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Abstract
Ribulose-l ,5-bisphosphate carboxylase/oxygenase (Rubisco) is a key enzyme in photosynthesis, and its large

subunit gene, from the chloroplast genome, encodes the enzyme's catalytic site. The present study was aimed to de-
termine the nucleotide sequence of the large subunit of Rubisco (rbcL) from Dunaliella salina (D. salina). A pair
of degenerate primer was designed according to the highly conserved amino acids of the known rbcL and was used to
amplify the rbcL gene from D. salina by touch-down PCR (ill-PCR) and rapid amplification of cDNA ends
(RACE). The resulting TD-PCR product was 1,347 bp in size, encoding a polypeptide of 449 amino acids. Accord-
ing to this result, 5' RACE and 3' RACE were performed to obtain the 5' -end and 3' -end of the rbcL gene. The
complete open reading frame of D. salina rbcL was long 1,416 bp encoding a polypeptide of 472 amino acids, which
shared high similarity of amino acid sequences with those of other species. It can be concluded that the full-length rb-
cL gene is potential isolated from the chloroplast genomic DNA of D. salina. [Life Science Journal. 2007 ;4( 1):6-
12J (ISSN: 1097 - 8135).
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J1 Introduction

Genetic engineering of microalgae has been greatly
developed, including prokaryotic microalgae Cyanobac-
terium, and eukaryotic microalgae Chlamydomonas
reinhardtii, chlorella, etc. Dunaliella salina, a uni-
cellular green alga, which was one of the most halotoler-
ant eukaryotes, originally described by Dunal in
1938[1], has a thin cellular membrane, and a single,

large cup-shaped chloroplast with its photosynthetic thy-
lakoid membranes, pyreniod, and abundance ~-carotene
globules, but without rigid cell wall. Studies on the ge-
netics of Dunaliella have been conducted for decades at

a few laboratories[2,3] .

Ribulose-I, 5- bisphosphate carboxylase/oxygenase
(Rubisco) is a bi- functional enzyme that catalyzes the
initial step of photosynthetic carbonic reduction and pho-
to-respiratory carbon oxidation cycles by combining ~
and Oz respectively[4]. Rubisco occurs as a hecadecamer

containing of eight large subunits (rbcL) and eight small
subunits (rbcS) that assemble into a LS58 holoenzyme.

I 11supported by National Natural Science Foundation of China (No.
30540067 and 30270031). The work was finished in Henan Key
Laboratory for MolecuJar Medicine, Zhengzhou, China.
'Corresponding author. Tel: 86-371-6665-8332; Email: lxxue @
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in many eubacteria, cyanobacteria, algae, and higher
plants. The rbcL gene encodes, the enzyme's catalytic
site, and it is conserved in evolution of photosynthetic

plants[5]. The nucleotide sequence analysis of the rbcL
can promote the studies of the function and structure,
expression and regulation of the Rubisco as. well as the
phylogenetic relationship of D. salina. In the present
report the gene coding for the large subunit of Rubisco
was cloned from the chloroplast DNA (cpDNA) of D.
salina and compared with other species.

2 Materials and Methods

2. 1 Materials
Dunaliella salina strain: UTEX-LB-1644 was

purchased from Marine Plant Collection, Texas Univer-
sity (Texas, USA). It was grown in batch cultures of
liquid PKS medium at 25 "C under continuous irradiance

of 150 ILmolpotons/m2 /s[6] .
E. coli JM1O9 was from our laboratory. Plasmid

pMDI8-T vector, PCR purification kit, DNA gel ex-
traction kit, Taq polymerase and restriction enzymes
were purchased from the TaKaRa Co. Ltd (Dalian,
China). Triwl was from Invitrogen (California, USA).
AMV First strand cDNA synthesis kit was from Shang-
hai Sangon Co. Ltd(Shanghai, China), and FirstChoice
RLM-RACE kit was from Ambion (Texas, USA).
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2. 2 Methods
2.2.1 Primers. A pair of degenerate primers described
below was synthesized based on the conservative re-
gions: GFKAGV and ACEVWK of the rbcL amino
acids sequence according to the GenBank data. The for-
ward primer was 5' -GGN TTY AAR GCN GGN GT-3'
and the reverse primer was 5'- YTT CCA NAC YTC
RCA NGC -3' (where N was random base, Y stood for
T or C and R was A or G) .
2. 2. 2 Chloroplast DNA extraction and touch-down
PCR (TD-PCR) amplification. The chloroplast DNA
was isolated from D. salina according to Pan[7]. The
cells of about 1 X lOs were harvested by centrifugation
for 5 minutes at 4 "C, 5,000 r/min, suspended by 350
III NET solution (0.1 M NaCl, 50 mM EDTA, 20 mM
Tris-HCl, pH 8.0), added 25 III proteinase K (10 mg/
ml) and 25 III SDS (20 mg/ml), and incubated at 55 "C

94 'C 30s

58 'C 30s

94 'C 30s

1

2 cycles
59'C 30s +

72 'C 90s 72'C 90s

2.2.3 Cloning and analyzing of TD-PCR product. The
PCR product was fractioned in 1% agarose gel elec-
trophoresis and then the investigated band was purified
according to manufacturer's instruction of the DNA gel
extraction kit and ligated to the pMD18-T vector. Com-
petent E. coli ]M109 cells were transformed with the
ligation product, then grown on LB-agar plates contain-
ing 100 Ilg/ml ampicillin, 80 Ilg/ml X-gal and 80 Ilg/ml
IPTG. White colonies were cultured in a 3 ml LB liquid
medium containing 100 Ilg/ml ampicillin. Plasmid DNA
mini-extraction, purification and enzyme digestion were
referred to Sambrook[9] .

The positive recombinant plasmid DNA was se-
quenced by the Shanghai Sangon Co. Ltd (Shanghai,
China). The amino acid sequence was deduced from the
above DNA data with DNAClub program. Sequence
analysis was performed using GENTYX (Genetic Infor-
mation Processing Software, Version5. 0) program.
2.2.4 Amplificationof rbcL 5' - and 3' -ends. To ob-
tain the rbcL 5'- and 3' -ends of D. salina, the total
RNA of D. salina was extracted with Trizol reagent
and rapid amplification of cDNA ends (RACE) was per-
formed by FirstChoice RLM-RACE kit as the protocol
described. According to the sequencing result of TD-
PCR, gene specific primers (GSP) were designed for 5'
RACE and 3'RACE. The 5' end of rbcL was amplified
with GSP1 (5' -CTGGTGGT ACACCAGGTTGTGG-
3') and the 3' end of rbcL was amplified with GSP2 (5'-
GCACCAGGTGCCGT AGCTAAC-3') . The RACE
products were separated by electrophoresis; the target

for 2 hours, cooled on ice. Then added 200 III of 5 M
KAc, on ice incubation for 30 minutes, centrifugated for
5 minutes at 4 "C, 12,000 dmin. The aqueous was ex-
tracted three times with phenol and chloroform (1/1
volume), precipitated with ethanol, washed the pellet
two times with 70% ethanol, and finally the pellet was
resuspended in 30 III of TE buffer (10 mM Tris-HCl, 1
mM EDTA, pH 8.0).

To get better amplification, a modified lD-PCR was
performedusing aoout 500 ng cpDNAof D. salina as tem-
plate[S]. PCR amplification was performed using a Pekin
Elmer DNA Thermal Cycler 480 (Pekin Elmer Biosystems,
California, USA). PCR reactionsystem contained: template
2 Ill, dNTP (each 2. 5 mM) 2.50, primers (20 ~)11l1,
10 Xbuffer 5 0, Taq polymerase (5 u/Ill) 0.5 0, ddHzO
39 Ill, with a final volumeof 50 Ill. PCR program was car-
ried out CL"following:

94'C 30s
2 cycles

1---=---+. . . 50 'C 30s
:30cycles 72 'C

+ 8 mi n

4 'C

~ stop

72'C 90s

bands were purified by PCR purification kit and ligated
to the pMD18-T vector for sequence analysis.

3 Results

3. 1 PCR and cloning of the rbcL gene
The agarose gel electrophoresisresult of the lD-PCR

from cpDNA of D. salina was shown in Figure 1. The~

fragment sizeof the resulting product was aoout 1,300 bp,
then the PCR product was purified and subcloned into the
pMD18-T vector. The recombinant plasmidswere identified
by EcoRI and Hind ill, which included in the multiple
cloningsites (MCS) of pMD18-T vector and the correctone
was shown in Figure 2. The candidate plasmid was se-
quencedand named pDS-rbeL.

M

2000bp

l
--- lOOObp

750bp

~

Figure 1. Agarrne gel electrophorESis analysis of the PCR prcx:1uct

Lane M: marker, TaKaRa DI2000bp; Lane 1: 1.3 kb PCR prcx:1uct

. 7 .
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To obtain the full length DNA sequence of rbcL,
RACE was performed to isolate it's 5' end and 3' end. A
350 bp fragment corresponding to the 5' end of the gene
was obtained using GSPI and 5' RACE primer. A frag-
ment about 400 bp was obtained by 3'RACE. The two
fragments were then subcloned into the pMD18-T vec-
tor, respectively (Figure 3), named pDS-rbcL5, pDS-
rbcL3, and sequenced.

M

, 3000bp
2500bp
2000bp
1500bp

1031 bp

Figure 2. Identification of the recombinant plasmid containing the
rbcL fragment

Lane M: marker, Sangon GeneRulerTM DNA Ladder mix; Lane
1: pDS-rbcL/EcoRI + Hind ill

1 2 M

400bp
300bp

Figure 3. Identification of the recombinant plasmid containing the
5' end and 3' end of rbcL

Lane M: marker, Sangon GeneRulerrM DNA Ladder mix; Lane
1: pDS-rbcL51EcoRI + Hind ill; Lane 2: pDS-rbcL3/EcoRI +
Hind ill .

.I

3.2 The nucleotide sequences and the deduced amino
acid sequences of rbcL

Sequencing result showed that the TD-PCR product
from cpDNA of D. salina was 1 ,347 bp long, encoding
449 amino acids residues. Putting the TD-PCR product
and 5' end and 3' end fragments together, it was indicat-
ed that a complete open reading frame (ORF) of 1,416
bp was obtained. The full length of rbcL has an ORF
encoding a putative polypeptide of 472 amino acids

residues (Figure 4). The multiple alignments and
BLAST analysis revealed that it shared high identities
with rbcL gene of other species in nucleotide sequences,
and the highest degree of identification was found with
Dunaliella parva of 97 % .
3.3 Comparison of the amino acid sequences

The amino acid sequences of the rbcL from D.
salina were aligned in Figure 5. A high degree of simi-
larity to other rbcL was obtained, 99 % to Dunaliella
parva, 93 % to Chlamydomonas reinhardtii, 85 % to
Spinacia oleralea and 82 % to Zea mays, respectively.
In rbcL of D. salina, there are three amino acids dele-
tion mutation between K-Lys and Y-Tyr. Besides, the
amino acid sequences of rbcL from D. salina are totally
identified with the published data of rbcL from D. par-
va, which contained 376 amino acids. Other amino
acids like 0, M, L, S, Q, I, C, etc. , Marked by gray
boxes in Figure 5 were identical with those in a green al-
ga Chlamydomonas reinhardtii but not in higher plants
such as spinach and maize, which was consistent to the
phylogenetic relationship of the organisms. Sequences
I , II , III, N were completely identical with those in

Chlamydomonas reinhardtii, in which I -AI (12
amino acids), III -A2 (20 amino acids), N-A3 (13
amino acids), determined the sequences of the catalytic
sites and II-C (17 amino acids) determined the se-
quences of the C~ activator peptide in rbcL of Chlamy-
domonas reinhardtii[lO].

Table 1 showed the codon usage in the rbcL gene of
D. salina. It can be seen that T and A were used more
frequently in codons ending than C and G. The prefer-
ence for T and A as a third base had also been found pre-
viously in the rbcL genes of Chlamydomon"as rein-
hardtii and Euglena Gracilis [10,11]and other chloroplast
rbcL gene.

Based on the rbcL alignment from different species,
a pair of degenerate PCR primes was designed to clone
the gene of rbcL from D. silina. Because of the shorter
degenerate primers of only 18 base pairs and the expect-
ed PCR product of about 1.3 kb in length, it is difficult
to clone so long gene fragment of rbcL from the complex
chloroplast genomic DNA, just as what we did in previ-
ous experiments. However, TD-PCR can avoid mis-
priming of the shorter primers and improve the specifici-
ty of the PCR[12]. In this study, the annealing tempera-
ture of first cycle was designed at 60 'C to increase the
specificity of PCR reaction.
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In the present study we detenruned the full length nu-
cleotide sequences of rbeL ming 1D- PCR and RACE technique
from the chloroplast DNA of D. salina, a unicellular green
alga which can live under the environments with salinity rang-
ing from O.05 M to 5 M of NaG. For its unique character,
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D. salina would be a promisinghost of bioreactorand will
!XJtentiallybe a novelsystemto producebiologicallyactivema-
terials, for exampleoral vaccine, at lowercost. However, as a
stress-tolerancelivingorganism, relativeslowlygrowth rate of
D. salina made it non-convenientto be geneticm:xlifiedand

there is lesS known about the mechanism involved in the lower

growth rate of it. One rrnsible relli'Onmay lie in the photosyn-
thesis. S:J it is critical to study the genes ass::xiated with the
mechanism of photosynthesis of D. salina and improve the
photosynthetic rate.

GCTGATGGCGATGAATGAACACTGCGTTTGCTGGCTTTGATGAAAAACTCCACCGACTACT

GCATTGAOGAGCTCTOTOGOCTACTAGTAGTAGTAAGAACTCTTOOACTTCCTTOAATACC

TAGGCATGCCAGCAACTCTGCTGAGGAAGTCATCTCTTTCGTCTGTTTCTCCTGCATGCTC

AACCATOAOAOTTOTCAACAACAAG

~ OTA CCA CAA ACT GAA ACT AAA OCT OOT ACT GOA TTT AAG GeT GOT OTA AAAGA T

MV P QT E T K A 0 T G F K A 0 V KD

TAC COT TTA ACA TAT TAC ACT CCA GAC TAC GTA OTT AGC OAA ACT OAT ATT TTA OCA

Y RL TYYTPDYVVS E T DI LA

OCT TTC CGT ATG ACT CCA CAA CCT GOT OTA CCA CCA GAA GAG TGT OOT GCA GCC OTA

A F RMTPQ PGV PPE EC GAAV
OCA GCT GAG TCA TCA ACA OOT ACA TOG ACT ACA OTA TGG ACT GAC GGT CTA ACA AOT

AAES S TO TWTT V WTDOLT S

TT A OAC COT TAC AAA GGT CGT TGT TAC GAT TTA GAA CCT GTA CCA GGG GAA OAA AA T

L D RYKGRC YDLE PVP 0 EEN

CAG TAC ATC GCT TAC OTT GCG TAC CCA ATC OAC CTT TIT GAA OAA OGT TCA OTA ACA

QY IA Y YAY PI DL F EEO S V T

AAC TTA TT~ ACT TCA ATT OTA GGT AAC GTA TTC OOT TTC AAA OCO TTA COT GCA TTA

N L FT S I V GNV FO FK AL RAL

COT TTA OAA OAC CTT CGT ATT TCA CCA ocr r AC orr AAA ACA TIC GTT OOA CCA ccr

RL E DLRI SP AYVKT F VO P P

CAC OOT ATC CAA OTT OAA COT OAC AAA TAT OOT COT GOT TTA TTA OOT TOT ACA ATT

H 0 I QVE R DKYO R GLLG CT I

AAA CCA AAA TT A OOT TT A TCA OCT AAA AAC TAC OOT COT GCT OTT TAC OAA TOT ITA

K PKL G LSAK NYG R AVYE CL

COT OOT OOT TT A OAC TTT ACO AAO GAT OAC GAA AAC GTA AAC TCT CAA CCA ITC ATG

RO 0 L D F T K D DEN V N S Q P F M

COT TOO AOA OAC COT TIC TTA TTC OTA GCT GAA GCT ATT TAC AAA OCA CAA ACA GAA

RW RDRFLFV AE A I Y KAQ TE

ACA GOT GAA ATT AAA OOT CAC TAC TTA AAC TOT ACA Gcr GGT ACO TCT GAA OGr ATG

T GEl KOH YLNCTA G TS EO M

CTTCAA CGT OCA CAA TOTGCT AAA GAA ITA GGT GTA CCA ATT GTA ATG CATGAC TAC

L Q R AQ C A K E L G V P I V M H D Y

CTA ACT OOT OOT TTC ACA OCA AAC ACT TCA ITA OCA CAT TTC TOT COT GAC CAC OOT

LT 0 G FTA NT S LAH FC RD H G

CTT ITA TTA CAC ATT CAC COT OCG ATO CAC OCT OTA ATT GAC COT CAA COT AAC CAC

LL LH I HR AMHAV I D RQ R N H

GGT ATT CAC TTC CGT GTT TTA OCT AAA ACT TTA CGT ATG TCA GGT GOT GAC CAC CTT

0 I HFRVLAKTLR M SO 0 D H L

CAC TCA OOT ACT OTA OTA OOT AAA CTA GAA OOT OAA COT OAA OTA ACT TTA OOT TTC

~

. 9 .
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H S G T V V G K LEG ERE V T L G F

GTA GAC TTA ATG CGT GAT AAC TTC GTA GAA AAA GAC CGT AGC CGT GGT ATC TAC TTC

V D L M R D N F V E K D R S R G I Y F

ACT CAA GAC TGG TGT TCA ATG CCA GGT GTA ATG CCA GTA GCT TCT GGT GOT ATT CAC

TQ D W C S M P G V M P V AS G G I H

GTA TGG CAC ATG CCA GCT CTA GTT GAA ATT GTC GOT OAT GAC GCT TGT TTA CAA TTC

V W H M PAL V E I V G D D A C L Q F

GGT GGT GGT ACT TTA GGT CAC CCT TGG GGT AAC GCA CCA GGT GCC GTA GCT AAC CGT

G G G T L G H P W G NAP G A V AN R

GTT GCT TTA GAA GCT TGT ACA CAA GCT CGT AAC GAA GGA CGT GAC CTT GCT CGT GAA

V ALE ACT Q A R N E G R D L ARE

GGT GGT AAC GTA ATT CGT TCA GCT TGT AAA TGG TCT CCT GAA TTA GCA GCT GCA TGC

G G N V IRS A C K W S PEL A A A C

GAA GTC TGG AAG GAA ATT AAA TTC GAA TTC GAT ACA GTT GAC AAA TTA ~
E V W K ElK F E F D T V D K L stop

TATTTCTTTTTTCGTCGGAAAAAACATTTATCAAAGAAAATCTGGGATTTTCTTTGAGAAA

TCTCGAAGATTTCGAATATCCTTTAAGGATATTCGAAACTTCGACATTTAGTTTTTTCCCAA

GGGTCCCCTTCAGAGGCCCGCGTATATTAGAATTTCTTTTCTAATAOGTTAATCCCTACCT

AAAAAAAAAAACCTATAGTGAGTCGTATTAATTCGGATCCGCG

J
J
..
I

I

}
J
J

j
I

~

j.

J
~

J
I
I

J
I

Figure 4. Nucleotide sequences and the deduced amino acids of rbFL from D. salina (GenBank Accession No: AY531529)
The primers of TD-PCR were wave-lined. Primers of GSPland 0sP2 were double-lined. The primers of 5'RACE and 3'RACE in the kit
were underlined. Start codon and termination codon were boxed. ~

J

D.salina MVPQTETKAGTGFKAGVKDYRLTYYTPf!jYVVSETDILAAFR!TPQPGVPPEECGAAVAAESSTGTWTTVWT

,I.
D.parva GFKAGVKDYRLTYYTPDYVVSETDILAAFRMTPQPGVPPEECGAAVAAESSTGTWTTVWT

C.reinhardtii MVPQTETKAGAGFKAGVKDYRLTYYTPDYVVRDTDlLAAFRMTPQLGVPPEECGAAVAAESSTGTWTTVWT

~
S.oIeralea MSPQTETKASVGFKAGVKDYKLTYYTPEYETLDTDILAAFRVSPQPGVPPEEAGAA VAAESSTGTWTTVWT

Z.rnays MSPQTETKASVGFKAGVKDYKLTYYTPEYETKDTDILAAFRVTPQLGVPPEEAGAAVAAESSTGTWTTVWT

J
I

J

D.p DGLTSLDRYKGRCYDLEPVPGEENQYIAYVA YPIDLFEEGSVTNLFTSIVGNVFGFKALRALRLEDLRJSP

~
J

]

J
J

.L-

D.s DGLT~DRYKGRCYl,LEPVPGEENIYIAYVA YPIDLFEEGSVTN~FTSIVGNVFGFKALRALRLEDLRI~

C.r DGLTSLDRYKGRCYDIEPVPGEDNQYIA YVAYPIDLFEEGSVTNMFTSIVGNVFGFKALRALRLEDLRJSC

S.o DGLTNLDRYKGRCYHlEPVAGEENQYICYVAYPLDLFEEGSVTNMFTSIVGNVFGFKALRALRLEDLRIPV

Z.rn DGLTSLDRYKGRCYHlEPVPGDPDQYICYVAYPLDLFEEGSVTNMFTSIVGNVFGFKALRALRLEDLRIPP

. I-AI H-C
.
I,
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D.s AYVKTFVGPPHGIQVERDK.--,YGRl1JlLGCTIKPKLGLSAKNYGRAVYECLRGGLDFTKDDENVNSOPFMR

D.p AYVKTFVGPPHGlQVERDKLNKYGRGLLGCTIKPKLGLSAKNYGRAVYECLRGGLDFTKDDENVNSQPFMR

C.r AYVKTFAGPPHGIQVERDKI!.JmYGRGlLGCTIKPKLGLSAKNYGRAVYECLRGGLDFTKDDENVNSOPfMR

S.o AYVKTFQGPPHGIQVERDKLNKYGRPLLGCTIKPKLGLSAKNYGRAVYECLRGGLDFTKDDENVNSQPFMR

Z,m AYSKTFQGPPHGIQVERDKLNKYGRPLLGCTIKPKLGLSAKNYGRACYECLRGGLDFTKDDENVNSQPFMR

WRDRFLF'lAEAIYKAQTETGEIKGHYLNCTAGTSEGMLQRAQCAKELGVPIVMHDYLTGGFTANT~LAHFCD.s

D.p WRDRFLFVAEAlYKAQTETGEIKGHYLNCTAGTSEGMLQRAQCAKELGVPIVMHDYLTG(iFTANTSLAHFC

C.r WRDRFLFVAEAIYKAQAETGEVKGHYLNATAGTCEEMMKRAVCAKELGVP[IMHDYLTGGFTANTSLAIYC

S,o WRDRFLFCAEALYKAQAETGEIKGHYLNATAGTCEDMMKRAVFARELGVPIVMHDYLTGGFTANTTLSHYC

Z,m WRDRFVFCAEAlYKAQAETGEIKGHYLNATAGTCEEMIKRAVFARELGVPIVMHDYLTGGFTANTTLSHYC

ill-A2

D.s RDHGLLLHIHRAMHAVIDRQRNHGlHFRVLAKTLRMSGGDHiHSGTVVGKLEGEREVTLGFVDLIR,DNFVE

D,p RDHGLLLHIHRAMHAVIDRQRNHGIHFRVLAKTLRMSGGDHLHSGTVVGKLEGEREVTLGFVDLMRDNFVE

C.r RDNGLLLHIHRAMHAVIDRQRNHGIHFRVLAKALRMSGGDHLHSGTVVGKLEGEREVTLGFVDLMRDDYVE

S.o RDNGLLLHIHRAMHAVIDRQKNHGMHFRVLAKALRLSGGDHIHSGTVVGKLEGERDlTLGFVDLLRDDYTE

Z,m RDNGLLLHIHRAMHAVIDRQKNHGMHFRVLAKALRMSGGDillHSGTVVGKLEGERBITLGFVDLLRDDFffi

D,s KDRSRGIYFTQDWIsMPGvflPVASGGIHVWHMPALVEIVGDDAILQFGGGTLGHPWGNAPGAVANRVALEA

D,p KDRSRGlYFTQDWCSMPGVMPVASGGIHVWH

C.r KDRSRGlYFTQDWCSMPGVMPVASGGIHVWHMPALVEIFGDDACLQfGGGTLGHPWGNAPGAAANRVALEA

S.o KDRSRGIYFTQSWVSTPGVLPVASGGIHVWHMPALTElfGDDSVLQFGGGTLGHPWGNAPGAVANRVALEA

Z.m KDRSRGlfFTQDWVSMPGVIPVASGGIHVWHMPALTEIFGDDSVLQFGGGTLGHPWGNAPGAAANRVALEA

IV-A3

D.s CII\QARNEGRDLAREGGNVIRlACKWSPELAAACEVWKEIKFEFDTVDKL

D.p

C,r CTQARNEGRDLAREGGDVIRSACKWSPELAAACEVWKEIKFEFDTlDKL
I

l
S.o CVQARNEGRDLAREGNTlIREATKWSPELAAACEVWKEIKFEFPAMDTV

Z,m CVQARNEGRDLAREGNEllKAACKWSAELAAACElWKEIKFDGFKAMDTI

Figure 5. Comparison of the rbcL amino acid sequences from D. salina with that from other species.
D.s: D. salina; D;p: D. parva with 376 amino acids; C.r: Chlamylomonas reinhardtii with 475 amino acids; 8.0: Spinaci oleralea
with 475 amino acids; Z. m: Zea mays with 476 amino acids. The active sites Al, P\2, A3, and the COz activation region were under-
lined. The nudeotides in gray boxes were fully identified with those from Chlamylomonas reinhardtii. The deletion mutation between K
(Lys) and Y (Tyr) were boxed,

. 11 .
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Table1. Codonusage in the rbcL gene of Dunaliella salina

TIT-Phe 3 (0.6) TCf-Ser 4 (0.8) TAT-Tyr 2 (0.4)

TTC-Phe 15 (3.2) TCC-Ser TAC-Tyr 15 (3.2)

TTA-Leu 27 (5.7) TCA-Ser 11 (2.3) TAA

TTG-Leu TCG-Ser TAG

CTT-Leu 7(1.5) CCf-Pro 5(1.1) CAT-His 2(0.4)
CfC-Leu CCC-Pro CAC-His 13 (2.8)

CfA-Leu 4 (0.8) CCA-Pro 16 (3.4) CAA-Gln 11(2.3)

CfG- Leu CCG-Pro CAG-Gln 1(0. 2)

ATT-Ile 13 (2.8) ACT-Thr 16 (3.4) AAT-Asn 1 (0.2)

ATC-Ile 4 (0.8) ACC-Thr ACA-Thr 13 (2.8)

ATA-Ile AAC-Asn 13 (2.8) AAA-Lys 16 (3.4)

ATG-Met 10 (2.1) AGC-Ser 2 (0.4) AAG-Lys 3 (0.6)

GTT-Val 9(1.9) GCf-Ala 24(5.1) GAT-Asp 6(1.3)

GTC-Val 2(0.4) GeC-Ala 2(0.4) GAC-Asp 18(3.8)

GTA-Val 25 (5.3) GeA-Ala 11(2.3) GAA-Glu 26(5.5)

GTG-Val GGA-Gly 3 (0.6) GAG-Glu 2(0.4)
Numbers in parenthesis indicated per cent of polypeptide (472 amino acids) having this codon.
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