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RBE T 19974 10—11 A, UF S WA R FRMG TN A A XTI A8, RS0 EE
oot I 94K 2 o B 9 L R AT VS MEAG I, B 9 & AP AL R F 3 VS ML PERE Y R R, LA K% H At
SR I 22 220 40 T ) R R 0 B L P A S R YR AR AL, SRR, H R KR I R A TS A
[ %t R R R BRI B YA 2, IZIE M B2 60°C LU T LB s L fE F A BT 358, £ pH = 5—9 B
VML M B S, Ca L Fe T AR IS AR . ST KIAAT (2 X 107cells / B) M B E RS
5 B A MR 0L B A, (U LTS PR T ER B TR ST 4E IR INE (7 X 107cells / B) R F
Bt IR &, MR M R B 15 T,

*gia HAXIF #ME MKE

EFHHES Q921

M EEN—MIERERENRENHE T, EEESMITE Y ILF AR
(Canicatti et al, 1993; Canicatti, 1989; Hatakeyama et a/, 1994; Rottini er al, 1995),
B4 5 E Y i & 85 &0, BT 0L RGE (R T 55 M 5 B 2 (Armstrong et al,
1992) . JEAF (# %%, 1992)%. HATINN, B 5 ¥y s K57 3 2 B0 45 It 40 o o 7
38, VK B0 S L U0 IR LA BORE AR Y B AL B R 2B e RSB AE A, TR L AF R AE R SRS T S
FER st &1 T EENER, THRSEBNAEEEURREMERENBERAA X
(FE%,1992). AR H AT IFE ML E B EHIE LB RSR, DN B30
M S L RE BT ST SR L BT K.

1 MRFTE
1.1 BAX R HE A&

LT 1997 4E 10—11 A #47. LRAMNREF WAL FRES IR A A XTLF
(Penaeus japonicus) (&1 4 14— 16cm) , 0> UE 28 1 48 B ML ¥ B2 9, 48 3000r / min 3§ 0>
Smin, B 5 UTVE M40, BUE B3 BT — 20CRFF.

1.2 BAHE D RAEENE

Z A MY LR W E I7 35 (KRB, 1996).

F Alsever’s Y R & #6281, 8.0 (2 000r / min, Smin) YE¥IG, A H ER K HI AL 3%
(Y 4T 40 M B, B 2ml B iR 5 0.5ml # B 10 £59 H A 3t dF il bk B WOR & 5959, BTk
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25C, {R1R th, ZEX B F M A 2ml L1 MBI AN 0.5m] AR B K, 5 LR B R EHRIE.
B JE 57 B vk i DA IR R, 8 2 000r / min B0 5 4K48 E . LIt RE LERIES
A, F 540nm £b3>% % F{E (OD), A 540nm F Y ODEIE /N 0.001 & XA | I 5 H:
£z (V).
1.3 E{REX B A RS MR EERF W
131 BE H 2 3 8 Il 35k B 20 511 48 207C . 30°C . 40°C . 507C . 60°C ., 70°C 1 80°C 4b¥E
20min J& , A6 W0 L %o X 21 40 B ) 3 I T
1.3.2 pHfH ¥ B A o i itk 294 B AR E pH BRI AE B KR 10 /%5, 4C 403
10min &, B 0.5ml # B 5 2ml X8 L1 40 M B I0IR & 5L Rz, A I 3L v off 35 1
133 —HME&EEEF ESNOKERSSILAREBESE, MR NE TS 5mA
L& i) CaCl,. FeCl,. MgCl,. CuCl,. ZnCL,# MnCl,% , {f H 2 ¥ B 15 % 10mmol / L, &) *f i
LR A A BER K, AR T L I T T A R
1.4 AAEME R BT B 23 4R I R E AR
L 36 K B ¥F T (Escherichia coli) A 74 55 34 %= R J& B #0, ¥ 4E K KB (Vibrio

harveyi) AR IEK P EBE N B EXTIF AN 2 B EE B R0 IRE. 55 6 K EFF
BB (2 X 10°cells / ml) ARG ZE QIR FE B (7 X 10%cells / ml) T H A xf #F 55 =, U0 7 35 4k
BTN O T, *F FRAR AR SRR K T 5, R & 3928 0.1ml / BB, AT UF T L3R40 o %87 5%,
£EI% 24h B 10 B 3 I 4o B 4k B8R A&, 10 8 A L v
1.5 HEZER BRI URE MR & ERR 0

Seh AR E A WAL R E o BRI AN B . S RS BURIE N 1.0%
A Y 98, L PR 0 B B A 3o R, xof BB 4H R A ifﬁ%ykgﬁa‘, EHENO.1ml / B. R 24h B
10 F2 xof S ey S A6 v S VYR A, YU R VS L 9 ‘
2 &R
2.1 BZ&RERMHE RSP A MENEYE

LI AR, H 7 3 i M B XS XS L0 40 M HL A — 2 RV AR A, W V& Mo 68U, 53
S, ¥ 8 70 34 WF 57 58 3 R S5 96 2 B IR 6 o0 R LA B FESR AT, 5 45 Sk Bl R B i A AR 40, U
BT MR, b B L AT A LV M W R, SR R BB xof T L 9 B VAR ) 9 AL 9 P RCOR
FEAR. B AR 37 FE B B A A S 06 28 BT % WA S AR 99 I oAk X0 9 A v LY 4 R 7U 1 23U,
22 BUAEAEMRNDREEEEAYTRER

ZRNF ., BEATH, H A% XL 30—60C 43 20min 5, BHEELER

F®1 BE(C). pHEN-MERE T3 H A RE MR & (V) BRmE

Tab.l The effect of temperature, pH and divalent metal cations on the activity of hemolysin of P. japonicus

LHEBE  REE 20 30 40 50 60 70 80

5 ML 35 M 66 64 81 107 150 141 — —
pHfE 2 3 4 5 6 7 8 9 10 11 12

IS 20 21 20 53 45 50 47 51 18 16 8

&RETF Ca™ Fe’* Mg** Cu?* 7t Mn?* pogiihicl

1M 3 109 162 61 29 72 48 63

E: —RARIME R A AERER, Lk
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FIFEE 3R, ZIRE KB 70—80°C i, MMk B iR & & A AR ME SR, JLikAG M. % pH =
5—9 B, WL A TE PRI TEVE LA RZ IR A BB A T, e LT M A
—FERIRM, Ca® . Fe®  AJ (I INLAE A 1 38 T Mg ¥, Cu’* . Zn® . Mn® * JUI 3 38 1 4 i B 2
WK, B 2= H .
2.3 HREIERIHRS B A 4R R IR E AR

3 B P K F T 1 0 s o EG I 8 v S R B AR SO TS, 8 B 24 BSOS A 4l BRI 4 2 9
T Y L 3 PR AR AR O, SR LK 2.

F2 BAHTHNRERAERRE, B AL RFM (U)RELER

Tab.2 The activities variation of hemolysin of P. japonicus stimulated by Ecofi and V. harveyi

A 1] (h) 0 24 48 72 96

TS KB 55 52 82 85 71
e 4E RN 55 62 38 27 25

*1 HRE (S A B R K) 55 60 52 58 50

2.4 HMEZEX B AT ERE I 3R E AR T
P %5 S 0 B 3 ) A S AR S L 6 I 24h EBUF AT el B O EEL 9, 2 ATV I 3R O
ME, BRI 3.
K3 ZHESHEAPE, BEMFRLEZE (U MELFR

Tab.3 The activities variation of hemolysin of P. japonicus stimulated by cordycepic polysaccharide

B 8] (h) 0 24 48 72 96
TR EE 35 89 127 141 130
Xt BR4H (PG4 b oK) 55 60 52 58 50
A Y . 'x’f
3 itig

3.1 B RRIE N REAMENS ST, ik S B Y LM I 2 8] kAR — R R R
MG 8 F2 52, TE JCA HE S M B IS8 P, v I P R R B A B LA AR R B, BB AR R OR T
B REZFTERSYHIEF L ZRAELWRNFE. BNEETHHENYREY
MEGH I —FHEBENIREREREE T, KEATREUTFESIWHMERER, 115
RN R . 2 5 R B AE A (Canicatti, 1988), } 0] g &5 & #ESh W IR W A0 R & 1E A
DL K B B AL B B S R AR * (FEHE S, 1992; Armstrong et al »1992), B I H M
Vs 02 ATV 0L AR PR A 4 S M VI 1) — M) (Tripp et al, 1991). Hatakeyama 55 (1994)
BB, B NS (Cucumaria echinata) VP9 7 I 2 AT DA 3 4, AL 40 g 7= A v 14 A, {EL 5
A9, T A0 AT TCAE B R A R, SRR I I VR A R e T I S A Sl 4y I 4 Y R T Y
YRR LS AT (O 0 O R R AR T RV A T O AL

AR SE S A B, H AR o A Lk BV P B A TR LR, RE S G £ 40 e AR T AR A
%V I 22 10 3 PR K /0N TR) o R G A B 9 U0 5% R, WP of BF 7 I R 9 95 1R B AR T AR R X
¥, DU, W I 26 T RE A S B AR o G B AR 0 T IR A AR A, S s B A B R KPR
P, R I 95 A e T A P A AR T o A R AR O Y — TR E B AR A
32 THEMFHWENNENLE —BRAIRATLESE, BNERAFTE Ca’ " M55 (Canicatti,
1990), % 41 #5 3 (Rottini et al, 1995). #F % (Malpezzi er al, 1991). ¥ # 4 (Kamiya er
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al, 1991)% . Wi B ¥ Marthasterias glacialis KR F B NEHEFARBENE, BAFE
FHE S5, HiG MR AR 8EIE BT i # (Canicatti, 1989), Cucumaria echinata 15 R B %
MmiEMHEpH= 7—10 B b pHME By 3 & W 3 58, ZE pH<6.SHEHILTEELER
(Hatakeyama er al, 1995). 7 #b, 1 %8 4 (Kamiya et al, 1991). Marthasterias
glacialis (Canicatti, 1989)% si¥ A NRMEIKE L RNV RED TR L.

ALK, HAITEFE ML EL 30—60C b2 )5, WM A P oR, S FH R E,
WRER B R A AR PR B B, B BOR MR B 45 B, S B oW AT, B, XA MR BB EHE S
TESEHLRHTH—PRIUE. B ANIFE MR IEREES pH = 5—9, 78 pH<4 3
pH> 108 5L T . %5 1L 75 VEAR 55 , 150 BH AR B2 P 4 991 A R 8% 39 & 3 H A 3ot R 7 i 36 B9 16
PEERBEARBRENBEIER. R PMALCER Ca’t MFe ", 8818 41 5E B A st iF
L F R T LA A, 150 BH 3 P A B F BT BB R VR I 3 34 AT O LS B BT TR Y.
33 KBHFEWRNEAE—EFE LA LI R B AT (F Mk B s m RS, STIFE K
A B IE ST G 48h, YR R IEEBI B3R, 5 ooh TEHEA BT T B, BHE T3HRA, X
VLB B A3 T 89 15 R B A — & 7T 35 [k, SN RIS 4 19155 2 0T DA 4o I ok 12 o B9 75 1l
RWCERRRS, WA ERA R KIEsh b R EFMRAER. Leippe % (1988) A
A, B8 I (Mytilus edulis) MLV B A 89 ¥ 10 3R J2 py I 40 0 4 906 7= A2 B9, Canicatti (1988) 1 &
B, BREZBNY) Holothuria polii W & B2 AR 40 ffd BT DA 7= A= G Fh 8 I 36 . — Fh W R R 2 1,
BRRESTHEETIMMKE G 5 —R b 1A M, & 5% WG =4, X R LK &7 5
ER TR YRR EBRERAE, ALK EEmEEMET TS HHE
RIBAR#E 1 040 Y 7 L 2 W 3K, A AR A B o A L ok B e R R 9K I 40 i R S AR
o B RJSE, 43 1 7 A S ML R 45 S T PR B, IR A K A TR, AT SR F AR R B AR H .
X - H R/ Ti#E—FUEE,

ALY AT IR 4EICINBE A 1993 L TH X PENITREUERTRHOEERRLZ
—, ARG b E X SR A BUE A K 100% (B BEAKEE, 1995) . FEAK M b, B AT SR04 4
IRIMERI MG 24h, BN EHRA FHE, TS IFENRBERAMEEE X, &G, BFm
& Z B L E £ 96h, T H, £ HAR], AW XU £ FE T, BT WX A 40 5 R AE AT 51
& 23 SR B0, BEGE KRR S I K 5 S I 08 M, DT R 3R <o AR B R B, B R R
RIRFET,
34 MEZERE-FMESTHRIEES. SRSEYRAHE W AR EERMGE
WEM. B 20 iR £ B L0 v i I VOR  VA I 2 TS T R K AR, 24 I I 3 1 B L
XA R 48%, 2 72h I MG MR B B, ULHIX M B A URAS, BB 55 0 M
R4, BREL R DMEBR R WRE, W58 B A TR S oh6E. B, 25t
IRFRFE P, (E A B B G SR 20, A S X s xR A A R, DR B R A E R
—EWEA.
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Bk, Z 4, BROE. 1995 193G REMIFREERTRYEREELTR. KEAFEREEH,
102): 1—8



366 i pe o =] # W 30%

T B/, FTHA, 1992 RERSYHERLEF ISR BERE, 3 18—19

B 8, 19%. HEEHALR L A5 PEEAROE R, 344—348

B R, ZEERIE, 1992, FEEMEBEEFRAFEER. KT RE, 6 2123

Armstrong P B, Armstrong M T, Quigley J P, 1992, A hemolytic activity in the blood of the American
horseshoe crab, Limuius polyphemus that resembles the mammalian complement system. Biol Bull Mar Biol Lab
Woods Hole, 183(2): 378—379

Canicati C, 1988. The lytic system of Hofothuria polii: a review. Boll Zool, 55(3): 139—144

Canicatti C, 1989. Evolution of the lytic system in echinoderms II. naturally occurring hemolytic activity in
Marthasterias glacialis coelomic fluid. Comp Biochem physiol, 93A(3): 587—3591

Canicatti C, 1990. Hemolysins: pore-forming proteins in invertebrates. Experientia, 46(3): 239—244

Canicatti C, Roch P, 1993. Erythrocyte membrane structural features that are critical for the lytic reaction
of Spirographis spallanzani coelomic fluid hemolysin. Comp Biochem Physiol, 105C(3): 401—407

Hatakeyama T, Kohzaki H, Nagatomo H et al, 1994. Purification and characterization of four Ca super
(2 + )-dependent lectins from the marine invertebrate, Cucumnariu echinata. J Biochem Tokyo, 116(1): 209—214

Hatakeyama T, Nagatomo H, Yamasaki N er af, 1995. Interaction of the hemolytic lectin CEL-III from the
marine invertebrate Cucumaria echinata with the erythrocyte membrane. J Biol Chem, 270(8): 3 560-—3 564

Kamiya H, Muramoto K, Goto R, 1991. Naturally occurring hemolysin in the marine snail Tugaii gigas.
Bull Jap Soc Sci Fish, 57(11): 2109—2113

Leippe M, Renwrantz L, 1988. Release of cytotoxic and agglutinating molecules by mytilus hemocytes. Dev
Comp Immunol, 12(2): 297—308

Malpezzi E L A, Freitas J C, 1991. Hemolytic activity of the nematocyst venom from the sea anemone
Bunodosoma caissarum. Braz )] Med Biol Res, 24(12): 1245—1 249

Rottini G, Gusmani L, Parovel E ef a/, 1995. Purification and properties of a cytolytic toxin in venom of
the jellyfish Carvbdea marsupialis. Toxicon, 33(3): 315—326

Tripp M R, Hackett K, 1991, Defense mechanisms of Geukensia demissa. J Shellfish Res, 10(1): 278—279

STUDIES ON ACTIVITIES DETERMINATION AND PROPERTIES
OF HEMOLYSIN OF PENAEUS JAPONICUS

MOU Hai—jin, JIANG Xiao—lu, LIU Shu-qing, GUAN Hua-shi

(Fishery College, Ocean University of Qingdav, Qingdao, 266003)

Abstract Hemolymph was collected by heart puncture [rom cultured Penaeus japonicus with a
body length of t4—16cm from Hongdao prawn culluring farm in Qingdao from Ociober to November,
1997. Hemolytic activity of hemolymph against chicken red blood cells was detected by colorimetric
analysis. The effects of some physical and chemical factors such as heat, pH value, divalent metal
cations on the hemolytic activity were studied. Having been stimulated by intramuscular injection
with Escherichia coli and Vibrio harvevi, the prawns were nursed in the glass tanks in laboratory.
Hemolymph was collected every 24h and changes in hemolytic activity were detected. Cordycepic
polysaccharide extracted from Cordyceps milia'ris was used as immunopotentiator. 1.0% polysaccharide

was injected intramuscularly into the prawns. The hemolymph was collected every 24h for the study
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of the induced change in hemolytic activity. The results are described below.

The hemolymph of P. japonicus possesses hemolytic activity against the red blood cells of
chicken. Hemolysin acts as an important component in the immune system of P. japonicus. The
activity of hemolysin is closely related to the health status of P. japonicus. There is a significant
drop in the hemolytic activity of moribund prawn. Hence, the hemolytic activity could be used as a
prawn’s health index.

The activity of hemolysin could be improved to some extent under the treatment at 60C for
20min . When the temperature went up over 70C, the hemolymph began to denature and solidify.
The pH range of hemolytic action was from 5 to 9. Hemolytic activity was also enhanced by Ca’*
and Fe’*, but not by Mg**t, Cu**, Zn**, Mn**,

Injection with 2 X 10" bacteria E. coli could induce the production of hemolysin in the
hemolymph of P. japonicus. The increase in hemolysin would be favorable to sterilization and
elimination of bacteria in the hemolymph, so as to protect the prawn against the disease. However,
with injection of 7 X 107 bacteria V. harveyi, the activity of hemolysin of P. Japonicus increased a
litle only at 24h, then dropped rapidly till 96h. At the same time, the prawns were caught by the
disease and became moribund. As a kind of immunological polysaccharide, injected cordycepic
polysaccharide could also induce the production of hemolysin in the hemolymph, enhance the
hemolytic activity, and strengthen the prawn’ s health and immune function. Therefore, the
polysaccharide could be used in the prawn’s culture to reduce the occurrence of diseases.
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