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Thank You, George and Carol! 



fast algorithms

multiscale models 

surfaces/interfaces

simulations

soln’s of diff.  eqns 
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stochastic models 

molecular recognition bacterial colony membranes/vesicles



Spatiotemporal Dynamics of Bacterial Colony 
Growth with Cell-Cell Mechanical Interactions 

§ Explain experimental findings.
§ Identify key parameters.
§ Understand the genetic origins. 

Linear radial growth  
(Pirt 1967)

Vertical growth
(Wimpenny 1981)

Aerobic (circle) and anaerobic (dots) growth.

Collaboration with Hwa’s group at 
UCSD and Sun’s group at Cal State 
U - Long Beach. New NSF grant. 



vertically oriented cells

planarly oriented cells
cells in slanted orientation

cell velocity

Summary

Theory and simulations 



track individual 
cells

PDE model 
of nutrient

Approach: A Two-Scale Model and Simulations



Top view of part of a colony.

A cross section of the colony.

Bottom view of a central part. Bottom view of a  periphery part. 

Cyan cells: large angles with the z-axis.  Golden cells: smaller angles. 

(A)

(B)

(C) (D)



Vertical Growth: Orientation and Growth Zone
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A 1D model for the nutrient penetration level and growth zone

In a non-dimensionalized form Exponential decay
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Quadratic decay

Fig. 3D simulations (green *) and 1D 
prediction (line or circle): semi-log plots. 

Vertical ascending speed



10

Radial Growth: Only cells in a ring at the edge grow radially. 

Pressure
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Modeling and Simulations of Molecular Interactions
(with J. A. MaCammon, L.-T. Cheng, J. Dzubiella, etc.)

Free-energy functional
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Variational Implicit-Solvent Model (VISM) 

The level-set method



13

Two charged paraffin plates

Left: no charges. 
Middle: partial charges (0.2 e, 0.2 e). 
Right: partial charges (0.2 e, -0.2 e).
Color represents mean curvature. 

!

BphC

Stochastic level-set VISM 
for dewetting transition



p53/MDM2

Martini-VISM: Barstar-barnase

Identifying binding sites

Left: VISM pockets (primary: red; 
secondary: blue; tertiary green; etc.) 
Right: A primary pocket in a hydrophilic 
region aligned with a cocrystalized ligand. 





Thank You! 


