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Hemolytic activities of Vibrio alginolyticus and functional
analysis of a hemolysin gene and its promoter

SUTing LUOPeng CHEN Chang REN Chun-Hua HU Chao-Qun’

(South China Sea Institute of Oceanology, CAS Key Laboratory of Marine Bio-resources Sustainable Utiliza-

tion, Guangdong Key Laboratory of Applied Marine Biology, Guangzhou, Guangdong 510301, China)

Abstract: [Objective] We studied the hemolytic activity of Vibrio alginolyticus strains, and
the distribution of a hemolysin gene vah in these strains; we analyzed the functions of vah
gene and the related promoter, and assessed their contributions to the hemolytic activity.
[Methods] Hemolytic test was performed using 47 V. alginolyticus strains, including one type
strain 1.1587 and 46 environmental strains isolated from seawater and various marine animals.
The difference of hemolytic ability was compared among a wild V. alginolyticus strain ZJ051
that showed hemolytic activity, a recombinant Escherichia coli BL21 aiming at a predicted vah
gene, a vah-deletion mutant, and a vah-recovery strain. The distribution of vah gene was fur-
ther detected in V. alginolyticus followed by the sequence analysis of vah genes and their
promoters among the hemolytic and non-hemolytic strains. [Results] Among the V. algi-
nolyticus strains 47.8% showed hemolytic activities, and thus hemolysis was ubiquitous in en-
vironmental V. alginolyticus strains. Hemolysis was observed in the recombinant Escherichia
coli BL21 and the vah-recovery strain but not in the vah-deletion mutant. The vah gene widely
distributed in V. alginolyticus. The vah sequences of V. alginolyticus strains were highly simi-
lar, and they shared identical amino acid sequences. Through the vah promoter comparison
between the hemolytic and non-hemolytic strains, a difference in 188-190 base sites of the
promoters was discovered. [Conclusion] Hemolysis is directly caused by the vah gene, and the
discrepancy of hemolytic ability among various V. alginolyticus strains has no relation with the
difference of vah sequences, which is likely determined by the diversity in 188—190 base sites
of vah promoters.

Keywords: Vibrio alginolyticus, Hemolytic activity, Hemolysin gene, vah-deletion mutant
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%5 ¥ 9K T (Vibrio alginolyticus) J& 9K 7 £
(Vibrionaceae), NI J&E, NIEELIERE etk KA
WY, AR TR 0 K IR
KA AT 5| R 2 R S ) &
o PEak 2 ARSI AT 5| N R
SYheE, SIREHEIIE . . W5, ik
JUAREFE L, AN s B 9 A A AR

HEAT TASDIEE, (XS RE ) B RSO AL 55 Ty
THT, R I I O OGS 2 ) B AT 14
AFR . BTV BRI M BT 5 A
UK BRI AE R A A B0 R &
FLP KB Ay F-HILHI A BIF 5 32 7 32 B A

— U fF oY 2 B a2 O B M AR R
(Extracellular product, ECP)fY =80T, 9K
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MR, EFLINER HIyA . HLX, &l
VS MR Y TDH  TRH AT TLH, W FRHIER Y VHH
2B 0 8 A o s i B P A A S R I
TR thh 5 0l 2R L R v EEARBLAY VS 1l R JE A vah, JF
P T vah FERIMRIREIK, FERKIAFF IR
TRETERAN, TR b, AT 46 MR ES A
HERE T 7K AR B A PRI 7K 7 S I PR AR R
KR bR bR 1.1587 HEAT T IR L5250, JFH
t vah PR ARG S AR BRI IR M, DL E
vah EERI A DI6E . AR, Rl T vah 8 PRI 7ES R
PR R A B B i IR A IR vah &
ISR G 2 F e 8 i 25 5, DUIIRER vah FE K
KL B DX i I G ¥ I 3% 2 ) BT R

1 MRS

1.1 HEFk

46 PRI S ON T PR B bR 4 25 F A T K
SR N RN K . W BEINAE 1.1587 (ATCC
33787) A F v [ K 3 1 AR W A A R A B P
0o YL FIA T BL21-vahl i A L5 = AR A7,
DLy 35 9 TR B Ak 23051 (44 A056)H4) 2 vah
Fe PR {5 2 bk Avah-Z 051 5 5 5K 1 vah & [A] 9]
*Mkevah-2J051 (5 0k 2) o
1.2 FEINERAILEE 54

30 g TSB (BD)MIIA 900 mL Z&18 /K FE 44
JEKHE, T pH & 8, ZEEIATHE L 4%
I 100 mL (MR A BRA A, P
P R B — AR IR, H5 47 BRI OIER 20
A SRR TSB e lfiF# I, 37 °C K537 24 h gk
EE
1.3 vah EE A EINERMEE DS
1.3.1 vah EEMELHRIEFFAFZIME vah &
EEK. E#MRBYBME S il ik TSB
Sl A, W%E BL21-vahl. Avah-zJ051 i
¢vah-ZJ051 £ TSB Al V-4 i 225 . %

http://journals.im.ac.cn/wswxtbcn

IR T A ] B2 P 3 L T (58 4371,
HURED B AL, A SEAICER BT v o] B B — Ky
A ANSZE T 38 6L P (AN S8 A0 IML), SN o AL
AN BRI P DU DA AN

132 vah BEEEREINE DS 6N R
L R TE A 22 MRy FROIUER L I ER I B 25 51 T 74 1
RO AR SF Y 9 B g uvh
5'-CAATGGCGATTCCCGAATCC-3'; uvh2: 5'-
GAGCGGTTGATGTCTTGGCA-3', PCR i 4k

431 94 °C 4 min; 94 °C 1 min, 58 °C 30 s, 72 °C
1 min, 3£ 30 MEE; 72 °C 8 min, PCR #1445
Je F 1% R A I L VA 3 25 5, R AILPk
Y& 3 BR4HTAE (HNO4L, E0666. E381)fY) PCR =4,
% 1 BRI B 5 A BR A E Y o

14 AEIBMEEHRYERINER vah REER
)

141 BMEFR¥EILIK vah ERFETEFNF:
Wit v 4 K vah R KW 850 4 vahFi:

5'-ATGAAAAAAACAATCACACT-3"; vahR1: 5-A
AAGCGAAACTCTTCTAAGT-3", 43 FIIXHEs il Ak

ZJ051 F1 1 #RFEALIEPERARYS Ak E060L 4T 4
K vah JEHP B, PCR W &1 M. 94 °C
4min; 94 °C 30's, 56 °C 30 s, 72 °C 1 min, £ 32
AMIEFR; 72 °C 8 min, PCR ¥ 445005 1 1%/
BHEEI LKA . BF PCR FP=¥) H 1% i
TS5 5 A B wANCR FI s B S o

1.4.2 vah ¥E5 L asp 2 F 8] X 18 & N -
HPE GenBank FhiA#EIN# 12G01 H vah £: K 2 |
e WEE A8 B 1 22 22 2 2 11 Tk 1A (asp) ) 9 AR A1
B 5l ¥ asp2: 5-AGCCGCRAAYGCTGACA
T-3"; Idhl: 5-GCTGGTGATAAGGTTGGCTC-3,
TP 47 ¥R BN AR vah F1 asp JEH ] IX
R X P H AL T 582 ) vah JR 3 71X . PCR Jx
N5 1.4.1, PCR “HIH 1% EWEEE L HL UK
Fr, BAYE PCR P~y Bk i st L5 ) A
RS R .
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2 GR550H

21 RENEMALKIELER

A7 MRS AT 22 BRI o 510, H 4
FE TN A FRERE 1.1587, 1 BRH B B I (& 1),
46 FRIRBE 7 B ER R L B EL %A 47.8%
(F 1),
2.2 vah EE X5 E S M EE 7B 00
221 vah EEMELAFREEMFZINE vah &
EERsk. EiMERGAMES: vah FEFAEHFE
KT BL21-vahl 7E i FA 3R B0 o %101, vah 2
IR Rk 2848 Bk Avah-ZJ051 JCIA I, vah FE[A Bl 4k
Pkevah-ZJ051 FEIM-F-Hr b R B Y o ¥
(K 2), Hta]l W, vah R 12635 7= 1) BA v 1.
77, vah JEPH B BE: 5 805 BB 17 i
REJIER, M BN E A AS vah JEHE,
VS IMAE IV o X SEEE R W], vah JEPRR i Al
Vs PRI RV I P L D R b B 2% o
222 ABINEANLE SRS vah EE 89N LE
8: Ll uvhl/uvh2 J51%), KA PCR Jriktaii 1

A B

1 B#ENE pIAM(ESS3)S aiAM(ZI051)IER
Fig. 1 Typical p hemolysis of V. aliginolyticus E333 and
typical a hemolysis of V. aliginolyticus ZJ051

Note: A: E333; B: ZJ051.

vah BEATE TG B o0 A, SR LI 47
PRV IR (B VS IR FIAR VS 100 bR ) Y R 4 i
KJE R 595 bp 1Y B (& 3). BEALAMI 3 PRANE
(HNO41, E0666. E381)/% PCR j=#illJy, 454
FW], PHERY A Bk A T RN Y vah JE
X4 R, SRR AV R AT AR 24
FE7E vah JEH, A % ILRE 1 07 s B R 2
PR A e vah JE R I ANV I
2.3 NFMFNE M AYEEINE 21K vah £ E FF
I

WY YGRS BT, A AR TN I
Bk E0601 I LBk ZJ051 1Y vah K&K 4K 571
(GenBank: JX064517 . JX064518), J¥35#r %
PRSIk E0601 FNE LBk ZJ051 1) vah HE [
RKIFIIAHI5%LL IAHPRINE, 25T 51 100%
AL, H 5 A0 895 i IR 12G01 % (NCBI:
NZ_AAPS00000000) %4 3 2 J7 51 100%4H . X
—HEREEBHTIA 2.2 W RIAIREM, I
[E]375 IR ) 1 22 S JF AR 2 1 vah ZER AP 575

A B C

2 BL2l-vahl. Avah-ZJ051 FA¢vah-ZJ051 % I &
Fig. 2 The hemolysis of strains BL21-vahl, Avah-

ZJ051 and ¢vah-ZJ051
Note: A: BL21-vahl; B: Avah-ZJ051; C: ¢vah-ZJ051.

F 1 REIE R ME NS
Table 1 Result of hemolysis of V. alginolyticus
ST skt Z
Type of hemolysis ~ Number Strain No.
o IR o E0645., E0666 ., E236, E242, E259, E264, E269., E280, E381, A066. A139, ZJ051 (A056) .
Typical a hemolysis HNO045, HNO76. HN131. HN179, HN261., HN266. HN401. HN473, HN590, 1.1587
. P FF K . 1 E333
Typical B hemolysis
E[|BS E0601. E0610, E0627. E06155, E167. E184, E208., E232, E233, E234, E235, E238,

. 24
Non-hemolysis

E239. E252, E265. E329. E330. E334. A017. A028. ZJ003. NA025, HNO41. HN497
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P, WIfAEH vah LR A B2 F5 1,
24 AEE vah ERBHFREZ S
XHATA AT BRIA B 1Y asp J& R A1 vah 25 A
6] X BT 5 & B, vah PR il & — A58 5L )
Ja B X, fFTEJR 8l 15 UL IR A B AR 45 A 0 5
(Ribosome biding site, RBS). —10 X fiI-35 [X, it
HNBFAE—AE & AT B UP Jof X Hp R [R) %
IM.BE kR vah FEH ) RBS, —10 X F1-35 X 5¢
L3, HeXBWEAMNE, B4 UP oKX
FEERR2ZHI(E 4), IR UP JTiFIXES
188-190 M L4l CCG (E0666 .E381 F ZJ051)
a{ TCG (E0645. E333); A Ifil 14 kk (E0601
E0610 Fi1 ZJ003)f ) UP JLiFIX 55 188—190 Mkt
¥k TAA,

3 i
IR AR Z B LB RN, AR 285

bp Marker EO0601 E0601 E0666 E232

B IMINEAAE tdh, trh, thh 3 Bz Z LA, H
& HUA tdh A trh (DD REAR BINESE, HRTIEA L
IR FEUESE thh AR T RECY . A7 S e IR V2 I
PG . I 2R S PR I S LI R I RE AR DA
T8, VMR M th 3 DR = B2, s
BN vah JE A T RE AR Z A B T LS K-
TR MR tih JERTIRE

AR SR R U S I R PR AR A
SREARERR 1.1587 MOV ML R IEAT T 404, Ho
eI EARERR 1.1587 & FE o i 1ML; 46 PRI ol
IR 22 PRI IS, % Mk I
FL3R A 47.8%, 1k BH PRBE 1 35 DI BRI AR i 7 A 7
MLIEPE. A TIRAIRER vah DK X7 e I B % 10
PERITTRR, FoAT5IREE T vah JEI KA FT I
Fikkk BL21-vahl il vah R k2 @k
Avah-ZJ051 J btk evah-2J051, 45 R uEH
BL21-vahl BEFF TSB e lfiL“F# by~ A= ¥ ifiL,

E234 E333 Z1051 HNI31 1.1587

S B 2= B

E 3 #RIpyREIE P vah ZEY & EKE
Fig. 3 Typical electrophoresis of PCR products from vah gene amplification of V. alginolyticus

12G0]1 GIACARRAGATCATTCAATARACI
E0666

E0601 [Ranssonasdispusnaduss ssndsbatnscestthues

E0610
Z7J051
E381
E0645
7J003
E333

+ QY

O OO0

4 HMAMBREAMEENEH vah BERESHFXH UP THEXHER
Fig. 4 The difference of the UP element of promoter region of the vah gene in typical strains
that have different hemolytic ability
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/Avah-ZJO5L AR I, 1 ¢vah-ZJ05S 1 I B ALk A2,
U] vah 5 PR 2 S B0 e B AL VS I Y B4 i
, MIMIESE T vah B DRl = A= i 2R i
2 L 3 DL 2% L 0

2 B S W A TG AT ARSI T ik rh 3
Frrevah JE DY, HUF 9170 A 2 WS 1L AREO601 Al
IR ZJ051 11 vah J PR gt 2 B2 58 AR )
I A5 SR 0 7 Vs oI TR )95 1 68 T Y 22 S AN 2
vah JEHRFETE S & s R A B 22 R DUE 1Y,
I vah JERIAAAE 5 5 T F A REAE R H Wi el o
T IMATE R . I, 13X —45 AR B A 2
HFEE B IR —E RN ). HiX—
ZESRIARG S, Xie 20K BLA BIE S 5
JIHE A Z MIF A A eE . BRtk, FRATEEDE
A V5 I R T ) B DB, AR SE RS LR Y
FETES R IEAHETR T

Okuda ZEMFFEIESE, 7ERIVE NG tdh2 %
Ja T8 P AL AT (—24 F-34) YA [F]
T tdhl A tdh2 FEPRUR[EIAEE SRR EE . TERRZS
NG (KP)BAHETE H 1 tdhl AR T tdh2 3
()3 B2 PR, X AN RS 3l 3 51 Y
=24 i sARTR], {H-34 A7 AR E], P T KP B
PR, MiashFrih-34 758028 5 T LIAE R
KP FAMER . X UL S 2l X A OGS s X T
MR FERE SRR EEF BN, B+
(Promoter) & DNA H— B AZ HIRIF, X
BAZTT R IT 2 RNA G B AE G sl in i X
Hz DNA FBIFRNE, W Rfe sl ihis) RNA R4
fitf MR DNA BIZEETRAL, SR skl F A
IRIPEERAL, [P YR S FIEA 5 MRSFIX
B A bA7 A5 (Transcription start site) . —10 [X . —35
X . [A]F@IX.(The separation between —10 and —35
sequence) 1 UP JGf4:(UP element), H:H—-10 X fiE
SN SRR AR, —35 XS s TX 4
[R5 A, UP JEf52—35 IX_L-iif 40-60 bp i 4

f)—BtE & AT 1Y DNA J¥51), A RNA RA&HHE
BET S ANAVE AL, R R SR VR
VIR TR, 08 3+ L) Pl Reas 1
TR P4 R s SR 1R B RECR ) Josaitis Z5HIET, {37
F E. coli rRNA 23+ rmB P1 —-35 [X_LiifhY
DNA JF5IRI UP T, BeRETEIRNFIIARSIME &%
SERCE 30 fi5 o ARIEA S SLIZE R G VL LR sh
T-IIREs BT, FRATTHEN VA oI B B R ] 375 1
FZE ST RE SR S T IX 225 5. N THESKE
XM, FRATRE 47 ANV LB AN L7 3R
vah &K 15 37 X R B R kAT T
BN, 35 GenBank HA IR A 12G01 AH B
ATUEAT T HERT, 459K B vah JER FAR Y S
PE22 IR AL (6 F vah _[U#)miE4s, HH
Bt R — RN T, vah R FIEAEAE vah JE R
M7 R shFIX . vah EEESIFXEFSHE
JEAZ A W PR s IX AR ] R ARRAE L AR A
—10 X, —35 X F[E]RE X, BLAbAEHE—1 UP It
PRIX, BORSE— ARSI i 5 X RS 3l 71X
A UP JTIAEAE, #E—2L 0t A8, ANRE ML RE
FIRRAGE LA 7 4 . —10 X F-35 XI5 A0, M
—A XASE UP JefEIX ., X4 UP JofF X
188-190 ML CCG =} TCG i}, HBEYIRELE
MR FES I, 24 UP e IX )5S 188-190 /i
Foh TAA B, BEREIIASREAE M Pl b ™ AR 1L
XAGERPERTEAT, AR BRI I8 7 1Y 22 4%
ARSI sFH UP JoEIX AYES 188—190 s
FAK . 28R, X —IENA TR H LT
B an B #3528 KAE S vah B S 3h - IX
o UP JCFIX Y ZhfE K 56 188—190 ML (1 Th BE .

2 % X #
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