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Abstract: A bio-electrochemical system can promote the interaction between microorganism and

electrode and consequently change cellular metabolism. To investigate the metabolic performance of

Zymomonas mobilis in the bio-electrochemical system, we applied an H-type bio-electrochemical reactor

to control Z. mobilis fermentation under 3 V. Compared with the control group without applied voltage,

the glycerol in the anode chamber increased by 24%, while the glucose consumption in the cathode

chamber increased by 16%, and the ethanol and succinic acid concentration increased by 13% and 8%,

respectively. Transcriptomic analysis revealed that the pathways related to organic acid metabolism,

redox balance, and electron transfer played roles in metabolic changes. Three significantly differentially
expressed genes, ZMOI1060 (superoxide dismutase), ZMO0401 (diguanylate cyclase), and ZMOI1819

(nitrogen fixation protein), were selected to verify their functions in the bio-electrochemical system.

Overexpression of ZMO1060 and ZMO1819 improved the electrochemical activity of Z. mobilis. This

study provides insights into the microbial metabolism regulated by the bio-electrochemical system.

Keywords: Zymomonas mobilis; bio-electrochemical system; transcriptome; metabolism; electron transport
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Figure 1  Growth profile of Z. mobilis under
electrochemical fermentation and the current
change of the device. AN: anode; CA: cathode; NC:
negative control.
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Figure 2 Concentrations of glucose, ethanol, succinic acid and glycerol in the anode chamber (AN), cathode
chamber (CA) and control group (NC) during fermentation.
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Figure 3 Transcriptome differences of cells in electrochemical system. (A) Gene expression heatmap of
control (NC), anode (AN) and cathode (CA) groups at 12 h and 30 h. (B) Functional clustering and GO

enrichment analysis.
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Table 1 Transcriptional changes of genes involved in key metabolic pathways in anode chamber (AN) and
cathode chamber (CA)
Metabolite Key pathways Transcriptional changes of the enzyme-encoding genes
AN CA
GLY GAP—GOLP 1.219 0.960
GOLP—GOL 1.503 0.940
GOL—-GLY 1.253 0.833
LAC PYR—LAC 0.594 1.359
ETH PYR—HThPP 0.983 0.796
HThPP—ALD 0.753 1.213
ALD—ETH 0.671 0.942
SuUC SuCoA—SUC 0.852 1.301
SUC—FUM 1.027 0.782

GAP: glyceraldehyde-3P; GOLP: glycerone-P; GOL: glycerone; GLY: glycerol; PYR: pyruvate; LAC: lactate; HThPP:
2-hydroxyethyl-ThPP; ALD: acetaldehyde; ETH: ethanol; SuCoA: succinyl-CoA; SUC: succinate; FUM: fumarate.
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Figure 4 Improvement of substrate consumption
and product synthesis (modified strains vs. wild
type) during electrochemical fermentation. Anode
chamber (AN), cathode chamber (CA).
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