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Abstract. Several reports indicated that astaxanthin and zeaxanthin have more active anticancer activity than
pro-vitamin A carotenes. [3-carotene hydroxylase is a key enzyme to synthesize zeaxanthin and astaxanthin
in carotenoids biosynthesis pathway. We isolated the ChyB gene encoding [3-carotene hydroxylase from tomato
leaves. The ChyB gene (1.5Kbp) fragment was cloned into the binary vector and designated to pIlG121-ChyB-tom.

Agrobacterium-mediated infiltration was used for transient assay in Nicotiana benthamiana. Leaf samples were
collected 0, 1, 2, 3 days after infiltration (DAI). RT-PCR result showed that the expression of [(3-carotene

hydroxylase transcripts was not detected in control (0DAI), but its expression was detected after 1 DPI and
increased later on. When the activity of [3-carotene hydroxylase was measured, the 1,1-diphenyl-pricryl hydrazyl

(DPPH) radical scavenging activity (27%) at 2 DAI was significantly higher than that (21%) at 0 DAL
These results indicated that anti-oxidant activity dramatically increased at 2 DAI in tobacco leaves was due
to over expression of tomato [3-carotene hydroxylase. These results can be the foundation to develop tomato

cultivars with high oxy-carotenoids content using the ChyB gene transformation.
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Fig. 1. Simplified scheme of carotenoids biosynthesis pathway.
CH: (3-carotene hydroxylase, PSY: phytoene synthase (Stein-
brenner, J. and H. Linden, Plant physiology, 125:810-817).
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ctccgetagt tcccgaacca ttcgectccg tcataacceg
ctcaaccgeec ccgeecggtte tgttecttcte tccgttaact

gctgtctaga agaaagccga gattggeggt ttgttttgtg

1 atggcggccg gaatttcage
61 tttctcagtc caaaatccgc
121 cgcaattttg gcgcaatttt
181 ctggagaatg agaaattgaa tagtactatc
241 atacaagtag agattaatga ggagaagagt
301 gcgaggaaga aatcggagag gtttacttat
361 attacttcta tggcgatttt ggcggtttat
421 gaagtgcctt tttctgaaat gttagctaca
481 atggagtact gggcgagatg ggctcataga
541 cacgagtcgc accatagacc aagagaagga
601 acaaatgctg ttccagctat aggtcttctt
661 cctggectct gtttcggege tggattgggg
721 gttcacgatg gactggttca taagagattt
781 tagctgcagc acatcagcett
841 tatggcttgt ttctaggacc taaggaattg
901 aaggaagtca accgaaggat taaaatttct
961 gataataata aaatgcgatt gtatttaggc
1021 gatatatata tgaatataat ataaaatgca
1081 ttttggtncc tgtacgtaaa aggtgaacaa
1141 gaagaacgat aattcaaaac aaa

gaaagtgaga
ttagctgcca
cttgtggcag
tacagatttt
ttcactctct
gcactatggc
ccttttgaga
tcctacggtt
atcacagtat
cccgtaggge
catcactcgg
gaagaagtag
aagggattat
tgtagattat
acaagctttc
tttgatgtcc

gtgaagtaat
gttggetgge
ctgtgatgtc
catggcaaat
cgtttggege
atgcttcttt
tgaacgacgt
tcttccataa
ttgggatgac

agaggatcgg
ggagaaattg
tagtttgggg
ggagggtgga
tgcegtagga
atggcacatg
tttcgccata

agggatcgtc
ttacatgttc

ctattgccaa

acaaatttga
gaggacttga
tatgatcaaa
tattgggaaa
tatggagaag
tagtacttgt

cgtgccttac:

tggtgtcecca
agagttagaa
agatacgtct
aagatagaaa
nccttttctt
tgacaaacca

Fig. 2. Nucleotide sequences of ChyB cDNA and gene specific primer from tomatoes. ChyB gene is encoding [3-carotene hydroxylase
(NCBI gene accession No. y14810). Full sequences of 1163 bp tomato [3-carotene hydroxylase cDNA fragment was shown.

Lined box is 24 mer forward primer and dotted box for 24 mer reverse primer.
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Fig. 3. Scheme of expression vector constructions. A) pT-ChyB
vector, ChyB gene fragment was cloned into pGEM-T Easy
vector; B) ChyB was inserted with Notl for Sub-cloning as
pBlue-ChyB vector; C) plG121-ChyB-tom binary vector driven
by 35S CaMV promoter for plant transformation. Amp', ampi-
cillin resistant gene; Kan', kanamycin resistant gene; T7-P,
T7 promoter; 35S-P, 35S promoter; RB, right border; LB, left
border.
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Fig. 4. Increased expression of tomato ChyB transcripts after
Agro-infiltration in N. benthamiana leaves by RT-PCR. A) One
ug of total RNA was used to make cDNA by RT-PCR and
1/10 volume of cDNA was separated on 1% agarose gel;
B) Actin was used as internal control; M, 1 Kbp DNA marker;
1, ODAI; 2, 1DAI; 3, 2DAI; 4, 3DAL.
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Fig. 5. Comparison of anti-oxidant effect using DPPH after
transient Agro-Infiltration with plG121-ChyB-tom in N. benthamiana.
1, ODAI; 2, 1DAI; 3, 2DAI; 4, 3DAI, ODAI was used as control.
Vertical bars show the mean + SD (n = 3).
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