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@b | The C1 compartment is an open-culture fermenter
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IN COOPERATION WITH

4 We know the overall product spectrum and @esa
the microbial community composition

Product spectrum Microbial community composition

Genus

) N
100%
_ Coproiciproducens
v 90%
G Thermoanaerobacterium
T 0,
o 80% Uncl. Ruminccoccaceae (F)
=)
Lactobacillus
Q 70% 2
= Fonticella
0
g 60% Leuconostoc
w
> 50% 8 Moorella
= & Uncl. Firmicutes (P)
5 40% K]
- g f Uncl. Peptostreptococcaceae (f
o 0,
5 30% 2 Clostridum senso stricto 12
o
S 20% ES Mobilitolea
2 Mabhello
T 10%
3 S— Uncl. Bacillales (O)
0% — Syntrophaceticus
oMMt RE R RO EL RSN BEB5 0B RSRERRERGEDY .
' AdddN MmNt SITITITNNANOOORNNNNOEONN O OO — RpMaebacay
= Bifidobacterium
Time (d) Ruminiclostridium
[ ] [ ] Hi Hi | i [ ] n [ | ;
ac pro ibut but ival val icap @ hep oct . ~ Lin ok i

D10 ©7 D33 DI DIS3 D60 DI75 DISl DIs6 D288 D33 D497 D616 DT74 D802




RS We need to expand our knowledge &esa
3 European Space Agency
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LS Different kinds of mathematical modelling for (éesa
—

different purposes
Kinetic unstructured models Bioenergetic models
Biomass is a black box v Intracellular processes are modelled
Solve the macroscopic mass balances v Cell-environmental interactions
Variable selectivity is not addressed v Their task is limited to predict the
process stoichiometry
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e rse The microbial community is modelled as an (éesa
-2 enzyme soup

Reality: Multiple species performing different or similar metabolic functions

Model: One virtual species is able of performing all the metabolic functions
of the community




.qﬂ'h One virtual microorganism does all the possible (éesa
e
' processes European Space Agency

1. Substrate tfransport

2. Active transport of products
3. Na*/H* pump (pH regulation)
4. Passive transport of products
5. ATP production (ATPase)




4“\ Flux balance analysis to determine product (éesa
-2 selectivity

= FBA determines the metabolite flow throught the pathways of the metabolic network
= The flow distribution maximises a given objective (e.g. maximum growth rate)

Substrate 1 Substrate 2 Substrate 3

Acetate Propionate Valerate Acetate Butyrate Acetate i-butyrate Ethanol
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‘qﬂ'ﬂ;\ Fermentative microbes maximise energy (éesa
S A= production
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dib Developing a bioenergetic model for the C1 (éesa

compariment
CH-0OH o O O H C OH
° 3
OHOH )I\OH \)LOH /\)I\OH ~N
Glucose Acetate Propionate Butyrate Ethanol
@ 550C Objec’rlves

« Develop bioenergetic thermophilic model for fermentation
=1 ' « Study the effect of the pH on product spectrum
«  We will first focus on glucose
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;s:"*:‘ Adaptations for thermophilic conditions

Thermodynamics

= Gibbs-Helmholtz equation to account for temperature effect on AG determination

Tact Tref - Tac
AGI('),Tact = AG?-Tref ) T + AH?’Tref ) T t

ref ref

Microbial diversity

= Diversity is expected to be reduced at thermophilic conditions
=  Adapting the model is an iterative process
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%c' Experimental results
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. cCSa
Changes implemented C )

Propionate production

Transcriptomic analyses of the C1 compartment show that there are no active
propionate producers

Propionate production pathway is excluded from the new version of the
metabolic network

H, and CO, ratio prediction

Butyrate pathway includes electron bifurcation, which results in increased H,
production.

The new version of the metabolic network does not include electron bifurcation
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\| ¢S |  Anaerobic fermentations are energy-limited Eesa
-
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LT Take home message

A bioenergetic model for thermophilic glucose fermentation
was developed and validated

The pH did not show to have potential to steer the product
spectrum

Propionate is not a product in glucose thermophilic
fermentations

Have other molecules the same behavior?
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Alberte Regueira
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