
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!"#$%&'()%&*$ *+ %,# -.)%#.#%
/01 2#(#-%*2 %)23#%#" 45
)$%&%,2*64*%&( "2738
97$%,#2 :*..*-#%#2"; :)$8<=&(,)#. >)$%?#$#; 0&)$) @&$(#$%#;
9#*23&) A&#$; A)72) B$3.)$""$; @)$&%,) C)6)D2&8,$)$#;
C7#5<E&$3 F)$3#; 1)G7&%) H72"#$%; /.)$ H72"#$%; 0)I&" >7.&78"
J 1)6#.) EK L*$.#5#

"!"#$%&'"(& )* +",,-,$% $(. /),"0-,$% 12$%'$0),)34 $(. 1%)3%$' 5(
6"-%)705"(0"8 9(5:"%75&4 )* +$,5*)%(5$8 ;$( <%$(0570)8 ;$( <%$(0570)8
+$,5*)%(5$ =>?>@8 9;A
#+BC D2"%$#"-&5078 E(0F8 ;)-&2 ;$( <%$(0570)8 +$,5*)%(5$ =>GHG8 9;A
%9/C II@@ +6C;8 J)K#5&$, +$%.5),)35L-"8 @@MGI 1"77$08 <%$(0"

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

"#$%&#&%' ($)& $ *+,*-$# +.#& -/ %(& 0$-/%&/$/*& .1 /.+0$#
($&0.'%$'-'2 $/3 4&+%,+5$%-./' .1 %(-' '6'%&0 *$/ #&$3 %. 4$%(.7
#.8-*$# %(+.05,' 1.+0$%-./ $/3 )$'*,#$+ .**#,'-./2 +&',#%-/8 -/
'%+.9&2 06.*$+3-$# -/1$+*%-./ $/3 ,/'%$5#& $/8-/$! :;" +&#&$'&3
1+.0 3$0$8&3 )&''&#' $/3 +&3 5#..3 *&##' -/3,*&' 4#$%&#&%
$88+&8$%-./ %(+.,8( $*%-)$%-./ .1 %(& -/%&8+-/ <"==5>===$ $/3
',5'&?,&/% 5-/3-/8 .1 @5+-/.8&/! :;" -' $#'. '&*+&%&3 1+.0
4#$%&#&%' ./ $*%-)$%-./2 4+.)-3-/8 4.'-%-)& 1&&35$*9 %($% 4.%&/%-7
$%&' %(& $*%-./' .1 0$/6 4#$%&#&% $*%-)$%.+'A! :;" 0&3-$%&'
4#$%&#&% $88+&8$%-./ %(+.,8( -%' $*%-./ ./ %B. <74+.%&-/7*.,4#&3
+&*&4%.+ ',5%64&'C2D! E(& "CFA +&*&4%.+ *.,4#&' %. <? $/3
0.5-#-G&' -/%+$*&##,#$+ *$#*-,0 -./' %. 0&3-$%& 4#$%&#&% '($4&
*($/8& $/3 $88+&8$%-./H2I! E(& '&*./3 :;" +&*&4%.+ +&?,-+&3 1.+
$88+&8$%-./ J)$+-.,'#6 *$##&3 "CF:;"2 "CF:K2 "CF*6* .+ "CE:KL -'
*.,4#&3 %. %(& -/(-5-%-./ .1 $3&/6#6# *6*#$'& %(+.,8( <-! E(&
0.#&*,#$+ -3&/%-%6 .1 %(& <-7#-/9&3 +&*&4%.+ -' '%-## &#,'-)&2 &)&/
%(.,8( -% -' %(& %$+8&% .1 &1@*$*-.,' $/%-%(+.05.%-* $8&/%'2 ',*( $'
%-*#.4-3-/& $/3 *#.4-3.8+&#M>N $/3 :O7KMMPQM J+&1! QL! R&+& B&
3&'*+-5& %(& *#./-/8 .1 %(-' +&*&4%.+2 3&'-8/$%&3 "CFAC2 $/3
4+.)-3& &)-3&/*& %($% $ 4$%-&/% B-%( $ 5#&&3-/8 3-'.+3&+AP ($' $
3&1&*% -/ %(-' 8&/&! K#./-/8 .1 %(& "CFAC +&*&4%.+ '(.,#3 1$*-#-%$%&
%(& 3&)&#.40&/% .1 5&%%&+ $/%-4#$%&#&% $8&/%' %. %+&$% *$+3-.7
)$'*,#$+ 3-'&$'&'!
&' ()*+,(-. ,/* 0(12(+3*) 425,*2*, 678 9*:*4,'9; <* *+=(+**9*)

N"()#-7 '':.,*> ,' 522'< ,/* )*,*:,('+ '- 0(12(+3*) 9*>4'+>*>
,/9'?=/ 5 >*+>(,(@* *2*:,9'4/.>('2'=(:52 5>>5.! &/(> >,95,*=. (>
A5>*) '+ ,/* -5:, ,/5, >*@*952 0(1:'?42*) 9*:*4,'9>; >?:/ 5> ,/*
BC D?>:59(+(: 9*:*4,'9; 9*2*5>* 0!" >?A?+(,> -9'D /*,*9',9(D*9(:
0 49',*(+>; ,/*9*A. 5:,(@5,(+= (+<59)2. 9*:,(-.(+= EF :/5++*2>
GE(9H!IJH!KLII! 6 :'D42*D*+,59. 7M6 2(A959. -9'D 95, 425,*2*,>
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B'9*'@*9; </*+ :UM6 *+:')(+= 4*9,?>>(+ ,'N(+ <5> (+T*:,*)
,'=*,/*9 <(,/ ,/* 95, 8CRIC :2'+*; ,/* 9*>4'+>* ,' 678 <5>
5A'2(>/*) GS(=! IAL; 5> 49*)(:,*) -'9 ,/* 0(12(+3*) 425,*2*, 678
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c+)**); 9*:'DA(+5+, 8CRI 9*:*4,'9> 9*>4'+) )(--*9*+,(522. ,' 6&8;
)*4*+)(+= '+ ,/* *N49*>>('+ >.>,*D ?>*)Ie;I`!
_/(+*>* /5D>,*9 '@59. G_hZL :*22> *N49*>>(+= ,/* /8CRIC 9*:*41

,'9 )(>425.*) 6781D*)(5,*) 9*49*>>('+ '- -'9>3'2(+1>,(D?25,*)
:.:2(: 6B8 G:6B8L 2*@*2> (+ 5 )'>*1)*4*+)*+, D5++*9; 9*5:/(+=
5 D5N(D?D '- Kej 9*)?:,('+ 5, IO#B 678 GS(=! H5L! &/*

!"##"$% #& '(#)$"

M6&VUW X YZ[ KO\ X II ]6MV6UR COOI X <<<!+5,?9*!:'D *+,

2MeSAMP

C1330-7

A3P5P

50 s

20
0 

nA

–10 –9 –8 –7 –6 –5 –4

1.0

0.8

0.6

0.4

0.2

0

N
or

m
al

iz
ed

 c
ur

re
nt

log [antagonist] (M)

A
D

P

A
D

P

C
ar

ba
co

l

C
ar

ba
co

l

P
C

M
B

S

20
0 

nA

50 s

c

b

a

!"#$%& + S1++./-& &-%;12'-.3 G< 56! %/ ,,0<-.& .=*+.&&%/> 4!"#$" ?%-4 @%+A7$ '/3 A7B

'+. %/4%G%-.3 G< "E.P5E!8 S$AAD)H ,+ ' -4%,2 +.'>./-7 (8 S1++./- -+'0%/> &4,?%/>
+.9.+&%G2. G2,0X%/> ,: 56! C$#EF +.&*,/&.& G< "E.P5E! C$D#EF ,+ S$AAD)H C$#EF8

G1- /,- G< 5A!Y! CADD#EF7 O4. 3,-& %/3%0'-. -4. &-'+- ,: $Y)& '**2%0'-%,/& ,: 56!Z G'+&
%/3%0'-. 0,)'**2%0'-%,/ ?%-4 -4. '/-'>,/%&-7 )8 "E.P5E! C&Q1'+.&F '/3 S$AAD)H C0%+02.&F
%/4%G%-%,/ 01+9.&7 S1++./- +.&*,/&.& ?.+. /,+;'2%U.3 -, -4'- .2%0%-.3 G< 56! CYDD /EF

'2,/. %/ .'04 ,,0<-. '/3 *2,--.3 '& ;.'/&% &737 S1+9.& ?.+. I--.3 -, -4. 3'-' ?%-4 -4.

W%22 .Q1'-%,/ C# [ Y %/3.*./3./- ,,0<-.& :,+ .'04 *,%/-F7 *8 P.2.0-%9. 'G2'-%,/ ,: !"#$" G1-
/,- E" ;1&0'+%/%0 +.0.*-,+ &%>/'22%/> G< -4. -4%,2 +.'>./- *SE\P7 56! C$D#EF8
0'+G'04,2 C$#EF '/3 *SE\P C$;EF ?.+. '**2%.3 &.Q1./-%'22< -, '/ ,,0<-. .=*+.&&%/>

G,-4 +.0.*-,+& 0,/01++./-2< ?%-4 @%+A7$ '/3 A7B7 \'+& %/3%0'-. *.+%,3& ,: 3+1> '**2%0'-%,/

C$D &F7

cA
M

P
 a

cc
um

ul
at

io
n

(%
 o

f c
on

tr
ol

)
125

100

75

50

25

0

cA
M

P
 a

cc
um

ul
at

io
n

(%
 o

f c
on

tr
ol

)

125

100

75

50

25

0

cA
M

P
 a

cc
um

ul
at

io
n

(%
 o

f c
on

tr
ol

)

125

100

75

50

25

0

Con 0.1 1 10

ADP (µm)

Con +2MeS +C1330-7

ADP (1 µm)

Con 10 ADP Con 10 ADP

+ PTX

c

b

a

!"#$%& , 50-%9'-%,/ ,: 4!"#$" %/ SWJ 0.22& %/4%G%-& '3./<2<2 0<02'&.7 (8 L.0.*-,+ 0,1*2%/>
-, '3./<2<2 0<02'&. ?'& '&&.&&.3 '& 56!);.3%'-.3 CD7$T$D#EF %/4%G%-%,/ ,: :,+&X,2%/)

&-%;12'-.3 C$D#EF 05E! '001;12'-%,/ CS,/8 0,/-+,2Z /,+;'2%U.3 -, $DD]F7 )8 V::.0- ,:
-4. &*.0%I0 '/-'>,/%&-& "E.P5E! C"EVPF CYD#EF '/3 S$AAD)H CYD#EF ,/ +.*+.&&%,/

,: 56!);.3%'-.3 C$#EF :,+&X,2%/)&-%;12'-.3 05E! 2.9.2&7 *8 V::.0- ,: *+.-+.'-;./- ?%-4
!OR ,/ -4. %/4%G%-%,/ G< $D#E 56! ,: :,+&X,2%/)&-%;12'-.3 05E! 2.9.2&7 L.&12-& '+.

;.'/&% &737 ,: -4+.. +.*+.&./-'-%9. .=*.+%;./-& *.+:,+;.3 %/ -+%*2%0'-.7

© 2001 Macmillan Magazines Ltd



9*49*>>('+ '- :6B8 2*@*2> A. I#B 678 <5> 9*@*9>*) A. ,/*
>*2*:,(@* 5+,5='+(>,> CB*Q6B8 5+) _IHHO1e GS(=! HAL; (+ 5=9**1
D*+, <(,/ ,/* 4/59D5:'2'=(:52 49'P2* 'A>*9@*) (+N"()#-7 '':.,*>;
5+) 5> )*>:9(A*) -'9 ,/* 0(1:'?42*) 9*:*4,'9 '+ 425,*2*,>! M*(,/*9 '-
,/*>* 5+,5='+(>,> /5) *--*:,> '+ -'9>3'2(+1>,(D?25,*) :6B8 2*@*2> (+
,/* 5A>*+:* '- 5='+(>,! Q(D(259 9*>4'+>*> ,' 678 <*9* 'A>*9@*) (+
95, C1\ PA9'A25>,> >,5A2. *N49*>>(+= 98CRIC G)5,5 +', >/'<+L!
89*,9*5,D*+, '- ,95+>-*:,*) :*22> <(,/ 4*9,?>>(> ,'N(+ 5A'2(>/*)
*--*:,> '- 678 '+ -'9>3'2(+1>,(D?25,*) :6B8 GS(=! H:L; (+)(:5,(+=

,/5, ,/* 9*>4'+>* (> 0(1D*)(5,*)!
M'9,/*9+ A2', 5+52.>(> )*D'+>,95,*) ,/5, 8CRIC (> 5A?+)5+,2.

*N49*>>*) (+ /?D5+ 425,*2*,>; 5+) ,' 5 >D522*9 *N,*+, (+ A95(+
GS(=! K5; AL! &/* 49*)'D(+5+, ,95+>:9(4, '- C!K 3A <5> 5A>*+, -9'D
522 ',/*9 ,(>>?*> *N5D(+*); (+:2?)(+= 4*9(4/*9521A2'') 2*?3':.,*>! 6
-5(+,*9 >4*:(*> '- !K!b 3A <5> 52>' )*,*:,*) (+ 425,*2*, 5+) A95(+;
</*9*5> 5 49'D(+*+, A5+) '-!I!O 3A GS(=! KAL <5> 'A>*9@*) '+2. (+
425,*2*, UM6! d* 52>' -'?+) >*2*:,(@* *N49*>>('+ (+ 425,*2*,> 5+)
A95(+ (+ 95, ,(>>?*> G)5,5 +', >/'<+L! &/?>; ,/*DUM6 -'9 ,/(> +'@*2
0149',*(+1:'?42*) 9*:*4,'9 G08_UL /5> 5 9*>,9(:,*) *N49*>>('+
45,,*9+ 5+) (> 5A?+)5+,2. 49*>*+, (+ 425,*2*,>; </(:/ (> :'+>(>,*+,
<(,/ ,/(> :7M6 *+:')(+= ,/* 425,*2*, 0(12(+3*) 9*:*4,'9! d(,/(+ ,/*
A95(+; ,/* C!K13A >4*:(*> <5> 'A>*9@*) (+ +?D*9'?> >?A9*=('+>;
(+:2?)(+= ,/* 5D.=)525; :5?)5,* +?:2*?>; :'94?> :522'>?D; /(44'1
:5D4?>; >?A>,5+,(5 +(=95 5+) ,/525D?> G)5,5 +', >/'<+L! _*22?259
9*>'2?,('+ '- ,/* *N49*>>('+ '- 98CRIC <5> 'A,5(+*) A. 5( 75&-
/.A9()(g5,('+ /(>,':/*D(>,9. '- A95(+ >*:,('+>a 4?+:,5,* >,5(+(+=
<5> +',*) ,/9'?=/'?, </(,* 5+) =9*. D5,,*9 GS(=! K:L! 89(+:(452
:*22> '- ,/* /(44':5D4?> <*9* +', >,5(+*); +'9 <5> 5 25D(+59
45,,*9+ '- *N49*>>('+ 'A>*9@*) (+ ,/* +*':'9,*N! &/*>* 'A>*9@5,('+>
59* :'+>(>,*+, <(,/ 5 =2(52 *N49*>>('+ 45,,*9+! c+,*9*>,(+=2.; ,/* '+2.
:*22 2(+* 49*@('?>2. )*>:9(A*) ,' *N49*>> 5 8CR 4?9(+*9=(: 9*:*4,'9
,/5, (> +*=5,(@*2. :'?42*) ,' 5)*+.2.2 :.:25>* (> ,/* 95, _f =2('D5 :*22
2(+*I\! c+)**); <* )*,*:,*) 5 C!K13A DUM6 >4*:(*> (+ ,/*>* :*22> A.
+'9,/*9+ A2', 5+52.>(> <(,/ 5 98CRIC 49'A* G)5,5 +', >/'<+L!
k. ?>(+= 5 95AA(, 4'2.:2'+52 5+,(>*9?D )(9*:,*) 5=5(+>, ,/*

49*)(:,*) 5D(+' ,*9D(+?> '- 98CRIC; <* 5>>*>>*) ,/* >?9-5:*
*N49*>>('+ '- 9*:*4,'9 49',*(+ '+ >,5A2. ,95+>-*:,*) 95, C1\ PA9'1
A25>,> '9 95, 425,*2*,> A. i'< :.,'D*,9.! 6, 5+ 5+,(A'). :'+:*+,951
,('+ '- Cb#=D2!I; +(+*-'2) GS(=! K*L 5+) -'?9-'2) GS(=! K)L (+:9*5>*>
(+ D*5+ i?'9*>:*+:* (+,*+>(,. G:'D459*) <(,/ 5 :'+,9'2 5+,(A').L
<*9* 'A>*9@*) <(,/ ,95+>-*:,*) :*22> 5+) 425,*2*,>; 9*>4*:,(@*2.;
)*D'+>,95,(+= ,/5, 8CRIC 49',*(+ (> (+)**) *N49*>>*) '+ ,/* 425,*2*,
>?9-5:*!
d/*+ ,/* :/9'D'>'D52 2':52(g5,('+ '- ,/* 8CRIC =*+* <5>

)*,*9D(+*) <(,/ ,/* Q,5+-'9) 0H 45+*2CO GU*>*59:/ 0*+*,(:>L;
8CRIC1>4*:(P: 49(D*9> D544*) :2'>*>, ,' Q&Q17IHfCf; :'99*>4'+)1
(+= ,' ,/* Ec66OOOI =*+* 9*:*+,2. ()*+,(P*) 5> 5 V781=2?:'>*
08_UCI! k',/ '- ,/*>* =*+*> 9*>()* '+ :/9'D'>'D* HlCKJCb;
(+,*9@52 7HQICe\JIC`O; 5 9*=('+ ,/5, 52>' (+:2?)*> ,/* /?D5+
8CRI =*+*; G0*+*B54 \\a /,,4^mm<<<!+:A(!+2D!+(/!='@L! &/?>; ,/(>
(+,*9@52 :'+,5(+> =*+*> *+:')(+= 5, 2*5>, ,/9** 9*:*4,'9>; ,<' '-
</(:/ G8CRI 5+) 8CRICL D*)(5,* 6781)*4*+)*+, 425,*2*, 5==9*=51
,('+! 6D'+= 08_U>; 8CRIC (> D'>, :2'>*2. 9*25,*) ,' ,/* V781
=2?:'>* 9*:*4,'9CIGKKj ()*+,(:52L A?, D?:/ 2*>> >' ,' 8CRI GI\j
()*+,(:52L; >?==*>,(+= ,/5, ,/* V781=2?:'>* 5+) 8CRIC 9*:*4,'9>
59* ,/* 49')?:,> '- 5 9*25,(@*2. 9*:*+, =*+* )?42(:5,('+ '+ :/9'D'1
>'D* H!
&/* 49*)(:,*) /8CRIC 49',*(+ :'+,5(+> -'?9 *N,95:*22?259 :.>,*(+*

9*>()?*> G>** S(=! bL! 6 :9(,(:52 9'2* '- :.>,*(+* 9*>()?*> (+ ,/*
-?+:,('+ '- ,/* 425,*2*, 678 9*:*4,'9 /5> A**+ >?==*>,*) A. ,/*
5A(2(,. '- ,/('2 9*5=*+,> ,' 5A25,* 678 9*>4'+>*> (+ 425,*2*,>I!
c+)**); ,/* 5+,(,/9'DA',(: 5=*+, :2'4()'=9*2 (> 49'4'>*) ,' (+5:,(1
@5,* ,/* 0(12(+3*) 425,*2*, 678 9*:*4,'9 ,/9'?=/ 5 D*:/5+(>D (+
</(:/ (, (> D*,5A'2(g*) ,' 5 ,/('2 >4*:(*> ,/5, D')(P*> 5 :.>,*(+*
9*>()?* '+ ,/* 9*:*4,'9CC! d* -'?+) ,/5, 5 A9(*- *N4'>?9* '- '':.,*>
*N49*>>(+= E(9H!I; H!K 5+) /8CRIC ,' ,/* ,/('2 9*5=*+, #1:/2'9'D*91
:?9(4/*+.2>?24/'+(: 5:() G4_BkQL *2(D(+5,*) 6781*@'3*) :?91
9*+, 9*>4'+>*> GS(=! C:L! c+/(A(,('+ <5> >*2*:,(@* -'9 ,/* 8CRIC
9*:*4,'9 A*:5?>* ,/* 5:,(@5,('+ '- ,/(> >(=+522(+= 45,/<5. A. BC
D?>:59(+(: 9*:*4,'9> *N49*>>*) (+ ,/* >5D* '':.,*> <5> ?+5--*:,*)
A. ,9*5,D*+, <(,/ 4_BkQ!
M?9)*+ "& $,!IO /5@* 49*@('?>2. )*>:9(A*) 5 45,(*+, GB![!L <(,/ 5

D(2) A2**)(+= )(>'9)*9! 825,*2*,> -9'D B![! *N/(A(, (D45(9*)
6781)*4*+)*+, 425,*2*, 5==9*=5,('+; =9*5,2. 9*)?:*) 678 A(+)1
(+= 5:,(@(,. 5+) 25:3 ,/* 5A(2(,. ,' (+/(A(, :6B8 2*@*2> (+ 9*>4'+>*
,' 678! h'<*@*9; ,/* 8CRI19*:*4,'91D*)(5,*) 9*>4'+>*>; >?:/ 5>
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!"#$%& - !"#$" +.0.*-,+ %& &.2.0-%9.2< .=*+.&&.3 %/ *2'-.2.-& '/3 G+'%/7 (8 )8 M,+-4.+/
'/'2<&%& ,: 4!"#$" -+'/&0+%*-&7 522 2'/.& 0,/-'%/.3 "#> *,2<C5F

^ ;LM5 .=0.*- &';*2.&

:+,; *2'-.2.- '/3 _1+X'- 0.22&8 ?4%04 0,/-'%/ "D#> -,-'2 LM57 !\`8 *.+%*4.+'2 G2,,3

2<;*4,0<-.&Z W18 41;'/7 @%2,G'&.& C@GF '+. %/3%0'-.3 ,/ -4. 2.:-7 *8 +!"#$" -+'/&0+%*-& '+.
3%&-+%G1-.3 -4+,1>4,1- -4. G+'%/ %/ *+.&1;*-%9. >2%'7 P-'%/%/> ?'& .Q1'22< 'G1/3'/- %/

IG+. -+'0-& C008 0,+*1& 0'22,&1;F '/3 +.>%,/& ./+%04.3 :,+ /.1+,/'2 0.22 G,3%.& C3>8

3./-'-. ><+1&Z '/8 '+01'-. /102.1& ,: -4. 4<*,-4'2';1&F8 G1- ?'& 'G&./- :+,; 9'&012'-1+.

C*'8 *.+%0'22,&'2 '+-.+<F7 S,/-+,2 C&./&.F +%G,*+,G.& 3%3 /,- &-'%/ -4.&. +.>%,/&7 a./-+%012'+

&-+10-1+.& '+. '2&, %/3%0'-.3 C3A98 3,+&'2 -4%+3 9./-+%02.Z A98 -4%+3 9./-+%02.F7 .8 b5SP
'/'2<&%& ,: +'- *2'-.2.-& &-'%/.3 ?%-4 +!"#$" '/-%&.+' CI22.3 *.'XF ,+ ' 0,/-+,2 c>( C1/I22.3

*.'XF7 L'G8 +'GG%-7 &8 b5SP '/'2<&%& ,: +'- ")d IG+,G2'&-& -+'/&:.0-.3 ?%-4 -4. +!"#$"
06M5 02,/. CI22.3 *.'XF ,+ 1/-+'/&:.0-.3 +'- ")d IG+,G2'&-& C,*./ *.'XF7
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(+,95:*22?259 _5CF ('+ D'A(2(g5,('+ 5+) >/54* :/5+=*; 59* +',
5--*:,*); (+)(:5,(+= ,/5, ,/(> 45,(*+, /5> 5 >*2*:,(@* )*-*:, (+ ,/*
0(12(+3*) 9*:*4,'9! 6+52.>(> '- 4'2.D*95>* :/5(+ 9*5:,('+ G8_UL
49')?:,> -9'D ,/* 8CRIC :')(+= 9*=('+ -9'D B![!n> =*+'D(: 7M6
9*@*52*) ,/* 49*>*+:* '- '+*D?,5+, 522*2* 5, ,/(> 2':?>; 5> :'+P9D*)
A. )(9*:, >*l?*+:(+= '- 5, 2*5>, ,/9** (+)*4*+)*+, 8_U 9*5:,('+>!
&/* D?,5,('+ -'?+) (+ ,/* =*+* *+:')(+= 8CRIC :'+>(>,> '- 5
)*2*,('+ '- ,<' +?:2*',()*> G&&_6&&L <(,/(+ ,/* :')(+= 9*=('+;
5, 5D(+' 5:() CKO G+*59 ,/* M1,*9D(+52 *+) '- &BfL; ,/?> >/(-,(+=
,/* 9*5)(+= -95D* -'9 C` 9*>()?*> A*-'9* (+,9')?:(+= 5 49*D5,?9*
>,'4 :')'+ GS(=! bAL! &/(> D?,5,('+ <5> +', )*,*:,*) (+ IOO
95+)'D2. :/'>*+; *,/+(:522. D5,:/*) :'+,9'2 (+)(@()?52>! k('1
:/*D(:52 >,?)(*> >?==*>, ,/5, 425,*2*,> -9'D B![! 25:3 0(12(+3*)
678 9*:*4,'9>; .*, '?9 >*l?*+:* 5+52.>(> (+)(:5,*> ,/5, ,/(>

(+)(@()?52 /5> '+* D?,5+, 5+) '+* <(2)1,.4* 8CRIC 522*2*; 5, 2*5>,
(+ ,/* 49',*(+1:')(+= 9*=('+! &/(> >?==*>,> *(,/*9 ,/5, ,/* 8CRIC
D?,5,('+ ()*+,(P*) *N*9,> 5 )'D(+5+,1+*=5,(@* *--*:, '9 ,/5, B![!
/59A'?9> 5+ 5))(,('+52 D?,5,('+ ,/5, *2(D(+5,*> ,/* *N49*>>('+ '-
,/* 522*2* :'+,5(+(+= 5 <(2)1,.4* :')(+= 9*=('+! d* *@52?5,*) ,/*
-'9D*9 4'>>(A(2(,. <(,/ '?9 *2*:,9'4/.>('2'=(:52 5>>5. GS(=! b:L! S(9>,;
+' >(=+(P:5+, 5:,(@(,. <5> 'A>*9@*) </*+ '':.,*> <*9* (+T*:,*) <(,/
:UM6 ,95+>:9(4,> :'99*>4'+)(+= ,' ,/* -95D*1>/(-,*) 522*2*; )*D'+1
>,95,(+= ,/5, ,/(> D?,5+, (> (+)**) +'+1-?+:,('+52! B'9*'@*9; </*+
D?,5+, 5+) <(2)1,.4* :UM6> <*9* (+T*:,*) ,'=*,/*9 (+,' '':.,*> 5,
)(--*9*+, 95,('>; +' (+/(A(,('+ '- ,/* >(=+52 -9'D ,/* <(2)1,.4* 522*2*
<5> 'A>*9@*); )*D'+>,95,(+= ,/5, ,/* D?,5+, 522*2* )'*> +', 5:, (+ 5
)'D(+5+,1+*=5,(@* D5++*9! S?9,/*9 >?44'9, -'9 ,/(> :'+:2?>('+
:'D*> -9'D >*l?*+:* 5+52.>(> '- ,/* 8CRIC :')(+= 9*=('+ -9'D

!"##"$% #& '(#)$"

M6&VUW X YZ[ KO\ X II ]6MV6UR COOI X <<<!+5,?9*!:'D *+.
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1 2 43
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1.1 kb
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P2Y12 GPIIb
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c

b

a

d

Wild-type amino acids
Wild-type nucleotide
Mutant nucleotide
Mutant amino acids

236

236

hP2Y12

hP2Y1

UDP-glucose Rec

hP2Y12

hP2Y1

UDP-glucose Rec

hP2Y12

hP2Y1

UDP-glucose Rec

hP2Y12

hP2Y1

UDP-glucose Rec

hP2Y12

hP2Y1

UDP-glucose Rec

hP2Y12

hP2Y1

UDP-glucose Rec

hP2Y12

hP2Y1

UDP-glucose Rec
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60
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93

120
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180
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212

240
209

270

296
267

330

356
327

342

373
338

TM1

TM2

TM4

TM5

TM6

TM7

TM3

!"#$%& / 5 :+';.)&4%:- ;1-'-%,/ ?%-4%/ -4. 4!"#$" >./. %& '&&,0%'-.3 ?%-4 ' G2..3%/>

3%&,+3.+7 (8 6.310.3 ';%/, '0%3 &.Q1./0. ,: -4. 4!"#$" *+,-.%/ '/3 %-& '2%>/;./- ?%-4
,-4.+ 4,;,2,>,1& +.0.*-,+ &.Q1./0.&7 O4. *1-'-%9. ;.;G+'/.)&*'//%/> 3,;'%/& '+.

3.&%>/'-.3 ?%-4 G'+& 'G,9. -4. &.Q1./0.7 4!"#$" &.Q1./0. %& '2%>/.3 ?%-4 -4.

&.Q1./0.& ,: 4!"#$ +.0.*-,+ C'2&, .=*+.&&.3 %/ *2'-.2.-& '/3 '0-%9'-.3 G< 56!F8 '& ?.22 '&

?%-4 -4. 41;'/ N6!)>210,&. +.0.*-,+8 ?%-4 ?4%04 %- &4'+.& -4. >+.'-.&- 4,;,2,><7

P4'3%/> 3./,-.& ';%/, '0%3 %3./-%-< CG2'0XF ,+ &%;%2'+%-< C>+.<FZ '&-.+%&X& 3./,-.

.=-+'0.2212'+ 0<&-.%/. +.&%31.&7 )8 5 !"#$" '22.2. :+,; ' *'-%./- CE7`7F ?%-4 3.:.0-%9. 56!)

3.*./3./- '>>+.>'-%,/ 0,/-'%/& ' ")G'&.)*'%+ 3.2.-%,/8 +.&12-%/> %/ ' :+';.)&4%:-

;1-'-%,/ '/3 ' *+.;'-1+. -+1/0'-%,/ ,: -4. *+,-.%/7 *8 E1-'/- 4!"#$" +.0.*-,+ :+,;
*'-%./- E7`7 %& /,/):1/0-%,/'2 '/3 3,.& /,- '0- %/ ' 3,;%/'/-)/.>'-%9. 0'*'0%-<7

L.*+.&./-'-%9. 56!).9,X.3 ;.;G+'/. 01++./-& :+,; '/ ,,0<-. %/K.0-.3 ?%-4 YD *> ?%23)

-<*. CeOF 4!"#$" 0LM5 C1**.+ 2.:- *'/.2F8 YD *> ;1-'/- CEOF 4!"#$" 0LM5 C1**.+ +%>4-

*'/.2F ,+ ?%-4 YD *> eO '/3 %/0+.'&%/> ';,1/-& ,: EO 4!"#$" 0LM5& CG,--,; *'/.2&F7

J,0-<.& ?.+. '2&, %/K.0-.3 ?%-4 $ /> @%+A7$ '/3 $ /> @%+A7B 0LM5&7 6,-& %/3%0'-. -4.

,/&.- ,: 56! '**2%0'-%,/ C$D#E :,+ Y &F7 .8 !'-%./- E7`7 4'& 'G/,+;'22< 2,? 2.9.2& ,: LOT

!SL *+,310- 3.+%9.3 :+,; !"#$" ;LM57 LOT!SL ?%-4 *+%;.+& &*.0%I0 :,+ .%-4.+ !"#$"
C2'/.& $TBF ,+ (!ccG C2'/.& YTfF ?'& *.+:,+;.3 ?%-4 ?4,2.)G2,,3 LM5 :+,; *'-%./- E7`7

C2'/.& $8 "8 Y '/3 gF ,+ ' 0,/-+,2 CS,/F &';*2. C2'/.& A8 B8 H '/3 fF7 !SL +.'0-%,/& ?.+.

*.+:,+;.3 ,/ LM5 &';*2.& ?%-4,1- +.9.+&. -+'/&0+%*-'&. -, 0,/-+,2 :,+ >./,;%0 6M5

0,/-';%/'-%,/ C2'/.& $8 A8 Y '/3 HF7 5 $7$)XG *+,310- ./0,3%/> -4. !"#$" ,*./ +.'3%/>

:+';. ?'& ';*2%I.3 :+,; -4. 0,/-+,2 &';*2. G1- ?'& 9%+-1'22< 'G&./- :+,; E7`7 C' :'%/-

*+,310- 0,123 G. ,G&.+9.3 ':-.+ 2,/>.+ .=*,&1+.F7 c/ 0,/-+'&-8 -4. ';,1/- ,: *+,310-

CD7HH XGF ';*2%I.3 :+,; (!ccG ;LM5 ?'& .Q1%9'2./- G.-?../ E7`7 '/3 0,/-+,27 P.Q1./0.

'/'2<&%& +.9.'2& -4'- E7`7h& !"#$" LOT!SL *+,310- ?'& 3.+%9.3 &,2.2< :+,; -4. ;1-'/-

'22.2.7
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B![!n> )5?=/,*9; </' /5> 49*@('?>2. A**+ >/'<+ ,' /5@* 5+
(+,*9D*)(5,* +?DA*9 '- 6781A(+)(+= >(,*> 5+) (D45(9*) 6781
)*4*+)*+, 5==9*=5,('+IO! [(3* /*9 -5,/*9; >/* /5> '+* <(2)1,.4* 5+)
'+* -95D*1>/(-,*) 522*2*; 5+) (> ,/*9*-'9* 2(3*2. ,' A* 5 ,9?* /*,*9'1
g.=',*; A',/ 4/*+',.4(:522. 5+) =*+',.4(:522.! c- >'; ,/*+ ,/*
,9?+:5,*) 9*:*4,'9 )'*> +', 5:, 5> 5 )'D(+5+,1+*=5,(@* 5( :5:)!
S(+522.; <* 5>3*) </*,/*9 B![!n> 522*2*> 59* A',/ *N49*>>*) A.
4*9-'9D(+= 5 8_U 5+52.>(> 5-,*9 9*@*9>* ,95+>:9(4,('+ GU&J8_UL
'- UM6 -9'D /(> 425,*2*,>! WN,9*D*2. 2'< 2*@*2> '- 8CRIC1)*9(@*)
49')?:, <*9* 'A,5(+*) :'D459*) <(,/ 2*@*2> 5D42(P*) -9'D 5+
?+5--*:,*) (+)(@()?52 '9 :'D459*) <(,/ 5 :'+,9'2 ,95+>:9(4, *+:')1
(+= 425,*2*, 08ccA GS(=! b7L! c+ 5))(,('+; 5 >*l?*+:* 5+52.>(> '-
8CRIC U&J8_U 49')?:,> )*D'+>,95,*) ,/5,B![!n> 8CRIC ,95+>:9(4,>
59* )*9(@*) -9'D ,/* D?,5+, 522*2*a +' <(2)1,.4* 49')?:, <5>
)*,*:,*)! d* ,/*9*-'9* :'+:2?)* ,/5, B![!n> 25:3 '- -?+:,('+52 0(1
:'?42*) 425,*2*, 678 9*:*4,'9 5:,(@(,. '::?9> A*:5?>* /* *N49*>>*>
'+2. ,/* -95D*1>/(-,*) 522*2*! &/* D*:/5+(>D A. </(:/ *N49*>>('+
'- ,/* <(2)1,.4* 522*2* (> 9*49*>>*) (> +', :2*59! Z,/*9 45,(*+,> <(,/
:'+=*+(,52 425,*2*, )*-*:,> /5@* A**+ 9*4'9,*)CH; 5+) (, <(22 A*
(+,*9*>,(+= ,' )*,*9D(+* </*,/*9 ,/*>* 59* 52>' 5>>':(5,*) <(,/
D?,5,('+> (+ 8CRIC!
d* /5@* :/595:,*9(g*) 5 +'@*2 :7M6 -9'D 5 425,*2*, 2(A959. ,/5,

*+:')*> ,/* 0(12(+3*) 425,*2*, 678 9*:*4,'9! 0*+*,(:
K;b;IO;CH 5+)

4/59D5:'2'=(:52CK;Cb >,?)(*> )*D'+>,95,* ,/5, ,/* 0(12(+3*) 9*:*4,'9
(> :9(,(:52 -'9 ,/* -'9D5,('+ 5+) >,5A(2(g5,('+ '- 259=* 425,*2*,
5==9*=5,*>Cf! 6))(,('+522.; ,/* 0(12(+3*) 9*:*4,'9 (> ,/* ,59=*, '-
,/* 5+,(,/9'DA',(: )9?=> :2'4()'=9*2 5+) ,(:2'4()(+*; </(:/ /5@*
A**+ )*D'+>,95,*) ,' A* *--*:,(@* (+ ,9*5,(+= 5 @59(*,. '- ,/9'DA',(:
)(>*5>*> G>,9'3*; D.':59)(52 (+-59:,('+; 4*9(4/*952 @5>:?259 )(>*5>*L!
h'<*@*9; ,/*>* )9?=> <'93 ,/9'?=/ 5 D*:/5+(>D '- :'@52*+,
49',*(+ D')(P:5,('+; </(:/ D(=/, ?+)*92(* ,/*(9 9*:*+, 5>>':(5,('+
<(,/ ,/* >.+)9'D* ,/9'DA',(: ,/9'DA':.,'4*+(: 4?94?95Ce; 5+
(DD?+*1D*)(5,*) 9*>4'+>*! Z?9 >,?)(*> )*D'+>,95,* ,/5, ,/*
8CRIC 9*:*4,'9 /5> 5 >*2*:,(@* ,(>>?* )(>,9(A?,('+ :'D459*) <(,/
',/*9 4?9(+*9=(: 9*:*4,'9> G>?:/ 5> 8CRIL; D53(+= ,/(> 9*:*4,'9
5+ *N,9*D*2. 5,,95:,(@* ,59=*, -'9 ,/* )*@*2'4D*+, '- +*< 5+,(1
,/9'DA',(: )9?=>! !

0&123.4
56(1&6&1 *789 6")%(%:
8'2.16F DUM6 -9'D 95, 425,*2*,> <5> ?>*) ,' =*+*95,* 5 )(9*:,('+52 '2(='G)&L149(D*)
:7M6 2(A959. (+ ,/* 4:7M6H!IF @*:,'9! U'?=/2. HCO;OOO :2'+*> <*9* )(@()*) (+,' K`
(+)(@()?52 4''2>! [(+*59(g*) :7M6 ,*D425,*> -9'D ,/*>* 4''2> <*9* ,95+>:9(A*) 5( :5&%)
<(,/ &e UM6 4'2.D*95>* G6DA('+L! Q(A >*2*:,('+ '- 5 4'>(,(@* 4''2 <5> 4*9-'9D*) ,'
>?A-95:,('+5,* ,/* >(=+52 ,' ,/* 2*@*2 '- \f :2'+*>! 622 <*9* >*l?*+:*) 5+) 5 +'@*2 08_U
<5> -?9,/*9 :/595:,*9(g*)! U5, 8CRIC :7M6 G0*+k5+3 5::*>>('+ +?DA*9 6SHIHKbOL <5>
?>*) ,' (>'25,* 5 /?D5+ '9,/'2'=?* -9'D 5 425,*2*, & o68 :7M6 2(A959.! 6 -?2212*+=,/
/8CRIC :7M6 *N49*>>('+ :'+>,9?:, <5> 'A,5(+*) A. 2(=5,('+ '- 5 &1:2'+* 5+) 5 -95=D*+,
)*9(@*) A. H! 954() 5D42(P:5,('+ '- :2'+*) *+)> (+,' ,/* 4:c+*' *N49*>>('+ @*:,'9
G89'D*=5L! &/* 0*+k5+3 5::*>>('+ +?DA*9 -'9 /?D5+ 8CRIC (> 6SHIHKK\!

56(1&6&1 ;<=5>;
c+-'9D*) :'+>*+, <5> 'A,5(+*) -9'DB![! 5+) /(> )5?=/,*9 -'9 ,/* 4?94'>*> '- ,/(> >,?).!
d/'2* A2'') GHOD2L <5> 2.>*) 5+) ,',52 UM6<5> (>'25,*) <(,/ &9(U*5=*+, k7 GB'2*:?259
U*>*59:/ _*+,*9L! S(9>,1>,95+) :7M6<5> =*+*95,*) GQ?4*9>:9(4, C; [(-* &*:/+'2'=(*>L 5+)
8_U GHb :.:2*>L <5> 4*9-'9D*) <(,/ ,/* -'22'<(+= DUM61>4*:(P: 49(D*9>! &/* 8CRIC
49(D*9> b! Gb!1__6066&_66_60&&6&_600&66__1H!L 5+) H! Gbn0&_60&&66&6&
&&&&6_&&60_0_&&&0_1H!L <*9* 5++*52*) 5, be "_; </*9*5> ,/* 08ccA 49(D*9> b!
Gb!10&_66_00006&000600_6&061H!L 5+) H! Gb!10&_&0__&_6&_&_066006
6001H!L <*9* 5++*52*) 5, fO "_! 8_U 49')?:,> <*9* 5+52.>*) A. *2*:,9'4/'9*>(> (+ Ij
5=59'>*; 5+) A5+)> '- ,/* :'99*:, >(g* <*9* (>'25,*) -'9 )(9*:, >*l?*+:(+=!

?6&*1%3@2:4"363#:
7*-'22(:?25,*) N"()#-7 ,$":57 '':.,*> <*9* (+T*:,*) <(,/ 5 4'>(,(@* bOO :2'+* 4''2 GIO +=L;
98CRIC GIO 4=L; /8CRIC GbO 4=L; E(9H!I; E(9H!K; 8&p '9 /BC GI += *5:/L :UM6> 5>
(+)(:5,*)! &/9** ,' >*@*+ )5.> 5-,*9 (+T*:,('+; ,<'1*2*:,9')* @'2,5=*1:25D4 9*:'9)(+=>
<*9* 4*9-'9D*) <(,/ 5 0*+*:25D4 bOO 5D42(P*9 G6N'+ c+>,9?D*+,>L 5+) 5 B5:25A
5+52'=?*1,'1)(=(,52 :'+@*9,*9 GB5:25AL! B*DA95+* 4',*+,(52> <*9* :25D4*) 5, JeODY
</(2* ,/* 9*:'9)(+= :/5DA*9 <5> 4*9-?>*) 5, 5 95,* '- CD2D(+!I <(,/ 5 >'2?,('+
:'+,5(+(+= G(+ DBL eO E_2; CO M5_2; H B=_2C; b hW8WQ; 4h e!K; 5, 9''D ,*D4*95,?9*!
&/* E_2 <5> 9*425:*) <(,/ M5_2 ,' *N5D(+* 9*>4'+>*> (+ ,/* 5A>*+:* '- 4',5>>(?D!
6='+(>,> 5+) 5+,5='+(>,> GU':/* B'2*:?259 k(':/*D(>,9. '9 Q(=D5L <*9* )(2?,*) (+ ,/*

9*:'9)(+= >'2?,('+! WN4*9(D*+,> <(,/ _IHHO1e (+:2?)*) O!Ij )(D*,/.2 >?24/'N()* ,'
*+/5+:* (,> >'2?A(2(,. (+ ,/* 4*9-?>5,*!

A&B&%(1"3B 3C 41()6& D(DD(6"(B *&66 6"B&4 (B. *905 (44(:4

_/(+*>* /5D>,*9 '@59. :*22> '9 95, C1\ PA9'A25>,>; </(:/ 59* +?22 -'9 0(12(+3*) 4?9(+*9=(:
9*:*4,'9>; <*9* ,95+>-*:,*) <(,/ /8CRIC '9 98CRC :7M6>; 9*>4*:,(@*2.; <(,/ S?0*+*
9*5=*+, GU':/*L; 5+) :*22> <*9* :?2,?9*) (+ ,/* 49*>*+:* '- 0KI` -'9 C <**3> ,' >*2*:, -'9
>,5A2* ,95+>-*:,5+,>! S'9 :6B8 5>>5.>; >,5A2. ,95+>-*:,*) _hZ :*22> *N49*>>(+= ,/* /8CRIC
425>D() <*9* 425,*) (+ IC1<*22 )(>/*>! 6-,*9 K` /; D*)(?D<5> 9*D'@*) -9'D ,/* :*22> 5+)
9*425:*) <(,/ >*9?D1-9** D*)(?D :'+,5(+(+= ckBp GO!CbDB P+52L 5+) (+:?A5,*) 5,
He "_ -'9 bD(+! _*22> <*9* (+:?A5,*) -'9 5+ 5))(,('+52 bD(+<(,/ IO#B -'9>3'2(+; 5> <*22
5> ,/* (+)(:5,*) 5='+(>,> 5+) 5+,5='+(>,>! 8*9,?>>(> ,'N(+ ,9*5,D*+, GHO +=mD2L '::?99*)
-'9 CO / 5, He "_ A*-'9* 5>>5.! [*@*2> '- :6B8 <*9* )*,*9D(+*) -9'D 52(l?',> '- :*22
*N,95:,> (+ 5 95)('(DD?+'5>>5. G6D*9>/5D k(',953 :6B8 ICbc 5>>5. >.>,*DL!

83%12&%B (B. !" #!$% 2:)%"."E(1"3B4

M'9,/*9+ A2',> '- 4'2.G6LF UM6 -9'D /?D5+ ,(>>?*> G_2'+,*:/L '9 ,',52 /?D5+ 425,*2*,
UM6<5> /.A9()(g*) <(,/ 95)('25A*22*) /8CRIC :7M6 -95=D*+,> ?+)*9 >,5+)59)
:'+)(,('+>! 7(='N(=*+(+125A*22*) 5( 75&- /.A9()(g5,('+ <5> 4*9-'9D*) '+ :'9'+52 95, A95(+
>*:,('+> A. ?>(+= 5+ UM6 49'A* :'99*>4'+)(+= ,' ,/* 5+,(>*+>* >*l?*+:* '- 98CRIC
G9*-! C`L!

!63F *:13D&1%:
6)?2, D52* Q495=?*J75<2*. 95,> <*9* 5+5*>,/*,(g*) 5+) </'2* A2'') <5> (>'25,*)a :(,95,*
<5> ?>*) 5> 5+,(:'5=?25+,! 825,*2*,19(:/ 425>D5<5> (>'25,*) A. :*+,9(-?=5,('+ 5+) ?>*) -'9
i'<1:.,'D*,9. 5+52.>(>! 6 95AA(, 5+,(1>*9?D GQ.+8*4 _'94'95,('+L <5> 49')?:*) ,' ,/*
M1,*9D(+52 CH 9*>()?*> '- 98CRIC! c=0 <5> 4?9(P*) <(,/ 49',*(+ 0JQ*4/59'>*! U5,
425,*2*,19(:/ 425>D5 GC " IOf :*22>L 5+) :?2,?9*) 95, C1\ PA9'A25>,> ,95+>-*:,*) <(,/ 98CRIC
:7M6 GIOb :*22>L <*9* (+:?A5,*) <(,/ 4?9(P*) c=0 GIOJbO#=mD2L (+ S6_Q A?--*9
G4/'>4/5,*1A?--*9*) >52(+* :'+,5(+(+= O!Ij kQ6 5+) Cj /*5,1(+5:,(@5,*) -*,52 A'@(+*
>*9?DL (+ 5 ,',52 @'2?D* '- IOO#2 -'9 I / 5, K "_! _*22> 5+) 425,*2*,> <*9* ,/*+<5>/*) <(,/
:'2) S6_Q A?--*9 5+) (+:?A5,*) <(,/ C!b#=D2!I Sc&_1:'+T?=5,*) ='5, 5+,(195AA(,
5+,(A'). -'9 HOD(+ 5, K "_! _*22> 5+) 425,*2*,> <*9* <5>/*); 9*>?>4*+)*) (+ :'2) S6_Q
A?--*9; 5+) i?'9*>:*+:* '- :*221A'?+) >*:'+)59. 5+,(A'). <5> )*,*9D(+*) <(,/ 5 S6_Q'9,
i'< :.,'D*,*9 Gk*:,'+17(:3(+>'+L! _'+,9'2 >5D42*> :'+,5(+*) :*22> <(,/'?, 5+,(A')(*>
G-'9 ,/* )*,*9D(+5,('+ '- 5?,'i?'9*>:*+:*L; :*22> <(,/ :'+,9'2 95AA(, c=0; '9 >*:'+)59.
5+,(A')(*> 52'+*!

U*:*(@*) IH ]?+*a 5::*4,*) IO Z:,'A*9 COOO!

I! B(22>; 7! _! 678 9*:*4,'9> '+ 425,*2*,>! D2%)'OF J$"')7&F SM2 `HbJ`bf GI\\fL!

C! ]5+,g*+; h! B! "& $,! W@()*+:* -'9 ,<' )(>,(+:, 0149',*(+1:'?42*) 678 9*:*4,'9> D*)(5,(+= 425,*2*,

5:,(@5,('+! D2%)'OF J$"')7&F NA2 IIIJIIe GI\\\L!

H! 75+(*2; ]! [! "& $,! B'2*:?259 A5>(> -'9 6781(+)?:*) 425,*2*, 5:,(@5,('+! c! W@()*+:* -'9 ,/9** )(>,(+:,

678 9*:*4,'9> '+ /?D5+ 425,*2*,>! PF Q5),F +2"'F CSD2 COCKJCOC\ GI\\`L!

K! [*'+; _! "& $,! 7*-*:,(@* 425,*2*, 5==9*=5,('+ 5+) (+:9*5>*) 9*>(>,5+:* ,' ,/9'DA'>(> (+ 4?9(+*9=(: 8CRI
9*:*4,'91+?22 D(:*! PF +,5(F E(:"7&F APH2 IeHIJIeHe GI\\\L!

b! S5A9*; ]! W! "& $,! 7*:9*5>*) 425,*2*, 5==9*=5,('+; (+:9*5>*) A2**)(+= ,(D* 5+) 9*>(>,5+:* ,'

,/9'DA'*DA'2(>D (+ 8CRI1)*P:(*+, D(:*! 6$&-%" /".F I2 II\\JICOC GI\\\L!

f! 05:/*,; _! "& $,! &/* ,/(*+'4.9()(+* ,(:2'4()(+* >*2*:,(@*2. 49*@*+,> ,/* (+/(A(,'9. *--*:,> '- 678 A?,

+', '- 5)9*+52(+* '+ :6B8 2*@*2> 95(>*) A. >,(D?25,('+ '- ,/* 5)*+.25,* :.:25>* '- /?D5+ 425,*2*,> A.

80WI! Q5)02"'F 12$%'$0),F HP2 Cf`HJCf`e GI\\OL!

e! 05:/*,; _! "& $,! 678 9*:*4,'9 (+)?:*) 5:,(@5,('+ '- =?5+(+* +?:2*',()* A(+)(+= 49',*(+> (+ 95,

425,*2*, D*DA95+*>q5+ *--*:, >*2*:,(@*2. A2':3*) A. ,/* ,/(*+'4.9()(+* :2'4()'=9*2! D2%)'OF

J$"')7&F MN2 e\J`H GI\\CL!

`! B(22>; 7! _! k! "& $,! _2'4()'=9*2 (+/(A(,> ,/* A(+)(+= '- 678 5+52'=?*> ,' ,/* 9*:*4,'9 D*)(5,(+=

(+/(A(,('+ '- 425,*2*, 5)*+.25,* :.:25>* A%&"%5)70,"%F D2%)'OF AC2 KHOJKHf GI\\CL!

\! h?D4/9(*>; U! 0!; &'D2(+>'+; d!; c+=522; 6! h!; _5=*; 8! 6! r [*--; 8! 6 +'@*2; /(=/2. 4',*+, 5+)

>*2*:,(@* 5+,5='+(>, 5, /?D5+ 425,*2*, 8C&14?9(+'9*:*4,'9>! Q%F PF 12$%'$0),F AAD2 IObeJIOfH GI\\KL!

IO! M?9)*+; 8! "& $,! 6+ (+/*9(,*) A2**)(+= )(>'9)*9 2(+3*) ,' 5 )*-*:,(@* (+,*95:,('+ A*,<**+ 678 5+) (,>

9*:*4,'9 '+ 425,*2*,>! PF +,5(F E(:"7&F QI2 IfICJIfCC GI\\bL!

II! E954(@(+>3.; 0!; E954(@(+>3.; [!; d(:3D5+; E! r _254/5D; 7! 0!" A(+)> )(9*:,2. ,' ,/* 0 49',*(+1

=5,*) EF :/5++*2; cE6_/! PF Q5),F +2"'F CSP2 C\Ob\JC\OfC GI\\bL!

IC! Z/2D5++; 8! "& $,! &/* /?D5+ 425,*2*, 678 9*:*4,'9 5:,(@5,*> 0(C 49',*(+>! Q5)02"'F PF DAC2 eebJee\

GI\\bL!

IH! B5:S5925+*; 7! W!; Q9(@5>,5@5; 8! _! r B(22>; 7! _! k! C1B*,/.2,/('5)*+'>(+*s!1HC8t)(4/'>4/5,*^ 5+

5='+(>, 5+) 95)('2(=5+) -'9 ,/* 9*:*4,'9 ,/5, (+/(A(,> ,/* 5::?D?25,('+ '- :.:2(: 6B8 (+ (+,5:, A2'')

425,*2*,>! PF +,5(F E(:"7&F SA2 KCOJKC` GI\`HL!

IK! h'?95+(; Q! B! Z! r h522; 7! U*:*4,'9> -'9 678 '+ /?D5+ A2'') 425,*2*,>! D%"(.7 12$%'$0),F ;05F AI2

IOHJIO` GI\\KL!

Ib! ]5+,g*+; h!1B! "& $,! W@()*+:* -'9 ,<' )(>,(+:, 0 49',*(+1:'?42*) 678 9*:*4,'9> D*)(5,(+= 425,*2*,

5:,(@5,('+! Q,)). QC2 HOH5 GI\\`L!

If! k'.*9; ]! [!; U'D*9'16@(25; &!; Q:/5:/,*9; ]! k! r h59)*+; &! E! c)*+,(P:5,('+ '- :'D4*,(,(@*

5+,5='+(>,> '- ,/* 8CRI 9*:*4,'9! /),F 12$%'$0),F IP2 IHCHJIHC\ GI\\fL!

Ie! 852D*9; U! E!; k'.*9; ]! [!; Q:/5:/,*9; ]! k!; M(:/'25>; U! 6! rh59)*+; &! E! 6='+(>, 5:,('+ '- 5)*+'>(+*

,9(4/'>4/5,*> 5, ,/* /?D5+ 8CRI 9*:*4,'9! /),F 12$%'$0),F IH2 III`JIICH GI\\`L!

I`! S(2(44'@; 6! E!; k9'<+; 7! 6! r k59+59); W! 6! &/* 8CRI 9*:*4,'9 :2'>*> ,/* M1,.4* _5
CF :/5++*2 (+

+*?9'+*>; <(,/ A',/ 5)*+'>(+* ,9(4/'>4/5,*> 5+) )(4/'>4/5,*> 5> 4',*+, 5='+(>,>! Q%F PF 12$%'$0),F

ACQ2 IOfHJIOff GCOOOL!

I\! k'.*9; ]! [!; [5g59'<>3(; W! U!; _/*+; p! h! rh59)*+; &! E! c)*+,(P:5,('+ '- 5 8CR14?9(+*9=(: 9*:*4,'9

,/5, (+/(A(,> 5)*+.2.2 :.:25>*! PF 12$%'$0),F RS#F D2"%F CMS2 IIKOJIIKf GI\\HL!

CO! Q,*<59,; W! "& $,! 6+ Q&Q1A5>*) 95)(5,('+ /.A9() D54 '- ,/* /?D5+ =*+'D*! T"()'" C"7F S2 KCCJKHH

GI\\eL!

!"##"$% #& '(#)$"

*+/ M6&VUW X YZ[ KO\ X II ]6MV6UR COOI X <<<!+5,?9*!:'D© 2001 Macmillan Magazines Ltd



CI! _/5DA*9>; ]! E! "& $,! 60 49',*(+1:'?42*) 9*:*4,'9 -'9 V781=2?:'>*! PF Q5),F +2"'F CSI2 IOefeJIOeeI

GCOOOL!

CC! Q5@(; 8! "& $,! c)*+,(P:5,('+ 5+) A('2'=(:52 5:,(@(,. '- ,/* 5:,(@* D*,5A'2(,* '- _2'4()'=9*2! D2%)'OF

J$"')7&F G(+ ,/* 49*>>L

CH! _5,,5+*'; B! r 05:/*,; _! 678 9*:*4,'9> 5+) :2(+(:52 A2**)(+= )(>'9)*9>! A%&"%5)70,"%F D2%)'OF U$70F

Q5),F AQ2 CC`IJCC`b GI\\\L!

CK! ]59@(>; 0! W!; h?D4/9(*>; U! 0!; U'A*9,>'+; B! ]! r [*--; 8! 678 :5+ (+)?:* 5==9*=5,('+ '- /?D5+

425,*2*,> @(5 A',/ 8CRGIL 5+) 8GC&L 9*:*4,'9>! Q%F PF 12$%'$0),F ACQ2 CebJC`C GCOOOL!

Cb! h*:/2*9; k!; W:32.; 6!; Z/2D5++; 8!; _5g*+5@*; ]!18! r 05:/*,; _! &/* 8CRI 9*:*4,'9; +*:*>>59. A?, +',

>?-P:(*+, ,' >?44'9, -?22 6781(+)?:*) 425,*2*, 5==9*=5,('+; (> +', ,/* ,59=*, '- ,/* )9?= :2'4()'=9*2!

Q%F PF J$"'$&),F APD2 `b`J`ff GI\\`L!

Cf! h?DA*9,; B! "& $,! V2,95>,9?:,?952 >,?)(*> '- 425,*2*, 5==9*=5,*> -9'D /?D5+ >?AT*:,> 9*:*(@(+=

:2'4()'=9*2 5+) -9'D 5 45,(*+, <(,/ 5+ (+/*9(,*) )*-*:, '- 5+ 6781)*4*+)*+, 45,/<5. '- 425,*2*,

5:,(@5,('+! A%&"%5)70,"%F D2%)'OF U$70F Q5),F AM2 IbHCJIbKH GI\\fL!

Ce! k*++*,,; _! [! "& $,! &/9'DA',(: ,/9'DA':.,'4*+(: 4?94?95 5>>':(5,*) <(,/ :2'4()'=9*2! 6F R(3,F PF

/".F DCI2 IHeIJIHeC GCOOOL!

C`! _5,*9(+5; B! ]! "& $,! &/* :54>5(:(+ 9*:*4,'9^ 5 /*5,15:,(@5,*) ('+ :/5++*2 (+ ,/* 45(+ 45,/<5.! 6$&-%"

DNQ2 `IfJ`CK GI\\eL!

9*GB3F6&.#&D&B14
d* ,/5+3 W! 8*952,5 -'9 5)@(:* 5+) *+:'?95=*D*+,! d* 52>' ,/5+3 h! _/?5+= -'9 5)@(:*
<(,/ *2*:,9'4/.>('2'=(:52 5>>5.>a 6! [5(A*2D5+ 5+) U! Q:59A'9'?=/ -'9 _IHHO1ea 8! _5>,9'
5+) [! E'D?@*> -'9 5>>(>,5+:* 5+) 5)@(:* <(,/ ,/* 5( 75&- /.A9()(g5,('+a ,/* Z3>*+A*9= 5+)
U*(T' 25A'95,'9(*> -'9 /?D5+7M6 >5D42*>a W! &/'D4>'+; E! Q(D4>'+; Q! h'22*+A5:/ 5+)
E! B(+(>,9(1B5)9() 5+) ,/* _ZU 5+(D52 -5:(2(,. -'9 ,*:/+(:52 5>>(>,5+:*a U!d'+= 5+)
7! 7* 0?gD5+ -'9 5>>(>,5+:* <(,/ P=?9*>a 5+) _! h'D:.; W! W! U*.+'2)>; ]! &'44*9 5+)
7! 8/(22(4> -'9 )(>:?>>('+>! 7!]! (> >?44'9,*) A. -?+)(+= -9'D Mch 5+) McBha 0!h! (>
>?44'9,*) A. 5 Mch 49*)':,'952 +*?9'>:(*+:* ,95(+(+= =95+,!

_'99*>4'+)*+:* 5+) 9*l?*>,> -'9 D5,*9(52> >/'?2) A* 5))9*>>*) ,' 8!k!_!
G*1D5(2^ 4:'+2*.u:'99!:'DL!

!"##"$% #& '(#)$"

M6&VUW X YZ[ KO\ X II ]6MV6UR COOI X <<<!+5,?9*!:'D *+0

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!$)(%&I)%&*$ *+ %,# )-*-%*8&8 #++#(%*2
!"#$%& &$ 6).&3$)$% 6#.)$*6)
=)2MN) OK O*#$3)8"; 1)*.) L)-*"&#(&#; 0)I&" 1*.8D5#; >)76# =*2)#;
=)$#. B8%#..#2$; P&6#$) Q-&%?</2)5)"; C&(,)2" =(L*64&#";
>)6#8 9K :#26)$$; R&..&)6 AK 9#2)."#; F72& /K A)?#4$&D";
L)2.*8 L*2"*N$<L)2"*N# J O(*%% RK A*S#"

"+),. ;#%5(3 J$%O)% V$O)%$&)%48 +),. ;#%5(3 J$%O)%8 6"W X)%Y ??Z[>8 9;A
#/"')%5$, ;,)$( \"&&"%5(3 +$(0"% +"(&"%8 6"W X)%Y8 6"W X)%Y ?GG[?8 9;A
$ P)2(7 J)#Y5(7 B(0),)34 +"(&"% $(. P)2(7 J)#Y5(7 9(5:"%75&48 Q$,&5')%"8
/$%4,$(. [?[@?8 9;A

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

T&%$'%$%-* 0&#$/.0$ -' $ 3&$3#6 *$/*&+ %($% 1$-#' %. +&'4./3 %.
*./)&/%-./$# *(&0.%(&+$46 $/3 -' 4..+#6 ,/3&+'%..3 $% %(&
0.#&*,#$+ #&)&#A! !"# 0,%$%-./' .1%&/ .**,+ -/ $88+&''-)& $/3
*(&0.+&'-'%$/% *$/*&+' 5,% $+& +$+&#6 .5'&+)&3 -/ 0&#$/.0$A2C!
R&+& B& '(.B %($% 0&%$'%$%-* 0&#$/.0$' .1%&/ #.'& :4$17A2 $ *&##7
3&$%( &11&*%.+ %($% $*%' B-%( *6%.*(+.0& $ $/3 *$'4$'&7Q %.
0&3-$%& 4ID73&4&/3&/% $4.4%.'-'D! U.'' .1 :4$17A &V4+&''-./ -'
$**.04$/-&3 56 $##&#-* #.'' -/ 0&%$'%$%-* 0&#$/.0$'2 5,% *$/ 5&
+&*.)&+&3 -/ 0&#$/.0$ *&## #-/&' 56 %+&$%0&/% B-%( %(& 0&%(6#$7
%-./ -/(-5-%.+ I7$G$7C!73&.V6*6%-3-/& JI$G$C3KL! :4$17A7/&8$%-)&
0&#$/.0$' $+& -/)$+-$5#6 *(&0.+&'-'%$/% $/3 $+& ,/$5#& %.
&V&*,%& $ %64-*$# $4.4%.%-* 4+.8+$00& -/ +&'4./'& %. 4ID $*%-)$7
%-./! O&'%.+-/8 4(6'-.#.8-*$# #&)&#' .1 :4$17A %(+.,8( 8&/& %+$/'7
1&+ .+ I$G$C3K %+&$%0&/% 0$+9&3#6 &/($/*&' *(&0.'&/'-%-)-%6
$/3 +&'*,&' %(& $4.4%.%-* 3&1&*%' $''.*-$%&3 B-%( :4$17A #.''! W&
*./*#,3& %($% :4$17A -' -/$*%-)$%&3 -/ 0&%$'%$%-* 0&#$/.0$'2
B(-*( #&$3' %. 3&1&*%' -/ %(& &V&*,%-./ .1 $4.4%.%-* *&## 3&$%(!
:4$17A #.'' 0$6 *./%+-5,%& %. %(& #.B 1+&?,&/*6 .1 !"#0,%$%-./'
.5'&+)&3 -/ %(-' (-8(#6 *(&0.+&'-'%$/% %,0.,+ %64&!
B?,5,('+> (+ ,/* #I@ ,?D'?91>?449*>>'9 =*+* 59* *N,9*D*2.

:'DD'+ (+ D'>, /?D5+ :5+:*9>; 5+) 59* '-,*+ 5>>':(5,*) <(,/
4''9 45,(*+, 49'=+'>(> 5+) ,9*5,D*+, -5(2?9*K! 4bH 49'D',*> :*221
:.:2* 599*>, '9 54'4,'>(> (+ 9*>4'+>* ,' :*22?259 )5D5=*; (+:2?)(+=

,/5, (+)?:*) A. D5+. :/*D',/*954*?,(: )9?=>K! 6> 5 :'+>*l?*+:*;
4bH 2'>> :5+ 49'D',* )9?= 9*>(>,5+:* (+ *N4*9(D*+,52 5+) :2(+(:52
>*,,(+=>K;b! _5>45>*1\ G_5>4\L 5+) (,> :'-5:,'9 645-1I :5+ A*
*>>*+,(52 )'<+>,9*5D *--*:,'9> '- 4bH )?9(+= 54'4,'>(>; >?:/ ,/5,
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