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ABSTRACT Objective: Live Combined Bacillus subtilis and Enterococcus faecium probiotics is widely used in clinical treatment in
China. In order to evaluate the effects of the probiotics on intestinal health, the biological characteristics and drug resistance of B. subtilis
R-179 and E. faecium R-026 were investigated. Methods: In this study, the growth curve and redox potential of the two strains were mea-
sured under aerobic and anaerobic condition. Moreover, the drug resistance of the strains was investigated by automatic microbial identi-
fication instrument; Furthermore, the genomes were sequencing by Pacbio sequel and bioinformation analyses was done. Results: The
results showed that B. subtilis could grow under aerobic conditions, but does not grow under anaerobic conditions. It can effectively con-
sume oxygen in the intestinal environment; the mixed co-culture of the two strains effectively reduced the oxidation-reduction potential,
and the drug resistance analysis indicated the two strains were sensitive to penicillin and vancomycin. Genomic analysis suggested that
the two strains did not contain resistance transfer elements, and B. subtilis also secretes a variety of antibacterial active substances. Con-
clusion: Using modern research methods and the latest sequencing technology, the mechanism of live Combined B. subtilis and E. faeccium
Granules in gut was explored and discussed, which is of important clinical reference for the mechanism research and safety application
evaluation of live combined bacteria in the treatment for digestive tract diseases.
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Fig.1 The growth curve of the two strains under aerobic and anaerobic condition
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Fig. 2 The redox potential of the strains under anaerobic condition
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Table 1 The MIC of E. faecium R-026 and B. subtilisR-179

MIC ( p.g/mL)
PEN AMP CIP LEV MOX ERY CLI QUI LIN VAN TET TIL CEF OFL DOX
E. facciumR-026 1 <2 1 2 1 >8 =238 1 2 <05 =1 -
and B.subtilis = _ o1 - - <012 05 - - <025 - 1 <012 €012 <025

R-179

Note: -: Not detected.

2 RBEAEKE R-026 FFAEZFMATE R-179 HEFHEM
Table 2 The genomics profiles of E. faecium R-026 and B. subtilisR-179

Genomic type Genomic size (bp) Number Average length GC content
B. subtilis R-179 chromosome 4080637 4007 895.78 44.53%
B. subtilis R-179 plasmid 60686 83 557.96 38.74%
E. faecium R-026 chromosome 2764493 2627 910.66 39.16%
E. faecium R-026 plasmid 78860 90 709.37 36.14%
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Fig. 3 The genomics maps of E. faecium R-026 and B. subtilisR-179

Note: The circle shows predicted coding regions color-coded by role categories. From inside to outside, the sequence was GC skew, GC content, non

coding RNA (red, rRNA; blue,tRNA;green, sSRNA), COG annotation of lagging strand, COG annotation of leading strand.

% 3 BT antiSMASH #2482 YR R A 7= 91 R B AR U 53 #7
Table 3 The analysis of secondary metabolite and similarity by antiSMASH

Strain Coding region Metabolite Type Similarity

B. subtilis R-179 529939-612173 fengycin NRP 100%
670168-784932 bacillaene Polyketide+NRP 100%

2108021-2171456 surfactin NRP 82%

2301312-2323221 sporulation killing factor =~ Head-to-tailcyclized peptide 100%

2853860-2895278 bacilysin Other 100%

2898576-2920187 subtilosin A Thiopeptide 100%

3436856-3486597 bacillibactin NRP 100%

E. faecium R-026 2330708-2350840 enterocin A Bacteriocin 100%
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