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HE

XU I it e P B I R R 2 —, AH A M 90 fEARLLK, —H 22
F EDARTED M. A T SEAFI T O IR R ARy e e e R 4
PR 0T UR By va 1B a4, AR A T #0122 3 2% %8 (Suppression
subtractive hybridization, SSH) )5k, 43l VRS T 50440 B R XF 9
BEA PUIE ) A IR 1) L 40 0 >4 b e B 2 7V 2 5 M OCIR BE L, JF Rk T T
WIL ) DR

AT SSH, FH A S 1 4 2 4 8 8 1) 6 iR R 1E 5 19 H AR ( Penaeus
Japonicus) KXFLL, 3G T 25 ANATRES e AHSCFE R, HiHrrg 8 ANJEA
T URAESTURMA N I, 41 Ras AR AH% 211 Ran  (Ras—related nuclear
protein, Ran) , KK F45G 81 Grb, TGF-B SZARMEH G 55, [HFF,
FAPURERANIE S FJEREAT R L, I A1) 30 ML RE S 5 T IR 1) fe i
SN o T H A ) 22 ANFED (Bl ) 2 58— IR IR S G, W ubiquitin
wE, TFEBPEA (IntlP) P55 S& )ik 4Mam 4n bl 1 B Ay
— & FIEE AR Ol . TR e X IR R R E A ZE R
M, I ERLP Northern 2948 19 7774 (Virtual Northern Hybridization)
XFBELGE R O ANFEPIHHAT T8 B I5%E, 495 SSH AHRT, s A%
s

Fe o HAT 5248 ORE (OB ANSEIR (PT AT Int1P) o i 1) B A% 3 A 24 ik
17305, Rt AT RSN bUR RS, 45 R BoR XA E A —
SE MEERE S EBUR TR fE

N FHSSHEZ A, MATUMANTFE] T A% 5 S A G EE B, 0 i — 483
PRI AN ST, ANMEBER ER [R50 B7 v 7 A RAR i, [ IS A R R A AT T
X AR R e gk — 2D,

FKBEIA: IHEINEZE AR (SSHYs HACKHER: Ay Sk S s d (Sl (P
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Abstract

Shrimp is one of the most economic species in aquaculture, but it has been
seriously threatened by diseases (microbial and viral diseases) sine 1990’s. In
order to further understand the innate immunity of shrimp and explore new
approaches against the diseases, suppression subtractive hybridization (SSH) was
employed to isolate immune-relevant genes which differentially express in the
microbial-challenged and virus-resistant hemocytes of shrimp, Penaeus japonicus.
The primary function research was conducted.

Using SSH, we compared the microbial-challenged shrimp with the normal
shrimp and obtained 25 genes which may be involved in the immune responses, of
which eight are found in shrimp for the first time, such as Ras-related nuclear
protein Ran, growth factor bound protein Grb, TGF-B receptor interacting protein.
Similarly, 30 genes isolated from the virus-resistant shrimp were considered as
immunity-related, of which 22 are firstly reported in shrimp, such as ubiquitin,
interferon-like protein (IntlP) and some proteins which hold certain similarities
with the components of the complement and cytoskines system. To confirm the
results of SSH, nine different clones were randomly selected for virtual northern
blotting. The result confirms the efficiency of SSH.

Two of the genes with complete ORFs were cloned into prokaryotic vectors
to express. The functions of the proteins were assayed by cytotoxicity experiment.
The results indicate that both the two proteins have non-specific antiviral
activities.

A number of differentially expressed genes have been isolated from the
hemocytes of the shrimp by SSH and the functions of some proteins have been
primarily conducted. The results may provide new ideas against the diseases and
will facilitate the overall understanding of the immunity of the shrimp, as well as
the innate immunity of invertebrates.

Key Words. SSH; Penaeus japonicus; innate immunity; protease inhibitor (PI)
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I

Al

20 20 80 AFARLIK, BEAT FRAE ML AR, AR N IR 2 T
MR Meas, R, 32 2 7T pT AR A RN F 1R 8. T it
RAFHYAT L AaETEMPUTESF T K% R, DRI ST 52 288h P i S 5L
i, AT S RS G P URBE ST, SRR T T — A AR R AT N
@it. [ 60 fFACLIOK, Fmil, SCHE, HARSEFEKAE R T RRKIEE
L, W s e e HLHIE R BB T TAT s R R . LAk, TH5Es)
Yot e A5 2 TN A RE, BB IR T T IR AR, HAR RS
AR A e DR o XN Ml PRI 55 ) JBUET R 77 RS R LAt

—. REXEBYFFEIR

XTI NATT B X R = b 2, RIS MR R 08 B A 3 v I 2 B A
B SR FREEMY N 50 AT 4G, LA A (P FE R G, TR A R
OB IE (1] FEDERFRFE N BT = H4E A Rk, H K
R FEFENY B LA BB K 7= i 2 — o TR A R R SRR o Fh 2 A
BEIXTER (Penaeus monodon)~ Fa 3 [AXMR (Penaeus vannamei)~ HE}
i} (Penaeus chinensis) FH AXTEF (Penaeus japonicus) %5[2]. HM 80
SEARLASK, XTI S B A AR 25 NP SR A T AR KIS, R 2 A
1993 4FAE 4 T F i [l 4 & 0] B 0TI T BE 2R A E B (white spot syndrome
virus, WSSV) 5L BE G LA, AN FRGENVIE 2 TR T AR A 14T
o A4, XUR H R R A2 R R I8 b a5 B e [3]

Z. MEFRRER

— A, TEEAESH Y G R G AR UEUR I AR SR B A R
Zi[4] o XPURI e R F EAFE R . A A& A . R
PEAREALAG AT, B, USRI A TS, Sh i 40 A LA 40 Rk e
M7, Sfe e Fh S e oS Z IR E A
1. REHRE
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U e as B AP i 5e, B, Ik RNk 2R (5, 6] FH ST FIAEER H
A HABThRES, I HA S Th e o BE A P U S E R AR ORI LA
Moige, EARRE R P B ER o TUR2E T 2 S 4 2R 8
B MR LRI LB o WKL AR R AL TR R, A4 1, K4
5-Tmm, A JBRELHE RV EAR G, SN B4 i, S 5T 40 iR il 40 i 3 Fh 4 i
o WRELER N —IE AR E, A8 AR JEURL A0 B A0 Uk AN .
2. IR

R FR) T2 290 3= o I 9 £ ) A 40 DR 56 B )  SBderhal 1 45 [7]
F EDTA-FTARIR BN £ 22 M AR by Uil sn K H % B0 B B0 Carcinus maenas
(.40 BAS 2 3 i M BRI B 40 f, P 0k B RRORE 40 . A DRI
FE] P A1 SCRR IR H JORE AT TEAE A 23 SR o o [ X B R T F K /) B
A B AN, /UL 20 B R R R 40 B . /NG o 2 Ak, A
AR B AR s N B A R ) A A R0 S B RE DT, S BT A R O B A
Mo BURIAN B TC AW RE ), AETE LIS S A R S 4 43wl Al 2 A
AR PR TS SR A Vo M T A 2 5 IR

=. IRIREHNE

B H AT 1k, A ORURH e A AR R e P e LB . O L
B, — RO, AR T Mk E R E A, BRI, MU
5 HE B 21 40 M 1 A ) R IR v 5 G B AT O () — SR . o) —
AN G gs,  FR LI B P A B A, RBEFIHERRVE T o R S g
MUEEZ fh pRBE CHISE) B4, BHESHE FH R AR IR SR — I B 4, %4
TR — P4 G B fri, A5 AP AR 28 B BRI B AN S
T Mk A PR AT SRR VR, X R g i 1 o S 0 [ s E — 2 IR 41 ]
BEW, Y B BJGEMANA, AREGM, i Sk R A VR
N, XA R R S A N TE, R b R HE AR AL,k B P
BRI H 1
1. EREEA

URIE 52 70 A BB, bR T B SCREMBUAR I E TS, GRS 5 T B Y
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SYINThAE, R R S B 2R VR o TR N A S R B A
P RIRZ S ) FE B A, M HR O JR R I G R s (0 A 37
2. EEEA
2.1 REEER

HEAHUR KA A, 308 3 96 E8 908 10 3 20 T A ne o f o 5% 1
{118 22 A ity 15 A (1) 5 A6 PR o P D888 22 s o £ 1f 40 9t A 380 T AR 45 4 v E
ITEWEAERT, 35 bR S a2 Wt Ry 2 — )t
2.2 mMBERYESIEH

R PRI SEAE A S TE M 4%, AT BRI I A e, AC 4 (1 i R e )
WEBRIAE M S o SR, A A S W, AR g, &
R RIE RN, FWESE =) FE)55 32 Bl W s
2.3 HEREREIER

AHEGHT P AR, 98 EL 88 B I i A IR B0 & — [ ik R 1 2h
BE, WG (10 A ) A T ol i AR L A 2 IR
3. FREIEH

T PR 905 5 B8 S 0 SR AT 14D 1907 400 o o 0 N AL AR i e RO 8 N B it
YERIMAZUS AT, FRIX S8 A7 93 ST IR B B3 K el a0 37 0 i 40 i 3
FVER e . 25X FEM 40 = R AR A0 i, b 4% Wk e b i) 1 4
PR 2 b gtk e 4 [5] .
4. HERERETF
4.1 BAEHER (PO REMFHUEER (proP0) HIERL

UFEH proP0 RGE—F 5 EHESIVAMA RGN B IK R 4
[ AT IR B, Ty SR AT TSRO 2R 4 e 22 SR B 1A T AN HAth DX &
(1. WHCA R, proPO REEnTLAYE B -1, 3R (BG6) [8], IEZHE
(LPS) [9], MKEEWE (PG) [10], BRALE, T —RelEmmiesh, Inaais ik e
IR LI o WA R P A — R VIR, w2 R S S
TN, ARG B, (ki g0 A T, AR TR
B L A S BRI BE R, 7 AR R AR IR B H AT AT 2
Johansson £ [12] JNERUR v A& B0 —Fh (.40 A b5 X7, 1Z 8142 T6KD [ 5
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—H [, LA proPO0 RAEMBIG G, A ZFINEE. 1993 476 LR
AR M R AR B -1, 3-HIEMEGEA (BGBP), HARGA AT
BEEtE, B5BG&E)E, Ml ppA 5 PO (% M i T proP0 &
Gt WA SRS 00 SR FEIR R AR AAZ I, ) SR A 11 B R
P FE L P 2B R ZOR MR B R A0 R AR . R B2 B proP0 REEH T
proPO FAL Tk . KESIGRE, WA AEEE ) SR e E A T,
A LAE g — A s S ThRE /MBI FR FE o
4.2 R&EE

BT — A A T8 TCHME S ) A4 T AN L G e ok i 1 46 v PR e 03
7, Bk, XN R T AT BEE R LR DRSS & OV RS, B
(R TERIIE B, B 35 7000 U 45 JC 8 ME B0 490 1) A4 5 0 v 6 2 W Ay T 2 (1 1
FH13] . WSl Beae 28 2 B PRl — Pl A7 48 T I35 Hh 1l sk 119
BEAEE ) — B 3 00 T UM AE 132 P 400 o 45 16 20 i L s 5 45 o &4 o
Mo M40 M ] X RS 2 1 R e ) o 1 R IEAT S5, LMEX 24
3 — D AW B g . [, BRSSO L LR = D) RE, (R el
PRI AR FIRGIAE o Sharon 45 [14100 kB 35 REME L £ e )t AR JF 784
PN, 302 i T AR 2 3R T 45 5 A7 R S MR B e 2 4, e ARl ke
YRR T FIRE AL SR X 2 “H O M “ a7 BRI TE S5 0F 1 B
FHEYIEIC, BT LUE R IR A 5 A5 1 — N L 2 E FR b o
4.3 ANE

KT WA M2 ARGE R D, AAERTER JREE . &SN A Ik
o I 25 02 TC A AE S 4 S 5 A8 R 8 11— P i 2 (1) SR AR 2 S s TR
T HAER T Re RS Y IAMA R G, PR ARIOR R, =510
FE[15], FFnlfe S Joa HES YA 0 R B AE LA & proPO MG R4EH K
[16], HFHAE Gy B i h A 4G TR, DRy T AR g St A
IR A S B P TR B0 1 — T0UE R A
4. 4 ERERNHITF

Hall %%, Aspan SE{EZEUR 425t JLRR AR B EIR, R Ble 5 HiAb
M F—R S S0P YNGR, F G N R i VE ] o

-11 -



X S BEAH GHE DR ) e e . Ak J Th BEWT ST

4.5 EA

Destonmieux D. %5 [17, 18] \XTHF (Penaeus vannamei) [P EH 5085 3
PSR HTE IR, FFE 5 5. 5-6. 6 KD, H1HSUR 40 Hd 1Ry B0kz & B A
3k, T A TG BH P A5 RN 5 B B A B e BT R ), i A A YRS,
LA M v i 2 B S B

M. EHENMRARERFHTER

Gl RGO LY T ANE R TR %, e Bk e R (R
SR RPERIE N TE GRAGYE) . B RMERIZE RS S — DN EMP 12
L, RILT A2 DT, ARG R R e 28—
B2k, BT 18 SRR R AE YRR T R ST 2 T A[19-21].
RETCF M ARER > EHUR, A i, (RS RIERE KRG AR
REALE A G J5 7 A A7 0T R W e SN, AT BR3P e AT e 2 i A=)
228 . NTCEAESE RIS REGEMILTIT ol 7oK T, AMUAEG
THESIYI, WAERTA 2 A RAEY T CAAREY)D . IIAE g sniE RAE
TERHESH P vh 26 R e R G0 A s I U 2 R B2, e
3 N g BRI S SR

1. proP0 &%

My A A IS RS0 (prophenoloxidase system) A HESN Yk
HELFI YA TIGE[22, 23] Z ARG AR T PLAETE IR
AAFAE TGN, AR AT 5 % — 58 B9 FP B 28 B80T 1 1y 48 A 1 )i

(prophenoloxidase, proP0) T AHTEENE A LEE (phenoloxidase,

POY, TETEMIM AL TS S0 IR A i, w2 BaOR, B
RUUABIARY) b, il g R SR ALK Sk Py BRI ARG B TR, Sk 3 4
TSR s i PR 3R A ARG v 1) 7= 3k ] LA 9 Ji Pl B oh 2 1 BRI LT
TS T, AR FETAEY) 27 A e, R 2 e fEH (24, 25] .

HFEBIPII) proPO FRGEAL T FIURE 40 M 5 - FiUkr 40 o ik o, -k
i SE 28 (LPS 8L BG) 44 1M SBOLZ RGBT (R4
W H 1% R SRR AE 2 76KD (Bl F-55 B-1, 3-glucan &5 &5 8 [1(B-1, 3-glucan
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binding protein, BGBP) 5L, PRPs s& proPO RGN 5T, EA14H
WEER Y, TS proPO R&EH &AM, )5 proPO B — M U
() B AL () 22 28 1R S il (ROPTIEIY proPO T 4LEE, ppA) i,
WHEPO. Jy— 51, L3R A7 A E B 0 >k B (b 1 m L proPO &R 48
(1) B AR R Clinal o E AR FD 5 IS, AT 20 O/47 5 5 19 4E H - Aspan
E[26){EEEUT (P leniusculus) "4y B aifb 3 Mpix (BEHIHIF] . 155KD 1Y
Je i A B AR A o - EOERER T REREAIIE ppA VG TE, S proPO RGN
H AT

B GiLy

/ - BGRP
S(]C : -
- BGBFP 1. —» |
- Feps '

proppa —
Hunt ﬂ"fx ppA M T
e wmum s

proPQ  ——» PO
Toki»

T6KkDE 5 = 76kDH & .3n sl | s E Hi
(SR GErERa) N y
Eﬁ.‘uj_‘f'f:'#l\ ‘/I_’!gu_-i_ﬂ—'iﬁ

proppA
PpA
-— W@ nHET
proPO— PO

{F:Eﬁii‘:'ﬂkfm?h!f;'!
BEAF 2o M

1 B S proPO & A0 G £

BG(L) Jp—1,3—glucan., BGBP Y1, 3-glucan
binding protein. BGBP-L M 8 & H p 1.
3—glucanB9 B—1. 3-glucan binding protein. LPS
# lipopolysaccharide. proppA A 3E & ME By
propophenoloxidase activating enzyme. ppA A
B # 7S 69 prophenoloxidase activating enzyme.
proPO 24 prophenoloxidase. PO A phenoloxidase.
SGC & semigranular cell. GC 4 granular cell.
Bel e AR £k 3 ors B0 GE HE WY 09 T N RE. (IR 4B ok
Séderhill, 1992: Aspan ¢ wf.  1990; Johansson
er al, 1988:; Kobayashi er of. 1990, 554 i )

2. #&3XiR5|&ER (pattern-recognition proteins, PRPs)
TCEMEBN G Z R R PE R I R, LEIRA NG D R ek eV ER
BHES PRI . AHJELE B HESI AR N R RE A7 AR — L RE 8 R 1
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- r1rmHEe, XEEHEA PN HDEA
(pattern-recognition proteins, PRPs) [27]. X85 100 K5 40 5 4
JEE PR I 22 W IR SR, T A L 11 B- 1,31 RO 1 R 75 (1) XUARE RN
FIHFN L, e 2 IS EHESI YA DL T LPS MIB-1,3-H 5B 4 5
H (LBP, BGBP 5 LGBP) M4 GHEEH (PGRP) L2 lectin A
hemolin. & 1 31 T LB HESh W BB U 7 1-[28].
BUEZ RO E, BAMIETE, a5 aR e R, AT
ETILVFITEED . Bl SRS, SRR N BEER AL
() 4 s B A AN TR R AR 27 Dh g, OB SRAR R 1 B 40 i A 2 U 12294317,
ANMRLPH[32-34], PHEEAE 35T L R[36]. — 22T HESHA2 1Y) PRP
i proPO R MMIEL. 141 LGBP FIBGBP BLREA T proPO ARG NIELL,
WRENFPURIRIE T ZEEFBGBP AA1E T LT, Al 5 B-1,3-H8H 1 S AV,
145 proPO FREMTEAL, I8 Rl {E A i #5209 4712 [37,381 . BGBP Bk 1T
HaWaeiid I RGD (Arg-Gly-Asp) 45 F bl 45 & - 2 ANBURL A0 L & 1l , RGD
ik 5 BA 3R (integrin) MR H 456 IF15 -5 L4009 HOM 2 Bk . integrin
1 B AL 5 A7 45 A O 2 BGBP MUBE T 5 & ) (1 W) BE 32 A4 o e 3 B 1 R R
(Penaeus monodon) [FIBGBP UK V¥ #5HF (Penaeus stylirostris) 1) LGBP
W73 ) AL A0 AT R cDNA SCIE R el o a1 BAT R H R 45 1)
IR ICHE MESNY) PRP = 2 [AYR, WZKHF LGBP. Miis| Eisenia foetida Y1141
M AARR T 1. MF Anopheles gambiae 115 FQRH 41 B 45 & 25 RN
B-1,3-TAH A o B R AT AN P A R SR, S R A - 1,3- b
BT I Jo AR AR A W] W AR [39]. % T 22 24 R A 1 Mg A0 T ME
NP R AL SR R N VE R, AR A0 i cDNA SCEH 43 5 T LA
MRSy 22 s M F g ) sa b, IILH —AN & masquerade FEEEH, HEH
Re4i & LPS, B-1,3-M0MHH, o == [QRI PRGN AR, (H AU 5 22 [GRH
M o PE i H A ERAE HIA A0 JORG s 2, DIt 2 ThRERR F1[40, 41].
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® 1 TREHESY T RIRE GRS 2T

ZEH (Proteins)

1 (Properties)

L PS-binding proteins

Cockroach Periplaneta americana LBP

Fall webworm Hyphantria cunea GNBP

Horseshoe crab T. tridentatus Factor C
Horseshoe crab LPS-binding protein
Mosquito Anopheles gambiae GNBP
Silkworm bombyx mori BmLBP

Silkworm bombyx mori GNBP

Opsonin

Binding to LPS

Initiation of the coagplation system
Negative regulator of coagulation
LPS binding activity

Hemocyte nodple formation; bacterial
clearance

Binding to G bacteria

B-1,3-glucan binding proteins
Black tiger shrimp P. monodon BGBP
Brown shrimp P. californiensis BGBP
Cockroach Blaberus craniifer BGBP
Crayfish P. leniusculus BGBP

Horseshoe crab T. tridentatus Factor G
Silkworm Bombyx mori BGRP
Tobacco hornworm M. sexta BGBP

Binding to 3-1,3-glucan

Involvement in proPO system
Involvement in proPO system
Involvement in proPO system; plasma
high-density lipoprotein; opsonin;
degranplation factor

Initiation of the coagplation system

Involvement in proPO system!

Involvement in proPO system, aggplutinin''

LPS & B-1,3-glucan binding proteins
Crayfish P. leniusculus LGBP

Crayfish P. leniusculus mas-like protein

Earthworm FEisenia foetida CCF-1

Fruit fly Drosophila melanogaster GNBP

Involvement in proPO system

Opsonin; cell adhesion

Involvement in proPO system; cytolytic factor
opsonin; TNF-gfunction

Induction of antimicrobial peptide production

>

Peptidoglycan binding proteins (T 3-

lysozyme-like protein)

Fruit fly D. melanogaste PGRP-SA
PGRP-SC1B

Moth Trichoplusia ni PGRP

Silkworm Bombyx mori PGRP

Binding to PG
Binding to PG
Binding to PG and G(+) bacteria

Involvement in proPO system

L ectins
Cockroach Blaberus craniifer BDL 1
BDL 2

Binding to mannose
Opsonin; binding to D-GlcNAc/D-GalNAc
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BDL 3
GSL
Fruit fly Drosophila melanogaster Lectin

Flesh fly S. peregrina Granplocytin

Horseshoe crab T. tridentatus Lectin
Tachylectin 1 (L6)

Tachylectin 2 (L10)

Tachylectin 3 and 4

Tachylectin 5

Tachylectin-P (TL-P)

Plasma lectin 1 (TPL-1)
Plasma lectin 2 (TPL-2)

Tobacco hornworm M. sexta immplectinl

Opsonin; binding to D-GalNAc
Binding to B-1,3-glucan
Binding to galactos

Agglutinin; binding to mucin

Antibacterial activity against G(-); binding to
2-keto-3-deoxyoctanate disaccharide, agarose,
and dextran

Haemagglutinin activity; recognition of G(-)
bacteria; binding to D-GlcNAc/D-GalNAc,
staphylococcal lipoteichoic acid and LPS
Haemagglutinin activity; binding to S-type
LPS through O-specific polysaccharide
Enhancing the antibacterial activity of big
defensin; binding to N-acetyl group
Haemagglutinin activity; presence in
perivitelline fluid

Sepharose CL-4B binding activity

LPS and protein A binding activity

Agglutinin; Involvement in proPO system!

immplectin 2 Agglutinin; Involvement in proPO system

3. EMEZRZ (clotting system)

B RG R A E NS & LB HESh P, # 2 —AB5 h ifvid
2K EEN N . % Tachypleus tridentatus WSS R LW E
PE, ElRAAE AT DN R RG[42, 43], 500 22 2 1R H 1 g I S
7 Cs By G, ekl DB ARSI T CH G 02 fiF 2 B (LPS)
HMIB-1,3 WA HE 1T (BG) B BEBUS IR R 1, A0 IR TR B 2 45 &
TIXELE I, SR BEES I LRI T il R4S RGN LPS 115 &
TR B T I RAS 36 ) 42 3836 (Limulus test), —AN 32 N R 41
WINEEZ (B LPS) Morthiik. HEA, W oedSmstas i N it i
G RANE S, I gl PR Ca® ka4 A B e i
MR EAL 1 [44-46]. (EF TR, BS80S AEIR/KZE R Pacifastacus
leniusculus 1 AR JGAEBE T X HF[47,48)1 P 8 e R EM: . HAr, WA
X PRk 45 B R e Al e, EEREE A R A R A W e s TN s AR
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