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Molecular Cloning and Expression Analysis of Calmodulin Gene in Crassostrea hongkongensis
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Abstract [ Objective] To investigate the role and molecular mechanism of CaM in calcium metabolism of Crassostrea hongkongensis shells.
[ Method ] The ¢cDNA sequence of calmodulin ( CaM) gene of Crassostrea hongkongensis was cloned by RACE-PCR and analyzed by bioinfor-
matics and qRT-PCR. [ Result]The results showed that the full length of CaM gene was 770 bp, open reading frame was 450 bp, 5’ end non-
coding region was 54 bp, 3’ non-coding region was 266 bp, encoding 149 amino acids. The predicted molecular weight of CaM protein was
16.82 kD, and the theoretical isoelectric point was 4.14. The mean value of total rating of hydrophilicity (GRAVY) was —0.656, and the in-
stability index was 31.08, which was a stable hydrophilic protein. The homology analysis of amino acid sequences and phylogenetic tree results
showed that the CaM similarity between Crassostrea hongkongensis and Crassostrea gigas was the highest, and the phylogenetic analysis was
consistent with the traditional morphological classification. Real-time quantitative PCR results showed that CaM gene was expressed in all tis-
sues of Crassostrea hongkongensis, with the highest expression level in gills (P<0.05), followed by the mantle. Gills were the key organs in-
volved in calcium absorption during calcium metabolism of the Oyster, and the mantle was the key organ secreting organic matter.
[ Conclusion ] It is speculated that this gene plays an important role in regulating calcium uptake, transport and secretion during oyster shell for-

mation in Crassostrea hongkongensis.
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Table 1 Sequences of primers in this study

LB 5195 FHE
Primer name Primer sequence(5'—3") Purpose
CaM-F GACAGAATCCTACAGAGGCAGAG H A9 F B el
CaM-R GGTGAAACAATCCCATTTACTTAC

5'RACE-A CCCGAAGTTCCTCTTCTGA 5'RACE
5'RACE-B TAGCCATCATCGTGAGGAAT

5'RACE-C CCATCAGCATCAACTTCGTT

3'RACE-A GACGGAAACGGTTTCATCA 3’'RACE
3’'RACE-B TTTAGACGGTGATGGACAA

qRTCaM~-F AAGCTTTCCGTGTGTTCGAT POGER
qRTCaM-R TGACTTGTCCATCACCGTCT

GAPDH F GGATTGGCGTGGTGGTAGAG  #&tER (NSHH)
GAPDH R GTATGATGCCCCTTTGTTGAGTC
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Note: F represents forward primer;R represents reverse primer
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Note : The boxes represent the start and stop codons , the green area represents the calmodulin domain,and the yellow area represents the AATAAA tail ad-

dition signal
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Fig.1 Nucleotide and deduced amino acid sequence from ChCaM gene
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Fig.3 Predicted two-dimensional structure of ChCaM
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Fig.4 Predicted three-dimensional structure of CaM
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10 | 34 | 34 20 |27 (41 |20 [ | 10 | Esinensis ‘IRz
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Fig.5 Percent identity of CaM amino acids of Crassostrea hongkongensis and other 11 species
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Table 2 Species used in alignment and percent identity
LU EA HHRIT I 4R RS
Species name Amino acid name  Accession number
KAW5 Crassostrea gigas XP_011436588.1
YN Crassostrea virginica XP_022331543.1
WRFE 5 D1 Mizuhopecten yessoensis XP_021349564.1
YA EE Sinohyriopsis schlegelii ACI22622.1
N Homo sapiens AAA35635.1
AAA66182.1
CAB40132.2
AIES56158.1
AEK21539.1
ACI15835.1

calmodulin
calmodulin-like
calmodulin
calmodulin
calmodulin
JINE Mus musculus calmodulin
CE i Branchiostoma floridae
ARG E % Eriocheir sinensis
NAFERTEE Penaeus vannamei
TG JEEEME Procambarus clarkii

calmodulin 2
calmodulin
calmodulin A

calmodulin

hongkongensis
gigas
virginica
sSapiens
musculus
floridae
.mykiss
sinensis
vannamei
Consensus

mmowEEOOn

hongkongensis
gigas
virginica
sSapiens
musculus
floridae
mykiss
sinensis

. vannamei
Consensus
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54, RER AN A TR 2 1, X B AR PN R RS RS 1
AT 4N 0 2 i I B, o 0 P Ca® i W B s AN gy
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145
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T BN AEER IR (BR (. 100% 5 B3 (. 70% ; 2% (1.50% S LA b5 I (B.50% LLF ) , B J7 8k (%7 Sk 7R 4 4> EF-hand 454438, 2L (7 HE

A EF—hand 4545515

Note : The color indicates the similarity of amino acid sequence( black.100% ; Pink.70% ; Green. =50% and <70% ; White.<50% ) .Green arrow indicates 4
EF-hand domains above,the red box is EF-hand calcium-binding domain
6 FHiBHHE CaM SEEF 5 5 E M F CaM 51 L3¢

Fig.6 Alignment CaM amino acid of Crassostrea hongkongensis and other species
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100 FH 8 Crassostrea gigas(*M 011438286.3)

@ F B H R Crassostrea hongkongensis(MZ192519 ) N

68 L 2 SR Crassostrea virginica(h 022475835.1) W= Bivalvia

= 41 28 B M Mizuhopecten yessoensis(¥M 021493889.1)

58

99

100

R Mus musculus(M19381.1)

0.05

48551 GenBank £ 53t5

Note : The GenBank entry number is given in parentheses

4% &% Hyriopsis schlegeliFJ194962.1)

FLAE R &R Litopenaeus vannamei(HQ832611.1)

& 8 Branchiostoma floridae{AJ133836.2 )

81 & Oncorhynchus mykiss{BTO74280.1)

o 4 45 B BE Friocheir sinensis(KJ577632.1)

&2 Criustacea

% KR B4R Procambarus clarki(FJ179169.1)

MHomo sapiens(M27319.1)

B7 CaM %EEFF5IHE M R GEHEL Y

Fig.7 Phylogenetic tree of CaM from various species
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2843 Tissue
T ARV NG TR FRR 285 1.3 (P<0.05)
Note; Different lowercase letters indicate significantly different ( P <
0.05)
8 CaM EREFEHIFARARNFRIAER
Fig.8 Expression pattern of CaM gene in different tissues of

Crassostrea hongkongensis
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