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Abstract

Abstract

Hemocyanin occurs 1in several classes: Crustacea, Myriapoda,
Merostomata and Arachnida. As the main protein component of hemolymph,
hemocyanin typically represents up to 95% of the total amount of protein.
Hepatopancreas has been shown to be the site of hemocyanin synthesis.
Hemocyanin (hexamer form) is freely dissolved in shrimp hemolymph and
mainly responsible for oxygen transport.

In addition to their primary function as an oxygen carrier for many
arthropods, it has been suggested that hemocyanins would be
multifunctional proteins involved in physiological processes such as
osmoregulation, protein storage or enzymatic activities. Although it was
also found to function in innate immunity of many arthropods and mollusks,
involvement of hemocyanin in antiviral defense is seldom reported.

In this study, we found that purified shrimp hemocyanin significantly
delayed the infection of shrimp white spot syndrome virus (WSSV) in vivo.
Two hemocyanin subunit genes (PjHcY and PjHcl) were thus cloned from
Marsupenaeus japonicus. Interestingly, the effect of viral infection on
the expression of these two subunits was different. FPjHc. mRNA was
strongly induced by WSSV infection while PjHcY varied little. Moreover,
in WSSV-resistant shrimp, a much more significant up—regulation was found
on the expression of PjHcl comparing with PjHcY. These findings not only

reveal an important role of shrimp hemocyanin in antiviral defense, but
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also suggest a possible difference between its subunits in shrimp innate

immunity.
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1. 1 FREXFAIFFEINK

X UR R NAT T e R P i 2, DRI IR IR R B s I @ AN (B . 1
FORMREIFRIEME N 50 SEARTTAR, W LA N R BE R, T R AR 7 2l et i 4
EEHEY . FREXURFRAN BN R R R, R OO IR B L 2
M8 I K™ b 22— FRIE 24 {10 6 R % 58 B 32 AT BT XU Penaeus
monodon)~ §i5% FANF (Litopenaeus vannamei) FIEXHEF ( Penacus chinensis)
FIH AR#ENHEF (Marsupenaeus japonicus) 25,

SR, AEFRINY S A FE R IR, AATTZAL T BB e b, 807 AR
WM AT, Zagriilbatiok T ECRRIHSE, 1992 fEFREEN ™50 20 Jym, i
1994 4FHNRER] 5.5 i, F HEABRURIAEC O NI B, 1996
LG, FREXMRIRIEN TR B TR, TR BTG I, KR A 5 A4S
FEBUR M . L EZERIAE: (1) UMW F R AT T B ea: (2)
LGP T DR R VG X, BESE T B RS IR e L BR RER (3) XN
(=M SRl LU s (4) WPURAT T R AR s (5) IRAKFREF VAR K JE .

N LFRFEAR (500 2 th A MR RS 1 . SR AN R W] 0 314
AREAT PR, AT BB P2y ve, M S nT e ir 5 £ 5% )
WA o [, 0PI B H BT TR O R IR 7 702 o WL A IR 7 R 9 25 3 R
W7V “UAR 7, FORA H & 18 3 o i 5 5 % 66 0 DL s FLi
71 BRISEHEST H 58RI S EALH, AR08 sl A B U Re 1), ek
i U AR A RN R, B 60 ALK, Endh, SElE, HASEE P
AR T KRBT, R 5EshY) e B A ) UBE T T s R R . 1M

A4, RTUR B AT AR IR b AR T

1. 2 WIFHREZERS

HHESI CLZ ST T R RGN S 2 AR RN S U6 7, (B TE B HEB A K 4t
e — IR AP A, PR, 7SR ) oz MR 20 tH4 60 “EAX)S TH4A
W9t —REAA, TOEHESI RAEAE BRI . BRI S R . XTUF )
B RG L BT SO B . S AN RN & Rl S R T SRS R L A
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I SRR 2% B 25, G e 40 M LA 40 BRI LA, S R TR RS
PEARR I Z AN 1
1. 2. 1 WRRGE RN EHLH

JUEVE 2 23 0 RHR 28 G i R L RIEEAT T o I, (B PEAR LA v ok
R EREY . AT, B0, RS TR KR AN MK Ak . . REAR
RV B E, LU L9k 22 r 1 S s 25 TR Iy E AL B S e R e BREER R it
IR WIS S VA B AR B 28 T BRI 4 A (hemocyanin, He)
SR RN A FH o SN HIL A% 258 43 DA 40 P S s FAR B2, 9 5 Bk — AN
WYRSC. HAed FEn Bl AN R R ENRR, F RN TER T
T R BURE AR B, AR S2 AR S AR O T4, RN i A e A FH R AT A
RL, SO I R SR A AT S, By e, W R
FEAE—RBEVEY) T, (BRI A A E R, A SRR AL, AR )
Jis TS Bl NA (1955 SR AR Ah R S g 10 2,
1. 2. 2 REBENEFEHLANSETE

WRZAS G2 I 25 1) 3 LA ZORI 45 A I VBR EEL R KR 2 88 o Kk B B 7 IR Ak i
(IR, 24 1wk, K2 57 mm, RS REIEDIRGE M, M4, 3
ST BTN A = Fh A AL o IR EL Bk — 3 45, Rl P AR TR 4N A R
RN . 550, XIS ZERFT R D6 IR EL 2SI R IR, 9K L A 5 T fid £ 230
ik, AMUEARH LB, AR FRWENE, ANEHCH R I AN D) AN 7] R 50 A = Tl
AFTERS, Forh s oMoV HAT AR oRRE I3l 4 i ) D e o
1. 2. 3 Sl ELMAe

R 1) H 5 Dy e 2 S e ok i 41 AR 58 e e BE A S A R 4E 23, 32
WAL o C T AN 2R %, H AT g —heitk, —Moh e i
A AE B TG OO UK 22 /D KRR /N 93k TERSOREAE I G2 B 40 ) + /Iy
b vt i o 2 i vt DT v R 1 1 v Y= S S NP
— R BRI PE T, S — b B A Al R R ST R R SRR
S e 3 I P R S N Rk e d AT TS e S R N T R R v
TORURLAN f B AWk D e, “RFEANIR” AR BSRS89 5 A S e
Y e, I LA 3 R AR Sk ¥ 75 AT R /INRURE A0 it B AT i R 114
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Mk VERT . A0 EEAE . VR 4 DL R A7 FORE TR By SE AL B SR [ BE 0, A2 i
SN AN ML o RBUREAN L BB TG A W R ), AR RIRE B AT 40 B 4 FRURE T80 1 4
WBE IR RE 77, A F A 1 T A A B AR 420 1 4 7 A B ) TS 2 O 2R kA O
B A 05 I Y AL 2 5 R S ™
1. 2. 4 REENEETF

PR G 92 R A0 0 R S8 B A v 45 1 0 BRI, X8 P 45k
PR SRt B (e 1 LA B N7 O B 20 3 1 Nl e I/ I 1o R N TR A P
IMABEDE - A HOS BUR. BEAEEE . W IR SO B I S A R
A P IG M EEE LL S R (R P4 (3R 1D IR Gl R - (1 A P AT 3001
S, BFEINRMNAZ D R B AN T AR Ul W W ARAE T
TR AR AEAC N 1 B B R IOFHE AR PR AR, e A
A BT Sy T AR, 534k, e e Hakin, EEE . P Sl
OIS AR ™Y s HATHTAN, 55 He B UIAHDGI0 e B 2 IR 1 = AT B
oy S A Bl R TR
1. 2. 4. 1 BELEER (Prophenoloxidase, proP0) BUEZRS

TEHMES Y et i 2o A By A i (prophenoloxidase,
proP0) WUE RGEw] LURECR A 24, RPN, G REREIRAE DL 45715 8
JR o e AN AT R e RS, UGN BT (1 i 22 B A R A
LW B-L3- M T o XAARE O — A il B0 7
(pattern-recognition proteins, PRPs), JLPFPMEEIR 1R (5 LA 9y S AL IR
2R P B I

A6 B, proPO & T PUAEEK B ) —Fh: (1) arylphorin W55 (E ALK
AR, WA A TR (2) SR He, fEALIEhRERT—
Frgs & s (3) s Hes (4) BEHURIF 722801 proP0 (5 i [ MY
(Vo4 25 A5 B L D o BT AEMIk Furypelma californicum™ M# Tachypleus
tridentatus™ I He 14 N 3 7248 2R AR 54T PO WG, SRRV 25 8)
IR He AR R 530 T AE N8B0, ABAES2 05 J5 & al 22 B PO B IEBM A EANAR o
R AT IR, proPO W IE 5 M ZhW) He A 45 5 s ML C R

ProPO MiEPEE PO & —Fh % 2 MRME (tyrosinase), EHEALPIMELLM K
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e FATBYAEAL WY CRRYSEALEEE MR, Ak R OUmy ALl ). £
PO J& AT RE  2 AR ) U 9086 S b U —AN IR A . PO AER Bk i
S IFIR S A e b & RN . SR PO 7R IE R I AR BRES N E N —
ANTCTEVER B AR, e IR TG I RS, B T Bl IR — Ak H R
W Pimpla hypochondriaca (] proP0, ‘&4 & BN Z R EATETER, 1
e — ARSI

1 B Pacifastacus leniusculus L4 AN K B2 A B 35 22 G0 5 V.2 Rl 7

Protems and peptides Mass(kDa) Function
Prophenoloxidase system
Prophenoloxidase(ProPO) 76 Precursor of phenoloxidase and melanin formation. Serine protease
ProPO activating enzyme (ppA) 48 which contams B-defensin-like domain.

LPS and f 1.3-glucan binding protems

(LGBP)
p 1.3-glucan binding protein 100 One of the triggers of prophenoloxidase activating system
(ProPQ system).
LGBP 40 Involvement in ProPO system. Opsonin and cell adhesion.
MMannose-binding lectin 28 secreted from hemocytes upon challenge.
Cell adhesion proteins
Peroxnectin 76 Cell adhesion molecule and. binding to peroxidase.
Masquerade-like protem 1 124/134  Cell adhesion protein which contains non-catalytic serine protease
domain
Masquerade-like protem 2 40 secreted from hemoecytes upon challenge.

Proteinase mhibitor

o,-Macroglobulin 190 X 2 Complement-like activity.

Pacifastin 155 Serine protease inhibitor which contains a unigque transferring chain.
Subtilisin mhibiter 28

Kazal-type inhibitors 10-30 Four domains-Kazal type protease inlibitor.

Antibacterial proteins
Lysozyme 14 Cell Iysis.

Hemagglntmin 420 Hemaggultinating activity.
Cytoselie ferritin 440 A storage protem for famic lon.
Astocidine 1 1.6 Antimicrobial peptide.
Astocidine 2 18 Antimicrobial peptide.
Curcinine-like peptides 14-20 Antimicrobial peptide.
Ant-LPS factor 13.3 secreted from hemocytes upon challenge.
Qrihers
Vitellogenin-related protem 210X 2 A plasma clotting protemn. lipoprotein-like, and TGase substrate.
Tranzglutaminase (TGase) 90 Cross-linking.
Hemocyanins 360 (O, transporter, phenoloxidase-like activity, and produces anti-microbial
peptides.

Astakine 87 Cytokine-like activity in hematopoiesis.

TEECIFT, proPO £ BURUE O T ML 40 M Ry UKL, TR B-1, 3—bl 17 &5 5
175 R AMHEE NI, TSI He 20 R vh 2 ™ AR proPO M40 A cDNA
SRR alE, T gD 706 N ER, HEN ;7R 80. TkD, H4i{b RAR proPO
(B5>F 5 (76kD) AT, EEFEPALRTI Cu 25500, 5 R proPO &AW
A Cu JRFHAFE, XEELRAFAL R S B He TPRARRAL A L. Z5EF proPO
R R AR AT Argl76 A1 Thrl77 2Z |f).

PRPs & proP0 R MMbE 51, AL G TMENSSY, 5T proP0 R4
R RGNS AL, 555 proPO Bl — i Py 5 1 B 2 T RERE (1 22 IR 2 1 g CE BT il

-4-
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(¥] proPO iE 1L, ppA) Zifi, HALE PO. FIBLAEJy1b, DUFH ppA F1—Fl B A
T OMNIUMAR s ek, IR Holotrichia diomphalia™ ™ , %2 Hy Bombyx
mori™, W Rk Manduca sexta™, FEEKUN Pacifastacus leniusculus™ . 4
I ppA 4> T 540 36kD, RELEWRA il I K75 F N B proPO 5578 iy i 1k
(¥ PO. WIS A s T ATT B VR by SR (1) 22 58 T e I (R Bl T A7 e o AT
G oA H PRI L& (defensin) ™47 RIS A IR #1114 [
i BEUR ppA (110 2 KAk T 2H ) A A A IMT B 2 B PR A B RS 1
L2 EL 2 e ) ppA B UEThRE ™
BEUT ppA 1) cDNA MILANAE cDNA SCPErP ¢ vel%, 3t 1736bp, 4ifih—> 468
ANE LRI (proppA). did Northern 2447 78 B 1L 40 My mRNA Hr 0 £ —
A 1. 8kb [R5 A . proppA H — ARSI 23 NI NS TSIk, Bt 3 adE
445 N FER, HE S8 48KD, fhiTh pI 24 9.04. RHEFHIHT, proppA
T ISR S AE Arg236 FIl 11237 2 0], 4334 g 23kD [415 1E LI N i — 2 (pl
11.9) H125KkD fRafi f s € i —2F (pI 4.6). C i — MM 227 R EH
MR MR B, P8 5 O R TC S HES ) FIAT HEZ) ) 22 2 IR AR g A AL . N i
P AR AN 0 ER A R, — AN 1) e S R 5 AL R — A Bl T 4
He3, LIRS A I =l EL L proppA AN EE4S i I R AT WY G5 A AR AL, JLrh
(¥ —fi A 5% 1) big defensin FIZRIE R4 fB-defensin-12 P ¥IAH AL
Bl]o
% proPO RLMTEA, —SH S MR ARG, W—Fhdh Bkt a2 e

peroxinectin O £ Z&UF Pacifastacus leniusculus™ F1BE i X} W Penaeus
monodon™ HRAEAL R E VL BEFT G EF peroxinectin (¥ ¢DNA J& 2337bp, 4ifit 778
DR, A5 A 20 FIERINAE TR, EMan b 4 s 4k, gl
B-1, 3—HHH 7 MR 22 S50 peroxinectin FIFIA K AWAD . HRAE A

(758 NEIEMR) HEM /> 75 84. 8kD, pI 9.0. FEXTEF peroxinectin 5419k
LT HAS integrin MIARST 45438 RGD (Arg-Gly—Asp) HTKGD (Lys—Gly—Asp).
STURE peroxinectin HEUFIIH 69% RN, 5 HESIAAFHES Y+
ALY EEARAL o S ANFEBEAR P IE R I T — Bl peroxinectin [ 4 45 H [

(230kD), ‘&7 ML A0 3 18 1) — bR S A B AL il (EC-SO0D), Aldh— M S lik,
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—> SOD S REIFRI—ANE 5 Pro ZAEIRIRAEIN) C R, BAT s IRasth ek, v dhik
JE e B R R o T LA, 5 S i 45 4 nT S SOD IR —ANBTEhg™

proPO R T2, e RGPS IEY TR RENE, 2 PO e L
F R R o JURRBER 1E ppA o S A I B 1 R R A A
PO ¥EMEM) PO IR (POD) "™ CAE JURN T S s h i AR I . B vh e A
ppA I pacifastin™, BALRE— AN AT IUANEE W 70 04 ) 0 e
(44KkD) F—ANE A = ANMEER B B 45 A I B (105kD), W E i —AMIRTEEIE#Z,
TP () R MM, A48 pacifastin FEMZ MRS (I EEIHIF), &
FAET L B, BEINEH] proPO R4 ™" o JLANER 1 BRI 70 S A% b R,
5N Locusta migratoria (R EHBHIHIFFW, CA#E S Cys, HHE
P 28 P S 70 I S AR T
1. 2. 4. 2 fNnERK

PR IE O AR v s RGN EE Ry, ENIFEETUHZ4EY
W, WIETCEHESIY . B HESIIARY . A DEE N ORI 100 A2
M), WL, H—@eEmER i, B g mEemitinr. HRETRE Y
BB R, BORMAA . RE BTG ARARR, E 3 m AR e 45 A
A=K —REMetEhE. BAENRMZORIK (cecropin F1 magainin
KW, IEEAT P BCARRIIRIRIE (defensin KK, = HE SIHEMRA /B H
FIRIIIK . ol e S WA IRAE KV P Il A — N BEHLIR e St B Rt
AP RSP e T (K R R R R PR L AT ) R S
FLFE 2 OB PE R B M A0 B, SR RIS E S . Defensin SR SCHRYE &A1 111
LRy A, A = HERHT & 4T FLBNY) defensin™, LA WHER
Iy AN o B e £ 1 BB ER defensin®™ . R FTA N defensin #5547 =
AR, AL R defensin HAFRRIMIR . WFLEY defensin
FRIHTBRT T AL A 22 FC I R B PR A v, 20 SR, VR 22 JUR N — SR B 7, 17
Rt defensin FEPLH 2 FPHVERR, X 2% [ B E SR ELAZ AN i A vris b
Defensin J@ i LIRS M4l s 45 # ™ o 55 =R BUB Ik b (¥ & 25 I 2 R ik A7
fETRE, Wz RmfsLshyd, b H)UR L [ R E, I R
SR o
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11 LR Z Py b O LR IR 5 e, R R 523 b e e IR 2D
W& Carcinus maenas™ FUF Penaeus vannamei” W', Penaeus vannamei "fF)
penaeidin M cDNA (4P SR, a1~ (50 B 62 e JE i k)
(¥ N-sin 25 A X S R, T C 3 & AT 3 ANr 1A . Penaeidin
i) 1 ANKAESE — AR E LA RSN BT —AMERER, K 2
AT BE DRI D6 T S R B 5 i A 0 i AR BRI o 3G mRNA 78 1 48 i DA 2H
AR, AR O PR E . AEFEIRANIR o R &k, 7EFFBRIRAN
WP R IR . XS IEAN T (RO T KIAAT B D31 5 RMF b S B i 4 g
RNA #E47 Northern %48, RILLEVES 3 8k 6hr Ji5 penaeidin AT — Mk,
ST 24 h EA A BIEH AR FRIE KT . Penaeidin MIFEIA RIS A il 141
MERIBCRE T, R A R B L UL 245250 4 W], penaeidin A7 AE UKL
A0 o MR URL S JSORE TR IR, e e L I TR TE 40, (HHC mRNA B
LT GV O™ Ol WEER Pacifastacus leniusculus MLk H
AL IR E T BAME S TR PURIIK astacidinl Al 2. Astacidinl & 16 NEFER
PRAE, RIPLE A IR B AN R, e S e QAP IR R, R
LPS s Bl 15 S iR, Astacidin2 & 14 NRIERIRIL, 5N E R
Palomena prasina AL — M E S 2B KBTI K metalnikowin 1 AR =i
[

FEVEZ AR AR T HUR IR AT f oK 27 AR A, JnE PSR Bufo bufo
(¥ buforinl™, Z i Mo~defensin™, A defensin-5"", XMW L= EAFRL
Rgr T B SRYUE S N A ROT k. AEH s, B astacidinl FHEIT
FEXTUR Penaeus stylirostris K Penaeus vannamei "B = Fiiyn 21 14 JIk
PsHCt1, PsHCt2 il PHCt #52 Hh 28 FIE L He 1) C SRR e Rt ™
1. 3 MEFBAMEXIFESHRIHR

TEEMESIYIT, L8 AR 0. M ECOMPPF IR R 11, DRIk, L% 44 46
R K Perut 24 Ham 4400 “ o> Tl o BRI ZHESTAIPR L (graderadiata)
IR AT WA LA . KBRS DL B4 5 HL A B AR B 0.BAAh, JER T
JE )L AR TP 1, ARIEAN I I A R RS R AL 1 B
WNAE DB G (I T AE S A L SRS B RN oy 2 AR

-7-
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Wb g M 4T 2R 1 (hemerythrin) , %8 2 — I H4AAS o BEHEX 4L &
R Fe” NEFLAT SR IR BRI )\ SR A

TEDIME 5 22 1) J5 AR BN — — V5 TR AT AA B ) 1) L b 2 A A
FH— P& RS A A B He o AR R FIAEIR B ] A R 2R R4
JtIAE o Hedge i DL —Fh SRy s A g i B i R X HH IR, SR H R T AN ] (19 He
WKL, $5 5 A% B Fh Dh RE R AR AN RN S i 2 1 VS TCE HESh ) d K I B A
1T, XM S R A S ER, JCHGRAEA HESh ) K T
1. 3. 1 MEZEQKS FHHE

He 2 7R ARSI PIAN S S ah Wy itk (2 b R IR IR AAAE T- 4 ob, 7 ST el iz
—RERMEA T OO T RS e, HAES O AL b i & A7 —
P, AU I Cu (T )RS, 522 iCu (1) R3s (B1A) o 1E 2 IX Al
ALY B HC A 45 5 AU IR TR

TEH YT, KPR S /A 1 7R b 2k IR DUAR s Rk B e
fr T g, AT R I 190-95% ™ . HefE I i) & ik 2% Hoe £ il
DI I%m, ipHy W RIE, B AR BIRAS AR R 145

Heje—M 2 DiRefa i, R R 6 E R gy A NEE#H . OF
PRI, SEPPITL 0 5 T LA AR (1, BB RIPTR KRR (precursor)
SR T TR TR R, B AR 5, B ) BLk
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