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Motivation: Cyanobacteria control

Control of cyanobacteria in a photo-bioreactor

Model-based control = e-cyanobacterium.org
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Problem: Attractor localisation with parameters

e Non-linear complex biological ODE models

e Parameter tuning controls attractors
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Problem: Attractor localisation with parameters

State of the art:

e Simulation, sampling, continuation

e Bifurcation theory and other analytical methods
® :
e Depend on the type of the system

e Requires a skilled model analyst

e Computationally intensive, but hard to parallelise
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Method: Terminal strongly connected components
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Method: Terminal strongly connected components

1. Continuous system = discrete transition system
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Method: Terminal strongly connected components

Samuel Pastva

. Continuous system =- discrete transition system

. Parameter uncertainty is captured by

parametrised edges

Parallel parametrised divide and conquer
algorithm for component detection

. Each terminal component over-approximates an

attractor
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Clark et al. 2014
e Fluxes of inorganic carbon from cytosol to carboxysome

e Fixation using carbonic anhydrase and RuBisCO enzyme

Grimaud et al. 2014
e Time-dependent dynamics of nitrogen fixation

e Respecting the obligate nitrogen fixation and light limitation

Miiller et al. (in devel.)
e Carbon fluxes in a laboratory scale photobioreactor
e Intercellular exchange, carbonate chemistry, and gas-to-liquid CO,
transfer
Plyusnina et al. (in devel.)

e Electron transport on thylakoid membrane (photosynthesis)
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Clark et al. 2014!

Fluxes and fixation of inorganic carbon

Carbon dioxide concentrating mechanism (CCM)
Model shows that CCM is not necessary for growth in media in
equilibrium with concentration of 10% CO,

Activity of carbon-fixing enzyme RuBisCO

Parameter fast affects rate of carbon fixation reaction
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1Ryan L. Clark et al., Insights into the industrial growth of cyanobacteria from a model of the carbon-concentrating mechanism, AIChE
Journal, 2014, https://doi.org/10.1002/aic. 14310
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Clark et al. — simulation
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Clark et al. — results

A single attractor across whole parameter range

CO; increases rapidly with fast, HCO3 decreases for higher values
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Other results

e Clark: Strong dependence on parameter fast, 4 dimensions

e Grimaud: Independent on parameters r, and ry, 4
dimensions

e Miiller: Independent on parameter kLA_CO, _eff, 7
dimensions

e Plyusnina: 8 dimensions, strange non-trivial attractor

Samuel Pastva Fully Automated Attractor Analysis of Cyanobacteria Models 11 /14



Software support: Pithya

http://pithya.ics.muni.cz/app/pithya

PITHYA: Parameter Investigation Tool . $!bIIGE

e bioogy soratoy

lct predefined example Click here for tutorial or here for complete nanual o vatch video slides on YouTube
Select example -
Setdtor | dbplorer  WResurs
Model Editor Control Panel Properties Editor Control Panel Analyses Control Panel

O on vars X Reload Model X Reload roperes R
Upozaconpiere e odd R Aactor Ayl

VARS: CO2_cyt, HCO3_cyt, C02_carb, HCO3_carb 1

1
2

3 W Notes:

4 8 K_fact mesns K#*(1102_carb/Ks

S 4 pH_carb_factor means ki/107(-pH_carb)
6 8 pH_cyt_factor mesns K/107(-pHcyt)

7 CONSTS: K2,27128; k3,0.00084; factorCoddehyd, 1; factorHCOIdehyd, i v2,
s ,0.60606001,0.00001; fast,0,20000

o140764706; Ka_fact 8

pARANS: pH cyt_factor

16 kg coz_cyt
11 EQ: HEO3 eyt
12 EQ: Coz_carb
15 EQ: HCO3 carb

Fast(0.022968676596.0061-C02_cyt) - k2%C02_CyEVpH _cyt Factor + K3*HCO3 eyt
2vcoz eyt _factor

cyevpn - K3*HCO3_cyt + 6.0026181698 - FasteHCO3 cyt + FasteH

carb - Factorcoz
Factorcozdehyd#Fast ka*pH_carb_factorsCoz_carb - FactorHCoidehyd fastrki*Hcod
15 VAR_POINTS: CO2_carbi1ses, 16

17 THRES: CO2_cyt: 6, 6.60080019, 0.60606039, 0.00006073, 0.00000156, 0.000803125, 0.00000625
16 THRES: HCO3_cyt: 6, 6.66610, 666030, 6.08075, 6.06156, 0.083125, 6.6625, 6.0135, 0.625, 0.8
19 THRES: CO2_carb: 6, 6.601

20 THRES: HCO3 carb:o, 6.06019, 0.06639, 0.60675, 6.00156, ©.803125, 0.88625, 0.0125, 8.625, 8.8
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Thank you for your attention!
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