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L7 & & (Scylla paramamosain) 7 F

Al S M

HEEE K cDNA IR iERALRIEST

( 310058)
RT-PCR RACE R CHH
( Cl  C2)cDNA - Cl 1859bp, 420bp,
139 , 15.326kDa, 5.540; C2 1739bp, 426bp,
141 , 15.621kDa, 7.618 CHH
, CHH CHH (92%), (80%)
(78%) , CHH
, CHH ,
, : 24h  ,C2 C1 30 ; C2
5 (P>0.05), 15 (P<0.05), 22 25 30
(P<0.01); , C2 CHH
, CHH, ,
Q75

(Scylla paramamosain)

(Arthropoda) (Crustacea) (Decapoda)
(Portunidae) (Scylla),
4 -
(S. serrata) (S. olivacea) (S.
tranquebarica) ( , 2007),
(Fanjul-Moles, 2006) X-

(X-organ-sinus gland, XO-SG)
(crustacean hyperglycemic hormone, CHH)
(gonad-inhibiting hormone, GIH)
(molt-inhibiting hormone, MIH)
(mandibular organ-inhibiting hormone, MOIH)(Keller,

* ,2008C12008
:2011-12-12, :2012-02-06

1992; De Kleijn et al, 1995),
(De Kleijn et al, 1995; Garefa et al,

1998), (crustacean hypergly-
cemic hormone family, CHH ) ,
(Mettulio et al, 2004; Okumura et al,
2005) (crustacean hyperglycemic
hormone, CHH) s
( , 20006) CHH
(Thannumalaya et al, 1998),
(Spaning-Pierrot et al,
2000) (Chang et al, 1998) (Chang et al,
1998) (Lorenzon et al, 2000)

(Webster et al, 1996)

(Stentiford et al, 2001) CHH
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Iml Invitrogen Trizol Reagent,
, RNA RNA
s Nanodrop2000 s
( , TBE
2003) , SMART™ RACE ¢DNA Amplification Kit
, CHH cDNA , 3
cDNA , CHH
, 13 CHH
CHH , GenBank
CHH c¢DNA , CHH-F,
CHH-R( 1) TaKaRa Taq™ PCR
1 PCR TaKaRa Taq (5U/ul), 0.2ul; 10x
1.1 PCR Buffer (Mg®" Plus), 2.5ul; dNTP Mixture( 2.5
(Scylla paramamosain) 2011 mmol/L), 1pl; cDNA, 1ul; CHH-F (10
9 [(200+20)g] pmol/L), 1ul; CHH-R (10pmol/L), 1ul; ddH,O
[(10£1.2)cm] [(8+0.8)cm] s 80cmx 20ul PCR 94°C Smin; 94°C 30s,
80cm PVC , R 55°C 30s,72°C 1min, 30 10min;
(25+0.4)C, 8+0.2, pH  7.5+0.3, 4°C PCR Axygen ,
s 18 pMD-18T (TaKaRa) Top10
) (Invitrogen) PCR ,
, 3 10, Invitrogen
5 15 20 25 30, BLASTX ,
24h CHH
7 , , 3’ 5" RACE (D
1.2 RNA SMART™ RACE ¢cDNA Amplification Kit
, , 0.05g (Clontech) cDNA ,
*1 AHRETANSEIY
Tab.1 Primer sequences used in this study
(5'>3)
CHH-F CGGCGCACCCCTTAGAAAAAAGAC Gene
CHH-R CCCTTTAACCCTTGCTAAGCTGCC Cloning
GSP1 TCC GTT GAA GGG GCG ACT ATG GTG 5'Race
GSP2 CTA CAG CAA CGT GGT CAT CCG CC 3'Race
GSP3 GTA GGA CCC AGA CCA AGA CCC ACA 3'Race
UPM-long CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT Race
UPM-short CTAATACGACTCACTATAGGGC Race
NUP AAGCAGTGGTATCAACGCAGAGT NestRace
OligoG AAGCAGTGGTATCAACGCAGAGTACGCGGG 5'Race
3'-CDS AAGCAGTGGTATCAACGCAGAGTAC(T)30VN 3'Race
CHH-SF CTG CTG CAC AAT CCT GAC RT-PCR
CHH-SR CTT CGAAGT TGT CCATCA GC RT-PCR
CHH-DF CTA CCT TAA AGC CAC CAC RT-PCR
CHH-DR ATC AGA TAG GCT CGT TTC RT-PCR
B-actin-F GCCCTTCCTCACGCTATCCT
[B-actin-R GCGGCAGTGGTCATCTCCT
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GSP1 GSP2 GSP3 SMART™ RACE ¢cDNA  GSP3 3' RACE 505bp ,
Amplification Kit , GSP2 384bp s poly(A)
SMART™ RACE ¢cDNA Amplification Kit , AATAAA, 3
CHH 35 GSP1 5"RACE 704bp  584bp
PCR CHH , °c 5
1859bp  1739bp
14 CHH )
C1( : JQ421462)  C(
DNAStar SeqMan JQ421463) cDNA
Cl mRNA 75bp 5’
NCBI BLAST (http://blast.ncbi. (UTR), 420bp (ORF), 1364bp 3’
nlm.nih.gov/Blast/), DNAStar EdiSeq (UTR)  poly(A) , 139
(ORF) ; C2 mRNA
ProtParam (http://www. 75bp 5 (UTR), 426bp
expasy.org/tools/protparam.html) (ORF), 1238bp 3’ (UTR) poly(A) ,
Interpro Scan (http://www.ebi.Ac.uk/ 141 1 AATAAA
Tools/InterProScan/)
DNAMAN CHH 2.2
’ MEGA4.0 DNASTAR Edisequce
(KUMAR etal, 2004)  NJ ; i
15 CHH 139 ’
’ Primer 5.0 15.326kDa, 5.540 13
CHH-SF CHH-SR  CHH-DF (K, R) 17 (D, E) 48
CHH.DR( 1), (A,ILL,F,W,V) 37 (N,C,Q, S,
CHH , GenBank TY) €2 141
B-actin , 15.621kDa, 7.618
B-actin-F B-actin-R( 1) PCR(ddCt ) 16 (K, R) 15 (D,
20ul,  :SYBR®Premix Ex Tag™ (2x), B 47 (A, L L, F,W,V) 40
10ul; PCR Forward Primer (10pumol/L), 0.4ul; PCR (N,C, Q.8 T.Y) Motif Scan
Reverse Primer (10pumol/L) , 0.4ul; ROX Reference )
Dye (50%)*3, 0.4pl; cDNA , 2.0pl; dH,0, 6.8pl . 28—64
95°C 30s; 95°C 55, 60°C 34s, 40 ; CHH (CHH,
95C 15s,60C 1min, 95C 15s PCR precursor-related peptide, CPRP)
, 274t SPSS11.0 2.3
CHH-SF CHH-SR Cl, DNAMAN
CHH-DF  CHH-DR Cl cC2, (Scylla olivacea) (AAQ75760.1) i
Qhact C2 (Charybdis japonica) (ACN87216.1)
(Portunus trituberculatus) (ACB46189.1)
2 (Callinectes sapidus) (AAS45136.1)
2.1 CHH (Discoplax hirtipes) (AEM45614.1)
CHH-F ~ CHH-R (Grapsus tenuicrustatus) (AER27832.1)
398bp GSP2 3"RACE (Cancer productus) (ABQ41272.1)7

1269bp , AATAAA,

> >



698 43
Cl M S T F T SV I Q M AV L V AC T AMA 2
Cl  |ATGITCTACCTTCACCTCAGTAATCCAAATGGCGGTCCTTGTGGCGTGTATTGCAATGGCG
A1 135 MEGA4.0 NJ 17
€2 [NTGrCTACCTTCACCTCAGTAATCCAAATGGCTGTCCTTGTGGCGTGTATTGCAATGGCG 135 (3
2
2 M S T F T S V I Q M AV L V AC T AMA 2
b
¢ct T L P Q T Q GRS ADSGVFGRMGR L L 40
Cl  ACCTTACCACAGACCCAGGGACGCTCCGCAGATGGGTTTGGGCGTATGGGTCGGCTGCTG 195 24 CHH
C2  ACCTTACCACACACCCAGGGGCGCTCCGCAGATGGTTTTGGGCGTATGGGTCGGCTGCTG 195 B -actin
- B
C2 T L PHTQGRSADGTEFGRMGR L L 40
PCR CHH
Cl AS L KGDSLGPVQDYGVEGAA 60 - 2
Cl  GCGTCCCTCAAGGGTGACTCTTTGGGCCCCGTCCAAGATTACGGCGTAGAGGGAGCGGCG 255 7 C1
b
C2  GCGTCCCTCAAGGCTGACTCTTTGGGCCCCGTCCAAGATTACGGCGTAGAGGGAGCGGCG 255 2 .
C2 A S L KADSTILGTPUV QDY GV EGAA 60
b b
Cl HPLETZKTZ R QTITFDSSTCEKTGVYDTRA 8
Cl  CACCCCTTAGAGAAGAGACAGATTTTTGATTCCTCCTGCAAGGGTGTTTACGATAGAGCG 315 6
2
C2  CACCCCTTAGAGAAGAGACAGATTTTTGATTCCTCCTGCAAGGGTGTTTACGATAGAGCG 315
(P<O.0)( 4) 5—30
C2 HPLETZKTZ R QTITFDSSTCIKT GV Y DT RA 8
, 24h Cl
ci T FSELEHVYVCNDTCYNTLTYRT S R 100 10 C1
b
Cl  ATCTTCAGTGAGCTTGAACACGTCTGTAATGACTGCTACAATCTTTACAGAACATCCCGT 375 195 1.00 141
C2 ATCTTCAGTGAACTGGAACACGTTTGTAATGACTGCTACAATCTTTACAGAACCTCCCGT 375 ' ' '
1.02 1.65 1.09, C2
¢2 1T FSELEHVCNDTCYNTLTYRT S R 100
89.96 31.03 55.87 61.12 65.27
Cl VAS GCRANC CFENIHVFDDTCUV Y 12
109.46, C2 Cl 30
Cl  GTCGCCAGTGGGTGCAGGGCGAACTGTTTCGAAAACCATGTATTTGATGACTGTGTGTAT — 435
C2 5
C2  GTCGCCAGTGOGTGCA. « - v e e e e e e e e e e e 451
>
C2 VA S G O ettt e e 105 (P>0.05), 15
(P<
¢Cl DL L LHNPDTEVTILTLMERDATIRG * 139
0.05), 22 25 30
Cl  GACCTGCTGCTGCACAATCCTGACGAGGTGCTGCTTATGAGAGACGCCATCAGGGGTTAA 495
P<0.01 5
G 451 ( )( )
Cl  ATGTGTCAAGACCATGATCTAACTGCTACAGCAACGTGGTCATCCGCCAGTGCATGGAAG 555 3
C2 e GATCTAACTGCTACAGCAACGTGGTCATCCGCCAGTGCATGGAAG 496
C2 o RS NCY SNV VIR QCME 12 ’
cDNA s
Cl  ACCTCCTGCTGATGGACAACTTCGAAGAAATTGCCAGAAAAATACAAATGGTTGGCAAGA 615 CHH DNA
c
C2  ACCTCCTGCTGATGGACAACTTCGAAGAAATTGCCAGAAAAATACAAATGGTTGGCAAGA 556 CHH
C2 DL LLMDNTEFETETETATRTZEKTIAI QMV G K 140 (CHH lated
precursor-relate
AGTAA. « e e e e e e e e e e e e e e 620 .
¢l peptide, CPRP), MIH GIH MOIH
C2 AGTAA. . e e 561
cDNA
C2 K % 141 .
(Mettulio et al, 2004) ,
1 (C1 C2) cDNA CHH
Fig.1 cDNA sequences and deduced amino acid sequences of two genes (C1 and CHH MIH GIH MOIH >
C2) encoding CHH  from the mud crab S. paramamosain CHH CHH (Garefa et al,
* .
; ™ 1998) CHH
1—18); CHH (CPRP)
, CHH
RSAXG; HPXEKRQIXD; CKGVYXR; (Hsu et al,

LEHVCXDCYNLYR; VXSXCRXNC( 2) 2008)
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cDNA

699

cDNA Cl C2,C1 1859bp,
139 ; C2 1739bp,
141
C1 C2
CHH
, Cl C2

(Scylla olivacea)
(AAQ75760.1) = (Charybdis
japonica) (ACN87216.1)

(Portunus trituberculatus) (ACB46189.1)

1 92% 80% 78%,
CPRP,
CHH
CHH
CHH
, (Sedl-
meier, 1998),
(Keller, 1992),
CHH Okumura
(2005) s
CHH
CHH
CHH
(Fanjul-Moles, 2006)
RT-PCR
Cl C2 mRNA
, , CHH
S Tsai
(2008)
CHH 12 ,
CHH

WLTE 1 Scylla paramamosain C1
IR E B Scylla paramamosain C2
WG48 Scylla olivacea

T2 Charybdis japonica

SR THE Portunus trituberculatus
Y51 Callinectes sapidus
BEFIE Discoplax hirtipes
NG Grapsus tenuicrustatus

21 GEEE Cancer productus

W EEE Scylla paramamosain C1
IH

AT Scylla olivacea

% Scylla paramamosain C2

H A8 Charybdis japonica

=P TIE Portunus trituberculatus
Vi Callinectes sapidus

BAL [ FEHE Discoplax hirtipes

AL TT % Grapsus tenuicrusiatus
LRI Cancer productus

AT

V5 1% Scylla paramamosain C1
T
"
5]

o

T % Scylla paramamosain C2

W5k 7558 Scylla olivacea

TTAR 1} Charybdis japonica
SRR TR Portunus trituberculatus
Y& Callinectes sapidus

BB HE Discoplax hirtipes
ML, Grapsus tenuicrustatus

21 S5 TG #E Cancer productus

MSTFTSVIQMAVLVACIAMATLPQTQGRSADGFGRMGRLLASLKG
MSTFTSVIQMAVLVACTAMATLPHTQGRSADGFGRMGRLLASLKA
MSALTSIMQMAVLVACITMATLPDTQARSAEGFGRMGRLLASLKA
MSPLKSVPQMALLVSCLAVLTL-HTAARSAEGFGRMGRLLESLKA
MQSIKSVCQVSLVAACI-IFTLPWTQARSAEGFGRMGRLLASLKA
MQSIKTVCQITLLVTCM-MATLS YTHARSAEGLGRMGRLLASLKS
------ MALVAVAVFAS-MHALPHAHARSADGFGRMERLLTSLRG
- - MTSAVALVVVTVVAS - LSTLPHASARSADGLVRMERLLASLRG
MLTSRTLPTIILGVLCIYLSTIPNAHARSAQGMGKMEHLLASYRG

- - DSLGPVQD- - - YGVEGAAHPLEKRQIFDSSCKGVYDRAIFSEL
- - DSLGPVQD- - - YGVEGAAHPLEKRQIFDSSCKGVYDRAIFSEL
- - DSLGPVQD- - - FGVEGAAHPLEKRQIFDSSCKGVYDRAIFNEL
- - DTLGPMOQN- - - YGVEGAGHPLEKRQIYDASCKGVYNRAIFSEL
- - DSLTPMQG- - - YGTETGHPLEKRQIYDSSCKGVYDRAIFSEL
--DTVTPLRG- - - FEGETGHPLEKRQIYDSSCKGVYDRAIFNEL
SAESPAAL------ GEASAAHPLEKRQIYDRSCKGVYDRSLFSKL
NGEQTPALGELRAAGEGSATHPLEKRQIYDRACKGVYDRSLFSKL
ALESNTPIG- - - - DLPGGLVHPVEKRQIYDSSCKGVYDRGLFSDL

EHVCNDCYNLYRTSRVASGCRANCFENHVEDDCVYDLLLHNPDEV

EHVCNDCYNLYRTSRVASGCRSNCYSNVVIRQCMEDLLLMDNFEE
EHVCNDCYNLYRTSHVASGCRSNCYSNVVIRQCMEDLLLMDNFEE
EHVCDDCYNLYRNARVASGCRSNCYSNVVFRQCMDDLLLMDNFDE

EHVCDDCYNLYRTSRVASGCRSNCYSNMVIRQCMEDLLLMDNFEE
EHVCDDCYNLYRNSRVASGCRSNCYSNMVIRQCMEDLLIMDNFEE

EHVCDDCYNLYRTSYVSSACRENCYSNLVFRQCMDDLLLMDVFDE

EHVCDDCYNLYRTHHVASSCRENCYSNLVFRQCMDDLLLMDVFDE
EHVCDDCYNLYRNSY VASACRSNCYSNVVFRQCMEELLLMEEFDK

W% Seylla paramamosainCl - LLMRDAIR G- - -

AT % Seylla paramamosainC2 TARKIQMVGKK -
Wik &% Scylla olivacea TARKIQMVGKK-
[1AR 1 Charybdis japonica YARKIQVIGKK-

SRR T8 Portunus trituberculatus YARKIQMVGKK -
V&1 Callinectes sapidus YARKIQVVGKK-

ELFEE Discoplax hirtipes YAKAVQMVGRKKK

ML, Grapsus tenuicrustatus YAKAVQVVGRKK

2135 TG #E Cancer productus YARAVQIVGKKK

2 CHH 7 CHH

45
45

130
130
130
129
128
128
122
132
131

139
141
141
140
139
139
134
144
143

Fig.2 Amino-acid sequences alignment of S. paramamosain with different animals’

Scylla olivacea (AAQ75760.1);
5 Charybdis japonica (ACN87216.1);

(ACB46189.1);
(AAS45136.1);

productus (ABQ41272.1);

30)

CHHs

Discoplax hirtipes (AEM45614.1);
Grapsus tenuicrustatus (AER27832.1)

Portunus trituberculatus
Callinectes sapidus
Cancer

, (15 20 25

(5), C1
, C2

, C2

Cl 30 ,

C2
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100 Callinectes sapidus 4.5
98 Portunus trituberculatus 40t b
53 Charybdis japonica B+
29 Macrobrachium rosenbergii % 35
100 Macrobrachium nipponense i 3.0F
24 Metapenaeus ensis ® 251 " *
64 L Pachygrapsus marmoratus = *
Cancer productus @ 20}
50 Scylla olivacea B 15F
100 Scylla paramamosain C1 S 10t
80 Scylla paramamosain C2 ’
31 Penaeus monodon 0.5
]—: Discoplax hirtipes 0 . . . . . )
22 \_: Gecarcinus lateralis 5 10 15 20 25 30
100 Marsupenaeus japonicus PN
—— Grapsus tenuicrustatus b
88 —— Homarus gammarus
5 PCR C2 24h
3 MEGA4.0 CHH NJ

Fig.3 NI tree based on CHH amino acid sequences using

MEGA4.0
: Penaeus monodon: (AY346382.1); Metapenaeus
ensis: (AF247160.1); Gecarcinus lateralis:

(DQ492296.2); Macrobrachium rosenbergii:
(AF219382.1); Pachygrapsus marmoratus:
(AY180334.1); Callinectes sapidus: (AY536012.1); Grap-
sus tenuicrustatus: (JN048801.1); Charyhdis japonica:
5 (FJ768717.1); Discoplax hirtipes:

(JF894386.1); Cancer productus: (EF592486.1);
Scylla olivacea: (EF530127.1); Portunus tritubercula-
tus: (EU395808.1); Homarus gammarus:

(DQ181791.1); Marsupenaeus japonicus:
(AB247560.1); Macrobrachium nipponense:

(HQ724327.1); Scylla paramamosain C1: (JQ421462);
Scylla paramamosain C2: (JQ421463)
LN - act mce2
14 3
%‘ 12 r
K10
92 6 *k
% al *k
O *x *k
o | = |_x_‘ .
0 |—I_ 1 1 1 1 [P s I
R FFERER [ B 7] 1
AR
4 PCR Cl C2

Fig.4 C1 and C2 genes expression level in different tissues

detected by qRT-PCR
* (P<0.05), ** (P<0.01)
5 CHH
Chang (1998) ELISA
CHH . 5
CHH Webster

Fig.5 C2 gene expression level in the eyestalk detected by
qRT-PCR after 24h’s stress in salinity
* (P<0.05), ** (P<0.01)
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Abstract

The cDNAs of two crustacean hyperglycemic hormones, designated as C1 and C2, were isolated from the

eyestalk of mud crab Scylla paramamosain through RT-PCR and RACE. Sequence analysis indicated that C1 had an open

reading frame of 420bp encoding 139aa of 15.326kDa and pl at 5.540; C2 had an open reading frame of 426bp encoding
141aa of 15.621kDa and pl at 7.618. The amino acid sequences of C1 and C2 possessed 92%, 80%, 78% identity with the
CHHs of S. olivacea, Charybdis japonica, Portunus trituberculatus respectively. C1 and C2 protein firstly clustered with
CHHs of S. olivacea and Charybdis japonica in the phylogenetic analysis. The expression of C1 and C2 in tissues were

analyzed by Real-Time PCR, the result showed that C1 and C2 were expressed in eyestalk, hepatopancreas, intestinal, heart,

gill and stomach, but not in muscle. After 24h’s stress in salinity, the expression of C2 increased by a factor of thirty com-

pared with C1. The expression of C2 in salinity 10 was not significant compared with salinity 5 (P>0.05), but significant
with salinity 15 (P<0.05) and great significant with salinity 20, 25, 30 (P<0.01). The more the salinity changed, the more

the C2 expressed. These results served further studies on functions and regulation mechanism of CHHs.

Key words Scylla paramamosain,

Crustacean hyperglycemic hormone (CHH),

Gene cloning, expression analysis



