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AⅣ ： To study the wiedendiol-A (W-A) 
inhibition mechamism of plasma eholesteryl ester 

(CE)tran~er protein(C圈[P)on the mm r of 
CE． 哐11 )DS：Using gd filtration method． 

RE Ⅱ腮 ：W ．A at 30 mnol·L inhibited 

association ofCEwiⅡlC圈[P bv 76 ％ andC圈[P 

tllt~fer activity by 81％ ． In addition．W_A 

enhanced binding of Ⅱl2．a me noclonal antibody 

with a C圈[P C—terminal epitope which is involved 

in 血 binding ，to C圈[P， suggesting  a W -A- 

induced con formational ch at the epitope for 

increased Ⅱl2 binding． n a阴 activity 

wa8 measured by WIIyi1lg hi曲-density lipoproteins 
(皿 L)concentration，the apparent 0f CE 
tran~er wa8 inhibited bv 74 ％ and 83％ in the 

plesmac~ of W-A at 14 and 25 vanol·L一 ， 

respectively，while the apparent 0f皿 L f0r 

a丑 did not change． O0j ^『s10N：W A 

actionismediatedthroughinteraction beb W ． 

A anda丑 ．but notth~nghthosebetweenW A 

and 1ip0plotein8． 

Elevated hi density fi~pmteins(皿 L) 
are protective for coronary disease and the 

activities of plasma factors to redistribute cho— 

lesterylbetweenlipoproteim lately determinethe 

eholesteryl levds of I-IDLl ． Plasma eholesteryl 

ester(CE)tiltl~er protein(CETP)mediatesthe 
net tiltl~ er of CE from HDL t0 lo density 

lipopmteim (U)L)and Yery low-demity fipo- 

proteins(VLJ)L)． Plasma a丑 is responsible 
for all the neutral lipid tlltn$f~l-activity in 

pla．,~maL驯 and affects the pla,~ma 皿 L levds． 

Ir础cea8ed 皿 L in b．r,mns 帐 observed in 

genetica阴 deficiency ‘ and decreased瑚DL 
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LDL and VIJ)L． an d may be benefieial for 

prevention or treatment of coronary disease． 

Efforts to search CE1[P inhibitors have 

yielded several compounds that disphyed 

inhibitory activity for Cl rP_mediated CE 

transfe~ lOJ． We have previously identified 

another small molecule，wiedendio1．A (W．A)， 
that also inhibits tlIe C圈[P transfer activity “J． 

Since C圈[P ma y act by ca CE between 
皿 L and LDL．we tested the hypothesis in the 

present studythatW-A inhibiIs CE1[P activity bv 

preventing CE from binding to a田 ． 

M A珊 IAIS AND 匝11}I(’Els 

Materials a田 was ob~ ned by stably 

expressing the cDN^ in Chinese hamster ovary 

cells and purified as described previouslyL ． 

1 HJCholesteryl oleate(2．6 GBq·tool" )，horse 
radish pemxidase—linked goat aatJltlouse I 

antibody， and a scintillation proximity assay 

(SPA) kit contai~ g l HlCE．HDL，biotin- 
U)L． and streptavidin．miemfluomsphere beads 

used for C圈[P activity detenninatiom were 

purchased from Amersham (Arlington Hei 担 

IL)． ．I11e total eholesteryl concentrations of the 
U)Land皿 Lin the SPA kitwere determined to 

be (21．5±0．6)and(2．6±0．5)nag·L 

(露士s，n=3)with a total-eholesteryl assay kit 
from Sigma． Lipids used in the experiments 

were purchased from Avanti Polar Lipids 

(Alabaste~ AL)． Ⅱle 1-Step AFIS color 

reagentw88 obtained fromPieDce(RocldordIL)． 
岫j 0f出 ste玎l ester 四  

Ihe binding ofCE bv 惴 assessed bythe 

procedure usmg phoapholipid vesicles containing 

eholesteryl ester as a li~and donorL13J． I10 

prepare the vesicles，e鹤 pI 由k}l0liTle 
(PC)5．4 btmol，eholesteryl oleate 82 nmo1．and 

l HJehohsteryl oleate 1．5 MBqwere mixed and 
dIiedin ad鹊stube under a sll-ealll of nitrogen． 
．It1e lipids w suspended in 7 mL of buffer 
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containing Tris 10 lmnol·L_。．edetie acid 1 

mmol·L_。，pH 7．4(TE buffer)by vortexing． 
，I1le solution WaS sonieated 4 X 12 rain periods at 

4 oC using a sonicatorwith amierofip(Ultrasonic 

W_385)． ，I1le lipid solution WO．8 then tentri— 

f ged at 1700 X g at 4 oC for 5 min and ehro— 

matographed over a Sepharose 4B column( 2．6 

cm x 50 cm)at a flow rate of 1 mL·miIr ． 

，I1le central one—third of the ineluded vadioaetlve 

peakWaS pooled and usedfor experiments． The 

vesicles containing egdg PC (7．2 mno1)with 
1．5％ eholesteryl oleate (1ml／lm1) and 

l H fcholesteryl oleate 3．3 kBq ofwere incubated 
with C肿 1O and bovine 8~rum 81bltiilJn 

(BSA)0．2 g·L in TE buffer at 37 oC for 1 h in 
a total volume ot"1 mL． 1'le I xblre wa8 

applied to a Sephadex G200 column( 18 DⅡn X 
70 DⅡn) equilibrated with TE bu r and 
controlled by afast proteinlim d chromatography 

(眦 )apparatus． ，I1le vesides and C口【P 

were separated at aflow rate of6 mL·h。 with TE 

buffer at 22 oC． Fraedons (3 mL) were 

collected and analyzea I’H JcE distrlbufion 
(0．5 rnL／assay) and C圈 l出 r aetlvity 

(柏 assay)． 
Bintl~g of n b ．I说 t0 CETP C日 

(20 ng)WaS mixed with phosphate-buffered 

~lJIle(PBS)50止 ，pH 9．4 and bound to a 
mierofiter plate overnight at 4 oC with S10W 

shaldng． ，I1le solution WO．8 removed and 3 ％ 

BSA(wt／vol，fatty aeld free)5O止 in PBS at 
pH7．4WO．8 added andincubatedfor1 h atl~oin 

temperature． After a briefwashwithPBS．PBS 

30止 wa8 mixed with 5％ M SO(vol／vo1)10 
“L containing appropriate concentrations of 

compounds and the mixture WaS added into the 

wells． 11le soludom were agitated at 22 oC 

20 min lollowed by addition of 10 “L of diluted 

mAb Ⅱ or a non．neutralizing mAb TP14 such 

that the final dilution of the mAb WaS 100：1． 

After a 2一h incubation．the plate wa8 inettbated 

with a horse vadish pemxidase．1inked goat 

~ ir~1ollse ant~ ay at dilution of 200：1 for 

2 h． Ille wells were then washed with PBS for 

20rain and a color-forming reagent 1．Step A瑚瞎 

was added fbr co]or development． 皿le 

adsorbanee wa8 measm~ at 405 衄 ． 'nlree 

washes with PBS 2OO 止 at pH 7．4 were always 

performed between inettbations to maintain a 

minimal backgrour．J． 

a朗 Ilt'an~elt-activity 瑾瞄a 肋 L 

containing【 H】CE，biodn-Ⅱ)L from the sPA 
assay kit and C口【P．were mixed in 瑚吣 5o 

lmnol·L一 ，pH 7．4，NaCl 15o llllnO1．L_。， 

O．1％ BSA(wt／vo1)to a~mal volume of6o止  
and W-A WO．8 added to the mixture in Me'SO 

(<1％ vol／vo1)． n reaction wo．8 incubated 
f0r 1 h with slow shaking and WO．8 8topr~ with 

O．2 mL streptavidin-beads contaJ~ stop 
solution． incubated at 22 oC for 1 h and 

counted． Control time caIlrse experiments 

indicatedthat the assay WO．8 linear for up to 3 h 

underthese conditions． When肋 Lwa8 used as 

the variable in kinetic studies，linear tmn~ornl 

WaS used to obtain apparent K．I and 口IaI ． 

Tile ％ of C口【P inhibition WO．8 calculated by： 

l— LcpIn d—cpm ．： l hlm ／ cpI ∞ 一 

cpm I l bl ) X 100， where control and 
comoound indicatethe 8．bflence and presence ofa 

compound，respectively，and b／ank indicates the 

adsence ofC口【P． 

REs【】I腮  

，I1le inhibitory aetivity of W-A and several 

other compounds on the CE tmn~el"aetlvity of 

C口【Pweretestedin SPA． W．A inhibited C圈 

CEtinnier aetlvi竹 with aTl Icm 0f 5 tlmol·L 

but the other hydrophobie COnlpOU~ ，including 

lovastatin， mevastatin． AcAT inhibitor 

a 277082，and probueo]，displayed no 13．ppa~nt 

inhibifion ofthe C圈 activity at 50tlmol·L_。． 

皿le results suggest that the inhibition was not 

o．．all~ by a general hydrophoblc interaction 

betweenW-A and C口【P． 

Tile po~fibility that W-A blocks binding of 

cE t0 C口【P WaS tested by a filtration 

methodL”J． ．It s method utilized phosphollpid 

vesicles(egg PC)一contaln~ [ H]eholesteryl 

oleate(1’HJcE)asli nd donors andincubated 

with C日 (as a l I~]CE aeeeptor)followed by 
separation of vesicles associated- and C腓  

associated l I-IJcE by耐 ~dtrafi~a ehmr~to． 
graphy． Tile void andtotaljnelusion volumes of 

the gel filtration column were aprm i．mtely 50 

mL and 150 mL， 8．8 determined u~ing blue 

dextran and phenol red． respectively． n 

eluti~a volume for C明 wa8 approximately 80 

mL． Wllen the vesicles were ehromatograohed 

alone，【 I-IJCE associated with the vesicles and 
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appeared in the void vo]ume(Fig 1A)． when 
was i∞ u ed with the vesicles， CⅡ  

lx~tnd l H]CE and a P aetivity were both 
eluted at approximately 8o mL(F 1B)． 

1lfdⅫmd[ H]CE remained in tlle vesicles and 
was duted in the void volume (Fig 1B)． 
Incubation of I ．a a P aetivity-neutralizing 

mAb．with a P and the resides resulted in 

abolition of binding of l H]CE to and 
CⅡ P tml~ er aetivity at elution volume 8o mL 

(F 1c)． Similarly，ineubadon of w A (30 
t~mol·L ) with C口[P aIld the resides 

decreased [ HlCE binding to tml~ r 
activityby(76±5)％ and(81±6)％ 【n=4， 
±s)，~ aively(Fig 10)． 

l A 1 ’ b 

I 
l I ． 
I 

． 

n a ． 嗑 加h —■t一 

。 l D 

l 
I 6 ‘ I 

’  

蠡一 h !． 
O ∞ 柚 ∞ 帅 1∞ O ∞ 柚 ∞ ∞ 1∞ 1∞  

Elutlo咖 L 

№ 1．嘲 0f-- AlW-A．)∞ 由蜘 I豳  

岫d嘻 I—．~J—lr． 1A} ■峨 ； 【IBI 
删 椭 加 岖 a哪 ，lC)蛳 蚺 lIB)口0单t 

m 枷 嘴 榭 删 ，|ndI D】蛳 誓 IIB} IV- 
A 舯 l ·L-a榭  dn d 恤e m b 蛔 ． 

10)[ cE∞岫 柚dI●)cETP钟d呻 ． 

T0 test if the bl0cka冀e 0f CE bi to 

CE was a fein t of nompeeifie 叩1l0bic 
effect W-A． we eYAn-~ned tlle effect 0f 

~ ther 血唧h0bic C口[P inhibitor 

sC}珏m 12 juJ On 【 HJCE biIldiTlg to C口[P． 
Usi嘴 ．A， SC}珏m 12 inhibited CE CE 

衄 幽 ac ty with aII 0f 20 岬 l·L_。． 

hlc 0f ：}I87712 with C口[P and 

I H ICBlabeled vesidk；did I dee~ e either 
CE bindingtoC口[P ora玎PCE位msfer ac vity 

at elu m Ⅶll蛐 80mL(Fig 2)． 

10 

0 

0 20 40 60 80 100 120 

日ut|on volume／mL 

№ 2． E眦 0f s(瑚  m @ b to - 

h—咖 0f s(触舢 I笠 lI · )WnhI—．~J—lr|nd 

[ ]∞ 嘴 Pc pe| 刚  ∞ 

抽，口r丑．ed 蛋 1． 10)【 H】cE柚d I●)I—．~J—lrIc吐嘶  
伽 矗 lI瞄 ，舶印 蜢他 ． 

111e resIllts suggest tllat SCI-Ig／712 inhibit~ 

C口[P ac ty山r0Il小 a different rr chanism aIld 
thein_hibition 0fCE bindi toC口[P by W_Awas 
not a nompeeifie hyd~phobieinteraction． 

Alth0l|曲 both I and W-A block CE 
bi~amgto ，tll胛 may not bindC口[P attlIe 

same site bec跚se I is ala骅 ，soluble protein 

and W-A is a smaU t~tmphabie l de． T0 

test the ~ ibilitv that I aIld W-A inten~-t 

with C口[P Mi~ent re ons im,o]ved CE 
bi~amg to C口[P，effect ofW-A On the tdiIlg0f 

I t0 CETP was ex~ ined with fill EusA 

m thod． I inhibit~CE ac ty binding 

at the C—terminus 0f C口[P w}Iich c0lls 岫 the 

CE binding siteL ． Inere~ing咖 cenⅡad0 ls 0f 

W_A elevated Ⅱ 】2 ndinE to C口[P 

appositely 2-fold at 5 ar 15“∞ I．L一 aIld 

about 3．fold at 50 I ·L (F 3)． In 
e~ntml as哪 ，W．A did n0t~feetthe binding 0f 

mAb 'IP14， M~ieh aid not neImalize C口[P 

缸an r a vity aIld did 耐 bind at the C— 

ten~ ,d 碥 ∞ 0f C口[P in the same 

c0n。e咖 6o m ge(Fig 3)． 
Since 7712 did wt bl~ek CE binding 

to a玎P(Fig 2)，s( I∞712 was also examined 

as a o0n州 for tlle枷 ty to cIlal1 the birIdiTlg 
0f I t0 ． sC瑚盱712 di印 肿 effect 

On the bindingof I ，as well as IP14，t0 a玎P 

upto 50 ·L ( 3)． 

叮∞＼ 譬w J-山0 J0山0r 

∞ ∞ 伸 o ∞ ∞ " o 

b日 罢譬 L|0古 山0 
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啦 3． 期 虚 "rF2 栅 。蛔 血 l印岫 pe 埴 

the 姻 雕  W -A QgI1F wi  bonntl to ■ 

B ■脚  岫 blocked b BSA． 'W-A of 

s(卫批 惴 h咖，删 椭 C]g'I'P by 

h ，咖 wltlb mh,b啦 (0 ) mh,b'13P14(●)． 

l̂脚rpl量0璐 emtlrol(W-A■0Imlal· 】研t O．∞ ± 

0．帕 _nd 0．76±0．0薯h "I'P2衄d1"F14-弛单睇廿呻 ． 

Ⅱ咄 h s啷 玎l2砒 0Ilm0l· 研t O．3o±0．加 叫 d 

O．Bl±0． O "I'P2 addTP14．rtsoee~ ty． 

月=3． ±s． 

The rlatui~of C口【P inhibition by W．A w舾 

口a玎酬 by measurh-Lg C口【P activity with 

~／a／yillg concentrations of皿 L and a阴 in the 

presence of W．A． Wh∞ }Ⅱ)L Waft vailed and 

the datawere analy~ by double．~ iprocal Ctll'Ve 

劬iIlgL“ ，apparent l衄 values of(33．9± 
4．2)，(9．7±0．2)，and(5．9±0．1)TBq 

[ H]cE·h ·g ( )were obtained for 
control(noW-A)，W_A14 and 25tnnol·L (n 
：3， 孑 ± s)，respectively (Fig 4)． In 
contrast， comparable apparent values were 

obtain~ atthe 3INNICell[1ltliOl~of W．A：(1．7± 

0．4)，(1．1士0．4)，and(2．1士0．5) ·LI1 
(}ⅢL)(n：3， ±s)，respectively(Fig 4)． 

dat8 we consistent th a IHIn- 

eompeti~ve inhibition by W-A， suggesting 

separate sltesforW．A andHDL On CEIP． 

1 H·CE]HDL(1／n0) 

4． 日删 c皿由 出 翻  W-A∞ a册  曲  

∞ D b-e re咖 一 pI嚏 棚  
m_m∞岫  曲 日a 嘶  the|bm (0) 

lnd 姻雕  W-A|‘14(●) 25Imlal· (x)． 
月=3． ±$． 

n present studies employed CE．a 

binding as明vL arld a aerialty kiT删ljc 

mea8Ⅲen nts．arld prodded eddenee tIl砒 A 

acted tl|Ioll inhibiting CE binding to C口【P． 

The 冀eI fihration ch瑚吐哪t0岬讪 瑚 

sepBrated【 HJCBC口【P c0ItIp1 from egg PC 

vesicles co 【ai g L HJCE． BothⅡel巾[a瞄l1g 
mAb Ⅱ)2 aI1dW-Ainhibitedthebinding of t0 

CE (Fig 1)whereas an0lller h州mDll0bic 
inhlbltor Sc脚 712 did not(Fig 2)． Since 
CEIP may tl~ er CE bv a c8rrieI mecll8I’i眦  

aIld the mh嚷 of CE to CEIP is an seTl血d 

step in the nal鸺f r~ idtyL ，b】0cI【a鼬 of CE 

binding t0 CE]【P bv ．IP2 0r W．A provides an 

efficient唧 to reduce C口【P aerialty． A】tb0u出 
both Ⅱl2 and W-A inhibit blndin~of CE to the 

nan ler protein，they may not毗 in a c0I玎n啪  

mechanism． Ⅱl2 Ilas been 8Il∞m to inhibit 

by bir at the hyam~lie side ofthe C． 
tennin~ helix of w the other宕ide of 

the helix is hydm~obie aIld c0l1日tit岫 毗least 
par【ofthe binding site ”CEL J， nLe =Idi 

0f I may steric~llyinhibitCE a hinginto 

the CE bkndlng site． In c(Ⅱ山烈 ． f耽 W．A i8 

a smau hyam~ bie eon~und，it nI8y bind at 
the opposite h h0bic宕ide ofthe helix，either 

di~eefly occupyingtheCE bindin~site Or alterthe 

loeal eonfor~ tion of the CE binding pocket to 

一 oI．×． '日、I．一 —Ⅲ_I_10Isc cl_山nl，I． 

一莩 I。plS 

．1-|oo 寸1． 卜．IoN 卜J_o口c一 芒一∞ 
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prevent CE binding． rI11e proximal binding sites 

between ，II and W-A were supported by the 

日吼 experinaents in whieh effect of W-A 011 

onhanced binding of Ⅱ to CETPw丑8 observed． 

suggesting that the interaction of W A chansea 

the conformation of Ⅱ epitope in such a way 

that the affinity of，II f0r the epitope was 

increased(Fig 3)． 
Ihe noneomoetitive inhibition of CE】【P 

activity byW-A indicatesthatthe action ofW—A 

is not through interaction of W-A with }玎DL． 

nIe apparent Km values were not sisnitlcantly 

different(Fig4)inthe presence ofW-A 0，14， 
and 25 tJanol‘L～ ，suggestinS that the affinity of 

this subs Ief0raⅡP was not altered byW-A． 

1tIe wa8 decreased in the pzesence of W_A 

14 and 25 mnol·L by 74 ％ and 83％ ． 

~ p,,etively(Fig 4)． 1tIe reduced numbers of 
binding sites CEinthe讲嘲en。e ofW-A(Fig 
4)is consistent with the o~ i'vation that W A 

prever,ds CE binding to CE】【P (Fig 1)． W1lile 
the 皿 binding site is at the C—te~ nus of 

aⅢP．the binding site for叻 L has been shown 

to involve $111"fac~ ch,L,gea flnlillo acid l,esidues 

away from binding site of CE such 1t8 K233 and 

R259 ． Therefore although W-A does not 

inhibit叻 L binding to CE】【P(Fig 4)，it may 
inhibit a IP activity by stalling the delivery of 

CEfrom thebound吼 totheCE biIld pocket 

atthe C．tenr~ us． 
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堕里自类；单克隆抗体类； 
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