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A& MR AR K E ECaM 522
REFAFEAH
FHED THED Al#R) £EE

OGN R B, TRAR 610064; 28 MM R2# B HIFFEIT, $1PH 550025;
IR R R SRR 2, RES 610054)

W A 2~4 W% S BT (Epinephelus akaara), 6 J&J5 90% LA b (Kl £ 1k 380 85 4 Th RS EHfiAr . 38
FHRI P22 22T R (SSH), 447 SMART cDNA £ %A1 RACE-PCR J7¥2:, MM S B e £ 1 it v o g 290406 1 4
FI5ER (ECaM). ZFHE ] cDNA 42K 582 bp, TSI BEHEK: 450 bp, Zwf K18z A0 i1 149 NS4l 5 uilk
AifIX 74 bp, 3'5EAEAISIX 58 bp. MEFL RNA EIEEN], ECaM 78 1ESOF Mt vERR dh 3k, T 7E 1F 5 ME fa 7 A e
FILET. S 28 RT-PCR SR, ECaM A2 O T . B aE E %, AR SR b =I5 K7
e, MAEULP T FIA LTS VR AN [F I VE IR 16 1 2 RT-PCR A Ak (BTN E R B, bl 2 Jo 8 o v O L
ECaM (W35 S Hia N, b2 BAm s P78 (0] GELE IR A B M F e i R b RIEEAE T, ECaM 1 BE 2 (2 AT

A TR M 1) AR ) B D R R 2

KA o, PSIRE A, PR, PERE, IR

FRSES Q5 S93

53445 1 (calmodulin, CaM) & /N> 11
P, AR T I Y, R AE 20
T2 70 AL A5 A R A AR S5 N D RE E AR
A LR ST 1 I T AR 2R 4N Car
W15z AR, TSRS Ca? 1) 2 P Az 3 A= A it 2.
CaM 5 Ca> 45 & J5 vl DL 9 o /R — I8 i -
Ca*-ATP . R TR . Ca® it 1 P
Tl 1% A0 T 5 i N NIAD 2530 30 7 g 1R 35 1Y,
W40 AR R A R, 2 5556, GRAT
{28 fEAEThRE, S SRR B2, MiHE
F1 2 40 AR P — b 22 Dy e 1 711

AR 2 SRR AT R, WRERSE, &5
WA L& 8 A BE A (Epinephelus akaara) J& fig #}
(Serranidae), 1 B4 J& (Epinephelus); A ME HE [H]
L MEMESE RV R, (R HARTEHARIR AE B R
SAT T MER R 2R 3 Wkl — A 6 WA
BEAR AP, DR, A B I S A 3 R e A (—
6 weLh 1), MEMEAETEANFEIS, EEE W A B
KB N T B T 48 7 A B £ P 30 e i R ) 2
TN, FRATR A ZE e T R, Fy
A TR A 3R R 0 A S 1R 22 98 cDNA ST
TE J7i e PP Z2 9k 4% A8 cDNA SCEE b, FRAT]
RINAR w4 PR 1 R R DS (ECaM) 11 IAHE £ %
AR RN HE AR R R 2 e ik, @B RE T ECaM

JLIN K4 cDNA,  JExt HAE P A L R AN (7] I 30
PR R S e e ey AN [) 2 2R RIS R AE REAT T
W5

1 ®MEFAZE

1.1 A& AT s

7 R AR RN T 30 AR 48 7 A T /K™
FORHE BRI 0. S 30 4% 2~4 ReMENE IR
AR T AN RIS, — NS, SR
PIwEL, S —4loh 0 IR, MR R AR 20
W 170-MT R (5 mg/ J, Rt 1Al 2524 wl)
TERFAR A Ok R, Inid & /KA, 3R )5 N 2
2.5 kg BEIRTEEL T, ARG, FRIAIG B8
K, FCRCETE, BT, R L,
RECMEP IR, B —k. e 42 KRG %
JE, A 90%LL b M AR il T D e E . A
PERIGHT 5 MM R R (RERE 7 RIC—IKFF)
Iy AEUERIG AL RO AL B R, RAE T
RNAlater (QIAGEN) .

* “8637 [E FK s BARWF SR JE VR B I H (2001AA620111) Al
FR AT H (4-2-4).
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1.2 RNA £BY. SMART cDNA & B F1 258 3B
ik

F TRIzol iX 7 (Invitrogen /A &) $EIIE & M
FPE e %% e £ P B 5L RNA. % Clontech 2 #] [
SMART PCR c¢DNA Synthesis Kit 1 PCR-Select
cDNA Subtraction Kit F-Mt, & i BE A 100 54 1
Ja PEME SMART cDNA i) AH Y. 5 3 22 98 cDNA
LI
1.3 $SAERERERFBASE

PO I s B e £ P i 2 98 4% A8 ¢cDNA SCJE o
B, AT PCR FIBE s Ak, e U AR AR AT 1)
BHE s BEREATIN Y, 4R )5 183 Blastx 7F NCBI 4
Ve A A RIS, A 8 TR A ) cDNA
FE
1.4 [E#l RNA EDiTE

J1 514 Nested PCR primer 1 A1 2R, PCR ¥xic
TRA W 386 ORI T B, A= 4 25 bl 4R
BE o 00 UM S 5 A M R CFE R A BE P IR
SMART cDNA 40 pl 34T 0.8% I bl fu ik, #EIR
AL ARG 2 Hybond-N* Jé JE i (Pharmacia
ANFED) L, T E4E EB T 10 min, KAMSHE 30 s. T
FRATW P I B RE DNA 4 &K 200 mg/L, 42°C
TUAAZ 1 h i FRINANEREF 4R 2k 4248 16 h. 2248 f5 H
0.5xSSPE Z i JEJBE 2 X %% 10 min, 5 H Wik 2
50°C ) 0.5xSSPE T~ 50°C YL i 2 ¥, X 10 min.
BT BB 30 min, AR A N\ AR L A ALY
fitf - BERF A E (HRP-SA), T H 20 min. & T
oK 1 min, EREEXT X 2B A % 10 min.
1.5 FEBRHENFAFF LA

i RACE-PCR Jj ¥ 3k 43 45 W £ 11 58 4 K
cDNA, A5 R HAZ TR ¥ 414 A\ NCBI 24T FF T
e TS A [ 2 v R SRR MR, 45 2AH WY 1) 2 L R 7
Y4 NCBI £ d R Er R Bt T, JTUE . AR/ R
SN 2 SRR T 41 )5, Clustal W (1.82) %
PR TE A I [RIR L. R 5 R0 B A8 5 20 A 8 F
RS AR5, H MEGA3 #iF
RGBT M.
1.6 RT-PCR ##7£E R FRIE4FAE

JH TRIzol &7 $& HUA B £ S e ok B v AN [
) 3P R A 2R Ho At 11 Bh 4L 20 B RNA, HE
RNA [ DNase | Wb J5, HX 0.5 pg & RNA, LA
HEAT) s H51H, M1 M-MuL V [ #4 :BAL & %
% —BE cDNA. H = S5 R WM IE 51 ¥ (6
ATGGCTGACCAACTAACAG 3') Fl 5z 7] 514 (5

TCATTTGGCGGTCATAAT 3') #£4T PCR ¥ 1,
At Jy: 94°C 1 min; 94°C 30s, 53C 30s, 72°C
50's, 30 MEIR. 231l FRE 10 £% 5 1) i
SEPIARAR, T 250 304 35 I 40 ANMIEHRY TR
BEAREN (a-tubulin), VAR E & FE 5 086 B A5
£, Al RT-PCR (1) &AF mhBRR B AR — 3
1.7 ECaM EEMFEH%FZIE, ZMHIERERR
BN 2R 46N

4 ECaM & X ¥ 41| Rl 3 38 45 44 pET-GST
i V) A &, Ak IE W51 5" GGATCC
ATGGCTGACCAACTAACAG 3’ 1 J In) 514 5'
GTAGCTAGCTCATTTGGCGGTCATAAT 3', |
XI5 53 5 %78 BamH 1 F1 Nhe 1 BV A7 £ DNA Fr
By, gy, mvkse. S ik, R
D B R (e TE T e BTN o M i o s ol M
4] i ki pET-GST-ECaM #5 18 X i #F 1 BL21
(DE3)plysS,H 100 mg/L () IPTG ¥ 'FRIE, KL/~
¥ TALON 5 MR} IE (Clontech 24 w]) 2lifk,. JT 4l
AR F TR =2 K A, i & %
soREPUAR, JLRs 4 Ik, B IR 800 g, LA
Je B R 400 g, HUIE R MESR PR S L I K
VRS AR IS S e PRI, IR gz vhll, R AT
PPk EAISE, 4°CLL 10 000 g B0 10 min, i E]
SRR R AR V3T SDS- SR A IR Rt i
Hi ¥k (SDS-PAGE), LA a-tubulin /5, i 54 FF 5
ERERIEEAAN Y, ARG RS BN RR AT 4 R L,
BUALLG 0, 5% Mgk =, P EI& 2
REPUAAR, FRBEEE N 10500, Py AR E R
it A 106 1) 2F PR 1eG Pudk, B 4 1:2 000,
BCIP/NBT {4,

2 & R

21 MERFIEAMEMRMNERRIE cDNA
B 1k A I £ 1 1 cDNA(IUS8 25 ¢cDNA)
55 1F W M PRI cDNA(BR )3 cDNA)BEAT P K
UG 2 56 PCR P2 HIIk 45 R, & 1-1,2 435
& Mk e I A0 RN OE W ME 4 SSH JE I % 3 R Ik
cDNA. [ FT R [ E AL U mRNA = A [ (115 0
N AW ZEIG 25 Ik cDNA LR, TR
BT G 22 S 275 cDNA R #f b e, &
HF A B8 £ 1 2 AR — AN R R R ) A B R,
2.2 [Ef RNA ENifftEI8 E R RIEER
FAEMZARIC I ECaM LR B B ERE JEAT 1K)
ME AL RNA B s g5 B 8o, 78 Pk s i i £k i
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cDNAJKIE) 0.6 kb AbJE Rl 4% A8 7, 11 AE 1F 5 ME£f

PR B R I R ) 2842155 (K 2).

<+«— 0.6kb

i i

gene by virtual Northern blotting

M: sex-reversed males; F: normal females.

Fig.1 The secondary round PCR products of the

subtractive ¢cDNAs from sex-reversed male gonad (1)
and normal female gonad (2)
M is the standard molecular marker for A DNA/EcoR | +Hind 1Il.
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ACTTTTTTTTTTCTTTTTTTTTTTTCCTCTCTCCCTGTAGCGTTAGCAGACCGACGTCCC
TAACTCCAACAGACATGGCTGACCAACTAACAGAAGAGCAGATTGCAGAGTTCAAGGAGG
M A D Q L T E E O I A E F K E
CTTTCTCCCTGTTTGATAAGGATGGAGATGGGACCATCACCACTAAGGAGCTGGGCACTG
A F s L ¥ D KD GDGTTITTIKEL G T
TCATGAGGTCACTGGGTCAAAACCCAACTGAGGCTGAACTACAGGACATGATCAATGAGG
vV ™M R 8§ L G 0 N P T EAUEULOQ D MTI N E
TGGACGCTGATGGCAACGGGACCATTGACTTTCCTGAGTTCCTGACAATGATGGCAAGGA
v D A DGNGTIDVF P E F L T MMA R
AGATGAAGGACACTGACAGTGAGGAGGAGATCAGGGAGGCATTCAGGGTCTTTGACAAGG
K M K b T D S E E E I R E A F R V F D K
ATGGCAACGGTTACATCAGCGCAGCAGAGCTGCGTCATGTGATGACTAACCTGGGTGAGA
D G N G Y I §S A A E L RHVMTNTIL G E
AGCTGACAGATGAGGAAGTAGATGAGATGATCAGAGAAGCAGACATCGATGGAGATGGAC
K L T b E E Vv D EMTIIUREAUDTIDGD G
AGGTCAACTACGAAGAATTTGTTCAGATTATGACCGCCAAATGAACTGGGCTCACATTAA
Q VvV N Y E E F V Q I M T A K *
AGACAAAGAATCAGGCAAAAAAAAAAAAAAAARAAAAAARAAAA

Fig.3 Nucleotide and deduced amino acid sequences of ECaM cDNA

Fig.2 Verifying the differentially expressed

23 ECaM WIREBRFIIRESEREIREES
K] 3 7 A B A0 R R 4 K cDNA
K% 7 IR 3 51 R0 HE BT 0 =05 1R 77 41 . 1% 3L [R] cDNA

GenBank accession number: AY281363. Four calcium binding domains (EF-hand) are shown in bold.

4K 582 bp, S'AEmAGIX K 74 bp, 3/AEGmiG X K
58 bp, JTIBEHERL T 75~524 bp, s 149 N
FEfR, &L TN TGA, 3 £ RIRTTRE
SEMJINBEI TR, ZE AR 4 AN Ca
[ 45 Fy 3k (EFh), 4394 12~40, 48~76. 85~113
121~149 Z [] (1) 28 SR Ab.

PR R B R STEY,  ECaM 55 R ) 2

FERRITPHG N Bl TSl BT fa i a4
W A FE TN 99%, 5 Hafig R\ B 68 1) [A] 95
TR 98%, 5 ZHEMIIEETE R 97%. X 7k mif B
Pt e, Rig . REE. K. &R, )\
H fig A DA 1) 2 SE IR P AT RGBT, IR
AR SR K, RS
15 P 5R e — 2K (B 4).
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13 Grouper
1 { Perch
Zebrafish
] L

Medaka
s
13 Hagfish
Salmon
Tilapia

Fig.4 Phylogeny tree based on ECaM amino acid

sequences of grouper and eight other fishes
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g T VR TR ECaM LRI AE M I i ot F
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DA R AT S I e L ZAh (R R IA R IR, AN S A 4
T R R B AR i B ash T AN (] T T SR
2 B2 RNA, 147 RT-PCR . 1 s i it
FEH R 45 R s, Ao B e ey A e 1 e e
WL ECaM FE R R e s 7= W K S 8 i m, - 21 9 e
P I e B R e A v M G I £ 41 21 RT-PCR
INTRW], SR ECaM 7 VE G ME O . IS
B R AR A e, RN I AR S
BV R, TAENLIA T S EL A (1 5 T 6).
SR, FRATEWFFL Rt kI, Bi% PCR fEF £
¥, ECaM KEDRIAE 1EH E R 1k b GEA U 219 &
(1) 220K of B A B 1 2 iR ECaM AN Ry 21 il 2B 56
ik, WA S ZE AR A

®vw M o 1 2 3 4 5 6
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Fig.5 Detecting expression of ECaM (a) in gonads at different stages during sex reversal by RT-PCR

The housekeeping gene a-tubulin was used as control (b). M: DL2000 marker; Con: positive control using the plasmid containing

ECaM cDNA fragment as the template; 0: pre-reversed female gonad; /~6: grouper gonads at different times (1st- 6th week) during
feeding 17a-MT.

Mu E P Hy Mi C Mo

Fig.6 Detecting expression of ECaM (a) in various tissues from sex-reversed males by RT-PCR

The housekeeping gene a-tubulin was used as control (b). M: DL2000 marker; Con: positive control using the plasmid

containing ECaM cDNA fragment as the template; H: heart; L: liver; S: spleen; K: kidney; Mu: muscle; E: endbrain; P:

pituitary; Hy: hypothalamus; Mi: midbrain; C: cerebellum; Mo: medulla oblongata.

H A FORL AL E.coli DE3 &2 S 41, 4
IPTG 5 7K 1E, WK IEAIT 12% SDS-PAGE
Hvk, REMREEGEAD FEZA N 4 ka, il
A1 GST 43 T2 R 26 ku (K 7a). @R AL
&8 B IR RUZMT AL, Atk 1R (B R Z AN Ik 2
LUk 4l FH I 2 1 BV E R e e K A 4 Ik, 1931

B ) 2 e PR, B UREN IS RN, BT
I 1) 2 S EBUARTE T P RIE T ECaM HEHIF K
FFEE A, RTE]— 452000 44 ku IRE S PE AL
W5, Ut B AL 1) GST-ECaM il & & 11 B A B4 1)
G35 2E 3G PR (B Tb). X 1 S AN TR) IR I 2 1
R AT R, JRVE IR A BRI A
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FHIF], AR A5 5 R W 5 0 (B 8). XKW A
R A 1 73 e 10 e v A LA O 1 ) R A
BTG, 5 RT-PCR KLl H ) mRNA % 5 45 1
WiE e 45,

(@)
w M2 5 ®
1160 -

662

45.0 GST-ECaM

)

GST with linker
(~27.5 ku)

350

250 v

Fig.7 Expression of GST-ECaM fusion protein in E.coli (a)
and verification of the prepared polyclonal antibody (b)
M: protein molecular mass marker, /: pET-GST plasmid without
induction; 2: pET-GST plasmid induced by IPTG; 3: pET-GST-ECaM
plasmid without induction; 4: pET-GST-ECaM plasmid induced by
IPTG; 5: purified GST-ECaM fusion protein.

0 1 2 3 4 5 6

e "« 167ku

Fig.8 Western blotting analysis of ECaM protein
expression in gonads at different stages during sex reversal
0: pre-reversed female gonad; /~6: grouper gonads at different times

(1st~ 6th week) during feeding 17a -MT.

3w i

24 e 7% A DA i MEME R4, P i L N S
AR SEEANACHE . B, DAONERAZUN T, fERISE
Wi 1 HY R O SE AR, RSB IL, ARG T
R, FAR Dy D REVERE AL, T A AR H
AR SHER TR IR AR R, B
PR A SRS R0 IO, DRI T 5208 SR B H T A
17 O T HEE SR 3 MR R B B DR
i, (HICER IR 2 A 2l R AR 2 B i, EEA IR 42
R 5 3 AR T B, AT I ] R D 3 A 1)
THLH], A ReREAT AN o ) LI SR 5 45 i H
(K. ASHITFENGD T AP ERZ AT FEAA A RS R =B
LAY B2 RE T A AH N 1) i DA 0 R 7™ i BB 38 1Y)
W H.

FIE 22 AT PR A R e 2 3R

IR, MHZER O vl TVF2 Sk
R IR eR 7 ¥ S A& = B EP N R S (RN
FORBEW R Fr B 5 H R, JHI R
FBA s, PR s R IA N A B, e
U6 M) 222 S 30 R DR R w6 35 AL 1) A R V. BT
IS P AE 9 o A 1) i B i A B e i 2 S R
B R——h B 0 5 11 8 R (ECaM). FEDRES
BRI IR S Ay KRB 1k 7 S 08 e R i it
THECAR T HE, K SSH BOR 5 IEDR Fr Bk 45
i R IR 25 e AR BE DAL M ZE IR AT B AR A
S KT BT ).

—HME AT (NOS) il L- K2 R A= i — 4
A (NO), NO (/=4 B A I NOS, NOS 3 1
BHEFEWE] NO MAER, 2 NO Js Y 38 i 1) B 3%
fit. 22 7 NOS(nNOS) A1 4 J% 1 NOS(eNOS) & Fix
HH R NOS(eNOS), s P T Ca?t A4S 1
W, CEAEZAARBOE G IR AR AR . eNOS
S E A4 G A R AEILIIGE. NO & —FhxE
WK IR /INY TR, — R B A B EAE
R BE B2+ A B 1) NO XML & A a5 1Y,
EZHOME R WS RGO %% T e S5 11
5. NO Zi ik NO/cGMP {5 55 G R4k k44
HUENIR. NO 1A —FiE BT, & vl Ik S 4F
FRILBE(sGC) N IR MEIE L N -, 213 cGMP £ ik
cGMP & NO/cGMP 15 S '3 RGO, &
EHIT cGMP [ 145 & FiliE, cGMP i 1R N
B cGMP HAgPE B I S5 RN B 4 -, AITT R
IS AEFIIRE, WY SRR, 25 S5
W, PHATRE TS EhA% . Davidoff 250 4y 204K )5 v
ESE T A R BRI 52 00 18] ST 40 i 4 nNOS 4347,
JF I NOS BHYEAN I 5 =20 . 25 & . 2R
(1) B AH G, Koziel 25 ®%) 3 {52 AL IA] B 41 )i NOS
D &5 0L e Wang S5EOWIF5T & B S5 h 1A) 3 40 i v
nNOS H A7 " 4% ¥ 3 38 75 50, # 5 o R) 5 41 fg
cNOS o e 1 B 20 Wl T 38 3R LA o L 19 o 1 4
H. Valenti ZE0% K FEAT 50 5 A L, NO 7R
T JSE IS I S 1) -, T A et A T 400 71 S22 A 1)
SN, AEABEA R R R T, SR AR (AR IA
B, WEEWE cNOS 1%k i, 1 NO [
WEEA P B TE, A3 SR 1) o v 14 . B AT R I
X R, S AR A TR 07 A
(EPIN) ik B, &4 nNOS (1) B 3% 1. Pt
BAHEN T e L ECaM 5 EPIN FEFIMEH, Zh4sHh
WY nNOS BEIETE, 4l NO M BEA BT T i (H X 4
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FRAE BBV N, B 2R T B

Harley 252857 K B, 76 SRY K [ 1) HMG
B 2 MZELLAE 5 (NLS), 73732 N i NLS
A1 C 3 NLS, X 2 MFE 5 ILEELE. CaM 5 SRY
1) HMG F8805E 1 11 25 N BER T I8 6, X Fh
gi G L Ca¥ 2, XIS N iy NLS. SRY
R 120 M LT 56 A e 18 1) 41 M A 1A A B8 R 44 11
(A=) 24 30N 1. SOX 9 52 SRY W IRIJEIE, &)
R IA e 5 B U AH DG, Argentaro SEMIRIF TR
W], SOX9 H| 1 ERIEAFINGE, 5 SRY —FF,
WM BTG B A 41 A% . SOX9 2 1 HMG £ [
FEA N % NLS #1 C it NLS, C ¥ NLS 5% 14 B
454, N NLS 5 Ca*-CaM %5 4. CaM 45 &
SOX9 & a5 e M % R AR AR, e M %
P I H I R B TR DU AT Kk (CDZ) B
/> SOX9 5 CaM M 454+ SOX9 k% W & &
L Fm ME.CaM (248 SOX9 ¥ ¥ 240 o, #EA
A% 5 SOX9 % 15 DNA 454, Bl —&
IFEE, AT ILERIE. R R UF B, Sox9 fE
fif R 2y AL PE IR P Leydig 40 A /T 44 40 i 5 16
Leydig 4 M, 43 whS2 0, A0 HEVE 2R 50 4 18 1R K
B RO AT BE AP R R B e B R T
Sox9 FEH A 5g gt X, iR R ML R, E4
BEfa T BE B AL 15 Sox9 AHEAEH, [HII &
5 nNOS 1B, ATHEMESEEE I b, (Al
AR AR Ry T HE— 2B S CaM 7 P 3 rh 1
M, BATE — 250 A B rh Sox9 M ECaM
FERZES RGN R P IAE, HAA R
Ditie.
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Cloning and Characterization of a Sex-Reversal-Related
Gene ECaM in Epinephelus akaara Gonads *

LI Shang-Wei '?, WEN Jian-Jun ¥, LIU Shi-Gui ¥, LONG Zhang-Fu "™
(" College of Life Sciences, Sichuan University, Chengdu 610064, China,
Pnstitute of Entomology, Agricultural College, Guizhou University, Guiyang 550025, China;
9 School of Life Science and Technology, University of Electronic Science and Technology of China,
Chengdu 610054, China)

Abstract Red grouper (Epinephelus akaara) females between two and four years of age were successfully
reversed to functional males by feeding 17a-methyltestosterone (17a-MT) over 42 days. A gene, called ECaM, was
cloned from sex-reversed male gonads by using the combinative methods of suppressive subtraction hybridization
(SSH), SMART cDNA synthesis and RACE-PCR. The full-length cDNA of ECaM is 582 bp, containing a 450 bp
open reading frame that encodes a 149 amino acid protein. It has a 5" untranslated region (UTR) of 74 nt and a 3’
UTR of 58 nt. Virtual Northern blotting shows that ECaM is transcribed in sex-reversed male gonads but only
slightly transcribed in normal female gonads. Semi-quantitative RT-PCR analyses from various tissues indicate that
mRNA of KCaM can be detected in the brain, heart, liver, spleen, and kidney but slightly in the muscle.

Semi-quantitative RT-PCR and Western blotting from gonads during various stages of sex reversal reveal that
expression levels of KCaM in gonads increase gradually during the transformation from female to male.

Calmodulin is highly conserved across species. ECaM is one of the important genes that impels grouper sex

reversal.

Key words Epinephelus, calmodulin, gonad, sex reversal, suppressive subtraction hybridization (SSH)
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