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anomalous mechanical response of cells, having a weak power-law depen- 
dence on frequency, also defies explanation despite the identification of the cy- 
toskeleton's major structural constituents and considerable modeling effort. We 
propose a simple cytoskeletal architecture which clarifies both issues, based 
on the force-induced serial unfolding of domains in protein cross-links. Here 
we show, using simulation, that slow deformation of a simplified model network 
leads spontaneously to an unusual state - with many cross-links accumulating 
at tensions on the cusp of unfolding. Thermally activated unfolding of these 
cross-links readily reproduces cells' power-law frequency dependent stiffness. 
Moreover, this unusual, near-critical arrangement of cross-links suggests a 
mechano-sensory function. We hypothesize that, by modulating the binding of 
signaling species, unfolding cross-link domains function as the fundamental 
biochemical transducers of cytoskeletal deformation at supra-molecular and 
cellular length-scales. 
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Various cellular functions such as migration, growth, proliferation are controlled 
by the dynamical reorganization of the cytoskeleton (CSK) which is known 
to be a hierarchical, pre-stressed and multi-modular filamentous structure. 
It is assumed that the changes in the CSK filamentous arrangement result 
from the equilibrium between the mechanical forces exerted through the 
extracellular matrix and the internal forces. The way the CSK reorganize during 
cell deformation and how the forces are transmitted through the cell remain 
still unclear. 
We present herein a 2D CSK model based on divided medium theory to 
describe the dynamical reorganization of the pre-stressed CSK structure during 
cell deformation considering the main substructures of the CSK such as the 
cortical actin network, the focal adhesion complexes, the stress fibers lattice as 
well as the microtubules associated with the intermediate filaments networks. 
The CSK is modelled as a network of tension forces balanced by compression 
forces resulting from interactions between several nodes included in the cell 
medium. These interactions are driven by elastic law and cohesive contact law 
following unilateral condition. 
The model shows the dynamical reorganization of the CSK by rapid changes 
in connectivity between nodes during the overall deformation and presents a 
mechanical behavior consistent with strain-hardening and prestress-induced 
stiffening obtained in other theoretical cellular models and biological mea- 
surements performed on cultured adherent cells reported in the literature. 
Removing one of the main CSK substructures induces in the model a loss of 
integrity and a decrease in prestress and stiffness, suggesting besides closely 
interdependencies between the CSK substructures. These first results suggest 
that this approach may be a useful and complementary tool for understanding 
cellular processes which involve CSK reorganization. 
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Modeling and simulations on self-assembly and mechanics of 
biomolecular chains 
B. Ji. Department of Engineering Mechanics, Tsinghua University, Beijing, 
China 

Biomolecules are basic building blocks of biosystems, such as cells and 
various biological materials. Knowledge on self-assembly and mechanics of 
biomolecules is very important for our understanding on the mechanical behav- 
iors of biological systems. As biomolecules usually have huge molecular mass, 
it is very difficult to study their mechanical behaviors with full-atom molecular 
dynamics simulation. In this work, a coarse-graded model for biomolecules is 
proposed, by which the biomolecules can be simplified to be the bead-spring 
systems. With the coarse-graded potentials the functional groups and domains 
on the biomolecular chains can be specifically defined. The self-assembly 
and mechanical behaviors are then simulated under various parameters, such 
as chain stiffness, domain size, hydrophobic/hydrophilic properties of domain 
groups and the size of confinement. We show that the self-assembly of 
biomolecules are size dependent, i.e., the self-assembly patterns depend on 
the chain length and the domain size of the molecular chains. Although the 
hydrophobic and hydrophilic interactions act as the major driving force for the 
self-assembly of the biomolecules, the conformation patterns of biomolecules 
can be refined by adjusting the sequences of the domain groups, the stiffness 
of chain and the size of the confinement. We also found that the force- 
extension curve of biomolecules shows saw-tooth pattern due to the domain 
unfolding which resembles the mechanical behaviors of protein molecules. 
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Introduction: We have evidence of CSF outflow through arachnoid granula- 
tions(AG) using both in-vitro and organ culture perfusion models. 
Methods: Human AG tissue was harvested within 24 hours post-mortem and 
used to isolate AG cell cultures for growth on filter inserts or cut to shape 
and inserted in an Ussing perfusion chamber. Cell phenotype was identified 
with immunohistochemical staining of Cytokeratins, Desmoplakin 1&2, and 
ZO-I. Cells and/or tissue were perfused 16-18 hours(average) at physiologic 
pressure drop. Cells/tissue were perfused with microparticles, then fixed under 
experimental pressure. TEM and frozen tissue sections were prepared. 
Results: In-vitro permeability results show flow through the AG cells 
was uni-directional. Average Cellular Hydraulic Conductivity(Lp) for AG 
cells perfused B ~ A direction(physiologic) was 4.57±0.55 ~d/min/mmHg/cm 2 
(n = 17) with average perfusion pressure of 3.3 mmHg which was statistically 
higher (p<0.0000003) than Lp for cells perfused A ~ B  (non-physiologic), 
0.28±0.16 ~tl/min/mmHg/cm 2 (n = 6) with average pressure of 3.1 mmHg. TE M 
images of cells perfused physiologically (in-vitro model), showed large extra- 
cellular cisternal spaces between overlapping AG cells. Several large vac- 
uoles within the cytoplasm were visible which were self-contained with the 
cytoplasm of a cell process. Organ culture experiments were performed at 
5.29±0.60 mmHg pressure in the physiological direction(B ~ A) resulting in av- 
erage Lp 2 of 1.00±0.15 ~tL/min/mmHg/cm (n = 13). The Lp of tissue perfused in 
the A ~ B direction was 0.08 ~tL/min/mmHg/cm 2. Increasing the pressure drop 
to 18.00±2.63 mmHg resulted in average Lp of 1.02±0.19 ~tL/min/mmHg/cm 2 . 
Perfusion with Trypan Blue indicated viable tissue post-perfusion. Post- 
perfusion frozen sections from the organ culture model stained with DRAQ5 
nuclear stain and perfused with fluorescent particles showed particles in the 
AG core and cap cell layer. Controls perfused in the non-physiological direction 
showed none of these features. 
Conclusions: Perfusion results show flow in both in-vitro and organ culture 
models is uni-directional. Electron microscopy showed large intra-cellular vac- 
uoles and extra-cellular cisternal spaces between cells. These structures may 
represent two distinct mechanisms which AG cells allow the passage of fluid, 
namely trans-cellular transport through intra-cellular vacuoles, and paracellular 
transport through extra-cellular cisterns between cells. 
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Aim: Intercellular junctions play an extremely important role in maintain- 
ing homeostasis in multicellular organisms. Tight junction proteins (occludin, 
claudins and junctional adhesion molecules) constitute one of the important 
components of these intercellular adhesion molecules. Apart from acting 
as barriers to diffusion of solutes and intramembranous proteins, they also 
regulate cellular proliferation and differentiation. Our aim here is to quantify 
the magnitude of adhesion forces imparted by these proteins and examine the 
influence of extra cellular calcium and cytoskeletal modifying agents on these 
forces. 
Methods: We have quantified the adhesion forces of these proteins at two 
levels: (i) global adhesion forces at the cellular level by step pressure technique 
using micropipettes and (ii) single bond strength at the molecular level using 
atomic force microscopy (AFM). 
L-fibroblasts, which do not express tight junction proteins, were transfected with 
GFP tagged occludin, claudin-1 and claudin-2. The adhesion forces between 
stably transfected L-fibroblasts were measured by "step-pressure technique" 
using micropipettes. For quantifying adhesion forces using AFM, soft tip less 
cantilevers functionalized using concanavalin A (Con A) were used to attach 
the cells. Force spectroscopy data of the adhesion and de-adhesion events 
between two cells were obtained and analyzed. 
Results: Our results show that claudin-1 and claudin-2 increase the mean 
adhesion force between the transfected L-fibroblasts whereas occludin does 
not. Calcium chelation with EDTA does not affect the adhesion force but 
disruption of the cytoskeleton with cytochalasin D decreases the adhesion 
force. Furthermore, the histogram analysis of single rupture events observed 
in force plots show a peak at around -20 pN which probably corresponds to 
the force of interaction between claudin molecules. 
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