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PR E B 1% /INEKTE rbeS cDNA £ 5 S H)5EfEFA 5 47

(CTUIE A fiBhd GEY TARRABE N PR AR I HOR BR AR SE 00 %, WL 1738 315211)

FEE . L2 BRI %/ NEREE (Chlorella pyrenoidosa) F-9 F1 820 Sy S A4} M4 CLHISREE rbeS FENBEHHRIFF5 149, 23 B 5T
BEE] 2 5% 245 bp 1) cDNA J Bz, LI BOWSERIE T cDNA KR 34 (RACE) BR , 3RA5 T 2 K843 510 861 bp
H1907 bp [ rbeS FEH . FH 43120, B A%/ NER B -9 11 820 11 rbeS 43 31 4mF% 181 A1 184 N&IEHR, i IX HAF L
1o SEAE Y rbeS PESFE S YYDGRYWTMWKLPMFEG A1 250 A4 4544, A2 4 25 i 1 B 5 A Kozak FR5F FF 811 ( A/GXXATGG ),
3 AR X A MRS S TCTAA, [FTRPEI T4 F W], F-9 576 M1/ K3 (GenBank 5 55 BAE48226 ) fAHDI P
#1(91%), 1M F-9 5 820, F-9 HIEi#/NKEE (C. vulgaris ) FIARLIEE 535120 64% Fl 50%., 3X 2 7% rbeS H: K 5 HAD 4% B A 5
SEREAABZRIL T Tz W R (AR AN & o TSR B AE R rbeS FEPI R DI RE AIZRIARI Y 2958 Sehil, [ EAG= R #,

2010,17 (2) : 357-362]

KRR B EG/INEREE; EAM -1, 5- BRIk / % (Rubisco) ; rbeS; RACE

HEHES: 597 SCERARIRAD : A

/NERPE (Chlorella) J&—FP B ZE I 2 TE 0%, &
F 2% 3 '] (Chlorophyta), Trebouxiophyceae 24X . /NER
#: H (Chlorellales ), /NER 3 Bl ( Chlorellaceae ) " /)3
Bl BAT F 5 BT A E TR R A A B R A
SN d RS STINGEE SRS S N ol N B/ PSS
ST N A R P RO
RO A CAVEHINLEE 25 5 i ML P A
BIFS 267 Tt e R A RSB bR B,

A1, 5- B AL /% (Ribulose-1,
5-bisphosphate carboxylase/oxygenase, EC 4.1.1.39, ]
54 Rubisco ) 2 GAE AR I 5E B OGS .
Rubisco AL R R SCHRER f CO, B[ 72, [F] IR
WZ 5HYOCFRASHE R MY S E &
B ALY, TS WA ) G 5 R IR AE
SO B LA SO A TR T KR AT R 4R
O SRR R NEAB. L1 Rubisco
fif FH 8 4~ AE FE (Rubisco large subunit, RbeL) Fil 8

s BHA: 2009-08-12; &ITHEH: 2009-10-25.

XEHS: 1005-8737-( 2010 ) 02-0357-06

7N % (Rubisco small subunit, RbeS) 2H A,
H1 Rbel, = EGRAEILAEI, T RbeS T2 258 R
HEIEPEFIRZ I Rubisco 5 COY/0, HRF ST LSS &
AIFE o rbeS D 2 dRc e va b Y MIHEA T 2R IR 0T
TP 22— ITAESR, rbeS SN 94452
WK S SR PR 5 b g S SRR R AR
HC RS LA T Y AT R S ), S
HirbeS BERRYBTFETE AR Z . HETCA rbeS 2
i AR PR 371) 2R 50 1% TP . 240 e A A PG
(Dunaliella tertiolecta). Nannochloris bacillaris Fl 3
T A 38 ( Chlamydomonas reinhardtii ) &5 JLFh -1l ]
[ B BB TP M A/ ek b A 2 2%
rbeS 1] cDNA JF81], AR UL A rbeS MY RGEARIE -

ASHIEFE ) ECHE b B A B rbeS ¥ 511
TR IE 519, P 145 2 PR S A%/ BREE F-9 A
820 rbesS fHRT cDNA JF81, LK 2 2581 A,
I3 IR AT eDNA ARt i3S #4E (rapid amplification

E&WMB . EEARPILE I H (30700610 ) 3 #iVLA FIARMEIES 3 BT H (Y3080490 ).
TEETI : ZEHM( 1983-), & Aot Az , NG i T A4 F9E E-mail : wenjuan200388@yahoo.com.cn
BIEE . VT, BTS00, NS 500 T W24 0E% . Tel: 0574-87600170; E-mail: sunxue@nbu.edu.cn
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of cDNA ends, RACE) B UJ 3815 T W0 kR /N B 3 1
rbeS eDNA 2751 o 2% TAERIGEE rbeS FEPIRYLEHE |
il 25T J Rubisco MEA 6 M IS 14152
E T HER

1 #EFEFE

1.1 w8

111 GERR E/NEKEE 820 Ok A TR STE
A T ARSI A RN & S5O NMBluh015-1,
/N F-9 1 B i R 2 B K AR A2 Yo
Fro HE R /NEREE F-9 Al 820 4351 knop 85 7 3k
I MAV3 SR FRHE PSR IR 25 °C, oG IR i

A2 000 Lx, YERE A 12 L - 12D,

1.1.2 K7 RNA $2 U5 Trizol 14 H Invitrogen
5l Tag T . pMD18-T AR 57 RACE 77 &1
M K% S Y/ 7] (TaKaRa) 5 37 ~RACE 5] & 1)
H Clontech 23 &l 5 BrAEMEEERL MIGR &0 [ i
Fegm A ) TREHAR A ]

1.1.3 S|4¥E% M GenBank 53 FE 8 RIEH
A W FE BB . Nannochloris bacillaris 55 B rbeS &
T 5, AR EAT T DR SF 2SR R R AT IR T 911
THARII 519 (RF 1 RR) 5734 rbeS 353 17 51
5' RACE F1 3’ RACE 5 | AR50 & i (i FH a1
Primer Premier 5.0 225601, 455 [ WFH) ILE 1,

F 1 EARNKE F-9 71 820 #k rocS EEY A5
Tab.1 Primers used for amplification of rbcS cDNAs from C. pyrenoidosa F-9 and 820

I H EIRZE2N SIFEsI(5-3")
Ttem Primer Sequence (5’ -3")
s RF GTBTGGNVBCCSDTBRACAACAAG
i 5149
RR GTGCADCCRAACATKGGSAGYTT
F-95'—RACE &% GSP1 GCAGTTCTCGTTGCTGGCGTAGGC
NGSP1 TTCACGATGTAGTCCACCTGGCGGG
820 5'—RACE &% GSP2 ATTGTCCTGGTAGCCAACGGACAC
NGSP2 TCCAGCCGTTGAGGACGATGTAGTC
F-93'-RACE 5|9 GSP3 AGCGCCTACGCCAGCAACGAGAACT
820 3'-RACE 5|# GSP4 TCCGTTGGCTACCAGGACAATCGCTAC

1.2 FHi&
1.2.1 2 RNA B2 EUHN rbeS EEE 5 cDNA F
EERI# 18 6000 r/min 250> 10 min W AR XT 04 K
IOTSEA L, FH4% Trizol 1) M8 FH UL T #EAT 5 RNA
BRI rbeS 43 cDNA R8I G s 5 vk WL Scik ™2
PCR 7=y [ 3% 422 e Ak 5 o 20— A6 DU 454 R0
S F el AT, B AL R AC i TR AR )
HARZ W
1.2.2 rbeS EEH) 5 -RACE #13' -RACE ¥ 7
FHE TEREPISEE rbeS 1Y <DNA FEFIFIZE 1 H1HY RACE
SRS 1), FaGR &R UE I 4 #E T 57 -RACE AN
3'-RACE ¥4,
1.2.3 rbeS EREFIIHNREMIH o5l
FIRYE A%/ NEREE F-9 H1 820 1 rbeS ¢DNA #43 H-

B RACE Jriks 800y b Rl Balk T DfE.
iz PR 7 9 BT LR S |9 DA P T
IR IERATE, H NCBI/ORF finder HE4T T 5 32 4E
(ORF) By FI , ] DNAMAN % {F F7E 4L Blast T.H
HEAT rbeS FEPH A RIZEAN R JR I L Xt

2 EREHH

2.1 rbcS &5y cDNA FERIFRB S0

I AR AR A% /N BRI EL RNA 28 1% B3R
R JE PR VARG, 4 BB i B, 288 A 18S rRNA
Z g (8 D, AT TN — 22, DUz s
RNA U551 eDNA 25— 25BN, PCR 47319
#B53 cDNA J¥ 3 K/N2 250 bp (FLIK S5 5R I 2),
DU JG 430, 1 557 51 BE 358 245 bp.,
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F-9 820

28S
188

Bl ZR PR/ NEREE F-9 I 820 BREL RNA
Fig.1  Total RNAs isolated from C. pyrenoidosa strains F-9 and 820

F-9 820 M

K2 fHEEANBREE F-9 F1 820 Bk rbeS #B43 cDNA
M: DL2000 Marker
Fig.2 Partial rbcS ¢cDNAs amplified from C. pyrenoidosa
strains F-9 and 820
M: DL2000 Marker

W4 W5 2% rbeS ¢DNA J7 51| 7E NCBI £4fs e vh ik 47
blastn 182, 55 R« F-9 rbeS BHHRIFES) S 1%
H1 C. pyrenoidosa (GenBank 5 AB240146) rbeS Ht
FIFR AP =, S 97% (197/203), 55 Chlamydomonas
reinhardiii (X04471 ) 5 82% (193/234 ), 5 D. salina
(AY646428 ) Jy 86% ( 107/123 ), Nannochloris bacillaris
(AB125312 19 72% ( 159/219 ), C. vulgaris (ABO58647 )
M 71% (1801253 ) i 820 rbeS I RITF1 5 E
IR U B AR BRIl 78% (11617205 ).81%
(201/247 ).76% ( 187/245 ). 76% ( 174/227 ) F1 76%
(192/245 ), X G RRINA LI TR H 2 567
FIJE rbeS F) cDNA JF31
2.2 rbcS B 5'-RACE #1 3'-RACE &R 5447

HIEC SRS rbeS cDNA F B, 57 -RACE
13" -RACE W7 9 W45 3 1 28 B A/ ek F-9
1 820 [1) rbeS ¢DNA 5%t £ 37 3ty J§° 5], He K /INFE
250 ~ 700 bp Z [0 (& 3), W7 J5 2442k 51
J&i, F-9 1 820 5" -RACE F Bt K J 43 31l 24 293 bp
M1 348 bp,3’ -RACE F Bt &K B 43 5l i 466 bp Fl
518 bp.

F-9 M 820 M F-9 M 820 M
1 2 3 4
&3 FRA/NEREE F-9 F1 820 FE rbeS 1Y RACE 145 5
M: DL2000 Marker; 1 Fi1 2 43542 F-9 F11 820 5’ ~RACE; 3 Fl1 4 43442 F-9 F1 820 3’ -RACE

Fig. 3 Results of rbeS RACE products from C. pyrenoidosa strains F-9 and 820
M: DL2000 Marker; 1. F-9 5" -RACE; 2. 820 5" -RACE; 3. F-9 3" -RACE; 4. 820 3" -RACE

3 B P RR /N ER R 4 rbeS FBEFT 57 ~RACE
5 3"-RACE R Bt A7 B 45, 15 B T rbeS 1) 5¢ 4%
cDNA J¥H1, ZFREETTHE I PE T PCR 1Al 3
FERIPHEFIE IERT . F-9 rbeS 42K 0 861 bp

(GenBank 5 GQ355311),5" 9k ## 1% [X. K 66 bp, ORF
4 546 bp,3 " JE B PE X 4 249 bp, 820 rbeS 4K N
907 bp (GenBank 5 GQ355312), H: ORF 4 555 bp,
68 bp 1) 5" AEEHPEIX A 284 bp 1) 37 AREAIEIX



360

B K R 2

174

¥ F-9 1 820 rbeS K cDNA B2 751 M H:
WIS TR T N IE T HO, R I HAZ RT3 1Y
TR 74% , T FERR T 5 B AR IR 64% .
W55 AR/ INERIE F-9 F11 820 rbeS 421 1E NCBI %
P H EAT blast [RIVEHE FL YT, 25 R Z B 5 E
HIPIFP rbeS HAT) 2 B RIVEE  ABARRIHEA SRR &
Fx T F-9 5 C. pyrenoidosa (GenBank 5 BAE48226)
(R AL PE f5c 5 9 91% (113/124) 22 4b, F-9 5 HiAth
Y Fh theS B AIRLYE 533 R« Nannochloris bacillaris
(BAD42333 ) 62% ( 100/159 ), Chlamydomonas reinhardtii
(CAA28159 )69% (97/140 ), C. vulgaris (BAB39865 )
50% (59/117 ), T 820 5 iR Y C. pyrenoidosa 1)
FHARLEE B 69% (86/124 ), Nannochloris bacillaris 1
61% (113/184 ), Chlamydomonas reinhardtii A 72%
(101/140 ), C. vulgaris A 58% ( 60/103 ),

2.3 rbcS cDNA £FFIHIDHT

X 2 A A% /N BR 3 F-9 i1 820 rbeS ¢DNA JF 5]
HATEER 53T, S R 46 A5 s B 371 5331
N AAAATGG Hl GCAATGG, Hirfr ATG Jy 2 4 fir
wo ZPIEBT I S AR YRR G O R ORSE T
ﬁlJ—Kozak TSP (A/GXXATGG) HIZE 4 1. 78
Wi 4% rbeS cDNA J7 5119 37 AE BRI X A LKA 5 bp
IS5 TCTAA N AR5 7 Fh A= 1 [T #E (D.

salina) rbeS 14 37 AEBHIEX A 4fiE

1= SR rbeS A HRE WA — B 16 2
MR B 15 AR ST 9, 7 28 W (Camellia sinensis)
X BE R SF ¥ %1 YYDGRYWTMWKLPMFG", 43
BT F-9 il 820 rbeS #E 7 1Y 2 EL 1R 7 91, 4k 2] T
X BRSNS 91, 78 F-9 rbeS & FE IR T 51 19 46 108
123 {37, 5 YYDNRYWTMWKLPMFG, 5 %5 # rbeS
LR ST P SIS 4 A Z R BR A 22905 7E 820 rbeS
750 1 575 111-126 3t 5% A 2% 2L O/ <7 )7 51
(YQDNRYWTMWKLPMFG ), 5 25 B i {4 51 & S iR
ZERIAESS 2 FNEE 4 a5 . F-9 820 MY B 16
ANESERIRFIF IS 4 SR, 220 N,
15 2 AR EERRA R (] 4),
RbeS /N3 i 2 #4541 —5% iz ORIk
B TR /N HE i is B iR v, A3k 2 4%
rbeS P IERRFH . F-O rbeS FP5 4t 181 IR,
3 RN AR A3 41 /S 140 2R RR AH 15
Ifi] 820 rbeS FH 184 MEIERRALN, iz I 44 23
iR, 155 8 ~ 10 fii [k F9 22 3 N LR : Ser. Leu Fil
Val (& 4), BRI 140 D2 FEBR . 1% 2 5% rbeS
KJE 5 R LT, W Nannochloris bacillaris
S 182 AN LR, IRt & 140 M3 Y, 3
BIACTEE rbeS FEDR A 185 N2 HEMR , VKL /2 140
AN (B NER 2 K, i/ NER R 2
%@ﬁja 21440, HEGIZ IS BEA IR DX AN .

RFJL N ATV S 47

EIZD SL‘U TTiCE. 50
F-9 SYLPPLyWIAN e ROVDY TN GUTPC LEF Ljaaii EM 97
gz0 STLPPLeieue INROVDY TV GUTPC LEF L0y D3 100
F-3 TTC HEYTITMWELE NFGC TINg B} SRAFPD AT IR
520 F =t 18 DL E Y T THUELE MFGC TIg a1 FEN gz 150
RDTQHSS 151

EIZD TEHE. E 154

Bl 4 HEERZ/NIKEE F-9 1 820 Bk rbeS 3 A 2 HEMR ¥ 51 HU T

52 M8 oy Fm AL AR ;

Fig. 4 Alignment of rbeS deduced amino acid sequences of C. pyrenoidosa strains F-9 and 820

Shadow indicated identical amino acid residues; “.”

indicated deletion of amino acid residues.
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3 g

AL AN AR P A LG | Nannochloris
bacillaris 5% 38 /NER R 58 55 LD P20 i 2 3 11
BATIRIT A, Bt T WA 15 149, B A%/ ek
W 820 HHE T rbeS SEFRAYFER AN B M ARHFSY
FEZIR T H Y 3EA it 5’ -RACE H13’-RACE
J7 ARG T 820 BRHY cDNA 44wt 31, HF il
HE (ORF) K £ & 555 bp, Fb % 38 25 1 A% /N ER 3 1)
645 bp /D T3 100 bp, PICIRATT MY 3 T 5 —bkE
FI%/NEREE F-9 1 rbeS J7 41, H ORF K 546 bp, 5
820 1 rbeS PR BEFE T . Ar T IX Wik /N EREE 5
38 /NBREE rbeS K2R M E AT GE 5 rbeS
WL IR FIEA Koo rbeS 162 AWy K 4 3 vh 12
HH 22 B DR R it (1%, L DR A 8 DUBIOAS 38 Hh
TSR TR A R 1 AN 5 DL R AR N T &
D22 ANPEIL N AR B B LR B A R, R
LA PRI F] Y rbeS FE R, UL PGB8 R 88 | i
Nannochloris bacillaris P& 3 2%, mi/hek s 2
WA TSR rbeS JFH, TR rbeS FEHK A
225, AT REASBIF ST ARAT A e P B O 1

RACE FASE—F i H B4 15 T %1 cDNA J75)
PR AN B 08 50 , S — i) D st il I =
(3 St A vh 7 145 31) cDNA 19 3 A< 281 )5 1) 114 ] B
AR SRS T % cDNA S KA
| cDNA 27575 M e, RACE J7 i 2L i 5
SAT I S AR A S e s T AR
RACE J5¥ETE 5 B e K IR T A RS (H7E
SIS RIS i ROMERE , EEIE K RNA 5%
fif#t . T RACE AR, 52 5' ~RACE X} RNA f5¢
MR . AR, FRATLEA T AP RACE
ERE T AN R h & A5 31— 2% rbeS BRI,
HAR rbeS P FRAT LA RIME, Qe F-9 HhaRAT1MY
TERERIES 2 2% rbeS JFHIHY 37 B, 1M 5 -RACE %
A

rbeS 41 cDNA JF9 AR A1 7 5 22 3 R 1Y
25K T RE 18 MBI FITEC i Rubisco B 1) LA
ARBFFAFE] T PR A%/ INSKTEE rbeS 1) cDNA J¥51],

IR I B0 PR A AR N 3 B AT T AR B
B FEE T /INRBE IR TR, PR
¥ . Nannochloris bacillaris 3 R A A4 i v £ A ¢
F rbeS FEF G cDNA JFFIH DNA [F5114 R 54k
I H/NEREE IR B2 2 R G IESE , A R TEAS B
FEMFERN T, BRAEHE— 2L ] W /NK 3 v 4238 rbeS (1)
cDNA F1 DNA J¥81], I #E 47 AH GG AN rbeS Jii 8+
FRI53S B rbeS mRNA ik ARAb A5 1 1) TAE

SE Lk
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Cloning and analysis of rbcS full-length cDNA sequences from two
strains of Chlorella pyrenoidosa

LI Chunyan, SUN Xue, YANG Rui

(College of Life Science and Bioengineering, Key Lahoratory of Applied Marine Biotechnology, Minister of Education, Ningbo
University , Ningbo 315211, China)

Abstract: Ribulose-1,5-hisphosphate carboxylase/oxygenase (Rubisco) is one of the key enzymes catalyzing the CO,
fixation in the Calvin cycle. RbeS, the small subunit of Rubisco, plays a role in regulating the Rubisco activity. In this
study, two rbeS genes of unicellular green algae Chlorella pyrenoidosa strains F-9 and 820 were cloned and analyzed,
respectively. Two ¢cDNA sequences of 245 bp were obtained according to a pair of degenerate primers, and then two
full-length rbcS cDNA sequences were cloned by rapid amplification of cDNA ends (RACE ) technology. The full-length
rbeS ¢DNA of C. pyrenoidosa F-9 was 861 bp including 66 bp 5’ —untranslated region, 249 bp 3" —untranslated region
and 546 bp open reading frame (ORF). The 907 bp full-length rbeS sequence of C. pyrenoidosa 820 was consisted of
68 bp 5’ —untranslated region, 284 bp 3" —untranslated region and 555 bp ORF. The F-9 ORF contained 41 deduced
amino acids transit peptide and 140 amino acids mature peptide. The transit peptide of 820 ORF 44 amino acids, and
the mature peptide was the same length as that of F-9. Structural analysis revealed one Kozak consensus sequence (A/
GXXATGG ) around the start codon ATG, and a 5 bp TGTAA tailing signal in the 3 —untranslated region. The similar
conserved sequence of YYDGRYWTMWKLPMFG in higher plants were also found in the two rbeS ¢DNAs with one or
two amino acids differences in the second and fourth position, respectively. Similarity analysis showed that the highest
identity ( 91% ) was between F-9 and C. pyrenoidosa (GenBank accession No. BAE48226 ), and F-9 showed 64%
identity with 820, and 50% identity with C. vulgaris. The two rbeS genes shared wide and moderate similarities with
other green algae and high plants. This study provided materials for further research on the function and expression of
rbeS genes. [Journal of Fishery Sciences of China,2010,17 (2):357-362]

Key words: Chlorella pyrenoidosa; Ribulose-1,5-bisphosphate carboxylase/oxygenase (Rubisco) ; rbeS gene; RACE
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