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Desalination is hindered by biofouling 

2

Prevent fouling

Biofilm Growth models
- Predict growth.
- Screen antifoulants

Anti-biofouling 
model
- Expedite 
experimentation
- Elucidate 
fundamental 
mechanics

Molecular-level bacterial simulation
- Biochemical accuracy
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1

Biofouling
Bacterial biofilm 
colonization

Scaling
Mineral precipitation 
from brine

Water scarcity

Desalination



3Time

Surface

1: Planktonic phase 2: Pioneers establish

Biofilm
Conditional layer

3: Biofilm forms

Conditional layer

4: Biodegradation of the surface

Conditional layer
Biofilm

Pore

3) Does 1O2 differentially affect (Gram +\-) species?

1) Can 1O2 prevent biofilm formation?

2) Can 1O2 inactivate existing biofilms?

4) What are the requisite 1O2 concentrations?

Experimental system

5) What mechanisms cause 1O2 inactivation?

6) Is periodic dosing of 1O2 sufficient for inactivation?



PDI oxidation – to scale

Staphylococcus 
aureus

(1.0 𝜇𝜇𝜇𝜇 𝑑𝑑𝑑𝑑𝑑𝑑𝜇𝜇𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
50 𝑛𝑛𝜇𝜇 𝜇𝜇𝑑𝑑𝜇𝜇𝑚𝑚𝑑𝑑𝑑𝑑𝑛𝑛𝑑𝑑)

4

Singlet oxygen layer (~75 𝑛𝑛𝜇𝜇)

Polyamide RO filtration membrane (~150 𝑛𝑛𝜇𝜇)

Bacterial dimensions:
S. aureus = sphere [0.5, 1.5]𝜇𝜇𝜇𝜇

membrane 20, 80 𝑛𝑛𝜇𝜇

P. aeruginosa = rod 0.5, 1 𝜇𝜇𝜇𝜇 𝑥𝑥 [1, 5]𝜇𝜇𝜇𝜇
E. coli = rod 1𝜇𝜇𝜇𝜇 𝑥𝑥 2𝜇𝜇𝜇𝜇

Human skin thickness ≈ 1.8 𝜇𝜇𝜇𝜇

https://www.canada.ca/en/public-health/services/laboratory-biosafety-biosecurity/pathogen-safety-data-sheets-risk-assessment/staphylococcus-aureus.html
https://bionumbers.hms.harvard.edu/bionumber.aspx?id=103945&ver=1&trm=Staphylococcus+aureus
https://microbewiki.kenyon.edu/index.php/Pseudomonas_aeruginosa
http://book.bionumbers.org/how-big-is-an-e-coli-cell-and-what-is-its-mass/


Membrane inactivation
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MembraneBulk solution

Lysis

~70 𝑛𝑛𝜇𝜇 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑛𝑛

~15 − 80 𝑛𝑛𝜇𝜇

Experimental definition of Microbial Death
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Computational inspiration

The Whole Cell Model (Cell, 2012)
• Bottom-up biochemical accuracy

Biofilm Models
• Top-down deterministic ODEs



Model intentions
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1) Predict results

2) Educate mechanisms
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Chemical workflow

Upper constraints for COBRApy

Chemical concentrations

Michaelis-Menten kinetics

Reaction rates

Interpolate rates for undescribed reactions 

Reaction fluxes

Green: quantity ; Orange: calculation

Execute timestep

Execute rate laws 

Unknown 
constants
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Chemical workflow
Estimate kinetic constants from the inferring the values as being between known kinetic constants of 
other known reactions.
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Simulation space with settling

Bacterium = particle
- Stoke’s law of terminal velocity

• 𝑣𝑣𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑠𝑠∗ 𝜌𝜌𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏−𝜌𝜌𝑤𝑤𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 ∗𝑑𝑑𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏
2

18∗𝜇𝜇

≈ 0.25
𝜇𝜇𝜇𝜇
𝑑𝑑

• 𝑅𝑅𝑑𝑑 =
𝜌𝜌𝑤𝑤𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏∗𝑑𝑑𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏∗𝑣𝑣𝑠𝑠𝑏𝑏𝑏𝑏𝑏𝑏𝑠𝑠𝑏𝑏𝑠𝑠𝑠𝑠

𝜇𝜇
≈ 4𝐸𝐸 − 9 ≪ 2

Polymeric surface

1 𝑛𝑛𝑛𝑛

100 𝜇𝜇𝜇𝜇 𝑣𝑣𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

Bacterium ≈ 1 𝑑𝑑𝑛𝑛

• 1 million grid volume cells

• 𝑏𝑏𝑏𝑏𝑏𝑏𝑠𝑠𝑠𝑠𝑏𝑏𝑠𝑠𝑏𝑏𝑏𝑏
𝑠𝑠𝑠𝑠𝑏𝑏𝑏𝑏𝑠𝑠𝑏𝑏𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑣𝑣𝑠𝑠𝑠𝑠𝑏𝑏𝑏𝑏𝑠𝑠

= 1 𝑓𝑓𝑓𝑓
1 𝑠𝑠𝑓𝑓

= 1𝐸𝐸−15 𝑓𝑓
1𝐸𝐸−9 𝑓𝑓

= 1𝐸𝐸 − 6 = 𝑝𝑝𝑝𝑝𝜇𝜇



Chemical reaction dynamics “flux”
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𝑑𝑑𝑎𝑎 + 𝑚𝑚𝑏𝑏 → 𝑐𝑐𝑐𝑐 + 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 + 𝑑𝑑𝑎𝑎 → 𝑦𝑦𝑦𝑦 + 𝑧𝑧𝑧𝑧
𝑐𝑐𝑐𝑐 + 𝑧𝑧𝑧𝑧 → 𝑔𝑔𝑑𝑑𝑑𝑑𝑔𝑔𝑑𝑑𝑔

−𝑑𝑑 −𝑑𝑑 0
−𝑚𝑚 0 0
𝑐𝑐 0 −𝑐𝑐
𝑑𝑑 −𝑑𝑑 0
0 𝑦𝑦 0
0 𝑧𝑧 −𝑧𝑧
0 0 𝑔𝑔𝑑𝑑𝑑𝑑𝑔𝑔𝑑𝑑𝑔

⋅
𝑣𝑣1
𝑣𝑣2
𝑣𝑣3

= 0 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑦𝑦 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

𝜇𝜇𝑑𝑑𝑥𝑥𝑑𝑑𝜇𝜇𝑑𝑑𝑧𝑧𝑑𝑑 𝑔𝑔𝑑𝑑𝑑𝑑𝑔𝑔𝑑𝑑𝑔 = 𝜇𝜇𝑑𝑑𝑥𝑥𝑑𝑑𝜇𝜇𝑑𝑑𝑧𝑧𝑑𝑑 𝑣𝑣3

3) Flux balance analysis (Cobrapy) – linear programming toward a directive

https://cobrapy.readthedocs.io/en/latest/


Chemical reaction dynamics “flux”
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3) Flux balance analysis (Cobrapy) – linear programming toward a directive

𝑚𝑚𝑑𝑑𝑑𝑑𝑛𝑛𝑑𝑑𝑠𝑠𝑠𝑠𝑙𝑙𝑠𝑠𝑏𝑏 ≤ 𝑣𝑣𝑏𝑏 … ≤ 𝑚𝑚𝑑𝑑𝑑𝑑𝑛𝑛𝑑𝑑𝑏𝑏𝑢𝑢𝑢𝑢𝑠𝑠𝑏𝑏

• Thermodynamic reaction limits are approximated 

o 𝑣𝑣 𝑑𝑑𝑑𝑑 𝑑𝑑𝑑𝑑𝑑𝑑𝑔𝑔𝑑𝑑𝑑𝑑𝑑𝑑 𝑑𝑑𝑑𝑑𝑑𝑑𝑐𝑐𝑑𝑑𝑑𝑑𝑑𝑑𝑛𝑛𝑑𝑑 ⊆ 0,1000
o 𝑣𝑣 𝑑𝑑𝑑𝑑 𝑑𝑑𝑑𝑑𝑣𝑣𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑚𝑚𝑟𝑟𝑑𝑑 𝑑𝑑𝑑𝑑𝑑𝑑𝑐𝑐𝑑𝑑𝑑𝑑𝑑𝑑𝑛𝑛𝑑𝑑 ⊆ [−1000,1000]

𝑑𝑑𝑎𝑎 + 𝑚𝑚𝑏𝑏 → 𝑐𝑐𝑐𝑐 + 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 + 𝑑𝑑𝑎𝑎 → 𝑦𝑦𝑦𝑦 + 𝑧𝑧𝑧𝑧
𝑐𝑐𝑐𝑐 + 𝑧𝑧𝑧𝑧 → 𝑔𝑔𝑑𝑑𝑑𝑑𝑔𝑔𝑑𝑑𝑔

https://cobrapy.readthedocs.io/en/latest/


Web scraping

13

1) Standardize biochemical databases
• WholeCellKB.org
• NIST Thermodynamics of Enzyme-Catalyzed Reactions

2)   Partnership with the      
ModelSEED database.

Andrew

Ethan



New directions
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3) Incorporate singlet oxygen and biofilm reactions

1) Execute a preliminary cellular model

2) Expand kinetic and thermodynamic parameterization

4) Visualize through results plots and a GUI



Thank you!
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Thank you!



¿Questions?
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¿Critiques?



Chemical reaction dynamics “flux”
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3a) Dynamic FBA (dfba) – Time variability and dependence

• 𝑎𝑎 , 𝑏𝑏 , 𝑐𝑐 , 𝑑𝑑 , 𝑦𝑦 , 𝑧𝑧 are variable over simulation time

𝑑𝑑𝑎𝑎 + 𝑚𝑚𝑏𝑏 → 𝑐𝑐𝑐𝑐 + 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 + 𝑑𝑑𝑎𝑎 → 𝑦𝑦𝑦𝑦 + 𝑧𝑧𝑧𝑧
𝑐𝑐𝑐𝑐 + 𝑧𝑧𝑧𝑧 → 𝑔𝑔𝑑𝑑𝑑𝑑𝑔𝑔𝑑𝑑𝑔

https://dynamic-fba.readthedocs.io/en/latest/index.html


User-defined parameters
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1) Extracellular conditions 
• LB broth, as casein and yeast extract ; temperature  ;  NTUs, et cetera

2)    Bacterium species
• Mycoplasma genitalium => cell cycle, cell mass\volume, metabolic proportions 

3)    Inactivation method
• Photodynamic inactivation (PDI) with singlet oxygen
• Organic antimicrobial agents



Approximated parameters for M. genitalium
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1)    𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑣𝑣𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑛𝑛 𝑝𝑝𝑑𝑑𝑑𝑑𝑝𝑝𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑛𝑛 = 𝑏𝑏𝑏𝑏𝑠𝑠𝑠𝑠𝑏𝑏
𝑏𝑏𝑏𝑏𝑠𝑠𝑠𝑠𝑏𝑏=0

= 1
3

• The fraction of initial mass below which the bacterium dies 

*Quite uncertain

2)    ** 𝑑𝑑𝑑𝑑𝑑𝑑𝑛𝑛𝑑𝑑𝑟𝑟𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑛𝑛 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 4 𝑏𝑏𝑠𝑠𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠
𝑠𝑠𝑠𝑠𝑏𝑏𝑠𝑠𝑠𝑠𝑑𝑑

• The rate at which codons are transcribed into amino acids for protein synthesis

3)    ** 𝑑𝑑𝑛𝑛𝑧𝑧𝑦𝑦𝜇𝜇𝑑𝑑 𝑔𝑑𝑑𝑟𝑟𝑑𝑑𝑟𝑟𝑑𝑑𝑑𝑑𝑑𝑑 = 5000 𝑑𝑑𝑑𝑑𝑐𝑐𝑑𝑑𝑛𝑛𝑑𝑑𝑑𝑑
• The rate of enzyme degradation into amino acids for every enzyme

4)    𝑚𝑚𝑑𝑑𝑐𝑐𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑟𝑟, 𝑑𝑑𝑟𝑟𝑑𝑑𝑐𝑐𝑑𝑑𝑑𝑑𝑑𝑑𝑐𝑐𝑑𝑑𝑟𝑟 𝑐𝑐𝑑𝑑𝑟𝑟𝑟𝑟 𝑝𝑝𝑑𝑑𝑑𝑑𝑑𝑑𝑛𝑛𝑑𝑑𝑑𝑑𝑑𝑑𝑟𝑟 = 0.2 𝑣𝑣𝑑𝑑𝑟𝑟𝑑𝑑𝑑𝑑 *
• Electric cell potential of the bacterium, which is the aggregation of all biochemical reactions

5)    𝑇𝑇𝑠𝑠𝑢𝑢𝑠𝑠 = 310 °𝐾𝐾
• The optimum incubation temperature, which is the aggregate thermodynamics of the bacterium

6)    ** 𝑑𝑑𝑑𝑑𝑑𝑑𝑐𝑐𝑑𝑑𝑑𝑑𝑑𝑑𝑛𝑛 𝑐𝑐𝑑𝑑𝜇𝜇𝑝𝑝𝑟𝑟𝑑𝑑𝑑𝑑𝑑𝑑𝑛𝑛𝑑𝑑𝑑𝑑𝑑𝑑 = 𝑏𝑏𝑠𝑠𝑏𝑏𝑏𝑏𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑒𝑒𝑠𝑠𝑏𝑏𝑏𝑏𝑠𝑠𝑠𝑠𝑑𝑑
𝑢𝑢𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑏𝑏𝑠𝑠𝑠𝑠 𝑏𝑏𝑠𝑠𝑏𝑏𝑏𝑏𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

= 0.9

• The proportion of necessary reactions to achieve 𝑄𝑄
𝐾𝐾𝑏𝑏𝑒𝑒 𝑠𝑠𝑢𝑢𝑠𝑠

that are executed in a timestep



Approximated parameters for M. genitalium
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7)    𝑃𝑃𝑟𝑟𝑑𝑑𝑛𝑛𝑃𝑃𝑑𝑑𝑑𝑑𝑛𝑛𝑑𝑑𝑐𝑐 = 1 ; 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑐𝑐𝑔𝑑𝑑𝑑𝑑 = 0.8 ; 𝑏𝑏𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑟𝑟𝜇𝜇 = 0.5 ; 𝑃𝑃𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 0.00001
• The relative metabolic reaction rate, which is informed through an interview of a Eukaryotic biologist

8)    ** 𝑣𝑣𝑑𝑑𝑑𝑑𝑑𝑑𝑟𝑟 𝑑𝑑𝑛𝑛𝑑𝑑𝑑𝑑𝑔𝑔𝑑𝑑𝑑𝑑𝑑𝑑𝑐𝑐 𝑝𝑝𝑑𝑑𝑑𝑑𝑝𝑝𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑛𝑛 = 𝑠𝑠𝑠𝑠𝑠𝑠𝑏𝑏𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑏𝑏 𝑢𝑢𝑏𝑏𝑠𝑠𝑢𝑢𝑠𝑠𝑏𝑏𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑏𝑏
𝑠𝑠𝑠𝑠𝑠𝑠𝑏𝑏𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑏𝑏 𝑢𝑢𝑏𝑏𝑠𝑠𝑢𝑢𝑠𝑠𝑏𝑏𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑏𝑏=0

= 1
2

• The proportion of energetic chemicals relative to below which the bacterium dies



Assumptions and limitations
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3) ** Need-based absorption 
• 𝑛𝑛𝑑𝑑𝑑𝑑𝑑𝑑 = 𝑄𝑄

𝐾𝐾 𝑠𝑠𝑢𝑢𝑠𝑠𝑠𝑠𝑏𝑏𝑏𝑏𝑏𝑏
− 𝑄𝑄

𝐾𝐾 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑠𝑠𝑠𝑠𝑠𝑠

• 𝑄𝑄
𝐾𝐾 𝑠𝑠𝑢𝑢𝑠𝑠𝑠𝑠𝑏𝑏𝑏𝑏𝑏𝑏

is estimated from the incubation °𝐾𝐾

5) ** Transcription and\or enzymes are negligible

2) Mass balance applies everywhere

6) Singlet oxygen oxidizes only unsaturated lipids

7) Constant cell cycle times 
• Only three phases: Interphase, S, and mitosis

8) Replication resets the bacterium

10) The acquired datasets are accurate

1) Homogeneous bulk and cytoplasm

4) ** Boltzmann distribution to substrates
9) 𝜚𝜚𝑏𝑏𝑏𝑏𝑏𝑏𝑠𝑠𝑠𝑠𝑏𝑏𝑠𝑠𝑏𝑏𝑏𝑏 = 𝑐𝑐𝑑𝑑𝑛𝑛𝑑𝑑𝑑𝑑𝑑𝑑𝑛𝑛𝑑𝑑



Whole Cell Biofilm Model

Planktonic-phase bacteria

System dynamics

Metabolism

Quorum sensing

Conditional layer
Biofilm 
establishment

Biofilm Growth Models

Dispersion

Channels/pores

Detachment
Diffusion

Anti-bioticsNutrients

Bacterial 
growth & 
replication

Mature biofilm

Diffusion

Shear forces 

Cell death

Bacterium

Thickness

EPS production
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** Membrane flux = mass balance
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𝜇𝜇𝑑𝑑𝑑𝑑𝑑𝑑𝑏𝑏𝑏𝑏𝑏𝑏𝑠𝑠𝑠𝑠𝑏𝑏𝑠𝑠𝑏𝑏𝑏𝑏,𝑠𝑠 = 𝜇𝜇𝑑𝑑𝑑𝑑𝑑𝑑t=𝑠𝑠−1 + 𝜇𝜇𝑑𝑑𝑑𝑑𝑑𝑑𝑠𝑠𝑠𝑠𝑠𝑠,𝑠𝑠

𝑉𝑉bacterium,t = 𝜇𝜇𝑏𝑏𝑏𝑏𝑏𝑏𝑠𝑠𝑠𝑠𝑏𝑏𝑠𝑠𝑏𝑏𝑏𝑏,𝑠𝑠 ∗
Vbacterium,0 ≈ 1 𝑑𝑑𝑛𝑛
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𝐸𝐸 = 𝑑𝑑𝑟𝑟𝑑𝑑𝑐𝑐𝑑𝑑𝑑𝑑𝑑𝑑𝑐𝑐𝑑𝑑𝑟𝑟 𝑝𝑝𝑑𝑑𝑑𝑑𝑑𝑑𝑛𝑛𝑑𝑑𝑑𝑑𝑑𝑑𝑟𝑟 𝑑𝑑𝑑𝑑 𝑑𝑑𝑔𝑑𝑑 𝑚𝑚𝑑𝑑𝑐𝑐𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝜇𝜇

𝐾𝐾𝑠𝑠𝑒𝑒 = 𝑑𝑑𝑞𝑞𝑑𝑑𝑑𝑑𝑟𝑟𝑑𝑑𝑚𝑚𝑑𝑑𝑑𝑑𝑑𝑑𝜇𝜇 𝑐𝑐𝑑𝑑𝑛𝑛𝑑𝑑𝑑𝑑𝑑𝑑𝑛𝑛𝑑𝑑 =
𝑝𝑝𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑐𝑐𝑑𝑑 𝑠𝑠

𝑑𝑑𝑑𝑑𝑑𝑑𝑐𝑐𝑑𝑑𝑑𝑑𝑛𝑛𝑑𝑑 𝑏𝑏



New directions
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1) Thoroughly organize the reaction database
• Categorizing reactions as inter-\intra-compartmental

2) Expand biochemical accuracies
• Introduce quorum sensing reactions

6) Implement antibiotic reactions
• Parameterize 1O2 reactions

4) Compare with conventional methods
• Flux balance analysis via cobrapy module

5) Introduce a visual depiction
• Matplotlib plots and tkinter GUI

3) Expand the bacterium model into a biofilm model
• Incorporate new functionalities like metabolic states



Membrane oxidation mechanisms
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Anti-foulants

Suspension phase model 

Substrate

Solution elements

Diffusion - Reaction-diffusion Equations 
Fick’s law or Cahn-Hilliard equations

Parameters/equations 

Water
Diffusion - Reaction-diffusion Equations 

Fick’s law or Cahn-Hilliard equations

Disrupt Biochemistry -
Quorum sensing
Bacteriostatic
Bactericidal

Diffusion - Reaction-diffusion Equations 
Fick’s law 
Cahn-Hilliard equations 30



Modeled biofilm and membrane

Shape

Biofilm qualities

Shear forces - Digital Biofilm model (2016)
Thickness - Biofilm Growth Model (2000 MSU)

Parameters/equations 

Channeled Porous - Cellular automata algorithm

Membrane Porous - Biofilm Growth Model (2000 MSU) 
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Modeled bacteria

Motility

Bacterial elements

Staphylococcus aureus is not motile

Parameters/equations 

Density limit

Bacterial growth

Quorum sensing - Frederick et al. 2016
Daughter cell dispersion - Individual-based 

algorithm

Substrate - Monod kinetics
- Michaelis-Menten kinetics

Anti-foulant - Novel

S. aureus 
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Biofouling
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1PS 3PS⋅

1 2

𝑔𝜈𝜈

3

Bac.

4

Bac.

+

Membrane polymer

Fundamental questions
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Algorithm/Model Assumptions/limitations Model contribution

Rittmann model &
Biofilm Accumulation model 
(BAM)

1) The biofilm is composed of dead+active bacteria and water
2) Constant Biofilm growth, [Substrate], and bulk volume 

Foundation

Biofilm Growth model (BGM) 1) The biofilm is composed of dead+active bacteria and water
2) Constant Biofilm growth and [Substrate]

Dynamic bulk volume

Digital Biofilm Model (DBM) 1) Biofilms are two-phases: rigid bacteria and malleable EPS
2) Proteins were only modeled in the EPS

Accurate Biofilm composition

Individual-based algorithm 1) Computational demands 
2) Bacteria are inelastic spheres
3) Porosity is predestined by net vector daughter cell dispersal 

Natural evolution of population 
growth

Cellular automaton 
algorithm

1) Heterogeneous bacteria and biofilm 
2) Unrealistic quantization of parameters
3) Parameters values can be subjective

Mature biofilm channelling

35

Whole Cell Biofilm Model



Algorithm/Model Assumptions/limitations Model contribution

Rittmann model &
Biofilm Accumulation model 
(BAM)

1) The biofilm is composed of dead+active bacteria and water
2) Constant Biofilm growth, [Substrate], and bulk volume 

Foundation

Biofilm Growth model (BGM) 1) The biofilm is composed of dead+active bacteria and water
2) Constant Biofilm growth and [Substrate]

Dynamic bulk volume

Digital Biofilm Model (DBM) 1) Biofilms are two-phases: rigid bacteria and malleable EPS
2) Proteins were only modeled in the EPS

Accurate Biofilm composition

Individual-based algorithm 1) Computational demands 
2) Bacteria are inelastic spheres
3) Porosity is predestined by net vector daughter cell dispersal 

Natural evolution of population 
growth

Cellular automaton 
algorithm

1) Heterogeneous bacteria and biofilm 
2) Unrealistic quantization of parameters
3) Parameters values can be subjective

Mature biofilm channelling
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Whole Cell Biofilm Model



Cellular Automaton algorithm
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Cellular Automaton algorithm
- Lattice Cartesian grid
- Stochastic selection of the closest unoccupied cells



Individual-based algorithm
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Individual-based algorithm
- Dispersal according to the net vector from cellular overlap



Bioassays

39
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