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Screening and Development of Farnesyl Transferase
Inhibitors from Natural Sources
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ghA UURAAb= (ras oncogene) UZXRZF oLl FA AJH ALY AHEFoA
Ao FEAHLE UARE UYAFAAZA, AFL(90%), ZAU(50%), = U(50%),
myeloid leukemiast} Z}AAM e (30%) 5o 2 HIEZE HJiaFUct olg} 2 o]
frollA Ras ¥ E B3 AIALS AU ZH S PUAE Jfustaxtst
t ko] o]Fo] 23 gitl. I FoAE Ras thiA A3} thAo] 713 Fo3
AAol7I2HA] wrte] Ho T HY A (post-translational modification)o]d
o] ¥ & Tt Ras o] YFPALY A4F ol A|stA ") o2 MY
F HY P2 Rasoll g FAUAR He3do] WA=, & B3 Ras9
FIEHA] Wete] WHErt ol A9 ¥AS VA F s S Y= A
ojct. Ras?| HY F HFAF A BAZ FTEEHU AAA shiadr)st stE 5
Al whetolla] 4H#) 91X AlAE|Qle] EUEE 2] JH FAT HFLE HA
oot 90dEYE ciFy Jde T AAMAY €S AF-HE] o] Ti9
AHE T FUA Y AFE BUsHA APA7IA gk B Jix] shiAd A
Bae AAE ol &3 FEAHAY AR AR 434S JARItis 2
27 YEHAI, 19989 ol UWER U A1 A2 FBAA FI7E Uk
T} (Jessen, Schering-Plough, Merck). Z3 2= o] fie A EAS YR/ A
AL E HohlH AMEL 7158 BELANEA Jdo] Jhssirial ALR"TE 28]

OlEZTH Fed AL ¥dAl B o oA MUE AR AEELR HE

——



M. d7ge) g 2 He)

(D Scintillation Proximity Assay (SPA) w2 E=als}r] ¢|%t
AFE 8, 429 HEFYH shiAdAY 54 Fe

@ 2,5000] n]BE UEY o 400 FAXLE L E [F-ExHS
B

Q FPTase A4 &M 4 Y 2243

@ 2 ‘-Hydroxycinnamaldehyde &3] ¥ F=X TS T3 1R-A

T (o]
BA AR sHdxP o ZHE Solandelactones <@

@ olxl BHES 23 Cell proliferation assayx= H-ras, K-ras
HEZF U oA MEFQ SW-6202 o] 23} MIS/PMS ¥ o R
AA

@ shild A FLxs] Y 2 ©A (SPA E+= Biotinyl-peptide
method)

@ #2ZFE el FPTase W GGTase I W& vectorE baculovirus i
Sf9 cells& o]-83}o AiAb Counter Screening 913 (GGPTase I) j
@ AMEAHZEE AFATE Areteminolides W Sesquiterpene 1
lactones #£38], $¢ 2 HE 2L FX¢ Rhombenone F2] X |

a3

FI=

@ #8 EAL A8 F pembrane fraction Eo}A anti-K-Ras |
¥+ anti-H-Ras antibody® Western Blottingdlo] 3 2 utoj
ZAYE A & FF

QO FEAUEE AT BY EAY U 2URA

Q@ BH=R dFy el FA 2 2 WP A (Arteninolided]
FRHEH)

@ u|BE GBOTIIZNEH BHEA 2o

® Nude mouseo]] th&el MEF SW620} Bt MEFE o]Aldle] AlA]
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O HHAS JNgste] AT ©HAY HE

@ 500 Fo| AlEAHY, 3,000F<] u]HE LSS

352 AE © 359 nABAY Yu
@ 2R ABAE LY 279 A7 HYE e
(2’ -Hydroxy-Cinnamaldehyde, Solandelactones)
@ HFAMZHE G2 BY EF o

g4y 5o

@ 67kx12] A+ s Fe

(Rhombenones, Arteminolides)

@ Counter ScreeningS ¢|3%l biotinylated peptide ¥4

(@ FPTase %! GGPTase [2] AALS 2|8} Recombinant baculovirus

202

® 2'-Hydroxycinnamaldehyde &S| &4 2 clorst

@ AEF7) 23 718 39 2 eha WA 9y

AHsgg As

® Arteminolide E¥E L tldAE o SEAHS3,

y
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2%

@ AEAF ofeluelol=e Mgd Y AXuF T A7 % ¥ £
RAA F FEBoIAN A% Brisle] 7GHAF 2R

@ Azl L doAUAZA 73% 7Hsd BIHE R HESE2 713
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SUMMARY

Ras proteins play an important role in intracellular signal transduction
pathways involved in cell growth and the mutated ras genes have been found in
thirty percent of human cancers. Ras proteins (H, K, and N) are small guanine
nucleotide binding proteins that undergo a series of posttranslational
modifications including the farnesylation onto cysteine 186 at C-terminal of
Ras by farnesyl protein transferase (FPTase). This is a mandatory process
before anchoring to plasma membrane which is critical for its biological
activity, e.g. cell proliferation and tumorigenesis. Recent work has
demonstrated that specific inhibitors of the FPTase might be interesting
chemical leads to develop effective therapeutic agents for the treatment of
cancer,

We have developed a high throughput screening method for FPTase inhibitors
and screened more than 2,000 microbial secondary metabolites and extracts of
plants. In the course of our screening for potent inhibitors of FPTase from
herbal medicines, we isolated 2-hydroxycinnamaldehyde, rhombenone, and
sesquiterpene lactones from Cinnamomum cassia, Hedera rhombea, and Artemisia
annua L, respectively., Solandelactones were isolated from the Hydroid
Solanderia secunda as inhibitors of FPTase, Gliotoxin was also isolated from
the fermentation broth of Aspergillus fumigatus F93. A cyclic peptide,
Bacitracine, was isolated from the fermentation broth of Bacillus

licheniformis,



To investigate effects of the FPTase inhibitors in cell-based experiments,
we used H- and K-ras-transformed NIH3T3 and SW620 cells. Arteminolides were
evaluated as inhibitors of Ras processing in the cell lines and it was found
that they inhibited ras processing when tested up to 50 microM.

2'-Hydroxycinnamaldehyde and its derivatives were synthesized for further
investigation of their antitumor effects. We found that 2’-hydroxy-
cinnamaldehyde and 2°-0-benzoylcinnamaldehyde showed strong in vitro growth
inhibition against 29 kinds of human tumor cells. Tumor growth inhibition
activity of the compounds was evaluated in a human tumor xenograft model of
nude mice. They strongly inhibited the growth of tumors and also
significantly reduced the weight of tumors excised on the final day. These
results provide strong evidence that the compounds have the potential for use
as antitumor agents.

The other FPTase inhibitors, isclated from natural sources, also are under

investigation in cell-based experiments and animal test.
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A1 Z AE

BBARETL FRARE H3lo oY FUS FUAIE AHelE HEY o
AxIEo] HojFHu olE Aol AHH ZF wwjAe] 2AS ot A2 ¥
SA MUS AR ko] Xt 1980 XHE A &AF ) ol ¥t Ao HY
oY A 94 UAdo] Aol o= WA= oncogene)S2] WA olr],
d Rzt UAew AR ZFRF Y YL dFxAINEl A =H
o o|2HE ZHF ©AAZ} ApUE A B ST ort ol A=} Fof
A 2 AFHLE BlE FAR ] BHUE IR A3 9 ZAR A3 elAfAR
AEQ stact o] AP Ante] Ashs 2ol stafARle] W] WU
d 4 sl o2& AAIS] AmEE T3t gt (1-5).

Al R Azt G o FAART Ao MEFoM A TEHOE
HAs e UARARAEA, ALY dEFSA B Sl gafAxE A 7

& Harvey-ras (H-ras), Kirsten-ras (K-ras), 8|3 Neuroblastoma(N-ras)& &

L

FH}l ol MEF elASAAE 21kDa THAL THSo] Uy p2l whAAe
188-18971 2] oju| At FAEo] olom, C-terminal 25702 ofm]i=4Al 2lojj=
Ao T MidE VIR Y& THAZ M MHE FA32} Bilof Hojgirh. Alghe
TG ras AR WHol7}t 25 AR, AAU(90%), 2 AL(50%), WY
(50%), myeloid leukemiasi} Z}AtAl(30%)SollH &2 NE=T WHEYTE (3).
ras ‘4t AL (v-ras)= ZAAA A=Z A7 (c-ras)®] €7] NE 2 3t
e 4717t e @71 X8Y Pelolth. FAFFHQA ras HA}E ARE T3
EE AY BE] EAst=dl, 20| vtEo] e A AExdF, &5ie) 2
<= A7A] A Jed 2EA S ch Ras TAL ol E GIP A ©
YA oA 2} updrix] 2 Tl A7 AU 9l GTPase A3 Fohd R
Efol=2te] Aol 23] 1 Hdo] AT &, GDP7} AU QB ujy
4 Adelvt HaL o AZel o3l 6P} A¥EH AENA ¥ Aeist Hch

-13-



%23 Ras ©hA o] A2 GTP-GDP cycleo] &3] ZAE =], 7)ol Foful
T2 LElO| = AR AXHGNRF) 9} GTPase ¥4d 3} whiA(GAP)o] #e{gict  GAP2)
A2 A5 A YoM RasE negative regulationdts Zolu, GAPL] ¥A &=
& Ras 4L ZAAIA Hoh o dMRolA AR EQHO| Ras thYALS
GTPase #/do] AA 7:}:-5(2003!1235)51014 A& ¥ olz}, GAPo RIZISIA ¥E-L-5}
2| oot I AT Qol® A% cTPet AUH el Exst HE o] ZAF
2 U3 AGHA dojutAl %t 22 AFANE FYNRT Ras THYAL raf
o RAA] i AEQ Raf whAo] At glgo] WA, ol

e

Ras Tt ] downstream effector® ZH2-8lc} Raf th¥AL serine-threonine
kinase®#, MAP kinase = MEKE ¢8R =] kinaseE QlAMEIA|ZIT} o] 3}
kinase?} FECT}Z downstream kinase: 't §-Az} 4R Eesle] og Ax} Ql
AEE atst AlZoe2 A RIS X ¥ R Adsiy F2HoF u|FAA

3t o] }FolE WS AT AY A Eo] Hs1A o nf
T BT VENZE F4sta ot o3t BT AAS ela9 MEK 5& FA
o o

2 =A133hd o2}t g} (6-10).
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@ @ Growth Factor

/ Receptor PTK

Plasma
Membrane

Pi-3
Kinase

219 e Ras WAL B ATAY 4 FolA 7 2 B chAL Ras
Tl WYE Aol Jbd Foy AP ISR wDe He T oHAyny

(post-translational modification)o]w o] 2} & E35}o Ras ThAo] WA vt
2] ¢F ol X|StA "l oled HY F HYPAF 2 Rasoll 27t FA AR
A do] Yoz, § B43E Ras?] FIEHA] wttef HEs} oS Z¢
AL AN £ A= BES Ak Ziolth Rasel HY F HPY AP S 4y
B AR shiAdr| 7 g2 5A] wrtolA] oHz] 91X Al&HU ==L,
FHAE AAHALY FIEEAIZ 37} otu|iitEo] whild FleFa] 4] 2go
2 A3 (proteolytic cleavage), BIR|HLE FE2EHA] UGS T 2H AlAE
Ao HE s} hgo] dojit= UL zpPolrh

ot
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Post-Translational Modifications of Ras

Active

ATAAAK, P JOLCIOK

Plasma Membrane

SAM
Methyl Transferase

AAX
%ATX Protease
..

—
/a\ B Farnesyl Transferase
\,{”-..Y

CAAX

Cytoplasm
Inactive

o Aol 371x|8 H4, F A Ad, Elol= JieEsl, eln wAE s

o 7ide] 7Hs & Zlojt}. ol& E4F HElol= JheEs Hat 199940 F=|
HUxw FHN vbE J1FAE YIAA] R defola, HE AFIFE0] o] AL
2] HA "HAE T ENAE AFFA e dex|z drh olE AHVIAl &
aFodlA Thiddd Tl Ao ©HNS T LA AU A7 AR By
A gon, Wizl s dAE T2 AHHAE o] &3 SEABA M=y
o2 WML 4FE AAYUTh: Art UEHIT QoM Al dHAZNE
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7 F5E wa = wgoeltt (11-14).

o] TAe AAUE T AMZL AL FUA| Aol dojA] W Fixe] ogF
AEo] AAFHZ dedl 2 olft oM dFT A2 Zo| tyt A S|
AEell A 2RSS Foto] BAASET] oEolct. Jut # JpxY @7 W
AHY AANES Y & of FPTase A&A 7/PUS T H=)F A pro-drug?] 74
i JHsd 2 mfj$ &2 Hojth. ol AYA FAY &S SolEW v Zrh

RNay: A E] e e] x| BP8ES oA geranylgeranylation farnesylation®.C}
5-10uf F= o HIM3| dojytict

Ex): WA heterotrimeric G protein®| v-subunit®} 20 kDa?] GTPase proteinQ!
G25K2} K-rev p21-& geranylgeranylatione]] tfg} substrateso|T}.

Alzj: Geranylgeranylated proteins®] CAAX sequencedA] X+= Leugl WIH,
farnesylated protein®] Xt of g 7}#] c}E olujx4t Eo| H 4 Qlrh
Wizl: Cell culture testolA] FPTase inhibitor *2]A], ras-transformed cells]]

thsiA B Al Eel ulaste] HefA FA A E UERTH
CiA =Y F o= S=EAl¥olA transgenic miced] FPTase inhibitor(pro-drug)&
Fogg o, oW toxicity?d] $A7t ¢, pro-druge A% FAUS

uf tumor?] AAto] A=t

aYdER o] A2 JAEAS TR HAXYE FHod AM2ZL 7 A
B4z 2N Fdo] 7hssicia AlZHTh

2 $dZ oA Y A oA AFAELS FPTased AHA LR Asfste £
S &5t 3¢5 gkt o] 52 peptidomimetic compounds, Farnesylpyrophosphte
(FPP) 2} bisubstrate analogues, M HJEE UE F At

Peptidomimetic H3i=] 31¢te] FFA QU HAHL peptided] HAL 7HxX|=] e
WA peptides] ABeY E3E B 4 Qe B R2A s Rolh ol

Hole] 7|AQl AAL Goldstein, Brownso] FPTaseZ} CAAX HEjo]|=& Hol3 o



2 dA st sh gttt AMLE WH WL 2N o|FolFr) AT ol & e}
EEo°] in vitrod| = FPTaseE Z A LT AH3|517 3lRgt NE YR Sol717)
7t 1YL AHE R Foltrt sl ek peptidased] 93] £l 7] drhs 247}
olFE AERAE fUst=d AYFol Holrh olF IH3II Ash cAAXYl HE}
olE YL TIE FElE vlF = do] AxHALH T o7t Merckd M LT E
A Eo|tt. 1% L-744,832= %9 amide bond7} T2 280 % uhd EAE 2-20u
MY FERE EE AN AMEF 70xo]ldolA MELRE A5 H-Ras
transgenic mousedl|A] H/4-& UehfR] ¢t ezt salivary ¢S A3l
o= Uetsith Pittsburgth3} "HollA= CAAXY] AAE TZRA LT T

spacer® HIF= A|=E& 3lo] H-Ras ThiAl3}l 3522 XL H A peptide §5-2

=

ol
fr

3}

&V

A

oy

T

7teEsl 4A-AL 7HRR] 2 4-amino benzoic acid spacer ¥= biphenyl spacer
E 7R FTI AlgjRe oy EAL 713ttt Farnesyl-protein transferase
inhibitor (FPTasel) FTI 276 nude mouse 2%& o|-&3t Ao o] Ras thal
Aol IMAES AH3iste tumord] AL AAZle o= Jelddrh 22
Schering-PloughAl= F2te] BMAIS R3] A2 tricyclic 539l SCH44342E
dstgct. o] AL -SH7IE -CO0HZIE glol Ras ©h Az} AR o8 2HL5lo]
FTaseE A]3}5}2lr}. of= nonpeptider] ABIEZAZ v 9o F2pe)a vy
ol dupLt & 7Hsdel AdEAE BAF Qrt

Farnesylpyrophosphate (FPP)2} bisubstrate analogues&& FPTaseol 2}%} Ras
A el yhi|AdE wbgols F 7He] 1A FPP2} Ras Thao] FoRich= ARAl
oAl AlZtE| gt 282 E Ras TR} CAAXE R 3l peptidomimeticX ¥ FPP
71AE BT EHo] FPTase AR 7Hedol U2 AT Apdoelrt. gy
peptidomimeticZt= @] FPP -F-AlA|= FTase A 3|AH = Z}&3l=u] AA QA )
73& 7FX3 gt FPP7E MR oA squalene synthasef} T2 FAoflAl 3
A3tA AHR-E = tiAtER—ol7] ufZo) FPP FAIAIZ} o2 &AL v|Adela AYS
¥ B AT LS ded £ QU] wiEe|th. FPP f-XA 7idS FPPE

diphosphate?] 7hpR3lE7] L AAL MMzt Aoz AzbFE )

_18_



PyrophosphateE monophosphate® CtHA|&t a -hydroxyfarnesyl phosphonic acid®}
pyrophosphate®] oxygeng mwethylene groupl®  X|3#%  farnesylmethyl
hydroxyphosphinyl methyl phosphonic acid: 7F52-3E|x] ¢} o A] FPP} 7283
o2 ukg3led FPTaseE® A si3tglr}. o]2lo] pyrophosphateE ZEW3t B
-carboxyphosphonic acid& ©]&3 RIEES Zidxlelr}t. Bristol-Myers-Squibb
A= = 713 B3kN|9] transition state (AolAte])E 23l FPTase XS|AES 3
olsladct. o] 2E8L FA-As|A 78 hydrophobic interationg -F-X|5}7| ¢l3H
farnesyl7|2] A44 BEE {23l A4 bz QIX|E 2= tripeptide AAXE
thX|A]# BMS Ale|Z2] AAAMEAES ZiUsiact.

| Z7Hx] F2g| gAE S AX JAEZNE FPTase H3llsS 713 U2 =
ALo] wAs|odrt, #3tA 1ok (rational chemical design)E& ¥ A A E3=
gz] ol EAEX FPPU CAAXel F2F [APdo] glen thdt HhE 7o
FPTaseS A3ligtc}. thEAQ Y EE©| Zaragozic acids, actinoplanic acids,
chaetomellic acids, fusidienol, cyclindrol A, gliotoxin, acetogliotoxin,
andrastins, barceloneic acids, CP-225917, 10’-desmethoxy-streptonigrin,
kurasoins, pepticinnamins, preussomerin, SCH58450, valinoctins &°| 2T}

219} ol HABoIME Y4 TY WHdAM HEY APAEHs FERIHLE
A3 TIE EAL R ¥ £ 9onT HAXULZEFE Q] FPTase 3|7} 7
Hohd A2 2pd2 A AUS A A=EAE #8d 5 & Hojrh

27k AL shdAY G4 AMAES o Eol Felstgch

_19_



TAAE T4 A=)

Chemical Inhibitors ICs for ICso for Effect on
source } FPTase(uM) | GGPTase(pM) | mammalian cells
Manumycin 5 180 ActlvTizx; Cell
Gliotoxin 1.1 ND ND
Pepticinnamin 0.1 ND ND
Chaetomellic acid A/B | 0.06/019 92 ND
Zaragozic acid A 0.22 0.62 ND
Natural Desmethoxy—:treptonigri 21 ND ND
product Patulin 290 ND ND
Fusidienol ' 0.3 ND ND
RPR113, 228 , 0.83 59 ND
Cylindrol A . 2.2 ND ND
SCH 58,450 29 740 ND
Barceloneic acifi A 40 ND ND
Actinoplanic acid A/B | 0.23/0.05 1 ND
Tetrapeptide CVRFM  +  0.025 ND ND
L-731, 734 " 0.028 ND traﬁ:f;niénzice
BZA-2B i 0.85 "
CVIM 0.09 35 Cell lines
B581 0.21 790 “
FTI-276 0. 0005 0.5 "
ang?xue SCH 44,342 2.8 >12 ’
Cys-4-ABA-Met 0.05 ND "
L-739, 750 0.0018 3 Transgenic mice
BMS-185, 878 0.005 ND Cell line
CViM 0.5 _ND ND
L-739, 787 0.3 ND ND
s rosphinyl a:n‘fl'ob;sjs 0.06-0.6 | 0.05-0.01 ND
HFP 0.03 35.8 ND
Farnehsyl HCP 0.083 26 ND
pyrophosp
. :f::u . fames?{g;zghona te 0.03 67 Ras processing
raee divosae loorsoze| "

-20 -




O+ OH

OH
=
(0]
Chaetomellic acid A
Actinoplanic acid B OH
H,05P< 10 OH
CH,
COOH
RPR113228
G o)
Manumycin

Zaragozic acid A analog

Farnesyl pyrophophate?} ZZi3l= AAE F& A=A
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X
OAc
10’ -Desmethoxystreptonigrin Cembranolide Fusidienol
COOH  CH,OH

HO o)

HO OCHs

CH

o) 3

Preussomerin

SCH58450

Barceloneic acid 3

o LT T
o. o i @ © ° O OH
ATSSLILIS $4ee0s
o) HO o

OH © O*Pi
Saquayamycin C Cylindrol A

CH

Andrastin C
OOCH;C o
H30H3 CHs,

Farnesyl pyrophophate®} 73283tx] ¢Ql= HAE Fef Al
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A2 =Ue et 3%

gka FAZRE AYM Eo] Ex3t] ME Fdol T8 TS 3= AR
A Harvey(1964'd)%} Kirsten(1967'd)ol 2]3]A] rat sarcoma virus® HE| WA}
gich 1981doll= Weinberg groupoll 2314 human bladder carcinoma cell® -
v AR, ¥ v HESF  (Sarcomass E)} ARt dMEZRZ
(leukemias, Neuroblastomas, lymphomas &)ooM= Fe|EAct W2 UAF-AXF
ol etAudRAZI7E (2FME rasH) 7H3 WA wA=Egen TP 1982
'd Weinberg group} Barbacid group®] Ao &J3jA W& Frt o]olr o] FHx=}
7t Abgte] midzt BRo] AR FAIY FAHXIRI rasK, rasN7t SR o] ¢
XA "ok Teln W2 AFAFY dF HAZR olF FAAY AEY =&
o] &y I RGol &4 W Ao, i U FHAHv-ras)e LA
AEUW $82Hc-ras)®l @71 HE £ shuel @717} ofE o
ot A=} THGibbs, 1988, Barbacid, 1987).

Ras THAL c}E Fopd wIZeQElole AY whiydoxel npxrixz chy
2 ZpA7F U A GTPase B/dzt Fohd wEZojelo|=2te] ZAHo| 2f3)
3 #dol - &, GDP7L Z¥UEHT AESHA v ZEivt Hi F A%
of olsf GTP7} AYET BETA FAG Aeizt Aok FFHA f& ohyde] 7
/4& GTP-GDP cycleoll &J3] ZAF L], 7|l wFeLEO|E A A=H(S0S)
o} GTPase ¥/d%} whjZ(GAP)o] HoRiTh GAPZ A= A UolA ehie ¥4 S
AA st 2E-S¥ct o] whjdo] oA FH, -GTPS’—} ZAgsta e sts oy
Ao vl ZAATL MEL 4R AHAZch (Gibbs et al., 1990). A
GAP Ei= 1719] FIE25A] weh2 A etas §3Axp7t 2teddse] A IAA|
& YAY A2 =EY 4 2t (De Clue et al., 1991). ofg] LAEA
UAEE SdHo| glA whiALS (TPase BAdo] IA ZAH(200MAE) AL
¥ ohel, GAPoll RIZFSHA] wEE-3HA] ot & F AZ Qlol= Al GTPe} Ay 4

_23_.



B2 Exfste] AE Fdo] RAFA] U3 ALY AF o Tz UA
AlZict (Gideon et al., 1992).

gk chie] ANF AL (Hz ¢ I¥) == Ud f3 Y ‘:}"-’33—-_‘ AF
Bo] A vzl AZst YSo] W32 H A (Moodie et al., 1993) UH-?—'%_}*Q%]
Agxloet. ez} stAfde] AYS AZ gla whiale] downstream effector®
a3t} etk e 42l Eg eyl F|vtolA] (serine, threonine kinase) 24,
MAP Z]utolx] ZlutolA] (Hughes et al., 1993), = MEK(Crews, 1992)% &=l
TR FhgolAHE A4tEAZIT) o2’ FLtolA| el ETIE downstream kinasex

FAR AHEL Tt oy A ARAES A4zt ARoBH R AIE

AHEZ & 2 Agic} (Hunter and Karin, 1992).

gha TRl MM Y™ § JIEHA] Ut dfe MY F HPAA
(posttranslational modification)& AX|A Htu, o4 ghilzle] X848
7t A, ARA 2ol ok mof 9)x5tA THGibbs, 1991). ol W F A
L ehof oF FAAR| "L do] WA=, F BEHA & @
9] FtERA] wrte] EAdWolrt A& By FAH ARAZL 5 A
th olFA =W WU ras thifdo] HEE FAAR A F o= Yol ZA
ol Al Hch. ol otA ehae] Mg F #HYP o] YUHA|A =Hoe=d, A&
AZ TpAA7I7F FIE2EA] et 4z ]9 Aol EE L, FHAZ
Al&ERlY] FIERAIZE 37] ofu|itEo] whilA FlpFdl B4 ARoT Wolx
W7t (proteolytic cleavage), o714 Z12EA] wWeto @ =2H A AL Y
B} REgo] dojudrie Zojrh. o2y WP AFL fungal mating factore}
mammalian nuclear laminsollAl% A= o (Glomset et al., 1990: Goldstein and
Brown, 1990: Maltese, 1990: Rine and Kin, 1990). A3} = EZgHElolE=
TFAHLE 2 HA Wrle] CXXX(C-Cys)ehs MES 2zt oledl, upx|2} @717t
Aldl, deid, dEled, ZFER FoZ Mo gk 2y XX MEdE
= BRE d¥ioe] 2% shiAdd He 22 ollrh HlE Eol Gia subunites
COGLF Mg ztxl glon} Hy iAol dojihx] Qo G25KU} K-rev p2l(Kamato et
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al., 1990)2} o] upxjzt 77} T4 AL shiA7] ojal AetdAleld )7}
=gdch AAZ AX vfellA iz} whg ke e AehdAleld 3 ure
o] 5-10u ¢ ¥IM3}A Uojyic} (Epstein et al., 1990). o3t F wrge zjz}
NE T2 £7ka] B4, Thid A Zaet AchdAleld AR EAo] os) dojut
3 glthClarke, 1992). o] ®bgolA w7} AetdAeldrIE Ads) F= 7
Az2A A S 2A4a3 AlefdAetd ml24te] 283l ol RE EyA
HEolth 7= AYE AFoM BEHE olaZdeolE fFENETL O
HOE olAXZy ol gl A3 AQl lovastatin, compacting o]-&3}H g
g5 ES e 4 vk Iyt wig" AlREAA ras?] ZHds u3S wy)
s HQR lovastating] e FHLAHE AYYS Ysiste HxETt 1000)
O &Cl (Sinensky et al., 1990). o8} o] &2 wEoANt MEXH 7} Alolyd
7] ¥ Zojels AMdE MR EEkd do| ohlth IEE olaZyols Y
4 TA] dutd el waiAE o XBAZRE ALY $ ¢lon, rase] HAF WY
AR S dodles Baol ST WA} rasoll o5 FAAH] Ut Ao gl
olA Fdo] Wl MejF o o] &H 4 gl& Zoltt. ol HAHOR A
WA HP2RH ] AghA ¥go Tzt A ALEA de] AFEHI ey
B4 ZdoA Eaj, olAZdd m2atzt JA thilzle) gt So|Ao] o
3t AFof FAo] utax|3L ot} (Reiss et al., 1990. 1991a, 1991b: Shaber et
al., 1990; Moores et al., 1991).

AN 2JollA etx AL shiAE A]7]7] 8 Shid A" B4 4 6 E
£ # HolM Ee=ed=ul (Reiss et al., 1990; Moores et al., 1991), 2 A3},
49kDa®] @ subunit®} 46kDa2] B subunit® o]Fo]Z heterodimerlo] W3 F o
o, TAe] BAHAL s F subunit7t BE RIS UgtHReiss et al.,
1990, 1991b). o] &EAe] I} & 5L mhuijAlgl "otz dA e g2
B wtle] 47] opnxeAt HGuhe Qx| 8tch ZHo|tHReiss et al., 1990). o]
¥ 4AE o83t MElolE MY (affinity) 2ulEDefv]e] oJs) ELE
A" 4= gk Hetoj=2te] ZHY 7152 chemical cross-linking AH L 2 H-E
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B -subunite]] 912S U (Reiss et al., 1991b) a-subunitd] 7 A3 7%
ol &g olx] ¢ter} FPP(ztuld w2lah) o] ZAjel F23 S stelat o4
Ha ok mhid AW FaE BYE Uehd] A3 Mgt in?E WRET sl:
Hl(Reiss et al. 1992), F|Elito] XA 71 AMEst= TS E4L9 npdsA
2 MgPe MBAL FEe Ayl Bestelet A2 (Moomaw et al., 1992),
In?E HA AAQ FHHEOZ HoWrHReiss et al., 1992). o|uf Zn?2 7]
Z whlRle] thiol7]9] deprotonation?} positioningg £ Y Zuoj2tLo] 2o
& 75Ado] =r}l(Casey, 1992. Steady-state kinetic analysis A2}, &40 F
712 71Ao] ZAYY wf dAFYT &A7t FsA 2R AUrHRandom order mechanism)
3 2359 o1k (Pompliano et al., 1992), ZA-FPP H3tx2] 3Ado] WA o]Fo
= A7 AA AE Yoja AMIZHciy 2 A8 FcHPompliano et al.,
1993).

etA i AP FopY A= TAR AZAY d7Y oA uje By
3] Al Qo vfd B =Fo] [Science 260, 1934, 1937 (1993), Cell
79, 193 (1994), Proc. Natl. Acad. Sci. U. S. A. 91, 9141 (1995)] HWEFZ ol
ch eha kALY U AA] YHAAS spuldd Fo] a4 dA EF A4 7

$= o] ARAZeA 1991 FE] Merck Co. 2} 72 thd =|etg]Ale} Blats chdt
o] :wWiA $£A421Ql  Goldstein} Brownzg5o] Falojxo] EAFoT A3tE g

(o

] R71Re] A S A(L-744, 832, L-739,750, Benzodiazepine derivatives)S&
o] &3t FEAYHo] IsPFo|tl (Drug Devel. Res. 34, 121, 1995). g3 o] &
olF EAHO T sl FUA J/iLAFTE AIIAHIL U= A7t Ay
FAFolA 7 HAlol FFEHIL e Fokoltt. I olfe AEY AIZALES
ZAsts WS T BAAL AU HEE AR FHeZloly A3AYY] 2- L
71E2] ALl A] ARSI A HMESolAet 2 Fahgo] A3 A
AW AL & ZLe= Jl HI| wigelth olgdt o] f2 AT UBA &y
ofMNE niH of Fof7l F8 EEAAE AAIE L gt
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7h. el 23t AsiA] Ay

22 BEEE Y4 ATE vk I7 704 HojF 3 Qe gkA whiae -
wcte] HElo]eE AR shE peptidomimetico] $F & o|FaL Ut} o] Fofd
A7 Merck & Co, GenentechS2] Aetz]Al2} Pittsburgthd}se] AE FAMoT
ol FojZ|aL glon FufolAE LG Hlo]o® A4 g {3t FAdr AT FA
o] o] s3] FAE I AUrK10). 2l TS EAJF H& 2L farnesyl
pyrophophateo|t}. o] 7]A-& Bt A2 Helo AMAE P45t dF =
3F ol Uiy FAXYOZHEE o|9} AR ZXE J1R AAEo] EelFH
orct. gL} 1995dofl= u]=9] Schering Plough Research Instituteol|A] X3
o2 A t}E A=EAE ¥d3t URsIP o o] FR &= FPTased] 7| E}E=
BAZE G 2L ZsiAY Y34 A7t vfg Fusict

Ll AAER A g ,
BT RAYS o] &dle] W AFHE] FPTase A 3iA] /dE ¢35t t}
3t natural products& FHQUSIAR| R ofA 71z = YA A iAol AFU M= E
LER] R Adefolth. 2Z7HA] 20 7R AsfAEe] Hasgden ¢
< u|3E2 22t thAtEolnt. eal oE 7o udEo] £ FREIL A
Roltiehz ol& ER EVFsR Aol olajyt BRI FAHI] fsidE
7b @k & 4 olh. §4F A Bolu MPAEERNEE F HxY
AojAEol B F v glovl A #AY ciide] He IHYES BRI A
ofth el FAxIL e tiekdol ulFo] A2 xYosio] mrety B

T fAo] #3% E-USo] Y d ALeE JvfHr

oY
rol

N

x e
e Az rlo

in
)
flo
e
44

LU
&

oh i HAY
AR|RE S LS SsiE 2 BEE SAY 4 A A el
g ojof jct. ti FPTase A=A 7S 913 ©Ago] 7pUsio] ALRE L

onf, Ztzhe] ©Ayio] ATt S 7iA L glo} ol W Folld HBEA Yol 7}

i

2
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B de] 2oln glrt. I o]f& HhE Foll MhgEI A EY EeAR glol IA
UEBES SHY & oA ez g £ g Aol U] dfielr) o]

< thE WHEol vlsiA 31712 SPA beadE AR&-sfo} 3rhy] Qlrt
Aol 3 WP AT v AEE Aelsle olzgo| rt
ol WHS EUste] thEZAQ FPTase A3ix] HAYg gotsind chg 9}
Zrc} (16-17).

FPTase |3fA] &haiw

Assay method Comments

Substrate : °H-FPP/ras protein

1| Gel assay - Augt Al 71 AL £t}

Substrate : *H-FPP/biotinylated peptide
- Streptavidin/ZHg-Eef| of g-&o] 2lch

Spectrophotometer Substrate : FPP/dansylated peptide.

assay - Fluorescence shift/BAIM B8 ALRSIR] Q= AbA

2| Filter assay

Substrate : °H-FPP/peptide

#) TH mssay - gy 240] ojal el gtk

Substrate : °H-FPP/ras protein

5| PVDF membrane assa
Y- VacuoSlot A}

Substrate : *H-FPP/biotinylated peptide

6| SPA assa N
Y - SPA beads, ZF=3} 7%
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g Thld A T4 AsiAe Jatad
Br = |

\
N

Br SCH-66336
(o]
N N)kNHz
O

7F2|3 A= Bl Schering-Plougholld 7R3t shyld Adg &4

3|4 Z (in vitro assay data: IC50 = 2nM) T Q. E 3t 14} AAAIE wIFSY

M7l 2z

T

T} (Cancer Research 60, 1871-1877, 2000). u]= nJu]AE}s] Q% Mayo Clinicol
A 2009 UF2E LR AAstdon 350mg® 3lF T H AZE TR

t}.

Dose escalation scheme

Level SCH66336(mg) No. of patients NO. of couse
1 25 1 3
2 50 1 21
3 100 1 2
4 200 6 19
5 300 3. 14
6 350 5 25
7 400 2 8

—-29 —



Patient characteristics(n=20)

No. of course(fully evaluable)
92(92)
Median no. of course/Patient Median 2 5(1-21)
age, years(range) '
8, Y g 58.5(43-81)
Gender (M:F)
12.8
ECOG performance status
0
) 6
12
2 2
prior chemotherapy regimens
0
4
1
5
2
11
prior radiation 6 }
Tumor type
NSCLC .
colorectal cancer 5
Gallbladder cancer 5
Renal cancer )
Sarcoma 1
Pancreatic cancer 1 ‘
Prostate cancer ) ;
Unknown
1 |

AAHell W2 shiAdEY whdo] Exf3tr] dfell o] A4 AHAE F54
o] EAH "ol gl& Zolele {7t AT, & dydFol:e 5EHY 54 #
AEA gkt FHIUTUR AR wo] Aolr} dojid FAAHE 50%0] 4] Ux
2 2] Fo] WHH Apdolrt

871 HA}_EL] Aol T %** 2 o] 2ol ATl YL Bold

olc,

MO
>
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e Folde ARFAT LY o] Fope AXE HxR=2 AFsigen ¢
7142 3ol A o] Fopol BHE AR AFel UAE JIsta Ade AdEiol

c}.
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00
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N
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AldaF +3 g

1. A 2 Uy

7t Aot B 717]

Q-sepharose= Pharmacia Biotec, C2HE] Q513 3, Famesyl transferase [°H]SPA
enzyme assay kit AmershamC 2B 3l A}L3}ec)t. Trisma base, EDTA,
EGTA, PMSF, Leupeptin, DITi= Sigma chemical Co.fig?{ﬂ st
“3tAdof AFR¥F A|e¥o ¥ 2-hydroxy cinnamic acid, 3-hydroxy cinnamic acid,
4-hydroxy cinnamic acid, 2-chloro cinnamic acid, 2-carboxy cinnamic acid,
diisobutylaluminium hydride(©]3} DIBAL-H), manganese oxidase(II)(©]3} MnO,),
diazalde= Aldrichi}l (U.S.A)ollA FUstgd e, tetrahydrofuran(e]s} THF)2
Merck®l Z1&, zAAA|2] acetone, hexane, methylene chloride: BaxterA}2] Zi
S A}&3ict. utel chloroform, methanol, ethyl acetate, acetone, hexane %2
Lo B8 A okS AR&3ch Silica gel Merck (Kieselgel 60, 230-400
mesh, Art. 9385)28] 22 A3ttt} TLC platex= Kieselgel 60 Fs5 (Precoated,
Merck, Art. 5744, Art. 5715)F A}R-3}lgenm 254nm, 365nmol|A] UV lamp= #S}
g3, WA O 2 anisaldehydeE AFE3}9iT).

€A &A 7|7|¥ = capillary melting point apparatus (Buchi 535)& A}&3}
don SAEAL 31| ¢gtrt. U spectrum Shimadzu UWV-2652 7|&3t4lcl.

IR spectrumZ KBr pelletl 2 BHE 7} NaCl celloff =23} Perkin-Elmer 1420
Infrared spectrophotometer® 7]&3}gt}. Optical rotator (Digital polarimeter
DIP-370)F Ah&ste] AsiAle] 2 @ FXEME 3sigrh. MR spectrum
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Varian 300MHz NMRZ} Bruker AMX-500 spectrometer® 7|&3}glon, RuE A}2%
chloroform-d, acetone-ds= R+ AldrichAl?] Z-& A}&3}%cr}. Mass spectra:

Hewlett-Packard 5988(EI)2} VG 2AB-7070(CI)& A}-8-5}ict.

U daxy
AAAPL 37HHY WHos st Algstdth ABAYE B Ay
2 ofetrfe (FWt), olsteith)Y FFLET $AUst FAY F VL 23
stel AbgStolch. SRRAS stdPLol +UY AL By 0
=

EANS 2 A7204 2T AL e
o)

ch o3& Fe
(1) AR&-ul=]

EQo2RE nAESE £ slr] 23 Eal& wix|EX: starch-nitrate agar
2} HV agarg 7|2uix|2 o]&3lgon ztzte] ZAJE Table 1.o] LlERJCE E
3 AEE ndES PAEL NS HESZ] T LanixlE 84 AR

soytoned F4FLE sl iR E o]&slgdom O RAE Table 2.6 Uehjdct

(2) B 23] 2 FF2e

2 AL Jte AE o83t U FUlY EoF dAgte A

Halgoh AEE EoF 1 gofl WFY(6% yeast extract, 0.01% MgS0, - 7H,0, 0.02%
Tween 80) 10 m¢S H7}3leo] VEIXZ] F warning blender2 FAXZ E3135131 4
Bujerstdrt. thy RS HIFB FFHFFE ol 835t €A v

EE YA F Fel& vixel 0.1me%] =wste] 27Tl 453 ujorsiadct ul
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o F Wubol Uehd W th &4 Balstn REE uixle] o Astel 277TolA

Aol B4 wizkx] wigstaL 20% glycerol €M HEMIAZ ¥ -70C deep
freezero] H.Zs}HA Al¥o) o] L3}d}.

(3)u] A==

-70T deep freezero] H#F<Ql 1,000(FHo] 300, wAdF 500, ZXF 200)o
25E £8E ¥1X] 10 mé(20X200mm) FF3ted 28ToA 47 REujarsigiTy,
Hodeie] Fate] migheS Wi Aao] 20 % 2|5} centrifugal evaporatoro]
A WX AZF DMS0 10 0l 5o HYUA AsigAY 23 Aol wle}l 13} AEe
steich 12 AH3 oAES 1000 ¢ SeYAIE AlLSte] WHS T wlFel e nj
BHEE FEsHdrh. $E2AE AYARAD T ek L3FEs 2ue
log/mé FEZ ARE FHIsgth FH|H AES o ZHEY EMYL o
&3l BEEE SFsIA e 60% ol AYANNEHY L Hol: 47 FFE
B EF2 Felstadct

=4
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Table 1. Composition of isolation media

Media Composition

Starch 10g, KNO; 2g, NaCl 2g,
K.HPO4 2g, Casamino acid 0. 3g,
MgS0, - 7H,0 0. 05g,

Starch-nitrate agar FeS04 - 7H,0 0.01g, CaCO; 0.02g,
Cycloheximide 50mg, Nystatin 50mg,
Agar 20g, DW 1L

pH 7.0

Humic acid 1g, NasHPQ4 0. 5g,
KC1 1.7g, MgS04 - 7H.0 0. 05g,
FeSO4 d 7H20 0. 01g, CaC03 0.02g,
HV agar
B-vitamins* 0.5mg, cycloheximide 50mg,
Nystatin 50mg, Agar 20g, DW 1L

: pH 7.2

% 0.5mg each of thiamine HCl, riboflavin, niacin, pyridoxal-HCl, inositol,

Ca-pantothenate, p-aminobenzoic acid and 0.25mg of biotin.
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Table 2. Composition of fermentation media for antibiotic production

. Quantities/ . Quantities/

Actinomyces liter Fungi liter
Starch 20g
Soytone 4g
Pharma media 3g

Starch 20g
Polypeptone 2g

Soytone 4g
Yeast extract g

Pharma media 3g
K HPO,4 g

K HPO,4 lg
MgS0,4 - 7H,0 0.5g

MgS0,4 « 7H,0 0.5g
NaCl 2g

CaC03 3g
CaCO;; Sg

NaCl og
FeS04 20mg

Trace mineral(Fe, Mn) Trace
MnCl, 10mg
ZnS04 10mg
CoCl 2 Smg
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2. A
7F a4 £

(1) FPTase?] H-& AH|
Sprague-Dawley rat braing 1 njg|g E-E A7 135-145 g 6 =3 =
220 mpel & FTHATL FAADAY TF AQARRE Fstact

BA4YORE HZF (Male Sprague-Dowley 100-150g)2] X & Ee|ste] Ala] Aldd
T2 AlFst 100m18] YA 288 A (50mM Tris-Chloride, 1mM EDTA, 1mM
EGTA, 0.2mM phenylmethylsulfonyl fluoride, and 0.1mM Leupeptin)& 7}13} £
& 3%olA warning blender2 FAZ}sIrh FH AL 60,000g004 7025
A

—

aaelsle] A5l doirt. o] AASe8.S 30% ammonium sulfate® 4°CoflA] 30E 7t
A F 12,000g004 1025 FdEestdct. ddZel 459E 50% ammonium
sulfate® 4°Collq 3022t €4 F 12,000g04 1025 YA Eelstgdct. AAE
& 20mie] 4%} B (20mM Tris-chloride, lmM DIT, and 20uM ZnClz, pH 7.5)0]

FA o of 4Le] AFo BolA 4A|IZHEd FAT T 4L AMEE HF S BE
1241725¢t ThA] EAsialch FHo B F o] BAL 70 Cof HBshact. ol
€2 dF-E Ion exchange chromatography columng o]-&3}o] T}z Zo] RIE
FAst2dt}. Anion exchanger Q-SepharoseE columnol] & ¥ FH4Z 283 A
ol &3 C(H3Y B+50mM NaCl)E 713l BHE L o|FA ¥ F AFAstaxt
SHe HAE columel Y3 NaCle] £ 718718 ol &stel A st 27]2)
NaCl &5+ 50mMoll HAH o2 F/AAH 2FFHOoZ 500mMo] HA 312 &2
g gE&sEEs £ nlE 2B BLo BHE ZAst] 0.5-Ing/nl2) B&
B FERAY 54E ddon FAH BaE F25te -70 "CollA BASPAA A}
S3tgdet vt 292 7 £ EY A4 S HAFE DgZolt}
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Q-Sepharose column chromatography of FPTase

10 . 6 — 25000
9 ~3=— Absorbance
—8— Activity
84 T NaCigmdent mS L 20000
74
L 4
o 1 L 15000
-] —
™~ O =
5 ] n
o 38 5
o 4] - 10000
R -2
24 AL Teedeee L 5000
- .1
1455
0.0 —o—t—0—0—9-0—s 00 L 0

0 10 20 30 40

Fraction number

(2) GGPTase 12] =32

GGPTase+~ Kohei(Kohei et al.(1993) JBC:4055-4060) ®=hdoj ulz} FEZ o=
wElstd e BE chAl= 4 Colq $=38s5tgt.

200t2] 2] rat braing 100 ml 2] ice-cold buffer A [50 mM Tris-HCl1 pH 7.5, 1

—_

oM EDTA, 1 mM EGTA, 0.2 mM PMSF, 0.1 mM leupeptinlel] ¥+ 3}s}e], HAlEe

60,000 x g 70 min )¥ 4&Ag HaAtetRi(30-50 %) WA styrh WA o

=

£

ZE 20 w18 buffer B [20 mM Tris-HCl1 pH 7.5, 1 mM DIT, 20 M ZnCl ]Joi] ¥
=xMuto] o} 4 Le] Buffer BollA 4 A|ZF SoF A & r}x] 4 L buffer BE 23
F 12 A F F45Hgc

FF+-E Aol W F Buffer C[20 mM Tris-HCl pH 7.5, 1 mM DTT, 20 uM ZnCl,,
50 mM NaCl]® =3 3}x]F1 Q-sepharose columno] FAH ¢ 30 mle] ammonium
sulfate fraction® loading 3}3 50 ml2] Buffer CE Ho] W thS 50 mM-500 mM
NaCl gradient® £Z3lgc}h 1 ml/nind] &34%E= 4 nl® E¥3iglct. FPTase

HAE Kol fractionE 2ol 1 oM PMSF2} 0.02 %(w/v) leupepting 753 1

B
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nl 8 Balste] 70 Tol Marsta L&t}
GGPTase?] VA E =32 Amersham®] SPA(Scintillation Proximity Assay)
protocolof me} st om Welet assay 23 ofelet Ul
[*H12.2 label® GCPPQ} Biotin-Y-K-A-S-N-R-S-C-A-I-Loi| GGPTaseE g3

lT-

he-

A7l ¥ streptavidin2} I FAo] coating®™ SPA beadd Yo Fr}. ojuj ¥k
o] dojut ZLE biotinZ} streptavidino] ol A%tE A Ha, [*H1Y B
U7l ¥3 Exe] AdEo] WEEE ¥FS LSCE AME3te] A&Ric) Hbgol
dojutx] Q12 F¢ BAAlUXIZt BF EH-ol AUSHA| AT £89 Fof F$Hl

Enzyme assay:= 1.5 ml eppendrof tubeol 20 ul2] [*HIGGPP(12 uM, 3.7 MBq, 100 p

—

Ci, 500 ul, 20 ul®] Biotin-Y-K-A-S-N-R-S-C-A-I-L peptide (0.5 pM), 10 ule]
sample buffer(MeOH, DMSO), 10 ul¢] assay buffer(50 mM HEPES, 30 mM MgCl,, 20
mM KC1, 5 mM DDT, 0.01 % Triton X-100)& @3 37 ColA pre-incubation 3}
th. 3 & Fol 40 ul(1-1.5 mg/ml)8 enzymeE Y3 37 TollA 1 A7t HQt

|

ey
>
ik

incubation 3tgith. REE-& FA57] 95| 150 ple] STOP/bead reagentS YL
2o 30 2 F& WAISHACE W FA F LSCE ARSI enzymed| S 2
3t
L}, FPTase?] A &

FPTase #3j&7d& ch2t 22 Whyoz $3ysir},

20 ul2] *H-FPP, 20 pl biotin-lamin B, 10 ul A]E£, 10 pl2] assay ¥2L

I

o¥(50 mM Tris-HC1, pH 7.5, 25 mM MgCl;, 2 mM KC1, 5 mM DIT, 5 mM Na,HPOQ,,
0.01% Triton X-100)2 Y3 32%<} pre-incubation ¥ 40ul2]FPTaseS Yol
37°CollA  1A]7t HQt incubation3tt}. Incubatione] T ¥ 150 plo] SPA
béad/stop reagent solution® YolF31 voltex¥lt}., 3087t ALe ¥lx] & [SCE
count3}gitt.

B AMEE WAFSLE AT JA Bio] AMARE Yol, W1E BHE

8 FE WrHs SEBAE AHEste] F3stgn, o] WHeE AegE At
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Sample(cpm) - Blank 2(cpm)
% inhibition = 100 % [1- ]

Control(cpm) - Blank 1{cpm)

Blank 1 : without samples and enzyme
Blank 2 : with samples and without enzyme

Control : without samples and with enzyme

ch M Z ufd

SW620 AMIEF (A}gte] A AM|3EF)E= 10% fetal bovine serum (FBS)S X3
3= RPMI16402 o]8-3}o], 5% CO,, 37°C2] humidified incubatoroflA] nje¥s}eict.
NIH3T3 (mouse fibroblast), K-Ras (K-ras-transformed NIH3T3)2} H-Ras
(H-ras-transformed NIH3T3) AM|EZF= 10% fetal bovine serum& XE§3}+= DMEMS
o] &3}y, 5% CO, 37C2 humidified incubatoroilA] ujerstdct HsiAIS X | gt
% mpembrane-enriched fractionZ A|X35}7] 9|3 SW620, K-Ras, H-Ras AM|EF &
seeding¥t ThZ'd media§ A|A3IZ, DMSOo] {5l A AHE 42 AT media
(0.1% DMSO7F H=5)E TIA YolFo], 4BALEY AsjAle] AEH o2 AR

=2

2}. Membrane-enriched fraction?] A|X

48X 7HEQt A B o] &A1 MEE X7} tris-buffered saline (TBS: 150
mM NaCl, 50 mM Tris, pH 7.4)E& & H RojFE F, cell scraperd ©|-&3}l ZFol
o] 800 rpm, 4TCHIA 5% Ft FAEeIYol 23 pelletS EQUrh o] pelletE
0.05% (w/v) saponing XE¥3}= MOPS buffer (20 mM MOPS, pH 7.4, 5 mM MgCl;, 2
mM EDTA, 10% (v/v) glycerol, plus protease and phosphatase inhibitors)eil
suspensiond}e], A2oA 30E5-et F X 13,000 rpm, 4TolA 1027 LAy

off 2|3 cell ghost (membrane-enriched fraction)& Rt} Cell ghost& X}7h%-
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TBSE A H Ho|{FE F 1.0% (w/v) CHAPSES E¥sl= MOPS bufferoll suspensiond}
o] Ras AL ofifalr]. Insoluble cell debrist= 13,000 rpm, 4ColA 208
7t AdEest] AAsIEc whAe] SE= Protein Assay™ (Bio-Rad) &
ol g5te] AR staTt

n}, SDS-PAGE®} Western Blotting

AAE Ay A=} HelstA] 4 X FEo| A 2] Ras processing FE 2] X}o]
S UolE7] #8l, Zt AR Ras whAo] mo} gl whiad FHE six|n
SDS-PAGE#} Western Blotting& A8l Cl Ras ©HAo] ool chulz REo
SDS-PAGE sample buffere} 2 F 5% %ot ZZo, SDS-PAGE sampled wtE<icth

o] sample& 12% SDS-polyacrylamide gelollA] £2|3t ¥ PVDF membranel

transferd} Tl o] blotS blocking sclution (Roche Biochemicals)el|A] blocking

&

%, monoclonal anti-K-Ras (Calbiochem) = anti-H-Ras (Calbiochem)& £oj
3, Tween-20& X3}l TBSE 7% St Al ¥ Ro|F3, HRPO (Horseradish
peroxidase)-conjugated secondary antibody (Santa Cruz Corp. )& TlA] £ %

HRPO2] chemiluminescence substrateE ©]&35}o] Ras wh¥2le] bandES =eisjait}.

"}, Cell Proliferation Assay

Cell Proliferation Assay:= WST-1 (Roche Molecular Biochemicals) ¥ o =g
A Alstgict. 80% confluent3tA] 4% MIEE (NIH3T3, K-Ras, K-Ras, SW620)&
trypsinizationd}e] microtiter plate?] 2z} wellell 3,000-5,000 cells/well E|A
trol Yalrh 37T, 5% CO, atmosphere?] RZAo|A 24 AJZHEeh wioyt F 2
wel |2 5-B] mediaE H|AsIArL. AHSAS DMSOo] el ¥, media® working
concentrationo] XA ¥4} (0.1% DMSO7} HE=)3to, 2zt wello] Ha|stadct 3
7C, 5% CO, atmosphere®] RZoA 48A17t Zot AHFAES Hajgr F, cell
proliferation assayE 9|3} metabolically .active cells®] mitochondrial

dehydrogenase®] ]3] bioreduction¥]+= WST-1 (Cell Proliferation Reagent,
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Roche Biochemicals)® 3L 1-4 A7t %@t T}A] wjokgt t}hd Microplate reader

(Bio-Rad) & ©|-8§-3to] 450 nmoll N FHEE A3yt

AL HEFT] 24

AEFT] FAES #st A U MEF MCF-7& 10% FBSE 73
RPMI1640 BRZ| & o] &3}l T25 ZetAZ (vt 7.5me)e] B33l 12417 ¢t 5
C0; & EYUT 37 T wid7IolA] whakstgdct. 1247 wi} ¥, chxF(control)o
2 24 Axujgdoll= DMSOE 2 F H571 0.1%(7.5 )7 HES Yo7, A
gl Zoll= DMSOo| =o{Z AR (5 mg/mé, APF)E ujotedofl] DMSO SX7} 0.1%( X%
APF 5%, 5 wg/ml, 7.5 14)7t 55 As}stedcl DMSOU A|ZE A 2|3 MCF-7 Al

®

ETFE 5% C0/37 T wiF7]ollA Zt7] 1222, 2417, 36X 2hEet wiadste] Al
4S 98 A-&-stolch
AIEFI] 2ME st vigE AEE SelaIoM wiAlE AHARY F, EYal
= o83t wi EetaIoA Felste WAl (300g, 5%)3tddrt. a8 M=%
= phosphate buffer& o] &3lo] F g BlojFo] vjz| FEE H|As| Fc}. o)
A FHH MEol 70% olghE 3 me & He|sted -20TIN 12417452t x|t )
EE IAFAACE ATEE 3FY HZE JAE(300g, 38T F, thA] 2k
PBSE + ¥ MEE Bojufio] o] okt& S A AL HEE 5004 PBSE 715}
ST 4o £ F, 100 g/mll RNase AE 50 £E A E[sle] 37TolA 3027 4X
3t ¥, Img/mé propidium iodide(in PBS), 104F A2|3lo] AME DNAS Gt
T},

HMHE A EE Becton-Dickinson FACS calibur(Becton-Dickinson, San Jose,
CA)E o] &3l 20,000702] ME F7|E =A3}l93, Becton-Dickinson Modifit Aj
X F71 ¥4 Z2IHE ol &3l HMEFIIY G, S, G2+M7]oll = HEL] BE

HESE AXstLrt
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3. 84 A /7

7 g4 e g

AEA, HPAY, uAE BIIL thALE The A Zo] ARE Fu|e
o 1 ng/nl FET VE T PAAE BEo BAS ASsHAch 1| ng/ml (HF
% 100 micog/nl)ol A 40-50%2] ¥4 AHEE HolFL XUE BHRINOT B
2sto] wste.

A=A, ndE

pEL

90% MeOH or

Acetonel ¥ F=

CHC1; soluble n-BuOH soluble

fraction fraction

&A1Y Hi
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L ZY A Fel BA

3718 ol sl HEY AYE oF LA = AL 3l ARE
ZH T F oRhE Fo2 2313 Z4F AYIARolE Jgy (At Cls,
LH-20, XAD-7)& o|&3lo EHE2HS %:’. prepative TLC X HPLC ¥} o g

-2
T+ =3E Felstrch

@

ch. #d - AR

W 3= 42 Shimadzu UV-265 spectrophotometer® ZAslodon, IR &Y
X+ Bio-Rad Digilab Division FTS-80 spectrophometer® ZA3}ei3l, VG70-SEQ
mass spectrometryE ©]-83}o] High resolution MS§ ZA sl Ex}at ol Bxzjals
ZA7stdch. £ ¥=}p7]FE 7 (Varian 300 MHz, 500 MHz NMR)E o]-&3te] 'H, C,
Cosy, HMQC, HMBC, NOESY spectrumS 42w, o|& spectrad E¥H oz BAs}

of 728 ARstact
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4.FPTase A 3[¥/d =32

7}, &%o| FI3LZHE gliotoxin =&l

T%o| FI3¢] UHAYE of2}ste] wiQFF-E3} FAZ £l F FA = o}
NELZ 2313, 82 oHolMHOIER F&3le B2 F ZAYSIA =
#3tgrt. 5 YS Ao Adest AY A2nlEIYIE HASt BY £

Tl FEXAE 84 £ gz C18 Y AButEIgI S

L}, ZXF O ZHE bacitracing ¥

oy gt 20094708 iz wUEAL YR FPTase Asi¥

A8 ZRABYAI} Bacillus licheniformis7} FPTase A 3|AHE AAYS U &
4 den 10liter WS A3t} et ¥ TheTUS WHOET BHE
A& FElstgct (21).

=5
B wte] EEY T ujoele] LES 243 HLOE UE F 1/5 voluned]
Amberlite XAD-7 resin®} Z&5}od batch typel T Ald Ho]HA] 4TolA 6A]7H

olAb Wx|3lgrt. 2 ¥ resing FE3] Zleiots|n AFN2 W F FY volume
2 A

12

ZF542 33 AA3}Lct Resind 10X60 cm(diameter X length) columnof] 2321

>.

121 & c}lA] bed volume 4v]e] ZFF4F A5t 2u] ¥ 20% MeOHE washingd}

32

tlh, 2 & 2uj2] 60% MeOHZ elution¥t fractionE rotary vacuum evaporator&
o] &35to] 40T A wX3lo] 7.5 g8 ZA powderE Fdetl, o2& TtiA
the ZXZAo)A C18 column (6X30 cm) chromatographydloltt, == 40% MeOHZE

r-{r:

5] washing &t ¥ 100% MeOHE elutiond}d 3.5 g A powderE P gicT). o)
28 LH-20 column(3X70 cm)o] Aol 100% MeOH= 0.5 mé/ming®] & X2 elutiond}
™

A} &t fraction & 3 mé® total 35 fractionC Z sampled £l VM &

=

o

stedct, 3 A2} fraction 19 - fraction 38 AjojofjA] 98 % o]Are] o] e}
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dom, olF w53 A} 2 g2 yellow powder® Egcrh o] sampled
preparative TLCE A< BA|s}t7] €13t 5 mn F72] silica gel plated] loading
gt ¥ butanol: acetonitrile: water (2: 5: 3 in volume) &] ZujAofA] 4A]7F F
S AANZATH WSIOIA TLC plate] 28 g Lhrol 2 sampleRy & Foluel 3
T8 F BEE Akt O A3} RF Zrol ¢f 0.4 Ao BAdo] Uelyton
o] sampled #|F3Z o= HPLCE E2|5lglt}. Column& YMC Pack Pro-C18& ©]-£3}
gom, solvent system@ B 0.05% TFA(trifluoroacetic acid)ES &S3F 28%
acetonitrile o] ZHsldrt. 251nmojlA sample EXEE ZASHAA peak?} YE}
& Ro} 5F3le FAHLE oF 200 mg?| sampleS ¥ orl.

L}L R

okl 4B 6807912 E ThAAY T HsiH Ee
Egosve Fel¥ WHF G80791% T e WPoT whste ¥A

gl sted ot

e

= (o]
=32

(1) GSS uj#] 1£/52(X5) 2t=7].
(D soybean meal 25g & FF 300ml o =2 ¥, WA autocalveyitt.
(soybean meal2 Zoll Z Fo{x]=] Qolr] 2.de] ¥l wr}.)
® beef extract 5.5g (lossoll thu])S FF/S 50mlel] HQ F 570F ztztej
10mé2] Jdi=c}
@ =] viRGZ(ARSHA & /e AE)E FFF 300neo] Helch
@ 7T II0KE 73] 14 & BET
(2) A%
12/52(X5)8] GSSuxjoll seed 30ml(3%)S AHE3ld 27C shaking
incubatorell A wistATE (YN O WHFL2 28TollA wjatiic}.)
(3) Acetone 1:1 extraction
6U 5ot vjo¥3t & acetone 1:1 extractions}gct}.
Z}zte] flaskol acetone 144 713t 3, =z 2Alo] whx) BA3}gc)
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(4) Filteration

BT 2R ol filterd] PHE

NE FREL F 4olA FolErl vacuunE HojA W UL £ JEF

c}.

(5) Azl W
O pHE Ac)

4=

® VolumeE ZAt},

® 3000rpmofl A] 15+ centrifuge

S 5 Qo083 acetone?} AL

@ sup. oA 1m8-& E-tubeo] = A3tch. (sample 1)

® UHZ|] sup. & ethyl acetateE 1:18 Y3 shakingd}o], ethyl acetateo

o U2

® pelletd

acetoneS 1:1% Y3 vortex

Zl(sample 2)& A A3I3L, brothZd& W ich

@ filtrationd}o] acetoned] Ho} L2 Z(sample 3)2 A A5, filter

paper of A3l AL ovenol| HA] Wl F EAE FAst 7] FIic]

cpm % inhibition l

Broth 1d(24h) 16177 21.9 |
(sample 2) 2d(48h) 18927 8.7
3d(72h) 17660 14.8
4,5d(108h) 16545 20.2
6d(144h) 14675 29.2
Cell 1d(24h) 15159 26.9
(sample 3) 2d(48h) 19770 4.6
3d(72h) 16410 20.8
4.5d(108h) 13396 35.4
6d(144h) 12238 41.0
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pH

% of Inhibition

100

G80791

90 -

80 4

70 4

50 A

20 -

101
l

l —C— % of Inhibition
{ —&— Cell Mass

—4— Residual Sugar
+ —&— pH

T T T

60 80 100
Culture Time (hr)
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120

140

20

15

10

Residual Sugar, Glucose (g/L)

Cell Mass (g/L)



(6) B4 22 AL =A5sld oh2a) g}

W¥hole Broth of G80791
1. Acetone Extraction

2. Ethyl Acetate Extraction

Crude Extract

C18 Column Chromatography
Eluted with MeOH:H,0

(30:70-100:0)
v

Silica Gel Column Chromatography
Eluted with CHCl3:10% aqueous MeOH
(100:0-90:10)
LH20 Column Chromatography

Eluted with MeOH

Preparative Silica TLC
Developed with CHC13:MeOH: H,0
(13:7:1)

Active Compounds
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th A Z25E Adddsiols Ea

(1) 2'-Hydroxy cinnamaldehyde?] &g

AT 1 kg wiZol 3UZ YA F AU HFslo] AW A HZAg
dglct. o] FFAE dest A ASutEDHy (i} o WolMEo|ER £2)
g s ¥4 FYES EsiAh Wigol s $4 BHS W lapp
254nmofl A} o1, 365nmoflA =3t A Lo F Holw anisaldehyded] k3t MO
= M-t Preparative TLCE e} & 7S Hexane EtOAc (70:30)2] A7 Loy
ollA] Rf Zko] 0.67 3-EollA] Ea|E ], acetone/hexane 0.2 AR T B oz
BARE At (15).
mp:  121-122 °C, UV(MeOH, Amax) : 214nm(€7000), 285nm(£16000), 337nm(£5000)
IR(KBr pelAlet, cn™): 3000-3500(H-Bonded OH), 1658(C=0), 1612,1600, 1450
(aromatic C=C), 1253, 1145(C-0)
'H-NMR (Acetone-ds, 9): 9.68(1H, d, J=7.8Hz, CHO), 7.89(1H, d, J=16.2Hz, ¢
-CH=CH-), 7.63(1H, dd, J=7.7, 1.5Hz, aromatic 6H), 7.30(1H, td, J=7.7, 1.5Hz,
aromatic 4H), 7.00 (I1H, d, J=7.8Hz, aromatic 3H), 6.92(1H, td, J=7.5, 1.1Hz,
aromatic 5H), 6.84 (1H, dd, J=7.8, 16.2 Hz, $-CH=CH-CHO)
BC-NMR (Acetone-dg, ppm): 194.0(CHO), 157.1(aromatic 2C), 148. 4(¢-CH=CH-),
132.7(aromatic 4C), 129.4(aromatic 6C), 128.9(¢-CH=CH-CHO), 121.6(aromatic
1C), 120.2(aromatic 5C), 116.6(aromatic 3C)
MS( CI ) : m/z 149([M+H], 100%), 131(35%), 120(15%), 91(35%), 65(8%)

(2) 2'-Methoxy cinnamaldehyde?] 2|

2’-Hydroxycinnamaldehyde& &2]3t= 2pAollA njelgt YA S Hol: R
A=o] Eelstgict. o] Y2 Hexane : ethyl acetate (4:6)2] WLuj= TLCE
3t A3} Rf= 0.812] ¥bHo] UV lampE 254nmoll A Ho]31, 365mmoflA T2 sizo
2 Xoloj anisaldehydeo] 2Jsjr] ety oz wiasic) Hexane: Et0OAc(90:10) ol A
w2|=9lem, prep TLC (Hx:Et0AC=6:4)% Xe|s}sr}.
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mp: 46-47 °C

'H-NMR (Acetone-ds, 6): 9.68(1H, d, J=8.1Hz, CHO), 7.88(1H, d, J=16.2Hz, )
-CH=CH-), 7.69(1H, dd, J=7.8, 1.8Hz, aromatic 6H), 7.46(1H, td, J=7.65;
2.1Hz, aromatic 4H), 7.11(1H, d, J=8.1Hz, aromatic 3H), 7.02(1H, t, J=7.5Hz,
aromatic 5H), 6.80(1H, dd, J=7.8, 16.2Hz, ¢-CH=CH-CHO), 3.94 (3H, s, OCHs)
C-NMR: 194.6(CHO), 159.3(aromatic 2C), 148.4(¢-CH=CH-), 133.5(aromatic 4C),
130. 0(¢-CH=CH-CHO), 129.9(aromatic 6C), 123.7(aromatic 1C), 121.6(aromatic
5C), 112.5(aromatic 3C)

MS:m/z 162(40%), 147(13%), 119(38%), 103(23%), 91(50%), 77 (25%),
65(18%), 63(18%). 51(20%), 39(15%)

g, Ko 2RE olguiglo]l= Fg
s % (Artemisia sylvatica MAXIMOWICZ)Z 6 W7ol ZA7|E Asiet ArjofA
AHEste A4l 719 A 5 Kge 23], SUste] A&ttt

o
Y

& O

% 5 kg& CHClj acetone (1:1)E 347 F2F 7Y =35t
1

R
=
o geldefe] 24 25 300 g LAch

(1) Silica gel column chromatography

Silica gel (200-400 mesh) 1.5 kg& Hexane 3 L& Yo column (10x60 cm)of
Packing 3}9ic}. Crude extract 300 g& CHCl; 100 mLoll 5o RAIAY A loading
335l CHCl3:MeOH (100:0-95:5, Ztz} 3L)o® 1% ZtAo2 wiAy £&2 3l
200 ol E¥HS Flasko] uglch 2¥E 1 mg/mlLe] %%F Enzyme inhibition
assayS ¥ F A3 BY £ Zol ZHA5H3ted Brown gel 200 g& A2l

(2) ODS column chromatography

Reverse phase silica gel (RP-C18, 40-63 um) 200 g2 MEOH : H;0(50:50) 20
nLol|l 5o Column$ol] FRAIAYA Loading 3t 3 MeOH:H,0 (50:50-100:0, z}z}
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800 mL)2 % 10% % NAHOE A §&2 3dlof 100 ol FHE Tubeol Ut
T} 102 vHEA Column¥ A s|FA 2FS Ro} 7tx=3}lo Yellow powder 20
g 2rh

(3) Silica gel column chromatography

Silica gel 200 g CHCl;:EtOAc (80:20) 400 mL& “go] Column (5x40 cm)of
Packing3}tgitl. Yellow powder 4 g2 CHCli:EtOAC (80:20) 4 mLof] 5o Column$oi
Loading 3}¢13L, CHCl3:EtOAc (80:20-40:60, Ztz} 800 mL) 22 10% 7O 2 WA &
=& 3l 100 LR EE-& Tubeol it} 5H2] ¥rEA Column chromatographyS

AAZE F Y £ S Bol Z2¢sS F Yellow powder 4 g& Attt

(4) Sephadex LH-20 chromatcgraphy

Sephadex LH-20 100 g2 MeOH 200 mLofl ¥o] Column (3x60 cm)oll Packing 3s}eict.
Yellow powder 400 mg2 MeOH 4 mLoll 5] Column$]efl Loadingdtil, MeOH (1 L)=E
£&5od $YS 10 old Tubeo] Wkrh 10 el WEH Colum¥ AsjPy ¥
S ol Zhds=3}o] Yellow powder 200 mgS dech

(5) HPLC & A
2ERAY BALLH WLCE o83l £4¢ ofeln keSS Relsigie
o, HPLC 272 t}== Zrl
Column YMC - Pack C8, S-8, 1204, 250X20 mm
Detection 254 nm
Flow rate 4 ml/min
Solvent -~ MeOH : H,0 (70:30)
Retention time 40 min

_53_



DA
of

| Extraction with MeOH

Silica Gel Chromatography

l
C18 Column Chromatography

l
Silica Gel Chromatography

{

Large scale HPLC with silica column

l

Large scale HPLC with reversed phase column

|

Grouping

l
Prep TLC

!
LH-20 Gel Filtration

}
Small scale HPLC
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ub. GuiEZHE FPTase #3)%] £

Bl E 24Eel 3.5 kg2 AAStY A=A T yElg S F&stgct. o]
FEYL o2} F £A4LS 7AY S35l 400g2 HSAS A} o] FE2ES
Celiteo] F2A171 The 7|4 ul(ether, chloroforn, methanol)S 247},
7t 2YHE UYL E Y S S A chloroforn 2o Ao ASE Hal
2 Aelgl 2A20E J2d49E Sl M2 T ua
HE o2 HPLCE 4335}y

o
8
i
o,
5L
)
fo
fa}
oX
lo

oY
"3
_o'|_:'
fd
oX
£
a0
lo
bt
oy
2
i
ok,
o
fr
£
¥
(r
H

(1) Silica gel column chromatography

Silica gel (200-400 mesh) 1.5 kg& Hexane 3 LE 4ol column (10x60 cm)of|
Packing 3}9iT} Crude extract 400 g& CHCls 100 mLoll 5o ZAlAZ A loading
SRSl CHCl3:MeOH (100:0-95:5, z}z} 3L)22 1% ZFoT whAA 2328 3}
200 ml# F¥S Flaskell Wit RHL 1 ng/wl®] $EE Enzyme inhibition

assayS ¥t F A3 ¥4 EE S Ro}l Y =239},

(2) HPLC =7
FERAE FUEFE HPCE o83l ¢4% HYE S 2esigon, HPLC
ZAL g3 .

Column YMC - Pack C8, S-8, 120A, 250%20 mm

Detection 254 nm

Flow rate 4 ml/min

Solvent . MeOH : H0 (80:20)
Retention time 40 min
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ot
i
e
i
i

Ist Si02 column

100% hexane — 60% EtOAc/hexane

increasing 5% EtOAc

2nd 0DS column

20% CHaCN/H0 — 60% CH3CN/H,0

3rd Si0; column

3rd 0DS column
40% CHsCN/H,0
100% CH,Cl, — 100% EtOAc

increasing 5% EtOAc
{

LH-20 column |
chromatography ]

i

Prep-TLC
60% hexane/EtOAc

Prep-TLC
@ normal phase (20:1
CHCl3: MeOH)
@ 0DS phase (55:45
CH3CN: H,0)

2, 3-Dihydroaro-

maticin
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H}. 3|H S 2 X ¥ solandelactone?] |

Hydroid Solanderia secunda®] 2|7 & AHE Z3f U ARE At A9} vjat
T2 28 44 25-30mol A SCUBA clo]¥ofl 2J3)al o]Fo] FHom o] Al8: ¢t
oA W3] e WEiel RAstHct WFEBFY *ii(ﬁ&%’-ﬂl"%‘i 5 kg)&
7 Ztel methylene chloride 2LE 7}8to] Al-2ojlA] 48A]7F Whx|q Fof 1 Lo
< duiglen of P& thi wHET Fo QoA AN {IIRFE2EL g2
10. 7ge] gt}

o] XF&EE silica vacuum flash column chromatography® Ea]3}7] $)3)
n-hexanez} ethylacetate?] Z% (5% ethylacetate/n-hexane2EXE 100%
ethylacetateZ}®]), acetone, methanolE TAthE LEA1Zth oA oAl 18
i8] 2 (fraction, fx)& ZtZt GujE AHA F proton-NMRE ZAHT A3
fx=12(55% ethylacetate /n-hexane: 100mg), fx-13(60% ethylacetate /n-hexane:
70mg), fx-14(65% ethylacetate /n-hexane: 170mg), % fx-15(70% ethylacetate
/n-hexane: 140wg)ofl 2xtchal Edo] = o] glgo] Yt

ol fraction& Z}zZ} 50% water/acetonitriled 0|31 Maxi-clean Ciq
filter(Alltech)® oj3t Fof & Ejlog L2L2ul8 AFR-3}o] reversed
phase HPLC(YMC ODS semi-preparative column, RI detector, 2ml/min)® |3}

16mg2] Solandelactone C2} 4mg?] Solandelactone D7} @5 ¢t}
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«

=4 ¥4
TE-84 BAL] 7S 9t o2t 22 HoE Addysiols Sy
&< gidsialct

7} 2'-Hydroxycinnamaldehyde?] #}A3ub

(1) CHxN.®] A=

Aldrich®] Diazald kit& o|&3}le] TrE2lr}. Condenserd] dry iceE $3
acetoneS 1/3 7}3¢ A A3] 78t EtOH (95%, 50 ml)S ZH4 40mlo] ¢ KOH
(25 g) &ofo 713 F wkE-L-7]o di=th 65°C7F =19l&uf Diazald (25.0g, 23
mmol ) & ether(225 ml)ol| ¥l ¥ separating funnelel] 7}3tc}. ojull condensero
Yojz|= 459 diazomethaneo] BAEE £E71 ZA FXAZch o3t whyo

2 ¢ diazomethane2 fume hood WollA ¥+-S-EE2} vk A]7ic),

(2) 2'-Hydroxycinnamyl alcohol?] %43

2'-Hydroxycinnamic acid 1g& HPLC grade MeOHof| Q1 3 CHN,S A2k 7135}
A ZRigich TLC (Hexane : EtOAc= 4:6)2 4hZo] USH 2L Holgl =
(Rf=0.29->0.57), silica gel column chromatography (Hexane:EtQAc=6:
acetone, hexane 2 2}ZA A 3}e] WA FEwulel 2’'-hydroxy cinnamic acid methyl
esterS 700mgQ 2 t}.

A BAHES THFo| %9 F -40 °C( dry ice / acetonitrile )2] ZR 7oA
DIBAL-H 10mlE N; gas 3}ollA] A A|3] 7}5lm] 2uE3tc}, TLC(Hexane:EtOAc=4:6)3
h3o] W RS AUl (Rf=0.5-50.3). 4tz flaskol] FHF4 50ml &} NHC1S
7t F o7]of 50m1¢] EtOAcet WF3-B-& 7IRich gelo] o7t FAHET Zigtoj2tS
3l gelateE A|A3}iL filtrateE separating funnelol 7}3tc} EtOAcE =228

¥ Na;S04 anhydrous& Fw3] Yol £E& VA3 AANCL AT 5 A =
%3}l silica gel column chromatography (Hexane:EtOAc= 65:35)& 3ic}.

acetone, hexane2 ¥ xfZAAste] WA Ewlel 2-hydroxy cinnamyl alcohol& 500mg
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doich 'H-NMR (Acetone-ds, 8): 7.48(1H, m, aromatic H), 7.40(1H, m, aromatic
H), 7.21(2H, m, aromatic H), 6.92(1H, d, J=13.8Hz, ¢-CH=CH-), 6.28(1H, dt,
J=15.9, 5.4Hz, ¢-CH=CH -CH,0H), 4.69(2H, d, J=5.4Hz, ¢-CH,0H).

(3) 2'-Hydroxy cinnamaldehyde®] ¥}

371 o2 HEF 2'-hydroxycinnamaldehyde 200 mgd OMEo] =ql =
1.5g%] Mn02& 7}3tch Whg-§4& 40-50 CE 7lPStHA 1412 SQb ukgic)
WSol BEH F ofAsta AdeR3ct HF9L Mest AsntEdHE A}
&, BASl &3 EAS 45% $22 QAT (18).

L}, 3'-Hydroxy cinnamaldehyde?] %A
(1) 3’-Hydroxy cinnamyl alcohol®] ¥Ad

3'-Hydroxy cinnamic acid 0.5g2 HPLC grade MeOHo] 54l ¥ CHN,& Ak
7YStH A ZAREICE TLC(Hexane : EtOAc= 4:6)2 ¥lgo] UTH HE Qs T
(Rf=0.25-5>0.48), silicagel column chromatography (Hx :EtOAc=6:4)& 3% ¥,
acetone, hexanel T z|ZA sl WAl 2uQl 3-hydro xy cinnamic acid methyl
ester 400mgS L 2Tt

el HEEE THFY] e F -40 °C (dry ice/acetonitrile)?] ZZo|A
DIBAL-H 10 mlE N; gas 3}ollA] A A 3] 715} muibgict, TLC(Hexane:EtOAc=4:6)%
3ol dE" Z1& HAsIHrh (Rf=0.48-50.35). 4tz flaskel ZH-4 50mlet
MHCLE 743t £ oi7]ofl 50ul¢] EtOAce} ¥FS-ES 7iich gelo] 47 HAY=EH 7
AUA2}E 3l gelateE A ASIAL filtrateS separating funnelol] 7}gtch, b3t
¥ EtOAc & RO} NaS0; anhydrousE 83| Yol 42L& 9A3] AAYc} oAz
gt ¥ oJAS %3] silica gel column chromatography (Hexane : EtOAc=
60:40)F 33Tl Acetone?} hexanel T A3} WA REwlel 3-hydroxy
cinnamyl alcohol 150mg& ¥t}

mp: 87-88 °C IR(KBr pellet, cm™): 3500(Free OH), 3100-3400(H-Bonded OH),
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1620 (C=C), 1000, 980(C-0)

'H-NMR (Acetone-ds, 6): 7.12(1H, t, J= 8.1HZ aromatic 6H), 6.89(1H, d,
J=1.5Hz, aromatic 4H), 6.87 (1H, s, aromatic 2H), 6.70(1H, dt, J=8.1, 1.8Hz,
aromatic 5H), 6.53(1H, d, J=15.9Hz, ¢-CH=CH-), 6.33(1H, dt, J=15.9, 5.1Hz, ¢
-CH=CH-CH,0H), 4.21(2H, d, J=3.9 Hz, CH.0H)

®C-NMR (Acetone-ds, ppm): 158.4(aromatic 3C), 139:6(aromatic 1C), 130.8(¢
-CH=CH-), l30.3(aromatic 5C), 130.0(¢p-CH=CH-CH,0H), 118.6(aromatic 6C), 115.2
(aromatic 4C), 113.7 (aromatic 2C), 63.1 (CH;0H)

MS(EI): m/z 150([M+],94%), 149(25%), 131(20%), 107 (100%), 94(57%), 77(23%)

(2) 3’-Hydroxycinnamaldehyde?] %A

Qo] ¥2d ¥t 3'-hydroxycinnamyl alcohol 110mgE acetoned]] Q1 ¥ Mn0,=
2g 713 ¥ 1A A X ubsic)h TLC(Hexane:EtOAC=4:6)& ®l%o] ATH 2 ¥
oIt F(Rf=0.3-50.49), {2}3}gcrl. Acetonel® ZX3| washingdlil %23}
silica gel column chromatography (Hx:EtOAc=70:30)Z 3t} Acetone, hexanel T
2N A AR sto] WA AAQ 3 -hydroxy cinnamaldehyde 50mg2 L eict.
mp : 118-120 °C, IR (KBr pellet, cm™): 3000-3500(H-Bonded OH), 1680(C=0),
1600, 1470 (aromatic C=C), 1170(C-0)
'H-NMR (Acetone-ds, §): 9.69(1H, d, J= 7.8 Hz, CHO), 7.60(1H, d, J=15.9Hz, ¢
~-CH=CH-), 7.29(1H, t, J=7.8Hz, aromatic 6H), 7.20(1H, s, aromatic 2H), 7.16
(1H, d, J=2.4Hz, aromatic 4H), 6.96(1H, dd, J=8.25, 2.4Hz, aromatic 5H), 6.69
(1H, dd, J=7.8, 15.9Hz, ¢-CH=CH-CHO)
'3C-NMR (Acetone-ds, ppm): 194.1(CHO), 158.7(aromatic 3C), 153.5(¢-CH=CH-),
136.6 (aromatic 1C),130.9 (aromatic 5C), 129.4(¢-CH=CH-CHO), 120.9(aromatic
6C), 119.1( aromatic 4C), 115.6(aromatic 2C)
MS(EI): m/z 148([M+],100%), 147(36%), 131(30%), 120(38%), 119(22%), 91(48%)
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T}, 4’-Hydroxycinnamaldehyde?] %}A

(1) 4’-Hydroxycinnamyl alcohol?] %A

4'-Hydroxycinriamic acid 1g& HPLC grade MeOHo|| 591 2 CHN, & AR 7}
st A 2ukRcl TLC(Hexane : EtOAc= 4:6)E Hlgo] U8H }*Aé- I3t =
(Rf=0.3->0.53), silicagel column chromatography (Hexane : EtOAc=6:4)& 3},
acetone, hexanel ¥ z|ZAPslo] WA Bl 4-hydroxy cinnamic acid methyl
ester§ 500mg@ g cl.

2] B8ES THFO &9l F -40 °C( dry ice / acetonitrile )2] RZAo|A
DIBAL-H 10ml1E N; gas 3lollq A A3] 7}s} M3t} TLC(Hx:EtOAc=4:6)2 1S3
FEE U3l (Rf=0.53->0.3). Atz flaskel]l ZF4 50ml 2} NHC1 S 7}13t & o
7lell 50m12] EtOAcet RISES 73tk gelo] 4zt P4 ZUdAAE 1o
gelateE A #3513 filtrateE separating funneloj] 7}3tch =x|8F T EtOAc =
& 2o} Na;S04 anhydrousE 33| Yol 2 HAs] A AL A2 5 Ao
S EF3}o silica gel column chromatography (Hx:EtOAc= 60:40)E 3#ic}.
acetone, hexaneC 2 A3}y WA Fwel 4'-hydroxy cinnamyl alcohol&
200mg H A}
mp : 124-126 °C IR (KBr pellet, cm™) : 3520(Free OH), 3200-3500(H-Bonded
OH), 1640, 1475(aromatic C=C), 1020, 1000(C-0)

'H-NMR (Acetone-ds, 5): 7.25(2H, d, J=8.7Hz aromatic 2H, 6H), 6.78(2H, d,
J=8.7Hz, aromatic 3H, 5H) 6.49(1H, d, J=15.9Hz, ¢-CH=CH-), 6.18(1H, dt,
J=15.9, 5.7Hz, ¢-CH=C H-CH;O0H), 4.18(2H, d, J=5.1Hz, CH,OH)

BC-NMR (Acetone-ds, ppm): 157.8(aromatic 4C) 130.1(¢-CH=CH-), 129.8(aromatic
1C), 128.3(aromatic 2C, 6C), 127.8(¢p-CH=CH-CH,0H), 116.2(aromatic 3C, 5C),
63.4 (CHz0H) |

MS(EL): m/z 150([M+],93%), 149(26%), 131(20%), 107(100%), 94(57%), 77(23%)

(2) 4°-Hydroxycinnamaldehyde?] ¥}
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Qtoll A 3/d¥t 4'-Hydroxycinnamyl alcohol 170mg& acetoned] Q1 ¥ Mn0,&
2g 718 ¥ 2A|17t A% IuEic) TLC(Hexane:EtOAC=4:6)% 3712} spoto] A7 7
& Hct (Rf=0.3->0.49). o243t T, acetonel® %3] washingdt =3}
o] silica gel column chromatography (Hexane:Et0Ac=80:20)S 3it}. Prep
TLC(Hexane:EtOAc=6:4)& %' ¥, acetone, hexane 2 ZAAsl] WAAARQ
4'-Hydroxy cinnamaldehyde 20mg3 {<¢lt}.
mp : 136-138 °C
IR (KBr pellet,cm™): 3000-3400(H-bonded OH), 1670(C=0), 1600(C=C), 1170(C-0)
'H-MMR (Acetone-ds, 8) : 9.63(1H, d, J=7.8Hz, CHO), 7.60(2H, d, J=9, 4.8Hz,
aromatic 2H, 6H), 7.58 (1H, d, J=15.9Hz, ¢-CH=CH-), 6.92(2H, d, J=8.7,
4.8Hz, aromatic 3H, 5H), 6.60(1H, dd, J=7.8, 15.9Hz, ¢-CH=CH-CHO)
®C-NMR (Acetone-ds, ppm): 193.8(CHO), 161.3(aromatic 4C), 153.6(¢-CH=CH-),
131.5(aromatic 2C, 6C),126.8(aromatic 1C), 126.8(¢-CH=CH-CHO), 116.8(aromatic
3C, 5C). MS:m/z 148([M+1,100%), 147(76.8%), 131(21.6%), 120(39.2%),
119(36.8%), 94(24.8%), 65(28.0%).

2}. 2'-Chloro cinnamaldehyde®] %t4d

(1) 2'-Chloro cinnamyl alcohol?] ¥tAd

2’-Chloro cinnamic acid 1g& HPLC grade MeOHol| Q1 & CHN,S AR 7135}
HA IBIRICE TLC (Hexane : EtOAc= 4:6)E HhZo] UTH AL =Hz =
(Rf=0.33->0.57), silica gel column chromatography (Hx: EtOAc= 6
0i14}ER 2] methyl chlorocinnamic esterS |<it}.

218l MHE-S THF 20-30mlo] Q1 ¥ -60 - -70 °C(dry ice / acetone)?] X7
ol A DIBAL-H 10mlE Np gas StofAl A A3] 7}5tn] 2MbStT}. TLC(Hx:EtOAc=4:6)2
Ht-go] HA3 FEH Z& HUF} (Rf=0.74-50.53). 417} flaskoll FF4 50ml
2 NHC1S 713t F of7]ofl 50m1&] EtOAce} WHS-E-& 71%Mch gelo] o7t HAAEW

2t 2t E sl gelated H|ASI: filtrateE separating funnelof] 7}3ich wtb

[e]
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*|3F ¥ EtOAc 3-& Ro} NasS0; anhydrousE %3] Yol £8& %4A3s] A%},
oq2gt ¥ oAdE& %%l silica gel column chromatography (Hx : EtOAcs
60:40)& cl. 53} 0ilAte] 2'-chlorocinnamyl alcohol& it}

'H-NMR (Acetone-ds, 8): 7.62 (IH, dd, J= 7.2, 1.8Hz, aromatic 6H), 7.37(IH,
dd, J=7.8, 1.8Hz, aromatic 3H), 7.27(1H, td, J=7.2, 1.5Hz, aromatic 4H),
7.21(1H, td, J=8.7, 1.8 Hz, aromatic 5H), 7.00(1H, d, J=15.6Hz, ¢-CH=CH-),
6.43(1H, dt, J=15.9, 4.8 Hz, ¢-CH=CH-CH;OH), 4.15(2H, d, J=4.8Hz, CH,0H)

(2) 2’-Chloro cinnamaldehyde?] ¥4

Yol A gJ& 2'-chloro cinnamyl alcohol 400mgS acetoned) Q1 &, MnQ,=
2g 71t ¥ 2A|1Zt A= 2uE8Ic) TLC(Hexane:EtOAC=4:6)2 47]¢] spoto] A7 A
= HAKTHRF=0.58->0.75). I3t F, acetonel T ZE3| washingdlir} 23}
o] silicagel column chromatography (Hx:EtOAc=80:20)& 3}o, = AAql
2'-chloro cinnamaldehyde 50mgS dc}.
mp : 52-54 °C, IR (KBr pellet, cm™) : 1680(C=0), 1620, 1440(aromatic C=C)
'H-NMR (Acetone-ds, 8) : 9.79(1H, d, J=7.5Hz, CHO), 8.01(1H, d, J=15.9Hz, ¢
-CH=CH-), 7.91(1H, t, J=7.2Hz, aromatic 6H), 7.54(1H, d, J=7.5Hz, aromatic
3H), 7.48(1H, td, J= 7.2, 1.8Hz, aromatic 4H), 7.42(1H, td, J=7.2, 1.5Hz,
aromatic 5H), 6.80(1H, dd, J=7.5, 15.9Hz, ¢-CH=CH-CHO)
BC-NMR: 192, 8(CHO), 146.6(¢-CH=CH-), 139.4(aromatic 2C), 134.2(aromatic 1C),
131. 7(aromatic 4C), 130.5(¢-CH=CH-CHO), 129.8(aromatic 3C), 127.9(aromatic
6C), 127.2(aromatic 5C)
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6. o]zl B4 HFS AU AR AF

FARY AB L ARt FRMEFQA ASI(HIUMESF), SKMEL-2(IFo A=
F), HCT-15(2R Y AIEF), SKOV-3(RHZ3Y MEF), XF-498(HY AEF) 52
10% FBS7} XEJFE RPMI 1640v)=x](Gibco Cat. Nn. 31800; L-glutamine2 X33
TEE XA US)E AHESt 37 °C, 5% C0p wiR7IolA wigdsigon, Ay
T 15do] 23] AAjsigct. AEZES o sRy ey wfe 0.25% trypsin
3l 3mM CDTA(1, 2-cyclohexane diamine tetraacetic acid)& $3<J(PBS)ef 9l &
9g AE-slgdct. 96well plate(Nunc)®] 2} wellol 5x10° - 2x10* 7§e] zZt M E
7tste] 37 °C, 5% COp wl37lo) A 24412t wirstrh. sampled 432 TiH AL
Al =(DMS0) ol o] Aol Ut H=7Mx] AE-E wiAE HAsto] 2F DMSO
sXE7t 0.5% °]5l7} H =% st o] 0.22un AR T o33 F 2
T HAEE A5yt

96 well plateofld] 2412t wiQFAIZA™ 2z} MEZujofo 2 HE wix]l= BE HA
3t F 2 EE AHRY sample 2} welloll 200ul% 7}st ¥ 48x17F wjorsioic.
sampleS 7}8t A]Eo| A Tz(Time zero) plateE $335}aic}).

Tz plate @ ujofo] Tyt %] 2} plate= sulforhodamine B(SRB) EAHo] =35}
o] Trichloro acetic acid(TCA)of &J&t AJXE 3%, 0.4% SRB L0 3 dA 1%
acetic acid® A3 F 10mM Tris LYo T HREE F23}to nicroplate
reader(Dynatech Model MR 700)2 520nmoj|A] OD ZtS A3t

71E UM ¥ EDsox= ThE2} ol Alatsict GBS 71sto] vjore Az}
Sk AlZtoll +33te] SRB whAerE JAste] 1 k& time zero (Tz)E 3lodct.
S X718 Adopdle HEFE 27I3(Tz)22 Yl sampled A3k 3 wj
%%t 0DZES tiRZk(control value (C))@} 3t sampled A 2|3} uvjorst welll)
DS of=Alel® AldZHT)et stdch Tz, c2b TERE  AA=pI(growth
stimulation), & 4% YAl(net growth inhibition) & <& At (net killing)S2]

sample?] BINE uiciad 4= 9lalch mtd THTzQl ZA-$-olle 2 cellular response

- 64 -



functionS 100x(T-Tz)/(C-Tz)o|n, T<Tz¥ Z o= 100x(T-Tz)/TzEA A4St
T} tiR8 AR E L cis-platinund A}E-3telc).

7. SEAY

SEAH] AEE 0.5% tween80o] {ojM HEZFFAZcE FoAI 30, 100
mg/kgol glom 18Uzl 712] ufd Tt PFHREAQ adriamycin BjAd
Foll §3fste] BRFAMon 1 mg/kgd] B2 11 714, 124 ¥ 14 73]
L 2 mg/kg?] 22, 154 F€ 18U 71X = 3 mg/kgd] T2 i FoFch %

NEE ohgs BFA 20 g B 0.2 nl# Fo{3Th

7L AESE R HES

AREEZTE JE Charles River | A}2] female nude miceE A3l onm ¢
F, AFL 17-20g2) SEelct HPFTEL 17U ol FEEEHAA 3
SA F, AYPo] AHgstHTt. FEAMY LEE 21£2 C, X+ 55%5% 3L,
Hete 12X V2 AExAsIYTL APEFEER LPANR(A LAY )= YA E
FAEo|gon S5 LUS/EIVIE AFsHACt AR} S AR AIR
F= 3 NCIoA ZFyol AEFedFTLo HEFA AA chFUA
EF swe20zt 1A wlUYMEFQ NCI-H23E AH&-3toich

ol
Mo
an

o
N

g
x
tH

Ll QA YA EF2] nude mouse ©]A] A

AAUMEZE iR Sef WAEYA SW6202} s Fel PAlE NCI-H23E
nude mouseol] ©]A13tadcth. NCI-H239] Z$%- 3 x 107 cells/mle] UYMEE, SW6204]
A9 1 x 107 cells/ml8] UMEE mouse B 0.3 ml & T2 o]Alslgitt. UAE
olAl ¥ YA BE F3 IvlE= AAEE ojd FFHLeH, FE2 AFHE=
AdiE 3% AR ZFYPcL UME o4 F 19%8#o] nude mouseS FAFA|

A g Pelstn FAS F3Uch
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A 24 A7 38 A

1. Ay

&AL ' U " HAEEA HEE sl e EAY e
scintillation Proximity Assay (SPA) ol 2|3} FPTase #3484 L A5}

Biotin-YRSNRSCAIL < + < *H-Farnesyl group

|

Biotin-YRSNRSCAIL < *H-Famesyl

SPA bead WHZ ErHOoE IFAH IHUATI|ZEEZAHOE HElo| =9}
AYT F SPA beadsl 4T 2HEE slo] EES o]} SPA bead® AEHZ
o|2 A3t beadoll M UAdst= HEIAURE S5t ol Ay Wy e
Biotinoll A¥H HEloj=e] F/ T wae ZFo oiebd clorst 32
Aol Fgol 7hedte] HbgEAoy SUEAY wg B REeA glo] &
£ N BEE 33 ¥ £ A 58 24 Yo}

2718l B2 dEel 3 Ex A Ras whlA & E colioflA A4tstd

88 AFol Ahgstsrh
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Ao 3¢ EQo2 Ry Eedt nfdE 10,0000 FF FojA YMF
1,000, &%o] 1,200, IRF 400 +FE UH3AY mEILZS Z‘]E]{} kg ol g
Hdes BEE ©Ast WAHAF 10F, TWo] 25%, e 2RF 5Fo|
FPTase A 3|B/E& 2o & HUstdrt. ©ol& FFF 100ul flaskE AHE-3tH
dasta YT NS Y3t BHE AFsdrt o8 ol WHF 1F, =
%ol 3%, 223 2xF 1% APl At BHE HUsta o5 £&
52 2ol 2ea o]l& FFE oY wsid ¥Y EAS Bty
cl.

4000] M EXE A3t WY LEE F23513 Ing/nl BE2 AN EE F4]51Y
th OlEE AT BHS AZT A 20015 ABA F&EolA FPTase
A" (50%0]4)E BHY 4 dgich Iy dF F2EL Y 9 o|x
BY Aol ol A3ES o £ Adrh olx WY AZHME $43% @
& BT AT, $of, ulE, 42, O 52 HFHog §8& AEAY

22 st Jeal ol&& & AEALZTLEH BHYELY v‘f-i‘l% ¢
st i 2R W FYE Fol ALE HEY F FL£EAS Eo BASA
=3

A&7 HEIE s At 1000 F& o2 dAsigon, o Foji
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3. A 279 A3
7}, 2%Wo| Aspergillus fumigatus F930] AJx}3}= FPTase | &jA]el gliotoxin

45 wa A3}

FWo| Aspergillus fumigatus F93ollA] FPTase A3 482 3FAIAF]7] 9
A FAAA A3} HPS Yot F 15709 YEHSE tjAe 2 3 1670
2] A¥F7} Plackett-Burman'jol wha} R3p=jgjct. A# A3} glycerol 20g/1,
yeast extract 3g/l, NZ-amine 3g/1, soybean meal 3g/1, NaNOs; 1g/12] wjx] XZA
2, 7] pH 7, viFZ5 28°CE] ui} 27| FPTase A3 HAHEZ A4to] 3
Z70F AHeEct

L P el L

Aspergillus fumigatus F93 + thgtnl= cfA QA2 Egoly Eelxlgct. F
F WS BSRAY F3(1ml of 20% glycerol solution, 1 x 10° spores/ml,
stored in -80 °C)& 50ml2] YMuj=}(glucose 1.5%, malt extract 0.5%, yeast
extract 0.5%, w/v)olA 48X|7F A3} A|HA FH|3}th(28°C, Rotary shaker,

Type 7-76, 150 rpm, Dong-Yang Co., Inchon, Korea).

Cl. FPTase B4 A= Ak

A, fumigatus F93 U H o] th3t FPTase A= uwlotole] ethylacetate &
=% scintillation proximity assay (SPA: Amersham TRKQ7010, Buckinghamshire,
K)He=s =Rapstedct. &, biotinylate peptaide?} tritium-labeled farnesyl-
pyrophosphatedE FPTase R W) FEHE &Ex| dlof vF-gAJ71 & SPA beadE 7}
stol WiEt UAIE Zstel BHS ASstelch

ch. 23} AdA

B5 1671X]8] A¥o| (Table-1)oA2} o] 3x]rl(Stowe and Mayer,
1966). Wi 971X et w27 3708 HEE Musidon] 2 A3l A2HE T
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517] 93l W= confound® AElE AR5 2lTH(Milagres and Lacis, 1991). A}&-
H Z12uix| = o3 59 S ZHShe (MgS0, - 7TH,0 10mg, FeSO4 + 7H:0 1mg, ZnSO, -
TH0 1mg), 100m12] wRx]-E 1000m12] & 8-7|(Bellco™, bottom baffled)oll Ero} 2
HtE o0 2 Ayt wigdEe 28°CH3 2%(v/v)eY FFE 102ZY Warning
blendoroll ] ZtolA ARg-stdct. AEMAY Z d(column)ES AHIEE Uehlo,
Z 3P(row) Aol FLH H4E Uehdoh HAEA2RY FALA &GS 9130 3
718} dummy H4E EULH, 2z HEE M) ARAR(H)Y 24ELE A
g3t ¥ & st

ot ZpEEA

AEEAS FPTiol iyt 7} W49 Azt A9k 2 si9igte Heeol nlE FPTi
"4 HolE Atste ARSIt Y LA: dummy HgolA AEN, AHP
tES] el FE= Hol FEE ettt Heo B2 E4HVeff) I EE
HXHS.E. )& o2} ol A"tk Veff = (Ed)2 /n = (S.E.)2. 97|14 Ed:=
7} dummy Foln ne dummy H42] Jigeolrt. 2zt W4 e {o] £FE(Ex)2
Students t test(t = Ex / S.E)& A4t}
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Table 3. A. fumigatus F932] @ 2| 3}E 2|3}t Plackett-Burman A 84,

3 . AY T

Res SRIRARUT T s 6 g 10 11 12
glucose 0.5 1.0 + + + + - & - - - .
glycerol 1.0 20 + o+ o+ - o+ - 4 - -4
dummy e -+ 4

yeast
0.1 0.5 T + o+ -

extract
malt extract 0.1 0.5 R A T + - 4
NZ-amine 0.1 0.5 + - + - - - - -+ 4
soybean meal 0.1 0.5 -+ - - -4 o+ 4
NaNO; 0.05 0.2 + - - - - 4 4 + o+ 4
dummy - - - -4+ - + o+
culture time 4days 7days - - - + + - 4 + -4
temperature 25°C 28°C - - o+ o+ - &+ 4 -+ -
pH initial 4.0 7.0 e + - s
dummy + + - + + + + - + -
(NHg)oHPO,  0.05 0.2 + - + + + + - - -
CH3COONH,4 0.05 0.2 - + + + + - - - -

»

* concentration was designated as percentage (%).
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vl wbE 23 Az}

223 Axtes E2 9oF FA5IYCE o] FI3S NZ-amineof] &3 K-olA
99% o] 4] AT FPTase X3[#/d EAE Adalstdrl HAEAARE Helsly] 9)s)
freldol &2 Hpol 3t AP [odo] U2 Wy AEFE sl 7
Zte] Z¥Fol A AATEl= FPTase X3(¥4& vlastdct. 747te] waA} (+)H
5 EHR UFEuix o= 92.5%2] FPTase A3 BAE S Kl vbA (-)H4E 2§
3t B9 AsiEdo] A2HA] dYgdth U4F Y BF AXFY JEoE 7y/19
oA Ak Hol FA9 A8 FYHOT o|Fo] Xy Wy Mduo] ulg}
FPTase Z3j&/ o] FalstA 2= o] 223} wix|e] 24 AFY 4 glolch
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Table 4. A. fumigatus F93¢] W& A3 Az}

FPT 3] ol cigt t-Zt U {2

das t-Value +o =&

glucose -0.81
glycerol 1.01
yeast extract 1.71
malt extract -2.07

NZ-amine 6.22 99%
soybean meal 1.51
NaNO3 1.83
culture time 1.23
temperature 0.14

pH initial 2.65 90%
(NH, )2HPO, 0.15
CH3COONH, -1.09
dummy [ -1.38
dummy 11 0.72
dummy III 0.56

*%SL : significance level

ol’de] TAH Yol A3} FPTase A sA] o]2]o= ACAT, SQS, CS-1I9]
sl dols HEAA 4 Jdedl FF F232 FPTiol b3 whgo] FotM
Z719] £323 TANA FI39] &€& ARSI SAlol s & 4 olodr),
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Table 5. Effects of positive and negative variables on the FPTase

inhibitory activity of A. fumigatus F93.

Parameters Media for positive variable Media for negative variables
glycerol 20g/1
glucose 20g/1
yeast extract 3g/1
yeast extract 4g/1
NZ-amine 3g/1
malt extract 4g/1
Culture condition soybean meal 3g/1
(NH4) 2HPO4 1g/1
NaN03 1g/1
pH initial 4
pH initial 7
temperature 28°C
temperature 28°C
Inhibitory
92.5 0

activity (%)

3. Thiy A xa Ha)A

7}, o] Efef FPTase 34| Gliotoxin
ZHo]EFE Felg FPTase A 3A &S MNRE £43% A3 ojn] & UdA
ol ZaA 509l Gliotoxine B 2w ATt o] FIUEL 712} 1.5 microMollA 50%

o) N3 BHE Bel Frh

“ete "I//
.:lll[” IN /

//'Iz,

N—CHjs;

HO

Gliotoxin
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U 2 RxF o)A 23t Bacitracin

AZRdFo] Wi NoA F2 g FPTase A 3H|= Bacitracin® E FHE orc}.
|

Jg| o] ne|PHElol FIEL 3.5 microM H 504 FPTased] AL 50%
=] 3] gtk
HaC
bPhe
lle-L—" ,
-His H,N
Om-D CHs
D-Asp-OH
Lys-L—
-Asn N= Bacitracin
L-lle S
HO-Glu-D
L-leu

cl. whMF G807910)| 4] 2|3t FPTase A 3f=j

Aol 223 BEEAY FRE r2¥Lln, 20microMo]A FPTaseZ
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ChE3t o] HEFo] 43& d=lstgrt.

% of Control

Growth-Inhibition Assay

120

T T

0.0001 0.001 0.01 0.1 1

T T

FTifrom G80791, y/ml
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L AR 84 R
A = (Cinnamomum cassia Blume): =U}%:2}(Lauraceae)o] &3t AIEZ A

PAE R Yotos ASHD AN, FF WY D FEde] Faxolr).

(1) 2’-Hydroxycinnamaldehyde?] g @ ZXZA

Hexane2} ethyl acetated £ulE 70:302] widl 3}ol silica gel column
chromatographyE 3}3l, hexane, acetone® T 2]ZAAS}o] 2 compound:= mp
121-122C2] u|3A ZArAAo|, UVmaxZ} 214, 285, 337nmojt}. o] compound?)
IR spectrumg X 3000-3500cm ol hydroxyl groupS, 1658cm™ollA] carbonyl ]
g 4= olch. E3t 1612, 1600, 1450cm oA aromatic ©]FZA &2} 1145 cn™
T 2] ether band7} U&& & 4 rh 'H-NMROIA 7702] protono] QSS <&

i

J % 9.68ppm(1H, d, J=7.8Hz)2] peak® X.o} aldehyde7| & o1& 4=
, W= 6702] protonEe] 7.89-6.84ppmrlolo] Ezjsl= ZoT witE FIE

B2

ne

& ¢ 4 gt} DEPTE o] 6788 protonSo] EF CHYE ZWsj=m 6. 84,
8.01ppm®] coupling constant”} 16.3Hzo]2 & olefinic protone] trans¥ L <
% 2Tl HRCI-MS AtollA] 149[M+H] 8] peakZ X.o} o] B 225t 14898 &
AE + Ao FAANE CH02 FFY F dgch o] goll= 'H-H Cosy,
HMQC, HMBCo] e}t peakE assigndt A2} o] compoundE 2'-hydroxy
cinnamaldehyde® FAslact. 28|l o]2} tjEo] 2'-methoxycinnamaldehyde®
gj= ct.

H O H fo}
X " AN H
H H
C|> OCH,
H
2 ‘~Hydroxycinnamaldehyde(CB-0H) 2 ’'-Methoxycinnamaldehyde
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(2) BAAHEA
TS 2@olA BEo] IMA AW T Ao tidt AL st e A
22 FHAxodrt Ful A& A2 ALY SUBHEE 71 E-o] EaF

gtk Zojrt.

FPTase inhibition of CB-2'0OH

100

80

40

% of inhibition

20 A

O T T T T T 1 T T T T
] 100 200 300 400 500

[CB-20OH], M
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th of% fel Y 23
(1) obelmlxclol =) £2) @ 72AH

HOSHEY Feld ¥E AU ojxjsiy Yy Che ot (23, 25).

Table 6. oleInjX2lo]=(Arteminolide)?] o]3}3ta A4 A

A B C
2]% (appearance) FA LA T A FA LA
TR CasHaz08 CasHao0s CasHeo0s
Al i
S A X (M+H) 591.2924 589. 2875 589. 2791
AALX] (M+H) 591. 2957 589. 2801 589. 2801
|3 () 195 198 210
[a]y +25
714 MeOH, Acetone, Chloroform, DMSO
=224 Hexane, H,0 Hexane, H,0
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Table 7. ole|n|icglo]=(Arteminolide) D, E&] o]3}sty Az

D E
#]% (appearance) A LA AN
=24 CasHao0s CasHyz0s
wapa
ZA =] (M+H) 589. 2756 591. 2915
AAEX] (M+H) 589. 2801 591. 2957
&3 (°C)
3 P
74843 MeOH, Acetone, Chloroform, DMSO
=84 Hexane, H,0 Hexane, H;0

Table 60l & 4= Ql5%o| high resolution Mass Spectrometry®. exact mass7}
589.2791(M+H)o| 3L o] 1O B HE o|5tgtEe] £ CuHls® ZAASIATE W T
A 235 nwelld Hol FFEE Uepdlen), IR AME™oA  3600(0H),
1758.40( y -lactone), 1697.50(C=C, C=0), 2927(CH,), 1263 (C-0-C)cn™ Zo] FH4
HE & 4 ek H-NR 2MollA 40708 $A(H)E Hastgon, 55, 31 (1H)
ol 4] Exocyclic a-methylene-y -lactone?] E&Ql ¥ 712} doublet signalo] X
St E3¥ §2.32(3H, s), 82.40(3H,s), 61.48(3H,s), &1.22(3H,s), &1.83
(1H,d), &5.83(1H,d), &86.15(1H,brdg), 86.19(1H,dd)= 470¢] olefinic protons
o2 Hastack Yc-NR B4 A3} 35709 ©AE 23 982 st} ofel
Table2] Zz}e} Zto] DEPT(Distortionless Enhancement by Polarization Transfer)
NMRE £43}ed CHZ} 1170, CH7} 570, CHs7b 670 Zelm 1 uio] A}ZELA 13702
g gk o3 ZE AAE FYSto] FPTased] A3iA| olen]alo]
Ex  CxsHi0s® A& Zb= dimeric sesquiterpene lactone?] £321Q& Zols}

gct.  'H-oF PC-NMR 22]3 HMBC, NOESYS] ¥4 Azl the Fol @osioic).

M
2
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Table 8. '*C-NMR and DEPT assignment of Arteminolide A.

43.132(C-7°), 51.978(C-5), 59.554(C-7), 66.644(C-5'),
o 67.809(C-8), 79.181(C-6°), 80.248(C-6"), 135.997(C-3"),
136.205(C-3), 137.684(C-2°), 139.993(C-3°")
o 23.585(C-8) ", 34.685(C-9°), 40.509(C-13), 44.815(C-9).
® 118.669(C-13")
o 15.950(C-4"), 17.017(C-14"), 20.308(C-14), 20.516(C-15),
’ 29.694(C-15"), 20.52(C-5")

T EE F AY BAE AUAN L4200 4TS U 4 9 HMBC AME
w=4olA C-3, C-4, g3 C-5& §2.32004 2] Methyl protonz} QA2 Atz 2}
£& Ho] FArt. §6.19(1H,dd)¢] Olefinic protons2 C-1, C-2, C-4, C-52} ¥

Ael 43RS Ko Folcrl EIH C-14'¢ Methyl proton C-11, C-3°, C-4°,
C-5'2t 73t A3 zpLo] AL Haslgch 9olM U REIZXE A3
AFRIAE wi X #ol] 2J3iA T 7H¢] Sesquiterpene lactoneo] QZAM FRUYS ¥

a
Q¥ % gdodrh The AW IUL o]F EAIHE Zolg

CH;

— Key long-range correlation
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71 F sl R o] Aot 40 FHHA 2L ¢ 4 A NE
(Nuclear Overhauser Effect) AHEZHEAMo]A C-52} C-72] Protono] Z+2 F7hej
Ui 9l5L, C-62} C-89] Protono] 2 F7hol widtH S Halsiolch =R, H-6,
2} C-15"2] Methyl protono] 2 F-Zte]l IS Halslojr},

3 8 2o oy ZAT Azks H-Vce ABB/AES Uehle oAd siAY

NMR £HER] B2 A3} dimeric sesquiterpene lactone BEeje] LRE Holsjor}

Arteminolide A
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e FRE ABLAIIY Bl alAE Halsany,

+.
HsC. CHa |
+
o HiC OH —I
HsC
o} CH,
HaC 0
CHa
O o o)
CH,
07 Ny miz=344 m/z= 246
CHs
+.
oH |
HaC

CH,

O™, m/z=260 (13%)
CH3
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Table 9. NMR Assignments for Arteminolide A

# Yy 5c HMBC NOESY |
1 134.12
2 194,79
3 [6.19 (dd, J=1.5, 1.,0 HZ) 136.21 |1, 2, 4, 5
4 ~ 170. 05
5 |3.29 (brd, J=10.3 Hz) 51.98 |4, 6 7
6 | 4.04 (dd, J=10.7, 10.3 Hz) 80. 25 8
7 12.79 (dd, J=10.7, 10.7 Hz) 59.55 |6, 8, 11 5
8 | 4.87 (ddd, J=10.7, 10.7, 2.4 Hz)| 67.81 6
9 |2.54 (dd, J=12.7, 10.7 Hz) 44.82 |1, 8, 10, 15
2.34 (dd, J=13.2, 2.5 Hz)
10 143, 87
11 61.23
12 178. 50
13 | 2.59 (d, J=11.2 Hz) 40.51 |12, 17, 2°
1.85 (d, J=11.2 Hz)
14 [2.32, s ) 20.31% |3, 4, 5
15 | 2.40, s 20.52¢ |1, 9, 10
1 63. 00
2’ 15.65 (d, J=5.9 Hz) 137.68 |17, 3°
3’ | 5.83 (d, J=5.4 Hz) 136.00 |1°, 2°
4 58. 02
5 |3.06 (d, J=10.3 Hz) 66.64 |17, 2, 3°, 6°,| 7 14
6' | 3.98 (dd, J=9.8, 9.8 Hz) 79.18 | 7’
7' 13.28 m 43.13 4, 14’
81222 m 23.59
1.40, m
9 11.82, m 34. 69
1.73, m
10 72.58
11’ 140. 63
12 170.32% |
13° | 6.05 (d, J=3.4 Hz) 118. 67
5.31 (d, J=2.9 Hz) 7', 127
14’ | 1.48, s 17.02 7°, 4
15 1.22, s 29.69 |11, 3', 4°, 5’
1 165.75 |1°, 97, 10’
2" 127. 44
3" | 6.15 (brdg, J=1.5, 7.3 Hz) 139. 99 5
4" | 2.03 (dq, J=7.3, 1.5 Hz) 15.99 |17, 5"
5" | 1.83, (brg, J=1.5 Hz) 20.52 |17, 2", 3" 3¢
1", 2", 5"

~84 -



Arteminolide B

# H C HMBC NOESY
1 133.96
2 194.81
3 [6.19, (dd, J=1.5, 1.,0 Hz) 137.64 |1, 2, 4, 5, 15
4 170.06
5 | 3.26 (brd, J=10.3 Hz) 52.06 |1, 4, 6 ' 7
6 | 4.03 (dd, J=10.7, 10.3 Hz) 80.21 |1 8
7 |12.70 (dd, J=11.3, 10.7 Hz) 59.69 |5, 6, 8 11, 4° 5
8 |4.77 (ddd, 10.7, 10.7, 2.4 Hz) 67.31 6
9 |2.47 (dd, J=13.2, 10.3 Hz) 44,69
2.35 (dd, J=13.7, 2.3 Hz)
10 144.12
11 61.34
12 178. 46
13 1 2.56 (d, J=11.7 Hz) 40.16 |11, 12, 1°, 27,
1.92, (d, J=11.5 Hz) 10°
14 12.32, s 20.42%
151 2.42, s 20.63%
1’ 62.91 |1, 9, 10
2" 15.73 (d, J=5.9 Hz) 137.64
3" 15.82, (d, J=5.4 Hz) 135.93 |1, 4, 5°
4’ 58.11 1°, 4, 5°
5 13.03 (d, J=10.3 Hz) 66. 93 7' 14’
6’ {3.97 (dd, J=10.3, 9.8 Hz) 79.10 |1°, 2°, 3°, 6,
7°13.29, m 43.15 7’ 4, 14’
8" 12.23, m 23.67 |8’
1.41, m
9’ |1.83 (ddd, J=15.1, 8.8, 2.0 Hz) 34.72
1.74 (ddd, J=15.1, 10.3, 7.8
10’ | Hz) -~ 72.66
11’ 140. 63
12° 170. 29x
137 118.67
6.06 (d, J=3.4 Hz)
14°15.32 (d, J=3.4 Hz) 17.03 |7, 11° 7', 4
15°11.47, s 29.67
17 [1.26, s 164.28
2" 115.73 1%, 97, 10’
3" 1 5.48 (dd, J=1.5, 1.0 Hz) 158. 76
4" 20.32 (47, 5"
57 2.21 (d, J=1.0 Hz) 27.51
1.90 (d, J=1.1 Hz) 2", 37, 5"
27, 37, 47
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Arteminolide C

# H C HMBC NOESY
1 134.12
2 194.79
3 {6.19 (dd, J=1.5, 1.,0 HZ) 136.21 |1, 2, 4, 5
4 170.05
5 {3.29 (brd, J=10.3 Hz) 51.98 | 4, 6 7
6 | 4.04 (dd, J=10.7, 10.3 Hz) 80.25 8
7 12.79 (dd, J=10.7, 10.7 Hz) 59.55 |6, 8 11 5
8 | 4.87 (ddd, J=10.7, 10.7, 2.4 67.81 6
9 | Hz) 44.82 |1, 8, 10, 15
2.54 (dd, J=12.7, 10.7 Hz)
10 | 2.34 (dd, J=13.2, 2.5 Hz) 143.87
11 61.23
12 178.50
13 40.51 112, 1", 2’
2.59 (d, J=11.2 Hz)
14 | 1.85 (d, J=11.2 Hz) 20.31% |3, 4, 5
1512.32, s 20.52% |1, 9, 10
1°|2.40, s 63.00
2’ 137.68 [1°, 3°
3’ | 5.65 (d, J=5.9 Hz) 136.00 |17, 2’
4’ |5.83 (d, J=5.4 Hz) 58. 02
5 66.64 |17, 2°, 3, 6°,] 7, 14
6 13.06 (d, J=10.3 Hz) 79.18 |7’
7' 13.98 (dd, J=9.8, 9.8 Hz) 43.13 4°, 14
8 |3.28 m 23.59
2.22, m
9’ 11.40, m 34.69
1.82, m
10°11.73, o 72.58
11’ 140. 63
12 170, 32
13° 118.67
6.05 (d, J=3.4 Hz) 7', 127
14° 1 5.31 (d, J=2.9 Hz) 17.02 7¢, 4
15°11.48, s 29.69 |11, 3°, 4, 5’
17 |1.22, s 165.75 |17, 97, 10’
2" 127. 44
3" 139.99 5
4" 1 6.15 (brdq, J=1.5, 7.3 Hz) - 15.99 |17, 5"
57 | 2.03 (dq, .J=7.3, 1.5 Hz) 20,52 {17, 2", 3" 3"
1.83, (brg, J=1.5 Hz) 1”7, 27, 5"
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Arteminolide D2} E&] F-X& Arteminolide C&} F-AISIAIRE 14 -%tAe] 27}
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Arteminolide D

# H C HMBC
1 134.00
2 194,83
3 |6.20, br s 136.22 |1, 2, 4, 5, 14
4 170. 88
5 |3.52 (d, J=10.3 Hz) 50.46 |1, 2, 3, 6, 10, 14
6 |3.73 (dd, J=10.3, 9.8 Hz) 79.26 |1, 11
7 | 2.98 (dd, J=10.3, 10.3 Hz) 56.37 |5 6, 8 9, I,
8 |5.16 (ddd, 10.3, 10.3, 2.0 Hz) | 65.71 |13, 4’
9 |2.84 (dd, J=13.2, 10.3 Hz) 44.31 |7, 9,10, 11, 1"
2.33 (dd, J=13.2, 2.0 Hz) 1, 7, 8, 10, 15
10 143.98 |7, 10
11 60.12
12 176. 40
13 |2.37 (d, J=11.7 Hz) 36.15
14 |1.53 (d, 11.7 Hz) 20.28 |7, 11, 12, 1, 2°
15 |2.32, brs 19.93 |10 -
1 |2.42, s 63.52 |12, 2°
2’ 131.92 (2, 3,4, 5
3° |5.80 (d, J=5.7 Hz) 142.45 |1, 2, 9, 10
4’ |6.37 (d, 5.7 Hz) 57.26
5 66.26 |1, 3", 4', 5
6 |2.04 (d J=9.8 Hz) 79.23% |10
7' | 4.12 (dd, J=9.8, 9.8 Hz) 43.08 |17, 2°, 4", 5’
8 |2.90, m 23.73 |14’
2.19, n
9° |1.43, o 34.69 |11, 13, 17,2, 3°
10° | 1.80, m 72.50 |6, 7’
11’ 141.24 |4, 5, 7", 8
12° 169.88 |5, 6, 8", 11°
13" | 6.05 (d, J=2.9 Hz) 118.33 |6, 9°
5.32 (d, J=2.9 Hz) 7’
14" 11,57, s 14.74 |1°, 7', 8, 10
15" | 1.29, s 29.73 |15’
1” 166.21 |77, 11, 12’
2" |6.05 o 126.88 |7, 12'
3" | 1.91 (brd, J=7.8 Hz) 142.32 |11, 1, 3°, 4
47 1.92, s 15.92 |1°, 9', 10’
5" 20,14
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Arteminolide E

# H C HMBC
1 134.17
2 194. 77
3 [6.19, br s 136.16 |1, 2, 4, 5, 14
4 170. 87
5 | 3.49 (d, J=9.8 Hz) 50.31 |1, 2, 3, 4, 6, 7,
6 |3.71 (dd, J=10.3, 9.8 Hz) 79.17 |10, 14
7 |2.98 (dd, J=10.3, 10.3 Hz) 56.65 |1, 7
8 |5.02 (ddd, J=10.3, 10.3, 2.0 Hz) | 65.10 |5, 6, 8, 9, 13
9 |2.77 (dd, J=13.2, 10.3 Hz) 43.79 |7, 10, 11, 1"
2.32 (dd, J=13.2, 2.0 Hz) 1, 7, 8 10, 15
10 143.56 |1, 7, 8, 10, 15
11 60. 02
12 176. 24
13 | 2.34 (d, J=12.0 Hz) 36. 53
1.56 (d, J=12.0 Hz) 7,11, 12, 1’
14 | 2.31, br s 20.28 |12, 2°, 10
15 | 2.42, s 20.00 |2, 3, 4,5
1’ 63.20 |1, 2, 9, 10
2° {5.80 (d, J=5.7 Hz) 131.77
3° 16.40 (d, J=5.7 Hz) 142.88 |1°, 3", 4', 5
4 57.30 |1°, 2', 4', 5,
5 | 1.98 (d, J=9.8 Hz) 66.34 | 14
6' | 4.18 (dd, J=9.8, 9.8 Hz) 79.53
7° 13.06, m 43.28 |11, 13, 1',2°, 3’
8 [2.19, m 23.70 |6, 7°
1.46, m 7', 8
9° [ 1.83, m 34.85 |6, 8°, 11
10 72.56 |6, 7', 9', 10
11’ 140.86 | 7°
12/ 170.29 |1°, 7', 8, 10,
13° | 6.11 (d, J=3.4 Hz) 119.34 | 15’
5.38 (d, J=3.4 Hz) .
14° | 1.56, s 14.56
15" |1.29, s 29. 80
1" 172.17 | 7°, 117, 12°
2" [2.21, m 43.46 | 117, 12°
2.04, m 11, 3°, 4, 5°
3" [2.04, m 25.82 | 1°, 9°, 10
4" 1 0.96 (d, J=6,4 Hz) 22.30a
5" 10.93 (d, J=6.8 Hz) 22.16a |1, 3", 4", 5"
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(2) AANEA

oteluji2lol == thF TeZoM & £ Ro] 5o 2|&3}o] FPlaseS

At eSS & 4 oden 50% A3Exrt 360 tMYS & 4 Qlolth

FPTase inhibition of Arteminolide

120

100 A

80 -

60 -

% of inhibition

40 -

20 A

T T T T =TT T

.01 A 1 10 100 1000

[Arteminolide], (M)
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(3) Proliferation Assay

120
100 { &
80 -
°
=
o 60
O
L
<)
°\o 40 -
—&— NIH3T3
—O— K-Ras
20 A —w— H-Ras
—7— B104-1-1
0 .
A 1 10 100 1000

[AP-rd], M
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(4) Cell Cycle Analysis

Effect of Arteminolide on Cell Cycle Progression of MCF-7

Times % of cells
(hours) G0/Gl1 S G2/M
Control 48.17 36.29 15.53
o Arteminolide 47.59 34.35 18. 06
Control 55.06 42.13 2.81
“ Arteminolide 47.49 24.54 27.97
Contrgl 63.24 26.99 8.76
36
Arteminolide 73.2 7.01 19.79
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MCF-7 cells
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¥4
AA MEF FollM 2pAIF B3t Hol 9l

(4) In vivo

nude mouse

M EF NCI-H23&
g

s ot

off o]43t F olejnielo|=S B Foisie ¥

"ol &S HAUstrh

RS
L.

4g BUY A3 43

)

A (NCI-H23 tumor

s2] in vivo

lide

Artemino

-04 -



2. el E e HAEEA

Yl E(Carpesium abrotanoides L. )& IElol7}t, iR, qHolz}, FEXF
&3l Carpesium( Bl E )4 A EF 2 shuoln, Carpesiun(ElE)S AlF2 oM
otel ol £Fol Exjdtc.

Felvetle F2 5, EFA Yo A 7% Carpesium(FuiE)E AFol
Zpgsted], el @ulEe] Fel @ 7] d& A (KEH), duig ¥
&olegt st F2 FIAE AHEStL gich

Carpesium( &8 & )4 A Eo] Ut HEHTE = %2 sesquiterpene lactones
BB Eo] B3 Ho] gliul, carpesialactones] Th FFEA FFUZ oA
R 5ol B3 Fodon, 1986112} 1987 dof] Gaspar 5 Geigeriady AlE oA £
2l¥ ivalin?] glycolytic enzymeEo] vt #2}2} mast cell degranulationol] tj
3t g3k Al¥sle] B astgct. 2@]3L 11,13- dihydroivalin, ivalin, carabrone
5o thdt cytotoxic activity B! anti- bacterial activity Ho] XIE o,
o] FolA ivalino] f-2]4d Q= cytotoxic activityE UEldo] 3= A

TSl Feld BEEILE WA Foln, IR spectrumdME a
-methylene- y -lactone moiety?] ester carbonyl groupol 7]|U3sl= S5} TErlE
normal carbonyldl] 7]Qlsl= |37} 17603 1725cm*oflA] 2tz Bkl gt Mass
spectrung Fto] o] FYFL FAIFZ 248% HelFr}.

'H-NMR  sptectrum®|A] £ @ -methylene- y -lactone moiety?] S methylene
protons®©] H-7¢i allylic couplingdle] e F 7§2] doubletsZ} 5.49(1H, d,
J=3.1Hz)=2} 6.81(1H, d, J=3.1Hz)ollA F}|HAEF A, sigleteZE YERd F 7j2]
methyl group{l.08(3H, s)ppm}Z} doublet2=® UEpd ¥t 708 methyl group
{1.30(3H, d, J=6.2Hz)ppm}o] H3&=] gt}

BC-NMR spectrumE® %3] carbon?] 4 15408 FHQE 93, ¢-nethylene-y
-lactone ringdl 71Q13}= 3|37} 45.41(CH), 81.49(CH), 120.66(CH2), 140.93(C)
U 170.45(0-C=0)ppmollA] FEE PO, normal carbonylof] 7]Qlsl= @ejar}
223. 13ppmol| A B3E| gt
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o]Ate] dataZ EUE o] BAMEZL a-methylene- y -lactone ringE 7}&
sesquiterpene lactone®}3lEo|n, Home %! Hetero COSY2} HMBC (& =X Table 9)&

F3] LRE A EURAIE AAIE A3 2, 3-dihydroaromaticin®! o8 %

elslgict agl o] H{ELS FPTased] /S 72microMollA] 50% AaPE & 5
elgich

..-:,,Ilo

2,3-Dihydroaromaticin

H,C
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Table 9. NMR data of 2,3-Dihydroaromaticin (in CDCLj)

H-NVR '‘H-'H 0 NMR
Carbon (400MHz, J. in Hz) CdéY (106MH ) HMBC
CDCLs CDs i
1 | 1.93(1H,m) | 1.01(14,m) | H-2, H-10 4iﬁf4 H-2, H-14
, | 211(IHm) | 1.33(IH,w) | H-1, H-3 24.77 h2
1.60(1H,m) | 0.84(1H.m) | H-1 H-3 CH,
5 | 24(Hn) | L.97(1H,m) H-2 35.83 o3
2.16(1H.m) | 1.65(1H. m) H-2 CH,
1 22§513 H-3, H-15
50. 66
5 : H-6
2.49(1H.m) | 2. 13(1H. o) H-7 35. 20 o
6 | 150(1H o) | 1.07(1H m) H-7 CH, H-8, H-15
45. 41 H-6, H-9,
7 | 2.79(1H,m) | 2.07(1H.m) | H-6, H-8 . .
g |426(IH.ddd, [3.57(1H add, | .~ . 81,49 H-6, H-7
J=3.6,12Hz) | J=3 6, 12Hz) ' CH H-9
g | LAL(IHm) | 0.83(1H,m) | H8, H-10 44,72 H-1, H-6
2.42(1H,m) | 1.94(1H,m) | H-8, H-10 CH, H-14
10 | 1.91(1H.m) | 1.11(1H,m) | H-1, H-9 3$ﬁfs H-9, H-14
" 140.93 H-6, H-7
C H-13
o 170. 45 ny
C
6.81(1H, d, J=|6.06(1H, d, J= a7
3 3.1 He) 3.6 Hz) 120. 66 .
5.49(1H, d, J=|4. 91(1H. d, J= . CH,
3.1 Hz) 3.6 Hz)
L4 | 1.30(3H, d, [0.56(3H, d, iy 20. 66
J=6.2 Hz) J=6. 8Hz) CHs
15 1.08 0. 48 22.67 H-6, H-10
CHs
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u}, FPTase *|3]#] Soalandelactone

AFE AAXE 823 ARE sioolla] SCUBATIO| W& o]-&3to] 2§33t hydroid
Solanderia secunda®t-B] methylene chloride® H7|ERAE& F=% %, silica
vacuum flash chromatography, reversed-phase HPLCH2l 2}A o] | 2]}
cyclopropane?]|S 7}& Cp fatty acid lactoneX] 41&3lQl solandelactones C7}
el gt o PPAENA 23 YAEARZ EStE fatty acid FEA]
&2 AY BFI} 2078 ®EAE FdEe] et HIslo o]l&2 22719 ©AR o]
Folzl Aol 7|&e] oA EAEI FEHT} Solandelactones®] FXRZAXLS
otefel Zr} (19).

Solandelactone CX viscous liquid?] el Eelglalct o] Ex2 C NMRoj
Me BF 22708 signal&o] AR ACHFig. 4). °l&F & 176.550] epd
quaternary carbon& esteric carbonyl carbon®® 3] Eol oo 3712] double
bonds®} 3702] oxygen-bearing methine carbons % 17§¢] methyl carbono] W ZAX
odrt.

Solandelactone C2] NMRA oA =

[
2

| =
AL o] EAo] long-chain fatty acid#ld

AN
of &3t= Zog siAME et E3F vhts] upfield regionofl 37§2] methylene R

AL carbonyl carbong A &3l E

quaternary carbono] ¢iTH= Al o

methine resonances { & 23.04(d), 21.44(d), 7.87(t)}7} A= A=Y ol=
cyclopropane ring?] & Uelle 222 FZEch °C MRl = o
ENES 25 'H NMRellA ZlEloirt. w2 proton resonances’t A E conjugate
o] ax|¢tol of7he] methylene carbono| allylic position®)] £xjsl= ZE 9
A= 3

Solandelactone C2] FZ< 'H COSY®} proton decouplingefl &3t -8 AA
glor}t. & o] EAL quaternary carbono] §J L E = terminal methyl groupl Z&F
B] a-carbonyl methyleneol]l o]2% protonsZte] couplingell &3t sjekael L=z
9] sjAo] 7}5-3tgtt. Solandelactone Coll:= C-7, -11, -14% Al ]l oxygeno]
Agsle] olen C-12 carbonyl groupE B g3t glrh ol&ol ME A=
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lactoneo| L} ether?] HEelE ol F 3 9=x] ZF-E& free hydroxy group} carboxylic
acid® Z&2)8}= x|2] ofE:= Solandelactone CZ acetylationX]#] proton
chemical shiftsE H|R3d}td ZAAEYct F C-112} C-149] 3Y3l= protonsqt
lppn o|4} downfield2 Oo|E3}Q4LEE C-13} C-70] oxygen-bridge® HAZA™
8-membered lactone¥o] =3ttt
- Solandelactone Cof &zj3}= 37§¢] double bonds®] configuration< proton
coupling constants®] &3 (15Hz ©]A})2} decoupling A 23l BF EE AE
ugdctt. Cyclopropane ringoll £x}5l= F asymmetric carbon centers(C-8, -10)2]
stereochemistry= C-9 methylene protons?] coupling constants-¢& 0.68 (8.8,
5.4, 5.4Hz), 0.60 (8.8, 5.4, 5.45Hz)-ZH¥] trans, trans@ ZA AT oc}l. wlepr]
Solandelactone C= Cyp fatty acidol] 7143t 8-membered lactonel® X7} AR
et

o]2} &7 Solandelactone C2} -F-AIg R E 71Xl 9= Solandelactone D=
el =t

Hglgds &Aoo ¢3lA Solandelactone C2} Dy #ulojgla, AMEHA,
brine shrimp £452] &27t A3jglSo] Wit 2ut o]&2 FPT (Farnesyl
Protein Transferase)oll th¥t =3} "/do| i x|2dct
a4 A3 "Ad(at 100 microg/ml): Solandelactone C (69%), Solandelactone

D (89%).

HOMuw
CHs

HOMtne-

Solandelactone C Solandelactone D
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4. FREE A7

FZ2EAH BAE R 45t o3 @2 WHORE cinnamaldehyde H=A&
3hgstadct 2,3, 400 X717t AYPY ALY A4S SUEAEI Y FHEA 215S
CololzmEto 2 ojAHlZ s ¥ BAN A3 VS Bl FEY SEAESS
g stsict

FHE AgdAddsto]E FollA sloj=2A] 25 TR EAES Yaes °
V28] GEXEo] ¥4 =g oL} FPTase A 3j¥A o] nf-¢ o3hS Helslgr).

H o} H o H
AN N OH x N OCH3; AN AN OH
H
MnG,
H o)
NN ;
Lo

212} Zo] #1443t 2-hydroxy cinnamaldehyde #& FEM S| thdle 100ug/me
9] =%ojA] FPTase A 3] VAL &A% ZA2, cinnamic acid %A, cinnamic
acid methyl ester ‘&%, cinnamyl alcohol FEXES2 AHsEAo] gAY, BT
10%0]318] v o3t AAHFE}E zt= ZeE Hlrh WA cinnamaldehyde §- =]
E& AR o AP Uehfg a2, aldehydes](CHO)7} E4 A 3jol] £8
T 72 AERE 3 5 2ddrl

-100 -



Cinnamaldehyde SEMES 2,3,49] X302 TRl AHsjazE B 39
Lt} 49]7} hydroxyZ](OH)E X]3¥ 212 21z} 25%, 10%Q1d] v]3te] 2217} formyl?]
(CHO), hydroxyl7](OH), chloro?](Cl), methylcarboxyl”](COOCH;)E X|#E+= 7%

8%, 76%, 52%, 60%% formyl”7](CHO)Z X]¥H 7LnkS A3l RrE A}
B3] &2 dAANE YehBE 291X]9] XY o] HA B Ao Fasieel

o
(o] L
3 AR Hc} (R Table 10).
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Table 10. FPTase Inhibition Activity at

100 microg/ml

Compound Inhibition(%)

2-hydroxy cinnamic acid 6. 2%
2-hydroxy cinnamic acid methyl ester 5. 4%
2-hydroxy cinnamic alcohol 9, 0%
2-hydroxy cinnamaldehyde 76%
2-hydroxy cinnamaldehyde(cis form) 12%
3-hydroxy cinnamic acid -
3-hydroxy cinnamyl alcohol 4%
3-hydroxy cinnamaldehyde 25%
4-hydroxy cinnamic acid 3.3%
4-hydroxy cinnamyl alcohol 7%
3-hydroxy cinnamaldehyde 10%
2-chloro cinnamic acid -
2-chloro cinnamyl alcohol 2%
2-chloro cinnamaldehyde 52%
2-carboxy cinnamic acid -
2-methylcarboxy cinnamyl alcohol -
2-hydroxymethyl cinnamyl alcohol -
2-methylcarboxy cinnamaldehyde 60%
2-formyl cinnamaldehyde 11.8%
2-methoxy cinnamaldehyde 21%
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5. HEFE o|&% Y AT

7h. Aldaduistel = detdy

2'-Hydroxycinnamaldehyde #® (=& Ilung, ovary, skin, CNS, colon
cancer cell linedl|A] in vitro 3¢t BAH & ZAAStYtHTable 11). BRE FEAME
S ZEAH 0T lung cancer cell lineo|A EDso7t 10xg/mé o] LT Bt do] ¢l
o, #A AHsjEAQuie}l unpxtslx]E 2-hydroxy cinnamic acid, 2-hydroxy
cinnamic acid methyl ester, 2-hydroxy cinnamic alcohol2 EE cell linedj|A
EDo7t 10mg/mé olBo2 #UBHol e Ze=2 AFFHNAUTh  2-hydroxy
cinnamaldehyde: lungS A28t RE cell lineo]A UBAHLS Rgon, E3I|
colon cancer cell lineolA] EDsp7} 0.6307g/mE & S HAr)

22]7} hydroxyl7](OH), chloro”]1(Cl), methylcarboxyl”](C0O0CH;), methoxyZ]
(0CH;) 2 X 8H compoundE H]|Z3) X methoxy?](0H:)E X|&H compound= B
E cell lineollA] EDso7} 10ug/mé oAt R stt&Ado] ¢jglil, 29]7} hydroxyl7]
(OH)2 %3 compoundZ7} BE cell lineollA & Ado] 7}A &gkt

FPTase A 3l®AdolA 397t hydroxyl7](OH)Z X" 79 2917t hydroxyl”l
(OH), chloro”](Cl), methylcarboxylZ](COOCH;)E X|¥¥ compoundofl H|3] *jsi¥
Mol Ao ¢l FHo= r}ejwkor}, skin, colon cancer cell lineollA] 2%|7}

chloro7](C1)& X compound®} B3t UTL S 713 Zo] FAojolrt
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Table 11. EDso of the 2-hydroxy cinnamaldehy dederivatives(microg/ml)

Compound A549 | SK-0V-3 SK-MEL-2 XF498 HCT15
2-hydroxy cinnamic acid | >10.0 >10.0 >10.0 >10.0 >10.0
2-hydroxy cinnamic acid|>10.0 >10.0 >10.0 >10.0 >10.0
methyl ester
2-hydroxycinnamyol >10.0 >10.0 >10.0 >10.0 >10.0
2-hydroxycinnamaldehyde | >10.0 1.8288 1.6315 3.0390 0. 6307
3-hydroxycinnamaldehyde | >10.0{ 9.1741 3.2868 5.1183 3.4028
2-chlorocinnaldehyde >10.0} 4.8514 3.1256 3.9714 3.3083
2-methoxycinnamaldehyde | >10. 0 >10.0 >10.0 >10.0 >10.0
2-methylcarboxy

>10.0| 3.2848 0.9310 3.2733 1.4401

cinnamaldehyde
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L. oleuimgto] =2
gell 7lett WHow olyulielo]l =9 by

RS

Table 12. Net Growth as Percent of Control

CONC. Cells

(microg/ml)|  a549 SK-OV-3 | SK-MEL-2 XF498 HCT15
0.03 100. 87 103.10 99. 55 100. 41 99.58
0.10 97.57 105. 20 100. 00 97.93 103. 36
0. 30 97.98 103.77 99.43 98. 34 100.91
1.00 94. 60 96. 95 85. 30 92. 03 81.22
3.00 66. 63 57.23 8.43 53.03 11.83
10.00 -68.28 -94.56 -92.26 -96.90 -98.32
EDso 3.14 3.02 1.70 3.00 1.66

-105 -




6. In vivo A AZ

FEolNY ¥odRY BEAE S Hst A FHEHA CB-0He CB-PhE
/L2 Nude miceE o]§3t ¥ HFEs A

471 ¥ UYE CB-0H, PhE o= slo A AU MEFA SH-620
nude mouseof ©]Al3t T A F 28} adriamycingS A 2]3}eict. 19¢ %9t nude mouse?]
=74 HEE Bt HF LY AAE vl FPUiRIEA adriamycino]]
2= 15%2] AF Zt47t 9dgent, CB-OH I CB-Phe] Hejo gsiNe BFA
o] Z4Tt BAESA] Yodch oyt AXERE AU HUEES ¥lZY AEA
o] A BEAUE o £ ool (B-0HE A3t FEL] HF #HEE o2 2
doll E7|stdct (24).

7}.CB-OH, CB-PH A|Rof &%t Fxuls-2 F7A ¥

o

NCI-H23 Q1] UM EFE nude moused] o]4] ¥t F A7 2} adriamycing A 2|35}
gch 199 %59¢ nude mouse?] EBFA WHILE JASIATT (Figure 1-1, 1-2). &
FTde AE v|AstHE PR FQ adriamycino]] &I E 15%2] A Fo] 747}
91l oL}, CB-OH W CB-PHE] Helol lshds BFAL 247t B Agict
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Body Weight (g)

Figure 1-1. Body weight changes of nude mice

xenografted with NCI-H23

8
24
20 1
1
4
8 | ==—=O—e— Control
—O— CB-OH30mg/kg
4 —&— CBOH100mg/kg
= Adrlamycin
o T T T T T T T T T )
[ 4 ¢ 8 W 1 W 1 18 2

Days After Tumor Transplantation

Fig. 1-2. Body weight changes of SW620 xenografted
- nude mice treated with 11-OH-X
140 1

120

80 )
60 7

09 —— X-0imgkg

% of initial body weight

204 T8 X-émghg

- W

Days after administration
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SW-620Q14] UM EFE nude moused] 0|4 ¥ F A|Z 2} adriamycing X e]3t%d
th. 199 %9 nude mouse?] BEA WEHE T ALE WA} (Figure
1-3, 1-4). HFde] A}E vl YHuiRFQ adriamycinol] &J3ir = 14%2]
AZ 747t gglon}, CB-0H & CB-PHO] A 2lof 23ix = =FAY A0t B
=] Q¥gkct.

Figure 1-3. Body weight changes of nude mice
xenografted with SW620

» ]
n
&8 2
2
=
B e
o
o
]
S
;m $ 7 emmOmmmm  Contrel
—jm  CLOH0 ag/tg
4 o el CR-OH 100 mg/kg
oty g Adriamyvin
L

T T T T T T T T T d
o 2 [} . L3 » 12 " * » 20

Days After Tumor Transplaatation

Figure 1-4. Body weight changes of nude mice
xenografted with SW620
]
»

Slanasss aw

Contrel
CB-PH0 ag/kg
CO-PH 10 mp/hg
Adriamyxin

Body Weight (g)

i

T T T T T T T d
] L] ”» n H » -] ]

o
~ ]
-

Days After Tumor Transplantation
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Ll CB-OH, CB-PH A|Rol 2|3t Fot37] M3}

NCI-H23S oM F 11Uzl Fg Fote] F7|HEE ZAsigsy A=
Figure 2-1, 2-20 Uehjiglch. CB-OH A8E& 30 mg/kgd] B2 Hagd AL
NCI-H23 Fere] 7|7} 20% ZAMOU EAMCE Seolstx ekgtonl 100 ng/ke
o SEE HelY A 49%) SAMYE 2AS VeIt (Figure 2-1, p<0.01).
CB-PH A|2E 30 ng/kgd] S E2 Hal& ZH-$ NCI-H23 Eoke] 377} 20% 7tAZO
U AR fosha| ¢dgtom, 100 mg/kgd] SE2 Ay A 47%2] 924
Ade Z4&E YEtYct (Figure 2-2, p<0.05). RAUUZEAQ adriamycinid g2
BAXLE [y gUdast doded o 66x AT Foke] MAS oz}
(p<0.01).

Figure 2-1. Tumor Size Changes of NCI-H23
200 - ’
Control
CB-OH 30 mg/kg
CB-OH 100 mg/kg
Adriamyein

1191

100 4

Tumor Size (mmA3)

T T T T T Uy T T 1
[ 2 4 6 8 10 b3 u 16 18 20

Days After Tumor Transplantation
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Figure 2-2. Tumor Size Changes of NCI-H23

200 4

100 o

50 4

Tumor Size (mmA"3)

Days After Tumor Transplantation

SW620& ofAlzt ¥ 11dx) FE FQo AVHEE FAsIded 1A=
Figure 2-3, 2-4of Lepjgitt. CB-OH AlEE& 30, 100 mg/kgll =22 A& H
§- SU620 Foke] A7t Iz 78%, 88%BE [/ UA Z4AATh (Figure 2-3,
p<0.001). CB-PH A]E& 30, 100 mg/kgd] =2 Hal&d ZH-$ SW620 Fokel 7]
7} 2tz 69%, 82% A= K24 UA Z4AZch (Figure 2-4, p<0.001). FEiREA
Ql adriamycinX 2|2 ZAZLET {23 91%] A3 FUBRAE ehdlct
(p<0.001).
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Tumor Size (mmA3)

Tumor Size (mmA3)

Figure 2-3. Tumor Size Changes of SW620

280

Control

CB-OH 30 mg/kg
CB-OH 100 mg/kg
Adriamycin

240

il

Days After Tumor Transplantation

Figure 2-4. Tumor Size Changes of SW620

meOumnen  Coonitrol

240 { =={p=— CB-PH30mg/kg
—8— CBPH100mg/kg
ey Adriamycin

200

0 2 4 6 8 10 12 1 16 18 20

Days After Tumor Transplantation
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T} CB-OH, CB-PH A|&of 2J3t FoF A Wi}

Fogolal F 199# NCI-H23E AAst] 1 RAES ZAstA=Y 2 AnsS
Figure 3-1, 3-2¢f] @e}slolct. CB-OH A& 30, 100 mg/kgd] 5T Xa|gd A
S NCI-H23 E9¥e] @77} 2k2 11%, 16% ZAZoU BAOE S5t ket
CB-PH AlEE 30, 100 mg/kge] == Al 7 -$ol= NCI-H23 F2] as|7t &
2}7%, 20% Aot BAFOZ Kolstx gkt

Figure 3-1. Tumor Weight of NCI-H23 (Day 19)

400 9
350 ]
300
250 -
200 1

150 1

Tumor Weight (mg)

100

Control CB-CH 30 CB-CH 100 ADR
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Figure 3-2. Tumor Weight of NCI-H23 (Day 19)

450
** p<001
400
350 4
—
™0
g 300
=
= 4
3y 250
5 **
2 200 o
8
150 S
g
=
b= 100
50
04
Control CBPH 30  CBPH 100 ADR

CB-OH, CB-PH AlRE& 100 mg/kg?] =52 Heldt #A9 294377 248 S Y
Elxt e H(Figure 2-1, 2-2), 3& F%9o FAE 74Asx dgdrt. FHYREA
Ql adriamycinX 2]F2 FAHOE [20¥ AT} Qo= ¢ 51% BT o
ol S ATt (p0.01).

FT oI F 19¢U#] sSW620& AAstd 2 FAE &Hstgeul 2 A2E Figure
3-3, 3-40]] Qoksidcrt.  CB-OH A2 30, 100 mgrkgd] =2 Aoy AL
NCI-H23 Fo¥e] 377t Ztzt 76%, 78% BT 4 UA AT (Figure 3-3,
p<0.001). CB-PH A|2E 30 mg/kgd] S5 He|g ZAS$, NCI-H23 k2] 7|7}
58% Ax F2ldoAl ZAgon (p<0.01), 100 mg/kg] Helol T 75%2] &
o= ZAAE e (Figure 3-4, p<0.001). <A cjREAQ adriamycini

AZE BAYOT S 87xe] HUATIAE LbehTh (p<0.01).

1o
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Tumor Weight (mg)

Figure 3-3, Tumor Weight of SW620 (Day 19)

450

400

350

Tumor Weight (mg)

*** P <0.001

Control CB-OH 30 CB-OH 100 ADR

Figure 3-4. Tumor Weight of SW620 (Day 19)

400 -

= P<0.001
*P<0.01

300 -

200

Control CB-PH 30 CB-PH 100 ADR
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2. CB-OCHs, CB-ACETAL A|&of 2|3t FE=nlgA ERA W}

NCI-HZ23 Al UM EFE nude mouseo] o]4] & F A E 9} adriamycing # 2|5}
gich. 199 ¢t nude mouse?] BRA HEE BASIYCE (Figure 1-1, 1-2). &
U] A3s vlastd SR adriamycinol] Qs 5xo] MEeo| 7tA}
919121}, CB-OCH; W CB-ACETALY] A zlofl 2lsid: BRAL ztasl A== o
okrth.

Figure 1-2. Body weight cha of nude mice
xeno, ed with NCI-H23

84 (CB-Acetal)

24
20
15 9

—O—  Vchick(05% tween80)
e —— CBAcctal3omg/kg
——8— B Acetal 100 mg/kg
~——A—  Adiamyin? mg/lg

Body Weight (g)
[~

T T T T T T T T T 1
0 2 4 6 8 10 b3 14 16 18 20

Days After Tumor Transplantation

Figure 1-3. Body weight changes of nude mice
xenografted with SW620

28 4 (CB-OCH3)

24 1
20 +
16

~——O—  Vehilq05% twoen 80)
—— CBOIB30mp/ig
¢ — - CBOCHE 10 mp/kg
—&——  Adramycinl mp/kg

Body Weight (g)

Q T T T T T T 4 T T T T
o 2 4 ] 8 10 12 14 11 18 20 22 24

Days After Tumor Transplantation
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SW-620Q14] UM FE nude mouseo]] o|A] ¥ F A ® 2} adriamycing A 2]35}9

th 229 S¢F nude mouse®] BEZ| WHHE 5= 70T AT} (Figure
1-3, 1-4). Fde AzE v|astd FYhREU adriamycino]] 2J3jA = 8%2)
HEel 747} QA OU, CB-OCHs B CB-ACETALS] Aelo] SJsjit BRAS Zta
7} s dsteh.

Figure 1- 4. Body weight changes of nude mice
xenografted with SW620

28 w CB-Acetal

i: ﬁ%‘%ﬁ

——0— Vehicle(0.5% tween 80)
——®—  CB-Acetal 30 mg/kg
- CB-Acetal 100 mg/kg
—&— Adriamycin 2 mg/kg

Body Weight (g)
B

0

LIRS S B S B AR SRS ML SEMED S B
0 2 4 6 8§ 10 12 M 1.6 18 20 2 2

Days After Tumor Transplantation

o}, CB-OCH;, CB-ACETAL A|Zof 2|3t Fot37] W3}

NCI-H23& o]A3t ¥ 11dx] F¥ FFo IAVHEE FPsid=d 2d3s
Figure 2-1, 2-2¢]] LJeRpfgict. CB-0CHs A& 30 mg/kg, 100 mg/kgd] 52 A
elgd ¢ 8ul uiRIz wAste Fo4d Us AR dA= FFEHA Adsdrt
(Figure 2-1). CB-ACETAL A& & 30 mg/kg, 100 mg/kg?d] S22 Ay 2L Luj
izt vjaste] |24 e 4% A= BHEEA At} (Figure 2-2). 443
R EAQ adriamycinde|#2 SAZLE 23 FAdnrst A=l o 69% 3
= F4Y BAS gt (p<0.001).
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SW620S ol MRE F 10dx) NE F4 AVANE SAslgsy aAIE
Figure 2-3, 2-4of Jtehfiglch.  CB-OCH; AIE£& 30 mg/kg, 100 mg/kg?] 52 A
elg B &ul uxFH viasted K4 e AR AL BAFR gt}
(Figure 2-3). CB-ACETAL A|E£& 30 mg/kg, 100 mg/kgd] 55 Aa|et AL Lu)
HEE3 vty o4 e 4% A B ottt (Figure 2-4). B4
HE2EHA adriamycinX 2|2 AR Fo7 78%2] ZA% wAFANE UE}
wTh (p<0.001).

Figure 2-1. Tumor Size Changes of NCI-H23

- OCH3
%0 - (CB- OCH3)

—0—~—  Vehicle(0.5 % tween 80)
—@— CBOCH330mg/kg
wo { —®— CBOCH3100mg/kg
—&~— ADR2mg/kg

Tumor Size (mmA3)

Days After Tumor Transplantation
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Tumor Size (mmA3)

Figure 2-3. Tumor Size Changes of SW620

400

Tumor Size (mm~*3)

(CB- OCH3)

—CO—  Vehicle(0.5 % tween 80)
——@— CB.OCH330mg/kg
—— CB-OCH3100mg/kg
—&— ADR2mg/kg

Days After Tumor Transplantation

Figure 2-4. Tumor Size Changes of SW620

400

(CB-ACETAL)

O~ Vehicle(0.5 % tween 80)
“—@— CB-ACETAL 30 mg/kg
—f#— CB-ACETAL 100 mg/kg
—&—— ADRZmg/kg

Days After Tumor Transplantation
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H}. CB-OCHs, CB-ACETAL A]Zof 2]8t ForiLA| wis}

FTUolY F 19U#) NCI-H23& AAsl O RAE ZAsidsd o Azs
Figure 3-1, 3-2¢] @o}3t4dct CB-OCH; Al&F 30, 100 mg/kgd] S£3 A a|dt
AS 2% BA S04 & A glodth  CB-ACETAL A ZE 30, 100 mgrkg?]
TEE Ael¥ Z ok NCI-H23 FoF BA §o4 g At gt oAy
ZEHQ adrianycinH 2L TAHLE F28 &FEI7} Qo= o} 54% A
F3 4%8& A} (p<0.01).

TUIAF 224 SHE20S FAste] 2 BAE &Aslg=u 2 A2E Figure
3-3, 3-4¢] R0}5lgiTtt. CB-OCH; AI2E 30, 100 mg/kg?] S5 Hajg A =
of FAL feld v At ¢t (Figure 3-3). CB-ACETAL AJ2E 30, 100
ng/kg?] LR A ol SW620 T FA f4 d: za: gt}
(Figure 3-4). TiZEAQ adrianycinq 2] 2 BAYOE oot 71%e] 8ot
23E Uetdct (p<0.01).

Figure 3-1. Tumor Weight of NCI-H23 (Day 19)
(CB-OCH3)

“p<0.05
~p<0.01

Tumor Weight (mg)
H

Vehicle 30 100 ADR 2
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Tumor Welght (mg)

Tumor Weight (mg)

Figure 3-4. Tamor Weight of $W620 (Day 22)
(CB-ACETAL)

200

100

*p<0.05

~ p<0.01

Figure 3-2. Tumor Weight of NCI-H23 (Day 19}

Figure 3-3. Tumor Weight of SW620 (Day 22)

600

Vehicle

100
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olell L@z}t Zo| CB-OH A|EE 30, 100 mgrkgd] HEE HAY AL AF9 2
A glo] SW620 FoXe) 277t ztz 78%, 88%FE A AUAl TATTHp<0.001).

FHYREAQ adriamycinA 2|ES FAALE §23 91%2] AT 3deiay
S Yelulct (p<0.001).

Body Weight (g)

28

24 4

20

16

12 A

8 4

4 4

¢}

Body weight changes of nude mice xenografted with SW620

T

—e— Control

—c— CB-OH 30 mg/kg
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t}. In Vitro Data

g4 23 In Vitro 84

@® FPTase : 18 uM
MJEB( A ) ® GGPTase : <200 uM
Naphtaquinone Moiety @) Cell lines : 100 nM

(K-Ras processing block)

Arteminolides (D FPTase : 350 - 500 nM
@ GGPTase : <200 uM
@ Cell lines : 5 uM

(H-Ras processing block)

@ Cell Cycle : G2/M phase arrest

(D FPTase : 50 uM
@ GGPTase : <200 uM
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4. In Vivo Data
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BEZE 1. NMR Spectra of Arteminolide A

1.Proton NMR spectrum of Arteminolide A
.. Carbon spectrum of Arteminolide A
. DEPT spectrum of Arteminolide A

. HMQC spectrum of Arteminolide A

. HMBC spectrum of Arteminolide A

2
3
4
5. HMBC spectrum of Arteminolide A
6
7. HMBC spectrum of Arteminolide A
8

. NOSEY spectrum of Arteminolide A
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AHB 27 2. NMR Spectra of Arteminolide D

—

.Proton NMR spectrum of Arteminclide D
Carbon spectrum of Arteminolide D
DEPT spectrum of Arteminolide D

COSY spectrum of Arteminolide D

HMQC spectrum of Arteminolide D

HMBC spectrum of Arteminolide D

N oo W

HMBC spectrum of Arteminolide D

8. NOSEY spectrum of Arteminolide D
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