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Abstract: [Objective] This paper aims to investigate genes related to the production of S-equol from
daidzein in Clostridium sp. C1, which is expected to serve as a reference for exploring the S-equol
transformation mechanism in C1 and discover genes for the synthesis of S-equol by synthetic biology
techniques. [Methods] Through the third-generation sequencing (GridION), assembly, and function
annotation of the whole genome of C1, genes related to the biotransformation of S-equol were screened
and identified. [Results] The genome was 3 035 113 bp, with 3 166 protein-coding genes, 53 tRNA
genes, 15 rRNA genes, 4 ncRNA genes, and 1 genomic island. Bioinformatics analysis revealed that
C1-07020 protein shared 44.8% amino acids and 3 conserved domains with daidzein reductase of
Lactococcus sp. 20-92. In vitro verification showed that C1-07020 protein had similar functions to
daidzein reductase. In addition, no other S-equol-producing gene clusters or other functional genes were
identified from C1, which suggests that C1 may have a different metabolic mechanism from other
S-equol-producing bacteria. [Conclusion] One S-equol-producing gene was identified from C1 and ClI
might have a unique S-equol synthesis mechanism. The results of this study can serve as a reference for
further exploring S-equol-producing genes, the production mechanism, and in vitro utilization of the

genes.
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Figure 1 Biosynthesis pathway of S-equol.
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Figure 2 Nuclear genome of Clostridium sp. C1. From the outside to the inside: coding genes (plus strand),
coding genes (minus strand), tRNA (orange) and rRNA (blue), gene island (green), GC content, GC-skew,

sequencing depth.
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Table 1 Functional protein annotation statistics of

Clostridium sp. C1 genome

Number of annotated

Database functional proteins Proportion/%
COG 1 665 52.59
KEGG 1324 41.82

GO 1636 51.67

Refseq 3039 95.99

Pfam 2395 75.65
TIGRFAMs 757 2391

All the databases 559 17.66

At least one database 3 048 96.27

Total 3166 100.00
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[R] General function prediction only
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Figure 3 Classification and statistics of COG function of C1 genome coding proteins.
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Figure 6 Detection of daidzein reductase function of C1-07020 recombinant protein. A: reaction solution
with C1-07020 recombinant protein, NADH under anaerobic condition; B: reaction solution with C1-07020
recombinant protein, NADPH under anaerobic condition; C: reaction solution with C1-07020 recombinant
protein, NADH under aerobic condition; D: reaction solution without C1-07020 recombinant protein.
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