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ABSTRACT: A CAB cDNA clone(pKGCAB) encoding the light harvesting chlorophyll a/b
binding protein of the semi-shade plant, Korean ginseng(Panax ginseng C. A. Meyer) was
isolated by the one-way path random sequencing of ginseng ¢DNA library clones and transgenic
tobacco plants(Nicotiana tabacum NC82) were produced by the transformation of this ginseng
CAB gene in use of Agrobacterium tumefaciens LBA4404.

The CAB gene showed type 1 structure of LHCP-II, 84% similarity in nucleotide sequence
and 92% in amino acid sequence to that of Nicotiana tabacum CABA40, respectively.

Seed germination and initial growth of the transgenic tobacco plants transformed with the
c¢DNA fragment were accelerated under low light intensity compared with those of normal
tobacco plant, that may result from the higher light sensitivity of the transgenic plants than
that of the normal.
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2 elat A 1l Chlorophyll a/b binding Protein fAAHCAB)2] cloning Z 2| &ojje] -8AF

ggHez FolUAE AR AT E
52e Hgstn gldl So) 9EAY B4 A

=
AgA I AN FANEY Folld B &
otz gekKim S, 1990). o]21gt 7)=tel] A
A3hg = FAAEY st CAB(LHCP:
Light Harvesting Chlorophyll a/b binding Protein)
o]tHBabiychuk, 19955 Millar and Kay, 1991,
1996; Jansson, 1994; Flachmann and Kihibrandt,
1995, 1997; Buetow &, 1988).

A4 AEQ Gl AsETlE b U
9] FrzAAstellA] Fad BFE Holed o=
Ar At F7] ool FEHde] Wi ZAA
Agsln g A 2AGo] Falefsder e e
2he At slo] gske] o Abolell Fell ik A
o] YojuhA =t ol2ldt ARE FdES
Aol AAFEC kgl oE3A HEEA
FHEZoll oJsl o] erx wloksle, ZdzAlel
stebg o] B o Eeld ovtE duie] &
ARAZ oloA 3 Qe vl vlEF FoAd o
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= vl AFEAAE nHEY FPAE =
F ok AEAM ON BlEE F7HRIA A=)
FAFEE VIS 7 3& Aotk Ko 5(1992)
& 279 CAB FAAE gl E3dste] o] &
a HHg ZAXT] A AREAE A
Azkd whfe] o] FAEAUT FAY] otk
W N 3E Baslele v A4 A {A-A
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I =99 zefel4HKim 5, 1990)el]
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Q1) ¢DNA library =M % REX} cloning
A4t -5 ANER ste] mRNAE FE3l3lon
(Promega, PolyATtract isolation system), cDNAE
8FA)slaL Uni-ZAP vectoroll 4FQ) ¥ packagings}
o}(Stratagene) FAA 23-g ZAJslgict. Plasmid
DNAS] HelZA|, Agdaitxa 5, duEd A
=2 Sambrook -521(1989) Molecular cloning,
Laboratory manualoll wta} 3¥sleior DNA
sequence 412 ABI Autosequencers Ah£a}9]
t}. Random sequencing2® <dolx= sequence
datat= U] NCBI(National Center for Biotec-
hnology Information)®] Genbank DatabaseclA]

" homology B4 program?] Blast® ©-4s}gom

B2 4B CAB A4 @A FA4e)
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wehgiet,

Qipt CAB FXKIe| ix HAAE

914 cDNA cloneZ %1% CAB 57348} 47]
Add 48l E  pKGCAB  (GenBank
Accession No. AF034631) clone-g templateZ. &}od
5'-primer (5'-ccgatatcaaatggctgettccac)@d 3°-primer
(5'-ttctagagctetttttittt) & ©]-88F PCR 73} transit
peptide®} poly AE E3Fsl= 0.99kb CAB DNAxR:
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o 273 AFEALEA 25 Luxst X3slA] &
& 2728 2500 Luxelich AlExle] A3t
e AR AEAelA AR genomic DNA
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=1}
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GTCTCTTCTTCCTTCTCAGTAAA
TTC GCC GGA ATG GCG GTG
F A G M A V¥

GGA AGA ATT
G R I S M

AGT CCA TGG TAC GGC CCA GAC
s P W Y G P D

GCC CCA TCA TAC CTC ACT GGT
AP § Y L T G

CIT
L

ATG
M

AAA GTA GCT CCA TCT
K ¥V A P S

GCT GCT TCC ACA ATG
A A

GCC
S T M A

CTC TCC TCC CCA TCA
L S § P §

TCA TCT GAG CTC TTT GGA AGT TCC ATG AGG
S S E L F G S 1 R

AAA ACA
K T

GTC
v

GGA AAA AAG CCC GCT
G K :

K P A
GGT CCA
G P

GCT TCA TCA GGC
A S S G

AGA AAG TAC TTG TTC TCC GGT GAA

R K Y L F S G E

GAG TTT CCA GGT GAT TAC GGT TGG GAC ACT GCT
E F P G D Y G W D T A S A

CGT GAG CTT GAG GTG ATT CAC AGC AGA TGG GCC ATG CTT
R E L E V I H § R ¥ A M L

CTT GGA TGT GTC TIC CCC GAG CTC TTG GCT CGT
L 6 ¢C v F P E L L A R

TGG AAG ATC TTC
W K I F

GGC TCT GCT GAT CCC GAG
G D P E

ACA TTC GCC AAG AAC
T F A K N

AAA TTC
K F

GGG CTT
G L

GGA GCC AAC GGT GTC
G A N GV

GCC GGA TCC CAA
A G S qQ E G

TTG GGC AAC CCA AGC TTG GTC CAT GCC CAG AGC ATC TTG GCC ATA TGG
L 6 N P S L ¥ H A Q@ S I L A I W

ACC CAA GTT ATC TTA ATG GGT GCC GTT GAG GGT TAT CGC ATT GCA GGT GGG
T @ v I L M G A V E G Y R I A G G

CTA GGT GAG GTT GTT GAC CCA CTT TAT CCC GGA GGA AGC TTC GAC CCC TTG
L 6 EV vV D P L Y P G G s F D P L

CTT GCT GAA GAC CCA GAA GCC TTT GCT GAG CTT AAG GIT AAG GAA CTC AAG
L o4 E D P E A F A E L K ¥V K E L K

TTIC TCC ATG TIT GGT TTC TIT GTT CAG GCC ATT GTT
F §s M F 6 F F v Q@ A 1 V

GGT GAG GCC GTG TTC AGC GAA GGT
G E A V¥ F S

GAC TAC
D Y

GCT
A
CCA
P
GGC
G
AAT GGA AGG CTC GCC ATG
. L A M

NG R

ACA GGA AAG GGC CCA TTG GAG AAC CTA GCC GAC CCC CTT GCT GAT CCA GTG AAC
T 6G X 6 P L E N L A D P L A D P V N

AAC AAT GCA TGG GCC TAT GCC ACC AAC TTT GTC CCC GGA AAG TAA ATTCTGGGAGA
NN 4 ¥ 4 Y A T N F VvV P G K =

GAGAGAGAGATCATGAGGGAGAGATTGTTTGAGTTTCTTAACTGTTTAATGTATGAAGAATTGTTTGTGAA
TTAATTACTACTGAACTATTTATGTGAATTTTATCCACTTCGAACTCCATCAAATAAATTTGAAAACTCAA
TTAAGCAGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAL

Fig. 1. Nucleotide and deduced amino acid sequence of a CAB cDNA clone (pKGCAB)
of Korean ginseng(Panax ginseng C. A. Meyer), coding for light harvesting
chlorophyll a/b binding protein(LHCP). Region of transit peptide was underlined.
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FAAE coding regionell introne] ¢ type I ol

e #8AT

Hodsl e, 7] immature Pl A2

&3l F25 Jepde #32-A I(PS I photo- amino terminal ol EANZ] whiA Fahr)z
system 11)9] #14) gt (LHCP-II)E CAB protein ol Todsl= transit peptide7} Z3tzlo] Qli=d),
family% 714 FRslol Hepmol=ut childel A o) A5A o Sl HEla AA G5Al
2h-S 2}As}3 glcH(Flachmann, Ralf, 1997). Hepgo| =utel] Ao °.3%¢3} ZA%tshs T

DR ABA6A o] fAAE ) DNAd E
Ase] mRNAZ AASlo] AR whagz

A2 mature ZFefolch.
2 Fo| 4 Type 1o} #lwdsl= LHCP-1I+ 265-269

Korean ginseng

: 1 MAASTMALSSPSFAGMAVKVAPSSSELFGSGRISMRKTGK**KP*AASSGSPWYGPDRVKYL 59

Tobacco(cab-40) I R K---LS----- IT-N-KVT--—-AS##-AKTV---——- =~ === - - 60
Tobacco(cab-21) 1 A Q---LS--AP-IT-N--V-==—-VAksg -~V o= o m e 58
Lettuce

R e Qe TS~ - -~ N

Tomato(Cab-1B) 1l ---A-—--—-m- Q——-LS——A—-IS N———T———AVA

Soybean P 1 -eoooeoSoLo-Q-l-L---TP

rice D) A Ve

Maize 1] --S----—-- TA———K——N-’:c————>:<>:<--EA-VI-——-AAKA--*__A ___________ L-- 58

Korean ginseng

: 60 GPFSGEAPSYLTGEFPGDYGWDTAGLSADPETFAKNRELEVIHSRWAMLGALGCVFPELL 119

Tobacco(cab-40) 6l ------ S mm Commmmmmm oo 120
Tobacco(cab-21) 60 ---~~- G o 118
Lettuce 60 —=-mmmmmm o S ———— Commmmmmm e - 119
Tomato(Cab-1B) 59 —----- G Commmmmmmmmee 118
Soybean 58 ------ P oo 117
rice 59 —-L-=-P-—mrom e S 118
Maize e B Cmmmmmmmr e 118

Panax ginseng:

Tobacco(cab-40) 1121 ————==mmmm s oo C=—Vommmmmme e 180
Tobacco(cab-21) 1119 —ommmmm oo oo Commoomee 178
Lettuce $120 — e e 179
Tomato(Cab-1B) T119 m o e (o . 178
Soybean 118 T-mmmmmmmmm oo [mmmm e e 177
rice 1119 — e o ) L £, 178
Maize 119 - e I-—--mmmmme C--Vmmm oo 178

Panax ginseng:

1180 GPLGEVVDPLYPGGSFDPLGLAEDPEAFAELKVKELKNGRLAMFSMFGFFVQAIVIGKGP 239

Tobacco(cab-40) 1181 ——==mmm ool o 240
Tobacco(cab-21) 1179 oo 238
Lettuce 1180 ——-—mmmm e Jmm e 239
Tomato(Cab-1B) T179 —mmmm e 238
Soybean 1178 —--—mmmm e 3y 238
rice 179 ------oomooo - A I | e T 238
Maize 179 —— e D----- G----—-"n K---—- 238
Panax ginseng: 1240 LENLADPLADPVNNNAWAYATNFVPGK 266 Identity(%)

Tobacco(cab-40) 1241 —————mmmmmm = 267 92

Tobacco(cab-21) 1239 ~---=—=--mmmmmmmmem e 265 97

Lettuce 1240 ——--mmmm e S--—emm - 266 93

Tomato(Cab-1B) 240 ———mmmmmmeme oo 265 9]

Soyhean 1239 ------ H---mm oo - | 264 a2

rice 1240 ----—- Hemmm e 265 87

Maize 1240 ------ HI-——mmmmmm oo 265 88

Fig. 2. Comparison of amino acid sequence of the Korean ginseng LHCP-II with those from other

plants(Acc.

No:
M14443, soybean, U01964; rice, D00641; maize, Y00379).

tobacco cab-40 X52744, cab-21 X52743; lettuce, D14002; tomato cabh-1B,
Dashes and asterisks represent

identical amino acids and gaps introduced for alignment, respectively.
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7 olujxAto 2 Fo] glow 1% 31-377H ofw)
X Ato] transit peptideZ, & 231-235709] olv|:
Ato] mature e WAL o] F 3 Sl 4t
2] 735 transit peptide”} 3470, mature LHCP-II7}
232719) ofm:Ato @ FAEo] o] 2 F=I}
el A&7} vl

Nucleotide sequence-g €} 4lZ3 vzl H
1507 7|2 RE| 3Foze] BEL ghi
F, EukE, Zo ZF 82-84% fAsialew
transit peptidei- 1] d7iAdellA Hr} F Ho]
£ Hof 70-74% A3t thdata =] AA]).

914t CAB §A#ke] Wit 7| d 2R 5
e F I oA G S e AEA vl
Bl 28 2 o9} 7ol transit peptideF$ <t
mature protein® N-terminal 53-F$]oll4ur &
2ol & Jebz 9lew 91-93%2 ofn|izile] 7
ek AsgEsielld Qlibe]l B2 FEASS #A
RS- kel & o, o]t 4k CAB9| o
A2 xpol7} light harvesting 7]&oll4 Hojx
Bl o3k glg Zlog wHuislo] o] CAB
FAAES Az EJsl7] sl 2™ 3 olAet 2
o] vectorg AlZxslAch

ox B

cab

358

Fig. 3. Schematic diagram of the pCAB express-
ion vector. About 1.0 kb insert of Korean
ginseng CAB ¢DNA including untranslated
region at 3'-prime is located between 35S
promoter and NOS termination signal.

AM=E pCABE HHZAISE  Agrobacterium
tumefaciensol A plasmid DNAE 2|4 Alslo] Qi4t
18- primer setZ A28 PCRollA] 900 bp2] DNA

o719 - o1 %4 -

bandZ Felsldata wlAA) e AHz}
=3} wiekdoz Hzlslo]l YAl kanamycin Wi
Aol A FAEAE F7lskdh

1670 AEE A EAE B E5slo] 7b7}h 4]
el I4F CAB f32ke] ARl RE 3
As) &= primerE o] &3k genomic PCRE 23
sl vk, A4 NC82ollAl & VHEREA] ¢+ 0.9kb
2719 £% §42 DNAxEHo] Felo] #elgt
T UAUTh ol E 2AHAA fulste] JNEA] 2
THREAIA AEIP o] FAollA wotd FAE
9] genomic PCROAE <4 CABRZAF wbH
< #lE & Aoy 4).

M1

900 bp
(CAB gene)

Fig. 4. Genomic PCR of transformed plants of
tobacco NC82 with Korean ginseng CAB gene.

M : DNA marker( = : 1 kb)

1 : Normal tobacco NCS82

: Tranformed tobacco NC82 with Korean
ginseng CAB gene

PCR was carried out with the specific primer set
for Korean ginseng.

5'-primer (5'-tctagaaatggctgcttecacaat)

3 -primer (5'-ggatccaattcacaaacaattctt)
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Transgenic
plant C2

. 2
LA

Transgenic
plant C7

Transgenic
ptant C 16

2500 tux 25 fux

Fig. 5. Seed germination of transgenic and control plants under different light conditions
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