A Validated in silico Model of Escherichia coli Biofilms
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Abstract in silico Model : An Overview

A transition to biofilm mode of growth from the planktonic form is triggered by a wide variety of stressfulconditions, File: Edit, View, Tocls) Preférences. Felp

Including nutrient deficiencies,osmotic shock, presence of antibiotics etc. Cellsthat have shifted to this alternate DERD EDO0LO2XKEAB AN MNES T
physiologicalgrowth mode exhibit differential expressionof distinct set of genes,known to be involvedin regulation of Biofn_100816 2 |

biofilm development Basedon the currentunderstandingthere is an inter-play of over 120 annotatedgenes,n additionto Graph Biofim | exd ¢ et x|

someunannotatedgenesin E coli, that are knownto be specificallyinvolvedin the regulation of variousstepsof biofilm ]
formation. Takinginto considerationall the major events,starting from the initial adhesionstep, once a favorablesurfaceis
identified to culminatingto the biofilm maturation processan in silico biofilm model (IBM) is built, that simulatesbiofilm
formation. Thisplatform basedon Ordinary Differential Equations (ODE) will help usin understandinghe complexbiology
of biofilms that involvesinteractions acrossa multi-componentnetwork of specificplayers,their regulators along with
structural componentslike Curli Fimbriae,PGAand key secondarymessengerdike cyclicdi-GMP The in silico model is
validatedasper the publishedliterature, andthe predictivefindingsare further supportedand confirmedby in vitro assays
Here we establishthe in silicoto in vitro correlation of a seriesof gene perturbationsthat are known to impact biofilm
formation.
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Introduction : Developing an ODE Model

C In silicomodelsbasedon Systemsviology,allow us to have an in-depth insightinto complexbiologicalnetworks and
their interactions Two commonlyfollowed approachedor creatingsuchbiologicalmodelsare: FluxBalanceAnalysis
(FBA) and DynamicSimulationAnalysisusingODE. The current study explainsthe ODEbasedin silicomodelingof the
variousinter-connectedpathwaysinvolvedin biofilm formationin E coli.

C Majority of the biochemicalreactionsin a living cell are catalyzedby enzymes Thesereactionsare either bi-substrate
(80-90%9), tri-substrate(3-5%0) or Mono- substrateb-10%), andtheir kineticsis drivenby :
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in silico Model Representation

Response Curve : Quantification of Enzyme Activation/Inhibition

b Substrate
'\ Michoelis - Menten Eqvation |- dis] . d[P] - Vmax*[S] ' C RMAKkineticsappliedto drive the biochemicakeactionsin the in silicomodel
(MME) 9 dt d ~ " Km+][S] * U Advantage®f RMAover MMEKIinetics
Activator A Reducesime takenby the solverto computelargeequation (Bisubstrate, Tri-substrate)
dis dip W E A Reduceshe dependenceon unknownparameterssuchasKcat KmandKiinsidethe cell,
U Reversible Mass Action Equation| _ [S] = [ ] V = kf*[S]—kr*[P] _ _ o A
(RMA) dt dt whichare mostlyunavailablan literature
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. Inhibitor C Concentrationof all the speciesn the modelis normalizedto <1. o
" C Responseareideallyin the mid rangeof 0-1. % o
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C FluxEquation: (Kf*Substrate)- (Kr*Product) E= ek
Steps : Development of ODE Model o | o | | £ e
C Netactivation =Kf( activator—inhibitor ) with non-linearregulation ‘g o
C Published literature was extensively scoped C Example &
C Created detailed pathway (static) maps of the biofilm components U LinearRegulation (maxQ,min(1,(activator- inhibitor))))
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over time

Fimbriae, Flagellum, — : :
, S eic/ j / Gene perturbations C Systems Biology Approach of Modelling, based on ODE was completed

C Detailed Interconnected Dynamic platform for studying the biofilm network was developed

C An example of Model Validation with specific perturbations is shown below:
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Model Components :
Regulatorynetwork of over 120 non-essentialgenes Refe rences
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Matrix Components Cellulose, Colanic Acid, PGA (poly-beta-1,6-N-acetyl-D-glucosamine)
Regulatorynetwork for Cyclic-di-GMP mediatedregulation

Two-ComponentSystems

O 0O 0O O O
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Biofilm Biomass, BBM = Planktonic Biomass (10%) + Extracellular Matrix Components (90%)
Planktonic Biomass, BM = RNA + Glycogen + Lipid + LPS + Peptidoglycan + Protein + DNA / \ /
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