Relation between electron pairs and fermentation products

The variable e;Hy describes a reducing or electron potential, i.e. its concentration represents available
electron pairs, coupling glucose (electron donor) and electron acceptors, for example oxygen. This corre-
sponds to an electron or redox balance, not a carbon balance.

The number of electron pairs available for respiration can be calculated by formulating the stoichio-
metric equation of total combustion. In total combustion all electron pairs of an electron donor are
transferred to oxygen. An dioxygen molecule O can accept 2 electron pairs. One molecule of glucose
requires 604 for total combustion and thus carries 12 electron pairs:

CgH1206 4+ 605 — 6CO5 4+ 6H50.

In a similar manner, also the electron pairs carried by fermentation products like acetate, ethanol, formate
and lactate as well as succinate can be determined. This allows for calculating a total fermentation flux
from measured fluxes of the respective individual species.

e Ethanol carries 6 electron pairs:

CQH5OH + 302 — 2002 + 3H20

Acetate carries 4 electron pairs:

CH3COOH + 205 — 2CO4 + 2H50,
CyH405 + 205 — 2C05 + 2H50.

Formate carries 1 electron pair:

1
CH,0O5 + 502 — CO4 + H50,
2CH505 + O3 — 2C0O5 + 2H50.

Lactate carries 6 electron pairs:

CH3-CHOH-COOH + 302 — 3CO3 + 3H50,
C3HgO3 + 305 — 3CO5 + 3H50.

Succinate carries 6 electron pairs:

C4H404 + 309 — 4C0O45 + 2H50.

Aggregating these results, the total fermentation flux vperm, meas can be determined in dependence on
the respective measured individual fluxes:

UFerm,meas — 6- VUEth,meas T 4- UAcet,meas T 1. UForm,meas 1 6- ULact,meas 1 6- VSucc,meas-

For “ExpA” the values for individual fluxes can be taken from [1]. At a = (0,23,53,100) % the total
fermentation flux can be calculated t0 Vperm meas = (64.2,38.89,14.54,0.06) mmol - ggéw -h™1, see also
respective Figure in main document.
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