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166. Time-Independent Solution of the Poisson-Nerst-Planck System of Equations for 
Neurological Applications

Andrew DelSanto Roger Williams University
Advisor(s): Edward Dougherty, Roger Williams University

Electromagnetic brain stimulation has been shown to benefit medical patients with a variety of brain diseases. The 
molecular mechanisms by which these therapies operate are still largely unknown; nevertheless, these treatments are 
electromagnetic in nature, and so we hypothesize that they must have a direct influence on the distribution of ionic 
species adjacent to neural cells and their transfer between extracellular and intracellular spaces in neural tissue. We 
implement a finite element solution to the steady-state Poisson-Nerst-Planck system of partial differential equations to 
investigate these questions. To solve this system, we employ a variety of numerical methods including a Gauss-Siedal 
decoupling method and a weighted iterative Gummel scheme to facilitate numerical convergence. Implementation is 
performed using FEniCS on a biologically-inspired domain constructed in GMSH. We present our numerical simu-
lation results which show the influence of an electric field on ionic distributions, and in addition, present numerical 
method convergence metrics which gauge simulation efficiency and accuracy.

167. A Diffusion Based Model of Kinesin Recycling in Neurons

Ryan Fantasia University of Massachusetts
Katherine Borg Cornell University
Advisor(s): Boris Slepchenko, University of Connecticut Health Center

The axon terminal of neurons has complex signaling and metabolic demands, requiring organelles, vesicles, and 
macromolecules, namely cargo, to be delivered from their site of synthesis. Motor proteins, such as kinesin, actively 
transport these cargo. What happens to kinesin after transport is less understood. Recent experimental work and mod-
eling suggest that kinesin may be recycled through a diffusion-based mechanism, against the conventional hypothesis 
of degradation or return via dynein, the opposite directed motor. Continuing this line of exploration, we investigate 
a diffusion based bucket-brigade mechanism, in which cargo “changes hands” during transport, and the diffusion of 
unbound kinesin is restricted by free cargo jams. Diffusion and advection partial differential equations model three 
variables, cargo bound kinesin, unbound kinesin, and free cargo, related by reaction. Due to biological evidence we 
subject bound kinesin to spatial inhomogeneities that influence the dissociation of cargo. Disassociated cargo in turn 
decreases the diffusion rate of species by the excluded volume effect. With these assumptions we look to show that 
kinesin recycling via a diffusion based mechanism is feasible and competitive in long range neuronal transport.

168. The Spread of Cholera Through Water Networks

Kendal Foster Vassar College
Advisor(s): Benjamin Morin, Vassar College

Cholera is a waterborne disease caused by the bacteria Vibrio cholerae and is transmitted via the fecal-oral route. 
There are 1.3-4 million cases of cholera every year, and previous studies have extensively modeled this disease in 
a single human population. Instead of a single human population, our model considers the flow of bacteria between 
distinct human populations through water networks. Furthermore, we expand the previous compartmental models to 
include a class for individuals who are infected but not yet infectious and a class for an undetected population of 
asymptomatically infectious individuals. We analyzed the long-term behavior of the disease and performed numerical 
simulations to determine the conditions for disease-free and endemic equilibria.


