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1
c-Jun (c-Jun N-terminal kinase, JNK)
(stress-activated protein 11
kinase, SAPK), . | 3
(mitogen-activated protein kinase, MAPK) ’
, INK ’
G , ’
JNK1
25 5
( , 2010) 3
PC-12 JNK ’ ’
(Xie et al, 1995); 16 9 3
NF-xB JNK ’ ’
( Oh) ;
(Nakano et al, 2006); TNF-a
24h 96h,
NF-kB ,
2 1
INK RNA JNK1 1
(Benedetti ef al, 2013) , INK ’
1.2 'NK1 DNA
(Weston et al, 2007), INK / ¢
GenBank JNK1
INK. ’ , CodeHop (http://blocks.
fthere.org/blocks/codehop.html JNK1
(Ferrandi et al, 2004; Uehara et al, 2005) 3 cre.org/blocks/codehop.html)
INK INKI cDNA JNKI(+)\ JNKI(-)(
INK2 1) Trizol ( ( ) )
JNK3 (Chang et RNA, cDNA
al, 2001; Johnson et al, 2002; Santen et al, 2002) - JNKICHVNKIC) JNKI
INK] , S0uL : 5U/uL Ex Taq
. Xiao  (2013) INK] (TaKaRa )0.25uL, 10xEx Tag Buffer (Mg*" Plus)
(Danio rerio) JNK SulL  dNTP Mixture ( 2.5mmol/L) 4uL,
SP600125 0.5uL, cDNA 1uL, ddH,O 38.75uL; PCR
) (Monopterus albus) : 94°C 5min, (94°C 30s, 52°C 30s,
JNKI 72°C  30s) x 30 ,72°C 10min PCR
(Xiao et al, 2010); 1.5% <
Extraction Kit (OMEGA )
pMD-19T , ,
JNK1 (Aegerter et al, ( )
2005) JNKI :
SMARTer™ RACE c¢DNA Amplification Kit
, (Clontech ) 3'RACE 5'RACE
JNK1 cDNA , , (D
3'-CDS Primer A 5'-CDS Primer
’ A RNA
, 3'RACE  5'RACE cDNA; (2) 5'RACE
( 3'RACE) 50uL :2.5uL
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5'-RACE-Ready cDNA ( 3'-RACE- Ready ( 1), ;
cDNA) 5uL 10x  UPM IpL 10pmol/L (94°C 30s, 68°C 30s, 72°C 3min)x25
Pa.-JNKI- GSP1 (  Pa.-JNKI-GSP2 ) SuL PCR 1.5%
10x  Advantage 2 PCR Buffer 1pL dNTP Mix 1puL , pMD-19T s
50x% Advantage 2 Polymerase Mix 34.5uL ,
PCR-Grade Water, Pa.-JNKI-GSP1 DNAStar Lasergene7 s
Pa.-JNKI1-GSP2 JNK1 JNK1 cDNA
x1 5IMER
Tab.1 Information of the primers
(5'=3)
JNK 1 JNKI(+) CGAGACTGGTGCTGATGAARTGYGT
JNKI(-) TGCTCGATCACCTTGTTCCATGRTC
5'RACE Pa.-JNKI-GSP1 GCTTGGTAGCCCATACCGAGGATG
3'RACE Pa.-JNKI1-GSP2 GCTGATGGATGCCAACTTGTGCC
q-P.a.-JNK1-F CTATAGCCTGGATGTCGGAG
q-Pa.-JNKI-R TGGGTTTGGTTCTGGAAAGG
p-actin(+) TCGTGCGTGACATCAAGGAG
B-actin(-) CGCACTTCATGATGCTGTTG
1.3 org) NCBI Conserved domains (http://www.ncbi.nlm.
JNK1 cDNA , ORF nih.gov/Structure/cdd/wrpsb.cgi) Prosite  (http://
Finder (http://www.ncbi.nlm.nih.gov/gorf/orfig.cgi) prosite.expasy.org)
(open reading frame, ORF) ; Bioedit 7.0 JNK1
; SignalP 4.1 GenBank JNK1
Server (http://www.cbs.dtu.dk/ services/SignalP) , MEGAS.0
, PredictProtein (http://www.predictprotein. 2
#2 ZEFIIENMRGHUKEAERAFS
Tab.2 Sequences used for multiple sequence alignment and phylogenetic tree construction
ayu (sweetfish) Plecoglossus altivelis INK1 KC768782
swamp eel Monopterus albus JNK1 EF661977
zebrafish Danio rerio JNK1 AB030900
goldfish Carassius auratus JNK1 EU374209
common carp Cyprinus carpio INK1 IN542470
human Homo sapiens JNK1 L26318
house mouse Mus musculus JNK1 AB005663
chicken Gallus gallus JNK2-al AB000807
human Homo sapiens JNK2 L31951
goldfish Carassius auratus JNK3 FJ183484
Norway rat Rattus norvegicus INK3 DQ377224
house mouse Mus musculus JNK3 AB005665
vase tunicate Ciona intestinalis JNK NM_001078282
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1.4 PCR
RT-PCR JNK1
, f-actin 20pL
: cDNA 1pL, 10pumol/L
q-Pa.-JNKI-F  q-Pa.-JNKI-R  1pL, 2xTaq Master
Mix( )10pL, ddH,O 3puL
:95°C 3min; (95 °C 20s, 56°C
20s, 72°C 20s)x35 ; 72°C 5min,
4°C q-Pa.-JNKI-F q-Pa.-JNKI-R
P-actin-F  f-actin-R 1
PCR 4S Green Plus (
( ) ) 1.5% ,
GenoSens 1880 (
) , JNK1
P-actin ,
JNK1
1.5
19+1°C ,
= / x100%
= / x100%
1.6 JNK1
qRT-PCR

PCR (quantitative real-time
1

PCR, qRT-PCR)

JNK1 , Mastercycler ep
realplex PCR (Eppendorf ) ,
25uL : 2xSYBR"™ Premix Ex Tag (Tli
RNaseH Plus) 12.5uL, 10pmol/L q-Pa.-JNKI-F

q-Pa.-JNKI-R 1pL, cDNA 2uL, ddH,0 8.5puL

: 95°C 30s, (95°C S5s, 56°C
30s)% 40 p-actin s
Ct , 2% (Livak et al, 2001)
JNK1 1
SPSS 19.0 ,
(One-way

ANOVA),  P<0.05

2

2.1 JNKI1 cDNA
JNK1 cDNA
1670bp (GenBank : KC768782), 45bp 5
469bp 3’ 1 1155bp
(ORF), 3’
(AATAAA), 384 ,
44.2kDa 6.61,
N 1 cAMP/cGMP
“KKLS” 1 MAPK

“VKSDC” 1 “TPY”( 1)
GAAGTCCTTCTTGGATGCCCAGAAAGCAGCACTGCAAGATCTCACC ~ 46

47  ATGAACAGGAATAAGAGAGAGAAGGAATACTATAGCCTGGATGTCGGAGACTCGACTTTCACCGTTTTGAAGCGGTACCAGAACCTGCGACCAATCGGT 145
D

1 M NRNZE KU RETZ KTETYYSL

vV eDSTPFTVLKRYQNTLRPTIG 33

146  TCTGGGGCCCAAGGAATCGTTTGCTCAGCGTACGATCACAACCTCGAAAGGAACGTTGCGATTAAGAAACTTTCTCGGCCTTTCCAGAACCAAACCCAC - 244

34 S GAQGIVCS

AT KK'L'S RPF QNQTH 66

A°YDHNTLET RNV
245 GCCAAGCGAGCCTACCGAGAGCTGGTGCTGATGAAATGCGTCAATCACAAAAACATTATCGGTCTCCTAAATGTCTTTACGCCACAGAAAACATTAGAG 343
V N H N F T P Q

67 AKRAYRETLVLMEKTC

I T G6GLLNWV K T L E 99

344 GAGTTTCAAGATGTGTACCTGGTGATGGAGCTGATGGATGCCAACTTGTGCCAGGTGATCCAAATGGAGCTGGACCACGAGAGGCTGTCCTACCTGCTA 442

100 E F

DVyYyLVMETLMMDANTLTC

vIiqQMETLDIHETRTLSYLL 132

Q Q
443 TACCAGATGCTGTGTGGCATCAAGCACCTCCACGCTGCAGGCATCATACACAGGGATCTGAAGCCCAGTAACATTGTTGTGAAATCAGACTGCACTTTG 541
KHLHAAGTITIHR Vv V K S

133 Y Q M L C G I

DL KPS NI DDC T L 165

542 AAGATTCTGGACTTTGGTTTGGCAAGAACCGCCGCCACGGGTCTCCTCATGACACCATACGTGGTCACGCGCTACTACCGCGCTCCCGAGGTCATCCTC 640

166 K I L D F G L ARTAATGLILMEPYVVTRYYZRAPEVITL 198

641 GGTATGGGCTACCAAGCCAACGTGGACATATGGTCAGTGGGCTGTATTCTGGCCGAAATGGTCCGCGGTAGTGTCCTCTTCCCTGGAACGGACCACATT 739
G C I L A L F PG

199 6 M GY Q ANV DIWS YV

EMVRGSV T DHTI 231

740 GACCAGTGGAACAAGGTGATCGAGCAGCTTGGGACACCGTCCCAGGAGTTCCTGATGAAGCTCAACCAGTCTGTCAGGACGTATGTGGAGAACAGGCCA 838

22 DQWNEKVIEQLGTPSQETFILMEKILNQSVRTYVENTRTP 264

839 CGCTACGCCGGTTACAGCTTTGAGAAGCTCTTTCCCGACGTCCTGTTCCCCGCCGACTCAGAGCACAATAAACTAAAAGCGAGCCAGGCACGGGACCTG 937
VL F P A

266 R Y A G Y S FE KL FPD

DSEHNNZEKTLIEKASQARTDTL 297

938 CTGTCCAAGATGCTGGTGATTGATGCATCCAAGCGAATCTCAGTGGACGAGGCTCTGCAGCACCCATACATCAATGTGTGGTACGACCCCACGGAGGTG 1036
D A S K E A NV W YD

208 L S K ML V I R I S VD

L QHPYI P T E V 330

1037 GAGGCGCCTCCTCCCGCGATCACAGACAAGCAGCTGGACGAGAGAGAGCACACAGTGGAAGAGTGGAAAGAATTGATCTACAAGGAGGTGTTGGACTGG 1135

33M EAPPPATITTDI KA QLTDER

L I YKEVLTDW 363

EHTVEETWKE
1136 GAGGAGCGGACGAAGAACGGAGTGATCAGAGGACAGCCAGCCTCTTTAGCACAGGTGCAGCAGTGATTGACGGCTCCCCTCAGCCCGCCTCCTCCTCCT 1234
I R G Q V. Q Q

364 E E R T K N G V

Q P A S L A

* 384

1235 CCTCAGCCAATGATGTGTCCTCTATGTCCACTGACCCCAGTGACCCCTGCAGTGACCCCAACATGATCTCGGACACGGACAGCAGTCTGGACAGCCACA 1333
1334 CCTCCCTGGGAGCCCTGGGCTGCTGCAGATAATTCACTCCCATTCACCCCATTGTATTGACCGTATGTCCAGGACTAGTTAGCAAACCAATATACTGTG 1432
1433 CTATGTTACTCCCAAAGTCAAATTTTTCTGTACTTTAGGTTCTCGCTGCTTTGATCCCCTTGTCTACACTCTTGCATAAAATATCATTTGACTCCCAAC 1531
1632 TTTCATTTGACACTACAGTAGGAGCATGTTCATTTGAAATGGTTGAAATGTGTATTTACCAGCAAACAAAAGTGTGCAAATAATAAATGAATAATAAAT 1630

1631 AACAGAAGTGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

1 JNK1

cDNA

1670

Fig.1 Nucleotide sequences of JNKI cDNA in P. altivelis and deduced amino acid sequence

>

s
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2.2 MAPK “VKSDC”
( 2),JNKI “TPY”) ; (Monopterus albus)
, ( (Homo sapiens) (Danio rerio) (Carassius auratus)
(Mus musculus))JINK1 80% , (Cyprinus carpio) INK1
INK1 3 ( >90%, JNK1
cAMP/cGMP “KKLS” (97.6%)
EE Plecoglossus_altivelis  INRNGREKE!
& & Monopterus_albus WNRNSCEKE
PS5 & Danio_rerio INRN
=& Carassius_auratus UNRN
&8 Cyprinus_carpio WINKN
/& Mus_musculus SRS
A Homo_sapiens SRS
6 Plecoglossus_altivelis ]
&t Monopterus_albus TQUEIDHERMSYLLYQML GITHRDL
M9 & Danio_rerio MRS yLLYQUL AGITHRDLI
65 Carassius_auratus YQMLCG TKHLHRAGT THRDL
&8 Cyprinus_carpio ILHEAGT THRDL
JN& Mus_musculus |
A Homo_sapiens TKHLH!
& Plecoglossus_altivelis SVDEALQHPY TNV
& & Monopterus_albus /DEALQHPY IN
Pt 56 Danio_rerio LQHPYIN
=6 Carassits_auratus
8 Cyprinus_carpio
JN\& Mus_musculus
A\ Homo_sapiens
EE Plecoglossus_altivelis
& Monopterus_albus
M5 & Danio_rerio
$ 6 Carassius_auratus
#3 Cyprinus_carpio INDVSSMSTEPTVASDTDSSLEASAGPLSCCR
JN\& Mus_musculus
A\ Homo_sapiens .
2 JNK1
Fig.2 Multiple alignment of JNK1 amino acid among P. altivelis and other vertebrates
O cAMP/cGMP “KKLS”; @: MAPK “VKSDC”; ®: “TPY”
« 3) ; INK1
JNK1 JNK2 JNK3 ; (M. albus)INK1
JNK1 JNK1 R JNK1
51— € B Plecoglossus altivelis JNK1
90 &#& Monopterus albus JNK1
100 B Danio rerio JNK1
77 & Carassius auratus JNK1 JNK1
58 8 Cyprinus carpio JNK1
A Homo sapiens JNK1
100" /\§8 Mus musculus JNK1
100— X8 Gallus gallus JINK2-a1
L : INK2
A Homo sapiens JNK2
N &6 Carassius auratus JNK3
99 K& Rattus norvegicus JNK3 JNK3
99 /\§&, Mus musculus JNK3
IBIEEEY Ciona intestinalis JNK
—
0.05
3 JNK1 (NJ , bootstraps=1000)

Fig.3 The phylogenetic tree based on the amino acid sequence of JNK1 (neighbor-joining method, bootstraps=1000)
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2.3 JNK1 JNK1 JNK1
RT-PCR ( 4a,b)
JNKI1
JNK1 R JNK1 , JNK1
a Marker FZ8K L) lia e 5 B fp Al 8] & U
400bp — — — —  anme .’. JNK1
300bp — ¢ : .
200bp — ~~--~--_--- B-actin
b MEKT K KB B B B M # MR
400bp — ——  a— - - JNK1
300bp — ? : '
200bp — D G euns GEED GEND GEND GEND GEND GamD aam G -l
—~ 20 .0
) %% 15 i
ﬁg 1.0
®s 05 ' il I I
~ 00 L ——
R B 5 B8 B lw @& & MR
AR
4 JNKI
Fig.4 The expression of JNKI gene in different tissues of P. altivelis
‘a. JNKI  fractin PCR ;b. JNKI  fractin PCR ;e
JNK1
2.4 JNKI1
qRT-PCR ( 5), 0—96h 3
JNK1 : 24h JNK ——ERK p38 ERKS
Oh 1.49 (P<0.05); 48h MAPK , MAPK
(P<0.05) R Oh >
2.55 ; 48—72h JNK1 ; 96h , JNK 3 —JNKI1
JNK1 (P<0.05), 72h JNK2  JNK3, 3
34.05%, Oh (P<0.05) : 6 INKI
(0— JNK1I cDNA
96h) ( 5), 1669bp ORF 384 ,
0—48h , 48h
88.99% 67.32% 48h , INK ,
, 72h , JNK )
50.2%  25.54%, 96h ,
( 10.83%  0.54%) ,
JNKI ( ,2011) JNK1
INK1 N R JNK1

b
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Fig.5 The expression changes of JNK! mRNA in P. altivelis eggs during post-ovulatory ageing
: (P<0.05)
R , JNKI
JINK (2016) JNKI
MAPK
) JNK1
« ”(activation lip) , JNK1
, MAPKs R
( , 2003) ,
MAPK , 2
: ERK ERKS Thr-Glu-Tyr, p38 JNK MAPK
Thr-Gly-Tyr, JINK Thr-Pro-Tyr (Widmann et al, JNK1
1999) JNK1 “TPY” , Kim (2012) /
cAMP/cGMP “KKLS” JNKI , ; Tien
MAPK “VKSDC”, JNK1 LPS
JNK1 , JNK1 INK1
( , 2012)
JNK 3 ,
JNKI1 JNK2 JNK3 SOD
(Bogoyevitch, 2006); , 24—A48h
JNK1 JNK2 JNK3 48h
, , JNK1I
JNK JNK1 , JNK1
, Aegerter  (2005)
94% R JNKI 8
INK1 (97.6%),
JNK1 MAPK
JNK1 ( ,2013), INK
, (Xiao et al, (Nakamichi et al, 2007);
2014), (Epinephelus coioides) JNK1
JNK1 (Guo et al, 2016) (Chang et al, 2003)

24h 48h 72h

, Guo

(2010)
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48h )
96h ( ,2013);
JNK1 48h ,48—96h
JNK1
4
JNK1 MAPK
INK
[
(ASK) MAPK (MAPK kinase, MKK)
(MLKs)] ( AP-1 Elk-1
DPC4 NFAT4d )( , 2008), INK1

, , 2008. JNK
, 8(6): 1188—1190
R s , 2014. (Plecoglossus altivelis)
AFLP
, 45(2): 395—399
, , , 2013.
, 37(6):
1179—1183
, , 2013. MAPK
, 25(3): 244—246
) ) , 2009.
, (13): 309, 314
s s , 2012. (Plecoglossus altivelis)

,43(2): 313—317

, , 2011. INK
. , 19(17): 1819—1825
, , 2003. (MAPK)
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,2010. INK ,30(3):

273—276
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CLONING AND EXPRESSION ANALYSIS OF SWEETFISH (PLECOGLOSSUS
ALTIVELIS) JNK1 GENE DURING THE POST-OVULATORY AGEING OF EGGS

DU Jing-Ya, MIAO Liang, LI Ming-Yun, TANG Xian-Nian, LI Shuang, WANG Kun
(Key laboratory of Applied Marine Biotechnology of Ministry of Education, Ningbo University, Ningbo 315211, China)

Abstract

and play crucial roles in cytoskeleton and apoptosis. Here, JNKI cDNA was cloned and characterized from sweetfish

The c-Jun N-terminal kinases (JNKs) are one subgroup of the mitogen-activated protein kinases (MAPLs)

Plecoglossus altivelis, and the expression changes of JNK/ gene were detected in eggs which were held in the body cavity
for 0—96h. The results showed that P. altivelis JNK1 cDNA contained 1670 nucleotides with an open reading frame of
1155 nucleotides and encoding 384 amino acids, the 5’- and 3’-untranslated region contained 45 nucleotides and 469
nucleotides, respectively. The molecular mass of predicted JNK1 protein was 44.2kDa and its theoretical isoeletric point
was 6.61. The multiple sequence alignment of amino acid sequences indicated that the JNK1 of different vertebrates was
highly conserved, P. altivelis JNK1 shared the highest amino acid similarity (97.6%) with JNK1 of swamp ell Monopterus
albus. Phylogenetic tree analysis also confirmed that P. altivelis INK1 fell into the JNK1 cluster and was most closely
relation to M. albus INK1. Reverse transcription PCR (RT-PCR) analysis showed that P. altivelis JNKI mRNA had high
expression in brain and gonad, but under-detectable in liver and gill. Quantitative real-time PCR (qRT-PCR) analysis
showed there was a correlation between the expression of JINK1 and the quality of the eggs during the process of egg
post-ovulatory ageing. Compared to freshly ovulated eggs (Oh), the expression of JNK1 increased 1.49 fold when the eggs
were held in the body cavity for 24h, and the expression peak appeared at 48h (2.55 fold). In this period (0—48h), the eggs
had high fertilization rate (88.99% at 48h) and hatching rate (67.32% at 48h). The expression level of JNK1 maintained the
higher level at 72h and 96h (2.32 and 1.53 folds compared to Oh, respectively). At this period, the quality of the eggs
sharply decreased (50.2% fertilization rate and 25.54% hatching rate), and was almost lose their developmental capacities
(10.83% fertilization rate and 0.54% hatching rate at 96h). Therefore, the increased expression of JNK1 is closely related to
the apoptosis of egg post-ovulatory ageing, and these data could be helpful to understand both the biological function of
JNK1 gene and the mechanism of egg post-ovulatory ageing.

Key words Plecoglossus altivelis; egg post-ovulatory ageing;

JNK1 gene; expression change



