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PCR rca Rubisco (rbcS) 1703bp  rca cDNA
, 66bp 5’ 1242bp 395bp 3’
rca 78%—85%; G/C/T ;
RCA 8.44  45.71kDa PCR
rca rbcS ; rbcS mRNA , rca 37.5
25 2.69 ;1.0—3.0mmol/L rca  rbcS
, Rubisco , rbcS ,
Q93
(Chlorella) (Chlorophyta) Rubisco
Trebouxiophyceae (Chlorellales)
(Chlorellaceae), 1
( , 2009) 11
1,5- / (1,5-bisphosphate ~ 1.1.1 820,
ribulose carboxylase/oxygenase, Rubisco) > MAV3
( , , 25C, 40umol/(m’ss),
2010), Rubisco 12L/12D
Rubisco (Rubisco activase, RCA) 1.1.2 RNA Trizol
, RCA Invitrogen , 5’-full RACE Kit
(TaKaRa) , 3’-RACE BD SMART
, rca , RACE cDNA Amplification Kit Clontech S
C. variabilis rca (Blanc et GenClean
al, 2010) (C. pyrenoidosa) , (E.
rca , coli)DH5x, Primescript RT re-
rca s Rubisco agent kit with gDNA Eraser = SYBR Premix Ex Taq
(rbcS) pMD18-T PCR DL2000 DNA Marker
* , 30700610 ,2010C33066 , E-mail: cbujndx@126.com

5 s

:2010-11-23, :2011-01-26

, E-mail: sunxue@nbu.edu.cn



42 43
TaKaRa (D (Mw) http://www.expasy.org/tools
1.1.3 GenBank Compute pI/Mw
RCA , 1.2.4 rca rbcS
4 , PCR 1, 18S rDNA 18S
(PB02  PB04) rca cDNA , rDNA rca  rbcS PCR
Primer Premier 5.0 >
5’-RACE  3’-RACE , 1
1.2 , Ct 3
1.2.1 RNA rca cDNA (D) ;
5000r/min , 3h ) 12
Trizol RNA RNA ( 12.5) NaCl
cDNA, 25 375, 6h 3)
PB02 PB04 PCR PCR : ,
94°C 5min; 94°C Imin 56°C lmin 0 1.0 2.0 3.0mmol/L, 6h
72°C 1min 35 ; 72°C (Rotor-Gene 6000 PCR ) :
8min 12.5ul SYBR Premix Ex Tag, 0.5ul, 2pl
, cDNA , DEPC 25u1  PCR
( ) 95C 3min; 95C 10s, 55°C
1.2.2 RACE rca 15s,72°C 20s 40
5’-RACE  3’-RACE , 9
1.2.1 rca
cDNA RACE 2.1 rca cDNA
: (Q-01  Q-05) RNA 1%
1, ( 1A), RNA , 28S
1.2.3 rca NCBI/ORF finder 18S ’ DNA RNA
(http://www.ncbi.nlm.nih.gov/gorf/ gorf.html) cDNA , PB02 PB04 PCR
(ORF) ; DNAMAN rca , cDNA 500bp(
; NCBI  Blast 1B) 482bp
; NPSA rca cDNA NCBI
http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat. blastn , rca rca
pl?page=/NPSA/npsa_server.html ; (GenBank M62962) 81%,
*1 KWHEASY
Tab.1 Primers used in the experiments
(5'—=3")
rca PBO02 TNATGWSNKCNGGNGARCTG
PB04 NARNGCNCCRWAGAARTC
5" RACE 5-225 TTGTGGGACTGTCAGCAATGTTC
5-459 ACTGCCCTGGGAAAGCATCTAC
3° RACE 3-202 TGAACATTGCTGACAGTCCCACA
3-442 ATGCTTTCCCAGGGCAGTCTATC
rca Q-01 GGAATGGCCCATATCACC
Q-05 TGATCCTCCAAATAGAAAG
PCR 18S-5 TTGACGGAAGGGCACCA
18S-3 CACCACCCATAGAATCAAGAAAGAG
rca PCR rca-5 TGCAGCTTCCAGGAGTGT
rca-3 CGGGTTGGGTTCCAGTAG
rbes PCR rbeS-5 GAAGCCTGCTGGCAAGAC
rbeS-3 GCCGTTGAGGACGATGTAG
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3’-RACE
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1703bp rca
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RACE
(GenBank
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1703bp  rca , 5
1242bp, 413 )
395bp, TGTAA 1664—
poly(A) rca cDNA
(Q-01 Q-05) 820
, 2701bp DNA
cDNA s
8 GT/AG
rca cDNA
blastx ,
RCA
85%,

NCBI

(GenBank
Volvox
79%,

AAR23425) 78%

, 2007. Rubisco
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Fig.2 5’-RACE and 3’-RACE
products of rca gene in C. pyrenoi-
, 2 dosa 820
rca A.1 5-RACE :B. 1
3’-RACE ;M DL2000 DNA
> Marker
Cys(C)
His(H); 6 3 , Ser(S)
TCC (35.7%), Arg(R) CGC
(42.9%), Leu(L) CTG (40.7%)
820 rca
G/C/T , 3
CGT 32.4% 31.2% 28.0%,
A (8.4%), rca
NNC NNG NNT
Rubisco (rbcL)
3 T
2.3.2 RCA RCA
(a-helix) 37.77%,
(B-extend strand) 10.17%, (random
coil) 50.36%, 1.69%
Mw)
8.44  45.71kDa
RCA ATPase , RCA ““P-
7 820 rca
P-
A (WGGKGQGKT) B (GRMCS-

LFINDLD)(Shen et al, 1992;

NCBI

, 2007")
RCA ,
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Fz 2 FEBHB/IIKE 820 rca BRI TFE R RIFHE
Tab.2 Codon usage bias of the rca gene in C. pyrenoidosa 820
Ala(A)-GCA 1 Glu(E)-GAA 4 Gly(G)-GGA 8 Val(V)-GTA 2
Ala(A)-GCT 15 Asp(D)-GAT 16 Gly(G)-GGT 13 Val(V)-GTT 4
Ala(A)-GCC 12 Asp(D)-GAC 12 Gly(G)-GGC 15 Val(V)-GTC 2
Ala(A)-GCG 5 Glu(E)-GAG 16 Gly(G)-GGG 4 Val(V)-GTG 16
Pro(P)-CCA 4 GIn(Q)-CAA 3 Arg(R)-CGA 0 Leu(L)-CTA 2
Pro(P)-CCT 5 His(H)-CAT 3 Arg(R)-CGT 8 Leu(L)-CTT 5
Pro(P)-CCC 7 His(H)-CAC 0 Arg(R)-CGC 12 Leu(L)-CTC 3
Pro(P)-CCG 0 GIn(Q)-CAG 16 Arg(R)-CGG 2 Leu(L)-CTG 11
Thr(T)-ACA 1 Lys(K)-AAA 4 Arg(R)-AGA 2 Tle(I)-ATA 0
Thr(T)-ACT 11 Asn(N)-AAT 12 Ser(S)-AGT 2 Tle(I)-ATT 8
Thr(T)-ACC 2 Asn(N)-AAC 11 Ser(S)-AGC 6 Tle(I)-ATC 16
Thr(T)-ACG 3 Lys(K)-AAG 19 Arg(R)-AGG 4 Met(M)-ATG 23
Ser(S)-TCA 3 TAA 0 TGA 0 Leu(L)-TTA 1
Ser(S)-TCT 7 Tyr(Y)-TAT 6 Cys(C)-TGT 0 Phe(F)-TTT 1
Ser(S)-TCC 10 Tyr(Y)-TAC 7 Cys(C)-TGC 5 Phe(F)-TTC 14
Ser(S)-TCG 0 TAG 1 Trp(W)-TGG 4 Leu(L)-TTG 5
rca R
A 9 (AAR23425) 3B rca rbcS . 3
(EFJ47076) (CAAT1667) rbcs ,
(T), (AAF71272) ;. rca (25)
(AAA62703) (NP_001104921) 1.00, (12.5) (37.5)
S B 5, (S), 25 1.12 2.69
3 (C); B 2 rca 6h
(R), rca  rbcS 3C,
(K), 3 (1.0—3.0mmol/L) rca rbcS
(K); B 4 S . 6 3 rca
©) 0.41—0.62 , rbcS
2.4 rca rbcS 0.49—0.63
PCR R
18S rDNA rca rbcS , 3
3 Y= 3.304>I1g(X) + Rubisco (RCA)
36.494 Y = 3311xIg(X)+37.583 Y= 3.355x , Rubisco
lg(X) + 38.258, 0.998—0.999, Rubisco ,
99.0%—101.1% 3 RCA  Rubisco
PCR RCA (Sage et al, 2008),
rca RCA (Spreitzer et al, 2002)
rbes 3A , Rubisco (Burey et al, 2007),
, rca  rbcS
, 20:30 rca ( (Kumar et al, 2009; Ma et al, 2008) RCA
045 ), 17:30( 033 ) (ATPase), ATPase R
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Fig.3 The effects of different light duration time, salinity and salicylic acid concentrations on the expression of rca and rbcS genes in C.
pyrenoidosa 820
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Leitao et al, 2007 ' ’ » 200
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, ,40(2): 176—180
> > , , 2010.
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R RCA
(Lee etal, 2011) rca  rbcS
, (Populus euphratica)
RCA (Gu et al,
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(37.5) rca
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, 2001. 1,5-

, 46(16): 1375—

s >

1380
s s , 2000. Rubisco
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THE CLONING AND EXPRESSION ANALYSIS OF RUBISCO ACTIVASE GENE IN THE
UNICELLULAR GREEN ALGA CHLORELLA PYRENOIDOSA

DENG Yi-Long, SUN Xue, XU Nian-Jun, YANG Rui

(Key Laboratory of Applied Marine Biotechnology, Minister of Education, Ningbo, 315211;
School of Marine Sciences, Ningbo University, Ningbo, 315211)

Abstract RACE technology was employed to clone the Rubisco activase gene (rca) of the unicellular green alga
Chlorella pyrenoidosa 820, and the rca and rbcS (small subunit of Rubisco) expression profiles were investigated by
real-time PCR. The obtained 1703bp rca cDNA sequence contained a 66bp 5’-untranslated region, a 1242bp open reading
frame and a 395bp 3’-untranslated region. Sequence comparison showed that its homology with other green algae reached
to 78%—85%. Sequence analysis showed that the rca gene preferred to use the codons ended with G or C or T, and the
putative isoelectric point and molecular weight was 8.44 and 45.71kDa, respectively. Real-time PCR showed that rca and
rbcS transcription quantities decreased as the light duration time increased. Under different salinity stress, rbcS mRNA
quantities showed no significant variation, while rca mRNA quantities in 37.5 salinity reached to 2.69 fold of those in 25
salinity. The transcriptional expression of rca and rbcS all decreased after 1.0, 2.0 and 3.0mmol/L salicylic acid treatments.

Key words Chlorella pyrenoidosa, rbcS gene,

Rubisco activase gene, Transcriptional expression



