EDKFERRE 2020 £ 7 B, 27(7): 748-758

Journal of Fishery Sciences of China & 17‘1:1 ‘ié i

DOI: 10.3724/SP.J.1118.2020.19289

T XN MKK7 EENZEREARESZE THRIESHT

AL, FEARD, AN, EN, W, B THE, KL

%K%z

1. B EERFK= 54 arbe, Ll 201306;
2. WEK BRI B R VK TR R R T, Al AT S R M B IR R R R SRR E, TR )M 510300,
B RFKTEE Y, TR BF 515724

WE: 22 FE I E A EHLEE 7 (MKK7)4& INK (c-Jun N-terminal kinase){s 5 i #% i) BN 1, S 5183540
LT 25 ol L &7 084 1 S 7 o ARG R FH RACE H R L3R4S T 5 XTI (Penaeus monodon) MKK7 % & (PMMKK?7),
Hi4K N 2710 bp, 145 14 bp AY SHEZRAES X (UTR) . 1295 bp Y 3'UTR F 1401 bp AYFF L% i34E (open reading frame,
ORF), %t 466 NE IR . L5 T H| LI ARG 345 R W, PmMKK? 5 FLAYIE X IR (Litopenaeus van-
namei) MKK7 3 X 58 g — 37 3f H B A £ 5 i R R (99.14%) o & B 2K 45 R 11, PmMKK7 3[R 76 55 % R Al 454
A PHA Rk, KPR RE RS, £8P REGEMK, WEHEEE, B4 5 6% 42Kk 6 (Saphylococcus
aureus)ZH A8 3 (Vibrio angunlarum)éﬂfﬂ?ﬂ?%ﬂz%%ﬂﬁmQHV/\Wi’JE%H?XﬂMH(WO 05); JEEYLn 2 FCHIE (Mibrio
harveyi)4, X PIflZH 21 A= WL T XA . WAMRER(17. 3)PHafE, R MEIHZIF R PmMMKKY
FIR R LW FIRNE . PMMKKT B RRE JS, ARER W 3a R B XU A SE TR B N, WA MAPK 55
PRI PMINK 745 41 Fak B2 B, R MAPK {555 T30 5 n] G858 15 % IR G028 )7 460 R £6 1 17

WO R R AR

IR BETAR, MKK7 5, R
FEHSZES: S917 XHERFRERD: A

W, R bria

24 Z4 5 5 AL B 1 P4 (mitogen-activated pro-
tein kinases, MAPK){5 538 % H — B R 5F 19 = 9%
BB R 2 B, 035 MAPK SR A (MAP kinase
kinase kinase, MKKK). MAPK it (MAP kinase
kinase, MKK)HFI MAPK, H:[m] 115 2 20 i 2 4 |
Ak . X EREE I I IGE N ST SN A 22 b 4
F 200 A B R0 MAPK. 0056 4 08 — i v 4
SRS K&, WA G 8 I A2 RS L
MM T, B, . KA B
=B MAPK fF53@ A 3 ALK, 4390k
MAPK (45 ME = 055, ERK), p38 L5

I HEA: 2019-10-06; 1&iT HH#A: 2020-02-10.

; RNA T3
XEHS: 1005-8737-(2020)07-0748—11

1 INK (c-Jun ZHEA S8, INK 38 # T DLk
WME. R, BEEWE . RGN A%
e SN TR i DR NN R A WS ik ik %)
AT INK BBE 2 B Y MKK4 5] MKK7
S, il XHESF A Thr-Pro-Tyr (T-Y-P)JEFF 1)
Thr 1 Tyr 5% 32 4 XU W 8 1k 52 B0 380 19 INK
A LD AT 5 A B B A0 A, A A0 A B R 1L
c-Jun. EIkl. p53. ATF2 %457 H 1, %S INK
A I R AT 1O Ho MKK7 2% INK E
T 38 % ) QB N, U HLAE IR NICT, LR S
P MKK7 iR 55 ok 435 11 3 A anid sh Y, 7E3R
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B oy o R ) T SR 10 cm KT 8~12 g BYBETTXTUR, 75 RIRFEHHIEK

INK {55 %EBAE N MAPK 38 i — 2 2,
TEE RARPE T 5 F 45 |2 e MM, 7ek
7 S R G FUR SN 2A T RE AR B T Iz i E
7% . AE#i(Lateolabrax japonicus)fE A [a] i) £k B
R, i s INKL AT INK2 32 R R 3 Ry 3
PREE, FUIAEGT Y INK 55 38 B 16 3R 8 0 i
% T T, L 94 3 X IR (Litopenaeus
vannamei) MKK4 Fl MKK 7 5 i 75 22 7 3T H
PR E AR, I HIUE T LVMKK7 A —
TETERY S-K-A-K-T )7, # b e P iR b i
JE T INK, FEHUR RN & i st
1 ff1 (Ctenopharyngodon idella)) MKK4 F1 MKK7
NS5 T R i 41 200 M RE Bk R i G
PR, AN, INK A5 530 e o 4 R i A
F iSRRI, fEf(Carassius auratus) 14
ffi(Carassius auratus) 145 2] AR 47 AyiE sl o),
fH& A X INK {55 38 ¥ 7€ 3 75 X 5F (Penaeus
monodon) 1 I AIF5E 4Bk =, G MKK7 FERETS
XoF U JBIR 6 5 1 25 E I A DL 4G

BE Xt MRt AL ) £ T R B X ol
2, R A RER B 3 R, e B X
IR A . BB DA, 2956 BT AR SR
fa B & RS2 M INK i PR TE AL 4E 45 1E R
A S H I E AR A, A ST BET X EF MKK7
BRI A ET e AT T RIS . ARWF5E ok
PAS T BET XS HF MKK7 JER 4K, 4047 T MKK7
FEBETT X HR 45 A 20 () Fak 1 0L, 558 T A
395 VAT SR R B Pl T B AR, e A
RER B i T B RNAI AR, GBS TFE 72 h NBE
TXTARFET G B, It — L5 T UiBk MKK7
J& INK 4338 6 v HA L R A0 ek 1 o, IR
¥ MKK7 ZEEE T X HRRER Bhaa 1) 43T D BE FIVE H,
DI Ay B0E 5 5% MR X 8 38 19 7 25 43 ML A
BIEAE Tk €/

1 MR57FE

1.1 SEewrdd
A S i FH BT X R A A E K R Y
Bie e VA K P 0 58 B R VI B0 S b, SRR K 7~

IR IR L, FIR R R, SRR R 25~
28 Co 1 JAJa, BBk AR 5 ¢ 5 1 o e X MR 45
3, SO . 65 B . B L OWREL Ok
LR, B IRAEMZ . M. Mafhas . I
2. DS, KEEAZ, kA 3 BIFMREIFAZA
mik AT —%, B2 ER RNAlater Solution
(Ambion, L), 4 CIAFIKIGE T-80 C
e

1.2 2 RNA HREUK ¢cDNA B & B

$% 1% HiPure Fibrous RNA Plus Kit (Megan,
Hh ) it ) 6 U B B AR I R RE L RNA
RNA =4 it 1.2%35 I R I f Dk it o e e e,
%t NanoDrop 2000 43066 B3I e 4 5 Sk
PLECRNA (1 pg) A #ib, mFmele . IR IR &
FE 543 5142 B8 HiPure Tissue DNA Mini Kit il 7] &
Wi Bl A1 Prime Script IT 1st Strand cDNA Synthe-
sis Kit 125 & 156 I 45 6l 25 SR A Al. cDNA M H
T RACE MJ#AR cDNA,

1.3 B XER MKK7 B cDNA [

R 4 A S 565 25 ) FE 1) BRE 49 ) MR A S A ST
A% PmMMKK? #9553 551 7 Be, FIA Primer Pr-
emier 5.0 W ITHRESFPEY 154 MKK7-F1 \MKK7-
R1. MKK7-F2. MKK7-R2 (% 1), FrH51¥%
JE s B R Y AR AT BR AR W 434w Ak,
fdi ] Ex Taq M (TaKaRa, "), LT il £ i
cDNA WM AT PCR §H ., ¥4 1.2%
T RO BE e FEL VARSI, K H B S AT IS
pMDI19-T #{Ak(TaKaRa, H[E)ifE, FiA K
FRER R Z A b, PREC 8 AN BHME: va B 28 VK
PCR %7€ J5 ik 2Lt F R E M H ARG BRA A
TN 08 R HEA T

F|H RACE (rapid amplification of cDNA ends)
FR | BT PCR HR | ~F 85 (semi-nest) PCR
ARYH PMMKK? () 3'F 5%, S8 b RTS8
MKK7-3G1,MKK7-3G2 ,MKK7-5G1 ,MKK7-5G2
Ke4Eski@m 519 UPM, NUP #1003 1, — 9 K
Ay SILLHIA R 3=, 5'-cDNA Hit, — ¥ [ LA
XF I B — 4 RN AR 10 A5 A . B e
PCR /=W 55E H i) 5 B P R Ab B, et
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Tab. 1

Sequences of primers used in this study

51¥ 4 primer name

JF%1 (5'-3") sequence

JHi& application

MKK7-F1: GAATTAGGTAATGGCACATCAGG cDNA J7 31 5 iE
MKK7-R1: AGTAGTTTCTTGTACTTTGGGCG cDNA J3 51| 5iiE
MKK7-F2: ATACATGGCGCCAGAACG cDNA JF 5 §5iF
MKK7-R2: GGAGGTCGGATATTGGGTC cDNA J7 51 §53iF
MKK7-5G1 GCTTGTCCAGACAGGTGGCCATGAG 5-RACE

MKK7-5G2 CGATGGATGACACCGTGGGATTC 5-RACE

MKK7-3G1 CGGTCTTTGGTGCGGAATGACTGAC 3'-RACE

MKK7-3G2 TGCTTTCATGTTGCACTAAAACAGAGGAG 3'-RACE

UPM Long CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT RACE

UPM Short CTAATACGACTCACTATAGGGC RACE

NUP AAGCAGTGGTATCAACGCAGAGT RACE

qMKK7-F TAACCTAGAAGAGACCAAGC SEmF Pt E # PCR
gMKK7-R CTGTGACGAAGCATCCTA SEI9EGE & PCR
qEF-1a-F AAGCCAGGTATGGTTGTCAACTTT SEI9EGE B PCR
qEF-1a-R CGTGGTGCATCTCCACAGACT SEEHEGAE B PCR
dsMKK7-f: GGTAATGGCACATCAGGCAAC XU RNA A %

dsMKkk7-r GCGCAACCAGCACTACGAG WEE RNA A A%

dsGFP-F TGGAGTGGTCCCAGTTCTTGTTGA WEE RNA A A%

dsGFP-R GCCATTCTTTGGTTTGTCTCCCAT WEE RNA A A%

qMKK4-F GCCACACTAACAGCACTA TG SEm 28 f PCR
qMKK4-R GTCTACATCCAGCATCTCT THIG LI 6 E & PCR
qINK-F CCGTCCCCGCTACCCTGGCTATTC THIG Lm0 E £ PCR
qJNK-R AGGTCTCGTGCTTGACTCGCTTTG T 5 FerF P E & PCR

MP25 15 H IS HE X, 345 PmMMKK7 2E [ 1)
cDNA 2K,
1.4 £WERESH

| ORF Finder (http://www.ncbi.nlm.nih.gov/
orffinder/) FiM ¥ jik (58 1524E, | H EMBOSS (http:/
www.bioinformatics.nl/emboss-explorer/) & 15 H:. 2
R 751 . A NCBI ' BLAST (http://blast.ncbi.
nlm.nih.gov/Blast.cgi) T.H X} #lill () 2 3L 2 J37 51 5
A RS R AT AR UM LE XS 23T . AT Clustal
X it Z 85 Xt . FI ] ExPASy ProtPa-
ram (https://web.expasy.org/protparam/) il I 55 H,
MBS/ Bt o A SMART 4.0 (http:/smart.
embl-heidelberg.de/smart/set_ mode.cgi?GENOMIC=
D478 25893505 H7 o FIFH NetNGlye 1.0 Server
(http://www.cbs.dtu.dk/services/NetNGlyc/) i il ##
FARAL 5 . F|F NetPhos 3.1 Server (http:/www.
cbs.dtu.dk/services/NetPhos/) Fil il i 2 AL A7 15 . Al

Fil Clustal X fil MEGA 6.0 #4356 NJ 244 2 &
SR
1.5 PmMMKK7 HIRE S #F

i# 7 Beacon Designer 7.0 #4111 PmMMKK?7
fE =51 QMKK7-F, QMKK7-R, L) qEF-10-F .
qEF-1a-R HNSEHPIEE 1), DL ERBTH%& 0
cDNA W, WREEF BEF (5542) ng/uL, H Roche
Light Cycler® 48011 (Roche, Germany)if1 7 5% i ¢
JtE# RT-PCR 473, ®AFES KNS 3 4
BE P WIKRZRN12.5 uL, f045: 1 puL#AR cDNA,
0.5 uL #7514, 0.5 uL FiF514, 6.25 L TB
Green TM Premix Ex Taq'™ (T li RNaseH Plus)
(TaKaRa, H[E), 4.25 puL ddH,O. M FEFR:
95 C 30 s; 95 C 20 s, 60 C 5 s, 45 ME;
65 C 15s;55 CHE 97 C;37 C 5min, iH
FrER A 274, Bl AbEEFH SPSS 17.0 4%k
4 347 B & 22 75 A (one-way  ANOVA) Fll
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Duncan ¥ 5%; .
1.6 fREEREELIE

VEHL 200 JBSF-HIRE 15~18 g Alfd R BETT X}
UF, T YRR SC 5 S IR ARF LS 4 4, T
50 BB, Ayl FAE ET RS PBS. & w4 ER
I (Saphylococcus aureus) . ' 4 X 5K B (Mibrio
harveyi). &3 (Vibrio anguillarum), 5 Qin
SV Zha PRS0 45 TRRR TR S A
XFHRZH 5 100 uL oA R L (PBS, pH 7.4), H
il 3 ZH B8R4350 5 100 pL (1.0x10° cfu/mL) Y i
Fko VESH)S 0h, 3h, 6h, 12h, 24h, 48h., 72h
It AL e A B S B 0 3 AT, HBCH AT Jie i A i
ZH20, BT RNAlater solution 4 CIRFSK G &
T-80 CI#-FF.
1.7 EhEMELIE

AR B i S b K T Rl 2 5 e R i K
FERIE ST PRI 0 3 T F R, LT )25 R AT B T
St W Eh B 3 OMARER SR, ERE 17 b
LI, TR SRR K (S 25) R IR . Eh
BEFIR K A K T, R TR e . SEER IR Y
Oh, 3h, 6h, 12h, 24h. 48h, 72 h. 96 h i
PLIEEBUE R 5E /Y 3 U, BT iR fg sl 21,
B T RNAlater solution 4 C{#fFd % 5 B T-80 C
RAFS
1.8 RNA F#E£

F]FH Primer Premier 5.0 153 T8 8 dsMKK7
P B934 dSMKK 7-f . dsMkk7-r .dsGFP-F .dsGFP-R
(F 1), KikBICGEFEMBY NG AEE . L
Wil cDNA NI Ex Taq BEY 52 &4
T7 Ja 8111 DNA J Bz ARTHIE M B SE 1 550, %
HE S R AC IR0 6 0 BH 45 25 TR IE A 7 B MR A B Fig A,
PR E KT 125 ng/ul Hi 5280 ER 1 cDNA
it 20 CH& M. WEE dsRNA & hidi g 17
RiboMAXTMExpress RNAi System {5 & 15 1 45
47, I dsGFP-F/R 514 J A 52 56 28 {547 1Y
pD7-GFP H A # AR 1T dsGFP &1, Fikfm b
SIETEA A dsPmMKk7 M dsGFP FiBg, MR
B4 1 pg/ul o A SCH FHEE TS X URA TR 4(5.0+1.0)
g, FM 3~5 pg/g MY LLBITE ST dsSRNA VE S 505 55
A4, SrRIATESE PBS 41, 14T dsGFP 41, I

41 dsPmMKK7 HAUARES A, &4 3 4FAT,
4 70 EXTER . 55 1 REEVLET I 3 AR . AbF it
Sz ER, B LA 448 T RNAlater 1, 1
5F 24 h JE A AR AR B AR 3 B3R K
Hr, AR 3 h B ECEEALH BIBERF, JRIC St 1
EREWA IS 3 /NEF L 6 NEE L 9 /NEE L 12 /A
24 /BT 48 /NB L 72 /N, 430 DA A A B B
B3 R . Ab TR A ER, BCH LA 440
B F RNAlater H'o [, 785558 2 A5 5751 1
KRR P AN 100 HyE ST ik dsGFP &
dsPmMKkks (X HR, 73 5I7E 24 h #1 48 h AL
B WO BCL LA 41 2UVE T RNAlater H, AE A
dsRNA THEECRMFES . T RNA FERIRS)A
-4 Cid s B T-80 CHEfF. RNA AYHEHL .

cDNA il 28 L B i SE g0 [R) 3 1.4 F0 1.7 Bk

2 EREHH

2.1 PmMKK7 895 514> #7

T8 1 T A AR A B X I 22 4 R TR AL B 1 R
W 7 (PMMKK7) cDNA, 4K 2710 bp, GenBank
BHorS: MN519730, H 5'F0 30 dE 4R A% X.(UTR)
391k 14 bp F1 1295 bp, Tk ¥ EHE (ORF) K
1401 bp, 4% 466 T2 HFR (¥l 1), ExPASy Prot-
Param #i H4rF - 55.33 kD, BB HE N
8.97, AWM PMMKK7 JofF 5 ik, JoisBRLs 4
A 13RO, Hrh 28R 101, 75
RN 1A, BERAM 2 4 JMEHE 34
BFEIALOL S, 8T N BRI L . PmMMKKT &
A 261 DNEERN RS BESEBL, HdA—1
PRSY 1Y) 22 Z R /95 Z W2 35 1 W (S_TKe) X 5, /&
MKKK R A I TS TE A7 A5

FIFH NCBI BLASTP X B 15 X i MKK7 3 A
AT R E L8, 45 R ER, PmMMKK? 35 L
GRS R Y R B s (181 2), 0 99.14%, SR
(Bombyx mori). % 7 Wk (Parasteatoda tepidari-
orum). Y% (Limulus Polyphemus). 3 Il
(Mizuhopecten yessoensis), i & ffi(Danio rerio) ., B
T V6F Y (Ciona intestinalis) i | J5 M 4351 69.69% .
61.23%. 59.91%. 64.58%. 55.48%. 52.33%, #
JH MEGA 6.06 #f1:, T NJ (neighbor-joining)i%:



752

o[k B

%27 %

LA 15 1415
nucleic acid | 2710
amino acid
HER 1 122 382 467
B HGLE) I}, kinase domain
[, —— =Y
El 1 PmMKK7 2 A cDNA 2K )7 31 R B K
Fig. 1 The schematic diagram of full-length cDNA of PmMMKK7
! !
2 (lasfLael L A ]\ . 12
i i3 L;%EK R bt o iebsbgiin it
BEXJUF Penaeus monodon 1) IQGIGT QAIBJESNSRDRIS. TALNLDFTRERPGSERKIGKTL 52
;L%ﬁxj—yﬁl,mpemummﬂ n IQGIGT QAIESNSRDRIN. TALNLDFTRSRPGSERK[FKTL sg
BOMBYX MOFi  ee ettt e e e e e e ety
%gﬁﬂ‘parﬁgmdawp,dmmm REOROIRRNN: ATUAGFINKLINLBARERARY. - EARSIDIC LPRELTTERGSPORTRRGRLE 50
iwgbm,dmw; MCLRMNK ATMT FRNLTQLA DQEGESRNT. ASRALRTDVAS. 55
Fis Mmhopec,e,,yemmu ........ MDDLSK| KSDRARRLVGP - SRLGIVTRAGES. || ANSPR 29
BED 4 Danio rerio B LSRIEK KQENKEARKRIDLNTDMSPQRTRPRP T 1V IQLJPAPAPSQRAAL 59
# Ciona intestinalis MTMNGSVDLN EKMKQLLN "QQQUARKKPTNLG, - - MGNMSNSQQTES ARPHMSLNFS 58
4
3
q YR PRQg 2
hv wRoRBRe i v oomReR L\R“Rxxéfliv LS XaK ‘kggz‘ég‘@ Binerav Kj‘
BEYIXIUT Penaeus monodon RLP{ERPST ISGRQRDRPR IEMZLVFEPKQQQSDPSELD. . 95
JLONEEXTUF Litopenaeusvannamei  pIMDGRLP RPTISGRQRDRPR . IEMLVFEPRQQQSDPSRLD. 108
i Bombyxmori T T FSI]§. AFPPRTPQVTDT[N. . 19
gl*l’urweamda tepidariorum TLPIG. EFgSPGR. . PSSAS NSPVPS. . LKWADNNISJT. 93
Limulus polyphemus GLPIGQEHHSPGRSGRFPSQRSGRE. . . . . PSQRSACLP. . . . . LS[WgPCNYSPTSHDSFCSTNHHM. . 112
ﬂ%ﬁ)\ Mizuhopecten yessoensis RPRQFQEL AS RSSSAPSPDRENLRIVPSFGPHSQMLPRQPVKLS TGAMPRQPNKLDLAISGGRLNFPAVPKQ 124
BELh 8 Danio rerio PRQMLT/BFTTPYNLQKNLE! 110
%% 4 Ciona intestinalis NSSPASLMKSS GAVDTAARKKQIS e FA| ASIPQPEKTQESEKID 103
conservation IREERE] IEEE R R R R R R I I I I I R I Y -
; o'l \ g
sl sl | Ll RR\\EE-Kiﬁ
‘E . A“EJ& E R RIL vE Lz AE‘JEQ ! LK g1 NN MONELLTA Y
%N%Penqeusmonodan ) NI IHESKS[ MY T SIENE S ENALEILELISHKK ( AULEETH 163
L M Litopenaeusvannamei 17 NI ESKSNST MBYTS N 176
% Bam mori KIS VDEKEN(KS SEDEL QHL| 86
A% A ¥k Parasteatoda tepidariorum _ . .| MKQAN I[BTEINE KNS AAMNILBQL| 162
ESl Lxmulwpol}phemus YQHAGTMTEDEE TIQS SHDRM T HM| 181
HREEI I Mizuhopecten yessoensis MS QT I[BTMEEQKN(PTEfIS/LIHL| 199
BELh 1 Danio rerio o . QKLQIBIMKQTEY|MKND{HQRYPAEVT]L I SE| NG 178
354 Ciona intestinalis VIRQTEKHRIDSMIEAKVEQRENLIEQ TS CTCG 170
SF44 conservation
H I i H
s, 0ol 1L b (LT
IRVQFDLD l{K alyl g I{S k ILIERR - L 3 % Al LKI i L L]t
BETXUT Penaeus monodon R 1 WICMEL ) Bl L ANIKALHYLKES] 238
FL%&XHFmemaeumnmma DL IVQCGFVTDSD\’WIC\IEL\ITCLDKLKRPIPEILGKVAKALH\ KE 251
%4z Bombyx mo SHDC (CIIGI8FV TDRD VYW I CME LMNSCIGDK LMK RIRIAP TP ERYT LG K\RNV ARV 161
BE: !*Parasteatodatepxdanorum B TESDVWICMELMINTCLDKLKRMP IPENTLGK| VKA LKE] 236
SEW% Limulus polyphemus 1 Brg TDSD\"WICVIELWT(‘LDKLKRI’II’EILGKVAVNALH\’LKE 256
RS I Mizuhopecten yessoensis TDS.VWTC“FI\!T( LDKLIKRIEEP TP AT LGKIEY ANVKA 274
BEE 8 Danio rerio DVigTIMELMET CLYSK LK RIEP TPERVT LG 253
# Ciona intestinalis DL DIV SHDCPIIT VEC ELVT K AP 245
eonservation ittt ittt raar it axx i
1 i 1 o m o~ "o 1
LI L LD L Hw%
R P > 1 GRS L gogg KLU NTTY 1
BEWX: enaeus monodon /KPS § CDFGISGRLVDS AYMAPE TS
)’L%ﬁiﬂﬂ: Litopenaeusvannamei E < A % et g%g
FKAx Bombyx mori KT 236
ﬁig!ﬂi Parasteatoda tepidariorum 311
EM Ltmuluspoyp emus 331
WP 1 Mizuhopecten yessoensis 3%
B Danio rerio 328
%? # Ciona intestinalis 319
: conservation
! :
f fla L R [l LL,E“FIM%YE f
%
BESTXUR Penaeus monodon FVIUD CLIKIAY RIR PK YUK L LD} ¢Y 388
}L%&X‘J‘EFLﬂapenaeusvannamex FVI4DC q K SM 401
K 4x Bombyx mori N} KSSRS 311
iﬁig!ﬁi arasteatoda tepidariorum RMIKA 386
0l Lxmuluspolyphemus TT 406
URBGIH I Mizuhopecten yessoensis [{YE| 4 424
BEL £ Danio rerio RYIVS 403
E Y8 Ciona intestinalis RRHABHS 394
conservation LR
4 4
: R 5
1E QTEREYB RS mrRal L anh ENA Dy AL [E“"gwswankx FRVEORIR pariR ]
PEFTXFUR Penaeus monodon QTEDKVRSSPQ. . RQPLPSNLPAPPCVPPRLSKD. . . . . - RCEQSSSSSGGGAGGSN 450
JUBEXHAF Litopenaeusvannamei KELCR QTEDKVRSSPQ. . RQPLPSNLPAPPCVPPRLSKD. . . . . . RGEQSSSSSSSGAGGSN 463
%% Bombyx mori o GUSYCINUT ID. CASPPPPPTPARRVSADNRWRASPASSGNTSPIVLQFYHQNQQRRSRVDLHSTPRHRSLSREH 386
iﬁ%@ﬁi Parasteatoda tepidariorum N{INIAINAFASIJMQ RSTP. . . . RTFRF 411
ES Limulus polyphemus P .. e 435
!ﬂ‘ﬁ W Mizuhopecten yessoensis AINGGSDYTL. .. .. ... 445
BELL 44 Danio rerio EDMAGUHQANMER. . . . TESPRSSQCFSHHQLH LFSR 438
g?é # Ciona intestinalis MU PEULRKWLIT. - . . QTKAASLDRCGNPMQGNIASSNDPFAFAAEITKAQFAKHTRTRSLGTGFEFTK 461
conservation eeserttana R
4 4
lk.‘:“ag D 5RO j
BELIXIUR Penaeus monodon GQQQPPDPPSRSSTHL 466
ﬂ%ﬁﬁ“bfopmwmamm GQQQPPDPPSRSSTHL 479
Kz Bombyx mori SAGRSPDPPPRTNRHP 402
ﬁ%gﬁ* Parasteatoda tepidariorum 411 d
ES Limulus polyphemus 435 [ nOn conserve:
SRR Mizuhopecten yessoensis ... us 50%-85% conserved
% ¥4l Ciona intestinalis IPPNQTNKPTSSKSIF 477 =>85% conserved
4k conservation Weeaseatcaeatae

K2 BEWXTEF PmMKK7 5 H ALY R MKK7 B Z RT3 £ 5 HX
PR TN R H A T he .

The underlined parts are functional domains.

Fig. 2 Multiple alignment of the amino acid sequences of MKK?7 in Penaeus monodon and other species
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K H bootstrap method TR T8 1000 KHE T
PMMKK7 R Al ) R GERE LA (8] 3). BETY
X R MKK7 &R e 5 B 58 s ) FLANTERTER 2R Sy
— 32, JE 5 UREE R DRSS U 4 K R G HE S
R, HAMDFNR I —,

Z T LXK ] GenBank | [ MKK7 )35

BT LGNEXTER(L. vannamei): ALU86069.1;
FA%(B.mori): NP_001243912.1; &2 7k (P. tepi-
dariorum): XP 015921360.1; 3P4 (L. Polyphe-
mus): XP_013786818.2; MRk U1 (M. yessoensis):
XP_021376194.1; BELa(D. rerio): NP_001177235.1;
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Fig. 3 Phylogenetic analysis of PMMKK7 with other reported PmMKK?7
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Fig. 4 Relative expression of PMMKK?Y in different tissues

Different letters mean significant difference
between different tissues (P<0.05).
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Fig. 5 Relative expression levels of PMMKK?7 in gill (A) and
hepatopancreas (B) of Penaeus monodon after injection with PBS,
Saphylococcus aureus, Vibrio harveyi and Vibrio anguillarum

* denotes significant difference from the PBS group (P<0.05),
and ** denotes extremely significant difference (P<0.01).
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Fig. 6 Relative expression levels of PmMMKK7
in gill (A) and hepatopancreas (B) of Penaeus
monodon after low salinity stress
* denotes significant difference from the uninjected

group (P<0.05), and ** denotes extremely
significant difference (P<0.01).
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Fig. 7 PmMKK7 mRNA expression profiles
after silencing by dsRNA
* denotes significant difference from the uninjected group

(P<0.05), and ** denotes extremely significant
difference (P<0.01).
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Fig. 8 Mortality changes of Penaeus monodon in different
gene silencing groups under acute low salinity stress
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Fig. 9 Relative expression levels of PmMMKK4 (A) and
PmINK (B) after dSSRNA-MKK?7 under acute low salinity stress
* denotes significant difference from the uninjected

group (P<0.05), and ** denotes extremely
significant difference (P<0.01).
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Abstract: Penaeus monodon is one of the most economically important cultured shrimp species in the world.
However, the frequent occurrence of various shrimp diseases has brought severe economic losses to the aquacul-
ture industry. Moreover, the growth and development of P. monodon are also affected by unstable aquaculture wa-
ter. All of these restrict the healthy development of P. monodon aquaculture. Like other invertebrates, P. monodon
only relies on innate immunity to protect itself from external invasion. Therefore, it is very important to analyze its
immune response and salinity adaptation mechanisms. Mitogen-activated protein kinase kinase 7 (MKK?7) is a key
regulator of the c-Jun N-terminal Kinase signaling pathway. It is involved in regulating cell response to a variety
of extracellular stimuli. In this experiment, the full-length cDNA sequence of MKK7 (PmMKK?7) of P. monodon
was cloned by rapid amplification of cDNA ends (RACE) technology and the sequence was biologically analyzed.
The full-length PmMMKK7 ¢cDNA consisted of 2710 bp with a 1410 bp open reading frame, encoding 466 amino
acids. In its conserved kinase domain, a serine/threonine protein kinase (S-TKc) region is a potential site for acti-
vation by upstream genes. The results of multiple sequence alignment and phylogenetic tree analysis showed that
PmMKK?7 and Litopenaeus vannamei MKK7 genes were clustered together and had the highest homology: 99.14%.
The quantitative real-time PCR (qQRT-PCR) analysis shows that PmMMKK7 was ubiquitously expressed in all tested
tissues. The highest expression level was in muscle tissue and the lowest expression was in stomach tissue. Fol-
lowing a bacterial injection experiment, the groups infected with Staphylococcus aureus and Vibrio anguillarum
had significantly higher expression in the hepatopancreas and gills than the control group (P<0.05). In the group
Infected with the V. harvey, expression in both tissues was significantly lower than the control group. After low
salinity (17, 3) stress, the expression levels of PmMMKKY in hepatopancreas and gill tissues was significantly
up-regulated. After the PmMMKKY gene was silenced by interference, the mortality of P. monodon increased sig-
nificantly under low salinity stress, and the expression of PmINK in the downstream gene of the MAPK signaling
pathway was inhibited. The results show that the JNK signal transduction pathway may play an important role in
the immune defense and salinity stress tolerance of P. monodon. It is hoped that more studies on the JNK signaling
pathway will be conducted in order to better understand the innate molecular immune mechanisms of P. monodon.
Key words: Penaeus monodon; MKK7 gene; gene cloning; low salinity stress; RNA interference
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