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Abstract: Genome sequences of 4 644 representative strains from human gut microbiota were analyzed

to mine gene clusters for biosynthesis of novel secondary metabolites, as well as genes encoding

antibiotic resistance and virulence factors. AntiSMASH analysis showed that more than 60% of the
representative strains encoded at least one secondary metabolite gene cluster, and 8 potential novel
secondary metabolite gene clusters were identified from 8 unculturable bacteria. The secondary
metabolite gene clusters in human intestine are mainly composed of nonribosomal peptide synthetase

(NRPS), bacteriocin, arylpolyene, terpene, betalactone and NRPS like gene clusters distributed in

Clostridia, Bacilli, Gammaproteobacteria, Bacteroidia, Actinobacteria and Negativicutes. PathoFact

analysis showed that genes encoding antibiotic resistance and virulence factors are widely distributed in

representative strains, but the frequency encoded by potential pathogens is significantly higher than that
of non-potential pathogens. The frequency of genes encoding secretory toxins such as outer membrane
protein, PapC N-terminal domain, PapC C-terminal domain, peptidase M16 inactive domain, and
non-secretory toxins such as nitroreductase family, AcrB/AcrD/AcrF family, PLD-like domain, Cupin
domain, putative hemolysin, S24-like peptidase, phosphotransferase enzyme family, endonuclease/

exonuclease/ phosphatase family, glyoxalase/ bleomycin resistance was high in potential pathogens.

B: 010-64807509 X: cjb@im.ac.cn



3684 ISSN 1000-3061 CN 11-1998/Q =4 T #2*43 Chin J Biotech

This study may facilitate mining new microbial natural products from the intestinal microbiome,

understanding the colonization and infection mechanism of intestinal microorganisms, and providing

targeted prevention and treatment of intestinal microbial related diseases.

Keywords: gut microbiota; representative strains; secondary metabolites; antibiotic resistance gene;

virulence factors
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Table 1 Name and culturability of representative strains containing more than 10 gene clusters

Species representative Taxonomy Status Cluster No.
GUT_GENOME239690 s__ Paenibacillus polymyxa Cultured (human gut) 24
GUT_GENOME140361 S Mycobacterium avium Cultured (human gut) 23
GUT_GENOMEO001364 S__Bacillus sonorensis Cultured (human gut) 20
GUT_GENOME096381 g Streptomyces Cultured (human gut) 20
GUT_GENOME143709 S Paenibacillus thiaminolyticus Cultured (human gut) 20
GUT_GENOME143383 s__Pseudomonas aeruginosa Cultured (human gut) 17
GUT_GENOME141727 S Bacillus wiedmannii Cultured (human gut) 16
GUT_GENOMEO000711 S Bacillus paralicheniformis Cultured (human gut) 15
GUT_GENOME207869 g_ Bradyrhizobium Cultured (unknown) 15
GUT_GENOMEO000031 S Bacillus subtilis Cultured (human gut) 14
GUT_GENOME000295 S Roseburia intestinalis Cultured (human gut) 14
GUT_GENOME095592 g Pseudomonas Cultured (unknown) 14
GUT_GENOME096372 g Paenibacillus Cultured (human gut) 14
GUT_GENOME141763 S Mpycobacterium tuberculosis Cultured (human gut) 14
GUT_GENOME171359 g Paenibacillus Uncultured 14
GUT_GENOME200288 S Paenibacillus amylolyticus Cultured (unknown) 14
GUT_GENOMEO001578 g Clostridium Cultured (human gut) 12
GUT_GENOME243082 g Bradyrhizobium Cultured (unknown) 12
GUT_GENOMEO001770 S Roseburia inulinivorans Cultured (human gut) 11
GUT_GENOMEO096513 S Paenibacillus ihumii Cultured (human gut) 11
GUT_GENOME141425 s__Serratia marcescens Cultured (human gut) 11
GUT_GENOME213384 S Pseudomonas extremaustralis Cultured (unknown) 11
GUT_GENOME096393 S Aneurinibacillus aneurinilyticus Cultured (human gut) 10
GUT_GENOME232192 g Serratia Cultured (human) 10
&B: 010-64807509 B<: cjb@im.ac.cn
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Prediction and analysis of secondary metabolites that might be produced by 4 644 representative

Table 2 Information of representative strains that might produce potential new secondary metabolites
No. Cluster length (bp) Code genes Product Species representative Taxonomy Status
Cluster 1 9 873 6 NRPS GUT_GENOMEO064659 f Lachnospiraceae Uncultured
NRPS/T1PKS .
Cluster 2 57 398 38 . GUT _GENOME104570 f Ruminococcaceae Uncultured
/NRPS-like - -
Cluster 3 24204 35 NRPS GUT_GENOME112856 g Prevotella Uncultured
Cluster 4 19 673 10 NRPS/NRPS-like GUT _GENOMEI121457 g FEubacterium Uncultured
Cluster 5 22228 25 Ranthipeptide GUT_GENOME157951 o__ Clostridiales Uncultured
. . s Peptoniphilus Cultured
Cluster 6 22908 23 Lanthipeptide GUT_GENOME187394 .
- lacydonensis (unknown)
Cluster 7 26 044 20 NRPS GUT_GENOME233270 f Lachnospiraceae Uncultured
Cluster 8 2071 NRPS GUT_GENOME233276 { Porphyromonadaceac Uncultured
Cluster 9 5584 Other: LmbU GUT_GENOME234141 { Akkermansiaceae Uncultured
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Figure 2 The prevalence of different resistance gene categories within the representative species.
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Table 3  Statistics of antibiotic resistance genes encoded by each bacterial genome on average
Type of antibiotic resistant genes Non-pathogen Pathogen Pathogen/non-pathogen
Multidrug 1.95 15.60 8.01
Peptide 0.43 7.06 16.42
B-lactam 0.42 4.96 11.95
Aminoglycoside 0.28 491 17.52
Unclassified 0.34 3.06 8.95
Fuoroquinolone 0.27 2.80 10.24
MLS 0.70 2.20 3.16
Aminoglycoside: aminocoumarin 0.08 2.10 27.83
Bacitracin 0.12 1.90 15.82
Tetracycline 0.23 1.88 8.04
Aminocoumarin 0.04 1.47 35.25
Elfamycin 0.03 0.78 26.13
Fosfomycin 0.12 0.78 6.63
Phenicol 0.06 0.67 11.58
Glycopeptide 0.65 0.58 0.89
Nitroimidazole 0.03 0.46 16.84
Sulfonamide 0.01 0.26 22.61
Triclosan 0.01 0.12 13.02
Diaminopyrimidine 0.02 0.12 6.51
Rifamycin 0.02 0.11 5.48
Antibacterial free fatty acids 0.00 0.06 21.53
Nucleoside 0.01 0.05 5.21
Mupirocin 0.01 0.02 2.80
Tetracenomycin C 0 0.01 55.99
Bicyclomycin 0 0.01 8.00
Polymyxin 0 0.01 8.00
Fusidic-acid 0 0.01 7.00
Acridine dye 0 0 0
Pleuromutilin 0 0 0
Polyamine: peptide 0 0 0
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Figure 3 Number of reference genes and virulence factors encoded in the representative strains.
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Table 4 Statistics of secretory toxins (more than 2 encoded in each bacterial genome on average)

Secretory toxins Non-pathogen Pathogen Pathogen / non-pathogen
AcrB/AcrD/AcrF family 0.45 3.25 7.14
Endonuclease/Exonuclease/Phosphatase family 0.43 3.05 7.07
Gram-negative porin 0.21 3.31 15.50
Hyaluronoglucosaminidase 0.31 3.07 9.83
Insulinase 0.30 4.90 16.07
Outer membrane protein 1.77 14.91 8.44
PapC C-terminal domain 0.15 6.20 41.27
PapC N-terminal domain 0.17 7.20 41.63
Peptidase C10 family 0.16 3.51 22.24
Peptidase M 16 inactive domain 0.35 5.25 15.01
Presequence protease 0.30 4.35 14.56
Sialidase-1 0.21 2.07 9.90
Streptopain 0.26 6.65 26.04
x5 FHFTMARERGAFHRD 2 NMALERESENGITE

Table 5 Statistics of non-secretory toxins (more than 2 encoded in each bacterial genome on average)

Non-secretory toxins Non-pathogen Pathogen  Pathogen/non-pathogen
Nitroreductase family 2.85 9.95 3.50
AcrB/AcrD/AcrF family 1.35 9.62 7.15

PLD-like domain 1.54 7.99 5.17

Cupin domain 1.67 7.70 4.62

putative hemolysin 1.25 6.56 5.25

Peptidase S24-like 2.31 6.52 2.82
Phosphotransferase enzyme family 1.53 6.43 4.20
Endonuclease/exonuclease/phosphatase family 1.28 6.28 4.92
Glyoxalase/bleomycin resistance protein/dioxygenase superfamily 1.02 5.73 5.63

Peptidase M 16 inactive domain 1.43 3.22 2.26

UDP-glucose 4-epimerase C-term subunit 0.92 2.80 3.04

Presequence protease 1.01 2.77 2.74

Insulinase (peptidase family M16) 0.75 2.68 3.55

Insecticidal toxin complex protein TccC 0.17 2.57 14.74

Hemolysin III 0.63 2.07 3.31
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