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INTRODUCTION

Experiments involving the protein VWF
(von Willebrand factor), present in our blood
have shown its importance in preventing blood
loss under high shear stress conditions. Ele-
vated shear levels found during blood loss ac-
tivate this protein’s adhesion potential causing
it to stick to walls for blood platelets to adhere.

http:/ /medimoon.com /2013 /12 /new-drug-tretten-
approved-by-fda-to-prevent-bleeding-in-rare-clotting-
disorder/

The unusually large size of this multimeric pro-
tein, 2050 amino acids/monomer and lengths
reaching upto ~ 100um are attributed as rea-
sons as to why this counter-intuitive phenom-
ena occurs.

e MD simulations with full hydrodynamic interactions
were carried out using LAMMPS/USER-LB package
with nanoscale units ([1],[4])

12-6 [j/cut repulsive potential was used to model ex-
cluded volume interactions between monomers with
€ = 4.14195, 0 = 1.5 and r. = 21/64

Polymer was composed of 96 monomers, each en-
veloped within a spherical shell consisting of 30 atoms
interacting with the thermal 1b/fluid bath

Chain held together by Finitely Extensible Non-linear
Elastic (FENE) bonds

12-6 lj/cut potential used for the attractive interaction be-
tween the polymer and wall atoms, with o = 1.5 and
Te = 2.50.

Interaction strength varied,
€w = 0.045,0.055, 0.065,0.075, 0.085, 0.095
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RESULTS

e Thermal fluctuations cause small protrusions into the bulk, which get pulled by the shear and
unfold the polymer causing it to stick to the wall. This creates an immobilized grid to which
blood platelets adhere causing the blood to clot

e Characterizing adhesion by counting the number of contact points along the chain, M within
half the cut-off distance of the polymer-wall attractive potential, i.e r, < r. = 2.50
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Contact parameter (steady state time-averaged) as a function of shear for various adhesion strengths €.
Here 7 = a?/(uokpT), no being the Stokes mobility, is the single monomer diffusion time

e Cumulative probability distribution of the net force acting on the polymer in the z direction

— Results for €,, = 0.095, 7/7 = 0.5. Higher proba-
bility for F’, to be negative for the larger monomer
case

— Difference quite small

P(fz)

— Need sufficiently high number of terms in a mul-

tipole expansion to properly account for the bead-
bead HI
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DISCUSSION

e Recent works using Brownian dynamics sim-
ulations, unable to observe shear induced
adsorption with HI [2]

e In the bulk, polymer gets stretched out —
dramatic loss of conformational entropy, ad-
hered state to the wall preferred!

o Particle size effects, Stoke’s flow equations —
LINEAR. Green’s function solution satisty-
ing no-slip condition at a plane wall — Blake
tensor, u”

Vp(r) —n Vv =f(xr), V-v=0

e Hydrodynamic interactions between spheres
of radii a located at r, r’, no shear, [3]
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e Higher order terms in the multipole expan-
sion could possibly yield correct dynamics
near wall

e Effect of external shear flow on the HI tensor
must be taken into account
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