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Xt T A 22 M

FEE HXFE E I HART

(M B 27 e T4 B 238 A 2 B SR =6, T 325035)

e & 204045 JNE 75 48 i & A(recombinant Vibrio vulnificus hemolysin, rVvhA)# 20145
Fo 5 28045 ) 40 RIR A& R E A H R, FRArVVhAROehvalelyse 3n 2y MR EE G 5 KRR
TG 8 3L 45 B TR E AT B TN ARSI 49 %ok . 42 R B, HrVvhAAE L,
rVVhAY201elyval28ely oy S dn 78 o Ao b oL 25 3 FEAK, - AL BF#2 Ak A X 48 A2 (human umbilical vein
endothelial cells, HUVEC)A =, J&M45 & T M iAA47 B TINASAER ¥ 2 2304, Fioss RAN,
FEAMGINE R e E 0 7E L AR T, rVVhA T 49 V201 42 V289OR /N R A L 5 12 & & AR setm i nd

FlALILA I B TR KRR X, TR iz & A R Y IE i e e A R

KR

B9 (Vibrio vulnificus, Vv)i&—Fh 3 2% [ EH
PERE ERPEIRE Y B 2 AR T U, JF L
CNIREK S WETTHED . R, 2R, 2R RIGak
S R Oy B AT B, T B RGN 1 R ARk
e, JEREAEAEIN TR) Ay 5 R A R 28, P I 45 2 30
MUE, FET 3 Sk 50% L b Rk A EW 995 (B 45
JHAEAR I 28 55) S AR IR B 5 IR RO 6 imis
95.3%, L H A N =P

VvhA J& T~ I JH [ 12 f& §#i 7% 2% (membrane cho-
lesterol-dependent cytolysins, CDCs), #& £l 473 9K B M
— gy Wb 2 M A ) B A PR ek i b R, e
TN 12— BRI 0 VVhAYE BT FE i
ML S PR A 40 2 i M A A A T, R T e
G IR 75 200 35 A FH T 40 Il 5 4 R T A
VER B2 AR, fH o, rVvhALT I i 52 28 A &5
AL F NG B S 4 i e AH AR A
S AT S M N AT 5 201 51 40 PR I ORI 4%
HIRMEI A T .

Palmer 5 B, CDCH ik 147 16 15 WA [ B
e 3L R B e, BIL/V-X(1-5)-Y-X(1-5)-R/K.  H
BT 9T & B, 7= /<32 AR 1T ¥ 32 O(perfringolysin O,
PFO). Jiili 48 % Bk 171 ¥ Il % (pneumolysin, PLO), Y%
399 B 15 ORE 8% Flgp-41. fh 4 Bl S B 9-22
(neuronal axonal membrane protein-22, NAP-22) %%
#BECDCH G B 1%, H TCDCK 8 AT Lk

Y Y M 2 SRR T

6] 5L 7, SoltaniZEU O flI Farrand 25N 4 H 58 — A
BB S BE TR L/ V(1) XU e A% 53 i v 4 i 75 2% 01
JIBETEL [ B2 (R B8 o DRI, AR SR B e VVh AN [ 5 25
B BT ) 20 147 1 252894 A A P 4 3 1R 4]
RAMRAAT T 08 RIS, RKIErVvhA 20 ey - Jp
P 5 AR I i R AR B I 1 2 S, DA B AT TN
HUVECHH R PE A & ik . B IRl Bl
PR TR T S SO T A S, RS T I [ e
AR G TR AEVvh AR 47 S8 40 9 R A R AL
B, Ayt — DR FUIH [ B 45 S BT B D rede it T sk
KA -

1 HR57%

1.1 ##t

1.1.1 B Fasmiotk BIFEE.coli BL21(DE3)(%;
pET-28a(+)-vvhA Ttk ) FTHUVECHH i i A 5256 25 {4
1o

112 X5 B4t Jt N EERAC-D-F- FL bk
HF(IPTG). £ [ iflk 5> T~ ¥ Maker. Trixton X-100
JFURLHE A B PCRI NAR BRI B 5 A=Y T2
(K 3) AT B 22 w5 Ni**-NTA His Band3f Fl 2 47 A1 1t

Wk H3: 2011-10-24 52 H i 2012-04-10
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H i R A R AT B &5 3k R A 4 e H
JK(GSH). LA Bk T IR(GSSH) . K 2418 3 0 56
] 8 A e R o ] i 4 SERBCIE H i T
SR TE R A B2 ] ; RPMI-16403% 75 346 [ Hyclone
oAl B M B BN DU 2R 2R TR R PR
A, CCK-8IA B HHEm 2. JHBGAN My AL
FLUO-3 AMA#% & £ Wl 5 G BR B B 25 = KAEY)
FORBFE T, P TS R &8 B e g A )
T FEHFST BT Annexin V-FITCHH M 1748 0k 71 &
T R U AE B AR AT IR s Al OGRS L HIN
L35 mmBYJeC 1)1 AT A2 K AR AR AT BR 2 7]
1.2 7%

12.1 &40 & & HKARPET-28a(+)-vvhg 20 ehvazsosly g
I PApET-28a(+)-vwhA A1k, PCRY™ M 3K 45
VvhA., F| FIDNAMANA: W24 B A BE 5828 51 4t
T IE 5825 5 #Ra: 5°-TAC TCG AAA ACC TTG
GGG TTT GAT AC-3’, X [N 5455 [#JR4: 5°-TGT ATC
AAA CCC CAA GGT TTC GAG T-3°, IF [i] 545 5|
YIRs1: 5°-TTC GAG ATG GGC GGT AAA CTC AAC
TA-3’, Jx 1] R A% 5] #JRsy: 5°-ATA GTT GAG TTT
ACC GCC CAT CTC GA -3’; L 51 #)P,: 5°-CCC
CAT GGT AAT GAA AAA AAT GAC TCT GT-3°, ~
W59 Py: 5°-TTC TCG AGG AGT TTG ACT TGT
TGT AAT GT-3°, P\ P, 5’5535 5] ANco TRl Xho 1fR
TP B D)7 A S AR PRI, X VVhATEAT 2 58
F3FVvhAR0ebazey ol 5 L K4 A JBUR pET-28a
HORRHTRIE . 51 BilgA TAY TR FRA
e PCRIZN 4542 94 °CHIASPES min; 94 °CAZ
30 s, 58 °CiE k45 s, 72 °CHEH11 min, 304G 72 °C
JE{H110 min,

1.2.2 rVvhA#RIA, shib AR A M4 AU AR
O, % T ) 8 T pET-28a(+)-vwhdA, 2 M SCER[13]3F 4T
rVVhAJRIE . 4tk X5k,

1.2.3  rVvhAv20lewval2®elygy £ 3k | sh b B G M pecs
PET-28a(+)-vvh A 201 eba2sosly oo\ f AT I E. coli BL21-
(DE3)1, 3730 °CLL0.5 mmol/L IPTGi% T Wbk £ ik
rVvhA»R0tea®ely N2 NTAZEFIZHrik2l4k . SDS-
PAGEZM T8I W) S50 3, HIWEEA
%5 T80 °CIR 1.

1.2.4 HUVEC%m b3z R BAEX HUVEC4H Jf
FEFE T8 10%J1A 4 L35 RPMI- 164055 55, BT
37 °C. 5% CO,\ MO BB FRAR P TR, 4

2 R B B 24 A 80% I, FH0.25% ik il i A A% AR,
23R — IR TR

1.2.5 A& MGG E B 4524211 mL, JII10
FEARA A R K VY3 YK, 1 000 r/min 20210 min, 7l
RN . B BLLT 40 3200 L, AR B £ K
B 2% 20 il B . rVVhAFIrVvhAYa20lelyval2soely
BIEO0, 0.2, 0.4, 0.6, 0.8, 1.0 pgfEHI4. HEANSEE
R INA200 pL 2%21 41 M2, 753 IAN0.2, 0.4,
0.6, 0.8, 1.0 pgi W 4 84 11, & 137 °C/K i, Bib&
10 min 2 0 HUZT 40 M i, WI542 nmAb W% D
{H.

1.2.6 zafe A KIpH|25  rVvhARIrVvhA«R sy
14340, 0.2,0.4,0.6, 0.8, 1.0 pgfEH 4. HUVEC4H
JfL BA1x10/mLEE Fl-F-96 LA, 100 pL/FL, 75 40 i 5¢
MBS, 7 AL AR, SOIRPMI-1640, 43 )N
N0.2,0.4,0.6,0.8, 1.0 pg[f 4L F1/EH 6 h, CCK-8
TR0 40 ) A7 95 2, D A2 450 nmAb £ FL WO
DAE, CA[(Dy s a—D= p140)/ (D e =D 1121) ¥ 100% 5% 718
A I AH XSS

1.2.7 BARBRLEFPABTFIREGNZ rVvhA
FIrVvhA@20teba289ey 4145550 0.2, 0.4, 0.6, 0.8, 1.0 pg
YEHI 20, HUVECHH g A1x10¢/mLz Fl-T- 120,
400 pL/AL, BRI frdl e WG EEfS, 77 4L
PR, SUINRPMI-1640, i1 A0.2, 0.4, 0.6, 0.8, 1.0 pg
FIWT L AEFH6 he WAERE IR L, Fa Ok &
A U0 B 0 B R

1.2.8 JR W45 B TR E 6 M T rVVhARIrVvh-
Avi0te a8y i /6 %02, 0.4, 0.6 ngfE 4. HUVEC
A0 g LA 1x 109/mL% J& 2 F - LSCM/IN L A, iod 74 15
Feo BSLUG A MRS umol/L Fluo-3 AMAS 5 1
PENCEREL, 37 °CHEYEIT H 40 min, 3344 . Hanks
TRBELR3IR, dhEEMFE 20 min. OGRS B
e N TSR, WO K488 nm, K527 nm,
FIHG I )4 s, (ARG IS4 s, 3E4456 min, LA
1 5T A ZHL R (10 200 J Oy 1 ) A ) 5 3 Tk
BIN0.2, 0.4, 0.6 pg ) A ARt [ A AR B 1 43 A
F T4, RS 655, 20 A I P ek T 45 5 1k
(ARG D o

129 mfie B rVVhA FIrVvhA" R0 ebvazsdely
#14340.6, 0.8, 1.0 pgfFH4H. HUVECHI A LL1x10%mL
BeR 6L, 1 mL/AfL, REACEE . Frdi i 5 A RE
Jii, TR LA, SOIMRPMI-1640, 43 51 IA0.6,



AT S AL 5B A A I R AT R V20 1RV 289 58 AR X Lg% 1) 51 661

0.8, 1.0 pglf R RARE TR E M, fEH6 he 45
W EE AN ) Ak B 2H 40 B, 4% Annexin V-FITCZH g 5 1
AR 70 S A U IR HEAT e, A R RS I %
AR A0 (O ez

1.2.10 %t 3 DL ESEae B E a3 L |,
K HISSPS16.0 AT G vt 24 0 Hr . BT A2 =38
XSO, £ S0 A5 0t 2 TR Bl A SR P T K A 56
A LR A I R T 2 9 0T. P<0.05 4 £ R H A

Gt R

2 4
2.1 pET-ZSa( +)-vvh AvalZO]gly,val289glyE(] 1@@

W FEALPCRY™ S 7 W) 3% N J A% R I8 2 A4 pET-
28a(H)H, 13 3| 4 3 18 B ARpET-28a(+)-vwhd "
gly,va1289glyc (')“J }? % %iﬁ Eﬁ , Vvh AvalZOlgly;FanVh AVai28oely
(R FEASAT 5 P BT () R AEAH T (] 1)

A: rVVhAKE20 LA R S ATy LX) s B: rVVhA S 289 7 45 IR 5 AWy LE X el
A: sequence alignment graph of rVvhA residue Val201 mutation; B: sequence alignment graph of rVvhA residue Val289 mutation.
Bl rVvhAZE2014F0 55 289 4 S B4 58 28l I L 3 &
Fig.1 Sequence alignment graph of rVvhA residue Val201 and Val289 mutations

2.2 rVvhA 5rVvhA20tehazsoeygh 220 44k F0
=R

R 13]12IA I VVhA %)y 14 53.04 kDa, 4
IPTG 571 [{IrVVhA 202l /52 -5 96 kDa

B R IE 5 LR TS AR e, Sk,
Ni**-NTAZEH A 745 B 440 1) rVvhA(E2A) FirVvh-
AVAR0Telyva2$9ely (1D RY - 5 R R [ 14]%F 44K S 1 AR 1
BATEYE BTG, BT 5 (A7 T80 °C.

A: SDS-PAGE/M TRl B2 FIrVVhAT 3A . 4lifl; B: SDS-PAGEZ 7 fili &5 B I rVvh AW il il o alifr. M: U T ibeid; 10 Ki%
PRIATR; 2: IPTGE I I ATA,; 3,40 A IR L BONYIRE; 50 VER G MIrVVhA L rVVhAWROEeedg g i 6: 79350 7-12: 0, 20, 40, 60,
100, 200 mmol/LIBK ML i i -

A: analysis of expression and purification of rVvhA by SDS-PAGE; B: analysis of expression and purification of rVvhA"20'exa28%l fy SDS.PAGE.
M: protein marker; 1: bacteria not induced by IPTG; 2: bacteria induced by IPTG; 3,4: supernatant and sediment of the total bacteria ultrasounded; 5:
washed inclusion body of rVvhA and rVvhA"20leba28%ly regpectively; 6: total bacteria protein after penetrated through the column; 7-12: total bacteria
protein eluted with 0, 20, 40, 60, 100, 200 mmol/L imidazole.

E2 SDS-PAGE##7EEE & HrVvhAFIrVvhAv20tevvazsoeyjly S0 iR 045 14,
Fig.2 Analysis of expression and purification of rVvhA and rVvhA"2"'e%¥229%2Y [y SDS-PAGE
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2.3 AL E AN

AN T) 31 2 23 0 A 10 min(J813A), 20 min
(KI3B), 30 min([&I3C) )5, rVVhAXT £1 4 i ¥ %5 1
RE 77 B BE 22 00 & 1F I TR) IR 1 i B b
rVvh A0l 1 22 5] B % IR R] PR 38 o, 325 1T e
NTRZFALN . MFEEHFE T, rVvhA«oehvbsey
IR VVhAZE (R s R P
24 WRBRBIEEER

rVVhAZH [F) 40 i 25 1 5 5 2 70 & 5 ARG, M
rVvhAROebveRSe A R] 5] 1 21 40 B 23 1 JC 22 . A

[F/E AT, rVvhA™@20ev RO o] £5rVvh A 4] 41
BETE B R FRAR(E4) .
2.5 lEAEEFIMNRIER

5556F B AL AH B, rVVhAZH i A0S T e BE Bl 745
FAE K3 0BG 0, rVvhAveR0levalsoely & o1 1 nf 5|
A R AN 2 IR (R T, (H 5 rVvhAZ LA, B ES
T AN PEAR(ELS)
2.6 $5EFRINR

2 AN A ErVVhALE F S, 40 7 D't 5 B2 5 5ig,
PRSI TR . AL-A3L B1-B3 3 milft3%k

A: rVVhAFIrVVhA 2029 70 Sl (2 1110 minff) 7 L33 B: rVVhAFRIrVvhA™0es 2 53 il 44 F120 min (¥R LAY C: rVVhARIrVvhAvRoteh: veiely
I3 AVEHI30 minfR¥F LN . *P<0.05, **P<0.01, 5% HUAH LU, "P<0.05, P<0.01, 55 AH [k BErVvhAYE HIAH LEAS

A: hemolytic effects of r'VvhA and rVvhA*20'eba28%el on SRBC after 10 min; B: hemolytic effects of r'VvhA and rVvhA* 20228 on SRBC after 20 min; C:
hemolytic effects of rVVhA and rVvhA"201eal28%2ly on SRBC after 30 min. *P<0.05,**P<0.01 compared with control; “P<0.05, *P<0.01 compared with

rVvhA of the same concentration.

&3 rVvhAFIrvVvhA20elvvazsely 25 211442 B 10, 20, 30 min By ;A M3
Fig.3 Hemolytic effects of rVvhA and rVvhA"2"evva282ly o SRBC after 10, 20, 30 min, respectively

*P<0.05, **P<0.01, 5% M4 L4 "P<0.05, *P<0.01, Y5 4 [l Z
rVvhAYE A LEEL
*P<(.05, **P<0.01 compared with control; “P<0.05, *P<0.01 compared
with rVvhA of the same concentration.
E4 rVvhAFIrVvhAv20ewazsosy i om i 250 i
Fig.4 Cell cytotoxicity effects of rVvhA and

rVVh Avalz(] 1gly,val289gly

P<0.05, 505 JRAL LA *P<0.05, SR il ik FErVVvh A I 4L L
*P<0.05 compared with control; “P<0.05 compared with rVvhA of the
same concentration.
El5  rVvhAFArVvhA“2 5| e g dm B F AN 254y,
Fig.5 Effects of rVvhA and rVvhA™20'e¥v228%Y jpduced

release of potassium ion
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rVVhAfE HI AT S 40 B8 A 85 & 1 I e ARt 0, IR AVES B 1 9Ot AL s i, C4-Colwais T AL RGE I
CI-C3E 7R THER LI IO N A5 2 190t IO 8% 1 19t e AR Ak th 2k (K 6).
SREARAL M Lo AN AL G [V vh AveROlebalSe gl 9 7 2 Be R T AR I 45 SR

R, Bo A5 & 7 NI IS Vvh AL T 41128, 5 rVvhAZIA L, rVvhAvR0 e a2 Gy i 5
Ad-A6. B4-B67p AN VYA RO TS TR 3R B, R LA TR

A1-A6: R NNE 4 R B1-B3: 0.2, 0.4, 0.6 pg rVVhAYEHZ; B4-B6: 0.2, 0.4, 0.6 pg rVvhA™20 ebaoey iz I o1 - C1-C6: 41 i 475 B85 T 9 o i
Ak,
A1-A6: control; B1-B3: 0.2, 0.4, 0.6 pg rVvhA treated group, respectively; B4-B6: 0.2, 0.4, 0.6 pg rVvhA201ewval28% greated group, respectively; C1-
C6: the changes of fluorescence intensity in HUVEC.
El6 rVvhAFArVvhAv 228y | s HUVECZH A P 5 2 T 14 n(400%)
Fig.6 Effects of rVvhA and rVvhA"2"e%va28%ly o jncrease of [Ca*|; in HUVEC(400%)
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#R1  rVVhAFIrVvhAv R0 evval28ely gl 5m 1= 50 i (n=3)
Table 1 Cell apoptosis effects of rVvhA and rVvhA"201evva28%ely(;,=3)

AL F1(%) PayicEd| rVvhA(ng) TV VhA"R0IehaldSely( ) oy

Cell proportion(%) Control 0.6 0.8 1.0 0.6 0.8 1.0

Apoptosis cells 0.24+0.12 3.00+0.35%*  11.47+£1.22%* 21.2742.48%** 1.70+0.16" 4.90+1.12° 8.40+0.72"

Dead cells 0.17+0.21 5.20+0.30 18.17+0.29 28.93+0.68 1.02+0.15 0.92+0.50 14.02+7.57

Live cells 99.57+0.25 81.00+0.44 58.20+1.04 53.17+7.01 95.26+0.90 92.10+3.55 65.3248.99
#P<0.05, **P<0.01, 55X B A1 LLAS; #P<0.05, #P<0.01, S5rVvhAfE 4L L.

*P<0.05, **P<0.01 compared with control; “P<0.05, “P<0.01 compared with rVvhA group.

A1-C1: 0.6, 0.8, 1.0 ng rVvhA 2} HIE 6 h; A2-C2: 0.6, 0.8, 1.0 pg rVvhA20eba2$%ely /5 5 44 116 h; Con: % Hi4 o
A1-C1: cells treated with 0.6, 0.8, 1.0 pg rVvhA for 6 h, respectively; A2-C2: cells treated with 0.6, 0.8, 1.0 pg rVvhA™ 201282l for 6 b, respectively;

Con: control.

E7 rVvhAFArVvhA 2 e 28 gy o B o 7 B 55
Fig.7 Cell apoptosis effects of rVvhA and rVyhA"2/eh-va28%ly

3 Wie

) 0 I ¥ A 2 A 0 0 9T I — i A A
G AT LA 9 St 3., IRk ik, 2 64
IR A ORI 72— BRI RIrVvhA BAT
LG PE S BORNBLL S AR T A4 A,
BLCAESErVVhAJE T-CDCK R, i 1 K 5 4 1 22
20 M s 1 ey 2 5, R ILHLR = A R 2
T o

0 S P JIEL ] AN AN P 55 i B (%) S B 12
N e 7 HECORT I 32 P, A i R YT AR (1 1K) 45 A R T
RENTL ) B S i T 4) 7 2 (W L), 1T
ML S)) Sy I Re AR o FRH R BEAH EAF FH 0 5
2 EEATLUT =M E: (D)'E &3O R A A
Ve B R ke P X 35, L 3R B 4 1L 2 O(SLO) /M IR BB
85 (2) 15 1R[] 2 AR OG IR 6 e, L3t [ 45 4 2 L/
V-X(1-5)-Y-X(1-5)-R/K, UIPLO%E; (3 )MH [l e 4 i 1k
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IEL I P50 785 R0 R R Y AT g I 8 B S R AR A
U N DR ) HE ey R A G, D I L[
I 1) kD AN 5 T ] 7R B B T 4 3% (ILY) A5 i = 2
MRS £, (25 32 IR PR e,
YusERIT A I, BI07 bR A s
H R [ e 4 1T 4 A g OS> 12, 5 B80S LI o
AR R IR IRAE 75 3R 2 AR IIE L R b R 5 5%
BEAE T, JF FUEAT I SRR Bk T SO R 1 R
RN BATAE AT COAE, AN T
[ 1 1 VVh AR 4 4 i R AR P 0 B e A 2 — 1, fH
WK HEAIE W LR BP 2 5 45 G B E L . ARSI
M i SRAR L P AR R I SR, SRR AR
FER M AR A Er VVhABEVE A3 R T AR H
ST 48 L B, 1V vh A0 ebeva 2808ty iy vk iy
A, SUEEE AN, BB N
SN ML T RS e VVhA R BRI, DR, kAT
FEIrVVhARE [ 15 25 5507 AR = R 1R (R R AR
T RES R % 1 2 AATB B i D, S 2R 4R
B A R T AT T A R RE A2 408, B S
AN F A FEA NI B RAh, A S 4 R IRAT
IEHED, 5 A0 [ 1 45 G ke VVhARE— 5 R HE 15 P 11
W ELAAFIS 0 R 2 BUR N AME S 1AL, 5D
P 9 AN B PR R AR TSR R AR
AR R A, FRAANLEEAT Rt P
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The Mutation of Valine201 and Valine289 Influences the Activity of

Recombiant Vibrio vulnificus Hemolysin

Guo Yajun, Ye Meiping, Wang Shuai, Lou Yongliang*
(Zhejiang Provincial Key Laboratory of Medical Genetics, Wenzhou Mediccal College, Wenzhou 325035, China)

Abstract To compare the activity between rVvhA and rVvhA" 228y ya]201 and Val289 were mu-
tated to glycines and recombinant proteins were expressed after mutations. The hemolytic activity, cytotoxic, intrac-
ellular calcium influx and potassium ion release between rVvhA and rVvhA™'e28e were compared. The results
showed that the hemolysis of rVvhA"21eba28%ly wag reduced. Cell death was partly rescued by blocking calcium
influx and potassium ion release. In conclusion, the mutations of Val201 and Val289 are relevent with the cells ions
balance, hemolysis and cytotoxicity of rVvhA.
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