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Cloning and characterization of zeaxanthine glucosyltransferase (CrtX) from the

astaxanthin-producing marine bacterium, Paracoccus haeundaensis

Seong Seok Choi

Department-of Microbiology, The Graduate School,

Pukyong National University

ABSTRACT

Zeaxanthin, a member of the carotenoid pigment family, is most abundant
in dark, leafy green vegetables and is crucial to the good health of the eyes.
Previously, we reported the isolation of a new marine bacterium, Paracoccus
haeundaensis, which produces carotenoids, mainly astaxanthin. Zeaxanthin
glucosyltransferase (CrtX) mediates the formation of zeaxanthin to zeaxanthin
diglucoside. Here, I report cloning of the crtX gene responsible for zeaxanthin
diglucoside biosynthesis from P. haeundaensis and the production of the

corresponding carotenoids in the transformed cells carrying this gene. The crtX



was isolated from the marine bacterium P. haeundaensis and shown to consist
of 1248 bp encoding 415 amino acids residues. The nucleotide sequence of
crtX was compared with those of other species and was shown by
phylogenetic analysis to be well conserved during evolution. The expression
plasmid containing crtX gene (pSTCRT-X) was constructed, and Escherichia
coli cells containing this plasmid produced the recombinant protein of
approximately 46 kDa, corresponding to the molecular weight of zeaxanthin
glucosyltransferase. Biosynthesis of zeaxanthin diglucoside was obtained when
the plasmid pSTCRT-X-was co-transformed into—FE. coli containing the
pET-44a(+)-CrtEBIYZ  carrying crtE, crtB, crtl, crtY, and ecrtZ genes required

for zeaxanthin [3-D-diglucoside biosynthesis:



INTRODUCTION

The carotenoids are a widely distributed class of structurally and
functionally diverse yellow, orange, and red natural pigments. These pigments
are synthesized in bacteria, algae, fungi and plants, and have been widely used
as a feed supplement from poultry rearing to aquaculture. Carotenoids also
exhibit diverse biological properties, such as strong-antioxidant activity [1, 2],
and antitumor activities [3, 4], and enhancement of immune. responses [5, 6].

Zeaxanthin [(3R,3’R)-[3,3-carotene-3,3’diol] is one of the xanthophylls,
which are most abundantly in dark, leafy green vegetables, and are crucial to
the good health of the eyes. Zeaxanthin helps protect the eye from damage by
ultra-violet (UV) irradiation, and prevents free-radical damage to the retina and
the lens of the eye associated. with diabetic retinopathy, macular degeneration,
cataracts, and glaucoma. Zeaxanthine diglucosides are considered to protect
cells against photooxidative damage from: activated oxygen plus visible light
[7] or to stabilize a membrane ~environment in a manner similar to the
function of sterols in eukaryotic cells [8].

Carotenoids are essential for organisms with oxygenic photosynthesis
(plants, algae, cyanobacteria) because of their protective role as antioxidants
[9, 10]. The genus Paracoccus consists of Gram-negative cocci or short rods
bacteria that show substantial metabolic versatility. Nearly, 20 species have
been described to date [11]. Some species produce carotenoids: adonixanthin

diglucoside from Paracoccus schoinia (=marinus) NBRC 100637 [12],



astaxanthin and canthaxanthin from Paracoccus marcusii [13], astaxanthin from
Paracoccus  sp. MBIC 03024 [14] zeaxanthin from  Paracoccus
zeaxanthinifaciens ~ R-1534  [15], and astaxanthin from  Paracoccus
carotinifaciens [16] and Paracoccus haeundaensis [17].

Lee clarified the biosynthetic pathway of astaxanthin in Paracoccus
haeundaensis as reported previously [18, 19]. A simplified carotenoids
biosynthetic pathway is shown Figure 1. Carotenoids are characterized by a
large 40-carbon atom polyene chain and sometimes terminated by rings. The
first steps in the biosynthesis of carotenoids include-the formation of geranyl
geranyl pyrophosphate (GGPP) from farnesyl pyrophosphate (FPP) by GGPP
synthase, an enzyme encoded by the crtE. genes. The formation of phytoene
from GGPP, a step that is well conserved in all carotenogenic 'organisms, is
catalyzed by a phytoene synthase encoded by the crtB genes. Phytoene is then
dehydrated by a phytoene dehydrogenase (crz/). In many (carotenogenic
organisms, the' process is completed with the cyclization of lycopene [-cyclase
(crtY). B-carotene“ketolase (crtW) initially converts [3=carotene to canthaxanthin
via echinenone, and “B-carotene hydroxylase (crtZ) initially mediates the
conversion of [3-carotene to zeaxanthin via [3-cryptoxanthin. Finally, through a
few more intermediates, the crt/V and crtZ gene products act in combination to
produce astaxanthin [18]. Zeaxanthin glucosyltransferase (CrtX) converts
zeaxanthin to zeaxanthin diglucoside.

In a previous study, I isolated and characterized a marine bacterium, P.
haeundaensis, which produces astaxanthin [17] and the cloning and
characterization of genes encoding the astaxanthin biosynthetic enzymes

[18, 19]. Here, to clarify the organization and expression of the



carotenoid biosynthesis genes in this organism, I describe the cloning and

sequencing of gene encoding the zeaxanthin diglcoside biosynthesis enzyme
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Fig. 1. Scheme of the -carotenoid biosynthesis pathways from famesyl

pyrophosphate (FPP) to zeaxanthin diglucoside.



(GenBank accession number ; EU431079). 1 also discuss the molecular
characteristics and expression of our newly identified zeaxanthin diglucoside
biosynthesis gene, the function of which was determined by chromatographic
analyses of the pigments produced in E. coli transformed with the cloned
gene. These data provide insight into the primary structure of the zeaxanthin
diglucoside biosynthesis gene and will facilitate the biotechnological

applications of carotenoids:



MATERIALS AND METHODS

Bacterial strains and growth conditions

E. coli strain XL1-blue [F’ ::Tnl0 proA+B+ laclq A(lacZ) Ml5/reaAl
endAl gyrA96(Nalr) thi hsdR17 (rK-mK+) supE44 relAl lac] was used for
gene cloning expreiments. BL21 _(DE3)--[F- ompT hsdSB(r3-mB-) dem gal
(DE3) tonA] was used-for expression and production of-zeaxanthin diglucoside.

E. coli strain BL21 (DE3) harboring the pSTCRT-X and pET-44(a)-EZ
plasmid (contains crtEBIYZ .gene) were cultured at 37C in 'DYT medium

containing chloramphenicol (170 pg/ml) and kanamycine (50  pg/ml).

Preparation of genomic and plasmid DNA

Chromosomal DNA was ptepared from cells.of P. haeundaensis grown in
marine broth medium (Difeo).” Genomic DNA -of P. haeundaensis in the
late-exponential growth phase was isolated by a modification of the procedure
of Murray and Thompson [20]. Late-exponential phase cells were harvested by
centrifugation at 5,100 x g for 10 min at room temperature and washed with
50 ml of TE buffer (10 mM Tris-HCL, pH 7.5, and 1 mM ethylenediamine
tetraacetic acid). The cells were collected by centrifugation at 11,000 x g for
10 min at room temperature, resuspended in 9 ml of TE buffer containing 5
mg/ml lysozyme and 100 pg/ml RNase A (Sigma), and incubated at 37°C for
1 h. After adding 0.5 ml of 10% (w/v) SDS and 0.1 ml of 10 mg/ml of



proteinase K, the suspension was incubated at 37°C with shaking for several
hours to complete lysis. The lysate together with 1.8 ml of 5 M NaCl and 1.5
ml of 10% (w/v) acetyl trimenthyl ammonium bromide (CTAB) in 0.7 M
NaCl was incubated at 65°C for 20 min. An equal volume of
chloroform/isoamyl alcohol (24:1, v/v) was added, and the mixture was mixed
gently by inverting the tube at room temperature for 10 min. The phases were
separated by centrifugation at 11,000 x g for 20 min at room temperature.
After two extractions with chloroform/isoamyl alcohol, the aqueous phase was
extracted once with an equal volume of phenol saturated with 1 M Tris-HCl
(pH 7.5) and again with chloroform/isoamyl alcohol. Two. volumes of cold
ethanol ( - 20°C) was added, and the precipitated DNA. was collected using a
glass rod and was rinsed with 70% (v/v) ethanol. The ethanol was evaporated
under vacuum, and the DNA was suspended in 3 ml of TE buffer. The DNA
concentration| was determined by measuring the absorbance of a 20-fold
dilution at 260, and 280 nm.

The purified ‘chromosomal DNA of P. haeundaensis. was partially digested
by incubation at 37°C- for -1--h with 5 kU - Sau3Al/g genomic DNA. A
genomic DNA library of P. haeundaensis was constructed using a ZAP
Express® BamHI/Gigapack® III cloning kit (Stratagene) as described previously
[18]. The resulting library contained approximately 1 x 10 > clones. The
library was amplified to 3 x 10 ° clones/ml. Plasmid DNA was prepared from
cells of E. coli transformants using the Wizard plus SV minipreps DNA

purification system (Promega).



Screening and sequencing of the zeaxanthin glucosyltransferase (crtX)

gene

The conserved nucleotide sequences of previously identified zeaxanthin
glucosyltransferase (crtX) genes were obtained from the National Center for
Biotechnology Information (NCBI) nucleotide and protein sequence database.
Degenerative oligonucleotides designed based on the conserved sequences and
synthesized by GenoTech were used-as-probes to screen for the crtX genes;
the sequences of the oligonucleotides used in this study-are shown in Table 1.

The probes .for the crtX genes were amplified by PCR using upstream
(Crt-X-F) and /downstream (CrtX-R) primers. ‘The main PCR program consisted
of 30 cycles at 94°C for 30 s, 52°C for 30 s, and 72°C for 30 s. The
amplified probes were labeled using a digoxigenin (DIG) oligonucleotide 3'-end
labeling kit (Roche).. The plaque hybridization method was used 'to screen the
P. haeundaensis. genomic DNA Tlibrary for crtX genes. Approximately 1 x 10 °
plaques were screened. Positive plaques recovered from: the first screening were
confirmed with a second- screening [21, 22]. The positive plaques were
recovered from the second screen, and the phagemids containing inserts were
excised [23]. The excised inserts were sequenced using an ABI Prism DNA
sequencing kit and an ABI 377 Genetic Analyzer (Applied Biosystems)

according to the manufacturer’s instructions.



Table 1. Oligonucleotide primers used for the study

Name Nucleotide sequence Remarks

CrtX-F 5- CGACCTGCACCGCCCCGACC-3 Forward primer for
crtX gene cloning

CrtX-F1 5 - ATGACGGTCGCCGCATCCGTG- 3’ Primer for full-length
zeaxanthin glucosylase,
Forward

CrtX-F2 5'- AAGCTTATGACGGTCGCCGC- 3’ Forward primer for
crtX ‘gene expression
(Hindl1Isite)

CrtX-R 5~ TTCGCGCACCGGGGCGGTGT -3 Primer for full-length
zeaxanthin glucosylase,
Reverse

CrtX-R1 5= TCAGTGGACCGGCGCGCCGAT- 3’ Reverse  primer for
crtX'gene cloning

CrtX-R2  5'- GAATTCGTGGTGGTGGTGGTGGTG - 3* Reverse  primer  for

crtX gene expression
(EcoRlsite)




Comparative sequence analysis of zeaxanthin glucosyltransferase (crtX)

gene from Paracoccus haeundaensis

To examine the molecular evolution of zeaxanthin glucosyltransferase
(crtX) from P. haeundaensis, the following crtX sequences were imported from
SwissPort/GenBank:  Acaryochloris  marina  MBIC11017  (YP001519359),
Lyngbya sp. PCC 8106 (ZP01619956), Microcystis aeruginosa (CAO89015),
Methylobacterium  nodulans  (ZP02119601),  Chlorobium  limicola ~DSM
(ZP00513474), Gluconobacter oxydans (YP191143),~.and P. haeundaensis
(EU431079). The" nucleotide sequences were analyzed using the BLAST
program (http://www.ncbi.nlm.nih.gov/BLAST). A multiple sequence alignment
was performed using Clustal W2 (http://www.ebi.ac.uk/clustalw2), and sequence
identities were: calculated jusing GeneDoc (http://www.psc.edu/biomed /genedoc).
A phylogenetic tree was constructed by the neighbor-joining (NJ) method with
the program Treecon [24] using. the amino acid sequences of'the zeaxanthin

glucosyltransferase “encoded by crtX gene.

Expression of zeaxanthin glucosyltransferase (crtX) in E. coli

To express the crtX gene in E. coli, the coding region of the cloned crtX
gene was amplified by PCR using a pair of oligonucleotides (CrtX-F1 as the
forward and Crt-X-R1 as the reverse primers for the full-length zeaxanthin
glucosylase gene; Table 1). The amplified fragment was subcloned into
pET-44a(+) expression vector (Promega), which allows expression of a

recombinant protein with a C-terminal fusion His-tag, and the resulting



construct was designated as pET-44(a)-CrtX. Subcloning of the carotenoid
biosynthesis genes into the pET-44a(+) vector produces a fusion protein tagged
with histidine residues in the carboxyl-terminus, resulting in a CRT - His
fusion protein. In the next step, PCR was performed using a pair of
oligonucleotides primers, CrtX-F2 and CrtX-R2, containing restriction sites
HindIIT and EcoRI, respectively (Table 1), with pET-44(a)-CrtX as a template,
and ligated into pGEM-T-easy vector (Promega). The resulting plasmid,
pGEM-T-easy-CrtX-His tag, was digested with HindIIl and EcoRI, and ligated
into the expression vector pSTV29. The resulting plasmid, pSTCRT-X (Fig.
2A), was transformed into E. coli BL21(DE3) cells.

Cultured cells expressing .the zeaxanthin glucosyltransferase protein were
harvested by centrifugation, and the cell pellets were resuspended in extraction
buffer (20 mM  Tris-HCl, pH 8.0) then sonicated with an ultrasonicator
(VC130; Sonics and Materials Inc.). The samples were centrifuged for 10 min
at 12,000 x g and the precipitates were resuspended in isolation buffer (20
mM Tris-HCI, 2 "M urea; 0.5 M NaCl, 2% Triton X-100, pH 8.0), sonicated
again, and harvested by. centrifugation for 10 min ‘at” 12,000 x g. Prepared
samples were subjected to 12% SDS-PAGE. Immunoblotting analysis was
performed according to standard procedures [25]. The blots were incubated for
1 h with 3% (w/v) gelatin in Tris-Tween buffered saline (TTBS; 20 mM
Tris-HCI, pH 7.4, 500 mM NaCl, 0.05% Tween 20) and then rinsed with
TTBS. Subsequently, a goat polyclonal anti-6-histidine antibody (diluted 1:500)
was added and incubated for 1 h at room temperature. After rinsing three
times with TTBS, the membrane was incubated with alkaline

phosphatase-conjugated anti-goat IgG (diluted 1:2000 in TTBS containing 1%

_10_
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gelatin; Sigma) as the secondary antibody at room temperature for 30 min.
The membrane was then rinsed three times with TTBS and developed at room

temperature.

Extraction and purification of zeaxanthin diglucoside produced in

transformed E. coli

Acetone was used to extract the zeaxanthin diglucoside from the
transformants carrying -the ' zeaxanthin = diglucoside biosynthesis genes. The
acetone extracts - were evaporated to dry and further extracted with
chloroform/methanol ~ (9:1, v/v). After 'dissolving in - a small volume of
n-hexane, the carotenoids were analyzed by HPLC using a Nova-Pak HR 6U
Cis column (3.9 mm x 300 mm) with acetonitrile/methanol/2-propanol (90:6:4,
by vol.) at 1 ml/min, and the elution profiles were recorded with a photodiode
array detector (Model 996; Waters Corp.). Synthetic zeaxanthin, lycopene, [3 -

carotene, and zeaxanthin diglucoside (Sigma) were used as references.

_12_



RESULTS

Cloning of the zeaxanthin diglucoside biosynthesis gene

To identify the zeaxanthin diglucoside biosynthesis gene from P.
haeundaensis, a genomic library was constructed from chromosomal P.
haeundaensis DNA partially digested with Sau3Al and fractionated to give
fragments of 6 to 10 kb. The DNA was ligated-into the BamHI site of the
vector AZAP in a ZAP Express® BamHI/Gigapack® III cloning kit (Stratagene).
The resulting library contained approximately 1 x 10 > individual clones.

Upstream' (CrtX-F) and downstream (CrtX-R) degenerate oligonucleotide
primers, designed according to the conserved nucleotide sequences of
previously identified crtX genes, were synthesized, amplified by PCR, and
end-labeled for use as probes to screen for zeaxanthin diglucoside biosynthesis
gene using the plaque hybridization method. Eight positive plaques containing
crtX genes were isolated, and- the phagemids containing the inserts were
excised and analyzed using an-ABI 377 XL--upgrade DNA sequencer [23].
The full-length zeaxanthin diglucoside biosynthesis gene (crtX) was isolated
from P. haeundaensis with CrtX-F1 and CrtX R1 oligonucleotide primer in
PCR reaction (Fig. 3). The crtX gene of P. haeundaensis consisted of 1248 bp

encoding a polypeptide of 415 amino acid residues (Fig. 4).

_13_



(A)

Fig. 3. PCR product amplified with CrtX-F1 _and. CrtX-R1 (A), The lane
M 100 bp DNA ladder -(Takara); lane 1, amplified zeaxanthin

glucosylase
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1 GCGACCAAG GCGCGGCTG GACCTGGGC GTCGCCCAT GCCCGCGTG CAGGOCATC GTGAACCGC ACCGATCAG CAGCCGCTG

MWT ¥AA SYVA QRP RIP 14

82 CTGGOGGOG GGCTGCAOG GGCTGGCAG ACGGTTCCC CGGATGACG GTCGOCGCA TCCGTGGCG CAGCGACCG CGCATOCCG
FLHILSGPGAQ FEF LGR WLAGOQG WDVY TFH 41

163 TTTCTGCAC CTGTCCGAC CCCGGCCAG TTCGAGITC CTGGACCGE TGGCTGGOG GGCCAGGEC TGGGACGTC ACCTTCATG
HGG I DA DPAMHDG ICT RRF ALRDTT IPT 68

214 CATGGCGAC ATCGACGOC GACCCTGCC CATGACOGGC ATCTGCACC CGCCGATTC GCGCTGOGC GACACCACG ATCCCCACG
GDP RHI LDH AAGQ NCR GAT ELM FRMRIHS 95

325 GGCGATCOG CGTCACATC CTGGACCAC GCCGCGCAG AACTGCCGG GGCGOGACC GAGCTGATG TTCCGCATG CGCCATTCC
EGY ¥VPD V VY AHA GWG ¥VGL GYK LYW PDGC 122

406 GAAGGCTAT GTCCCCGAC GTCGTGGTG GCCCATGOG GGCTGGGEC GTGGRGCTG GGGGTCAAG CTGGTCIGG CCCGACTGC
T YV AYH EWY Y TD RNW DKR BAE KPA DLA 119

A87 ACCTATGTC GCCTATCAC GAATGGTAT TACACCOGAC CGCAACTGG GACAAGCGC CGGGCGGAA ARGCCOGCC GACCTGGCG
vVHI SDR HRN LPI TGE FDL ADASWCPTL 176

568 GTGATGATC TCGGACCGG ATGCGCAAC CTGCCGATC ACCGGCGAA TTCGACCTG GCCGATGCC AGCTGGIGC CCGACGCTG
Fearn SRF PPY LRC QIT ¥V HP DGV DCD LHER 203

649 TTCCAGGOC AGCCGCTIT CCTCOGGIC CTGCGCTGC CAGATCACC GTGATGCOG GATGGGGIG GATTGOGAC CTGCACCGC
PDP QAR IDF DWL RLP ADRPVYI TYA TRG 230

730 CCCGACCOG CAGGCGCGC ATCGATTTC GACTGGCTG CGCCTGCOC GCCGACCGC CCCGTGATC ACCTATGCC ACCCGOGGG
HWEPLRGFPAQ FLR GY A RLAQ@ ARHDDF DTV 257

811 ATGGAGCOC TTGCGCGAC TTTCCGEAA TTCCTGCGC GGCGTCGOC CGCCTGCAG GCGCGGCAT GACGACITC GACACAGTG
ILA NDS ¥ 3Y GRP LAR GDS WWIL RHMI DAQL 284

892 ATCCTGGOC AATGACAGC GTGTCCTAT GGCCGACCG CTGGCGCGC GGCGACAGC TGGTGGCTG CGGATGATC GACCAGCTG
DLD HRR I HVY NAHKHRPBR DEY ¥VRT L QA S HAaA 311

973 GACCTGGAT CACCGCCGC ATCCACGTG AACGCCATG CGCCOGCGG GATGRATAT GTCCGCACG CTGCAGGCC TCGCACGCG
HvyY FTE PFVY TS W SLS EAHNAMTG CLY I GS 338

1054 CATGTCTAT TTCACCGAG CCCTTCGTC ACCTCCTGG TCCCTGTCOC GAGGOGATG GCCACCGGA TGCCTGGTG ATCGGATCG
NTA PVR ELY RDHENG LTIV DHMKD DAD EV A 365

1135 AACACCGOC CCGGTGCGC GARCTGGTC CGOGACATG GAGAACGGC CTGATCGTC GACATGGAC GACGCGGAC GAGGTCGCA
D AM A WY L DN PGD A AD LRR A ARRTTI L AATD 392

1216 GACGOGATG GCCTGGGTG CTTGACARAT CCGGGTGAC GCGGCOGAC CTGCACCAE GCCGCGOGC CGGACGATC CTGGCOGAT
HDAM ARY FPA KDA WLR AATI GAP V H = 415

1297 CATGATGOG GCGCGGGTG TTTCCGGCC AAGGATGCC TGGCTGCGC GCGGOCATC GGCGCGCCG GTCCACTGA GGATCCACT

1378 GACCTTGTT GGACAAATT GCCGCGOGA CCCCGOGTC GCCGTCGAA AAGGCTCGC AATCGGGCG TGAACCGTT CCAACATGG

1459 GGACTGTTG ACGGTGGAT GACGGGTCA CGGGGTGCC GCCCOGGOC TGACCTTOC CGCCAGGTC AGAACCCAA GCGCGARGG

1540 CACTG

Fig. 4. Nucleotide and deduced amino acid sequences of zeaxanthin

diglucoside biosynthesis gene in Paracoccus haeundaensis.
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Sequence analysis of zeaxanthin diglucoside biosynthesis gene

The nucleotide and deduced amino acid sequences of the zeaxanthin
diglucoside biosynthesis gene from P. haeundaensis were analyzed (Fig. 4).
Amino acid sequence identity was calculated using the Genedoc program. The
deduced amino acid sequence of the P. haeundaensis crtX gene shown
homology and a high degree of sequence conservation with previously
identified zeaxanthin diglucoside biosynthesis enzymes from other species
(Figure 5). Molecular~ phylogenetic = analysis revealed the evolutionary
relationship among the zeaxanthin diglucoside biosynthesis genes of various
organisms (Fig. 6). The results indicated evolutionary divergence of the crtX
genes of A. marina MBIC11017, Lyngbya sp. PCC 8106, M. aeruginosa,
M. nodulans, C. limicola DSM, G. oxydans.

_16_
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Fig. 5. Multiple alignments %thellll{lmﬂ@im"' acid sequences of the

P. haeundaensis zeaxanthin glucosifltrans.femse with those of other species

obtained from GenBank. The accession numbers are given in the text. A,
Pantoea ananatis; B, Acaryochloris marina MBIC11017; C, Lyngbya sp. PCC
8106; D, Microcystis aeruginosa; E, Methylobacterium nodulans; ¥, Chlorobium
limicola DSM; G, Proteobacterium BAL199; H, Gluconobacter oxydans;

I, P. haeundaensis.
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Fig. 6. Molecular phylogenetic tree of zeaxanthin glucosyltransferases based on
the NJ method. The values shown on each intermal branch are the percent

support determined from a bootstrap analysis with 1,000 replications.
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Zeaxanthin diglucoside biosynthesis gene expression in E. coli

To express the zeaxanthin glucosyltransferase in a prokaryotic system, the
crtX gene was subcloned into the pSTV29 expression vector to yield
pSTCRT-X, which produced the recombinant protein with C-terminal fusion
His-tag (Fig. 2A). Expression of the recombinant CrtX protein was induced by
adding isopropyl-beta-D-thiogalactopyranoside(IPTG) and incubating at 37°C for
various times; production of the recombinant protein was analyzed by 12%
SDS-PAGE (Fig. 7A). .As shown in Figure 7A, the optimal induction time of
recombinant CrtX~ protein was 5 h. The recombinant CrtX protein had a
molecular weight of approximately 46 kDa, as confirmed by Western blotting

analysis, which corresponded to the predicted size (Fig. 7B).
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Fig. 7. Analysis of. the expressed pro SDS-PAGE (A) and Western
blot (B). .

The lane M indi r@la i - 1, proteins from
uninduced cell extracts; lzgﬁ;m‘lt;ﬁﬁem"ihduced cell extracts at 0, 1,
3, 5, 7 hours and overnight after IPTG induction, respectively. (B) Western
blot analysis of expressed proteins. Lanes 1-7, proteins used the same order as

loaded (A).
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Production of zeaxanthin diglucoside in E. coli

To produce zeaxanthin diglucoside, pSTCRT-X carrying the crtX gene was
transformed into the E. coli BL21 (DE3) cells containing the plasmid
pET-44a(+)-CrtEBIYZ (Fig. 2B), which carried the zeaxanthin biosynthesis
gene cluster composed of five structural genes (crtE, crtB, crtl, crtY and crtZ
genes) from P. haeundaensis. E. coli BL21 (DE3) cell containing the plasmid
pET-44a(+)-CrtEBIYZ produced zeaxanthin required for zeaxanthin [3
-D-diglucoside biosynthesis. The amount of zeaxanthin-diglucoside accumulated
in the transformed cells by the zeaxanthin diglucoside biosynthesis enzyme
were examined * using chromatographic “-and  spectrophotometric =~ methods.
Biosynthesis of zeaxanthin/diglucosides was identified by HPLC analysis of the
pigments produced by E. coli BL21 (DE3) cells co-transformed with both
pSTCRT-X and pET-44a(+)-CrtEBIYZ, as shown in Figure 8. Four main
pigment peaks" corresponded tozeaxanthin diglucoside, zeaxanthin, [3-carotene,
and lycopene, as“determined by comparison with .standard® pigment samples.
These peaks were eluted at-retention time ~of 3.2 min for zeaxanthin
diglucoside, 7.2 min for zeaxanthin, 16.5 min for [3-carotene, and 23.4 min for

lycopene.
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Fig. 8. HPLC analysis of the pigments produced in the E. coli strain
BL21(DE3) carrying the pET-44a(+)-CrtEBIYZ vector (A) and pSTCRT X
(B). Peak 1, zeaxanthin; peak 2, [-carotene; peak 3, lycopen; peak 4,

zeaxanthin diglucoside.
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DISCUSSION

The previous study, I described the cloning and sequence analysis of
genes encoding the astaxanthin biosynthetic enzymes from this organism [13,
16]. All six genes of the astaxanthin biosynthesis gene cluster of P.
haeundaensis are required for the production of astaxanthin and encoded
B-carotene ketolase (CrtW), B-carotene hydroxylase (CrtZ), lycopene cyclase
(CrtY), phytoene dehydrogenase - (Crtl),.. phytoene synthase (CrtB) and
geranylgeranyl diphosphate synthase (CrtE) [13, 16]. In- order to elucidate the
mechanism responsible for . controlling the astaxanthin biosynthetic pathway and
the intracellular carotenoid concentration, it would be necessary, to conduct a
comparative | analysis of/ the structure, | expression, and - function of the
carotenoid biosynthesis genes.

In the present study, 1 have identified zeaxanthin diglucoside biosynthesis
gene (crtX) from the “P. haeundaensis. The comparison of the amino acid
sequence of bacteria zeaxanthin diglucoside indicated that the P. haeundaensis
zeaxanthin glucosylase are-conserved with those of -other species. The deduced
P. haeundaensis zeaxanthin glucosylase amino acid sequence was about 99.0%
identical with Paracoccus sp. N81106. The molecular phylogenetic tree analysis
revealed the evolutionary relationship among the carotenoid biosynthesis genes
of various organisms.

Zeaxanthin glucosylase (crtX) catalyzes the synthesis of zeaxanthin
diglucoside from zeaxanthin in the carotenoid biosynthetic pathway.
Zeaxanthine diglucosides are considered to protect cells against photooxidative

damage by activated oxygen plus visible light [3] or to stabilize a membrane
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environment, similarly to the function of sterols in eucaryotic cells [4].

The crtX gene isolated from P. haeundaensis was composed of 1248 bp
encoding a polypeptide of 415 amino acid residues. The CrtX protein was
induced by adding IPTG and induced cells were incubated at 37°C for various
incubation times. The optimal induction time for the production of CrtX
protein was achieved at 5 hours after induction. The expressed proteins were
confirmed by western blot analysis.

In order to produce zeaxanthin diglucoside, [ have constructed
pET-44a(+)-CrtEBIYZ and pSTCRT X plasmid DNA. And then two plamid
DNAs were co-transformed into E. coli BL21 (DE3) and- the expression of
each plasmid was accomplished~ by thewaddition of IPTG. The transformant
was cultured/ at 37°C, 18 hours in DYT medium containing chloramphenicol
(170 ug/ml) and kanamycine. After 18 hrs culture, the cells were harvested by
centrifugation, and sonicated three times for 10 sec with Ultra sonicator, and
precipitated by centrifugation at. 13,000 rpm for 10 min. The supernatant was
discarded. The cell pellets were resuspended in 10_.ml acetone and incubated
overnight at 4°C. Acetone was-evaporated and the pellet was dissolved in 10
ml of n-hexane-ethanol (1:1, v/v). Then the extract was diluted to 1/2 with
distilled water, and two phases were separated with a separatory funnel.
Organic phase (n-hexane phase) was washed with 30% aqueous ethanol until
colorless and near neutral pH. After separation, the organic phase was blown
to dry under a stream of nitrogen, and then, the residue was stored in a
refrigerator.

The result of the HPLC analysis from the cell transformed with

pET-CrtEBIYZ and pSTCRT-X were shown in Figure 8. The main peaks were
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turned out to be four pigments corresponding to zeaxanthin diglucoside,
zeaxanthin, [-carotene, and lycopene, when these peaks were compared with
standard pigments. These peaks were eluted at retention time at 3.2 min for
zeaxanthin diglucoside, at 7.2 min for zeaxanthin, at 16.5 min for [-carotene,
and at 23.4 min for lycopene, respectively.

In the study, I were cloned and expressed zeaxanthin glucosyltransferase
gene (crtX) from P. haeundanesis zeaxanthin glucosylase gene (crtX). Also,
The pET-44a(+)-CrtEBIYZ and pSTCRT-X plasmid DNA were co-transformed
in BL2I1(DE3) cell. _Using the transformant, ~I. produced zeaxanthine
diglcucoside in E..coli. The results of this study can be used to enhance the
production of zeaxanthin digluecoside through the manipulation of carotenoid

biosynthesis genes in P. haeundaensis.
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