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09.3*87921*.+!2+6!*//(+7!)(9H7*332+-7!?@'A&@'JBC!!I+!266*1*.+=!2315.(,5!0.91*.+)!.8!"KL!

:;<!297!-./037/7+1294!1.!192+)-9*01!)7,/7+1)!89./!.1579!"#$%&'!,7+7)=!*+-3(6*+,!!"#=!*1!

52)!E77+!-.+-3(676!1521!"KL&/76*2176!97097))*.+!.8!$"$%&'()!.9!!"#*+,#!6.7)!+.1!.--(9!

159.(,5!:;<!*+1798797+-7!M:;<*N!?'JO=!'PQBC!

! #57)7!)1(6*7)!52H7!)(,,7)176!2!E*/.623!8(+-1*.+!.8!"KL!*+!>5*-5!"KL!:;<!*+6(-7)!

-733(329!09.3*87921*.+!2+6!"KL!09.17*+!97097))7)!7G097))*.+!.8!"#$%&'!,7+7)!?JR=!'SRBC!!

T(91579!788.91)!297!+77676!1.!6*)1*+,(*)5!8(+-1*.+)!.8!"KL!1521!297!6(7!1.!:;<!H79)()!15.)7!

6(7!1.!09.17*+!?'JOBC!

!"#$%&'()*$+,-.'/0$

! :2EE*1)$

! :2EE*1)!-2+!72)*34!E7!*+87-176!>*15!"#$%&'!E(1!6.!+.1!140*-2334!67H73.0!)4/01./)!

.8!<#$!?'OR=!@'OBC!!#574!52H7!E77+!()76!1.!)1(64!2)07-1)!.8!"#$%&'!*+87-1*.+!)(-5!2)!

192+)/*))*.+=!*+87-1*H*14!2+6!*//(+7!97)0.+)7C!!I+!.+7!97-7+1!)1(64=!92EE*1)!*+87-176!>*15!

7*1579!157!>*36!1407!<U"!"#$%&'!/.37-(329!-3.+7!.9!2+!"KL!67371*.+!/(12+1!M"#$%&

'V"KLN!>797!/72)(976!8.9!09.H*923!3.26!2+6!2+1*E.64!09.6(-1*.+!.H79!2+!7*,51&>77W!

079*.6!?'PQBC!!I+87-1*.+!>*15!>*36!1407!"#$%&'!09.6(-76!2!)*,+*8*-2+134!5*,579!09.H*923!3.26!

152+!"#$%&'V"KLC!!<+1*E.64!09.6(-1*.+!>2)!8*9)1!/72)(976!1>.!>77W)!0.)1!*+87-1*.+=!21!

>5*-5!1*/7!>*36!1407!"#$%&'!)5.>76!2!3.>79!1*179!152+!"#$%&'V"KLC!!X(E)7D(7+1!1*179)!21!
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"#$%#&&'!()"&*+,-.!./$#&0!"/,"!1$"/!#(-0!"23&!4567%8!,)0!4567%894:;!<$)"()=$=.-2!

<-(>1&0?!#("/!#(-0!"23&!>,()",()()@!.-(@/"-2!/(@/&*!-&+&-.!$+&*,--!"/,)!4567%894:;A!!5/&!

()"&*3*&","($)!$B!"/&.&!0,",!#,.!"/,"!4:;!&)/,)<&.!()B&<"(+("2!,)0!3&*.(."&)<&A!!C!*&-,"&0!

."=02!$1",()&0!.(>(-,*!*&.=-".!()!*,11(".?!./$#()@!"/,"!"/&!,1.&)<&!$B!4:;!*&.=-"&0!()!

*&0=<&0!3*$+(*,-!-$,0.!DEEFA!

! GHIJKLMIJM6%NO!)=--!P(<&!

! GHIJKLMIJM6%NO!)=--!QGHRS!>(<&!,*&!<*("(<,--2!(>3,(*&0!()!(>>=)&!B=)<"($)A!!5/&2!

-,<'!:%!,)0!5%<&--!0&+&-$3>&)"!,)0!),"=*,-!'(--&*!QGTS%<&--!,<"(+("2?!,*&!0&B(<(&)"!()!

()"&*B&*$)%! 3*$0=<"($)?!,)0!<,**2!,!>=","($)!()!"/&!M6%NO! @&)&A!!5/&2!"/&*&B$*&!3*$+(0&!,!

=.&B=-!>$0&-!B$*!C56!<,)<&*!<&--!&)@*,B">&)".!D8UVFA!!C!*&<&)"!."=02!,..&..()@!"/&!&BB&<".!$B!

4:;!$)!<&--!3*$-(B&*,"($)!!"#$!$%!="(-(W&0!GHR!>(<&!.=1<=",)&$=.-2!()X&<"&0!#("/!"/&!K6:%8!

C56!<&--!-()&!&Y3*&..()@!&("/&*!#(-0!"23&!-&+&-.!$B!4:;!$*!')$<'&0!0$#)!+(,!.",1-2!

"*,).0=<&0!./OGC!+&<"$*.!D8Z[FA!!C--!>(<&!0&+&-$3&0!"=>$*.?!1="!"/&!4:;!')$<'0$#)!

@*$=3!&Y/(1("&0!.(@)(B(<,)"-2!-&..!<&--!3*$-(B&*,"($)?!"=>$*!@*$#"/!,)0!$*@,)!()B(-"*,"($)?!

()0(<,"()@!"/,"!4:;!B=)<"($).!()!<&--!3*$-(B&*,"($)!()!GHR!>(<&A!!

! 5*,).@&)(<!P(<&!

! 4:;!#,.!&Y3*&..&0!()!"*,).@&)(<!>(<&!()!LI\]!5!<&--.!=)0&*!"/&!>$=.&!LI\!

3*$>$"&*J&)/,)<&*!DZFA!!G$!0(BB&*&)<&!#,.!B$=)0!()!"/2>$<"2&!.=13$3=-,"($).!1&"#&&)!

"/&!<$)"*$-!>(<&!,)0!"/$.&!&Y3*&..()@!4:;A!!4$#&+&*?!"/&!)=>1&*!$B!.3-&)(<!LI\]!5!<&--.!()!

"/&!4:;!&Y3*&..()@!>(<&!#,.!.-(@/"-2!()<*&,.&0?!.=@@&."()@!"/,"!4:;!3*$>$"&0!

3*$-(B&*,"($)!$B!LI\]!<&--.A!!!

!
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"#$#%&'(!

! )*'(&(!+#$#%&'(!#,-!./*'0!,.,*&+#,!102+#/'(!$#,!3'!2,4'$/'-!52/*!6789:;<!#,-!

(.+'!(/&-2'(!*#='!(*.5,!/*#/!/*'><!&,?2@'!0#332/(<!#0'!$#1#3?'!.4!-'='?.12,A!(>+1/.+(!

#((.$2#/'-!52/*!=#02.&(!6789:;:0'?#/'-!-2(.0-'0(!BCCDE!!6FG!@,.$@.&/!(/&-2'(!*#='!(*.5,!

/*#/!6FG!$.,/023&/'(!/.!6789:;!2,4'$/2=2/>!2,!+#$#%&'(<!#?/*.&A*!1;H!#,-!1CI!5'0'!4.&,-!

/.!3'!+.0'!$02/2$#?!/*#,!6FG!4.0!/*2(!4&,$/2.,!BCCDE!!6FG!'J10'((2.,!5#(!@,.$@'-!.&/!2,!/*'!

+#$#%&'(!3>!$0'#/2,A!#!(2,A?'!,&$?'./2-'!+&/#/2.,!0'(&?/2,A!2,!#!(/.1!$.-.,E!!7*0''!.&/!.4!K!

#,2+#?(!2,L'$/'-!52/*!/*'!6FG:@,.$@.&/!=20&(!0'$.='0'-!/*'!52?-:/>1'!4.0+<!/5.!4&??>!('0.:

$.,='0/'-<!#,-!/5.!.,?>!1#0/2#??>!('0.:$.,='0/'-E!!7*'('!0'(&?/(!(&AA'(/!#!4&,$/2.,!4.0!6FG!

2,!/*'!2,4'$/2=2/>!.4!+#$#%&'(!#,-!1.((23?>!./*'0!102+#/'(!BCCDE!

!"#$%&"'()$'*$+%,$-"."/'01"23$

! 7*'!42,-2,A(!/*#/!6FG!2(!$.,(2(/',/?>!'J10'(('-!2,!'((',/2#??>!#??!M78!$'??(!#,-!/*#/!2/!

4&,$/2.,(!2,!$'??!10.?24'0#/2.,<!2,4'$/2=2/>!#,-!1'0(2(/',$'!*#(!?'-!/.!#!,'5!5.0@2,A!+.-'?!.4!

M78!-'='?.1+',/!2,!5*2$*!6FG!2(!/*.&A*/!/.!1?#>!#!(2A,242$#,/!0.?'!BH;NDE!!O2,$'!7#J!2(!,./!

'J10'(('-!2,!/*'!+#L.02/>!.4!M78!$#('(<!2/!2(!/*.&A*/!/.!'J'0/!2/(!'44'$/(!-&02,A!/*'!'#0?>!

(/#A'(!.4!=20#?!2,4'$/2.,!102.0!/.!/*'!-'='?.1+',/!.4!M78E!!P&02,A!/*2(!/2+'<!2/!2(!

*>1./*'(2Q'-!/*#/!7#J!2,-&$'(!10'+#?2A,#,/!$*#,A'(!2,!/*'!$'??<!5*2?'!6FG!2,4?&',$'(!/*'!

?#/'0!$.&0('!.4!2,4'$/2.,E!!R/!2(!(&AA'(/'-!/*#/!6FG!0'10'(('(!/*'!'J10'((2.,!.4!2++&,.A',2$!

=20#?!10./'2,(<!#??.52,A!2,4'$/'-!$'??(!/.!'($#1'!2++&,'!-'/'$/2.,E!!R,!#--2/2.,<!6FG!2(!

/*.&A*/!/.!-02='!/*'!10.?24'0#/2.,!.4!2,4'$/'-<!10'+#?2A,#,/!$'??(<!/*'0'3>!+#2,/#2,2,A!#!

1.1&?#/2.,!/*#/!$#,!&,-'0A.!4&0/*'0!.,$.A',2$!#?/'0#/2.,(!&?/2+#/'?>!0'(&?/2,A!2,!M78E!

! S.,(2(/',/!52/*!/*2(!10.1.('-!/5.:(/'1!*>1./*'(2(!#0'!%&#,/2/#/2='!'J10'((2.,!

10.42?'(!.4!M78!$'??(!#,-!@2,'/2$!#,#?>('(!.4!!"#$!$%#6789:;!A','!'J10'((2.,!&1.,!2,4'$/2.,!
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"#$%!&#'()!!*+,-,!-./01,-!-+23,0!.+4.!*45!460!2.+,7!81749!:,6,-!47,!,5;7,--,0!,479<!16!

16=,>.126!460!.+4.!?@A!,5;7,--126!;,4B-!28,7!.1C,!3+19,!*45!,5;7,--126!01C161-+,-)!

! *+1-!.32D-.,;!C20,9!49-2!;72810,-!4!;2--1E9,!,5;9464.126!=27!.+,!7,>,6.!=16016:!.+4.!

?@A%!62.!*45%!4;;,47-!.2!E,!4!>71.1>49!.47:,.!=27!4!-/>>,--=/9!FGHI!7,-;26-,!4:416-.!?J*KD#!

16=,>.126!"'H()!!F,99-!31.+!;7,C491:646.!49.,74.126-!>4/-,0!E<!*45!,479<!16!16=,>.126!C1:+.!

269<!,840,!0,.,>.126!E<!.+,!1CC/6,!-<-.,C!.+72/:+!.+,!,5;7,--126!2=!?@A%!3+1>+!>2/90!

0236D7,:/94.,!.+,!+1:+9<!1CC/62:,61>!*45)!!L=!46!1601810/49!02,-!62.!+48,!FGHI!*!>,99-!

>4;4E9,!2=!0,.,>.16:!?@A%!.+,!16=,>.,0!>,99-!>2/90!.+,6!E,!0718,6!.2!;7291=,74.,!.+72/:+!.+,!

4>.126!2=!?@A%!9,4016:!.2!.+,!-,>260!;+4-,!2=!26>2:,6,-1-!"'H()!

! M9.+2/:+!?@A!34-!=2/60!.2!E,!01-;,6-4E9,!=27!LJD&!0,;,60,6.!1CC27.491N4.126!2=!

+/C46!;,71;+,749!E9220!C2626/>9,47!>,99-!OP@QF-R!O>26.41616:!4!C15,0!;2;/94.126!2=!

C2626/>9,47!>,99-R!E<!.+,!MF?!?*JKD#!C29,>/947!>926,!"#ST%!#SU(%!.+1-!02,-!62.!7/9,!2/.!4!

;2--1E9,!.746-=27C16:!=/6>.126!2=!?@A!16!*!>,99-!!"#$!$%)!!M-!01->/--,0!,4791,7%!!"#$!&'%!

1CC27.491N4.126!02,-!62.!7,>4;1./94.,!!"#$!$%!.746-=27C4.126)!!M001.12649!,8,6.-!47,!

E,91,8,0!.2!2>>/7!!"#$!$%!.+4.!>/9C164.,!16!>2C;9,.,!.746-=27C4.126!460!.+,!0,8,92;C,6.!2=!

M*J)!!L.!1-!49-2!62.,327.+<!.+4.!626,!2=!.+,!16=,>.12/-!C29,>/947!>926,-!2=!?*JKD#!+4-!E,,6!

7,;27.,0!.2!.746-=27C!+/C46!P@QF-!!"#$!&'%!.2!46!LJD&D160,;,60,6.!-.4.,%!49.+2/:+!3,!

B623!.+4.!?*JKD#!1-!.+,!>4/-4.18,!4:,6.!2=!M*J!!"#$!$%!"&#HD&&T()!

L6.,7,-.16:9<%!?@A!;72.,16!+4-!62.!E,,6!-+236!.2!E,!,5;7,--,0!=72C!46!?*JKD#!

C29,>/947!>926,!16!+/C46!P@QF-#49.+2/:+!1.!34-!7,;27.,0!"&#'()!!L6!4001.126%!?@A!;72.,16!

1-!/60,.,>.4E9,!16!16=,>.,0!74EE1.!P@QF-!"&#'()!!M9.+2/:+!?@A!;72.,16!1-!=2/60!16!C2-.!

?*JKD#!>,99!916,-%!1.-!;7,-,6>,!16!+/C46!;4.1,6.!-4C;9,-!+4-!62.!E,,6!2E-,78,0!814!

V,-.,76!E92.!.+2/:+!.+,!;7,-,6>,!2=!WXM!+4-!E,,6!>26-1-.,6.9<!2E-,78,0!"S%!#$%!#HH%!#HS()!!
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"!#$%!&'()*+!,-%$.$/+!,0&!&,-%#!$.1)$#2$!-3!!"#$!$%!456!7/-'$1#!$87/$&&1-#!90&$)!-#!',$!

7/$&$#2$!-3!456:&7$21312!;<=>!?!2$@@&!1#!AB!C!-3!DE!'$&'$)!0&*F7'-F0'12!20//1$/&!GH=IJ!!

K1#2$!1'!1&!%$@@:)-2(F$#'$)!',0'!',$!'/0#&2/17'1-#!-3!4?LM:B!N$#$&!2,0#N$&!&'#$!$%#GBO=:

BHP+!BHQI+!1'!1&!/$0&-#09@$!'-!&(NN$&'!',0'!)133$/$#2$&!F0*!$81&'!1#!',$!$87/$&&1-#!-3!456!1#!

&'#$!$%#R5S;&!2-F70/$)!'-!2$@@&!1#3$2'$)!!"#$!$%J!!R$/'1#$#'!'-!',1&!1&!',$!-9&$/.0'1-#!',0'!

456!TU"!%0&!$87/$&&$)!0'!&1N#13120#'@*!,1N,$/!@$.$@&!1#!"?L!70'1$#'!2$@@&!0#)!"?L!2$@@!@1#$&!

/$@0'1.$!'-!0&*F7'-F0'12!20//1$/&!GBPIJ!!?,$&$!)0'0!&(NN$&'!',0'!0#!!"#$!$%!$.$#'!F0*!9$!

/$V(1/$)!3-/!1#2/$0&$)!$87/$&&1-#!-3!456J!!W3!&-+!',$!09&$#2$!-3!',1&!$.$#'!2-(@)!7/$2@()$!

-9&$/.0'1-#!-3!456!$87/$&&1-#!1#!&'#$!$%#R5S;&!0&!%$@@!0&!0#*!7-'$#'10@!'/0#&3-/F1#N!

3(#2'1-#&!-3!456J!

!"##$#%&'(&%)*+&,-.,/)%#'!/%+.,0%./&*'-122'%)3'!45'

' ?,$!,-F-@-N-(&!2$@@(@0/!2-02'1.0'-/&!7APP!0#)!;5R!0/$!9-',!@0/N$+!F(@'1)-F01#!

7/-'$1#&!XY1N(/$!A"ZJ!!?,$*!0/$!(&$)!9*!4?LM:B!'-!02'1.0'$!'/0#&2/17'1-#!-3!.1/0@!N$#$&+!9('!

',$*!0/$!0@&-!/$V(1/$)!3-/!',$!'/0#&2/17'1-#!-3!F0#*!2$@@(@0/!N$#$&J!!S0#*!'/0#&2/17'1-#!

302'-/&!91#)!'-!7APP[;5R+!@-20@1\1#N!',$!2-02'1.0'-/&!'-!7/-F-'$/&!-3!&7$21312!N$#$&!G]]D:

]]OIJ!!"@',-(N,!7APP!0#)!;5R!&,0/$!F0#*!-.$/@0771#N!3(#2'1-#&+!',$*!0@&-!,0.$!#-#:

/$)(#)0#'!/-@$&!G]]H+!]]=IJ!!<*&3(#2'1-#!-3!',$&$!7/-'$1#&!,0&!9$$#!1F7@120'$)!1#!

#(F$/-(&!)1&$0&$&+!1#2@()1#N!20#2$/!G]]E+!]]O+!]]Q+!]APIJ!!^33-/'&!0/$!2(//$#'@*!(#)$/!%0*!

'-!)$.$@-7!)/(N&!'0/N$'1#N!1#'$/02'1-#&!9$'%$$#!.0/1-(&!'/0#&2/17'1-#!302'-/&!0#)!

7APP[;5R!G]]Q+!]AB:]AHIJ!

! Y(#2'1-#&!-3!7APP[;5R!

! _#2$!0'!0!7/-F-'$/+!7APP[;5R!3021@1'0'$!02'1.0'$)!'/0#&2/17'1-#!1#!&$.$/0@!%0*&J!!

^02,!2-02'1.0'-/!2-#'01#&!0!,1&'-#$!02$'*@'/0#&3$/0&$!X4"?Z!)-F01#!',0'!02$'*@0'$&!&7$21312!'
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!"#$%&'()''"#$%&'()#!*%+*%,%-('().-,!./!+0112345!'-6!789:!!*+,!;!,#$%&'()#!,$.<,!($%!

+*)-#)+=%!6.&')-,!./!+011!'-6!345>!)-#=?6)-@!($%!#A,(%)-%2$),()6)-%B*)#$!6.&')-,!C3DE!

3DF!'-6!3D0G>!($%!H)-',%B)-6?#)I=%!)-(%*'#().-!C789G!6.&')->!I*.&.6.&')-!C4*G>!$),(.-%!

'#%(A=(*'-,/%*',%!6.&')-!CD;JG>!K)-#BI)-6)-@!6.&')-!-%'*!($%!6A,(*.+$)-!LL!6.&')-!

CMMG>!($%!(*'-,#*)+().-'=B'6'+(.*!K)-#B/)-@%*BF!6.&')-!CJ;MFG!'-6!($%!)-(%*/%*.-!*%,+.-,%!

/'#(.*BI)-6)-@!6.&')-!C84)NG:!!*-,!J$%!789!6.&')-!#.-,),(,!./!($*%%!'&+$)+'($)#!O!$%=)#%,>!

*%+*%,%-(%6!',!=.-@!#A=)-6%*,>!'-6!(<.!,$.*(!0E1!$%=)#%,>!PE!'-6!PF:!!QEF!6%-.(%,!($%!=..+!

#.--%#()-@!O!$%=)R!E!(.!PF:!!*.,!789!/.=6,!)-(.!'!($*%%B$%=)#'=!I?-6=%!<)($!'!$A6*.+$.I)#!

#.*%>!#*%'()-@!I)-6)-@!,)(%,!/.*!'!S'*)%(A!./!(*'-,#*)+().-!/'#(.*,:!!J$%!I)-6)-@!,)(%,!/.*!+78N!

./!+3TU4>!J'R>!($%!D8V!(*'-,#*)+().-!/'#(.*!J'(>!#BW?->!'-6!($%!&)-)&'=!'#()S'().-!6.&')-,!

./!#BXAI!C#BXAIB;NG!'-6!XQQ!CXQQB;NG!'*%!)-6)#'(%6:!
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!

!

!
A. 

2441 (CBP) 

2414 (p300) 1 CH1 KIX Br CH2 TAZ2 HAT ZZ IBiD 

CH3 

B. 

! Helix 1 ! Helix 2 ! Helix 3 G1 G2 
L12 

588 683 597 611 623 640 646 669 

L12 

G
2  

G1 588 ! 1 

! 2 

! 3 

C. 
Site of pKID and 
c-Myb-AD binding 

Site of  
MLL-AD, Tax, Tat 
and c-Jun binding 

683 
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"#$%&'!('$%)*'$!+&!,%$-+&'$.!"'/)%&0!-+!-,'!+1'&%&0!+2!3,(+4/-%&!$-(*3-*('!/$$+3%/-')!5%-,!

/3-%6/-')!-(/&$3(%1-%+&!7889.!88:;<!!='3+&)"#.!-,'!3+/3-%6/-+($!$'(6'!/$!/!$*11+(-!

2(/4'5+(>!-+!3+&&'3-!/&)!"+3/"%?'!4*"-%1"'!1(+-'%&$!/-!/!1(+4+-'(!7889.!88:;<!!@+(!

'A/41"'.!-,'#!"%&>!$1'3%2%3!-(/&$3(%1-%+&!2/3-+($!/-!/!1(+4+-'(!-+!-,'!3'""B$!0'&'(/"!

-(/&$3(%1-%+&/"!4/3,%&'(#!/$!5'""!/$!('3(*%-!/))%-%+&/"!-(/&$3(%1-%+&/"!('0*"/-+(#!1(+-'%&$!

7889.!88:;<!!C&)!-,%()"#.!1DEEFGHI!3/&!4+)*"/-'!-,'!/3-%6%-#!+2!3'(-/%&!-(/&$3(%1-%+&!

2/3-+($!-,(+*0,!/3'-#"/-%+&!7889.!88:;<!!J&!/"".!1DEEFGHI!/('!>&+5&!-+!K%&)!+6'(!9EE!
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5775B/*-!0+!36!8@N!W!9@O!*J!+/-/B4)*/+!(?!XH5*-)6)G5-)3*!36!-.B//!)*+/7/*+/*-!IJF&,@!!A./!

>B57.!,.3=,!-./!6B5G-)3*!36!C5DE'#'%"#$%&'!(3H*+!V/B,H,!-./!G3*G/*-B5-)3*!36!CFA%012!

M*JP@!!*.,!&!;3345,,)/%,-5)*/+!>/D!,.3=,!7HB)6)/+!CFA%012!MD5*/!RP!5*+!C5DE'#'%"#$%&'!

MD5*/!NP@!
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!

!

!
GST-KIX: 

Gal4DBD-HBZ-AD:  + - 
- - 

+ + + + + + + 

Free probe  

+ + 

!!"

Gal4DBD-HBZ-AD/ 
DNA  

Gal4DBD-HBZ-AD/ 
GST-KIX/DNA 

1 2 8 9 14 16 13 

UAS probe 

3 4 6 7 5 

+ + + + + 

11 12 10 15 

0.4 nM – 1µM  A. 

[GST-KIX] nM 

Fr
ac

tio
n 

bo
un

d 

B. C. 

1 2 
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"#$%!#&!'(!")*#+)!&,'-()%!".!/012345!(6!-67+!(,)!/#89:;:2<;=2>:!/012345!*6+?8)@A!!

B6$8'$)#7!7)C7)&&'6$!#$#8.&'&!6-!DE#$('-')%!"#$%&!-76+!(,7))!'$%)?)$%)$(!)@?)7'+)$(&!

&,6F)%!(,#(!GH!I!6-!/#89:;:2<;=2>:!F#&!&,'-()%!#(!#$!#J)7#C)!/012345!*6$*)$(7#('6$!6-!

KAL!M!HAG!$NO!".!%)-'$'('6$!(,)!3%!PQ'CE7)!9;RA!!>!S66+#&&')2&(#'$)%!C)8!F'(,!?E7'-')%!

/#89:;:2<;=2>:!#$%!/012345!'&!&,6F$!'$!Q'CE7)!9SA!

! S6$(768!7)#*('6$&!(6!J)7'-.!(,)!&?)*'-'*'(.!6-!(,)&)!'$()7#*('6$&!#7)!&,6F$!'$!Q'CE7)!GA!!

T#$)!L!&,6F&!(,)!UKLVW2:B>!/#89:;:2<;=2>:!*6+?8)@A!!1,'&!:B>!?76()'$!*6+?8)@!F#&!

&E?)7&,'-()%!F'(,!#$!#$('"6%.!7)*6C$'X'$C!(,)!:;:!6-!/#89!P8#$)!KRA!!B6!&E?)7&,'-(!F#&!

%)()*()%!F'(,!/01!#86$)!P8#$)!9RO!%)+6$&(7#('$C!(,#(!(,)!/01!?67('6$!6-!/012345!'&!$6(!

'$J68J)%!'$!(,)!'$()7#*('6$A!!1,)!/012(#CC)%!*#7"6@.82()7+'$#8!7)C'6$!L!P/012SLR!#$%!/012

S<YO!(F6!%6+#'$&!6-!?KHHZS;V!(,#(!%6!$6(!'$()7#*(!F'(,!<;=!UY[GWO!#8&6!%'%!$6(!&E?)7&,'-(!

/#89:;:2<;=2>:!P8#$)&!G!#$%!\RA!!/012345!P##!G]]2\]KR!)--'*')$(8.!&E?)7&,'-()%!/#892<;=2

>:!#$%!F#&!*6$-'7+)%!(6!")!#&&6*'#()%!F'(,!(,)!*6+?8)@!".!#%%'('6$!6-!#$!#$('"6%.!

%'7)*()%!#C#'$&(!/01O!F,'*,!-E7(,)7!7)(#7%)%!+'C7#('6$!6-!(,)!*6+?8)@!P8#$)&!^!#$%!]RA!!

Q'$#88.O!/012345!#86$)!%'%!$6(!"'$%!(,)!?76")!P8#$)![RA!

! 16!*6$-'7+!(,#(!(,)!>:!6-!<;=!7)+#'$&!#**)&&'"8)!'$!(,)!*6$()@(!6-!(,)!-E8828)$C(,!

<;=20?Y!'&6-67+!P##!Y2LH\RO!F)!*6$&(7E*()%!(,)!-E&'6$!?76()'$!/#89:;:2<;=20?YA!!>&!

")-67)O!/012345!F#&!('(7#()%!'$(6!"'$%'$C!7)#*('6$&O!(,)!UKLVW28#")8)%!:B>!?76")!F#&!

#%%)%O!#$%!7)#*('6$&!F)7)!'$*E"#()%!(6!7)#*,!)DE'8'"7'E+A!!S6+?8)@)&!F)7)!&)?#7#()%!".!

$#('J)!C)8!)8)*(76?,67)&'&!PQ'CE7)!\>RO!#$%!?,6&?,67'+#C'$C!#$#8.&'&!F#&!E&)%!(6!DE#$('-.!

(,)!%'&#??)#7#$*)!6-!(,)!/#89:;:2<;=20?Y!"#$%!#&!'(!")*#+)!&,'-()%!".!/012345!(6!-67+!

(,)!/#89:;:2<;=20?Y!/012345!*6+?8)@A!!1,)!"'$%'$C!*E7J)!&,6F&!(,#(!/#89:;:2<;=20?Y!

,#&!#!*6+?#7#"8)!#--'$'(.!-67!/012345!PQ'CE7)!\;RO!F'(,!#$!#J)7#C)!6-!(,7))!'$%)?)$%)$(!
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!"#$%&'()!!"#$%&#'!&()*%+#$,!+$-+*)%(!%.)%!/)'01213425361!+$%(&)*%,!,7(*+8+*)''9!:+%.!/;<3

=>?@!!AB;6!&()*%+#$,!*#$%)+$(-!%.(!C6;!1D6!7&#E(!FG!$BH!)$-I!:.(&(!+$-+*)%(-I!/)'01213

425361!FJ!$BH@!!K()*%+#$,!:(&(!,L77'(M($%(-!:+%.!(+%.(&!)$%+3/)'0121!)$%+E#-9!FG!$NHI!

/;<!FGO!$BHI!/;<3"P!FGO!$BHI!/;<3"4J!FGO!$BHI!/;<3=>?!FGO!$BH!#&!)$%+3/;<!)$%+E#-9!

FQ@J!RNH!),!+$-+*)%(-@!
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!

!

!

!

!

!

GST
-K

IX
/!

-G
ST

 

Gal4DBD-HBZ-AD/ 
DNA  

1 2 3 4 5 6 7 

UAS probe 

9 8 

!-
Gal4

 
GST

 
GST

-C
2 

GST
-C

H1 

Gal4DBD-HBZ-AD:  + - + + + + + + - GST
-K

IX
 

GST
-K

IX
 

Supershifted 
complexes 
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!"#$%&'()!!"#$$%$&'()*!+,-%./0!12'34!)*&!567!389:2'!8;!/<==>?,@!A2)*!*2(*!:;;2'2)BC!!*+,'

D*&!://:E&')!53!;8E!)*&!F:$GH,H%+,-%./0!F.D%567!2')&E:I)28'!A:4!3&)&E92'&3!#42'(!

JK.L4C!!M&:I)28'4!I8'):2'&3!NL.!/E81&!O<CP!'KQR!F:$GH,H%+,-%./0!O0C<P!'KR!$:'&4!S%0GQ!

:'3!2'IE&:42'(!I8'I&')E:)28'4!8;!F.D%567!OTU!/KR!0<P!/KR!SV=!/KR!PG=!/KR!0!'KR!S!'KR!G!

'KR!U!'KR!0T!'KR!<P!'KR!V=!'KR!:'3!0G=!'KW!$:'&4!<%0GQC!!*-,',2'32'(!I#EX&R!(&'&E:)&3!1B!

'8'$2'&:E!E&(E&4428'R!4*8A4!)*&!;E:I)28'!8;!F:$GH,H%+,-%./0!18#'3!X&E4#4!)*&!

I8'I&')E:)28'!8;!F.D%567!O'KQC!!L'!:X&E:(&!8;!)*E&&!2'3&/&'3&')!&Y/&E29&')4!B2&$3&3!:'!

://:E&')!53!8;!VCP!Z!0CV!'KC!
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!

!

!

!

!

!

!

!

!

GST-KIX: 
Gal4DBD-HBZ-Sp1:  + - 

- - 
+ + + + + + + 

Free probe  

+ 

Gal4DBD-HBZ-Sp1/ 
DNA  

Gal4DBD-HBZ-Sp1/ 
GST-KIX/DNA 

1 2 8 9 14 13 

UAS probe 
3 4 6 7 5 

+ + + + 

11 12 10 

68 pM – 138 nM  A. 

[GST-KIX] nM [GST-KIX] nM 

B. 
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!"#$"%&'"()*!+&",-&(.!/(!/$$/%"()!0-!12!345!6!743!(84!!89,)&$,"!:/(-*!/%"!1:*"%;"-!&(!

<&.9%"!=>!21%!9(*?&2)"-!@/,ABCBDECFDG$74!!H?"*"!:/(-*!/%"!$%"*9'/:,+!-9"!)1!

-".%/-/)&1(!1%!"/%,+!)"%'&(/)&1(!)%/(*,/)&1(!$%1-9I)*!$%"*"()!&(!)?"!$9%&2&"-!@/,ABCBD

ECFDG$7!$%1)"&(4!!ECFD>B!1(!)?"!1)?"%!?/(-!I19,-!:"!$9%&2&"-!J&)?!I1'$/%/)&;"!"/*"!/(-!

J&)?!*&.(&2&I/(),+!?&.?"%!+&",-*!2%1'!!"#$%&'4!!G&(I"!ECFD>B!:19(-!0KL!J&)?!/(!/22&(&)+!

*&'&,/%!)1!)?/)!12!ECFDG$7M!ECFD>B!J/*!9*"-!21%!)?"!'/N1%&)+!12!*9:*"O9"()!"#$"%&'"()*4!

! H?"!0KL!-1'/&(M!J?&I?!&()"%/I)*!J&)?!'/(+!)%/(*I%&$)&1(!2/I)1%*M!?/*!:""(!*?1J(!)1!

21,-!/(-!29(I)&1(!&(-"$"(-"(),+!12!1)?"%!-1'/&(*!&(!$PQQRSCT!UVPWM!V5PM!V5AX4!!H1!I1(2&%'!

)?/)!0KL!*&'&,/%,+!%"'/&(*!/II"**&:,"!21%!:&(-&(.!:+!ECFD>B!J&)?&(!29,,D,"(.)?!$PQQM!/(!

Y8G>!J/*!$"%21%'"-!9*&(.!$PQQ!&(*)"/-!12!@GHD0KL!Z<&.9%"!3[4!!>!*&'&,/%!/22&(&)+!J/*!

1:*"%;"-M!J&)?!@/,ABCBDECFD>B!/,'1*)!I1'$,")",+!*?&2)"-!:")J""(!Q4=V5!(8!/(-!P!(8!12!

$PQQ!Z,/("*!\!/(-!W[4!!K(!I1()%1,!%"/I)&1(*M!$PQQ!/,1("!-&-!(1)!:&(-!)?"!$%1:"!Z,/("!7V[4!!

!"#$ϕ%%ϕϕ$&#'()*$(+$,-./01$&23(4'2$'52$,(65/0))(+('7$8+'294:'(#+$"('5$;8%$$

$ K)!J/*!$%";&19*,+!*?1J(!)?/)!ECF!I1()/&(*!)J1!ϕLLϕϕ!'1)&2*M!VAD]B@^^DV\!/(-!

AAD^B@^^DA\M!/(-!)?/)!)?"*"!'1)&2*!'"-&/)"!)?"!?&.?D/22&(&)+!:&(-&(.!:")J""(!ECF!/(-!0KL!

U7W5X4!!K)!*?19,-!:"!(1)"-!)?/)!ECFD>B!I1()/&(*!/--&)&1(/,!$1)"()&/,!-",&("/)&1(*!12!

ϕLLϕϕ!'1)&2*M!J?&I?!/%"!&(-&I/)"-!J&)?!-/*?"-!/%%1J*!&(!<&.9%"!\>4!!H?&*!&*!(1)!9(9*9/,M!

/*!1)?"%!0KLD:&(-&(.!$%1)"&(*!&(I,9-&(.!8^^M!$0KBM!$5P!/(-!H/#!/,*1!I1()/&(!'1%"!)?/(!

1("!$1)"()&/,!-",&("/)&1(!12!/!ϕLLϕϕ!'1)&24!!H?"!VAD]B@^^DV\!/(-!AAD^B@^^DA\!'1)&2*!

J"%"!I?1*"(!21%!29%)?"%!/(/,+*&*!&(!)?&*!*)9-+!:/*"-!1(!)?"!$%";&19*!2&(-&(.*!)?/)!

'9)/)&1(*!&(!)?"*"!'1)&2*!/-;"%*",+!/22"I)!)?"!:&(-&(.!12!ECF!)1!0KL4!!_1!'9)/)&1(/,!

/(/,+*&*!12!1)?"%!ECF!ϕLLϕϕ!'1)&2*!?/*!:""(!-1("4!
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!"#$%&'()!!"#$%&'&()'*(+&!,-./0!1-23!3-43!#55-.-26!27!58$$($9.423!:;<<=!!>?@+!A9#B2-7.0!

B7.2#-.9/!C+@!:A7,9!DE=F!.?GH!"#$%&'&()'*(+&!DE=F!.?H!$#.90!E(I<G!#./!-.BA9#0-.4!

B7.B9.2A#2-7.0!75!:;<<!D<=E!:?H!I!:?H!F!:?H!EF!:?H!IEF!:?H!JEF!:?H!;!.?H!#./!IF=J!.?K!

$#.90!;(I<G=!!L#.9!II!B7.2#-.9/!"#$%&'&()'*(?82(+&;!DE=F!.?G!#./!:;<<!D;!.?GK!$#.9!IE!

B7.2#-.9/!7.$6!:;<<!DIF=J!.?G!#./!239!C+@!:A7,9=!!L#.90!0371.!#A9!5A7M!239!0#M9!49$K!

N9A2-B#$!$-.90!0371!139A9!239!49$!1#0!BA7::9/=!
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!

 

+ - 
- 

+ + + 

1 2 8 9 11 

- - 
- - 
- - - - + 

12 10 

Gal4DBD-HBZ-AD/ 
DNA 

UAS probe 

- 
15

.6 
nM

 

Gal4DBD-HBZ-AD/ 
p300/DNA 

3 4 6 7 5 

+ 
- 

+ + 
- - 

+ 
- 

+ 
- 

3 n
M 0.2 pM - 15.6 nM 

p300: 
Gal4DBD-HBZ-AD: 

Gal4DBD-HBZ-Mut-AD3:  
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!"#$%&'()!!"#$!ϕ%%ϕϕ!&$'()*!(+!,-./01!&23(4'2!5(+3(+6!'$!78"/9:%;!!*+,!0&(+$!4<(3*!=>!

'$!?=!$)!,-./8@=!4A2!*B$#+;!!:+3(<4'23!(+!5$C3!4A2!'B2!'#$!<DAA2+'CE!32C(+24'23!ϕ%%ϕϕ!

&$'()*!(+!'B2!#(C3/'E@2!F#'G!*2HD2+<2!4+3!4&(+$!4<(3!*D5*'('D'($+*!(+!,-./ID'/01=J!,-./

ID'/01K!4+3!,-./ID'/01L;!!82HD2+<2*!@A23(<'23!'$!)$A&!4&@B(@4'B(<!M!B2C(<2*!4A2!

D+32AC(+23;!!14*B23!4AA$#*!(+3(<4'2!$'B2A!@$'2+'(4C!32C(+24'($+*!$)!ϕ%%ϕϕ!&$'()*;!!*-,)'

N4<B!ϕ%%ϕϕ!&$'()!(+!74CO1-1/,-./01!<$+'A(5D'2*!D+2HD4CCE!'$!'B2!4))(+('E!)$A!78"/9:%;!!

NI80!A24<'($+*!<$+'4(+23!P08!@A$52!FL;K?!+IG!4+3!=+I!74CO/,-./01!#'J!74CO/,-./ID'/

01=J!74CO/,-./ID'/01K!$A!74CO/,-./ID'/01L!4*!(+3(<4'23;!!78"/9:%!#4*!'('A4'23!(+'$!

A24<'($+*!F>K;?!+IJ!=K?!+IJ!K?Q!+IJ!?QQ!+IJ!=!RIJ!4+3!K!RIG!4*!(+3(<4'23;!
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!

!

!

!

!

!

!

! GST-KIX: - 

Gal4DBD-HBZ 
Mut-AD3 

- 

1 2 8 9 27 29 26 

UAS probe 

3 4 6 7 5 24 25 17 28 14 16 13 11 12 10 15 21 23 20 18 19 22 

Gal4DBD-HBZ-AD 
wt-ϕXXϕϕ 

- 

Gal4DBD-HBZ 
Mut-AD2 

- 

Gal4DBD-HBZ 
Mut-AD1 

- 

Supershifted 
Complexes 

B. 

Gal4DBD- 
HBZ-AD/ 

DNA  

EDLLVEELVDGAASLEEELKDKEEEKAVLDGAASLE!

HBZ-AD wt 51 EDLLVEELVDGLLSLEEELKDKEEEKAVLDGLLSLE!

EDLLVEELVDGAASLEEELKDKEEEKAVLDGLLSLE!
EDLLVEELVDGLLSLEEELKDKEEEKAVLDGAASLE!

HBZ-Mut-AD3 

HBZ-Mut-AD2 

HBZ-Mut-AD1 

16 
A. 
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"#!$%&%'()*%!&+%!'%,-&).%!/#*&')01&)#*!#2!3456789:!;<6=8>??6;@!-*$!<<6?8>??6<@!

(#&)2:!&#!ABC!0)*$)*DE!&+'%%!>-,<8486345678!(1&-*&!/#*:&'1/&:!F%'%!/'%-&%$!GH)D1'%!@7IJ!!

>-,<84863456K1&678L!/#*&-)*:!(1&-&)#*:!)*!&+%!2)':&!(#&)2!G;<6=8>??6;@!&#!;<6=8>776

;@IJ!!>-,<84863456K1&678;!/#*&-)*:!(1&-&)#*:!)*!&+%!:%/#*$!(#&)2!G<<6?8>??6<@!&#!<<6

?8>776<@IJ!!>-,<84863456K1&678M!/-'')%:!0#&+!#2!&+%:%!(1&-&)#*:J!

! "+%!-22)*)&N!#2!%-/+!>-,<8486345678!(1&-*&!2#'!>O"6ABC!F-:!$%&%'()*%$!F)&+!

PKO7:!GH)D1'%!@4IJ!!PQ1).-,%*&!&)&'-&)#*:!#2!>O"6ABC!:+#F!&+-&!(1&-&)#*:!)*!&+%!2)':&!(#&)2!

$%/'%-:%!&+%!-22)*)&N!2#'!ABC!(#'%!&+-*!(1&-&)#*:!)*!&+%!:%/#*$!(#&)2J!!"+%!-RR-'%*&!A$!#2!

>-,<84863456K1&678L!):!-RR'#S)(-&%,N!@TT!*KE!/#(R-'%$!&#!L@T!*K!2#'!>-,<84863456

K1&678;J!!"+%!&+)'$!(1&-*&E!>-,<84863456K1&678ME!F-:!*#&!:+)2&%$!-&!&+%!/#*/%*&'-&)#*:!

#2!>O"6ABC!1:%$!)*!&+%:%!%SR%')(%*&:E!-*$!)&!-,:#!2-),%$!&#!)*&%'-/&!F)&+!21,,6,%*D&+!RMTT!-&!

-!/#*/%*&'-&)#*!&+-&!:+)2&%$!>-,<8486345678!F&!GH)D1'%!UE!,-*%!LLIJ!

! "+%!A$!.-,1%:!/#''%:R#*$!&#!/+-*D%:!)*!>)00:!2'%%!%*%'DN!#2!6@JLU!V/-,W(#,!2#'!

>-,<84863456K1&678L!-*$!6XJT<!V/-,W(#,!2#'!>-,<84863456K1&678;E!/#(R-'%$!&#!!!!!!!!!!!

6LLJ<M!V/-,W(#,!2#'!>-,<6345678F&J!!"+%!/#(0)*%$!/#:&!#2!0#&+!(1&-&)#*:!):!YJZY!V/-,W(#,J!!

7,&+#1D+!)&!F-:!*#&!$%&%'()*%$!F+-&!R#'&)#*!#2!&+):!%*%'DN!/#:&!F-:!$1%!&#!/+-*D%:!)*!&+%!

2#,$)*D!%Q1),)0')1(!#2!%-/+!(1&-*&E!-!*%&!,#::!#2!<XJ<M![!#2!&+%!&#&-,!2'%%!%*%'DN!'%:1,&%$!

2'#(!(1&-&)#*:!)*!&+%!ϕCCϕϕ (#&)2:J!!"+):!)*$)/-&%:!&+-&!&+%!+)D+6-22)*)&N!)*&%'-/&)#*!

0%&F%%*!345678!-*$!>O"6ABC!):!$%R%*$%*&!#*!&+%:%!(#&)2:E!F+%&+%'!&+'#1D+!$)'%/&!

/#*&-/&:!F)&+!ABCE!:&-0),)\-&)#*!#2!)*&'-(#,%/1,-'!/#*&-/&:!F)&+)*!345678E!#'!-!/#(0)*-&)#*!

#2!0#&+J!
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!"#$%&'()'*+,-(./,-'/0'10+2'340'%256(57/6(.'8'!,9(.,)'

! "#$!%&'()*&+!%),(-)(,.%!&/!012!3&(+4!)&!56,*&(%!7,&).*+%!%8&9!*+!.6-8!-6%.!)86)!

012!*%!-&+)6-).4!7,.4&:*+6+)';!5*6!,.%*4(.%!*+!6!-&+%.+%(%!ϕ22ϕϕ :&)*/!-&+)6*+.4!9*)8*+!

6+!6:78*76)8*-!<!8.'*=!&+!)8.!*+).,6-)*+>!7,&).*+!?@ABC!@DEC!@D@FG!!H+6';%*%!&/!)8.!IJKLHM!

6:*+&!6-*4!%.N(.+-.!9*)8!/&(,!4*//.,.+)!%.-&+46,;!%),(-)(,.!7,.4*-)*&+!7,&>,6:%!*+4*-6).!

)86)!IJKLHM!/&,:%!)9&!<!8.'*-.%C!.6-8!-&+)6*+*+>!&+.!&/!)8.!4.'*+.6).4!ϕ22ϕϕ :&)*/%!

.=6:*+.4!*+!)8*%!%)(4;!O1LPHQQR$!?@SSFC!".)Q(,/T!?@SUFC!TQ1T$RM!?@SVFC!6+4!1+).,T,&Q-6+!

5*6!QW1QQL#XM!?@SYFG!!P63'.!E!%(::6,*Z.%!)8.!7,&363*'*)*.%!&/!<L8.'*-6'!/&,:6)*&+!/&,!

6:*+&!6-*4%!EULSV!*+!IJKLHMG!!H!3,.6[!3.)9..+!)8.!)9&!8.'*-.%!*%!7,.4*-).4!)&!&--(,!6)!

,.%*4(.%!ADLAUG!!I.'*-6'!98..'!6+6';%*%!/(,)8.,!*+4*-6).4!)86)!.6-8!&/!IJKLHM\%!7,.4*-).4!<!
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./0!1&/1&22&2!34)573)56'!69!)*&!:;;%1&2/6'257&!!"#$%&!/16J6)&1!5'!4&$$2<!!QXPEYEZ!4&$$2!

C&1&!)13'29&4)&D!C5)*!!"#'%&%;#4!GQHH!'(I!3$6'&!61!5'!46JK5'3)56'!C5)*!"$3(%:;;!G0HH!

'(IM!/4?N@%+,-!GZHH!'(I!61!/4?N@%+,-%:#)%@?P!GZHH!'(I!32!5'D543)&D<!!;#459&132&!322382!

C&1&!/&1961J&D!Q>!*6#12!39)&1!)13'29&4)56'<!!E*&!1&/61)&D!73$#&2!31&!)*&!37&13(&!

$#J5'&24&'4&!R!.<S<!916J!6'&!&T/&15J&')!/&1961J&D!5'!)15/$543)&!3'D!31&!1&/1&2&')3)57&!69!

)*1&&!5'D&/&'D&')!&T/&15J&')2<!!;#459&132&!34)575)8!C32!'61J3$5U&D!)6!V&'5$$3!$#459&132&!

916J!)*&!*&1/&2!25J/$&T!751#2!)*8J5D5'&!B5'32&!/16J6)&1!G/V;%EFM!W16J&(3I<!
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!"!#$%"&%$!&'"(!)*+,-.!$%./0&1,(!1(!-/01+%$"2%!"0&131&4!5-"(%!678!!9(!0,(&$"2&:!,(-4!"!2-1#'&!

.%0$%"2%!1(!-/01+%$"2%!"0&131&4!5;<*+,-.7!="2!,>&"1(%.!>4!%?@$%221,(!,+!+/--*-%(#&'!ABC*D/&*

EFG:!='10'!0"$$1%2!&'%!2"H%!H/&"&1,(2!1(!1&2!ϕIIϕϕ!H,&1+2!"2!&'%!$%0,H>1("(&!@/$1+1%.!

ABC*D/&*EFG!/2%.!+,$!&'%!!"#$!%&'!2&/.1%2!5-"(%!J7!KLMJN8!!O'%2%!$%2/-&2!1(.10"&%!&'"&!ABCP2!

%++%0&!,(!&'%!"0&131&4!,+!DQQ*EF!1(!0%--2!12!.%@%(.%(&!,(!&'%!ϕIIϕϕ!H,&1+28!

! O,!.%&%$H1(%!='%&'%$!ABC!"++%0&2!&'%!"0&131&4!,+!DQQ!"&!"!("&/$"-!@$,H,&%$:!

-/01+%$"2%!"22"42!/&1-1R1(#!"!$%@,$&%$!=1&'!&'%!DQQ*$%2@,(213%!(')#*+!@$,H,&%$!K<)MN!=%$%!

@%$+,$H%.!"2!">,3%8!!S,(212&%(&!=1&'!$%2/-&2!+$,H!T"-6FBF*DQQ*EF:!ABC!$%@$%22%.!DQQ*

EF*H%.1"&%.!"0&13"&1,(!+$,H!&'%!(')#*+!@$,H,&%$!='1-%!&'%!ABC!.,/>-%!H/&"(&!.1.!(,&!

5U1#/$%!LGB78!!O'%2%!$%2/-&2!2/##%2&!&'"&!ABC!0,H@%&%2!%++%0&13%-4!=1&'!DQQ*EF!+,$!V9I*

>1(.1(#!1(!0%--2!"(.!2',=!&'"&!&'%2%!%++%0&2!"$%!.%@%(.%(&!,(!ABC*EFP2!ϕIIϕϕ!H,&1+28!

!"#$%&'()*+,-,.'/0-1'+23'4)5'"067068'-)'9:;'

! O'%!&/H,$!2/@@$%22,$!@JG!'"2!>%%(!+,/(.!&,!1(&%$"0&!=1&'!V9I!KLG<N8!!E!$%0%(&!

2&/.4!2',=%.!&'"&!@JG*EF!0,(&"1(2!&=,!"H@'1@"&'10!W!'%-10%2:!%"0'!0,(&"1(1(#!"&!-%"2&!,(%!

ϕIIϕϕ!H,&1+:!"(.!&'"&!%"0'!,+!&'%2%!'%-10%2!0"(!>1(.!"!.1++%$%(&!2/$+"0%!,+!V9I!

21H/-&"(%,/2-4!"(.!24(%$#12&10"--4!K<6XN8!!O,!.%&%$H1(%!&'%!%++%0&!,+!ABC*EF!,(!&'12!

1(&%$"0&1,(:!0,H@%&1&1,(!TYO!@/--*.,=(!"22"42!=%$%!@%$+,$H%.!1(!='10'!ABC*EF!="2!

&1&$"&%.!1(&,!>1(.1(#!$%"0&1,(2!0,(&"1(1(#!@JG!"(.!TYO*V9I!5U1#/$%!L678!!ABC*EF!%++%0&13%-4!

.12@-"0%.!@JG!+$,H!TYO*V9I!5-"(%2!6*X78!!ABC*EF!.1.!(,&!>1(.!TYO!5-"(%!L7:!>/&!2,H%!

>1(.1(#!&,!TYO!="2!,>2%$3%.!+,$!@JG!5-"(%!<78!!Z3%$"--:!&'12!$%2/-&!2/##%2&2!&'"&!.12$/@&1(#!

&'%!1(&%$"0&1,(!,+!,(%!@JG!'%-1?!+$,H!&'%!DQQ*EF*>1(.1(#!2/$+"0%!,+!V9I!12!2/++101%(&!&,!

.%2&">1-1R%!&'%!1(&%$"0&1,(!>%&=%%(!@JG!"(.!V9I8!!Z+!(,&%:!&'%!@/>-12'%.!V.!+,$!&'%!'



!

 73!

!"#$%&'()*!!"#$%&'!()*+,-,.!/0-1!+23!4)5!6078079!-)!:;<%=>?@!!A)*+,-0-0)7!6078079!

5,B(-0)7.!()7-B07,8!:;<%=>?!C2DD!7EF!B78!+23!CG@2!7EF!CHB7,.!3%IF!/0-1!07(5,B.079!

()7(,7-5B-0)7.!)4!"#$%&'!C2D!7EJ!GDD!7EJ!2DD!7EJ!G!KEJ!B78!2!KEL!HB7,.!M%IF@!!A)7-5)H!

6078079!5,B(-0)7.!()7-B07,8!:;<!C2DD!7EF!/0-1!"#$%&'!C2!KEJ!HB7,!GF!)5!+23!CG@2!7EJ!HB7,!

NF@!!O5B(-0)7.!)4!"#$%&'!CN!P!)4!*BQ0*R*F!B78!+23!CG33!PF!)7+R-.!B5,!.1)/7!07!HB7,.!S!

B78!GDJ!5,.+,(-0T,HU@!!#)R78!+5)-,07.!/,5,!5,.)HT,8!/0-1!;';%V&:W!B78!B7BHUX,8!/0-1!

Y,.-,57!6H)-!CY#F!R.079!-1,!B7-06)80,.!0780(B-,8@!
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"#$%&'($")#!*%$+%%#!,-.!'#/!012345!)6!78!9!1!:;!<=>?@!+)AB/!"#/"('$%!$C'$!DA(C!D)&%!

012!'#/E)&!FGH3,-.!+)AB/!C'I%!*%%#!#%%/%/!$)!&%'(C!*"#/"#J!()#/"$")#K!$C'#!$C%!

()#(%#$&'$")#K!AK%/!"#!$C"K!'KK'LM!!-#"$"'BBLN!C"JC%&!()#(%#$&'$")#K!+%&%!AK%/!*A$!&%KAB$%/!"#!

)I%&3K'$A&'$")#!)6!$C%!K"J#'B!)*$'"#%/!"#!O%K$%&#!*B)$!/%I%B)0D%#$M!!-$!"K!#)$!P#)+#!+CL!

()#(%#$&'$")#K!*%B)+!$C%!&%0)&$%/!,/!I'BA%!&%$'"#%/!$C%!'*"B"$L!$)!"#$%&'($!+"$C!,-.!"#!$C"K!

'KK'LM!

"#$%&'!()*+,-,.!/0-1!234!5)6!#078079!-)!:;<!

! -$!C'K!0&%I")AKBL!*%%#!&%0)&$%/!$C'$!H'Q!*"#/K!$C%!K'D%!,-.!KA&6'(%!'K!;RR345!

<=S7@!'#/!$C'$!TUV!()D0%$%K!+"$C!H'Q!6)&!,-.!*"#/"#J!<781@M!!H)!()#6"&D!$C%!'*"B"$L!)6!

TUV345!$)!()D0%$%!+"$C!H'Q!6)&!*"#/"#J!$)!,-.N!()D0%$"$")#!FGH!0ABB3/)+#!'KK'LK!+%&%!

0%&6)&D%/!+"$C!H'QN!FGH3,-.!WX"JA&%!71N!B'#%K!23?Y!'#/!"#(&%'K"#J!'D)A#$K!)6!TUV345!

WB'#%K!>3?YM!!4K!%Q0%($%/N!TUV345!%66%($"I%BL!&%D)I%/!H'Q!6&)D!FGH3,-.M!!FGH!/"/!#)$!*"#/!

TUV345!WB'#%!7YN!*A$!K)D%!*'(PJ&)A#/!+'K!)*K%&I%/!+"$C!H'Q!WB'#%!=YM!

"#$%&'!=30>.!-)!()*+,-,!/0-1!?%@A7!5)6!#078079!-)!:;<!

! -$!+'K!%Q0%($%/!$C'$!TUV345!+)AB/!K"D"B'&BL!()D0%$%!+"$C!(3ZA#!6)&!,-.!*"#/"#JN!

K"#(%!;RR345N!H'Q!'#/!(3ZA#!'&%!'BB!$C)AJC$!$)!*"#/!$C%!K'D%!KA&6'(%!)6!,-.!<=>1N!=S7N!=S[@M!!

H)!/%$%&D"#%!$C%!%66%($!)6!TUV345!)#!$C"K!"#$%&'($")#N!()D0%$"$")#!FGH!0ABB3/)+#!'KK'LK!

+%&%!0%&6)&D%/!"#!+C"(C!FGH3,-.!'#/!(3ZA#!WX"JA&%!7S4N!B'#%K!23[Y!+%&%!"#(A*'$%/!+"$C!

"#(&%'K"#J!()#(%#$&'$")#K!)6!TUV345!WB'#%K!>3[YM!!\#%Q0%($%/BLN!TUV345!6'"B%/!$)!()D0%$%!

+"$C!(3ZA#!6)&!FGH3,-.!*"#/"#J!'#/!'00%'&%/!"#K$%'/!$)!KB"JC$BL!%#C'#(%!$C%!"#$%&'($")#M!!

HC%!'KK'LK!+%&%!&%0%'$%/!+"$C!KB"JC$BL!/"66%&%#$!()#/"$")#K!"#!X"JA&%!7SU!"#!+C"(C!(3ZA#!

+'K!"#(A*'$%/!+"$C!FGH3,-.!"#!$C%!'*K%#(%!WB'#%K!2!'#/!1Y!)&!0&%K%#(%!WB'#%K!>!'#/!SY!)6!

TUV345M!!H+)!/"66%&%#$!()#(%#$&'$")#K!)6!(3ZA#!+%&%!$%K$%/!WB'#%K!23>N!B'#%K!13SYM!
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!"#$%&'()*!!"#$%&'!()*+,-,.!/0-1!234!5)6!708908:!-)!;<2%=>?@!!A)*+,-0-0)8!708908:!

6,3(-0)8.!()8-308,9!;<2%=>?!BCDD!8EF!389!234!BG@H!IEF!BJ38,.!K%LF!/0-1!08(6,3.08:!

()8(,8-63-0)8.!)5!"#$%&'!BGDD!8EM!NCD!8EM!CDD!8EM!G!OEM!389!C!OEP!J38,.!Q%LF@!!A)8-6)J!

708908:!6,3(-0)8.!()8-308,9!;<2!BCDD!8EF!/0-1!"#$%&'!BC!OEM!J38,!GF!)6!234!BG@H!IEM!J38,!

NF@!!R63(-0)8.!)5!"#$%&'!BG@C!S!)5!*340*T*F!389!234!BH!SF!)8+T-.!36,!.1)/8!08!J38,.!U!

389!GDM!6,.+,(-0V,JW@!!#)T89!+6)-,08.!/,6,!6,.)JV,9!/0-1!<'<%X&;Y!389!383JWZ,9!7W!

[,.-,68!7J)-!B[#F!T.08:!-1,!38-07)90,.!0890(3-,9@!
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!"#$%&'()*!!"#$%&'!()*+,!-.!/.012-2!3*-4!/%567!(.8!9*7:*7;!-.!<=>%?@AB!!+,-'C.012-*-*.7!

9*7:*7;!82)/-*.7,!/.7-)*72:!<=>%?@A!DEFF!7GH!)7:!/%567!DIJF!7GH!D+)72,!K%LH!3*-4!

*7/82),*7;!/.7/27-8)-*.7,!.(!"#$%&'!DEFF!7GM!IJF!7GM!JFF!7GM!)7:!E!NGO!+)72,!P%LHB!!

C.7-8.+!9*7:*7;!82)/-*.7,!/.7-)*72:!<=>!DEFF!7GH!3*-4!"#$%&'!DE!NGM!+)72!EH!.8!/%567!

DIJF!7GM!+)72!IHB!!&!(8)/-*.7!.(!/%567!DEJ!QH!.716-!*,!,4.37!*7!+)72!EFB!!#.67:!18.-2*7,!

3282!82,.+R2:!3*-4!='=%S&<T!)7:!)7)+UV2:!9U!W2,-287!9+.-!DW#H!6,*7;!-42!)7-*9.:U!

*7:*/)-2:B!!+.-!"#$%&'!274)7/2,!-42!9*7:*7;!.(!/%567!-.!?@AB!!#*7:*7;!82)/-*.7,!/.7-)*72:!

<=>%?@A!DIJF!7GH!)7:!-3.!:*((2827-!/.7/27-8)-*.7,!.(!/%567!DEFF!7G!*7!+)72,!K%PO!IFF!7G!

*7!+)72,!J%XH!*7!-42!)9,27/2!D+)72,!K!)7:!JH!.8!182,27/2!D+)72,!P!)7:!XH!.(!IJF!7G!"#$%&'B!!

C.7-8.+!82)/-*.7,!/.7-)*72:!<=>!DIJF!7GH!3*-4!"#$%&'!DIJF!7GM!+)72!EH!.8!/%567!DIFF!7GM!

+)72!IHB!!Y8)/-*.7,!.(!/%567!DZ!Q!.(!0)[*060H!)7:!"#$%&'!DLJ!QH!.716-,!)82!,4.37!*7!

+)72,!L!)7:!\!82,12/-*R2+UB!!#.67:!18.-2*7,!3282!82,.+R2:!3*-4!='=%S&<T!)7:!)7)+UV2:!9U!

W2,-287!9+.-!DW#H!6,*7;!-42!)7-*9.:*2,!*7:*/)-2:B!
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"#$%&'(%!)&$!*+,-,$./0!+1,/$.&)2!/&)$,.).)(!3456"7!,881,+!$&!9.)*!2#.(%$#:!-&+1!/6;')<!!

=>?!*.*!)&$!9.)*!3456"7!&+!/6;')<!!>.)/1!/6;')!*&12!)&$!*.+1/$#:!.)$1+,/$!@.$%!3456"7!

A81+2&),#!/&--')./,$.&)0!7+<!B1-,22&)0!')8'9#.2%1*!*,$,C0!$%121!D.)*.)(2!2'((12$!$%,$!$%1!

1)%,)/1*!9.)*.)(!&D!/6;')!$&!EFG!-,:!91!*'1!$&!1DD1/$2!&D!3456"7!&)!EFG<!!?%1!2.().D./,)$#:!

#&@1+!9,)*!.)$1)2.$.12!211)!&)!$%1!-1-9+,)1!.)!H.('+1!IJ40!.)/#'*.)(!$%1!/6;')!8&2.$.K1!

/&)$+&#0!,+1!8&$1)$.,##:!*'1!$&!,!)'-91+!&D!1L81+.-1)$,#!D,/$&+2!2'/%!,2!+1,(1)$!

*1(+,*,$.&)0!.)1DD./.1)$!$+,)2D1+!&D!8+&$1.)2!$&!$%1!-1-9+,)10!&+!K,+.,$.&)2!.)!,)$.9&*:!

*.#'$.&)2<!!?%1!3456"7!9,)*2!,881,+!2.().D./,)$#:!-&+1!D,.)$!.)!$%.2!D.('+1!$%,)!.)!&$%1+2!

*'1!$&!$%1!'21!&D!,!%.2$.*.)1!,)$.9&*:!$&!*1$1/$!$%1!JL3.2!$,(!&)!3456"7!+,$%1+!$%,)!$%1!

,)$.9&*:!D&+!$%1!G8+122!18.$&81!'21*!.)!&$%1+!1L81+.-1)$2<!

/6;')!4.)*.)(!M1N'.+12!EFG!M12.*'12!O1/122,+:!D&+!/6P:96"7!,)*!8EF7!4.)*.)(!

! M12'#$2!D+&-!=>?6EFG!-'$,(1)12.2!*,$,!')1L81/$1*#:!2%&@1*!$%,$!/6;')!.2!*1D1/$.K1!

D&+!9.)*.)(!$&!=>?6EFGQ8R!,)*!=>?6EFGS"S!/&-8,+1*!$&!=>?6EFG@$0!.)*./,$.)(!$%,$!+12.*'12!

.)K&#K1*!.)!$%1!9.)*.)(!&D!/6P:96"7!,)*T&+!8EF7!,+1!,#2&!.-8&+$,)$!D&+!9.)*.)(!9:!/6;')!

AH.('+1!IU"0!#,)12!V0!W6JC<!!>&-1!9.)*.)(!&D!/6;')!$&!=>?!@,2!)&$1*!.)!$%1!/&)$+&#!+1,/$.&)0!

9'$!2.().D./,)$#:!-&+1!/6;')!9&')*!=>?6EFG@$0!.)*./,$.)(!$%,$!/6;')!281/.D./,##:!9.)*2!EFG<!!

?%121!D.)*.)(20!/&-9.)1*!@.$%!$%1!.),9.#.$:!&D!3456"7!$&!/&-81$1!@.$%!/6;')!D&+!9.)*.)(!$&!

EFG!,)*!$%1!3456"76-1*.,$1*!1)%,)/1*!9.)*.)(!&D!/6;')!$&!EFG0!2'((12$!$%,$!$%1!9.)*.)(!

2.$1!D&+!/6;')!*&12!)&$!&K1+#,8!@.$%!$%1!3456"7!9.)*.)(!2.$1<!!?%121!D.)*.)(2!,#2&!@&'#*!91!

/&)2.2$1)$!@.$%!3456"76-1*.,$1*!,##&2$1+./!-&*'#,$.&)!&D!EFG!,2!,!-1/%,).2-!&D!

.)/+1,21*!9.)*.)(!&D!/6;')0!,2!&88&21*!$&!,!*.+1/$!.)$1+,/$.&)!91$@11)!/6;')!,)*!3456"7<!

! !
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!"#$%&'()*''"#$%&!'()%*'(+!,-.!'(+*/%(+!&("(++0'1!23'!"#415#67!0&/!8,-7!5*&/*&9:!!+,-'"#

$%&!(;<*5*=+!0&!%&(;8("=(/!5*&/*&9!80==('&!=3!>?@#,-.!A%=0&=+:!!B(0"=*3&+!"3&=0*&(/!"#$%&!

CDEF!&4G!0&/!FHH!&4!>?@I!>?@#,-.J=!3'!>?@#,-.!A%=0&=+!K"#$%&#6!CLMNH6GI!K"#$%&#O!

CPMNM6I!QMNR6GI!K8S!CTMFU6G!3'!T6T!CTMFH6I!6MFVWI!TMFU6G!0+!*&/*"0=(/:!!6!2'0"=*3&!32!!!

"#$%&!3&8%=!CDE!XG!*+!+<3J&!*&!Y0&(!E:!!O3%&/!8'3=(*&+!J('(!'(+3YZ(/!J*=<!?7?#[6>P!0&/!

/(=("=(/!51!\(+=('&!5Y3=!C\OG!%+*&9!=<(!*&/*"0=(/!0&=*53/1:!!L0&(+!+<3J&!0'(!2'3A!=<(!

+0A(!A(A5'0&(]!Z('=*"0Y!Y*&(+!+<3J!J<('(!=<(!A(A5'0&(!J0+!"'388(/.  +.-!L3"0=*3&+!32!

A%=0=(/!,-.!'(+*/%(+!0'(!*&/*"0=(/!J*=<!0&!0+=('*+^:!!+/-!,-.!'(+*/%(+!*/(&=*2*(/!=3!5(!

+='3&9Y1!+<*2=(/!%83&!"#$%&!0&/!@0;!5*&/*&9!0'(!/*+8(&+05Y(!23'!5*&/*&9!*&!>?@!8%YY#/3J&+:!!
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!

HBZ-AD 
Flag-
MLL-AD Tax pCREB 

HA- 
c-Myb-AD 

!-Xpress 

C. 
GST-KIX-!c-Jun-B: 
GST-KIX-!c-Jun-A: 

Onput (%): 

1 2 8 9 14 13 3 4 6 7 5 11 12 10 15 
!-Flag !-HIS !-pCREB !-HA WB: 

+ 
 - 

 -  - 
+  -  - +  -  - +  -  - +  -  - +  - 

+  -  - +  -  - +  -  - +  -  - 

+  -  - +  -  - +  -  - +  -  - +  -  - 

WB: !-c-Jun 

B. 
GST-KIX-YAY: 
GST-KIX-!pC: 

GST-KIX-!c-Jun-B: 
GST-KIX-!c-Jun-A: 

GST-KIX-wt : 
GST : 

c-Jun 

 - 
+ 

 -  -  - 
 -  - 

 -  -  -  - 
 -  - 

 -  - 
+ 

 -  - 

 -  -  - 
 - 

+ 
 - + 

1 2 3 4 5 6 7 
Onp

ut 

 - 
 - 

 - 

 - 

 -  -  - 
 - 

 - + 
+ 

A. Site of pKID and 
c-Myb-AD binding 

L12 

G1 

" 2 

" 3 

G2 

" 1 

L620 

* 
* 

E626 

* 
V629 
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HBZ-AD: 
HA-c-Myb-AD: 

1 2 3 4 5 6 7 8 10 

HA-c-Myb-AD 
WB: !-Xpress 

WB: !-HA 

+ 
- 

 - ++ ++ - 
 - + 

+ + 
 - + 

Onput  GST-KIX GST 

HBZ-AD 

+++ 

9 

A. 

+++ 
+  - +  - +  - 

GST 

B. 

1 2 3 

GST-
HBZ 

Onp
ut 

HA-c-Myb-AD 

WB: !-HA HA-c-Myb-AD 

+++ 
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!

!

!

!

!

!

!

HBZ-AD-Mut3: 
HA-c-Myb-AD: 

1 2 3 4 5 6 7 

HA-c-Myb-AD 

WB: !-Xpress 

WB: !-HA 

+ + 
+ 

+ + + 
 - 

+ - 
- 

Onput GST-KIX 

HBZ-AD-Mut3 
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/=6?J2&EB!"OLLI/MB!"1\B!J5%4)L&4>!5(+!$LI/M;!!O==!?6*<'??'&(?!3C43.%!%&!"OLLI/M!

V323!<5+3!V'%)&6%!'(.6%!23,52+'(,!3C.32'<3(%5=!+5%5;!!
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"#$!%&''()*!+$,-$./$.!.$012.$-!-3$4252467289!85!.$-2:1$-!7#81;#7!78!,$!29/8</$:!

29!,29:29;=!!%>?@&'!.$-2:1$-!+$.$!-$<$47$:!,6-$:!89!.$-1<7-!+27#!7#$!A1767$:!ϕBBϕϕ!

A8725-!-#8+29;!7#67!<$1429$-!CDE!CFE!GD!69:!GF!6.$!4.27246<!78!7#$!297$.647289!+27#!*HB=!!(5!

7#$-$!.$-2:1$-E!89<I!JCF!69:!JGF!+$.$!-3$4252$:!58.!:84K29;!,6-$:!89!7#$!H@"&LLMN!

3.$:247$:!O'!-7.1471.$!85!%>?@&'!-#8+29;!7#67!.$-2:1$-!JCD!69:!JGD!6.$!:2.$47$:!78+6.:!

7#$!297$.28.!85!7#$!#62.329!-7.1471.$!69:!6.$!7#$.$58.$!19<2K$<I!78!,$!6/62<6,<$!58.!*HB!

,29:29;!PQ2;1.$!R>S=!!>6-$:!89!7#$!TL"@*HB!A176;$9$-2-!:676E!*HB!6A298!642:-!UVOW!69:!

JVVG!+$.$!-$<$47$:!6-!38--2,<$!297$.64729;!.$-2:1$-=!

! "#$!783@-48.29;!.$-1<7-!5.8A!6<<!3.8;.6A-!3<64$:!%>?@&'!67!8.!9$6.!7#$!XJJ@&'!

,29:29;!-1.564$!85!*HBE!69:!989$!85!7#$!783@-48.29;!A8:$<-!3<64$:!%>?@&'!67!8.!9$6.!7#$!

3*H'Y4@XI,@&'!,29:29;!-1.564$=!!&<<!3.8;.6A-!$Z4$37!%&''()*!3.$:247$:!7#67!%>?@&'!

+81<:!,29:!*HB!/26!89<I!89$!85!27-!7+8!3.$:247$:![!#$<24$-=!!%&''()*!.$-1<7-!+$.$!

.$71.9$:!29!.69K$:!4<1-7$.-E!+27#!581.!.69K$:!A8:$<-!3$.!4<1-7$.=!!X8:$<-!29!7#$!783@-48.29;!

%&''()*!4<1-7$.!6<-8!:84K$:!%>?@&'!/26!89$!#$<2ZE!,17!7#$!-$489:@-48.29;!4<1-7$.!3<64$:!

%>?@&'!67!7#$!XJJ@&'@,29:29;!-1.564$!85!*HB!/26!297$.647289-!29/8</29;!,87#!85!%>?@&'\-!

3.$:247$:![!#$<24$-!PQ2;1.$!CGS=!

H7!A6I!,$!-2;92524697!7#67!7#$!]XN!-7.1471.$!85!*HB!1-$:!58.!:84K29;!+6-!8.2;296<<I!

8,7629$:!5.8A!*HB!29!6!48A3<$Z!+27#!4@XI,@&'!69:!XJJ@&'E!+#24#!+$.$!:$<$7$:!5.8A!7#$!

52<$E!<$6/29;!89<I!7#$!*HB!-7.1471.$=!!&<7#81;#!7#$!XJJ@&'@,29:29;!-1.564$!85!*HB!2-!7#81;#7!

78!#6/$!-2;92524697!3<6-72427IE!*HB!,819:!78!7#$!-29;<$!#$<2Z!85!XJJ@&'!+81<:!#6/$!,$$9!29!

7#$!36.7241<6.!48958.A67289!-3$42524!58.!XJJ@&'!,29:29;E!+#24#!+81<:!,$!$Z3$47$:!78!,$
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!"#$%&'()*''"#$$%&'!()*+,!"-./#$!01!123!455/#$/678(789!,:;<0*3!)<!'=>!?70!*)810*1,!

@0(3!6A!6)12!)<!"-./#$B,!ϕ>>ϕϕ!@)17<,C!!"-./#$!7,!,2)D8!78!9;0AE!D712!123!,7(3!*2078,!

)<!F3:*783,!GH!08(!IH!,2)D8!78!;3(C!!53:*783,!GJ!08(!IJE!D27*2!D3;3!K;3(7*13(!6A!=/

L#MMNO!1)!@0+3!781;0@)F3*:F0;!*)810*1,!D71278!123!"-./#$!207;K78!13;170;A!,1;:*1:;3E!0;3!

8)1!?7,76F3!01!127,!);7381017)8C!
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"#$%!&'#(%)!*+,-!,!.#*%-*/,'!&#-0#$",*/#-!,&&#""#),*/-1!*2#!+%'/&%(3!!4566789:!;-'/<%!

*+%!#*+%$!.$#1$,"(:!/-&#$.#$,*%(!(/)%=&+,/-!,-)!>,&<>#-%!0'%?/>/'/*@:!,''#2/-1!0#$!(#"%!

)%1$%%!#0!&#-0#$",*/#-,'!&+,-1%!;.#-!'/1,-)!)#&</-1!ABCB:!BDBE3!!F+/(!0%,*;$%!",@!

.,$*/,''@!%?.',/-!2+@!*+/(!2,(!*+%!#-'@!.$#1$,"!*+,*!$%*;$-%)!,!"#)%'!;*/'/G/-1!>#*+!#0!

4HI=56J(!.$%)/&*%)!K!+%'/&%(3!

L-!,))/*/#-:!*+%!(&#$/-1!)/00%$%-&%(!>%*2%%-!4566789J(!0/$(*!,-)!(%&#-)!&';(*%$(!

,$#(%!",/-'@!0$#"!/-&$%,(%)!$%(*$,/-*!M/#',*/#-(!/-!*+%!(%&#-)!&';(*%$!)%(./*%!,!',$1%$!

>;$/%)!(;$0,&%!,$%,:!2+/&+!/(!&#-(/)%$%)!*+%!>%(*!.$%)/&*#$!#0!,!0,M#$,>'%!/-*%$0,&%3!!L*!",@!

>%!.#((/>'%!*+,*!/-!,-!%?.%$/"%-*,'!$,*+%$!*+,-!.$%)/&*/M%!"#)%':!*+%!NOO=56=>/-)/-1!

(;$0,&%!#0!9LP!2#;')!0'%?!"#$%!;.#-!4HI=56!>/-)/-1!*+,-!.%$"/**%)!/-!*+%!4566789!

,'1#$/*+":!'%,)/-1!*#!,&&#""#),*/#-!#0!>#*+!4HI=56J(!K!+%'/&%(!,-)!*+%!",?/";"!>;$/%)!

(;$0,&%!,$%,3



!

 

!"#$%&'()*((+,-!.--,/0(

! "#$%&'!()*!+,,-!*(./-!0-!1(,*,!*1230,*!1.!()4,!)!*15.-6!)770-018!7.5!1(,!9:;!3.<)0-!

.7!1(,!15)-*=50>10.-)?!=.)=104)1.5*!>@AABC#DE!/01(!)-!)>>)5,-1!93!.7!@FG!H!AFI!-JF!!K4,5!)!

3.L,-!3077,5,-1!15)-*=50>10.-)?!5,62?)1.58!>5.1,0-*!()4,!+,,-!7.2-3!1.!+0-3!1(,!9:;!3.<)0-!

MGNAOE!)-3!1(,!5,>.51,3!93!4)?2,*!.7!>5.1,0-*!/(.*,!0-1,5)=10.-*!/01(!9:;!()4,!+,,-!

P2)-1070,3!)5,!0-!1(,!<0=5.<.?)5!5)-6,!QR)+?,!@SF!!R(,*,!0-=?23,!>9:'!MGTIOE!>I@%&'!MGNUOE!

=%J8+%&'!)-3!JVV%&'!MGNNOF!!&?1(.26(!01!0*!-.1!>.**0+?,!1.!P2)-101)104,?8!=.<>)5,!1(,*,!

4)?2,*!*0-=,!1(,8!/,5,!3,504,3!2*0-6!3077,5,-1!<,1(.3.?.60,*!0-!3077,5,-1!?)+*E!1(,8!*266,*1!

1()1!"#$%&'!/.2?3!+,!)-!,77,=104,!=.<>,101.5!/01(!15)-*=50>10.-!7)=1.5*!+0-30-6!1(,!*)<,!

*257)=,!.7!9:;F!!:-!)33010.-E!1(,!(06(!)770-018!.7!"#$%&'!7.5!9:;!)?*.!0-30=)1,*!01!/.2?3!+,!)!

>.1,-1!)??.*1,50=!)6,-1!=)>)+?,!.7!)77,=10-6!1(,!.1(,5!*257)=,!.7!9:;F!

! R(,!9:;!3.<)0-!()*!+,,-!/,??%=()5)=1,50L,3!+8!WJX!1.!()4,!1/.!30*10-=1!+0-30-6!

*257)=,*F!!WJX!*152=125,*!*(./!.-,!*257)=,!.7!9:;!0*!=.-1)=1,3!+8!>9:'!MG@YO!)-3!=%J8+%

&'!MGNZE!GNGOE!/(0?,!1(,!.1(,5!*257)=,!0*!=.-1)=1,3!+8!JVV%&'!MGNZOF!!&!=.-*,-*2*!ϕ;;ϕϕ!

<.107!.==2550-6!/01(0-!)-!)<>(0>)1(0=![!(,?0\!0-!,)=(!.7!1(,*,!>5.1,0-*!()*!+,,-!*(./-!1.!

<,30)1,!=5010=)?!0-1,5)=10.-*!/01(!9:;!5,6)53?,**!.7!/(0=(!9:;!*257)=,!0*!=.-1)=1,3F!!R(,!

<.107!0*!*0<0?)5?8!>5,*,-1!0-!.1(,5!9:;%+0-30-6!>5.1,0-*E!0-=?230-6!]G&!MGIAOE!^K;K@!MGNYOE!

=%_2-!MGNIE!GNUOE!R)\!MGN`OE!)-3!aX]#D!MGIZOF!!"#$%&'!=.-1)0-*!1/.!>5,30=1,3!)<>(0>)1(0=!

[!(,?0=,*E!,)=(!=.-1)0-0-6!)1!?,)*1!.-,!3,?0-,)1,3!ϕ;;ϕϕ!<.107F!!R(.26(!1(,!>5,*,-=,!.7!

<.5,!1()-!.-,!=.-*,-*2*!<.107!0-!"#$%&'!*266,*1,3!1(,!>.**0+0?018!1()1!"#$%&'!<06(1!

*0<2?1)-,.2*?8!+0-3!<.5,!1()-!.-,!<.?,=2?,!.7!9:;E!1(,!,\>,50<,-1)?!,403,-=,!0-30=)1,*!

1()1!"#$%&'!+0-3*!.-?8!1(,!JVV%&'%+0-30-6!*257)=,!.7!9:;!/01(!)!ZbZ!*1.0=(0.<,158F!

(
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!"#$%&"'&()*+,-&)./#./0&1"&234&

! "#$!%&'!ϕ((ϕϕ!)'%*+,!*-!./0123!*-4$,%*56%$7!*-!%#*,!,%879!&$:$!$6;#!+'8-7!%'!

;'-%:*<8%$!,*5-*+*;6-%=9!<8%!8-$>86==9!%'!*-%$:6;%*'-,!&*%#!?@(A!!B8%6%*'-,!*-!%#$!CD1E3FGG1

CH!)'%*+!:$,8=%$7!*-!6!CIJ1+'=7!*-;:$6,$!*-!%#$!6KK6:$-%!?7!:$=6%*4$!%'!&*=7!%9K$!;')K6:$7!

%'!'-=9!6!IL1+'=7!*-;:$6,$!:$,8=%*-5!+:')!)8%6%*'-,!*-!%#$!DD1G3FGG1DH!)'%*+A!

M'%$-%*6==9!,*5-*+*;6-%!%'!%#$!7*++$:$-%!;'-%:*<8%*'-,!'+!$6;#!$N6)*-$7!ϕ((ϕϕ!)'%*+!

*-!./0123O!%#$!+*:,%!K:$7*;%$7!#$=*N!#6,!)':$!%8:-,!'+!8-<:'P$-!6)K#*K6%#*;*%9!%#6-!%#$!

,$;'-7!QR*58:$!S2TO!6-7!%#$!U1#$=*;6=!;'-%$-%!+':!%#$!,$;'-7!#$=*N!*,!K:$7*;%$7!%'!+6==!

,#6:K=9!<$5*--*-5!6:'8-7!:$,*78$,!DJ1DH!Q"6<=$!VTA!!2-!6=%$:-6%*4$!7$=*-$6%*'-!'+!6!ϕ((ϕϕ!

)'%*+!*-!%#$!,$;'-7!#$=*N!QWX1DJ1GF3GE1DW1YXT!*-;=87$,!:$,*78$,!EDW!6-7!GDDO!<'%#!'+!

&#*;#!=*$!&$==!&*%#*-!%#$!:6-5$!'+!K:$7*;%$7!U1#$=*;6=!+':)6%*'-!QR*58:$!H2O!"6<=$!VTA!!@%!

)69!%#$:$+':$!<$!K',,*<=$!%#6%!%#*,!6=%$:-6%*4$!)'%*+!)$7*6%$,!;'-%6;%,!&*%#!?@(!%'!6!

5:$6%$:!7$5:$$!%#6-!%#$!DD1G3FGG1DH!)'%*+!6-7!%#6%!)8%6%*'-,!'+!EDW!6-7!GDD!&'8=7!#64$!

:$,8=%$7!*-!6!=',,!'+!<*-7*-5!)':$!$>8*46=$-%!%'!%#6%!'<,$:4$7!+':!)8%6%*'-,!*-!%#$!CD1

E3FGG1CH!)'%*+A!

"#$!=',,!'+!6++*-*%9!<$%&$$-!?@(!6-7!%#$!./0123!)8%6-%,!;'8=7!6:*,$!+:')!7*,:8K%$7!

;'-%6;%,!7*:$;%=9!<$%&$$-!./0123X,!ϕ((ϕϕ )'%*+,!6-7!?@(!':!+:')!$++$;%,!'-!./0123!

+'=7*-5A!!2=%#'85#!)':$!$NK$:*)$-%,!&'8=7!<$!:$>8*:$7!%'!7*++$:$-%*6%$!%#$!K':%*'-!'+!

'4$:6==!$-$:5$%*;!;',%,!6,,';*6%$7!&*%#!$6;#!K',,*<*=*%9O!%#$!=*,%!'+!K:'%$*-,!P-'&-!%'!<*-7!

?@(!7*:$;%=9!4*6!ϕ((ϕϕ )'%*+,!&*%#*-!6)K#*K6%#*;!!!#$=*;$,!,%:'-5=9!,855$,%,!7*,:8K%$7!

7*:$;%!;'-%6;%,!<$%&$$-!?@(!6-7!./0123X,!ϕ((ϕϕ )'%*+,A!!Z$4$:%#$=$,,O!76%6!+:')!%#$!/[W!

6,,69O!7*,;8,,$7!<$='&O!*-7*;6%$!%#6%!./0123X,!ϕ((ϕϕ )'%*+,!)69!6=,'!)6P$!

*-%:6)'=$;8=6:!;'-%6;%,!&*%#*-!./0123O!,8KK':%*-5!6!#9K'%#$,*,!%#6%!%#$,$!)'%*+,!+8-;%*'-!



!

 109!

"#$!#"%&!$#!'()*+$(!*"$(,+-$*#".!/*$0!123!45$!+%.#!$#!.$+4*%*6(!$0(!.(-#")+,&!+")7#,!

$(,$*+,&!.$,5-$5,(!#8!9:;<=>?!!

9:;<=>!@(,$*+,&!A$,5-$5,(!+")!="#'+%#5.!A>A<B=CD!

! 9:;<=>!*.!E,()*-$()!$#!8#,'!+!0(%*F<-#*%<0(%*F!0+*,E*"!$(,$*+,&!.$,5-$5,(!GH*I5,(.!J:!

+")!KLM?!!DFE(,*'("$+%!(N*)("-(!.5EE#,$*"I!$0*.!E,()*-$*#"!-+'(!5"(FE(-$()%&!8,#'!

#4.(,N+$*#".!$0+$!$0(!9:;<=>!'5$+"$.!'*I,+$()!+"#'+%#5.%&!*"!A>A<B=CD!GH*I5,(!OPM?!!

@0*.!E0("#'("#"!0+.!4(("!.0#/"!$#!+,*.(!.E(-*8*-+%%&!*"!'5$+$()!0+*,E*"!E(E$*)(.!/0#.(!

/*%)<$&E(!$(,$*+,&!.$,5-$5,(!*.!E+,$*-5%+,%&!,(.*.$+"$!$#!)("+$5,+$*#"!4&!A>A!QKRPS?!!

=%$0#5I0!$0(!)($+*%.!,('+*"!5"-%(+,T!*$!*.!$0#5I0$!$0+$!'5$+$*#".!#8!U(&!,(.*)5(.!/*$0*"!

0+*,E*"!E(E$*)(.!+%%#/!8#,!I,(+$(,!+--(..!$#!$0(!*"$(,*#,!#8!$0(!0+*,E*"!4&!A>A?!!@0*.!+%$(,.!

$0(!)(I,((!#8!)("+$5,+$*#"!4&!A>AT!,(.5%$*"I!*"!+"#'+%#5.!'*I,+$*#"!*"!A>A<B=CD?!!C*N("!

$0+$!$0*.!E0("#'("#"!0+.!4(("!E,#E#.()!8#,!5.(!+.!+!.-,(("*"I!$##%!$#!*)("$*8&!E,#$(*".!

/*$0!,#45.$!$(,$*+,&!.$,5-$5,(!QKRPST!*$!.(('.!5"%*U(%&!$0+$!9:;<=>!/#5%)!(F0*4*$!.5-0!

4(0+N*#,!*"!$0(!+4.("-(!#8!0+*,E*"!.$,5-$5,(!QKRPS?!!28!-#,,(-$T!$0*.!,(E,(.("$.!+!)(E+,$5,(!

8,#'!$0(!#4.(,N()!$,(")!$0+$!123<4*")*"I!E,#$(*".!(F*.$!+.!*"$,*".*-+%%&!)*.#,)(,()!E,#$(*".!

$0+$!8#%)!5E#"!4*")*"I!123!*"$#!+"!V<0(%*-+%!.$,5-$5,(!QKWXS?!

! 2$!*.!"#$!U"#/"!/0($0(,!E5$+$*N(!+%$(,+$*#".!*"!$0(!$(,$*+,&!.$,5-$5,(.!#8!$0(!9:;<=>!

'5$+"$.!,(+-0!+!$0,(.0#%)!#8!85"-$*#"+%!,(%(N+"-(!*"!+!E0&.*#%#I*-+%!4588(,!*"!$0(!+4.("-(!#8!

A>A?!!2$!'+&!4(!E#..*4%(!$0+$!N+,*+$*#".!*"!.$,5-$5,+%!*"$(I,*$&!#"%&!4(-#'(!(N*)("$!5")(,!

$0(!)("+$5,*"I!E,(..5,(!#8!A>A?!!2$!*.!*"$(,(.$*"IT!0#/(N(,T!$0+$!$0(!*"-,(+.*"I!)(I,((!#8!

+"#'+%#5.!'*I,+$*#"!4&!(+-0!9:;<=>!'5$+"$!-#,,(.E#").!$#!*$.!*"-,(+.*"I!%#..!#8!123<

4*")*"I!+4*%*$&?!!@0(!#,)(,!#8!'*I,+$*#"!*"!A>A<B=CDT!8,#'!8+.$(.$!$#!.%#/(.$T!*.!9:;<=>/$T!

9:;<Y5$<=>KT!9:;<Y5$<=>OT!+")!9:;<Y5$<=>X!GH*I5,(!OP=M?!!@0*.!,+"U*"I!)*,(-$%&!
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"#$$%&'#()&!*#!*+%!'$#,$%&&-.%!/#&&!#0!1234500-(-*6!76!89:4;<*4=>?@!89:4;<*4=>A@!5()!

89:4;<*4=>BC!!D+%&%!0-()-(,&!&<,,%&*!*+5*!)-&$<'*%)!-(*$5E#/%"</5$!"#(*5"*&@!5''%5$-(,!*#!

#""<$!*#!*+%!/5$,%&*!)%,$%%!-(!89:4;<*4=>B@!0#//#F%)!76!89:4;<*4=>A!5()!89:4;<*4=>?@!

E56!-(!'5$*!5""#<(*!0#$!*+%!"#$$%&'#()-(,!/#&&!#0!12347-()-(,!5"*-.-*6!76!%5"+!E<*5(*C!

G/%H-7-/-*6!#0!*+%!;II4=>49-()-(,!J<$05"%!=""#EE#)5*%&!J*$<"*<$5/!K5$-5*-#(!

! D+%!;II4=>47-()-(,!&<$05"%!#0!123!"#(*5"*%)!76!89:4=>!+5&!7%%(!&+#F(!*#!%H+-7-*!

&-,(-0-"5(*!0/%H-7-/-*6@!'$%&<E57/6!-(!#$)%$!*#!5""#EE#)5*%!5!.5$-%*6!#0!)-00%$%(*!/-,5()&!

L?MANC!!2*!+5&!7%%(!&<,,%&*%)!*+5*!*+%!&+5'%!#0!*+%!;II4=>47-()-(,!&<$05"%!E56!-(!05"*!7%!

)%*%$E-(%)!76!*+%!7#<()!/-,5()!L?MANC!!O.-)%("%!&<''#$*-(,!*+-&!+6'#*+%&-&!"#E%&!(#*!

#(/6!0$#E!P;Q!&*<)-%&!L?MAN!7<*!5/&#!0$#E!$%'#$*&!&+#F-(,!*+5*!)-00%$%(*!/-,5()&!

-(*%$5"*-(,!F-*+!*+%!;II4=>47-()-(,!&<$05"%!#0!123!'$#)<"%!)$5E5*-"5//6!)-00%$%(*!

5//#&*%$-"!%00%"*&!-(!*+%!#''#&-*%!&<$05"%!#0!123C!!G#$!%H5E'/%@!*+%!7-()-(,!#0!;II4=>!

-()<"%&!'#&-*-.%!"##'%$5*-.-*6!-(*#!*+%!7-()-(,!#0!%-*+%$!'RQO9!#$!"4;674=>!5*!*+%!#*+%$!

&<$05"%!#0!123C!!8#F%.%$@!*+%!&E5//4E#/%"</%!5(*5,#(-&*!1S4TUA@!F+-"+!5/&#!7-()&!*+%!;II4
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I,*H%.!"===%!%!&6;789!:%!#?;#">#?;#C%!

";;%! SOTOU3.!L%.!*-!0'%.!D0KL68)0&@)7.'#-$()$(#-.&"#1)O$#4)"3",$(6/-7-(/-(#)B$(&1-)$(4$2$#'.)

78V;QSW!)&(/)"'+(#-.&"#1)$#1)$(4$2$#'.3)&"#$%$#3)#'O&./1)GNSW=!XB/P!1.!"==?%!$#6789!

:%!"?57>"?"<%!
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"#$%! &'()!*%+%)!,%!-./(0/1)!2(3!4%5%!&/2(6)!!"#$%&'&()**&*)"+)#,$&-,."/&012)&3&4%(42.40),%&

'$5&0$.6)0/&07)&7"#$%&#,040,(&(7)(+24,%0&2.40),%&89:3;!7/88)!"99:%!!";"<=!.%!:">9"%!

"#?%! &/2(6)!4%5%)!/@!28%)!!'<=>?&0.$%/>$(0,-$04.&2.40),%@&0$5@&,/&$&0.$%/>.)2.)//4.&4A&07)&

7"#$%&B)0$>24*1#).$/)&6)%);!-0'/(0/)!"99A%!#$%;$9$B<=!.%!"A:C>$%!

"#B%! -DEDF')!5%)!/@!28%)!!'<=>3&0$5&4%(42.40),%&B,%C/&04&:D9&0424,/4#).$/)&?&$%C&,%7,B,0/&,0/&

($0$*10,(&$(0,-,01;!G'1H8H6I)!CAAA%!#%&;C<=!.%!C9">:%!

"#J%! K'12')!K%)!/@!28%)!'.$%/(.,20,4%$*&$(0,-$04.&'$5&4A&!'<=>3&B,%C/&04&07)&DE>+$22$&F&

2.)("./4.&23GH;!L(0H6/(/)!"99C%!%;9<=!.%!"J#J>$C%!

"#:%! -DEDF')!5%)!/@!28%)!'$5&2.40),%&4A&!'<=>3&C)/0$B,*,I)/&07)&(4#2*)5)/&4A&DE>+$22$&F&$%C&?&

+$22$&F>$*27$&$%C&,%C"()/&%"(*)$.&0.$%/*4($0,4%&4A&DE>+$22$&F&A4.&0.$%/(.,20,4%$*&

$(0,-$0,4%;!L(0H6/(/)!"99?%!'&;B<=!.%!""99>CAJ%!

"#9%! 5MDF2N212)!5%)!/@!28%)!?%C"(0,4%&4A&F(*>5J<K&)52.)//,4%&B1&7"#$%&'>()**&*)"+)#,$&-,."/&

012)&3&'$5&07.4"67&DE>+$22$F&,%&$24204/,/>.)/,/0$%0&'>()**&0.$%/A)(0$%0/&L,07&'$5;!&!

G'1H8)!"999%!%";"A<=!.%!J9:">J%!

"$A%! O12DP/'8/1)!Q%)!/@!28%)!M)2.)//,4%&4A&B$5&6)%)&)52.)//,4%&B1&07)&!'<=>3&'$5&2.40),%N&

,#2*,($0,4%/&A4.&/"22.)//,4%&4A&$24204/,/&,%&-,.$**1&,%A)(0)C&()**/;!G'1H8H6I)!"99J%!

#"';"<=!.%!"#?>"$A%!

"$"%! R(HD/)!&%)!S%!-/'F')!5%!52('6D0N')!-%!5MD1D)!2(3!S%!+HMN'32%)!?%C"(0,4%&4A&,%0).*)"+,%&O&

.)()204.&6)%)&)52.)//,4%&B1&2PG5&)%(4C)C&B1&7"#$%&'>()**&*)"+)#,$&-,."/&012)&?;!Q8FR&

S)!"9:B%!(=!.%!C::#>C:::%!

"$C%! S21DI2T2!S)!-%K%)!K2122!K)!K2@2F/I2T2!S)!-/'F'!S)!,DU'@2!5)!R(HD/!&)!+HMN'32!S)!

52('6D0N'!5)!Q-,C)%()&A4.&$B)..$%0&$(0,-$0,4%&4A&07)&,%0).*)"+,%>O&$"04(.,%)&*442&B1&

!'<=>?&)%(4C)C&2PG5&$%C&'TU',&(4#2*)5&0.,66).,%6;!7/88)!"9:J%!$)=!.%!#$#>#?A%!



!
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"#$%! &'()*+,-!.%-!/0!,1%-!!"#$%&'()*+,*-$"*."&"*"/01"(('+&*+,*234567*%&8*'-(*%((+#'%-'+&*

9'-$*:34;!2345!6/(-!"789%!!"#$%%&"':!;%!5<"=8%!

"##%! >?-!@%A%-!/0!,1%-!<"&+)"69'8"*"/01"(('+&*#$%&."(*'&8=#"8*>?*23456@*3%/A*"B'8"&#"*,+1*

!4C6D*)'/"8*E'&"%."*F'&%("*'&B+EB")"&-*'&*3%/6)"8'%-"8*GH6F%00%I*%#-'B%-'+&;!

BCD'?/C/-!EFF"%!!(G$$H:!;%!##8#=##79%!

"#I%! ./(C,J+-!K%.%-!L%!L,JM/,N-!,C+!O%!4/P,NQ-!2IJK*%*&"9*')0+1-%&-*0E%?"1*'&*-$"*)?(-"1?*

+,*:8=E-636*#"EE*E"=F")'%;!L1''+-!EFF9%!

"#9%! .,0(NR'0'-!S%-!/0!,1%-!2=)%&*36#"EE*E"=F")'%*B'1=(*-?0"*@*3%/*01+-"'&*-1%&(,+1)(*1%-*

,'>1+>E%(-(*B'%*-9+*8'(-'&#-*0%-$9%?(;!K!T*J'1-!"77<%!)'G9H:!;%!###I=I"%!

"#<%! @'UU,00*-!6%-!K%!T'?/1-!,C+!V%!K,W-!3$"*$=)%&*36E?)0$+-1+0'#*B'1=(*-?0"*7*-%/*."&"*#%&*

#++0"1%-"*9'-$*-$"*1%(*+&#+."&"*-+*'&8=#"*&"+0E%(-'#*-1%&(,+1)%-'+&*+,*#"EE(;!.'1!O/11!

L*'1-!"77F%!'(G"H:!;%!#"$=<%!

"#8%! X,C,Y,-!2%-!/0!,1%-!L&#+."&'#*-1%&(,+1)%-'+&*>?*-$"*-%/*."&"*+,*$=)%&*36#"EE*E"=F")'%*

B'1=(*-?0"*7*'&*B'-1+;!@J'D!>,01!2D,+!5D*!Z!5!2-!"77F%!*)G$H:!;%!"F<"=I%!

"#7%! V,'-![%-!/0!,1%-!23456@*3%/*-1%&(."&'#*)'#"*8"B"E+0*(0+&-%&"+=(*+(-"+E?-'#*>+&"*

)"-%(-%("(*01"B"&-"8*>?*+(-"+#E%(-*'&$'>'-'+&;!L1''+-!EFFI%!'(+G"$H:!;%!#E7#=$FE%!

"IF%! VJ'((R,C-!A%K%-!/0!,1%-!M"B"E+0)"&-*+,*E"=F")'%*'&*)'#"*-1%&(."&'#*,+1*-$"*-%/*."&"*+,*

$=)%&*36#"EE*E"=F")'%*B'1=(*-?0"*7;!@J'D!>,01!2D,+!5D*!Z!5!2-!"77I%!,!G#H:!;%!"FI<=9"%!

"I"%! \,11-!2%@%-!/0!,1%-!3=)+=1(*8"1'B"8*,1+)*234567*-%/*-1%&(."&'#*)'#"*%1"*#$%1%#-"1'N"8*

>?*"&$%&#"8*E"B"E(*+,*%0+0-+('(*%&8*+&#+."&"*"/01"(('+&;!K!@,0)'1-!"778%!'*+GEH:!;%!

EF7="#%!

"IE%! \*CJ*D)(-!5%\%-!/0!,1%-!:*-1%&(."&'#*)+=("*)+8"E*,+1*$=)%&*&"=1+,'>1+)%-+('(;!5D*/CD/-!

"78<%!!-)G#8EFH:!;%!"$#F=$%!



!
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"#$%! &'(')*'(+,!-%,!'.!/0%,!!"#$%&%$'#(#$)*$"+,&($!-./,0")%1)023$421+5$%/0#$6$2(7+3#5$

,#5#(3"/,&.$%+,)15$2($%1&(5'#(23$,23#8!123')2',!"456%!!"#7859:;<!=%!"$98>4%!

"#8%! ?@AA0',!&%B%,!'.!/0%,!923#$%1&(5'#(23$*)1$:!;<-=$;!>-%&?$#?"2@2%$%&?$#?01#552)($2($@)(#A$

5B#.#%&.$&.%#1&%2)(5A$&(7$"2'"$@)(#$%+1()4#18!C3(D0D+E,!"44$%!$%#7";<!=%!"4F>9:8%!

"##%! B/G'+/H/,!B%,!'.!/0%,!!"/,+5-7#124#7$.#+B#,2&-./,0"),&$2($,23#$%1&(5'#(23$*)1$%"#$

!&?$'#(#$)*$"+,&($!-./,0")%1)023$421+5$%/0#$=8!&/.!-'A,!9::F%!$!78;<!=%!8FF>69%!

"#F%! IJG@+3,!K%,!'.!/0%,!!"#$!&?$01)%#2($)*$:!;<-6$01),)%#5$)(3)'#(#525$2($()%$)(./$

2,,&%+1#$!$3#..5$@+%$&.5)$,&%+1#$!$3#..58!&/.!-'A,!9::6%!$"7#;<!=%!#96>5%!

"#6%! L(DGGM/),!N%O%,!'.!/0%,!C#4#.)0,#(%$)*$.#+B#,2&$2($,23#$%1&(5'#(23$*)1$%"#$%&?$'#(#$)*$

"+,&($!-$3#..$.#+B#,2&$421+5$%/0#$=8!P(D2%!&/.0%!Q2/A%!123%!R1Q,!"44#%!%!78;<!=%!":#6>

":F"%!

"#5%! S3MM'(M/),!T%,!1%!&3'H3'GU,!/)A!-%V%!W/3(MD(',!9)+5#$,)7#.5$)*$"+,&($!$

./,0")%1)023$421+5$%/0#-6-&55)32&%#7$&7+.%$!-3#..$.#+B#,2&D./,0"),&8!C'.!P/.JD0,!

9:":%!&#78;<!=%!F66>54%!

"#4%! QU/+3,!K%,!B%!I)D,!/)A!X%!1J3MD.DJ)D,!E"&1&3%#12F&%2)($)*$!$3#..5$2,,)1%&.2F#7$@/$

!&?6$)*$"+,&($!-3#..$.#+B#,2&$421+5$%/0#$68!T0DDA,!"44#%!'(7"";<!=%!898$>4%!

"F:%! L(/GGM/)),!?%,!'.!/0%,!!1&(5*)1,&%2)($%)$3)(%2(+)+5$'1)G%"$)*$012,&1/$"+,&($!$

./,0")3/%#5$@/$"+,&($!-3#..$.#+B#,2&$421+5$%/0#$=$H-1#'2)($'#(#5$%1&(57+3#7$@/$&$

:#10#5421+5$5&2,212$4#3%)18!P(D2!&/.0!Q2/A!123!R!1!Q,!"454%!'(74;<!=%!$$#">#%!

"F"%! T'00D),!-%,!'.!/0%,!:!;<-=$!&?-7#0#(7#(%$&(7$-2(7#0#(7#(%$#4#(%5$&55)32&%#7$G2%"$

2,,)1%&.2F&%2)($)*$"+,&($012,&1/$!$./,0")3/%#58!T0DDA,!9:":%!$$)7"9;<!=%!988">5%!

"F9%! ?/)+/(/Y/),!Q%,!'.!/0%,!I0#32#5-$&(7$3#..$%/0#-50#32*23$1#J+21#,#(%5$*)1$3#..+.&1$

%1&(5*)1,&%2)(8!Z/)2'(!Z'00,!9::8%!(79;<!=%!"6">5$%!



!
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"#$%! &'()*!+%,%!')-!.%/%!+01)2034*!!"#$%&'()&*+,-./&0"*+.&1"*()&2$##%3!5!6)47!8!90-*!

:;;:%!!"#<:;=>!?%!"@A$B#;$%!

"#C%! &'()*!+%,%!')-!.%/%!+01)2034*!4(5$##-./&10$&*(#$2"#+)&2-)2"-1)6&('&2+.2$)3!5'D!.0E!

,')F03*!:;;:%!$<@=>!?%!$$"BC"%!

"#@%! .')4'3'G')*!/%!')-!.%/%!+01)2034*!78-.-(.9&:(*8+)+1-;$&<-(#(/6&('&*("%$&;$)%"%&

0"*+.&2$##%9&*(5$##-./&0"*+.&2+.2$)&-.&*-2$3!5'D!.0E!,')F03*!:;;$%!!<":=>!?%!A@:BA%!

"##%! H1I*!9%*!0D!'7%*!="*+.&>?2$##&#$",$*-+&;-)"%&168$&@&-.'$21-(.&#$+5%&1(&+))$%1&-.&10$&A@&

80+%$&('&10$&2$##&262#$3!8!J13K7*!:;;L%!%$<"M=>!?%!LCC:B@@%!

"#M%! N'O0-'*!P%*!0D!'7%*!A$.$1-2&+.5&$8-/$.$1-2&-.+21-;+1-(.&('&1+B&/$.$&-.&+5"#1&>?2$##&

#$",$*-+&2$##%3!Q)D!8!,')F03*!:;;C%!&'(<C=>!?%!@@AB#M%!

"#L%! ,7'3O0*!9%R%*!0D!'7%*!4$106#+1-(.&('&0"*+.&>?2$##&#$",$*-+&;-)"%&8)(;-)+#&CDE&+.5&;-)+#&

!DE&$B8)$%%-(.&-.&%0()1?&+.5&#(./?1$)*&2"#1")$%&('&-.'$21$5&2$##%3!J13K7K4S*!"ALC%!

&!)<"=>!?%!AMB";C%!

"#A%! T1D'UI3'*!N%*!0D!'7%*!4$106#+1-(.&8+11$).&('&0"*+.&>?2$##&#$",$*-+&;-)"%&-.&;-;(&+.5&-.&

;-1)(9&8F&+.5&G>!&)$/-(.%&+)$&068(*$106#+1$5&-.&;-;(3!Q)D!8!,')F03*!"AL@%!!)<@=>!?%!

#:AB$@%!

"M;%! T1SKO'V'*!N%*!0D!'7%*!8HIB?JJJ&+.5&8H@B?JJJK&8)(1$-.%&$.2(5$5&<6&10$&8F&%$L"$.2$&('&

0"*+.&>?2$##&#$",$*-+&;-)"%&168$&J3!W3KF%!5'D7%!/F'-%!PF1%!XP/*!"AL@%!%$<:C=>!?%!L$@AB

L$#$%!

"M"%! YKZ(1-'*!9%!')-!9%!P01O1*!!$2$.1&+5;+.2$%&-.&10$&*(#$2"#+)&<-(#(/6&('&=>GM?@9&1)+.%?

+21-;+1-(.&('&;-)+#&+.5&2$##"#+)&/$.$%3!/))I!.0E!QUUI)K7*!"ALM%!)>!?%!@C"B@A%!

"M:%! T1)KZ(1D'*!N%*!0D!'7%*!C$1$21-(.&('&*!DE&'()&10$&1+B@N)$B@&/$.$&('&0"*+.&>?2$##&

#$",$*-+&;-)"%&168$&J&-.&')$%0&8$)-80$)+#&<#((5&*(.(."2#$+)&2$##%&('&+5"#1&>?2$##&
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!"#$"%&'()'*&"+*,('+-(.&/'!(0'//&"/,(12(#,&+3(*4"()5!2%"/',"(04'&+(/"'0*&5+6!"#$%!&'()!

*%'+!,%-!.!,!*/!01213!!"40567!83!9:;<=53!

0>?3! @A#AB'C'/!D3/!E(!')3/!7#%'+(890"!!(!"#$"%&'(.&/#,(*2)"9:(;78<=9:>(8'?(&,("?)/",,"-('*(

*4"(,'%"(!"."!(&+(&+@"0*"-(0"!!,(5@(78<=9:9',,50&'*"-(%2"!5)'*42(5/(*/5)&0'!(,)',*&0(

)'/')'/",&,()'*&"+*,(',(&+(',2%)*5%'*&0(0'//&"/,(1#*('*('(!5A"/(!"."!(&+('-#!*(890"!!(

!"#$"%&'(0"!!,6!F)$$+/!01193!!#4>67!83!02:9=><3!

0>53! G-H'I'B-/!G3/!E(!')3/!B/"@"/"+*&'!(,"!"0*&5+(5@(4#%'+(890"!!(!"#$"%&'(.&/#,(*2)"(:(

)/5.&/#,(!'0$&+3(*4"(CD(!5+3(*"/%&+'!(/")"'*(-#/&+3(5+053"+",&,6!J!K-#$)/!;<<>3!!$40067!

83!9>05=;?3!

0>93! L$-C'/!M3/!E(!')3/!CD9!5+3(*"/%&+'!(/")"'*9,"!"0*&."(E)F(%"*42!'*&5+(5@(!'*"+*(4#%'+(89

0"!!(!"#$"%&'(.&/#,(*2)"(:()/5.&/#,(&+(.&*/5('+-(&+(.&.56!J!K-#$)/!;<<;3!%"40267!83!1?21=

1>3!

0>:3! M'N-OA%P-/!D3/!E(!')3/!G&!"+0&+3(5@(4#%'+(890"!!(!"#$"%&'(.&/#,(*2)"(H(3"+"(*/'+,0/&)*&5+(

12(")&3"+"*&0(%"04'+&,%,6!QE(#$R-#$)$OH/!;<<93!&7!83!:53!

0>>3! @A#AB'C'/!D3/!E(!')3/!I?&,*"+0"(5@(",0')"(%#*'+*(&+(78<=9H(*'?(-#/&+3(*4"(-"."!5)%"+*(

5@('-#!*(890"!!(!"#$"%&'6!F)$$+/!;<<03!'%4567!83!12>=1?3!

0>23! G'(SA$B'/!G3!'N+!"3T3!U#EEN/!84"(7JK(3"+"L('($"2()!'2"/(&+(78<=9:()'*453"+",&,6!

QE(#$R-#$)$OH/!;<<13!"7!83!>03!

0>13! *SVA-(P/!F3/!E(!')3/!H+(.&.5(8(!2%)4502*"(-2+'%&0,(&+(4#%'+,('+-(*4"(&%)'0*(5@(4#%'+(

89!2%)45*/5)&0(.&/#,(:(&+@"0*&5+6!"#$%!&'()!*%'+!,%-!.!,!*/!;<<>3!$()40167!83!2<?9=5<3!

02<3! Q$SS/!M3G3/!,3G3!"E((-W$#+/!'N+!"3T3!U#EEN/!84"(*'?(3"+"(5@(4#%'+(890"!!(!"#$"%&'(.&/#,(

*2)"(M(&,(",,"+*&'!(@5/(*/'+,@5/%'*&5+(5@(4#%'+(8(!2%)4502*",6!J!K-#$)/!011:3!%(4267!83!

9015=;<;3!
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"#"$! %&'(!)$(!*+!&,$(!!"#$%&'()*+,+-./+0),1,0+,0+)23/./41,0)4,)532.,)678+99)9+3:+24.);4-30)

/<=+)>)=-1;4-.9)*+,12+0)4,);4;1?!)!-./0,(!12"2$!!"3"456!7$!818#9#8$!

"#1$! :0;<.=&(!>$(!*+!&,$(!6-.,08-4=/41,.9)81,/-19)1@)0=948+A).,A)3,0=948+A)532.,)678+99)

9+3:+24.);4-30)/<=+)>)BCD")@.8/1-)EF$CG)*+,+?!)!-./0,(!122#$!!#3"?56!7$!?@A?9B#$!

"#@$! C&.+0(!>$(!*+!&,$(!D,);4;1)+H=-+0041,)1@)/5+)F$C)*+,+)1@)F6IJ7>)81--+9./+0)K4/5)=-1;4-.9)

91.AL)4,@9.22./1-<)2.-:+-0).,A)A40+.0+)0+;+-4/<)4,)F6IJ7>).00184./+A)

2<+91=./5<M/-1=48.9)0=.0/48)=.-.=.-+040)EF!NM6O"G?!D*+/0E./0,0FG(!122?$!$6!7$!"?$!

"#4$! H&,.'(!>$(!*+!&,$(!F32.,)678+99)9+3:+24.);4-30)/<=+)P)=-1A38+0).)0=948+A).,/40+,0+)

/-.,08-4=/)+,81A4,*).)=-1/+4,)/5./)9.8:0).)89.0048)BCD")A12.4,)B3/)0/499)4,54B4/0)6.HP7

2+A4./+A)/-.,08-4=/41,?!I,00=(!122?$!%%"3"156!7$!14189@#$!

"#A$! J&,&++.'.(!C$(!*+!&,$(!F32.,)678+99)9<2=51/-1=48);4-30)/<=+)'Q)812=9+/+),389+1/4A+)

0+R3+,8+).,A)85.-.8/+-4S./41,)1@)/5+)532.,)/.H')=-1/+4,?!)!-./0,(!122B$!!&3"?56!7$!

?#8B9##$!

"#B$! CK.+L*/(!M$>$(!*+!&,$(!!,84+,/L)4,A+=+,A+,/)+;193/41,).,A)A40/4,8/)219+839.-)@+./3-+0)1@)

/5+),1;+9)532.,)679<2=51/-1=48);4-30)/<=+)T?!D*+/0E./0,0FG(!122?$!$6!7$!?$!

"#8$! J&E&'&F<(!>$H$(!*+!&,$(!F6IJ7D).,/40+,0+)/-.,08-4=/0)4,4/4./4,*)4,)/5+)'UI6V).-+)

.9/+-,./4;+9<)0=948+A).,A)=19<.A+,<9./+A?!D*+/0E./0,0FG(!122B$!'6!7$!"A$!

"##$! >N/&+&(!O$(!*+!&,$(!!),1;+9).9/+-,./4;+)0=9484,*)401@1-2)1@)532.,)678+99)9+3:+24.);4-30)

/<=+)>)BCD")@.8/1-)EF$C7ODG)/.-*+/0)A40/4,8/)03B,389+.-)918.94S./41,?!)!-./0,(!122B$!

!&3A56!7$!14?A9A2A$!

"#?$! J&E&'&F<(!>$(!*+!&,$(!F6IJ7D).,/40+,0+)/-.,08-4=/0)4,4/4./+)4,)/5+)'WI6V).,A).-+)

.9/+-,./4;+9<)0=948+A).,A)=19<.A+,<9./+A?!D*+/0E./0,0FG(!122B$!'6!7$!"A$!



!

 147!

"#$%! &'()*+,!-%,!./!'0%,!!"#$%&'()*+,-+.-/&0(,-123$''-'$&4$0*(-5*#&6-)7"$-8-(,)*6$,6$-

)#(,63#*")*+,-97-)/$-5*#('-)(:-"#+)$*,;!1!23*40,!5$$#%!!"6789!:%!5$7;<=7%!

"#"%! >3?3(,!@%,!./!'0%,!<&3'$(#-'+3('*=()*+,-+.->1?@2A-9BAC-.(3)+#-D>EBF-*6-0$G*()$G-97-)/#$$-

G*6)*,3)-0+)*.6;!1!A.00!-B3,!5$$=%!##!6@/!C89!:%!"D==<E5%!

"#5%! >3?3(,!@%,!./!'0%,!H-0+G*.*$G-5$#6*+,-+.-(-I+62(66+3*()$G-3'&6)$#-*,->EB-(..$3)6-J&,-

)#(,63#*")*+,('-"+)$,37;!FGB0.3B!HB3)I!J.I,!5$$E%!"$6#89!:%!5CE"<C5%!

"#D%! K'/IG4L',!K%,!>1?@28-9BAC-.(3)+#-%$,$K-A)6-#+'$6-*,->1?@28-"()/+%$,$6*6;!K40!HI:.B/I!

K.),!5$"$%!

"#7%! J.3(L.,!H%M%,!N%!N*3O4*+'(,!'()!H%P%!Q.'/3(O,!AG$,)*.*3()*+,-+.-9BAC-*,)$#(3)*+,-

"(#),$#6-+.-5*#('-"#+)$*,6->EBL-MNOL-EB?I8L-(,G-P29BAC-&6*,%-3+*'$G23+*'-(##(76;!

R34BS.T3I/*+,!5$"$%!$%6#89!:%!"#;=<"##C%!

"#=%! A0.*B,!U%,!./!'0%,!H,-*,)$#(3)*+,-9$)Q$$,-)/$-/&0(,-1-3$''-'$&4$0*(-5*#&6-)7"$-8-9(6*3-

'$&3*,$-=*""$#-.(3)+#-D>EBF-(,G-)/$-PAR-G+0(*,-+.-"STTUVEC-3+,)#*9&)$6-)+-)/$-G+Q,2

#$%&'()*+,-+.-)(:2G$"$,G$,)-5*#('-)#(,63#*")*+,-97->EB;!1!R340!AS.T,!5$$;%!&!"6D=89!:%!

5D#$D<"D%!

"#E%! H*(40),!1%,!./!'0%,!N,/(,3$0$,)-+.-*,.$3)*5*)7-(,G-"$#6*6)$,3$-*,-5*5+-97->EBL-(-,()&#('-

(,)*6$,6$-3+G$G-"#+)$*,-+.->1?@28;!R044),!5$$E%!#'(6"$89!:%!D#CE<D#;5%!

"#C%! H*(40),!1%,!./!'0%,!>&0(,-123$''-'$&4$0*(-5*#&6-)7"$28-(,)*6$,6$2$,3+G$G-%$,$L->9=L-

"#+0+)$6-12'70"/+37)$-"#+'*.$#()*+,;!R044),!5$$;%!##&6#89!:%!DC;;<#C%!

"#;%! @40'L4VIL3,!F%,!./!'0%,!N:"#$66*+,-+.-(-"#+)$*,-*,5+'5$G-*,-9+,$-#$6+#")*+,L-W448L-*6-

(3)*5()$G-97->1?@28-9BAC-.(3)+#-)/#+&%/-*)6-(3)*5()*+,-G+0(*,;!J./*4?3*404O+%,!5$"$%!

(9!:%!E"%!



!
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"##$! %&'(')!*$)!+,!-.$)!!"#$%&'()*++&+*",*#-$&.-/"0&123*&4&!56&3/71*-%&823$00*0&19*&

1$/:*1-%:&;"%)1-7%&7;&"8-<"-1-%$1-7%=!/!01'.!23+4)!5667$!!"#89#:;!<$!=95>=?75$!

566$! @+1(A+)!B$C$)!D$!DE1F'EG-()!-(H!B$I$!J+-,1(F)!>?*%1-;-)$1-7%&7;&86>@&-%1*/$)1-7%&

3$/1%*/0&7;&.-/$+&3/71*-%0&!56A&BCDA&56EF4A&$%?&G(86>@&"0-%:&)7-+*?()7-+&$//$20=!

01'K3+41&,EG)!56"6$!$%8#:;!<$!"#7L?#>$!

56"$! M3+N-O.,)!P$)!+,!-.$)!!56&-%1*/$)10&H-19&I"%J&$%?&01-#"+$1*0&-10&1/$%0)/-31-7%$+&$)1-.-12=!

QI0P!R+,,)!5669$!&'!8"?=:;!<$!"SL?">6$!

565$! T-,&O4',')!/$)!+,!-.$)!!'EK(4&!56&0"33/*00*0&L@(4&$)1-.-12&82&-#3$-/-%:&8719&19*&JML(

8-%?-%:&$8-+-12&$%?&19*&01$8-+-12&7;&)(I"%&3/71*-%=!*(K'F+(+)!566L$!!$8S:;!<$!"66"?

"6"6$!

56=$! *3&314-)!M$)!+,!-.$)!!'EK(4&8$0-)&+*")-%*(N-33*/&;$)17/A&!56A&-%1*/$)10&H-19&B$;5&$%?&

0"33/*00*0&1/$%0)/-31-7%&19/7":9&$&B$;&/*)7:%-1-7%&*+*#*%1=!/!2+..!01'K3+4)!56"6$!

(((8":;!<$!"7>?#9$!

569$! U1V1()!W$)!+,!-.$)!'9*&!56(O@4&-07;7/#&7;&9"#$%&'()*++&+*",*#-$&.-/"0&123*&>&/*3/*00*0&

I"%5&$)1-.-12&82&0*<"*01/$1-7%&-%17&%")+*$/&87?-*0=!@+,E'V1E'.'FG)!566>$!$;!<$!"9$!

56L$! JO3.4-(()!B$P$)!+,!-.$)!!'EK(4&!56&)773*/$1*0&H-19&I"%J&17&*%9$%)*&1/$%0)/-31-7%&7;&

19*&9"#$%&1*+7#*/$0*&/*.*/0*&1/$%0)/-31$0*&:*%*&P9'CQ'R=!@+,E'V1E'.'FG)!566>$!$;!<$!

#5$!

56S$! X3-')!M$)!+,!-.$)!!"#$%&'()*++&+*",*#-$&.-/"0&123*&4&86>@&;$)17/&0*+*)1-.*+2&0"33/*00*0&

19*&)+$00-)$+&3$19H$2&7;&MF(,$33$5=!0.''H)!566#$!((#8"5:;!<$!5>LL?S9$!

56>$! W1+EK+)!B$T$)!+,!-.$)!>%)/*$0*?&CSF4&$)1-.-12&-%?")*0&0,-%&1"#7/0&-%&#-)*&9*1*/7N2:7"0&

$%?&%"++-N2:7"0&;7/&3TU=!WE'K!Y-,.!BK-H!PK1!Z!P!B)!"##7$!%&8"L:;!<$!77L7?S=$!



!
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"#$%! &'()(*(+!,%+!-.!(/%+!!"#$%&#'()*$%+',-.*)"/)%$##)%0%#$)1("2($..-",)-,3&%$3)40)5+$)

",%"2$,$)1("3&%5)6'7)"/)+&*',)68%$##)#$&9$*-'):-(&.)501$);<!0)12*-)-+!"##3%!!"43567!

8%!"#99:;5%!

"#<%! =->(??2)+!&%+!-.!(/%+!=%5-:'5-",)"/)>?@8*$3-'5$3)6(',.%(-15-",)40)A&*',)68%$##)

B$&9$*-')C-(&.)601$);)6'7)D("5$-,)-,)')1EFG;HIJ=K8,$2'5-:$)68%$##)B-,$<!@%!AB2/%!CD->%+!

3<<$%!!#$7!8%!"E9<$:"E;#F%!

"3#%! ,G**-H2+!I%+!-.!(/%+!L"#$)"/)*-%("LH=.)-,)A6BC8E)-,/$%5-",)',3)5(',./"(*'5-",<!J2/!

K?8-1.?!J-L+!"#3#%!

"33%! A-//2)+!J%+!-.!(/%+!M$($2&#'5-",)"/)*-%("LH=)-,:"#:$3)-,)+$*'5"1"-$.-.)',3)5+$)-**&,$)

($.1",.$)-,)A6BC8;)'3&#5)68%$##)#$&9$*-'<!A/22L+!"##<%!%%$4"#67!8%!F<3F:5%!

"3"%! MB1D/-H+!I%+!N%!O1D)-BL-H+!()L!,%!NH(??>())+!!-%("LH=)*-L8EJF')',3)/&(5+$()

",%"2$,$.-.8($#'5$3)%$##&#'()*-%("LH=.)'($)30.($2&#'5$3)-,)A6BC8E85(',./"(*$3)6)

#0*1+"%05$.<!,-.H2PBH2/2*Q+!"##$%!&7!8%!3##%!

"3E%! R2>B.(+!J%+!S%!R()(T(+!()L!U%!J2HB+!!-%("LH=)*-L8EJF')-.)-,3&%$3)40)A6BC8E)5'7)',3)

-,%($'.$.)5+$)2("N5+)"/)A6BC8E8-,/$%5$3)68%$##.<!&).!@!C()1-H+!"##<%!

"3F%! S-G)*+!J%=%+!-.!(/%+!L"#$.)/"()*-%("LH=.O)*-L8PQ)',3)*-L8EQR4O)',3)5&*"()1("5$-,)SQ8

-,3&%$3),&%#$'()1("5$-,)E)5&*"().&11($.."()-,)%$##)2("N5+)30.($2&#'5-",)40)+&*',)68

%$##)#0*1+"5("1+-%):-(&.)E<!C()1-H!,-?+!"##$%!'(4"367!8%!$<5;:$9%!

"39%! =(BH>2H-+!J%V%+!=%!OB/P-H>()+!()L!=%!,(.)-H+!=,-*'#)*"3$#.)/"()+&*',)68#0*1+"5("1-%)

:-(&.)501$)E)GA6BC8EK)-,/$%5-",)',3)5(',./"(*'5-",<!0)12*-)-+!"##9%!!)4E<67!8%!

;##9:39%!

"3;%! A(HW-(G+!A%!()L!@%J%!J-?)(HL+!M"$.)5+$)ATU)2$,$)($1($.$,5)'),$N)1"5$,5-'#)5'(2$5)/"()

5+$)5($'5*$,5)"/)'3&#5)68%$##)#$&9$*-'V!&).!,-P!&>>G)2/+!"##5%!!'49:;67!8%!"$E:E#F%!



!
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"#$%! &'(!)%(!*+!,-%(!!"#$%"&'(#()*+"+',-'./0(#'12&$))')$/3$0"('4"5/+'%*6$'7'8$#$'$965$++",#'"#'

&$))'&/)%/5$'(#:'"#-$&%$:'(#"0()+;!.!/'01-(!"223%!!"4567!8%!9$55:3$%!

"#5%! ;<=*0>1<(!)%?%(!*+!,-%(!15(#+-,50(%",#'+%/:"$+'<"%.'('./0(#'12&$))')$/3$0"('4"5/+'%*6$'

7'0,)$&/)(5'&),#$;!.!/'01-!)*+@1=>(!"22A%!##$4"67!8%!#3B:"2"%!

"#3%! C1--'<>(!D%?%(!*+!,-%(!=#'4"%5,'>?@A')*06.,&*%$'%5(#+-,50(%",#'(#:'"#-$&%",#'"#'('5(BB"%'

0,:$)'<"%.'('0,)$&/)(5'&),#$',-'./0(#'12&$))')*06.,%5,6."&'4"5/+'%*6$'7;!.!/'01-(!

#33E%!%&4#267!8%!$"A#:E%!

""2%! ?*0>*(!?%(!*+!,-%(!C9(0"#"#8'%.$'0,)$&/)(5'8$#$%"&+',-'D1EF2='<"%.'(#'"#-$&%",/+'

0,)$&/)(5'&),#$',-'%.$'4"5/+'(#:'6$50"++"4$'&$))'&/)%/5$'+*+%$0+;!.!;FGH'0!IJJH<*!

?*K'F!LM<=0!NHJ!O*+01P'01-(!#33E%!#'4#67!8%!#:B%!

""#%! &'H(!Q%(!*+!,-%(!C#85(-%0$#%'(#:'%/0,5"8$#$+"+',-'D1EF27'%5(#+-,50$:'1'&$))')"#$+'"#'

G>=?HB8'(#:'IJ?HG>=?'0"&$;!&*HR!O*>(!"22"%!'$4E67!8%!BE#:$%!

"""%! O1S*R(!)%?%!,<=!&%!O,+<*0(!=00,5%()"K(%",#',-'>?@LAM'(#:'>?NLAM'1')*06.,&*%$+'B*'

./0(#'12&$))')$/3$0"('4"5/+'%*6$'7'1(9'0/%(#%+'$965$++$:'"#'('-/#&%",#()'0,)$&/)(5'

&),#$;!.!/'01-(!#333%!%"4E67!8%!A5BE:EB%!

""9%! T@,1(!U%)%(!*+!,-%(!>.(5(&%$5"K(%",#',-'(#'"#-$&%",/+'0,)$&/)(5'&),#$',-'./0(#'12&$))'

)$/3$0"('4"5/+'%*6$'=;!.!/'01-(!#33B%!$(4A67!8%!"2"A:92%!

""A%! C@,<(!N%)%!,<=!D%V%!&,!U@,<WH*(!6OPPH>QR'65,%$"#+S'DT1+'-,5'%5(#+&5"6%",#()'B5":8$+'

(#:'+&(--,):+;!.%!C*--%!LF'%(!"22#%!##)4X+!#967!8%!"9E9:"9$9%!

""B%! Y11=J,<(!O%N%!,<=!L%!LJ1-'R(!>QRH6OPP'"#'&$))'85,<%.U'%5(#+-,50(%",#U'(#:'

:$4$),60$#%;!Y*<*>!?*P%(!"222%!#)4#967!8%!#BB9:#B$$%!

""E%! Z,-R@1P*<(![%(!>QR'(#:'6OPPS'DT1+'-,5':"--$5$#%',&&(+",#+;!V'1F@*J!X@,0J,F1-(!"22A%!

$!4E67!8%!##AB:BB%!
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""#$! %&'()*'+!,$-$+!&.!/0$+!!"#$%&'$%(%')*(&%+&',(-./%()%0'&1%'&#"(0)#,2&,*(".'#%3/,#%4%(&'-*#'

&1%'56!7'-"4,.8'*-'9:;'"(<'27=='1,0&*(%'")%&8.&#"(0-%#"0%0>!1234&5&.367+!"898$!!:9;<!

2$!=>9?$!

""@$! A/B)7+!C$D$+!&.!/0$+!?%(*4%@A,<%'"00%004%(&'*-'<,--%#%(&,".'#*.%0'-*#'27=='"(<'9:;',('

&#"(0)#,2&,*('#%$/."&,*(>!EF60&36!G63'7!A&7+!"898$!"#:9H;<!2$!?I=H>J8@$!

""=$! ,&KK&*+!D$L$!/5'!M$L$!M/37B/+!B,0&*(%'")%&8.'&#"(0-%#"0%0'"0'%4%#$,($'<#/$'&"#$%&0>!

,*F4!,376)N!O)'/P+!"88=$!$%:9=>"8;<!2$!=J">@$!

"I8$! QP&*+!E$R$+!M$!ST'/4+!/5'!-$!-/0'/7+!27==C9:;'"(<')"()%#>!S56)4&5&+!"88J$!&":"J;<!2$!

J""?>I9$!

"I9$! %/.&7+!-$G$+!U$-$!V)B&*/5.T+!/5'!G$W$!X/22+!!#"(0)#,2&,*(".'&**.0D'E4"..'4*.%)/.%0'-*#'

4*</."&,($'9:;'5FG@<%2%(<%(&'&#"(0)#,2&,*(".'")&,H"&*#0>!%3)2)0PB&*7+!"898$!

"I"$! %&7.+!L$Y$+!&.!/0$+!F<%(&,-,)"&,*('*-'04"..@4*.%)/.%'"(&"$*(,0&0'&1"&',(1,I,&'"('")&,H"&*#D'

)*")&,H"&*#',(&%#")&,*(>!V*)6!E/.0!G6/'!Z63![!Z!G+!"88J$!$'$:?9;<!2$!9#H"">#$!

"II$! %F\*0/4&+!Z$L$+!&.!/0$+!6421,2"&1,)'04"..'4*.%)/.%0'4,4,)'&1%'I,(<,($'4*<%'"(<'

-/()&,*('*-'%(<*$%(*/0'&#"(0)#,2&,*('-")&*#0>!G-Z!-\&B!%3)0+!"88=$!%:?;<!2$!II?>JJ$!

"IJ$! D*/543)53+!L$]$+!&.!/0$+!J,(,4".'")&,H"&*#0'&1"&'I,(<'&*'&1%'5FG'<*4",('*-'27==C9:;'

,<%(&,-,%<'I8'21"$%'<,02."8'0)#%%(,($>!E/.!%3).&6\5)0+!"888$!$#:98;<!2$!98@8>?$!

"I?$! Y&&+!Y$U$!/5'!G$W$!X/22+!!#"(0)#,2&,*(".'0A,&)1%0D')1%4,)".'"22#*")1%0'&*'$%(%'

#%$/."&,*(>!L!%3)0!-\&B+!"898$!&#!:9?;<!2$!998II>@$!

"IH$! Y3+!%$^$!/5'!^$!^3/)+!K,0)*H%#8'*-'"'04"..@4*.%)/.%',(1,I,&*#'*-'&1%'5FG@5FK',(&%#")&,*(>!

-\&B_3)6\&B+!"88=$!$':9#;<!2$!"#"9>J$!
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"#$%! &'()*+,-!.%/%-!0%1%!234(5675-!+,6!8%!09:5;+<4=-!!"#$"#%&'($)&*#$&+,*#-.,"/+"(#*0&

*.+"1*+"(#&/(+)#+"*0&(2&3"%3&*22"#"+4&0"%*#$-&2(,&+3)&5!6&789&$('*"#:!>!8*!?:5*!0'9-!

"@@A%!!"#BC#DE!;%!FGFHIAJ%!

"#J%! K+<)5<-!L%-!54!+(%-!;(0)&(2&-).(#$*,4&-+,<.+<,)&"#&$"-.,"'"#*+"(#&=)+>))#&.(#-+"+<+"1)&

*#$&"#$<."=0)&*.+"1*+(,-:!/'(!?5((!MN'(-!CHHH%!!$BJDE!;%!AG@CI$%!

"#H%! 2+6:+)<NO:,+,-!P%-!54!+(%-!?(0<+"(#&-+,<.+<,)&(2&+3)&789&$('*"#&(2&5!6&=(<#$&+(&+3)&

+,*#-*.+"1*+"(#&$('*"#&(2&5;@!A&*&'($)0&2(,&*.+"1*+(,A.(*.+"1*+(,&"#+),*.+"(#-:!?5((-!

CHH$%!$!BGDE!;%!$FCIA"%!

"F@%! Q55-!Q%R%!+,6!8%S%!/+;;-!B,*#-.,"/+"(#*0&->"+.3)-A&.3)'".*0&*//,(*.3)-&+(&%)#)&

,)%<0*+"(#:!>!MN'(!?:5*-!"@C@%!"%&BCADE!;%!CC@##ICC@#J%!

"FC%! L5!T3=*+,-!2%U%-!54!+(%-!?+,<.+<,*0&=*-"-&2(,&.((/),*+"1)&+,*#-.,"/+"(#&2*.+(,&="#$"#%&+(&

+3)&5!6&.(*.+"1*+(,:!>!/'(!MN'(-!"@@G%!'&&BADE!;%!C@@AIC#%!

"F"%! V'<-!W%-!54!+(%-!?(0<+"(#&-+,<.+<,)&(2&+3)&789&$('*"#&(2&5!6&=(<#$&+(&+3)&+,*#-*.+"1*+"(#&

$('*"#&(2&.CD4=:!>!/'(!MN'(-!"@@F%!''#B#DE!;%!A"CI#F%!

"F#%! 1<,O4-!K%-!54!+(%-!DEE&*#$&5;@!&="#$&.((/),*+"1)04&+(&+3)&#<.0)*,&.(*.+"1*+(,&5;@!C

="#$"#%&/,(+)"#:!/'(!?5((!MN'(-!"@@C%!"!B$DE!;%!""FHIAJ%!

"FF%! T'4'-!U%S%-!54!+(%-!5((/),*+"1"+4&"#&+,*#-.,"/+"(#&2*.+(,&="#$"#%&+(&+3)&.(*.+"1*+(,&5;@!C

="#$"#%&/,(+)"#&F5!6G:&B3)&'"H)$&0"#)*%)&0)<I)'"*&/,(+)"#&FDEEG&*.+"1*+"(#&$('*"#&

="#$-&+(&*#&*00(-+),".&-"+)&(#&+3)&789&$('*"#:!>!MN'(!?:5*-!"@@"%!"##BFADE!;%!F#CGJI

$F%!

"FA%! ?+*;X5((-!S%/%!+,6!S%>%!Q3*X-!?+,<.+<,*004&$"-+"#.+&'($)-&(2&,).(%#"+"(#&(2&+3)&789&

$('*"#&(2&5!6&=4&J<#&*#$&5;@!:!MN'9:5*NO4<Y-!"@@"%!(!BF$DE!;%!C#HAGIGF%!
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"#$%! &'()'*+!,%-%!.()!/%0%!1234+!!"#$%&''()*$+,$-./$01234$5&-$()-/6&7-(+)$896,&7/$+,$-./$

:1;$<+%&()$+,$-./$.9%&)$7+&7-(=&-+6$>?@A!56789'36:;<=+!">>#%!!"?#@A!B%!C>#DE%!

"#F%! &'()'*+!,%-%+!G%0%!H85<=.(;+!.()!/%0%!1234+!:1;3%/<(&-/<$&88/%BCD$+,$-./$>?@3>#E?3

05F234$-&G$7+&7-(=&-+63&7-(=&-+6$7+%'C/GA!56789'36:;<=+!">>I%!!#?#I@A!B%!J"#EJDF%!

"#E%! 1''+!-%K%+!';!.*%+!"&''()*$-./$1)-/6&7-(+)8$+,$-./$'HI$56&)8&7-(=&-(+)$J+%&()$K(-.$-./$

:1;$J+%&()$+,$>?@$L<&**/6MA!56789'36:;<=+!">>C%!

"#C%! K.(L+!M%+!';!.*%+!ND)/6*(8-(7$()-/6'C&D$B/-K//)$'6+%+-/6$6/7+*)(-(+)$&)<$>?@O'IPP$
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