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ABSTRACT Microbial electrosynthesis has recently been considered a potentially sustainable biotechnology for converting carbon
dioxide (CO,) into valuable biochemicals. In this study, bioelectrochemical acetate production from CO, was studied in an H-type
two-chambered reactor system with an anaerobic microbial consortium. Metal-rich mud flat was used as the inoculum and incubated
electrochemically for 90 days under a cathode potential of -1.1 V (vs. Ag/AgCl). Four consecutive batch cultivations resulted in a high
acetate concentration and productivity of 93 mmol/L and 7.35 mmol/L/day, respectively. The maximal coulombic efficiency (rate of
recovered acetate from supplied electrons) was estimated to be 64%. Cyclic voltammetry showed a characteristic reduction peak at
-0.2~-0.4 V, implying reductive acetate generation on the cathode electrode. Furthermore, several electroactive acetate-producing
microorganisms were identified based on denaturing- gradient-gel-electrophoresis (DGGE) and 16S rRNA sequence analyses. These
results suggest that the mud flat can be used effectively as a microbial source for bioelectrochemical CO, conversion.

Key words Bioelectrochemical system(%§ &7 7| 318} A| 2 €l), Carbon dioxide(©]AF3FetA), Acetic acid(©FAH] EAF), Mixed culture
(Z3ul) 9F), Coulombic efficiency(Z -2 & &), Microbial community(2] & o 3])
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Table 1. Comparison of acetate production from CO. using mixed culture in bioelectrochemical system

E Max, Max. acetate | Coulombic
Inoculum source Membrane* Cathode v \j:hgtlE) acetate titer | production rate | efficiency Ref,
(mmol/L) (mmol/L/d) (%)
UASB sludge CEM Carbon felt -1,26 21.9 1,00 58.0 [11]
Activated sludge f
cuivated STUces Tom | omyp Carbon felt -0.95 1.59 1.59 98 4 [13]
sewage treatment plant
Microbial ti
crobial consortium CEM NanoWeb—RVC ~0.85 275 0.50 70.0 [14]
from pond sediment
Anodic effluent from 3D graphene
PEM —| 2 1 1
MFC —nickel foam 0.85 93. .11 70.0 [19]
Anaerobic digester
sludge from wastewater PEM Graphite carbon felt -0.91 86.3 9.51 82.0 [12]
treatment
Mud flat CEM Graphite carbon felt -0.90 93.0 7.35 64.0 This study

* CEM: Cation exchange membrane, PEM: Proton exchange membrane, BPM: Bipolar membrane, SHE: Standard hydrogen electrode
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Fig. 4. Cyclic voltammograms (CVs) of biotic and abiotic
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Table 2. BLAST analysis results comparing DGGE band—sequence similarities to those in database

Band no* Best match in BLAST analysis (Accession no,) Similarity (%) Taxonomic description (class)

1 Acetobacterium tundrae DSM 9173 (AJ297449) 99 Clostridia

2 Dysgonomonas oryzarvi (AB547446) 99 Bacteroidia

3 Thioclava pacifica DSM 10166 (AUND01000024) 99 o—proteobacteria
4 Arcobacter cryaerophilus strain L406 305 (LRUV01000021) 99 e—proteobacteria
5 Uncultured epsilon proteobacterium clone (JX570599) 99 g—proteobacteria
6 Arcobacter butzleri RM 4018 (CP0O00361) 100 e—proteobacteria
7 Arcobacter cryaerophilus CCUG 17081 (1.14624) 99 e—proteobacteria
8 Methylosinus trichosporium OB3b (ADVE01000118) 99 o—proteobacteria
9 Acetobacterium wieringae DSM 1911 (LKEU01000008) 100 Clostridia

10 Acetobacterium malicum DSM 4132 (X96957) 99 Clostridia

11 Sulfurovum denitrificans eps51 (1L.C322101) 100 g—proteobacteria
12 Sporomusa paucivorans DSM 3697 (FR7499.9) 99 Negativicutes
13 Rhodobacter vinaykumarii DSM 18714 (jgi.1096505) 99 a—proteobacteria
14 Sporomusa sphaeroides DSM 2875 (AJ279801) 98 Negativicutes
15 Oscillospira guilliermondii OSC5 (AB040499) 100 Clostridia

16 Uncultured actinobacterium clone u72 (GQ850547) 95 Acidimicrobiia
17 Lentimicrobium saccharophilum TBCL (DF968182) 92 Bacteroidia

18 Uncultured bacterium clone CI5cm, A08 (EF208679) 99 o—proteobacteria
19 Sulfurimonas gotlandica GD1 (ABXD01000011) 98 £—proteobacteria
20 Uncultured bacterium clone POX2bSE03 (EU491326) 99 y—proteobacteria
21 Uncultured gamma proteobacterium (AM882560) 99 y—proteobacteria

* The bands are numbered according to Fig. 5.
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