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A Model for Bleb Expansion Using the Level Set Method

Background

Methodology

Mechanical Model

Research Objective
Ø The current focus of our research is to investigate the role 

of cell shape and membrane-cortex adhesion strength on 
bleb size 

Ø How do cells coordinate their movement using blebs?
Ø How do blebbing cells adjust their movement in response 

to stress in their environment?
Ø How does cell shape effect bleb size?
Ø Which proteins regulate blebbing? 

Cell Movement

Modeling Simulations

Ø Mechanical 
response of 
proteins to stress

Ø Mechanics of the 
movement

Ø Numerical approximation of 
velocity field (Mechanical 
model)

Ø Interface tracking (Hamilton-
Jacobi equations/Level set 
framework)

In Silico experiment
Ø 𝜙! + 𝑉. ∇𝜙 = 0Ø Model → 𝑉

Ongoing1: Interface Tracking
Starting cell Implicit function 𝜙 𝑥, 𝑦

𝑉 obtained from 
Mechanical model

Transported implicit 
function 𝜙! + 𝑉. ∇𝜙 = 0Transported cell 

Recover zero-level set

Ø In Voigt model 𝜏#, 𝜏$ are viscous elements and 𝑘$ is the 
elastic element 

Ø The velocity field can obtain by using following equations
Ø 𝑥̇" = − #!
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Ø Here, 𝐹& = 𝑃*+ − 𝐹, + 𝐹- + 𝐹(
Ø 𝑃*+ = 2𝛾!*./ 𝜅/(𝑥)𝑛, 𝐹, = 6𝐹0. 𝑛 𝑛 , 𝐹- = 𝐵𝜅 x 𝑛, and
𝐹( = 6𝐹( . 𝑛 𝑛
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Current Questions

Ø A bleb is a hemispherical protrusion of the cell membrane 
caused by localized decoupling of the cytoskeleton from 
the plasma membrane. 

Algorithm and Result 
Ø Compute force at each membrane point, 𝐹%&

Ø Update viscoelastic strain, 𝑙'& =
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Ø Calculate velocity, (𝑥̇'1)& = − +$
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Ø Update membrane position, (𝑥̅'1)& = (𝑥̅'1)& + ∆𝑡 (𝑥̇'1)&

Ongoing 2

Ø Effect of cell shape & 
curvature on bleb size

Ø Effect of adhesion 
strength on bleb size


