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, (Drosophila melanogaster)

1 , (Crassostrea gi-
gas) (Mytilus edulis) (Hyriopsis
cumingii) ,

[10] , (Eriocheir
sinensis, GenBank : KJ577632.1)

(Procambarus clarkia, ACI15835.1)

Chen (]
Gao [ ,
Ca2+
Ca2+
Ca2+

(PTCaM) , ,
1
1.1

R (3247) g

H 3 d H

1.2
SMART™ RACE Amplification Kit

Advantage 2 PCR Kit Clontech ; DNA
TIANGEN ; Trizol

Regent PrimeScript RT reagent Kit PMDI18-T
Top ten TaKaRa ;

Transcriptor First Strand ¢cDNA Synthesis Kit
FastStart Universal SYBR Green Master
ROX

(1), Rapid-amplification of cDNA ends

Primer Premier 5.0

F1 LR AHEINEY

Tab.1 The Sequences of the primer used in this
experiment
. (5'-3") sequence (5'-3")
primer
CaM-F TCAGGTCAACTATGAAGAGTTCGTCACA
CaM-F2 AAGTGAAGTGATCGCGCCCACT
CaM-R GCTACCACTACAGGGCGACAACAG
CaM-R2 AGTAGTTCTGTACATGGAGGCTGTATGGATA
QCaM-F  ACCTCACCCTAACACCTTGG
QCaM-R  GCTTTCCGCTTTCAATCAG
UPM Lon CTAATACGACTCACTATAGGGCAAGCAGTGGT
O ATCAACGCAGAGT
UPM Short CTAATACGACTCACTATAGGGC
NUP AAGCAGTGGTATCAACGCAGAGT
B-actin-F  CGAAACCTTCAACACTCCCG
B-actin-R ~ GGGACAGTGTGTGAAACGCC
MI13-F TGTAAAACGACGGCCAGT
MI13-R CAGGAAACAGCTATGACC
1.3
1.3.1 RNA cDNA
Trizol RNA,
1.0% RNA
b
RNA , SMART™ RACE Amplifi-
cation Kit 3'RACE
5'RACE  cDNA
1.3.2 EST

EST , Primer Premier
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5.0 Advantage 2 PCR (
Kit PCR :94°C 305, 60C )1~2 s,
30 s, 72°C 2 min, 25 PCR 50~100 mg/L
, EST 7d
1.3.3 CaM cDNA ,
EST , Primer Premier 5.0 1.3.6 CaM Trizol
3'RACE  5'RACE PCR RNA RNA,
Advantage 2 PCR Kit RNA
, 3'RACE CaM-F , Transcriptor First Strand ¢cDNA
UPM 3'RACE PCR , Synthesis Kit RNA cDNA
:94°C 30, 68°C 30s, 72°C 3 min, 27 Primer [S-actin CaM
PCR 50, : p-actin-F  p-actin-R  QCaM-F
PCR , 3'RACE , QCaM-R( 1) FastStart Universal SYBR
5'RACE Green Master s ABI 7500 Real Time PCR
3'RACE 5'RACE
, PMDI18-T , 10 pL, 5 pL  FastStart Universal SYBR
Top ten , Green Master (ROX) 0.1 uL 3.8 uL
37°C , PCR 1l uL  cDNA 95°C
PCR , 10 min; 95°C 10's, 60°C 34 s, 40 ;95°C 155,
60°C 1min, 95°C 15s  f-actin ,
1.3.4 NCBI BLAST 3 ’ 7=AAC,
PTCaM , SPSS 19.0
Vector NTI 11.0 , P<0.05
DNAMAN 2
SMRAT  InterProScan 21 CaM EST
ProParam tool CaM EST 800 bp
, RACE
SOPMA SWISS-MODEL
PTCaM MEGA , ,
6.0
1.3.5 22 CaM 3'RACE 5'RACE cDNA
(13] 3'RACE  5'RACE ,
6 781 bp 500bp cDNA Vector
) EST ,
CaM cDNA ,
PTCaM, GenBank 1 JX855312.1
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cDNA 1981 bp, 450 bp NCBI  Protein blast ,
(ORF) 77 bp 1454 bp 5 3 CaM 100%,
(UTR)( 1) ORF CaM

M 2 D Q

1 RCATGGGGAG TCATCCTGAG ACAGTGGTIC TGAGCAGACG TCTGITCCIT GGCTTGTAART ACACACACTC CCICRAC ATG GCG GAC CAR 89
LTEEQIAEFKEAFSLF...STII

90 CIG ACC GAG GAG CAG ATT GCC GAG TIC AAG GAG GCI TIC ICC TIG IIC GAT AAG GAC GGI GAC GBI ACC AIC ACC 164
1'K.LGTVMRSLGQNFIEAELQDMIN

165 RCC RAG GAR TTG GGC ACC GIG ATG CGT TCC CIG GGC CAG AAC CCC ACC GAG GCG GAG CIC CAG GAC ATG ATA RAC 239
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A ACT ATC GAT TIC CCC GAG TTC CTIC ACG AIG AIG
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D
G CGC ARA ATG AAR GAC 314
S

~
AAC GG
anl 9

1 R E 2 r rR v F B x @ s

L GAG AIC AGGE GAR GCC TIC CGA GIG TIT GAT ARG GAC GGC AAC
Vv M T N L G E K L T D E E V D
390 GAG CIT AGG CAT GIG AIG ACC RAC CIG GGA GAG RAR CIT ACT GAT GAG GAG GIT GAT GAR AIG ATC AGG GAR GCI 464

B 1 @ ¢ @ ¢ ¢ v v vy [ E F V T M M T S5 K *

465 GAT ATT GAC GGT GAT GGT CAG GIC AAC TAT GAA GAG IIC GIC ACA ATG ATG ACA TCA RAG TGA AGTGATCGCG 537
538 CCCACTAATA TTGTARACAR ATTTCARACG RACAGTIITT TCTGCTITCC AATTTATCTT GITAAAGGAA CTGCTARRAC CCATTATAAT 627
628 ATTAATARTA AACGTCACGA TACTGTCTCT TGCTARAATC TCGTATTGCC TTCATGTACT ATCTGGCTCT GRAGCGCTAG CGTCGGRRAC 717
718 TACGACGACA ACCACCACCA CCATCATGCC GCCGCCGCCA CCACCGCCAC TGCAAATTAC CAACAACTTT CCATTACCAC CACTATTACT 807
808 ACTACCTAAG CTGCTATCCA TACAGCCTCC ATGTACAGAA CTACTICCAT CATTTASICG TTSTAGCASC GATGACCCCT CRCCCCICTA 897

Gy

@

240 GAG GIG GAC |

—

=
]

3]
(7]
b
I
13

315 ACT GAT TCT ¢ C TIC ATC TCT GCG GCT 389
E )

898 CTGGGAGGTA TGGGCGTIGGA AGGGGETIGTG GGAGGCGCCC TATARARAGE GCIGTTGICG CCCTIGTAGTG GTAGCGCAGT TTATCARAGAT 987
088 GGGTTGIIGT TCRAGGGACR CGCTICGGET GGCCGGCCCT CCAGRRRRATG CTCTCATGTA TAAGTCGITT ATTATACATR ATTACTICAG 1077

1078 TAGTACAGTG TTTGGAATTC AGAGGGCGGS ATTGTGGTGG CGCCGTAGAC GCACCACCAR CCCAGTACAG CCGCTCCTIG ATGCCAAGGT 1167
1168 TGETGIGCTG GGGTTGCTGE TCGAGGGAGT AACCAGCTTT ACACTCCGCT GCTACCAGTA TTTGCACTIC CTGGGAGACA CATCATTTAT 1257
1258 TIGATGIGTC AAGTGTAGCA GGAGGGCCAG GCCTGTICCT GGTACCTICAC CCTAACACCT TGGGGGTCIG CCACCCTGCC AGTCICRACA 1347
1348 TCACCGAGCT CITTCICITA TITTACAAGT CITTTCCIGA TIGAAAGCGG ARAGCTAGIT TGTTCTTIIT ATARACTTAG GARATTATIT 1437
1438 TIATTIAGTT CAATTIGITT GIGARATGAT GGAAGGAGGA ACCAATGCCAR CCTACCCIGE GICGGCGGIG GCCATGTIGT GGACCCTGAT 1527
1528 TGAATTCCTC TTTCTTTIATA TTTTATTGAA AGTTCACTCA TGGTGACCAT TTTATATIGT TTGTCTGATA CAGTGATGGG GATGGAGAGE 1617
1618 GIGAGCIGTE CTTTGTGTTG GTTGRATGGS GTTGATACAT TTCCGTATCA TATACTTCIT GTTAGCTGIG TCTTTGTCAG TTTICTTARE 1707
1708 GGAATAGGAR ATGTATACAT ATTGCARAAR CARAMATGAA GTTGARAATT TACTCTTGTA CTACATAATA CTAATGTAAG GCACATCATT 1797
1798 RATTTTICTT CCCACCICCC GCATTGTTTG ACACTGTTAA GATGCCACTG CGTCCTGCCA GTGAGCCTIGR CGAGTCTGAT GTTTTGATTA 1887
1888 CAATACACCR TGCTCATIGR TGGTTTTIAIT ATTGTGTAGG ARRATACTAT TCITTAAAGT AAACCACTICT TTTITCATGT CARRRARARR 1977
1978 ARRAARARAR ARRAAARAM | 1996

1 PTCaM
ATG: ;% ; (DDN-E/DDD-E): Ca** ; : EFh
Fig. 1 The nucleotide sequence and the deduced amino acids sequence of PTCaM gene

ATG: start condon; *: stop condon; Shadow (DDN-E/DDD-E): the site of Ca®" combining; Underline: conservative domain of EFh
superfamily.

2.3 PTCaM R 2 EF-hand 2
ProtParam tool s s 4 Ca* (DDD-E
PTCaM 16.8 kD, DDN-E), Ca®" 4
4.09 SOPMA PTCaM
(Asp+Glu) 38, (Arg+ , , PTCaM
Lys) 14, 28.21, 63.09% « (alpha helix) 4.70%
—-0.625, SMRAT (extended strand) 8.72% B (beta turn)
InterProScan , 23.49% (random coil)(  2)
signalP PTCaM , SWISS-MODEL PTCaM
mean.S 0.5, R (
NCBI  Protein blast R 3) , o
PTCaM 2 ,
(EF-hand),
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Fig. 2 Prediction of the secondary structure of PTCaM
Blue: alpha helix; Red: extended strand; Green: beta turn; pink: random coil.

3 PTCaM
Fig. 3 3-D deduced structure of PTCaM protein

24 PTCaM

PTCaM

NCBI Protein blast , ,

CaM

(Eriocheir sinensis, KJ577632.1)
(Drosophila melanogaster, ACT88125.1) CaM

100%

(Litopenaeus vannamei, AEK21539.1)
(Procambarus clarkia, ACI15835.1)
(Apostichopus japonicas Swiss-Prot: P21251.2)

99%
(Paracyclopina nana, A1116520.1)CaM
98%( 4)
MEGAG6.0

()

10
2.5 PTCaM
2.51 PTCaM
( 6
, PTCaM
PTCaM
(P>0.05)
2.52 PTCaM

120

PTCaM

(P<0.05)

PTCaM
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15012 Apostichopus japonicus 30
by Drosophila melanogaster 40
FLANEERIUR Litopenaeus vannamei 30
5/ K & Paracyclopina nana DADQLTEEQIAEFREAFSLEDKD 35
‘}}E‘fﬁ’??ff Portunus trituberculatus ADQLTEEQIAEFKEAFSLEDRD 30
LR RENE Procambarus clarkii ADQLTEEQIAEFKEAFSLFDRD 30
H RGBS Eriocheir sinensis ADQLTEEQIAEFKEAFSLFDKD 30
Consensus
{}i 412 Apostichopus japonicus 70
g Drosophila melanogaster 30
JLAREERTUR Litopenaeus vannamei ELGTVMRSLGQNPTEAELQOMINEVDADGNGT IDFPEFL 70
$&/INEESI K & Paracyclopina nana (ELGTVMRSLGQNPTEAELQDMINEVDADGNGTIDFPEFL 75
R T Portunus trituberculatus ELGTVMRSLGQNPTEAELQOMINEVDADGNGTIDFEEFL 70
T3 R SUERAR Procambarus clarkii ELGTVMRSLGQNPTEAELQDMINEVDADGNGTIDFEEFL 70
ARG IR Eriocheir sinensis ELGTVMRSLGQNPTEAELGOMINEVDADGNGTIDFEEFL 70
Consensus kelgtvmrslggnpteaelqgdminevdadgngtidfpefl
1iHi12 Apostichopus japonicus TMMARKMKDTDSEEE IREAFRVEDKDGNG 110
elts Drosophila melanogaster TMMARKMRDTDSEEEIREAFRVEDRDGN 120
JLENIEXRTER Litopenaeus vannamei TMMAREMEDTDSEEEIREAFRVFDKDGN 110
/NS K T Paracyclopina nana TMMAREKMKDTDSEEEIREAFRVEDKDGN 115
SR F1E Portunus trituberculatus TMMARKMKDTDSEEEIREAFRVEDRDGN 110
LR EERMF Procambarus clarkii TMMAREMEDTDSEEEIREAFRVEDEDGNGSISARELRHVM 110
HIEGFESE Eriocheir sinensis TMMARKMKDTDSEEEIREAFRVFDKDGN®@IISARELRHVM| 110
Consensus tnmarkmkdtdseeeireafrvfdkdgng
Pid1Z Apostichopus japonicus TNLGEKLTDEEVDEMIREADIDGDGQVNYEEFV 148
by Drosophila melanogaster TNLGERLTDEEVDEMIREADIDGDGQVNYEEEV 158
PUENIERTIF Litopenaeus vannamei TNLGEKLTDEEVDEMIREADIDGDGQVNYEEFV 148
B/ MUSESIK % Paracyclopina nana TNLGEKLTDEEVDEMIREADIDGDGQVNYEEFV 153
SRR T, Portunus trituberculatus TNLGEKLTDEEVDEMIREADIDGDGQVNYEEFV 148
LR REENE Procambarus clarkii 148
AL & Eriocheir sinensis 148

Consensus

4 CaM
4 Cca*

tnlgekltdeevdenmireadidgdogvnyeefv nmmts

CaM
(DDD-E/DDN-E).

Fig. 4 The amino acid sequences alignment of PTCaM and other species’ CaM
Arrows point the site of Ca’” combining (DDD-E/DDN-E).

34r Litopenaeus vannamei

72| Portunus trituberculatus

100 Eriocheir sinensis
40 Procambarus clarkii
40 Paracyclopina nana
53 Strongylocentrotus purpuratus
Trichinella spiralis
Drosophila melanogaster
Crassostrea gigas
66 Culex quinquefasciatus
B

0.2

5 MEGA6.0
1000

PTCaM
R >80% ;

CaM

0.2

Fig. 5 NIJ phylogenetic tree of amino acid sequences of Portunus trituberculatus and other species made by MEGA 6.0
The value at the forks indicate the percentage of trees in which this grouping occurred after bootstrapping the data (1000 replicates;
shown only when confidence coefficient >80%). The length of the scaleplate stands for it occurred substitution at 0.2 turn.
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Fig. 6 Distribution of PTCaM gene expression in different tissues of different moult stages
Different letters indicate extremely significant differences (P<0.05); same letters indicate non-significant differences (P>0.05).
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Fig. 9 Distribution of PTCaM gene expression in different tissues of the post-moult stage in Portunus trituberculatus after single
eye-ablation compared to the control
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Cloning and expression analysis of Portunus trituberculatus calmodulin
cDNA

ZHANG Longtao"?, LU Jianjian', GAO Baoquan', LIU Ping'

1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
2. Collenge of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China

Abstract: Portunus trituberculatus is the primary marine crab species cultured in China. Molting is vital for growth,
reproduction, and regeneration in crustaceans. Molting is regulated by a complex molecular mechanism but the details
remain unclear and require further research. Calmodulin (CaM) is a conserved multifunctional protein that regulates
Ca®" and glycogen metabolism, influences cell division and movement, and is involved with neurotransmitter synthesis
and release. Choosing and cloning a CaM gene to investigate the functions and roles of CaM during molting depends on
the transcriptome data. P. trituberculatus CaM cDNA was cloned using rapid amplification of cDNA ends and named
PTCaM. The PTCaM full-length cDNA was 1981 bp, including a 450-bp open reading frame that encoded a 256 amino
acid polypeptide, with a molecular mass of 16.8 kD and an isoelectric point of 4.09. A bioinformatics analysis revealed that
PTCaM has a highly conserved sequence with a typical Ca®* EF-hand binding domain of the EF superfamily. The EF-hand
is a calcium binding motif with two active canonical EF hands. Ca*" binding induces a conformational change in the
EF-hand motif leading to activation or inactivation of target proteins. A homology analysis showed that PTCaM had the
highest homology with Eriocheir sinensis and Drosophila melanogaster. A phylogenetic analysis showed that PTCaM was
in the same branch with Litopenaeus vannamei, E. sinensis, and Procambarus clarkia. A real-time quantitative polymerase
chain reaction analysis of different molting stages showed that PTCaM was expressed significantly differently in all tissues
tested during molting, which reveals a molting function for PTCaM. PTCaM expression in the eyestalk and gill were
downregulated during the post-molt stage, suggesting that PTCaM may participate in preparation for molting. PTCaM
expression was upregulated in heart, hemocytes, and muscle during the pre-molt stage, suggesting that PTCaM may regu-
late ion transport, particularly that of Ca®". PTCaM expression was downregulated in most tissues after eyestalk ablation,
compared to that in normal control tissues. PTCaM may cooperate with molt inhibiting hormone or ecdysone because sin-
gle-eyestalk ablation has less of an inhibiting effect on ecdysone synthesis.

Key words: Portunus trituberculatus; calmodulin; gene cloning; sequence expression; eyestalk-ablated
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