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W ( Laminaria japonica ) K J& ¥ ¥ |']
(Phaeophyta) . ¥ 77 H ( Laminariales ) , 52 3
IKFRFE P B AL —, EAMUAEA K
FE T E, FLFR T 0] I VIR AR 5 1
KSR GE b AT RF 22 R T R E A ) Al AR
FP L AR, e F K CA MR IS BRIk
e (H Y A A A R CA SR e
CO, ™ RS HILA S CA 1Y 53 T %
WEFEARaE FE

i, A 5T AE A b TC A ]I e
cDNA SO e 2 5 F AR (L. digitata) CA %k
(GenBank & %5 . AJI130777) H XM 2 MRk
F7 5 #5 25 (expressed sequence tag, EST )  fit
BT KA cDNA K St s B 6 R (rapid
amplification of cDNA ends, RACE) Tif& i CA
FER cDNA 741, iz 1A W5 8 22 0 i pr
FPAVRHIE , BT CA B R G AL, 43 B ity B+
& CA B 3 5, JF A %€ Ot & f& PCR
(quantitative real-time PCR,Q-RT-PCR) &1 B 7E
ANl e 2 A 28 it AR AL AL, A — 2 43
MrHC T RE 5 40 M e 07, Sy WSO [ CO, 1Y
I3 T LB 5T B9 BRI AL

1 MRS

1.1 FHFERFELTHEEBEERIES

T ME(RE 1) JHE(RF & 12) FFAATCME %
PR R R ARSI B KA IR AF R0 BT, 3% 2 B 1Y
Jrik TR PES BRI SR . SRS N
(17 £1) C JGMESRE Jy 40 wmol photons/ (m” +
s) JEHEIAN 16 h:8 h(OBH: JRIE) o

VTR E | B TR 4 T B 94 AL ( Phiilips ) ] B
VR, B 0 WS AR TE T 1A 20 i 9 43 %€ T 100 mL
HEIRI Y, BRI 15 g S TR0, T
WA TSR TdE, BEE T LA 6LE
T, DA TRIRE 9 305 0 SR BB AS ] sk 0 45 A7 (ot
A IESE A +3% CO, .1 mol/L NaHCO, )
TFRA (100 L/h) Ki gk, 4351 00:00,08:00,
16:00,24: 00 W& FL 714, $2HCE RNA PUHR Y
CA FEH R H Rkl .
1.2 Gl ERF CA EE cDNA £KF 5
wpE

P T BT IS 31 980 cDNA SCJE Hh i 18
F| i1 EST J¥ 5] £ 4d Blastn X, & HH 2 4

EST [y 4] 5 %R CA By 91 AH AL 1 15 ik
0% ,MRY5IX 2 ST HF I UL S FR T CA J
ORF X LR5F P8 Beit—xf BE R A S5 14y -
UMILD(R 1) o O i HERC 14, £
JH TRIzol( TaKaRa 23 H]) %42 LS RNA, Jofic it
Jz %% % PrimeScript™ RT %7 £ ( TaKaRa /3 ] )
BAETNHEAT cDNA 55— 55195 B, FF ] PCR
P FilE CA BEH Y cDNA B, 25 pL 1) PCR
RBIARADHE 10,5 uL REMFEK 12,5 L i
2 x pfu PCR Master Mix ( KR 4B A B2
Fl) 4 0.5 pL 9 J1-U F1 JI-D (10 pmol/L) 1
wL #H cDNA, S 5444 94 CHilAEYE 3 min;
30 MEFALFE 94 T8 30 5,57 TIB &k 30 5,72
CHEM 1 min; /5 72 CHEM 5 min, F75 PCR
P F

1% BN W B8 ¢ i vk 46z I PCR 477 31 J2 1o 7™
Yo F&BRRARAEARHA PR W ) DNA R [
) G U0 BH B4R A 20 BRI O 44k PCR 9774 7™
Yy, 58 515 16 CH PCR 4% 4% 5] pMDI19-T %
& ( TaKaRa 24 ) H, # % 16 2 KX o A B
( Escherichia coli IM109) DH5 o JB52 &40 g v (£
MRAACBHATIR A R | feJm i o W 3 A o8 , O
7% PCR S5y FIVEM ek 2 Rl ek
PR BRA A

218 SMART™ RACE cDNA 4" ## J i 3 7
£ (Clontech A7) ) [ ¥ 54 )% 3'-RACE 1 5'-
RACE ff) cDNA, 5 uL & i {k &1 2 L 2
RNA 1 uL ) 3'-CDS 1 5'-CDS primer A .1 pL
f) SMART Tl A Oligo /% 1 pL Jeiisk,70 CHEE
2 min, yK_ F¥8H1 2 min; ARG HIA 2 pl B9 5 x 55—
BEZE PP 1 pL A DTT (20 mmol/L) .1 pL
dNTP(10 mmol/L) J% 1 uL f MMLV f #% i ,
42 CHJ 1.5 h J5, /1 100 wL f tricine-EDTA 2%
ik ,72 C W 7 min,

HRAE F 3R ZRAT 0 ¥ MERC 51 CA BE [ F,
h Bty cDNA JF 51 &% 1+ ¢ 5 % 51 ¥ GSP1,
GSP1' .GSP2( % 1) ,#%18 BD Advantage™ 2 PCR
10 & ( Clontech 24 7] ) ##:4F L 4T PCR 471
3'-RACE 1§ 25 L Wik RAL$E 16. 5 pL 1y
H,0.2.5 uL f# 10 x Advantage 2 PCR 2% Wik
2.5 pLAy 10 x UPM .2 pL A9 3'-RACE cDNA 0.5
uL f) GSP2 (10 pmol/L) .0.5 uL fj dNTP ( 10
mmol/L) A& 0. 5 uL [ 50 x Advantage 2
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polymerase Mix, PCR Jz Jif 517y 94 CHiAs 1k 3
min;37 MEHLFE 94 T2 30 s.68 TiE k1
min 72 CIE{H 2 min; H )5 72 CIE{H 7 min, 5'-
RACE % —$ % SO W AR #4275 18.5 pL 1) H,0,
2.5 uL A9 10 x Advantage 2 PCR ZZ #fif 0. 5 uL
ft) 10 x UPM 2 pL [ 5'-RACE cDNA 0.5 uL ff
GSP1(10 pmol/L) ,0.5 pL AJ ANTP (10 mmol/
L) } 0.5 puL AJ 50 x Advantage 2 polymerase
Mix, £33 20 PMEER, A5 94 TAH: 30 5,68 C
Bk 30 s J 72 CHEAH 2 min, 753 (14779 H 3R
1 uL fEJ §i5X PCR B4R, L) NUP Fil GSP1/
(R DAEN b TR EAT 28 5 PCR 478, [
AR 30 AMEFLEE 94 CTAEME 30 5.65 TRk

1 min % 72 CIEMI 2 min, #% FiRJ7 % PCR 4
H4 RN A TR (B4 GERE Al Bn i At
Wh L BREGH e , 4 B PR S B ik 2 B R e AR
HA AR . P45 200 7 50 217 P4 L et
J& , & cDNA JFHIAE e 8, 1 LIS 2 ) cDNA
FEH B, T 2554 5R-1 5R-2 (R 1) , 4%
AP 4 5-RACE cDNA 1) )5 17 8.5 PCR,
X RN = A TR Sl R Al e At
WE A BREGH e , 4 B PR So B ik 2 B R AR
HA AT .

Fic B3R [RIRE 7 J VA4 e vl A M TIC 1K CA
FEH ) cDNA J731

R1 AHARPTERBSIMFSIRERNRE

Tab.1 Sequences and annealing temperature of the primers employed in the present research

el SR (53" o PO
primer primer sequence T products
¢DNA %=[fZ c¢DNA cloning
J1-U GAGATCGAGCACCTGTGG 57 684
J1-D GGTAAGGGTAAATAAACGGG
GSP1 CGAAGAGGGCGACGGACGTACGGAA 68 -
GSP1’ TGAGAGAACACAGGGTTGGAAGGCA 65 -
GSP2 ACAGACGGTGCCACGTGGAGACAATAC 68 -
5R-1 CGTGCTCGTCCACCTTGGAG 68 -
5R-2 GAACTCGTCGAGCTGCATCTTG 65 -
10 x Universal Primer CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT (long) 68 a
A Mix(UPM) CTAATACGACTCACTATAGGGC ( short)
NUP AAGCAGTGGTATCAACGCAGAGT 65 -
DNA 5[ DNA cloning
Y-U TCTCGCCCTTTTCTCCGCT 59
Y-D TATGCCACTGTTTGTTGCT
5R1-U CCCGAGCGACTGGCACAAG 60 364
5R1-D GAACAGCACGCCCACAACA
ORF1-U AGACGAGCGGGTGTGGGAGAT 60 569
ORF1-D AATGCTCTCCGAACGGTTTGG
YZ1-U GTGGTAAGGGTAAATAAACGG 55 1 386
YZ1-D AACATAATTAGAACGAGGACA
W EE PCR Q-RT-PCR
D1-U GGTCTTCACTACCCGTAT CTAC 59.6 -
D1-D CGATCCACTTCACGCCCTCAG
18S-U TCGGACGGTTTTGTGGTG 59.6 -
18S-D CCTTCCTTGGATGTGGTAGCC

1.3 g R T4 CA EE DNA F5j i
FI CTAB 3" 43 5 45 ME ETRC 1K P4
HUH:[HZH DNA, A4 CA JE[H ) cDNA J¥31], %

5 %8| %. Y-U f1 Y-D,5R1-U fl 5R1-D.
ORFI1-U #1 ORFI1-D J1-U f1 J1-D L) &% YZ1-U i
YZ1-D(# 1), #]H PCR #17 CA F£[H ) DNA J¥
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HTikE, 25 wL RWVAKREEE 15.8 L KR
K\2.5 pL i 2.5 pl i Mg®* | | RS
Y4 0.4 pL (10 wmol/L) 2 uL f# dNTP (10
wmol/L) & 0.4 wL i rTaq fifi, PCR 5514k
94 CHIZZ I 3 min;35 MEFUTE 94 T3k 30
s Pl 1 FpAH N 5 19 0 IR JGREIR K 1T min
I 72 CIEA# 2 min; & )5 72 CLEff 7 min, % |
IRTTIEXE PCR 438 [ g 7 Wy A 7 e ImTAC e e e
DT
1.4 BHERTE CAERAFIISH

] NCBI H ) BLAST (http: // www. ncbi.
nlm. nih. gov/BLAST/) X} $:45 A0 Bic 74K CA
L) cDNA 2K JPHIE TR R T LR
Fe 3 [ P 2%, - expasy 1 T2 H, ProtParam
(http: / www. expasy. org/tools/protparam. html )
FELR ST BT A T AR A i A s A
J1 BioEdit ™ i 4 43 #r He B K k. il 3 htp: //
www. sbg. bio. ic. ac. uk/phyre/7E£E Tl CA £ [H
R 0 =458 . FIH MEGA 4.0 #X
P2 R R G ALY
1.5 B F4E CA EER Southern-blotting

HR A v P A5 2 A A BT~ CA ZL [ ORF
J¥%, /] Primer Premier 5. 0 2 {43115 | 4 A
itk ) o7 55, , 4% B North2South £E #) % b1 il 4k 27
FOCREIN R & (B R A E YRR R A )
VLB B I B0 TR B AR BT O AR W R b
rtmice #5594 ORF1-U (ORF1-D( 1) ,
A TAWARRA A G AR RN R
569 bp, i HRPEARET HEATH B g A 2lifh . 2
e HAAD B4 4E . 5 58 INA 5 pL NH, Ac T I
& 50 pL BB LA, AT 5] 5 8K 5, I 110
pL VK B e K S, S 00R AT, KR B - 20
Tkt 15 min, 4 CF 12 000 r/min, Z.0> 15 min,
SELTTVEHOL , /IO IR B3, T I0E ; Lk,
VKV 1) 70% 1) Z Bk % — UK, 12 000 r/min 4
CE 15 min LS TTIE GO, /N0 W i,
WAPLVE s e, 50 wL TE 5% JG RNase [ 7K %
fEULTE (=70 CLRAT) o

¥ BRI AR B L F A BE [ 41 DNA 4%
8 North2South £f 4 Z Fric Ak 27 A o e I 1K)
EULH BRI A R P R T AR, B, ik
PERR G VI EcoR 1 Fil Xba 1 % DNA 47
fig U] , WU f5 BRI 20 DNA (2 2 pg) i1 0. 8% B

NEBEBEI e T HLUK , PR B e rp R e RS 4
DNA M S5 I BRI L DK 3 [ AH SR s e R 4
HE AT, SR 5 HEAT W 5C, #9K DNA 455
HEAT R A8 58 U B N A SRS W b #E AT
HAL 5 A ACHE WG AT RN s SR m A T
SR I B AH

1.6 =3 EE PCR(Q-RT-PCR)

i PRI BOR LK 5 RNA JF#E4T
cDNA 5F—4509 4 M, 1E iCycler iQ5( Bio-Rad
n)) E5ER Q-RT-PCR J Jif, #i4fs CA %:[H ORF
X P HT—Xf 514 D1-U.D1-D(3& 1) , LA
M Hy 18S rRNA X ( GenBank % 3% 5.
EU293553 ) 485 < FE A, AR 4l H g i 1y 91 4 15 |
$718S-U F118S-D(# 1), 20 pL ik R fE
10.5 L f SYBR Script™ ( TaKaRa /3 ] ) | iF [f]
FIYABC 514 (10 pmol/L) 45 1 pL | EiRA K
f) cDNA %545 2 pL, 95 CHAEME 15 s J5 1T
40 MG, 4145 95 CTAEME: 15 5.59.6 TR A 4E
fi 1T min, 1% BN HEBERC HL UK K ) PCR 7 4
S, F—AFERESR 3 AR, 27Ok ER
SRR B ARG s i, Horh AC, = H AR 15 1Y
C fd - N2 18S rRNA 1) C, fH, 45 R K 3 I
OV 2{E £ bRifE2E (mean £ SD) . H ¢ K 5k iF
frEsREEIT.

2 4k

2.1 B ERTE CA BEEES BT

R H Vg T TS A0 1 T 9 cDNA SC PR v 2
A~ EST J3 4 L B Rt CA B P it — X
19 J1-U M I-D(F£ 1) 0 RSk =it 17 PCR
P8 SR, 28 B8 [R5 e A Y, 3K 75— 684 bp
F/NB =Y F, (Kl 1-a) . 43 Blastn # 2%, &
F, 5%Rifg4H7 CA JL[R ORF (1) cDNA J3 51| 4 {2l
PRk 88% .

1E F, Ipl gy 2Eat I, R RACE J7 ik, &0t
PCR 3 5ok U7, 43 0] 3R — S 4K B Ry 532
bp 1 5'- A (& 1-b) F1 1 584 bp 4 3'- K S =4
(Bl 1-d) . Hrb 7E 5 - Ry =gy, i 4
A, 2 B IR vE B AT, A K /Nl 532 bp
M B B R B, Hr 3 5020 . TR
AN TERE X 5 U AT HE— 20 TG 45 15 2
— 55K 930 bp B (& 1-¢) |, 43 51H 5'-K
Wi F 3 R Y5 F, v Beiy Iy 9 ik AT PR, O

http : // www. scxuebao. cn
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Gt TS 9 . PCR ¥4 5 )% 51 43 #7153
— 25K 2 804 bp ) cDNA JF %1 ( GenBank % 5%
2. JF827608) . Hrf1,5'-UTR £ 166 bp,3'-UTR
K1 765 bp H E A W] i 1 polyA [, ORF K
873 bp,

IR RE 9 J7 3% AR 45 M C 1k CA JE Y
cDNA 751 (& 1) , i it Blastn 25 % B 5 1
T4 CA B[N cDNA 4158 & —5, AT
LA HE HERC T8 CA JE[NAE cDNA 731 1%
fE5 .

M 1 2 3 M 4 M 5 M o6 7
1584 bp
532 bp—>
684 bp 930 bp
(a) (b) ©) (d)

E1 HWEFE CA EE £ cDNA F 5T EREXE
(a) P37 F) BOHRIKIE s (b) 5—W5 - Ry 38 WUk s (o) 3'- Ry 3 MRk 5 (d) 55 W5 - ARty 3 Py ik
Fil5 M:DL-2000 5 FHEERHE s 1 kM 540790 Fy s 2 03 YK SD S HERS TS5 — U 5/ B85 4 0 5 UKL 5380 0
W RS T A 3RS ST 5 6 RN T UKGE < 43 A ME HERC TR RS- R S )
Fig.1 Electrophoresis patterns of full-length cDNA sequence cloning of CA gene from L. japonica gametophytes
(a) electrophoresis patterns of amplified product of F, ,(b) 5’-end RACE of first run, (¢) 3'-end RACE; M:DL-2000 marker, (d) 5'-

end RACE of second run; Lane 1:amplified product of F, ; Lanes 2 and 3 : amplified products of 5’-end of first run from female and male

gametophytes , respectively ; Lanes 4 and 5 ;amplified products of 3'-end from female and male gametophytes, respectively; Lanes 6 and 7 ;

amplified products of 5'-end of second run from female and male gametophytes, respectively.

HR A5 v e |k PiC -4 CA JE[H (%) cDNA J7
FIEITE18, 50 B LAME L T4 3% [ 41 DNA 2y
Bt iE4T PCR 4738 B A5 21 45 B b fe 3k s
KBk 2 747 bp 1Y CA JE[H DNA J¥51]  H 54
N[ cDNA ¥ 51 #E 4T Fe Xt , & BLifg 5 ic 71k CA
FEH ) DNA J7 51 5 A B () cDNA J3 51— 2,
LM HERL TR CA JEF#E DNA J7 3 - dik A 2
Sto HIL, WL TR CA FEF NS T, )8 TR
HMETHEA

R CA BP9 & k4, 54 EcoR 1 |
Xba 1 BRI N T AR P A v 7 C 1 14 5k A 21
DNA 47 Southern-blotting , 1b2% & YGA6 I 45 5 %
BLCE 2) i M ARG R 38 s B — 5
ZAES  ULI TERERI Y CA BEPR & s DL
2.2 BEGRTFE CAERNENEEEST

ML IR CA FER 46—~ 1% 290 /2 5t
FRAAT B 11, Ho 4y 75 R 32. 53 ku, 5L s
5.12, % Blastp 8 3, & Bz I K r g bt 1) 26 1
HEARIGH MY a-CA FEH Frgmts 8 (4 87% 1y [)
P, B 16 A4 o-CA FER Y 4 5 85 (1 0847 HE X
RI(E3) Rk CAEEHAA «-CA T

FRRAE T B HHE 15 fh CA & BA I
PIPRSE X, HA — A% O <F X 5 24 Y Cys-
231 B Ak BB S HE W Cys BRIEIE K -S -S - =
T, LIRSS SR pY 2SRl 25 48, 1W]i% CA S A
A BRI PRSP I TR CA SR AA 3
ANBEEE A7, , B His-139  His-141 5 His-158(
3, AR i 2 B R ) , DL AL a-CA
AL TG

HED Y 22 B RR 4 25 R s T 14 CA
IS E AT S Gly(8.3%) . Leu (7. 6% ) . Ser
(7.2%) Val(7.2% ) .Thr(6.9% ) .Asp(6. 6% ) %
IR, Hgi K P 2 FE R (Gly  Val \Leu  Ala, Ile |
Phe Tyr Trp .Pro Met) % 8, 29 5 51% , K W]
AR BABSRIETKYE, AR TR NS
T RN =45, PRk R e 1

5 I SMART ( http; // www. expasy. ch/
SMART) fiitill] CA & [ {55 Ik, 45 5 SignalP-
HMM (http: // www. expasy. ch) —F, FEH]{E 20
Gly-21 Val kA7 it B (4 {5 5 IR D) 07 5, B V) e
Y BGAER FE — Hh 270 D R 4 Y 2 ik,
BT 30.44 ku, SR 5. 06,

http : // www. scxuebao. cn
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(@)

& 2

(b) ©

/G HBEL F 4 CA £ [F Southern-blotting

(@

(a) FICe) 23 3 ity e AT 145 K 25 DNA F U1 HE K &L, (b) F1(d) 235301 Shy iy it i T 14 BE 18 4 DNA 252 181 4% ; M. DL-
2000 43F bR ; 112 WKGE 53512 EcoR 1 Xba 1 EVI I MERC 145 K 2 DNA; 3 F14 JKGE : 535 W2 EcoR 1 Xba 1 1)
Y MEE TR JE IR 20 DNA 285215 5 Fil 6 PGB : 434 EcoR 1 Xba 1 B UIAGHERS TR 4] DNA; 7 F18 JKifi: 2928 EcoR 1 |
Xba 1 FOIHERD AL H 241 DNA 2452 /8],

Fig.2 Southern-blotting profiles of CA gene from L. japonica gametophytes

Electrophoresis profiles of endonuclear digested DNA from the female(a)and male(c) ,respectively,gametophytes of L. japonica; Southern-

blotting patterns on endonuclear digested DNA from the female (b) and male (d) , respectively , gametophytes of L. japonica; M: DL-2000

marker; Lanes 1 and 2;digested DNA from the females by EcoR | and Xba |,respectively; Lanes 3 and 4 ; Southern blotting patterns on the

digested DNA from the females by EcoR | and Xba [, respectively; Lanes 5 and 6 digested DNA from the males by EcoR | and Xba |,

respectively; Lanes 7 and 8:Southern blotting patterns on the digested DNA from the males by EcoR [ and Xba I, respectively.

&7 Laminaria japonica
HR¥GT Laminaria digitata
K¥EEKZ Ectocarpus siliculosus
#5714+ FG¥E Dunaliclla salina
¥R # Chlamydomonas reinhardtii P
HAR Ricinus communis
WA FICIH Neisseria gonorrhoeae
Methylotenera sp. 301 M
A /RINE Vibrio fischeri ES114

4 KA FR AT 1 Citrobacter youngae AT.CC 29221
BT Citrobacter sp. 30_2
SFHIFFH Bacillus halodurans C-125
21 Caenorhabditis briggsae

SRU8 Drosophila grimshawi

W4 Danio rerio

HKANJ& Pongo abelii

REVETTRIYCIM3SSNPVES GS
CEVEVTRVYCIMSISNPVES GS
EECFMAAAY ATPSET Gs
CMEISPRCHVMPCSSLEYA 'GS
PAGTTIKLG SCRCYV GS
APNETLLCPG ARREYYTFINe
RLNGQPFLCAS KRLRKYYRF M
ALRKTRVIPSEFMICNRSYYREH
TLCRRLTLT NCCAYYRE e
PIFSPVLCIN CNRTYW H
AIFSPVLCIH CNKTYW :
SLCESICLN ESKEGF.
RVENVRLAEFRMPNNRRSFEW '
TLPQCGCLCPG NVHTYW
TEAN-FCPK ASLLCYW
RETN-FCPL PSWLCYW

B E A IR IR R R T 2308 ENTRER S S WA 5. [RIR1TE 70% DL 1B 23R 52 AR S0R , BrEES & L)

v
ESEHS VREG-——————=—~— TEDGL LECTTCYGSYVEIEHLWCVLL 196
€ SEHE. I VRAG- TLCGL LECTTGQYGSYVEIEHLWLCVLL 50
EAEHA WS LECN— TTDGL IMFEVSCYGCNVELEPMWNVME 201
eCLYP NMASLD- --CPNGL TMYRYENG--CCELARLEGRVE 222
RIYP G VTER————-—LEACRGGCF ILFGLONGPOSELLEPIFANMP 225
RGYEMVY] RLG-——————————- EGRIAMLALLLERERP--CPVIGSVWNNLE 102
RTFP i LCE-—— —-—-NRGPIfLAFLYEAEeRT-f§GRLSSIWNVME. 171
€RSFPLSACF\ATA-—— --—-RGNL METHeRA-—NPALARLWEGLP 341
HSYPIME LS ACK - —— —--—-DGNL MEFREHERA-—NPELARIWSGMP 156
ERTYPIJSLCTABIRNE - —— —-—-HGLIAIVAMMFLVEEEP--NCATGNLWESEPR. 151
ERTYPISLCIARIRNG-—— ----SGDIAIVANMFCIEEP--NGATGNLWESEP 157
ERNLL RNE-—— --—-NCEL LMRAeEE-§EELAKLWSKLP. 189
ELRYP GGV —————————— ECPGKL FLGIERE--GRALSNEERVLG 152
evsyn WS WNTTRYRSEGEAABAPLGL FLGHECH--HEELCRVSSVLG 166
€ TRF P ' WNT-KYPNEGEAASRPLGL FLRIeAA-{§PRLGRVLCALL 164
Evsya #EWNSCKYPSFVEAAHEPLGL FLGIEEP--NSGLGRITCILL 87
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Fig.3 Alignment of CA proteins from various species containing Zn * -binding sites
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Corresponding latin-names of each species illustrate the protein sequence, the accession numbers of the proteins are indicated in Fig. 5.

Amino acids of high identities more than 70% are indicated by shaded letters, the arrows show the Zn-binding sites, the box indicates the

conservative region of a-CA protein.
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Fig.5 Neighbour-Joining phylogenetic tree inferred from the deduced amino acid

sequences of CA genes from several species

The accession numbers of the CA proteins are indicated in the parentheses after the Latin names of each species.
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Cloning and characterization of carbonic anhydrase( CA ) gene from
Laminaria japonica gametophytes

YU Zhen'?, BI Yan-hui'?, ZHOU Zhi-gang'*"
(1. Key Laboratory of Aquatic Genetic Resources and Utilization ,Ministry of Agriculture ,
Y Y q i &
201306 , China ;

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

Shanghai Ocean University ,Shanghai
201306, China)

Abstract; A suppressive subtracted cDNA library from the male gametophyte of Laminaria japonica was
constructed and two 376 bp expressed sequence tags( ESTs) were screened from this library as a carbonic
anhydrase gene due to their 70% identity to Laminaria digitata ( GenBank accession number: AJ130777).
Combined with the sequences of the ESTs and the conserved region of L. digitata ,primers were designed to
get part of sequences of the open reading frame ( ORF) of CA gene from L. japonica. Based upon this
obtained sequence, we designed gene-specific primers and cloned a full length ¢cDNA ( GenBank accession
number : JF827608 ) of CA from L. japonica by use of rapid amplification of cDNA ends( RACE). It was
composed of 2 804 bp in length, which included 166 bp 5’-untranslated region( UTR) ,1 765 bp 3’-UTR with
a poly-A tail at its end and 873 bp ORF. The deduced precursor protein of L. japonica CA consisted of 290
amino acids,which possessed a typical signal peptide cleavage site between 20 Gly and 21 Val. The mature
protein after digestion was composed of 270 amino acids, which contained a catalytic active center constituted
by 3 His residues and atomic Zn. The molecular weight of the mature protein after digestion was 30. 44 ku,
and its p/ was at 5. 06. There was no difference in the sequences of CA gene either from female or from male
gametophytes,and there is no intron to separate this gene. Southern-blotting analysis suggested that the CA
gene had one single copy. Its homology with a-CA of L. digitata reached 87% in peptide sequence.
Neighbor-Joining ( NJ) phylogenetic tree inferred from 36 CA protein sequences showed that this cloned CA
gene from L. japonica was clustered with other a-CAs, suggesting that it might be a-type and it couldn’t be
localized in mitochondria. Quantitative real time PCR ( Q-RT-PCR) result demonstrated that the diurnal
transcripts of this CA gene in the kelp gametophytes cultured under the addition of CO, were higher than
those cultured only by agitation with filtered air at any sampling time , thus illustrating that this CA might not
be extracellular. The CA might be localized on the outer envelope of chloroplasts, therefore ,due to the only
one signal peptide it possessed,and it could pump the chloroplasts with sufficient CO, for photosynthesis.
Key words: Laminaria japonica; gametophyte; CA gene; gene cloning; quantitative real-time RCR
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