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ARAIREH B ESPHB EBREERAVTHEMEYBEYE, FHEIBEP 4
—FANEHE R A EHERNS SR ERHR . EREHYP, 5 proPO RHAE XWEH T
IETERE B A A4k 3K s proPO P I N TR E A B AL BLIE WTE X, F AW B 3 proPO % 48
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WA R HAY SRR E P E KRBV RZERIL, BTHEATIERSE
HYMEREERMAHETEMEE, BKRRP AN RN, AR R IFELEE
SRR RE S BRI MAR A ZE, EFEXRMR TR, B agilmLidES
—HERBER A E, EREHYHITRXEHR R K, 07 LRI R BT HER8 3 FH
B DL KRB GRS EDROARMP LB RA. KA BHEABEBERSR
(prophenoloxidase activating system, proPO & Z0) fE 8 — A MBI R A K HEE EEAE
A (Soderhill, 1992) . A R 43T JLEE br - 34 B 7308 proPO R AR BF S HESL, LU A
HER TEEWIRIFERRFRESE,

1 EohH proPO R R R £BFE Y

HEFY T proPO RAR —MEFHISIYIMERGRLUNBRERL. ZRRT
#) B LUAE W& AR A FEAE T ML 28 B Y 0K b, AR B O B0 ) 22 8 LA B WD I proPO
A4, Y L-DOPA A Z 1k, # il B # 1L & (phenoloxidase, PO) # 4L 1 7= ¥ #E 490nm ) B 3¢
{8, BDA] T #% proPO RGN EE. BIRER A, proPO R HFT ABP-1, 3-F B
(B-1, 3-glucan, BG) (Sdderhill er al, 1986). kg 2 $¥ (lipopolysaccharide, LPS) (Séderhill
et al, 1984). Bk B ¥ (peptidoglycan, PG) (Ashida er al, 1990). BEEE H. T 4 MBS
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(sodium dodecyl sulfate. SDS). N# ek Ca™™ WK T FERTIE AL (Ashida er af, 1984), &1L
R A - RIEMEY L AR EM XS5 E R, BER AR, (2t
MAMEENET, SEERMSEIER, LR FEEMER, “EREYRE. REE
st B FEsh W B P iR K R proPO R K R4 H# S 5 4 M fa) {5 B 4% % (Barracco et al,
1991). WM IZRFER TRAWHIR DI F R A EE,
2 REHPHE proPO ZEBXMNERAR

H 5504 proPO % 4 Y 8 1 BT A2 7 IV b & B RAKF BRI E MM A 2 5 et
GRS, XARREMT r B fEE, HERERREXTHEDIYWF proPO
RAFERHEGBOEIRE, BEE X ZRAHEBENA VY RBEAE T, 1991 4, Aspan F M
AT (Pacitastucus leniusculus) 20 B 5 32 46 ) By % 4L 8 I (prophenoloxidase, proPO) , i%
B — &R — B REEM AL, [FIAT, Aspan® (1991) M L 40 A H 3% 43 B9 U By 46 AL B 5L 3
i% B (prophenoloxidase activating enzyme, ppA) , ZME —MLEAKRELE, 2 FE A
36kD, A3 i & K/ T # 76kDIY proPO R K 60 5 62kD#I P NH PO i 14 17 B8 4>
+F, T 7 A B R R % proPO I —60kDRIBE 2 1. TJLEENH ST sy eh 4 B 4R 41y
5 proPO £ A XMEHBILE 1,

£1 BEIMP SproPORZAXMEBR

Tab.l Proteins associated with proPO system in crustaceans

EHE S4FERED) W 13 FEFERL XFEY

w-BEREH 2x190 T R R il Astacus astacus
P. leniusculus

2X180 Homurus americanus

BRE E R A 155 W 1 proPO R Z I ¥E ik P. leniusculus

WEHEE 23 ML EE N 1in 41 A Astacus astacus

1 R 490 81 70

p-1.3-H RHE 100 51, 3-HERESESEHIE 1fiL £ AL P. lemwsculus

#6%E 8 (BGBP) porPO, & 5 i Ml [6] {5 B 1% 1 3

BGBP-% & 350 Z5HnE S %5E I 44 ff A P. leniusculus

76kDHE H 76 B R (2 kL 4 MY P. leniusculus

B Z5MREEEER

B & 1k B J5L (proPO) 76 PO AT & HUbL 4 A P. leniusculus

B S 1L B I 36 B S proPOR 4 L 4 Y P. leniusculus

¥ (ppA)

3 HBHEZY proPO REBRHMNBAERM BT IEH

B ALY proPO F G4k Fh 09 A [6] 177 43 B AL T M40 ML sR I 2% o, (R 2 s P i & 4
HUSL T 0RL A0 A a8 FURL 48 i ) B0RL A, R BRI A R i S 28 (LPS PG &G
MRBOZR LR, EBRAES, ZRAWBERN EZH 76kDHE T 5 -1, 3-glucan
45 &% (B-1. 3-glucan binding protein. BGBP) 5. H T proPO # 4t £ & fF7E T HikL
MM, Wt 76kDH F 1 BGBP#L B A il proPO R AR KM EEY R, EHT proPO &
FEMMABRP N T KFERRAGREFES FARENBENSIEREER, B cshia
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ﬁ?&ﬂﬁ#‘%’l proPO R MBI, H—J7

I, M3 7R R B A 5 Ok B b I
4 proPO & 419 B & B A (W58 1t
HIs/ER) IR W#E, AmREB{FIPE &
B fE H. Aspan%$ (1990) 7£ # 4F (P

promv‘\
Hﬁﬂﬂ’ﬁx PP\ Huut A4 il
l<—1 Y E

. leniusculus) W7+ B 44k 5 = Fh & 1 B
[ HA, —FAE - ZEREEM 155kDH
f& 25 B B 10 0 R0, RE A R ] ppARY
B —F he, -ERER, RGEHHM

proPO —»

76kDEE —> 76kDE A M’
CGEEMENX)  GEHER) Cy

. S6C il ppARY M b — MK S FE MM
mw\ o B R EAMS N 5 F 22 23kD,
proppA ' %t ppAJCAE AT, 8 AT 4 i A BB & A6
pif:_m ?(MQMWU BERBEB, LATMHELEFER W

proPO—> PO Bl v Aphanomyces  astaci) PR R A .

Kobayashi%¥ (1990) & B 76kDE H 7 #

B 1 HEEHY T proPO & G ¥ IE B — M ANE T ppARY N TR E H MR —

30kDH F B3 38 5k KB 43 1 L, AT H
FCE Y V] 38 i 5 | 76kD & MY S M
¥ #) proPO % 4 ) # I& (Aspan et al,
1990). *F B 52 3 ¥ ' ) proPO & 4t
MBIE LA 1.
4 HBHEZhY proPO EH P ELFE
M REHEYE
4.1 REE
HEShYEZ M BEZRIEIEAR
i, AT B TE A O RO A O D R B
ERER, RIMH BRI R, X~ BE ERUTHSY &L RPN AR,
i $0GE BR. ER B FK H proPO & i B A v MR AT proPO #4613 (Aspan et al,
1991) , proPO 7E & YE I LT o — AL IR B8, ol AL A4 AR, FR A R A B A Y —
BOE, BEEIHTE SR & b e =9 0 & S 5, SR R AR AN E
HEEMILT EMAEE, ATIEGD S ML ERERER T m Ak EEEE/HEA.
4.2 76kD EHR
Johansson % (1988) M EEHF (P. leniusculus) W % U — Fb IfiL 46 f B 5 B, AT 3F Sk
MM BB AMNE THE L EWERT ca™ TFl). ZETFES TEN T6kDH 8 —
TR, PARTE AR A FAAE T U4 MO 5 2 BUORLAE M, (£ BE 3 proPO & 4 Y I8 T 15 k.
EALH 7T6kDE 2 H A £ F I EE, BR AT 4E b M40 fE bt 5 3 741, i il fE M B R el (e
¥, gm0 M & B Wom R AR E R, JF B ol @ 13 fonk 48 A 51 Ble 40 iR 52
AURL 40 B Y B 0K . Rantamaki®$ (1991) 32 B & UF (P, leniusculus) 40+ 76kDZE 1 /)

Fig.1 Model for the activauon of the proPO system in
crustaceuns
BG(LY# B-1, 3-glucan. BGBP ¥ -1, 3—glucan binding
protein, LPS A lipopolysaccharide. PG ¥ peptidoglycan,
proppA 4 3E¥E M 8 propophenoloxidase activating enzyme,
ppA & B ¥ & 8 prophenoloxidase activating  enzyme,
proPO 4 prophenoloxidase, PO 4 phenoloxidase, SDS
sodium dodecyl sulfate. B LR FRBIEH T A FE.
(# ¥ 3 #K Soderhall.  1992: Soderhdll et al. 19865
Soderhall er al, 19845 Ashida er «/y 1990: Ashida et al,
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B —53 S ML % IR E SR R (Blaberus craniifer) il 40 M3+ — Fh 90kDE H HE 5 %41 ME
KAEZE R RL, #E— 4 R 5 R B T6kDE H RE /- 5345 95 1048 o 04 138 B0 F T & 1R [R AR,
W52 O I 40 B R 1 90kD EE T L REN AU MAN MY EARYER ., X R FEY A proPO
R G R LAY B 1 TR 5 M T BE L BT AR A1 B s A i 2 AL

43 Bp-1,3-ERELESEHEB (BGBP)

1993 4E, Duvic® £ JLF B UF (4. astacus, Procambarus clarkii) B 1L 3% = #& 0 5|
BGBP MTFTE. TE P. clarkii 135 F 8 R 100kD, M7E A. astacus T K HF BGBP, 4
T 845514 105kDA 95kD, R s (pD 23N 6.1 M 6.4, 124 K ik, KBk B BIFH
) BGBP#E 4 B2 M+ & 1 1. Cerenius® (1994) B R8T %t & B B IF P. leniusculus " 1
BGBP ¥ 57 F vi B M Hiiix Kb & Al HEEBITUF KAE 1339 MRE, [[FWIL sy
HMETEMBGIE T ERESSER LIPS E S EQESW LIRA B & 00 LU Hm
PR R FEERIE N S F S EM R ERBRESRK, LNEEREFH, W
Glu-Asn—Phe Glu -Thr, Asp-He-Asn—lle-Ser, Glu-Gly—Lys—Leu-Val 1 Asp—Lys—Val-X
~Thr-Leu, iX 4 Fh&L /74510 1E BGBPH#H B B EHE p SRR R b B, B AR L — 2 S 3E S
XS AHEED L. BGBPA B R E B iE M, (H 5pGHE A 5, (E T #id#5% ppAS
PO BYIG M MELE proPO 48, HE5 GG, vl [F BRI 40 MU 3% H BX 4, {e BB 40 L
5Kk FFE 43 B 890 KL (Barracco er al, 1991), Barracco %5 (1991) i A& 3, PG ¥ kL 4 A Fc Ak
A, BGBPA By 3 ki MM ZE A R HAY EEE, MR EEREMBUIEMN. HIELT W,
BGBP 53G4 &6 0 F ER AWM AN, BT EFR MM proPO RAMBMAMN F
I 28 B 7E 5 It Ak & 0 b i ks HOK B #TE proPO R TETE. Cerenius%¥ (1994) ) L5
B8 BGBP-Lif n] ¥E —Fhif B K , 38 = 14 1ML 20 g A e VRE kg 1 £F 3806
44 o-~EXER(a~-M)

a,-MRgE o T2 IMHE R, i 5 M ppARIEE. ERIBRES T8 R 190kD, & % U
ZREEAFE. M EEOHIL S A RIK, o, -MZ BB 8 HLBZ AR (thiolester) X
BARERTM EREXRAKTWED MBI, SR8 ET ALK P ILFHE (Hall
er al, 1989), IZ XA HE K EAMIEFEX. Hall% (1989) B R K L E IF o o -MFAIFMAE (1
C,.CHARMUNBEREBM)T. &5 (Limulus polyphemus) ™, a ~MEA LAMETE L,
HoF] —2 W R K LR H T — & 2 5 350 R WA R, B9 58 /MR 41 Ml (Enghild er al,
1990). XA{LH) o ~MAETIE—H 0T 50K K AKA B T Iz mE FIE R S R 5P
YEHR.

5 proPO RS 5AMIE1E R R

1983 4, Soderhill % 2 57 1 & Fb 4 25 40 B W 35 gl 4 56 % 40 U 0 7 1k, X IR AR Y
proPO & LA 7 7 MM M A1 {5 B % 1 i/ 4R M AT e, AP R R BL, 5 proPO R LA XH)
PIFE R (B 76kDEF # BGBP-L) HiE S 541 i a5 B A% &, #id — R P R G115
SHERHA, N el fdE AN A RIERENH R AR, X 76kDE E A BGBP-L
MR Z R TR A B T HERAR T X et 94> FALH]. Soderhdll (1992) B K5
B4k th —Fh BGBP-LAY 41 M B % 4k, BGBP FIpGHIL G, R 52k 4.

ERZY D, BRNAERBERAFHRR, BHET 76kDEB £ REFER M K3,



304

114 it W
RGBP
BG(L) —|
1LPS
BGBP-1. PG
.

A
proppA ———— ppA

I

ProPO ——————» PO + 1jkER
\
S PO

B2 HEEs R s B R
Fig.2 Model for the cell communication in
crustaceans
BG(L) }B-1,3-glucan, BGBP Hp-1, 3—glucan
BGBP-L N % & BB -1,
3-glucan®J B—1. 3—glucan binding protein, LPS
proppA K 3E & M B

propophenoloxidase activating enzyme, ppA H

binding protein,

# lipopolysaccharide,

B ¥ 75 89 prophenoloxiduse  activating enzyme.
proPO 4 prophenoloxiduse. PO % phenoloxidase.
SGC A semigranular cell, GC ¥ granular cell.
B RRR 3G M s, R
Soderhill, 1992; Aspan ¢¢ a/. 19905 Johansson
et al, 1988; Kobayashi er o/, 1990, % & 1f1 %)
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HERR, @it e B proPO R 4. Bk
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P F & B AR B R K, BB 4 O R B R ) 5 1 4
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T A 1 (155kD B & B B 410 I 7| A& AF o ,—M) BE
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proPO R4 B K B G W B G, NI R BRI 1E
FHER.
6 45iE
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THE RESEARCH REVIEW OF PROPHENOLOXIDASE
ACTIVATING SYSTEM IN CRUSTACEAN

MENG Fan—lun, ZHANG Yu-zhen, KONG Jian, MA Gui-tong

(State Key Luboratory of Microbiological Technology, Shandong University, Jinan, 250100)

Abstract Based on 1980" s and 1990's data of the immunity system in crustaceans, the
prophenoloxidase system is assessed in order to help the scientific researchers prevent and control
crustacean diseases in China. Recent progress shows that the prophenoloxidase activating system in
crustaceans can be activated by very few microbial polysaccharides. Several components are produced
during the activation and involved in host defence. Some proteins associated with the
prophenoloxidase system have been possible to be isolated and purified. It is clear that
prophenoloxidase can be turned into its active form by an endogenous proteinase and the regulatory
factors are present which will regulate prophenoloxidase system activation. The 76kD protein and B-1,
3—glucan binding protein are involved in the communication between different blood cells. The
prophenoloxidase system plays an important role in the host recognition, defence and cell-to—cell
communication.

Key words Crustacean immunity Prophenoloxidase activating system Proteinase inhibitors
Cell communication

Subject classification number S945.4



