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ABSTRACT

Photo system II (PSII) is one of the two photosynthetic reaction centers in the chloroplast
of higher plants. The chlorophyll a/b-light harvesting complex serves primarily as an
antenna for PSII. We isolated a cDNA that encodes a chlorophyll a/b-binding protein (Cab)
from Panax ginseng. The small subunit consists of 935 nucleotides long and has an open
reading frame of 795 bp with the deduced amino acid of 265 residues (pI 5.63), 28.6 kDa.
The deduced amino acid sequence matched to the previously reported Cab genes. Their
degree of amino acid identity ranged from 68 to 92%. Phylogenetic analysis based on the
amino acid residues was showed that the ginseng Cab gene was grouped with P. persica
(AAC34983), A. thaliana (AAD28771), G. hirsutum (CAA38025), G. max (AAL29886), and V.
radiata (AA¥89205).

Key words : chlorophyll a/b binding proteins, Cab, leaf, Panax ginseng

ME How ZAfsstz = chlorophyll a,

chlorophyll b¢t 7FEE ol =(carotenoid)

ggtz#o]l =2 (thylakoid membranes)2 & A 5 Aage dudRE FAH . of A
A 1= FA 0 233 Bl sle F A9 Aot gl B3tale FA [(PSIDS ¥

P83 (light-harvesting complex, Al (reaction center)el &+ LAUAE

LHC I# LHC IDE =%z o g3t LHC 11 EgAdA Fa3 et
(Thornber, 1986). LHC II&#A= ¥FF =%+ chlorophyll a/b(Cab) At Aot
* 24 A 2} : E-mail : leech@chungbuk.ac kr

441 -



25 EANA BFFE chlorophyll a/b &
33+ chloroplastellA Eatzol=gtel
T Rolth, BFAH/H A o] A
of FE&AZA FE&E stm 7|E A
BA 13 BA IIE A€ (Butler,
1978: Thornber, 1975). #5% Cab @A
E34A 9 74 EZ2)H Bl =(AB polypeptides)
gl o DNA®] ojste] AALE . ME
A g EEAM 7184 precursorZ2A FAHG
1995 Miller Kay,
precursor @9 A & &
ol Ed olAHL
terminal transit peptidec] <3t

1984). ZHolst= &<t

NI G N )
W rl=0 J

[SA =N
AT

(Babiychuk et al.,
1991). o &
chloroplast®

(Cashmore,
%o ©o]E precursor @YW AEL
chlorophyll a$ chlorophyll bell ##" £
gl HElo] =2 ey 9siA wwA sl
o ozjA Eeld F "Hetzsol= uhe] ZAdsHA
At

Cab @83 {FHAEL OhIe A AE

(petunia, tomato, tobacco, Arabidopsis,

pea, soybean)® @AY A E(Lemna,
maize, wheat, rice) FolA £z - EAHAU
k. olE AT ZFAd 93 Cab FHAELS

3ellA 1670 A= FHATLRE FAH Yot
2 3 (Dunsmuir 1985; Walling et al.,
1988). Walling et al.(1988)<& ol FolA
Cab F A A Hdo w3 A HA
(embryogenesis)ll A FAZY -y
of & gl thA
23 = Wt oA e F
ol #EHAeH, in A At
St Cab fAAE F2 AAIFEAA 24 €

-442 -

W 3} (bleaching) @4e] @Aste] <o) Tel=
rh oled @4 13z FAUAE YR
wol ExgezAs TG 7|Foz F FE3
FouA A2 F Rujo] FA}E FEAY
LHCP ¢ 23 #-4 glon, n3dxe
ol A8 AY UF B2 FAUAT F5H

of #A A BEA AAAGr =] 3
F3l2 A E = singlet oxygen©l &3] €&
A 9GS gEgn 9 (John et
al., 1995: Yang et al., 1989; Yang,
1990: Yang et al., 1990).

2 dFdAes A AHEQ

z vz 9Ad42 99 ¥ -80cd BB

RNAZ23 ¢DNA library® Az

A AAZ de B A T o=
B aqueous phenol extraction W¥< Al
&3l total RNAE FE39 9% (Morris et
al., 1990). RNA FZ& Hd 49 dx4e

fgel AADLE ArhEA Sas R &

23W5E Asleted 5N ged WAG
A48l dAstarh %8 total RNAZ

28 poly(A)+ RNAE poly(A) quick
mRNA isolation kit(Stratagene, USA)E
AL838ted oligo(dT) cellulose columno = %3



% HEE Korean J.Plant Res. 18(3) 441~449(2005)

Astd e, ¢cDNA 4L A#RHz Je
SMART c¢DNA library construction
kit(Clontech, USA)& A}&3t¥th. Single-
strand ¢cDNAE #4371 93X 2 we FHA
3 poly (A)+ RNAS A&s9i,
cloning< 371 $allA 32+ Xho 1 A
dgire 7IAZ Y€ oligo (dT) primerE
AE3t9 Y. Double-stranded cDNA+&
RNase HE poly (A)+ RNAE AAZ ¥ E.
coli DNA polymerase® A3l A5+
. PCR7ZIZIE ©]43t9 primer extension
AlA ds ¢cDNAE 4 F Sfi 842 Fd
3l31 Chroma spin-400 column(Clontech)
< Algsle Avidz B3EHd. 500 bp ol

44

Fe ¢cDNAE =33z e £ 4
TriplEx2 vector(Clontech, USA)e =<3k

% Gigapack III Gold Packaging Extract
kit(Stratagene, USA)E A} & 3} o
packaging¥d ¥ 1xt8] F3E3le] -80TCo| =&
st A ARSI T

Sequence ¥4

A4 HIFY o =Heoz AT cDNA
libraryolAl #2812 3,00070¢] EST clone
<= Adetan 57k A AVIMEEA S HAIG
% NCBI9 blastx ZE21#& o] &3l A%

3 BNe ANG F Cab AAA AEHAL U

Bl & clones Agsgdt. Add cloned
BM25.8 &£F& o]&3l9 ATriplEx2 vector

2 3H pTriplEx22 #7& & gsequence ¥
Mo 21839tk ¢cDNA insert® DNA
sequencer (ABI prism 3700, USA)E °]&
ste] 53 37 kel sequencing primerE
o] &3t HALY FUIMEE BAHIFAC.
Nucleotide®t ©}v]x=4t sequence A&
DNASIS =2 ™ (Hitachi, Japan)< A&
3tk NCBIYA DNA9 @& database
AA rubisco FAAL 715 T4 Altschul
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Tl Cab #UAS B 3 2AHY SHLY

AAAGCAGCTTTCATCAATAAGCATGGCAACCTCAGCAATCCAACGGTCTGCATTCGCCGG 60
ATSAI QRSAFAG 13

CCAGACTGCTTTGAAGCCGCAGAATGAGCTGGTCAGGAAGATTGGCAGCTTGGGAGGTGG 120
Q TALKPQ@QNELVRKIGSLGGS G 33

CCGCATCACCATGAGGCGTACCGTCAGAAGTGCTCCAGAGAGCATATGGTACGGACCTGA 180
RIT TMRRTVRSAPES I WYG 53

CCGCCCAAAGTACTTGGGCCCATTCTCCGAGCAAACTCCATCATACCTGACCGGTGAATT 240
RPKYLGPFSEQT®PSY T GEF 73

CCCTGGAGACTATGGGTGGGACACTGCTGGACTTTCAGCTGACCCAGAGACATTTGCCAA 300
PGOYGWDTAGLSADPETTFAK 83

GAACCGTGAGCTCGAAGTGATCCACAGCAGATGGGCCATGCTTGGTGCACTAGGCTGTGT 360
NRELEV I HSRARWAMLGALGTCV 113

CTTCCCTGAAATTCTTGCAAGGAATGGTGTCAAATTCGGCGAGGCAGTTTGGTTCAAGGC 420
FPEI LARNGVKFGEAVWEFKA 133

CGGAGCCCAAATCTTCTCCGAAGGTGGCCTTGACTATCTTGGCAACCCAAACCTTGTCCA 480
GAQ!I FSEGGLDYLGNZPNLVH 15

TGCCCAGAGCATCCTGGCTATCTGGGCCAGCCAAGTTGTGCTCATGGGATTTGTGGAAGG 540
AQS 1T LAIWASQVVLMGFVESG 173

ATACAGAGTTGGTGGAGGTCCACTTGGTGAAGGACTTGACAAAATTTACCCGGGAGGTTC 600
YRVGGGPLGEGLDKI YPGGS 193

TTTTGACCCACTTGGATTGGCTGATGATCCTGAAGCATTTGCTGAATTGAAGGTTAAGGA 660
FDPLGLADDPEAFAELZEKVKE 213

GCTTAAGAACGGACGATTGGCAATGTTTTCTATGTTTGGATTCTTTGTCCAGGCCATTGT 720
LKNGRLAMFSMFGEFFV QA 233

CACCGGAAAGGGCCCAATTGAGAACCTTTACGACCACCTTGCTGACCCAGTAGCCAACAA 780
T GKGP I ENLYDHLADPV ANN 25

TGCATGGGCTTATGCCACTAACTTTGTACCCGGAAAGTGAAACTATCAAATTCTCTTCTC 840

AWAYATNFVPGK 265
TCTCGGCTGTAATATTAAACTTGTTTGGTGACATCCAACTTCTGTAATCTTTACCTGTTC 900
CCTCAAGTAATATAGCAAGCAGAGATGCTTATTIG 935

Fig. 1. A ¢cDNA and deduced amino acid sequences of Cab gene isolated from Panax ginseng. The positions of
nucleotides are shown on the left and the positions of amino acids under the below. The asterisk is indicated the stop
codon. The nucleotide sequence data reported will appear in the EMBL, GenBank and DDBJ Nucleotide Sequencing
Database under the accession number AB236867.
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= 89%ZE HlmA @2 A e YT
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Arabidopsis
thaliana, Gossypium hirsutum, Glycine
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02 FHEAL(Fig. 3).
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Al §4 %

MATSA | QRSAFAGQTALKPQNELVRK | GSLGGGR | TMRRTVRSAPES | WYGPDRPKYL GP
MATSA | QQSAFAGQTALKQSNEL |RK | GRLGGGR | TMRRTVKSTPQS | WYGPDRPKYLGP

MATSA | QQSSFAGQTALKPSNELLRKVGVSGGGRVTMRRTVKSTPQS I WYGPDRPKYLGP
MATSAlQQSAFAGQTALKSQNELVRKlGSFGGGRATMRRTVKSAPQSIWYGEDRPKYLGP
MATSA|EQSAFAGQRTALKSQNEL VRK | GSFNGGRATMRRTVKSAPQS | WYGEDRPKYL GP
MATSA1QQSAFAGRTALKSQNEF | BK | GSFEGGRVTMRRTVKSAPQS | WYGEDRPKYL GP
MAASG | GF SA | AGATALKPQNEL VRKVGG-NGGRFFMRRTVKSAPQS | WYGPDRPKYL GP
MATSA | GQSAFAGQTALKQLNEL VRKTGGAGKGRT TMRRTVKSAPQS | WYGPDRPKYL GP
MATTAFQQSAFAGQTALKQVNEFVRKTGGSGKGRTNMRRTVKSAPQS | WYGPDRPKYL GP
MATSAIQQSAFAGQTALKOSNELVCKIGAVGGGRVSMRRTVKSAPTSIWYGPDRPKYLGP

* . D dkkkkdkokk * * % Kdkkkoh Dk lhk dkkkkk kkkkkkkk

FSEQTPSYLTGEFPGDYGWDTAGLSADPETFAKNREL EV | HSRWAMLGALGCVFPE |LAR
FSEQTPSYL TGEFPGDYGWDTAGLSADPETFAKNGELEV | HSRWAML GAL GCVFPE | LSK
FSENTPSYLTGEYPGDYGWDTAGLSAOPETFAKNRELEV | HSRWAMLGALGCTFPE ILSK
FSEQTPSYLTGEFPGDYGWDTAGLSADPETFARNRELEV | HCRWAMLGALGCVFPE | LSK
FSEQTPSYLTGEFPGDYGNDTAGLSADPETFARNRELEV | HORWAML GAL GCVFPE | LSK

FSEQTPSYLTGEFPGDYGWOTAGLSADPETFARNLELEV | HCRWAMLGALGCVFPE ILSK 1

FSEQTPSYL TGEFPGDYGWDTAGLSADPETFARNRELEV | HSRWAML GAL GCVFPEL L SK
FSEQIPSYLTGEFPGDYGWDTAGLSADPETFARNRELEV | HSRWAMLGALGCTFPE | LEK
FSDQ | PSYLTGEFPGDYGWOTAGLSADPETFARNRELEV | HSRWAMLGALG | VFPE | LEK
FSOQI PSYLTGEFPGDYGWOTAGLSADPETFAKNRELEV | HCRWAMLGALGCVFPE | LSK

Kk kkAkhkhkk khkhkhkhkAkRRKAARRAhhhkk |k ddkkhk khdhkhriik JKkkk Dk

NGVKFGEAVWFKAGAQ | FSEGGLOYLGNPNLVHAQS | LA | WASQVVLMGFVEGYRVGGGP
NGVKFGEAVWFKAGSQ | FSEGGLOYLGNPNLVHAQS | LATWAVQVVLMGFVEGYRVGGGP
NGVKFGEAVWFKAGSQ | FSEGGLOYLGNPNL 1 HAQS | LA WAVQVVLMGF 1 EGYR | GGGP
NGVTFGEAVWFKAGSQ | FSEGGLDYLGNPNL | HAQS | LA | WAAQVVLMGFVEGYRVGGGP
NGVKFGEAVWFKAGSQ | FSEGGLDYLGNPNL | HAQS | LAVWASQVVLMGL | EGYRVGGGP
NGVTFGEAVWFKAGSQ | FSEGGLOYLGNPNL 1 HAQS | LA IWASQVVLMGFVEGYRVGGGP
NGVQFGEAVWFKAGSQ | FSEGGLDYLGNPNL VHAQS | LA WACQVVLMGFVEGYRVGGGP
NGVKFGEAVWFKAGSQ | FSEGGLOYLGNPNL 1HAQS LA WAVQVVLMGFVEGYRVGGGP
NGVKFGEAVWFKAGAQ | FSEGGLDYLGNPNL 1HAQS { LA I WAVQVVLMGFVEGYRVGGGP
NGVKFGEAVWFKAGSQ | FSEGGLDYLGNPNL I HAQS | LA1WACQVVLMGFVEGYRVGGGP

dkde hkkddkhhhok hhkkkkkhhkhhkrkhkdk [ dkddokh ok khkhkkokd D Jhkkk [ hkkk

249 54

LGEGLDK | YPGGSFDPL GLADDPEAFAELKVKELKNGRLAMFSMFGFFVQAI VTGKGPIE 240
LGEGLDPLYPGGAFDPLGLADDPEAFAEL KVKEL KNGRLAMTSMFGFFVQA | VTGKGPVE 240
LGEGLDPLYPGGAFDPLNLAEDPEAFSELKVKELKNGRLAMFSMFGFEVQA I VIGKGPIE 240
LGEGLDK | YPGGAFDPLGLADDPEAFAELKVKE | KNGRLAMFSMFGFFVQA I VIGKGPIE 240
LGEGLOK | YPGGAFDPL GLADDPEAFAELKVKE | KNGRLAMFSMFGFFVQA | VTGKGPIE 240

LGEGLD

YPGGAFDPLGLADDPEAFAELKVKE | KNGRLAMFSMFGFFVQA I VIGKGP IE 240

LGEDL DKL YPGGAFDPL GL ADDPEAFAEL KVKELKNGRLAMFSMFGFFVQA | VIGKGPVE 239
LGEGLDP | YPGGAFDPL GL ADDPDAFAELKVKELKNGRLAMFSMFGFFVQA L VTGKGP 1Q 240
LGEGLDP | YPGGAFOPLGLADDPDAFAELKVKELKNGRLAMFSVFGFFVQALVTGKGP1Q 240
LGEGLOP | YPGGAFDPLGLAODPDAFAELKVKE | KNGRLAMFSMFGFFVQA | VTGKGP |E 240

dkk ki :****:****_**:**:**:******:******* J o dkkddokdkkhkhkhdkkdkk ] |

NLYDHLADPVANNAWAYATNFVPGK 265
NLYDHVADPVANNAWAYATNFVPGK 265
NLFDHLADPVANNAWNSYATNFVPGK 265
NLYDHVADPYANNAWAFATNFVPGK 265
NLFOHVADPVANNAWAYATNFVPGK 265
NLSDH 1 ADPVANNAWAYATNFVPGK 265
NLVOH | ADPVANNAWAYATNFVPGK 264
NLYDHVADPVANNAWAYATNFVPGQ 265
NLYDHVADPVANNAWAYATNFVPGQ 265
NLFOHLADPVANNAWAYATNFVPGK 265

dk kK kdkkkdkkdkkdh | D hkkhhkk ]
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Fig. 2. Alignments of Cab protein isolated from ginseng and other plants. The sequences of amino acid were aligned
with the aid of the CLUSTAL W program. Panax ginseng (AB236867), Petunia x hybrida (CAA28639), Prunus
persica (AAC34983), Nicotiana tabacum (CAA41188), Solanum tuberosum (CAA84525), Gossypium hirsutum
(CAA38025), Arabidopsis thaliana (AAD28771), Glycine max (AAL29886), Rumex palustris (AAD48017), Vigna
radiata (AAF89205).
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Fig. 3. Phylogenetic analysis of Cab proteins isolated from plants dased on amino acid sequences. The phylogenetic tree
was reconstructed by UPGMA. The respective accesion number is described next to plant name. The cDNA sequences
used for amino acid translation was retrieved from GenBank.
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