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bacteriostatic activity diversity of 37 Bacillus subtilis from
mariculture system
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Abstract: [Background] Diseases caused by aquatic pathogens continue to break out, and
finding safe and effective alternatives to antibiotics is an urgent need. Probiotics are often
influenced by interests and profit-making, whereas not enough attention has been paid to their
safety evaluation. [Objective] To find green and safe probiotics with multiple bacteriostatic
activities based on the phenotypic and genetic characteristics of Bacillus subtilis in China’s
mariculture system. [Methods] Taking 37 B. subtilis isolated from China’s mariculture system
from 2009 to 2021 as the research object, this study used K-B method to detect the resistance of
B. subtilis to different antibiotics. The amylase, protease, and hemolytic capacity of B. subtilis
were determined by medium plate method. Polymerase chain reaction (PCR) was used to detect
the risk of carrying genes related to hemolysis in B. subtilis. The Oxford cup method was used
to determine its bacteriostatic effects on six pathogens, including Vibrio parahaemolyticus,
Vibrio algaelyticus, Edwardsiella tarda, Vibrio harveyi, Pseudoalteromonas sp., and
Photobacterium damselae. The safety of candidate probiotic B. subtilis was evaluated. [Results]
The results of drug susceptibility test showed that 37 isolates of B. subtilis showed strong
resistance to trimethoprim, pipemidic acid, and streptomycin, moderate resistance to
sulfadiazine, low resistance to cefotaxime, ciprofloxacin, and sulbactam, and complete
sensitivity to clarithromycin, norfloxacin, florfenicol, flumequine, cotrimoxazole, and
tetracycline. The test results of protease and amylase activity showed that 37 isolates of B. subtilis
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hydrolyzed casein and starch to varying degrees. The hemolytic test results showed that 4/37
isolates of B. subtilis had hemolytic phenomenon, while 8 hemolysis-related genes were
detected in 37 isolates of B. subtilis. The analysis of the correlation between hemolytic
phenotype and detection gene showed that there was no direct correlation between the strain that
produced hemolysis and its hemolytic gene carrier. The analysis of bacteriostatic experiments
showed that all isolates of B. subtilis had inhibitory effect on 2 or more pathogenic bacteria, and
2 isolates (strains Bs4 and Bs7) had good bacteriostatic effects on 6 pathogenic bacteria. Safety
experiments on Litopenarus vanmamei showed that strain Bs4 had high safety against
L. vanmamel, and the survival rate of 7 d was 100%. [Conclusion] Through the comparative
analysis of the physiological metabolic phenotype, genetic characteristics, and pathogen
antagonism characteristics of B. subtilis isolates, it is revealed that B. subtilis has diversified
phenotypes and genetic characteristics in China’s mariculture system. An ecologically safe and
probiotic B. subtilis with multiple bacteriostatic activities is screened out, which provides a
theoretical basis and technical support for the prevention and control of aquaculture diseases,
the development of bacteriostatic microecological preparations, and the healthy and green
development of aquaculture industry.

Keywords: Bacillus subtilis; antibiotic susceptibility; hemolytic; enzyme-producing capacity;

bacteriostasis; ecological security
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S RN Y I N EI B e ST R UNCER R
PR, A R AT R R A S IR 2
T AR K S R U A H A IR
SR IF AR B A 2 AT TR AR G 0 A 7 52 1
, BRSCEZERRT AR B RN AR, TR EOR
T8 2R g 2. B, X R 40 B 1 1 B RE
(bacterial white spot syndrome, BWSS)FJ & 4= 5
M, v S {8l P 5l R 2 AR TR Y A TR
AP Wk, REESsKE. Aidse. B4
i AR FH A 2R AT B A R AR 25 2R T

ABESELASE R % 3 B T 2009-2021 4FAN[FH]
HL XY 37 PR B ZF AT RO BE SR 42, i 3kt
HAFRA LA st et it AT oo, I LLRI
WMy . BN . MR OO | IR
IR PO MR . AN AAOEH 3L 6 Fh
s R TR AR AN TR, RIS AN R B 2R AT TR R AR
EMEACRER, UHRBAESLEeSHRAZ
TR PR RV TE g AR M SR AT I, N RS
FH 7K 77 3% 58 P8 58 1 400 B 288 A A 28 5] B 14t 3
LA AR R

1A

1.1 #d

AW IS 37 BRAG R ZEMAT R, T
2009-2021 4F43 85 3 1 S [A] b XA v 7K 532 5
WhEd, A BRSO AE T E A B 5
B B SE IT, FFiE—20 i T 16S IRNA %t
R Ak, AFHEPURTR N 6 #oms i 45
R ARG Y RN | B R G
R STV I SN2 o < RN 8 = 328 1}
W, B S A Ol R RS . K
FFEE ATCC 25922 H 5256 25 {556

JUENTERTHE, 55 5 T B ik 1 22 i R JRe A TR
Nl TSB [EMRREFREL, JbatBEdr AR
FRAW AEPEVER BE . MENDUE, 5

o BB T bl A I R IR A W) Bs T
Y, Interscience 23] .
1.2 H#HEFEFEEFZHE MK

5256 %2 -80 CURFI AT 19 37 MioAti e 2F
FERAN 6 Fhois It B HERD T TSB [l 1A R: F 3k, A
B AEHIFFE 28 °CTE LB FE 36 h, JRJEE 28 °C
EALIEIR 24 h, Bl PRI R v 4Rl T8 TSB
ARG TR b, BRI R AR i A5 IR

PeBCAi AL 5 A R A R R T 1.5%
NaCl JEEE I, il 4 10° CFU/mL Y78
W, KA HEK-B 2)X 37 Mol 5251
PR AT 250 UM A e 1] 7 28
13 AR A5 : B-INERE DS 2 Fh (A el |
ATLLIH), MEVARSE 4 FRCGRNTD AL | MEURER |
MUD R T, TRl 3 Rh(F AR E L K7
B REENE), KRINNERZE 1 FhCOhiEs
), BT 1 R (BERE ), TUFR R 1 R (Y
W&, AERE 1 MEEEE). UK RF
ATCC 25922 JJRFAEHR , HEAT AU il 5
o G 25 SRR AR 2 [ 1l R0 S 30 2 B v P 23
(Clinical and Laboratory Standards Institute,
CLSHFt AR R B I bR g AT 1) 152, Kt 251
W4 MU S (sensitive). (] T (intermediate) .
Mif24 R (resistant)'”, [F]f}, 28 Magiorakos %'
TH AN T TR K 1 22 BT 24 95 %X (multi-antibiotic
resistance indexes, MARIs), BI3-—4HEXf 13 Fh
AT A R M 52 A DT A R B H 5 A AR 2=
BHMHE
1.3 #EFHRAESEMENERRNEE
6 ]

£ 500 mL 258 F K FP R SR 18.5 g n] %
PEVERY BRNE AN 21.0 g % 2R 11 BN il 5 10 o v
Ty 8 53 fifk BE 3 ) D€ 53 - AR RTIN <2 2 I 0 i
AN]SR TR R IR C A SR U TR 2 O S
FHETFIW 1.5% NaCliEm s, Hil# sk &
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10® CFU/mL F4 T B (OD4g00~0.8) . Ffi J5 W HL 5 pl
A VR U R AR 2 1A, 28 °CHE
TR SR 48 h e WL 14 &5 JE R K ke, IF4m
HE L S5 TR 04 T A9 il 0 2 11 6 2 A BB o
14 HEFHEMFHEABLMEREXSME
gl

{1 FH TSB [ 435 72 HE IS 0 5% T0 TR i £F 4 47
2 AR . B E A E ZEAT AT
JETE 1.5% NaCl %l 45 % 10° CFU/mL 1) 1
T (ODgoo=0.8), WRHL 5 nL BA v i 1 F IM~F-A
28 °C [HILIEFE 36 h J H 2 B AR A% 1ML BE

h T RS RS L REPE , B PCR
DIZE 37 ARA B ZE AT R PV I A DG BRI 5 A1 1%
O, LK yhdP | yhdT , yrkA ., ygxC. yplQ. yugS.
yghB F1 ytjA iX 8 Az AR, Ao 3L A
51975 1L 1, PCR X A& &R (25 pL): 2xRapid
Tag Master Mix 12.5 pL, | Fii#5[4#)(10 pmol/L)
£ 0.5 uL, #ilx DNA (100 ng/uL) 1 uL, ddH,O

F1 EMRFAASIMER

10.5 uL. PCR J W 4514: 94 °C 5 min; 94 °C 30's,
52°C30s, 72°C 45 s, 30 PMEFR; 72 °C 5 min;
4 °CLRAF . PCR ¥ 34 Wpid ik 1% B A58 i vl
TRORG ) 45 5 DR 5 4 1
1.5 HEFHEFEX 6 #im/EE /RN
B AE 14

KA AR AT 37 Mo BE 2 AT B
6 B[R] B R A FE P s M . BREAlAL S i
ELIETOAT B A TG 1.5% NaCl 1750 il 55 Bk
J¥ 4 10° CFU/mL B £ (ODg00=0.8), [F] 2 il &
W HE A 10° CFU/mL Y RIS MR B . 5 e 9B
MY LCONTR . B AR I . RS s B i o 36
N A R AT T T 2 (ODg00=0.5) . W HL 100 pL
o3 LT TR A T TSB AR R KL e mi, Bl
JEAEA- AL A 100 pl A0 25 740 FT 58
W, BE 10 min J5 & T 28 °CH 5% 36 h, MEL
37 BRR 2R AT TR X 6 A IR G 30V
- FH P V& BRS040 o P AR

Table 1 The primers used to this study

EIk/ B 5195751 /AN 3

Primer name Primer sequence (5'—3’) Product size (bp)

yhdP ATATACCCGCTACCCTGTGGAAGAG 237
GCAGTACCGCCGTATTCATCAGAC

yhdT ATGGCTGCTGTGTCAACTGAGATG 312
AAGTCCCGAGGTTCCTCCGTATTC

yrkA ATATGGCGGCACTTCAGGTTTAGTC 263
CGGCTTCTATAACGGACCCAACTG

yplQ GGCATCGGTGTCCTCTTATCCATC 277
CCAACAGGGTAAAGCCGAGTGTG

ygxC TCCTTTATTTCACTGCGGCTCATCC 241
TTCCGTCTCCTCCCGTGATTGG

yugs GCAGAAGGAGCGGATTCACATGG 260
TTAGAAGCCAGCCTGCAATCGTATC

yghB GCTTTAGGACTGGGATGGCTTGG 281
ATCAATCGGGCAGAGTGGTTCAAC

ytjA ATGAAAACCCTATTCATCGCTCTG 231

CTTTTCAGGAACGGGATCGACT
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1.6 HEFHEARENNLIENMTHZ
ST

P HUAGE 2 2 2 M 2 AT TR B T VR A
F 200 mL {4k TSB #5573, 28 °C. 180 r/min
3% 24 h 5, F 24°C. 12000 r/min .0
10 min WA AR, FHIJCH PBS ¥l & 2 0%
3 Wi, VARSI S A 10° CFU/mL AR
(ODsoon-S)%’m o

KN T3 1 7 20 7 il 5 2 AR AT o %t
FLEANTE ST IR B 28 4k . SMAK 2K 6 em, FTA
R IRE IO HT - 5% 7 d LURR DR X AR f R .
g 2L ) i B 1 FLANTEE X UE 30 B2, A4 3 A4 F
11, IR K IR R 28 °C. I 4 U in e 1k 5 A 1k
il B ZE AT P LM R 10° CFU/mL, X BRAL
IG5 JC T PBS I - i A R 22 R
LG X6T W PR 7175 15 100 o

2 HZRE5OM

21 HEFBEIFEET 16S rRNA EEH
REEERH

AL S5 i 37 BRAS R ZF AT AY 16S rRNA
FERY 53] 1 452 bp B HAR S, &F)E
47 BLAST [AJ¥E ELXT 5347, 5 GenBank H12f
FELRT VAT J8 1) 8 B 6 AT SR 240 BT S8 5 37 BRIA
I EZERAT (1), B RS
GenBank, &35 0Q423136-0Q423172,
22 HEFBEFENAREINNEZHIN
B o 4

YOGS TR %, 37 MM R AT R
13 Fpe A= R I 2515 DL 22 SRk, TRl —282y
Wi 245 16 B A e AR TR, WL 20 X
Bk A 4 FhvEia B2 25y, 37 Mokl RE 2R ST
PR X I IR T2 2 0 Oy ¢ R S 24 1k, TS 24 R S #
71.4%, XFTINVD 2RI ARI 251, Tl 25 2%
B 2.7%, TWXF i mvd At o 50 M ) R B 58

SEUEG XTI 3 P2y, AR
FELFF T X8 H 4R I R g s IE ) TS 24 58 36 3]
57.1%F1 42.9%, {HXF & 5 #rit ik | 2R
PR UG FERE G 2 A B-INBERE R BT R T,
Fili 68 2 AT T 3k A Nl B T 25K 21.6%,
TR T35 T 25 38R 2.7 % X T Ho A2k
P25, XTEERE R 2% N 54.3%, Xf PR
2. B MG RYRI AR, 28
Tif 24 48 0o M 2 81, 37 BREAN B ZEAAF B0
MARI 24 0.00-0.38, 5 16 ¥R B X E 19 3 A
YR Z, ZEMZRIRT 43.2%,
23 WMEFBEAREMEAEREEES T
G PER 2SR R, 37 MRAG B ZE A
FF TR AT RETE I 28 I B IR 35 97 2k BB s ] 15 3R
(£ 2), HEABPKAEEERN 8.2-20.4 mm, #
DI A KT 15 mm FZS%, WA 13
BRI % IR A 56 B TG 1, P P A Y B
Pl Bs28 (I8 3). Tk B IS PR i 25 R B,
37 A B ZE AT R XY RE AR AR VE R, TR K A
Bl AN 10.2-16.8 mm, PIKMEEZKT
15 mm HZ%, A 8 PRRI N5 IER BHIE 1,
f14% Bsl, Bsl2, Bsl6, Bsl7. Bsl19, Bs24,
B27 1 B29,
2.4 FEEIFBAFESA DM RS DEES N
il
AL R BN, MR 36h 5,
37 MRAG B ZEAUAT B TR 4 MR R AT R AR 4R R
M~FH E T BGA PR GF A HAE A 11-14 mm),
T TR (B 4), 2512 Bs6, Bs7,
Bs29 1 Bs31, H4x 33 MR S0y mid .
Vs I R DA I 25 R R T, 8 ARG L 2 FUAT
PR LA DG I RIFE 37 MR B 2R 04T B Hh 25
K, yugS. yhdP. ygxC. yplQ. yghB. ytjA,
yhdT F1 yrkA B9 H 22551 94.59% . 91.89% .
86.49%. 86.46%. 86.49% . 86.49% . 81.08%FIl
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59.46% (14 5). B A B ZE SR TR A 1) 8 APA ML R, S

Vs I 3 T 5 R S R SCHRA  BH R Bk Bs6. Bs7 Al Bs31 HAG A [F] A9 9% i 5 DR 4
P MR Z A B2 AT R S A ARBGE R B0 MR AR IR B AR Bs29 HAG
MEER . P2 A PR AR Bs6. Bs7 1 Bs31 T yhdP A1 yugS, ifii H.JG -5 HAH ] 1 3 A
Bk s 8 NS AL, (HA 17 SR MM S RIS B 2R AT I .

1 WHEFBITFEET 16S rRNA EFFIHHENRZEELBER  fFH5NET N GenBank &35

45 RUALEUTFA bootstrap {H
Figure 1 Phylogenetic tree of Bacillus subtilis based on 16S rRNA gene sequence by adjacency method. Numbers
in parenthesis represented GenBank accession number; Numbers at the branch points indicated the bootstrap value.
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. Compound sulfamethoxazole

. Sulfadiazine

Bs0s [N N I

Drug resistance rate (%)

B2 37 %kHEEFBTFEN 13 MinE Z8RH

0.0 0.1 02 0.3 04 05
| 1 |

. Resistant

. Intermediate

. Sensitive

Figure 2 The susceptibly pattern of 37 Bacillus subtilisto 13 antimicrobial agents.
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x2 BHEFAFEMNEABRIREMIBKEEER

Table 2 Protease and amylase hydrolysis circle
diameter of Bacillus subtilis

Wk EOM  JEREE | EKk EAOB ki
Strain Protease Amylase | Strain Protease Amylase

(mm) (mm) (mm) (mm)
Bsl 9.0 16.8 Bs20 9.1 12.6
Bs2 10.7 12.2 Bs21  12.6 10.2
Bs3 16.0 12.0 Bs22 8.2 13.0
Bs4 17.9 13.0 Bs23 8.5 12.6
Bs5 18.1 12.5 Bs24 8.5 15.2
Bs6 19.0 12.4 Bs25 11.3 13.2
Bs7 17.3 10.6 Bs26 16.6 12.8
Bs8 10.2 12.6 Bs27 10.2 16.2
Bs9 18.4 13.6 Bs28 20.4 13.6
Bsl0 17.7 11.4 Bs29 184 15.6
Bsll 12.7 13.4 Bs30 12.0 12.2
Bs12 19.3 15.2 Bs31 10.2 14.6
Bs13 10.5 11.5 Bs32 16.2 14.2
Bs14 13.9 12.4 Bs33 11.8 14.4
Bsl5 10.0 14.8 Bs34 13.0 11.2
Bsl6 12.6 15.4 Bs35 9.8 12.8
Bsl7 123 15.0 Bs36 11.3 13.8
Bs18 16.2 13.2 Bs37 10.0 14.4
Bs19 10.9 15.4

.

.

3 FHEFRATERE QRN IE MR EHE
A: SREEFIREEE. B: S5 ABHEME. C: SRIEH
B G PE. D 558 By B

Figure 3 Different protease and amylase activity
phenotype of Bacillus subtilis. A: Strong protease

activity. B: Weak protease activity. C: Strong amylase
activity. D: Weak amylase activity.

@ Bs29

4 BHEFBTEARMEYE
Figure 4 Hemolytic activity of Bacillus subtilis.
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YhdP yhdT yrkd ygxC yplQ yugS yghB yyA

5 MEFETEEKARDEXERSLR
Figure 5 Detection rate of hemolysis-related genes
in Bacillus subtilisisolates.
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oSSR A R A R AT I A 8 Ak, X
3 Rl I A FESUEIIA 7 Bk, X 4 Rl st
AT DU A 7 K, X5 Bl I i A 547
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Vibrio Vibrio Vibrio harveyi  Edwardsiella Pseudoalteromonas Photobacterium
parahaemolyticus  algaelyticus tarda sp. damselae

Bsl

Bs2

Bs3

Bs4

Bs5
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Bsll
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Bsl5
Bsl6

Bsl17
Bsl18
Bs19
Bs20
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Bs22
Bs23
Bs24

Bl 6 37 HRHEFMATEX 6 MimREAHIEIR

Figure 6 The antagonist inhibition zone of 37 Bacillus subtilis for 6 kinds of pathogen.
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YERIRIA 11 Bk, X 6 Flg Jo b 3 1A R AP
BORBA 2 BRI PR Bs4 il Bs7).

A [ A 2855 S T A0 B2 40, DA A5 R
AR bR, 76 37 MRAGEZEATR T, A
12 BT R s B A i, I R B AR R
13.2-22.0 mm; 6 HRXFVE BN A THIER, #
H B H A 14.0-20.9 mm; 23 BEXHS 45 N
AMEHIVER, MAEREN 16.4-27.4 mm, 28 #f
X EMEAREAMWAEN, MEEERN
13.4-25.8 mm; 34 fRXF3E N fa K& ST B A i
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