
 

Figure S1 The enterohepatic circulation of bile acids. In the liver, cholesterol is 

converted to 7α-hydroxycholesterol by CYP7A1. The 3β-hydroxysteroid 

dehydrogenase (HSD3B7) converts 7α-hydroxycholesterol to 7α-hydroxy-4-

cholesteric, which eventually is converted to primary bile acids (BAs) by CYP7A1 and 

CYP27B1. The primary BAs (CA and CDCA) usually conjugated with the glycine or 

taurine to conjugated BAs (GCA, TCA, GCDCA and TCDCA), and transfer to intestine. 

BSH in gut microbiota would catalyze the hydrolysis of conjugated BAs into 

deconjugated BAs. Then, microbial bai dehydroxylase removes a hydroxyl group from 

C-7 and converts CA to DCA or CDCA to LCA and UDCA. These secondary BAs 

could active the feedback pathway to preserve the balance of metabolism of BAs by 

FXR . Meanwhile, the DCA, LCA and UDCA could conjugate with glycine and taurine 

to conjugated BAs (GDCA, TDCA, GLCA, TLCA, GUDCA and TUDCA). CA, Cholic 

acid; CDCA, Chenodeoxycholic acid; GCA, Glycocholic acid; TCA, Taurocholic acid; 

GCDCA, Glycochenodeoxycholic acid; TCDCA, Taurochnodeoxycholic acid; DCA, 

Deoxycholic acid; LCA, Lithocholic acid; UDCA, Ursodeoxycholic acid; GDCA, 

Glycine deoxycholic acid; TDCA, Taurodeoxycholic acid; GLDCA, Glycolithocholic 

acid; TLDCA, Taurolithocholic acid; GUDCA, Glycoursodeoxycholicacid;TUDCA, 

tauroursodeoxycholic acid. 



 

Figure S2 The analysis flowcharts. a The screening process of BSH sequence for 

taxonomic and activity identification. b The filter procedures of typical BSH structures. 

  



 

 

 

Figure S3 Genera characterization of BSHs obtained from NCBI database. a The 

proportion of 765 reported BSHs containing genus. b The identity of 765 reported 

BSHs between genus and within genus. 

  



 

Figure S4 The sequence identity of reported BSH sequences. a Multiple sequences 

alignment of reported BSHs. Grey backgrounds indicate an average identity ≥50% 

among three BSHs. b The pairwise sequence identity of four reported BSH sequences. 

 



 

Figure S5 Reported conserved residues of BSH in PDB database. a 3D structure of 

CpBSH (PDB ID 2BJF) and LsBSH (PDB ID 5HKE) with their residues reported in 

the literature (red), in the PDBsum (blue) and both in the literature and PDBsum 

(yellow).   



 

Figure S6 Taxonomic identification of BSHs in HMP database. The numbers in last 

column indicate the number of BSHs in each genus. 



 

Figure S7 The Taxonomic identification and paralogs distribution of BSHs in HMP. 

The numbers in last three columns indicate the number of strains containing BSH 

paralogs. 

  



 

Figure S8 Phylogenetic tree of BSHs in the gut micorbiome of 11 populations. The 

id and strain name of BSHs are provided. Different color represents different phylotype 

of reclassify BSHs, from top to bottom are BSH-T0, BSH-T1, BSH-T2, BSH-T3, BSH-

T4, BSH-T5, BSH-T6 and BSH- T7, respectively. Triangles indicate the strains with 

paralogs. 



 

Figure S9 SDS-PAGE of BSH and Standard curve used in ninhydrin assay. a SDS-

PAGE of BSH protein. M: Marker; Lane 1: E.coli BL21(DE3); Lane 2: E.coli 

BL21(DE3)-bsh (-IPTG), Lane 3: E.coli BL21(DE3)-bsh (+IPTG), Lane 4: Purified 

BSH. b Standard curve of glycine and taurine.  

 



 

Figure S10 Molecular docking results between BSH-T0 and bile acids. The 

predicted binding models of BSH-T0 with GCA, GCDCA, GDCA, TCA, TCDCA, 

TDCA and TUDCA. The residues contact to ligand showed in the below table. 



 

Figure S11 Molecular docking studies between BSH-T1 and bile acids. The 

predicted binding models of BSH-T1 with GCA, GCDCA, GDCA, TCA, TCDCA, 

TDCA and TUDCA. The residues contact to ligand showed in the below table. 



 

Figure S12 Molecular docking studies between BSH-T2 and bile acids. The 

predicted binding models of BSH-T2 with GCA, GCDCA, GDCA, TCA, TCDCA, 

TDCA and TUDCA. The residues contact to ligand showed in the below table. 



 

Figure S13 Molecular docking studies between BSH-T3 and bile acids. The 

predicted binding models of BSH-T3 with GCA, GCDCA, GDCA, TCA, TCDCA, 

TDCA and TUDCA. The residues contact to ligand showed in the below table. 



 

Figure S14 Molecular docking studies between BSH-T4 and bile acids. The 

predicted binding models of BSH-T4 with GCA, GCDCA, GDCA, TCA, TCDCA, 

TDCA and TUDCA. The residues contact to ligand showed in the below table. 



 

Figure S15 Molecular docking studies between BSH-T5 and bile acids. The 

predicted binding models of BSH-T5 with GCA, GCDCA, GDCA, TCA, TCDCA, 

TDCA and TUDCA. The residues contact to ligand showed in the below table. 



 

Figure S16 Molecular docking studies between BSH-T6 and bile acids. The 

predicted binding models of BSH-T6 with GCA, GCDCA, GDCA, TCA, TCDCA, 

TDCA and TUDCA. The residues contact to ligand showed in the below table. 



 

Figure S17 Molecular docking studies between BSH-T7 and bile acids. The 

predicted binding models of BSH-T7 with GCA, GCDCA, GDCA, TCA, TCDCA, 

TDCA and TUDCA. The residues contact to ligand showed in the below table. 

  



 

Figure S18 Enzyme activity comparisons between substrates in each BSH 

phylotype. The specific activity of an enzyme per milligram of total protein, using the 

highest enzyme activity as 100% for each BSH phylotype. a BSH-T0; b BSH-T1; c 

BSH-T2; d BSH-T3; e BSH-T4; f BSH-T5; g BSH-T6 and h BSH-T7. p value was 

analyzed by single-factor ANOVA with Tukey HSD test, * p < 0.05, ** p < 0.01, *** p 

< 0.001, versus the substrate which shown highest enzyme activity in each BSH. Details 

shown in Table S8. GCA, Glycocholic acid; GCDCA, Glycochenodeoxycholic acid; 

GDCA, Glycine deoxycholic acid; TCA, Taurocholic acid; TCDCA, 

Taurochnodeoxycholic acid; TDCA, Taurodeoxycholic acid; TUDCA, 

Tauroursodeoxycholic acid. 



 

Figure S19 Relationship between average RA of BSHs with WHO released 

phenotypes in 11 populations. Correlation that shown significant difference between 

a average RA of BSH and death rate (per 100,000 individuals) of diabetes; b average 

RA of BSH-T0 and death rate (per 100,000 individuals) of cardiovascular diseases 

(CVD); c Correlation between different phylotypes of BSH abundance and death rate 

of diabetes and CVD, mean blood cholesterol and Body mass index (BMI) of obesity. 

R and p values were calculated form Pearson correlations to assess the relationship. 



Here, the information of the WHO released phenotypes could be found in Table S10. 

RA, relative abundance. 

 

Figure S20 The relative abundance of BSHs among case-control cohorts. a 

colorectal cancer (CRC) in Austria; b colorectal cancer (CRC) in Denmark; c Adenoma 

in Austria; d Adenoma in Denmark; e Type 2 diabetes (T2D) in Denmark; f Type 2 

diabetes (T2D) in Sweden; g impaired glucose tolerance (IGT) in Sweden. pc values 

were calculated by the Chi-squared test; pu values were calculated by the Mann-

Whitney U test, p values in each type were analyzed by followed by false discovery 

rate correction. The populations from CN and CN2 are independent cases. Details are 

shown in Table S3. 



 

Figure S21 Standard curve of bile acids used in LC-MS/MS. a CA; b CDCA; c 

DCA; d UDCA. 



 

Figure S22 Typical LC spectrum of different bile acids. a UDCA; b DCA and CDCA; 

c CA.  


