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Scope of Symposium

This symposium provides a platform to discuss and present the latest developments in the exciting area of DNA nanoscience 
and physics. Specifically, the symposium shall focus on biophysical methods to understand the structure, dynamics and 
functional mechanisms of DNA from the level of the single molecule to the assembling in dense phases such as in viruses 
and chromatin. Another aspect of the symposium is the application of this knowledge to the design of nano-devices of 
technological importance based on the unique self-assembling properties of nucleic acids.

Symposium Topics

• Nanomechanics and nanostructures 
• Molecular motors 
• Micro and Nanofluidics 
• Single molecule manipulation 
• DNA packaging 
• Biophysics 
• Theoretical aspects and computer modeling 
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Abstracts

  A00015-00017 

Modeling the DNA Molecule Using Equivalent 
Circuit

Harry KWOK
University of Victoria, Canada

DNA molecules are unique and they offer 
exceptional opportunities to study charge transport in 
structured biomolecules.  The challenge found in studying the 
electronic properties lies in the possibility of incorporating 
DNA molecules in electronic circuits.  This work extends 
an earlier study (Kwok, Proc.-Nanobiotechnol. 151 193-
196 (2004)) to mimic the I-V characteristics of a DNA 
molecule using an equivalent circuit model. Our previous 
analyses suggested that segments of the DNA molecule 
could be represented by coupled transistor circuits. This 
present work provides a more detailed study on the 
electronic properties and attempts to link the equivalent 
circuits to physical parameters such as the band gap states 
and their densities. The first part of our study involved the 
evaluation of conductance peaks using reported I-V curves 
on a single poly(G)-poly(C) DNA molecule. In our opinion, 
the variations in the conductance could be due to a number 
of reasons including a decline in charge injection as the 
number of turn-on base segments increased and/or the 
effect of residual resistance associated with the segments. 
A number of conductance peaks were observed and they 
matched well with results (Shapir et al, Nature Materials 
71 pp.68-74 (2008)) taken from gated DNA samples 
using data obtained from transverse scanning tunneling 
spectroscopy. This suggested that the gating effect could 
be correlated to the turn-on voltage in our transistor model 
with the possibility that the turn-on voltage was linked to 
the energy difference between the HOMO bands and/or 
the resonant tunneling barrier(s). In the second part, we 
examined the I-V curves of poly(G)-poly(C) molecules 
and poly(A)-poly(T) molecules separately using data 
reported in the literature assuming the segment resistances 
were constant. As before, conductance peaks were clearly 
identifiable. The same process was then applied to 
hypothetical molecules with mixed base sequence and in 
this case there was some intermingle of the conductance 
peaks and in a few cases, the presence of negative 
conductance peaks. As expected, the random mixing of 
bases might lead to unexpected density of states and the 
emergence or suppression of conductance peaks. The 
observed negative conductance peaks were theoretically 
possible when the angle of the gating field was somehow 
tilted (Malyshev, PRL 98 096801 (2007)). In the equivalent 
circuits, the peaks were primarily generated due to a change 
in the segment resistance from high values in the poly(G)-
poly(C) base pair to low values in the poly(A)-poly(T) base 
pair.  To conclude, our results indicated that there could be 
physical meaning associated with the equivalent circuits 

and within limits, the parameters were dictated by the 
physical processes. It is therefore possible to consider our 
equivalent circuits to be the electrical analog of the DNA 
molecules particularly in the ability to provide currently 
inaccessible information such as the current and voltage 
distributions in a DNA network.

  A00024-00025 

Single Molecule Study on the Mechanism of 
UvrD-Med

Ming LI1; Bo SUN1; Xu-Guang XI2

1. Institute of Physics, Chinese Academy of Sciences, 
Beijing, China
2. CNRS, UMR 2027, Institut Curie - Section de 
Recherche, France

Helicases are ubiquitous enzymes that unwind double 
stranded DNA in ATP-dependent reactions, providing the 
single stranded DNA intermediates necessary for virtually 
all aspects of nucleic acid metabolism. The mechanisms of 
helicases have remained elusive despite the great attention 
they have received. Single molecule assays of helicases can 
provide valuable information on the enzymatic dynamics, 
such as translocation rate, unwinding rate, physical and 
kinetic step size and processivity. These parameters are 
essential for understanding the mechanisms of helicases.  
E. coli UvrD is a nonring-shaped helicase, displaying a 3’ 
to 5’ polarity in DNA unwinding. It plays essential roles 
in both methyl directed mismatch repair and nucleotide 
excision repair of DNA. The structure of UvrD is organized 
into two domains, each comprising two subdomains 
(named 1A, 1B and 2A, 2B, respectively). Binding of 
ATP leads to a significant rotation of the 1A, 1B and 2B 
subdomains around a hinge region connected to the 2A 
subdomain, providing the power to separate the two DNA 
strands. Using a homemade transverse magnetic tweezers 
apparatus, we measured the unwinding kinetics of UvrD 
at various DNA-destabilizing forces. In our measurement, 
a magnetic bead was tethered via a DNA hairpin on the 
sidewall of a fluidic chamber. The distance between the 
bead and the surface was directly monitored by a video 
camera. We observed features that were not seen in 
previous single molecule and bulk assays. The multiform 
patterns of unwinding bursts and the distribution of the 
off-times favour the mechanism that UvrD unwinds DNA 
as a dimer. The two subunits of the dimer coordinate to 
unwind DNA processively. They can jointly switch strands 
and translocate backwards on the other strand to allow 
slow rewinding, or unbind simultaneously to allow quick 
rehybridization. Partial dissociation of the dimer results 
in pauses in the midst of unwinding, or increases the 
translocation rate from ~40 to ~150 nt/s in the middle of 
rewinding. Moreover, the unwinding rate was surprisingly 
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found to decrease from ~45 to ~10 bp/s when the force is 
increased from 2 to 12 pN. The results lead to a strained-
inchworm mechanism in which a conformational change 
that bends and tenses the ssDNA is required to activate 
the dimer.

  A00529-00962 

Molecular Mechanics Basis for Autonomous 
Coordination in Bipedal Biomolecular Motors

Zhisong WANG
Department of Physics, National University of Singapore, 
Singapore

Many biological motors (called motor proteins) in living 
organisms function in the form of a molecular dimer 
made of two “heads” which may be chemically identical 
or not. This is particularly common for motor proteins 
based on cytoskeletal filaments, which are responsible 
for intracellular transport or for force generation in cell 
division. Each motor head is often capable of binding the 
filamentous track or/and of catalyzing ATP hydrolysis 
for energy supply. Plenty of experiments found delicate 
coordination between a dimer motor’s two heads in their 
catalytic activity and mechanical movement. While being 
apparently necessary for the motor’s biological functions, 
these head-head coordinations remain intriguing in its 
physical origin. In this talk, we shall report some peculiar 
molecular mechanical effects which we recently identified 
in several bipedal biological motors. We shall show that 
many experimentally observed head-head coordinations 
naturally arise from these mechanical effects by physical 
principles. The lessons learned from biomolecular motors 
may be useful in development of artificial biomimetic 
nanomotors.

  A01058-01837 

Emergence of Nano-Order through Discrete 
Transition on a Single Giant DNA and a 
Reconstituted Chromatin

Kenichi YOSHIKAWA
Department of Physics, Kyoto University, Kyoto, Japan

The persistence length of double stranded DNA is on the 
order of 200 base pairs (bp), suggesting that short DNA 
molecules below hundreds bp behave as a rigid stick. 
Whereas, giant DNA molecules above the order of several 
tens bp exhibits the characteristic to undergo large discrete 
transition between disordered coil and ordered compact 
states. Among the ordered structure, morphologies such 
as toroid, rod, spherical and spool structures are generated 
reflecting the free energy difference and also kinetic 
pathway. The essential feature of the transition is shown to 
be described well by incorporating the semiflexible nature 
of giant DNA. 

Beside the semiflexible nature, it is to be noted that DNA 
is highly charged polyelectrolyte. Actually, the necessary 
condition to generate tightly packed structure in giant 
DNA is the charge neutralization, implying the change of 
translational entropy of the counter ions. Where the folding 
transition induces the change of the motional freedom of 
the DNA chain is characterized by the number of segments, 
corresponding to the product for the contour length divided 
by the persistence length. On the other hand, the freedom 
of hundreds of counter ions is changed per one segment. 
This means that change in the translational entropy is the 
predominant parameter to determine the character of the 
folding transition. It will be shown that 1 : 1 salt inhibit the 
folding transition caused by multivalent cation,  whereas 
salt promote the transition caused by crowding effect in 
the presence of neutral polymer. 

The charge effect of DNA exhibits the important role 
in the stability of the compact state. It is shown that, 
when the charge neutralization is not perfect, segregated 
structure is generated along a single giant DNA molecule. 
Accompanied by the increase of the surviving charge, the 
characteristic size of the partially compacted structure 
becomes smaller. 

Interesting to mention, reconstituted chromatin with 
giant DNA above the size of tens bp shows large discrete 
transition between dispersed polynucleosome structure 
and tightly packed structure. The active role of histone H1 
to create 30 nm fiber will be also discussed.

Lastly, I would like to discuss the biological meanings 
of the discrete nature of the folding transition of DNA 
and chromatin, in relation to the epigenetic character of 
genomic DNA.

  A01524-02663 

Study of Salt Effect on Supercoiled Plasmid DNA 
by Light and Neutron Scattering

Amar Nath GUPTA; Xiaoying ZHU; 
Johan R. C. VAN DER MAAREL
Department of Physics, National University of Singapore, 
Singapore

Static light scattering measurements were done in solution 
of PHSG298 plasmid (2676 base pairs) in supercoiled 
form at very dilute regime to explore the structure and 
interaction of isolated DNA. We also did the small angle 
neutron scattering measurement on the same plasmid at 
very high concentration with different salt concentration 
under zero average contrast. Static light scattering (SLS) 
measurements gives us molecular weight (1.8± 0.2 X  
106 g/mol), second virial coefficient (1.24± 0.15X10-3  
mol/cm3/g2) and radius of gyration. The result obtained 
on the supercoiled plasmid DNA with salt concentration 
between 4mM to 650mM of NaCl shows that there is 
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a compaction of plasmid DNA by increasing the salt 
concentration. The radius of gyration measured through 
static light scattering decreases from 90 nm to 70 nm in 
4 mM to 650 mM NaCl concentration range respectively 
which is good agreement with the small angle neutron 
scattering (SANS) data which varies from 82 nm to 63 
nm respectively with the salt concentration. The twist, 
writhe, and overall shape of supercoiled DNA change 
during counterion-induced from a loosely to a tightly 
intertwined super helix. The plasmid were harvested from 
E. coli by liquid chromatography in which we have used 
Sepharose 6FF, Sepharose Q and source 30Q column to 
separate out plasmid DNA from other variant and then 
purity was verified at every stages of chromatography by 
0.8% Agarose gel electrophoresis. And the super helical 
density of purified sample was measured by 2-dimensional 
chloroquine long run gel electrophoresis. 

  A01524-02921 

Purification of PHSG298 Supercoiled Plasmid 
DNA Using Anion-exchange Chromatography at 
Lab Scale

Amar Nath GUPTA1; Xiaoying ZHU1; Bow HO2; 
Johan R. C. VAN DER MAAREL1

1. Department of Physics, National University of 
Singapore, Singapore
2. Department of Microbiology, National University of 
Singapore, Singapore

We adopted multi step column chromatography to 
harvest gene vectors such as PHSG298 supercoiled 
plasmid DNA in pure form. The purity of the plasmid 
becomes an important issue in gene therapy now a day. 
Anion-exchange chromatography is fundamental in the 
downstream processing of plasmids both as a process 
and analytical technique. We use Sepharose 6 Fast Flow 
(350 ml) as initial step resin material for RNA removal 
and the buffer exchange. In the second step we use 
Q-sepharose column (30ml) which selectively capture 
of supercoiled plasmid along with open circle. And then 
finally we use only pure plasmid which obtained from the 
previous step to source 30Q (25 ml) resin as polishing 
and concentrating the plasmid. In the last two columns 
the salt (NaCl) gradient elution enables the isolation of 
plasmid. A compact covalently closed, supercoiled form 
of denatured plasmid carrying large stretches of nicked 
DNA was identified as one of the major contaminants. 
We examine the purity at every step by 0.8% agarose gel 
electrophoresis. The purified plasmid was precipitated 
with isopropanol and centrifuge at 15000 rpm for half an 
hour. The obtained pellet was washed with ethanol and 
again centrifuge with the same speed. Finally the obtained 
pellet of plasmid DNA was dissolved and stored in 1 X TE 
(pH=8) buffer. The super helical density of purified sample 
was measured by 2-dimensional chloroquine long run gel 
electrophoresis. 

  A01542-02691 

The Nature and Characterization of Order in High 
Density DNA Mesophases

Rudolf PODGORNIK1;2;3

1. Department of Physics, University of Ljubljana, 
Ljubljana, Slovenia
2. Department of Theoretical Physics, Institute J. Stefan, 
Ljubljana, Slovenia
3. LPSB/NICHD, National Institutes of Health, Bethesda, 
United States

I will describe the nature of known ordered mesophases 
of DNA at densities above the isotropic solution phase 
(cholesteric, line hexatic, hexagonal columnar, hexagonal 
and orthorhombic) and invoke some recent advances in 
understanding of the order and structure in these phases. 
Concerted rotations and translations of long helical 
molecules around their long axes in bulk samples lead 
to a new mesophase with a screw-like order. This screw-
like order actually expels the cholesteric twist from a 
line hexatic phase and allows it to show a typical sixfold 
hexatic scattering intensity. Next I will describe a partially 
constrained system like DNA fibers where the molecules 
are allowed to rotate but are not allowed to fluctuate 
translationally. In this case, general considerations based 
on angular dependence of the DNA-DNA interaction 
potential, lead to new phases with non-hexagonal symmetry 
as already seen in classical DNA X- ray scattering studies 
in the ‘50s. I will also show how the azimuthal interactions 
lead to crystallization of the fiber with an orthorhombic 
unit cell which can be observed in DNA at high density.

  A01551-02701 

Mobilities, Effective Friction, and the Dynamical 
Effective Charge of Polyelectrolytes

Kai GRASS2; Christian HOLM1;2

1. Institute for Computational Physics, University of 
Stuttgart, Stuttgart, Germany
2. Frankfurt Institute for Advanced Studies, Goethe 
University, Frankfurt, Germany

The dynamic behavior of polyelectrolyte chains in the 
oligomer range is investigated with coarse grained 
molecular dynamics simulation and compared to data 
obtained by two different experimental methods, namely 
capillary electrophoresis and electrophoresis NMR. We 
find excellent agreement of experiments and simulations 
when hydrodynamic interactions are accounted for in the 
simulations. We show that the electrophoretic mobility 
exhibits a maximum in the oligomer range and for the 
first time illustrate that this maximum is due to the 
hydrodynamical shielding between the chain monomers. 
Our findings demonstrate convincingly that it is possible to 
model dynamic behavior of polyelectrolytes using coarse 
grained models for both, the polyelectrolyte chains and the 
solvent induced hydrodynamic interactions.
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We furthermore present a novel estimator for the dynamical 
effective charge of strongly charged polyelectrolyte chains 
during free solution electrophoresis. The effective charge is 
used to evaluate the scaling behavior of the hydrodynamic 
friction of the polyelectrolyte-counterion-complex. We 
show that the hydrodynamic friction during free solution 
electrophoresis is linearly depending on the chain length. 
This scaling differs from the scaling of the hydrodynamic 
size. This difference can be attributed to the counter ion 
association.

Additionally, we use the developed model to study the 
process of end-labeled free-solution electrophoresis 
(ELFSE). The hydrodynamic friction of polyelectrolyte 
chains is altered by attaching uncharged polymeric labels 
to the ends. This restores size-dependent electrophoretic 
mobility for longer polyelectrolyte chains in free solution 
electrophoresis. The charge estimators  are used to 
quantify the alteration of the hydrodynamic friction for 
various flexible labels. Finally, the results are compared to 
experimental data theoretical predictions.

  A01551-02702 

Ensemble Inequivalence in Single Molecule 
Experiments

Marcello SEGA2; Mehmet SUZEN2; Christian HOLM1;2

1. Institute for Computational Physics, University of 
Stuttgart, Stuttgart, Germany
2. Frankfurt Institute for Advanced Studies, Goethe 
University, Frankfurt, Germany

In bulk systems the calculation of the main thermodynamic 
quantities leads to the same expectation values in the 
thermodynamic limit, regardless of the choice of the 
statistical ensemble. Single linear molecules can be still 
regarded as statistical systems, where the thermodynamic 
limit is represented by infinitely long chains. The question 
of equivalence between different ensembles is not at all 
obvious and has been addressed in the literature, with 
sometimes contradicting conclusions. We address this 
problem by studying the scaling properties of the ensemble 
difference for two different chain models, as a function of 
the degree of polymerization. By characterizing the scaling 
behavior of the difference between the isotensional (Gibbs) 
and isometric (Helmholtz) ensembles in the transition 
from the low-stretching to the high-stretching regime, we 
show that ensemble equivalence cannot be reached for 
macroscopic chains in the low force regime.

  A01573-03326 

Diffusion and Segmental Dynamics of Double-
Stranded DNA

Roland G. WINKLER
Institut fuer Festkoerperforschung, Forschungszentrum 
Juelich, Juelich, Germany

The dynamic behavior of individual macromolecules 
in solution is governed by chain connectivity and 
hydrodynamic interactions. Understanding of polymer 
dynamics and quantitative verification of polymer theories 
require detailed information on segmental motion of 
individual polymer molecules. Fluorescence correlation 
spectroscopy (FCS) is  a single-molecule technique that can 
provide more detailed information on the macromolecular 
dynamics than the classical ensemble-based methods. 
By fluorescent labelling of individual segments [1] or 
continuous labelling of the whole molecule [2], the 
diffusional motion of segments as well as that of the overall 
molecule can be studied at nanomolar concentration under 
(quasi equilibrium conditions in solution and cellular 
systems.

In this contribution, results will presented for the diffusion 
and segmental dynamics of double-stranded lambda-phage 
DNA molecules. FCS of single-end fluorescently labeled 
monodisperse DNA fragments unambiguously shows that 
double-stranded DNA in the length range of  102-2x104 base 
pairs behaves as a semiflexible polymer with segmental 
dynamics controlled by hydrodynamic interactions. 
FCS correlation functions, diffusion coefficients, and 
longest relaxation times are in exellent agreement with 
the theory of semiflexible polymers [1,2]. Moreover, the 
DNA-end mean square displacement is in agreement with 
Brownian dynamics simulations [3], which confirms that 
the (Gaussian) wormlike chain description is suitable for 
DNA in solution.

[1] E. P. Petrov, T. Ohrt, R. G. Winkler, P. Schwille, Phys. Rev. 
Lett. 97, 258101 (2006)
[2] R. G. Winkler, S. Keller, J. O. Raedler, Phys. Rev. E 73, 
041919 (2006) 
[3] M. Hinczewski, X. Schlagberger, M. Rubinstein, O. Krichevsky, 
R. R. Netz, Macromolecules 42, 860 (2009)
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  A01573-03328 

Hydrodynamic Interactions in Polyelectrolyte 
Electrophoresis

Roland G. WINKLER1; Sandra FRANK2

1. Institut fuer Festkoerperforschung, Forschungszentrum 
Juelich, Juelich, Germany
2. Institut fuer Theoretische Physik, Georg-August 
Universitaet Goettingen, Goettingen, Germany

The electrophoretic mobility of evenly charged 
polyelectrolytes is independent of the degree of 
polymerization in the free draining regime and for a 
sufficiently large number of monomers. Usually, this fact 
is attribute to screening of the hydrodynamic interactions. 
However, a clear microscopic explanation is lacking. 
To address this at first unexpected result by computer 
simulations naturally requires an adequate inclusion of 
hydrodynamic interactions. For an efficient treatment, 
the large length and time scale differences between 
the solvent and polymer call for a coarse-grained and 
simplified description of the solvent dynamics. A particle 
based mesoscale simulation method -- which we denote 
as multiparticle collision (MPC) dynamics  method -- is 
suitable for such an investigation since it can easily be 
coupled to the polymer dynamics.

In this contribution, the simulation method will be outlined 
and results for the dynamics of charged oligomers and 
short polyelectrolytes will be discussed. The influence of 
hydrodynamic interactions and counterion condensation 
on the polyion mobility will be addressed. In agreement 
with experimental results on PSS, we find that the mobility 
increases with the polymer length, passes through a 
maximum, and reaches a molecular weight independent 
mobility. In addition, results for the diffusion coefficient, 
polyelectrolyte conformations and orientations will be 
presented for various field strengths and polymer lengths.

S. Frank, R. G. Winkler, EPL 83, 38004 (2008)

  A01588-02765 

Disruption of Regular Structure in DNA 
Minicircles

Quan DU; Xiaozhong ZHANG; Alexander KOTLYAR; 
Alexander VOLOGODSKII
Chemistry, New York University, New York, United States

Bending and torsional deformations in DNA, which often 
occur during its functioning, can cause local disruptions 
of the regular helical structure. The disruptions created by 
negative torsional stress have been studied in detail, but 
those caused by the bending stress are investigated only 
now. To address the problem, we probed the structure 
of very small DNA circles, 63 - 105 bp in length, by 
single-strand-specific endonucleases. We determined 

that bending stress disrupts the regular helical structure 
when the radius of DNA curvature is smaller than 3.5 nm. 
The experimental data suggest that strong DNA bending 
initiates kink formation while preserving base pairing. 
To get quantitative information about the disruptions we 
developed a statistical-mechanical model of the disruption 
formations in DNA minicircles. The model, used in the 
computer simulation, specifies the disruptions by three 
parameters: DNA bend angle at the disruption θd, local 
DNA unwinding caused by the disruption formation, and 
the free energy associated with the disruption formation 
in unstressed double helix, Gd. We obtained a relationship 
between values of Gd and θd under which the theoretical 
results are compatible with the experimental data. The 
relationship suggests that the free energy of a base pair 
opening, which includes flipping out both bases, is 
significantly higher than the generally accepted value.

  A01588-02766 

DNA Bending

Alexander VOLOGODSKII
Chemistry, New York University, New York, United States

To analyze various issues related with DNA bending 
we need a theoretical model which provides accurate 
description of the phenomenon. The great majority of DNA 
macroscopic conformational properties are well described 
by a simple model, the discrete wormlike chain. For some 
important problems, however, we need information about 
DNA bending with base pair resolution, so we need a more 
detailed model. Four major features of such detailed model 
are considered in the talk: 1) Sequence dependence of DNA 
bending rigidity; 2) Intrinsic bends in the double helix 3) 
Anisotropy of the bending; 4) Deviations of the bending 
potential from the simplest harmonic form. The last issue is 
directly related to the formation of local disruptions, kinks 
and open base pairs, in strongly bent DNA segments.

  A01609-02798 

Temperature Dependence of Circular DNA 
Topological States 

Hu CHEN; Yan JIE
Physics Department, National University of Singapore, 
Singapore

Circular double stranded DNA has different topological 
states which are defined by their linking numbers. 
Equilibrium distribution of linking numbers can be 
obtained by closing a linear DNA into a circle by ligase. 
Using Monte Carlo simulation, we predict the temperature 
dependence of the linking number distribution of small 
circular DNAs. Our predictions are based on flexible 
defect excitations resulted from local melting or unstacking 
of DNA base pairs. These predictions can be easily 
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investigated in experiments, providing a new method to 
study the micromechanics of sharply bent DNAs and the 
thermal stability of specific DNA sequences.

  A01609-02883 

Effects of Kink and Flexible Hinge Defects on 
Mechanical Responses of Short Double-stranded 
DNA Molecules

Hu CHEN; Jie YAN
Physics Department, National University of Singapore, 
Singapore

We predict various detectable mechanical responses to 
the presence of local DNA defects which are defined as 
short DNA segments exhibiting mechanical properties 
obviously different from the 50 nm persistence length 
based semiflexible polymer model. The defects discussed 
are kinks and flexible hinges either permanently fixed on 
DNA or thermally excited. Their effects on extension shift, 
the effective persistence length, the end-to-end distance 
distribution, and the cyclization probability are computed 
using a transfer-matrix method. Our pre- dictions will 
be useful in future experimental designs to study DNA 
nicks or mismatch base pairs, mechanics of specific 
DNA sequences, and specific DNA-protein interaction 
using magnetic tweezer, fluorescence resonance energy 
transfer, plasmon resonance techniques, and the traditional 
biochemistry cyclization probability measurements. 

  A01610-02799 

A Synthetic DNA Motor 

Yvonne KLAPPER; Daniel LUBRICH 
Physics Department, National University of Singapore, 
Singapore

A synthetic nano-motor was designed from DNA. The 
poster details design and construction principles.

  A01611-02800 

Excitation of Defects in Sharp Unwound DNA

Peiwen CONG1; Jie YAN2

1. Computational System Biology, National University of 
Singapore, Singapore
2. Physics, National University of Singapore, Singapore

DNA defects have been observed in DNA translocation 
processes in phage by Electronic Microscopy recently. 
DNA under such processes is in sharp unwound 
form. Molecular Dynamic simulation approach was used to 
discover the dynamics and variability of the defects under 
such condition. The dynamics of DNA reveal the secrets 
of sharp unwound DNA defects formation, which show 

the under twists accumulate in a single base pair, but keep 
others in the normal form.

  A01612-02801 

Conformational Response of Supercoiled DNA to 
Confinement in a Nanochannel

Siow Yee NG; Wilber LIM; Chinchai LIM; 
Yuan Ping FENG; Johan R. C. VAN DER MAAREL
Physics, National University of Singapore, Singapore

Monte Carlo simulations were done to study the 
conformation of supercoiled DNA confined in a 
nanochannel. The molecule has a superhelical density of 
around –0.05 and is bathed in a monovalent salt solution 
with an ionic strength of 2, 10, or 150 mM. The cross-
sectional diameter of the circular shaped nanochannel was 
varied in the range of 10 to 80 nm. The conformational 
properties were characterized by the writhing number and 
the distribution in the distance between the two opposing 
strands of the superhelix. With increasing confinement, as 
set by a smaller tube diameter and/or decreased screening 
of the Coulomb interaction, the supercoil becomes more 
tightly interwound and long-range structural features 
such as branching and the formation of hairpins are 
progressively suppressed. Analysis of the energetics shows 
a concurrent increase in electrostatic energy and energy of 
interaction of the supercoil with the wall, but the elastic 
twisting energy decreases. Confinement in a nanochannel 
or otherwise hence results in a decrease in the absolute 
value of the twist exerted on the duplex. The bending 
energy remains approximately constant, which means 
that there are no significant deflections from the wall. 
The simulation results are interpreted with theory based 
on the wormlike chain model, including the effects of the 
wall, charge, elasticity, and configurational entropy. It was 
found that the theory is reasonably successful in predicting 
the structural response to the confinement at the local level 
of the diameter and pitch of the supercoil.

  A01612-03677 

Conformational Response of Linear DNA to 
Confinement in a Nanochannel

Siow Yee NG; Johan R. C. VAN DER MAAREL
Department of Physics, National University of Singapore, 
Singapore

The present work applied the Monte Carlo simulation to 
study the conformation of a large linear DNA molecule 
confined in a nanochannel. The DNA molecule was 
modeled as a polygonal space curve consisting 1000 
vertices that represents the size of about 9100 base-pair 
DNA with the contour length of 3.1 mircon. The bonds 
connecting the vertices are elastic and the bending 
flexibility is concentrated at the vertices. In the model, the 
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vertices interact through a sum of a hard sphere potential 
and an isotropic screened Coulomb potential. We also 
incorporated the interactions of the vertices with the 
wall via a cylindrical external potential as to mimic the 
confinement of the molecule in nanochannel. The value of 
bare bending persistence, Lp used throughout the simulation 
was set to be 50 nm. In the simulation, the cross-sectional 
diameter of the circular shaped nanochannel, Dtube was 
varied in the range of 10 to 200 nm as to provide the study 
of 3 different regimes of linear DNA confinement, that is, 
Lp < Dtube < Radius of gyration of DNA in free solution, 
Rg (blog formation regime), Dtube ~ Lp (hairpin formation 
regime) and Dtube << Lp (undulation formation regime). 
In each scenario, 3 different salt concentrations with 
the ionic strength of 2, 10 and 150 mM were employed. 
Our preliminary simulation results were interpreted with 
the available theories that include the effects of the wall, 
hairpin, blog, charge and elasticity.

  A01613-02802 

Kinetics of Single DNA Compaction by 
Hexaammine Cobalt Chloride 

Wenbo FU1; Ming LI2; Jie YAN1

1. Physics, National University of Singapore, Singapore
2. Institute of Physics, Beijing, China

Stepwise folding and unfolding dynamics of compaction 
of single DNAs by multivalent cations has been observed 
in recent single-molecule experiments. The causes of 
the stepwise signals, however, have not been carefully 
investigated. Using stochastic dynamical simulation 
algorism, we predict the time courses of changes in the 
extension of a single DNA subject to various tensions 
based on a spool model proposed recently. Compared with 
single-molecule experiments performed using a magnetic 
tweezer at the same forces, we find that the spool model 
is in reasonable agreement with the folding dynamics, 
but not in agreement with the unfolding dynamics. The 
disagreement of the unfolding dynamics can be remedied 
if some rare, long waiting time events are removed from 
the unfolding time courses. The implications of the 
experiments are discussed.

  A01614-02803 

DNA Viscoelasticity; Relaxation of Entanglements 
with a Topology Controlling Enzyme

Binu KUNDUKAD; Johan R. C. VAN DER MAAREL
Department of Physics, National University of Singapore, 
Singapore

The genome is highly compacted and concentrated, yet 
the timescales for the machinery of life are unexpectedly 
fast. For instance, the segregation of the intertwined sister 
chromatids in the anaphase of dividing cells occurs within 
a second. Topology controlling enzymes (topo II) are 
thought to play an essential role, but so far quantitative 
measurements of the effect on the viscoelasticity of DNA 
are lacking. We have studied the viscoelastic properties 
of solutions of lambda phage DNA immersed in buffer 
solution using video tracking of the Brownian motion 
of colloidal probe particles. The platform allows the 
measurement of the elastic storage and viscous loss moduli 
of minute samples of less than 50 micro liters. We found 
that the viscoelastic response is critically dependent on the 
formation of entanglements among the DNA molecules 
with relaxation times on the order of seconds. We observed 
that topo II effectively removes these entanglements and 
converts the system from an elastic gel to a viscous fluid 
depending on the dissipation of energy (hydrolysis of 
ATP). Our work contributes to the understanding of energy 
dependent, non-equilibrium dynamics of biomolecules, 
which is a key feature of life.

 A01614-02875 

Effect of Salt on the Viscoelasticity of Entangled 
Lambda Phage DNA Solution

Jin Yi LIM; Binu KUNDUKAD; 
Johan R. C. VAN DER MAAREL
Department of Physics, National University of Singapore, 
Singapore

In this experiment, particle tracking microrheology was 
used to obtain the viscoelastic moduli of λ-phage DNA 
in the presence of different concentrations of NaCl 
(namely 2mM, 10mM and 100mM) in TE buffer. Previous 
experiments with λ-phage DNA in TE buffer have given 
significant results. In the case of TE buffer as the only 
solvent, it was observed that with increasing frequency, the 
viscous loss modulus increases, levels off, and increases 
again whilst the elastic storage modulus increases and 
eventually levels off to a constant high frequency plateau 
value. From these results, some significant results like 
the number of entanglements per chain and the longest, 
global relaxation time pertaining to the motion of the DNA 
molecules have been obtained. Here, we report the effect 
of ionic strength on the viscoelastic properties of DNA. 
In particular, we focus on the DNA bending rigidity and 
electrostatic screening on the formation of entanglements.
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  A01617-02806 

Compaction of DNA in White Spot Syndrome 
Virus

Yingjie LIU1; Jinlu WU2; Choy Leong HEW2; Jie YAN1

1. Physics, National University of Singapore, Singapore
2. Biology, National University of Singapore, Singapore

VP15 protein is one of the major capsid proteins found in 
White Spot Syndrome Virus (WSSV). It has been shown 
to be a DNA binding protein, and been suspected to play 
an important role in DNA compaction in the virus. In this 
research, details of how VP15 interacts with DNA are 
revealed using single-molecule manipulation and imaging 
methods. The results show that VP15 efficiently packages 
DNA when the protein concentration exceeds a threshold 
value around 6.6 nM. The compaction is found dominated 
by formation of protein mediated synapses of remote 
DNA sites. At above threshold protein concentrations, 
this mechanism promotes hairpin formation or even more 
complex structures. The folding of DNA by VP15 is found 
cooperative, and a possible cause of the cooperativity 
is proposed to be the cooperative elongation of hairpin 
following formation of a seeding hairpin loop. The 
knowledge obtained from this research may shed light on 
understanding genome packaging of dsDNA viruses.

  A01618-02808 

Simulations of the Interactions of Confined DNA 
and Nanoparticles

Andrej GRIMM; Johan VAN DER MAAREL
Physics Department, National University of Singapore, 
Singapore

Using Monte-Carlo Simulations, we study the behaviour 
of linear DNA confined to a cylinder in the presence of 
Nanoparticles. In particular we are interested in whether 
the presence of the Nanoparticles leads to an extension or 
contraction of the DNA.

  A01618-03723 

New Approach for Ratchet-Based Particle 
Separation

Andrej GRIMM
Physics Department, National University of Singapore, 
Singapore

Separation techniques for microbiological particles are 
crucial for the development of Lab-on-a-Chip devices. 
Among them ratchet-based separation methods have 
established, as they inherently manage many difficulties 
of microscale hydrodynamics, i.e. the occurrence of small 
Reynolds numbers. Many microfluidic separation devices, 
such as 2d sieves, have been introduced during the last 

years. These devices are mainly based on net-velocity 
differences in one direction. To improve their resolution, 
it is necessary to increase the system size.

We introduce a conceptual approach to benefit from 
current-reversal effects, i.e. particle with different diffusion 
constants may drift into opposite directions. This allows 
the improvement of the resolution for small system sizes. 
Our method is based on the on-off- ratchet and realizes 
current reversal in a very intuitive way. This also leads to a 
concise theoretical description of this phenomenon.

  A01620-02810 

Effects of Flexible Defect Excitation on Various 
DNA Mechanical Responses

Zhen ZHOU; Hu CHEN; Liang DAI; 
Johan R. C. VAN DER MAAREL; Jie YAN
Physics, National University of Singapore, Singapore

Disagreement with the traditional DNA bending elasticity 
model has been found in several recent experiments. A 
common feature of these experiments is that the DNA 
is sharply bent. We show that the excitation of flexible 
defects in sharply bent DNA may be a possible mechanism 
to explain these experiments. In addition, the molecular 
details of the possible defects are investigated using full 
atom dynamics simulation.  

  A01621-02811 

DNA Confined in Membranic Surface Bound 
Enclosures

Laiyi LIN; Daniel LUBRICH
Physics Department, National University of Singapore, 
Singapore

We have enclosed and characterized DNA in membranic 
surface bound containers. The poster details the design 
principles and the experimental findings.

  A01622-02812 

A Contractile DNA Molecular Machine

Jie LIN; Daniel LUBRICH; Jie YAN
Physics, National University of Singapore, Singapore

A contractile DNA molecular machine was built from 
DNA. The design of the device uses the cooperative actions 
of many molecular tweezers units to achieve a larger scale 
movement. The device is designed to contract against a 
force to 75% of its fully extended length, is drive by a set 
of two fuel strands and can be cycled. 
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  A01624-02813 

AFM Imaging Studies of Chromatins in Xenopus 
Egg Extract 

Hongxia FU1; Benjamin FREEDMAN3; 
Rebecca HEALD3; Chwee Teck LIM2; Jie YAN1

1. Physics, National University of Singapore, Singapore
2. Bioengineering, National University of Singapore, 
Singapore
3. Cell Molecular Biology, University of Berkeley, United 
States

Using atomic force microscopy, we studied 
chromatins assembly in Xenopus egg extracts. The 
assembled chromatin were purified for clean imaging 
studies. Depending on ionic conditions, various chromatin 
structures were observed, ranging from nucleosome-on-a-
string structure to higher order structures.

  A01624-02834 

Effects of Magnesium Salt Concentrations on 
B-DNA Overstretching Transition

Hongxia FU; Hu CHEN; C.G. KOH; C.T. LIM
Physics, National University of Singapore, Singapore

In this study, we use optical tweezers to investigate the ionic 
effects of magnesium salt solutions on the overstretching 
transition of single B-DNA molecules. The experimental 
data are compared with those in sodium salt solutions. 
The overstretching transition force increases when the 
NaCl or MgCl2 salt concentration increases. Magnesium 
cations have much stronger effects on the overstretching 
transition force than sodium cations. For both NaCl and 
MgCl2 salt solutions, the overstretching transition force 
is linear with the natural logarithm of salt concentration, 
which confirms the theory proposed by Prof. Roland R. 
Netz in 2001. The modified ZZO model is applied to 
study the electrostatic contribution of magnesium salt 
solutions to the overstretching transition of single B-DNA 
molecules. The consistency between the experimental data 
and analytical results shows that the modified ZZO model 
can simulate the transition behavior of single B-DNA 
molecules in different NaCl and MgCl2 salt solutions.

  A01625-02815 

Viscoelasticity of Entangled λ-phage DNA 
Solutions

Xiaoying ZHU; Binu KUNDUKAD; 
Johan R. C. van der MAAREL
Physics, National University of Singapore, Singapore

The viscoelastic moduli of λ-phage DNA through the 
entanglement transition were obtained with particle 
tracking microrheology. With increasing frequency, the 

viscous loss modulus first increases, then levels off, and 
eventually increases again. Concurrently, the elastic storage 
modulus monotonously increases and eventually levels off 
to a constant high frequency plateau value. Once the DNA 
molecules become entangled at about ten times the overlap 
concentration, the elastic storage modulus becomes 
larger than the viscous loss modulus in an intermediate 
frequency range. The number of entanglements per 
chain is obtained from the plateau value of the elasticity 
modulus. The longest, global relaxation time pertaining 
to the motion of the DNA molecules is obtained from the 
low shear viscosity as well as from the lowest crossover 
frequency of the viscous loss and elastic storage moduli. 
The concentration dependencies of the low shear viscosity, 
the number of entanglements per chain, and the relaxation 
time agree with the relevant scaling laws for reputation 
dynamics of entangled polyelectrolytes in an excess of 
simple, low molecular weight salt wit screened electrostatic 
interactions.

  A01633-02830 

Kinetically Controlled Self-Assembly of DNA 
Oligomers 

Daniel LUBRICH1; Simon J. GREEN2; 
Andrew TURBERFIELD2

1. Physics Department, National University of Singapore, 
Singapore
2. Physics Department, Oxford University, Oxford, United 
Kingdom

Metastable two-stranded DNA loops can be assembled 
into extended DNA oligomers by kinetically controlled 
self-assembly.

Along the designed reaction pathway, the sequence of 
hybridization reactions is controlled by progressively 
revealing toeholds required to initiate strand-displacement 
reactions. The product length depends inversely on seed 
concentration and ranges from a few hundred to several 
thousand base-pairs.

  A01636-02837 

On the Conformation of DNA Confined in a 
Nanochannel or Absorbed at an Interface

Ce ZHANG; Van der Maarel JOHAN
Physics, National University of Singapore, Singapore

The major focus of work in this thesis concerns the 
relationship between molecular behavior of DNA and a 
range of processing conditions including ionic strength, 
multi-valent ions, solvent, molecular weight etc. A variety 
of techniques including atomic force microscopy (AFM), 
fluorescence microscopy (FM) and nano-fluidics were 
utilized in order to uncover the role that these experimental 
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conditions play in the formation of many 2D surface-directed 
and 1D channel-directed DNA structures. In previous 
years, attention was directed towards understanding the 
physical and chemical phenomena that are important in the 
condensation of DNA. In this thesis, we seek to uncover 
the behavior of single stranded and double stranded 
DNA molecules, and explore the mechanism behind the 
compaction into 1 and 2 dimensional structures. 

  A01639-02839 

Single Molecule Studies of BAF-DNA Interactions 
Show How Retroviral DNA Can Avoid Suicidal 
Autointegration

Dunja SKOKO; Min LI; Huang YING; 
Michiyo MIZUUCHI; Robert CRAIGIE; 
Kiyoshi MIZUUCHI
Laboratory of Molecular Biology, National Institutes of 
Health, Bethesda, United States

Barrier-to-autointegration factor (BAF) is a host protein 
that has been identified as a stable component of HIV 
and MLV preintegration complexes (PICs). It has 
been proposed to compact retroviral DNA making it 
inaccessible as a target for self-destructive integration into 
itself (autointegration). BAF also plays an important role 
in nuclear organization. We have studied the mechanism of 
DNA condensation by BAF in single molecule assemble 
using total internal reflection fluorescence microscopy 
(TIRFM). We find that BAF compacts DNA by a looping 
mechanism. Dissociation of BAF from DNA occurs with 
multiphasic kinetics; an initial fast phase is followed by 
a much slower dissociation phase. The mechanistic basis 
of the broad timescale of dissociation is discussed. This 
behavior mimics the dissociation of BAF from retroviral 
DNA within preintegration complexes (PICs) as monitored 
by functional assays. Thus the DNA binding properties of 
BAF may alone be sufficient to account for its association 
with the PIC.

  A01640-02841 

Nucleosome Dynamics Studied by Single Molecule 
Fluorescence and Computer Simulations 

Jorg LANGOWSKI
Biophysics of Macromolecules, German Cancer Research 
Center, Heidelberg, Germany

The structure and dynamics of nucleosomal DNA was 
studied by fluorescence resonance energy transfer 
(FRET) in bulk and under single molecule conditions. We 
present first evidence for distinct structural substates in 
mononucleosome preparations that differ by their stability 
against dissociation at high salt concentration. These 
substates are identified by analyzing the single molecule 
FRET data with a photon distribution analysis (PDA) 

that takes into account the finite number of photons per 
molecule and the detector shot noise. Furthermore, the 
DNA sequence dependence, the effect of linker histone 
H1 and histone acetylation on the dynamics of different 
parts of the nucleosomal DNA could be established. The 
experimental data are corroborated by a new coarse-
grained model of the nucleosome which allows calculation 
of dynamic trajectories on the microsecond time scale. 
This is achieved by approximating the protein part by 
one bead per amino acid residue and the DNA part by 
one bead per base. Empirical interaction potentials are 
obtained from 100 ns molecular dynamics simulation 
trajectories. The model predicts transient detachment of 
the linker DNA from one end, and an increase in the rate 
of this detachment when the interaction with the histone 
tails is switched off. Finally, a Brownian dynamics model 
of DNA on the histone core is used to model the force-
extension curve measured by single molecule mechanics 
of chromatin fibers. Comparison with a theory of force-
induced unbinding leads to an estimate of the DNA-histone 
interaction energy of about 2 kT per base pair. 

  A01640-02969 

Chromatin Packing and Transport in the Cell 
Nucleus Modeled on a Three-dimensional Lattice

Annika WEDEMEIER1;2; Christian FRITSCH1;2; 
Jorg LANGOWSKI1;2

1. Division Biophysics of Macromolecules, German 
Cancer Research Center, Heidelberg, Germany
2. Interdisciplinary Center for Scientific Computing 
(IWR), University Ruperto-Carola, Heidelberg, Germany

In recent years great progress has been made in the view of 
the living cell as a regulatory network in time. However, a 
quantitative description of the transport of biomolecules in 
the dense macromolecular network of chromatin fibers in 
the interphase cell nucleus is still missing. Furthermore, it 
is not yet clear to what extent macromolecular mobility is 
affected by structural components of the nucleus. 

This work contributes to the understanding of this process 
by developing a theoretical description of network diffusion 
in the interphase cell nucleus. To model the situation in 
the cell nucleus a 3-D lattice approach is used minimizing 
computational time and effort. Our model leads to a 
quantitative understanding of transport behaviour which 
is directly related to chromatin morphology. Changes of 
these characteristics are known to occur upon apoptosis or 
malignant transformations. 

The crowded environment of chromatin fibers in the 
nucleus is simulated by a simplified version of the bond 
fluctuation method originally desrcibed by Carmesin et al 
(Macromolecules 1988,21, p.2819) in combination with 
a Metropolis Monte Carlo procedure. This yields well 
equilibrated polymer chains satisfying static properties 
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such as end-to-end distance. We investigate how the 
diffusion coefficient of particles of a given size depends 
on the 3D geometry of the network of chromatin fibers and 
their density in the nucleus. We show that the diffusion 
cofficient is proportional to the volume fraction of the 
freely accessible space. 

Additionally, we investigate to what extent structural 
properties of the fibers, such as persistence length and 
contour length, influence the diffusion coefficient. Neither 
the contour length nor the persistence length of the fibers 
affects the diffusional transport of small particles that do 
not bind to the DNA. When DNA binding and sliding on 
the DNA is allowed. the simulated diffusional properties 
become strongly anomalous and dependent on the 
structural properties of the fibers.

  A01666-02882 

Switching H-NS between Two Modes of Binding 
to DNA

Yingjie LIU1; Hu CHEN1; Linda KENNEY2; Jie YAN1

1. Department of Physics, National University of 
Singapore, Singapore
2. Department of Microbiology and Immunology, 
University of Illinois at Chicago, United States

Heat-stable nucleoid structuring protein (H-NS) is an 
abundant prokaryotic protein that organizes chromosomal 
DNA and plays an important role in gene silencing. A long-
held view is that these dual roles of H-NS are a function 
of its structural and mechanical modifications to DNA 
upon binding. Two different types of mechanisms were 
suggested previously: 1) H-NS coating along the DNA 
leading to stiffening of the DNA backbone, and 2) H-NS 
forms bridges between remote DNA binding sites. These 
two binding modes were considered mutually exclusive, 
and were the source of an unresolved controversy. In the 
present study, we resolve these differences and report that 
the switch between these two binding modes of H-NS is 
mediated by changing ionic conditions. We further show 
that in the stiffening mode, H-NS polymerizes along DNA 
starting from a few nucleation sites, while in the bridging 
mode, H-NS synergizes between different DNA sites and 
promotes formation of hairpin structures or “toroids” 
on linear DNA. Thus, our results suggest a dual binding 
mechanism of H-NS, which likely underlies its dual in 
vivo functions. 

  A01666-02884 

Non-harmonic DNA Bending Elasticity is Revealed 
by Statistics of DNA Minicircle Shapes

Hu CHEN; Hongxia FU; Zhen ZHOU; Jie YAN
Department of Physics, National University of Singapore, 
Singapore

Unusual DNA elasticity has been observed in a few recent 
experiments for DNA under tight bending conditions. Here 
we present a new experimental evidence demonstrating 
unusual DNA bending elasticity by analyzing the atomic 
force microscope (AFM) images of DNA minicircles 
of sizes 189 and 378 base-pairs that are relaxed on 
2D surface. The DNA shape distributions are found in 
disagreement with the canonical 50 nm persistence length 
based on worm-like chain (WLC) model. Instead, they are 
found in agreement with the recently proposed flexible 
defect excitation model and linear subelastic chain (LSEC) 
model. 

  A01679-02901 

Mechanisms of Renaturation and Hybridization 
of Nucleic Acids: Universality and Specificity in 
Molecular Biology 

Jean-Louis SIKORAV
Institut de Physique Theorique, CEA/Saclay, France

Specificity through molecular complementary recognition 
is a hallmark of molecular biology. Watson-Crick base 
pairing in polymerized nucleic acids, which occurs in 
renaturation and hybridizations reactions, is an instance 
of this highly specific interaction. Hybridization and 
renaturation of nucleic acids have been investigated in 
both homogeneous and heterogeneous systems. The most 
efficient reactions occur in heterogeneous systems of a 
homogeneous phase. A theoretical investigation of the 
mechanisms of these reactions will be presented, showing 
how physical universality contributes to their efficiency, 
either in homogeneous or in heterogeneous systems.

  A01679-02902 

Symmetries and Asymmetries of the Genetic 
Material 

Jean-Louis SIKORAV1; Arach GOLDAR2; 
Alan BRASLAU3

1. Institut de Physique Théorique, CEA/Saclay, France
2. iBiTec-S/SBIGeM, CEA/Saclay, France
3. IRAMIS/SPEC, CEA/Saclay, France

We describe a theoretical construction of the genetic 
material. The rules elaborated for this construction 
emphasize symmetry and asymmetry considerations. The 
structure obtained is characterized by three necessary 
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asymmetries, Chirality, Polarity and Sequence (CPS). 
A comparison of this theoretical construct with DNA 
leads to a more intuitive understanding of the structural 
and functional properties of the DNA double helix. The 
structure of DNA is found to be - in a qualified sense – 
unique and ideal.

  A01689-03045 

New Motifs for DNA Nanostructures 

Satoshi MURATA; Satoshi NISHIMOTO; 
Hamada SHOGO
Department of Computational Intelligence and Systems 
Science, Tokyo Institute of Technology, Tokyo, Japan

Self-assembled DNA nanostructures have a large 
potentiality to solve various problems of top-down 
fabrication methodology such as limitation on resolution 
and fabrication cost. However, since conventional DNA 
nanostructures are usually self-assembled in a free solution, 
size and qualities of the products are insufficient to meet 
requirements for realistic applications. Here, we propose 
novel two-dimensional DNA motifs that assemble only on 
a substrate surface.

These motifs are able to grow to a large high-quality lattices 
covering the entire substrate. We believe that this is the first 
DNA nanostructure successfully growing on a substrate 
surface. These motifs will expand the possibilities of DNA 
nanostructures and can also lead to novel applications 
including top-down and bottom-up hybrid nanodevices.

  A01707-03039 

Exploration of Cell Mechanotransduction: 
Identification of p130Cas as an Ion Channel-
Independent Cytoskeletal Mechano-Sensor and 
Possible Mechanical Roles for “Flexible” Protein 
Domains

Yasuhiro SAWADA1;2; Wee Wee TAN1; 
Julio M. FERNANDEZ3; Michael P. SHEETZ3; 
Christopher W. HOGUE1

1. Department of Biological Sciences, National 
University of Singapore, Singapore
2. Division of Bioengineering, National University of 
Singapore, Singapore
3. Department of Biological Sciences, Columbia 
University, United States

Cellular responses to mechanical force underlie many critical 
functions from normal morphogenesis to carcinogenesis, 
cardiac hypertrophy, wound healing and bone homeostasis.  
Recent studies indicate that various signaling systems and 
pathways are involved in mechanically-initiated signal 
transduction, termed mechanotransduction, including 
tyrosine phosphorylation. However, specific force 

receptors, i.e. mechano-sensors that are directly modulated 
by mechanical stimuli and initiate intracellular signaling 
cascades, were not identified at a molecular level, with the 
exception of mechano-sensitive ion channels.  

Using an in vitro protein extension system, we found that 
the Src Family kinase substrate p130Cas acts as an ion 
channel-independent cytoskeletal mechano-sensor through 
its extension-enhanced susceptibility to phosphorylation, 
i.e. substrate priming (Sawada et al. Cell 2006).  However, 
it remained unclear whether p130Cas molecules were 
extended by forces directly exerted on them.   

To determine the magnitude of mechanical forces required 
to extend the p130Cas (substrate domain) protein, we 
conducted a single molecule study using an atomic force 
microscope (AFM). We found that a p130Cas molecule 
could be extended by forces below the detection limit 
of AFM (5-10 pN), suggesting that p130Cas (substrate 
domain) is not mechanically stable (i.e. flexible) and 
hence may not serve as a “force sensor.” Alternatively, we 
speculate that p130Cas is a “strain sensor” that responds to 
the changes in the dimension of the force-bearing complex 
to which p130Cas is anchored. 

It is evident that p130Cas is not the only mechano-
sensor.  We are seeking the identities of the proteins that 
are tyrosine phosphorylated by cell stretching, because 
they likely act as strain sensors through substrate priming 
(Tamada, Sheetz, and Sawada, Dev Cell 2004).  We have 
found stretch-dependent phosphorylation of Gab1 and 
Shc in HEK293 cells and N-WASP in mouse fibroblastic 
L-929 cells, while there is no detectable stretch-dependent 
increase of tyrosine phosphorylation in IRS-1 and FRS2 in 
either type of cells.

While proteomic analysis of mechanical force-responsive 
phosphorylation is under way, computational analysis of 
amino-acid sequences features a common characteristic of 
force-responsive domains. We find that stretch-responsive 
positive proteins so far (Gab1, Shc, N-WASP, and 
p130Cas) have all contain notable proline-serine rich non-
globular (PSRNG) domains, suggesting the mechanical 
roles for those “unstructured” domains that are likely to 
be flexible.
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  A01707-03248 

FRET-Based Analysis of Force-Dependent 
Molecular Extension of the Cell Mechano-Sensor 
Protein p130Cas: Live Cell Imaging vs. Single 
Molecule Study

Hiroaki MACHIYAMA1;2; Lu ZHANG1; 
Keiko KAWAUCHI1;2; Christopher W. HOGUE1; 
Yan JIE3; Yasuhiro SAWADA1;2

1. Department of Biological Sciences, National 
University of Singapore, Singapore
2. Division of Bioengineering, National University of 
Singapore, Singapore
3. Department of Physics, National University of 
Singapore, Singapore

Mechanical factors are of pivotal importance to the 
development, function, and regeneration of many organ 
systems including cardiovascular, musculoskeletal, 
respiratory, and nervous systems.  How mechanical 
forces are transduced as biological signals is therefore a 
significant question in biology.

While mechanically-initiated signal transduction, termed 
mechanotransduction, has been reported to involve 
numerous signaling pathways, identification of specific 
mechano-receptors is crucial to specifically explore 
mechanotransduction. However, specific mechano-
receptors, i.e. mechano-sensors that are directly modulated 
by mechanical stimuli and initiate intracellular signaling 
cascades were not identified at a molecular level, with the 
exception of mechano-sensitive ion channels. Using an in 
vitro protein extension system that we originally developed, 
we recently identified the Src family kinase substrate 
p130Cas as an ion channel-independent cytoskeletal 
mechano-sensor.

Since we postulated that the p130Cas molecule would 
directly respond to mechanical force, we asked how much 
forces were required to extend it.  When we stretched a single 
molecule of p130Cas substrate domain (CasSD) using an 
atomic force microscope (AFM), we found that it could be 
extended by forces below the detection limit of AFM (5-
10 pN), suggesting that CasSD is not mechanically stable 
(i.e. flexible).  Consistent with such mechanical property 
of CasSD, the amino-acid sequence analysis suggests that 
CasSD forms a non-globular (unstructured) domain.

To define the physiological roles and implications 
of mechano-sensing through p130Cas extension, 
spatiotemporal analysis by live cell imaging would be 
required. We constructed fluorescence resonance energy 
transfer (FRET)-based biosensor by which extension of 
p130Cas molecules would be visualized as loss (or decrease) 
of the FRET signal.  When we measured the FRET signal 
from the p130Cas biosensor expressed in HeLa cells, we 
observed decrease of FRET efficiency in the “high force” 
regions, suggesting that it corresponded to the extension 

of the p130Cas biosensor. Thus, it appears that we can 
monitor the extension status of endogenous p130Cas 
molecules by analyzing the FRET signal from p130Cas 
biosensor that we have developed.  Further analysis with 
high-resolution imaging is under way using total internal 
reflection fluorescence microscope (TIRFM).

In addition to the live cell imaging of p130Cas extension, 
we are analyzing force-dependent extension of p130Cas 
using a magnet tweezer that allows us to apply a constant 
force to the molecule from 0.1 pN up to 100 pN. By 
referring the results from single molecule studies to in vivo 
observations by live cell imaging, we expect to make a 
more quantitative analysis of cellular mechano-sensing.

  A01713-02988 

A Nanochannel Platform for Single-DNA Studies

Johan R. C. VAN DER MAAREL1; Ce ZHANG1; 
Peige SHAO2; Jeroen A. VAN KAN2

1. Biophysics and Complex Fluids Group - Department of 
Physics, National University of Singapore, Singapore
2. Centre for Ion Beam Applications - Department of 
Physics, National University of Singapore, Singapore

The study of the properties of single DNA molecules 
confined in a nanochannel is of importance from both 
a biotechnological and biophysical point of view. In 
our laboratories, we have produced nanochannels in 
polydimethylsiloxane (PDMS) biochips. The two-
dimensional cross-sectional diameter is in the range of 
50 to 300 nm, which has allowed us to investigate the 
transition from an almost fully stretched to a locally coiled 
conformation of single DNA molecules confined inside 
the channels. The extensions of bacteriophage T4 DNA 
molecules were measured with fluorescence microscopy, 
as a function of the ionic strength and composition of 
the buffer medium, as well as the DNA intercalation 
level by the YOYO-1 dye. The data were interpreted 
with the scaling theory for a wormlike polymer in a good 
solvent, including the effects of confinement, charge, and 
self-avoidance. It was found that the elongation of the 
DNA molecules with decreasing ionic strength can be 
interpreted in terms of a decrease in bending flexibility 
of the double-stranded duplex. Self-avoidance effects on 
the extension are moderate, due to the small correlation 
length imposed by the channel cross-sectional diameter. 
The cheap polymer based biochip provides a platform to 
investigate single biomolecules and is complementary to 
other single molecule techniques such as those based on 
molecular tweezers. Some other exemplary experiments 
on the structure and translocation dynamics of single DNA 
molecules inside nanochannels, which are in progress in 
our laboratories, will be presented.
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  A01713-02989 

DNA Condensation and Extension by 
Nanoparticles

Johan R. C. VAN DER MAAREL; Ce ZHANG
Biophysics and Complex Fluids Group - Department of 
Physics, National Unversity of Singapore, Singapore

In organisms, the genome is always crowded by proteins 
and polysacharides. Macromolecular crowding is 
suspected to be the main mode for the compaction of 
DNA in the nucleoid region of prokaryotic cells. In vitro 
experiments have shown that single DNA molecules can 
be condensed in a compacted dense state by the addition 
of neutral nanoparticles. This is essentially an entropic 
effect, because the compaction results in an increase of the 
volume accessible for the nanoparticles and hence increase 
in translation entropy. Here, we report the change in 
conformation of DNA induced by the common crowding 
agents dextran and poly(ethyleneoxide) (PEO). The DNA 
molecules are confined in a nanochannel, which allows 
the imaging of individual molecules with fluorescence 
microscopy. The nanochannels also serve as model for the 
scaffolding of the cell. As a surprising result, we found 
that the DNA molecules take a more extended rather than 
a more compacted conformation in the presence of low 
volume fractions of dextran. At higher volume fractions, 
the DNA molecules collapse into a condensed state. The 
results are interpreted in terms of specific and non-specific 
interactions between DNA and the nanoparticles.

  A01765-03093 

Molecular Dynamics Simulation of DNA-DNA 
Attraction Mediated by Multivalent Ions

Liang DAI1; Yuguang MU2; Lars NORDENSKIOLD2; 
Johan VAN DER MAARE1

1. Physics, National University of Singapore, Singapore
2. School of Biological Sciences, Nanyang Technological 
University, Singapore

All atom molecular dynamics simulations with explicit 
water were done to study the interaction between two 
parallel double-stranded DNA molecules in the presence 
of the multivalent counterions putrescine (2+), spermidine 
(3+), spermine (4+) and cobalt hexamine (3+). The inter-
DNA interaction potential is restained with the umbrella 
sampling technique. The attractive force is rationalized in 
terms of the formation of ion bridges, i.e., multivalent ions 
which are simultaneously bound to the two opposing DNA 
molecules. The lifetime of the ion bridges is short on the 
order of a few nanoseconds. 

  A01765-03667 

Charge Structure and Counterion Distribution in 
Hexagonal DNA Liquid Crystal

Liang DAI1; Yuguang MU2; Lars NORDENSKIOLD2; 
Johan VAN DER MAAREL1

1. Department of Physics, National University of 
Singapore, Singapore
2. School of Biological Sciences, Nanyang Technological 
University, Singapore

A hexagonal liquid crystal of DNA fragments (double-
stranded, 150 basepairs) with tetramethylammonium 
(TMA) counterions was investigated with small angle 
neutron scattering (SANS). We obtained the structure 
factors pertaining to the DNA and counterion density 
correlations with contrast matching in the water. Molecular 
dynamics (MD) computer simulation of a hexagonal 
assembly of nine DNA molecules showed that the inter-
DNA distance fluctuates with a correlation time around 2 ns 
and a standard deviation of 8.5% of the interaxial spacing. 
The MD simulation also showed a minimal effect of the 
fluctuations in inter-DNAdistance on the radial counterion 
density profile and significant penetration of the grooves 
by TMA. The radial density profile of the counterions 
was also obtained from a Monte Carlo (MC) computer 
simulation of a hexagonal array of charged rods with fixed 
interaxial spacing. Strong ordering of the counterions 
between theDNAmolecules and the absence of charge 
fluctuations at longer wavelengths was shown by the SANS 
number and charge structure factors. The DNA-counterion 
and counterion structure factors are interpreted with the 
correlation functions derived from the Poisson-Boltzmann 
equation, MD, and MC simulation. Best agreement is 
observed between the experimental structure factors and 
the prediction based on the Poisson-Boltzmann equation 
and/or MC simulation. The SANS results show that TMA 
is too large to penetrate the grooves to a significant extent, 
in contrast to what is shown by MD simulation.

  A01766-03094 

Cationic Comb-type Copolymers as DNA 
Chaperones

Atsushi MARUYAMA1;2; Longliang WU1; 
Rui MORIYAMA1; Arihiro KANO1; 
Naohiko SHIMADA1

1. Institute for Materials Chemistry and Engineering, 
Kyushu University, Fukuoka, Japan
2. Core Research for Evolutional Science and 
Technology, Japan Science and Technology Agency, 
Tokyo, Japan

Since free nucleic acids are highly flexible macromolecules, 
the possibility of finding several different regions 
complementary to a given extent of single polynucleotide 
chains is quite high and will increase as the chain 
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length increases. Therefore, proper hybridization of 
polynucleotide chains can easily be impeded by kinetic 
traps (i.e. local energy minima), which are stable enough 
to halt the hybridization process for a physiologically 
significant amount of time. These folding problems such 
as partially hybridized or mishybridized intermediates 
can be overcome by the aid of specific nucleic acid 
chaperone proteins that prevent aggregation and 
dissociate the intermediate to offer the chance for another 
hybridization attempt.   Nucleic acid chaperone activities 
of several proteins, including the nucleocapsid (NC) 
protein of human immunodeficiency virus type 1 (HIV-
1), heterogeneous nuclear ribonucleoproteins(hnRNPs), 
and Escherichia coli cold shockproteins (Csps), have been 
explored in vitro. These highly diverse families of nucleic 
acid–binding proteinspossess activities enabling rapid 
and faithful annealing of complementary strands, strand 
transfer from one hybrid to a more-stable hybrid, and 
strand exchange between double-stranded DNA (ds DNA) 
and its complementary single-stranded DNA (ss DNA). 
The activities are likely achieved by destabilizing nucleic 
acid hybrids, thus reducing the free energy needed for 
dissociation and reassociation of base pairings. Therefore, 
nucleic acid chaperones catalyze the folding of nucleic 
acids into the thermodynamically stable formations.

We have been interested in the interpolyelectrolyte 
complexes (IPEC) between DNA and the cationic comb-
type copolymers, poly(L-lysine)-graft-dextran (PLL-g-
Dex), consisting of a polylysine backbone and abundant 
hydrophilic graft chains of dextran as a model of nucleic 
acid-binding proteins. Unlike homopolycations which 
induced condensation of DNA, the copolymer formed the 
totally soluble complex without DNA condensation. We 
have previously reported that the comb-type copolymers 
increased stability of a double stranded (ds) DNA and a triple 
stranded DNA under physiological relevant conditions. 
Furthermore, we found that the copolymers accelerated 
by four orders the strand exchange reaction between a ds 
DNA and its complementary single-stranded (ss) DNA, 
and exhibit nucleic acid chaperoning activity. It is unique 
that the copolymer activates strand exchange reaction 
while stabilizing DNA hybrids. To assess the mechanism 
involved in the chaperone activity of the copolymer, in 
this study, the kinetic effect of the copolymers on DNA 
hybridization was evaluated.  Also, the kinetic effect 
of the copolymer on DNA quadruplex association and 
dissociation was studied.  We found that the copolymer 
increased 2 orders the hybridization rate and 3 orders the 
association rate for intermolecular quadruplex.

  A01775-03367 

Visualization of Actin Polymerization Regulated 
by the Gelsolin-family of Proteins Using Total 
Internal Reflection Fluorescence Microscopy

Balakrishnan KANNAN; Robert C. ROBINSON
Actin Structure and Cell Movement Group, Institute of 
Molecular and Cell Biology - A*STAR, Singapore

Concerted assembly and disassembly of actin filaments 
is an essential part of cell movement. Actin-filament 
length in the cytoskeleton is regulated by a variety of 
actin-modifying proteins such as gelsolin, villin and 
adseverin. To understand the mechanism of cell movement 
at the molecular level, a detailed understanding of the 
self-assembly of actin monomers into filaments and its 
regulation by the actin-modifying proteins is required. 
Ensemble-averaged data from the conventional bulk 
measurements do not allow an understanding of the process 
at the single molecule level. Total internal reflection 
fluorescence (TIRF) microscopy measurements provide 
a means to follow the cytoskeletal dynamics with single 
molecule sensitivity. [1] In the present work, in vitro TIRF 
time-lapse movies of actin polymerization in the presence 
of full length and truncated actin-regulating proteins such 
as gelsolin, villin and adseverin will be presented. The 
direct microscopic observations adduce further evidence 
to the structural and biochemical studies that established 
activation of gelsolin by calcium ions.[2], [3] 

[1] J.R. Kuhn, T. D. Pollard, Biophys. J 2005. 88:1387-1402
[2] R.C. Robinson et al, Science 1999. 286: 1939-1942
[3] K. Narayan et al, Febs Lett. 2003. 552:82-85

  A01804-03220 

Electrostatic Interactions in Chromatin

Lars NORDENSKIOLD
School of Biological Sciences, Nanyang Technological 
University, Singapore

Chromatin is an array of DNA wrapped around a positively 
charged histone octamer complex forming the central unit, 
the nucleosome core particle (NCP), and further linked 
to additional NCPs with the linker DNA. Coarse-grained 
molecular dynamics (MD) computer simulations can 
be used to model the condensation of nucleosome core 
particles (NCP) and chromatin arrays. The importance 
of the positively charged N-terminal histone tails in this 
condensation and the covalent modifications that change 
their charge can be investigated. Recent advances in 
recombinant molecular biology techniques have enabled 
the preparation of large (mg) quantities of pure and well 
defined nucleosomal model chromatin arrays. An example 
is the 601_12_177 DNA sequence, which yields a well 
defined 12-mer chromatin array with histone octamers 
(prepared from overexpression in E.coli). This unique 



Symposium M - DNA Nanoscience and Physics     23

biopolyelectrolyte system can be studied with biophysical 
methods (AFM, DLS, AUC, fluorescence imaging), that 
sensitively detect the compaction and aggregation of 
such recombinant systems of model chromatin arrays and 
NCP. Such results will be presented and compared with 
the computer modelling using both coarse-grained and 
full atomic models (including water) with reference to the 
general mechanisms of DNA-DNA attraction.

  A01804-03222 

Counterion Induced Electrostatic Condensation 
of Nucleosomes and Chromatin Arrays

Lars NORDENSKIOLD1; Nikolay KOROLEV1; 
Abdollah ALLAHVERDI1; Nikolay BEREZHNOY1; 
Ying LIU1; Chenning LU1; Alexander LYUBARTSEV2; 
Ye YANG1

1. School of Biological Sciences, Nanyang Technological 
University, Singapore
2. Physical Chemistry, Stockholm University, Stockholm, 
Sweden

Recombinant molecular biology techniques have enabled 
preparation of of pure and well-defined nucleosome core 
particles (NCP) and chromatin arrays. The 601_12_177 
DNA sequence yields chromatin arrays with 12 histone 
octamers that can be studied with biophysical methods. 
The importance of the basic N-terminal histone tails can 
be investigated. Results for the multivalent salt induced 
compaction of arrays and the aggregation of arrays, 
mononucleosomes (177 bp) and NCPs (147 bp), have been 
performed and compared with computer modelling using 
coarse-grained models of NCP and chromatin arrays. 

The results show the critical concentration of multivalent 
counterion concentration needed for compaction or 
aggregation, which for all three systems follow the order 
Na+ ≈ K+ >> Mg2+ ≈ Ca2+ >> spermidine3+ > Co(NH3)6

3+ > 
spermine4+. This is in accordance with polyelectrolyte theory 
and a mechanism of condensation due to salt screening, 
attractive ion correlation and histone tail bridging, which 
must be described in modelling incorporating explicit 
mobile ions (beyond Debye-Hückel). 

  A01806-03156 

Salt-(In)Dependent Oligocation-Induced DNA 
Condensation

Nikolay BEREZHNOY; Nikolay KOROLEV; 
Lars NORDENSKIOLD
Division of Structural and Computational Biology, 
Nanyang Technological University, Singapore

DNA is a stiff and densely negatively charged 
polyelectrolyte that adopts an extended coil conformation 
in solution. However, in biological systems, due to the 

volume constraints a highly ordered compact form has to 
be maintained, such as chromatin in the eukaryotic cell 
nucleus or tightly packed DNA in viruses. Understanding 
of the mechanisms of DNA condensation is directly and 
fundamentally related to bringing to light the molecular 
forces involved in DNA operation in vivo. We present 
the results of investigation of DNA condensation under 
influence of cationic ligands, ε-lysines and their α-amino 
acid derivatives with positive charge varied from +3 to +31. 
Isothermal titration calorimetry, dynamic light scattering, 
and precipitation assay were used to characterize DNA 
condensation in broad range of salt, ligand and DNA 
concentrations. The major result of our work is the 
development of universal model of DNA condensation 
by the oligocationic ligand. The model gives clear and 
simple quantitative relationship between concentration of 
the ligand causing the DNA condensation with the ligand 
charge, binding (dissociation) constant of the ligand-DNA 
interaction, concentrations of the DNA and monovalent 
salt.

  A01808-03157 

Mechanical Insights into the Physiological 
Functions of Intercellular Adhesion Molecules at 
Tight Junctions

Sri Ram Krishna VEDULA1; Tong Seng LIM2; 
Walter HUNZIKER3; Chwee Teck LIM1

1. Division of Bioengineering, National University of 
Singapore, Singapore
2. Singapore Immunology Network, Agency for Science, 
Technology and Research, Singapore
3. Institute of Molecular and Cell Biology, Agency for 
Science, Technology and Research, Singapore

Intercellular adhesion molecules play an important role in 
regulating several cellular processes such as proliferation, 
differentiation and inflammation. The role of selective 
paracellular permeability to epithelial monolayer is 
contributed by claudins (Cldns) and junctional adhesion 
molecules (JAMs) at tight junctions. Understanding 
interaction mediated by Cldns and JAMs is important not 
only because of their functions in regulating paracellular 
transport of solutes, but also because of their pathological 
role in acting as receptors for Clostridium perfringens 
Enterotoxin and reovirus attachment protein, σ1. Using 
single molecular force spectroscopy, Cldn1 was found to 
dissociate at a much faster rate than E-cadherins at adherens 
junctions. The first extracellular loop of Cldn2 (C2E1) was 
shown to be the major molecular determinants of trans-
interactions involving Cldn2. Comparing to JAM-A/
JAM-A interactions, JAM-A/σ1 is more stable and likely 
to anchor the virus to the cell surface and facilitate viral 
entry. Our results provide mechanical insights into the 
physiological as well as pathological functions of cell-cell 
adhesion molecules at tight junctions.
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  A01812-03163 

Biophysical and Transfection Study of Novel 
ε-oligolysine-based Peptides

Jiang YAN; Nikolay KOROLEV; 
Lars NORDENSKIöLD
School of Biological Sciences, Nanyang Technological 
University, Singapore

Nowadays there is increased interest in nonviral gene 
delivery vectors as alternatives to viral systems since 
they are expected to be safer. A prerequisite for gene 
therapy is an effective transport of DNA through the cell 
membranes to the nucleus, which is dependent on effective 
compaction and protection of the DNA vector. Recently 
novel DNA compaction agents, ε-oligo(L-lysines) and 
their branched α-amino-substituted derivatives, has been 
successfully tested for DNA compaction and in vitro gene 
delivery. The present work extends the earlier study using a 
number of newly developed ε-oligolysine-based peptides, 
ε-(LYH)K10, ε-(LYK)K10, ε-(LKY)K10, ε-(YKL)K10. 
In vitro transfection studies using the listed peptides 
were performed in four cell lines (Hela, 293F, Mewo 
and A549). Combination of the ε-peptides with DOTAP 
(commercial transfection agent), increases the transfection 
efficiency and ε-(LYH)K10 shows very high efficiency 
exceeding this of commercial agents. In parallel with in 
vitro transfection studies, compaction of plasmid DNA by 
these peptides is characterized by dynamic light scattering 
(DLS) in dependence on pH and other conditions relevant 
to the transfection experiment.

  A01830-03185 

Amyloidogenesis Abolished by Proline 
Substitutions but Enhanced by Lipid Binding: A 
Molecular Dynamics Study on the Aggregation of 
Rat/Human Islet Amyloid Polypeptide Segments

Ping JIANG; Weixin XU; Yuguang MU
Nanyang Technological University, Singapore

The influence of lipid molecule on the aggregation of a 
highly amyloidogenic segment of human islet amyloid 
polypeptide, hIAPP20-29, and the corresponding sequence 
from rat has been studied by all-atom replica exchange 
molecular dynamics (REMD) simulations with explicit 
solvent model. hIAPP20-29 fragments aggregate into 
partially ordered β-sheet oligomers and then undergo large 
conformational reorganization and convert into parallel/
antiparallel β-sheet oligomers in mixed in-register and out-
of-register patterns. The hydrophobic interaction between 
lipid tails and residues at positions 23-25 is found to stabilize 
the ordered β-sheet structure, indicating a catalysis role of 
lipid molecule in hIAPP20-29 self-assembly. The rat IAPP 
variants with three proline residues maintain unstructured 
micelle-like oligomers, which is consistent with its non-
amyloidogenic behavior observed in experimental studies. 

Our study provides the atomic resolution descriptions of 
the catalytic function of lipid molecule on the aggregation 
of IAPP peptides.

  A01834-03188 

Why is Spider Silk Stronger than Insect Silk?

Ning DU; Xiang Yang LIU; Gangqin XU; Xiang WU; 
Hu ZHOU
Physics, National University of Singapore, Singapore

Spider silk has been adsorbed a broad of interests due to its 
extraordinary mechanical properties, and potential important 
applications. Nevertheless, its very high production costs 
prevent it from any application with significant commercial 
value. On the other hand, silkworm silk, as a sort of fabrics 
utilized by mankind for over seven thousand years, remains 
the high production, while its mechanical properties are 
inferior to spider silk. Besides, spider silk also displays 
a bizarre stretch-toughening character which could not 
be identified in silkworm silk. It is to establish based on 
various structural analysis and modeling the correlation 
between the hierarchical structures and the performance of 
both spider and silkworm silks, and to identify the subtle 
structural differences between the two types of silks, 
leading to the different mechanical performance. Here we 
show that the extra toughness produced by spider dragline 
silk is due to a better alignment of β-crystallites along the 
fiber axis in the silks, while the unusual stretch-hardening 
and extraordinary breaking strain can be attributed to 
the intra-molecule β-sheets in silk fibrils, which serve as 
“molecular spindles” to store lengthy molecular chains in 
a compact space.  It is surprising to see that following a 
universal relationship, the breaking stress increase almost 
exponentially with the orientation of β-crystallites for both 
spider dragline silk and silkworm silk.

  A01846-03202 

The Physics of Genome Management 

Rob PHILLIPS
Applied Physics, California Institute of Technology, 
Pasadena CA, United States

Genomes are subjected to an array of different physical 
manipulations in the processes of packaging, replication, 
DNA repair and transcription. Often, these manipulations 
involve energetically costly deformations of the DNA 
molecule. In this talk, I will focus on several case studies in 
the physics of genome management including the packing 
and ejection of DNA from bacterial viruses, the packing 
of DNA into nucleosomes and the looping of DNA during 
transcription. The idea is to present an overarching view 
of the relation between the informational (i.e. sequence) 
and physical properties of the DNA molecule from both a 
theoretical and experimental perspective.
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  A01878-03237 

Biophysical Studies of Aggregation and Self-
assembly of Nucleosome Core Particle (NCP) 
Systems

Chenning LU; Nikolay KOROLEV; 
Lars NORDENSKIOLD
School of Biological Sciences, Nanyang Technological 
University, Singapore

Nucleosome core particle (NCP) is the fundamental 
repeating unit of chromatin. We propose that echoing 
the behavior of DNA and other biopolyelectrolytes, 
reconstituted NCP can interact with lipid membranes 
and self-assemble into ordered complexes, particularly 
multilamellar structures, in a form of what we call 
chromoplexes. 

We study the self-assembly of reconstituted NCPs with 
various anionic, neutral and cationic lipids forming 
multilamellar complexes. Currently, DIC, fluorescence 
and polarization microscopies are used as the first-line 
screening to scan different complexes. From these, we 
already have had preliminary results confirming the NCP-
cationic lipid complex formation, and demonstrated their 
complete co-localization using triple labeling of histone, 
DNA and liposomes. Shortly, a combination of biophysical 
techniques, including cryo-EM, AFM and Small Angle 
X-ray Scattering (SAXS), will be used to study the 
nanostructure of the chromoplexes. 

A parallel related project is to study the multivalent cation-
mediated NCP and globular NCP (gNCP) aggregation and 
precipitation, using UV spectrophotometer and Dynamic 
Light Scattering (DLS). We compare different behaviors 
between NCP and gNCP, in order to elucidate the effect of 
histone tails in these processes. 

Our research should help understand chromatin-nuclear 
membrane interactions during mitosis, and add knowledge 
to the general principle of the polyelectrolyte-lipid complex 
formation.

  A01898-03270 

Bayesian Analysis of Folding and Unfolding Time 
Series of Single-Forced RNAs

Fei LIU
Center for Advanced Study, Tsinghua University, Beijing, 
China

On the basis of a coarse-grain physical model of the 
folding and unfolding of single-forced RNAs conducted 
in light tweezer experiments, we theoretically investigate 
the feasibility of inferring the RNA’s intrinsic kinetic 
parameters from the noisy time series of the molecule’s 
extension. A Bayesian approach using Monte Carlo Markov 

Chain is proposed. We prove that this statistical approach is 
efficient and accurate in inferring the molecule’s physical 
parameters, even if the experimental data are yielded under 
a narrow range of forces.

  A01928-03725 

Fabrication of DNA Nanostructures for NanoBio 
Devices

 Sung Ha PARK

Department of Physics and Sungkyunkwan Advanced 
Institute of Nanotechnology, Sungkyunkwan University, 
Suwon, South Korea

Although it is well known as molecules for storage 
of genetic information in biology, DNA has also been 
recognized as an efficient building material in the 
field of DNA nanotechnology. DNA nanotechnology 
has been attractive as a novel assembly method for 
fabricating nanostructures for the last two decades. DNA 
molecules provide basic building blocks for constructing 
functionalized nanostructures with two major features: 
self-assembly and programmability. In this talk, we present 
on self-assembled DNA nanostructures, DNA-templated 
metallic nanowires, and DNA algorithmic self-assembly. 
1D and 2D periodically patterned nanostructures utilizing 
several distinct DNA motifs such as cross tiles, double 
crossover tiles as well as single-stranded tiles will be 
discussed with unique design schemes and characteristics. 
We have demonstrated fabrication of size-controllable, 
fully addressable, and precisely programmable DNA-based 
nanostructures. Especially in construction of “working” 
devices, properly designed DNA lattices can serve as a 
controllable and programmable scaffold for organizing 
nanomaterials such as protein or nanoparticles. DNA-
templated metallic nanowires using a chemical deposition 
method might be a good example. We discuss electrical 
measurement through silver nanowires and propose 
possibilities of the construction of electronic devices such 
as single electron transistors or spin-related devices based 
on DNA lattice. Finally we talk about DNA algorithmic 
self assembly which has been proposed as an effective 
method for the bottom-up fabrication of complicated 
patterns. In order to achieve an algorithmic DNA crystal 
with relatively low error rates and high crystal nucleation, 
we introduce a rationally designed error correction scheme 
of a proofreading crystal and a rigid nucleating structure.
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  A01944-03593 

Distinct Stabilization of DNA Duplex by Introducing 
Cationic Dye Cluster

Hiromu KASHIDA1; Hidehiro ITO1; Taiga FUJII1; 
Hiroyuki ASANUMA1;2

1. Graduate School of Engineering, Nagoya University, 
Nagoya, Japan
2. CREST, Japan Science and Technology, Saitama, 
Japan

In this study, we introduced cationic dyes into DNA in 
order to stabilize DNA duplex. To date, many artificial 
bases have been reported. However, most artificial base 
pairs reported so far utilize only stacking interactions 
and/or hydrogen bonding, and direct incorporation of 
positive charge on a pseudo-nucleobase has scarcely 
been investigated. One of the reasons is the instability 
of the N-glycosidic linkage between cationic molecules 
and D-ribose under acidic/basic conditions during DNA 
synthesis. To our knowledge, little has been reported on 
the “base paring” between cationic molecules. 

In the present study, we report new artificial cationic base 
surrogates with D-threoninol, which stabilize duplexes 
through both electrostatic and stacking interactions. 
D-Threoninol has an amino residue, to which dyes can 
be conjugated through an amide bond. Accordingly, this 
linker can avoid the above-mentioned synthetic problems. 
Here, we incorporated p-methylstilbazole (Z) as a cationic 
pseudo-nucleobase into ODNs for further stabilization of 
duplexes. Z has a quaternized pyridine ring and a positive 
charge regardless of pH. Hence, a Z-Z pair should facilitate 
duplex formation through electrostatic interactions 
between the dye cation and phosphate anion. In addition, 
Z has strong SHG activity so that dye aggregates of Z have 
the potential to be applied as optical materials. 

Melting temperature (Tm) of native duplex without dyes 
was 47.7 oC. When one Z-Z pair involving a positive charge 
was introduced into 12mer ODN, however, the Tm became 
as high as 57.7 °C. the Tm increase was much larger than 
that of a natural A-T (Tm: 49.4 oC) or even G-C (Tm : 53.4 
oC) pair. Thus, the efficient stabilization of the duplex by 
incorporation of a positive charge is conclusive. 

Further introduction of cationic dyes greatly stabilized 
the duplex. Tm monotonically increased when the number 
of Z-Z pairs in the duplex increased from one to three. 
In particular, when three Z-Z pairs were introduced into 
ODN, Tm increased up to 68.5 oC, which was 20 °C higher 
than that of native duplex. These results clearly show that 
multiple incorporation of Z-Z pairs did not destabilize but 
instead largely stabilized the duplex. It should be noted 
that accumulated positive charges did not act repulsively, 
but facilitated assembly.

  A01944-03595 

Preparation of Homo- and Hetero-dye Cluster by 
Using DNA as a Scaffold 

Taiga FUJII1; Hiromu KASHIDA1; 
Hiroyuki ASANUMA1;2

1. Graduate Shool of Engineering, Nagoya University, 
Nagoya, Japan
2. CREST, Japan Science and Technology, Kawaguchi, 
Japan

Functional molecules such as dyes were tethered on 
D-threoninol as base surrogates (threoninol-nucleotide), 
which were consecutively incorporated at the center of 
natural oligodeoxyribonucleotides (ODNs). Hybridization 
of two ODNs involving threoninol-nucleotides allowed 
interstrand clustering of the dyes on D-threoninol and 
greatly stabilized the duplex. 

When two complementary ODNs, both of which had 
tethered Methyl Reds on consecutive D-threoninols, 
were hybridized, the melting temperature increased 
proportionally to the number of Methyl Reds, due to 
stacking interactions. Clustering of Methyl Reds induced 
both hypsochromicity and narrowing of the band, 
demonstrating that Methyl Reds were axially stacked 
relative to each other (H-aggregation). Since hybridization 
lowered the intensity of circular dichroism peaks at the π–π* 
transition region of Methyl Red (300–500 nm), clustered 
Methyl Reds were scarcely wound in the duplex. 

Alternate hetero dye clusters could also be prepared only 
by hybridization of two ODNs with different threoninol-
nucleotides, various heterodimers and clusters, in which 
two different dyes were stacked alternately, were prepared 
by hybridizing two oligodeoxyribonucleotides (ODNs), 
each of which tethered a different dye on D-threoninol 
at the center of the strand. Spectroscopic behaviors of 
these heterodimers were systematically examined as a 
function of the difference in the wavelength of absorption 
maximum (∆λmax). We found that absorption spectrum of 
the heterodimer was significantly different from that of the 
simple sum of monomeric dye in the single-strand. 

When azobenzene and Methyl Red, which had their λmax at 
336 nm and 480 nm in the single-strand, respectively (∆λmax 
= 144 nm), were assembled on ODNs, the band derived 
from azobenzene exhibited small hyperchromism whereas 
band from Methyl Red showed hypochromism with both 
band shifting to longer wavelength (bathochromism). These 
hyperchromism and hypochromism were further enhanced 
with much smaller ∆λmax of 4’-methylthioazobenzene and 
Methyl Red combination, which had their λmax at 398 and 
480 nm in the single-strand. 

With much smaller ∆λmax combination of 4’-dimethylamino-
2-nirtoazobenzene and Methyl Red (∆λmax = 33 nm), 
single sharp absorption band which was apparently 
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different from the sum of single-stranded spectra was 
observed. These results regarding the change of intensity 
of absorption band could be explained from the molecular 
exciton theory that has been mainly applied to the spectral 
behavior of H and/or J-aggregates composed of homo 
dyes. However, bathochromic shift of the band with 
shorter wavelength did not coincide with the theory which 
predicts hypsochromism. 

  A01952-03812 

DNA Nanodevices Based on i-motif Structures

Dongsheng LIU
National Centre for NanoScience and Technology, Beijing, 
China

The molecular recognition properties of DNA are 
sufficiently well understood to enable the self-assembly 
of defined structures on the nanometer scale.[1] DNA 
nanostructures have the potential to form the next 
generation of functional devices. An important challenge 
is to fabricate molecular components that act as machines.
[2] Based on the i-motif structure, a DNA quadruplex 
which is formed by DNA containing stretches of cytosine 
under slight acidic conditions, we have demonstrated a 
pH-change driven DNA nanomotor. Each working cycle 
of this motor could be finished in seconds and the by-
product is H2O plus salt, multiple cycling of this machine 
has also been demonstrated.[3] We have also shown the 
working ability of this nanomotor in the solid/liquid 
interface[4] as well as driving a microcantilever move.[5] In 
this talk, we will show its application in fabricating smart 
devices such as pH trigged DNA nanocompartment[6], 
enthalpy-driven three-State switching of superhydrophilic/ 
superhydrophobic surface[7], as well as photo-pH dually 
modulated fluorescence switch and controllable assembly 
of gold nanoparticles.[8]

[1] N. C. Seeman, Nature 2003, 421, 427-431.
[2] C. Mao, W. Sun, Z. Shen, N. C. Seeman Nature 1999, 397, 
144-146.
[3] D. Liu, S. Balasubramanian Angew. Chem., Int. Ed. 2003, 
42(46), 5734-5736.
[4] D. Liu, A. Bruckbauer, C. Abell, S. Balasubramanian, D.-J. 
Kang, D. Klenerman and D. Zhou J. Am. Chem. Soc. 2006, 128, 
2067-2071.
[5] W. Shu, D. Liu, M. Watari, C. K. Riener, T. Strunz, M. E. 
Welland, S. Balasubramanian, R. A. McKendry, J. Am. Chem. 
Soc. 2005, 127, 17054-17060.
[6] Y. Mao; D. Liu; S. Wang; S. Luo; W. Wang; Y. Yang; 
Q.Ouyang; L. Jiang Nucleic Acids Research 2007, 35, e33.
[7] S. Wang, H. Liu, D. Liu, X. Ma, X. Fang, and L. Jiang Angew. 
Chem., Int. Ed. 2007, 46, 3915-3917.
[8] W. Wang, H. Liu, D. Liu, Y. Xu, Y. Yang, and D. Zhou 
Langmuier 2007, 23, 11956-11959.

  A01957-03384 

Compaction and Aggregation of Model Chromatin 
Arrays Utilizing Nucleosome-Positioning DNA 
Sequence

Abdollah ALLAHVERDI; Nikolay KOROLEV; 
Lars NORDENSKIOLD
Division of Structural and Computational Biology, 
Nanyang Tecnological University, Singapore

Genetic processes, such as transcription and replication 
depend on DNA in the content of chromatin. Chromatin 
consists of linear array of uniform units called nucleosomes. 
Nucleosomes are made of DNA and histones protein. 
Approximately 147 bp of DNA is wrapped 1.75 turns 
around the octamer protein which comprised of pairs of 
the core histones H2A, H2B, H3 and H4. Linker DNA and 
linker histone H1 connect the nucleosome together and 
form higher order structures. These chromatins fibers are 
coiled or compacted further into higher order chromatin. 
The positive charges of the histone tails are believed to 
mediate inter-nucleosomal interactions between negatively 
charged DNA leading to condensed chromatin.

In this project, nucleosomes and nucleosomal arrays 
are studied. The DNA array  template; the 12 tandem  
177 bp repeats of the 601 positioning sequence, has been 
amplified in E.coli HB101 and purified by several gel 
filtration methods. The individual H2A, H2B, H3 and 
H4 histones have been overexpressed in E.coli BL 21 
pLys S and purified by gel filtration and cation-exchange 
chromatography. Histone octamer has been prepared from 
individual histones and 12-mer nucleosomal array has been 
reconstituted using 12-mer DNA and histone octamer.

Salt induced compaction was studied using analytical 
ultracentrifugation sedimentation velocity measurements, 
and aggregation was studied by dynamic light scattering 
(DLS) and precipitation assay. Compaction of the 12-mer 
nucleosome array varies from 35 S in low salt solution to 
maximum values 53-55 S in presence of 1 mM MgCl2,  
0.8 mM CaCl2, 15 μM Co(NH3)6Cl3 and 100 mM NaCl. 
The compaction and aggregation ability of the cations 
follows the trend: spermine4+ > Co(NH3)6

3+> spermidine3+> 
CaCl2 ≥  MgCl2> NaCl≥ KCl.
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  A01968-03399 

Preparation and Biophysical Studies of Charge 
Mutated Histone Proteins H4 and H2A for 
Nucleosome Core Particle and Chromatin 
Condensation 

Ying LIU; Nikolay KOROLEV; Lars NORDENSKIOLD
School of Biological Sciences, Nanyang Technological 
University, Singapore

In addition to the genetic information encoded by DNA 
sequence, a second layer of regulatory information has been 
unveiled in the chromatin of eukaryotes, which is termed 
epigenetics. It refers to the interplay of nuclear proteins 
and DNA at the higher structural level that consequently 
modulate genetic regulation directly. A key component of 
epigenetic regulation is the reversible switching ON and 
OFF of the positive charges of the histone tails. To evaluate 
the effects charge presence and distribution, site-directed-
mutagenesis was carried out, by substituting lysines on the 
H4 tails to glutamines, one at a time or in a combinatorial 
manner. These H4 mutants were expressed in E. coli system 
to avoid any post-translational modifications and were then 
reconstituted into nucleosome core particles (NCP) with 
recombinant H2A, H2B, H3 and 147 bp DNA. The ability 
of compaction for both recombinant and mutant NCPs was 
analyzed by dynamic light scattering and precipitation 
assay. The results showed that the elimination of positive 
charges, at H4 tails alone, significantly altered the behavior 
of NCPs in cation induced aggregation and precipitation. 
Similar experiments are also being carried out on the H2A 
acidic patch to explore its role in chromatin structure and 
gene regulation. 

  A01993-03436 

Focused Ion Beam Biolithography for Micro/
Nanopatterning of DNA and Proteins

Jie JIANG2; Dieter TRAU1;2

1. Division of Bioengineering, National University of 
Singapore, Singapore
2. Department of Chemical and Biomolecular 
Engineering, National University of Singapore, Singapore

Biomicrodevices including biochips, BioMEMS, micro-
total analysis system (µ-TAS), and lab-on-a-chip (LOC) 
are of great interest today, and patterning of biomolecules 
such as DNA and proteins is regarded as a critical step in 
their fabrication. The state of the art patterning techniques 
e.g. photolithography and micro-contact printing (µCP) 
have limitations such as lacking of precise alignment 
between biomolecules and the underlying substrate 
surfaces or microstructures, and difficulties in localized 
patterning within defined small area in micrometer scale or 
in a well-fabricated device. Here, a new technique Focused 
Ion Beam (FIB) Biolithography has been developed for the 
micro/nanopatterning of DNA and protein.

It is a maskless approach based on FIB direct writing/
milling of any desired pattern on biomolecules 
immobilized samples. The desired DNA (oligonucleotide) 
or protein (NeutrAvidin and anti-Mouse IgG) was 
covalently immobilized onto SiO2 surfaces firstly, and a 
layer of gold film was deposited onto the biomolecules 
immobilized substrate. The gold film performed as a 
protection layer during the FIB milling. Both DNA and 
protein micropatterns with feature sizes of better than 500 
nm were fabricated. The high biofunctionality retention 
and biofunctional specificity of the patterned DNA and 
protein were tested and demonstrated by bioaffinity assays. 
Microstructures were fabricated simultaneously in the 
same process by FIB milling, resulting in the inherently 
perfect alignment of the DNA/protein micropatterns 
with the microstructures. Furthermore, aligned binary 
component micropatterns consisting of DNA and protein 
without cross-contamination were fabricated. The FIB 
biolithography approach is fast, flexible and controllable.

FIB-Biolithography is a new versatile method and enabling 
technology to create future DNA based devices.

  A01993-03442 

Microcapsules as Diffusion Controlled Reaction 
Compartments for High Throughput PCR 

Wing Cheung MAK1; Yee Cheung KWAN1; 
Reinhard RENNEBERG1; Dieter TRAU2;3

1. Department of Chemistry, Hong Kong University of 
Science and Technology, Hong Kong
2. Department of Chemical and Biomolecular 
Engineering, National University of Singapore, Singapore
3. Division of Bioengineering, National University of 
Singapore, Singapore

We present a novel approach, termed “Microcapsule-PCR”, 
to perform up to one million individual Polymerase Chain 
Reaction (PCR) in microcapsules. Microcapsules with a 
permeable capsule wall of nm thickness were constructed by 
Matrix Assisted Layer-by-Layer Encapsulation technique. 
During the PCR, small molecular weight building blocks - 
nucleotides (dNTPs) were supplied externally and diffuse 
through the permeable capsule wall into the interior, while 
the high molecular weight PCR product is accumulated 
within the microcapsule, thereby an unlimited supply 
of dNTPs is possible. We demonstrate that individual 
microcapsules do not exchange biological reagents during 
PCR cycles. The method has potential applications in DNA 
screening and the construction of Molecular Libraries for 
Synthetic Biology.
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  A02005-03498 

Photo-driven DNA Nanomachine with New Duplex 
Motif Composed of Threoninol 

Hiroyuki ASANUMA1;2; Mochizuki TOSHIO1; 
Nobutaka TAKENAKA1; Hidenori NISHIOKA1; 
Xingguo LIANG1 
1. Molecular Design and Engineering, Graduate School 
of Engineering Nagoya University, Nagoya, Japan
2. CREST - JST, Japan

In the present paper, we demonstrate photoresponsive 
DNA tweezers as a nanomachine fuelled with photons 
by using azobenzene-modified DNA. The tweezers are 
opened by UV light irradiation (330-350 nm) and closed 
by visible light irradiation (440-460 nm) without adding 
oligonucleotides as the fuel. 

Most of the DNA nanomachines constructed up to 
now use oligonucleotide as the fuel. In many of these 
systems, the mechanical motion is usually carried out by 
the hybridization of one DNA fuel to target sequences 
followed by removing it with another DNA that is 
completely or partially complementary to the first one. 
As the energy for operating these DNA nanomachines 
was produced by strand exchange strategy, a duplex DNA 
was produced as a waste product in every working cycle. 
Thus, the operating efficiency decreased gradually with 
the accumulation of “wastes”. A new strategy is required 
to overcome this problem for further development of the 
DNA nanotechnology.

In recent 10 years, we have developed a series of 
photoresponsive DNAs by covalently tethering 
azobenzene moieties onto DNA strand. Hybridization 
of these photoresponsive DNAs to single-stranded DNA 
(to form duplex), RNA (to form DNA/RNA hybrid), 
or double-stranded DNA (to form triplex) has been 
efficiently switched ON and OFF simply by irradiating 
UV and visible light. This is based on the following 
mechanism: the planar trans-azobenzene intercalates 
between adjacent base-pairs and stabilizes the duplex or 
triplex structure by stacking interaction; whereas the non-
planar cis-azobenzene destabilizes it by steric hindrance. 
The photoregulation efficiency could be amplified by 
introducing multiple azobenzene residues into DNA. 
The azobenzenes on threoninols were additionally 
introduced into the oligonucleotide at a frequency of one 
azobenzene moiety for every two nucleotides (such as 
..(NNX)n..., where N and X denote natural nucleotide and 
azobenzene on threoninol, respectively). For example, 9 
azobenzenes have been introduced into a 20-nt-long DNA 
and its complementary counterpart is 20-nt-long natural 
DNA. By hybridizing two asymmetrical strands, clear-
cut photoswitching of DNA duplex formation has been 
achieved. It should be noted that this new duplex motif 
(wedged motif) was sufficiently stable in trans-form 
without losing the sequence specificity, whereas duplex 

was remarkably destabilized in cis-form. By use of this 
new duplex motif, photon-fuelled DNA nanomachines 
that are ‘environment-friendly’ without producing DNA 
wastes have been constructed. Here, we report a simple, 
less expensive, clean, and long-lived photoresponsive 
DNA nanomachine that can be operated continuously by 
reversibly photoswitching its mechanical motion with 
light irradiation.

  A02009-03471 

Synthetic Reaction Circuits based on DNA and 
RNA 

Friedrich SIMMEL
Physics Department - E14, Technical University Munich, 
Garching, Germany

The predictable interactions between complementary 
sequences of DNA or RNA can be utilized for the 
construction of  synthetic biochemical reaction circuits. 
Such circuits can be used to employ molecular information 
transduction in sensors, logical calculations, but also 
interesting dynamics such as oscillatory behavior. This can 
be applied to control the motion of molecular devices, the 
synthesis of functional molecules such as RNA aptamers, 
or the delivery of agents in response to an external trigger. 
A variety of examples will be presented, which are either 
based on DNA hybridization alone, or on the combination 
of DNA devices with synthetic gene regulatory circuits

  A02042-03516 

Cells on Chips

Danny VAN NOORT
Institute of Bioengineering and Nanotechnology, 
Singapore

This talk focuses on 2 aspects: cells as chemosenor and 3D 
cell constructs for drug screening.

Cell cultures on microfluidic chips are a step forward in 
cell based biological studies, as the amount of reagents and 
cells is greatly while the control; over spatial arrangement 
increases.  In this manner, cells, such as ciliates, can be 
located in specific places to sense chemical changes, while 
3D cell constructs can be fabricated that will have a more 
reliable mimicry of in vivo models.  These systems can be 
readily used for drug toxicity and metabolism screening.

To perform chemosensing with cell, ciliates are ideal as 
they are extremely mobile and therefore move towards 
or away from any chemical introduced into the system.  
We have studied the chemotaxis effect on these ciliates 
glycol derivatives, which can behave as chemo attractant 
or repellers. 
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Furthermore, I will present the technology to construct the 
microfluidic system as well as some data on cell viability 
of the different cells and methods of cell constructs.  The 
chip contains a PMDS channel with micropillars to trap 
the cells in a 3D spatial arrangement, which were seeded 
by withdrawing the media from the channel.  The cells 
can immobilized in an extra-cellular matrix (ECM) using 
one of the two following methods. The first method 
utilizes coacervation of methylated collagen and HEMA-
MMAMAA, while the second method forms the ECM 
with cell excreted collagen, which were linked together 
with an external linker. Cells used in this study are primary 
hepatocytes, mesenchymal stem cells (MSCs) and a 
hepatocarcinoma cell line, HepG2 and were cultured for 
up to 72 hours.

  A02047-03522 

A Universal Description of DNA Condensation by 
Cationic Ligands 

Nikolay KOROLEV; Nikolay V. BEREZHNOY; 
Lars NORDENSKIöLD
School of Biological Sciences, Nanyang Technological 
University, Singapore

DNA is rigid and strongly negatively charged biopolymer 
and adopts extended coil conformation in water solution 
whereas for DNA functionality in vivo and for a number of 
applications (e.g. for gene delivery) the volume occupied 
by the DNA macromolecules should be radically reduced. 
To achieve DNA condensation, DNA-DNA electrostatic 
repulsion must be substantially diminished that is 
accomplished by interaction with multicationic ligands 
such as natural basic proteins (histones, protamines) or 
artificial compounds (e.g. polyethylenimine, polylysine). 
Despite its fundamental importance, comprehensive 
description of salt dependence of DNA condensation 
induced by multivalent cations is still lacking. 

We present a systematic physicochemical study of 
interaction and condensation of DNA by cationic ligands 
with wide variation of the ligands charge. As cationic 
ligands we use novel peptide-mimicking ligands, 
ε-oligolysines (and their derivatives) that are prepared by 
solid phase synthesis with high purity and precisely defined 
charge varying from +3 to +31. Combination of dynamic 
light scattering, precipitation assay and isothermal titration 
calorimetry allowed covering a wide range of DNA, 
monovalent salt and ligand concentrations. We found that 
efficiency of the ligands to condense DNA shows existence 
of two regimes: salt-independent at low CKCl (with little 
change upon addition of KCl) and salt-dependent with 
steep increase of the ligand concentration to condense DNA 
with rise of CKCl. Simple model is proposed which gives a 
clear and quantitative relationship between concentration 
and charge of the ligand causing the DNA condensation, 
binding constant of the ligand-DNA interaction and 

concentrations of DNA and monovalent salt. The model is 
able to predict the experimental behavior for a vast range 
of such conditions. Implications from our findings to a 
number of observations reported for chromatin (natural 
DNA state in the cell nucleus) are discussed. 

  A02047-03524 

Molecular Dynamics Simulation of DNA-DNA 
Interaction Mediated by the Histone Tails

Nikolay KOROLEV; Yu HANG; Lars NORDENSKIöLD
School of Biological Sciences, Nanyang Technological 
University, Singapore

Detailed, investigation of oligocation-mediated DNA-
DNA interaction has been undertaken in a series of all-atom 
MD simulation using a simulation setup which included 
several DNA oligomers and multiply short fragments 
of the basic oligopeptides. Our attention is centered 
on studies of short cationic oligopeptides representing 
fragments of the histone tail H4 which plays the decisive 
role in chromatin compaction. Several series of the MD 
simulation with various fragments of the histone tails have 
been carried out with sequential increase of the charge of 
the oligopeptide, complexity of the DNA-oligopeptide 
system and simulation time. To discern specific influence 
of the cationic oligopeptides on the DNA from structural 
and dynamic behavior of the “free” DNA in solution, 
separate “blank” MD simulations have been carried out 
under similar conditions (number of DNA oligomers 
and water molecules, size of the cell) in the absence of 
the histone fragments. A wealth of information has been 
obtained related to all aspects of structure, dynamics, and 
interaction of the DNA, oligopeptides, K+ and water. 

  A02075-03670 

Molecular Nanospring: Mystery of Ultra-functional 
Spider and Silkworm Silk

Xiang WU1;2; Xiangyang LIU1; Ning DU1; Gangqin XU1; 
Baowen LI1;2;3

1. Department of Physics, National University of 
Singapore, Singapore
2. Centre for Computional Science and Engineering, 
National University of Singapore, Singapore
3. NUS Graduate School, National University of 
Singapore, Singapore

The statement that one pencil thick strand of spider silk 
can stop a Boeing 747 in flight reflects its extraordinary 
mechanical properties, which serves a wide range of 
potential applications fulfilling various functions. On the 
other hand, the high production of silkworm silk makes 
its irreplaceable stay in textile and other markets, despite 
its inferior properties to spider silk. Although spider 
and silkworm silk share a high degree of similarity in 
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the chemical composition and nano-structures of their 
respective fibrils, the two kinds of silks behave distinctly 
in their mechanical responses. Different from the polymers 
synthesized from feedstocks of petrochemical which are 
popularized nowadays, the aforementioned natural fibres 
show comparable strength but much higher extensibility, 
among which spider dragline silk is the toughest, but 
less stiffer than silkworm silk. In this letter, we adopt a 
new approach combining theoretical modeling with silk 
stretching measurements to explore the mystery of the 
nano-structures of the two types of silks, leading to the 
differences in mechanical response to external stress. In 
this regard, the typical stress-strain profiles are successfully 
reproduced by implementing the newly discovered and 
quantitatively verified “β-sheet splitting” mechanism 
occurred in both crystalline and amorphous region. The 
“β-sheet splitting” process varies the secondary structure 
of protein macromolecules, from crystalline to unfolded 
phase; therein, the less compact tiny β-crystallites in 
amorphous region of spider dragline fibrils are split and 
resolved in the amorphous matrix during stretching. The 
corresponding simulation based on this concept shows 
good accordance with the experimental results. Hence we 
can conclude from our study that post-yield softening of the 
two kinds of silk is caused by the split of β-sheet structure 
due to the breakage of hydrogen bonds, while the high 
extensibility and post-yield stiffening of spider dragline is 
attributed to the resolving of tiny β-sheet crystallites by 
individual protein molecules. This research reveals for the 
first time the structural factors to the mechanical response 
of functional biomaterials; by applying this approach, the 
mechanical properties of silkworm silk and spider dragline 
are differentiated naturally. Besides, the combination 
of theoretical modeling with experiments opens up a 
completely new approach in resolving conformation of 
various biomacromolecules.
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  A02082-03835 

Multifunctional Core-shell Silica Nanoparticles 
as Highly Efficient Imaging and Photosensitizing 
Agents 

Ruirui ZHANG; Chuanliu WU; Qinghua XU
Chemistry, National University of Singapore, Singapore

Here we report the preparation of a novel multifunctional 
core-shell nanocomposite material that contains a 
nonporous, dye-doped silica core for fluorescence imaging, 
and a mesoporous silica shell containing photosensitizer 
molecules, hematoporphyrin (HP). This architecture 
allows simultaneous photosensitization treatment and 
fluorescence imaging. Cetyltrimethyl ammonium bromide 
was used as an organic template and simultaneously 

provided nucleation sites for the hydrolysis of silicane. 
The prepared silica nanoparticles have a uniform and 
ultrasmall size that is proper for photodynamic therapy. 
The photosensitizer molecules are covalently linked to 
the mesoporous silica shell and exhibit excellent singlet 
oxygen generation efficiency. The efficiency of photo-
oxidation of SiO2@HP nanoparticles was demonstrated to 
be ~15 times larger than that in the homogeneous solution. 
The mesoporous silica nano-vehicle acts as not only a 
carrier for the photosensitizers, but also as a nano-reactor 
to facilitate the photo-oxidation reaction. The doping 
of fluorescence dyes into the nonporous core endows 
the imaging capability. This approach could be easily 
extended to conjugate other functional regents, such as Gd 
complexes, other fluorescence dyes or recognition groups, 
if necessary. These multifunctional nano-vehicles possess 
unique advantages in acting as nanocarriers for PDT 
to allow high-resolution targeting and control of single 
oxygen generation in cells or tissues. 

  A02087-03594 

Computer Modeling Reveals That Modifications 
of the Histone Tails Define Salt-Dependent 
Aggregation of the Nucleosome Core Particles

Ye YANG1; Nikolay KOROLEV1; 
Alexander P. LYUBARTSEV2; Lars NORDENSKIOLD1

1. Division of Structural and Computational Biology, 
Nanyang Technological University, Singapore
2. Division of Physical Chemistry, Stockholm University, 
Stockholm, Sweden

Coarse-grained molecular dynamics (MD) computer 
simulations were conducted for systems mimicking 
solutions of nucleosome core particles (NCP). The NCP 
was modeled as combination of flexible polycationic 
histone tails attached to a negatively charged spherical 
particle in a dielectric continuum with explicit mobile 
counterions and added salt. The size, charge and 
distribution of the tails relative to the core were built to 
match real NCP. Three models of the NCP were constructed 
to represent different extent of covalent modification 
on the histone tails: recombinant (rNCP), acetylated 
(aNCP) and acetylated+phosphorylated (paNCP). NCPs 
form condensed systems via histone tail bridging and 
accumulation of counterions in the contacting regions. 
NCP-NCP interaction is decisively dependent both on the 
modification state of the histone tails and on salt conditions. 
Increase of monovalent salt concentration (KCl) from salt-
free to physiological concentration leads to formation 
aggregates of rNCPs with only occasional existence of 
NCP associates in the system of aNCPs. In the presence 
of Mg2+, the rNCPs form densely condensed stable 
aggregates whereas in the system with the acetylated NCP, 
the nucleosomes form aggregates much less frequently. 
The phosphorylated+acetylated NCPs show no NCP-NCP 
interaction upon addition of KCl and in the presence of 
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Mg2+. At low salt concentration, gradual substitution of K+ 
for Mg2+ leads to the formation of NCP-NCP aggregates 
with rNCP showing stronger aggregation at lower degree 
of Mg2+ substitution than similar system with acetylated 
NCPs. The results of simulations are in agreement with 
experimental data reported for NCP solutions and for 
chromatin arrays. [Accepted to be published at Biophysics 
Journal] 

  A02109-03636 

Mechanical Characterization of Protein L in the 
Low-force Regime by Electromagnetic Tweezers/
Evanescent Nanometry

Ruchuan LIU1; Sergi GARCIA-MANYES2; 
Atom SARKAR3; Carmen L. BADILLA2; 
Julio M. FERNANDEZ2

1. Department of Physics, National University of 
Singapore, Singapore
2. Department of Biological Science, Columbia 
University, New York, United States
3. Department of Neurological Surgery, Ohio State 
University, Ohio, United States

Mechanical manipulation at the single molecule level of 
proteins exhibiting mechanical stability poses a technical 
challenge that has been almost exclusively approached by 
atomic force microscopy (AFM) techniques. However, 
due to mechanical drift limitations, AFM techniques are 
restricted to experimental recordings that last less than 
a minute in the high-force regime. Here we demonstrate 
a novel combination of electromagnetic tweezers and 
evanescent nanometry that readily captures the forced 
unfolding trajectories of protein L at pulling forces as low 
as 10~15 pN.  Using this approach, we monitor unfolding 
and refolding cycles of the same polyprotein for a period 
of time longer than 30 minutes. From such long lasting 
recordings, we obtain ensemble averages of unfolding step 
sizes and rates that are consistent with single molecule AFM 
data obtained at higher stretching forces. The unfolding 
kinetics of protein L at low stretching forces confirms and 
extends the observations that the mechanical unfolding 
rate is exponentially dependent on the pulling force within 
a wide range of stretching forces spanning from 13 pN up 
to 120 pN, thereby excluding the presence of curvature in 
the rate-versus-force plot. Our experiments demonstrate a 
novel approach for the mechanical manipulation of single 
proteins for extended periods of time in the low-force 
regime, providing an ideal complement to force-clamp 
AFM, expanding the accessible regions of the unfolding 
energy landscape of a mechanically stable protein.

  A02127-03669 

Fine-tuning of DNA-polyelectrolyte Interactions 
and DNA Transfection via Chemically Coded 
Core-shell Macroions

Tanja WEIL1;2; Radu GROPEANU2; Klaus EISELE2

1. Department of Chemistry, National University of 
Singapore, Singapore
2. Max Planck Institute for Polymer Research, Mainz, 
Germany

The self-assembly of polyelectrolytes has been an area 
of high scientific interest and it has been intensively 
investigated in the past. The driving force of polyelectrolyte 
complex formation is predominantly based on electrostatic 
attractions between opposite charges, accompanied with 
other associations, such as hydrogen bond formation or 
hydrophobic interactions. Extending the classical self 
assembly of amphiphiles or polyelectrolyte surfactant 
complexes to multivalent ions opens a versatile field of 
supramolecular structures and with new functionalities. 
The interaction of multivalent ions plays a crucial role in 
many cellular processes such as gene transport or gene 
transcription.

We will present the preparation dendritic and protein-
based polyelectrolytes with increasing numbers of positive 
or negative charges via controlled grafting from or grafting 
onto reactions. These multivalent macroions form defined 
complexes with plasmid DNA depending on their nature 
and number of surface charges. Chemical coding of the 
surface of the protein and dendrimer macroions has a 
considerable impact on the nature of the resulting DNA 
complexes, e.g. their stoechiometries, stabilities, DNA 
accessibility and the complex morphologies. Based on 
an improved understanding of the interplay between 
complex morphologies and cellular responses such as 
cell uptake and gene transfection, we were able to design 
a set of highly efficient protein-based gene delivery 
devices. Our observations allow a better understanding of 
polyelectrolyte complex formation as well as the general 
mechanisms underlying gene transfection. 

  A02158-03713 

Conjugated Polymers as Light Harvesting 
Materials for DNA Studies

Ning TIAN; Xinsheng REN; Qing-Hua XU
Chemistry, National University of Singapore, Singapore

Conjugated polymers are novel low-dimensional materials 
with many interesting optical and electronic properties. 
Particularly conjugated polymers display optical 
amplification effect via fluorescence resonance energy 
transfer (FRET). They can thus be used as light harvesting 
complex to develop various light based applications with 
enhanced efficiency. Conjugated polymers also have large 
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two-photon absorption cross sections compared to the 
small molecule counterpart. They can thus also be used as 
two-photon excitation light harvesting complexes. 

In this presentation, I will discuss a few applications of 
using cationic conjugated polymers in DNA studies. 
First, I will discuss the use of conjugated polymers in 
combination with PicoGreen to develop a label free 
DNA sensor with enhanced detection efficiency and 
further improved selectivity. The high selectivity enables 
detection of single nucleotide mismatch even at room 
temperature. This method uses all commercially available 
materials. It is low cost, simple to use, and works in a 
“mix-and-detect” manner. Secondly, I will discuss the 
application of conjugated polymers as a two-photon light 
harvesting material. In a system consisting of a cationic 
conjugated polymer, dsDNA and a DNA intercalator, the 
conjugated polymer can enhance the two-photon excitation 
fluorescence of the DNA intercalator by a factor of nearly 
100 times by two-photon excitation fluorescence energy 
transfer. This result may profound implications in two-
photon imaging and phototherapy.
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The Effect of Pre-drawing on the Mechanical 
Properties and Microstructure of the Regenerated 
Silk Fibroin Films

Jianwei YIN1;2; Zhengzhong SHAO2

1. Department of Physics, National University of 
Singapore, Singapore
2. Department of Macromolecular Science, Fudan 
university, Shanghai, China

In recent years, spider silk and silkworm silk have aroused 
considerable interests for their outstanding mechanical 
properties. And at the same time, the major component of 
the silk - silk fibroin is potential in biomedical fields for the 
large yield, excellent biocompatibility and biodegradability. 
Although the regenerated silk fibroin film and the natural 
silk are almost the same in the chemical component 
(sequence of the amino acid), but the mechanical properties 
of the regenerated silk fibroin film is much weaker than the 
natural silk. In recent years, some researchers have got the 
regenerated silk fibroin with good mechanical properties 
by spin-coating and layer-by-layer, but the films are still 
very brittle besides the thickness is smaller than 500nm. 
In this letter, silk fibroin films were prepared by dissolving 
degummed natural silk in LiBr solution and subsequently 
drying by casting. To introduce preferred orientation, the 
films are uniaxially drawn under water swollen condition. 
Pre-drawing resulted in improved tensile strength and 
Young’s modulus especially the strain at break along the 
direction of pre-drawing, which is even higher than values 

obtained from natural silk fibers. Preferred orientation 
of crystalline was determined by WXRD and SAXS. So 
by uniaxial drawing with the addition of water (or other 
solvent such as ethanol water) the brittle silk fibroin films 
can be improved obviously and it is the results of the 
orientation and the disentanglement of the molecules.

  A02197-03763 

Structures of DNA and RNA G-quadruplexes

Anh Tuan PHAN
Division of Physics and Applied Physics, Nanyang 
Technological University, Singapore

Guanine-rich DNA and RNA sequences can form a four-
stranded structure called the G-quadruplex, which is built 
from the stacking of multiple planar G•G•G•G tetrads. I 
will present our structural study on various G-quadruplex 
topologies formed by biologically important DNA and 
RNA sequences, including telomeric sequences.

  A02238-03821 

DNA Stretching and Deformation in the 
Nucleosome

Michelle ONG; Curt DAVEY
Division of Structural and Computational Biology, 
Nanyang Technological University, Singapore

DNA stretching in chromatin may facilitate its compaction 
and influence site recognition by nuclear factors.  In vivo, 
stretching has been estimated to occur at the equivalent of 
1-2 base pairs (bp) per nucleosome.  We have determined 
the crystal structure of a nucleosome core particle 
containing 145 bp of DNA (NCP145)*. Compared to 
the structure with 147 bp, the NCP145 displays two 
incidences of stretching 1-2 double-helical turns from 
the particle dyad axis.  The stretching illustrates clearly 
a mechanism for shifting DNA position by displacement 
of a single bp while maintaining nearly identical histone-
DNA interactions.  Increased DNA twist localized to a 
short section between adjacent histone-DNA binding 
sites advances the rotational setting, while a translational 
component involves DNA kinking at a flanking region that 
initiates elongation by unstacking bases. Furthermore, one 
stretched region of the NCP145 displays an extraordinary 
55º kink into the minor groove situated 1.5 double-helical 
turns from the particle dyad axis- a hot spot for gene 
insertion by HIV-integrase, which prefers highly distorted 
substrate. This suggests nucleosome position and context 
within chromatin could promote extreme DNA kinking 
that may influence genomic processes.
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  A02242-03823 

Silk: from Structure to Performance

Xiang-Yang LIU
Department of Physics, National University of Singapore, 
Singapore

High preferment functional materials consisting of 
interconnecting network become increasingly important in 
both sciences and technologies. In this contribution, I will 
present our latest results on the correlation between the 
crystal network structure and the mechanical properties 
for spider silk and silkworm silk. In addition, the new 
understandings on the formation of the fibril structure of 
silk and the correlation to the unusual performance will 
be presented based on AFM, SAXS, FTIR, computer 
modeling.

  A02258-03854 

Human Telomeric RNA Sequences form Propeller-
type G-quadruplexes in K+ Solution

Herry MARTADINATA; Anh Tuan PHAN
SPMS-Physics and Applied Physics, Nanyang 
Technological University, Singapore

G-rich sequences in UTR of mRNA and telomeric RNA 
have been found to be biologically important and could be 
potential drug targets. In this study, we showed that human 
telomeric RNA sequences formed propeller-type parallel-
stranded G-quadruplexes in K+ solution. The high-definition 
structure of a dimeric G-quadruplex formed by the 12-nt 
human telomeric RNA sequence r(UAGGGUUAGGGU) 
was determined by NMR spectroscopy. Stacking of two or 
more dimeric G-quadruplex blocks was observed for the 
10-nt and 9-nt human telomeric RNA sequences. Based 
on these findings, we proposed a model for higher order 
structures of long telomeric RNA.

  A02266-03864 

Superior Strength of Silkworm Silk and Its 
Relation to Structure

Gangqin XU; Xiangyang LIU; Ning DU; Yang LI
Department of Physics, National University of Singapore, 
Singapore

Artificially-reeled silkworm silk fibers are of broad and 
practical interest because of its excellent mechanical 
properties and industrialized sericiculture in many 
countries. However, how these outstanding mechanical 
properties relate to the structure of this material is 
still largely unknown. We report a proposed model for 
the corresponding hierarchical structure change with 
increasing artificial reeling speeds based on scanning 
electron microscope and atomic force microscope images. 

This hierarchical structure includes β-sheet, polypeptide 
chain network, and silk fibril. And we also found that 
the superior mechanical properties such as higher tensile 
strength and larger breaking energy of the artificially-
reeled silkworm silk fibers can be obtained by decreasing 
the size of the crystalline nodes in the polypeptide chain 
network while increasing the degree of orientation of the 
crystalline nodes. Based on this understanding, how the 
reeling speed affects mechanical properties of artificially-
reeled silkworm silk fibers is firstly investigated. Hopefully, 
the understanding obtained in this study will shed light on 
the formation of artificially-reeled silkworm silk fibers, 
and consequently, on the principles for the design of strong 
and tough silk.

  A02287-03902 

Coherent anti-Stokes Raman Scattering Imaging 
of Myelin and Demyelination

Haifeng WANG1; Yan FU2; Terry HUFF2; Weijing SUN2; 
Riyi SHI2; Ji-Xin CHENG2

1. Department of Physics, National University of 
Singapore, Singapore
2. Weldon School of Biomedical Engineering, Purdue 
University, West Lafayette, United States

Coherent anti-Stokes Raman scattering (CARS) 
microscopy is a novel imaging technique that combines 
nonlinear optical interaction with Raman resonant 
enhancement. In CARS a pump laser ωp and a Stokes laser 
ωs (ωp>ωs) interact with a material to generate the signal at 
anti-Stokes frequency ωas=2ωp-ωs. The signal is enhanced 
when ωp-ωs is tuned to the vibrational frequency of an 
active Raman band, therefore CARS microscopy provides 
molecular selectivity without any labeling. In addition, the 
signal level in CARS microscopy is 108 times larger than 
confocal Raman microscopy due to nonlinear scaling with 
laser intensity. Such high signal level enables fast imaging 
speed up to video rate. 

The unique advantages of CARS microscopy have allowed 
us to image live central nervous system with supreme 
contrast in a label-free manner. The highest contrast comes 
from myelin sheath, a protective structure surrounding 
nerve fibers (axon). Traditional images of myelin 
structures were provided by electron microscopy which 
needs days to prepare the sample. With CARS microscopy 
we can capture high quality images of live myelin within 
1 second, because myelin sheath contains multiple lipid 
bilayers which give strong Raman enhancement to CARS 
signal at CH2 stretching frequency 2840cm-1. Such ability 
allows us to study the degradation of myelin sheath due to 
invasive chemicals in real time.

Myelin degradation (demyelination) is a pathological 
phenomenon that happens in neuronal diseases or trauma 
damage. It is responsible for the loss of axonal conductivity 
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which can lead to paralysis. There are extensive researches 
on this subject in the hope that once we fully understand 
its pathway, we may be able to prevent or reverse it 
(remyelination). By combining real-time CARS imaging 
and biochemical methods, we studied two demyelination 
models in which the myelin damage was induced by 
lysolecithin and glutamate, respectively. We observed that 
myelin damage initiated from the paranodal area. And in 
the glutamate model, it was found that calcium influx into 
the myelin was a major pathway to myelin damage.

Furthermore, we have extended the CARS imaging method 
to multimodal imaging and in vivo imaging. Preliminary 
imaging results on animal spinal cord and brain have 
shown great potential of our imaging method. We expect 
that the unique merits of CARS microscopy will make it 
an invaluable tool not only for neuroimaging, but also for 
a wide variety of biomedical applications.

  A02301-03932 

G-quadruplex Structures of the Telomeres

Kah Wai LIM; Anh Tuan PHAN
Division of Physics and Applied Physics, Nanyang 
Technological University, Singapore

Telomeres, the chromosomal ends in eukaryotic 
organisms, consist of tandem repeats of G-rich sequences. 
For example, in the case of human the telomeric repeat 
sequence is (GGGTTA)n. It has been demonstrated that 
these sequences can assemble into various higher-order 
structures with biological implications, most notably the 
G-quadruplex. We use NMR to study different topologies 
that can be adopted by these sequences, as well as the 
interplay between the G-tract length and the loop length in 
determining the overall structure of the DNA.

  A02302-03934 

Mineral-solution Interfacial Structures and Its 
Chemical Implications in Biomineralization

Haihua PAN 1;2; Ruikang TANG 2; Xiang Yang LIU 1

1. Department of Physics, National University of 
Singapore, Singapore
2. Department of Chemistry, Zhejiang University, 
Hangzhou, China

The biominerals are the hybrid materials of mineral, water 
and organic matrix, which are the products of complex 
biomineralization processes. The water mentioned here 
is the adsorbed water, which is not as free and fluidic as 
the bulk water. It is immobile at both the mineral interface 
and organic matrix interface or between the mineral-
matrix interfaces. Ice-like characterizations have been 
found for this adsorbed water layer. In this work, the 
chemical functions of the mineral interfacial structures 

were reported. The detailed atomic mineral-water and 
mineral-biomolecule interfacial structures were revealed 
by molecular dynamics simulation (MD). It was found 
that the ice-like layered interfacial water was formed on 
the hydroxyapatite (HAP) crystal interface in the aqueous 
solution, which may lead to the great different transportation 
behavior of ions at the interfaces compared with that in bulk 
solution. Different adsorption/desorption free energies and 
free energy barriers of the different ions on different HAP 
crystal faces indicated the transportation of phosphate 
ion was the kinetic controlled step in mineralization. The 
formation of hydrogen bond of water on HAP interfaces 
showed that the protonation of the surface hydroxyl ion 
of HAP was unlikely to happen on {001} face, while it 
was readily to happen for {100} faces. These findings can 
explain the anisotropic demineralization of HAP crystal 
observed in our AFM experiments. It is interesting to note 
that the hierarchical structure of enamel happen to expose 
its {001} faces rather than {100} to the oral environments, 
which can further retard the possible acidic erosion 
of enamel. The adsorptions of amino acids on the HAP 
interfaces were also revealed. Although the HAP crystals 
were covered by a layer of amino acids, water layer was 
still retained directly on the HAP interface. These mean 
the adsorption competition of biomolecules and water. 
Various Amino acids were adsorbed on the HAP crystal 
surface at the specific sites which match the surface crystal 
structures of HAP. Thus patterned adsorption behaviors 
were found for different amino acids on HAP. The different 
adsorption ability of Glu and Gly on HAP {001} and 
{100} faces indicated their different regulation function on 
the morphology control of HAP found in our experiments. 
The detailed adsorption behavior of polar, ionic, and 
hydrophobic amino acids on the {100} face of HAP showed 
the multiple interaction points and adsorption mode on 
HAP surface. The adsorbed amino acids molecules occupy 
the Ca and P sites of the HAP surfaces which can inhibit 
or regulate the HAP growth behavior. These adsorption 
layers may also influence the transportation of ions in and 
out of mineral interface, which may be another strategy of 
the kinetic control of biomineralization in nature.

  A02385-04074 

Electric Field Induced,Superhydrophobic 
to Superhydrophilic Switching in α-MnO2 
Nanotubes

Xiaodan ZHAO; Xiangyang LIU; Haiming FAN
Physics, National University of Singapore, Singapore

Bio-inspired, smart, multiscale interfacial materials attract 
increasing interests due to their unique properties, which 
provide potential application in biological techniques. 
In this study, a superhydrophilic layer of single-crystal 
tetragonal α-MnO2 nanotubes synthesized by a facile 
hydrothermal treatment of KMnO4 in the hydrochloric acid 
solution has been reversibly adjusted to superhydrophobic 
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surface with the CA 169.13˚. Moreover, such material 
exhibits fascinating electrowetting behavior, which could 
be tuned by the bias, ionic strength, and the nature of 
the electrolyte. More significantly, the single layer film 
of MnO2 tubes can be transferred to other more flexible 
substrates such as plastic, paper and so on.

  A02448-04179 

DNA Nucleobase Identification with STM 

Bo SONG1; Marcus ELSTNER2; Wenpeng QI1;3; 
Haiping FANG1;4

1. Shanghai Institute of Applied Physics - CAS, Shanghai, 
China
2. Institute for Physical and Theoretical Chemistry - 
Technical University at Braunschweig, Braunschweig, 
Germany
3. School of Physics, Shandong University, Jinan, China
4. Theoretical Physics Center for Science Facilities 
(TPCSF) - CAS, Beijing, China

A method for deoxyribonucleic acid (DNA) identification 
at a high accuracy and a high feasibility based on scanning-
tunneling microscopy (STM) is proposed. Via non-
equilibrium-Green-functiona-based density-functional-
theory calculation, the quantum-tunneling current between 
the tip and the substrate of STM device are found to show 
distinguishable characteristics for different nucleobases. 
This finding may be extended to the DNA-sequencing at 
a high accuracy.

  A02519-04475 

Fabrication of Porous Nanochannels using 
Nanoparticles for Applications in Transport of 
DNA Molecules

Deying XIA1; Steven BRUECK2

1. Department of Materials Science and Engineering, 
Massachusetts Institute of Technology, Massachusetts, 
United States
2. Center for High Technology Materials, University of 
New Mexico, New Mexico, United States

Nanoparticle Enclosed micro- and nanochannels are of 
increasingly technological importance for the study of fluid 
behavior at the nanoscale as nanofluidic devices, and for 
the detection and separation of biological species such as 
DNA. Several techniques have been developed to fabricate 
nanochannels for biological detection and identification, 
including nanoimprint and interferometric lithography 
(IL). However, a simple, yet facile, fabrication approach 
for nanochannel-based sensors remains a challenge. Here, 
we demonstrate a simple approach to the fabrication of 
enclosed nanochannels and explore the applications for 
transport of DNA as an example of applications.

One-dimensional (1D) enclosed porous nanochannel 
arrays were successfully fabricated using IL, spin coating 
driven self-assembly of silica nanoparticles and high 
temperature calcination. Moreover, two-dimensional 
(2D) enclosed structures such as isolated air cavities 
and continuous network were easily fabricated using 
this simple approach with double exposures in IL steps. 
Furthermore, Three-dimensional (3D) enclosed structures 
including multiple-layered channels (both parallel and 
perpendicular directions) buried in colloidal nanoparticle 
films are generated through repeating the fabrication of 1D 
nanochannels by layer-by-layer methods. Multiple-layered 
nanochannels are biomimetic structures akin to the cellar 
organization of tree, animal skin, feature and hair. A unique 
characteristic of these enclosed channels is the porous 
boundaries, which allow fluid flow across as well as along 
the channels. In addition, the resultant enclosed structures 
have excellent mechanical strength, high environmental 
stability and good uniformity. 

We observed DNA transport in 1D porous nanochannel 
structures, using capillary action (hydrophilic surface 
tension) as the driving force. First, the liquid (DI water 
with fluorescent dye) filled the 1D channels uniformly 
and continuously. Fluorescently stained (YOYO-1) DNA 
molecules (lambda-phage) were effectively transported 
into these porous channels forming elongated streaks with 
a length much larger than the known perimeter length of 
~ 10µm. The DNA transported in the channels rapidly and 
accumulated into bright line regions showing a strong 
concentration enhancement. Furthermore, we can observe 
the motion of single DNA molecule in these channels using 
a diluted DNA buffer solution. This system enables the 
transport, detection and separation of DNA molecules in 
porous nanochannels for single DNA assays. Furthermore, 
this system could be found in applications for detection 
of other biological species such as virus, RNA etc. As an 
example, we demonstrated that the transmission of RNA 
solution in nanofluidic devices based on as-prepared 
porous nanochannels was measured with THz spectrum. 
Several narrow attenuation signatures were observed in 
measurements.     

  A02534-04674 

Assembly and Patterning of DNA-capped 
Nanoparticle Superlattices via Controlled 
Dewetting 

Wenlong CHENG; Junhao Shawn TAN; 
Michael CAMPOLONGO; Mark HARTMAN; 
Nokyoung PARK; Dan LUO
Biological and Environmental Engineering, Cornell 
University, Ithaca, New York, United States

DNA has been widely studied as a genetic material in 
molecular biology, but only recently has it been utilized 
as a generic material. In this work, we report the use of 
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DNA-capped gold nanoparticles as a model system for the 
assembly and patterning of nanoparticle superlattices in 
their ultimate thickness and width limit by using a simple 
yet efficient route that involves a controlled dewetting 
process. This bottom-up self-assembly approach provides 
rational control over the positions and patterns of the 
nanoparticle superlattices, allowing for a variety of versatile 
shapes and structures with high degrees of internal order to 
be obtained. This work could pave the way for real-world 
applications of nanoparticle superlattices in nanodevices 
or in the form of metamaterials. 

  A02537-04341 

A Brownian Dynamics Model for Cross-linked 
Actin Gels under High Prestrain

Taeyoon KIM1; Wonmuk HWANG2; Roger D. KAMM1

1. Department of Mechanical Engineering, Massachusetts 
Institute of Technology, Massachusetts, United States
2. Department of Biomedical Engineering, Texas A&M 
University, Texas, United States

Actin, one of the most abundant proteins in eukaryotic 
cells, plays an important role in numerous biological and 
mechanical phenomena. Along with various crosslinking 
proteins (ACPs), actin constitutes a significant component 
of the cytoskeleton, consisting of actin filaments of 
various lengths organized into bundles and orthogonal 
networks. It has been well-known that mechanical cues 
play an important role in the physiology of eukaryotic 
cells. Therefore, investigation of rheological properties 
of crosslinked actin networks is indispensable in order to 
comprehend the biology and mechanics of cells. 

To investigate the viscoelastic properties of crosslinked 
actin networks, we developed a rigorous Brownian 
dynamics simulation using two rheological methodologies 
for measurement of viscoelasticity: bulk rheology and 
microrheology. In addition, our model adopted two types 
of ACPs: ACPB bundling actin filaments in parallel and 
ACPC that form dynamic perpendicular crosslinks with 
unfoldable arms. 

It was shown that ACPC tends to increase the storage 
shear modulus (G’) to a greater extent than ACPB. In the 
networks crosslinked by ACPC, increasing the density 
of crosslinks reduces the power law exponent of G’ as a 
function of frequency from 0.75 (reflecting the transverse 
thermal fluctuations of actin filaments) to near zero. As the 
network is sheared by higher prestrain, it becomes more 
elastic (G’>G”), resulting in three regimes dominated 
by dissimilar mechanisms: bending of actin filaments at 
the lowest prestrain, bending of ACPs at intermediate, 
and stretching of actin filaments and ACPs at the highest 
prestrain. In the last case, high stress and strain are 
supported by only a small fraction of actin filaments that 
percolate through the highly stressed ACPs. Notably, 

entropic effects due to thermal undulations are substantial 
only at relatively low prestrains and only when the average 
crosslinking distance is comparable to the persistence 
length of the actin filament. Inclusion of dynamic ACPs 
that form crosslinks that can rupture and reform leads to 
stress relaxation of prestrained networks; the level of stress 
responding to high prestrain significantly drops, resulting 
in a lower magnitude and higher slope of G’, both of 
which are more comparable to values observed in in vitro 
experiment. In addition, the dynamical properties of ACPs 
cause irreversible deformation of sheared networks. In 
contrast, unfolding of ACP’s induces only a small amount 
of stress relaxation under the same conditions and does 
not lead to plastic deformation. It was also observed that 
unbinding events are much more dominant than unfolding 
in physiological conditions. 

Our discrete computational model for crosslinked 
actin networks explains and provides insights into the 
microscopic origin of the viscoelastic behavior of the actin 
cytoskeleton. We believe that the present computational 
framework will be the basis on which cytoskeletal 
dynamics is elucidated in microscopic detail. 

Support from the SMART BioSyM IRG, the NIGMS (GM076689,) 
and the Samsung Scholarship Fondation (to TKY) is gratefully 
acknowledged.
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Nanofluidic Channel System: A Promising 
Approach for Detecting Single Molecule Behaviors 
through Fluorescence Correlation Spectroscopy 
(FCS)

 Liping WANG1;2; Xiaotao PAN3; Thorsten WOHLAND3; 
Peige SHAO2; Frank WATT2

1. Deparment of Physics, University of Jyväskylä, 
Jyväskylä, Finland
2. Department of Physics, National University of 
Singapore, Singapore
3. Department of Chemistry, National University of 
Singapore, Singapore

Single molecule studies provide essential information 
carried by individual molecules of proteins and nucleic 
acids, which are not accessible in ensemble studies. To 
accurately characterize the physical properties of single 
molecules, both extremely sensitive techniques and 
significantly down-scaled detection environments are 
required. Fluorescence Correlation Spectroscopy (FCS) 
is a sensitive detection technique with single molecule 
sensitivity. The application of FCS requires that only a 
limited number of molecules are present in the probe volume 
(a diffraction limited volume in a confocal microscope of 
about 0.3 fl) corresponding to concentrations of about 0.1-
1000 nM. To access weak biological interactions in the 
micro- or even nanomolar range a reduction of the probe 
volume is necessary. Here we present an approach to 
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improve FCS performance for single molecule detections 
by using nanochannels for probe volume reduction.

The use of nanofluidic channels facilitates minimization of 
the effective detection volume to dimensions smaller than 
the optical diffraction limit by confining the laser probe 
volume by the fluidic channel width and depth. In this 
study, we have tailor-designed and fabricated a nanofluidic 
channel system targeting single molecule studies using FCS 
as detection tool. A novel lithographic technique, Proton 
Beam Writing, is used to fabricate fluidic prototypes. 
The superior properties of high-energy protons guarantee 
the formation of high quality fluidic nanostructures with 
straight and smooth sidewalls. A nanoelectroplating 
procedure is developed and used to fabricate nickel stamps 
for mass production of large numbers of structures in 
PDMS polymer.

Preliminary FCS measurements in the fluidic systems have 
been carried out. 3D, 2D and 1D fluidic models were used 
to simulate FCS curves obtained from open volume (no 
confinement), fluidic channel inlet (vertical confinement), 
and nanochannels (vertical and lateral confinements). 
By using nanochannels the detection volume could be 
reduced by a factor of up to 20. This allows up to 10 times 
greater analyte concentrations, which are more relevant to 
physiological conditions. Since the movement of molecules 
is confined within this down-scaled environment, both 
improved molecule brightness and statistically more 
accurate results can be achieved. An important additional 
aspect to the quantitative results is the realization of a 
mass fabrication technique, where small scale systematic 
testing can be carried out in a low-cost and fast way, and 
the identical fluidic channels improve the statistically more 
accurate processed data. 
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Nanotechnology: The Exploitation of Biology for 
Nanostructure Engineering 

Alexander Giles DAVIES 
School of Electronic and Electrical Engineering, 
University of Leeds, Leeds, United Kingdom

Microelectronics has transformed our world in less than 
50 years, liberating and extending the capabilities of 
individuals, communities, companies and nations. The 
invention of the transistor provided the catalyst for this 
technological revolution. However, it was the development 
of the integrated circuit, in which all the circuit components 
were consolidated into a single device, that has led to the 
revolutionary explosion in high-speed switching, logic, 
and memory circuitry that has had such an impact on the 
modern world. 

Looking to the future, researchers are now developing 
techniques to make electronic circuit components on the 
ultimate molecular scale. This could lead to an even further 
miniaturization of circuits and associated improvement 
in capabilities. The great potential of a molecular-based 
technology is that an astonishing quantity (on the scale 
of the Avogadro number, ~1023) of identical components 
could be synthesized simultaneously, and since each will 
be a fraction of the size of even the smallest conventional 
semiconductor circuit element, extraordinary packing 
densities may be possible. 

However, despite significant advances over the last few 
years, this research is still in its infancy. There has been 
progress in the fabrication of individual molecules that 
mimic conventional electronic circuit elements such as 
molecular resonant tunnelling diodes and rectifying diodes. 
Electronic circuits using carbon nanotubes have been 
demonstrated. However, a significant challenge is how to 
assemble deterministically the individual molecular circuit 
elements to one another and to the outside world. In other 
words, nanotechnology is at a similar crossroads to the 
electronics industry before the invention of the integrated 
circuit; a number of interesting devices exist, but there is no 
technology to combine them together into useful circuits. 

The solution to this problem may be provided by biology. 
Biomolecular recognition and self-assembly techniques 
(for example, those associated with the hybridization of two 
complementary single strands of DNA) can, in principle, 
be exploited to assemble complex nanoscale objects from 
their individual building blocks, and could also provide a 
reliable approach for the attachment of molecular structures 
to metal electrodes, or even into conventional electronic 
devices. Biomolecules such as proteins furthermore have 
an impressive range of physical and functional properties, 
from mechanical strength, to force generation, to selective 
ion pumps and motors. Thus, there is the potential not 
only to exploit biological processes for self-assembly 
and integration of nanoscale objects, but also to introduce 
biological functionality into nanoelectronic devices to 
provide new operational methodologies. 

In this talk, I will discuss the field of bio-nanotechnology 
in general, and highlight recent activities at the University 
of Leeds. These include: electrochemical techniques 
to coat closely-separated (<50 nm) metal electrodes 
with different molecules, providing a chemically-active 
and electronically-addressable surface for subsequent 
nanostructure assembly; the use of local electric 
fields to provide an effective mechanism for inducing 
conformational changes in molecules, and potentially 
directing nanostructure assembly, and; the development of 
the first miniaturized, label-free, electronic protein array 
for medical analysis, capable of detecting native soluble 
proteins in complex biological mixtures at low, clinically 
relevant, concentrations.
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Force Transduction at Adhesion Sites by 
Stretching Single Talin Rod Molecules: A 
Molecular Mechanism for Vinculin Recruitment 

Amando DEL RIO1; Raul PEREZ JIMENEZ1; 
Ruchuan LIU2; Pere ROCA-CUSACHS1; 
Julio M. FERNANDEZ1; Michael P. SHEETZ1

1. Department of Biological Sciences, Columbia 
University, New York, United States
2. Physics Department, National University of Singapore, 
Singapore

The molecular mechanism by which a mechanical stimulus 
is translated into a chemical response in biological 
systems is still unclear. Here we show the first evidence 
that mechanical stretching of single cytoplasmic proteins 
can activate binding of other molecules. Using magnetic 
tweezers, TIRF and atomic force microscopy (AFM), we 
observed that a physiological force caused stretching of 
an individual talin rod, (TR, involved in linking liganded 
integrins with the cytoskeleton) exposing cryptic sites for 
binding the focal adhesion molecule (the vinculin head, Vh). 
These results show that molecular mechanotransduction 
can occur by protein binding after exposure of buried 
binding sites in the talinvinculin system. Thus, protein 
stretching appears to be a major mechanism for force 
transduction.

  A02858-04888 

Demystify de novo Gene Assembly with One-step 
Real-time Gene Synthesis

Mo-Huang LI; Wai Chye CHEONG; Mo Chao HUANG; 
Marcus BODE; Hongye YE; Jackie Y. YING
Institute of Bioengineering and Nanotechnology, 
Singapore

Synthetic gene with man-made DNA sequence has 
become a powerful molecular tool with broad applications 
on engineering proteins, artificial gene networks, and 
synthetic genomes. The DNA biomolecules are constructed 
by assembling pools of oligonucleotides into larger DNA 
using de novo PCR- or ligase chain reaction (LCR)-based 
synthesis methods.

Although the protocol and process of PCR gene synthesis 
are similar to that of standard PCR amplification, the 
underlying kinetics is different. Herein, we describe 
an analytical model of PCR gene synthesis based on 
the thermodynamics and kinetics of the assembly and 
amplification processes. The kinetics difference between 
standard PCR amplification and one-step PCR gene 
synthesis has been analyzed using this model, and validated 
using real-time gene synthesis. In addition, we describe 
two new cost-effective gene synthesis methods (termed 
TopDown (TD) and Automatic TouchDown (ATD) gene 

syntheses) which enable the synthesis of long DNA of up 
to 1.5 kbp with just one polymerase chain reaction (PCR) 
process. These two methods eliminate the interference 
between the polymerase chain reactions (PCR) assembly 
and amplification in one-step gene synthesis. 

The TD method involves two key steps: (i) design of outer 
primers and assembly oligonucleotide set with a melting 
temperature difference of > 10°C, and (ii) utilization 
of annealing temperatures to selectively control the 
efficiencies of oligonucleotide assembly and full-length 
template amplification. The ATD method further improves 
the TD method with: (i) design of outer primers with two 
melting temperatures, and (ii) utilization of DNA annealing 
kinetics to selectively control the oligonucleotide assembly 
and full-length template amplification.

In conjunction with the our TmPrime gene synthesis 
bioinformatics software,  we then use these two methods to 
discuss factors that affect the gene synthesis performance, 
including effects of oligonucleotide concentration, outer 
primer concentration, stringency of annealing temperature, 
annealing time, deoxynucleotide triphosphates 
concentration and number of PCR cycles. Analysis of 
the experimental results has led to insights into the gene 
synthesis process, and aids in optimizing gene synthesis 
conditions.

  A02918-04988 

DNA-Nanoparticle System: Self-assembly, 
Patterning, Real-time Probing, and a General 
Model

Dan LUO 
Department of Biological and Environmental 
Engineering, Cornell University, New York, United States

Using DNA-capped gold nanoparticles as a model system 
and without relying on Waston-Crick base paring, we have 
developed DNA as a “dry ligand” in a micro-confined, 
drying-mediated self-assembly process.  We have 
patterned DNA-nanoparticle superlattices over large areas 
into a number of versatile structures with high degrees of 
internal order, including 1D nanowires, 2D microdiscs, 
and 3D supra-crystals.  Remarkably, these features can be 
addressed by micropatterned electrode arrays, suggesting 
potential applications in bottom-up nanodevices.  We have 
also developed a DNA-based route towards monolayered 
free-standing nanoparticle superlattices.  We have created 
discrete, free-standing superlattice sheets in which both 
structure (inter-particle spacings) and functional properties 
(plasmonic and mechanical) can be finely and widely tuned 
by adjusting DNA length.  By means of real-time and in 
situ synchrotron-based SAXS, we have further mapped 
both temporal and spatial crystallization events and have 
revealed the entropic spring-like nature of the DNA coronae 
and adaptive characteristics of DNA-nanoparticle supra-
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crystals.  Our experimental and theoretical studies have 
also established a general law governing self-assembly of 
soft-corona/hard-core nanoparticles.
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  A02932-05012 

The Many-body Nature of Gene Interaction

Erez BRAUN 
Department of Physics, Technion - Israel Institute of 
Technology, Israel

A biological cell is a natural dynamical system rather 
than a well-designed engineered logic device. I’ll 
discuss our experimental program aiming to explore 
the mechanisms enabling a biological cell to overcome 
unforeseen challenges and thus to evolve. Along this road, 
our experiments exposed some intriguing characteristics 
of gene interactions which are compatible with our 
understanding of a broad class of complex systems. 
This approach suggests, that some important aspects of 
the cellular phenomenon could be explained within the 
framework of statistical physics. 

  A02935-05015 

DNA Condensation Induced by Poly-cationic 
Molecules: From Polyamines to Protamines

Eric RASPAUD 
Laboratoire de Physique des Solides, UMR 8502 - 
Université Paris-Sud, France

Polycations play the key role in compacting DNA into 
a dense and complex state, either in eukaryotic cells 
or in non-viral gene delivery vectors. Interactions are 
primarily of electrostatic origin, and pH, monovalent salt 
or competing agents like transition proteins must be tuned 
or supplemented to remove the bound polyvalent cations 
and disrupt the complexes. We have focussed our attention 
on the case of protamines and in this talk, I will present 
some experimental data illustrating how these polycations 
condense linear DNA in various ionic conditions.

  A02939-05022 

The Shape of Motile Cells: Understanding How 
Cytoskeletal Dynamics, Membrane Tension and 
Adhesion Determine Global Cell Morphology

Kinneret KEREN 
Department of Physics, Technion – Israel Institute of 
Technology, Israel

Cell shape emerges from the interaction of many constituent 
elements notably, the cytoskeleton, the cell membrane and 
cell–substrate adhesions that have been studied in great 
detail at the molecular level; however, the mechanism by 
which global morphology is generated and maintained 
at the cellular scale is not known. Understanding the 
mechanism of shape determination in cells has proved to 
be extremely challenging due to the numerous components 
involved and the complexity of their interactions. Moreover, 
the dynamic processes involved span several orders of 
magnitude in space and time, from local polymerization 
of actin monomers at subsecond timescales to global, cell-
scale geometry that may persist for hours. I will show how 
the natural phenotypic variability in a large population of 
motile fish epithelial keratocytes can be harnessed to address 
this problem. A rapidly moving keratocyte completely 
rebuilds its cytoskeleton and adhesive structures every few 
minutes, generating a cell shape that is both dynamically 
determined and highly robust. Quantitative measurements 
on a large number of these cells show that the cells 
inhabit a low-dimensional, highly correlated spectrum 
of possible functional states. I will present a model of 
actin network treadmilling in an inextensible membrane 
bag that quantitatively recapitulates this spectrum of cell 
behaviors and predicts both cell shape and speed. This 
model provides a simple biochemical and biophysical 
basis for the observed morphology and behavior of these 
motile cells. 

  A02972-05082 

Autonomous Programmable Molecular 
Robotics Devices: Designs and Experimental 
Demonstrations

John H. REIF 
Department of Computer Science, Duke University, 
United States

This talk overviews the past and current state of a selected 
part of the emerging research area of the field of DNA-
based biomolecular devices. We particularly emphasize 
molecular devices that are:
- Autonomous: executing steps with no exterior mediation 
after starting, and
- Programmable: the tasks executed can be modified 
without entirely redesigning the nanostructure.
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We discuss exciting recent work in this area that makes use 
of synthetic DNA to self-assemble into DNA nanostructure 
devices. Recently, there have been a series of impressive 
experimental results - which have taken the technology 
from a state of intriguing possibilities into demonstrated 
capabilities of quickly increasing scale. We describe various 
autonomous and programmable molecular-scale device 
developed at Reif’s Lab and elsewhere that achieve:

- computation,
- 2D patterning,
- amplified sensing, and
- molecular or nano-scale transport.

This talk is intended for a general audience, and particularly 
emphasizes the interdisciplinary aspects of this quickly 
evolving and exciting field.

  A02978-05092 

Non-equilibrium Phase Transitions in Tubulation 
by Molecular Motors

Yariv KAFRI 
Technion – Israel Institute of Technology, Israel

The extraction of membrane tubes by molecular motors is 
known to play an important role for the transport properties 
of eukaryotic cells. By studying a generic class of models 
for the tube extraction, we discover a rich phase diagram. 
In particular we show that the density of motors along 
the tube can exhibit shocks, inverse shocks and plateaux, 
depending on parameters which could in principle be 
probed experimentally. In addition the phase diagram 
exhibits interesting reentrant behavior. 

  A02994-05115 

DNA Assembly within Living Cells: New Puzzles

G. V. SHIVASHANKAR 
National Center for Biological Sciences, Tata Institute of 
Fundamental Research, Bangalore, India

Genomic DNA, which is almost a meter long, is 
remarkably efficiently packaged into the cell nucleus, 
hardly a few microns across, using histones and other 
nuclear proteins. Recent evidence suggests that the extent 
and form of such packaging (chromatin) within living 
cells is central to its gene expression pattern and hence 
function. Further, gene expression patterns in cultured cells 
or cells within an organism, are responsive to nanoscale 
mechanical forces experienced at the cell membrane that 
are transduced into physico-chemical signals to alter 
genome function. However the physical basis behind 
the creation and maintenance of genome assembly & its 
subsequent modulation in the context of its function are 
unclear. In this context, progress in high resolution live-

cell imaging combined with biomechanics and functional 
genomics developed in a few laboratories including ours 
have provided a new paradigm in understanding the 
mechanobiology of genome assembly and function. In 
this talk I will discuss some of our ongoing research on 
understanding the physical constraints in packaging the 
genomic matter within the nucleus of living cells.
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