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(L. b1 P R 2 A R IR KK 7= B B 0 IR 2 i S5 30 %5, B 201306 ;
2. BT R AL KSR E WA B, LB E R, i 201306)

WE: ATRRAKDRP R R EEFORENIE, L= AW AT E XL, 158 cDNA K3 B
# 43 (RACE) L A K% 7 = A WL & 89 45 W & & 3t K (calreticulin, HcCCRT ) ¢cDNA 7 7 , % F
%) & 1437 bp, 4 4 231 bp #y 5'4F 43 #% X (untranslated region, UTR) #1 615 bp 3'UTR Ll % 591
bp &y JF A [ 2 HE (ORF) , £ 454 196 N A KBk &, @4 —Bd 2l MAERAKEEF KA
—BEISANAERWRARK, 2 FEAH N 22. 4 ku, R Ew 8501, AERFI 0%
W ZFHAFEEBEBREN BAEINERZEAERIFAREEE, AXERI| LA R
T,HCCRT EARFWE M EAXKEN, BEA2ARFEENE A X KA £ 77
KHEQNIDCGGGYLKVF #1 IMFGPDICG, 5 ® B s 4 # iy CRT E B i, L+ 531
La M ENTI%, 5KAEF MG Kk INWHUER T0% . = A 4 HcCRT & & J§
P R EMMZ REMETRMNAN, B R E AR A B REfir &, LofKotE & PCR
AMERE T, HcCCRT ENEE il B AR M BB Az lE 8 MNARFH AKX

H AV ENERPERAERG ARRZ EAMALNEKEERD . 5 %W HCRT £ 5

TZANEDRY RO ENT LTHE,

KR —AME; BN EE; 2 THAE; LrAOLEE PCR

HRESZES: Q785; S917.4

45 ] 25 [ ( calreticulin,, CRT) J2& fy B — JL [H 4
i, BoA 2 Fh i B A ) T BE e B AR S A 25
S SRR RSB IREIE ) OR  rY < i SE
B VAR Ca® A A B g,
IRWIBEFEIN N, 55 2 2 P 5 0 AL 199 o A7
(R 1R W 2 A 0 M 2% 1 o, ¥ 240
ML 25 g KA M (A . |
HAIT T BT A LA 45 1 2 1 — AR B AT 2 AR ST Y
C N I - = I S /S T P | I
KHEQNIDCGGGYLKVF #I IMFGPDICG, C-7K %
BAMGER ) S =ML S 0N AR S
PHEEARE T 0 E A A VR B MR S S
ok J¥ % H/KDEL, % 4 © 76 I 4
( Oncorhynchus =2 I = £ I N

mykiss )[gJ .

I Fs HH5:2012-11-26 &8 B #§:2013-02-08

XEtFRERD A

S
( Crassostrea gigas )" | Oy [& Bk £} 11 ( Pinctada
Sucata) " R JE A8 G (Aplysia) ' 2 ) R
HiR At CRT Fp 41, I % Ho o 45 44 K kH OC B g it
15T 9T . Balakier % BF 55 32 W, 45 9 4 14 7E
NG E NG & 7 Xt Ca® ™ i 4 27 410 fal A
KAR KN T, Zhang %5 BT W45 2R
2 5T 4% 00 B 40 i IR R & T R R Catt i B
AP 1T Somogyi 4B IT K B, 5 I 4K 11
TEN FL 28 A B A8 0 il DL s 5 8 5

= ff W " ( Hyriopsis cumingii ) J& 3% &8 42X
( Lamellibranchia ) 1 H ( Unionoida ) I %l
(Unionidae ) fiL ¥ J& ( Hyriopsis) , J& " & FE A7 (1) &
B RLIROK BRI AT AE R B % B Bk 3R B W

. . [9
( Fenneropenaeus  chinensis ) =

FEWE HEK A AREIE T H (31101939) 5 b i 1 B} 2 2k il BF 50 8 5 5 H (10IC1406300 ) 5 b ¥ 17 2 2= B 0F 4 357 3 22 5 H

(1327128 ) 5 b3 A MR 55 F &5 3 H (ZF1206)
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R K 06 B i R IR AR S5 i 3 T
— S, R AE B R RS Rz B T
SR DR G T = AR L B B R A 56 35 TR )y T A
FREAREE L, AN RISERERE A Y
WAL ), £ 1 CaCO, 4, H I Ca®" &4
R RO R S (o5 A W R = I LI O
W, e s FN A B 2 I R 52 . 2 2R DDA
SN K IR BE v W AR R 1 Ca’ L LB
BT SESSEASAS R gt
IR B e R o VA= A L = Py - 3 O
SAEH.CRAELS 58 T IHNERSF4Y
O it B2, Fan 21 AR K D12 T (G Bk AF DL
FHA1Z 4 3K 50 07 % B, CRT 78 4N v | 1L %
HA®FRIR, 550V SiEH .25 5 Rk E:
DUE A At # . HASSE A B A DL AR W)
Tk 1 HLARE IR A TR IR ARFSE

H AT IR 7K I 32 2R 18R 26 32 DR 9 F 5 M M 52
M, 45 W B R 5% I ST R DL RIS . 7E A BF 5
Hh, AL RACE H AR A% T = ff WL 1) 45 9 28 15
HcCRT FE[H ) cDNA J5 1], % 35 R 19 45 #4) F AR B
W) & E R Y S AT T 4r £ R AE S0 A, JF X HeCRT
B DR 4 A 6 1 B AR N = SR AT T
SR IN . R 20 2 PCR £ KX HcCRT 3
PRI L = A LA 45 41 0 3k i B b AT T ARG 43 A
00 A W0 55 5 I 8 11 7E = A1 LI 19 22 BRI 1 1) £
H, G BEtE 98 = A W B 32 BR O i A DR i) ) 42 B
7 FE A

1 MRS Ik

1.1 SKIgsr#
SAWUEESR B WA G AR T U SR OB BOR
AR A A7 B, il Y 3 S, BT B L
(50 cm x30 cm x 35 cm) F7, 45 MR /NER 3 4 55—
Ji ,JHT HcCRT 35| cDNA 1Y v . Bl HLI% B
25100 g By = MAMEEHFITHL E /R IALR . 7
IR = AR R ) A R I L R R A D

BFIUE o R P e LA 8 A2 UM T 8Lk R
1.2 XBWHE
Z AW E ¥ RNA IR RNA 2t

K ] RNAiso™ Plus ( TaKaRa, % ) i 7, i &
figg i, = f WL SN 4141 100 mg a5 F 1.5
mL Z.048 %, A 1.0 mL RNAiso Plus i %], £

13 CE TR RN BETOVE 75 %0 WA T Uk, FHE
£0.01% DEPC Ab3f33 ffy K i fif 5 RNA™ . H
Nanodrop ND-2000 C 4% FE i1l & RNA ¥
Fai i, 28 1. 0% B 5 b BE e i Uk K6 I RNA 58
B,

HcCRT 3 cDNA 8 § B4 3 | L & 7 7
| E {#i | PrimerScript cDNA 55 — 4% & % i,
M & (TaKaRa, Ki% ) , LAPE R & RNA S BAR ,
K adapter-T & i, cDNA 25 —4E , & M5 k2
PO & U B o RGN B (Mus musculus) | 5t 5
1t ( Danio rerio) 24 # 1) CRT #: K cDNA {# 57
X514 F1 R1, DL cDNA S84 k17 v ] A
By i, PCR Jz by il # 5k A Ex Tagq
(TaKaRa, Ji% ) , "1 {& & £1 5 TaKaRa Ex Tag
(5 U/pL)0. 125 pL;10 x Ex Tag Buffer (Mg®*
plus)2.5 pL; ANTP mixture (4 2. 5 mmol/L) 2
pL; B #5145 0.5 pL (20 pm/L) ; cDNA #5
M2 pL K ZE K 17.375 pL, PCR B &N
94 CHiAEPE 3 min;94 C 30 5,60 C 30 5,72 C 1
min,35 MG fe )5 72 CHEfH 10 min, § 3 7=
W22 1% 1) B R W BE S o vk o3 B A, 7 1 7
TR b9 03 A W AR AT BR 2 W)

PASRAS I = M WL EE S R ) HeCRT 19 | Bt
T4 Jy BL#k , Al Primer Premier 5. 0 % {4 3 4% &
BLAST R fp Wit e w51 ¥ 7 3/ F0 5" K o 4™
B 51RO (E) A BRA R 5 K
(1), &M 3’-Full RACE Core Set Ver.2.0 i
M & (TaKaRa, K% ) #E47 3" 4" 1, Jr i 2 B fiff
VLR, PCR J R % {2 94 C HlAE ¥ 3 min,
94 °C 30 5,55 °C 30 5,72 °C 1 min,30 G ; 5k
J&G 72 CIEA 10 min, 315 47 5 £ PCR ¥, R
i SMART RACE c¢DNA Amplification Kit
(Clontech, SE[H ) JEA7 53§ 4 , 75 v& 2 MR 156
W], PCR JZ i 414K 94 CHiAs 4 30 5572 C 3
min,5 ME#H ;94 C 305,70 C 30 5,72 C 3 min,
5 AEFF:94 C 30 5,68 C 30 5,72 C .3 min,27
MMEE

3'F1 S'RACE 4" 34 7 1) 2 1. 0% B Jig W 5
HEL YK &, 28 TIANgel Midi Purification Kit[ K AR
AR (A 50) AR A ] IR B 9 Fr Be PCR
7Y, 24k J5 i) PCR 74 5 pMDI19-T ( TaKaRa,
RIE) BAREHE 16 h, F AL B R AZ AL E. coli
DH5a,% LB F4R (& Amp® .IPTG Hl X-gal)37
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5 LTk, % - A WLRESS W R B 45 ) cDNA iy 2 T RHIE 5 R0

ST 681

CHi IR o, W BET 4 BH P e b, HEAT 4 A Bk
I, PRI A H R BORY PR se Bk AR b
W HARA BRA A 3647 e 51 D E

EWAT & F oA i 3 BLAST (http: /
www. ncbi. nlm. nih. gov/BLAST) ¥ 4% £ 1% 2%, 47
WrAZ A7 IR 7 41 B LR 7 51 i AR L . ORF Finder
& 7 (http: / www. ncbi. nlm. nih. gov/projects/
gorf/ ) iy & 1E B ) FF i % 52 #E (open reading
frame ,ORF) . ff] Protparam 2 J¥* 5} H7 4 3 2 )T 51

W) B2 ; Signal P 3.0 server il 2 502 7 41 1
155 Ik s TMHMM B4 00 3 B 2 5 TR 15 T 45 44 5
ProtScale # /- 1l 2 3 1R )5 51 I B K X . 2 )74
b F B, fi CLUSTALW 1. 83 % 4 #t 17 70 #r.
Jpred3 ( http: / www. compbio. dundee. ac. uk/
www-jpred/index. html) Tl Jll 25 [ 57 (1) — 2 4544,
F Al ESyPred3D ( http: // www. fundp. ac. be/
sciences/biologie/urbm/bioin/esypred/ ) ¥ ¥ %] 2
2N, HEAT B T = s R T 43 T o

®1 AXBHRAIESY

Tab.1 Primer sequences used in this study

519 SIPFH(5-3") JiEbes

primer primer sequence usage
CRT-F CTGCCATCTATTTCAAAGAG o i) B B 4
CRT-R GTAGGAGGTTCCTCGGAC fragment amplification
CRT-GSP for 5'race GCGACCACCCACGACTATTTTGTGAACT 5'race 5|¥)
5'race-UPM CTAATACGACTCACTATAGGGC 5'race JFH 5|9
CRT-GSP for 3'race CCCGCAATCTGACTAACACT 3'race 5|¥)
3'race-Primer TACCGTCGTTCCACTAGTGATTT 3'race 3 A5 4
CRT-qRT-F CGGCTTCAAGGATTGGTCA Y E R LY
CRT-qRT-R GCGTCTCCTTCATTGGCAG primers for ¢ PCR
B-actin-F ACGGATAACACAAGGAAAGGAAAC eSS
B-actin-R ATGGATGGAAACACGGCTCT housekeeping gene primers

HcCRT 3 B 40 28 ik 4 ) 18 JH1 5 ¢
JtE f PCR EEARKG I HeCRT 6 A 7E = £f1 WL 1)
K 4 o AR B, R A RNAiso™ Plus
(TaKaRa K3 ) 1], 50l DA = A LA D i

LB 7R ENE CEDE i R o L 8 AN 4U4R
EXEL RNA, % PrimeScript® RT reagent Kit With
¢DNA Eraser i 7| & ( TaKaRa, Ji% ) 2 ¥ 5% & i
Lk cDNA,

MG = A WL HeCRT A Of <1 1y 51 i it 5
%) CRT-qRT-F,CRT-qRT-R, 3 & FH B-actin 1E N
WS (£ 1), LR FEO65E 7 PCR K] SYBR
premix Ex Taq™ i 7 & ( TaKaRa, X % ) 7£ Bio-
Rad CFX-96 ( Bio-Rad, 3 [§ ) 5Z B} %% 9% & § PCR
X 47, PCR WK A 20 wL AR R 46
Premix Ex Tag'™ (2 x )10.0 pL. - FiE51# (10
mol/L) % 0.4 pL.ddH,O 8.2 pL J%#ifi cDNA
1.0 nL, Forh RS i 9 B By 5 R N i N 2
FEH AT 3 REE . RV EF R 95 THl
A5 30 5595 C 55,60 T 20 5,40 MFH ;65 ~95
TR ML . X2 MR E i) cDNA BT i

76 NERFE RS, AR DL 10 Sy Ay, T
%JVEEE"J%.EWQ%.E"JW{EH%EO AHXF 3k
R A 27 8, SR T SigmaPlotl
2.0kl 5 IR [ . B AT SPSS 19. 0 # {4 #E 4T
W E RS HT R TR R U7 22 53 H %) Dunnett’s T3
Kl g5 9%, 24 P {EH/NT 0.05 A B B
5o B LCEEE + FRifETR 25 (mean + SE) KUK .

2 4

2.1 HcCRT EFERREMIERF I FHFESH

AW ARG = M WL HcCRT 1) cDNA K
1437 bp, Horp JFJC8 524E 2y 591 bp, g % 196 4>
RIS, 56— DR G®EISF ATG /) L if
F KA 231 bp 195" UTR, fE2 1 %1 T 10 R i f
£ 616 bp 1 3' UTR, 3'UTR [X & 4 BT (1) &2 B2
i R i B {5 5 7 51 AATAA Al PolyA 2 E
(E 1),

HLAE = f WL HeCRT H:PH cDNA HEIN 75 31 1
196 DMEELMR , 43 7 3N Clope His3s Nory 0050 S5, 53
W2 22.4 ku, FLRAEH G0 5. 01, N ERUE RECH
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43.91, KU E A B R BUAER € o AT Signal P
3.0 server fELLFEIT BN N-sin A7 21 AR 7 51 1Y)
=5 ik, ¥ %1 5 MASSRRRIFQMSAIYFKEHFLD
C-sin i & A 2R (E) IR 142 (D) , TMHMM
S HT B Y5 O A B IR X, ProtScale 7E 4K
I3 MR/ KA 168 8O %7 9 R 3 B B 1R
J& T AR E IR , IRy 9 & SR K o

4545 BLAST Zp#r 4 5t , #i| ] CLUSTAL 1. 83
AR HeCRT e R 000 (1 22 B 1R ok 5L )7 41 5 K
15 ( Crassostrea gigas, C¢gCRT, BAF63639. 1),
LI ER B D (Pinctada fucata , PFCRT , ABR68546.
1), B 95 X% WF ( Penaeus monodon, PmCRT,

ADQ28317. 1) th B %} ¥F ( Fenneropenaeus
chinensis, FcCRT, ABC50166. 1) 15 & fi CRT
( Danio rerio,DrCRT ,NP-956007. 1) #t47 . %}, 5
iR HYFR CRT ZE A W & sy 1, Kb
SBE S AR Ry 77% , 5K AW, D Rk B
DU AR L Ky 70% , #E47 NCBI BLAST Xf Lt 43
Wr &I, HeCRT IR B A PR 57 145 M 28 B 5 5 45
(B 2-b), BA 585455 R J) . HeCRT 3 A
HE R HAL CRT ¥ HA 2 A LRSF 1Y 45 M 1
M %K W br 4 ¢ % KHEQNIDCGGGYLKVF #
IMFGPDICG (& 2-a) . FH:H Ay Cys Fil Cys FE il —
T, ATy CRT SARIT&HE AWML GRET) .

acgcgggeatgtccaagtacatactttcacatggtgaaactgegaatggetcattaaatcagttatggttecttagategtacaa 85

tcctacttggataactgtggcaattctagagctaatacatggaacacagetccgaccttcggggaagagegettttattagteca 170

aaaccaatccggecegegaggeecggtteegetggtgaatetgaataactttgtgeegatege 231
ATGGCCTCGAGCCGGCGACGTATCTTTCAAATGTCTGCCATCTATTTCAAAGAGCATTTCTTGGACGGAGATGCCTGGACC 312
e 4 s s R R R T F @ M S A I Y FKEUHFIDGDATWT 27
AACCGCTGGGTCGAATCCAAACATAAGTCCGATTTTGGCAAATTTGTCCTCAGTTCTGGCAAATTTTACGGGGACCTGGAG 393
NRWVESEKHEKSDFGKTFVLSSGEKTFYGDTLE 54
AAGGATAAAGGGCTGCAGACAAGCCAAGATGCCCGATTTTACGCACTGTCCGCCAAATTCGAACCCTTCAGCAATAAGGGC 474
KDKGL@QTSQDARFYALSAKTFETPTFSNEKTG G 81
CAGACACTGGTGGTACAGTTCACGGTGAAGCATGAGCAGAATATCGACTGTGGGGGCGGCTACCTGAAGGTGTTTCCGAGT 555
Q TLVVQFTV[EKHEAQ QNTIDTC CGGGVYTLEKVEHTPS 108
GGTTTGGACCAGAAGGACATGCATGGAGACTCAGAATATAACATCATGTTTGGTCCGGACATCTGCGGTCCTGGCACCAAG 636
G LDQKDMHGDSETYN[IMEFGPDTICAYPGTE K 135
AAGGTTCATGTCATCTTTAACTACAAGGGCAAGAATGTGCTGATCAACAAGGATATCOGGTGTAAGGATGATGAATTCACA 717

KV HVIFNYZ K GKNVLI

NKDTIRTCKTDTDETFT 162

CACCTATACACACTGATTGTGCGGCCAGACAACACCTATGAGGTGAAAATTGACAACAGCCAGGTGGAGTCAGGCTCCTTG 798

HLYTZLTIVRPDNTYEVK

GAGGATGCGCGGATCCTCCACTAG
EDARTITLH %

DNSQVESGSL 18
822
196

tgatttcactataggtcttttttaaatgtcatgtaaatgetttaatttectttcacaagaaaaaaaaaacctttgggaaggtactg 907

taggtttgttaatccaacaaagcaaatacctgactggcatttcagtcagactatgggtacgtttacacgacaacgatatgcttaa 992

aacggagaagtttcctttgagttttccgegtacagacgacagacaccattgtccaaactatacgaatccgtaaaaatgactaaaa 1077

acgcttattctgetggeaggecataagatggegatgaaacgetatagattgaacatgtaacgegeatgtgeatgacgtcategtt 1162

ttcacagattcgcgtttttgttgtttacacggataccgttttcaggcacccaaaacgecgttgtcatgtaaatgaacggeccaaaa 1247

cgcattaaaagatttacgtttttagttgaaaacagtgtcgtgtaaacageccacttttattcaacaaggatgecattattgatcaa 1332

aagtgacagtaaaacact tgttccaaaagatttctgtttcatttaaaagctgttctattcaactttccattcatcaaaga 1417

atcctgaaaaaaaaaaaaaa

1437

E1 Z=fild HcCRT EEH cDNA FH RN SERF 5
NG TR R S 3 AR X F A, RS TR AR A X 81, b AT R A, X T A 4 A ) R A5 A ATG

FORBIGE T, « Fon & L E T HEARHA N B MFR 105 5 KT 5, HEL N K G 52

HELR P “ aataa” Sy 2 R IR H R INEE S .
Fig. 1

7R B G I B SR AR 45 1 8

HcCRT cDNA sequence and predicted amino acid sequence

Sequences of 3,5 untranslated regions are shown as lowercases; Coding region is shown as uppercases, where the upper sequence indicates

the nucleotides and the lower shows the amino acids; Italics ATG is used to indicate the initiation codon; Stop codon is marked with

asterisk ( * ) ; Italics amino acids in box represents the signal peptide; The two calreticulin family signature sequences are boxed with gray

shaded; Putative polyadenylation signals( AATAAA) are boxed.
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CgCRT
PfCRT
FcCRT
PmCRT
HeCRT
DrCRT

CgCRT
PfCRT
FcCRT
PmCRT
HcCRT
DrCRT

CgCRT
PfCRT
FcCRT
PmCRT
HcCRT
DrCRT

CgCRT
PfCRT
FcCRT
PmCRT
HcCRT
DrCRT

1

LLLVGVVLSDPTEFFREEF-DSESWRDRWVESTFKGADQGKFAWTAGKFYGDADKDKGIQ
LVLVGVLYSDATTHFEEKF-DSDGWKDKWVDSTNKGAEQGKFEWTAGKFYGDADKDKGIQ
LALFGVALVESKVFFEERF-DSPDWEKNWVQSAHKGKEFGPFKLTAGKFYGDAEKDKGIQ
LALFGVALVESKVFFEERF-DSPDWEKNWVQSAHKGKEFGPFKLTAGKFYGDAEKDKGIQ
ASSRRRIFQMSATYFKEHFLDGDAWTNRWVESKHKS-DFGKFVLSSGKFYGDLEKDKGLQ
FISALAFIAHADVYFKEQFLDGDGWKSRWVESKHKS-DYGQWKLTSGKFYGDPELDKGLQ

Jkokock sk, ko skekrsk ok, ok skekok sk
TSQDAKFYGISSKLEKPFSNEGKPLVIQFTVKHEQNIDCGGGY IKLYPKDLDQKKLHGDS
TSQDAKFYGISAKLDKPFSNEGKKLVVQFTVKHEQNIDCGGGYLKVESSDLDQAGMHGDS
TGQDARFYGLSSKFE-PFSNKDSPLVIQFSVKHEQNIDCGGGYLKVEDCSLDQKDMHGES
TGQDARFYGLSTKFE-PFSNKDSPLVIQFSVKHEQNIDCGGGYLKVEDCSLDQKDMHGES
TSQDARFYALSAKFE-PFSNKGQTLVVQFTVKHEQNIDCGGGYLKVEPSGLDQKDMHGDS
TSQDARFYALSSRFD-SFSNQGKTLVIQFTVKHEQKIDCGGGYVKVEPAEMDQTEMHGES
ksl pskek, ko kekekn L skek kek pskelolkek selelekekekek sk skk kekok
PYFVMEGPDICGPGTKKVHVIFNYKGKNLLCKKEIRCKDDVETHLYTLIVNPDNSYVVKI
PYLIMEGPDICGPGTKKVHVIFNYKGKNLLVKKEIRCKDDVETHLYTLIVNSDNTYEVRI
PYLVMEGPDICGPGTKKVHVIFNYKGENHLIKKETRCKDDVEFSHLYTLIVNPDNTYEVLI
PYLIMEGPDICGPGTKKVHVIFNYKGENHLIKKETRCKDDVEFSHLYTLIVNPDNTYEVLI
EYNIMEGPDICGPGTKKVHVIFNYKGKNVLINKDIRCKDDEFTHLYTLIVRPDNTYEVKT
QYYIMEGPDICGYSTKKVHVIFNYKGQNHLIKKDIKCKDDELTHLYTLILRPDQTYEVKT
cokekkkeksk sk ok ok k

o okekskeksksk ;

k . ok ok osknkskekekek
DNEKVESGQLEEDWDFLPPKK 208
DNEKAESGNLEEDWDFLPPKK 208
DNEKAQSGELEEDWDFLPPKK 207
DNEKAQSGELEEDWDFLPPKK 207
DNSQVESGSLEDARILH—— 203
DNEKVESGSLEEDWDFLPPKK 207
sk, 1L ookek, Rk

@
25 50 75 100 125 150

67
67
67
67
67
67

127
127
126
126
126
126

187
187
186
186
186
186

175

196

query seq. M

specific hits

superfamilies

FIEEAEES

Calreticulin superfamily

(b)

2 CRTREBMFIILLX K HCRT RRFHEMEBRKF T
(a) - /R L B RR B 11, » FOR PR SF IV AR EE , - FOR PSP B I R SR SR BE , . FOR AR MR E IR, LUK (8 5%t 1 8 23 2%
AP BRST I 8G  2E FRIEAR 28T 51 . () s HeCRT W57 1 5 I & 1 R 7 51

Fig.2 CRT amino acid sequence compared and conservative sequence of calreticulin protein family in HcCRT

(a) - indicate the amino acid gaps which are necessary to align these sequences;

# is used to indicate highly conserved amino acid

residue; :indicate conservative amino acid residue which was replaced;

signature sequences are gray shaded. (b) conservative sequneces in HcCRT.

. represents simily amino acid; The two calreticulin family

2.2 HcCRT EH LM

SignalP 2 7 H NN F1 HMM 45580 % = £ i def:
HcCRT K& Jir 4 1 19 2 B2 R 7 91 i A7 4 iy 2 BT
FEJT 9 N-Uig AE7E 21 A2 02 20 B 15 5 Ik, AL
55 22 3] 196 S SE IR N AR . Tpred3 FR AR X =
FMIE HeCRT S R 4 2 (1 1) — G 45 1 o000 45
FeW L A [ B B M AT S, 7R 5 66 ~
T1 A R SRR IR LA AEAE o BB TE , E56 14 ~ 19,41 ~
46,57 ~63 LS5 174 ~ 179 Ao 28 1 1R 5k B Ab 1 7

B 475, LA Kozlov %" 438 ity /N L4 Calreticulin
Lectin Domain A % = 2% 4544 (PDB id:300V ) A&
M 38k ESyPred3D Fiiil| 3k 15 T = ff WL ¥ HcCRT
EEH =HEE  =AMEER HcCRT = 9 45 44 1
5 5¢ B CRT = 45 FHALLBE Ry 64. 3% , LA
K ILE 4 A FE B, B RTLUE H 8 B[R]
TR RYT S, o3 R S R XA A —
WEE Y 4 B DX AN FB 4 o HeCRT 2K 1A |- 3k
T , 5K 3 2 AR 4> F P, 1 5% 7K 3% 22 43 A4 76 43
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2.3 HcCRT EFEMALRIESH

¥ H W ZE K HcCRT f1 N 2 3& A B-actin 11
cDNA HrifEft LA 10 g 507 BE 6 MBRJEE, Tl VE AR 1fE
i 2k, 45 R R W 1 v A ifh 4k T ) R — 04 PCR
P IROR BG4 1.07 F001.03, 2435 1.0 3%
GENREMZ . 6 E EARN HeCRT H: A 7R 4%
HAM RGO, B AN LR A B-actin
A PN TR, R OGS 2 o e e o A 5 27Tt
BLAE R R, = MWL HcCRT J R 7E A4 5 il
WS 7R R B E A AN S DL A Rk
HrpAMNE R By HoCRT K& R 26 35 = B B, I
TR IR Z, 65 rp 323K K P AH R EAR, 07 7E I
B I e LR B EARAIK, JLF AR iE . HeCRT
LK mRNA 7EH AR APAATE & 257 (K 4)

(b)

3 ESyPred3D il 9 = 7 0 &
HcCRT EH (a) &4 (b)
Fig.3 HcCRT(a) ,templet(b),
protein tertiary structure by ESyPred3D

*
1
8000

2000 -

%
mmm+++—ﬁ

Ma Bl Gi Fg Li Ni In Mu
HE tissue

HcCRTE: AN RiL &
relative expression of HcCRT

4 =% HCRT ERARSH
A B-actin 3 NS B, BT 7% 10 S AR 72 55006 1 18 =
FRUERR, « P <0.05, JLrh:Ma. SbE B, BL I Gi. il
Fo. 7 /& ; Li. fiFME; Ki. ' In. fij; Mu. 152,
Fig.4 Expression of HcCRT in different
H. cumingii tissues
The relative expression of the gene transcript from qRT-PCR
analysis was calculated to the B-actin mRNA level. Data are
given as plus or minus the standard error of the means( means +
SE), * P <0.05. Ma. mantle; Bl. blood; Gi. gill; Fo. foot; Li.

liver; Ki. kidney; In. intestines; Mu. adductor muscle.
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Molecular characterization and expression analysis of
calreticulin cDNA from Hyriopsis cumingii

XIA Xiulin', WANG Guiling'* , BAI Zhiyi', LI Jiale'"
(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources ,Ministry of Education ,
Shanghai Ocean University ,Shanghai 201306, China;
2. Aquaculture Division , E-Institute of Shanghai Universities ,Shanghai Ocean University ,Shanghai 201306, China)

Abstract.: In order to study genes related to pearl formation in freshwater pearl mussel and their regulation
mechanism,a 1 437 bp cDNA sequence of calreticulin gene from Hyriopsis cumingii( HcCRT) was obtained
by rapid amplification of cDNA ends( RACE). It consisted of a 231 bp 5'-untranslation region( UTR) ,a 615
bp 3’UTR and a 591 bp open reading frame ( ORF) . The inferred amino acids sequence was composed of 196
amino acids,including a signal peptide of 21 amino acids and a mature peptide of 175 amino acids. The
molecular weight of the peptide was predicted to be 22. 4 ku, with a theoretical isoelectric point of 5. 01.
Amino acid sequence analysis showed that there was no obvious amino acid sequence of membrane domain.
Results of the ProtScale online analysis showed that the protein was hydrophilic protein. Homology analysis
indicated that HcCRT amino acid had a conservative sequence of calreticulin family and was highly
conserved with Danio rerio (77% ) , Crassostrea gigas (70% ), Pinctada fucata (70% ). The sequence
analysis showed that HcCRT shared two potential calreticulin family signature motifs with CRT from other
species, KHEQNIDCGGGYLKVF and IMFGPDICG. The prediction results of H. cumingii HcCRT protein
secondary structure and tertiary structure indicated that the protein contains the alpha helix and beta folding.
Real-time quantitative PCR ( RT-PCR ) showed that HcCRT is expressed in a wide range of tissues including
the mantle,blood, gill, foot, liver, kidney , intestine and muscle, with the highest level of transcripts in mantle,
followed by blood, while there is rare expression in other tissues. These data suggested that HcCRT might be
involved in pearl formation of H. cumingii. This study which was first time to obtain HcCRT gene from H.
cumingii played an important role in exploring pearl formation of H. cumingii.

Key words: Hyriopsis cumingii; calreticulin; molecular characterization; real-time quantitative PCR
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