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Abstract The unicellular green alga Haematococcus pluvialis accumulates a highly valuable ketocarotenoid, i.e. astaxanthin up to 4%
dry weight under stress conditions. Phytoene synthase is considered to be the first rate limiting enzyme in carotenoid biosynthesis
pathway in H. pluvialis. The cDNA and genomic genes of phytoene synthase, i.e. psy from H.pluvialis were cloned and characterized.
Result showed that psy had one open reading frame of 1 200 bp encoding a putative polypeptide of 400 amino acids which was
interrupted by four introns. Phylogenetic analysis revealed that psy from green algae formed a monophyletic clade, and its closer
relationship was higher plants. By using genomic walking approach, an approximate 1 kb 5’ flanking region of psy gene was cloned
and a number of putative cis-regulatory elements were revealed. Fusing a 297 bp internal sequence (297 to —1 bp from the translation
initiation codon of psy) with the reporter gene, i.e. lacZ before attempted introducing the construct into the green alga via particle

bombardment resulted in /ac Z transient expression.
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pluvialis accumulates a valuable
under stress conditions!". There is growing commercial
interest of astaxanthin because of its antioxidative
properties ¥, anti-cancer bioactivity ®! and immune
stimulating effects™. There is also increasing need of
this most valuable carotenoid in aquaculture used as
diet supplements of salmonoids and other marine
animals®~7. Similar to cyanobacteria and plants, the
biosynthesis pathway of carotenoids in green algae
starts with condensation of two geranylgeranyl
pyrophosphate (GGPP) molecules, thus phytoene
synthase is regarded as the first rate limiting enzyme in
carotenoid synthesis®’. It was found that blue light can
of phytoene
synthase " and that the transcriptional regulation of

lead to elevated transcript levels
psy was related to astaxanthin accumulation in
H.pluvialis™, so far there is still very little information
available for transcriptional regulation elements of psy
in H.pluvidlis.

In this research, both cDNA and genomic genes

Haematococcus pluvialis, phytoene synthase, 5’ flanking region, phylogenetic analysis, promoter

of psy from H.pluvialis were cloned and characterized,
and the 1 kb 5’ flanking region including a 297 bp
putative promoter sequence was investigated by using
reporter gene transient expression technique and
computational analysis.

1 Materials and methods

1.1 Strains and growth conditions

Haematococcus pluvialis strain323 kept in our
laboratory was grown in a liquid medium described by
Boussiba and Vonshak ' under a light density of
25 pmol photon-m=-s7' (12 h : 12 h) at 22 = 1)C.
Cells were collected by centrifugation at 2 500 g for
10 min at 22°C and then frozen immediately in liquid
nitrogen.
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1.2 Rapid amplification of 5" ¢cDNA ends

Total RNAs were extracted using RNeasy Mini
kit (Giagen, Hilden, Germany) and used as template
for RACE wusing SMART™ RACE cDNA
Amplification Kit (Clontech, California, USA). The
reverse transcription reactions were carried out
according to manufacturer's instructions. The product
was then used as the template for 5 RACE. The
specific primer (5" CAATCGGCGATGCAAGTCAAT
3’) was designed based on the partial cDNA sequence
in GenBank. RACE PCR profile was as following:
94°C for 5 min; 94°C for 60 s, 58°C for 60 s, 72°C for
3 min (30 cycles) and 72°C for 10 min. The size of
PCR product was determined by agarose gel
electrophoresis. The gel band was purified using Gel
Purified Kit (Watson, Shanghai, China) before cloning
into pMDI18-T (TaKaRa, Japan) vector. Ten positive
clones were picked and the plasmids were sequenced
by Bioasia Company (Shanghai, China).
1.3 Cloning and analysis of psy c¢DNA and
genomic sequence

The full length cDNA and genomic sequence of
psy were amplified from H. pluvidlis first strand cDNA
and genomic DNA, respectively, using sense primer:
5" ATCAACTCTGACAATGCAGACAACA 3’ and
anti-sense primer: 5 GGTGCCATTCTTTCATCAC-
TTACA 3’ corresponding to the ends of cDNA
sequence. The following PCR parameters were used:
94°C for 5 min; 94°C for 60 s, 55°C for 60s, 72°C for
3 min (30 cycles) and 72°C for 10 min. The PCR
products were cloned as described above. Multiple
protein sequence alignment was performed using
BioEdit program with the implanted ClustalW [,
Other PSY orthologous sequences were obtained from
GenBank. A phylogenetic tree was reconstructed using
neighbor-joining method " as implemented in the
program MEGA 2.1 ™. The reliability of the tree
was evaluated by the bootstrap method with 1 000
replications.
1.4 Cloning of psy 5’ -flanking region and
analysis

According to manufacturer’s instructions of
Universal GenomeWalker (Clontech, California,
USA), total genomic DNA was digested with four
types of restriction endonucleases (Dra I , EcoR V ,
Pou 1T, Stu I ) respectively, then ligated with a
GenomeWalker adaptor before used as templates for
nested PCR. The adaptor primer AP1 provided by
the kit and a gene-specific primer GSP1 (5’

TCAACTGCGGCTGTTTAGGAACCACCTGG 3')
based on cDNA sequence were used in the primary
PCR. Moreover, another nested adaptor primer AP2
and a nested gene-specific primer GSP2 (5’
GAACCACCTGGCTGGATGCTATGGACCAG 3')
based on the same cDNA sequence as above were used
in the secondary PCR amplification. Touchdown PCR
was used with the annealing temperature from 70°C to
65°C . The 5’ flanking sequence was analyzed using
both the Web Signal Scan Program and the PlantCare
databasel'”.
1.5 Promoter investigation

The plasmid vector pp-gal-Basic harboring a
promoter-lacking lacZ (encoding [-galactosidase)
reporter gene was purchased from Clontech
Laboratories Inc.(Palo Alto. CA). The —297 bp to —1 bp
5" flanking region of psy containing putative
TATA-box and CAAT-box was amplified by PCR.
The forward primer (5' CATGGTACCCAGCTCA-
CAGCTGCAAT 3') contains a Kpn | restriction site,
and the reverse primer (5" TACAAGCTTGTATA-
TCACAGGAGTC 3’) contains a Hind Il restriction
site. The PCR product was double-digested with
Kpn | and Hind Il and then inserted into Kpn 1 -
Hind Il site of the above vector to get p PSY-lacZ
before attempted introducing into H. pluvialis cells
using micro-particle bombardment as described by
Teng et al.'. The transient assays were performed
48 h after transformation using the histo-chemical
staining for lacZ activity. Blank controls were not
bombarded cells, while negative controls were
bombarded cells by using pp-gal-Basic vector without
promoter as donor DNA.

2 Results

2.1 Isolation of psy cDNA and genomic genes
from H. pluvialis

By RACE and RT-PCR, psy cDNA was
synthesized. The genomic DNA of H. pluvialis was
used as template for polymerase chain reaction (PCR)
The sequences of
H. pluvials phytoene synthase gene and cDNA in this

to obtain psy genomic gene.

study were released in GenBank with accession
number AY835634 and DQO57355, respectively. To
elucidate the genomic organization of psy, the genomic
DNA sequence and cDNA sequence of psy were
aligned with software CLUSTAL W . The result
indicated that psy consisted five extons and four
introns (Figure 1). The sizes of the exons and introns
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are summarized in Table 1.
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Fig. 1 Gene structure of phytoene synthase gene of
H. pluvialis
Five exons and four introns are indicated.
The % G+C contents of the four introns were
55.73%, 51.27%, 57.75% and 54.52%, respectively.

These introns began with the sequence GT and ended
with AG, confirming the consensus 5’ and 3’ intron
splice sites for mRNA. The 3’ acceptor splice sites
were also preceded by pyrimidine-rich sequences as
are a common feature of mRNA 3’ splice sites. A
comparison of the splice junction nucleotide sequences
from other eukaryotic genes!” shows these sequences
are very similar suggesting that psy in Haematococcus
exhibits a strong sequence preference at its exon/intron
boundaries. Comparing to Dunaliella, the first exons
are more variable than other exons. However,
average, the exons are 75% identical in their sequences
and therefore they are more conserved than the introns.

on

Table 1 The organization of exons and introns in psy

No. Exon size /bp 5" Splice donor 3’ Splice acceptor Intron size /bp
1 480 CCCAAGgtacge gettag GCCCTG 131
2 261 TACAAGgtagge ctgtagGGACCC 236
3 156 CAAGATgtgagt tgacagGTGCTG 258
4 152 TGTCTGgtgagt atgcagGTCTGC 299
5 154

“5’ splice donor” shows exon/intron boundaries and

“3" splice acceptor” shows intron/exon boundaries in

which exon sequences are shown in uppercase letters and intron sequences are shown in lowercase letters.

2.2 Sequence analysis of 5’ flanking region and
promoter activity assay
The 5’ first

in

flanking region of psy was
investigated by method
H. pluvialis instead of screening from the genomic
library. A sequence of approximate 1 kb had been
released to GenBank DQ152009. Internet tool (http:
//oberon.rug.ac.be:8080/PlantCARE/index.html)!'” was
used to perform sequence analysis including prediction

genome-walking

of possible transcriptional elements. The putative
TATA box is located between nucleotides -256 to
-249 (TATAAA), two presumed CAAT boxes occur
at =284 to —280 and -338 to —334 in the 5’ flanking
region. Several potential cis-regulatory elements such
as C-repeat/DRE, ABRE (abscisic acid regulated
expression), ERE (ethylene-regulated expression) and
other potential elements responsive to stress conditions
are shown in 5’-flanking region of psy. Figure 2 shows

—102 7 CTGAGACTGC GAGATAAGCC ACCAAAGGCC CAGCAGCAGC AACAGCAGCC TGCTGAGGCA CAGTAGTGTG TCTCCCCCCA TCTGAGCTGT CATCAGCTTA
TCCmotif
-927 CAATTAGTGC ATGTTTTGTC ATGCCAAGTC TACACGATAG CCCTAACGGG TCAGGCAATA ATGTAGGTGG TAGACGGCTC ATGTGCCATG TGCACTGGGT
—-827 TTACTCCACA CAACCCAATA ACACAATATG AGTCGGGCCA CTATTGCCCA CTAGTATATT CCCGCTAGTG GCTGCTAGTG GCTACTACTG GTCCGGCTCA
MRE
=727 AATGGAGGCC CTAGTGAGGG ACAGGGGGGC TGTGTCCAAG TTCTGTTCGT GCAGCCGCTT TCACCACTGA CATGTCGCAG CACCCGGGCG CCGCCAAGGC
GC-box GC—box
-627 CAAGGCCCCA GCCGGTGCCA GACACTTGCC GGGCTGGGGG CCATGAAAGC TGGAGGCGGA GGTCGGGCAG TGACAATTGT CGTCACCCAT TTGTGCAATT
GC—box GC—box C-repeat/DRE
=527 GTCTCACCCG TACCGCAACT TTGACCATTG CAACTTTGTT TGGCAGATAG GGCACGACCG GCCTTGTTAC ATAGGCTTAG TCGCAAATGT CGTTCTCTGT
[-box
-427 CGCAAATGCA AAGGATATGT TAACGCTTTG TCTTGATTAC GTGCAATGCC AGCACAAGGG TGTTTCGCCA TTTTCTCATC AAGTTGTTAC AATTGCGCCC
ABRE CAAT box
-327 TGGTTGGCAT AGCATAACTG CCATAGTATA CAGCTCACAG CTGCAATGAC TGCCCAGGTG CTTGGCAAGT GTATAAACTT TGTGACTTCT TCCTTTATGT
CAAT box TATA box
=227 TTTCACTGCA ATTGGCGCCT GATGGACATC TGATTAGAAG CCTGCATAAC CCATTTAGAA GCCTGCAGAC GCTCTGCATC TCGAGGCAAA ATGCTTGAGA
-127 CGCTTTCCAT ATGCGGGCCG GCACGAGGAT CTGAAATGCG CGATTGGCAA TTGGTAGAAG CAATGCAGCA AGGCTGAAGT GTGTTGCTCG TTTGACTCGC
ERE
=27 TGGCCTCACT CCGACTCTGT GATATACATG

M

Fig. 2 Nucleotide sequences of the 5'-flanking region of psy gene
Nucleotide positions are shown relative to the translation start site which is indicated by a vertical arrow. The putative TATA and
CAAT boxes as well as potential cis-elements are underlined. The translation initiation codon, ATG, is underlined.
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non exhaustive list of some of these elements,
previously shown to be involved in various regulatory

processes.
To assay the promoter activity of 5’ -flanking

(b)

@

Fig. 3 Transient expression of lacZ in H. pluvialis driven
by 5’-flanking region of psy

(a) Negative controls. (b) lacZ expression driven by 5’-flanking region of

psy to drive.

Prochlorococcus &
marine synechococcus

region, the histo-chemical staining for lacZ activity
was detected 48h after transformation. No blue cell
appeared in blank and negative control (Figure 3a).
However, some blue cells were found in transformed
cells (Figure 3b). These results indicated that the
300bp proximal region containing TATA box and
CAAT box was sufficient to drive the expression of the

reporter gene.
23 Sequence
analysis of psy
psy genes derived from green algae, higher plants,
cyanobacteria, proteobacteia, chlorobi, and some other
bacteria were used to construct phylogeny to discern
the evolutionary history of psy genes. Different
methods (NJ, MP) were used to construct phylogenetic
trees, which exhibit quite similar topologies (Data not

alignment and phylogenetic
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Fig. 4 Phylogenetic tree of PSY sequences from various organisms

Unrooted neighbor-joining tree inferred from poission-corrected evolutionary distances. The numbers on the tree show the levels of bootstrap support
based on the 1000 replications. The sequences are as followed: Hpl: H. pluvialis AAY53806; Dba: D. bardawil T10702; Dsa: D. salina AAT28184; Cre:

C. reinhardiii AAT38475; Osa: 0. sativa AAK07735; Zma: Z. mays AAQ91837; Cun: C. unshiu BAB18514; Mch: M. charantia AAR86104; Ath:
A. thaliana AAB65697; Les: L. esculentum CAA42969. Besides above abbreviations, other sequence names are obtained from IMG database (http:

//img.jgi.doe.gov) according to their Gene Object Identifier number.
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shown). As shown in Figure 4, all the green algae
(Hpl, Cre, Dsa, Dba) form a monophyletic clade with
strong bootstrap support (99% ), and its closer
counterpart is higher plants (Osa, Zma, Cun, Mch, Ath,
Les, Ter). Moreover, as anticipated, the sequences
from cyanobacteria, betaproteobacteria and chlorobia
also fell into distinct branches of the tree (Figure 4).

psy genes
Synechococcus and Prochlorococcus fell into a separate

Interestingly, derived from marine

group, outside of the cyanobacterial clade, indicating
the closer relationship between these two species and

Amino acid (aa) sequences were deduced from
the DNA sequences. The deduced size of PSY is
400aa, and the putative molecular mass is 45.17 ku.
Alignments at the protein level with other green aglae
and plants showed the
conserved at the N terminus (Figure 5). The variable
sequences were detected in the portions of the signal

sequences were poorly

peptides responsible for the localization of these
enzymes in chloroplasts and chromoplasts ™. The C
sequence
similarity may be involved in the catalytic activity or

terminus showing a high intraspecies

different  evolutionary  patterns  from  other carotenoid-recognization/binding®".
cyanobacteria.
D.Sali - MPSTS GASPFLPAAP ALARRCSRGP NGSSRRCSRA VPASSVSR-- ———- SPTVAV QATLAMPSPD SQRLRLQQQL QQQAQQQQAQ QQLSGKDVEQ
D. bard MTLSMLDARR MAQRSASSSS SFPISGSTAP SRMSRICGIR SSGRRATRRT GGRCSTAVQV NCTIAMPQPN —————- HSSK TMQFPQQQQQ QQLSGKQVEE
H.pluv - MATPL PTKRTHSIVS VPPAMLHQSL PGRCRPHSSR CP————-—-= ——————— VAT SATLVGPDPR ——--—- WSIA SSQVVPKQPQ --LKGKDVEE
C.rein - MNFRTAHSAQ TCPARGRR—— MAVA RATLLRPQSN ————— VSSSA PSSSAPGLPQ T-LKGRDVED
Syn6803 MAN GQI SPQRAVTKPQ SWWLTSEPRP
S.plat
0. sati ———-MTGEGS PNQNCRGAPR GLLAGGFEGG PPPPRQVEQD SSHFSQGYNE GEEAGCCRLV . AAAGREPGGG HGAGGRGVEE
7. mays ————-MAAGS SAVWAAQHP- ACSGGKFHHL SPSHSHCRPR RALQTPPALP ARRSGASPPR S LAAAAPAVAV RTASEEAVYE
A. thal AVLWVATSSL NPDPMNNCGL VR-——-VLES SRLFSPCQNQ RLNKGKKKQL PTWSSSFVRN RSRRIGVVSS SLVASPSGEI ALSSEEKVYN
L.escu ——————- MSV ALLWVVSPCD VSNGTSFMES VREGNRFFDS SRHRNLVSNE RINRGGGKQT ——————-—- N NGRKFSVR-S AILATPSGER TMTSEQMVYD
Cons
D. Sali AAMQACIRTA TSVPPSSGVL DPSGLRWRGG A-———-—- LE AAYERCGAVC KEYAKTFYLG TQLMTPVQAR CIWAIYVWCR RTDELVDGPN ASKITPQQAL
D. bard QAMLRCIQTD QSVPPSTGLL DPRTLRWQGG S——---—- LE GAYERCGAVC SEYAKTFYLG TQLMTPVQAR CIWAIYVWCR RTDELVDGPN ASKITP-QAL
H. pluv AAMWRCIDLH RRLP--NGGA PQQASRWTPA T-—————- LE EAYQRCGQVT SEFAKTFYLG TQLMTPIQAK SIWATYVWCR RTDELVDGPN ANKITP-KAL
C.rein YAMWRCIEAH EGQR-——-MA VPRGFKWSGG V-—-———- LD QAYEKCGQVT SEYAKTFYLG TQLMTPAQAK AVWAVYVWCR RTDELVDGPN ASKITP-KAL
Syn6803 SLMLQLPKPS PSAK PCA S VE EAYEICRQVT AQYAKTFYLG TLLMPPAKRR AIWAIYLWCR RTDELVDGPQ AATTTP-ETL
S.plat —-MLQLSK-S PCMR TPA T RS DSYELCRQIT AQYAKTFYLG TQLMPLAKRQ AIWATYVWCR RTDELVDGPM ASSTTL-ETL
0.sati DGGGEASRGR LGTRCGRPHR AARGRRGGRG GRVDWGLLLG DAYHRCGEVC AEYAKTFYLG TQLMTPERRK AVWAIYVWCR RTDELVDGPN SSYITP-KAL
7. mays VVLRQAALVE AATPQRRRTR QPRWAEEEEE ERVLGWGLLG DAYDRCGEVC AEYAKTFYLG TQLMTPERRK AVWATYVWCR RTDELVDGPN ASYITP-TAL
A. thal VVLKQAALVN KQLRSSSYDL DVKKPQDVVL PGSLS—-LLG EAYDRCGEVC AEYAKTFYLG TLLMTPERRK ATWATYVWCR RTDELVDGPN ASHITP-MAL
L.escu VVLRQAALVK RQLRSTN-EL EVKP--DIPT PGNLG—-LLS EAYDRCGEVC AEYAKTFNLG TMLMTPERRR ATWATYVWCR RTDELVDGPN ASYITP-AAL
Cons A cokkk k% gk, coLskkookkkk kdokskdokdoRk * Tk
D.Sali DRWEERLNGV FQGRPYDVLD AALTDTISKF PLEVQPFRDM IEGMRMDLFK SRYQTFDELY EYCYRVAGTV GLMTVPVMGI DP——————- N YKGPLDKVYR
D. bard DRWEERLEAM FQGKPYDELD AALTDTLSKY PLEIQPFRDM IEGMRMDLFK SRYYTFDELY EYCYRVAGTV GLMTMPVMGV DP-——---- S YKGPVDKVYR
H. pluv DRWEERLEAT FAGRPYNVLD AALSDTISKE PMDIQPFKDM TEGMRMDLHK TRYQTFDELY EYCYRVAGTV GLMTMPVMGI S YKGPMDVVYK
C.rein DRWEERLEAL FDGKPYDELD AALTDTAAKE PLHIQPFRDM IEGMRMDLVK .Y EYCYRVAGTV ALMCMPIMGI " YKGQLEPVYR
Syne6803 DHWERRLEGI FAGQPQDDAD VALVDTLETE PLDIQPFRDM TAGQRMDLYR SRYQTFEELD LYCYRVAGTV GLMSSAVLGV DTGNGQAPWQ PD-AVYIPQE
S.plat DHWEEQLEST FAGHPIEPVD VALVDTLGRF PLDIQPFRDM TAGQRMDLSR NRYNTFDELN LYCYRVAGTV GLMSLAVMGT AEPDLSVPWN RDQSIYYPKE
0. sati DRWEKRLEDL FEGRPYDMYD AALSDTVSKEF PVDIQPFKDM TEGMRLDLWK SRYRSEDELY LYCYYVAGTV GLMTVPVMGI AP——————- D SKASTESVYN
7. mays DRWEKRLEDL FEGRPYDMYD AALSDTVSKE PVDIQPFKDM VQGMRLDLWK SRYMTFDELY LYCYYVAGTV GLMTVPVMGI AP—————— D SKASTESVYN
A. thal DRWEARLEDL FRGRPFDMLD AALADTVARY PVDIQPFRDM TEGMRMDLKK SRYQNFDDLY LYCYYVAGTV GLMSVPVMGI DP—--—--- K SKATTESVYN
L. escu DRWENRLEDV FNGRPEFDMLD GALSDTVSNF PVDIQPFRDM IEGMRMDLRK SRYKNFDELY LYCYYVAGTV GLMSVPIMGI AP——————- E SKATTESVYN
Cons ko ko k skik oo ko skek skek ok, skekskrsiek posk skoskek o skk sk ok sk skekelelek | skek | n ok
D.Sali AALALGTANQ LTNILRDVGE DIRERDRIYL PLDELRGVWH LGRQVRAGIH KPSQGKVDER WRKFMKFQIQ RAREYFQEAE DGVDYLDVKA RWPVWSALIL
D. bard AALALGTANQ LTNILRDVGE DIRERDRIYL PLDEIKQFGM TEEEVKACIH RPTQGKVDER WRSFMKFQIK RARDYFQEAE DGVDCLDVKA RWPVWSALIL
H. pluv AALALGTANQ LTNILRDVGE DARERNRIYL PMEDLQQFGL TEQDVLGAVH VPSQGKVSEK WRAFMKFQIA RARQCFADAE SGVDQLEAKA RWPVWSALIL
C.rein AALALGTANQ LTNILRDVGE DAYQRNRIYV PLDELDKYGI SEKELLTGLH APTTGAMDDR WRNFMHFQIT RARQYFTDAE GGVDLLAPQA RWPVWSALIL
Syn6803 EATALGVANQ LTNILRDVGE DVE-RGRIYL PLEDLERFNY SEQDLLN--- ———— GVNDDR WRSLMKFEID RARHYFEDAE RGIRALNRDA RWPVWTALML
S.plat EATALGIANQ LTNILRDVGE DAR-RGRIYL PLDDLALFNY TEADLLN-—— ——--GKVDER WRELMRFQIQ RARKFYTLAE EGIAALHPDI RWPVWTALML
0. sati AALALGIANQ LTNILRDVGE DSR-RGRIYL PLDELAEAGL TEEDIFR--- ----GKVTDK WRKFMKGQIL RARLFFDEAE KGVAHLDSAS RWPVLASLWL
7. mays AALALGIANQ LTNILRDVGE DAR-RGRIYL PLDELAQAGL TEEDIFR—— ————GKVTGK WRRFMKGQIQ RARLFFDEAE KGVTHLDSAS RWPVLASLWL
A. thal AALALGIANQ LTNILRDVGE DAR-RGRVYL PQDELAQAGL SDEDIFA-—— ———=GKVTDK WRNFMKMQLK RARMFFDEAE KGVTELSAAS RWPVWASLLL
L. escu AALALGIANQ LTNILRDVGE DAR-RGRVYL PQDELAQAGL SDEDIFA--- ——-—GRVTDK WRIFMKKQIH RARKFFDEAE KGVTELSSAS RFPVWASLVL
Cons skkeksk Skl sololeielelolokeksk sk kokrk:r koo ol * ook okr o kekk o kk ok ok Kikk 1k ok
D.sali YRQILDVIEK NDYDNFSMRA YVSKSKKLAS LPLALLRAMM PKSPQ———
D. bard YRQILDSIEK NDYDNFSMRA YVPKAKKFETS LPMALFRAMYV PQNQNK-—
L pluv YRQILDAIEK NDYDNFSQRA YVSKAKKMAS LPLALTRALL PQHRG—
C.rein YRQILDATEA NDYDNFSKRA YVPKWRKMVS LPVAYTRALM PARRR-
Syn6803 YKGILDVIEA NNYNVENRRA YVPTPKKLLY LPVAWLRAQV L--—- -
S.plat YRQILDEIER NEYDVENQRA YVPTWKKMMC LP---—---= ———————m——
0. sati YRQILDATEA NDYNNETKRA YVNKAKKLLS LPVAYARAAV AS———————-
7. mays YRQILDATEA NDYNNFTKRA YVGKAKKLLS LPLAYARAAV -
A. thal YRRILDEIEA NDYNNEFTKRA YVGKVKKIAA LPLAYAK-SV LKTSSSRLSI
L.escu YRKILDETEA NDYNNFTKRA YVSKSKQVDC ITYCICKISC ASYKTASLQR
Cons kokekek sk kik: ok, Rk ckk o .

Fig. 5 Multiple alignment of different phytoene synthase
Sequences were obtained from GenBank. Species and Accession numbers are: D.Sali: D. salina, AAT28184; D.bard: D. bardawil T10702; C.rein:
C. reinhardiii AAT38475; Syn6803: Synechocystis sp. PCC 6803 BAA17848; S.plat: S. platensis BAA20384; O.sati: 0. sativa AAKO7735; Z. mays
AAQ91837; L.escu: L. esculentum CAA42969; A.thal: A. thaliana AAB65697. Identical amino acid residues among species are indicated by *. Two or
one point below residues indicates decreasing amino acid similarity.
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3 Discussion

The enzyme phytoene synthase (PSY) catalyzes
the first reaction specifically devoted to carotenoid
formation and has been considered as a stress
responsive gene!"™ ' for a long time. However, little
information is available on its molecular regulatory
mechanisms of Haematococcus pluvialis. Information
obtained on psy gene and promoter region in this work
will help us get more insight into the regulatory
mechanisms.

Sequence analysis of the 5’ flanking region
showed several potential cis-regulatory such as
C-reapteat/DRE ™ # ABRE (abscisic acid regulated
expression)?), ERE(ethylene-regulated expression)??
and MRE(MYB-core sequence)® which were known
as the potential elements responsive to stress
conditions are shown in 5" -flanking region of psy. In
addition, I-box, GC-box and TCCC box involving in
light response presented in the 5’ -flanking region.
C-repeat/ DRE had been reported to be induced at a
transcriptional level under stressed environment such
as high salt, lack of water or lower temperature® >,
Some of these cis-elements were also found in the 5’
flanking region of pds™ and bkt®? implying that these
gene may be regulated by the same environmental
factors.

The transient assay showed that the 300 bp
proximal region of the 5’ flanking region is sufficient
to drive the expression of the reporter gene. This result
is in agreement with many other plant promoters
where the proximal region of the promoter is generally
the main driver of the transcription. Further study on
of the
Alignments at the protein level and nuclear acid level
show the psy family are conservative over the coding
region, more important divergences were observed in
These
recent

the functions cis-elements is needed.

upstream region (data were not shown).
observations are in accordance with
demonstrations that the upstream regulatory regions of
genes evolve more rapidly than downstream function
of their protein productsP”. With evolutionary time, no
new functions are gained, but the psy in H. pluvialis
has different function from the ancestral gene, which
maybe result from a subset of promoter elements
compared to the ancestral state®. The divergences in
5'-flanking regions of PSY family suggest that psy has
evolved with specific regulatory feature in different
organisms.

Fine structure analysis of genomic psy gene and
its 5" flanking region will provide the basis for the
study on psy transcriptional regulation. Work is
currently underway to  characterization  the
cis-elements and identify trans-acting factors that
Thus,

further study will allow us to investigate molecular

interact with the putative cis-acting motifs.

regulatory mechanism of astaxanthin biosynthesis in
Haematococcus pluvialis as response to environmental
factors.
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