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’RE 1990 4F 6—9 A, M & & b T8 0f 4F 37 78 3 28 I ML AE 49 o B 3of F 34 B2 o 0 B 3 )
7 MY 25-C Wk, F TR 9 B4R B HOR, 648 25-CHl Bk 9 MU ST 7= (ECP) , 4T B4
OMRBUR TR, SRR, RIS ML E 25-CH B Mo =4 B A £ Fh 858t A% M 1%
P, B EERLE AN EERE, AMEH R SR EA 'R ERT,
ECP & (3 7] LA R o [ xof #F 1L 75 40 (A0 R BB TE 0, 4R 03 25-CRBR P E R B e 71, &
FEB R Rk R R, ECPEATEA 3 ABAW, MRABLERNEAAS
T HRREMNRE, N VERRELE T, S/BRESN, REE R B E R I
EAMERNFASAM PENIFAEHENBURER,. TRERTART IV FEERR.
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AERTENTRHENTEREZ —, HBURVLE R G E 2, 07 4 M SRS F
Y1 7R (Inamura et al, 1984; Kanemori et al, 1987; Kodama et al, 1985; Munn, 1980).
BRI/ B 1 80 I% U & 45 (Crosa, 1980) . X Il 15 28 B 18 F7 RO BULHE (Trust er al, 1981). 5 E
HBMK M S (Home et al, 1983)%EF M, X LEHRTRKBHMURTBOHRE AL
BV A, 26 T AE xR 7 T RO B 5 M SR DL AR . 55 (1993) Ak, Bl 7 0L 9L B A0 7 36 UL
1 A B S v o B e AR L B B B BOR PR R, SR (1994) Vi — 4 TIE 35 B L SR P A
HEABYBEEMBURERA RARENE. A XUEEnINE xR, W s =Y
I BUR AT #E— 2 IR R 54047, LARI A o B 33 450 TR B B0 HLER B4 B 5 4R (2 Rk
¥l
1 HMREAE
1.1 BIEmITE s = (ECP) MH & 5H & s

B IR E (Vibrio parahaemolyticus)25-C BB ALK ZE 1990 4F 6—9 A W& &5
¥ XoF HF 35 78 B H I AE A4 o B AR R 4 B B, SR AR L B 4R 5 B R (Inamura et
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al, 1984)F 25T 35 JF 24h, K45 25-CE Bk 89 ffa h ™ ¥ (ECP), H 8 i3 (NH,) ,SO, £ #7 ¥
(Inamura et al,1985) %543 ECP I TIEE A, & MR K. S ERHESEF ECPE
Hfld. T - 20CHR%E.
1.2 RN FHPHNEASBS RSN

MR ENE ECPHHERREE. UARBEREE ECP /YRS 5 XS M i 4
(F 555, 1993). 705 FIZ& 1 /K BC 31 3 B B (0.4%) . BE A (0.4%) . JLT L (1.0%) . I 8
(0.2%) . B # (2.5%) . iR 80 (1.0%) . JR & (2.0%) Jx By L1 48 7R #1145 RO B A - 4 LA B Bt 47 4
¥ MFAR, B IS E /AR T AR £, I A ECP 3% ECP & B #, 35C {#18 48h. #&# ECP
BEAPEMEIEN R EH.
1.3 HSM=HREURIER
1.3.1 25-CHEBH. k41 M. ECP X ECP & 1 x} o B st #F 59 B0t Lh 4%

KA AF (R KA 7.2—8.0cm) TR HE 3+ 24h, 75 A 25-CH B K. ECP. Bl &
O Yk TS BT AR 0 U0 VE 40 S AT UL B o T R 4 kAT, 5T R v S JE H 0.01mol / L
PBS(pH = 7.0).

BB 7K A b (9 W SE 3 SR B, AT 0 BE SE A (LA 24h P9 & 9% 3t AT D ED) , e BRI 6
B, BWEERMAT 2216 F L, KRR IF Mk E R AERE.
1.3.2  ECP & F1 x5 o [ 3ot #F {4 T 5 % i)
1.3.2.1 ECP & H X} 57 & xf & ML {50 2% B J1 19 %2 B A B [ %of 8F, 00 B 57 ) b
B E,4C G, REELHRBMF. B 0.5ml x4F & FiXE . 450 mA opl
Il 5pl. 50pul. 500p1 ECP E B #l &, RE T ERBLKE Iml, IB5 G 25CRIE 2h. ¥
RIBEHMESHNESSEMENEMINE 25-CERBIRS, 25C 43 2h, HARERY. £
EYMBEG, B 0.1ml R4 2216E FAR, i M A A K E. *RAXHAL 50C 30min L3
MREMESHBERRN.
1.3.2.2 ECP & H BUZ L3RS, 25-CRHBURBE 1 &4 SR EKFEHER ECP
B A X E IR AT BUAL 2, B & B 4T ALY 4 0.02ml ECP E A& (B4 10ug),
o] e — Beod 8] 5, B M 25-CHRBW (E#EITHORE R 5 x 10°H A / ml) 47 UL B9 I 5T
P, SR 0.02ml / B, 3 BHA 0.02ml KE# 0.0Imol / L pH = 7.0 # PBS M Hi4h# 3L
14 RABBMBRERKS AT —FTHBAL ECPEAR

KA 7.5% WRREB R, BHFRHBKST ECPEAK. W 3mm EENK T
o7 B B A b SRR AR, (AR F P o B M IS, R R IR IR BN 4—5ml, 4C
100V B ET BIK 20h 5, ¥ BB, 1T Psm R 3 DA B, A5 D Er R 22 G250
BEWRE AW EORT NPT RER, 2HRE M ERS, RALE
0.0lmol / L PBS #, WG R K, B.LERER, 2 02um BES EHRE G, KB4
HEERRNWEAHSS.
1.5 BARBNEEARASNEARS R BEE. FLESARNERBFBESH

ESNRBES N ESHECPEARMNES YR, HiE LR ENEEARNE R
il 1 P R ol 9
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BHEORBERLELWERE RELNR 0.5me / ml), 7 5HER S & H 3t 4F, 4 0 B0U%
MR, EHEN0.04ml/ E.
1.6 ECPERRAH AN BMBEEMNAREY

B ECPEAFRURHEX S ENEAEENEEN E2. ESHAHAEARBRASHE
0.85%NaCl #7 0.0lmol / L PBS(pH=70) # 1T EHBELE, EAREE T Kk LH
10min, # W H & M0 IEH K AL, B MRS F Alsever's R 5 57 & 19 1l , 2.0 IRA5 LI
mAansE, AEBEE KGR 2—3 K, BEF TAHEKF, 37CHIR 10min /5 IAZF KK
FRHSRS, 37CLAE 40min, B LERERLOE HEBREETTA, UHKTERTH A MM
REE,
2 HER5H9H
2.1 EIRMNE 25-CEAERIMN =B S0

25-CHE BRI Y 43 Ot 85 K15 500ml L&, BY ECP, #—4 b4 k48 5 . 15 5
30ml ECPE A&, *f ECP#ITEARE BN EMEENE LW, ECPHFRANKEH
5. MEOM. SN, VAR, fShEE. LT RS 2 RIS RO I vEYE, (H R R A R
BT, W& 1.

&1 25-CHINEMFHSH

Tab.l Activities of extracellular products of V. parahaemolvticus 25-C

EHSR
CRIFSE & (mD) MR TEMIM BREOME MEUIME SRERMEME LIRS K& BmiEh

mg/m
ECP 500 0.6 + + + + + + —
ECPEH 30 4 ++ ++ ++ + + + -

E:++RAEEERN + R R RAMEYE, RIS

2.2 MMFUHERERUER
SRR 25-C ERM. YR B B B R 40 M LA K B A1 72 4 ok iR e o B AR JE & B, 25-C
MRS = B N BURROER, 24h PIXTHRFET- KT 87.5% (£ 2), M ARIFER K 5
25-CH BB AT B YL iT B A — B AE IR, BIFR A, BB 40, M BB E N E%. EAR
AR, MFEEANRE, GREAABRARRALEAHE. MABRRAKERR, 120K
XFUFFET- R BI K F] 62.5%.
R2 5-CEBEREMIN =3t B dRBm R LR

Tab.2 The pathogenicity comparison between V. parahaemolyticus 25-C and its ECP to P. chinensis
LRIFH T (R)

BB & & 48hFET- %
(B) 6h 12h 24h  48h

WEB 2x10° cell/ & 8 l 2 3 2 100%

ECP 0.04ml/ R 8 1 4 2 87.5%
ECPEH 10pg/ B 5 0

20ug/ B 5 2 40%

SOug/ R 5 2 2 1 100%

PEREHE AR 2x10° cell/ 8 1 1 25%
%t H8 (0.01mol/L PBS) 0.04ml/ & 5 0
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25-C RS IR B ve G, F ML bk B2 28 B 98 1 B9 3R 50 0 MR, TR 5 B 4R N 1)
GRBERGHR, LU EREH, #HAFEE, ARBERFEE D, 24h WRIEF] 7.0 x 10°
CFU / ml ML E (& 3), M AR VE RN EHIERAIFEIG, 24h R EEZE] 3.4 x 10°CFU / ml
MWk, 5340, X LUk 22 A1 7= 9 48 R A B BE 7 th K K R, N4 52 Xof A7 44 75 e 40 g
ER—ENBEAERAMEAARATREENBUR RS xTIF LK. Bk, tkEE &
440 J 4 BB 2R T R AN B S SR T AR 4 .

R3I R E xRk B R R R (B & L R A/ mi)
Tab.3 Number of bacteria in hemolymph of diseased P. chinensis (CFU/ml)

R YL 5 By 12hEHE RY24h/5 i M
W 1.2x107 3.4x10°
Ve S I B R A 2.1x10° 7.0x10
ECP — 2.0x10°

*F B8 (0.01mol/L pH=7.0 PBS) — —

2.3 ECPEAXH EXMERA R IMLE R
231 ECPEAXMHEMIFMFEIRENHEMER  HIFMEPEFHE MR
HYEAHTWHEEEEE, A SRR AVEAMAE, T4 ECPEAL
it B M E AR B IE R AR, 3 ECP AR /ERMEET sopl of, 3t 4F i i x40 5
MITE R E M L6055 . ECP B E 3t iF Mk L E A E TR T HPME AR
1% o & R B F B RE A (R 4).

F4 ECPEAM T E IR HEINRE N HE

Tab.4 Effects of ECP protein on the bactericidal activity of serum of P. chinensis in vitro

HF I3 (ml) ECPEH (p) I 7% 438 f5 9 B 8 (CFU/ml)
0.5 0 12x10°
0.5 | 1.3%x10’
0.5 5 6.3x10°
0.5 50 1.8x10°
0.5 500 2.2x10°
KM (50C, 30min) 0 2.2x10°

2.3.2 ECPEHE WS EXHUFG, 25-C BEHEBUR BE 1 AL 1E I H ] X #2237 3
FER B ECP & H FUEST, BFR 2h 8¢ 2d o, B 25-CHEHRY, TR AR BIEHR R E
5. EWEREN, L ECPEHENMFEMNIMARHE TH, PABMNBURERREES
518 X HF Y A R, B, A RSN I TE R R A BRI AN B ER T XN
RAER. B2, ARSI =Y EF & R H B R B, BT R X HBURE
M. BESE R 2d B#ITH 25-CIRR Y 38, X IF B R E K E 60%.

MUEEREGERTL, BIBENREERETEXIFR SRS, BIN=YER TR
HEZEER, B S E xR B AT 5] & 8RR % 2S00 W A, BT T 8 3 A
REDNGE REHFLNEETN AN AEKEN HRBBFLNENBUR NS HRELR
G0N
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RS TEMFZECPEAMALESS, 25-CEBENBTHR
Tab.5 Predisposing effects of ECP protein on the mortality of P. chinensis challenged

with V. parahaemob ticus 25-C

25-CHBREME P18 R YL 48h B FE 2
hiBeigii
(cell/ ) A B
ECP&EH (10pg) 1.0x10° 100% 60%
PBS 1.0x10* 20% 20%

A, BLb3E 5 RIRR2h A #A1T25-CRE M BOLH UL B. FIALHE /G B 2dH #4725-CRE K BUILIE 5L

24 BABBEEREX (PAGE)S B
ECPEH

ECP & H M PAGE B+ 3L F /R i 23
AEAW, URERINEASEN—A
AT E (B 1), 3 3K9G 10 HEB K.

HERAUN, AEHKBEEMEE
FEE RS 6 AE A RIKKN (E-6)#
BEAEBMEHRE S HEeH (E-8) ™
A ERBURRE. Hi, 25-CHs =Y
4 B E A T B R E I R B R TS MR I
EHFEUMEX, EOBMFEMERLEE
1 AL P B X A A R E BOR, AR 25-CH Bk
BREANFEERSZ - TTHES MR
X, o pREE G . BER AR, JLT R CRES
BEERATYRE, TRESEIRBEKE)
&, AR Y P B AR A I3 ARt v BB AS B
TEENHIEM, AFT 25-CHAKRA
IMAFFEAT AN EEY BUARFHEYHER
R RIE,
25 ECPEARHAMASBMFEEMNH
REMERN

ECPEHWKRBR (EAREE dmg /
ml) Al & & 0.85%NaCl # 0.01mol / L PBS

E-1

E-2

E-3

E4

E-5

E-6

\
\
=
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I
=
=
\
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E-7

E-8

E-9

E-10

E1 ECPEHH#PAGEHM &
Fig.l PAGE of ECP protein

(pH=7.0) T BRERE ARBET K & womnmommns 5@ —-0 288k

WALFE G, KA IAE A B R RE,

100C 43 10min 5, (PR G REBHFMENE. R, ECPEBHZ 60—70C 4 10min /5,
BMEENZIRRBENEL, £ I4BBRET, AXA LS BEORRGET).
Zen-Y0ji%¥ (1976) & Yanagase %% (1970) 7€ xt B 7% ML 9K 8 7 1L 7% £ O BE 5 o, RO B 3 2
I B R, Miwatani & (1976) 83X — IR FR{E Arrhenius 3 f7.

A % Bl v i 9N B P Fe e M A I K (Sakurai er al, 1973) 1K R4 M % 1L & (Fujino
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Tab.6 Activities and pathogenicity of the proteins separated by PAGE

287 & 2id E-) E-2 E-3 E-4 ES5 E6 E-7 E8 E9 E-10 ECPEH
EHEE (mg/ml) 025 028 040 049 056 053 052 024 031 042  4.00
HH JR2 R ++ o+ ++
BEONM + —
1EH B + + ++
g ++ + ++
SHBE GRS + ++
LT R ¥
BRE
i + + +
2dP 2 SR BOEH 0/5 /5 0/S 1/S 0/S 4/5 1/5 5/5 0/5 0/5 2/5
GET- %0/ 5480

I R EER I+ Ron B S B e
£7 ECPEARMEHMARENY

Tab.7 Heat stability of hemolytic activity of ECP protein

ECPEH (EH & &E4mg/ml) 11 1:4 1:16 1:64
K LLFE K + + + +
50C + + + +
60T + + - -
70C + - -
80T + + * -
90T + + + +
100C + + + +

EARPEOREHE; s FORBOEERS; - R EBLRREKE. &3E

*8 E E-SEA44BRnAMMAREN

Tab.8 Heat stability of hemolytic activities of E-2 and E-8

EOdn LEE L 171 1:4 116 1:64
E2(EE&E0.2mg/ml) RALE + + - -
70C - - _ -
100C - - - -
E-8 (EH T R0.2mg/ml) A LA + + + +
70C + + + -
100C + + + -

et al,1969; Miwatani et al, 1972) FHKREELBE., EARARLTH+, HIKKBHHA
RAE—-ERMEHMNELAS E2MESEHMERRG, #TRREMH LR, X3 E28
B IEE BRI EN, 70C 43 10min NP4 ML 75 5T 2 WK, T E-8A9 % I 15 # 4 xt
AR RE, 100C AL 2 10min J5, TR B REM A M (K 8). MU LLBFTLUEFH, 5t
FEFITEAAEEREANER R ESENE.
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3 45iF

3.0 BIEmMINENKEA =Y EEEMEES REAEGRTEN TN EERS)Z — |
Ve P - B 21 X 4R 804 B, 40 8 B 3R ok F 1 4 BURRL 4 L A R T B O R o — 2B AR s AR
o SR O K E2L o 9 O 2R 4% 10 A T M T R ot L 400 B, SO L BB B K A 5 UK X F I
MREEES,

32 BIEmMMEEASYHIHEARBMRASEOLEAEHAFE INEENER, 0
E xt4F A4 B A BORME R T & R B2, IR BEAREE. NS AT EE. LT RS % e
SR R TR R T EERMBIER, BT — SR,

2 % X W
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PATHOGENICITY OF EXTRACELLULAR PRODUCTS OF VIBRIO
PARAHAEMOLYTICUS TO PENAEUS CHINENSIS

o . + .

MOU Hai—jin, LI Yun, BAO Zhen—min, YANG Xue-song, XU Huai-shu
( College of Marine Life Sciences, Ocean University of Qingdao, Qingdao, 266003)
1( Shandong Laizhou Da Hua Fisheries Culture Research Institute, Laizhou, 261413)

Abstract V. parahaemolyticus 25-C was isolated from the hemolymph of Penaeus chinensis with
septicaemia from Shangma prawn culturing farm in Qingdao from June to September, 1990. Its
extracellular products (ECP) were obtained, using the cellophane plate technique. ECP protein was
partially purified by precipitation with ammonium sulfate, dialysis, extraction of water, concentration
with PEG 6000, and filter sterilization. The products were stored at — 20C until required. The
protein content, enzyme activities and hemolytic activity of ECP were detected. The toxicity of ECP
to P. chinensis and the effect on the bactericidal activity of serum of P. chinensis in vitro were
studied. Then the predisposing effect of ECP on the mortality of P. chinensis challenged with V.
parahaemolyticus was studied too. By polyacrylamide gel electrophoresis (PAGE), ECP protein was
separated and purified further. Biochemical activities and pathogenicity of the purification fractions
were detected, and heat stability of the fractions with hemolytic activity was studied.

The results indicate that ECP of V. parahaemolyticus 25-C possessed hemolytic activity and
various enzyme activities, such as gelatinase, casease, amylase, lipase, lecithinase and chitinase. It
could be considered as one of the main substances of pathogen infecting P. chinensis. By
intramuscular injection alone, ECP caused prawn’s diseases and resulted in high mortality. ECP
protein of 25-C could destroy the bactericidal activity of prawn’s serum. Pre-infected with ECP
protein, the pathogenicity of strain 25-C increased greatly. Therefore ECP protein could destroy
prawn’s physique and promoted the proliferation of bacteria in prawns.

ECP protein gave 23 bands by PAGE. The protein content with hemolytic activity was assayed
on its thermal stability and two hemolytic factors were detected. One was thermolabile, destroyed by
heating at 70C for 10 min; the other was thermostable, not inactivated by heating at 70C or 100C
for 10 min. Infection analysis shows that proteins with thermostable hemolytic activity or proteolytic
activity had obvious pathogenic activity to P. chinensis. This may be one of the main factors
determining the virulence of V. parahaemolyticus. Other enzymes such as lecithinase, chitinase and
lipase, also played some supplementary roles in the process of P. chinensis infection.

Key words Vibrio parahaemolyticus Extracellular products Penaeus chinensis Hemolytic
acuvity Proteolytic activity
Subject classification number $945.1



