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Bacterial flavins-mediated electron transfer and its effects on
anaerobic biotransformation of environmental pollutants: a
review
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Abstract: Redox mediators can accelerate anaerobic biotransformation of toxic environmental pollutants.
Flavins are the redox mediators synthesized and secreted by bacteria. Their application can effectively
avoid the problems of high cost and secondary pollution caused by exogenous mediators. Therefore, they
have attracted wide attention. Many studies have shown that the trace amount of flavins synthesized by
bacteria can not only be used as coenzyme factors of flavin proteins to participate in the anaerobic
biotransformation of azo dyes, chromates and nitroaromatics, but also be secreted to extracellularly
transfer electrons to solid electron acceptors such as iron minerals and electrodes for bioremediation.
According to the functional roles of flavins, this paper reviews their synthesis and secretion, flavins
mediated-intracellular and extracellular electron transfer, and their effects on anaerobic biotransformation
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of environmental pollutants, so as to promote their application in the treatment of environmental

pollutants.

Keywords: Flavins, Biosynthesis, Electron transfer, Pollutant degradation, Redox mediator
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Figure 2 Riboflavin synthesis genes of typical bacteria
Note: BS: Bacillus subtilis subsp. subtilis 168; SO: Shewanella oneidensis MR-1; EC: Escherichia coli MG1655. RFN: Regulation factor
of riboflavin biosynthesis gene expression; nrdR: Gene encoding nucleotide reductase and other gene transcription inhibitors; 7ibD: Gene
encoding pyrimidine deaminase/reductase; ribE: Gene encoding riboflavin synthetase; ribBA: Gene encoding 3,4-dihydroxy-2-butanone
4-phosphate synthase, GTP cyclic hydrolase II; »ibH: Gene encoding 6,7-dimethyl-8-riboacid dioxygotradine synthetase; nusB: Gene
encoding bacterial resistance to termination complex factors; 7ibB: Gene encoding 3,4-dihydroxy-2-butanone 4-phosphate synthase; 77bA:

[10]

Gene encoding GTP cyclic hydrolase I1.
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Table 1 Azoreductases
Enzyme Clade Source of strain Cofactor Electron  Substrate References
donor
AZR 1 Rhodobacter sphaeroides AS1.1737 FMN NAD(P)H Azo dyes, Nitroaromatic compounds, Quinones [16-18]
YhdA I B. subtilis 168 FMN NAD(P)H Azo dyes, FMN [19]
AzoABS 11 Bacillus sp. AO1 Flavin NADH  Azo dyes, Sulforhodamine B, Indigocarmine,  [19]
Triphenylmethane
AzoAEF 11 Enterococcus faecalis ATCC 19433  FMN NAD(P)H Azo dyes, Nitroaromatic compounds [20]
AzoEfl 1L Enterococcus faecium FMN NAD(P)H Azo dyes [21]
ATCC 6569
AzrA I Bacillus sp. B29 FMN NAD(P)H Azo dyes [22]
AzrB 1T Bacillus sp. B29 FMN NAD(P)H Azo dyes [22]
AzrC 1T Bacillus sp. B29 FMN NAD(P)H Azo dyes [22]
AzrG 1T G. stearothermophilus ATCC 12980 FMN NAD(P)H Azo dyes [23]
BrAzo 1T Brevibacillus laterosporus TISTR1911 FMN NAD(P)H Azo dyes [24]
YvaB 1T B. subtilis 168 FMN NADH  Azo dyes, 2,6-dichloroindophenol [25]
AzoR 11 Escherichia coli IM109 FMN NADH  Azo dyes, Quinones, Nitroaromatic compounds [26]
AzoRo 1II Rhodococcus opacus 1CP FMN NAD(P)H Azo dyes [27]
PaAzoR1 III Pseudomonas aeruginosa PAO1 FMN NAD(P)H Azo dyes, Quinones, Nitroaromatic compounds [28]
PaAzoR2 III P. aeruginosa PAO1 FMN NAD(P)H Azo dyes, Nitroaromatic compounds [28]
PaAzoR3 1II P. aeruginosa PAO1 FMN NAD(P)H Azo dyes, Nitroaromatic compounds [28]
PpAzoR 1II P. putida MET94 FMN NAD(P)H Azo dyes [29]
Azol Others Staphylococcus aureus ATCC 25923 FMN NADPH Azo dyes [30]
AzoC Others Clostridium perfringens ATCC 3626 Flavin  NAD(P)H Azo dyes, Quinones [31]
EF0404  Others Enterococcus faecalis V583 FMN NAD(P)H Azo dyes, Quinones [20]
PaArsH Others P. aeruginosa PAO1 FMN NAD(P)H Azo dyes, Quinones, Nitroaromatic compounds [32]
PaMdaB Others P. aeruginosa PAO1 FAD NAD(P)H Azo dyes, Quinones, Nitroaromatic compounds [32]
PaYieF  Others P. aeruginosa PAO1 FAD NAD(P)H Azo dyes, Quinones, Nitroaromatic compounds [32]
SfArsH  Others Shigella flexneri 2a FMN NADPH Azo dyes, FMN [33]
SmArsH Others Sinorhizobium meliloti Rm1021 FMN NADPH Azo dyes, FMN [34]
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Table 2 Typical chromate reductases

Enzyme  Source of strain Electron transfer mechanism Electron donor Cofactor References
ChrR P. putida Single+double electrons NAD(P)H FMN [39]

YieF E. coli Double electrons NAD(P)H FMN [40]

NfsA E. coli Single+double electrons NAD(P)H FMN [40]

YcnD B. subtilis - NADH FMN [41]

ChrA P. aeruginosa, Cupriavidus metallidurans — NADPH FMN [42]
Gh-ChrR  E. coli - NAD(P)H FMN [43]
NemA E. coli - NADH FMN [44]

Note: —: Electron transfer mechanism was unclear.
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Figure 3 Proposed mechanism of flavins-mediated EET in Shewanella oneidensis MR-1

Note: OM: Outer membrane; IM: Inner membrane.
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