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[13. 141 Nanodrop 2000 1.5 %
(Hyriopsis cumingit) s RNA ,
, (3] PrimeScript® 1st Strand ¢cDNA Synthesis Kit
RACE , cDNA, -20°C
cDNA s cDNA
, PCR s GenBank
(EF551334) (AB262086)
CRT-F
; CRT-R( 1) PCR : 10 x PCR Buffer
(Mg** Plus) 2.5 uL, dNTP Mixture (2.5 mmol/L) 2 pL,
1.1 cDNA 1 pL, CRT-F CRT-R
(10 ymol/L) 1 pL, TaKaRa Ex Tag (5 U/ pL) 0.15 pL,
; » (13.7£0.8) cm ddH,0 25 uL. PCR - 94°C Smin;
(3.5+0.3)cm (7.7+0.5)ecm 80 cm x 94°C 30s, 50°C 30s, 72°C 1min, 30 . 72°C
80 cm PvC ’ 10min; 4°C PCR 1.5%
’ (25£1)C, pH (7.5 . TIANgel Midi Purification
+0.1), (6.0 £ 0.3) mg/L, R 2d Kit ’ pMD19-T ’
;/3’ ’ E. coli DH 50, LB ( Amp+ IPTG
’ X-gal) R R
-807C 15 362 bp
5, Ca** , , , BLAST
3 ,
, Ca** 40 60 80 » >y
100 mg/L, , RACE ;
_80C (D SMART™ RACE ¢cDNA
15 ’ 5. Amplification Kit s 5'-RACE-
’ Ca2* 60 mg/L Ready-cDNA 3'-RACE-Ready-cDNA ,
’ 24 48 96 168h Advantage® 2 PCR Enzyme System PCR
~80°C PCR 10 x Advantage 2 PCR buffer
Trizol Invitrogen , PrimeScript” 1st Strand 3.0 uL, dNTP Mix 1.0 pL, 5" RACE-Ready cDNA

cDNA Synthesis Kit  PrimeScript' " RT reagent Kit
TaKaRa pMD 19-T Vector E.coli DH 5a  SYBR"
Premix Ex Taq™ II(Perfect Real Time)
( ) , TIANgel Midi Purification Kit

( ) , SMART™ RACE cDNA
Amplification Kit Advantage”2 PCR Enzyme System

BD Biosciences Clontech ,

1.2

RNA cDNA Trizol

RNA,

3’ RACE-Ready c¢cDNA 2.5 uL, UPM 5.0 uL,
CRT-5'GSP CRT-3'GSP 1.0 pL, Advantage® 2

Polymerase Mix 1.0 pL, PCR-Grade Water

50 uL PCR :94°C 5min; 94°C 30s,
63°C 30s, 72°C 3min, 30 ; 72°C 10min
PCR
DNAStar
SeqMan ,
cDNA , EdiSeq
Protparam (http://

expasy.org/tools/protparam.html)  Sigal P 3.0 server
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Tab. 1 Primers designed for cloning and expression analysis of CRT gene from Hyriopsis cumingii
(5'=39
Primer name Sequence

SMART IT™ A Oligonucleotide (12 umol/L )

3’-RACE CDS Primer A (3'-CDS; 12 pmol/L)

5'-RACE CDS Primer A (5'-CDS; 12 pmol/L)10 x
Universal Primer A Mix (UPM)

Long Primer (0.4 pmol/L)

AAGCAGTGGTATCAACGCAGAGTACGCGGG

AAGCAGTGGTATCAACGCAGAGTAC(T)3VN
(N=A,C,G,orT; V=A, G or C)

(T)2sVN(N = A,C,G,or T; V=A, G or C)
CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT

Short Primer (2 pmol/L)
CRT-F

CRT-R

CRT-5'GSP outer
CRT-5'GSP inner
CRT-3'GSP outer
CRT-3'GSP inner

CTAATACGACTCACTATAGGGC
ATGTTTGGDCCTGATATTTG
GTCGGGTTTCTTGGCATC
GGGTTATCAATCTGAGGTGGTTCCCAT
CATCTGGATCAGGAATGTGCTCTGGT
AAAGTAGAGGGTGGTAACCTGGA
ATAAACCAGAGCACATTCCTGATC

CRT-RTF GAAAGACATCAGGTGCAAGG
CRT-RTR CAGGCTTCTTGGCATTGG
B-actin-RTF CCCTCAACCCTAAAGCCAAC
B-actin-RTR AAGCGTACAGCGACAACACA
CaM- RTF GCCGATCAGTTGACAGAAG
CRT-RTR TCCATTACCATCAGCATCC
(http://www.cbs.dtu.dk/services/SigalP/) DNAMAN , + ,
Simple Modular Architecture Research Tool(http://smart. SPSS 16.0 (One-way ANOVA)
embl-heidelberg.de/) ’ P<0.05
( * ), P<0.01 C ** )
cDNA
NCBI BLAST (http://blast. 2
ncbi.nlm.nih.gov/Blast/) ClustalX [1el
2.1 cDNA
MEGA 4.0
RNA cDNA ,
i, (NI ) ;
CRT-F CRT-R RT-PCR R
Bootstrap 1000
362 bp UPM
PCR
CRT-5'GSP-outer CRT-5'GSP-inner
cDNA , NCBI
. PCR, 750—1000 bp
S-actin (HM045420) (Calmodulin, CaM) 208 b
(HM483521) ’ ’ P
UPM CRT-
PCR( 1) RNA )
. ™™ . 3'GSP-outer CRT-3'GSP-inner 3'RACE ,
, PrimeScript © RT reagent Kit (Perfect
. 1000 bp ,
Real Time) cDNA,
™ , 1060 bp
PCR (ABI StepOnePlus ™)
DNA Star SeqMan RT-PCR
i S'RACE 3'RACE
PCR 20 pL: PCR Forward Primer (10 umol/L) DNA
0.4 uL, PCR Reverse Primer (10 pmol/L) 0.4 uL, cDNA ’ ¢ ’
2.0 L, ROX Reference Dye (50x) 0.4 uL, SYBR® Pre- 1838 bp, 1257bp  ORF, 418 ;
mix Ex Tag™ (2x) 10.0 pL, ddH,O 20 uL S"UTR  75bp, 3" UTR 506 bp,  polyA 11 bp
:95C 30s; 95°C 5s, 60°C 30s, 40 aataaa
;95°C 15s, 60°C 60s, 95°C 15s QA GenBank, JX416227
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2.2 6  Thr(Thr®® Thr’* Thr'*® Thr'” Thr*’ Thr*'")
DNAStar EdiSeq Signal P 4.0
N 17
418 , 49.10 kD, (MKMLLCI LALTVG ALAD) ScanProsite
4.46 (D) ,
14.83%  14.35%, 70 (K*HEQNIDCGGGYL'""  I'"®MFGPDI
R) 116 (D E) 98 (A CGP), (P“KDPNAKKPDDWD?'®
I LF W V) 70 NCQST **DDVNDK KPEDWD*’ ***PDPDAKKPDDWD**
Y) NetPhos 2.0 G®'EWEPPQIDNPEY?® G*'EWKPKQVDN PNY?**
, 16 G*KWVHPEIDNPDY?)
, 3  Ser (Ser”” Ser” Ser®), 7 Tyr HDEL,

(Tyr107 Tyr127 TyrISO Ty1268 Tyr282 Tyr296 Tyr335)

£2 ZANESEGMMHERERMEEESK GenBank EXS

Tab.2 ER retrieval signals and GenBank accession numbers of Hyriopsis cumingii and other species

KDEL(

2)

Species

Homo sapiens
Mus musculus
Bos taurus
Xenopus laevis
Danio rerio
Crassostrea gigas
Aplysia californica
Eisenia fetida
Echinococcus granulosus
Penaeus monodon
Litopenaeus vannamei
Fenneropenaeus chinensis
Pieris rapae
Polyrhachis vicina
Drosophila melanogaster
Anopheles gambiae
Bombyx mori
Apis mellifera
Pinctada fucata
Hyriopsis cumingii
Bursaphelenchus xylophilus
Radopholus similis
Caenorhabditis elegans
Schistosoma japonicum
Schistosoma mansoni
Chlamydomonas reinhardtii
Brassica napus
Arabidopsis thaliana
Zea mays
Trichinella spiralis
Haemaphysalis longicornis
Trypanosoma cruzi
Trypanosoma congolense
Ixodes scapularis
Amblyomma americanum
Dermacentor variabilis

GenBank
ER retrieval signal Accession number
KDEL NP_004334.1
KDEL AAH03453.1
KDEL AAC37307.1
KDEL BC044068.1
KDEL AAF13700.1
KDEL BAF63639.1
KDEL AAB24569.1
KDEL ABI74618.1
KDEL ABQ96270.1
HDEL ADQ28317.1
HDEL AFC34501.1
HDEL ABC50166.1
HDEL ACJ07154.1
HDEL AFL48552.1
HDEL BAA85379.1
HDEL AAL68781.1
HDEL AAP50845.1
HDEL XP_392689.2
HDEL ABR68546.1
HDEL JX416227.1
HDEL ADD82420.1
HDEL AFK76483.1
HDEL CAA42159.1
HDEL AACO00515.1
HDEL AAA19024.1
HDEL CAB54526.1
HDEL AAB70919.1
HDEL AAC49697.1
HDEL AAF01470.1
KEEL XP_003371379.1
HEEL ACT78707.1
KEDL AAD22175.1
KADL AAKS52926.1
HEEL AAT99573.1
HEEL AACT79094.1
HEEL AAQ18697.1
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NCBI 2.4
Protein Blast , PCR ,
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R 82% 78% T77% R (Eisenia 8 ,
fetida) (Xenopus laevis) (Salmo , ,
salar) 73% s , s
ClustalX 12 ( 2) Ca*
Ca2+
MEGA 4.0 (NJ )
2+
100 Homo sapiens > Ca 60 mg/L
99 Mus musculus ’
7 [18, 19]
98 ———  Xenopus laevis "
Ca 40 mg/L
Danio rerio 2t
69 ( 3 60 mg/L Ca R
——  Bombyx mori
91 ,
Drosophila melanogaster ’ 48h
97 Fenneropenaeus chinensis
P , 4
1001 penaeus monodon
3
88 Crassostrea gigas
89 Pinctada fucata RACE >
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76
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— -
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1 NJ
Fig. 1 NJ phylogenetic tree of CRT amino acid sequence from ’
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Ca*" Ca™’, 779—785
48h , , 168h [8] Eggleton P, Llewellyn D H. Pathophysiological roles of
calreticulin in autoimmune disease [J]. Scandinavian Journal
2t ’ of Immunology, 1999, 49(5): 466—473
Ca”, ’ [91 Hubbard M J. Abundant calcium homeostasis machinery in
rat dental enamel cells: Up-regulation of calcium store
s proteins during enamel mineralizaiton implicates the
Ca?* endoplasmic reticulum in calcium transcytosis [J]. European
, Cat ’ Journal of Biochemistry, 1996, 239(3): 611—623
e [10] Somogyi E, Petersson U, Hulenby K, et al. Calreticulin-an
Ca endoplasmic reticulum resident protein is also found in the
Ca®' Ca®' (40— extracellular matrix [J]. Matrix Biology, 2003, 22(2): 179—
60 mg/L) : 191
, Cat [11] St-Arnaud R, Prud’homme J, Leung-Hagesteijn C, et al
Constitutive expression of calreticulin in osteoblasts inhibits
’ mineralization [J]. The Journal of Cell Biology, 1995, 131(5):
> > 1351—1359
C32+, s [12] Fan WM, Hu Y L, Li C Z, et al. Cloning, characterizaiton
and expression analysis of calreticulin from pearl oyster
Pinctada fucata [J). Tsinghua Science and Technology, 2008,
Bigt: 13(4): 466—473
[13] Kawabe S, Yoshihiro Y. Molecular cloning of calnexin and
calreticulin in the pacific oyster Crassostrea gigas and its
expression in response to air exposure [J]. Marine Genomics,
2010, 3(1): 19—27
[14] Kuhl D, Kennedy T E, Barzilai A, et al. Long-term
[1] Michalak M, Corbett E F, Mesaeli N, et al. Calreticulin: one sensitization training in Aplysia leads to an increase in
protein, one gene, many funtions [J]. Biochemical Journal, calreticulin, a major presynaptic calcium-binding protein [J].
1999, 344: 281—292 The Journal of Cell Biology, 1992, 119(5): 1069—1076
[2] Baksh S, Michalak M. Expression of calreticulin in [15] Li J L, Li Y S. Aquaculture in China-Freshwater pearl
Escherichia coli and identification of its Ca® binding culture [J]. World Aquaculture, 2009, 40(1): 60—62
domains [J]. The Journal of Biological Chemistry, 1991, [16] Thompson J D, Gibson T J, Plewniak F, et al. The ClustalX
266(32): 21458—21465 windows interface: flexible strategies for multiple sequence
[3] Michalak M, Parker ] M R, Opas M. Ca’" signaling and alignment aided by quality analysis tools [J]. Nucleic Acids
calcium binding chaperones of the endoplasmic reticulum [J]. Research, 1997, 25(24): 4876—4882
Cell Calcium, 2002, 32(5—6): 269—278 [17] Tamura K, Dudley J, Nei M, et al. MEGA 4: Molecular
[4] Trombetta E S. The contribution of N-glycans and their evolutionary genetics analysis (MEGA) software version 4.0
processing in the endoplasmic reticulum to glycoprotein [J]. Molecular Biology and Evolution, 2007, 24(8): 1596—
biosynthesis [J]. Glycobiology, 2003, 13(9): 77R—91R 1599
[5] Michalak M, Groenendyk J, Szabo E, et al. Calreticulin, a [18] Zeng L G, Wang J H, Li Y J, et al. Molecular characteristics
multi-process calcium-buffering chaperone of the endoplas- and expression of calmodulin ¢cDNA from the freshwater
mic reticulum [J]. Biochemical Journal, 2009, 417: 651— pearl mussel, Hyriopsis schlegelii [J]. Genetics and Molec-
666 ular Research, 2012, 11(1): 42—52
[6] Coppolino M G, Woodside M I, Demaurex N, et al. [19] Li S, Xie L P, Ma Z J, et al. cDNA cloning and
Calreticulin is essential for integrin-mediated calcium characterizaiton of a novel calmodulin-like protein from
signalling and cell adhesion [J]. Nature, 1997, 386(6627): pearl oyster Pinctada fucata [J]. The FEBS Journal, 2005,
843—847 272: 4899—4910
[7] Michalak M, Mariani P, Opas M. Calreticulin, a [20] Smith M J, Koch G L. Mutiple zones in the sequence of

multifunctional Ca®>" binding chaperone of the endoplasmic
reticulum [J]. Biochemistry and Cell Biology, 1998, 76(5):

calreticulin (CRP5S, calregulin, HACBP), a major calcium
binding ER/SR protein [J]. The EMBO Journal, 1989, 8(12):
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3581—3586 calcification of the shell [J]. Tissue and Cell, 1972, 4(4):
[21] Marcela S, Ellen K, Petra P, et al. Characterization, 591—600
molecular cloning and localization of calreticulin in Eisenia [26] LiJ, Shi AJ, Mo S W, et al. Metabolism and distribution
fetida earthworms [J]. Gene, 2007, 397(1-2): 169—177 of calcium in Anodonta woodiano pacifica (Heuda) traced
[22] Tang M, Shi A J. Studies of environmental calcium by “Ca [J]. Acta Hydrobiologica Sinica, 2002, 26(2): 188—
concentration effect on the calcium metabolism of the mantle 191 [ R R , . $Ca
and pearl sac of the freshwater pearl mussel [J]. Journal of . , 2002, 26(2): 188—191]
Sichuan University (Natural Science Edition), 2000, 37(5): [27] Shi Z Y, Xie X Z, He X J. Study on the biological
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2000, 37(5): 741—747] 178-181 [ , , .
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FULL-LENGTH cDNA CLONING AND EXPRESSION ANALYSIS OF CALRETICULIN
GENE FROM HYRIOPSIS CUMINGII

SHU Miao-An, HU Hang-Jiao, LU Jing-Ying, XU Bing-Peng, WANG-Yan, LIU Guang-Xu and GUO Xiao-Ling
(College of Animal Science, Zhejiang University, Hangzhou 310058, China)

Abstract: The full-length cDNA sequence of Calreticulin CRT gene was isolated from the mantle of Hyriopsis cumingii
by using homology cloning strategy and SMART RACE technique. The entire CRT cDNA was 1838 bp, containing a
1257 bp complete open reading frame which encoding a protein with 418 amino acids, a 75 bp 5’ UTR, and a 506 bp 3’
UTR (GenBank accession number is JX416227). Bioinformatics analysis indicated that the calreticulin gene had a sig-
nal peptide, two typical calreticulin family labels (KHEQNIDCGGGY and MFGPDICG), three conserved domains (N-,
P-, and C-), and the endoplasmic reticulum retrieval sequence HDEL. Phylogenetic analysis indicated that the CRT gene
of H. cumingii was closely related to seawater bivalves, followed by that of annelidas and then fish, amphibians, and
mammals. Real-time PCR revealed that CRT gene was ubiquitously expressed in all tested tissues, but far more abun-
dant in tissues that closely relating to calcium metabolism such as mantle, gill and foot. This result indicates an intrin-
sical relationship between CRT gene and calcium metabolism in H. cumingii. When exposed to a serie of increasing Ca”",
the mRNA expression of CRT gene in mantle was shown to be bell-shaped, ascending when Ca’" concentration was less
than 60 mg/L and descending when Ca”" concentration was greater than 60 mg/L. The result that CRT gene expression
reached its maxium when exposed to 60 mg/L Ca", suggesting appropriate Ca’" concentration would stimulate the ex-
pression of CRT gene. Moreover, as the Ca’'(60 mg/L) exposure time increased, the CRT gene expression in mantle was
shown to increase initially, reach its peak at 48h, and then decrease subsequently. The results of present study will

provid useful information for further studies on function and regulation mechanism of CRT gene.

Key words: Hyriopsis cumingii; Calreticulin; RACE; Real-time PCR; Tissue expression
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