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Abstract: Bacillus subtilis H19, which inhibits Vibrio parahaemolyticus, was selected as the research object. In order to
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further study the properties and activity of the bacteriocin produced by B. subtilis H19, the fermentation supernatant of B.
subtilis H19 was purified by crude extraction, chromatography and HPLC. MALDI-TOF was used to identify the molecular
weight of bacteriocin. Combined with the third generation molecular sequencing technology, the functional genes of B.
subtilis H19 were annotated by COG database, GO database and KEGG metabolic pathway. The drug resistance genes were
predicted by ARDB database. The bacteriocin synthesis gene cluster was analyzed by antiSMASH software. The results
showed that the final purification of bacteriocin BH19 was 460.73 times, the specific activity reached 307692.31 AU/mg,
and the molecular weight was 1042.00 Da. The total length of B. subtilis H19 genome was 3595203 bp. The gene function
annotation found that B. subtilis H19 had a strong ability in amino acid and sugar transport and metabolism, and contained
several key bacteriocin transporter ABC proteins. After analysis, there was no antibiotic resistance gene in the whole
genome, and a total of six bacteriocin synthesis gene clusters were obtained. Gene cluster 2 was NRPS gene cluster with a
molecular weight of 1036.34 Da, which was 99.46% similar to the results of mass spectrometry, and the homology between
gene cluster 2 and surfactin produced by Bacillus amyloliquefaciens was low, which was 82.00%. In conclusion, bacteriocin

BH19 may be a new type of bacteriocin produced by B. subtilis H19. This study provides a reference for the development
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and application of B. subtilis H19 and its bacteriocin BH19 in the field of natural preservatives.

Key words: Bacillus subtilis; bacteriocin; isolation and purification; mass spectrometry; whole genome sequencing
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TR, AT R A, B R AT B AR K DSM. 10 38 i
52 TR 2 L0 4100 ) A ) BT 1, Xk 4E 2 e AR I T
JCM 7375 BA W Z MR N, H) Tz A
PR T, HRTC S A FHI2h . SRty &
i PR RO A= M Bl RS 22 ARl Y, AR IEI N AT

XN R IBTTEARZS, SR TR X RIS i s )
YERF S AN . B Ak HIZEBUR S | &
MBI PESSRE A BRYE B N S W 3 A, TR
LA A PR B0 AN B D59, AR
B e A FUE IS X, T das il Z2 JE i 24 s D R
A4 Ty T R P R E, B B B E Y
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% . KCl. MnSO,. KH,PO,. CuSO,-5H,0. FeSO,-
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1.2.1.1 4 FZ MW diles B B, subtilis H19
Lh 3% R Landy WA4E7523E 9, 150 r/min. 37 C
FEIRBEIE 24 ho KBRS )G, B A BER LA 4 °C.,
8000 r/min 50> 15 min, &8 0.22 pum JEAERR R, IWHE
T4 & 1% 5 W (Cell free supernatants, CFS), %
A8 Huang %512 (95 4%, 1) CFS H N ABRRREZ, i1y
FEEIRE] 60%, 7F 4 °C vKinh ik 4 h, FUkF6
¥ E 12 he B J57E 4 °C T LA 10000 r/min &0
30 min, BFUTTEY BT T IR 1/10 MBS IREE 2%
W (25 mmol/L, pH7.0) 77, 159 24N EE 2R
1.2.1.2 BERCHIUEENT  BERT UBENTRYE Li S50
HYJTV, B BEIS B Sephadex G-50 FTEHIILA 1.6 cmx
50 cm PYBEEEA: b, il 25 mmol/L #5#R h 22 bk
(PBS, pH7.0)F1#7 3 h, FF4lpe 2 HE % S g el
IR, FH 0.22 pm JEMFETUE, InZRkB2)20rAE b Wi
ZhAH R FH 25 mmol/L, pH7.0 B4 &5 s £h 22 vh ik, LA
0.5 min/mL 1% %t S #E47 PR, 2 min/A 4L, I 7E
220 nm &b FH SIS I3RS I 5 AR 0 , KA 4100 B 3
BULH ST B as TR T es AL

1.2.1.3 FAEFac#)28r Ry Yi &0 ik, B
I PESS Y DEAE-52 HUEHIIAE] 1.6 cm>50 cm 3
AL, 1 25 mmol/L #iliEh 2% rhi (PBS, pH7.0)
ST 3 he KEEERC BRI IETENE, FH 0.22 pm SRR
€, INEFZEATHE Eo L1 min/mL BFEDEFT NaCl
(0. 0.16. 0.3, 0.6 mol/L) ¥/, LA 2 min/45 W 4E, IF
TE 220 nm &b FH S5 MEIIERAS I e, W PR 5374
HHEE T F—2b4lifk.

1.2.1.4 HPLC ¥Ednaifk =% Li E'7 Bk I+
VEAS B, B 22 88 T 2T 33 G P41 43 4 0.22 um
VEBLTE S, FHAGEFE Cos-mosil 5C 4-AR-11(4.6 mm
1.D.x250 mm, 100 A) I 2% 3 i %50 A8 (2,33 (HPLC)
o BESY TR EIAE AMIN-Q 47K, & 0.1% TFA)
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I 30 °C; P4 210 nm FA . B TR AT RGE T
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2147 RISk EARAHEE 3, DA SE B i 24 alifb o

1.2.1.5 2l bBrBeAHCTH A E A alifb
o, L V. parahaemolyticus ATCC17802 " ¥8 /~ T4,
SRHZFEARFTFLIEEUS M) S 30 B B B A% (mm), 253X
(DB IE(AU/mML) . {7 BCA 7 & il 5
FEAMRE (mg/mL), B (mg) AR (2) 115, &
WEPECAU) | eGP (AU/mg) |« glifb A3 55080 ]l %
(%) 533 LA (3~6) -

2026 4F 2 H
Xl:DXIOOO ® (D
\A
M=CxV, 2 (2
X, =X, xV, = (3)
X,
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o Xs
alifp g = ™ 2 (3
X,
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A X, A INEE TG P, AU/mL; D 305 B E
&, mm; V| RHFTFLETIIA TGN A& % L35 W AR ER,
uls M A 83l i R 5, mg; C 4 R, mg/mL;
V, R alifbad B v i ISR AR R, mL; X, Sk s,
AU; X, MG TE, AU/Mg; A, M55 Eismrb 4w
FEWIHR LT TE, AU/mg; B, MG 3% B P AN 24
e, AU
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FIAEH E S 1 pL o= 3E-4- S 3L A AR L T TR, b
JEFEIE B AT SR TGRS AT 2, A AR
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[Z5E
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JE B TR, Bt DNA B =3 ng, ¥ =20 ng/nL,
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1.2.3.2 BERZA%E  FIHPRS TP EAR A E, G-
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2H AR SOAPdenovo 2.0423 o3& 3 i i 80 M Sk
H2E, DUBRIS gl ah R .
1.2.4 B. subtilis H19 A=WE B 28500 A HIEAZAE
) L A 70 4544 Glimmer 3.02 Fi | B.subtilis H19
ML . Xt R P T A0 T BE RS G B0 2 T AL
COG #¥8)% . GO ¥ /% M1 KEGG #8724, M3k
BEAZFRGZEA . TG R S TIIRE . AW
DL R AR i 42 55 104 L R A B B P, ARDB %50di
PEFH T 1R B. subtilis H19 Tit 25 PEAH S R FHAS . .
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ffi FH Origin 9.0 2= i E 3%, AT S g0 H A —
WK, 48 W3RN N T B E bR U 22 . T Oy 22 53 Bt
SPSS Version 22.0 ¥4, P<0.05 #ik W HA BV,
2 RS9
2.1 HERDEAMNESR
2.1.1 Sephadex G-50 #lifk W3 i A7 FR 4% DT TE ¥
152 A gl pel A EEBINAE T Sephadex G-50 BEAZ I
PEJENTAE B3 T4y B ik, 7 UV220 nm &0 T,
FHASF] 2 DPRELE(E 1) . DL V. parahaemolyticus
ATCC17802 A¥8 7~ 1, B IR+ FL W s 55 46~54 4
My F2 W B G, LBis P 7922.62 AU/mg,
SRR IE WP 40 TR R 0T LA e s AR E, glifh
11.87 1%, K ubdedi k4 5 0T F—2b4lifk.

16 2, - g EYE 120
14+ —- 0OD,,, 41.8
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22t 1.4
£ 9 i 1
SEadl 2 41.2
< 8 F1 ! N J10 §
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et 4 N J0.6
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Fig.1 Gel chromatography of crude extract of bacteriocin

2.1.2 DEAE-52 #fift. JH Sephadex G-50 J=ZHT)5 1Y
WEPELL 4 F2, 35483 DEAE-52 B 728 #e 2 M AL |
Ve (& 2), 78 UV220 nm ¥R, e 3] 3 i~k
Jra e, SN ER &5 2R i o g F2-2 X5 V. parahaemolyticus
ATCC17802 F Ml VEH, Lkt~ 27629.63 AU/
mg, 555 3% 115 A A AN B I UA LIS AR e, 4B
1k 41.37 4%, g R THF F—24lifk. OD {EFn
TN MEAS 2 I TE IR S 2R, = OD {HIE F2-3
TR F HAh 2R A P S A PR R PR A, X s i n]

= FTE TG
16 r —=-OD,,, F2-2 1 0.6
14 [
] 3 Jos
12+
g L i
5 10 Js " . 0.4
< 8r §
# o6l F2.-l . J 103 8
oo .«
" 4 . \ 0.2
—l% 2r s . o | 0.1
O 9 = 1 =‘ - ' : " = =" = E®
N D, S 0
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5

2 F2 4153 DEAE-52 BT 2 H71&l
Fig.2 DEAE-52 ion chromatography of F2 component

HETE 220 nm AT RESRIOCHE, (R = S B TS T o
2.1.3 HPLC 4lifk A F38# )25 mns e
4y F2-2 We s Ji5 %l HPLC #4755 BEalifh . i 3,
A5 3] 4 - pE g, A B 25 SR R g F2-2-3 XT V.
parahaemolyticus ATCC17802 A M B i& 1, Fbid Mk
> 307692.31 AU/mg, 4lifk 460.73 £i%, B4 n] g 3=
ik 21.16%, FibiEMHLE s a4 4l 2 BH19,

F2-2-3

200 1

Asignm (MV)

! !
5.0 10.0 15.0 20.0 25.0

PREIE] (min)
K3 F2-2 4153#) HPLC 4]
Fig.3 HPLC diagram of F2-2 component

2.1.4 A BEARE B LGSR 2 1 B. subtilis
H19 i =gied 22 1 PU2Balifb 25 5% . wIhaEE 3R il
PR 1 2830.00 mg, JAYETE 1.89x10° AU, Lk
5 PEN 667.84 AU/mg., £ iR #4 UTTE . Sephadex
G-50 #1247 . DEAE-52 #:)Z#7#1 HPLC 4lifb)5, #%
ZRFE T4 1.30 me, [FIKCER 21.16%, Huid sk
307692.31 AU/mg, fifbAF5 %R T = 460.73 1. #&
AARTEIZ AL B4R ARG RIS, B IEPEFIT RA R%0
T I, (B LI PR e B G K R I 2l 3,
LT Al AN % BH19,

Tl MEZEFTR H19 B4 R fo 4k g R

Table 1 Purification of bacteriocin produced by B. subtilis H19
qn| =3 EI\“ Y ¥ ali B
Sl T W BEA W R aife hfeR

(mL)  (mg) (AU)  (AUmg) % (%)

Kig® LW 1000.00 2830.00 1.89x10°  667.84 1.00 100
TRREUIVE  200.00 49640  1.62x10°  3264.50 4.89 85.71
Sepg%‘}%’}}g'so 92.00 11890 9.42x10° 7922.62 11.87 49.84
%%’g*ﬁz 33.00  27.00 7.46x10° 27629.63 41.37 39.47
%{ﬁ%@;ﬁ( 5.00 130  4.00x10° 307692.31 460.73 21.16

22 WEENDFENE

ZHE 25 BH19 7E MALDI [Y30G RS T4 5+
e AV 7 B e 10 ACa . 7 b a e e = 1 e O 5 11 =N 2 5N
BB TR I kAT, g5
&l 4, TOF Kl 2] H AR RP4HEE 2 BH19 (194 F &
S 1042 Da. 1042 Da ¥4 T H R H BH19 b/
TGN P, U Class 11 bacteriocin, F] BB 13 5
CEFL BN ) R FEIEEVE T o BRSSO IE T S R AR
TERYSr T, JE S T 43 R 400 5 mT AR Aot
SrFRVENSE R, MBS G RENE I E IR T BRI R 3R
W RE IUERRTE
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Fig.4 MALDI-TOF mass spectrometry of bacteriocin BH19

2.3 ERFEERIR

ARG FL R H P L5, B, subtilis H19 Y E3E
K B °A 3595203 bp, Al & 4217 ~3EH, SF K
Sk 852.55 bp, FEH BN 1.04 kp, FHFH X GC F &
5 . DNA A9 44.58%. Ib4h, BRECEEFS4G 25
4, Bk 6474 bp, 55 DNA Y 0.16%. B. subtilis
H19 34 GenBank %5%5>: QEQU00000000.
24 ERFINEIBRERSN
2.4.1 COG DigeiERE  FIH COG £ds ZEXT & )T
HNPEATIER SR 45325, HRABAR N GO T RER A5
B 1EZEBE R, 23T B subtilis H19 11 3124 4~
FEHPEAT THEHERLIE 5) . XSSP SR 22 Fho)
eSS, Hoh S LR AU S 5% s AH C L I B R e 22,
ILF 305 4, i LE 9.8%; FU HER/K LG WFRia 518
WHREIA, 2L 278 4>, (5L 8.9%; TeHLES T4z 53T
FEHAA 1924, H b 6.1%. {HISFENE, H19 A
BRI FR RO s G EE ), AR o X nl fig
o B T A R A T AR R

A“RNA processing and modification

2924 ]
I 5194
=
=
e 146+
73 "
_/\BCDEFGIIIJKLMNOPQRSTUVWYZ v :,:(

IRk

K5 REFZEAT R H19 B9 COG TERE
Fig.5 COG annotation of B. subtilis H19

2.42 GO WHEEIFERF GO MR SAYd R, 40
ZH 53 FSrFERE =T L, A B TR FE I R
eV DIRE . TERZERFE R, JEXT B, subtilis H19 1)
2711 D EEEHAT TIHERBR (LK 6) . fEA Y2
(Biological process) J7 i, K EE R 2 5 40 ot #2 F0
ARG R s FE4H L 53 (Cellular component) J5 ], K
Z JER D Ee 5 4 AR AR MR 53 AH DG 7E5FIhE

(Molecular function) J7 T, ZZ8E RV M 445G Ffifh
WM. A, GO B R IF BRI S s AR 1 DA K
SUNRAISCH ABC $hHz i, iX 3R] H19 ATRES
PPl il P s Y, G FEANR R .

K6 REEZFAIFFE H19 1Y GO TERE
Fig.6 GO annotation of B. subtilis H19

2.43 KEGG Uit/ ilid KEGG /s
7N B. subtilis H19 WA R G0 (AN . A= F12EZS
FG0) LR L A ) e e Canfiisae . s s
BRI o AEZBWR R P H BRI T 3431 AR, dE
oL L XFEERLH 791 5 KEGG £ /3 v =25 1A,
e BB A AT RE S S 00 A= Wpad i, T DIae o2 se
T, @3 anpE 7, e Res) 178 45 KEGG i3 i, Hor
2 515415 BALFE (Genetic information processing) .
AZ&P)% (Human diseases) . A LA 5 (Organismal
systems) . 4 Jifd ik 72 ( Cellular processes) £ 1L i}

(Metabolism) F9 3 i 53531 2 25 4% 23 25, 17 4%,
5 45FN 108 Sk EIRBAREI =MW & At
A2, PP A ERERAR D AR R IR G il A B 6
FLRIS BT RE, "N entd . entB. entC. entE. menF Fl
dhbF, AERZEHA R M8 3T 9 D IL RS2 F RS,
N srfAA. srfAB. srfAC. fenB. fenA. fenE. fenD.

fenC F1 E5.1.1.13. 7E ABC #3248 FChs b mn

120
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= 60
40

o

078 13 : T &
oy & & & Nl
& . S N ~00
&00 Q& \é Q@ &
& & 4\\%\&\“’ \\\\\@* W
g (é\"b ‘3‘ O’@g Q@
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Q
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Bl 7 REECZEUAT R H19 B9 KEGG Hifigsr2E ]
Fig.7 KEGG functional classification map of B. subtilis H19
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SRR A A AR T, SRR T 138 A4
119 AL, 3X PR R A 77 | Fia RS L T
Fehl, R4S, B. subtilis H19 7] 8 BT 405
RGBS S ibae 1, BV - 4 TR 2R TRAR T T E
g7,

2.4.4 PrHEFLETOM ST ARYE B. subtilis H19 F&
K2l S 4r-&hud Fi 25k ARDB 88 % e X, 345
S5 250 g LR A SC Y L . SR LB, 7E B
subtilis H19 BRI LHFA T, R A S ARDB %4
P 2 Hp AR PO R A AR E B SE R 8 . 3k
B B. subtilis H19 M a3EH A T ANAEEPUE R DT
PEILA, 7T DIME A i RS .

2.4.5 EESGMIEHRB ST antiSMASH K145
M T B. subtilis H19 [ scaffold JF41, 0 H 6 41
PR ARSI A L R (L3 2), ARG 2 %k
A AN BRI S5 164 K (Sactipeptide ) JE KU AN 4 4~
AR Z2 KA it (NRPS ) 28780, (b S Fil 5 R 552 g
22.2%, IXEEERILGE G L AHGE S Al R4 B e AR 1
B Z=IEA . TE B. subtilis H19 3K 2H Zmfid i) 6 4>
AR ILNFE P, Cluster 1 S5AGE ZE/AT B AU T3
153 X -F (Sporulation killing factor skfA ) % K55 HAT
100% A [R] P54 5 Cluster 2 55 7 GE K5 28 A AT B8 A9 3R
T 775 £ 22 (Surfactin) 7 A a3 PR 7% [R] R 82%;
Cluster 11 S#21ER A B9 Bacillaene &)l 3E A
A PEPEN 100%; Cluster 12 5 0E 3 27 FEAT IR 119
F= i 2 (Fengycin) PO & gl 5 R R 2 100%;
Cluster 19 554 B ZF#0FF B&1 (9 FF P81 22 (Bacillibactin)
A L P A R JR A A 100%; Cluster 24 54 B 25 #Y
FFE& Y Subtilosin A F AIEEIFERIEM: A 100% .

F 2 MHECZEFFFIA H19 4018 E A UL %

Table 2  B. subtilis H19 bacteriocin synthesis gene cluster

, REE  BEMMN STFE FENE
- X L S| o= .:. ’ .
HRERER RNBRE e i (Da) (%)
. . Sporulation
Cluster 1 pactiPeptide. 55 Thilling 215000 100
cad_to_tal factor skfA
Cluster 2 NRPS 46 Surfactin 1036.34 82
Cluster 11 Ntps-Transatpks- g3 g iacne 58250 100
Otherks
Cluster 12 NRPS 42 Fengycin  1463.71 100
Cluster 19 NRPS 45  Bacillibactin  882.78 100
Cluster 24 Sactipeptide- g iiocin A 339890 100
Head_to_tail

{HASEREAYE, Cluster 2 B4 T/ 1036.34 Da,
5 MALDI-TOF 45 52 A — 2, FHLFR N 99.46%,
5 alfb 5 v — B A B G P A g T Ry, (B H S
Surfactin®Y B [EJVEIERAR, FE0H B. subrilis H19 T] §E
FEAE T —FlEr BRI AN B 2R BH19, Aofe Al ik 32 R il
BRAETF-BeiE— 20 00 . HRIE R B i 41 e 3 LA,
Al B FAMEDTERIR A T AR R Ik, AELlfb B Bk A
PRERID BTG TE
3 g

AP Y 3 o R R B DL TE A A 2 E TR,

STy gt Akt — Fh R B 4H B 22 BH19, H e PR ik
307692.31 AU/mg, ZifbfF%A 460.73 15, RILH
AN MERE, MALDI-TOF %5 T iZ 40 E 5 T
Sk 1042.00 Da. 454G 43 HE M T 5387, B. subtilis
H19 3R B 6 -0 41 1A 2= KL K 7%, L Cluster
2 15 T SIS S e 45 AR —3, H Y5 Surfactin
SR RGP ARAIR, FERH AT B ™ 2 T — o U 4 b
2%, SRIM, Cluster 2 5 BHI19 & B0 B30 247510
Job R DAL R R Bl S U R R AR S B g — 2P IR . kA,
ARDB Hda % Hexst s iz B AR TG B AP 2R 24 3k
(A, WERHH A 2e bk . 45 1, BH19 BUIMERRLHE =

LA Ry A B B T8 B oA Rl iy FH 4
TR, o Seih iy AR L SE R g | IR T
BN KA AL, DAHESHIT & 2ERE
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