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and Analysis of Genetic Variance of
Active Ingredients (3-3)

Jih-Hwa Guh

National Taiwan University

ABSTRACT

We have done a screening test on the examination of anticancer effect in
various components from natural products, Chinese herbal medicines and plants in
Taiwan. In this project, we have screened 70 compounds and found several active
components. Among these compounds, IC316, bromovulone III and YCS-IQ
displayed effective anti-tumor activities against several human tumor cell lines. In a
further study, the data demonstrated that bromovulone III and YCS-IQ had little
cytotoxic effects to normal cells. The anti-tumor mechanisms of these two
compounds are identified in this project. After several biochemical, immuno-
histological and immuno-precipitation assays, we found that bromovulone III
induces ER stress and leads to activation of CHOP/GADDI153 and caspase-12 in
Hep3B cells. Furthermore, we also found that YCS-IQ displays anti-tumor activity.
After further identification, it is suggested that the regulation of two transcription
factors, including the inhibition of NF-kB DNA binding and the induction of
protein expression and nuclear translocation of CHOP/GADDI153, might explain
ilimaquinone-induced anti-tumor effect. The genetic identification of the parent
source of YCS-IQ has also been finished.

Keywords : Anti-tumor activity, ER stress, NF-xB, CHOP/GADDI153
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AR 8 1 £ T 470 1 RPMI-1640 5 3 % % o
*t4¢ 10% FCS » Penicillin ( 100U/mL ) % Streptomycin ( 100pug/mL ) -
¥impz &Y T5em’ 2 R Aw Y o ¥R 37CIRE MW F R 95%
air/5% COy » # 2-3 A - B R R > Fwe kikis > 1:3-1:4
N GRS R BT R R -
SRB | %_2

FlF 3 kT Fmehd L iEd o TR T ES NP SRR B
w82 &t 96-well 3 & % (5,000 cells/well in 5% serum-containing
medium) - 5§ 24 ] PR EFER A 2T B ER > 8 HiTH 48
JBE o Bté 2l TCA (final 10%) kB T imre ¥ 5% 0 F B » 322 8T
4v » Sulforhodamine B ( SRB) solution ( 100 pL at 0.4% (w/v) in 1%
acetic acid )10 4 48> 1 11 1% acetic acid 22 =X T B §7° & & 12 10 mM

trizma base % f# % > >t 515 nm P T3k o
Hoechst33342 % ¢ ;# (Insitu labeling of apoptotic cell )

Hoechst33342 # k% ¢ » H mIZF J|* Hoechst33342 ¢ &7 AT
rich W DNA F B2 &g > § w2 (7w k= iz » 44 18
§ 7 RHFHB I G > “TrL i@ * Hoechst33342 ¥ £%4 ¢ ¢ 5 R B2
4o Fpw ;ﬁdﬁiﬁ%ﬁf@v T I I R N ’E&,%‘fﬂ A5 . A
F % A H#-lmve f8 b chamber slide F > [ % Flwie T B EF (S 0 4o 2 B
Fo B 0 ¥ F s 200uL fvk PBS EIES = o 4 200ul £
Hoechst33342 solution ¥ #* 15 4 4& {5 14 200uL =7k PBS /&3 =t >
‘v » 200ul 4%k formaldehyde & 7 10 4 48 > 2. 15 £ 11 PBS [Eix
WA PRAcE S 0 TF ¥ RS T BLE T 4p B Hoechst33342
staining & Jf {3 B endR 3 T 4k 0T o
o3 e ik (flow cytometry) il Ttz % = & e ik I

mPe 1) B g B R (4 BT B enim P 1) k59 70% v/v ethanol £ & %

(resuspension ) {&*c % »-20°C » 30 A 482 F o ‘P B F R T 4o x 0.2
mL DNA % 2% (0.2M Na,HPO,-0.1 M citric acid buffer (pH 7.8) )
30 » 4 (s 3w o E 4e ~ 1 mL DNA #4 ¢ % —propidium iodide staining
buffer (0.1% Triton X-100, 100ug/mL RNase A, 80ug/mL propidium
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ML

Ve

iodide (PI) inPBS) > ® kT 24 ¢ 30 A4 o B-wie Rl m
#z i% » 11 FACScan fr CellQuest program ( Becton Dickinson ) 4 17 ‘m
iEH oo B PF > 237 DNA 5 £ M3 Go/G peak (2N) & & > % £
v k= ot & I DNA BT o & B A e B 10,000 B 0o kA 45
FI I
74 ELE

P— R hk-9 Bk &4~ 1/4 884 0 5X sample buffer s+ % -k
v fﬁz/ﬂ’ 5 A4l o Bt Fev f%’ﬁ‘/g R~ AR E N > 12 7-15% sodium
dodecyl sulfate-polyacrylamide gel (SDS-PAGE) iF2-2 & & o Fv F
) &% SDS-PAGE /2 & 3gis » B2F g A 8 » B4 E’f‘ %Pk £ At
polyvinylidene difluoride( PVDF )membrane } » & i& 5 #p + 3M papers
Eoao RS EREEH Y 2L % ~PVDF membrane ~3M papers
% &4 3578 % transfer buffer = 2 JER o g Er ) ) /L% transer
buffer » ™ 350mA HE T iR T R0 FHEE o AR FkB 2]
P {5 #-PVDF membrane B~ 1> 32 {7 f. B & ¢ - L % PVDF membrane
=72 .z 3% BSA in TBST buffer (20mM Tris pH7.4 > 150mM sodium
orthovanadate f= 0.05% Tween-20) ® I > 1 /] pF > U e drzt4F B 4 &2
& o ¥F % TBST By ikh 30 ~48 > £/~ 2 3%BSA i3
i 4 R k- U IEH IR R 0 B TBST i3 R ie 3 5 4
$o PR B rr BiieRE - UM TR | s > £ 2 TBST 3k i2
% 30 A 48 0 4o » ECL™ 30 s X 5k 2 0 p 4 2 39 7 o

6f§§ﬂ%%ﬁ%(ﬂl#ﬂ%)ﬁii%%
HETHFEAWFERT i FF RS Ll §ATL 5 4

N O /))'?ITE#’” (4ef7 F K3 e 10 73 R S Frdla AT
i,%aﬁ‘b.yﬁl\'/n\ ’ ‘jiﬁl'lr’ ’_1 fi.h ‘_?\'_'/47\7‘ F’f@)@%)’xﬁf‘ril%w’ ‘1(%
# - f& (species) * &P~ 10 #: » 12 % 4 inter-s* intra-species 2. %

A54 (polymorphism ) e

R R 22

i gite 2 TLC 2| L #EH 2 AR > - 1% HPLC 2 & 47
T RETEN o LRI A LOMS 22 B2 AABHFRL
A {8 2 B E5F o LC/MS (1 LC #-* Reverse phase HPLC > .
*EenCl8 # e F v b2 ok4p ~ ¥ 2 CH;CN & CH;0H i 4p
B R Se b A SR 0 B S e BlAofip LA o MS 384 i * eisd
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2 ¢ 357 R 754 (Electrospray lonization, ESI) % < 5 & it
( Atmospheric pressure chemical ionization, APCI) 1/ Fg i¥ s¢ L2

S

4}5} 44%

PR
RS

N~ AT DNA 2 o fk g 3 1t

1

VP * i 2 2 2 cetyltrimethyl ammonium bromide (CTAB )
2R FATFIMDNA Z i Edit o 2 BRABAREF ¢ KA
2 CTAB % 7% ( 2 100mM Tris - HC1 pH 8.0 > 2% w/v CTAB > 1.42M
NaCl > 20mM EDTA > 2% w/v PVP 40 > 5SmM Ascorbic acid 2 4mM
DIECA ) #c } 2-mercaptoethanol i& {7 DNA 2 33 - & A $ &
isopropanol Tk {4 #-L %3 TE ¥ 6k @ 2 PCR & 472 % o

AR PR R EL A e

F1*  “random-amplified polymorphic DNA”(RAPD ) 2 “microsatellite-
primed PCR” (MP-PCR) A f3 j2 » kA= #3737 * (T AR #F 2 A
F A&z R o AR * K 20 B arbitrary 10-mer primers % X 10
® microsatellite-complementary primers i& 7 PCR § % °» PCR #7{% &
P #-12 1.4% agarose gel & {7 L AL 47 0 L Ip iE A E 4 inter-
species polymorphism(s)z. 4 + &3z » 45 ¥+ & 2. primer sets #-4L i * 3
AR\ F2 PR RETLY > LA PR LT

“random-amplified microsatellite polymorphism” (RAMPO ) - H g
a2 %1 - BEE % 32 (blotting and hybridization ) LZ R
ER{ v EE -
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MERATEEC A 0 8 A W A SR 0 ik s A 15
(rT 2 - ) FIRFFREASL LG A4 DFREE HP
IC316 ( % 23 )~ Bromovulone III 3 YCS-IQ eni®* 4% » H 7% i+
mre e ICsg B4 W 5 4.6~045 % 39uM o £ 55d JF > & 378 R o
Bromovulone Il 2 YCS-1Q srifi (£ % k& & Bl A - $#1 F iz

Ry A Fla (- h A E SR T B

mig = RS VA RS LA fE 0 AW G w7 k= (apoptosis) & w
%2 7 (necrosis)e 2 T2 F > RPN e A= A R L A4 s
fi\g%éﬁzﬂéﬁhﬁ:*ﬁégoi&mea'g e k- B4 el B R
PR A A WILF)ﬁamé_i’ﬁ B o A ib 2 A b g it
Wi BRI e o e ks X FEG 3 F M wre o (programmed cell
death ) » & # % it ¥ ficdeo b e 4 ¢ Wk 5552 % (condensation of
chromosome ) ~ ‘m?® % 5 (cell shrinkage ) ~ jm*z fics = (microvilli)
% &2 DNA 7|f% (DNA cleavage ) = 50-200 base pair 'Z F 7 DNA % £ >
Bis A A= LR MiEARE ATP % o A= | RV 5 i mbe B
HIT L e B “/T‘ o A A k- e > e R F > 0 m b
a#mﬁﬁ ° Bt A ‘m”wt AT A g SIATE L F o e

PR R e (ac01denta1 celldeath) » 2 & ¥ d £ M 412
[ 8 Ibé?rirv;%é_iwe@stméﬂ o LIEART A E ATP e 5 (e
e Flhore W A o ig 5 e %‘rﬂ R R LED “o W s EOPEEILE SR ,’}_-}?‘—"%
iE AR ¢ 3142 L F (inflammatory mediator) 7+ & 3z > F]yt £
A 2EPBLEF -

Bel-2 30 R RE S A% > VA S8 o % - 5 543 Bel2
homology 1 (BHI1)~BH2 ~ BH3 ~ BH4 E 7| % @i k{2 C iy 7 %
R 7| % (transmembrane domain, TM ) » #* #f 3-v 4v Bcl-2 4v Bel-X| »
A& chrt g L fedlleie k= o % 2 #F 5 #&F BHI-BH2 o BH3 & 7] % >
TM g2 gn R C 2 o ph 5 3-v 4r Bax fr Bad » 2 & et 50 5 BB mPe ik
S e B N 4EF BH3 AAIR 0V GRS AR Bax FREF O B
SRR e A A b E ¢ cytochrome ¢ 9§ 2% ( Cory and Adams, 2002;
Tsujimoto and Shimizu, 2000 ) o #X @ 3F % HJx 5 %] Bel-2 &2 Bel-X iF &
F g 2wt S RS ARr] 0 A BRBpwE R ¥R A o F§ Bel2 &
Bel-X, 3¢ # 5 DlFr | o B BB E = o Bol2 dev FOET
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Gd TIPAFEIT SRR - AT e - o LR, I
DR AR R er* 48 F-v - 4o cytochrome € ~ apoptosis-inducing-
factor (AIF) f#3x>t sn%e B ¢ (Tsujimoto and Shimizu, 2000 ) ; 2.i8/% =
(4 Bax )frfid = (40 Bel-2) 39tk gt 25 = & & (dimmer )>
g drdlfik - Fv ¥ (Cory and Adams, 2002; Tsujimoto and
Shimizu, 2000 ) ; 3. & R M AW+ F-v T AP B IS 3 W
( voltage-dependent anion channel, VDAC ) % Hf]{ BrA P A LA R
(adenosine nucleotide transport, ANT ) &% » i&m §° 5k A48 T
(homeostatsis ) ( Shoshan-Barmatz and Gincel, 2003 ); 4.3 £ 5 d i &
v (adaptor protein) % 2 & procaspase (Danial and Korsmeyer, 2004 ) o

Caspase = — #& cysteine protease > — 4514 % /& it 4] ( pro-casepases )
TP o F VARSI G E 1 A (caspases ) > § 27 ",f %2 N F-v ¥ aspartic
acid 2. fsengtS o B {Fre N Fov A 4 S E *"—‘Fﬁ‘—i SV IER o Gide s B
nuclease » ¢ & DNA %7%] o % & Caspases 2. ¥+ it %ﬁ d pbE it ﬁﬁil
PG e > § 533 5 10 initiator caspase 3 2 B & PF o € A
p A5 E R (autoactivation ) » f 75 v T 50 effector caspase ° iE— ,,'ﬁ
7|5 i i AR %{:ﬁ d proteolysis % if = ‘w2 /&= {5 +4]( Van de Craen et al.,
1999) -

Boave dmy = A BD N s b R BT e S

(ER stress ) :

— P AMAS BT L IER 3 e WX R 0 FTdS T 5 caspase BT o b
r: CD95 (APO/FAS) % »> X g8+ iR CD95 X% EF & » Hid
X2 B A R 3 4P (Y 18 5 Y procaspase-8 0 i H A5 =
caspase-8 © caspase-8 ) = {& > € & i T P procaspase-3 ) =

caspase-3 ° & caspase-3 i& » fm¥E Pip o QT F AL iden S (TR

%+ ICAD (inhibitor of caspase-activated DNAse )22 CAD 4§ & %8 >

i# CAD g ¥ % i DNAsel @ # DNA 4 f#= 5 £ (de Vries et

al., 2003) -

SO RS RS A RES FERANMARR o A s L E

f@;/w\ L3]I 1 Jp:f-ﬁ%*" R = (AWPm) s » 2. cytochrome ¢ ~ AIF

% Smac/DIABLO d #5483 wbe F - 3. Bel-2 3725 v %

BN Y e o AA § cytochrome ¢ f7cts » ¢ &7 dATP -

Apaf-1 ~ procaspase-9 & & A5 = Apoptosome > i&m 7j = caspase-9 °

caspase-9 £ /% i T procasepase-3 i&m A= casepase-3 o Flin¥e F ¢
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i

.

e11 IAPs (inhibitor of apoptosis protein) &t #r#] caspase H1: > @
Smac/DIABLO iZ#f #-v € #r#| IAPs > i@ i8¢ wm?s &= o AIF i
& § & d ¥7 caspase & B DL TiE ~ e PS4z ime 2= (Cory
and Adams, 2002; Tsujimoto and Shimizu, 2000 )- & d caspase-8 7% f*
%~ ¢ Bel-2 2% $-¢ Bid @ Bid ¢ ¢ cytochrome C o #4548
Foacdik o Fpt o 2 XA Ao L GRS T BE

B3 o

Kl U LR SR 3 2 L U 1 R LU =S =
Prig o g R p i p g kR b b
Ao e ERTIAAFRAE L L 1. m-calpain FE T
m-calpain 37% i ¢ 314 T ¥ caspase-12 & i 0 £ %’g d caspase-12
7% {7 % caspase 4P B F% = £ /S (Momoi, 2004 ) - 2. 2 B kR
AT A G ¢ E R e Wb AT A S A B h4e Bt i i
( calcium-sensitive potassium channel ) e/ £z » 4933 € = %2 ¢b
A @i = e e 41U I % (Scorrano etal., 2003 )¢ 3. Sd R
BT A e E S £ F RS ROk A @ i E s wmmn
(Hoek, et al., 1995) - Caspase-12 4 f# b i + chlmre F 78 -
Bl o PTrLg N R D8 4 enpFiE o f 49 (L P-aE i caspase-12
caspase-12 f2 H # ehcaspase — % o T PF Rt & MR ek i o m-calpain
- caspase-12 erjE it ¥ #;:\jai" 7 # % 4 ¢ >m-calpain ¢ % caspase-12
e T132 & K158 ehix & F i¢ = 4 f% > @ caspase-12 }+ 7 prodomain
7rﬁ57‘$*“’~”"—i fs fp ﬁ’Jﬁ'éﬁa\I" & end] fi o Caspase-12 & ¥ (] ¢ E
FREAZLHfE wE F 25 m-calpain & prodomain A7 H > 7 7
prodomaln 73 caspase-12 I % & § Jnfe /= H’Jé‘é 4 o Caspase-12 ‘};5
tito 3y n—jﬂ | caspase-12 € E 424 A5 Pllmre oy ¢ i & e
%= 0 4§ A% dp o caspase-12 ¢ ﬁ‘lm ,{« it caspase-9 11 %
caspase-3 % H # effector caspase > & m 1% = w4 = - GADDI153
#_C/EBP hfe Jh d-v #714~ L5 CHOP > & - fE# 4%+ o - 4%
14 383k fi T GADDIS3/CHOP e shzb§ ens o (e 8§ p g
£ 3|38 4 hpEiz » GADD153/CHOP ¢ + £ 14 3 k (Oyadomari
and Mori, 2004) - % GADDI153/CHOP * & % JLehpFiz » ¥ %ﬁ@ it
Bel-2 %258 #-v > bl|4r Bad e gL i 2@ @ Bad $#4 Tl s gl &
Flmwe ) sldemie k= o 4 3 ;}F] 41 » GADD153/CHOP g
® - B Frd e E = 1 Bel-2 72E Fv A IRLTE %ﬁf PR kmrE
B dtob fid 4 oAt A g 2 e k< (McCullough et al.,
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E;wﬁgﬂ&yﬁ*ﬁﬂﬁb$ﬂA#A%%%?$¢%
CES PP L FRERRE Sl
6z i ®2  (4r hepatocellular carcinoma Hep3B cells) #i® % fi £ ;
W RS A B TR R e (e B Ay
HT-29 ~ % 7% 8w #e PC-3 ~ s fp'w*e CCRF-CEM ~ 5“ g fw %2
MCF-7 % & ) eni®® Qg4 > 5 PFiE* B RAPZITE B - B %
s - LB T AR L R R RN TR e L
PUEH | o A o B PUEH Y 45 P RIRE - BAGh e B
HAROE BAPIRPFE Y FR- S0 H 2 R g7
a’$—% FIIF R e cniT B 4 H 3 H g enih B e B
%a%oﬁﬁﬁﬁﬁﬁ%ﬁmﬁﬁi%ﬁ»%ﬂﬁ,n{i?%ﬂ

e j;';g,;\, A N ,gs%,@tl %%M-T—;;%.zmyg ﬁngfj;;%,w > fij\ai ¢
NPy SR TEFFAFAL AL 5% 2 dHmacT

4% 7% % Bromovulone Il ¥ * ¥ 4 #F3% 485 m "¢ Hep 3B 24
[ PETS 0 g i3 % Hep 3B % & 4 DNA k% & (FiglA) ° 1
T3 RACELT a&gﬁ&g FRwme A2 k= v (FiglB) - d ' ®
HR W RSP TRET LG RSN - s 7 Bﬁ"‘% Bromovulone III
T A S R v Hep 3B 7% 48 Bel-2 7#2% 3-¢ (4 Bad ~ Bax
2 % Bel-xL) sh4 ;;L—‘f_;rz A3 REFORE L E ¢ i Mcl-1 thd-v

# 34 (Fig2) ° ¢4 ¢F > Bromovulone III #+3% A 5 3% 7 fm P2
Hep 3B ¢ Caspase-3 ~ Caspase-8 14 2 Caspase-9 » 3% P & eni®
(T g A fRE ) (Fig3A) 5 pfR2 T o Bromovulone
I %7 € 33 = X a0 7| ’J)T\’i'a‘v & k¥ PC-3 ¢ Caspase-3 2 Caspase-9 =17
Afpgriiieie% (Fig3B) o %]t » ¥ 125 1 Bromovulone III i *
A FEFHLR nfe Hep 3B v frid & ek = 18 5 H BTRaidE o

S - T 7 % IR > bromovulone 1T 1F # % A $5 3 e
Hep 3B ¢ i Caspase-7 7 P BEAL 2 275 it e % (Fig.d4A) o gt ¢k »
g A ait* BFF T > bromovulone IIT » ¢ P &g ¢33 =& Caspase-12
chB| f#i5 1 (FigdA)ed »t5 7 7 4F 2 4p U1 » Caspas-7 2 caspase-12
T g gd i 4 IE* @ E I (4 %] & caspase-12 )( Chan et al.,
2002; Rao etal., 2001) » F]pt » iy AR T P B e cnif 4 (F¥ o
¥ — 45 ¥ 3% —CHOP/GADDI53 - & % » 4 3 bromovulone III
¥ AR w2 Hep 3B iv% th% 5 B pF & 4> » CHOP/
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GADDI53 3-v ehd B0 § P B ersif 40 (FigdB) o bt @4h ¢
7+ bromovulone Il 72§ € i& = A £ %% w* Hep 3B caph e id 4

R i@ g A e kS (B o

BApE AT NP R S B b A kY 0 8

%t“a“} A SRR e B (R0 ) KRR AP EAR T Apaf-1 -
XIAP % cIAP-1:> # ¢ > Apaf-1 %= %8 (Apoptosome) # # ¥
& F-v 0@ XIAP % cIAP-1 P 4% = v o % % 7> & Bromovulone
I eniE* T 5 %= fH:R X gﬁr 4 (Fig.5A) » @ XIAP % cIAP-1
« % ¢ %] Bromovulone IIl ni®#* @ jgt-> » & @ §_F-v % JH 4o
(Fig.5A) © ig# 4 % B Apaf-l ~ XIAP 2 cIAP-1 8% %4 % %
BN (i ) Rk e BEAL O AP Y FR
Bromovulone III &2 {®#* T € i¢ % 9 Mcl-1 3-9 % P & H 4o
(Fig2) o 3 3 &1 » R & Bel-2 725 39 ¢ & Apaf-1 3 & > &
@ $r4] caspase-9 % v 1% (Hu et al, 1998) - F|pt » 4 A Feh
BV o NP L R Uk E R Apaf-l AT Rk > T RREH L Lo
B o % IR Mcl-1 € & ¥ e Apaf-1 % &> T ® 4] caspase-9
g5 it v (FighB) izt %4 &g Mcl-1 5 7w 84 8§ %
¥ - BFUE M Ry KR o

d ifenk % frig > Bromovulone III ¥ 3 kg = Wl fm¥e
= i®* (Apoptosis) > £ 5d $ Bt P FHAITREE T
Bromovulone Il € 5 #xe5 48 35wz ek = 18 % » 7 50 £ 55 d p
B et i6 4 (ERstress) v i@ i$ = caspase-7 £ caspase-12 /& it >
% e 45F]F GADDIS3/CHOP chit® @ i & i % o

AEFHE 0 R G e /,,\4%?’?% YCS-IQ » & - fad /&%
“r i it Ak ehde BT o d - Sulforhodamine B 4 7 2 % 17 &> YCS-IQ
B F A PRSI > T G sk g ] iR m s chd £ (Fig6) o
2038 - 9 7 f2 YCS-IQ e (8% 8 > AP T A LR kA
1 YCS-1Q #+** ERK %2 PI 3-kinase 7% 1% 0 F] 5 i& 5 #4 Kinases 71
ElGwmrrad £ 2 GEATAME o Re > EFETEEFR
YCS-IQ # 7 ¢ #%i& & Kinases e 1+ (Fig7) o AP Fla &
- HET Y - féﬁk’é iz 4 3R 2 AR M F G — g T3
NF-kB o #% % #-%6 %7 w92 d® YCS-IQ 4 > #&B’&ﬂ{”ﬁ}?’“m’?é £ 5w P2
¥~ > &7 NF-«xB mDNA SEEMER Py BEET > YCSIQ
BT 2 @] Pris 7 4 suerdrd] NF-kB 9 DNA % £ 75 1+(Fig.8)e
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NP EEF LR Y kA 7 E P EERE R lm e e NF-kB 45 T
e it ® o XA YCS-IQ (IOuM) ¥ 3 sxenfrd] NF-«B
T mie frenie® (Fig9) o ipdrd] (£% il 5 efrita s 5]
St YCS-IQ (£ % 18 /] B {5 » gtk erdrd] (7% 3 % 1 (Fig9)
TS % Fig8 e S % E - Rivo ghob > ViPL 37347 ¥ - 4
1 im¥% 2 £ Ap B ¢ndf 5 5] 3 — CHOP/GADDIS3 = o ik A 1% 3 %
ST 7 % A7 0 YCS-IQ (10uM) ¥ 3 #x e 4+« CHOP/GADDI153
g6 7 & (Fig.10A) o ML E ¥ Joln\%’?,z 18 P BERE PR fm Pe
17 CHOP/GADDI153 # 4 3| w2 1% cniv* o % %% 7 YCS-IQ
(10uM) tEd® 6 B - pFts » 7 4 scenitie CHOP/GADDIS3 i #
Flamre 5 enie* (Fig.10B) o d ":"‘ Py koo s RaaR P
¢ i3 = ¥ Golgi apparatus 7 Vasiculation % » » fj‘uz‘?’-\g g
Golgi apparatus * f~ it @ H# st &4 o d Figll en@ k% H#M
YCS-IQ 7£ 7 ¢ i# = Golgi apparatus 7 Vasiculation % o % 7 P
A IEr £ F 8 YCS-IQ g Bii s Moo ViR - BT SRR
I Bro VY NaF kg & i %4 ,T}L{NaF » €% = Golgi
apparatus =7 Vasiculation ¥%* (Fig.lID~E~F) o #m » 2 iEL 12
Sulforhodamine B 4 47 % % {7 4> NaF I % i 3 »canfer 4] "o m
"z 14 K (datanot shown) - FJpb » AP35 YCS-1Q sdfg (T *
Wi ¥ i &2 NF-xB 2 CHOP/GADDI153 iz fafg s Fl+ #3 M
22 Golgi apparatus =7 Vasiculation & # s b o d F it & % Fosg o
Clavularia /% ¥ $ 3 3 c0% P~ 4> Bromovulone III £ F % & 8 -
Rm A 2 P A R FY o KA 0 A RAS AR 2 LIRE
FehBHR® > B3 v g7 1L R o AP Clavlaria
viridis = Clavularia inflata = fa @3 » 5 & & > 4 #2 Random
Amplified Polymorphic DNA(RAPD ) = ;% » 35 ! & if £ gene marker
MR TR RETZ Ry o 5% 4 A7 F B 7|0 10-nucleotide
51F (primers) > AP eSS M- BEFPIF kg 3 FA
PR32 A T4 DNA & » & PCR F 18 » X E % T 4 (agarose
gel electrophoresis ) ¥} + & # & ¥ 7 [ ¢ band patterns » # % & p {4
# % Clavularia % Z g » > e RFET ¢ - BEad § s
oo b LT AR AY PHAEFARITTHR T 2 b
GenBank SRR GE (7 ¥ ﬁg._ b ¥tz 1 (% o

d - By 2% F 345440 Clawlaria fagip @ »
# e prostanoids( # 3% clavulone ~ chlorovulone ~ bromovulone ~iodovulone
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”ﬁ WmrE F B~ Flmie R 4 % im}};q* T R BHHEPHET %5

'ﬁ’\?‘ﬁbg\;p#’r Al B iR a 2 Rl o 2Ra ’ll‘f'yf;é_ e
£%szm%%@mm’¢&z1*wﬁ FOTAR o 7
B AR A A1 RAPD B if > 45 4 Zkﬁ ofdie 4 £ TR A
F e Clavularia B 5 A FIRPpL 5 7] end B gLy & i&{@
HOFHART LT e fARA 2 gene markers > #ﬁxv—B (88 7
Pl & 1=~ 2 Clavularia viridis 4= Clavularia inflata i3 3 -
FlE A ko LT AR RS B ARAPD §5% 0 &
d 2 ek rant mE Lo FEd SN E - s ok MBS
7T RAPD A 476 &3 < > APk ga it h 2 P2 F 7
3R F AR rDNA 2 ITS R E B T4 A7 * 7 & 41 tDNA
FE (7 18S~1ITS1~5.8S~1TS2~28S) #3513 » :2{7 PCR & & >
P ##cE 2. tDNA “ﬁlk\%ﬁ"-ﬁ it {5 TR » 29 GenBank F L A IR
T AOPRAEG TR Y FHEHK A S IDNA B A 4 0L R
(annotation) » #F P {SP~F f kA {5 £ 1217 DNA 3y R FR - 1
phenol-chloroform extraction = j* % P~ 2k 148 DNA- % B~ L 12 SDS
{e proteinase K & F-v F 12> £ 4v » F k& 7@ 4E (5 M NaClg) ) -
#¢ >Na'# ¢ frDNAH f 7 m&ﬁ&%i’ » > DNA B4 F B4l
Hf TS I N FkAERY > % & 7 ¢ histones %3
DNA - CTAB ( cetyltrimethylammonium bromide) %3 @k A ™ >
¥ ¢ % pE(polysaccharides )%t 3 DNA-°$: % > 4 » phenol/chloroform/
isoamyl alcohol (25 : 24 : 1) ;3% % B~ DNA - Phenol ~ chloroform
fr isoamylalcohol 2 % & 4 %[ % 1.071 ~ 1.481 4 0.813  Phenol i&_i#
DNA-protein 4 &t ( 3-v B 7% > phenol 7 # % ; DNA 3>k k) |
chloroform & % & “#- phenol fr isoamylalcohol # 3t -k & > F 7T &
3 & %% 5 isoamylalcohol ¥ ¥ A F R fook K e i omoAzie
(foaming) » & & K i - €4 5P~ 4 =0 £ 57T REBFHR M
isopropanol #& Tk DNA 2z {$ » £ 12 ethanol itk DNA-° 4r » sodium
acetate — > ¥ ¢ frfET_DNA; ¥ - 2 5 > VR L AL G B
fi-ie ™ DNA ¢ ;%> ethanol /3 /% o #1611 = =x-km % 12 TE buffer
7 jaiw#kh DNA > .5 7 @ 4 TE buffer # ¢ EDTA 4{f- PCR £
feizie® Mg’ m BB PCR 2% -

S N\

|a o
| \rmi

.
l N

2

1%\1 R

RAPD = 2 ¢ » L8R gk cn® Fix ) » 1 & £ 4 L PCR
2T+ A& 4 ¢hpreferenc eéi (oA e %R %% & 3 e PCR
FOEEE s 0 R BB T £ % “band patterns o A FE T
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FRER > APEN- B3 (FHRFTHIL29) > FRAEF EiE
BT sl 3217 PCRF (s s @ C.viridis{- C. inflata & 37
A ¥ £ & chband patterns (Fig.12) -4 Bt ¥ 5 & » C.viridis %
290 bp 2 420 bp /e 7 — % bands’ iz 1 bands & C. inflata 7 PCR
Af? T F NI EAPEERI P R (REEAT ) ¥ b Clinflata
fux & 3% 600 bp keF — i additional band 5 @ &7 BEHPF P LR A
700 2 + > 800 bp /wifr band patterns » F #77F oo

PGSR FR G VEAL R R B A
F & FZPCR F P futc » DNA B & fw g £ 05 12 0 2 F i
POLE iRz Bt 2 R T SHE R A T E
band patterns #-¢ & 5 &5 5 13 oo FLEBS 2 H]¥r o RAPD 2
% Iﬁ%ﬁxﬁ band patterns 3 5811 32 H IRH? PRTIEF &
S PR Y W iR e Flt o #4 B 3] Cviridis & C. inflata mﬁjx ;
BRI 7}‘»‘"‘*’ BT AR B ST HR R eRE R A )]*“‘ BER
2B FLE DT RIS FE EBERFF BB T A
oG- T ER
W LTI RAGHRADTHR VL FHRIEPPTHRE S DT
sl 3 anEE (NPE T St a g REReaEsl 3 (£ 2)
22 PCR F i 2 cvdh B o WL 7 e ﬁf’”*#’ﬂmrDNAﬁ.;ljsg%
AP 18S~58S~28S R~ 3k4pk » e H_ITS1 v ITS2 & 715
BMEFAR cd M ics R A e a9k riR72 5
RDFEE L F AR Lo wmfFRT > AP fl® BLAST
program ¥ GenBank 74L& ¢ #® Clavularia /% #3¢ 3 <7 1DNA &
S0t A 45 > 45 01 =2 18S 4 28S IDNA A 5|} chd = 5
s B iRPRFNFEREIFAERPEEF] o0 A RIS AT
A MenB A< (¥ ¢ 7 ITS1 ~ 5.8S ~ ITS2 feiRa e 28S B 7] o 12
C.viridis v C. inflata % #k & #7& Jen P B> BEFEFH T AL ahix
B X7 650bp Aw (Fig13) o 2 & k3 & $tige PCR 2+ ¥
BB {7 RFLP 447 » fe £ 5% N B3 b e U e (727 2115 4%
& ;% B2 1) length-polymorphism %35 (Fig.13) o #7120 3% g
HET kaya Wik A R PCR X B £ 7 DNA 25 & ;4 &k 2%
FEHRAFILTF AN PLE c APRFLY RT3 BHRPP
tDNA A 7|ehZ R > T R & GenBank FHLE? & A3 C. inflata
IDNA B 7| T4 > % p 155010 ;f,stmb;g— B FE TS B A iR
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LB NP AR OLR D ABHE DLR g S AP A
% 2% #7117 2. C. inflata rDNA 5 714c » GenBank FALE @ iZ4f o ¥
thod Ja Xtk & 9718 2. PCR A 4 band patterns #dit 3 3 % A 4F je37
50 g2 8B band 4 H_rDNA 2+ P B> #7070 g 'frﬁj
PR A - 23 650bp B DNA BB i {8 T/ > FIRFEF
R 58S B o kY Mt W ¥ 2 B R mg
FIE AR ST 3 F N TH > A FEY o U D 3 F
Fio XPFFTHPCR F i Fik A(ABEPHIR) ° 97
WA EEDEINERGEF BiEEE > k- PCR F BiEET > T
WHELT BAREAR - BHERAZIDNARI|FE S E0x T
4o 02 B (Fig.14 > Lanes 1-16) » #-igd ¥ 2 5 51]345#; GenBank
FHEEEH BES NAT R S L SR
BRA2Z BN EPW S ﬁmﬁﬂfﬁWEﬁwﬁﬁw%#Wﬂ
GenBank F enfdip R B R < od At @ 2 d A kR R e (B FE
TR ABE S T RS EFRET RS T 2P SR B
- HEERA R R P LB R ARER R LT
AREAFREREN RSB F RS S 0 73] RAPD 7 F band
patterns & rDNA 2 ITS B 7| ¥ ITS B 7L 8 e M ED (S
R FT2 5
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M~ B #
%1
No. |Compound or extract |A549 cells (SRB) Hep3B cells (SRB)

(% Inhibition of cell growth)

(% Inhibition of cell growth)

1 |GSSP3 48.9 41.7
2 |GSSP3-1 37.1 38.0
3 |GSSP3-2 11.2 5.8
4 |GSSP3-3 12.8 6.7
5 |GSSP3-4 58.3 48.8
6 |GSSP3-5 334 21.9
7 |GSSP3-6 28.5 22.1
8 |GSSP3-7 56.6 55.4
9 |GSSP3-8 59.7 49.2
10 |GSSP3-9 29.8 33.5
11 |GSSP3-10 5.6 3.7
12 |GSSP3-11 4.2 ND
13 |GSSP3-12 10.4 ND
14 |GSSP3-n-BaOH 3.7 ND
15 |GSSP3-15 ND ND
16 |GSSP §8-100 18.9 10.8
17 |Tax-W-al ND ND
18 |Tax-W-a2 ND ND
19 |Tax-W-a3 ND ND
20 |Tax-W-a4 1.2 ND
21 |Tax-W-a5 ND ND
22 |Tax-W-a6 10.9 11.0
23 |Tax-W-a7 ND ND
24 |Tax-W-a8 80.3 76.7
25 |Tax-W-a9 11.0 ND
26 |Tax-W-al0 88.9 80.1
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21 (§)

No. |Compound or extract |A549 cells (SRB) Hep3B cells (SRB)
(% Inhibition of cell growth) |(% Inhibition of cell growth)

27 |Tax-W-all 354 27.1

28 |IC316 # 2% 75.4 69.8
IC50=2.0 IC50=4.6

29 [IC755 ND ND

30 |IC3192 11.6 6.6

31 |IC4303 33.0 24.2

32 |IC4336 18.9 7.9

33 |IC51924 4.6 ND

34 |Bromovulone III 91.3 89.6
IC50=0.18 IC50=0.45

35 |CMRE32 33.0 26.4

36 |CMRE33 48.6 41.7

37 |CMRE34 44.8 45.8

38 |CMRE37 65.1 52.5

39 |CMRE38 60.0 48.2

40 |[CMRE39 60.7 49.6

41 |CMRE40 ND 2.3

42 |CMRE41 15.3 12.9

43 |CMREA42 ND ND

44 |CMREA43 7.8 10.0

45 |CMREA45 ND ND

46 |CMRE46 ND ND

47 |YcsGBB ND ND

48 |Ycs-DA-1 27.1 12.2

49 |Ycs-XEQ 9.0 ND

50 |Ycs-1Q 93.2 88.8
IC50=1.7 IC50=3.9

51 |YesT-1 2.4 ND
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No. |Compound or extract |A549 cells (SRB) Hep3B cells (SRB)
(% Inhibition of cell growth) |(% Inhibition of cell growth)

52 |YcsT-2 30.6 28.1
53 |YcsT-3 11.1 6.6
54 |YcsT-4 13.8 6.8
55 |YcsT-5 16.2 11.3
56 |YcsT-6 33.9 29.0
57 |Cas21-6le 10.5 11.2
58 |Cas6-35 3.4 ND
59 |Shen-MeO-1 48.9 28.1
60 |IC-316 13.2 ND
61 |KadsumarineA 1.2 ND
62 |TRI2 2.1 ND
63 |KP13 3.7 ND
64 |KP17 ND ND
65 |KP32 5.5 1.2
66 |KP212 ND ND
67 |KP20-5-8 ND ND
68 |KP2 9.8 3.7
69 |KP9P ND ND
70 |TRI1 5.2 ND

The concentration of 3 to 10ug/mL is used.

ND, no inhibition of anti-tumor activity
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% 2 F 57 “ri¢ * 2_ primers

Lab # Sequence (5'- 3") Length (bp)|GC (%)|Tm (C)
53(forward)| GTAGGTGAACCTGCGGAAGGATC 23 57 59
S4(reverse) | TTGCCTGATCTGAGGTTAAGATG 23 43 53
&

Fig.1 Identification of Bromovulone IlI-induced anti-tumor effect in Hep3B cells.
(A) Cells were cultured in chamber slides for 24 hours and then treated with
graded concentrations (a. control; b. 0.3uM; c. 1uM; d. 3uM) of Bromovulone
III for another 24 hours. After the incubation period, cells were washed and
stained with Hoechst 33342, and examined under a fluorescence microscope.
(B) In a parallel experiment, cells were incubated in the absence (a) or
presence of 3uM Bromovulone III (b) for 48 hours. Then, the electron
microscopic examination was carried out as described in the Materials and

methods section.
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Fig.2 Detection of expressions of Bcl-2 family member proteins in Hep3B cells.

Cells were incubated in the indicated concentration of Bromovulone III for

24 hours. Then, the cells were harvested and lysed for the detection of protein

expressions by Western blot analysis as described in the Materials and

methods section.
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Fig.3 Detection of expressions of several caspases in different tumor types. Hep3B

cells were incubated in the indicated concentration of Bromovulone 111 for 24

or 48 hours (A) or PC-3 cells were incubated in 3uM Bromovulone III for the

indicated time courses (B). Then, the cells were harvested and lysed for the

detection of protein expressions by Western blot analysis as described in the

Materials and methods section. The arrowhead indicates the cleavaged forms

of caspases.
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Fig.4 Detection of expressions of several caspases and CHOP/GADD153 in Hep3B
cells. Cells were incubated in the indicated concentration of Bromovulone III
for 24 or 48 hours (A) or 3uM Bromovulone III for the indicated time
courses (B). Then, the cells were harvested and lysed for the detection of
protein expressions by Western blot analysis as described in the Materials and
methods section. The arrowhead indicates the cleavaged forms of caspases.
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Fig.5 Detection of several apoptosis-related protein expressions in Hep3B cells. (A)
Cells were incubated with 3uM Bromovulone III for the indicated time
courses. Then, the cells were harvested and lysed for the detection of protein
expressions by Western blot analysis as described in the Materials and
methods section. (B) To detect the proteins associated with Apaf-1, the cells
were incubated with 3uM Bromovulone III for 24 hours and the
immunoprecipitation analysis was performed as described in the Materials
and methods section. The Western blot analysis of immunoprecipitated
protein complexes with the indicated antibodies shows the expression of
peocaspase-9, XIAP and Mcl-1. IP: immunoprecipitation, WB: Western blot
analysis.
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Fig.6 Identification of YCS-IQ-induced anti-tumor effect. The graded concentrations of
YCS-IQ were added to cells for 48 hours. Then, cells were fixed and stained
with sulforhodamine B (SRB). After a series of washing, bound SRB was
subsequently solubilized and the absorbance was read at a wavelength of 515
nm. Data are expressed as meantSEM of four determinations (each in

triplicate).
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Fig.7 Effect of YCS-IQ on the expression of phospho-Erk and phospho-Akt. Cells
were incubated in the vehicle or YCS-IQ (10uM) for the indicated time
course. Then, the cells were harvested and lysed for the detection of protein

expressions by Western blot analysis.
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Fig.8 Effect of YCS-IQ on NF-kDNA binding activity. Cells were incubated in the
vehicle or YCS-1Q (10uM) for the indicated time course. Then, the nucleus
were extracted from cells for the binding assays. Analysis of p65 binding to
its consensus oligonucleotide was performed using an ELISA-based Trans-
AMTM NF-xB p65 kit (Active Motif Europe, Rixensart, Belgium). In this
assay, an oligonucleotide containing the NF-kB consensus site is attached to a
96-well plate. Nuclear extracts were analyzed for p65 binding to kB
oligonucleotide according to the manufacturer’s instructions.

Fig.9 Effect of YCS-IQ on NF-knuclear translocation. Cells were incubated in the
vehicle (control, A, B and C) or 10uM YCS-IQ for the indicated time course
(1 hr, D, Eand F; 2 hr, G Hand I; 4 hr, J, K and L; 18 hr, M, N and O; 24 hr,
P, Q and R). Then, the cells were washed, fixed and immuno-stained with
NF-kB. The nuclei were counterstained with DAPI.
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Fig.10 Effect of YCS-IQ on CHOP/GADDI153 expression and nuclear translocation.
Cells were incubated in the vehicle (zero time) or 10uM YCS-IQ for the
indicated time course. Then, the cells were harvested for the detection of
protein expression by Western blot analysis or fixed for the detection of
nuclear translocation by immuno-histochemical staining.

A. Control B. I} 4 hr C.IQ6 hr

D. 03 mM NaF 6 hr E.1 mM NaF 6 hr E.3 mM NaF 6 hr

Fig.11 Effect of YCS-IQ and NaF on Golgi vesiculation. Cells were incubated in
the vehicle (A, control), 10uM YCS-IQ (B, 4 hr; C, 6 hr) or NaF (D, 0.3
mM for 6 hr; E, ImM for 6 hr; F, 3mM for 6 hr) for the indicated
concentration and time course. Then, the cells were fixed for the detection
of Golgi vasiculation by immuno-histochemical staining of cis-Golgi
marker GM130.
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