorithm can be applicable to different scan speeds,
thus is global optimal and distinguished with common parameter optimization algorithms. It enumerates PI
parameters in range to compare step response error, uses satisfactory function to uniform performances, and
then finds out optimized PI parameters by graphics algorithm in the end. Experimental results on grating sample
have proved that this AFM can achieve 50Hz line scan rate with 100um*100um scan range by contact mode.
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AFM Measures the Contraction and Stiffness of Ipsc Cardiomyocyte Models
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Abstract
Induced pluripotent stem cells (iPSCs) have become a very powerful method to create disease-specific models.
The cardiomyocyte model of dilated cardiomyopathy (DCM) is produced from iPS of a DCM family to study the
mechanism and treatment of DCM. We apply atomic force microscopy (AFM) to measure the contraction of the
DCM and control iPS cardiomyocytes and obtain quantitative forces and frequencies of the contraction. Our study
shows that (1) DCM iPS cardiac cells contract weaker than the healthy ones; (2) the over-expression of
sarcoplasmic reticulum Ca2+ ATPase (Serca2a) improves the contraction force significantly. AFM is also used to
scan a grid of points across the cell producing a map of the contraction. That shows clear heterogeneity of
contraction at varying locations of cells. The statistics of beating forces and frequencies of all points determines
the cell contraction more accurately than the single point measurement. In addition, we demonstrate the
dose-responsive, inotropic effect of norepinephrine and beta-adrenergic blockade of metoprolol. It shows that
the AFM technique can potentially be used as a drug screening assay for cardiomyopathy and even other
diseases.
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Influence of Cholesterol on the Phase Transition of Lipid Bilayers: A
Temperature-Controlled Force Spectroscopy Study
LorenaRedondo Morata, Marina I. Giannotti and Fausto Sanz
Institute for Bioengineering of Catalonia (IBEC), Baldiri i Reixac 15-21, 08028, Barcelona, Spain;
Physical Chemistry Department, University of Barcelona (UB), Martíi Franquès 1-3, 08028, Barcelona, Spain;
CIBER de Bioingeniería, Biomateriales y Nanomedicina (CIBER-BBN), Campus Río Ebro, Edificio I+D, Poeta Mariano
Esquillor s/n, 50018 Zaragoza, Spain
Abstract
Cholesterol (Chol) plays the essential function of regulating the physical properties of the cell membrane by
controlling the lipid organization and phase behavior, thus managing the membrane fluidity and its mechanical
strength. Here, we explore the model system 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC):Chol supported
lipid bilayers (SLBs) by means of temperature-controlled atomic force microscopy (AFM) imaging and AFM-based
force spectroscopy (AFM-FS) to assess the influence of Chol on the membrane ordering and stability. We analyze
the system in a representative range of compositions up to 50 mol % Chol studying the phase evolution upon
temperature increase (from room temperature to temperatures high above the Tm of the DPPC bilayer) and the
corresponding (nano)mechanical stability. By this means, we correlate the mechanical behavior and composition
with the lateral order of each phase present in the bilayers. We prove that low Chol contents lead to a
phase-segregated system, whereas high contents of Chol can give a homogeneous bilayer. In both cases, Chol
enhances the mechanical stability of the membrane, and an extraordinarily stable system is observed for
equimolar fractions (50 mol % Chol). In addition, even when no thermal transition is detected by the traditional
bulk analysis techniques for liposomes with high Chol content (40 and 50 mol %), we demonstrate that
temperature-controlled AFM-FS is capable of identifying a thermal transition for the SLBs. Finally, our results
validate the AFM-FS technique as an ideal platform to differentiate phase coexistence and transitions in lipid
bilayers and bridge the gap between the results obtained by traditional methods for bulk analysis, the theoretical
predictions, and the behavior of these systems at the nanoscale.
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(A) DPPC:Chol SPB with 20 mol % Chol in 10 mM HEPES, 20 mM MgCl2, and 150 mMNaCl, pH 7.4, at 27 °C: (a)
AC-mode AFM topographical image, (b) the corresponding Fb map, (c) the corresponding Fb histogram
distribution, (d) typical approach force-separation curves of each domain (blue, domains with lower Fb values;
black, domains with higher Fb values).
(B) Correlating the mechanical behavior and composition with the lateral order of each phase present in the
bilayers, mixtures of lipid bilayers can be studied under the influence of temperature to discern phase coexistence
and transitions in lipid bilayers.
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AFM beyond Imaging towards Personalized Medical Diagnostics
Christoph GERBER
University of Basel Swiss Nanoscience Institute NCCR National Center of Competence for Nanoscience Institute of
Physics Univ. of Basel Klingelbergstrasse 82 4056 Basel Switzerland
Abstract
Recently AFM technologies have entered the clinic in a variety of application. Here we use a micro-fabricated
silicon cantilevers array platform that offers a novel label-free approach where ligand-receptor binding
interactions occurring on the sensor generate nanomechanical signals like bending or a change in mass which is
optically detected in-situ. It enables the detection of multiple unlabelled biomolecules simultaneously down to
picomolar concentrations within minutes in differential measurements including reference cantilevers on an array
of eight sensors. The sequence-specific detection of unlabelled DNA in specific gene fragments within a complete
genome (gene fishing) is shown. In particular the expression of the inducible gene interferon- a within total RNA
fragments and unspecific back ground . This gives rise that the method allows monitoring gene regulation , an
intrinsic step in shining light on disease progression on a genetic level. Moreover malignant melanoma, the
deadliest form of skin cancer can be detected with this technology on a single point mutation without
amplification and in the background of the total RNA. In a further step of development we are applying the
technology for cancer diagnosis by breath analysis of patients in a noninvasive way . This new findings may lead to
a novel individual diagnostic assay in a combined label-free GENOMICs and PROTEOMIC biomarker sensor
(COMBIOSENS) We foresee this novel technology being used as a tool to be applied in the upcoming field of
system biology and preventive medicine to evaluate treatment response efficacy for personalized medical
diagnostics.
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Calcitriol Induces Apoptosis in MCF-7 Cells via Mitochondrial-Dependent Pathway
and Biomechanical Alterations of Cell Membrane
Hua Jin; Jiang Pi;Jiye Cai
Department of chemistry, Jinan University
Abstract
Calcitriol Induces Apoptosis in MCF-7 cells via mitochondrial-dependent pathway and biomechanical alterations
of cell membrane Hua Jin, Jiang Pi, JiyeCai* Department of chemistry, Jinan University Recent researches have
shown the active form of vitamin D (1 α, 25-dihydroxyvitamin D3 (1,25(OH)2D3, Calcitriol) can be used as
potential anticancer drugs for some solid tumors. In this work, we investigate the effects of calcitriol on
cytotoxicity and metastasis in breast cancer cell line MCF-7 cells. The results shows that 100 nM of calcitriol can
effectively inhibit the cell growth and proliferation. Also, calcitriol induces many biophysical and biochemical
changes in MCF-7 cells such as cell adhesion, cell stiffness, cytoskeleton rearrangement, and the down regulation
of adhesion molecular expression, such as CD44, vinculin. For further understanding the role of cellular
biomechanics in breast cancer metastasis, the cellular biomechanics and biochemical composition is necessarily
to detect at single cell or nanometer level. Here, using atomic force microscopy (AFM) and fluorescent-based
microscopy, we show that calcitriol can induce damages of cytoarchitecture and reorganization of F-actins. AFM
biochemical data indicate that both cellular stiffness and adhesion force decrease in a dose-dependent manner
after calcitriol treatment for 48 h. Thus, AFM-based technique can be utilized for in situ evaluating the
bioactivities of drugs. Fig.1 The morphological and biochemical data of control and 100nM of calcitriol treated
MCF-7 cells detected using atomic force microscopy.
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Single Cell Transfection at Local Area by Atomic Force Microscopy and Probestation
1

4

3

1 2

1 2

Ka ram,Song ; Yu Jin Kim ; Sang-Mo Shin ; Young Jin Choi , ; Chi Jung Kang ,
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Department of Physics, Myongji University, Yongin, Gyeonggido 449-728, Korea
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Institute of Medical System Engineering, Gwangju Institute of Science and Technology, Gwangju 500-712, Korea
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Pioneer research center for biomedical nanocrystals, Korea university, 145 Anam-ro, Seongbuk-gu, Seoul 136-713,

Korea
Abstract
Electroporation is one of the widespread tools used to insert or inject biological substances such as DNA, RNA,
proteins, drugs, and genes into a cell in molecular biology. The basic concept of cell poration using electric field
has been extensively studied and used in various applications. Electroporation is based on the creation of
nanometer-scale pores in the cell membrane by exposing the cell to an electric pulse. In traditional
electroporation experiments, an ac or dc electric field is used to instantaneously charge up the cell membranes
above a critical breakdown potential, which results in the formation of hundreds of pores. Here we apply
Probestation and AFM( Atomic Force Microscopy ) for cell electroporation. We utilize an externally applied
electric field from a modified probe and AFM tip to perform localized noninvasive electroporation of a selected
cell from within a batch of cells. Indium tin oxide (ITO) patterned glass cover slip surrounded by
polydimethylsiloxane (PDMS) molding were used for electroporation. By applying the subsequent dc and ac fields
to adherent cells, each cell could be transfected in a small volume of plasmid-containing solution. Moreover, it
highly enhanced the cell transfection, which was confirmed by the fluorescence microscopy. Local area
electroporation (LEP) was performed using cell lines (MCF7, MDA, 293) that were obtained from the American
Type Culture Collection (ATCC). For general Localized Electroporation by AFM, the cells were seeded on ITO plated
on to 50mm size glass coverslip surrounded with PDMS molding and incubated for 24~72 hours in standard
culture condition. The cell lines were transfected with enhanced green fluorescent protein (EGFP) at 1μg/ml
concentration gradient, while LIPOFECTAMINE PLUS unchanged. Then the cell medium was removed and about
3ml of PBS incorporated with 3μg concentration of enhanced green fluorescent protein was added, and we
waited until the cells were stabilized. Localized eletroporation are performed in two types depending on the
equipment. One type is that, as shown in Fig. 1, electric field was applied between the modified AFM tip and ITO
patterned glass. The distance between the cells and the AFM tip was a few μm during the LEP process. An ac bias
of 1 V, 20 kHz was applied to the ITO glass and less than 2 V dc bias to the AFM tip over 10 seconds. Alternatively,
using the Probestation a cell was placed between two probes and was stressed by an applied field, as shown in
Fig. 2. The distance between two probes was a few μm during the LEP process. An ac bias of 3V was applied to
the Probestation of probe. As shown in the Figs. 3,4 transfection were carried out successfully and this results
show that we can control the single cell transfection by using the local probes.
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Rapid Evaluation of Bacterial Antibiotic Resistance
Giovanni Longo; Livan Alonso-Sarduy;Justin Pekkanen;Giovanni Dietler;SandorKasas
EPFL - IPSB - BSP 1015 Lausanne
Abstract
Antibiotics represent one of mankind's most important medical inventions, yet antibiotic resistance has emerged
as a very significant health care problem due to the extensive use and misuse of antibiotics in human and
veterinary medicine. Suppressing the emergence and propagation of antibiotic-resistant bacteria is one of the
major health issues of the present century. To deliver a complete antibiogram, conventional techniques require,
for most bacterial strains, more than 1 day and several days or weeks in the case of slow-growing microorganisms.
We present a new nanomechanical oscillator system capable of detecting movement of biological samples (from
proteins to bacteria or cells) at the nanoscale. The technique is versatile and simple and can be applied to several
systems of interest in the fields of medicine, drug-development or microbiology. This novel system is capable of
quantitatively determining, in less than 30 minutes, the response to antibiotics of any bacterial strain including
slow-growing microorganisms. Such extremely fast characterizations have been exploited to study Gram positive
(Staphylococcus aureus) and Gram negative (Escherichia coli) strains and preliminary results will be presented of
the application of this technique to study Mycobacteria. The speed and sensitivity of the technique will have a
massive impact, allowing drastically reducing the time needed to obtain a complete antibiogram. This will
potentially change the therapy of infections caused by multi-resistant bacteria as well as the development
procedures of new antibiotic drugs.

Fig 1. Proof of concept of the nanomotion sensor.
Left panel: Response of Escherichia coli to the exposure to different stimuli, including an ampicillin-rich medium.
Right panel: Quantitative reconstruction of a complete antibiogram using the nanomotion sensor.
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The Nanomechanical Signature of Breast Cancer
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Abstract
Cancer initiation and progression follow complex molecular and structural changes in the extracellular matrix and
in the cellular architecture of living tissue. Emerging evidence indicates that the mechanical properties of cancer
cells play a critical role in defining cancer invasion and metastasis. To study the disease-relevant mechanobiology
of cancer at the nanometer scale, we devised an AFMReliable Tissue Diagnostics”) to measure the nanomechanical properties of cells (and the surrounding matrix)
within the tumor microenvironment. By obtaining tens of thousands of force measurements over unadulterated
human breast tumor biopsies, we found that malignant tumors give rise to characteristic stiffness profiles in
comparison to benign or healthy tissue. Interestingly, a similar "soft" phenotype was found for hypoxic cancer
cells in both primary tumors and secondary lesions - strongly implicating the role of cancer cell “softness” in
promoting metastasis. Indeed, this "nanomechanical signature" may act as a universal indicator for the diagnosis
of cancer in solid tumors.
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AFM in Cancer Diagnosis
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AFM-Detected Cytotoxicity in Morphological and Biophysical Property Caused by
Folate Protected Selenium Nanoparticles in MCF-7 Cells
Jiang Pi; Hua Jin; JiyeCai
Department of chemistry, Jinan University
Abstract
The cytotoxicity of drugs against cancer cells is associated with changes in some important cell properties
including morphology, surface roughness, stiffness and adhesion force, making AFM a good tool of evaluating the
anticancer activity of a drug. Selenium nanoparticles are reported to be a kind of potential anti-cancer drugs due
to its excellent antioxidative effects and low toxicity. Folate protected spherical selenium nanoparticles (FA-Se NPs)
were successfully prepared in an average diameter of 70 nm as our established method. FA-Se NPs could
selectively inhibit the proliferation of cancer cells and further induce mitochondria- dependent apoptosis of
MCF-7 cells in 48 h. This study assessed the effects of FA-Se NPs on the properties of MCF-7 cells in the initial
stages of apoptosis using AFM in physiological condition. And the relationship between the changes in
morphology, biomechanical properties, cytoskeleton structure, cell adhesion molecules and the anticancer
activities of FA-Se NPs in MCF-7 cells were discussed. After 24 h FA-Se NPs treatment, the changes of
biomechanical properties in MCF-7 cells were more inclined to the deformation and depolymerization of F-actin
than tubulin cytoskeleton. The expression changes of some important cellular adhesion molecules (Such as
vinculin, CD44) in FA-Se NPs treated MCF-7 cells coincided with the adhesion force data detected by AFM. These
data highlight the importance of using the morphological and biomechanical data of AFM for evaluating
anticancer activities of drugs.
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Nanoscale Imaging of the Candida-Macrophage Interaction Using Correlated
Fluorescence-Atomic Force Microscopy
Sofiane El-Kirat-Chatel; Yves Dufrêne
Université Catholique de Louvain,
Institute of Life Sciences and Institute of Condensed Matter and Nanosciences. Croix du Sud, 1, bteL 7.04.01.,
B-1348 Louvain La Neuve, Belgium
Abstract
Knowledge of the molecular bases underlying the interaction of fungal pathogens with immune cells is critical to
our understanding of fungal infections, and offers exciting perspectives for controlling immune responses for
therapy. Although fluorescence microscopy is a valuable tool to visualize pathogen-host interactions, the spatial
resolution is low, meaning the fine structural details of the interacting cells cannot be observed. Here, we
demonstrate the ability of correlated fluorescence-atomic force microscopy (AFM) [1] to image the various steps
of the interaction between fungal pathogens and macrophages with nanoscale resolution (Figure 1). We focus on
Candida albicans, known to grow as two morphological forms (yeast cells, filamentous hyphae) that play
important roles in modulating the interaction with macrophages. We observe the main steps of macrophage
infection, including initial intercellular contact, phagocytosis by internalization of yeast cells, intracellular hyphal
growth leading to mechanical stretching, and piercing of the macrophage membrane resulting in pathogen
escape [2]. While fluorescence imaging clearly distinguishes fungal cells from macrophages during the various
steps of the process, AFM captures nanoscale structural features of the macrophage surface that are of high
biological relevance, including ruffles, lamellipodia, filopodia, membrane remnants, and phagocytic cups [2]. As
fungal pathogenesis is mainly controlled by the ability of fungi to escape from immune cells, the nanoimaging
platform established here has great potential in nanomedicine for understanding and controlling fungal infections.
Figure 1.Nanoscale imaging of living macrophages using correlated fluorescence-atomic force microscopy. (a)
Schematic of the nanoscale imaging platform combining advanced AFM capabilities with modern optical
microscopy. (b, c) Unravelling macrophage piercing and fungal escape: (b) Fluorescence image and (c) correlative
AFM deflection images, in PBS, of a macrophage (in green) incubated for 3 h with C. albicans cells (in blue). The
two images in (c) are enlarged views of the dashed areas shown in the fluorescence image.

[1] Müller, D.J.; Dufrêne, Y.F. Curr. Biol., 2011, 21, R212.
[2] El-Kirat-Chatel S.; Dufrêne, Y.F. ACS Nano, 2012, 6, 10792.
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Novel Methods for Nanobubble Generation
Minghuan Liu; Wanchen Zhao; Min guan; Wen Guo;Yaming DONG
College of Life and Environmental Science, Shanghai Normal University, 100 Guilin road, Shanghai, 200234, P. R.
China
Abstract
How to produce nanobubbles repeatedly on a certain surface with sufficient amount is a key issue in nanobubbles
research. It is well known that nanobubbles can be produced by exchanging water with organic solutions like
alcohol which contains higher concentration of dissolved gas than that in water. However, it is not clear if this
mechanism would work when exchanging water with the relatively low concentrations of dissolved gas. Here,
some novel methods for nanobubble generation were introduced by replacement of salt solutions with different
valences and concentrations with/by water. Furthermore, replacing processes of different temperature milli Q
water on graphite surface were also introduced. Stable nanobubbles were observed by using the above methods
and nanobubbles were disappeared when degassing process was employed. It is clear that the difference of the
dissolved gas concentration between the exchanging solution is the key reason for nanobubble generation.
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Conductivity Studies on Natural and Metallic DNA Single Molecules by Torsion
Tunneling Atomic Force Microscopy
Wei Wang; DongxiaoNiu; Chaoran Jiang; Xinju Yang
State Key Laboratory of Surface Physics, Fudan University, Shanghai 200433, China Shanghai Institute of Applied
Physics, Chinese Academy of Sciences, Shanghai 201800, China
Abstract
The conductive properties of single DNA molecules are investigated by torsion tunneling atomic force microscopy
(TR-TUNA). Besides the direct measurement of current between the tip and the substrate, the current along the
DNA chain is also measured by utilizing the ultra-thin graphite sheet nanoelectrode. Weak or even no current
signals are measured on by TR-TUNA on the directions perpendicular to or along the natural DNA chains,
respectively. To improve the conductance of DNA, both silver metallic DNA and copper metallic DNA are
fabricated, and their conductance along and perpendicular to the DNA chains are investigated by TR-TUNA. It is
found that for metallic DNA, metal clusters are attached to the DNA chains, which enhance the conductivity of
DNA perpendicular to the chain significantly. But due to the “beads-on-a-string” constructions of metallic DNA,
the electrical transport along the metallic DNA chains is still weak.

74 / 119

Session: Molecular Force Spectroscopy & Recognition

ORAL PRESENTATION

MAY 11 (Saturday)
AFTERNOON SESSION
Molecular Force Spectroscopy and Recognition

Chair: Giovanni DIETLER
Plenary Lecture: Wenke ZHANG

75 / 119

Session: Molecular Force Spectroscopy & Recognition

PLENARY LECTURE

Single Molecule Force Spectroscopy Study of Nucleic acid-Protein Interactions
Wenke Zhang
State Key Laboratory of Supramolecular Structure and Materials, Jilin University, 2699 Qianjin Street, Changchun
130012, P.R.China
Abstract
Nucleic acid-protein interactions exist in almost every step of the central dogma. The investigation of the
mechanism of such interactions at single molecule level will deepen our understanding on many important life
processes such as DNA replication. Atomic force microscopy (AFM)-based single molecule force spectroscopy
(SMFS) can be used to directly detect intra- or intermolecular interactions of individual molecules as well as
mechanical properties of single synthetic polymer (such as polyvinyl alcohol, polyisoprene) and biopolymers (such
as titin and DNA). Such quantitative information at the single molecule level revealed the nature of some
important molecular interactions1-5 Here I will present our recent AFM-SMFS study of nucleic acid-protein
interactions, including DNA-SSB (single stranded DNA binding protein) interactions and RNA-protein interactions
in real plant virus (tobacco mosaic virus, TMV).6,7

[1] Clausen-Schaumann, H., Seitz, M., Krautbauer, R. and Gaub, H. E. Curr. Opin. Chem. Biol. 2000, 4, 524.
[2] a) Zhang, W. K. and Zhang, X. Prog. Polym. Sci., 2003, 28, 1271–1295; b) Liu, N. N. and Zhang W. K. ChemphysChem, 2012, 13, 2238–
2256.
[3] Hansma H. E. Annu. Rev. Phys. Chem., 2001, 52, 71–92.
[4] Puchner, E. M. and Gaub, H. E. Curr. Opin. Struc. Biol., 2009, 19, 605–614.
[5] Liu, K., Song, Y., Feng, W., Liu, N. N., Zhang, W. K. and Zhang, X. J. Am. Chem. Soc., 2011, 133, 3226–3229.
[6] a) Liu, N. N., Bu, T. J., Song, Y., Zhang, W., Li, J. J., Zhang, W. K., Shen, J. C. and Li, H. B. Langmuir, 2010, 26, 9491–9496; b) Zhang, W. Lv,
X. J. Zhang, W. K. Shen, J. C. Langmuir, 2011, 27, 15008–15015.
[7] Liu, N. N., Peng, B., Lin, Y., Su, Z. H., Niu, Z. W., Wang, Q., Zhang, W. K., Li, H. B., Shen, J. C. J. Am. Chem. Soc., 2010, 132, 11036–
11038.
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Figure 1. (a) Structure of TMV (~1/17 of the total length), (b) its cross section, and (c) schematic
illustration of the SMFS experiment on RNA stretching.
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Visualizing the Path of DNA through Proteins using DREEM Imaging
Dong Wu; ParminderKaur; Hong Wang; Dorothy Erie
Physics Department, North Carolina State University, Raleigh, North Carolina, NC 27695, USA Joint BioEnergy
Institute (JBEI), Sandia National Lab and Lawrence Berkeley National Laboratory, Emeryville, CA 94608, USA
Department of Chemistry and 4Curriculum in Applied Sciences and Engineering, University of North Carolina,
Chapel Hill, NC 27599, USA
Abstract
We developed an exquisitely sensitive Dual-Resonance-frequency-Enhanced Electrostatic force Microscopy
(DRfEEfM) that permits high-resolution imaging of weak electrostatic potentials. We simultaneously collect
atomic force microscope (AFM) topographic and DREEM images by mechanically vibrating the cantilever at its
fundamental resonance while applying a modulated bias voltage at the first overtone. The DREEM image reveals
the path of DNA inside individual DNA repair protein MutS and telomere binding protein TRF2 complexes,
yielding unprecedented details about the DNA conformation in protein-DNA complexes.
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Size of Single Polymers from AFM-Based Desorption Experiments
Stefanie, Krysiak; Susanne, Liese; Roland, Netz; Thorsten, Hugel
METUM, TU München, Boltzmannstr. 11,85748 Garching, Germany FU Berlin, Arnimallee 14, 14195 Berlin,
Germany FU Berlin, Arnimallee 14, 14195 Berlin, Germany IMETUM, TU München, Boltzmannstr.
11,85748Garching, Germany
Abstract
Understanding the interaction between polymers and solid substrates is a central issue for designing
biocompatible surfaces with well defined adhesion properties. Biocompatible antifouling coatings for example are
important for applications as diverse as medical implants or ship hulls. We use AFM force spectroscopy to
measure forces between single polymers and surfaces in liquid environment. To this end protocols were
developed to covalently couple single molecules to our AFM tips 1. In contrast to non covalent adhesion on the
tip, this allows us to repeatedly make measurements over hours with one and the same single polymer. The
influence of surface properties, pH and salt concentration on the plateau desorption force was extensively
studied in the last years 2,3. In addition to the desorption force we can analyze the detachment lengths of single
polymer chains. The length of a polymer is an important parameter in polymer physics. Standard methods like
GPC or mass spectrometry yield an average length and a length distribution – in the latter case even by destroying
the polymer. Here we report on a method to determine the contour length of a single polymer from the
detachment length and the desorption force – which are both simultaneously determined. This method can be
used to identify a contour length fingerprint of a protein before further experiments are undertaken. Furthermore
are we able to study the dynamic properties of the desorption process, which has to be divided in two parts. The
first part of the polymer desorption can be treated as equilibrium process while the second part - close to the
desorption event - has to be treated by a non-equilibrium approach.

[1] M. Geisler, T. Pirzer, C. Ackerschott, S. Lud, J. Garrido, T. Scheibel, T. Hugel Langmuir, 19; 24(4):1350-5. (2008)
[2] S. Kienle, T. Pirzer, S. Krysiak, M. Geisler, T. Hugel, Faraday Discuss., 160 (2012)
[3] T. Pirzer, M. Geisler, T. Scheibel and T. Hugel, Phys. Biol. 6 025004 (2009)
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Vibrational and Single-Molecule Force Spectroscopy Study of Bacterial EPS Structure
Changes over Pseudomonas Fluorescens Biofilm Formation
Dima, Jamal; Ahmad, Fahs; Fabienne, Quilès; François, Humbert; Grégory, Francius
Laboratory of Physical Chemistry and Microbiology for the Environment LCPME, CNRS UMR 7564 405 rue de
Vandoeuvre, 54602 VILLERS-LES-NANCY FRANCE
Abstract
Biofilms are formed when planktonic bacteria attach to a surface. The presence of biofilms is ubiquitous in many
domestic and industrial environments where it is undesirable in most cases. Biofilms matrix is mainly composed
of extracellular polymeric substance (EPS). EPS have multiple functions and consists of polysaccharides,
glycoproteins, oligo-polypeptides, DNA and amphiphilic molecules. In addition to their relevance in cells
aggregation, biofilm cohesion and protective barrier, they play an essential role in bacterial adhesion to surfaces
and biocides resistance [1]. Here, infrared Raman (IR-Raman), Single Molecule Force (SMFS) spectroscopies and
immuno-staining techniques were combined for the characterization and detection of biopolymers released by P.
fluorescens during biofilm formation (see fig.1). We evidenced that both planktonic and sessile bacteria are able
to produce and release glycogen as an EPS [2]. Structure and conformation of these macromolecules were
revealed through its infrared spectral signature and investigated by SMFS using ConA, WGA and PA-1 AFM-tips.
Force-curves were analyzed with the Freely Jointed Chain (FJC) model. The conformational analysis revealed over
the biofilm formation an increase of contour lengths and ramifications of the macromolecules, this increase in
polymer lengths was on the expense of the branches periodicity which was lost from planktonic (~30 nm) to
sessile bacteria. Only typical Kuhn lengths values for polysaccharides (0.07, 0.15 and 0.23 nm respectively) [3]
were maintained from the planktonic to the sessile bacterial mode of life. With the others lectin-grafted AFM-tips
we also highlighted that EPS from planktonic cells are exclusively composed of glucose while for sessile ones,
presence of galactosyl and N-acetylglucosamine residues are not negligible. Nevertherless we demonstrated that
P. fluorescens cells forming the biofilm can also produce glycogen with similar structures in terms of ramifications
number and Kuhn lengths [2].

[1] Flemming, H. C.; Wingender, J., Nature Reviews Microbiology 8, 623-633 (2010).
[2] Quilès, F.; Polyakov, P.; Humbert, F.; Francius, G., Biomacromolecules 13, 2118-2127 (2012).
[3] Camesano, T. A.; Abu Lail, N. I., Biomacromolecules 3, 661-667 (2002).
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Fig.1 – Raman spectra and AFM deflection images of sessile (a) and planktonic (b) P.fluorescens cells with a typical
retraction force-curve and statistic analyses of Contour length.
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Thermo-Regulated Adhesion of the Streptococcus Thermophilus Investigated by AFM
Gregory Francius; Romain Henry; Jerome Duval; Emmanuelle Bruneau; Jenny Merlin; Ahmad Fahs Nathalie
Leblond-Bourget
Université de Lorraine, Laboratoire de Chimie Physique et Microbiologie pour l’Environnement, LCPME, UMR
7564, Villers-lès-Nancy, F-54600 France. CNRS, LCPME, UMR 7564, Villers-lès-Nancy, F-54600, France.Université
de Lorraine, UMR1128 GénétiqueetMicrobiologie, Faculté des Sciences et Technologies, Bd des Aiguillettes
BP70239, F-54506 Vandœuvre-lès-Nancy, France. INRA, UMR1128 GénétiqueetMicrobiologie, Faculté des
Sciences et Technologies, Bd des Aiguillettes BP70239, F-54506 Vandœuvre-lès-Nancy, France. Université de
Lorraine, LaboratoireInterdisciplinaire des EnvironnementContinentaux, LIEC, UMR 7360, Vandoeuvre-lès-Nancy,
F-54501, France. CNRS, LIEC, UMR 7360, Vandoeuvre-lès-Nancy, F-54501, France.
Abstract
The physicochemical determinants governing the temperature-dependent adhesion of Streptococcus
thermophilus to abiotic surfaces are identified under physiological condition for cells lacking or not the Rgg0182
transcriptional regulator involved in their thermal adaptation. For that purpose, the wild type LMG18311 strain
and Δrgg0182 mutant were imaged using highly-resolved Atomic Force Microscopy (AFM) at various cell growth
temperatures (42°C to 55°C). The corresponding hydrophobic/hydrophilic balance of the cells was quantitatively
addressed via the measurement by Chemical Force Microcopy of their adhesion to a reference hydrophobic
surface. Analysis of force-separation distance curves further allowed to discriminate cell surfaces according to the
presence or absence of biopolymers. These results were interpreted in relation to the measured adhesion of
Δrgg0182 mutant onto hydrophobic wall of micro-wells in the temperature range 46°C to 52°C. The adhesion of
Δrgg0182 cells onto hydrophobic substrates at large temperatures (46°C to 52°C) is connected to an increase in
cell wall hydrophobicity by a factor 4. The physical mechanisms governing such change in soft (bio)structure with
temperature are well-known in polymer chemistry and are shown to affect S. thermophilus LMG18311 adhesion
when cells are lacking the Rgg0182 transcriptional regulator. It was verified that neither electrostatic interaction
forces nor cell-chaining phenotype can explain the observed difference in cell adhesion properties. In addition,
we found that the presence of Rgg0182 leads to the synthesis of biopolymers whose nature is strongly connected
to growth temperature. It is evidenced that viscoelastic Δrgg0182 cell envelop behaves as a thermo-responsive
film whose hydrophobicity increases with increasing temperature, thereby favoring cell attachment to
hydrophobic surfaces. Regardless cell growth temperature, wild type cells do not attach to hydrophobic surfaces
and the presence of Rgg0182 transcriptional regulator is associated with the synthesis of hydrophilic cell surface
biopolymers. Throughout, the impact of electrostatics on bioadhesion is ruled out upon examination of
electrohydrodynamic cell properties at 50°C.
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Scheme of microplate device and thermo-dependent adhesion of LMG18311 (WT) and Δrgg0182 mutant cells
(MUT) grown in the micro-wells in LM17 medium and incubated at 42°C or 50°C.
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Monitoring of the Influence of LRP-1 Silencing on a Human Thyroid Carcinoma Cell
Line at the Mechanical Level Using Atomic Force Microscopy
Anthony Le Cigne，JérômeDevy，Michaël Molinari
Anthony Le Cigne, Michaël Molinari Université de Reims Champagne-Ardenne (URCA), Nanoscience Research
Laboratory (Laboratoire de Recherche en Nanosciences - LRN), 21 rue Clément Ader, 51685 Reims Cedex 2, France
JérômeDevyUniversité de Reims Champagne-Ardenne (URCA), Signaling and Matrix Receptors laboratory
(Laboratoire de Signalisation et RécepteursMatriciels - SiRMa), Moulin de la Housse, BP 1039, 51687 Reims Cedex
2, France
Abstract
Low-density lipoprotein (LDL) receptor-related protein 1 (LRP-1) is a multifunctional scavenger receptor primarily
known as a regulator of extracellular matrix proteolysis, but which has also been shown to play a key role in cell
invasion and migration. However, the mechanisms through which these cellular processes are affected by LRP-1
are still unclear, although various studies have clearly demonstrated the major influence of LRP-1 on cellular
cytoskeleton rearrangement. In order to better understand this effect, we used a human thyroid carcinoma cell
line silenced for LRP-1 through a short hairpin-RNA (shRNA) strategy and monitored the changes that this
silencing introduced at various levels by atomic force microscopy (AFM). Force spectroscopy experiments in
physiological conditions have notably been conducted to investigate the effect of LRP-silencing on the mechanical
properties of these cells. Results show that the profound morphological modifications that have been observed
optically and by AFM after LRP-1 silencing are correlated with quantifiable changes at the mechanical level.
Furthermore, transient transfection of cells with a vector expressing integrin beta 1 and beta 3 subunits fused
with green fluorescent protein (GFP) allowed us to carry out elastic modulus measurements by AFM at sites
where integrin clustering takes place, which could be visualized directly by epifluorescence. We showed that
LRP-1 silencing has a direct effect on this process, which can again be reflected by mechanical feedback at the
individual cell level. Further investigations involving tip functionalization with various molecules related to cell
adhesion and migration, like antibodies directed against integrins subunits, could allow us to extend our
knowledge of the effect of LRP-1 silencing on mechanotransduction itself at the mechanical level.
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Atomic Force Microscopy Probing in the Biomechanics of Human Erythrocytes
Parasitized by Salmonella Paratyphi B
Jia-mei Li, Xiu-ziMa, Qian YANG, Run-guang SUN, Zhe-tao Li, Hua-ze Zhu
Laboratory of Biophysics and Biomedical Engineering, College of Physics and Information Technology, Shaanxi
Normal University, 199 South Chang'an Road, 710062, Xi'an, China
Keywords: Erythrocyte; Salmonella paratyphi B; Atomic force microscopy; Mechanical properties; Cell adhesion;
Molecular interaction.
Abstract
Quantifying the mechanics of living erythrocytes promises more sensitive probes of their structure at the
nanoscale and suggests new insights into the etiology of human diseases. Parasitization by Salmonella paratyphi B
leads to morphology structural, biochemical component, and mechanical deformation alters to the host
erythrocytes. To study these modiﬁcations, we apply atomic force microscopy to measure the mechanical
properties of erythrocytes membrane infected by Salmonella paratyphi B, including stiffness, shear modulus and
bending modulus. Combining this technique with a new mathematical model describing erythrocyte membrane is
very sensitive to the invader of parasitic Salmonella paratyphi B. These measurements indicate that, the growing
parasite in their host erythrocytes, caused loss of cell volume and deformation decreased. Coincident with this
morphological transition, there is a significant increase in the membrane’s shear and bending moduli. This
mechanical transition can alter cell circulation and impede oxygen delivery. Proteins transported from invading
organisms, such as the virulent parasitic Salmonella paratyphi B, to specific binding sites in the spectrin network
are considered to introduce significant alterations to erythrocyte membrane dynamics and mechanical response.
These changes could provide insights into possible mechanistic pathways in the pathogenesis of parasitic
Salmonella paratyphi B, because the parasite alters biophysical and mechanical properties of erythrocytes during
its intraerythrocyte stage.
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Diverse Highly-Ordered Macroporous Materials with Morphology-Dependent
Wettability and Adhesion by Easy Replication of Hierarchical Alumina Template
Yang, Jun，Peng, Shan
School of Materials Science and Engineering South China University of Technology Wushan RD., Tianhe
District,Guangzhou,P.R.China,510641
Abstract
We present a simple, cost-effective, low-field and room temperature method to prepare the diverse hierarchical
alumina pyramid and macroporous architectures by introducing a new raw materials:a low-purity aluminum
foil(97.17%). Trough using the macroporous hierarchical alumina film (HAT) and nanoscale anodic aluminum
oxide(AAO) as templates respectively, the various highly-ordered macroporous honey-comb PMMA topographies
and aligned PMMA nanoarrays materials were fabricated under the same controllable conditions. The HAT was
proved to be a perfect template to fabricate artificial macroporous materials. The wettability of these diverse
as-prepared PMMA materials without surface coating has been investigated and these structures show
remarkable morphology-dependent wettability. The results indicated that all the macroporous samples show
hydrophilic property, while all the aligned–nanoarrays exhibit hydrophobic or superhydrophobic. The reasons of
the huge differences among them are proposed in this article. The fabrication of the various PMMA surfaces with
controlled wettability and adhesive force also provide insights and make sense in designing functional surfaces
with tunable wettability and adhesive force.
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The Dynamic Assembly of Clathrin Studied by High-Speed Atomic Force Microscopy
Redondo-Morata, Lorena，Scheuring, Simon
ParcScientifiqueetTechnologique de LuminyBâtimentInserm TPR2 bloc 5 Post Box 909 163 avenue de Luminy
13009 Marseille France
Abstract
Clathrin-mediated endocytosis (CME) is implicated in the uptake of essential molecules and cell signaling
complexes at the plasma membrane. During the CME the membrane invaginates to form a bud in which receptors
with specific cargo accumulate. Clathrin is one of the proteins that construct a coat around the emerging vesicle
and help to select the cargo to be enclosed. Clathrin exists as a three-legged structure, called a triskelion,
composed of three heavy chains joined at a central core. In order to clathrin to fulfill its biological role, these
triskelions rapidly and reversibly form large cage structures; not only the classical soccer ball structure, but many
other shapes have been observed ranging from flat lattices to tubules. However, clathrin does not bind directly to
the membrane to form vesicles; instead, it binds to adaptor proteins that recognize molecules on the membrane
surface. At least 20 different clathrin adaptors have been identified, each recognizing and binding to
phospholipids and membrane proteins that are unique for each particular organelle. Thus, the adaptors play an
essential role in assisting particular membrane components into a vesicle when it buds. Among them, AP180
reveals itself as a key player in the endocytosis of synaptic vesicles. Thus far, an outstanding amount of knowledge
has been learnt on the clathrin coat formation. However, some essential questions are not yet fully understood:
How crucial is clathrin assembly for membrane budding? Which forces drive the shape of a clathrin lattice to be
controlled? How fast can clathrin assembly and disassembly to achieve rapid internalization? The goal of our
study is to deepen in the understanding of the clathrin assembly and disassembly mechanism. The concrete
position and number of polygons in the clathrin lattice directly determines the final shape of a clathrin bud.
Therefore, local parameters that punctually drive the assembly of clathrin into either one or the other polygon
can influence on the final shape. Our aim is to characterize the different shapes that clathrin coats can form and
measure how fast they can associate. This will help us in deciphering the critical parameters that govern the
shape of clathrin-coated structures and their assembly rate. To that end, herein we used High-Speed Atomic Force
Microscopy (HS-AFM) to study simultaneously the dynamics and structural organization of AP180-clathrin coats
which unprecedented spatiotemporal resolution. This apparatus features an increased imaging speed frame with
single molecule resolution. Thus, HS-AFM represents the ideal candidate for characterizing the dynamic of the
assembly of clathrin.
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Fluorenone Derivatives Self-Assembly on the HOPG
Zha Bao，Deng Wenli
South China University of Teachnology, China
Key words: molecular self-assembly physical absorption STM
Abstract
Fluorene and fluorenone can be introduction of different groups to obtain a series derivative in the 2,7 and 9
carbon atoms or oxygen atom, thus the structure of fluorene and fluorenone can be modified. Fluorenone
molecular carbonyl has a stongpolarity, dipole-dipole interaction between groups can be generated. Which also
could form the hydrogen bond with electron-donating group. In addition, the fluorene-based compound as a class
of electroluminescent material have rigid diphenyl structure attracted much attention.Well photo-physical
properties of the structure motif in molecular self-assembly has not yet been given enough attention. Bao
Shi-Ning reported the carboxyl substituted fluorene due to hydrogen bond in the Cu(100) surface of chiral
assembly. Linares professor reported fluorenone 2 and 7 even there thiophene of organic molecules in the
graphite surface self-assembly . They discussed, however, is carbon chain substituent on the position of
thiophene group, the influence of the self-assembled structure, did not concern the nature of the fluorenone
group itself. Therefore,to study the self-assembly of the graphite surface, we propose the system and carry out
design and synthesis a series of fluorenone and fluorene derivatives. On one hand, through a series of
comparative STM experiments exploration van der Waals forces of the molecule's side chains, the dipoles
interactions between fluorenone group and the carbonyl group, hydroxyl group and-COOH can form hydrogen
bonding, the synergistic effects and law between three weak bond interactions in constructing the nano-patterns.
On the other hand, we adopt the numerical simulation methods such as molecular dynamics study the formation
of self-assembled monolayer structure, the process of change as well as the coordination mechanism of the weak
bond . We expect that designing the intermolecular interactions might drive the molecular assembly and enable
fine control over the supramolecular architectures at the liquid/solid interface. Furthering reveal the nature and
patterns of molecular self-assembly, for the development of complex self-assembly of functional materials
provide the theoretical and experimental basis.
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Higher Harmonics Imaging and Its Application for Nano-Mechanical Property
Mapping
Rui Yang，Jian-QiangQian，Ying-Zi Li，Wei Wang，Zhu-Li Chen
BeiHang University, XueYuan Road No.37,HaiDian District,100191
Abstract
In tapping-mode atomic force microscope, the probe is excited near its resonant frequency, nonlinear interaction
between tip and sample surface gives rise to higher harmonic signals , these signals contains important
information about nano-mechanical propertiese of sample surface. In order to enhance the amplitude of the
higher harmonic signals, a higher harmonics imaging system with dual-frequency excitation mode is set up. This
system includes a commercial AFM platform (XE-100E, Park System) , an extra lock-in amplifier (RF-SR844,
Stanford Research Systems) and a function generator. We successfully obtain the nano-mechanical property
image of the graphene sample on mica substrate through the amplitude of the 6th harmonic signal in our system.
The image shows that the property contrast between graphene and mica is obvious, and the experimental result
is accord with theoretical prediction. With the implementation of liquid environment module, the higher
harmonics imaging system can be used to detect the mechanical properties of samples in liquid environment.
Mechanical property image of biological samples such as living cell can be obtained, this will be helpful for the
development of cellular mechanobiology and Biomedical technology.
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Effect of Different Substrates on Metrology Measurement of Tobacco Mosaic Virus
Using Atomic Force Microscopy
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Abstract
We have measured the height and width of the large tobacco mosaic virus (TMV) viral particle in different set-ups
using the same peak-force imaging mode (Bruker, AXS) in air. The crystallographic structure of the TMV particle is
known and the projection of its 3D structure onto a 2D image indicate a maximum diameter of the particle of
19.0 nm. When the TMV was deposited and chemically grafted on a self-assembled monolayer (SAM) with COOH
groups at their extremities, the average height of TMV particles was 19.50 +/- 0.2 nm (N=968). When deposited
directly on mica, the average height of TMV particles was 17.1 +/- 0.2 nm (N=1107). Height values are obtained
by fitting an ellipse throughout the viral particle length and values are twice that of the minor axis of the ellipse. It
is clearly shown that the adsorption forces on mica are overwhelming for single macromolecules, even for very
large viral particle. In addition, we show that the current peak-force imaging mode is gentle enough to prevent
deformation of TMV particles. Consequently, high-resolution of single biological macromolecules can be reached
on soft and low roughness SAM surfaces. We will present a comparative study of height and width of TMV
particles obtained at high scanning resolution imaging (pixel size < 5Å) using the soft-tapping mode and the
peak-force mode of multimode V microscope (Bruker, AXS).

Left: AFM Topographic image of TMV deposited on mica using peak-force mode imaging in air. Manual
cross-sections of various regions are shown below; the average height of TMV on mica is 15.8 nm while the
automated ellipse fit gives a value of 17.1 nm. Right: AFM Topographic image of TMV deposited on SAM layer
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using peak-force mode imaging in air. Manual cross-sections of various regions are shown below; the average
height of TMV on SAM is 17.6 nm while the automated ellipse fit gives a value of 19.5 nm.
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Research on the Control Method for Vibration Suppression in Fast Speed AFM
Bohua YIN，Liangdong WEN，Daixie CHEN，Yunsheng LIN，Li HAN
Institute of Electrical Engineering, CAS, Beijing, China;
Abstract
The fast speed atomic force microscope (AFM) technique is a research focus in current years. Particularly, it is
important for the application in biomedical science and material science realm. By fast-speed AFM, rapid imaging
and operation can be carried out in micron or even nanometer dimensions. The development of fast-speed AFM
technical makes people change their prior standpoint of thinking AFM slow measurement equipment. Most of
the current fast-speed AFM system scanning scope is less than several microns and has lower resolution compare
with normal speed AFM system. From the biological application point of view, we think that fast-speed and large
scanning range AFM is a novel research direction. For example, the fast-speed and large scanning range AFM
technique has great application requirement in scanning big cell of biomedical science. In this paper, a fast-speed
AFM structure based on flexure stage is built, which is a tip-scanning mode AFM. During the fast speed AFM
system operation process, the scanner vibration is one of the bottleneck problems which can result in scanning
image distortion and reduce the image resolution. Firstly, vibration effect of the different scanner structure is
discussed. The optimal fast speed scanner structure is summarized. Secondly, several types of driving signal are
analysis for exploring the most fitful scanner driving signal which is less apt to excite the scanner oscillation. To
avoid the self-resonance induced easily by triangle wave signal during the fast-speed scanning process, large
range scanning imaging is achieved by using sin wave signal to drive flexure scanner. Thirdly, a active control
method based on real-time reverse compensation is designed. The inverse compensation method based on
feed-forward is present to minimize the cross-talk vibration. And some biological scanning experiments results
are also presented.
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Nanomechanical Properties of the Endometrial Epithelial Surface Correlated with
Characteristic Expression Patterns Of MUC1
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Abstract
Atomic force microscopy offers a unique method to functionally analyse the role of the signature molecular
patterns of the endometrial epithelial cell surface. Coupled with detailed patterning of the protein mosaic
network, AFM has the ability to fully delineate the roles of the functional endometrial leading to targeted
therapeutics for receptivity and fertility. The window of implantation, between days 21 and 25 of the menstrual
cycle, has been heavily characterised by molecular biology and the apical layer presented to the blastocyst is
hypothesised to be functionally adhesive and heterogenous. We have developed an in vitro model of receptive
endometrium and analysed the expression patterns of a key protein MUC1. Manipulation of cellular MUC1
expression levels have been correlated with the nanomechanical and adhesion properties of endometrial
epithelial cells at each stage of the in vitro cycle. Furthermore we have been able to functionalise the AFM
cantilever with antibodies to MUC1 and directly correlated its effect on the cell surface through siRNA knockdown.
Abrogation of MUC1 expression has been directly correlated with a loss of cellular adhesion. AFM
nano-indentation and single molecule force characterisation of cellular properties, through morphological and
nanomechanical observation, has for the first time allowed the direct correlation of molecular expression
patterns and functional adhesion properties in endometrial epithelial monolayers. This novel use of the AFM in
an endometrial setting lends itself to delineation of the complex cell-cell interaction patters which are crucial for
human fertility. With the current technological advances in AFM and sample preparation, this works points
toward the ability to add crucial information to the understanding of functional protein roles at the endometrial
surface, with implications in the complex diagnostics of endometrial cancer development as well as impact in the
field of In Vitro fertilisation
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How Temperature Affects Single Polypeptide Adsorption
Sandra, Kienle，Thorsten, Hugel
IMETUM TU München Boltzmannstr. 11 85748 Garching Germany
Abstract
Proteins are essential for each biological system, their correct functioning is therefore crucial. One important
requirement is the three dimensional fold of the proteins. The forces driving this folding process and how
temperature affects this behavior is still not completely solved. Since the hydrophobic attraction is a main driving
force in the folding process, we developed a single polypeptide based system to probe the temperature
dependence of the hydrophobic attraction. Therefore we used an AFM-based molecular force sensor, where a
single polypeptide is covalently attached to the AFM tip (see figure). 1 This allows us to study the desorption
behavior of a single polypeptide by performing several hundred force-distance curves under different conditions.
With this kind of experiment, we obtain the desorption force and the detachment length. Calculating the Gibbs
free energy for different temperatures allows us to extract the entropy and the enthalpy. 2 One advantage of this
approach is, that these polypeptides are simple enough (in contrast to proteins) to be investigated by molecular
dynamics simulations. Therefore it is possible to compare our experimental results with theoretical simulations. 2
This was done for different polypeptides with varying hydrophobicity on hydrogen terminated diamond and on
glass. The experiments were performed in water, water-ethanol mixtures and in a salt solution. 3 Altogether our
results help to understand the hydrophobic attraction, which is an important driving force for protein folding.

[1] M. Geisler, T. Pirzer, C. Ackerschott, S. Lud, J. Garrido, T. Scheibel, and T. Hugel, Langmuir 24, 1350 (2008) [2] S. Kienle, S. Liese, N.
Schwierz, R.R. Netz, and T. Hugel, ChemPhysChem 13, 982-989 (2012) [3] S. Kienle, T. Pirzer, S. Krysiak, M. Geisler, and T. Hugel, Faraday
Discussions 160, 329-340 (2013)

Scheme of an AFM cantilever with a polypeptide (polylysine) covalently attached to the tip. The surface
corresponds to the contact mode image of a hydrogen terminated diamond.
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Modification of Bacterial EPS Structure during Biofilm Formation: an Infrared-Raman
and Single-Molecule Force Spectroscopies Study
Ahmad, Fahs，Dima, Jamal，Fabienne, Quilès，François, Humbert，Grégory, Francius
Laboratoire de Chimie Physique et Microbiologie pour l’Environnement LCPME, CNRS UMR 7564, 405, rue de
Vandoeuvre, F-54600 Villers-lès-Nancy, France.
Abstract
Biofilms are formed when planktonic bacteria attach to a surface. The presence of biofilms is ubiquitous in many
domestic and industrial environments where it is undesirable in most cases. Biofilms matrix is mainly composed
of extracellular polymeric substance (EPS). EPS have multiple functions and consists of polysaccharides,
glycoproteins, oligo-polypeptides, DNA and amphiphilic molecules. In addition to their relevance in cells
aggregation, biofilm cohesion and protective barrier, they play an essential role in bacterial adhesion to surfaces
and biocides resistance [1]. Here, infrared Raman (IR-Raman), Single Molecule Force (SMFS) spectroscopies and
immuno-staining techniques were combined for the characterization and detection and of biopolymers released
by P. fluorescens during biofilm formation (see fig.1). We evidenced that both planktonic and benthic bacteria are
able to produce and release glycogen as an EPS [2]. Structure and conformation of these macromolecules were
revealed through its infrared spectral signature and investigated by SMFS using ConA, WGA and PA-1 AFM-tips.
Force-curves were analyzed with the Freely Jointed Chain (FJC) model. The conformational analysis revealed over
the biofilm formation an increase of contour lengths and ramifications of the macramolecules. Indeed, the
branches periodicity (~30 nm) and typical Kuhn lengths values for polysaccharides (0.07, 0.15 and 0,23 nm
respectively)[3] were maintained from the planktonic to benthic bacterial mode of life. With the others
lectin-grafted AFM-tips we also highlighted that EPS from planktonic cells are exclusively composed of glucose
while for benthic ones, presence of galactosyl and N-acetylglucosamine residues are not negligible. Nevertherless
we demonstrated that P. fluorescens cells forming the biofilm can also produce glycogen with similar structures in
terms of ramifications number and Kuhn lengths [2].

[1] Flemming, H. C.; Wingender, J., Nature Reviews Microbiology 8, 623-633 (2010).
[2] Quilès, F.; Polyakov, P.; Humbert, F.; Francius, G., Biomacromolecules 13, 2118-2127 (2012).
[3] Camesano, T. A.; Abu Lail, N. I., Biomacromolecules 3, 661-667 (2002).
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Fig.1 - Epifluorescence images (DNA in green and glucose-rich polymers in red) and AFM deflection images of
P.fluorescens cells with a typical retraction force-curve and statistic analyses of δL and Lc.
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happymxr@163.com. College of Materials Science and Engineering,South China University of Technology,Wushan
Road, Tianhe District, Guangzhou 510640, P.R. China. wldeng@scut.edu.cn. College of Materials Science and
Engineering,South China University of Technology,Wushan Road, Tianhe District, Guangzhou 510640, P.R. China.
Abstract
Hierarchical

alumina

membranes

with

tunable

wettabilities

from

superhydrophilicity

to

strong

hydrophobicity ,superhydrophobicity (without any modification) have been constructed by an one-step anodizing
reaction. During the gradually conversion, the morphologies are believed to play the key role in determing the
wettability, which is highly in accord with the transition between Wenzel and Cassie-Baxter models. Meanwhile,
these diverse hydrophobic or superhydrophobic surfaces can lead to different degree of water adhesion,
exhibiting robust sticky (hold 30 μL water droplet at 90°) and slippery properties with a sliding angle as low as 1°.
The importance of our work is that the easy realization of tunable wettability and adhesion on a single aluminum
platform only through adjusting the architectures. This study provides practical guides for designing diverse
functional surfaces with controllable wettability or adhesion.
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Controlling Two-Dimensional Self-Assembly of DNA Origami Using RCA Based DNA
Nanoribbons
XiangyuanOuyang，Huajie Liu，Bin Zhao，Jie Chao，Chunhai Fan
Shanghai Institute of Applied Physics, Chinese Academy of Sciences 2019 Jialuo Road, 201800, Shanghai, China
Keywords: DNA origami; two-dimensional; DNA nanoribbons; rolling circle amplification
Abstract
DNA self-assembly has become a major direction for bottom up fabrication in bionanotechnology. Architectural
designs for DNA nanostructures typically fall within two broad categories: tile-based designs and origami designs.
Thus far the size of DNA origami has been restricted by the limited lengths of the available scaffold strand. We
have developed a new strategy of self-assembly to scale up origami structures in two dimensional (2D) space
using DNA nanoribbons. First, this method uses rolling circle amplification (RCA) to obtain a long single stranded
DNA scaffold, and this RCA scaffold was folded into DNA nanoribbons with only three short synthetic staples.
Subsequently, preformed individual DNA origami of different patterns was directed onto the DNA nanoribbons so
that each origami serves as a large tile. By utilizing this strategy, we demonstrate DNA origami monomers can be
assembled into larger spatially addressable architectures.
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Ultrastructural Analysis on the Surface of Immune Cells by Atomic Force Microscopy
Sui-Ping DENG; Jia-FaWEN; Yong-HuiHUANG; Chang-HongKE;Ji-Ye CAI;
Life science and technology college of Jinan University, 510632,Guangzhou, China
Keywords: AFM, Lymphocytes, Cell morphology, Biomechanical property.
Abstract
Atomic force microscopy (AFM) has been demonstrated as a powerful tool for obtaining ultrastructural details of
cells and force-distance curves correlated with biomechanical properties. Lymphocyte plays a vital role in the
adaptive immune system. It recognizes specific foreign antigens, activates other immune cells. In the present
study, AFM was used to examine the topographic images and nano-mechanical properties of CD4+ T cells from
healthy human peripheral blood and Jurkat cells from a T-cell leukemia cell line. The results showed that the
morphology of CD4+ T cell was similar with that of Jurkat cells, but different nano-mechanical properties existed
significantly between these two types of cells. The size of a CD4+ T cell was closed to that of a Jurkat cell.
However, some tiny holes were visible on the ultrastructural topography of Jurkat cells. And the average Young’s
modulus of CD4+ T cell was about twice larger than that of Jurkat cell. The differences in ultrastructural
morphology and nano-mechanics based on AFM analysis may provide potential insights into the clinical diagnosis
of acute lymphoblastic leukemia and its drug research.
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Two Distinct Layers of Amyloid Fibril Formation in an Interfacial Water Film on Mica
Xingfei Zhou，Yingying Zhang，Feng Zhang，Jianhua Liu，Rong Li
Feng Zhang, Department of Bioengineering, Inner Mongolia Agricultural University, Inner Mongolia, 010018,
China
Abstract
The aggregation of amyloid peptides into ordered fibrils is closely associated with many neurodegenerative
diseases. The surfaces of cell membranes are believed to play important roles in modulation and regulation of
peptide aggregation in physiological condition. Herein we investigate the aggregate behavior of insulin peptides
within water films adsorbed on mica surface. AFM measurements revealed that the structure and orientation of
fibrils were significantly affected by mica lattice and the peptide concentration. At low peptide concentration,
there appeared a single layer of short and well oriented fibrils with mean height of 1.6 nm. With an increase of
peptide concentration, a different type of fibrils with mean height of 3.8 nm was present. Interestingly, when the
concentration was further increased, the thicker fibrils exhibited two-dimensional liquid-crystal-like ordering
probably caused by the combination of entropic and electrostatic forces.
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Directly Investigating the Interaction between Aptamers and Thrombin by AFM
Fang Jiao，Huajun Fan，Guangda Yang，Fan Zhang，Pingang He
East China Normal University,500,Dongchuan Road,200241,Shanghai,China
Abstract
Thrombin, a multifunctional serine protease, has two electropositive exosites. Over the past decade, two
thrombin-binding aptamers(15apt and 27apt) were reported by SELEX technique. Though there were many
studies had been reported about the interactions between the aptamers and thrombin by AFM, they immobilized
the thrombin by chemical agent usually. Recently, we developed a new method of using atomic force microscopy
(AFM) to study the specific interaction between thrombin and its two aptamers, 15apt and 27apt directly without
immobilizing the thrombin. In this work, we investigated further the unbinding dynamics and dissociation energy
landscape of aptamer/protein. Moreover, special attentions were paid to the formation of G-quadruplex and the
effects of ions on the aptamer conformation on the binding. The results indicated that this new method could
measure the specific dissociation between thrombin and 15apt (or 27apt). Besides, the aptamers folded into
quadruplex structures that facilitated the interaction with thrombin molecules when the K+ ions presented.
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Single Molecule Force Spectroscopy Study of DNA-binding Reagent and DNA
Interactions Using Long DNA As a Probe
Xinxin Wang
State Key Laboratory of Supramolecular Structure and Materials, College of Chemistry, Jilin University, 2699
Qianjin Street, Changchun 130012, P. R. China
Abstract
The investigation on the mechanism of interactions between DNA and DNA-binding reagent (such as DNA-binding
protein) is of crucial importance for the understanding and control of many important biological processes (such
as DNA replication). Atomic force microscopy (AFM)-based single molecule force spectroscopy (SMFS) is a
powerful method in the investigation of molecular interactions at individual molecule level.1 Here we will show
our recent result on SMFS study of the interactions between DNA and DNA-binding reagents, including DNA-PEI,
DNA-SSB (single stranded DNA binding protein) and DNA-drug interactions by using long dsDNA as a probe. 2-5

[1] Clausen-Schaumann, H.; Seitz, M.; Krautbauer, R.; Gaub, H. E. Curr. Opin. Chem. Biol. 2000, 4, 524-530;
[2] Zhang, W. K.; Zhang, X. Prog. Polym. Sci. 2003, 28, 1271-1295;
[3] Liu, N. N.; Zhang, W. K. ChemPhysChem 2012, 13, 2238-2256;
[4] Liu, K.; Song, Y.; Feng, W.; Liu, N. N. Zhang, W. K.; Zhang, X. J. Am. Chem. Soc. 2011, 133, 3226–3229.
[5] Liu, N. N.; Peng, B.; Lin, Y.; Su, Z. H.; Niu, Z. W.; Wang, Q.; Zhang, W. K.; Li, H. B.; Shen, J. C. J. Am. Chem. Soc. 2010, 132, 11036-11038.
2. Liu, N. N.; Bu, T. J.; Song, Y.; Zhang, W.; Li, J. J.; Zhang, W. K.; Shen, J. C.; Li, H. B. Langmuir 2010, 26, 9491–9496. 3. Zhang, W. K.;
Machon, C.; Orta, A.; Phillips, N.; Roberts, C. J.; Allen, S.; Soultanas, P. J. Mol. Biol. 2008, 377, 706–714. 4. Zhang, W. K.; Barbagallo, R.;
Madden, C.; Roberts, C. J.; Woolford, A.; Allen, S. Nanotechnology 2005, 16, 2325–2333.
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Single Molecule Force Spectroscopy on Regenerated Silk Fibroin by Atomic Force
Microscopy
DongmeiZeng，Hui Wang，Keqin Zhang
National Engineering Laboratory for Modern Silk and College of Textile and Clothing Engineering, Soochow
University, kqzhang@suda.edu.cn, Du Shu Lake Campus Mail Box No. 52, 199 Ren-ai Road, Suzhou Industrial Park,
Suzhou, 215123, P. R. China
Abstract
Regenetated silk fibroin was made from cocoons of Bombyxmori after degumming, salt dissolution, dialysis and
purification. In this study, single-molecule force spectroscopy based on atomic force microscopy was applied to
study the unfolding procedure of regenerated silk fibroin.
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Probing Tethered Targets of a Single Biomolecular Complex with Atomic Force
Microscopy
Na Wu, Bin Li, Jun Hu
Physical Biology Laboratory, Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Shanghai 201800,
China
Abstract
DNA oriagmi shows tremendous promise as templates for the assembly of nano-components and detection of
molecular recognitions. So far, the method of choice for evaluating these structures is undoubtedly the AFM, a
powerful tool for imaging nanoscale objects. In most cases, tethered targets have proven highly effective with a
certain length. While the maximal assembly might benefit from the greatest flexibility in the tether, AFM imaging
requires a sufficient stability of the adsorbed components. Balance between the flexibility and stability should be
concerned. Here we studied the tethering effects on the capturing events probed with AFM. In our experiments,
single biotin molecules were fixed on DNA origami templates with various lengths of thymine residues, and the
process of the interaction with their target molecules streptavidin (SA) were recorded. Results revealed that the
biotin-SA complexes were easily detected with short tethered lengths, while their morphological features
changed with various tethering lengths.
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Detection of DNA Replication in Action on DNA Origami
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Qi Wang ，Youjie Fan ，Jun Hu ，Bin Li
1

Physical Biology Laboratory，Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Shanghai

201800, China.
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Physics Department，Ningbo University, Ningbo Zhejiang 315211, China.

Abstract
DNA replication is an essential process of cellular life, and is used in numerous practical applications in basic
research, clinical diagnosis, and forensics. DNA polymerase plays a central role in DNA replication. As an
alternative method for studying the replication mechanism, atomic force microscopy (AFM) provides a unique
perspective for following polymerase catalytic process at the single molecular level. In this work, we directly
monitored DNA replication mediated by DNA polymerase by using a DNA origami scaffold. In particular, individual
DNA polymerase molecules was observed acting on ssDNA attached to the origami, then the double-strand DNA
strand was formed, and was subsequently confirmed by biotin-avidin molecular recognition. In addition, the
results showed that the functional DNA polymerases were easily implemented on the DNA origami, which may be
of immediate practical use as an effective means to modify or fill in ssDNA gaps usually present in the DNA
origami nanostructure.
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Probe the Interactions between Nanoparticles and Model Pulmonary Surfactant
Using Molecular Dynamics Simulation
Xubo Lin，TingtingBai，NingGu*
Jiangsu Laboratory for Biomaterials and Devices State Key Laboratory of Bioelectronics School of Biological
Science and Medical Engineering Southeast University 2 Sipailou, Nanjing 210096, China
Abstract
Molecular dynamics simulation is powerful tool in studying dynamic process of molecular system and shows its
significance in assisting experiments to clarify certain molecular mechanism, which has been considered as a
“Computational Microscope” for molecular biology 1. Here, we use molecular dynamics simulation to probe the
interactions between nanoparticles (NPs) and model pulmonary surfactant based on the existing experimental
results (such as Langmuir-Blodgett technique, AFM, etc.), which may provide insights for both promoting
respiratory drug delivery using NPs as carriers and assessing the potential toxicity of exposed engineering NPs.

[1] Ron O. Dror, Robert M. Dirks, J.P. Grossman, HuafengXu, and David E. Shaw, "Biomolecular Simulation: A Computational Microscope
for Molecular Biology," Annual Review of Biophysics, 2012, 41, 429-452

107 / 119

Session: AFM in Nanomedicine

POSTER

Polymeric AFM Hollow Cantilevers for Life Sciences Applications
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Laboratory of Biosensors and Bioelectronics, ETH Zurich, Gloriastrasse 35, ETZ F76, 8092, Zurich, Switzerland

2

CEA, IRAMIS, Service de Physique etChimie des Surfaces et Interfaces, Route nationale, 91400, Gif-sur-Yvette,

France
Abstract
The Fluid Force Microscope (FluidFM) is a recent technology born in 2009 from a collaboration between the
Center for Electronics and Microtechnology (CSEM) and ETH Zurich. The invention of the FluidFM represents a
major breakthrough to simplify single cell study. Based on a hollow Atomic Force Microscopy cantilever with an
integrated micro- or nano-fluidic channel connected to an external liquid reservoir 1, the FluidFM technology has
already demonstrated a great potential operating at the single cell level in several applications: controlled spatial
manipulation of cells by a system of overpressure/underpressure 2, force-controlled fluidic injection into single
cell nuclei 3, selective and massive cell force spectroscopy 4 or even serving as a nanoparticle lithography
dispenser tool in liquid 5. Different cantilever designs have been fabricated so far, with different tip shapes and
apertures down to 30 nm made of silicon nitride (Si3N4). New photoplastic techniques have been thought
recently to realize hollow cantilevers in SU-8. The polymer SU-8 is becoming widely used for all kinds of micro
mechanic and micro fluidic devices, not only as a photoresist but also as a device material 6. SU-8 is a highly
chemically resistant, transparent, biocompatible component which makes it perfectly suitable as constitutional
material of the FluidFM technology. Furthermore, its low Young's modulus is more prone to a larger deflection of
the cantilever (lower spring constant) to reach an enhanced resolution in force detection.

*1+ Meister, A., M. Gabi, P. Behr, P. Studer, J. Vörös, P. Niedermann, J. Bitterli, J. Polesel-Maris, M. Liley, H. Heinzelmann and T. Zambelli
(2009) "FluidFM: Combining Atomic Force Microscopy and Nanofluidics in a Universal Liquid Delivery System for Single Cell Applications
and Beyond" Nano Letters 9: 2501. –
*2+ Dörig, P., P. Stiefel, P. Behr, E. Sarajlic, D. Bijl, M. Gabi, J. Vörös, J. A. Vorholt and T. Zambelli (2010) "Force-controlled spatial
manipulation of viable mammalian cells and micro-organisms by means of FluidFM technology" Applied Physics Letters 97: 023701. –
[3] Guillaume-Gentil, O., E. Potthoff, D. Ossola, P. Dörig, T. Zambelli and J. A. Vorholt (2013) "Force-Controlled Fluidic Injection into Single
Cell Nuclei" Small: n/a. DOI: 10.1002/smll.201202276. –
[4] Potthoff, E., O. Guillaume-Gentil, D. Ossola, J. Polesel-Maris, S. LeibundGut-Landmann, T. Zambelli and J. A. Vorholt (2012) "Rapid and
Serial Quantification of Adhesion Forces of Yeast and Mammalian Cells" PLoS ONE 7: e52712. –
*5+ Gruter, R. R., J. Vörös and T. Zambelli (2013) "FluidFM as a lithography tool in liquid: spatially controlled deposition of fluorescent
nanoparticles" Nanoscale 5: 1097. –
[6] Nordström, M., S. Keller, M. Lillemose, A. Johansson, S. Dohn, D. Haefliger, G. Blagoi, M. Havsteen-Jakobsen and A. Boisen (2008)
"SU-8 Cantilevers for Bio/chemical Sensing; Fabrication, Characterisation and Development of Novel Read-out Methods" Sensors 8:
1595.
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SPOT14/MIG12 Heterodimer Modulates Polymerization of Human Acetyl-Coa
Carboxylase 2 Produced in Silkworm Bombyxmori
Sungjo Park，Yu Makishima，In-Wook Hwang，Tatsuya Kato，Enoch Park，Andre Terzic
Center for Regenerative Medicine, Mayo Clinic, Rochester, Minnesota 55905, USA Laboratory of Biotechnology,
Graduate School of Science and Technology, Shizuoka University, Shizuoka, Japan
Abstract
Lipid metabolism is vital in supporting dynamic cellular functions ensuring the balance in analobic/catabolic
homeostasis.1 Altered fatty acid metabolism precipitates a spectrum of metabolic dysfunctions including obesity,
diabetes and cardiovascular disease. Central in lipid metabolism is the tightly regulated enzyme acetyl-CoA
carboxylase (ACC) which catalyzes carboxylation of acetyl-CoA into malonyl-CoA, a critical metabolic intermediate.
Human ACCs are multifunctional enzymes encompassing three distinctive domains, i.e., a biotin carboxylase, a
biotin carboxyl carrier protein domain and a carboxyltransferase domain, all essential for stringent regulation of
lipid metabolism. In lipogenic tissue, malonyl-CoA produced by the ACC1 isoform is utilized for fatty acid synthesis.
In heart and skeletal muscle, malonyl-CoA formed by the ACC2 subtype functions as a negative regulator of fatty
acid β-oxidation. ACC2, in particular, has been identified as a potential target for treatment of metabolic
syndromes since knockout of ACC2 reduces fat content and increases the resistance to high fat/high
carbohydrate-induced obesity and diabetes.2 Moreover, cardiac-specific deletion of ACC2 prevents metabolic
remodeling, underscoring the importance of ACC2 regulation in lipid metabolism homeostasis.3 Accordingly,
there is increased interest in identifying molecular regulators of lipid metabolism. Recently, SPOT14, a thyroid
hormone responsive protein, and MIG12, a SPOT14 paralog, have been identified as putative regulators of fatty
acid metabolism.4 Co-expression of SPOT14 and MIG12 leads to SPOT14/MIG12 heterodimer formation, which
attenuates ACC1 polymerization and activity. Although SPOT14/MIG12-dependent ACC1 modulation has been
documented, it is unknown whether SPOT14/MIG12 affects ACC2 polymerization and function. To resolve
predictive protein-protein interactions between SPOT14/MIG12 and ACC2, we here applied a silkworm-based
protein expression system and atomic force microscopy imaging. The silkworm Bombyxmori is equipped with a
fail-safe post-translational modification machinery including glycosylation, phosphorylation and disulfide bond
formation, all potentially required in yielding high-fidelity recombinant protein. In addition, atomic force
microscopy provides topographic mapping of molecular microarchitecture at nanoscale resolution.5 Purified
human ACC2 from silkworm displayed consistent enzymatic activity, and homogeneous particle distribution
probed by atomic force microscopy. Citrate, an allosteric activator of ACC activity, induced polymerization of ACC2,
producing filamentous ACC2 polymers. Citrate-induced ACC2 polymerization was inhibited by addition of the
recombinant SPOT14/MIG12 heterodimer, but not tetra-heterodimer, demonstrating that the SPOT14/MIG12
heterodimer is a designated metabolic inhibitor of human ACC2. Thus, SPOT14/MIG12 heterodimer-associated
control of human ACC2 polymerization emerges as a previously unrecognized molecular regulator in lipid
metabolism.
[1] Folmes CD, Park S, Terzic A. Lipid metabolism greases the stem cell engine. Cell Metab. 2013;17:153-155.
[2] Abu-Elheiga L, Matzuk MM, Abo-Hashema KA, Wakil SJ. Continuous fatty acid oxidation and reduced fat
storage in mice lacking acetyl-coa carboxylase 2.Science. 2001;291:2613-2616.
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[3] Kolwicz SC, Jr., Olson DP, Marney LC, Garcia-Menendez L, Synovec RE, Tian R. Cardiac-specific deletion of acetyl
coa carboxylase 2 prevents metabolic remodeling during pressure-overload hypertrophy. Circ Res.
2012;111:728-738.
[4] Colbert CL, Kim CW, Moon YA, Henry L, Palnitkar M, McKean WB, Fitzgerald K, Deisenhofer J, Horton JD, Kwon
HJ. Crystal structure of spot 14, a modulator of fatty acid synthesis.ProcNatlAcadSci U S A.
2010;107:18820-18825.
[5] Park S, Lim BB, Perez-Terzic C, Mer G, Terzic A. Interaction of asymmetric ABCC9-encoded nucleotide binding
domains determines KATP channel SUR2A catalytic activity. J Proteome Res. 2008;7:1721-1728.
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Implication of N-Terminus of Escherichia Coli RNA Polymerase σ(70) Subunit in
Amyloid Fibril Formation
EvgenyDubrovin，Olga Koroleva，YuliaKhodak，Natalya Kuzmina，Igor Yaminsky，ValeriyDrutsa
Lomonosov Moscow State University, Leninskie gory, 1, Moscow 119991, Russian Federation
Abstract
In order to get new data on the influence of N-terminal region 1.1 of E.coli RNA polymerase σ(70) subunit on its
rodlike amyloid aggregation, three mutant variants of protein with deletions delta(1-73), delta(1-100) and
delta(74-100) were constructed and studied using atomic force microscopy (AFM). AFM has revealed the
increased propensity of mutant proteins to form rodlike aggregates with the effect being more pronounced for
the mutant with the deletion Δ1–73 (10 fold increase). Ultrafiltration of this protein has confirmed that
aggregates form from σ(70) subunits spontaneously. σ(70) subunit aggregation ability has shown complex
dependence on the ionic surrounding, which we explain by Debye screening effect and the change of the internal
state of the protein. Basing on the obtained data, we propose the model of amyloid fibril formation by σ(70)
subunit, implying the involvement of N-terminal region according to “domain swapping” mechanism.
Acknowledgements. The president grant program for young researchers (МК-312.2013.2) is acknowledged.

Height AFM image of rodlike aggregates formed by D4 mutant E.coli RNA polymerase σ(70) subunits deposited on
mica from the buffer containing 20 mMNaCl, 5 mMMgSO(4).
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Exploring the Mechanism of RNA Disassembly During the Infection of Tobacco
Mosaic Virus Using Single-Molecule Force Spectroscopy
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Abstract
Tobacco mosaic virus (TMV) is the first virus to be discovered, and has been used as a model system for virus
study since its discovery more than a century ago.[1],[2] However, the mechanism of TMV disassembly during the
early stage of virus infection is still not clear. To explore the disassembly mechanism of TMV during infection, we
have used AFM-based single-molecule force spectroscopy (SMFS)[3,4] to follow the process of RNA disassembly
from protein coat of TMV by the replisome (molecular motor) in vivo, under different pH and Ca2+ concentration,
respectively. Dynamic force spectroscopy revealed the unbinding energy landscapes as that at pH 4.7 the
disassembly process is dominated by one energy barrier, while at pH 7.0 the process is dominated by two energy
barriers. In addition, the SMFS pulling experiments indicate that the combination of pH increase and Ca2+
concentration drop will weaken RNA-protein interactions so much that the replisome (molecular motor) will be
able to pull and disassemble the rest genetic RNA from the protein coat in vivo. Apart from the constant-speed
pulling experiment, we also used single-molecule force clamp spectroscopy (SMFCS) technique[5] which can
apply a constant force to pull the TMV genetic RNA step by step out of the helical groove formed by its protein
coat. An unbinding step of ~4.5 nm has been found, which corresponds to the unbinding of around six RNA
nucleotides from two coat proteins. We also found that the unbinding step size is independent of the force
applied.

[1]. Namba K, Pattanayek R, Stubbs G. J. Mol. Biol. 1989, 208, 307-325.
[2]. Stubbs G. Philos. Trans. R. Soc. Lond. B Biol. Sci. 1999, 354, 551-557.
[3]. Liu NN,et al. J. Am. Chem. Soc. 2010, 132, 11036-11038.
[4]. Liu NN, Zhang WK. ChemPhysChem 2012, 13, 2238-2256. 5. Fernandez JM and Li HB. Science.2004,303,1674-1678.
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Towards an Understanding of The Mechanism of Nanoscopic Wear, A Major Cause of
Medical Implant Device Failure
Liu Yang，Daniel M. Czajkowsky，Jielin Sun，Jun Hu，Zhifeng Shao
Key Laboratory of Systems Biomedicine, Shanghai Jiao Tong University, Shanghai 200240, China Physical Biology
Laboratory, Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Shanghai 201800, China
Abstract
Nanoscopic wear is increasingly recognized as a significant factor that limits the durability and reliability of many
medical implant devices. A detailed understanding of the mechanism underlying wear at the nanoscale holds the
promise for the development of new strategies to prevent surface abrasion of these devices. Here, we have
undertaken a systematic metrological AFM study of the nanoscopic wear process of a model atomically flat
material, muscovite mica. We find that the number of scans (NoS) required to create uniform holes within a single
mica sheet exhibits a surprising two-stage characteristic: initially NoS exponentially decreases as the total normal
force increases, which is consistent with chemical reaction theory, but only up to a specific force. Just above this
force, unexpectedly, NoS increases precipitously. Further increasing the normal force again however results in an
exponential drop in the NoS. We suggest that this behavior is a consequence of two features of this system: a
single mica sheet is a layered material and the ultimate cause of wear is frictional shear stress, which is maximal
below the contact interface at a depth that increases with normal force. With these, the unexpected force
dependence reflects a transition of the location of maximal shear stress to a lower, more mechanically resilient
sub-layer in the mica sheet. Hence, this observation suggests that, for situations in which the magnitude of
normal applied force is known, there might always be a suitable coating surface that would remain optimally
undamaged for the greatest length of time, a strategy that might prove useful for the protection of medical
devices.
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Structural Studies of Polymeric Fc-Fusion Proteins, A New Class of Protein
Pharmaceuticals for Therapeutic And Vaccination Applications
Jianfeng He，Daniel Czajkowsky，Richard Pleass，Jun Hu，Zhifeng Shao
Key Laboratory of Systems Biomedicine, Shanghai Jiao Tong University, Shanghai 200240, China Key Laboratory of
Systems Biomedicine, Shanghai Jiao Tong University, Shanghai 200240, China Liverpool School of Tropical
Medicine, Pembroke Place, Liverpool, L3 5QA, UK Physical Biology Laboratory, Shanghai Institute of Applied
Physics, Chinese Academy of Sciences, Shanghai 201800, China Key Laboratory of Systems Biomedicine, Shanghai
Jiao Tong University, Shanghai 200240, China
Abstract
Fc-fusion proteins, in which the Fc-domain of an antibody is fused to another protein, have recently emerged as a
highly effective class of protein therapeutics, partly owing to their ability to interact with host effector proteins
through the Fc domain. Yet for their development as useful antigen delivery vehicles, one major drawback of the
present design stems from their monomeric structure, which makes these Fc-fusions incapable of cross-linking
multiple Fc-receptors required for cell signaling and thereby immune response. To overcome this problem,
inspired by the mechanism by which native IgMhexamers polymerize, we have developed a simple method of
linking together Fc-fusion monomers into well-defined stable polymers. Structural analyses based on molecular
modeling and atomic force microscopy indicate that these polymers are hexameric with known receptor binding
sites still accessible to their cognate receptors. These latter predictions are verified with surface plasmon
resonance measurements with a number of known Fc receptors, which further show that the hexameric Fc-fusion
complexes exhibit a higher affinity interaction (likely higher avidity) than monomeric or dimeric Fc-fusions. In
total, these findings establish an effective Fc-fusion based polymeric platform with which the therapeutic and
vaccination potential of recombinant immune- complexes can now be more fully explored.
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Thickness of Water Nanofilms on Hydrophilic Surfaces from AFM Force Curves
Jianfeng He，Daniel Czajkowsky，Liu Yang，Jun Hu，Zhifeng Shao
Key Laboratory of Systems Biomedicine, Shanghai Jiao Tong University, Shanghai 200240, China Key Laboratory of
Systems Biomedicine, Shanghai Jiao Tong University, Shanghai 200240, China Key Laboratory of Systems
Biomedicine, Shanghai Jiao Tong University, Shanghai 200240, China Physical Biology Laboratory, Shanghai
Institute of Applied Physics, Chinese Academy of Sciences, Shanghai 201800, China Key Laboratory of Systems
Biomedicine, Shanghai Jiao Tong University, Shanghai 200240, China
Abstract
Hydrophilic solid surfaces are well known to be covered by nanoscopic thin films of water under ambient
conditions. Recent work has demonstrated that peptide self-assembly and DNA degradation in these
nanofilmsare fundamentally different from that which occurs in bulk solution, leading to the suggestion that
these nanofilms exhibit unique characteristics not found in bulk. Further understanding of these unique
properties requires knowledge of the basic physical parameters, which is challenging owing to their nanoscopic
dimensions. Here we show that the thickness of surface water films can be determined from force curves
obtained by atomic force microscopy. In particular, we show that the snap-in distance during the approach
portion of the force curve measurement is ultimately owing to capillary condensation, analysis of which according
to the established Kelvin equation enables a direct measure of the film thickness. Our preliminary data indicates
film thicknesses of 3 to 5Å as the humidity changes from 20 to 50% whether the solid material is muscovite mica
or superflat glass. Thus, unique properties of water appear to emerge in surface films that are only a few
molecules thick. We expect this method will prove generally useful to determine film thickness on other surfaces
and composed of other molecules.
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Multiple Self-Assembly Strategies of Regenerated Silk Fibroin: from Tape-like
Molecules to Protofilaments, Protofibrils, and Micelles
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Abstract
A large amount of studies have already focused on the mechanisms of silk self-assembly and the nanoscale
structure formation in silk-based biomaterials. However, there were several key issues should be addressed: i) Are
RSF molecules in rod-like or tape-like nanostructures? ii) What’s the morphological structural changes of RSF
molecules from Silk I to Silk II conformations? iii) What are the effects of some basic factors (concentrations,
times, and temperatures) on the self-assembly strategies of RSF. In this work, we studied the effects of incubation
concentration, time, and temperature on the self-assembly behaviours of regenerated silk fibroin (RSF) by atomic
force microscopy. Firstly, our results confirmed that the RSF molecules were tape-like nanostructures and showed
the morphological structural transition of RSF molecules from Silk I to Silk II conformations. The RSF molecule in
Silk II conformation was a little lower, wider and longer than that in Silk I. Secondly, our results demonstrated
there were several self-assembly strategies of RSF and the self-assembly strategies were dependent on incubation
concentrations, times, and temperatures. With the increase of incubation time, the tape-like RSF molecules could
self-assemle into tape-like protofilaments and tape-like protofibrils at relatively low concentrations, and could
self-assemble into cuboid-like micelles and column-like micells at relatively high concentrations. The increase of
incubation temperature could accelerate the formation of protofibrils and micelles, and reduced the formation of
RSF protofilaments. These results provide comprehensive insights into the process by which the RSF molecules
self-assemble into protofilaments, protofibrils and micelles. Furthermore, our work will be beneficial to basic
understanding of the natural silk spinning process and the nanoscale strucutrure formations in different
silk-based biomaterials.
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The Aggregation Processes of Amyloid-Beta Peptides Studied by Atomic Force
Microscopy
Lin Dongdong; Yang Xinju
State Key Laboratory of Surface Physics, Department of Physics, Fudan University, Handan Road, Shanghai, China,
200433
Abstract
The dramatic conformational transition of amyloid protein misfolding promotes the assembly of protein
molecules into aggregates of various morphologies, which may play an important role in many diseases, including
Parkinson and Alzheimer diseases. Abundant technical methods have been used to characterize these protein
misfolding aggregation processes. Here, atomic force microscopy (AFM) is applied to investigate the aggregation
processes of different amyloid peptides incubated at different temperatures. The results suggest that the
different types of A-beta peptides (Aβ16-22, Aβ25-35, Aβ1-40 and Aβ1-42) exhibit great differences in the
aggregation processes. The effects of the temperature on the aggregations of different peptides are not obvious,
which only slightly accelerate the aggregation as the temperature increases from room temperature to 50C.
Furthermore, the real time processes of Aβ oligomers to ﬁbrils are observed by using in situ atomic force
microscopy imaging in liquid with controlled pH values and temperature. With a well-defined homemade setup,
the real time change of Aβ peptides are carefully investigated under controlled concentration. Also the
temperature effect on the aggregation of Aβ peptides is concerned in liquid for the first time. By combining the
ex-situ and in-situ results, a dynamic and detailed aggregation process of Aβ peptides can be obtained.
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Graphene Quantum Dots Obtained from Graphite Powder through Modified
Hummers’ Method
Huan Zhang
Shanghai Institute of Applied Physics, Chinese Academy of Sciences
Abstract
Graphene quantum dots(GQDs) with green fluorencence were synthesized by four times’ oxidizition through
modified Hummers’ method. Then we studied the photoluminescence properties and biocompatibilities of GQDs.
As a result, we believed that GQDs had great potentials for bioimaging and biosensing applications.
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Direct Observation of GP1b Receptor Clustering on Single Platelet Cells Surface by
AFM Coupled with Qdot Labeling
Junhong Lu
Laboratory of Physical Biology, Shanghai Institute of Applied Physics, Shanghai 201800, China
Abstract
Reorganization and clustering of protein receptors in the platelet membrane are involved in numerous cellular
events such as platelet activation, intracellular signaling, and blood coagulation. Although biochemical evidence
suggests that platelet membranes play key regulatory roles in these biological processes, due to technique
limitation, the lateral phase separation and nanoscale dynamics of the platelet membrane during activation are
not well understood. Using glycoprotein (GP) 1b a receptor as an example, an experimental approach combining
AFM with quantum dots, used as topographic surface markers, was carried out to directly detect GP1b receptor
clustering on the platelet surface after cold-induced activation. Blood platelets were incubated on
fibrinogen-coated glass substrate at 37°C for 30 min to stimulate spreading. The discoid form of living platelets
without activation was quickly imaged with atomic force microscopy under liquid conditions. After a cold (4 h
0 °C)-rewarming (1 h 37 °C) process, the platelets were labeled by an indirect immunolabeling method using the
biotin conjugated anti-GP1b antibody and a streptavidin Qdots conjugate. The membranes were subsequently
scanned by AFM, and the clusters of Qdots were clearly seen on the spread part of the platelet, although most
are concentrated on the central cytoskeleton, suggesting that these structures are GP1b receptors clustering in
the plasma membranes during platelet chilling. Thus, our results offer a general protocol to the global analysis of
lateral organization and receptor clustering in single platelet cells.
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