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B cbbX BB Fr 54 R fE M | BB T
ZIEHERRIE

BHAS, EWWCY, K&, mE#H, AZH
(1. HSEHAS R AR RIR SH A E AT HERE, DS TR AR A% BB, L6 201306,
2. R R HIFEU TF A 116023)

FEEE R UBWG W AR TE F I % 48 cDNA X B b i e 18 18 F ARt ERFRET 4,
AU H cDNA 5K 3%t 3 ¥ 4 & (rapid amplification of cDNA ends ,RACE) , % & 7 — 4% 2 087
bp ¥y cDNA /¥ 7| ( GenBank % [t & : EF490312) , # & FF # £ 42 1 275 bp,5' - ME K
(untranslated region, UTR) ¥ 118 bp,3' —UTR ¥ 694 bp H E £ B & polyA BB, B & HIRE
BEER,CHTNEE Y Guillardia theta X 7 & B ¥ Ak 45 4 iy CbbX & & (GenBank & %
5 :CAB65663) B# 66% FlIR . MW EY T FHK DbbX ZE R E MK 424 NAER
WHAREE, MIONAERIETHRTFI . BUENRAZT AL 405 MNAERLA K, 2 FE
K 45.26 ku, Fw g h 5.28, W EF K DX XEH 8 MAETIRE I, v AT T Y4 KA
HE“GT-AG" AN , Kb cDNA 4% DNA F7| b, 3 4B F 1k cbbX £ FH XA £ 7
B 4% 4% A W& 184 11 Gly 46, A A — M A ) Walker ATP-% & motif, &1t 5 2 ¥ 4 #
# 14 /> CbbX X 1 J7 5 # & 1 neighbor-joining Z AW AR T 0, U G R ER A KR I EL E
FHARBNEARK X, ARATHEERED R E, B, #NIZE B WE B F 5, cbbX
ERTHRGGEER AL DN, N E E PCR(Q-RT-PCR) 45 R 3£, cbbX # A 7 ¥ 7 4 e
FROWRZENEG THRETFGRN AR ERFERZAFET RN B L FTEE, LR IE

WHEFHR DX INZRFAZANGEAR T mE e LEE T E8,
KWW T X RE B HBRFFE %

RESES: Q75; S917

¥ ( Laminaria japonica Aresch) KB B
( Phacophyta) . ¥ 1% H ( Laminariales ) , 2 3¢ E &
KFF P —FPEENETERE, RIE FAO &
THER™ 2004 SEREA IO S LI B
FEEE88.6% ,BMAEH N, WHFEFELER
A RBHF AR RF S A %, B
WA WA R A, BT, Hol i RT3
B 2 W R A e Rt i B L, S5
HEAEKIEEEN, RREYRNARTNEE
B R T

SR DG T A TO M R R
9 kR, 3 F) RS 40 1 8L 4% 32 ( suppression

1§, %8 B #A :2009-05-10

&5 3 3§ :2009-07-21

X EKFRIRAD A

subtractive hybridization , SSH) 75 &4 & T ¥4 1
BEF A0 TE 98 cDNA SCEE, 3831 Southern %%
2, RB— P 18 (K 39 bp), BT
Blastn # R /5 R WL [E IR 751

AHFRAH cDNA K RE Y 3 HAR (rapid
amplification of cDNA ends,RACE) , 7% [ 1Z AR &l
ThEEEE i) cDNA & DNA 731,12 HAEYE R
For T H P SR I X A BT S5t )
RETRM , [7] B 38 1] F %% )6 %€ & PCR ( quantitative
real-time PCR, Q-RT-PCR ) {5%i+}12% Zk PR 75 3 717 Mk
R TR EFRERE, ViREFEK A
Jf 5 o2 B H T B 9 S B s B

HRIGA : ER A AR EE ST H (30471828,30671627) ; FIETHHTZE RSB RAYFERFEFFEIH (J50701)
EIRIEE  FERI, Tel :021 — 61900424 , E-mail ; zgzhou @ shou. edu. cn
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1 MRSk

1.1 BFEFEIESR

Y ME(RF @22) (HE(RF & 40) Bt F ot
AR, HOIMBEH " 7 PES 5 b
B, BAMBRERN(7 £1) COLRBEN
2 000 Ix AR NEHR 16 h: JREE 8 h,

1.2 e BB B F Ik cbbX B E cDNA £KfF
35 pE

B0 Y 4 ¥ A M M T F 4K, Al TRIzol
(Invitrogen 2\ &] ) ¥ 2 BLE RNA, F|H RACE,
# B SMART™ RACE cDNA ¥ ¥ R # &
(Clontech 23 /] ) 45, B FAF%¥% PCR BEATHERD
Fik cbbX #H cDNA k Br T

A 5'-RACE H13'-RACE [ cDNA,
10 pL RWIRZGFE B RNA 1 pwL,5'-( 5% 3’-)
RACE CDS E|#J1 pL,SMART II A Oligo 1 pL,
INTBEKELEM S pl,70 CTHEE 2 min, 7k
A3 2 min,

RIGIMA 5 x B —45 2% 2 pL, DTT 1
pL,dNTPs( Promega /A H] )1 pL, MMLV [z & 3
B 1 uL,42 TR 1.5 h,100 pL tricine-EDTA
FZpARRE,72 C RN 7 min,

FRARE g M CF P 30 il T 8 cDNA 3¢
B T 18 3™ B B AR BT Y
( gene specific primer,GSP) ; GSP1 5'-GGAAAA
ACTGCGGGGGAAGCGGATG-3’, GSP2 5'-TGG
AGGAGTGCGTGGTGTGGGTCG-3', 25 uL &
Mk &4 $E 10 x Advantage 2 PCR ¥ 2. 5
pwL . dNTPs ( Promega 23 H] ) 0. 5 pL.,GSP1 5| 4
(5'-RACE) = GSP2 2| 4 (3'-RACE) 0. 5 pL,
10 < BAGI YRAEY 2.5 pL.5"-(3 3'-) RACE
cDNA 1.5 pL.50 x Advantage 2 B 5 EIR S
0.5 pL BAJ% H,0 17 pL, PCR JZ )i &4:94 C
AEME 30 5,72 CTIEMH 150 5,5 MEFF;94 TR
30 5,70 TiBk 30 5,72 THEM 150 5,5 MEF;
94, TS 30 5,68 TRk 30 5,72 TIEf 150 s,
30 ME;72 TP 7 min,

R F PrimeScript™ RT i #| & ( TaKaRa
AH]) #E1T cDNA 55 —85 & B, 18 3 M AL 7 4K
cbbX FEH K cDNA P31+ —X3 5 4 (1E 9] 5'-
ACCTCCAGTTTCCTTTTCGTCA-3', & [ 5'-
TGCGGCATTATGCGT-3') , R 5 A4 B cDNA

F—HENEARBEST RT-PCR 43 52 B LASRAG ¥
WEBE Tk cbbX E: P9 cDNA ¥ %], RT-PCR [
25 pL REKZEEE 16 L KERGEK 2.5 pL
W 2.5 pL 1 Mg®* 0.4 pL IE[0 5] ¥ (25
pmol/L) 0.4 uL K[54 (25 pmol/L) .2 pL
) ANTPs( Promega /3 H] ,2. 5 mmol/L) }2 0.2 pL
F9 long Tag §6(5 U/uL) o SN 4#% 95 THIzE
5 min,#RJ5 95 TA#: 30 5,55 TRk 30 5,72
CIESH 2 min HE17 35 MEFR, S5 72 TIHEM 10
min,,
1.3 HFiEE SR E T4 cbbX EE DNA FF 35k

i CTAB 3" 43 I MG H5 e L HE T 1k 48
B4 DNA, R4 bbX FFH i) cDNA 751,
BT S XI51 (K 1), FH PCR #17 cbbX HH
) DNA FF31  Bt5a e, PCR RBiscFH 94 T
AR 5 min;35 MERDHE 94 CTHEH: 30 s, 1%
1 BB K 30 5,72 T 1 min;72 T 7
min, 25 pL R REHE 16 pL KEMNFEK.
2.5 pL ZEM¥ 2.5 uL i Mg** 0.4 pL Ef5|
#1(25 pmol/L) 0.4 pL R WF| ¥ (25 pmol/L) |
2 pL Y dNTPs( Promega /3 #],2. 5 mmol/L) &
0.2 uL W Taq B§(5 U/uL),
1.4 PCR =Rk A . RESF

1% B i 5 5% I v Uk K ) PCR 4 3% 2 g 7™
Y. &M TaKaRa 23 5] ) DNA J [ 0S50 & i3
B R R Bk R 4lifk PCR 43 7= 4, SR )G 7
16 CF5 PMD-19T # A& (TaKaRa A R]) #4733 ~
4 h FEHE RN, BB K AT E ( Escherichia
coli) DHS o JRZ A0 vh ( P BRI R A WIRHEA
FRAH) . &G F K HBEME, 3Pk H% PCR
KTE AR EER R E TAEY TRARA
AJFF
1.5 FIaH

A NCBI ) blast server X} 3158 cbbX H[H
i) cDNA 2K fFFIHITE R & HRAER T
[FI¥R ¥ 48 &K, 3F Al Al expasy # T R ProtParam
( http://www. expasy. org/tools/protparam.
htmL) ELR T EHRBAEREAN T2 . FH
o FIF BioEdit Bt KgAK, EHE
S5 = &EFE L http://www. sbg. bio. ic. ac.
uk/phyre/ 7L TR , R 5K 8 H IR BB BR T 5 5%
#eal, PDB #2304, B J5 Fl Rasmol 3447 WL
Ao I MEGA 4.0 84 # s RAE LM
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#1 RTEHEEBEFEF bbX EFH DNA FIIRENS[MEERXEE
Tab.1 Sequence and annealing temperature of the primers for DNA cloning of chbX

gene from the female and male gametophytes of Laminaria japonica

5% F3(5'-3")

primer sequence from 5’ to 3’

F. CCAGTTTCCTTTTCGTCAGG
R: GCTTCCTGTAGTTGCCCTTG

F. CAAGGGCAACTACAGGAAGC
R: CAGCTTGACGGGAACCAAC

F. GACCTCGTTGGGTTGGTTC
R: CGGGGATGTACGAGAAGAAA

F: CGACTTCCCCAACTACCTG
R: GCTGTCAGCATTTTGAGGAT

F: T AGCAGATTGTGCCCTTGCAT
R: CATTATGCGTCTCCGCTC

P1

P2

P3

P4

P5

BAEECT) PCR =4 /I7(bp)
annealing temperature PCR amplified product
65 350(350) *
67 258(3310) *
67 474(2020) *
67 420(1485) *
58 571(571) *

& = IS SRR PCR Y SERRA/D

Notes ; % The numeral in parentheses means the PCR amplified products in size

1.6 P53EE PCR(Q-RT-PCR)

T AR O R B LA B e R R B BRI CO,
M ZEEE R A T R e, R S R %
BRI ME R TR, B 08:00 FF 4
B4 AN/DETIERRE R, EIK H 08:00 Z5H0CRAE, W
RAHE , A A TRIzol iX57] ( Invitrogen 2 H] ) $#2 Bt
B RNA,F -80 CHEMBKMARESH. AR
5 % PrimeScript™ RT i #| & ( TaKaRa A &) ) #%
RIRBBRHEST cDNA E—555 M, 7E iCycler iQ5
(Bio-Rad A#]) 52, Q-RT-PCR [, 20 pL
RV R 43E 10. 5 pL SYBR Script™ ( TaKaRa
A7 )1 pL (5 pmol/L) IE M5 4.1 pL (5
pmol/L) REF|I ¥ K 2 pL FiRE R cDNA 5
—&%, 95 CHZE 15 s JFHEAT 40 MER , GF
95 TP 15 5.58.9 TR A FHZEM 1 min, 1% B
FEfSEERE i fa ) PCR PR . POX HH
BIE M2 $% 5" -CGACTTCCOCCAACTACCTGA-
3', RS |4 5 -CTTGOGTTGGAGAAGAAAG
GG-3': L ¥ 1Y 185 rRNA B FH{ GenBank & F
51 EU293553 ) N E R ER , 18 HHm 8yt it
BIE A3 128 5'-TCGGACGGTTTTGTGGTG-3',
K6 3| 4 A 5'-CCTTCCTTGGATGTGGTAGCC-
3 FA—MHERBEE =AM, B2 “RERE
HR X RE, b ACt= BirZE Y HE Ct
fH-PI2 188 rRNA E [ Ct{E, 4558 7 3 MR
P 2 iriEE . HtRERATEREEES
Bro

2 4R

2.1 SHE GBE TR chb X BE TR 5 FF S
FIM RACE 77,4 PCR 73 L S,
SRR —SFKE R 1 713 bp 5'- K% 601 bp
3'- K=y (B 1) KB5S FRAER ¥4k cDNA
RIS R Tk 187 B, BB — &K
2087 bp B cDNA F¢ %] ( GenBank % 3 5.
EF490312) . H. A F i B EEHE 1 275 bp,5'-3E
#1% X (untranslated region, UTR) & 118 bp, 3'-
UTR 694 bp 3t A B polyA BB, &F
PGS —A & 424 M EERBT AR, K6
IO NMNEERANES KT, 55 KB SE
19 Ala 5 20 Phe ZJH], BEYIJE, T SR H

1 M M 2

1713 bp= — B0l kp

E1 F A RACE AT 5'-53-K ik
YRR ik E
M:DL-2000 737 BAntE ;1 3K :5'- Ry 187472 ¥l :3'-
R ]
Fig. 1 Electrophoresis patterns of amplified
products of 5'- and 3’-ends by RACE

M. DL-2000 marker; Lane 1; amplified product of 5’-end;
Lane 2; amplified product of 3’-end
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—ARA 405 MR EERR T H B 2K, B2
FE545.26 ku, &/ AN 5. 28, £ Blastn 3
R, A RARBE P ;B4 Blastp # KA,
REIZRHABEE S Guillardia theta XT3 5
B ALK 4 B9 By CbbX 2 H ( GenBank % 3 5.
CAB65663 ) BF 66% [E] TR H: ,

HRHEHERT T cbbX EEH K cDNA 311t
519, 21t PCR Y738  Ta e S5, B % MERC T
PRI FHI R/ 2040 bp B B #9479 cDNA
FP3 i R E SRS Tk cbbX B AN
#4rE cDNA B3 58 2—3, EULTTLU3, 8
HERC Tk cbbX EHTE cDNA 35 LIRA E R

HRHEWGH HEBC Tk cbbX FEEH i) cDNA 73]
BT, AL F 4 2 B 41 DNA g AR#ETT
P, F LB REZEEK DNA 773
(GenBank % 3#5-:GQ202219) , & 7 517 bp, ¥

Intron 1 Intron II

H5 cDNA 31 3E47 Ho X, 0] 50 9 5 1 BT 7 44
cbbX HRFHE S AMHET(H2), HERFEBT
ATG 15, B4 36 F 5 231 5 232 fi (K 936
bp) .45 357 55358 f37 (4 2 171 bp) .55 492 5 493
£i7 (4.1 020 bp) .55 700 5 701 i/ (K 347 bp) .55
857 5858 i (4 237 bp) .%5 1 010 5 1 011 fi;
(¥ 307 bp) &5 1 079 f75 1 080 i (| 235 bp)
PAIKE1179 51 180 £ (190 bp) Z &, X Hi[H]
BEA T ZERNNERT LI E AN
2o EILFFI T AT, 3% By T BT AP
BIE“GT-AG” HLl], B4 DNA B3+,
AT 1 GC K& B &5 50% , W% T [ B9 cbbX
HEE T RER B EE ARG,

[FIRE B Y MR T R b 3R 18 cbbX FEH Y
DNA 31, X LB S5 HERLF4k cbbX ZF7E DNA
o LREER

Intron III
1020 bp 7 701 101
i

ATG 936 bp 2171 bp
5 -UTR
118 bp 231 232 357 358 492 493

Intron V Intron VI

237 bp 235 bp

B2 SHEEFE X EEMNEATER
Fig. 2 Structure scheme of chbX gene from Laminaria japonica gametophytes

2.2 BHETHE chbX EERNEWEEFSH

N FERAB TS RER, BT ET
fk CobX FiAZE H T & Ala (11. 3%) . Leu
(8.3% )1 Asp(8.0% ) , HEi/K M EER (Ala,
Val,Leu.Ile . Met . Phe . Trp .Pro . Tyr) S5, 4
b 48.1% , R IZEHRABBIHKHA, 768
HESEEH,

¥ AL Tk CobX BiikER H — 45/ T 45
RER, ZEEWTRREHE 11 4 i), 2 50T
5 Ala9 Leu,57 Pro-71 Lys,82 Glu-90 Ala, 148
Pro-158 Ala,190 Lys-201 Leu.230 Pro-238 Lys.
265 Ser-271 Asn,316 Thr-326 Met, 338 Ala-347
Glu.359 Arg-376 Val D F 402 Asp-409 Glu 2 [H],
BHRAZSSHTN BR, EHBELXE 4 18
B - 1BE, KA F 155 Gln-166 Arg.190 Lys-
200 Ile.222 Gly-234 Glu P4 % 315 Leu-330Leu 2
B 7548 54 B-#rE A, AA T 179 His-184 Gly,

211 His-216 Thr, 242 Gly-248 Glu, 283 Thr-288
Lys )} 306 Gly-311 Phe Z Ji], £-F4775 M HE51]
BB B-HhEF 5B «-BJErER, 20
“ERTE-ITE-R R MR AL XN R EERRME
)45 1h B T RBSF e B B AR o
SOBN RN KRBT (3R 2) FHAb
BER MG K B IP AR B 4 h% ) CbbX H H ¥ 5
xR BE(E 3) ,AAA ATP BRI R P 3
iR, HPE 13 ANMEERE2MIE, BT 186 Pro-
193 Val, 216 Thr-224 Tyr,226 Gly-232 Thr. 247
Asp-253 Tyr J 266 Ile-270 Leu b5 5 ~9 EE
MREESS, MAFRAZERX, EEHFET
& CbbX 2 H N FEFR T 5, N5E 184 fif
Gly ¥ #, BA — A~ M Al i) Walker ATP-25 &
motif( GXXPGTGKT) (& 3 ) ; 1B 4w A% B 71k
ChbX FBEERIA—1 Walker ATP-2%4- motif ( VLFIDE)
AR, B 243 i He FF 45, % ILLVDE Bf,
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R2 FEELES AAA ATP ERE5RIEH) CobX EQ
Tab.2 CbbX proteins containing the structure domain of AAA ATPase

BEHFS Yy gl AAA ATP BFZ 135,

accession number species phylum AAA ATPase domain

EF490312 Y8734 ( Laminaria japonica) ¥ 3] Phacophyta 176 —315(100% ) * *
CAB65663 Guillardia theta (nm) = [&3% ] Cryptophyta 129 —268(66% )
AAC35641 Guillardia theta (ch) = [&3% ] Cryptophyta 64 —203(53% )
ABD51943 &b 44T M3 ( Rhodomonas salina) (nm) J&3% ] Cryptophyta 149 —288(65% )
Q9MS99 Galdieria sulphuraria #4137 Rhodophyta 75 -214(51% )
AAT79747 HFLVT ( Gracilaria tenuistipizata) 413 Rhodophyta 77 -216(53% )
P51228 Porphyra purpurea #1%: (7] Rhodophyta 69 —208(56% )
Q1XDQ9 SXBE 3% (Porphyra yezoensis) #4137 Rhodophyta 68 —207(56% )
Q9TLY2 Cyanidium caldarium #4137 Rhodophyta 72 -211(55% )
022025 Cyanidioschyzon merolae (ch) #4137 Rhodophyta 65 —204(52% )
Fujita 271 Cyanidioschyzon merolae (nuc) = 41# "] Rhodophyta 159 —-297(63% )
P49826 Odonzella sinensis B3 ] Bacillariophyta 63 —202(52% )
BADI15120 I P ( Heterosigma akashiwo ) ¥ [ Xanthophyta 69 —208(55% )
EAQ74791 BRIRE (Synechococcus sp. ) W ¥ ] Cyanophyta 81 —220(60% )

T+ nm HETEAE, ch R, nue 8.« « IS RNEIRRMALIE, I 100% SkiHE

Notes: = nm represents nucleomorph, ch means chloroplast, and nuc stands for nucleus. * = the numeral in parentheses means the identity with

Laminaria japonica CbbX sequence as a reference

2.3 ETF CobX EHRFIIHRGRLS

CobX BHAEFH AT EEDI HFZ (B 4),
MRS R B — 3, BN R BR 5%
BATEE KRR ( B2HE A 100) ;78X —X H,
RE ¥ B 5 ¥ ( Heterosigma akashiwo ) F
Odontella sinensis XM BEX N THEY K
ChbX FH ,Ex YL B B2 E(99) 5
HEMSERSNE AR —2%, R T K
FHHEATEBEEAL TR BT KR
HEW BT — 3, B BTk CobX HH
MERTH—R, I SRENEERENEEHE
(93)
2.4 chhX BEEEM ERTHZANERRZE
S

WIS IR AN T R, b R
chbX BRAE—RAWHENERELER(ES) B
N TEAE—2 SE W B TR], cbbX ik PR 7 A L R 1
XTSRS LR TR R, B2 R B
HREBE (BRIKH 04:00 Z5b) ; B M B 7 4 78
12:00 % 16 :00 #f & — 1~ % 0%, B AR AL ¥ 1R 72
20:00 A — N EH BERREE, HREH
DX LR — N ERFRIBNER , BREEH,
R TR T R BT E AR Y
38

3 itig

Tabita %" g 4 36 A 45 o+ AR SCIE 3R

( Calvin 8%, Calvin-Benson-Bassham cycle ) i 72 ¥
R RS —ARIE, F cbb RARHE 5 XBEH
FHCEHEN W] BEAH S B B B W) LA RAEE R KB
FSEES B ERE, 78 Guillardia theta X bR
srp | & BH 4D CobX BEER , — My F
BIERER A, 5 — M Tk RE A B
BRI CobX B HERE N T -4k T 47
MEHTIEE™ . HERRGISHY ChbX & H A%
B 5 RSN RA 56% FIRYE, FEER A NS
S EYE-1,5- —BEIRR LB/ I A B (RuBisCo)
ik, i LysR B8 8% B 7 4%™ . Meijer
F BRI, T B- R AN P, X (A Q)
4 RuBisCo Fik T b o

e M BC ¥ A il T 8 cDNA SC PR i
i b, BATE MG B IH Y TR cbbX H
i cDNA kK DNA 2K ff3, &1t Blastp # %,
RUZRERRISEH T Guillardia theta 1 HIPK 4
5 CbbX & H ( GenBank &35 : CAB65663 ) A
H 66% [R)R M, HNZEFREEHRAF CbbX
BT RA A AAA ATP BRE5H 38, 344
— AR IR ST ) Walker ATP-25-5 motif (& 3) ,
R RGEE AN (B 4) o0, TR BRFET
PRrp ST E B X A cbbX FEE 5 R BET T BT K
AR H XA BB ER RS ER R A BIERNRS
KFE, BEdFESRBEBIA AT, EAR
Cyanidioschyzon merolae 3X b 5.4 B 41 342 2 (R B
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ISR ChbX & HBA — 1 94 N EERA BN
HE B RE—4 19 MEERARNES
B R B g 47 cbbX EEE RG> 5 — AN A
Walker ATP-%4% 4 motif }; EF 8 Ca’* &4

A I, B R M HE cbbX B IR BT 4 S R
3 P A i R 2 R o 2 P o R 4 g
@,ﬁﬁﬁ_‘ﬂ}ﬁio

Lawimaria japonica MDD 3IEVETVEEFMFREGYRDILDKED 3 SELGFDTAS 197
i flardia theta (m) ] RNLGLDTSH 130
Rhodomanas salina (ra) . RNLGLDTGEA 150
Cyanid foschy zermerolze () SRLGLTET 160
Porphyra purparea RELELVSGE Ll
Porphyrayezoensis 3]

Grac faria terri st pitata var. ) fui
fralgieria selphurana

i llardia theta (ch) )
Cyantdiaschyzon merolae (o1}
Cyanfdinum caladarium
Heterosigea akashinn
Odontells sinensis
Synmechacocoies sp FHaTIL

LELNLE QAR
FLLGLT oA
QELGL3330
QEVGL IS S

Lapinaria Japonica
Guitlardia theta (m)
Rhodozonas saliaa (o)
Cyanidiaschyzon merolae (mc)
Porphyra purparea
Porphyrayezoensis

Graci fariateristipitatavan lini
Galsieria seiphuraria

il lardia theta (chy 7
Cyanidioschyzon merolae (c1)
Cyantdium caidantm
Heterosiems akashiwo
Odontells sinensis
Symechacocoirs sp¥HaTI

TRRSNLMT W
I RRGHLLTW

lLamiraria japonica
tuillardia theta {nw},
Rhodomanas salina ()
Cyantdioschyzon merolae me)
Porphyra purparea
Porphyrayesoensis J
(iraci lariatemiisti pitatavarl i
fraldierda selphuraria

i llardia theta (ch) )
Cyantdiaschyzon merolae (o1}
Cyanfdium caldanum
Hetoerosigea akashivo
Odontells sinensis
Synmechacoooies sp FHaTIL

Lapinaria Japonica

i flardia theta (m) |
Rhodozonas saliaa (om)
Cyanidiaschyzon merolae (mc)
Porphyra purparea
Porphyrayezoensis

(rraci tardatemi st pitatavar ] ind
Galsieria sulphuraria

il lardia theta (ch)

HRERENOVRNERY RESERRESESERES

Cyantdioschyzon merolae (o1}

Cyantdium caldarium

Heterosigea akashiro

Odontells sinensis

Syaechacoccies sp.¥H BROL r
Laminaria japonica FOVLLDELLE Lz
Guitlardia theta (m) it ot 35
Rhodomonas salina () VEVEELAN 39
Cyanidioschyzon merolae (mc) PTVOELLE 38
Porphyra parparea --LESRLFS x5
Porphyrayesoensis : -=~LESRLFS 3]
Graci faria terari st pitata var 1 iui - -LESRLFT 3G
Galsieria selphuraria -~ LHSSLFM W
Gatllardia theta ich ) - -LESRLFK oo
Cyanidioschyzon merolae (c1) - -LESRLFQ 2
Cyantaivm caldanum - -LESRLEN N
Heterosigea akashivo --FESSLEN G
Odontells sinensis --LQSTIFD ]
Syaechacocows sp FHITIL --TASRVER e

E3 & AAA ATP EB454aigiH) CbbX FA FHILL XY
FELMFREERAMBRET, AAA ATPase ZHRA" H " For , MEIR ATP &8 AH&E L — #r
Fig.3 Alignment of CbbX proteins from various algae containing an AAA ATPase structure domain

Identical amino acids are indicated by shaded letters, “ |~ ” illustrates AAA ATPase structure domain and “—” shows the ATP-binding

sites



86

K =¥ R

34 %

Porphyra purpurea

2P 3 (Porphyra yezoensis)
ML B ER LR (Gracilaria tenuistipitata var. 1iui)

Galdieria sulphuraria

Guilanlia theta(M-%¢{k)

Cyanidioschyzon merotae (M &4k)
Cyanidium caldarium

¥ R H (Heterosigma akashiwo)

Odontella sinensis

BFR# (Synechococeus sp. WH 5701)

Cyanidioschyzon merotae(¥%)

¥ (Laminaria japonica)

100
80
60
50
9931 88
100
49
93
00— Guill
—
0.05

ardia theta (% JGAK)

Eh A 217 4 MU B (Rhodomonas salina) (#%JEA4%)

B4 ET ChbX EOHEEE NI REH AR

TRALEBUE S A3HE

Fig.4 Neighbor-joining phylogenetic tree inferred from the amino acid sequences deduced from
the nucleotide sequences of chbX genes from several species of algae
Numbers at the nodes are bootstrap values

0. 008 r
| o M i female
- T el i male T
= koK
. 06 - ]
'z
= o sk
= T
2 o ™1
= ao0d — |
k=
EL 1 s ok ,
= EEH
T2 - 1
2 I

8:00 12:00

BS HEEEXREHET

16:00 20:00 24:00 4:00 8:00

A time of a day
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male gametophytes grown under a continuous illumination
There is a significant ( * P <0.05) or extremely significant ( * % P <0.01) difference between female and male gametophytes of

Laminaria japonica at a given time



14 IR, 5 I cbbX EFFFIAHE XA L TR Z [ B 2 5 Rk 87

Maier " 7R R 2 BRI 4H 47 A5 9 CHbX &
1% RuBisCo JA#H T R G W LA £H,
Guillardia theta R TE AR Z R H 475 B CbbX B H
55 FFPRE (Bacillus spp. ) B4 By B Rt
BT TR R R T R B E B BRI, B R cbbX
P F B BT R MR K R B O REER
RS, B A TR TR B XA cbbX
R 75 g A T T A0 36 9 U8, cDNA. ST
FAb b, T LB X %S0 TS T 1 A 4
15 B4, R BIAE 618 ANTERERY cDNA SR,
A 21 A FLfEH) cDNA 31455 CbbX E ",
RS R T IRTL I i cbbX FEPR7EXGHF I M | M BT
T AW TS £ R F1E, Q-RT-PCR 4
R(E5) LT XN, A7E B BALT,
cbbX FERTEME MR TR A1 A 2 B AR R B H
FRHE, R TV AL TR cbbX FER 5% 3 BR
BRIEEEY M, %T bbX 5 RuBisCo X,
/NIRRT 5 DR B BB X R TPI
% RuBisCo 7. /b7 2t 2 B 19 55 5 2 0
CO, " 3755 B R, H 0 YA BT Ak cbbX
FR R R T BRI B AT 2 B, A
R FE K cDNA K DNA B5IRE, FEE
2B FKREE E AR B TRERABTS T
3, B O IR TR R RS R K SR 4
Fl5ee—8, ELHENXRZERRE, TREH
TEEP O HE TR R b i % RS T AR
REFER TSR R,

BEHK:

[1] FAO. FAO Yearbook. Fishery Statistics. Aquacu-
Iture Production [ C]. Food and Agriculture
Organization of the United Nations, Rome, 2006,
98(2) : 199.

(2]  =7:E, Rfs, FER. BHEERFRERR
KRB K RE [T]. K24 ,2005,
29(4) :666 —669.

(3] F&HR,RExT. HFTEERERNIEREET &
BE [J]. £ TSR ,1998,14(1) :109 - 111.

[4] Starr R C, Zeikus J A. UTEX-the culture collection
of algae at the University of Texas at Austin-1993
list of cultures [J]. J Phycol, 1993, 29(Suppl): 1
-106.

[5] Richards E, Reichardt M, Rogers S. Preparation of
genomic DNA from plant tissue [ M ]//Ausubel F

M, Brent R, Kingston R, et al. , eds. Current

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

Protocols in Molecular Biology. New York: John
Wiley & Sons, Inc. , 2003:2.3.1-2.3.7.

Tamura K, Dudley J, Nei M, et al. MEGA4.
Molecular evolutionary genetics analysis ( MEGA)
software version 4. 0 [J]. Mol Biol Evol, 2007,
24; 1596 —1599.

Fujita K, Ehira S, Tanaka K, et al. Molecular
phylogeny and evolution of the plastid and nuclear
encoded ¢bbX genes in the unicellular red alga
Cyanidioschyzon merolae [ J]. Genes Genet Syst,
2008, 83: 127 —133.

Tabita F R, Gibson J L, Bowien B, et al. Uniform
designation for genes of the Calvin-Benson-Bassham
reductive pentose phosphate pathway of bacteria
[J]. FEMS Microbiol Lett, 1992, 99 107 —110.

Meijer W G, Armnberg A C, Enequist H G, et al.

Identification and organization of carbon dioxide
fixation genes in Xanthobacter flavus H4 —14 [J].
Mol Gen Genet, 1991, 225: 320 —330.

Maier U G, Fraunholz M, Zauner S, et al. A
nucleomorph-encoded ¢bbX and the phylogeny of
RuBisCo regulators [ J]. Mol Biol Evol, 2000,
17. 546 —583.

BiT 3R BRPA RS, JA 5 R T B A 0 4 3 O
cDNA XEREYERZELT [T]. FEA>H
%,2009,16(2) :221 —229.

Reith M, Munholland J. Complete nucleotide
sequence of the Porphyra purpurea chloroplast
genome [J]. Plant Mol Biol Rep, 1995, 13. 333
-335.

Ohta N. Analysis of a plastid gene cluster reveals a
close relationship between Cyanidioschyzon and
Cyanidium [J]. J Plant Res, 1997, 110: 235 —
245.

Douglas S E, Penny S L. The plastid genome of the
cryptophyte alga, Guillardia theta:
sequence and conserved synteny groups confirm its
common ancestry with red algae [J]. J Mol Evol,
1999, 48. 236 —244.

Kowallik K V, Stoebe B, Schaffran I, et al. The
chloroplast genome of a chlorophyll a/c-containing
alga, Odontella sinensis [J]. Plant Mol Biol Rep,
1995, 13: 336 —342.

Besford R T, Hand P, Richardson C M, et al
Photoperiod effect on bud burst in Prunus is phase

complete

dependent :
development [J]. Tree Physiol, 1996, 16 491 —
496.

significance for early photosynthetic



88 K =¥ R 34 %

[17] Gesch R W, Boote KJ, VuJ CV, et al. Changes small subunit gene expression in expanding and
in growth CO, result in rapid adjustments of mature leaves of rice [J]. Plant Physiol, 1998,
ribulose-1, 5-bisphosphate carboxylase/oxygenase 118 521 —529.

Characterization and differential expression of chbX
gene between female and male gametophytes of Laminaria japonica

SHI Wei-wei', WANG Li-li"?, CHEN Jing', OUYANG Long-ling', ZHOU Zhi-gang"*
(1. Key Laboratory of Genetic Resources and Their Applications in Aquaculture, and Aquaculture E-Institute of
Shanghai Municipal Education Commission, Shanghai Ocean University, Shanghai 201306, China;

2. National Marine Environmental Monitoring Cenire, State Qceanic Administration, Dalian 116023 ,China)

Abstract ; With designed gene-specific primers on basis of Clone 18 sequence screened out of a suppressive
subtracted cDNA library from the male gametophyte of Laminaria japonica, a full length cDNA ( GenBank
accession No; EF490312) was cloned by use of rapid amplification of cDNA ends (RACE). It was
composed of 2087 bp in length including 118 bp 5’-untranslated region (UTR) , 694 bp 3’'-UTR with poly
A at this end and 1 275 bp open reading frame ( ORF). Its homology with Guillardia theta nucleomorph-
encoding CbbX protein ( GenBank accession number; CAB65663 ) reached 66% in peptide sequence. The
deduced protein of L. japonica cbbX gene contained 424 amino acids with the first 19 ones from N-terminal
on constituting a signal peptide. The matured protein was composed of 405 amino acids after endonuclease
restriction digestion with a putative molecular weight of 45. 26 ku and pI at 5. 28. The coding region of
¢bbX gene was interrupted by eight introns with all splicing sites well matching a GT-AG rule. There was no
difference between female and male gametophyte ¢bbX genes in their cDNA or DNA sequences. From 184
Gly of the encoded protein, there was a Walker ATP-binding motif. The deduced CbbX from L. japonica
gametophytes was clustered with cryptophyte nucleomorph- and rhodophyte nucleus-encoding CbbX which
was significantly different from the chloroplast-encoding one according to the constructed neighbor-joining
phylogenetic tree. It was supposed, therefore, that the cloned cbbX gene from L. japonica gametophytes was
possibly encoded by nucleus genome. The transcription level of ¢bbX gene in male gametophytes was proven
significantly higher than that in females by quantitative real-time PCR, and the diurnal transcription patterns
were a little different between males and females, both of which confirmed that ¢bbX gene was a
differentially expressed one in L. japonica gametophytes. This research lays a foundation for the function
identification and subcellular location of cbbX gene.
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