42k 4 MABEFEEIR Vol. 42, No. 4
2023 4 11 A Journal of Applied Oceanography Nov., 2023

&Y JAK/STAT 15 5@ IKE R B N E
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WA, Tl T RAMESY RAALR ok, MR LEE R, LT 2R 5 00 %% Ao
PR S e R T I T R, 36 R R AR B 5 JAK/STAT & 42 2 38 ¥ R AHE3h 4 S & RS 84
FRERZ — AL EZNmIA T LK (Dome) JAK B Z BB BF (JAK) A5 54 F R FHER
F(STAT) AT HAFHEM EB I RN ERERLBENARFRGEREERAT 23 F JAK/
STAT /2 5@ 5 69 FF 5L IR . B AT LA X IF I Ao B 5538 + 4P W e 3h 4 W 4RE T Jbill B 69 TA
AR BART G A M, B RO ERR A RT o A Py S MA T £57 122 5k
LKA, X SR AGE 8 Y JAK/STAT 1856915 5 46 5k v dimat /1, B aTAUE U
4R 3% 3T 5F ( Litopenaeus vannamei) ¥ %% 1 JAK/STAT 43 5 18 3569 B A U, 5T E AL T 55 3h 0 %)
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HHESh ) B9 S W ( Drosophila melanogaster) B JAK/
STAT {553l s I AZ L J8L 3, 73 0] & B AR (UPD) ) (i
IR (JAK) JBEAZ R (Dome ) 5515 556 5 Al e =3
W& PR (STAT) ™ 4 A PR 5 AH I (1 32 AR 25
JRERZE 1 Z R A, X R 5 2 R0
JAK T AR B2 00T 5308 3 5 ) s R e R A 1 )
MG AL . JAK B0 5 HEALSZ AR 0l s R % 5E A
BEIRRALIEM . 2 AT ALy 41 ML BT STAT B X 4
5L, STAT 38 2of 1 2 PR B R 245 1 SH2 45 Ay bl 1
SERN AR B, O A BRI BERR L
STAT( pSTAT) 3 it 43 F-[a] SH2-ff % i 22 R AH B A
FHIE I ) 95 88 57 9 — Ak, By AL B A i %, 45 &
DNA P8 4 70 14, B8 G Jon n] R 1, 5 3 ik IR
ST AR O A T AL S R
& AEREAL FARXRSY T2 S S A g e o ik
[0S R e (1K= BV =R C A A O 3 n A A DL

A A B A e AR H AT JAK/STAT
{5538 B TR AEAR 5 R0 A5 5 PR DA FE DR )
PERR AR AR 5, BER ST, X
F JAK/STAT {5538 fif (1) K E T K Dy R i H B A7
B, EAREA T B — e iR R

S RGPE R G oE v, e 45 e i) I
HES A5 2 A 4t Sk MR A8 45 R 5T Bh ) B JAKS
STAT {5 Zil i IF s St TH S %, R AR
S RN E R e A SEAHE SR 5 B ol g EE AR
TEMRrR 2 BT JAK/STAT 15 5 3 6 (4 A oo, IF
W ARG R B HTUE A XTER STAT 5 R L STAT
BRI REITEYE . A SCA Dome JAK STAT {55
TR FX 4 A D5 TR TS FRIE F FE sl JAK/STAT
{55 MR R, M5 il i b A A e
W1,

F1 BEWEITHEE JAK/STAT EEHH/ER

Tab. 1 Role of each element in the JAK/STAT pathway in crustaceans
YLK Hh 4 R GiiES fER 27 3CHik
Dome .
SN T 32 Dome WO JAK, 4R STAT B2k [14-18]
(Domeless)
JAK N ; -
] XL TAT oA JAK % TAK/STAT 1553 4% [14,19-21]
(Janus kinase)
S S g
( signal transductio.n z.and activators " :S{Z‘{'ﬁ ET%{/ STAT PN S A N [14,22-26]
of transcription)
S0CS AN TR S | S0CS2,
R A AT JAK/STAT {553 27-31
(‘'suppressor of cytokine signaling) A ¥ SOCS6 SRR g fri i [ ]
PIAS 14k STAT HH o ;
o , PIAS | JAK/STAT 3 i (4 5 5% S 40 bl 70 Rtz St 741 [32-34]
('protein inhibitor of activated STAT) A
Barrs e Barrl | . .
) ZYJREREH FAZE TC4S JNE STAT W1k [35-36]
( B-arrestins ) Barr2
PTPs AR TC45, 5 B-Arrestin 1 AHEAEHI Y TC45 REfF STAT % [35.37]
(‘protein tyrosine phosphatase ) TR PTPN6 iRk . PTPN6 {2 STAT ) — Rk ’

1 ZHf R 724K ( Dome ) F 25 H6) N HCAE MR
Hh g FRIAFVEH

SRR R T 324K Dome ( DoDome ) J2& 1 IXFE TG
FAES W b Bl SR A0 M Y T A2 AR A F SR R
Dome R 2 FERGIET: . HRETC EZF
F 52 s %5 52 2 2618l Dome BIAFFE, AL FE HH A2 5%
FHE ( Eriocheir sinensis) [14] LLBEEESNT ( Cherax quad-

ricarinatus ) " BE5 XA ( Penaeus monodon) ' | N,
2 VE X5t MR ( Litopenaeus vannamer ) U5 H ZANE SR
( Marspenaeus japonicus) "

Dome J& T#5 R 11, & A B AR X 125 R XA i
WX 3R, MM E&A S 7L P&
MDA, SRR RS & R S A5 55 5.
W IX SRS, B 5 R A TR BG4S 5 1 254
B, 5 A RRMEEES A 5 NN B F 55 206,/
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T JAK/STAT i B 1% 5 %% %, 2 5 [if JAK/STAT
JINE . AR PR 32 A4 PR AR DX 5 PR A 25 1) A S
SN NI I 2 w22 N 1 1 i D O [ i B .7 )
Dome TES5H FALAT T 22 5 (H 2 D REREAS AL

MjDome ( Dome in Marspenaeus japonicus ) J& B 1>
TEW FE8hY) JAK/STAT 8 % rh i 43 1) 4 i H 152
BT ARG IR, MjDome S HESIY) 1 1Y
M PR 5 SZ ARG A A R 6 (1L-6) SZ AR i
AMX ELA MU 2544 . A0 7455 ( cytokine bind-
ing modules , CBM ) &5 14 42 15 41 g 71 Il %1 2T 34 4 A
(fibronectin-type- Il , FN I ) 54435k, ©F5T B, CBM
L5825 Dome 2RI T T 15 5 WU %
S TL-6 2K CBM Z5#4 3 H CBM I il CBM
12 DE5F R 1, CBM T (155 4 A ORSF 21 e 2
Rk, CBM I 25 1 A~ FLZ iR WSXWS( Trp-Ser-
Xaa-Trp-Ser) 27 , IZIRSF 5T | 2 AAAE T HHESIY)
RO eS R RE 2  N Lo (i R ) o BB 5/ & o1
RIS

WFFE# L P51 3 & I MjDome Y454 &4
1 MEZHK, 1S CBM 454938, 5 A~ FN I Z5 44380 A1 1
AEEREEE A L Yan 4538 33 43 BT LvDome ( Dome
in Litopenaeus vannamet ) M RA KRy 51 s KB H A
1AMES K 2 4> CBM 54538 3 > FN 45 F9 30 1
AU AR ARG ARGE T AR G (1
Dome 55 1 M55 K5 4> PN Z5H 3 1 A5
XA T ANMIRE 221X, il 3t 2 )% 51 LX), EsDome
(Dome in Eriocheir sinensis) BRIER T 55 IL-6 5%
BB HH Dome HABKZER HRGLKE T
7R EsDome J& T H 7252 WG A DIAELL %L
FEHF) CgDome ( Dome in Cherax quadricarinatus ) %
FEH 1A N 3 fE 5K .2 4> CBM 4514383 4> FNI
SRR 1 A ESIEA I, CgDome ) CBM 4544 5K
H,CBM AL 4 AR s skt {H CBM 1T
BH—PNAEEN WSXWS FFE . Laohawutthichai
ZE R BETS X A Dome ( PmDome) 5 1 ME 5
Jik 1A CBM 254380 .4 A~ PN ITZ5 4G 30 A0 1 A5 i
iR DL R H 522K 304 Dome 4 LR T 5
X 5 R G R B HG e R —4 BN TRES
145 1L-6 SZ AR L, KB SE 8 (9 WSXWS Z£7
H N5 R 0 B d Ay 22 57 (B3R A5 4 MR
SPGB S R AR A S PN L2548 350, BT DA 55 3
Y5 HFL S YIR Dome BA MR ZHARE, (HAFTEE
()2 , AN R A= 41 () Dome 1 FN I A9 40 7] BEAS —
PN S5 ) Z A T A A 72k h 2 5
BARRYTE FE 5UReIRENY B FN T

X} Dome LI A5 M I8 B R IH , 75— 05T

FEH FEYIH, Dome |12 434 T ILA0ME 0o
JF IR AR B P 4538 5 55 LA 1Y) S DR AE G A 414
e E B AR YR Dome TEA [R5 B B 2H 21
WRIAEEA 2SS, B GIX Dome 7EUFEE A
[FZH 21 BEA T 2RI BF9E K 3, Dome 1 H A ZE XTI )
SO e TR KT A2 i, E A 4 A R R e ik K
AR A AR LL AR CqDome 15 1L 40
e ek ke Y I 40 A R 5 B G R
G R 2 CEZMER, Dome 75 I 21 i)
FEIR O] RBAG I T 41 B ES AR X U SR T 9% B
FUGRIEXTHF Dome FE I AH M OB R 68 7 h
g 2Rk A FE LA RTHR AR o 2 A 7K g T
RIE -6 ZARWAE AR NLA )z ik, Hig
P EE R Dome TEME ML 40 A LA O NE B BT R
JRAE R Rk, LR B AR R 7By
XHURAR AF5E A Bt & B PmDome 75K L 240 21 A 3R 34
iR, TR AR h ik AL, R L U R R A
1R S S DI Re AR E IR FEEH L, T 5¢
SR Dome 15345 B FRATTE 4514 T i HAE
Se RAFER I, X Se 4 Gl g8 B # 5 R sh
BRI EAE ¢, 3T B Dome 4345 112 , W] ETE NG 5
A2 B 8 B DR A A1 5 5 A A2

Dome EW{IFESE 2 5 JAK/STAT 1553 8% 09 1%
O H 5w n & A ¢ (2P PLELA A Rt
58, W9 &I LoDome A LAAE Sy — Fil 52 44 38 0%
JAK/STAT i %, WSSV 1] 815 5 LvDome [ 3%,
HATEXTHR JAK/STAT 38 [ 09 0% . LvDome 1 323K
2x WG TR WSSV T Bl (19 5% 5%, i @ % LvDome
J& WSSV FEHF b (38 58 75 21 T 4, BEAK T 3R 0 2
BUET- % KW LoDome 7] fEHE WSSV 52 i L] T
FREEE W BRSO LT SR ) CgDome
FERUUER B E WA T WSSV i A2 X R A
WSSV 1] LA CgDome #4711l , 3 H CgDome Z
5T LT EEHEUE JAK/STAT 18 J i 5 54k 51 X —
WFIEEs 35 ML EXTER Y LoDome F 5% 45 5 — 3K,
TEBET X IR 5 1M 48 B, WSSV & YL PmDome
K BV UTER PmDome 23 5%6F % MR PN 4 72 AH 56 2L X
M FRIEAT W SE I, 1T ELRE AR T WSSV #5 L%, %
Z27 th WSSV 5 RBBET R, X H A4 X iR
BB 5T H & B MjDome 7] L5 C BI¥ESE K (MjCC-
CL) &M 25 W B 45 &, HE WS A AR ZEXTIR JAK/
STAT 15538 5 I 1115 5 441 B A AR A e iy 250
WFFE IR & BRAE AN B AR B, Rl A6 Hh A 0 S 88 i 41
H1 EsDome J5 2352 ME 5P BRI 3R K B4R Es-
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Dome #1% T JAK/STAT {55l L X 2 5 T J{#%
PUR KA RIL . (HUR AN B2 DL s 2 a4 7
IIE EsDome A7 2814 o

AR A Fp 2R e AN 1k X e (H RS
4550 Dome 413 I3 1E JAK/STAT 38 #% 1915 5 7%
SO SAE TR S WEE , o HoAth F S sh
i Dome HIMFSTEEML T 5%

2 JAK %GR T 1) 435 F K AR R
FIRAEH

JAK J2&— Tl 4 i A 1) 3 52 AR i SRR Ve , 2 2
PRS2 A M N G R TR AR 5 0 F R . JAK K
TR ) (5 P e 1) O B 20 i 0 5, 7 4 L )
AAE SEFE oAk R RS I T A
AR, BRI P GE JAK A 4 AT
R A3 BI 0 JAKT  JAK2  JAK3 Fl1 TYK2 ( tyrosine ki-
nase 2) ., WA JAK B 7 4~ [RR 45 #4938, 43 51 =
JHI—JH7" ol 7e R b 2 T —Fh 24
JAK jfEiY % Z BRI Hopscotch (Hop) , ST FL3h
Pyl JAK2 TR R e

ERSESY T, B 7E K B (Artemia franciscan) |
17 4 (Seylla paramamosain ) JLYNEXT R FnrhAE
GYECEE D 3 E B JAK SR, (H 2 AN W) B Se s i
JAK BRI . JAK W 7 5 A —4> FERM %%
Pl —A~ SH2 S5 ka5 — > ik i il 205 4y Bl 0 — >
TyrKe Z5HIR* , Jor FERM 45493805 SH2 25
%5 JAK 54000 52 AR 2561 B 1
RPN J X JEAT TyrKe 25K 380 04 16 M 220G 87
TyrKe 4543867 57 240 M I 7 32 AR R i 4 1 g 24
PRERILIBEIR AL o Z5H It 43 A 2R B, B HL iy
AfJAK (JAK in Artemia franciscan) . I 73 7 % 09
SpJAK (JAK in Seylla paramamosain ) 5 L4035 Xt #F
# LvJAK (JAK in Litopenaeus vannamei ) Z5 ¥ AH{RL, A
N Ui %] C Uikl AL & —4~ FERM 254938 . —4~ SH2 45
Fa 3 A A TyrKe 2544388, SpJAK | LoJAK Fl1 3R i
JAK B AT s AR , 3278 JAK 3 A 7E AL 72
HE R ARSE AT REELAT Sh ) A BL A T BE L i
SRRt P | EsJAK(JAK in Eriocheir sinensis) BT
£33 —A> SH2 Z5H AT 4> TyrKe 2549 5051, 184
T — Band 4.1 [RVRZ5H), B F X Lo PR IS &
TR BB LS AN 55t FIFR B TR,

AR 5E2E JAK TEA R R AL 4L 3Rk, JF )iz
O3 AT B A SR o SpJAK TRk 2
FzIE Th 2 M s R, TR 8 IRAR IR AR O
JUEE R 1L 200 55 DR 43 A ) 2 2 e o B 5K FE LA

T2k KO AR . EsJAK fE 2R AL 40 h A
Kk FETEEE BRI R h s, HoprE
JRF IR Hh 2 18 K ST i g, 4 I 40 PP Rk Rl
LoJAK TESE L0 AR A th A Rk, X
BB AU N e L2 HEM T R S e AR

HEeshi P JAK 3§25 T JAK/STAT {55
PP BRI ROV . AfJAK REAS L) i A
B 5 TS B ML S A D-raf U 3 R 9 31
TR, X5 0 STAT 785092 v 2 i A2 G D-Raf
Jir i R A 4518 — B, I AfJAK P ES 5 MAPK
S SN IR SpIAK T LU AL i STAT 1
FHFH DNA 254 L)%, 158 WSSV wsv069 3 [ J5
BTN, XSS5 LR SpJAK ] LUV TR JAK/
STAT i ., Ah, FER P UTER SpJAK A 5300
PR RE (MCRV) YL i 400/ F M A0 TR i, OF HL
ffi Hops b B 1, N SpJAK AT REFE MCRV B4
R E AR LoJAK J& JAK/STAT 3 % (1)
FOIEDR nT AR Ry IE R4 R T BOAE R B i, Ak,
DUER LoJ AK FTRBOHE & ML T R UK B 4k e, PR
LvJAK P BETE WSSV Wi K EEZAEH , H4s
SR JAK B A5 09 0F S5t ] B R TS H HESh i
FEAEARAE TUEHE

3 RS HE T B SIS N T R Al R KA
I A R A

STAT F 2 JAK/STAT 15 518 i 4 06 4 20 i
BB, EAT A5 it S RN SRR R BUEE D) g, > At
G5 S 30 35 s 2 B AT DA T 9 o 3R R g kT
FETCBHESIYIH  STAT 25 LR A Wi 72 v () E %2
RS RTREVE KT B R E B B LA B4 8Ly
A2 HRGEW L 29 o B 052 STAT KiEA
STAT1, STAT2, STAT3, STAT4. STAT5A/5B i
STAT6 LA~ F B AL 51, HAEH S h STAT
UL I —Fh, S5EELsh P STATS HAT# m 1 [A)
e, A MR RWILES B sh W f R frh JAK/
STAT 3% 42 16 WL Bo s 35 o 3 h B — & AR
2

STAT 75 138 % 1 STAT AHHAE 45 H58, STAT
all-alpha/beta 45 ¥4 48 | STAT DNA %% & 45 #4 8 1
SH2 S5 41 pg ™ . Horh STAT AR 1 F 4544 3 bk
INKARE T STAT-STAT —RAKAYIE AL ; STAT all-al-
pha/beta Z5F 5B I\ A B T STAT-STAT — Ak
HEAYIMIAZ ; STAT DNA 454 45 )5 BA 21T p53
I g 41 ) R ) e e Bk A L RE T & I g s SH2 454
B S Wl 12 A AR 1) S G AT 42 1) 32 A 1R 0 A
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DNA Z54 0 ZEMg AT & B EsSTAT 4 & —4~
STAT #HEH AE L5 F I . —4> STAT all-alpha 4543 |
— STAT DNA Z5 425y 3UR— 4~ SH2 &5 Fgsk
BET AR PmSTAT E A DNA 454 5% SH2 B C
A A

FLGRTEXTHR Y LuSTAT (STAT in Litopenaeus van-
namei ) R AT N-AR Uiy 5 14 35 | 955 45 #9151 DNA
SEA AN SH2 S5 Fg sk v [ BH X 3R ( Fennero-
penaeus chinensis) [} FeSTAT (STAT in Fenneropenae-
us chinensis) , 5 8 F B BAE L 4 o 1RESS
Pl DNA &5 & 48 SH2 45 4 B Il C R S 45 44
B2 BT R JFEE AR ( Procambarus clarkii) T VLl T 3
A~ STAT JEHY cDNA , Z5 6 35k 1 0 73 7 22 B PeSTATs
B = AR AL & T — > STAT AH EAE H 3k, — 4
STAT 4= « 3, —~ DNA 25 & $8 fl— 4~ SH2 45 #4)
R B ARGE IR A A STAT A AR R
STAT all-alpha %5 #4338 . DNA 45 & 3 Fil SH2 %514
B ARG T A R, L CE &Y Sp-
STAT(STAT in Seylla paramamosain) WP HEHETE 1Y
EsSTAT(STAT in Eriocheir sinensis) . FL44 7 XT HF f)
LoSTAT H [ B XTHR ) FeSTAT 8 AR TE— %, H
5 N STATS B k% Bk LR 2 sh 9
STAT 5 L2548 , I B 2R Ge AR 3B )5 1 2
15, 7 W] STAT & (e A B v B Oy, T e
BAABIGIIRE, LoSTAT 7EIMLZ0 A TR b s 22
K EsSTAT 7888 | R A I 40 i 25 20 21 v 2
R #e ik MjSTAT (STAT in Marspenaeus japonicus )
FENLPA B M AN 8 2 2 b 323K T WL STAT #¢
NG NGRS € e o Nt

BRI LB WSV181 0] DLl i #45 i STAT92E
FIRRAME JAK/STAT 15515 7, WL T 08 C
9 7 10 2 3R DR SR L 2 7 S EE 41 WSVIST il WSSV
() FLAPEERT AR AT T IR S, 45 L 1 7 o 7 48 o
BN H JAK/STAT 3 28 B9 41 50 % 57 /K - A1, 6 A
WSV181 nJ i o 41 il JAK/STAT i 42 42 F 9 55 38
B T AAIRAE S R 2 PLG X R B WSSV ke
i, WSSV FH-ABEIR JAK/STAT 3 4, AH 52 a] DABTG
STAT {7 JH: DA 241 Jfd J5 %% 3% 1) 40 B 2% b DA i 42 i
WSSV lel ZEHMFIL . JLANEXTERE WSSV
BT STAT ReWe & A-mafb, Jf H STAT Bk )5 it
A, VPR IR FE WSSV KL
191 STAT 25 th 4 i T i A\ 0 A%, S 16 B
Z [ STAT A, STAT %% 538 3 LA e b 78 41 il
HY /(Y STAT 2 (13 . EsSTAT 2 11 A9 il {2
S JAK/STAT {5515 %, A4 EsSTAT 4 F JAK/

STAT {5 51% 5 NI ED R st 9 007 B, JAK/STAT {5 %
1 5 B30 7T DL S8 EsSTAT Wi R Ak , 2 1 f w2
LG Y EsSTAT ARG R 21 4n sz, fexdep
] B PR A8 BF 9 & B, STAT #% WSSV i S b iH 3%
K MjSTAT BB fLad B2 RE 9 SOCS2 #lifl
24 SOCS2 BT J5 , X R X 41 B 11 785 B3k B 7 3% ok
SRR BE T Z08 /0 . STAT 7E JAK-STAT {5 5 1%
SRR, 20 P50 & B 2 UESE STAT 1
WSSV JEk et i] L& A R A HIJE i — R ik A
20 B A T T R s AR R TR ) 33k, X SIS O
— 3 T il H S B B KSR G Iy A AL T 3R, A
B TR SE 310 JAK/STAT {5515 54 1 i EL 4
AT,

4 T R B S S HAE IR v Y Rk

FEH

FE R APESR ARG AR AR S — B B4k, 2
e R R o 1 A [ET S ol A B = O R L
RN AR EEAEF SR, 56K s 1 s
PR s ], LA sBE G 3k B A G SN 1T 1 RN R R
Wi PRI HG 20 B PRS2 A4 5 S 0 B gl AR
E Y JAK/STAT IE 3445 S0 04 F0 6 38 45 oo 1
RS 55 m BT EE™ . % JAK/
STAT f554% S S PRI I 720 0 2 i I 15
AL IR T (SOCS) 2 AR, 5 1 B & TR M iR
fiti (PTP) A& Ak STAT & AP0 FF (PIAS) . B& T
XYY H 240, Z U1RE X AR E H B-arrestinl 5
MR T TC45 12 JAK/STAT i A2 A
4.1 HEEFESEBEINGH EF(SOCS)

20 B R 15 38 B A o1 R (S0CS ) J2& 2]
FEITCIE ) —Fh 32 JAK/STAT {5530 g %35, B
REAN A5 5l i , BA R B E A0t
FEUEM T SOCS 43 FAEYI L N F 32 A5 5 55 3 rh Y
IEmPEEAERDY , SOCS fuf 8 MKMW, 70h 2
AWZE, 9B 4 0 T &L (S0CS4—S0CS7) Al
T A (CIS F1 SOCS1—S0CS3) 7 A WFge £ I 7E 4
Herp B H] SOCS KM L 51 . s0Cs F 5
W WIRh 7 R JE 45 JAK/STAT {55 %, — 2 ot
SH2 £% ¥y 4 3 4 M 25 A TAK S8t b w5 iR 1k 19 g &
PR B KA B 1 L ) TRl i SR R
Y LR A 1A, 93 2 77 2 Ab s 72 B b 1 i) 0 3
PR

SOCS ZK & AT AL B 454, 2 B s i N
X, FRE] A% SH2 S5 a3 R L i i SOCS-box, 2 5
Ui N XA — B B RN AZ T R 7 9] v B AT A% i ]
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ARIX 3 SH2 25 S B 1R JAK S Il 2 1 1 i 2
FRERIL , 5 5155 EE T R BLG Y SOCS-box H AT
BRI STE MR R SIS 2 5
XIS AR 1012 RAL RS 22 R o

HATC e Ao | H AR | LN X iR
FN T8 [ 5 EKMF ( Procambarus clarkii) ™ R P58 HY
SOCS, J& T SOCS2 B SOCS6 % jik , A [FE ¥ Fh SOCS
W SH2 Z5#y3 5 SOCS-box 1) & 3k /R J7 5] J2: 1 <F
B, TERAESE BB 1) EsSOCS2 ( SOCS2 in Eriocheir
sinensis ) N | ESS 254958 SH2 Z5F450F1 SOCS-
box, 24 B 4E {# (Y N-ESS £5 #4 38 g A N & SOCS
(R S TC A, T TE SOCS2 Fl CIS HhAE 45 4 358,
T SH2 45K BT SOCS-box @) | SH2 4 #y 3, v
A5 — A 1% E R s R AL ( Tyrosine phosphorylation,
pY) B s (Argysy, Aspy, Fl Sery, ) o H AR SEXS HF Y
MjSOCS ( SOCS in Marspenaeus japonicus ) . FL4H 15 X}
WRAY LuSOCS2( SOCS2 in Litopenaeus vannamei ) Fl 7,
[CJREL IR PeSOCS2 (SOCS2 in Procambarus clarkii)
EAGE T EA SH2 45 R SOCS-box 1% Fi4~
ML 25 # 58, IF H MjSOCS 5 EsSOCS2 | 1vSOCS2
PcSOCS2 4331 B AT 56.2% .90.0% Fl 57.0% K [] I
P, B8 T SOCS2 Xk, T R4 # & (1) EsSOCS6
(SOCS6 in Eriocheir sinensis) tH AL SH2 %5 ¥4 35 F1
SOCS-box 453, I H A S M bl b e L T —
MKIATAEIX , 2558 5 I/ T S0CS6 KK,

SOCS FEAN R HH 52 3h ) 1) 20 23 43 A7 1 50 FN 45 21
4lrh iy k2% S ENIE T SOCS B LRI fig,
EsSOCS2 TEJFgefie B8 LA O B FIPE IR h A =
B, TE I 40 HE A R I ; EsSOCS6 7 T Ik
JUR RN 1 6k, A i I 2H 4 b 3 ok e A X AT
MjSOCS FELE M8 T8 FNIbk B 25 B rp s 63k, 76 1L
A0 A B AR b e K SRR ; Wang 55 & B Lo-
SOCS2 78 FLYREXTARAYEE A b 28 R Rk,
FECBE RN 22 1 R38Ry v 5 FEFIBRAR (B T
Filn gep rh Fak AR, B — RS R R, Lo-
SOCS2 FEXT U 4 1L 2 iz 38 A0 v v 3Rk 78
R SRR TR, O WE LR SR LvSOCS2 7E
ML RIRRF T EEES S TH&uds
A3 PeSOCS2 7O JIE AL A 28 38 7K - i
15, TEFFBRAR Th 2 AR IA KT,

SOCS FEHEAEHME 20 g XoF 22 Ff 4 B X 1 A K
K 14 O R S HEVE S B X 2R E B
PETT A0 AT 5 R AR 1k 3 B A5 S s T R
fazslol  HHEFEET S0CS 25 H 52 sh ¥ i by
TR A e B 320 W 5E 30085 R 7 0t [ 1A ( Lis-

tonella anguillarum ) F1 B B L ER 7 ( Micrococcus lute-
ws) P b AR GBS B I IR T AH L N Y EsSOCS2
Tk TR, R W EsSOCS2 A GE7E BT 40 B ek e h i
FHEAEH, HAM, EsSOCS2 Wl rh7E h #e 45 2
8 v ELA R Y R 225 SRR T BE L BRSE N B
KR EsSOCS6 W] feil i 5 NF-kB 15 5 i % 7F
ot 5 AN B (14 G 25 b R AR LR, R H AR
FEXPER R R BT MSOCS2 , Hege ik il 32 le 20 ik
FORE AR R s i, 2B MjSOCS 5 X HF 1 5
RAIEA K, WFFEIL K I, MjSOCS2 RE %41 i 85 iz
TE MjSTATSY | AE SN X B b | 1oSOCS2 fE %
SR B RAS I LoJAK 5500 DmVir-1 J3 311
Fikit L RS EE PR LoSOCS2 /& JAK/STAT
A SO P T, Rk, BEBR LoSOCS J& , WSSV
JERL FLYATEE T B (4 FE T2 R BE AR, 106 BH B 15% LoSOCS2
AEIa SR LN AR X WSSV By B A &
PRAE v G J5 B 0 v ] B8 47 #F 20-hydroxyecdysone/
SOCS2/ERK i 4, 1] PcSOCS2 2% 15 5 18 8% i) 71
JAEHEF

4.2 EW STAT ZEHIHIFI( PIAS)

T4k STAT & FHM 6138 (PIAS) 2 1 23 # 1
KRR T2 5 JAK/STAT {5538 B 1 8 ¥, &
A B A 5 T 3 I o R R 2 SR R
HEL S Y I PIAS A K IGEAH 4 B G1 PIASL,
PIAS3 PIASx ( PIAS2) Fil PIASy ( PIAS4) . PIAS %
BEEATIZMIIEE, 25 i 5E | ani o1k 40
PTG N A S R B RO FE JAKS
STAT {5538 % 7, PIAS 5 R k1% STAT 454 FH
1E STAT 50, BT % AL % STAT 1) DNA 2541
PRSI STAT i 5 Pl R4 SR RE S 727,

PIAS 8 [ 58 5 2 B2 DR ~F , B L W] 0% 45 4
fiE . ZHENi 1Y SAP 458950 PINIT 4544958 RLD Z5#)
S, DA KSR ik v 1) — AN B TR T A SR TR 11 45 4
(AD) e % 22 A PRI I3 2 W2 1 4544 3 ( S/ T-rich 45
F5%) . SAP 4593k 2 5% 51 F¢ 57 DNA s 45+
F S DNA 45617 PINIT 45#95 2 5 T PIAS 14
BsE ') RLD Z5k3k 25 PIAS & (Y SUMO-E3
HEAERGREOE I H TS5 PIAS 5 HABE A
MEAERT 78 AD TPfEfE— AN HENN A SUMO1 A1
HAEARLF(SIM) 7 C AR S/ T-rich 25 F 38 f%
AR, KD REE A TR

H i 7 7 sh P AUF —Fp PIAS & 3, E
TERL R T B | H AR 9% %5 5F F0 AL 94 8 o R op bl 4R
B SpPIAS(PIAS in Seylla paramamosain) Mj-
PIAS ( PIAS in Marspenaeus japonicus ) Fl LvPIAS



4 4] RS2, A I FE W) JAK/STAT {5538 BEAE e N2 T 8 D BE-5 I AL - 745 -

(PIAS in Litopenaeus vannamei ) 45 #H{bL %) 45 #4) 35§,
SAF, YL SAP S5 38, PINIT 4544350, RLD 4544
B H1 S/ T-rich 25418,

H A XTUR (%) MPTAS 7E IfiL 41 A AT i 5 6
ik, WG R IR, MiPIAS il i il STAT B fR L 5
1% 55 I SR A1 ] JRI458 JAKY STAT 1553 46 %ot B ik i
R 2R e ] B AT IR BT BE 1Y L LK
TEXTHRAY PIAS(LoPIAS) fELA h Rk , 1
FEIR K32 4 B A B R YA AN R R B ) S 3
AU R LoSTAT 5 LoPIAS Z IR A7-7E i SRR,
LvSTAT 5 5 LoPIAS, LoPIAS I h] LvSTAT X Lv-
PIAS J& 3l F BRI T
4.3 ZIMEEZZEH(Parrs)

Barrs( B-arrestins ) /&= Z RE LR EH, S 5
REZ: i BN SN R @ A E (e SR |
FLahrh AR R BIAE IFN-y 1697 )5, % Barrl 1
5 HMMIAZ A STAT A B AR, #1235 TC45 ik
STAT1 Ze8 BR AL 5 55 — T 55 & B GdX ({1 F
Xq28 G6PD fEH Y X iE B, tAKh Ubl4A iz
ZREE M 4A) FEIEA T TC45 F1 STAT3 2 Al AH HAE
AL iE STAT3 LAk, fExt o, A w4
Barr( Barr 1 F12) ™' F1 1 4~ TC45,

TEAN T BRYL 5, STAT R fL 38, bt J5 e 5 17
F A F LAE S ER ML 4R e AMP [3%35, Barrs
1 TC45 Nk 1 68 9K B ( Vibrio anguillarum ) I 5 %}
HF STAT F)EBEER 1L , X SE25 SR I Barr] 1E A SC 4L
HATE TC45 F1 STAT Z [ EH BAEH, B 1
STAT 7 240 A% r iy 2 Wl Ak 300 ) 7 6088 5 1 J e X
IRHR AMP RIED
4.4 FEEOBSEBIEE(PTPs)

2R [ 1% 24 IR 8% 2 i ( protein tyrosine phospha-
tase, PTPs) J& JAK/STAT {5 51 i H 1Y STAT 114
BT, HETE MA@ 130 F PTPs # & 3, PTPs
REA 40 L JAK S0 ol 1R A 11 T S R ik Bk &
W 2 b 55 40 Bl % v () STAT 25 8 2 b o 1A 4%
STAT FYIEPESY . BRI 5o, PTPs A5
B AVRILT A ARFENERE TC45 (45-kDa form of
TC-PTP) Al FLANTEXFHF A LoPTPN6,  H A< 3 % MR )
TC45 45— AL X —A T C-om ARG Ak X Y
e 50 L IR Y LoPTPNG 415 P 4~
SH2 Z5 A4Sl AR 11 1% 2 2 98 2 g i 1k ( PTPc ) 4544
igjim] N

PTPs 76 5 sh iR N R L 250 4, TC4AS 7
JUGRTEXTHR A M 40 A o 0E IR B8 S g Th A
Fak O LoPTPNG v 4 28 LA A 7 8 Hh 2 35 2 e

o T B AR ek B I

WEFEH T4 B A2 X iR 9 TC4S KL 5, i H
AN H A BT HE & BLXHERAR Y STAT B2 1k
HKEF i, BB TC4S sl X STAT KBS ik 7 45
T JAK/STAT 15 538 B RO o AN v e g L 78 LW
EXTHR H, LoPTPN6 1) 323k 32 B T Z 15 K 7
(IRF) B9 ¥, IRF 7T L B #: 5 LoPTPN6 )5 3+
it EHAAEBENE, SHAL PTPs Y)EEA R,
LyPTPNG6 A] IAE ¥E STAT #9 - RAk M g fir , X ik
— AR T STAT HI8Ja) (1) G0 05 50 R ) 3R ik | IF:
HSR T URE BT R e

5 mghhRy

H5CaY) JAK/STAT 15538 i 5 e R pE 240
AHSE , FAE I X T J e 1 3 0 285 J2 o e 7 2
YER ., & Fh4Ma P il JAK/STAT {55 ik 5 5
I PRSPl AE BB N, FEIEH RO T, &
A PR F-RE i I JAK/STAT 15 538 B S HK B0 %
B , RZ s S8R IR R 2w v] LRI
P PR

I B PRI A 7K M R R 1 W, 1
i BB AT 7 2T LA R B & & B 4t
A= Rk BEAH 2 S BOMLR T 25 Aol i 10 % 2
DRI 88 3 B 7 7 SR s A 2t Se R S T
FIRIFSE AL N EEE X B LA AR F SS9 O
DA S2

(1) BT JAK/STAT {5 538 B& B WF 58 KB
ERTEA BT S A oe S S AL A AE
o BE SR AL TR 5 7 T8 R4 28 e B A
EHLHI LA B 45 o 22 8] (0 A AR F AT 75 22— 25

(2) 38 6 b R ICH s =B fE STAT
b, 9T JAK F1 Dome AR EHRIE WA FR 5 56 T8
%55 90 B B ML (R A9 B LA P AR UL A E R
BT I, T AR RIS e S TR (= e A B o A
i, X TR ST s e LR A L
T RUTRIR R, A Yk B R I 41 U BER
SRR IRAR IR A0S 55 |, 3 JLFR B9 1 TC A1 B R T
ik FUT AR DRI I B A R e AL
BIRIFST , o X HAE JAK/STAT 3 % |- i 45 oo
XoF 308 (6 A 5 R AL BB AR o, DA A
PN B 1 TAE A 77 SEBR 4 2 B 2 5 M1

B 2, JAK/STAT 3 % 22 8] () 43 F B i
KT 4= I, 7738 B AR A K D) RE (B 9% T I T
LAY, IRAWESY JAK/STAT 3 % 12



. 746 - MASEFZEIR 2%

U R B R I S B SN AR G, S BRI A (RIS -t g S g 7 4 1 L AT Y
AN F R TIRE, o IR B SR B BE b BRSO B IR TT I

SE Lk

[19]

LIU LK, LIUM J, LI D L, et al. Recent insights into anti-WSSV immunity in crayfish[ J]. Developmental & Comparative Immunology, 2021,
116 103947.
HUANG Y, REN Q. Research progress in innate immunity of freshwater crustaceans[ J]. Developmental & Comparative Immunology, 2020,104 .
103569.
ZAMBON R A, NANDAKUMAR M, VAKHARIA V N, et al. The Toll pathway is important for an antiviral response in Drosophila[ J]. Proceed-
ings of the National Academy of Sciences of the United States of America, 2005, 102(20) ; 7 257-7 262.
AVADHANULA V, WEASNER B P, HARDY G G, et al. A novel system for the launch of alphavirus RNA synthesis reveals a role for the Imd
pathway in arthropod antiviral response[ J]. PLoS Pathogens, 2009, 5(9) : e1000582.
ZEIDLER M P, BAUSEK N. The Drosophila JAK-STAT pathway[ J]. JAK-STAT, 2013, 2(3) : e25353.
DARNELL J E Jr, KERR I M, STARK G R. Jak-STAT pathways and transcriptional activation in response to IFNs and other extracellular signaling
proteins[ J]. Science, 1994, 264(5 164) . 1 415-1 421.
ARBOUZOVA N I, ZEIDLER M P. JAK/STAT signalling in Drosophila ; insights into conserved regulatory and cellular functions[ J]. Develop-
ment, 2006, 133(14) . 2 605-2 616.
VI IR A JAK/STAT 155 i@ A2 G IR 71 e s S e S NP RSN BERTSE [ D). UFmE . INAR K, 2014,
LAN J F. Functional study of prohibition and key molecules in JAK/STAT signal pathway in crustacean immune responses| D |. Jinan; Shandong
University, 2014.
PHILIPS R L., WANG Y X, CHEON H, et al. The JAK-STAT pathway at 30; much learned, much more to do[ J]. Cell, 2022, 185(21) ; 3 857-
3 876.
KIU H, NICHOLSON S E. Biology and significance of the JAK/STAT signalling pathways[ J]. Growth Factors, 2012, 30(2) : 88-106.
LI F H, XIANG J H. Recent advances in researches on the innate immunity of shrimp in China[ J]. Developmental & Comparative Immunology ,
2013, 39(1/2) ; 11-26.
LEMAITRE B, HOFFMANN J. The host defense of Drosophila melanogaster[ J]. Annual Review of Immunology, 2007, 25. 697-743.
TASSANAKAJON A, SOMBOONWIWAT K, SUPUNGUL P, et al. Discovery of immune molecules and their crucial functions in shrimp immuni-
ty[J]. Fish & Shellfish Immunology, 2013, 34(4) . 954-967.
RUAN Z C, WAN Z C, YANG L, et al. JAK/STAT signalling regulates antimicrobial activities in Eriocheir sinensis[ J]. Fish & Shellfish Immu-
nology, 2019, 84. 491-501.
WRBIDE. LU IR AN I F 3244 Domeless (153 F 40 K HAE WSSV BRULh iy ThBEMSE [ D). 3. 4RZRFE TR, 2018.
CHEN X X. Molecular characterization of cytokine receptor domeless and its functional research on WSSV infection of Cherax quadricarinatus[ D].
Shanghai; East China University of Science and Technology, 2018.
LAOHAWUTTHICHAI P, JATUYOSPORN T, SUPUNGUL P, et al. Effects of PmDOME and PmSTAT knockdown on white spot syndrome virus
infection in Penaeus monodon[ J]. Scientific Reports, 2023, 13(1) ; 9852.
YANMT, LICZ, SUZQ, et al. Identification of a JAK/STAT pathway receptor domeless from Pacific white shrimp Litopenaeus vannameil J .
Fish & Shellfish Immunology, 2015, 44(1) . 26-32.
TRIESE, WS, VLR MR R ER L SE K e S R R [T ] Aol R 2244k, 2019, 38(3) : 119-130.
ZHANG Y H, GU Z M, LAN J F. Recent advances in study of immune response of shrimp to pathogen infection: a review[ J]. Journal of Hua-
zhong Agricultural University, 2019, 38(3) . 119-130.
DENG H W, XU X P, HU L, et al. A Janus kinase from Scylla paramamosain activates JAK/STAT signaling pathway to restrain mud crab reovi-
rus[ J]. Fish & Shellfish Immunology, 2019, 90, 275-287.
SONG X, ZHANG Z J, WANG S, et al. A Janus kinase in the JAK/STAT signaling pathway from Litopenaeus vannamei is involved in antiviral
immune response[ J |. Fish & Shellfish Immunology, 2015, 44(2) ; 662-673.
CHENG C H, CHEN G D, YEH M S, et al. Expression and characterization of the JAK kinase and STAT protein from brine shrimp, Artemia
franciscana[ J]. Fish & Shellfish Immunology, 2010, 28(5/6) . 774-782.
SUN C, SHAO H L, ZHANG X W, et al. Molecular cloning and expression analysis of signal transducer and activator of transcription ( STAT)
from the Chinese white shrimp Fenneropenaeus chinensis[ J]. Molecular Biology Reports, 2011, 38(8) : 5 313-5 319.
CHEN W Y, HO K C, LEU J H, et al. WSSV infection activates STAT in shrimp[ J]. Developmental & Comparative Immunology, 2008, 32
(10): 1 142-1 150.
KR, XUk, SKIRMR, 5. FLATEEXTIRG 57 S RO SO I (Lo-STAT) B K 5 e MR RAFIE BT[] AK7=%43R , 2013, 37(8) -
1 140-1 146.
ZHANG L, LIU Y C, ZHANG Y C, et al. Molecular cloning and expression pattern analysis of signal transducer and activator of transcription ( Lv-
STAT) from the Litopenaeus vannamei[ J]. Journal of Fisheries of China, 2013, 37(8) . 1 140-1 146.
HUANG Y, REN Q. Molecular cloning and functional analysis of three STAT isoforms in red swamp crayfish Procambarus clarkii[ J]. Develop-
mental & Comparative Immunology, 2020, 108: 103670.



a9 OB 5 1S ah JAK/STAT {2 550 B A S 05 1 D 5 T L 747 -

[26] OKUGAWA S, MEKATA T, INADA M, et al. The SOCS and STAT from JAK/STAT signaling pathway of kuruma shrimp Marsupenaeus japoni-
cus: molecular cloning, characterization and expression analysis[ J]. Molecular and Cellular Probes, 2013, 27(1) : 6-14.

[27] ZHUB]J, DAILS, YU Y'Y, et al. A role of suppressor of cytokine signaling 2 in the regulation of ecdysteroid signaling pathway in Procambarus
clarkii[ J]. Journal of Experimental Zoology Part A, Ecological Genetics and Physiology, 2016, 325(7) ; 441-452.

[28] QU C, XUQS, LUM M, et al. The involvement of suppressor of cytokine signaling 6 (SOCS6) in immune response of Chinese mitten crab Erio-
cheir sinensis[ J]. Fish & Shellfish Immunology, 2018, 72. 502-509.

[29] ZHANG Y, ZHAO J M, ZHANG H, et al. The involvement of suppressors of cytokine signaling 2 ( SOCS2) in immune defense responses of Chi-
nese mitten crab Eriocheir sinensis| J]. Developmental & Comparative Immunology, 2010, 34(1) . 42-48.

[30] WANG S, SONG X, ZHANG Z J, et al. Shrimp with knockdown of LvSOCS2, a negative feedback loop regulator of JAK/STAT pathway in
Litopenaeus vannamei, exhibit enhanced resistance against WSSV[ J]. Developmental & Comparative Immunology, 2016, 65; 289-298.

[31] SUNJJ, LANJF, XU J D, et al. Suppressor of cytokine signaling 2 ( SOCS2) negatively regulates the expression of antimicrobial peptides by
affecting the Stat transcriptional activity in shrimp Marsupenaeus japonicus[ J]. Fish & Shellfish Immunology, 2016, 56 473-482.

[32] HUANG A M, GENG Y, FANG W H, et al. cDNA cloning and expression pattern analysis of protein inhibitor of activated STAT ( PIAS) of the
mud crab, Seylla paramamosain[ J]. Aquaculture, 2015, 444, 21-27.

[33] ZHANG S, LI CZ, WANG W, et al. Functional characterization of a protein inhibitor of activated STAT (PIAS) gene in Litopenaeus vannamei
[J]. Fish & Shellfish Immunology, 2019, 94. 417-426.

[34] A4-HEH. PRl e Ig 25 E 1 LA STAT SOG4 78 H AR ZEXTIR S R Py S ABRFFE [ D]. e LWARKRS, 2019,
NIU G J. Function study of two Ig-containing proteins and protein inhibitor of activated STAT in innate immunity of Marsupenaeus japonicus[ D ].
Jinan; Shandong University, 2019.

[35] SUNJJ, LANJF, SHI X Z, et al. B-arrestins negatively regulate the toll pathway in shrimp by preventing dorsal translocation and inhibiting dor-
sal transcriptional activity[ J]. The Journal of Biological Chemistry, 2016, 291(14) ; 7 488-7 504.

[36] SUNJJ, YANGHT, NIU G J, et al. B-Arrestin 1’ s Interaction with TC45 Attenuates Stat signaling by dephosphorylating Stat to inhibit antimi-
crobial peptide expression[ J]. Scientific Reports, 2016, 6. 35808.

[37] LUOMT, XUXP, LIU X X, et al. The non-receptor protein tyrosine phosphatase PTPN6 mediates a positive regulatory approach from the inter-
feron regulatory factor to the JAK/STAT pathway in Litopenaeus vannamei[ J|. Frontiers in Immunology, 2022, 13; 913955.

[38] BROWN S, HU N, HOMBRIA J C. Identification of the first invertebrate interleukin JAK/STAT receptor, the Drosophila gene domeless[ J].
Current Biology, 2001, 11(21) . 1 700-1 705.

[39] DAGIL R, KNUDSEN M J, OLSEN J G, et al. The WSXWS motif in cytokine receptors is a molecular switch involved in receptor activation: in-
sight from structures of the prolactin receptor[ J]. Structure, 2012, 20(2) ; 270-282.

[40] BORK P, DOOLITTLE R F. Proposed acquisition of an animal protein domain by bacteria[ J]. Proceedings of the National Academy of Sciences
of the United States of America, 1992, 89(19) . 8 990-8 994.

[41] RAWLINGSJS, ROSLER K M, HARRISON D A. The JAK/STAT signaling pathway[ J ]. Journal of Cell Science, 2004, 117(8) . 1 281-1 283.

[42] YAMAOKA K, SAHARINEN P, PESU M, et al. The Janus kinases (Jaks)[J]. Genome Biology, 2004, 5(12) . 253.

[43] BINARI R, PERRIMON N. Stripe-specific regulation of pair-rule genes by hopscotch, a putative Jak family tyrosine kinase in Drosophila[ J].
Genes & Development, 1994, 8(3) . 300-312.

[44] BRIV, KEE, X, 45 Janus WEESHAD G GBI T]. 2573, 2019, 43(1) : 42-50.
HUANG H Z, ZHANG J X, LIU J, et al. Research progress of Janus kinases and their inhibitors[ J]. Progress in Pharmaceutical Sciences,
2019, 43(1) . 42-50.

[45] FERRAO R, LUPARDUS P J. The Janus kinase (JAK) FERM and SH2 domains: bringing specificity to JAK-receptor interactions[ J]. Frontiers
in Endocrinology, 2017, 8. 71.

[46] BABON JJ, LUCET IS, MURPHY J M, et al. The molecular regulation of Janus kinase (JAK) activation[ J]. Biochemical Journal , 2014, 462
(1): 1-13.

[47] L/ABBE D, BANVILLE D, TONG Y A, et al. Identification of a novel protein tyrosine phosphatase with sequence homology to the cytoskeletal
proteins of the band 4. 1 family[ J]. FEBS Letters, 1994, 356(2/3) . 351-356.

[48] VAINCHENKER W, CONSTANTINESCU S N. JAK/STAT signaling in hematological malignancies[ J ]. Oncogene, 2013, 32(21) ;: 2 601-2 613.

[49] HOU X S, MELNICK M B, PERRIMON N. marelle acts downstream of the Drosophila HOP/JAK kinase and encodes a protein similar to the
mammalian STATs[J]. Cell, 1996, 84(3) . 411-419.

[50] HORVATH C M, WEN Z, DARNELL J E Jr. A STAT protein domain that determines DNA sequence recognition suggests a novel DNA-binding
domain[ J]. Genes & Development, 1995, 9(8) ; 984-994.

[51] HEIM M H, KERR I M, STARK G R, et al. Contribution of STAT SH2 groups to specific interferon signaling by the Jak-STAT pathway[ J]. Sci-
ence, 1995, 267(5 202) : 1 347-1 349.

[52] WANG W, PAN C K, HUANG Z L, et al. WSV181 inhibits JAK/STAT signaling and promotes viral replication in Drosophila[ ] ]. Developmental
& Comparative Immunology, 2019, 92, 20-28.

[53] LIU W J, CHANG Y S, WANG A H J, et al. White spot syndrome virus annexes a shrimp STAT to enhance expression of the immediate-early
gene iel[ J]. Journal of Virology, 2007, 81(3): 1 461-1 471.

[54] iRZ€. XFUF MyD88 FI STAT 7£ WSSV Bt B Ay SIREMIFE [ D). ¥ & . T ERIEBEHI LB GEFEIFFTAT) |, 2014.

WEN R. Study on the functions of STAT and MyD88 in penaeid shrimp during WSSV infection[ D]. Qingdao; Institute of Oceanology, Chinese A-



- 748 -

ERAEBFEFEFER QE

[55]

[56]

[57]

[58]

[59]
[60]

[64]

[65]

[66]

[68]

[69]

[70]

[72]

[73]
[74]

[75]

[76]

[77]

[78]

[79]
[80]

[81]

cademy of Sciences, 2014.

DALPKE A, HEEG K, BARTZ H, et al. Regulation of innate immunity by suppressor of cytokine signaling ( SOCS) proteins[ J]. Immunobiolo-
gy, 2008, 213(3/4) . 225-235.

FAVRE H, BENHAMOU A, FINIDORI J, et al. Dual effects of suppressor of cytokine signaling (SOCS-2) on growth hormone signal transduc-
tion[ J]. FEBS Letters, 1999, 453(1/2) : 63-66.

ILANGUMARAN S, RAMANATHAN S, ROTTAPEL R. Regulation of the immune system by SOCS family adaptor proteins[ J]. Seminars in Im-
munology, 2004, 16(6) : 351-365.

JIN HJ, SHAO J Z, XIANG L X, et al. Global identification and comparative analysis of SOCS genes in fish: insights into the molecular evolu-
tion of SOCS family[ J]. Molecular Immunology, 2008, 45(5) : 1 258-1 268.

SHI J J, WEI L. Regulation of JAK/STAT signalling by SOCS in the myocardium[ J]. Cardiovascular Research, 2012, 96(3) . 345-347.
KAMURA T, SATO S, HAQUE D, et al. The Elongin BC complex interacts with the conserved SOCS-box motif present in members of the SOCS,
ras, WD-40 repeat, and ankyrin repeat families[ J]. Genes & Development, 1998, 12(24) . 3 872-3 88]1.

LINOSSI E M, NICHOLSON S E. The SOCS box-adapting proteins for ubiquitination and proteasomal degradation[ J]. TUBMB Life, 2012, 64
(4):316-323.

BULLOCK A N, DEBRECZENI J E, EDWARDS A M, et al. Crystal structure of the SOCS,-elongin C-elongin B complex defines a prototypical
SOCS box ubiquitin ligase[ J]. Proceedings of the National Academy of Sciences of the United States of America, 2006, 103(20) ; 7 637-7 642.
WANG T H, SECOMBES C J. Rainbow trout suppressor of cytokine signalling (SOCS)-1, 2 and 3: molecular identification, expression and
modulation[ J]. Molecular Immunology, 2008, 45(5) . 1 449-1 457.

HETF, BIELL, SR PH. SOCS2 FRFCHER[J]. BF T BRaEpeadR, 2015, 38(1): 14-18.

CUL A F, HUANG Y H, ZHANG X Y. SOCS2 55 # €[ J]. Journal of Jining Medical University, 2015, 38(1): 14-18.

YASUKAWA H, SASAKI A, YOSHIMURA A. Negative regulation of cytokine signaling pathways[ J]. Annual Review of Immunology, 2000,
18. 143-164.

YOSHIMURA A, NAKA T, KUBO M. SOCS proteins, cytokine signalling and immune regulation[ J]. Nature Reviews Immunology, 2007, 7
(6) : 454-465.

ZHANG Y, ZHAO J M, ZHANG H, et al. The involvement of suppressors of cytokine signaling 2 (SOCS2) in immune defense responses of Chi-
nese mitten crab Eriocheir sinensis J]. Developmental & Comparative Immunology, 2010, 34(1) . 42-48.

SCHMIDT D, MULLER S. Members of the PIAS family act as SUMO ligases for c-Jun and p53 and repress p53 activity[ J]. Proceedings of the
National Academy of Sciences of the United States of America, 2002, 99(5) . 2 872-2 877.

LIU B, LIAO J, RAO X, et al. Inhibition of Statl-mediated gene activation by PIAS1[ J]. Proceedings of the National Academy of Sciences of the
United States of America, 1998, 95(18) : 10 626-10 631.

TOLKUNOVA E, MALASHICHEVA A, PARFENOV V N, et al. PIAS proteins as repressors of Oct4 function[ J]. Journal of Molecular Biology,
2007, 374(5) : 1 200-1 212.

SHUAI K, LIU B. Regulation of gene-activation pathways by PIAS proteins in the immune system[ J]. Nature Reviews Immunology, 2005, 5
(8): 593-605.

KISSELEVA T, BHATTACHARYA S, BRAUNSTEIN J, et al. Signaling through the JAK/STAT pathway, recent advances and future challenges
[J]. Gene, 2002, 285(1/2): 1-24.

CHUNG C D, LIAO J Y, LIU B, et al. Specific inhibition of Stat3 signal transduction by PIAS3[ J]. Science, 1997, 278(5 344) . 1 803-1 805.
ARAVIND L, KOONIN E V. SAP-a putative DNA-binding motif involved in chromosomal organization[ J]. Trends in Biochemical Sciences,
2000, 25(3) . 112-114.

DUVAL D, DUVAL G, KEDINGER C, et al. The ‘ PINIT’ motif, of a newly identified conserved domain of the PIAS protein family, is essential
for nuclear retention of PIAS3L[ J]. FEBS Letters, 2003, 554(1/2): 111-118.

KOTAJA N, KARVONEN U, JANNE O A, et al. PIAS proteins modulate transcription factors by functioning as SUMO-1 ligases[ J]. Molecular
and Cellular Biology, 2002, 22(14) . 5 222-5 234.

MINTY A, DUMONT X, KAGHAD M, et al. Covalent modification of p73alpha by SUMO-1. Two-hybrid screening with p73 identifies novel SU-
MO-1-interacting proteins and a SUMO-1 interaction motif[ J]. The Journal of Biological Chemistry, 2000, 275(46) : 36 316-36 323.

PERRY S J, LEFKOWITZ R J. Arresting developments in heptahelical receptor signaling and regulation[ J]. Trends in Cell Biology, 2002, 12
(3): 130-138.

MARULLO S, COUREUIL M. Arrestins in host-pathogen interactions[ J]. Handbook of Experimental Pharmacology, 2014, 219 361-374.

MO W, ZHANG L, YANG G H, et al. Nuclear B-arrestinl functions as a scaffold for the dephosphorylation of STAT1 and moderates the antiviral
activity of IFN-y[ J]. Molecular Cell, 2008, 31(5) : 695-707.

WANG Y M, NING H X, REN F L, et al. GAX/UBLA4A specifically stabilizes the TC45/STAT3 association and promotes dephosphorylation of
STAT3 to repress tumorigenesis| J]. Molecular Cell, 2014, 53(5) ; 752-765.



4 14 RS2, A I FE W) JAK/STAT {5538 BEAE e N2 T 8 D BE-5 I AL - 749 -

Advance in the function and regulation mechanism of JAK/STAT
signaling pathway in the study of crustacean immune response

ZHAO Furong"?, WANG Wei'?, ZHANG Yange', ZHENG Qin"*, CHEN Jianming'*"
(1. Fujian Key Laboratory on Conservation and Sustainable Utilization of Marine Biodiversity,
College of Geography and Oceanography, Minjiang University, Fuzhou 350108, China;

2. Fuzhou Institute of Oceanography, Fuzhou 350108, China)

Abstract: Innate immunity is not only the first defensive line against pathogen infection, but also the premise and
basis of activating acquired immunity, which plays an important role in the spread of pathogens and the develop-
ment of diseases. The vertebrates can fight off pathogens through innate and adaptive immunity ; however the inver-
tebrates can only fight off pathogens through innate immunity. The JAK/STAT signaling pathway is one of the major
pathways regulating the immune response of invertebrates. In this paper, the research status of JAK/STAT signaling
pathway in cultured crustaceans of the structure, the expression and functions from the cytokine receptor ( Dome) ,
JAK tyrosine kinase ( JAK) , signal transduction and activator of transcription ( STAT), and regulatory factors in
the host are reviewed. At present, elements of this pathway have been reported in nearly ten species of crustaceans
such as shrimp, crayfish, and crab, and each element has a conserved typical domain. Similar elements have dif-
ferent structures in different types of crustaceans, but their functions are basically similar. These elements have
been confirmed to affect disease resistance by regulating signal transduction in the JAK/STAT pathway. At present,
only all components of the JAK/STAT signaling pathway have been identified in Litopenaeus vannamei. It is still
necessary to identify the remaining components in other crustaceans, and the impact of the JAK/STAT signaling
pathway on other signaling pathways in crustaceans still needs further research.lt is hoped that it can provide theo-
retical basis and reference for the study of the regulatory mechanism of JAK/STAT signaling pathway in crustaceans.
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