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Probiotic properties and whole genome information of Bacillus
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Abstract: [Background] Bacillus spp. are important sources of probiotic preparations for poultry.
Recently, Bacillus spp. have attracted much attention because of their inhibitory activities against
pathogens and survivability under stress. [Objective] To screen Bacillus with probiotic properties
from Taihang chicken, providing potential candidates for developing probiotic preparations in
poultry. [Methods] Fresh feces samples were collected from healthy Taihang chickens. Bacillus
strains were isolated with the selection medium and identified by 16S rRNA gene sequencing and
core single nucleotide polymorphism (SNP) analysis of the whole genome. The inhibitory
activities of the strains against indicator pathogens were tested by the double-layer agar plate
method. The tolerance of the strains was evaluated based on the survival rates after incubation at
different conditions. The broth dilution method was employed to examine the antimicrobial
susceptibility of the strains. Furthermore, bioinformatics tools and databases were used for
sequence alignment and annotation of the genomes, and the safety of the strain and the synthesis
of secondary metabolites associated with probiotic profiles were analyzed. [Results] Five strains
of Bacillus velezensis were identified, and they inhibited the growth of pathogens. Additionally,
the isolates posed high survival rates after incubation at harsh conditions. They were sensitive to
12 tested antimicrobial agents and did not carry mobile resistance genes or virulence genes.
Finally, 16-20 biosynthetic gene clusters related to secondary metabolite synthesis were identified
in the five strains by antiSMASH, which showed high similarity to the biosynthetic gene clusters of
fengycin and surfactin with broad-spectrum antimicrobial properties. [Conclusion] We obtained
five B. velezensis strains with broad-spectrum antimicrobial properties and safety in vitro, which
served as candidates for developing Bacillus-based probiotic preparations used for poultry.
Keywords: Taihang chicken; Bacillus velezensis; antimicrobial activity; secondary metabolites
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F1 £HBEETIKE ATCC 29213 F{iF

MEZHMRINETE

Table 1 Saphylococcus aureus ATCC 29213 quality
control (QC) ranges and antimicrobial test ranges

+H

pic)

Antibacterial Test ranges MIC (pg/mL)
agents (png/mL)

Ampicillin 0.125-64.000 0.500-2.000
Cefotaxime 0.250-128.000 1.000—4.000
Streptomycin 0.060-64.000 0.125-1.000
Gentamicin 0.060-64.000 0.125-1.000
Amikacin 0.250-64.000 1.000—4.000
Tetracycline 0.060—64.000 0.125-1.000
Erythromycin 0.060-32.000 0.250-1.000
Florfenicol 0.500-64.000 2.000-16.000
Lincomycin 0.030-64.000 0.060-0.250
Tiamulin 0.250-64.000 0.500-2.000
Ciprofloxacin 0.060-64.000 0.125-0.500
Linezolid 0.250-64.000 1.000—4.000
Rifampicin 0.002-32.000 0.004-0.016
Vancomycin 0.125-64.000 0.500-2.000

1.9 BERFITRARNK

&% A GraphPad Prism v9.5.0 417 7]
WAL, 4551 meantSD . FAFH RSk

AT AT AL, DADDSRI 2R f A I UTB96 420k
475 k2%, FI FH BRIG v0.9.5 #4221l 4
SEN KT, FIH] Easyfig v2.2.5 85 R AR
W W A G RO R A A T R AR

2 ERS594

21 FAMENTELEESE

2% 3 v I Ak BHORD 2 Y €5 35k B b o SO
16, IRA TREZERE S rh w202 B RN ZliAb 3] 125 PR
BERIZEAAT B AR . A 22 R YL T A 3R
B [QPHME AR, I BAF AR o /N (3] s
[58] s f R AR CBE L2590, TR 1A). ZREF e BE,
WAL, FRREsaA 1B), Mk, &
o3 B FNEAlAK 5 B BE (L 2E TR 1R 34 R AT 7 246 1Y
Fk. Wi PEIREs KR, Wik HUE210,
HUE211. HUE214, HUE217 # HUE219 7£ 5%
FIM BRI ERIAATE M (B 1C). 16S
rRNA LRI 7N 5 #4321 A9 B ok 2 38
PHEF] 1 500 bp A4 (Bl 1D), #F 16S rRNA %

R iTOL v6 FEZk #X{F:(https:/itol.embl.de/) A FAE % BLAST 347 FE X0, SAG 2 25

HUE210
HUE211
HUE214
HUE217
HUE219

Ad
&

&
10 pm~ * = 10 pmy. \ 10 mm

1 FRANFENIBESEE A FERPEOEOHTRIEREE, LOFKERELZ), LRy
10 um. B: ZFAAGLEGE OF LR EER, 20EFLIER ), WHRCY 10 pm. C: 5% IMBUEEFR
L5 2R AT I A PRI ES, FLBIR A 10 mm, D: 1%EERH KK, M: DNA marker.

Figure 1 Isolation and identification of Bacillus. A: Gram staining, blue arrows indicate cells, red arrows
indicate spores. Scale bar=10 um. B: Spore staining, blue arrows indicate cells, red arrows indicate spores.

Scale bar=10 um. C: Hemolysis test of 5% sheep blood plate to determine Bacillus. Scale bar=10 mm. D: 1%
gel electrophoresis, M: DNA marker.
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Strain HUE214 (SRR29680786)

0.8 Strain HUE210 (SRR29680788)
Strain HUE219 (SRR29680784)
0.84 Strain HUE217 (SRR29680785)

Strain HUE211 (SRR29680787)

Bacillus velezensis ES2-4 (CP097328.1)

Bacillus velezensis MC2S-6 (CP126986.1)
Iy Bacillus amyloliquefaciens WF2020 (CP092778.1)

Bacillus amyloliquefaciens ZJUI (CP041691.1)

1l Bacillus velezensis VCN56 (CP076045.1)
Bacillus velezensis NKG50 (CP158307.1)
Bacillus velezensis AP202 (CP146764.1)
Bacillus amyloliquefaciens ZKY01 (CP044132.1)
Bacillus amyloliquefaciens FS1092 (CP038028.1)
Bacillus amyloliquefaciens B15 (CP014783.1)
. Bacillus amyloliquefaciens XJ5 (CP071970.1)

L

Bacillus amyloliquefaciens MN-13 (CP093298.1)
Bacillus siamensis B28 (CP066219.1)
Bacillus siamensis WYJ E14 (CP101610.1)
Bacillus siamensis SCSIO 05746 (CP025001.1)
Bacillus amyloliquefaciens XH7 (NC_017191.1)
i Bacillus amyloliquefaciens Fad 11/2 (CP154893.1)
Bacillus amyloliquefaciens DSM7 (NC 014551.1)

Bacillus siamensis YB-1631 (CP110268.1)
0 0

Bacillus subtilis FUA2231 (CP154918.1)
Bacillus subtilis MG1 (CP110634.1)
Bacillus subtilis GXD20 (CP116391.1)

Bacillus subtilis PS832 (CP010053.1)

.99 Bacillus subtilis NCIB3610 (CP020102.1)
0 Bacillus subtilis DSM10 (CP120681.1)
Bacillus subtilis 23-1 (CP106791.1)

0.96 Bacillus subtilis KRS015 (CP125762.1)

Bacillus subtilis YB-187 (CP151685.1)

Bacillus subtilis ATCC 6051 (CP034484.1)

Bacillus subtilis KCTC3135 (CP015375.1)

Bacillus subtilis NBRC13719 (AP019714.1)

Tree scale: 1 ——————

2 ETHEEAD SNP MZDBEERNAZLEN {95 THF S NEKL GenBank HR5; 7
BT IR KRMIIRE) AR, 733 EARBRECTF SRR ERASR A A SR 15 HOIR B R sl 44
Figure 2 Phylogenetic tree of the isolated strains constructed based on core SNP of whole genome.
Numbers in brackets indicate GenBank accession number of each strain; The number on the branch indicates
the bootstrap value of the maximum likelihood, unlabeled number on the branch indicates that the bootstrap
value of the maximum likelihood is 1; The scale bar represents the number of substitutions per nucleotide
position.
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Figure 3 Antimicrobial activity of Bacillus velezensis against pathogens by double-layer agar assay. B.
velezensis cultured in bottom-layer agar, pathogens cultured in upper-layer agar. Scale bar=1 cm.
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o 24 EHTmUHEE
0.8 — HUE214 = K 14 FhaT w25 W b1 7 25 By gl
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0.6} —HUE219 Z5RWIR 5 PREXTIURRER | &N PUARAN Sk A e

g oal 546 12 FPHTE 250 8 U, XK AT B R FI s i
W R 25 (3% 2),
02t
2.5 EERFARHE
00034 ¢ 8 10 12 14 16 18 20 22 24 il 6 Fraw, X AR gl S A 4 R N
Time (h) RG22 H I A B, 5 Bk DS 28 /4T
e . . . %E Y [k j< z ,ELjJFIO N .
4 MEESHATENE Kis ,\ﬁ%i‘ﬁfﬂﬁﬁ% H i 2R liﬁtji ReiFlnde‘r
Figure 4 Growth curve of Bacillus velezensis. a2 . CARD %4 % Fl VEDB %08 J2E i A &
A
1201 EIpH6.0 EEBpPHS0 EpH4.0 BApH3.0 NIpH2.0
wor ] .
< 80 |
g
2 % N
2 % 21N
A 40t % AN
% AN
% N
20¢ A AN
% AN
0 B2 E‘: Eg \ R sl -
HUE210 HUE211 HUE214 HUE217 HUE219
B C
0 HUE210 HUE21T HUE214 HUE217 HUE219 HUE210 HUE211 HUE214 HUE217 HUE219

E5 DURHFRAAEEAESFGMNERMNEEER  A: pH; B: HEL; C: JiE.

Figure 5 Survival rates of Bacillus velezensis after incubation in several situations. A: pH; B: Bile salt; C:
Temperature.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FEEAC &5 | RAT XSGR DU 2F ST 11 A 2 A2 R 1 K 4 3k TR 21 0 1705

R®2 14 MIEHIX 5 REKN & NNERE

Table 2 The minimum inhibitory concentration (MIC) of 14 antibacterial drugs against 5 strains

Antibacterial MIC (pg/mL) Susceptibility
agents Strain HUE210 Strain HUE211 Strain HUE214 Strain HUE217 Strain HUE219
Ampicillin <0.12 <0.12 <0.12 <0.12 <0.12 S
Cefotaxime 1 2 1 1 1 S
Streptomycin 2 1 4 2 2 S
Gentamicin <0.12 <0.12 <0.12 <0.12 <0.12 S
Amikacin 0.25 <0.12 0.50 0.50 0.50 S
Tetracycline 4 4 4 4 4 S
Erythromycin <0.06 <0.06 <0.06 0.12 0.12 S
Florfenicol 1 1 1 1 1 S
Lincomycin 32 32 16 16 16 R
Tiamulin 128 128 256 128 128 R
Ciprofloxacin <0.12 <0.12 <0.12 <0.12 <0.12 S
Linezolid 1 1 1 0.50 0.50 S
Rifampicin 0.12 0.12 0.25 0.25 0.12 S
Vancomycin 0.25 0.25 0.25 0.25 0.25 S

S FRBUE; R FIRMHZ

Susceptible is expressed as S, resistance is expressed as R.

B G+C content
G+C Skew
W G+C Skew (-)
B G+C Skew (+)
UTB96
100% identity
70% identity
50% identity
HUE210
100% identity
70% identity
50% identity

_ ) E 3 HUE211
Bacillus velezensis 1¥ % 100% identity
3715675 bp = 70% identity
i 50% identity
HUE214

100% identity
70% identity
50% identity
HUE217
W 100% identity
70% identity
50% identity
HUE219
m100% identity
70% identity
50% identity

6 DUERETFRAREMSEEARE  HNBSNMHREFE AT E AL . GHC & . G+C skew
B ANFE R 4H (i fk UTB96. HUE214, HUE217. HUE219, HUE210 1 HUE211),

Figure 6 Whole genome map of B. velezensis. Images from the inside to the outside are genomic sequence
position coordinates, G+C content, G+C skew values, and genomes of B. velezensis UTB96, B. velezensis
HUE214, B. velezensis HUE217, B. velezensis HUE219, B. velezensis HUE210 and B. velezensis HUE211.
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Figure 7 Products in biosynthetic gene clusters of non-ribosomal peptides synthesis in B. velezensis. A:
Biosynthetic gene clusters of bacillibactin; B: Biosynthetic gene clusters of fengycin; C: Biosynthetic gene
clusters of surfactin.
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Figure 8 Products in biosynthetic gene clusters of polyketide synthase synthesis in B. velezensis. A:
Biosynthetic gene clusters of bacillaene; B: Biosynthetic gene clusters of macrolactin H; C: Biosynthetic
gene clusters of difficidin; D: Biosynthetic gene clusters of bacilysin.
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