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ABSTRACT Acyl-CoA binding proteins (ACBP) are small highly-conserved cytosolic proteins that bind long-chain
acyl-CoAs. A cDNA encoding ACBP was identified from ¢cDNA library constructed from hairy root poly A* RNA in
expressed sequence tags (EST) analysis. The cDNA clone was 453 bp long and carried an open reading frame of
264 bp (10 kDa). The ginseng ACBP amino acid sequence was compared with other reported plant ACBPs using
the CLAUSTALW. Ginseng ACBP is 89%, 81%, 80%, and 73% identical with ACBP from castor bean, lilly, Digitalis
and Arabidopsis, respectively. However, ginseng ACBP is 5 amino acids smaller than Arabidopsis and rape seed

ACBPs. Also there is no any known signal peptide sequence in ginseng ACBP.
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Acyl-CoA A9 a (ACBPs)2 ¢F 10 kDa A% =
22 SHARA Aol CoAt ohd 31 ARES) acyl-
CoAS ZFech o] TWATL Pasie ALrlde 4
of #UY N2 NAA P AT T2H0T dAs
21} (Bourgis et al. 1997). ACBPX: in vitro B4o|A 94
of AP PHELE ATFoHe wRRA 29 o4
S22 AR =S S™ (Mogensen et al. 1997), K] Eoj| A
E ot} ZASH: 484 BAE YA Uk

AFe acyl-CoA9t ACBP= &49 43 44 2
& 20 glo Fas AT 3= AoR AAHT
B2 invitro A 7IAE acyl-CoAE @04 the
acetyl-CoA carboxylase (ACCase), AMP kinase kinase %}
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FadR BlEE AJolg 2457 doks AS HelFsdsd
(Faergemann and Knudsen 1997), 9|52 B%F XA
o) 245 PaAslel A K20 DUASOIT WE olF @
WAE] in vivooll A 71L& acyl-CoAd]] o]t} A H A=
SRR, 1 e ey oE g ES QAL RN A4
o) §4& 28 TFeAol ANDT ATk F A BN
ACBPE 71Ak acyl-CoAst ZHO.2H AABHY I
& 943Z F Utk Aty ACBPE in vitrool X 71AlE
acyl-hydrolase 258 Z7l1AlE acyl-CoAE 233 = o}
(Engeseth et al. 1996). ACBP+ # 9] 7li4 S5 nEE
EZjoplA SEMEAE (glycerollipid) FAdolvt e} 2k3)
£ 98 u]gA 2 (microsomal membrane)d] ZIAKE acyl-
CoAE F3} (Rasmussen et al. 1994). o83t A=
ACBP7} AlZ2doA tAgeE 71AE acyl-CoA pool A
o At k= AL AASL ek

ACBP9] ¢cDNAE S894= # (Mocchetti et al. 1986),
A7 4 (Webb et al. 1987)ZRH EH =), o1 #4
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AEL opu At MEE & A3} 90789 obn| Ak (eF 10
kDa)o. & FAso] gen 1E2 HEEF glo] ACBPY
A7 gl Agehe Fekl wEHe] ke R 1}
epith &8s Brassica napus (Hills et al. 1994)0l| A
2202 ACBP9 homologueZt EIHSTh ©] ACBP+
9271e] ofmAto® A0 JOH mRNAE WEZF<
W, £ 283 A9 FolA AstA 2dsgth o=
Arabidopsis thaliana (Engeseth et al. 1996), cotton (Reddy
et al. 1996), castor bean (Erber et al. 1997) 52| 2| &4l
T HIEUh

B doxE o gRE PR fE&R8A EEE
93 ESTEAS £3le] Ea2l® ACBP #4249 5434 o
= N2AoM BIY ACBP §4x%} ofulat NPHILE
s gawd B2 @ A0 ol BasaA B

2AIT0| R Y Ak

Q4 3UT WYZYL AolgAd JEFOR W F

[e]
R1000S H=3}a] ZARZ (hairy root)S FE3Hch =8
e 2ol ArlER S 1/2 MS AA o] £A
obaol wiokslAA AEFE A - FASRLH, AFF R
saponin %S &Ase 43 AMEF (KGHR-8, &
6052223) 8 Aaloich

Total RNA2| &= 2! cDNA library &2t
4370 Gao AR BAES FAR FEE &

AAS & AAF 10gE ALt} Shirras 5 (1984) W
= A3 3l total RNAS FE3I0th BT 2RY
223} total RNAE mRNA Purification Kit (Amersham
Pharmacia Biotech)2 AFE-3led mRNATHE &2 - A 31
ow, 71 % 5 ugS ZAP-cDNA Synthesis Kit (STRATAGENE)
& 0]&-3}od cDNA library & A2+t

Acyl-CoA-binding protein FXXIS| 22| X A

Qate] fAA hEREAE 9Jste] AZE cDNA library 2
HE] mass excisiong 3t plasmidE %o} W Fof tf
7 (SOLR cel)o] @AAGst] LBujAIOIA] sk wjost
% Plasmid Purification Kit (Kisan Biotech, Korea)2 AR
3lo] plasmidE #2812 H, PCR $&2 &3t insert 2
712 1% F 300 bp o)Akl cloneWe AHste] Pr1HL
EA (ABI37)S &ttt B4 clone2 NCBIS| BLAST

22792 AHEsle] homology A4S AN 187
DNAsis (Hitachi)& AbLated 47 EAE 9z
A

CLUSTALW Z 2732 A83le] §AAE H|2 - B4
STk

Z4 o 1%

Acyl-CoA-binding protein oF 10 kDa F&E Hy Z
oz Ao A Halol oM olF Fod J%
817 Itk AMAZANHE acyl- CoAd] ATeHE ACBPH
AA7E AN AL, AED) EASHE acyl-CoAsh
ACBP7} A3 24, acyl-CoA FAE L] A E ¢
3}A]# ACBP-acyl-CoA 2] poolS AA3HaL, EFAEH acyl-
CoA2 71-E381E ARSI, free acyl-CoAdl & F44
B oAl 2 ASHY) WES dAaA Erk

QpozRY KA WIS 939 A, rhizo-
genes R10009] 7ol o8y FE2d ZAT FolA Rel 2L
FerEF:2 HA2® KGHR-8 A|ZFZXE total RNAS
22390 AAE mRNAZ ARE3la] ¢DNA library & A
Zaly TR R Musle]l EST #4131 Ax} A4 B4
cDNA library 2 %€ 8 7§¢] ACBP full length cDNAE &
B3 % 9)Sick ¢lake] ACBPE A9 o7t 453 bpR §
non-coding 9] 26 bp, 3 non coding FH°| 163 bpE
M=o} glth (Figure 1). 27HA) G7NEE ATG TELE Al
A= thld MY E Y (open reading frame)E 288HA] 9
TAA ZE02 ZAHAT 1T 345~350 bpoll poly-
adenylation 21321 AATAAA7} EA8 glom 22749
poly A7} A=l Uitk Q4te] ACBPE G/CE#Eo
37%%. cotion (Reddy et al. 1996)¢] 56%¢l H|3}e] v]A
3o golgon, 87709 olp| At g FAE UL EAF
& o 10kDa AL HE Ao FHHAT

1 AGCAGATTTTATACTACACAGAGAAAATGGGTTTGCAGGAGGAATTTGAGGAGCATGCTG 60
MG LQEETFETEHAETE

61 AGAAAGCAAAGACCCTGCCAGAGAGTACTACCAACGAGAATAAGCTTATATTGTATGGAT 120
K AKTLPESTTNENKLILYGL

121 TGTACAAGCAAGCCACAGTTGGACCAGTGAACACAAGCCGTCCTGGTATTTTCAACATGA 180
Y KQATVGPVNTSRARPGI FNMRB

181  GGGATAGGGCAAAGTGGGATGCATGGAAGGCTGTTGAAGGAAAATCCAAAGAGGAGGCAA 240
DRAKWDAWKAVYEGKSIKETEAM

241 TGGGTGATTATATCACTAAGGTGAAGCAGTTGCTGGAAGAAGCTGCTTAATTTCATGAGA 300

G DY I TKV K QLLETEAAH=*
301 TTATATGCTTCTAAATTATGAATGATAACTTGTTTGTGGAAAATAATAAATTATTTATGT 360

361 ACTTTGGTAGCTTAAAGTAATGATGCCTGTAATTTGTGTTAAACTTTGTCTATTTAAATC 420

421  AGATAAATTAAGTCCATATACTGGAATTATCCTAAAAAAAAAAAAAAAAAAAAAA 475

Figure 1. A cDNA and deduced amino acid sequence of acyl-CoA-
binding protein isolated from Panax ginseng. The putative poly-
adenylation signal is underlined. The asterisk is indicated the stop
codon.
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Aracidupsis MGLKEEFEEHACKVNTLTELPSNEDLL | LYGLYKQAKFGPVDTSRPGMF SMKERAKWDAW 60
Cas-or bean MGLKEDFEEHAEKAKTLPENTTNENKL | LYGLYKQATVGPVNTSRPGMFNMRORAKWDAW 60
Cot on MGLKEEFEEHAEKVKTLPAAPSNODML | LYGLYKQATVGPYNTSRPGMFNMREKYKWDAW 60
Dig ta is MALKOEFEEHAEKAKTLPESTSNENKL HLYGL YKQATVGNVNTSRPG | FNMKORAKWOAN 60
Li oy MALKEEFEEHAVKAKTLPESTSNENKL | LYGLYKQSTVGPVOTGRPGMFSPRERAKWDAW 60
Ginseny MGLOEEFEEHAEKAKTLPESTTNENKL fLYGLYKQATVGPVNTSRPG I FNMRORAKWDAW 60
Rap- MGLKEDFEEHAEKVKKL TASPSNEOLL | LYGLYKQATVGPVTTSRPGMFSMKERAKWOAN 60
* o kkkEE Xk K RRKRKKKRE K K K KKK K *kkkn
Aracidopsis KAVEGKSSEEAMNDY | TKVKQLLEVAASKAST 92
Cas-or bean KAVEGKSTEEAMSDY | TKVKQLLGEAAASA-—~ 90
Cot-on KAVEGKSKEEAMGDY | TKVKQLFEAAGSS—~ 89
Dig ta is KAVEGKSQEEAMGEY | TKVKQLCEAATASS— 90
Li vy KAVEGKSKEEAMGOY | TKVKQLLEESA———- 87
Ginseny KAVEGKSKEEAMGDY | TKVKQLLEEAA——- 87
Rap- KAVEGKSTDEAMSDY | TKVKQLLEAEASSASA 92

B T A 1 i 222

Figure 2. Comparison of the amino acid sequence of Panax ginseng
ACBP (AB071376) with, Arabidopsis thaliana (AF380634), castor
bean (Y08996), cotton (Al731976), Digitalis lanata (AJ249834),
lillv {AF031541), rape (X77134). Amino acid sequences were
aligned using the CLUSTALW program.
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Figure 3. Phylogenetic analysis of acyl-CoA-binding proteins
isolated from plants based on amino acid sequences. The phylo-
gentic tree was reconstructed by UPGMA.

7} 2 EeA H3E ACBPY] ot MES Hwe
A3} Arabidopsis®}t rape 9271¢] opm]| A0 7 AT o
9] 3. castor bean=} Digitalis lanata= 9071, cotton= 8971,
lilys Q4 2& 8749 oo s 4ol it
(Figure 2).

2142 ACBPS} ThE A EAA g R ot
Kdo] AEAL uwE A3} castor bean©] 89.5% % A|Y
=4 velden, lilly7} 81.8%, Digitalis lanata7t 80.7%,
Arabidopsis$} cotton©] 73%, rape7t 71.9%9] H&3S H

= ) 9kslod, human#} yeast 2 41%9} 45%F A ¥l
2 g A5 enigle

214H2] ACBPS} T2 2JEAo]A HI1E ACBPE9| o]
w4 NGE ol ABEAS ANsle] & A obHl
A AdollA 89.5%2 wi¢- w2 AEAE YR castor
beano] Q143 w19 ke FABAS] e RO ek
o, Digitalis lanata$} lilly7} EYT TFOE FRHIUL,

Arabidopsis, rape$} cottono] QlAt#= ThE 1522 Uy
o]A, °lAke] ACBPYIE= HlwA @ S A o) Q= Aoz

velytth (Figure 3).

2 Eol|lA ACBPo that A2zl 7]5o] g A
T o}F mu|d AAolut FHIZ| Arabidopsis (Chye
1998)oll 4] 24 kDa A9 23d o] By E = C-
Yok olo) acyl-CoA binding domain©] EA = H7}
)t} o] Thilg L 71Z¢] ACBP Y AEI= e A5
& yehldet EAA A gl ##Ese] iy gtk

Qe oFEAERAM W A7t Hol ot Zujul el
olE 9] AFPAolA AFsrlole B2 ool vk Ly
olAto] Ma] WA Agrobacteriums w72 sto Sl
A7 Y F2E B (hairy root) S} v
FoWET FEARE 0 BRAT Qo) g TS F8E
Ao AAARA AT JoH, Ea el o gl ke
23 f2529 AN SHAAME ofF F2 Aot
el mTe A2He BHol FHE ARTRA El
A A Qe WLE Bad §4EUS AAS
aFsrd] YN ofF H83ITh YAS EAZ cDNA
library 236 218 94 ACBPSAe] A2 7158
ok oz} ¢lite) 8 oFEARQ saponin §4 ARSI
He e Aol dolNE T AREA ASH Q
72 $a0] ATlA ACBPY 4EHd 4TS 79

Acyl-binding protein (ACBP)2 7IA}& acyl-CoA 9t ZHg
e 152 BREFHO JE AXE whFoelth ik f-&
FANE gz BN g8t A A BT
cDNA library 25-€] 214+ ACBP#-2 A7} E2 = o] #
A= Zol7} 453 bpo]Z 264 bp&] open reading frame
(10kDa)g 7N $IAEh <4 ACBPS] opvinit MES
e AERoRA HyE AF v|Z3 Z castor bean}
89.5%2 W =& SAMAS Uehilem, lilly, Digitalis,
Arabidopsis, rape 53 Ztz} 81.8%, 80.7%, 713%, 71.9% %]
SAS JeERck a8t <14l ACBPE Arabidopsis
¢} rape®] ACBPX T} 5719 otu|isto] H2 8774¢] ofmjl
ROz olRolA YUT oM signal peptide AT
Ssker. 127 @Al mEel gl O AEAsl ACBPS
AZRAS 3 A3 ¢4te] ACBPE Arabidopsisi; cotton
BURE castor beand}t ¢ 77k frAd@A dE AR
e T

ARAE - & AE 214171 ZEEO] AR AP A E Ad ]
A748] ¢ (PF003101-01)0] 2l Sl =G
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