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ZFEF INK2 BEBIRIES TR RRINEERT

a m EEN EEFW ERAE TaEE KaerR EENY
(P EVEFE R Rl ARG SEMAFTREALINE FE  266003)

mE AHR A F L3 E B2 T 8 (Paralichthys olivaceus) ¥ K 4 348 &, 52| T4 JNK2 #H

(PoJNK2)3 #| | PCR 5 R #EAT ¥ 71 38 3F . PoJNK2 Wy FF 3 B AE K & % 1263 bp, 4% 420 A4 5
B ; #if SMART Hi 4 # 4t PoJNK2 & 3 AT M, %77 PoJNK2 E A7 # Al ) 22 7 B — 7 & %
F O EmENENE S TKe. I qRT-PCR 447 PoJNK2 7 F 8 KT Bl A gk sk K, &
PEAEFEGT AR T HRL, Bk, 5N PoJNK2 75 F 88 % 9% b A 07 8 7T 8 K BEH . &
R T R WIR & E 4B & K W (Edwardsiella tarda) 12 3¢ 52 30 70 4K 40 5, & R B 28 0 52 30 LR R
PoJNK2 # X8 R R H R . ERE ZEECRERNES T REE, PoJNK2 R, %
B g LR R E R Rk FE B, #AREZEEKE . Poly LLC 1 i i 3 5t A F-o (TNF-a)
R T B R )5, K PoJNK2 72 F Bl Bl ok 3k Bl MRz 4h, 3t am e 4% 4 L 30 78 T 47
B2 40 i % P itk 3k PoJNK2, & 33 Xt T Uig ke 48 i B F 9 & 3k ROHE 2% A Activator protein-1 (AP-1)

Wi REEE AR EW ERER, #t—F MW T PoJNK2 7 4 F 6 %% fL& 7 E 1A .

ES a0

hESZEE Q75 XHEHRIRFE A

R Ol BRI MESI Y, TEAE Y AL s rh B AT
T EE AL, SIS YR, ARWAA
LA E | HEUMZ Fh e AL, ok 262 £ 28
AT G RE 07 5 T 114 T 928 St (Litman et al, 2005).
e RAPE FR G f i DUAR R S 1 9 07 AR 4 18 £ 4
32 HAbAT DU G 1) S e AL, S To A sh ) AR S5
A S ) G 5 B A ) R o R 4 ST TR G A P £ 4
DL — fo3d T 1 J7 238 590 9 T A O A8 A e N &
(Marchalonis et al, 1998),

c-Jun N-R ¥ f(c-Jun N-terminal kinase, JNK)
S 22 S T AL B IO (MAPK) B8 52 0% 1) 3 2 0
(Sluss, 1996). fett K HUIFLEE B FL3h ) JNK S

T8 UNK2; REZELRE,; EREE
XEHS  2095-9869(2020)04-0012-11

KALHE 3 Fh, A58 A E N JNKT \JNK2 Fil JNK3
(.53 AR Ay 1o S TG B 1 B SAPK-y. SAPK-a Fll
SAPK-PB) (Dérijard et al, 1994), JNKI1 F1 JNK2 KA )™
Rk, HILZ T, JNK3 BN B ABE AR AR,
F= 2R BR T K L O FI 2 L (Gupta er al, 1996). INK
MG TE TNF {55380 8% b iy g SR 58 X 5 32 (441
KB I(TRAF2)IE , 78 IL-1 347% )5 TRAF6 i —
G (Lomaga et al, 1999), ZJ5, INK Xifiid 2%
JRG b 2R T O R 4 (MKK4)(t KA SEK1) Fll
MKK?7 7E Thr #1 Tyr bR AL T #4E . MAPKK 1E
JEE T XT Thr 1 Tyr [ T 3 & A= B R Ak 507 K B40T%
INK, 225 PR TRE | 1% 2 198 0l 1 1 AR O0U o e S P ol
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s 6 INK2 3R 33500 Bt B S BE I REIR ST 13

PR il 76 A 7 INK & AR 25 B R AL 2K 3 B 0h 1 m] 2
(Keyse, 2000), JNK i i1 56 K S b ih B R4k
PRSP PE, (ESRMRAN M b, INK 38 B LENS 28 (LPS)IE
FH R B3840 (Sluss, 1996). fEMFLEIYF, LPS ik
JERIE - (TNF) . FI4IEA 2 (IL)-1 55 R P4 A
Tl s FU5 s 2 Fh A M2 B Y JNK(Chang et al,
2001), fEMEFAEANE, JNK2 W= SECZ R4
FE D, AFED TP R AFN)FI IL-6(Chu e al,
1999).

Rl RS2 — o BIE 9 R 00 0 9 R AR B 92 T 2
I BE (1 BL 47 455 0 (Whyte, 2007). 2F #F (Paralichthys
olivaceus)&—Fh 44 St g = fa2s , LR e DL, B
FE, aFMER, EREREAEKEFEROEZ —,
M+ W E@EFETE, 2018). T A 6 1) 55 K B
TR, o] LASS Bh B A4 il f 2, PR FR 2950
M B B AT R 2k . R 5% % fE AR QTR (Edwardsiella
tarda)&—FE WM NBOR N, S51RE BRI ZE
AL GBI S 2P - (Abayneh ef al, 2013), IRZE %
A TR 3 o A Y W R 4 B e 1T, ) A o A0 R P
A7 R DOl 4 32 B Ge  (Rao et al, 2001), B
S RAEMI I, A 2R R E, 2w
JEFIIE B LA R L PR S5 P o 0k 4 TR RSkt
T 0 BFAEBL . M AE i AR P TR 2 A O 5 80
T-(Rao et al, 2001), Ko A H0 2 32 3R 5% % flAe
[IRE s , ffhaisn . BHEfm | S0 F A 6 (Pserta
maxima)%#(Castro et al, 2010; Ling et al, 2000), AWF
FEN A B s ARG T SR A S IE R UNK 2, I X
AT T 508 o RARPN FVARSS 2 B 51X PoJNK2 H
D] 11 2% 38 A5 X LA B X6 Ui 48 i 440 A PR R e SR IR 1
AP-1 WA TEREAT THRSE . ARBRSE AT A a2 b
BRI S, FEHER T PoJNK2 112
RAEH, AT NP IR TT MR S A PSSR .

1 #REFE
1.1 ##

111 F8 fEARSIET, FrH AR A 1L AR
WK A R A . BEPLEER 3 ScMfEfafn 3 ZMfifa
(1.5 4548, KK 320~420 mm, AT 500~700 g), 4)E
FRIKIh M AR PG EA TR, AR IGOE L PR

M. Sk M. B LA A 8 NMEZ, WAL
JEARAT T —-80°CVKAR
1.1.2  Tépéamie 2 (FG9307) 3k H  EWEIEK#

Y TR R ARSI ARG . %40 H DMEM/F12 K
FIE[EEAIMA 10% (vv) FBSURZEIMIE) . 1% (vW)

NEAA il 100 U/ml §HR), 24 CHF%,

113 REZEERHA LR ITHIRSE ZEECH
PRIk R A ST 00 28 (A TR R o Tl P R 32 T Ak Ja 2
Fi T LB WA g, 28°CiG1bHE5% 12 he H1LS,
PRI R TE R T LB Wik g2 I rh, 28 CHE S8
7% 12 ho JH PBS 28 thifi Fis B L2 H B R 107 CFU/ml,
114 THREZZBERALEFERRLHEMEARE
8 RNA I SR AR FAGE, HIASLE
BREA TR VE WA S50 = B R 298 C(H FHT5E, 2018),
FEUC RNA J5, i Rt il on) &0 B e S s ik 3 o
100 ng/pl cDNA i, PRAFT—80°C, FF{fiJTIHT#i e
% 10 ng/pl,

12 Fix

121 PoJNK2 3R 55| 5#7 ARG 4350 38 3L 53
BT X IR 5 R 7 51 . BMESY) JNK LR g
il G FE 1R 5 91 R R G AL X PoJNK2 3E D 047 51 43
Mro DNAman F2J¥ FH F 40 Hr & LR S5 % FR 7 51 FL X,
MEGALIGN #l DNAstar £ /5 F T4 ¥ HEsh ¥ JNK
LRI S5 R BURSEPE, ClustalW A1 MEGA 6 F25 T
AT R G AL L M R P R B A B HESh ) JNK
FEHFHSTERE 1,

F1 TR INK2EERS
Tab.1 JNK2 sequences used in this study

A RT % P

Common name Latin name Accession No.
PEEfft Zebrafish Danio rerio XP_001919688.1
A Human Homo sapiens ~ CAG38817.1
/B Mouse Mus musculus EDL33735.1
X% Chicken Gallus gallus NP_990426.1
F Medaka Oryzias latipes  XP_004073527.1
VI fifi £y Lates calcarifer  XP_018555083.1
Barramundi perch
KEEL Scophthalmus AWP12168.1
Turbot maximus
Ve iaiil Epinephelus ALKS82291.1

Orange-spotted grouper ~ Coioides

A6t Amberjack
PUQERA ]

Bicolor damselfish

Seriola dumerili XP_022607271.1
Stegastes partitus XP_008275934.1

1.2.2  3k4% PoJNK2 AR eh4s K Fx 78 NCBI 585
JE A R B B e B INK2 PR, TS
L T ) A 32 DR A VR Sy 2R i P p b 7 Lo, A
PoJNK2 FEHY) cDNA J¥FI, AR¥E HLXF &5 R B 11
PoJNK2 3R 0 3 9 B e S 51 ¥ PoJNK2-FW1/
RVI, TEWLEE 2, FIH PCR HARERELHIE,
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Tab.2 The primers used in this study

5|4 Primers J¥%1 Sequence (5'~3") BKEE T,(0) % Usage
PoJNK2-qFw ACATCTCGTCCATGTCCA 60 qRT-PCR
PoJNK2-qRv AAGGAAGGTGATGACTGATTG 60 qRT-PCR
PoJNK2-Fw1 TGGTGGTCCCGAGTGTT 54 Degenerate PCR
PoJNK2-Rvl AAATCCACCGCCTCCTC 55 Degenerate PCR
PoJNK2-Fw2 CCGCTCGAGATGAGTGAGGCAGAGGGC 55 Plasmid construction
PoJNK2-Rv2 CGCGGATCCCACTGACTCTCGTCCAGCG 56 Plasmid construction
PoJNK2-Fw3 CCCAAGCTTGGATGAGTGAGGCAGAGG 52 Plasmid construction
PoJNK2-Rv3 CGCGGATCCTCACTGACTCTCGTCCAGC 53 Plasmid construction
IL-6-Fw CTCCGCAATGGGAAGGTG 62 qRT-PCR

IL-6-Rv GATGGATGGGTGGAATAA 62 qRT-PCR

IL-8-Fw TACCACTGACGGGTCAAAGT 62 qRT-PCR

IL-8-Rv TACTTTTGACTGGGGGTTCA 62 qRT-PCR
TNF-a-Fw GTCCTGGCGTTTTCTTGGTA 60 qRT-PCR

TNF-a-Rv CTTGGCTCTGCTGCTGATTT 60 qRT-PCR
p-actin-Fw GGTATCCTGACCCTGAAGTA 60 qRT-PCR
B-actin-Rv CTTCTCCCTGTTGGCTTTAG 60 qRT-PCR

M13-Fw CGCCAGGGTTTTCCCAGTCACGAC 55 # 7% PCR

MI13-Rv GAGCGGATAACAATTTCACACAGG 55 7% PCR

TE: NRIZI 5 R 5751

Note: Restriction enzyme sites are underlined

1.2.3 PoJNK2 AR eGeaikiinbr  MMIEERTIY
BEHEN], #31 PoJNK2 ) qQRT-PCR 5|4 PoJNK2-
qFw/qRv . BEEFGE f-actin FEPME NS HRLR, Wit
gqRT-PCR (SYBR gPCR SuperMix, Novoprotein, )43
WA A a8 8 (A R ZH 2L PoNK2 FE R 0 33k 16 Ol o
qRT-PCR BT B A48} 1.1.1 1 cDNA #54 .

1.2.4 RZZEHLKE | poly I:.C, TNF-o #]3 F $p824m
e & B A RKORES B Y 2 6 08 20 it 2R A% AR 3 il
212 fLb, AR BN 55N 80% D I AL
JIMA Polyinosinic: polycytidylic acid (Poly I:C, Sigma) .
TNF-o(BHITAE YA 5] FR 2 B B4R [T, 2k
43 5°M 50 pg/ml, 20 ng/ml 1 5x10° CFU/ml., X BE4H
S3 I AKH RV B2 /) PBS.

Ay ANZERNE 0L 3. 6. 9 Il 12 h AFUSCAR 40 ke b
GREE Z 8L G, BUlil#)s 0. 3. 9. 12 h
A REAE L), 7T Trizol HfFH .

1.2.5 PoJNK2 it gk HaAaMmE  NEHRA KR
FF INK2 IR DIRE, #HE T PoJNK2 1 2 FiANTH]
FRHAE, S HILL p-EGFP-N1 1 p-cDNA3.1-A N#k
A, i, DL p-EGFP-N1 # AR ig gt 10 32 6 4k
WER G, FE PoJNK2 1) ORF Wiy, Hl ATG
AL FT TAG AR B4 PoJNK2-Fw2/Rv2 3T XholFll

BamHIFFYING 5 o 1813 WEFII 53] PoJNK2 ) ORF
Tl B, %3 F] p-EGFP-NI1 ki, 53] p-JNK2-
EGFP Sk, MMM, £ PoJNK2 FH
) ORF Wi F FH5 4 PoJNK2-Fw3/Rv3 %1t HindIll
M BamHIEFVIN 5, 5 p-cDNA3.1 FkiiE#E, 153
p-cDNA3.1-JNK2 41 Fi ki .

1.2.6 PoJNK2 AR Tépsmmiez vagd ik
A RORAS R T PSR R AR E] 12 FLAR, KR
EYNM RS R 80% L . il A
Lipofectamine™ 2000 (US Everbright, Inc., #5347
p-JNK2-EGFP ki 4y, [AAH 4 p-EGFP-N1 Jithi
YER X R 559 p-cDNA3.1-JNK2 JFoks, W BEZH {fi 1]
p-cDNA3.1-A JFifr, HAGERIEL 45, $54 48 h
VUG, # p-JNK2-EGFP 4121l ] DAPI Yo )5 7634
TR AR AT N LSRR . p-cDNA3.1-JNK2 4140
MIAERE YL 24 h )5, 8 20 ng/ml TNF-o #4701, 24 h
Je BRI AL B RNA 5 H o

127 AT w5 B Y p-cDNA3.1-
JNK2 J5Tki 48 h )5 1 2F BEAR A, H 20 ng/ml ) TNF-a
PEATHG, XFARZHAH PBS kb, ZEfili 24 h LIS, UK
LML S, $2H RNA, A qRT-PCR i FJi7 IL-6
IL-8 il TNF-o [k 28 fb 1
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1.2.8 MKAREEE N T PoJNK2 FEHE
FIRABAEXT MAPK {553 #% T Ui AP-1 [ s i 4
L T RO R R SE8, Rl INK2 B TE
HEK-293T #iffirfhid A 5% AP-1 s A+ 3Rk
$2MA . {di ] Lipofectamine™ 2000 ¥ p-cDNA3.1-JNK2
kLR Y 3 HEK-293T iy, [RlA5% 4% p-AP-1-luc
PR MRS PRI G = KAEWA T, 3 E M R
A BT AL, B XS R 41 RI7E HEK-293T 4 i+
HUEG YL p-AP-1-luc ZEGZE FRR S TORL, 28 2Rk 41 1)
YL 23 3 TR p-cDNA3.1 Fll p-AP-1-luc 2¢)% K Bk
R, AR AT R RS RA LR ECR, %R
p-AP-1-luc ZE 6 R 5 TOkL . I B 56 R W i 5 o
KL(pRL-TK)=50 : 1 Y ELB, 578 5 AL 2t 4
pRL-TK, %3¢ 24 h J5 S4TSR 16 A

129 HFEHH AR REEEE RS, 1
FIFH SPSS 20.0 ¥4, ffi F 5K % J7 22 (One-way
ANOVA) TR IGHEAT R . BT £t DAV S5 ehr
B (Mean+SE)(n=3)F/~, A2 B2 5 HEH*3R

1

/%(*P<0.05; **P<0.01),
2 #R

2.1 PoINK2 EEBF 545

G R ARSI = 1) P 4L, 5 NCBI
B B PN T LXT, 3RA8 T PoJNK2 3R P51,
PoJNK2 ORF J¥5I: 1263 bp, Zifis 420 5 FEMR

HRGE INK2 TERHESN I AL R, AR5
FIH MEGA 6 ## 1 i AN [FI A HESh P 1) JNK2 FE [H 40
B RGeS (B 2), 815 KEE6Y(Scophthalmus
maximus)FESES K Z b BN . W AR LR 45 4
FMAAE SMART Xf JNK2 BE[R B 25 It A 1, 4%
IR, INK2 Fk LE AT ORI 22 51 R — 95 2 e B 11
AL 25 F9 50 S_TKe, FIFH GENEDOC Al 45 # %t A
BF INK2 W) 258 T 51 5 HA RS - £0 SR S 7 41 kA T
FEXE (K 3), SS9 E/R, PoJNK2 By S TKc 45#
I 5 AR RE Bt Y S TKe 45 305 B IR AT

271 gacagtgectggtggtcocgagtgttoggcaggAICAGIGAGLLAGAGGLULAG L T TIACAGLG TTUAGGL 1GLGLLAC LCCACCT ICALLE
N S E A ECGQ FYSYVYQVG6D S TFT

N]

450

361
20

991
230

1081
260

1171
290

1261
320

1351
350

1441
380

1531
410

370 380 390 400 410 420 430 440
TACTCAAGCGCTACCAGCAGCTCCGTGCAATCGCCTCTGGGECCCAGGGCATCG TCIGCTCTGCTCTGGACACAGTCCTIGGTATACCTG
v L KRYQ¢LRAICGSGAQGIVCS ALDTVLGIP

160 470 480 490 500 510 520 530 540
TAGCTG TGAAARAGCTG TC TCGACCCT TCCAGAACCAGACCTATGCTAAGCGGGCCTACAGGGAGTTGG TGCTGCTCALATG TG TCAACT
¥V A VEKKLCRPTFQUNQTHAIEKTRAYRETLTVLILTETCTVYHN

550 560 570 580 590 600 610 620 630
ACAAMAATATCATCCGTCIGATCAATG TG TTCACGCCACAGAAG TCCCTIGGACGAATTCCAGGATCTG TATCTGGTGATGGAGC TGATGG
HEY¥HNIYIT RL I NVFTUPOQEK ST LEETFOQeDLTYTLVHNETLHM.

6540 650 660 670 680 690 700 710 720
ATGCCAGCCTATGCCAGG IGATCCACATGGACCTGGACCATGAGAGGATGTCCTACCTGCTCTACCAGCATCCTCTG TGGCATCAGACACT
DA SLCQVIHNDLDHETRNKSTYLLTYQTITLTC I R H

730 720 750 760 710 780 790 800 810
TACACTCTGCTGGTATTATCCATAGGEATCTGAAGCCCAGCAACATTGTGG TG AAGTCAGAT TCCACTCTGAAGATCTIGGACTTTEGCC
LEHESAGITIHRDLEPSUNTITYVWVKSDCTLIE KTITLTDTFG

820 830 840 850 860 870 880 890 900
TGGCACGGACGGCTTIGCACTAACTTCATGATGACCCCCTATG TGGTGACCAGATACTACCG TGCCCCAGAG TCATTCTAGGCATGAAGT
L ARTACTNTFNXNXNTPYVVYTRYTYRAPETVTVITILSGMNHEK

910 920 930 940 950 960 970 980 990
ATALGGAGAATGTGGACATCTGGTCAGTCGGGTCTATCATGGGAGAAATGG TAAAGGGCAGCG TGATCTTCCAGGGCACTGACCACATCG
Y ¥EF ENYDIWSVG6eECIMNMGEGENYVYIKGS VIFQGTTDHTI

1000 1010 1020 1030 1040 1050 1060 1070 :080
ACCAGTGCAATAAGGTGATAGACG TTCTGGGCACACCCAGTCTGGAG TTTATCAACCG TCIGATGGACACTG TGASGAACTATGTGATGA
D Q WNIEKV¥IEVYLSGTPSLETFMNRILM®NMETY VZRDNTYVHN

1090 1100 1110 1120 1130 1140 1150 1160 1170
ACAAGCCACAGTATCCTGGCG TCAGCTTTGCTGAGCTTTTCCCCGACTGGGCCTTTCCTTC TGACTCAGAGCACGACAAGCTGAAGACAG
N KPQYP GV SF A ELVFPDWAFUPSDSEHTIDIEKTLTE KT

1180 1190 1200 1210 1220 1230 1240 1250 1260
GTCAAGCACGGGACCTGTTG TCCAAAATGCTGG TTATTGATCCCGAG TCCCGCATCTCCGTAGAAGAAGCTCTGAACCACCCCTACATTC
G Q ARDLLSKML¥IDPET SR RKTIZSVETEA AWLU NHPTYTI

1270 1280 1290 1300 1310 1320 1330 1340 3560
ACGTGTGCTACGACCCTGGAGALGC TG ACGCGCCTCCACCCCAGAT TTCAGATAAGCAGCIGG AAGACCGAGAGCACACCATTGAGCAGT
HY ¥YDPGEADAPPPQTISDI KOAaQ@LEETRET HTTIER®@

1360 1370 1380 1390 1400 1410 1420 1430 -440
GGAAAGAACTAATTTATGAAGACG TGATCGACTGGGAAG AGAGGAACAAGAACGG TCTAATGAAAG AAGAT TGCTCTGATG TGGTGTCAG
W K ELIYEEUVTIDWWEZEIRUNI KU NGTLDMIE KET DTCSDUVVS

50 1460 1470 1480 1490 1500 1510

14 1520 1530
GCTOCGCCTCCCAG TCCTCCTCAGCCAACGACATCTCC TCCATG TCCACGGACCACACCTIGGCCTCGGACACAGACAGCAGCAGCATCG
5 S A5 Q@ S 5 S ANDISS®RSTEHTTLASDTDS S S I

1540 1550 1560 1570 1580 1590 1600 1610 1620
gCA%ACEGA%GGgACgGCEGG%CG!ELGAg TCS.G TGAtcacagtccattggoaacatctgtotgectgtotgeetgortcagtocceccacet
*

Bl 1 PoJNK2 [N A% R 7515 2 2L R PP 510 iz ]
Fig.1 The nucleotide and deduced amino acid sequences of PoJNK2
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A Paralichthys olivaceus

Scophthalmus maximus
Seriola dumerili
Stegastes partitus

Lates calcarifer
99

0.02

Epinephelus coioides

Oryzias latipes

Danio rerio

Mus musculus

100 _,;7 Gallus gallus
63L_ Homo sapiens

K2 JNK2 iR GEAen r
Fig.2 The phylogenetic analysis diagram of JNK2

NeSNVUSGSAS

S-TK¢

K3 PoINK2 5H Al A1 INK £ 1 #) MUSCLE i) 5 /741 lE %)
Fig.3 Multiple sequence alignment of PoJNK2 with MUSCLE of other known JNK proteins

PR X IR R B E IR RS P R PR A0 70% . S_TKe 4R AE 107 i K (4%
The black region indicates that the homology of each amino acid locus is at least the 70%.
S_TKec domain is indicated as gray bars above the alignment

2.2 PoINK2 EREHHEARIEDH

i3 qRT-PCR 7 HT A 6F PoJNK2 HHAEA A 2
ZUh P RIAE (B 4), FEFELONE . FNE. BE. Sk
MG, B8 LY. B 8 MLV Rk, Ho,
PoJNK2 TESSh Rk ey, TERG R T Rk WA

23 REZTELREFREREFER PoINK2 EEL
ERRIEN

FER 2% Z AT AR QB AR Y A 6F A0 ), 43 B EL T AN
[i) s ] ) 3 T 2EL AN X B ZH A A L S L M 3
41, ¥RIY PoJNK2 5 iR 5% FZ A8 IR AT i 3Rk
A, gRT-PCR ZR /R, 7M. K&, 8 3 A4

Al R ZEAE L BRI T PoJNK2 A [F]
FEEE M AEL(E 5),

0T PoJNK2 WIZRiE7EA: TENRREH (& 5A), iR
2 AR [ R , PoJNK2 FIZEIRBEA KRR ZRL,
HEHE 48 h i, S2ER4 PoJNK2 HyFikE: FTHEXT
HRALRY 1.8 fifo 7EL'F (&l 5B), ME IR ZfEE G
TSR RN AE K, PoJNK2 B2 15580 ST R R A
ks, 16 12 h BPSCR g ki BT B0 R4
2245, BEIGITIA TR, 5 48 h IFFE X IRAAY 1.3 £,
FEBEF (] 5C), PoJNK2 HYFeAHAHIE e TH i PR
T, #E 3 h BPSCIRgl SRR R IR 1.7 f5, #E
24 h B RFEZ 0.6 %, 1fiJG XAE 48 h B L F+H2 1.4 %,
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PoJNK2BIFN AR
Relative expression of PoJNK2

lay © = N W A Ui N 3 o0

& & & & &S
Vv LS W
& Qﬁ \%«9 & @ z@‘
N\
El 4 PoJNK2 F:[HTE L&A 21 b il 26 ki X

Fig.4 Expression of PoJNK2 genes in different
tissues of Japanese flounder

B-actin F£FJE 2 W HT RO NS XTIR,
RZEL M HEARERR (n=3)
f-actin gene expression was used as internal control,
vertical bars represent the Mean+SE (n=3)

0
y

<

24 HERBFHEBMMEARE PoINK2 EEMERE
B

HAEGE PoJNK2 FEHT i R I YL 5 T & #4122
YERT, 433 1.2.4 FALBRASEI ) cDNA i, 8
id qRT-PCR /3t PoJNK2 Wik 7AEML ., Z554E 6
iR, RLEZMEECHE . poly 1:C, TNF-a Hl#HHE
ffi PoJNK2 () 335 LR . WS PoJNK2 TEA[RIE (]
WMNRIBRNARM: 7 PBS HI A X R4
(K 6A), PoJNK2 [FRIKFHEABA B, TE Poly I:.C
(K] 6B), PoJNK2 7ERIBLRT 12 h BLRKH A
WAk, #| 24 h B, REFRATEE 0 h 1Y
2.2 fi. £ TNF-a FIFET(E 6C), PoJNK2 335 &
16 12 h TR, 3 24 h i, FHE 2 0 h 19 2.6 1%,
IR 2% AL [C ML (B 4D), PoJNK2 () 3k 2T
Fhir, F] 24 h BfRKXEIRF] 0 h (1 3.4 1%,

2.5 PoJNK2 AL £0 ke E i

T I O 3R AR T T UL AR AN i B Y P-JNK2-
EGFP B4 Fki 5 0PIRAS, 450 (& 7), 5HAEHE
ShYEE AL, PoINK2 1E40M SN AN A A Fik .

2.6 PoINK2 EE I RENERE T IL-6, IL-8 1
TNF-o E 4 B FRETIER

ARSLIGIRAWIIE T PoJNK2 FEHEIIR L 17 3 7
HRERAEM, @it qRT-PCR 201 isn, #HLZH
X B2 FE Yl 2 3R TORL p-cDNA3.1 4, i E ik
PoJNK2 VL5 (Kl 8), &8 20 it P 1) JNK2 ()43
I T i s L IR 6.4 5%

fig Spleen *x

PoJNK2ZR I ZEATHL
Fold change in PoJNK2 expression

0 8 12 24 48

3
BREAEAL KB RIBUE BT S
Time post E. tarda challenge/h
301

3k'® Head kidney
25F *k

PoJNK2Z IR AEAAE S
Fold change in PoJNK?2 expression

0 3 8 12 24 48

IR F B BRI I TE]
Time post E. tarda challenge/h

25r C

i Gill

PoJNK2 A AEE
Fold change in PoJNK2 expression

0 3 8 12 24 48
IR R R BRI I Ta]
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Expression Analysis and Functional Characterization of INK2
in Japanese Flounder (Paralichthys olivaceus)

SI Yu, WANG Xuangang, WANG Mengya, WANG Xintong,
YU Haiyang, ZHANG Quanqi, WANG Zhigang"

(Key Laboratory of Marine Genetics and Breeding, Ministry of Education, College of Marine Life Sciences,
Ocean University of China, Qingdao 266003)

Abstract The immune system of teleost, similar to mammals, is divided into two subsystems:
Innate immune system and acquired immune system. Acting as the first line of defense against
invading pathogens and pathogenicity factors, the innate immune system can be activated by the
pattern recognition receptor (PRRs) which can recognize the pathogen-associated molecular pattern
(PAMPs) and activate the downstream inflammatory response accordingly. MAPK(mitogen-activated
protein kinase) signaling pathway is an important signal transduction system in eukaryote cells, which
can mediate extracellular signaling into the cell and participate in various cellular processes such as
cell proliferation, apoptosis, and immune response. JNK (c-Jun N-terminal kinase) signal pathway is
an important branch of MAPK signal pathway. JNK have been extensively studied in mammals, but
not adequately in the teleost. In this research, we designed experiments to study the role of JNK2
genes in the antimicrobial reaction of Japanese flounder and their effects on the downstream of the
pathway in order to provide a theoretical basis for the study of JNK signaling pathway in fish.

In this study, the JNK2 gene sequences of Japanese flounder were obtained from the transcription
database of flounder and named after PoJNK2. The PoJNK2 ORF region encodes is 1263 bp and
encodes 420 amino acids. The domains of PoJNK2 genes were predicted by SMART server. The
results showed that the JNK2 gene had a typical serine-threonine protein kinase domain S_TKc. The
expression levels of PoJNK2 genes in different tissues of flounder were analyzed by the qRT-PCR
technique. It was found that PoJNK2 were widely expressed in the immune tissue of Japanese
flounder. Therefore, it was preliminarily speculated that PoJNK2 played a major role in the immune
response of Japanese flounder. We designed an infection experiment of Edwardsiella tarda in vivo
and immune stimulatory cell experiments in vitro to investigate the role of PoJNK2 in the immune
response of Japanese flounder. The expression of PoJNK2 was up-regulated in the spleen, kidney,
and gill of Japanese flounder after injecting E. tarda in vivo. At the same time, the gill cells of
flounder (FG) were stimulated by E. tarda, Poly 1:C and TNF-a. The expression of PoJNK2 was
up-regulated at different time points. In addition, we overexpressed PoJNK2 in FG by cell
transfection and it was found that PoJNK2 had significant regulatory effects on the regulation of
downstream pro-inflammatory cytokines and transcription factor AP-1. The role of PoJNK2 in
regulating the immune response of Japanese flounder was further clarified.

Key words Japanese flounder; JNK?2; Edwardsiella tarda; Innate immunity
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