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/N ERTENEIG S 11.5 ~ 13,5 R P8 T 28 1M 3 3E 1E
WHFER T WAE, MKK4 5508 R 5 0 E
I3 SORIE 1) KA O o TE MKK4 2R 18/ R 7Y
B Al T kL 40 M0 R B2 SR 2, — gk
W, MKKA4 4,5 5 5K 14 Ji 98 300 161 45 5 i o, oA
MEEEA 7 SR WA BT R ) MKK4 Sy
BURHER T AT WL, MKKA TE R 1 K
Lt rhie s R, BRI C R 2R
ookt B HE AT T OBF g, A RS
( Drosophila melanogaster)'”" BE 5 %} ¥F ( Penaeus
monodon ) ** 4 B H [ B Xt AR i SR LAE

AT FE A 52 55 3 44 1 1) o [ B X4 R cDNA
SCHE o i 1B R 18 MKK4 B A EST 751, % J
RACE ${ R, 3 FE 15 21Z 5L K 1 42 KK cDNA 341,
FExF HAE SR8 5 A e 1 B AR 2 2 Y 3R 0K
FRAEFEAT W25 0F 5T, LU O v [ B XS R MKK4 1)
A= 12 T e e O E A BT v MUBE A F 5T 4 A e
s AR SCHE

1 MRSk

1.1 sKIgst#

Hh ] IO R S K S I A B B T
K= R TR Al B SR 1 g 3 57 IR K
(74.97 £7.54) mm, {k fFitk (5.34 +1.67) g, %
F= 1200 L ) PVC Aifith, 454 30 &, & 5% 1 J.
FRHFKIR 25 C,#h )% 24 ,pH 8.4 FFLE A, G K
AR AR IE B S TR
W A NISIE
SMART™ RACE Amplification Kit Ilj [ Clontech

Trizol Reagent Invitrogen

/N #Hl; LA Taq, DEPC /K. SYBR® Premix Ex
Taq"™ .,pMDI18-T L {AF1 Top 10 J& 32 2 41 i 4 1y
H TaKaRa 2% 7] 5 Ji& o]0 & S 52 56 fr 1T 5 1 9
A TAEY TR (L) B WA RA E A R HA
i1 B RS D T2 S
1.2 % RNA i2EUE cDNA H& R

T fdt 5 v [ WD %o S I MR R R A VR R T
i Trizol ¥ 2 B AL RNA, B RNA Jii & & 58 & 1
FH 42 4M 0y 656 BE 5 1. 0% B8 B 5 58 o, Tk UE 4T
¥, A SMART™ RACE Amplification Kit
55k A cDNA 55 1 Z%4 .
1.3 HEBPATEE MKK4 EF cDNA £KTER
i B

AR AR 52 55 25 4 A 14 v =] B AR cDNA S %
BEHLI P 35 75 i MKK4 3% ) EST ¢ 41, F i
Primer Premier 5.0 3 {4:% 31+ 3'RACE HI 5'RACE
Fesm g, e A sl s Bl A TAY TR
GRSy

3’-RACE L SMART™ RACE Amplification
Kit [z 5% 564G i n) cDNA 55 1 85 S # Ak , {8 1T 5
¥ MKK4-F1 i 51 4 UPM B xf, #5147 3" I
BURY A, WY 94 CHW A 5 min,
94 CAME305,59.1 CiB A 305,72 CTHEAH 1.5
min,35 g ,70 C ZEAF 10 min, 2% 75 i A
MKK4-F1 F13f 519 NUP ECXF, LSS 1 Ry 1
P AR 4T 3'RACE 265 2 IR 1Y, b R
J¥:94 CHiAE M 5 min,94 C 454k 30 5,58.8 €
3Bk 305,72 CHEAH 1.5 min,35 PF#H,70 T
FEf4 10 min,

®1 AHRFASY

Tab.1 The sequence of primers used in this study

519 gl

primer sequence(5'-3")
MKK4-F1 ACCTCCGCTTGGCGTTTC
MKK4-F2 ACCGTCCACAGAACAACCTT
MKK4-R1 ATCTTGTCCAGAATGCCGCT
MKK4-R2 ACCACACATCAGAGCGAACG
MKK4-R3 AAACCTCCTCTTCCAATCTCC
UPM ( short) CTAATACGACTCACTATAGGGC
UPM (( long) CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT
NUP AAGCAGTGGTATCAACGCAGAGT
B-actin-F AGTAGCCGCCCTGGTTGTAGA
B-actin-R TTCTCCATGTCGTCCCAGT
MI13-F CGCCAGGGTTTTCCCAGTCACGAC
MI13-R AGCGGATAACAATTTCACACAGGA
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5'-RACE Pk SMART™ RACE Amplification
Kit 2 5 565 L cDNA 55 1 85 g i, il 05149
MKK4-R1 138 F 5| %) UPM, # 47 5'RACE % 1
WY 44 AR5 i 51 ¥ MKK4-R2 F5dE 51 4
NUP, LS 1 R Y187 ¥y Bt £ 47 5'RACE £ 2
WY 3G . RN RS [R] 3'-RACE,

RACE 4" 14 7= ¥ 2 2. 0% By g Bl 6 Ji¢ v Uk
I, P E Il iRl & el i 5 8 1 B, 285 5 PMIDIS-
T R ARIEATZEHE , 52 AL A Top 10 J& 32 2540 Mg, FH 1%
vObE 22 V% PCR %7€ 5 (B 519 MI3-F #
MI13-R) , 6 1E_Lilg A TAY) TN " #ATI0)F
1.4 thERAITEE MKK4 & EF 5454

H J DNAStar #4715 SeqMan F2 /7 % I >
A 85 SR AT UK T 51 £ B, S8 )5 )T EditSeq 2
J AT I 0] S A P 0 O B s B R . MKK4
LR Y% TR T 41 B e S 2 B Ry 91 i ] NCBI
BLAST #F 47 #H {0 1 tb %t ) FH ProtParam # {4:
(http: // web. expasy. org/protparam/ ) #1715 [ i
AR BT T, R SOPMA %% {4 (http: // npsa-
pbil. ibcp. fr/cgi-bin/npsa _ automat. pl? page =
npsa_sopma. html) X} 2 (5 & f = 2% 45 # 3 17 T
W, F H SWISS-MODEL # {4 ( http: //
swissmodel. expasy. org/interactive ) #4785 [ i =
Y2 4 O, R TopPredl. 10 4 f ( hup: /
mobyle. pasteur. fr/cgi-bin/portal. py? # forms::
toppred ) #17 £ 1 i 7K P RN FD 25 AL T 43 B
FIH TMpred # {4 (http: / www. ch. embnet. org/
software/ TMPRED_ form. html) #f 17 & 1 #7 M &5
¥4 ¥, F) FH SignalP4. 1 84 (tttp: // www. cbs.
dtu. dk/services/SignalP ) ¥t 47 {5 5 K F0 , A
NCBI 43 {4 ¥ 45 ¥4 35 ( CDD) ¥ 418 % (Hutp: //
www. ncbi. nlm. nih. gov/Structure/cdd/wrpsb.
cgi) HEAT 2L R 7 41 1 OR < 25 4 WS . feE
Clustal X {4 %) o [5 B % #F MKK4 3% ] 5 H A
P MKK4 5 DR BT 85 1Y 24 5 TR 7 31 ik 47 £
HIPHIH XS, 76t B fill bk J] MEGA 4.0 {7},
PAAR 4L (NT) AT R dE AL WA 2
1.5 S@PpEexn

S 64 mg/L B NH, Cl g /K iE AT A
JHp 30 S (R TS, WM AL T 96 h B EUE 5 4
B L Z 18], HAF 15 R0 10% 72) o SER i B
PLPRLEE F% 7 d 11 fdt B v [ WO X R 180 F2, P-4 43
R (2 A 38 2R S 0 R B4 3 R

1T B AMFELI IR 0.3.6,12 .24 48 .72
196 h il i S8 AR LA VB GO, A
IFR] A RSP AT 3 Bt 9 AR, A7 TR
T, T RNA (HRE, AR, A v [ B X R
MKKA SEPTE R R 40 1) 3635 K-, 55 L9 2 fik
J5RE e ] A R O 9 L TR AR LA L0
JIE R A R A TR T RNA 4 L,
1.6 MKK4 ERRREHH

Trizol JF$& AN 7] S 56 21 o [ WY o) R 45 2H 21
) 5 RNA % 547 IR cDNA, J7 ik [ (R e 45

HR A © AT 1 v [ WX R N 2 B 7] B-actin Fl
MEKK4 BRI K791, 43 it 1 x5 e a1 9 (B-
actin-F Fl B-actin-R , MKK4-F2 F1 MKK4-R3) , %}
it SR F 6] B T M 45 2 20 K A () B ) 5 2 2600 36 1)
MKKA4 SER R R AR, 9% & it PCR 4"
Wk 24 20 wL, HiFfu 45 SYBR Premix Ex Taq 11
(2x)10 pL,1Em 5|4 (10 pmol/L)0.8 uL, 2 In]
514 (10 umol/L)0.8 pwL,ROX Reference Dye II
(50 x )0.4 pL,cDNA £if 2.0 pL,DEPC /K 6.0
wlo R FERE N 95 T 30 5395 C 55,60 C 34 s,
40 MEH ;95 C 15 5,60 C 1.0 min,95 C 15 s,
PG I PCR I 45 R 2%y kil A1 40 #r
FH SPSS 17.0 ¥ fFikA7 i VL7 o

2 HiR50r

2.1 FcMKK4 E[EF£1K cDNA ZERFHI 5

FIHT Trizol 27 4 B3R A5 9 v [=] W] % R JH- i
R RNA, 28 28 Ab 43 606 B2 1F K I, HE OD,/
OD,,, oy 1.98, £ RNA 454 2.0% B8
W B JE LUK A, 18S R 28S rRNA Z% a7 i BT , 5t
BRI, A LR ER, URREI Y
MKK4-F1 il MKK4-Rl1 L) & MKK4-F1 A
MKK4-R2 5351 538 F 51 4 UPM F1 NUP [ X}, i
17 3'-RACE F1 5'-RACE 4" 5 , 4 $ 7 1y 43 51 )
Ja BF 5, A AR o E OB X I MKK4 R e K
cDNA J#5, fiv 44 5 FcMKK4 ,GenBank % 5% 5 4
KJ023198, %3 4K 2 064 bp, f135 214 bp [
5" AE4 S X (5"UTR) ,629 bp [ 3'UTR F1 1 221
bp B FF ik 2 HE (ORF) o 3'%5 & A PolyA 2, {H
ANEZRIBFRYIMEES AATAA(E 1),
2.2 FCMKKA ERHBEARMBANE E9E
BESH

ABELIRIT ) 53 A1 AT H, FeMKK4 55 DX 4 14 1

http : // www. scxuebao. cn



782 Ko7 OF IR 39 %

A 406 SRR LA A E B A5 54 4 (DLER K)o HAr 7R 45.94 ku, B HL AT
B E R LR (K, R) 50 PR MEZ SRR (D,E) 118y 8.50 5% M 15 % 76. 08, O JIR V& 1 26 14 i .
A BKPEE SRR (AL F,W, V) 110 Dok dE BFBEK IS - 0,507, S K & B, H 2R K
HHM(N,C,Q,S,T,Y), 104 i i fif 2 FE R TEAGR

1 ACATGGGGACCTCCTGAGTGAGGATCGCTATTGACAACTAAGGAAAAATGTTTATTTACTGTTTATCATGAAGTTTGCGCTCTCCACAAGTGTCTCAGTGGTCAATGGTCCAACACAGAG 120
121 TTGAAATGGGAACCTTAGAGCTGGTGAATGAGTAAGAGAAAGCTGAATAAGCCTTGTAGTGGGATAATATCGGCGTGTTTGGCAGGCGGAGGGG GCC GAG CAG CAG CAG 232

A E Q@ Q @
233 CAG GGA GGA GGG CAG CCC AGG CCA GGG ACT CTC AGC ATG TCA GGG GCT GTT CCA GGT CGA CGA AGC AAC CTC CGC TTG GCG TTT CCA GGT 322
Q 6 6 6 @ P R P 6 T L S§ X S G A V P G R R S N L R L A F P G
323 CAG GGA AGA CCC AAT AAT GAC CGT CCA CAG AAC AAC CTT GAC TTC CCT GCC TCC GGA TAC CCT GCG ACA CAG ATT GCT AGG ACC ATG ACG 412
G R P N N D R P Q@ N N L D F P A S G Y P A T Q@ I A R T
a1
50!

W

Q T
ACT GTG CCA CCC CAG CCA AGG GAC AGG ATT ACT CGG GGG ATT TAC CAG AGC ATC CAG TCA TCC GGC AAA CTC AAA ATC TCA CCT GAA TTG 502
T v P P Q@ P R DRI TURGI Y @ S I @ § S G K L K I S P E L
CAA GTT GAG TTC ACA GCG GAC GAC CTT CGT GAT TTA GGG GAG ATT GGA AGA GGA GGT TTT GGC ACT GTC AAC AAA ATG GTG CAT CGT AAG 592
Q v E F T A D D L R D L 6 E I 6 R G 6 F 6 T Vv N K N ¥V H R K
593 AGT AAC ACA ATC ATG GCT GTT AAG CGT ATC CGT TCA ACA GTT GAT GAG AAG GAA CAG AAG CAA CTC TTG ATG GAT TTA GAG GTA GTC ATG 682
R I R S T V D E K E K L _L N D L E V V I
68
77
86

R W

@

CGA AGC AAC GAC TGC CCT TGT ATT GTT CAA TTT TAT GGT GCC ATA TTC AAG GAG GGT GAC TGT TGG ATA TGC ATG GAG CTT ATG GAC ACG 772

R S N D C P C I V Q F Y 6 A I F K FE 6 D C W I C N FE L N D T

TCA CTT GAC AAG TTC TAT AAA TTT ATA TAT GAA CGT TTA CAT GAA CGT CTT CCA GAA AAC ATG CTT GGA AAA ATA ACT GTT GCA ACA CTA 862

s L D X F Y K F I Y E R L H E R L P E N N L 6 K I T V A T L

ACA GCA CTA AAC TAT TTA AAG GAG AAG TTG AAA ATA ATC CAT CGT GAT GTG AAG CCA TCT AAC ATT TTA TIG GAT AAG CGC GGC AAT ATC 952
L

T A L N Y L K E K K I I H R D V K P S N I L L D K R G N I

953 AAG CTC TGT GAT TTC GGC ATT TCT GGC CAG CTT GTG GAT TCC ATC GCC AAG ACA AGA GAT GCT GGA TGT AGA CCA TAT ATG GCA CCG GAA 1042
K L ¢ D F ¢ I S ¢ @ L Vv D S I A K T R D A 6 C R P Y N A P E

1043 CGT ATA GAC CCA GCC AGA GCC CGG GGA TAT GAC GTT CGC TCT GAT GTG TGG TCC CTC GGT ATC ACC CTG ATG GAG CTG GCC ACA GGG AGT 1132
R I D P A R A R 6 Y D ¥V R S8 D Vv W S L[ 6 I T L M E L A T G S

1133 TTC CCG TAT CCC AAG TGG AAT TCT GTT TTC GAG CAG CTA ACG CAA GTA GTG CAA GGA GAG CCA CCA CGT CTT TCA CCC AAC GAG AAT GGC 1222
F P Y P K W N S V F E @Q L T Q V Vv Q G E P P R L S P N FE N G

1223 AAT ACT TTC TCC GAG GAG TTT GTT AGT TTT GTT AAT ACA TGC TTA ATA AAA GAT GAA AGC TCA CGA CCC AAG TAT AAA CAG CTC CTC GAG 1312
N T F S E E F vV S F ¥V N T C L I K D E S S R P K Y K Q@ L L E

1313 CAC GAG TIT GIC GIG CGA TCG AGA GAG GAC CCC ATG GAC GIG ACA GAG TIT GIT AGC GGC AIT CIG GAC AAG ATG GCA AAC AAC GGA CGT 1402
H E F Vv Vv R S R E D P X D VvV T E F v § 6 I L D K N A N N G R

1403 GTC ATG TAT ACT TAC GAT TCT TAC AAC TGC TGA TGAACTTACTGTCATAGCACTTGTCTCATCATTTTTAACTCTGGGACTACGAGTGGAACAAACTTGCTCTGGGGCA 1511

*

1512 AGTTTAAGCCGTGCAGCATTTATATTTTATATGTAGGCTGAATAATGCCAGCTTTGCAAAGAGAGAGAGTAAAAAGAAATGTTTGGAGTTTAAATGCCAGCTTTTATATGGCATTTACGA 1631
1632 GTGGCACTGTGTGGCAGCAAAAATGGACTGGTTTACTGATTGACTGTGATGTGACACCCAGTGTATGTAAAACGAAGAATTTTTTTTTTTTTCAGTTATAAGAGTTATGTAGAAGTTTGT 1751
1752 CGAAAAAAGAAATGGGTGCAGATATGAGCCTTATACATAGGTAAGAAAATGGGATAACATTGGGTTATAAAAGGAGACTCGTGCAGGTAGTTGTGTTGTCGTCGCAGAGTAGTTGGCTGG 1871
1872 AATAGTTTTAGAAGCTGTTACAAATAGCATTTCTGATGCAGAGTTCTCTACTGAATGAGGGGAATGGTCACCAAAAGAGGAACCAGCAGAAGTGACTTTTAAAATCAGAATTTGCCATTA 1991
1992 CCACTGGTACATTATTGTAGTGAACCTGATTGTTCCATTTCTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 2064

wW W

1 HEMRAXEE FCMKKA ERPZERFIIREESHEERT T
ML TTHEN B ATG IR IGH TS T & L% T TGA i = frill; B A S-TKe 25141
Fig.1 Nucleotide sequence and deduced amino acid sequence of F. chinensis FcMKK4 gene

Start codon( ATG) is marked with filament box; asterisk indicates stop codon( TGA) ; the S-TKc domain is underlined

1

upper cutoff
0 i lower cutoff ) f K
——hydrophobicity \
(Y (I | \
ié -1 t'L\ \\ i /!' \\ \E \ \\ \ [\
> \ Y Il \u \
m \ ¥||I | \ | \ | |
AR NANIRN
-g \\’\ \I‘r llr\] } \ | \ )r
2 3t { l/ [/ i A F

0 50 100 150 200 250 300 350
AT AR A B

start position of window in sequence

B2 mERAXE FeMKKY & BB Bk 1SS #
Fig.2 Hydrophobicity analysis of F. chinensis FcMKK4 protein

FIF L T H SOPMA X FeMKKA JEFR 4afh  55,4.19% 19 B %5 M1 49.01% B9 AS KL o
BETM ST BN, 458 BR, FeMKK4 N Jil SWISS-MODEI 7£ £k 3 {1 %} FcMKK4
T AL 36. 21% 1Y) o BRE, 10.59% [ 4E ] 20 0% 2, 10 0T — R S A R AT T o 25 2R R i R
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RS AN Gt oo R, N S RE SR SR BN IZ R A —
TopPred Xf FcMKK4 UM & A AT B K PE ISR 4N RASHIR (7 T 292 ~ 310 AR P4, 3L 19 1~ &
BiRgorbr. AR BN ZBIMEE K EER, BER) A EAESIKF S DR STS5 B B %
A — AT E B A (7T 210 ~230 85 W], FeMKK4 B i & B 77 & S-TKe (Z AR/
M7, 36 21 ANE R ) o [N TMpred F1 JR PR H AL X)) IR<F 45 M 0k, HLIZEE A
SignalP4. 1 (%} FeMKK4 Hil & A #4574+ & T PKe(HEE #M o) B %, PKe-MKK4 W%

ot 0 oo ]

00 150 200 50 300

Hi

IIII\HIIIIHHIH\\IIIII\HIIIIIHHIH\IIIIIH‘\III”\
50 1

50 100 150 200 250 300

B3 fEAXEF FeMKK4 EH R/
WK o BE, L O RFRIE i, @0 B, SR AR A I & il
Fig.3 Prediction of the secondary structure of F. chinensis FcMKK4 protein

Blue denotes alpha helix,red denotes extended strand, green denotes beta turn, purple denotes random coil

2.3 FcMKK4 EERBEES#H (Anas platyrhynchos) | J& 8% ( Columba livia) \3F 5

#) A NCBI BLASTP # 4 %t o [ B X} 4F t.( Danio rerio) . # {4 B ( Heterocephalus glaber)
FcMKKA4 JER 4 1 1) 240 55 1R 13 51 fE A7 [R5 B X VG BL(Octodon degus) ) MKK4 [ [ 57 43 5]
KIIZED) 5 H 98 W ( Ixodes Scapularis) Y [w] I F70% 69% 69% 69% 64% 64% Fll 64%
Pedremr , o 80% 5 HMh TG HE Bl 4n B R Bk i FIFH MEGA 4. 1 #4417 R G ik 4k 70 %
( Harpegnathos saltator ) . K 41 BE % ( Danaus B, Fr [ BH G IR FeMKK4 F0 A 5 i sh 4 MKK4
plexippus) . ## ¥ H ik 5 3§ 8 ( Camponotus RAH—Z (K 4) . K E X IR FeMKKA 3 R 45
floridanus ) | & ¥ ( Apis mellifera ) | 3] i #Y i 2 HE R T 31 5 I o< i i | B e 3R AT R
(Acromyrmex echinatior ) Fl 3% J f B ( Aedes CIBEUE | BE R U OTCEE AN RS S
aegypti) ] MKK4 (¥ [7] Y5 ¥ 53 5 8 78% . 75% . MKK4 3 ] 1) & 3By 50 oF 47 X kOB,
T4% 11% 68% F1 68% ;5 H A HE 5 4 Wk PR GYDVRSDVWSLGTTL 3t A J3 5] & J& 4+ <F (K
W& ( Xenopus laevis) M ( Cyprinus carpio) | %3k 1§ 5),

70 A.echinatior (EG170439.1)

ﬂE H.saltator (EFN81517.1)
100 C floridanus (EFN70850.1)

91 L Amellifera (XP 006563748.1)
12 —————————— Z.nevadensis (KDR12188.1)
93 D.plexippus (HI70363.1)

64 A.aegypti (XP 001662902.1)

F.chinensis (KJ023198)

Lscapularis (XP 002416198.1)

X.laevis (AAI26010.1)
98——— D.rerio (NP 991299.2)
10 L—C.carpio (BAB79524.1)

68 A.platyrhynchos (EOB05461.1)
C.livia (EMC88961.1)
99l_| H.glaber (XP 004857613.1)

— 92! O.degus (XP 004645231.1)
0.05

4 FIRA MEGA4.1 REHEWE T MKK4 S EBF 5K NI RgtLw
Fig.4 NJ phylogenetic tree based on MKK4 amino acid sequences by MEGA 4.1
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Apis meiiifera . PI SSRPNLPLSLPKLPVRSCTAVPGELPCKAR. . .. .. .. .. 64
Ixodes scapularis L. 24
Danaus plexippus ... SRTIRCVLPENPR. . ........ 45
Aedes aegypti ... ... .. RPSKKLSFCPSPVVTARTPPLS. . .. ....... 54
Danio rerio ... INLSCGLPPSKRKALKLNFANPPIKTTSRI TSG. . . LPFCNPHI ERLR. THSI ESS{e e8] 71
Xenopus laevis ... TSGAKALSTNEGATKN. . .. ... .. RLERLR. THSIES 49
Octodon degus PAPCHPAVSSMG. CKRKALKLNFANPPVKSTARFTLNPNTTGVCNPHI ERLR. THSIES 78
Fenneropenaeus chinensis . ... ... ... .. ... . ... ... .. .. .. ........................ 27
consensus
Apis meiiifera NIMEIIIRRINAVKRI[RS TVDEREGKCLLADLIEVVN AIRFISECCCVIICNE) 144
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cDNA cloning and expression analysis of MKK4 gene under
ammonia-N stress in Fenneropenaeus chinensis

YAO Wanlong'?, HE Yuying', LIU Ping', LI Jian' , WANG Qingyin'"
(1. Key Laboratory of Sustainable Development of Marine Fisheries ,Ministry of Agriculture ,
Yellow Sea Fisheries Research Institute ,Chinese Academy of Fishery Sciences,Qingdao 266071, China;
2. College of Fisheries and Life Science ,Shanghai Ocean University ,Shanghai 201306, China)

Abstract. For preliminary research on the biology function of MKK4 in Fenneropenaeus chinensis in this
study , full-length cDNA sequence of MKK4 gene in F. chinensis was cloned using RACE method and was
named FcMKK4. The full-length of cDNA sequence of MKK4 is 2 064 bp, which contains a 214 bp 5'-UTR,
629 bp 3’-UTR and 1 221 bp open reading frame ( ORF) that encodes 406 amino acid residues. Its isoelectric
point( PI) was 8. 50 and molecular mass was 45. 94 ku. Homology analysis revealed that the amino acid
sequences of FcMKK4 were highly homogenous with MKK4 of other species,80% with Ixodes Scapularis,
and 78% with Harpegnathos saltator. The phylogenetic analysis showed that F. chinensis FcMKK4 was in
the same class with other arthropods’ MKK4. The expression level of FcMKK4 gene in different tissues was
analyzed by quantitative real-time PCR. The results indicated that the highest expression level of FcMKK4
gene was in muscle, and that in hepatopancreas was the second. Real-time PCR analysis showed that the
expression level of FcMKK4 was up-regulated significantly in muscle, hepatopancreas, hemocytes, gill, heart,
intestine and stomach after stimulation with ammonia-N stress, and FcMKK4 showed different expression
profiles in different tissues. The results implied that FcMKK4 might play an important role in abiotic stress
response in F. chinensis.

Key words: Fenneropenaeus chinensis; MKK4 gene; ammonia-N stress; gene cloning; expression
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