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How to form a 3D biofilm? 
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Schema for V. cholerae biofilm growth 
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Role of cell-to-surface adhesion 



Leodotia Pope 

Growth Division 

Agent based simulation 
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Cell-cell interaction 



Cell-surface interaction interpolates between  

cylindrical and spherical contacts 
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Surface interaction facilitates 3D growth  
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Continuum model for “verticalization” 
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Continuity equations for horizontal 

and vertical cells 



Approximation: pressure ~ cell density (above 

packing density) 

Force balance: 

Cells push on their neighbors 



Horizontal cells 

Vertical cells 

Equations of motion 
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• Traveling "shark fin" of 

horizontal cells 

 

• Front moves with 

constant speed 

Can we predict the speed 

and shape? 

Numerical solution yields moving front 



Isobaric regime if 
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If verticalization is fast → “isobaric” regime 

α = growth rate 

β = verticalization rate 

ξ = ratio of vertical to 

horizontal footprint 



Cell length influences colony shape 



Role of cell-to-cell adhesion  

ΔrbmA mutant 

RbmA 



A different mode of biofilm growth 
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Perturbation 

Resistance to mechanical perturbation 



Resistance to invasion 
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Contact between two clusters 



Osmotic pressure drives biofilm expansion 

0.5 cm 



Osmotic swelling enables matrix producer to 

exclude non-producer 
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• Biofilms are ubiquitous – bacteria live in communities 

• Single-cell imaging reveals single founder, 2D → 3D transition, and 
internal order 

• Agent-based and continuum modeling reveal mechanism of 
verticalization, influence of cell size, etc. 

• V. cholerae biofilms control territory: 

- Resist invasion  

- “ Bulldoze” competitors 

- Exploit osmotic swelling 
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Summary  



Future directions 

• Role of cell curvature? 
 

• Role of the matrix “envelope”?  
 
 
 
 
 
 

• Quorum sensing & gene expression 
 

• How do different species build biofilms? 
 

• Implications for disease 
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Colocalization of matrix components 
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