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OVERVIEW

Long Term Goal To simulate viral tusion. Viral fu-
sion involves physical forces. If the force interac-
tions can be discovered, then mechanistic function
can be altered. The stages leading to fusion: merg-
ing, hemifusion, pore formation, and pore widening
are simulated by a field theory:.
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Modeling Challenges

* Unlike atomistic or MD simulation, time courses
for variational methods are seconds long and
deformations are comparable to fusion geometry.

from in the
and complex

* Presents changes in topology, e.g.
stage from hemifusion to tusion,
arrangements of bilayer.

* Has 3D geometry and multiscale interactions, e.g.
edge tension and fluid momentum.

* Pore formation, a process fundamental to fusion,
involves a local dislocation in the bilayer structure.
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VARIATIONAL HAMILTONIAN

The Hamiltonian encodes
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Helfrich (bending) + Water-bilayer interface & Lipid alignment (dislocations, e.g tilt and pores)

Example:
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by the field parameter p.

SIMULATION FOR PORE
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In the transition from hemi-tfusion to fusion,
the lipid al;
the lipid p!

ignment deviates (red) from the normal of
nase. This apparent dislocation is mediated
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Field variables are defined on a uniform rectangular
orid. A toroidal geometry is initially assumed—the
shape of the bilayer, defined by the macroscopic phase
field ¢, changes according to energy minimization and
fluid transport.

lipid director (d)
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Left: Force is concentrated near pore rim. Right:
A traveling self similar solution to mean curva-
ture motion (white) plotted over pore rim. The
catenoid (black), with this aspect ratio, is typi-

cally much smaller in radius.

COMPARISONS OF FIELD THEORY

Radius of a lipidic pore as a function of time as calculated

by classical continuum mechanical and variational methods.

Classical Mechanics Field Theory

* geometry and shape * bilayer 1s a macro-

are assumed at length scopic phase vs. a pla-
scales where energy de- nar surface
pendence is highly sen-
sitive * Nno shape assumptions
* neglects some (possi- * model based on phys-
bly dominant) friction ical principles of energy
dissipation

* accurate and quick

evaluation of physical * large problem size

quantities and lengthy calculation

YET BOTH CLASSICAL AND FIELD THEORIES YIELD
RESULTS WHICH ARE QUANTITATIVELY THE SAME.

ENERGETIC VARIATIONAL APPROACH

Motion is defined by first expressing kinematic rela-
tionship for field variables and then establishing the
force from variational derivatives.
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Modeling Advantages of Variational Method

*x Avoids high order meshing schemes to calculate
force and bilayer position

* Automatically satisfies energy dissipation principle

*x Force calculated on the fly; avoids complicated
algebra and calculates interactions correctly

* Large time steps may be assumed



