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Post-translational Modification of Ras Protein and Effects of
Petroleum Ether Extract of Ginseng on Progression of Cell Cycle
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Abstract : We investigated the effects of polyacetylenes of ginseng on farnesyl protein transferase (FPTase) and carboxyl
methyl transferase (CMTase) activities related to post-translational modification of Ras protein. We also investigated the
effect of petroleum ether extract (PEE) of ginseng on progression of cell cycle. FPTase activity was respectively inhibited
16.2% by 10 mM panaxynol and 21.3% by 10 mM panaxydol, whereas CMTase activity was not inhibited by panaxynol
or panaxydol. Treatment of PEE significantly reduced the numbers and size of human colon cancer cell (HT-29) and
human liver cancer cell (HepG2) cultured, respectively. To investigate the mechanism of growth inhibition by PEE of gin-
seng, we analyzed the cell cycle progressions of HT-29 and HepG?2 cells, respectively. We found that PEE significantly
inhibited progression of cell cycle from G1 to S phase. These results suggest that anticancer effects of PEE were derived

from the arrest of G1 phase in cell cycle progression.
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1. Mg % Al

Farnesyl transferase [PH]SPA enzyme assay kit$} S-
adenosyl-L-{methyl-3H]methionine®- Amersham Life Sci-
ence(Buckinghamshire, England)A} #&-S, HEPES, ‘Tiis -
HCl, PMSE Leupeptin, CHAPS, GTP+S, Dithiothreitol,
B-mercaptoethanol, RNase, Propidium iodide, Ammonium
sulfates= Sigma(St. Louis, MO} A &S ARt} Fetal
bovine serum, Dulbeccos modified eagles medium,
Trypsin-EDTA+  Gibeo{Grand Island, NY)AF A &2,
DEAE-Sepharose CL-6B, Sephacryl S-1002 Pharmacia
(Uppsala, Sweden)A} #3358 ARE-slSiTt.

2. FPTase % CMTase2| 582 XA|

FPTase®| ¥4 Gibbs 52| W 9g Wsle] AL
st o] he 10 g& 58450 mM Tris, pH 7.5,
1mM EDTA, 1mM EGTA, 02mM PMSE 0.1 mM
leupeptin) 40 mlol ¥ I RA VM & dsly Holza
HE §9& TEHANEL) (13,500 g, 30%)5H] A5ele o
At AREolol| 50% ammonium sulfate® 28k 1A]7F
B IR, 4R (13,500 g, 10881 S
Aot FHe
DTT, 50 uM ZnCl)ell =<1 & Z38] FAete] gl
S 9%, DEAE-Sepharose ©]2w$ I EvlE ae)]o] &
|27 3 0~05 M NaCl My rerulz2 408 8539
oh 24 #8E& Rol Prep-l0MWCO 10,000)0.2 &35}
S A st Ayl ARg-sRch

CMTase®] F-E44= Yoo 59 HH2De WHisie] AL
sRATh 49 ¥ 10 g8 58920 mM Tis, pH 7.5, 1
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mM EDTA, 5mM MgCl, 0.2mM PMSE 0.1 mM leu-
peptin, 0.1% B-mercaptoethanol) 40 m/o} ¥ FR Ao
M2 afEty Ao 22 AHE S-S FEHUYRE (13,500
g, 30i)ste] AHE Ak FHL
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71 %, a&A152](13,500 g, 108)8ke] HAL
b A4S 458920 mM Tris, pH 7.5, 1 mM pB-mer-
captoethanol, 0.1% CHAPS, 5% glycerol, 0.1 mM PMSF)
o =<l %, Sephacryl S-100 gel filtration chromatogra-
phyoll 2-8A1H E4E 8530t F4EES wo} Prep-10
(MWCO 10,0007 F%ste] dF ol ARS8l
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3. Qo] MR F&E M=
10 g9 <l (el s, 69d<2)S Soxhlet Aol Q1
Afolld S &rl2 1247 #5310 358 g oz

o} filter membrane(pore size:0.22 um)e E3HA|7)al, ot
Al AF3ldEE7A BulE SHEAA el F2ES
AUk A7l FAAvpag F2s & 4°CH) BaAstth T
g, el AH8-E panaxynol?} panaxydol 914tAZd74
oMM zFzt 30 mg¥ &ol Afelldo) o, AAhviaE
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4. el MF0E £&58 ¥ panxynol®} panaxydolO|
FPTase ®#40f| 0|X|= H&

Farnesyl transferase [H]SPA enzyme assay kit® AME-
&t FPTase®] #4S FAsHoh &38AG0mM
HEPES, pH 75, 20mM KCl, 5mM DTT, 30 mM MgCl,
0.01% Triton X-100) 10w/l 05uM biotin-YRASNR-
SCAIM peptideE 20w W37 FEHAS 2E2HL 2 unit
Bwrh HA Hove & SFRSE HF Y9 78 w 97
ATt of7]e) Q1ate] Alfeld FEELS 0~2 mgmlel &
T7F H %%, panaxynol® panaxydol Z+7} 0~10 mM<]
Fwe7h HEs gl 2w H7Ested 37°ColA 58 pre-
incubation A7l ¥, 12 pmol 3H-FPPZ 20 w %3 37
°Cof|A] 1A17F BEAJ L) Blanke A8 thalel] wkgelof of
ERE 2 WE H7yskd wkgA1ZY). Streptoavidin-linked SPA
bead &8 150 w #H7Fsled W3-8 HRA)7) 3, ALo)A
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308 <t AX 5k beaddl| AgHeF wh2-AHE-S scintillation ollA wHe-AlZ T, 28] 7, propidium iodide 94828 FHE
counter® =43t} B1EA S (unit/mg)e= pmol of farne- FE 50 ug/mlo] HxE AE|sla o] Fg ol 1087k vk
syl group transferred/hr/mg-proten© 2 42| sAt}, 2712 cell cycle analyzerZ Al XY DNA 3§32 585
nmellX vew F3E At A2 DNA §Hol wet
5. Qlate] MRo|™ F=&E ¥ panxynolZ} panaxydolO| A EF7] 2} dA|] FEE EAsIT
CMTase #40 0|X|= H&
HE2- 220100 mM HEPES, pH 7.4, 200mM NaCl, A il
5 mM MgCL) 10 wel 10 mM GTPyS 5 wel F53A)
o 2EALN 20 WE W FHRTE HET U 8w oA 1. 2late| 4RO =58 H panxynol@t panaxydolO|
Al 85t o71ol Qe Mfold FEE-E 0~2 mgm/el FPTase #40] D|Xl= A&
5%, panaxynol#} panaxydol® ZZb 0~10 mMe| &% 4o H2XE FPTaseE 3=y ¥HyAz DEAE-
2 gl 2 W Hrkste] 37°CellA] 53 pre-incubation 110
AlZ] %, 40 umol S-adenosyl-L-[methyl-*H] methionine&
20 W AL 37°CellA 1A7F REg-AIZITH Blanke A& thal 100 4
of ¥hg-odof olekg 2 wE Ariste] wHEAIZTH 1 ml cold 3
ethyl acetateS 7}l WhE-2 A7 F, microcentri- % 90 -
fuge(7,000 rpm, 5%)3t] FEHE BALHA A, FHTF B
05 mie ¥ 42 5 At o] A48 23] v 2 80
B3t § HE ethyl acetated2 05m/ 3l cocktail solu- =
tions 3 m/ ¥ F, scintillation counter® Z7d 3% T = 70
v] &4 & (unit/mg)+= pmol of methyl group transferred/hr
/mg-protein® & # 2|3} t}, 0 I I I
0 3 6 9 12
6. IMIIE HHQF X BEN THEF Concentration (mM)
2 Ao AMEE PN T ol ARer AEel HT-299 Fig. 1. Effects of panaxynp] or panaxydpl on FPTase activ.ity. After
enzyme was preincubated with panaxynol (circle) or
AA 7kt MER) HepG2E tho = 3HaL Al uief panaxydol (square) for 5 min, the FPTase activity was
o B opaleA] Aldisl= wiiel ulel Alsigoh Y = measured, respectively. Data were presented as means == SD
HT-29 ¥ HepG2+ 10% fetal bovine serum, 100 units/ (=3).
m/ penicillin, 10 pg/m/ streptomycin®] 3% DMEM 120
©2 T.75 flaskol °14% ¥ 5% CO7b FA|%& 37°C o
incubatoroll A1 Alirl¢F ol HT-299} HepG2 YHMEE .
35 mm disholl $HAE F7F 4X10* cells/dish7} == § 100
olalalar, wigFdel] 14ke] Afd FE2EE 0~150 pg/ E
m/ B7Vkd 48N Wi 5 W ke tlEke) R wst s 907
£ inverted microscopeE AT A EZ4 RS £ &0
v w5} et 12
70
7. Qlatel MR =ESO0| MEFI|0 O|X|l= Y& .
T T T

Qo] Mol FE80) 100 ugml B7HE ol ! ! ! ! p)
48117 i HT-29 3 HepGZ MAIEE trypsin 2|3} Concentration (mM)
=25} B TZ72 BAgie i
o FHY F AEF7IE 2450 Cell suspension(2.5 Fig. 2. Effects of panaxynol or panaxydol on CMTase activity. After
x10° cells/m) 200 well 1.8 m/ trypsin &2 Wi A2 enzyme was preincubated with panaxynol (circle) or
ol 4] 1027} ¥=)8F & RNaseS} trypsin inhibitor7} ¥ panaxydol (square) for 5 min, the CMTase activity was
F

=
_ o measured, respectively. Data were presented as means = SD
£4L HAF FE 01 mgmiE A7l T 1087 42 (n=3).
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Sepharose ©]2 w8 AT rtE T vE Fatod A A dole] FPTase E4840] v[XE 43S Ieig 3= Fig
t}. DEAE-Sepharose chromatographyollA] &488-8 &= 1o Yl 10 mM panaxynol® 10 mM panaxydol
sl FA% A3l, FPTases 319 BAEHALL, 552 68%, H7}A] FPTase #4do] WhxZ(100%)1 HI3l ztzh 83.8+

HIEEE 317 Umge s Uebdth Qitel Afdld 55 1.41%S 78.7+1.33% =% UER} F284o 16.2%% 21.3%
2 2 mgmiel FE7HA vkl kst A3, FPTase & Aseh= o2 Jehgtt &, FPTase 484S panax-

A8 Ao P& vIHR| LBe-g AU ¢1de] ynols} panaxydolell ¢ mMe] FE=TLeIM oF 10~20%
polyacetylene#|l AEE 5 F8AE<Q] panaxynols} panaxy- A= o2 vebgttt

Fig. 3. Photomicrographs(x100) of HT-29 cells and HepG2 cells cultured without (control) or with the PEE for 48 hrs. Panel A : HT-29 (A-
1 ; control, A-2 : PEE 100 ug/m/, A-3 : PEE 150 pg/m/), Panel B : HepG2 (B-1 : control, B-2 : PEE 100 ug/m/, B-3 : PEE 150 pig/ml)
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2. 2lgte| MROE F=&#& ¥ panxynol?t panaxydolO]
CMTase &40 0|Xl= HE
290] HZHE CMTaseE 274EY4EY], detergentS A}
&3 &, AU RFEHEAA 9 Sephacryl S-100 gel
filtration A E2rE19E F3lod F-EA |51}, Sephacryl
S-100 gel filtration chromatographyol|*] 4% 88 w33
@_,,} CMTase™ 11.54H quﬂE]oil TEE 15.7%, B4
= 187 Umge & Jepdr). R-EAAE CMTaseE AR
0}04 215ke] polyacetylenedl HHEE F T8 panax-
ynol# panaxydole] CMTase &AEA0)] vl FEkS
lgh A= Fig 29 et dch. CMTase & 484 &
panaxynol?} panaxydololl €J8] sz eigkom, Q3w
e vk FTRTIE AeE debdh Qlake] Alfrellel
FEES 2 mgmle FE7HA] REEHe] Huish A
CMTase E4E3E VnetA SV 71w AoR velsdt)
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3. Qlae] MR £EE0| AME S0 DjRl= e
B AFlo] ARE-s HT-2992F HepG2el vi7HA)1 7R ZH2; 20
AIZ¥ 407 e 2 e ME7F Ao S ET 9lS
S U 5 o] Aol ARE-EIITE. HT-299F HepG2 Al Ex)
ol &8-S 77} 100 pg/mi# 150 ug/ml 3
7b8har 48217F MFEHA A XS] HE RiZE inverted
microscope® A2 Ax= Fig. 30 Wehlict. thzatol
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Gl YA MEe 2t 75.46%0 A1 A °<>1]Eél Z225L5 100
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Table 1. Effects of petroleum ether extract of ginseng on the cycle
distribution of cells in different stages of cell cycle

Petroleum ether Cycle distribution (%)

. L .
Cell line extract (e/mi) Gl S Gl : S ratio
HT-20 0 75.46 17.02 4.43
) 100 76.66 12.81 5.98
HepG2 0 72.59 11.57 6.27
100 84.32 0.00 -

SR EERE LR R T

A RA4EBA]

2T 17.02%0 4 FB7hE 1281%% A3 7+astech
HepG22] 745, G1 ¥ HlEE thR 72.59%004 A1l
g 2225 100 ug/ml F7F MU 84.32%2 FAE) 7}
S, S WA MEE 2T 11.57%004 A7 0%= 8
8] 7Haeisint. o] A= Qdike] Afold FEEo] X
F71 % Gl 2N S dAIRe] e AA Ao EH
HT-29 9 HepG2 SHIE 52 94 a5 Jele 2o
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A|4-4] /‘é-r % polyacetylened| “d+-2 panaxynol, panaxy-
dol, panaxytriol 52 ¥3¥sla U}, zeiv} o)2id s
£ol 4R HE el 223 713 gisiMe 2 4
A A etk uhEpA B At ik A8 AEQ
polyacetyleneA| “gEol| 23t getgyfo] Balz 7148 ¢
HEE o2 dedxl Ras @A 9] post-translational
modification®] #¥oishe §49) FPTase®t CMTased) 4
o] BAE B3t FEslaat sk E3, AEe] X
7] BAS Edlo] olate] X &A ARo] ofi A9 ME
F7] F&g& AA g A IRIFgoEA gtaFte| a4
7145 198 ENE AlS-starat skl

FPTases= mM ©H2le] sxolA polyacetyleneﬁ]
panaxynol} panaxydol®l] (]SH 8o oF 10~20% A
giRb= o8 ‘JrEHlFE}. o] & panaxynol? panaxydol©)
FPTase?] 7]3% 3h9] farnesyl pyrophosphate®} 73423
o2 gho Zasle] FATYS vt Ak AR o
Az, Heol Bad 3stEEo] uM ©@ele] Hw

o) FPTase?] &4& As)|?*3l= Zol| wlsir| panax-
ynol#t panaxydol2 Hiw % o iE‘”ﬂ*ﬁ S Asfsb]
il Az, ckelgHor A onE 3l7]= oJHth,
CMTase G487& PEE ¥4 polyacetyleneﬁ] 8] pan-
axynol¥} panaxydololl oJsll @48 AafiA] dskow, 23]
A F4E thh FTRTIE AR YERT oA
CMTase’} membrane protein® 24 27 Sk

i

o M0 K -‘ﬁ

=1

it
o © 0l » e R

iy

p

s

Aol

rlo

—

71 ol g Bt
o A polyacetylened| AJRol| <) =7} <5}
of F8AsE WAsk=t 7I/lg AoE AL o]ife
AFo) A 24te] polyacetylene?] 4 ¥©] Ras @A e

ﬁuﬁoﬂr



Vol. 25, No. 4(2001) ¢14} polyacetylene©] Ras T2

post-translational modification®] Tq3hs i FPTase—J
Aol thh IS FAT CMTase?] E40le 99
2] %= FOE VERRITH
olofl we} 14k A8A A2 "%‘ LEajr/] A 7%
AEst7] flsted HESA A
ahoith ol AATHEA HT-299F <A
HepGZ—E'* thate &2 )\16'4.9. 3l @;} ol Ako] x4 AlRe
HT299} HepG2 QHHFe] tj# 1C@ 717 50 pgml 2
50~100 pg/ml ©1217, 100 pg/ml oo FHwa ujoFelol
HelA] GHEZA o] A3 Y S =
= AEE 7gHoR HIPEeH ApEE
71| "oz wiR] Fol] Ffshks A

o] A~

= T

NEZ7] BAL Bl 014 ;qs.;a }Hl?_oﬂ g]a o}
4

=

Ao #pgo] AEF7] A& ¢
of 28k YL AT
o]|EM Qi A8A AR

IJ

>
Q

Fate] &
ZARIAE ] st Bl A EF7] ) W3]

4]

d

N

1 rﬂ o
Z XN

L
o
o 4

Hal7] Y8k <l1akel

MR = FHowm HIE
polyacetylenel AJ+-o] Ras ©h¥) & el post-translational
modification®l] #Hs= TR esyl protein trans-
ferase(FPTase)2} carboxyl methyl transferae(CMTase)Ql
Aol mlx]= F3ES 3elslg] ;/_Y o] 284 AE(PEE)
o] MazF7le mAe F&dS sttt 9] = EYE
FPTase®} CMTases F-7Askd A4l polyacetylene
ARl F oaxe g vIe YFE AT A
FPTase= 10 mM panaxynol 10 mM panaxydolol]l 2|3l
A gadAdel ZHE 16.2%9 21.3% Ay, CMTase
GAEAL polyacetylene?ll “d4-2] panaxynol¥t panaxydol
of oslA S MR b AR LT A A%
QA Q1 HT-299F A4 kA 220 HepG2e] wiFdel 14t
9] PEE 749 7} wiekA] AIXE 717} 4gs] f15EH
AHEERNSS B 4 AL, AEFT] A A I4te]
PEE Al¥-2o] H7pIUAl Gl &4 ME7E Friekal, S B
A7 7hasled AlEFr]e] Fefo] G1-S ©HAlA #AE
AAHL YR o de] ARz Bot Q14te] A8 3
Fol 9)%t gt & 7= Ras®| post-translational modification
of Hejshz Fae] EAAE 7SRk MET7]
&) ol MAEFY] 2AIAEe] st 3 M 579

rLoB_

] 1

T

w

NS @ e

oo

10. =
11.
12.

13.
14.
15.
16.
17.

18.
19.
20.

21.

22.

23.

161

agol] foish= whijze] Sz dde] 9g AoE A}

HAle 2

B Ay 199895 )Rt ANA] A lg AFHIE

T ArAse] dRE ol A=Y,

eIEES
Z39] . 4oFgps]x] 3, 81 (1972).
e, AAE o 2/ elErsIA] 8, 75 (1984).
. OJUIE}, HeNs, 29%, 458 . ZFH I3 9, 86
(1985).
AFel, e . 94087 9, 119 (1985).
e, 5w o g8 878] 7] 18, 285 (1985).
g9-0l, Q57 . g ¢Ier5/=) 8, 153 (1984).

. Hwang, W. I. and Cha, S. M. : Proceeding of the 3th inter-

national Ginseng Symposium, Seoul, Korea, 43 (1978).
. Hwang, W. 1. : Korean J. Biochem. 8, 1 (1976).
. s, A - 28R 4, 373 (1990).

SR, EEF . wef9/445e] ) 13, 198 (1989).
Wb RIgt, 258 - 2 9/44E8) %] 13, 49 (1989).
Ahn, B. Z., kim, S. I, Lee, Y. H., Kang, K. S., Kim, Y. S. : Pro-
ceeding of the 5th International Ginseng Symposium, Seoul,
Korea, 19 (1988).
g0, WA ¢ wnfdtiy ofArysk=E 28, 481 (1991).
Gibbs, J. B, Oliff, A., Kohl, N. E. : Cell 77, 175 (1994).
Herron, G. S., Werb, Z., Dwyer, K., Banda, M. J. : J. Biol.
Chem. 261, 2814 (1986).
Tamonoi, E : Trends Biochem. Sci. 18, 349 (1993).
Fridman, R., Bird, R. E. Hoyhtya M., Oelkuct, M., Komarek,
D., Liang, C. M., Berman, M. L., Liotta, L. A., Stetler-Steven-
son, W. G., Fuerst, T. R. : Biochem. J. 289, 411 (1993).
Gibbs, J. B. : Cell 65, 1 (1991).
Barbacid, M. : Ann. Rev. Biochem. 56, 779 (1987).
Gibbs, J. B., Pompoliano, D. L., Mosser, S. D., Rands, E.,
Lingham, R. B., Singh, S. B., Scolnick, E. M., Kohl, N. E.,
Oliff, A. : J. Biol. Chem. 268, 7617 (1993).
Yoo, B. C., Kang, M. S., Kim, S, Lee, Y. S., Choi, S. Y, Ryou,
C. K., Park, G. H., Han, ]. S. : Experimental and Molecular
Medicine 30, 227 (1998).
Donaldson, M. J., Skoumas, V,, Watson, M., Ashworth, P A,,
Ryder, H., Moore, M., Coombes, R. C. : Eur. J. Cancer 35,
1014 (1999).
Jayasuriya, H., Silverman, K. C., Zink, D. L., Jenkins, R. G.,
Sanchez, M., Pelaez, M., Pelaez, E, Villela, D., Lingham, R.
B., Singh, S. B. : J. Nat. Prod. 61, 1568 (1998).



