A Monte Carlo simulation of protein nucleation on porous membranes
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Two-dimensional Ising model has been used to stheyheterogeneous nucleation of protein
crystals on porous polymeric hydrophobic membranes.

2D Ising model has been successfully applied tdysheterogeneous nucleation on square lattice
with nearest-neighbor interactions and free boundanditions[1]. Sear (2006) used the same
approach to determine the heterogeneous nucleedienon microscopic impurities, and it was
found more than four orders of magnitude fasten th@nogeneous nucleation[2].

It is here considered a 2D Ising model on a fisigeiare latticeA\={1...N}? with spingo in the
configurationoJQ, with Q={-1,+1}.

The energy function of the system for spin-spin spid-field interactions is:

E(J):JZUin —hZUi +JSZUin (1)

whereg;=%1 is the state of spin, J is the coupling constbattveen free neighbouring spins, h the
external magnetic field, and i3 the strength of the coupling between a free apd a fixed spin of
the wall. It is assumed=D, that is the polymeric surface does not pretety attract either phase;
justification arises when considering free energiéssurface/spin-up and of surface/spin-down
phases identical for a contact angle of 90°, aevalose to those experimentally measured for
polymeric PVDF surfaces.

All the simulation described use a lattice of $ize 40 and a coupling constant J=0.7KT, where k is
the Boltzmann’ constant, larger than the criticaihp of the 2D Ising model at J=0.44KT.

Simulation makes use of the standard Metropolis telddarlo method for spin flipping: flip is
always accepted if it lowers the energy or, othsewiaccepted with probability of exAE/kT),
whereAE is the energy difference due to spin flip, and the Boltzmann constant.

The theoretical findings are compared to thoseindthfrom classical nucleation theory (CNT),
and to experimental data from protein model henwelgite lysozyme (HEWL) crystallized on poly-
vinilidene fluoride (PVDF) membranes.
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