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WE: W TRAEES = AN A HF EF-hand ZEMHE N XHEAXEE AR, AARENA
RACE-PCR # A, 5 & 7% 2| T = £ W % & & EF-hand %5 #3445 4 & & & 1 % [ (EF-hand
calcium-binding domain-containing protein 1,EFCB1) #y cDNA &K F## 47 7 £ W15 B % 447 ;
i 1f real-time Q-PCR # A , 941 7 EFCB1 3£ F 4 = A W4 10 AN4 A, DL K W IE B 4 & JE 4
e & BB R R i R Rk R R, SRR Z AW EFCBL 2 [ cDNA J5 7] 2 K 981 bp,
ORF % 531 bp, % 176 /4 3£ % 7 #,5'-UTR 239 bp #2 3'-UTR 211 bp, EFCB1 4 F & %
CyrHys Ny 0,008, 2 F B4 19.9 ku, %l 5 F 4.70, F R E A% 62.65, B Fk&EaH., H
FAlEfE S KRF A, FAE DA B KX A2 A EF-hand % # 3, EF-hand # 3 2 | %
DLNDDKLISPEE (98 — 109) %1 DTNGDDKLDGEE (129 - 140), %t 2 B4 2 5 7 = A il &
EFCBl X2 HEA AR FHHRL AP EAMMBEFRLERTH(P<0.05) SEHEF XL ER
FwmTANEEA(P<0.05), EFCBl 3 HAEHMEAF M b EEAMAIER T RBAALR F
KEEAEFZR(P<0.05) , B EEFHRLERNEFF THHA(P<0.05) , EHEH R
%20 Rt kA BREH T A M(P<0.05), %k, ,EFCBl £ = £ il 4 Ca’" iy Rkt

BPEERYTERA AP REVRABPURD U A WHEAEZ S &,
XKW : = A Wle; EFCBl; EF-hand £5 443k ; A% % %k ; L H KA

hESEE: Q753; S914

B Bk 32 L e B R 8 A0 A BIL BT A, vk R
24T 95% LA b, ] WL Ca SR BRI aliad F v
AR R PR T DT 2R A0 T o A A A
iz U DU N T 2 5 AR 45 DL 5E R BRI P
Ji " . EF-hand 75 (5 724 HE 3 4 85 4% o & 15
BAE . DR KB TR HESh ) B 8 i B
EF-hand & 1 76 J80H 20 10 A0 5 200 10 A= B0 3
BB ORI W OAE M, W oB K EE A
(osteonectin ) > * | 4 J& ] & 4 ( caleyclin ) |
S100A4 ") J 4 4t 4 7 19 ( calbindin, Calb) "' 25
DIZE ) EF-hand 45 (0 H A7 98 42 45 40 38 9 2h
BN R 2 5 PR DUSE RIS BR B R IR,
Wi % Bk 5T CaCO, fKTE I A WL 2 —. H
HiL,7E DL 28 p 2 & B 45 9% 28 1 ( calmodulin,

s B HE :2014-11-27 &8 B #:2015-05-08

MR AR SR A

CaM) ™" 4 % 3% o % 11 ( calmodulin-like,
CaLP) "' 45 5% 4 i ( calcineurin, Cn) ") L)%
5 45 45 7 [ ( sarcoplasmic calcium-binding protein,,
SCP) UL 4 C (troponin C,TnC) #H A& EF-
hand 25 k935, 35046 B BRI Bt B p Ca® ™ g Wi RN
iz A AR

=N (Hyriopsis cumingii) J& 3 E £ A 1Y
WK BREER, ™ 2 2R & A SR K2 2k 98%
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A B K, KT HMEE NI %2 2k
35 B AE T SRR B ) A2 007 4 23 BIL R BERE 4k
a1 SR AR IR K DB BRI R R 454X 3
FH O I A 4 Dy BE T 58 AH X 3820, e HEAE A& A
WHER 2 D F BRAL P E A2 B P A

FEBUE « 16 5 [ AR 2434 (31201991) 3 Z 7 A8 1 - 2 JE 4 (20123104120003 ) 5 b ¥ 7 {E 75 290 H (s5¢11004)

BIE1EE i 5% , E-mail ; zyshi@ shou. edu. cn

http : / www. scxuebao. cn
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A S JE H i 6k 22 oS iR R AR TE . R I,
R L2 = WU F R4 41 B A EF-hand 254
B Dy ReJE B R LA L R R B R AR KL &
BERRZHREA T EENE X,

B FEARYE T HRGE ) CaM | CalP | Calb %43
% EF-hand 2514 3808 1 O SF KR 1514, i
Al RACE-PCR $ R 3K T =M iE EFCB1 3 [H
) cDNA J¥ 3, X 3 PR 1) 45 #4 F0 AH B ) 2 3
FPAN#EAT T AEYAE B4 B R real-time Q-
PCR #{ R X EFCB1 JE R 4 = ff WL I 45 20 VR
1% J AN T) Bsf 3 A1 26 B R A IR AT 8 B 07 4 4 3R Gk
T BLHEAT T AU 43 BT , 91 26 58 EFCB1 R H £ 2
BRIV i VR L, R Ja S0t 58 = fl L i 22 2RO K
Ao 8 e 3 0 s AL B B S A

U R A

1.1 SKIE##

AR WL SR W T T VAR 4 e T R R AR R
ARAT R W) Az 77 e b 8 O o i 28— B
R 22 B/ E) 200 H 2 1 = A WL Bl AL i BROH:
H 20 HOog xS BRAH (A EAT 46 %) , 180 2 525
Y1, 7E VR H AR K R I 38 N 2R AT R 5%

£ 2013 455 H (UKl 15 ~19 C) R H kA%
TN R AT A, o3 00 A 52 0 2 4 L = A LI iy b
B I I B R A U AT [ I 2% 4 — > AR 3 mm 28
JERK W TG B BRAZ K 2 mm x 2 mm [ 4R & i
SME/IN R B BRAZ b OB TR AL HS 1 F R
BEE SR KGR SR 2 d JE A M IR T H HK
B, MARALE KT 20 em &b, BT AT S5 Yy
TE[A] — 25 A N AT W L H BR IR AH -

BORTAZ 2 0 =AW 3 L W P 52 L, o7
RPIBCHE AD £ JBE o8 O AT L L PR e UL 7 A2 D
77 = 1A AR A (N = s A E S
GURIR G o AL A IBORT B 2 0 S 00 20 47 A% 0 58
5.20.50 .90 K ER A% BR B UT AR A 1Y = A L
23 H, 03 i) R BRI I AT R A0 TR BRI A6 2H 41
FH T BRIN 8] B0
1.2 L®WHE

% RNA £ I 4= % 0l fi&¢ | Trizol
(Invitrogen , 3& [ ) 127 156 W 5 i 17 = £ WL 4% 1f
WA A5 AL ZURE B RNA Y 2 B, 4 9
Nanodrop 2000C ( Thermo Fisher Scientific, 3& [F )
I3 CIGEE TN 1 % Bl W S5 e F Dk A I HG 4 52
SERE M, R BE i B 4k B M-MLV Reverse

Transcriptase ( Promega, b 3% ) I #:/E 22 B A7 .
AW cDNA 73l ey ¥ 5 4% Z
GenBank H CaM . CaLP ,Calb %5474 EF-hand %%
Pl KL R cDNA J7 41, 76 [R) I DR <F X 535
¥ EFCB1-F ( TACATCGCATCAACCAACTC) .
EFCB1-R(CCGTCACCATCTAAACATAAT), L)
% 4 41IE & cDNA Jy 84z, #| | EFCBI-F Fi
EFCBI-R 5| ¥ #t 7 PCR ¥ 3, PCR * JH 2 x
TransStart FastPfu PCR SuperMix ( Transgen, Jt 57 )
SN ZR AT VI W2 1% W 355 4 B JKE [a]
Wezlife 5 PMDI9-T #fA ( TaKaRa, HA) i 25 {k
NIBGZ 25 KW AT B DHS o (5236 %8 A7) o, T 7K
PCR R iE 5 36 BHPE ve B T b g A= AR 20 W
WA BT A5 3k A 7 Beie it RACE 5] %) : 5" -outer
( CCAGTGCCCGTATGTCAAGAG ) .
( GTGCTGTAGCCTGGCGGTTTCG )., 3’-outer
( GCTGCCAACTCAGGGATACTTCT ). 3’-inner
( AATTCTTCTCCATCCAGCTTGTC ), i 18 5'-
and 3’-Full RACE Kit( TaKaRa, H 7<) {#i [ 18 B 17
1 #: 4%, 70 0 17 5" RACE #l 3' RACE ¥ 1§,
RACE PCR %) 28 [l Wit | 3% 452 %6 Ak . s B I 7
J& ,#+3] EFCB1 F:[H ) cDNA (1) 5'3i A1 3 "% )5 371
AW AT B F 5 HT i Jfi ORF Finder ( http
// www. ncbi. nlm. nih. gov/gorf/orfig. cgi) X
cDNA 47 HIT i B 32 HE (ORF) 43 #r , JF k47 1
XF L4 B 2 5L R ¥ 5. B ] ProtParam  tool
(http: // web. expasy. org/protparam/ ) % L 4 fith 5
I BT Y 70 o S5 e 5 R A M BT AT B T
5 F SignalP 4. 1 Server ( http: // www. cbs. dtu.
dk/services/SignalP/ ) X H: 47 {5 5 Ik T 30 5 17 FH
TMHMM Server v.2.0(http: / www. cbs. dtu. dk/
services/ TMHMM/ ) Xf 5 [ Jit f9 B 5% X #E 47 13
Wl ; % A ProtScale ( http: // web. expasy. org/
protscale/ ) Xf H i K/ 2% 7K P 47 2 #rs W
PROSITE ( http: // prosite. expasy. org/) %} 3 45 ¥
BEHEAT 34 5 0 ClustalX 3748 5 W] 5 48 14 Jo ik
FTEHEXS 347 s 0 MEGA 5.1 B, 23531 2R JH 4B 42
#: (neighbour-joining ) M #x K fij £ % ( maximum
parsimony ) % [i] Y5 2 [ BT #E AT 5 48 A0 B Al e, )
FH B & (bootstrap ) #E47 1 000 ¥k H 52, X £ e
HEAT A BE VAL, RS HON BRIA
EFCB1 X W 4 £ ik #F % 4 EFCB1 J&
DR SF X383 e 5 09 € & 51 9. EFCB1-Q-F
( ATTATGACCTGAACGACGACAAAC) | EFCBI-

5'-inner
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Q-R ( AGCCGAAACTAATTCTTCTCCATC ),
Z AL = LR B-actin (HM 045420) , 51 %) 73
%% . B-actin-Q-F ( TGTGCTATGTAGCCCTCG ) |
B-actin-Q-R ( GCAGATTCCATTCCCAAG ), |
F CFX96 Touch™ Real-Time PCR Detection
System (Bio-Rad , 32 [6) F & JEAT 52 B e bl 4 H
{9 3 X AT A 2 3 D (Bactin) [ B fE i 2k, 28 )5 Bt
T HBYSE A S5, 20 b B9 SR R AL 4
I wL cDNA . F FU#EI4% 0.2 pL.10 pL i 2 x
iQ™ SYBR Green Supermix ( Bio-Rad, 2% [ ) flI
8.6 wL dH,0, KM £/ 95 € 1 min;95 C 10
s F160 C 15 s, REFE 40 W, SR 5 BEAT I i it
AR TN e R S AN NIV E iSRS
K R IR T 0.9, AH B 97 39 880% (E) ¥4
T 95%~100% , HAHEREE3INEYFEL,
3WHEARER .

EFCB1 JEPRAR X 3 % 1 Bd s 1 27 Oy ik
TR B HF- B8 + bR iR 25 (mean = SD) 3%
7~ n =3, EFCB1 3 [FAH X 3= 3k & DA 9 HIE AT 4 4%
J5i 50 d Ry KR 0 IR 7R 45 41 SN B A R Rk
i DUE I H 2238 i o 4 IR SR 5 BB R B SPSS
19. 0K FH ) One-Way J7 22431 (ANOVA) , {ifi ]
Dunnett’ s T multiple comparisons 47 #H % & 15 43

Mr,P <0.05 £/RFIER EMES.
2 iR 540

2.1 —ﬁamﬂ.!ﬁ EFCB1 ERE K EFF 5947

83 S 3RS = MWL EFCB1 ) ¢cDNA K
981 bp (& 1), H o JF ikt ) 52 #E &y 531 bp, 4 i
176 A~24 Fefg 7% 3L ,5'-UTR 239 bp 11 3'-UTR 211
bp, 7EH 3'-UTR X5 {2 7 #7801 2 5 i 2 1R Jon
FAG9 )75 AATAAA Fl PolyA B,

61
121
181
240

300
20

360
40

420
60

480
80

540
100

600
120

660
140

720
160

780
840
900
960

GGAATTGGGAGGAAATAGATCATTTTAGTACTTAATATAACAAGTGGTCAACTTCTATGT
GCACTCCTTATTCTATTTAAAATGTCAAGTCAGCAATTGTAGTATTTTCTCCTTTTTGGT
CAGTTTTTCTCCTACACGTTTAATTCAGCCATCGTATATAAAGCTGCTGATTGCAAGTAG
TTGATGTATTCCACGACCGGTGATCATTACAAGTATACATCGCATCAACCAACTCAAAT
ATGTATACTGGGGCGTGTTTGATTCTCTTGGTTGTGACAGTAGTATTGCTAGATGGTGCT
MYy TGACULTIULULV VTV VLLDGA

GTAGCCTGGCGGTTTCGACTACCGCGGATTCACATCCCAGTGCCCGTATGTCAAGAGGTC
VAWRU FRULU®PRTITHTI®PV PV CQEV

TGCCACACGGAATGTCCCAACTTTGGCGATAATGCAGGGTGGCACCCAGCCATCACGGCA
cCHTECPNTFSGDNAGWHUPATITA

CATTTGTGTCATTTAGCATGCCGAAGGGTTTGCAAGAGAAGTATCCCTGAGTTGGCAGCG
HLCHILATCRI RV CZKI RSTPETLAA

GCTGATGAAGATTATCAAGTTGTACCCATGTCCCGAGACTTCCGTCATTATGACCTGAAC
ADEDY QVVPMSRDFRHY[DEN

GACGACAAACTTATATCACCCGAAGAGTTTGCAAATGCTCAGAAAGTTCCACTGGATGAA
DD K L T S P EETFANAAQKV P L DE

GTTTATAATGTGTTTCAATTTGCTGATACAAATGGAGATGACAAGCTGGATGGAGAAGAA
VYNV FQFADTNG[P D KILDGE E

TTAGTTTCGGCTCCATTTATTTTTGAAAGTGAGAAAACATCAGGTGAAAATGGCTATATT
L vsAPFTFESEZ KTS S GENGYI

CAGGAGAAAGCGGATCGCATGTCTGAGACTGAAGAATCTTTACATCAATAATAAAGAATT
Q E XK ADURMSETETESLHQ =*

TATACAACGCTATGAATCTTTAATTATGTTTAGATGGTGACGGTACACTTACATTTGAAA
AGGTCGTTTTATTAATAAATGCAACATACTACTATTTAAAAATATTCATAACGTAGCAGA
CATACTGGTGTGTCTTAGCTGAACGGAATTTTTAGAACTTTTTCTATGGTTCCACGAAAC
TTTAAGAAAAAAAAAAAAAAAA

1 Z=fMld EFCB1 EEE cDNA 75| B 5l g S5 8% 5 5
# RN LD T 5 KGR 4 478 EF-hand S544380; G AHE A AATAAA” y Z R IR IR INE(E 5
Fig.1 The cDNA sequence and deduced amino acid sequence of EFCB1 in H. cumingii

* indicated stop codon;the two EF-hand calcium-binding motifs are shadowed ;putative polyadenylation signals( AATAAA ) are boxed

2.2 =AMtk EFCB1 Z g M &H 5
e ProtParam tool Xf = £ W4 EFCB1 1y &
FERR P AT , 73 5 N Cyp Hipyg Nogg 040 S 1, 43
TN 19.9 ku, HUE S £ 4. 70, AFE R
Bl 62,65, KU E B B MER AT E . FH
SignalP 4.1 Server 73 #fr & B, % )5 5 T 15 5 k¥
%1, TMHMM Server v. 2.0 2y ¥ £ W, iZ 7 5 1%

TE— DB 1 ~4 DNEIERIEBEN, 5 S
~23 DNEFERRAENE b, 565 24 ~ 176 A2 FL W2 76 ik
&b ProtScale 43 #7 3% B, 1% ¥ 51 K8 43 2 H 1R I
TR R IR, JERIT I E R K E A .

R4 PROSITE 43 # & /R, 1% J¥ S A7 78 2 A4
EF-hand Ca®" 4% & 4% # 8, 2 % K
DLNDDKLISPEE (98 - 109 ) fil DTNGDDKLDGEE
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73 ABIEH , % . = i WLEE EFCB1 3£ cDNA ¥ 81) ¥ [ J% % 15 BF 5 965

(129 - 140) , Jpred3 # {4 %} EFCB1 & (11 — %%
SRS R R, ZREMUE T A o IRE
(29.0% ) F 8 T AM A& (71.0% ) , o B-Hr &
% /> EF-hand e 76 2 4> o-BRJE ), 45 &
Frif EF-hand 25 #4 5 “ 825 — th 26 - B2E T 1Y
ZERERAETT (1) .
4G A5 )y 5 BLAST 43 #r 45 2R, B A
DNAMAN #f4: %of 3 [a] 5 25 11 2 #F A7 b % 43 #r
EFCB1 % [ f#) EF-hand f 5k ¥ %1 5 CaM . CaLP
Fl Calb ) EF-hand #3551 B A e 0 A8 vk
ey AT L 49

ip_efcbl
cg efcbl
bd_efcbl
cc_efebl
he_cam
hs_cam
pf cam
ps_cam
sc_cam
ac_cam
hs_calb
mm_calb
rn_calb
tse_calb
he_calb
pf calb
mm_calp5
pt_calp5

=75% M=50%

EF-hand 54k
EF-hand motif

=33%

(E2). RH MEGA 5.1 {48 4% % (neighbour-
joining ) K f K & £ (maximum parsimony ) % [F]
VR A B EAT R G A, A R BT (18] 3)
VRS S A RS R A RS R AR A R
32, 1M % KW ik (Salmo salar ) FIBE g X e fil
(Ictalurus punctatus) UL M i 5 ¥ 52 0 ( Ceratitis
capitata)) 7R J7 $ 52 W8 ( Bactrocera dorsalis ) 43
R — 35 Y E Ry — 3, =AW R 4L
(Crassostrea gigas) %0 — 3¢, LR R IR .

144
179
154
185
185
161
145
145
144
144
145
170
170
170
162
145
145
142
142

EF-hand 4k
EF-hand motif

2 =% EFCB1 fn E {1 ¥ 7 & & EF-hand Z#5 S &8 F 51 bk 3t

Fig.2 Protein sequence comparison among H. cumingii EFCB1 and

the EF-hand signatures of genes from other species

ac_cam ; 8% 24 55 8 2 ( (Aplysia californica CaM) ,AY036120. 1 ;pf_cam ;& i Bk £ D145 8 & (H ( Pinctada fucata CaM ) , AAQ20043.
1;hs_cam: A 2545 1# 4 H ( Homo sapiens CaM) ,AAD45181. 1 ;ps_cam: % b D1 45 1% 25 4 ( Patinopectensp CaM ) ,350663 ; sc_cam ; Jit i§
% 5 5 25 [ ( Saccharomyces cerevisiae CaM) ,CAA 55612. 1 ;hc_cam ; = ff WA 45 8 &5 19 ( Hyriopsis cumingii CaM ) , ADT61781.1;
pf_calp: 4 i Bk B} U1 45 8 £ % [ ( Pinctada fucata CaLP) , AAV73912. 1;hc_calp: = £ WL I 45 & 5 [ ( Hyriopsis cumingiiCaLP)
AFV80092. 1 ;pt_calp5 : 25 A\ S 45 £E % 4 5 ( Pan troglodyte CaLP5) ,XP 001144681 ; mm_calp5 : i J 55 8 ££ & 4 5 ( Macaca mulatta
CaLP5) ,NP_001253591.1;hs_calb; A 2545 4% & % (4 ( Homo sapiens Calb) ,NP_004920. 1;rn_calb: # & B 45 45 & & 19 ( Rattus
norvegicus Calb) | AAA40852. 1 ;mm_calb: /N % B 45 45 & 5 1 ( Mus musculus Calb) ,NP_033918. 1;tse_calb; [ 4 ff 45 45 & H H
( Trachemys scripta elegans Calb) , AAO49508. 1 ;bd_efcbl : 75 J5 3 55 i £0 % EF-hand %5 #4 8§ 2§ 9 1 ( Bactrocera dorsalis EFCB1) ,
JAC54134. 1 ;ip_efcbl ; B i X EHfy & EF-hand 25438 % 1 1 (Ictalurus punctatus EFCB1) , AD029094. 1 ;cc_efcbl ; i b g 52 £, &
EF-hand %% {4 38 & [1 1 ( Ceratitis capitata EFCB1) ,JAC06296 ;ss_efcbl ;%7 K W fd: £U, 7% EF-hand 2% ¥4 3 % (1 1 ( Salmo salar EFCB1) ,
ACI67548. 1 ;cg_efebl ; {41 Wi 41 & EF-hand 25 #4125 (4 1 ( Crassostrea gigas EFCB1) ,EKC17600. 1

2.3 =fis EFCB1 EERZERESH
FAHA DG 4R WoR, =M WL EFCBL
HE[H mRNA TEA [F] 21 2 2 38 K - F71E 8 25 22 5+
(P <0.05), EFCB1 R:NALEANE I 6 N IR P4
FelL TR RN B IDE LR ES IR A v 2 A
5 Hrp g A R Rk i T A H AP
<0.05) , 7 & SMERE PER AL NIRRT IR,

H AU Kb AEAE B3 25 5 (P <0.05) , I ik
EL P IE R R vh 2k KA AR, IR SRR
Wi,EFCB1 R:HAE Ca’ " £ Y48 B (M F i ) b
FOAE B T ALY, eI LA Ca® T WA
Ko MAh,EFCB1 e RA1E & Bk 41 21514 JIE R Y ik
Hh A ik, LIZE RSN E R h R A B B E R
THHER(P <0.05) (K 4) .,
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EE

39 &

97

92

82 100

47 c_cam

24 hs_cam
48

L——— sc_cam

100 hs_calb
99 mm_calb
55l rn_calb

100 [ bd_efcbl

hc_cam
ps_cam

5 AR RS AR B

calmodulin and calmodulin-like proteins

pf_cam
he_calb
pf calb

mm_calp5
pt_calp5
tse_calb

ey e

calbindin

95

— ip_efcbl

99 ss_efcbl

£ EF-hand 45M2E A1

! cc_efebl EFCBI

cg_efcbl £ % EF-hand Z5 388 1 1

—

EFCBI1

he_efebl

1.2 1.0 0.8 0.6 0.4 0.2

0

B3 Z=ft4 EFCBl fE ¥ & & EF-hand ZMEEFSERF 7 R HHE LK

TE3 3 E#BFRW] T Bootstrap fi 5 [&] Hh bR RO W 5 SC1H] Y 742

AL B 3R A4 PRI A 2 3R

Fig.3 A phylogenetic tree analysis of H. cumingii EFCB1 and the

EF-hand signatures of genes from other species

Bootstrap values are shown at the branch points; scale bar indicates the number of changes inferred as having occurred along each branch;

the abbreviations of protein names are the same as Fig.2

140 a
120
100

80

60

40 E

20 |—I—| g

Og. . r‘§_||_1_\
1 8 9

EEA
tissues

AR L i
relative expression

10

B4 =% EFCBl1 ERARERRESH
LB e, 2. ShER, 3. 6,4 WHERT,S. e L, 6. 57 2,7, 1k
Ji, 8. MLtk EL 9. HTFHE, 10. Ji 5 A Al /N5 5 B 32 78 A 0 335 4
FIERERER. T
Fig.4 The tissues different of EFCB1 gene
expression in Hyriopsis cumingii

1. kidney,2. mantle,3. gill 4. visceral mass,5. adductor muscle,
6. axe foot,7. gonad, 8. haemolymph, 9. liver, 10. gut; different
lowercases mean differences relative

significant among

expression ;the same as the following

A% 5 AR B Q-PCR 45 5 137 , = ff L
EFCB1 K[ mRNA FE 4 #% J5 A [F] 1] 191 (4 Sh £
FA B BR AR A A Rk o H R — I [A]
MANE AN E H h EFCBT 3t N 3 3k & #3547 L
BRI A A (CK) fdi#Z )5 3 AN (56 5
20 f150 R)2 ML MBI EHAGREER
(P <0.05), H.NMER] b 35k 5 4% T 4h & 1 1
W5 90 REF,EFCBl BN TE 2 ML H
KBEFARF(P>0.05)(F5),

535K EFCB1 3 R AE A2 R A P9 ik 1 AS (]
I R B AT LB R B . EFCB1 JE I fE X 2
AN G rh % 22 I E) AR R Gk B AR B — 3
EFCB1 BHTEHiZ G4 5 R CK Rk ER AL
FH(P>0.05) ;4fit% )5 %5 20 K&k & W FHH (P
<0.05) , IR 3| 1 £ I 0 B KAE s 4 2% 5 56 50
REB B ERFM(P <0.05), H AR 2] £ 15
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8 foc /ML s A% G 35 90 KR K B TH (P <
0.05) , K& MR B Je T i i R FF B TH A R 3 B
CK FHE %G 55 5 K, SE 2 />IN ] 5 =22 18] P £ i
AN HE AT i 2R i A B8 257 (E5) .

73 54 EFCB1 J PN 1 A1 JIE A1 P ik 14T 4 A%
Jei AN [a) if 30 1 2 3k 15 4% 2H U0 B R AT U A
B:EFCBl JENAEANE ARG 2 5 KRB ESE
CK 253 ARE (P >0.05)  #fi#% )5 4 20 KKK
AR H T CK(P <0.05) ;4 %5 2 50 Fl 90 K
TR BHLT CK(P <0.05), EFCB1 [N 7E
N IE T A% )5 55 5 90 R CK 27 AN B35 (P
>0.05) ; #i B J5 45 20 F1 50 K &£k B EALT
CK(P<0.05)(KI5),

_ @ #MEE mantle
80 - _?_ o WER] visceral mass
c

CK 5 20 50 90
% JE iR / d

time after operating nucleus

AR L i
relative expressi

— N WA U
S OO OO O OO

5 =AML EFCBl EREM/ZEAREMAREBER
Fig.5 Expression levels of EFCB1 gene at different time

after operating pearl nucleus in Hyriopsis cumingii

3 e

At9iic Fl RACE-PCR $ R, g8 2] | =
fAWLEE EFCB1 JL A cDNA [y %1, 42 981 bp, H
T B 3 HE D 531 bp, Gty 176 > AR Gk S
EFCB1 G AR 7 A7 — NS B IX L, 56 1 ~ 4
NEBERIEEN, 55 ~23 NEEMRAEN L, 5
24 ~ 176 A~ 24 1R #E B A1 . ProtScale 43 #r & B,
BTN Koy E AR B T R K SR, JE B K
HH. ZEAAATE 2 4 EF-hand Ca’" 254 454
B, 4> % & DLNDDKLISPEE (98 - 109 ) i
DTNGDDKLDGEE (129 - 140) , 2 /4~ EF-hand #&
Hudhy Ry 12 A SRR AR 3, FL R 4f 2K 1k 2 3 1R 4%
A RA R (D) MA R (E), MAE EF-
hand 45 #4355 1 29 > 20 5 R 4 A, 3k A ) BB 45 4
& —FPIBIE - v Je3F - B2 5% (helix-loop-helix )
T OO B AR R B A ST G R
Y 12 > JE R 5% AL 41 B, #% i EF-hand B3, i

B RN 1L IR — T 9 KA E R (D) A &
B2 (B) . s B R, = #A Wi EFCBI
R EF2 G5 B2 o B2, EF1 45y 48 1
R — WRHELE AL . MEE - O IR — BRE L A
545 43 1 Mk B AR A, SR 45 44 76 32 75 EF-hand )
Ca’ " S5 A J7 Jy Tk T B 4 T, O L o B8 I K
P B 38 58 A7 ) T o A A D B R e e
EFCBI [#) EF1 &5 3B 2 e /> — 4> o BRI , 4
H Ca® FEM S K. B F EF-hand 458 B A 1R
B, 9 X {85 7 , R I 5 5 B % EF-hand 2544 1) 45
FOEAE A L. B4~ HA S AERY EF-hand 454
AR AR 1145 Ca 53 1.2 L0 C 3 45 b Ik
Wk B, XSS OA N REB LSS B T B
X F4ERE Ca " [ S AP HoA mE AR,

IR W R, = WL EFCB1 3: P 7E
ANE R S NI A P S L R R PR R R E I
IR EL RN i v 3 ek, Horp i RR i b 3R Gk i
BERTHA A HLU(P <0.05), %8 SNER,
PRI PR L L A ME YR 2, B A% 441 ) % 0k i A7
TEM 325 5 (P <0.05) , I ik U5 0 5 Ik o 2
AP B AR . BBk R — N 4k Ca®”
PR, Ca’ 1 S5 3 1 8 R 1 % 0 3 T K Ca
IE 3% B SN A 2 2 b 0 A A R
L Ca®* il 3 5 5 2K 1 513 T8 B0 U i
TR > AR S kB BT R R P A
PR A ol 4% A 2H 40 % 4 A R Y 3k
E 1 PCR 45 5 @ 7% EFCB1 7E i Fl g v 32 3k 5%
X B EFCB 2K 4 1] RETE 2 Bk A UL 52 TE B
X Ca’* fi M A A i) 2L 5 7Y 1 W o O 38 2 i
FEAE AT . 28 SCHE 45 ) O 46 3 A B R & B
=LA Ca® " U R B K, B BRIV A
ERAMIN Ca’ " SR A % i T & Bk, %
W A 55 B AT W MR A BV . 5% — 7 T, %
EOEBREE 2 KRB xE LR — R
H Ll R A S RO ¢, 45 G 8 3Rk
AT v S R P 3 0 A i A 45 SR, I g 5
B ATE Ca Wi FE PR T B

WFSE R F B, = A WLk 7 Bkt AL b C2* 7 1Y
FAN I N O =N S 0 SR 1157 N 0/ B T
EFCB1 3 [ 2 35 16 FL A 4% 5 A R) i) 397 0 B A
RS AL B0 5, T I 7R T 2% 3 PR AT B B BR T
AR A TR E T A SCEREN, =
WL 7 476 B U5 4 20 K, W B BR R A TE L,
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B B Bk BT B U0 R, 45 £ R 15 3 BR R
O X G A ST AN £ i EFCB1 SN % ik
ARG 20 KRB W TR g R —58, A
JUE AT 47 A% 5 1235 TR 3R 08 T AE 5 20 SR I S 25 BRI

A RE 54 A% T AR = AR WL L AR A G
Hﬁ%% £ IE E AT I E G % F AR S, 5 H
MR B — A A A R (5 20 R) P
Eﬁﬁ%%zﬁ%ﬂ#%ﬁ@ﬁ&%%%ﬁﬁ:
PEVEPERG T EFCB1 S HTEHUR NI R X2 5 B
EHW L FR R TR X S AW % N TE
P9 DA 376 0% 1 e IR R — B, Tl A A% I 1] £
MK BB B KB RS SRR 1 T
J, R i 22 g Ca’ i R T BUR Ok, B R4S
a2 TR R Catt AR K OE T R, ST TR
A5 RS T2 T B 45 K SF X Ca®* £ i
PAPAER Y O AR R B = MWL EFCBL 3£
RIBERZGEH 50 REE T M5 x4 Yt
T o A 45 90 Kt EFCB1 3 ik #10  % I
e A P B R A A R ] AR T S R R
Ko {HEE, X F EFCBL % [ 5 = A WL o & i
Ca’ " R A] ) ELAR 5 R A i — R A E

LR LTk, MWL EFCBI 3 N7 68 F iz vh
BEFRIE, B 5 Ca’ iy W, HE T E 4 B 2k
TR v B A AR A . TE A RS R [ S
W Rh R EA T EA, WHZEASS
BEAC A i B R T %R A 7E R ERE
AP EEEN. 2T EFCBl H LN E M
R AT i 2 S Rk 2 R R BUX 2 B ERER AT
BT A TS, IF H EFCBl JXRNEBBRIE

AL AR R BRI R e R P TRA
Ej}:%o
SE 3k
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Molecular cloning and expression research of
EFCB1 c¢DNA in Hyriopsis cumingii

QI Xiaoxiang', LI Wenjuan', SHANG Chao', ZHOU Zirui', SHANG Pan', SHI Zhiyi'*"
(1. Key Laboratory of Aquatic Genetic Researches and Aquacultural Ecology Certificated by the Ministry of Agriculture
Shanghat 201306, China;

2. Aquaculture Division , E-Institute of Shanghai Universities ,Shanghai Ocean University ,Shanghai 201306, China)

Abstract; In order to find more functional genes with EF-hand domain in Hyriopsis cumingii ,we cloned the
full-length cDNA of EF-hand calcium-binding domain-containing protein 1 ( EFCB1 ) by using RACE-PCR
technique,and performed bioinformatics analysis; EFCB1 gene expression levels were analyzed in different
tissues from Hyriopsis cumingii ( mantle pallial, gill, visceral mass, adductor muscle, axe foot, gonad, liver,
gut, haemolymph and kidney ) and in different periods of the mantle and visceral mass after inserting nucleus.
The results showed that the EFCB1 cDNA sequence length was 981 bp, containing a 531 bp open reading
frame ( ORF) encoding 176 amino acid residues,239 bp 5’-untranslated region( UTR ) and 211 bp 3'-UTR.
The molecular weight of the peptide was predicted 19. 9 ku, with an isoelectric point of 4. 70. Amino acid
sequence analysis showed that there was a transmembrane region. Results of the ProtScale online analysis
showed that the protein was hydrophilic protein. There were two typical EF-hand calcium binding domains,
respectively DLNDDKLISPEE (98 - 109 ) and DTNGDDKLDGEE ( 129 - 140 ). Phylogenetic analysis
indicated that the EFCB1 of H. cumingii was closely related to seawater bivalve Crassostrea gigas ,followed
by that of fish and then insect. Real-time Q-PCR results showed that the EFCBImRNA is ubiquitously
expressed in various tissues ( mantle paillial, gill, visceral mass, adductor muscle, axe foot, gonad, liver and
gut) ,with the highest level in the gut and gill( P <0.05) ,and it is also highly expressed in the pearl culture
tissues( mantle and visceral mass ). These data suggested that EFCBI plays an important role in the
absorption process of Ca’’, and there might be an intrinsical relationship between EFCB1 and pearl
formation of H. cumingii. Furthemore, expression differences were found among different periods of the
mantle and visceral mass after inserting nucleus in the H. cumingii,and the expression level of EFCBI1 in the
mantle was significantly higher than that in visceral mass ( P < 0. 05), after nucleus inserted 20 d it was
significantly higher than other periods (P < 0. 05), suggesting EFCB1 has an important function in the
formation process of pearl sac and nacre secretion,indicating EFCB1 might be an important regulator of pearl
formation. The results of present study may provide useful information for further studies on regulation
mechanism of calcium metabolism and pearl formation.

Key words: Hyriopsis cumingii; EFCB1; EF-hand domain; nucleated pearl; gene expression
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