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Introduction

Figure 1. Cell Division Illustration. Cell membrane division process 
requires a contractile ring to decrease the radius between them to 
zero and thus separate the cells. 

Figure 2:  2D membrane 
cross section perimeter 
conservation.
Constant perimeter 
supports cylindrical 
symmetry without 
significant net change in 
membrane surface area.

Methods

Underlying Model 
Assumptions

Figure 3: The Dividing 
Membrane Contour. Calculus 
of Variations establishes that a 
membrane shape dominated 
by the effects of surface 
tension results in a hyperbolic 
cosine contour. 

Figure 4: The Minimum Radius as Function of Time. Decreasing 
minimum radius of the splitting cell with respect to time 
approaches a terminal velocity.

• NIH Laboratory videos were used as experiment 
evidence for modeling the changing minimum 
radius, contour, and perimeter of the changing 
membrane [4]

• Open Source Physics Tracker Software was used 
to compute these quantities [2]

• Mathematica was used to construct the 
biophysical dynamic model [5]
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The Models

Piecewise-function Model (Left and Below)
Hypothesis: Discrete domains in membrane composition that 
confer specific functions during endocytosis.

Continuous Model (Below)
Hypothesis: A gradient spatial change in membrane 
composition that confer specific functions during endocytosis

Contour Gaussian Curvature Sign
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Two models are separately considered to compare two 
regimes of protein distribution in the region undergoing 

endocytosis (piecewise-function vs. continuous) that might 
affect the energy cost and boundary of division.

Conclusions
• Sigmoid fitting offers novel understanding into the 

cell membrane movement rate during splitting.
• 2 Physical Models:

• Piecewise-function hyperbolic cosine fits 
offer a smooth membrane shape 
interpolation of regions dividing on the 
assumption of distinct changes in membrane 
protein composition

• Smoothly varying surface tension fit offers 
that for membranes with a continuous 
spectrum of protein composition. 

• A change in surface area and in volume occurs 
when multiple viruses simultaneously exit the host 
cell.

Outlook
• Further evaluate a viral exocytosis model capturing 

Biophysical Realism: 
• Investigate possible effects on signal transduction 

pathways (immune response, cell growth)
• Individual cell shape and connectivity 
• Compute the continuous surface tension model 

using the Morse potential from molecule splitting
• Membrane variation: thickness, lipid composition, 

protein distribution
• Forces applied to membrane: surface tension, 

osmotic pressure, changes in surface area to 
volume ratio 

• Quantify membrane behavior: mechanical stress 
and strain, deformability

• Exocytosis torsional twist
• Membrane fusion as uniform convergenceFigure 5: A Piecewise-Function Biophysical Model of The Lipid 

Membrane Exocytosis in Viruses.
The assumption that the lipid domain composition for the portion of the 
human cell membrane that leaves with the virus during exocytosis is 
different from that of the rest of the membrane. This assumption and the 
one that the virus and the cells are spheres were used to interpolate the 
distance between the viruses and the cell with two hyperbolic cosine 
functions, one corresponding to each protein composition. The 
hyperbolic cosine is a known physical solution to the minimization of 
energy when surface energy is the predominant energy scale. The surface 
area to volume ratio decreases during viral exit by an amount (normalized 
in the Table) and hypothesized to be detectable [1].

Figure 6: The Cross Section of the Model and the Sign of the Curvature 
of its Components Help Understand the Energy Cost of Having 
Negative Curvature and Net Gain of  Global Curvature After Splitting
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Figure 7: A Continuously Changing Surface Tension along the 
Axis of Separation (x) Using Calculus of Variation can become a 
Contour Curve for a Surface of Revolution whose Gaussian 
Curvature is Calculated (see Look Up Table).

Time

0 Host Cell Stage Surface Area : 
Volume

Before Viral Exit 1
After Viral Exit 0.975
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• Detection (and treatment) of viral infections to 
date has been limited to pharmacological 
interaction with (and inhibition of) proteins and 
entry mechanisms. 

• Viral exit, a window into the viral proliferation in 
human hosts, has remained unexplored.

• In this work, we construct a dynamic model of 
biological membrane splitting as an avenue 
towards evaluating viral exit detectability. 

• We evaluate a mechanism by which a host cell 
might recognize its own infection by the dynamic 
changes in membrane mechanics.

• We ultimately seek to calculate whether a 
significant change in membrane surface area or 
volume occurs during viral exit and investigate a 
possible cell response.


