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cDNA
%
1,2 2 2 2
(1. 116023; 2. 266071)
(MIH) , RACE
MIH-like cDNA s EcMIH 1218bp,
360bp , 420bp 5 394bp 3’ ; 120
, 41 79 , 13.71kDa,
pl 8.02 , MIH-like
, 87% 86% PCR , MIH-like
pH6.5 24h  48h, MIH-like
(P<0.05); 4mg/L 12h  24h, MIH-like
(P<0.05); 39 12h  24h, MIH-like
(P<0.05) mih
Q346 doi: 10.11693/hyhz20141100332
(Exopalaemon carinicauda) s (2010)
(Arthropoda) (Crustacea) (Decapoda) ; (2013)
(Natantia) (Palaemonidae) ,
(Palaemon) (Exopalaemon)( , (2013) cDNA ,
1995), (Acetes chinensis) L D
(Fenneropenaeus chinensis) s
; (2012) ,
) WSSV
, , ; (2011)
(2012a) HSP70 ,
) pH ; (2013, 2014)
; (2013) :
* (863 ), 2012AA10A409 - , CARS-47
, 31472275 ( ) ,201103034 s , E-mail: zhangmeil19891225@163.com
: R , E-mail: liuping@ysfri.ac.cn

:2014-11-26,

:2015-02-08



cDNA 765

; (2012b)
, (2014)
GPx
(molt-inhibiting hormone,
MIH) )
MIH ,
MIH (Trachypenaeus curvirostris)
( , 2002) (Metapenaeus ensis)
(Tiu et al, 2007) ( ,2003)

(Litopenaeus vannamei)(Sun, 1994)
(Macrobrachium rosenbergii)(Lin et al, 1998)
(Penaeus japonicus)(Ohira et al, 1997)

>

Lorenzon (2000)
s Hg Cd (Palaemon elegans)
(hyperglycemic hormone, CHH)
2h Sedlmeier(1988) s
CHH Santos
(1993) , CHH
, CHH ,
CHH
Stentiford (2001) ,
(Nephrops norvegicus) CHH
Webster(1996) (Cancer pagurus)
CHH MIH
, Chang
(1990) , MIH (Homarus americanu)
Lago-Leston  (2007)
CHH MIH
, EcMIH pH
MIH-like
cDNA , pH

1
1.1
1.1.1
,2013 9

s (4.10+0.30)cm, (1.10+
0.30)g 200L PVC ,
1/3 5
1.1.2 TRIzol Reagent FS
Universal SYBR Green Master (ROX) Roche ;
LATaq PrimeScrip™ RT reagent Kit with
gDNA Eraser PMDIS8-T TaKaRa ;
SMART™ RACE Amplification Kit Clontech ;

Topl0
; DNA ;
1.2 RNA
4
, RNA
/ RNA
1.0% TAE
1.3 EcMIH cDNA
GenBank (AF312977.4)

(KC990939.1) (DQ412566.1)
(AB162448.1) (AB162448.1)
(Penaeus monodon)(AY496454.1)MIH

cDNA , DNAMAN
FM1 RMI( 1)
cDNA ,
EcMIH PCR
: 94°C 5min; 94°C 30s, 57°C 30s, 72°C 30s,
30 ; 72°C 10min PCR
, MIH
206bp
14 EcMIH cDNA
EcMIH cDNA
3'RACE 5'RACE MspF1
MspF2 MspR1  MspR2, 3'RACE
5S'RACE MspF3
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MspR3( 1) SMART" RACE Amplification Kit MIH
cDNA EditSeq
£1 3IMEHRF (ORD) SMART
Tab.1 Names and sequences of the primers DNAMAN MIH-like
MIH ,
FM!  AGGCGTVATGGGBAAYMGBGA MAGEA4.0 (Neighbour-Joining)
RMI  TGGATSAGCATCCTVMRHGCCGG
MspF1 AAGACTGTTTCTACAACGT 3'RACE 1.6
MspF2 ACTTCCTATGGTGCGTCTATGC 3'RACE 1.6.1 pH (2014)
MspF3 CGTGGAACAACTCAACCG 3'RACE pH bH 3
MspF4 TGTGTGCGATGACTGCTCT
MspR1 CCTTGTTGAGTTGGCCCACCT 5'RACE »PH 6.5C pH ) 8.0( )
MspR2 GCATAGACGCACCATAGGAAGT  S'RACE 95( pH ) 25%NaOH
MspR3 GACTTCCTATGGTGCGTCTATGC  S'RACE pH pH
MspR4 GCCTTTCCGTGGCATAGAC 0.1 pH 4h
UPM  CTAATACGACTCACTATAGGGCAAGC 3 ) 36 0 3
NUP AAGCAGTGGTATCAACGCAGAGT 6 12 24 48 72 96h, 4
B-actin-F CCGAGACATCAAGGAGAAGC , ,
B-actin-R ATACCGCAAGATTCCATACCC 18°C, 32
¢DNA ) LA 1.6.2 (2005)
Taq (TaKaRa) 3'RACE 5'RACE 7
¢DNA 0.2uL; TaKaRa LA ; 4 11 18 25 32 39 46, 32
Taq (5U/uL) 0.1uL; 10xLA PCR Buffer 1pL; dNTP ’
mixture ( 2.5mm) 1.6uL; 0.2uL; 3 , 36
6.7uL 0.2uL; 0 3 6 12 24 48 72 96h,
TaKaRa LA Taq (5U/uL) 0.1uL; PCR 4 , ,
0.5uL; 10xLA PCR Buffer 1pL; dNTP mixture ( 18°C, pH 7.8+0.2
2.5mm) 1.6puL; 6.4uL 3'RACE 1.6.3 Chen  (1988)
MspF1 UPM, (1997)
MspF2 MspF3 NUP 5'RACE 0—46mg/L  0.01—29.3mg/L, (2012b)
MspR1 UPM, 72h
MspR2 MspR3 NUP : (140.28mg/L), 5 ,
94°C 4min; 94°C 30s, 57°C 30s, 72°C 2min, 30 . Omg/L( ) 2mg/L( ) 4mg/L( )
72°C 10min 6mg/L( ) 8mg/L( ), 3
PCR 1.0% TAE , 36 20g/L
DNA , )
PMDI18-T 5uL , ( , 1996)
50uL E.coli Top10 pH Bower
PCR and Bidwell NH;
0 3 6 12 24 48 72 96h,
1.5 4 , )
NCBI VecScreen , 18°C, 32,pH
BLAST , ContigExpress 5 7.8£0.2 , EcMIH
3 BLAST R 12
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ACA TGG GGA CGT AAA CTT TCC TCG GOC GCA GAG CAC GAC 39
40 AGA CAG AAG GAC GAC CGA GTA CGA AGC GTG CGT TTC Add 78

, RNA

T9 GGC ACT GCT TTC ATC TGC CAG GAA CCA GCA ACT CAC AAC 117
cDNA 118 CGA AGC ATT CGC TGA CTG ACT GCT GGC TGG CTG GCT GAT 156
1.7 EcMIH 157 CCC CAA GOC ATT CTT CGC TCG CTT GCG TCT GTC TAA TCC 195
Trizol 196 GCT CAA ACC CAT CAG TTT TCC CCC AGA CCC TTA TCC TTA 234
RNA, cDNA, 235 TAA CCT TTG TIC CGA AGC TGT TIT CCT CCC CAG CTG TIT 273
274 TGT ATC CCT GCA TCC ACC TCG TIC GCA TCT TGT CGA CAT 312

(2011) EcMIH ¢DNA
313 TCC TCT GTT CAT TTG ATC CCT TGA GTG TCT GTC CAG TIT 351

, MspF4  MspR4( 1),
352 GAA GGC GAA GTT TTA GTG TCG ATA AAC TOT ATA TCG TAT 390
GenBank B-actin

. . 391 TIT TTA AAT CTG TTG CTT GCT CAG T6T TTC [atg] tet act 429
B-actin-F B-actin-R( 1), @ s T

430 caa aga cac ctg caa gga atg gta acc agg acg acg cag 468
? @ R H L @ 6 W V T R T T @

Real_time PCR pH 469 agg atc ttt gcc cag aga gt ctg gtg aca gca geg ctg 507
R I F 4 @ R ¥V L ¥V T A & L
MIH
. 508 gtc atc age ctg ttc ctg atc tct gga acg tcg gcc/ass 546
FS Universal SYBR Green vV I s L F L § 6 5 A&'/R
Master ROX) . 104 , M e TT T T TR T
. Ms
0.1uL; 5uL FS Universal SYBR Green 586 sat ct tat gag ass stc gic AT EIEAEC T TAE TR 624
p L Y E K vV v § v C¢C D D C
Master (ROX); I'OHL CDNA; 3.8p,L DEPC 625 tct aat atc ttc cgg atg aat gat gtc ggt aac aga tgc 663
. S N I F R K N D V G N R C
: 95°C 10min; 95°C 10s, 60°C 34s, 40 ; MspF1 MspR3 MspF2
. 664 agg aaa gac tgt tic tac aac gtg gac ttc cta tgg tgc 702
95°C 15s, 60°C 1min, 95°C 15s 4 R E D CF Y N V D i{st W oC
__ MspF3 |
3 + 703 gtc tat gec acg gaa agg cac ggc gac gitg gaa caa cte 741
5 5 vV ¥ & T E R H 6 vV E @ L
- RMI1
2 AACT EcMIH 5 742 aac cgg tgg atc agc atc ctc cac gec ggt aga aaa 780
N R W . s I L H & 6 R K
SPSS17.0 One-Way ANOVA 781 AAG AAC ATC TCT TAA CTG AAA TAT CCT TTA AdA TAA GCT 819
2 820 CCA GGA CCA CAC GCC AGA ATG TAC TCA ATG TTT TCA AGA 858
859 TAT AGA GAT ATA TTG TGA AAL TGC CAT ATC ATC CGA GAT 897
2.1 EcMIH ¢DNA 898 ATC TAT CAG CTA AGA TGT TGA AAC TGA CAT CAG CCA TCT 936
937 TGA TTT TTT ATT TAG TGC ATT CTT ATA TGG GTA GCC ATC 975
976 CAA CTT TTT TTT TCA TTT CTT TCA TAA ATC AAG ATT AAG 1014
RACE 1218bp, 360bp
1015 TTT TAT CAC ATT CCA AAC ATT GCA ACA ATG TGA ATA TTG 1053
’
’ 394bp 3 (UTR) 1054 CAC ATC CTC AAT TAT TGA CCT CGA TTT TGC AGT TTC TTT 1092
420bp 5 (UTR) EcMIH , 1093 TAA CAT ATT TCT TTG TGT ATA TAT TCA GGG AAG ARA AAC 1131
MIH-like s 1132 TTT TCA CTC ACT AAG TTT GGT AAA TTT CAT GTT ATA CTT 1170
3! 1171 TTC CAA AAA AAA AAA AAA AAA AAA AAA AAA AAA AAA AAA 1209
1210 121
AATAAA, PolyA  (GenBank AAA AAA RAR 8
KM103727)( 1) 1 MIH-like cDNA
EcMIH . .
Fig. 1 The full-length MIH-like cDNA sequence and deduced
120 > 13.71kDa, amino acid sequence of E. carinicauda
pl 8.02 MIH
, N 41 atg , ,
79 6 ) s * 12
’ 72 Gly 1Ile CHH
Cys7 Cys24 Cys27
Cys40 Cys44  Cys53, 12 72
Gly Ile, Glyl12 CHH 2.2 EcMIH
(Lee et al, 1995), 1le72  EcMIH NCBI BLAST EcMIH

(Katayama et al, 2003) ( 2), EcMIH



768

46

2

C.CHH_PO-type
M.rosenbergii_CHH
L.vannamei_CHH
A.mellifera_CHH_isoform_X2
C.pagurus_MOIH_2
C.pagurus_MIH

P .clarkii_MIH
M.nipponense_GIH
P.monodon_GIH
Homarus_americanus_GIH
P.marmoratus_CHH_B_PO
C.pagurus_MOIH_1
M.nipponense_MIH
S.paramamosain_MIH_1
P.monodon_MIH_2
L.vannamei_MIH2

P trituberculatus_MIH
C.sapidus_MIH
C.pagurus_MIH
N.norvegicus_GIH
M.rosenbergii
E.carinicauda_MIH
Consensus

C.CHH_PO-type
M.rosenbergii_CHH
L.vannamei_CHH
A.mellifera_CHH_isoform_X2
C.pagurus_MOIH_2
C.pagurus_MIH

P .clarkii_MIH
M.nipponense_GIH
P.monodon_GIH
Homarus_americanus_GIH
P.marmoratus_CHH_B_PO
C.pagurus_MOIH_1
M.nipponense_MIH
S.paramamosain_MIH_1
P.monodon_MIH_2
L.vannamei_MIH2
P.trituberculatus_MIH
C.sapidus_MIH
C.pagurus_MIH
N.norvegicus_GIH
M.rosenbergii
E.carinicauda_MIH
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M.rosenbergii_CHH
L.vannamei_CHH
A.mellifera_CHH_isoform_X2
C.pagurus_MOIH_2
C.pagurus_MIH
P.clarkii_MIH
M.nipponense_GIH
P.monodon_GIH
Homarus_americanus_GIH
P.marmoratus_CHH_B_PO
C.pagurus_MOIH_1
M.nipponense_MIH
S.paramamosain_MIH_1
P.monodon_MIH_2
L.vannamei_MIH2
P.trituberculatus_MIH
C.sapidus_MIH
C.pagurus_MIH
N.norveaicus GIH
M.rosenbergii
E.carinicauda_MIH
Consensus

MIH-like
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Fig. 2 Multiple alignments of E. carinicauda MIH-like mature peptide with neuropeptide amino acid sequence alignment of other

MIH
(ABZ04547.1)
(P55320.1)

(AEJ54623.1)

(AAL37948.1)
(AFM35653.1)

(ABG33898.1)
(BAM93361.1)

Crustaceans CHH families
(AEJ54622.1)
(AAQ81640.1)
(AAL40916.1)
(P81034.1)

(AAR89517.1)

(P55846.1)

(AA027806.1)
(P81035.1)

(P55848.1)

(AAK58133.2)

(AAG29435.1)
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4
(Macrobrachium nipponensis) ( , 1991)
s 87%  86% 2.3 MIH
MIH-like (Cancer pagurus) Real-time PCR EcMIH
(Procambarus clarkii) (Portunus R EcMIH
trituberculatus) (Seylla paramamosain) (830.79+0.56) (297.34+0.47)
(Eriocheir sinensis) MIH (6.02+0.44) (65.19+0.34) (2.11+0.43)
58% 51% 49% 46% 47% (1.00+0.36)
(gonad-inhibiting hormone, GIH) ( 4
61% 70% 43% 54%, Real-time PCR pH
(mandibular organ inhibiting hormone, MOIH)MOIH1 EcMIH 5
MOIH2 50%, . pH (pH6.5) pH
(Pachygrapsus marmoratus) (pH9.5), EcMIH 3—72h
(Carcinus maenas) CHH (P<0.05) pH ,
46% 44% 31% 36% MEGA 4.0 (pH9.5) EcMIH
: (3. ,
MIH-like MIH MIH , EcMIH 3h
MIH MOIH GIH , CHH (43.86+0.35), 12h (0.81+0.15),
, , CHH 24h (14.58+0.18), ,
CHH (De Kleijn et al, 1995) , EcMIH 48h (15.38+0.21),
(Natnatai) CHH , 72—96h , EcMIH
(Peptnatia) CHH , 72h (3.13£0.25), 96h
g5 — Macrobrachium rosenbergii MIH AF432346 1
i 5?| [ Macrobrachium nipponense MIH AEJ54622 1
52 Exopalaemon carinicauda MIH KM103727 *
54 Macrobrachium nipponense GIH AEJ54623.1
Nephrops norvegicus GIH AAK58133.2
s 100 L Homarus americanus GIH P55320.1
Portunus trituberculatus MIH ABZ04547.1
% _53|_—Scylla paramamosain MIH 1 AFM35653.1
Cancer pagurus MIH P55846.1 |
51] 93 Eriocheir sinensis MIH 1 AAQ81640.1

- Cancer pagurus MOIH2 P§1035.1

Penaeus monodon MIH 2 AARB9517 .1
100l Penaeus monodon GIH ABG33898.1
Procambarus clarkli MIH P55848.1

100L Cancer pagurus MOIH1 P81034.1

Litopenaeus vannamei CHH BAM93361.1 l
Macrobrachium rosenbergii CHH AF372657 2 1l

a5 r Carcinus maenas CHH (PO-type) AAG29435.1 |
90 Pachygrapsus marmoratus CHH B POAAO271..

P
0.05

3 MIH-like

NJ

Fig.3 NI tree based on MIH-like mature peptide amino acid of different species
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Real-time PCR
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Distribution of EcMIH gene in different tissues of E. carinicauda

+

EcMIH 7

(4 11 18)

I pHE.5 [J pHS.0 I pH9.5
c

0 3 6

12 24 48 72 96
B8 (h)

5 pH EcMIH

Fig.5 The expression of EcMIH gene in eyestalk (left) and ventral ganglion (right) after different pH treatments at different time
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46
EcMIH R
, 96h
( 39 46) ( 4 11 18 25) EcMIH
(P<0.05) 4
, EcMIH
3h , 6—96h ; 11
3—96h ; 18 3h 24h
, ( 4 11
18 25) 3—96h (72h ) EcMIH
(P<0.05), 4 3h (46.94+
0.41), 11 18 12h , (5.93+0.32)
(4.12+0.22), 25  24h (8.37+0.31)
( 39 46) , EcMIH
3—96h ; 39
, 46
; 39 EcMIH
72h (15.75£0.36), 96h
16.0} EEpH6.5 IpHS8.0 I pH9.5
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=
g 140+
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g 20l
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201
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Fig.6 The expression of B-actin gene in eyestalk (left) and ventral ganglion (right) after different pH treatments at different time (P>0.05)
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Fig.7 The expression of ECMIH gene in eyestalk (left) and ventral ganglion (right) after salinity stress
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Fig.8 The expression of B-actin gene in eyestalk (left) and ventral ganglion (right) after salinity stress (P>0.05)
; 46  6h (8.09+0.34), 12h EcMIH 96h ,
, 24h , 48h , 72—96h , (11.07+0.32), (1.28+0.12), (5.10+0.31);
(1.77£0.24) (2.47£0.21) 72h (8.03+0.35),
Real-time PCR , 3h
EcMIH 9 (1.88+0.22), (1.32+0.11); 24h
, EcMIH (4.29+0.31), 48—72h , 96h
, (2.26+0.15); 96 h (3.80+
0.21)
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Fig.9 The expression of EcCMIH gene in eyestalk (left) and ventral ganglion (right) after different NH4Cl treatments at different time
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Fig.10 The expression of B-actin gene in eyestalk (left) and ventral ganglion (right) after different NH4Cl treatments at different time (P>0.05)

3
XO-SG
MIH
, Y
) , MIH
MIH cDNA ,
s MIH-like cDNA
MIH-like MIH-A MIH
, MIH-like
MIH MIH 6
, N 41
, (Ohira et al, 2005)
, 79 ; MIH
, 2

AA(Lee et al, 2007; Stewart et al, 2013)
TA(Lu et al, 2001) SA(Chen et al, 2007,
Toullec et al, 2013);

B

C- , C-
, «C )
78 (Nagasawa et al, 1996)
( ,2003) 75 (Tiu
et al, 2007) 77 , (Sun, 1994)
72 , ( , 2002) 71 ,
MIH
MIH GIH , CHH
, CHH ,
CHH , I II
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MIH (Gu
et al, 1998), 5 (Charybdis feriatus)
MIH (Chan et al, 1998),
; (Gecarcinus
lateralis)(Lee et al, 2007) ( ,2011)
(Sun, 1994) (Ohira et al,
1997) (Callinectes sapidus)(Lee et al,
1995) (Scylla serrata)(Qiu et al, 2003)
I & (Charybdis japonica)(
, 2010) MIH ,
X _
Iw  MIH
, f= MIH
EcMIH 830
; MIH-like S
, MIH
MIH
pH
( , 1995)
pH
EcMIH , pH
(8mg/L) 3h  EcMIH
, ( 39 46) 3—6h



4 cDNA 773
, , MIH ¢cDNA pH
(8mg/L) , MIH
0—72h MIH , 96h ,
MIH . >
(8mg/L) MIH
; 5 MIH
) 4 5 EcMIH
3h ) 6—96h , , , 2014.
_ 11 3—96h . 18 ) ,4(2): 1625
’ ’ . , 2002.
3h 24h , » EcMIH ¢cDNA . 26(6):
3h ; 487492
, MIH , , , 2003.
3h  EcMIH cDNA ,30(2): 128—134
, 3h  EcMIH ’ ’ > 2014.
(Exopalaemon carinicauda) GPx
’ , 33(4): 647—655
MIH , 2005.
72—96h MIH (1): 20, 30
) , 1995, ) : ,
Lago-Leston  (2007) 48—49
, , , 2011,
CHH EcMIH cDNA , 35(2):
’ 210—217
(18 25 39 46)  24h , EcMIH , , . 2010.
(P<0.05); (Exopalaemon carinicauda)
; (10, 16, 22, 28, 34 40) (20°C, , 41(3): 396—402
24°C, 28°C  32°C) 24h, : . ., 2014,
MIH-2 MIH-1 28 , 45(2): 299—306
’ , , ,2013.
; 20°C 32°C MIH
,20(6): 1166—1174
24°C 28°G, s s , 2012. (Exopalaemon
28°C , MIH carinicauda)ferritin . ,
24h , 40 MIH 43(2): 306—312
; 20°C  24h ,MIH ’ ’ » 2013.
16 22,28, 34 » 31(): 3560
) , 28, ) ; , ,2010. i
40 ; Liv-MIH .
( ( ), 1—8
) Chang (1998) ELISA , 1996. : : ,
1996, 136—139
’ CHH , , ,2013. ¢cDNA
CHH2 EST . . 20(2): 243—249
, EcMIH , , , 1997. NH,"-N §*
( ,2012) EcMIH . 16(4):
449—454
, 2013.
4 .
, . , 2012a.
MIH-like ,28(17): 109—116
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, 2012b.
, 31(9): 526—529
, 2012. (Scylla
cDNA
, 43(4): 695—701
, , , 2011.
HSP70
1130—1138

s >

paramamosain)

, 35(8):

, 1995. 1993

. ,6:15—18

Chan S-M, Chen X-G, Gu P-L, 1998. PCR cloning and
expression of the molt-inhibiting hormone gene for the crab
(Charybdis feriatus). Gene, 224(1—2): 23—33

Chang E S, Keller R, Chang S A, 1998. Quantification of
crustacean hyperglycemic hormone by ELISA in
hemolymph of the lobster, Homarus americanus, following
various stresses. General and Comparative Endocrinology,
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CLONING AND EXPRESSION OF MOLT-INHIBITING HORMONE GENE FROM
EXOPALAEMON CARINICAUDA UNDER ENVIRONMENTAL STRESSES

ZHANG Mei"?, LIU Ping?, LI Ji-Tao®, LI Jian®

(1. Ocean University of Dalian, Dalian 116023, China; 2. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of
Agriculture, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract We cloned the full-length MIH (molt-inhibiting hormone)-like cDNA from the eyestalk ganglia of ridgetail
white prawn Exopalaemon carinicauda, and named as EcMIH by rapid amplification of cDNA ends (RACE). The
full-length of MIH ¢cDNA was 1218bp containing a 420bp 5' untranslated region (5'UTR), a 438 bp 3' untranslated region
(3'UTR) and a 360bp open reading frame (ORF) encoding 120 amino acids consisting of a 41-residue signal peptide and a
79-residue mature peptide; the molecular mass was 13.71 kDa and the pl (isoelectric point) was 8.02. Sequence analysis
indicated that the EcCMIH was in homology with those of Marsupenaeus japonicas and Macrobrachium rosenbergii, in 87%
and 86% identity, respectively. Tissue expression analysis showed that the ECMIH mRNA expressed at the highest level in
eyestalk while extremely low in ovary, and not expressed in liver, muscle, gill, and blood cells. Under different
environmental stresses, the MIH-like gene expression level in eyestalk and ventral ganglion significantly increased
(P<0.05) compared to the control (i.e., in pH 6.5 group for 24h and 48h, in 4mg/L NH4ClI group for 12h and 24h, and in
salinity 39 group for 12h and 24h). Therefore, the EcMIH is involved in response against environmental stresses.
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