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<')86&+(N-)%&#!%:'&&+%!eVGf2!!

1+!(4&!6*%(!'&:&+(!$(&')($*+!*<!(4$%!6&(4*# C!L$!)+#!:*R*'T&'%!'&,*'(&#!)!r/$8)(&N

:'*%%N/$+TN,='$<.s!%(')(&8.!(4)(!:*=/#!-&!(4&*'&($:)//. !),,/$&#!(*!&0$%($+8!9M"N&+:*#&#!

/$-')'$&%!eVEf2!"!%4*'(!?3N9M"!R$(4!:*6,/&6&+()'$(.!(*!(4&!%6)//!6*/&:=/& N,'*0$6)/!

'&8$*+!*<!(4&!9M"!()8!$%!/$8)(&#!(*!&):4!/$-')'.!6&6-&'2!54&!'&%=/($+8!4)$',$+!%('=:(='&!

-'$+8%!(4&!,4*(:'*%%/$+T$+8!6*$&(.!_)!YX,4&+./)a$#&!$+!(4$%!:)%&`!$+!:/*%&!,'*0$6$(.!(*!)+.!

-*=+#!,'*(&$+!()'8&(%2!"<(&'!B\!$'')#$)($*+C!(4&!:*A)/&+(!,'*(&$+N9M"!)##=:(%!:)+!-&!

$%*/)(&#!)+#!(4&!-*=+#!/$-')'.!6&6-&'%!$#&+($<$&#!(4'*=84!4$84N(4'*=84,=(!%&>=&+:$+82!

54$%!),,'*):4!R)%!%4*R+!(*!&+'$:4!&A&+!6*#&')(& N)<<$+$(.!_YVNH[!vD`!6):'*:.:/$:!

-$+#&'%!(*!)A$#$+2!!!

9&+(*+!)+#!W'=%&6)'T!)/%*!'&,*'(&#!)!%$6$/)'!%(')(&8.!(*!:'*%%/$+T!9M"N/$+T&#!

-$+#&'%!(*!(4&$'!,'*(&$+!()'8&(%!=%$+8!&/&:('*,4$/$:!*'!,4*(*'&):($A&!8'*=,%!eVYf2!3'&)($+8!

(4$%!:*A)/&+(!/$+T)8&!-&(R&&+!()'8&(N/$8)+#!,)$'%!)//*R&#!<*'!6*'&!%('$+8&+(!R)%4$+8!*<!

)<<$+$(.N$66*-$/$a&#!,'*(&$+%!)<(&'!/$-')'.!$+:=-)($*+!)+#!:'*%%/$+T$+82!P=:4!)!6&(4*#!

:*=/#! (4&*'&($:)//.! &+'$:4!-$+#&'%!R$(4!4$84!#$%%*:$)($*+!:*+%()+(%!*'!/*R&'!*A&')//! )<<$+$(.2!!

1+!)+!)/(&'+)(&!),,'*):4!(*!<')86&+( N-)%&#!%&/&:($*+%C!M&'$!)+#!:*R*'T&'%!



! GV!

#&A&/*,&#!)!9M"N4.-'$#$a)($*+!-)%&#!),,'*):4!<*'!,&'<*'6$+8!%&/&:($*+%!=%$+8!&+:*#&#!

%&/<N!)%%&6-/&#!:4&6$:)/!/$-')'$&%!_OP"3`!eEZf2!1+!)+!OP"3!%&/&:($*+!_^$8='&!G2E9`C!)!9M"N

/$+T&#!%6)//N6*/&:=/&!/$8)+#!$%!4.-'$#$a&#!(*!)!/$-')'.!*<!9M" N&+:*#&#!,4)'6) :*,4*'&%2!

54&!4.-'$#$a&#!6$0(='&!$%!%=-@&:(&#!(*!%"#$%&'(!%&/&:($*+!&$(4&'!(*!$#&+($<.!<')86&+(%!(4)(!

$6,'*A&!-$+#$+8!*<!)!T+*R+!/$8)+#!_)<<$+$(.!6)(=')($*+`!*'!(*!#$%:*A&'!+*A&/!

%.+&'8$%($:)//.!-$+#$+8!/$8)+#%2!54&%&!<')86&+(%!)'&!(4&+!:*A)/&+(/.!:*=,/&#!=%$+8!)!A)'$&(.!

*<!/$+T&'%C!)+#!(4&!'&%=/($+8!:*6,*=+#%!)'&!)%%).&#!R$(4*=(!(4&!9M"!-)' :*#&%!(*!#$%:*A&'!

/$+T&'!)':4$(&:(='&%!*,($6)/!<*'!-$+#$+82!B%$+8!OP"3C!M&'$!)+#!:*R*'T&'%!#$%:*A&'&#!

4$84&'N)<<$+$(.!$+4$-$(*'%!*<!('.,%$+!eVZf!)+#!DD? NY!e[ f2!!

n4&+!9M" N/$+T&#!)+($-*#$&%!)'&!-*=+#!(*!)!,'*(&$+!*'!,'*(&$+!:*6,/&0C!(4&!9M"!

()8%!)'&!-'*=84(!$+(*!:/*%&!,'*0$6$(.!)+#!:)+!-&!/$+T&#!-.!/$8)($*+!eVUf!*'!&0(&+%$*+!eVVf!(*!

8$A&!)!%&/&:($A&/.!)6,/$<$)-/&!9M"!%&>=&+:&2!L)+#&8'&+!)+#!:*R*'T&'%!4)A&!A)/$#)(&#!(4&!

,'*0$6$(.!/$8)($*+!)%%).!_?L"`!<*'!(4&!>=)+($<$:)($*+!*<!-$*6)'T&'%!-.!4$84N(4'*=84,=(!

%&>=&+:$+8!eV] f!)+#!<*'!(4&!)+)/.%$%!*<!,'*(&$+S,'*(&$+!$+(&'):($*+%!)+#!,'*(&$+!

%=-:&//=/)'!/*:)/$a)($*+!*'!,*%( N(')+%/)($*+)/!6*#$<$:)($*+!eVHCV[ f2!?L"!R)%!)/%*!),,/$&#!(*!

(4&!%(=#.!*<!%6)//!6*/&:=/&%!:),)-/&!*<!#$%'=,($+8!(4&!$+(&'):($*+!-&(R&&+!\OQ^N"!)+#!$(%!

'&:&,(*'%!\OQ^KNG!)+#!\OQ^KNE!e]F f2!!

B%$+8!)!6$:'*)'').!(*!>=)+($<.!=+$>=&!9M"!()8%!<*'!&):4!)+($-*#.C!?L"!:)+!&A)/=)(&!

)//!,)$'R$%&!,'*(&$+S,'*(&$+!$+(&'):($*+%!_??1%`!R$(4$+!)!/)'8&'!%&(!*<!,'*(&$+%!e]Gf2!

K&:&+(/.C!7=)+8!)+#!:*R*'T&'%!),,/$&#!?L"!(*!$+(&' '*8)(&!GEFZ!??1%!$+!)!*+&N-. N*+&!

<)%4$*+!e]E fC!'&%=/($+8!$+!(4&!$#&+($<$:)($*+!*<!4=+#'&#%!*<!,'&A$*=%/.!A)/$#)(&#!??1%2!

5)88$+8!$+#$A$#=)/!)+($-*#$&%!R$(4!=+$>=&!9M"!-)':*#&%!:*=/#!&+)-/&!'&)#*=(!*<!??1%!-.!

4$84N!(4'*=84,=(!9M"!%&>=&+:$+8!)+#!&0,&#$(&!??1!:)()/*8$+8!&<<*'(%2!!



! G]!

n4&'&)%!(4&!,'&A$*=%/.!#&%:'$-&#!6&(4*#%!=%&!9M"!4.-'$#$a)($*+!(*!,'*6*(&!

)6,/$<$:)($*+!*<!):($A&!/$-')'.!6&6-&'%C!%"#$%&'(!%&/&:($*+!(.,$:)//.!()T&%!)#A)+()8&!*<!(4&!

%,)($)/!%&,)')($*+!*<!):($A&!/$-')'.!6&6-&'%!<'*6!$+):($A&!%,&:$&%2!5*!%&/&:(!-$+#$+8!

6*/&:=/&%!<'*6!(4&$'!9M"N&+:*#&#!:4&6$:)/!/$-')'.! eGfC!\$,&'8&+!#&A&/*,&#!)!(&:4+$>=&!

:)//&#!-$+#&'!('),!&+'$:46&+(!_ ^$8='&!G2EO`!e]Y f2!"<(&'!&0,*%$+8!)!9M"N&+:*#&#!:4&6$:)/!

/$-')'.!(*!)!()'8&(!*<!$+(& '&%(C!-$+#$+8!,)$'%!)'&!:*6,)'(6&+()/$a&#!$+!R)(&'!)+#!*$/!

&6=/%$*+!#'*,/&(%2!P()($%($:)//.C!-$+#$+8!/$8)+#%!)'&!6*'&!&<<$:$&+(/.!:* N:*6,)'(6&+()/$a&#!

R$(4!(4&!()'8&(!,'*(&$+!(4)+!+*+<=+:($*+)/!/$-')'.!6&6 -&'%2!O+a.6)($:!/$8)($*+!*<!(4&!:*N

:*6,)'(6&+()/$a&#!*/$8*+=:/&*($#&%!&+:*#$+8!(4&!/$8)+#!)+#!()'8&(!$%!<*//*R&#!-.!?3K!

)6,/$<$:)($*+!)+#!4$84N(4'* =84,=(!9M"!%&>=&+:$+8!(*!$#&+($<.!(4&!-$+#$+8!&+($($&%2!!

54&!A)%(!6)@*'$(.!*<!9M"N&+:*#&#!/$-')'.!%:'&&+$+8!$%!'&%('$:(&#!(*!-$+#$+8!)%%).%C!

R$(4!(4&!)%%=6,($*+!(4)(!)<<$+$(.!:)+!*<(&+!-&!=%&#!)%!)!,'*0.!<*'!-$*:4&6$:)/!&<<$:):.2!!

1+#&&#C!(4&!/*R!:*+:&+(')($*+%!*<!&):4!$+#$A$#=)/!/$-')'.!6&6-&'!)+#!(4&!$+)-$/$(.!(*!(&%(!

6&6-&'%!$+!$%*/)($*+!,'&:/=#&!)+.!%*'(!*<!<=+:($*+)/!*'!,4&+*(.,$:!)%%).!_(4)(!R*=/#!-&!

)+)/*8*=%!(*!(')#$($*+)/!4$84N(4'*=84,=(!%:'&&+%`2!7*R&A&'C!?)&8&/!)+#!:*R*'T&'%!4)A&!

'&,*'(&#!)!6&)+%!(*!,&'<*'6!<=+:($*+)/!)%%). %!*+!9M"N&+:*#&#!:*6,*=+#%!-.!$+(&8')($+8!

*+N-&)#!%.+(4&%$a&#!/$-')'$&%!R$(4!6$:'*</=$#$:!%.%(&6%!e]Z f2!L$T&!(4&!\$,&'8&+!%.%(&6C!

(4$%!%&/&:($*+!6&(4*#!&+:),%=/)(&%!/$-')'.!6&6-&'%!$+(*!)>=&*=%!#'*,/&(%!$+!)+!*$/!

%=%,&+%$*+C!(4*=84!(4&!?)&8&/!8'*=,X%!/$-')'$&%!)'&!%.+(4&%$a&#!)+#!&+:),%=/)(&#!*+!)!

%*/$#!-&)#!%=,,*'(2!7*R&A&'C!$+!(4$%!:)%&C!&A&'.!/$-')'.!6&6-&'%!$%!:*N$+:=-)(&#!R$(4!)+!

&+a.6&!()'8&(!)+#!$(%!%=-%(')(&!R$(4$+!(4&!#'*,/&(2!b+:&!&+:),%=/)(&#C!:*6,*=+#%!)'&!

/$-&')(&#!<'*6!(4&!-&)#!%=,,*'(! _A$)!,4*(*:/&)A)8&`!)+#!:)+!-&!)%%&%%&#!$+#$A$#=)//.C!$+!

%*/=($*+C!<*'!$+4$-$($*+!*<!(4&!&+a.6&!()'8&(X%!-$*:4&6$:)/!):($A$(.2!1+!*+&!&0)6,/&C!?)&8&/!



! GH!

)+#!:*//&)8=&%!R&'&!)-/&!(*!#&(&:(!)+#!$%*/)(&!-&)#%!&+:*#$+8!)!T+*R+!$+4$-$(*'C!,&,%()($+!

"C!*<!3)(4&,%$+!9!_3)(9`!R$(4$+!$+#$A$#=)/!#'*,/&(%2!?&,%()($+!"!$+4$-$(%!3)(9X%!,'*(&*/.($:!

):($A$(.!*+!)!</=*'*8&+$:!,&,($#&!(4)(!$%!:*N$+:=-)(&#!R$(4$+!(4&!#'*,/&(%p!(4=%C!#'*,/&(%!

&+:),%=/)($+8!(4&!$+4$-$(*'!&04$-$(&#!/*R&'!</=*'&%:&+:&!)+#!:*=/#!-&!$%*/)(&#!<'*6!+*+N

$+4$-$(*'N:*+()$+$+8!#'*,/&(%!=%$+8!)!</=*'&%:&+:&N#&(&:($+8!#'*,/&(!%*'($+8!%.%(&62!54$%!

%.%(&6C!:*6-$+$+8!9M"N&+:*#&#!/$-')'.!%.+(4&%$%!*+!%*/$#!%=,,*'(!R$(4!#'*,/&(!

&+:),%=/)($*+!)+#!6$:'*</=$#$:!%*'($+8C!$%!=+$>=&/.!$%!)-/&!(*!,&'<*'6!<=+:($*+)/!%&/&:($*+%!

*+!9M" N&+:*#&#!/$-')'$&%2!M*!*(4&'!9M" N&+:*#&#!/$-')'.!%&/&:($*+!6&(4*#!$%!)-/&!(*!

#$'&:(/.!(&%(!<*'!$+4$-$($*+!*<!)!()'8&(!&+a.6&X%!-$*):($A$(.2!54*=84!(4$%!6&(4*#!'&>=$'&%!

%,&:$)/$a&#!&>=$,6&+(!)+#!&0,&'($%&C!)+#!(4&!(4'*=84,=(!6).!-&!/*R&'!(4)+!(')#$($*+)/!

%*/$#N%=,,*'(&#!)<<$+$(.!%&/&:($*+%C!(4$%!:),)-$/$(.!(*!(&%(!-$*:4&6$:)/!&<<$:):.!$%!+*(!

:=''&+(/.!,*%%$-/&!R$(4!)//!*(4&'!%*/=($*+N,4)%&!9M"N&+:*#&#!/$-')'.!%&/&:($*+%2!!

!

!

!

!

!

!

!



! G[!

CHM N%"/4'0$)1'&/05%#L);&'$()*+, -%$/01%1)/A%8'/"9)9'3#"#'%&  
!

!

J'(;#%)CHK2!",,'*):4&%!<*'!9M" N&+:*#&#!#$%:*A&'.!*<!-*+#N<*'6$+8!'&):($*+%2!_" `!54&!
<$'%(!'&,*'(&#!'&):($*+%!#$%:*A&'&#!<'*6!9M"N&+:*#&#!:4&6$:)/!/$-')'$&%!=%&#!#$%=/<$#&!
:/&)A)8&!)+#!%('&,()A$#$+!:),(='&!(*!$%*/)(&!(4&!9M"!&+:*#$+8!,)$'%!*<!%=-%(')(&%!(4)(!4)#!
=+#&'8*+&!-*+#!<*'6)($*+!=+#&'!)!8$A&+!%&(!*<!'&):($*+!:*+#$($*+%2!_; `!K&):($A$(.N
#&,&+#&+(!?3K!_K9?3K`!$%!)!*+&N,*(!6&(4*#!(4)(!=%&%!(4&!<*'6)($*+!*<!)!%&/<N,'$6$+8 !
4)$',$+!-&(R&&+!:*=,/&#!/$-')'.!6&6-&'%X!9M"!-)':*#&%!(*!%&/&:($A&/.!)6,/$<.!9M"!
&+:*#$+8!-*+#N<*'6$+8!%=-%(')(&!:*6-$+)($*+%2!_3`!;*+#!<*'6)($*+!:)+!)/%*!-&!#&(&:(&#!
-.!$+%()//$+8!)!,4*(*:/&)A)-/&!/$+T&'!$+!)!9M"!(&6,/)(&!=%&#!<*'!'&)8&+(!4.-'$#$a)($*+2!b+/.!
:*A)/&+(/.!:*=,/&#!'&)8&+(%X!(&6,/)(&%!)'&!'&N/$8)(&#C!)6,/$<$&#C!)+#!%&>=&+:&#2!
!

1+!)##$($*+!(*!=%$+8!9M"N&+:*#&#!/$-')'$&%!<*'!#$%:*A&'.!*<!-$*):($A&!/$8)+#%C!%$6$/)'!

(&:4+$>=&%!4)A&!-&&+!#&A&/*,&#!<*'!(4&!4$84!(4'*=84,=(!%&/&:($*+!*<!:4&6$:)/!'&):($*+%2!

1+(&'&%(!$+!(4&!#&A&/*,6&+(!*<!+*A&/!:4&6$:)/!(')+%<*'6)($*+%!4)%!/&#!(*!(4&!#&A&/*,6&+(!

*<!=+-$)%&#!'&):($A$(.!%:'&&+%!-)%&#!*+!L3dDP!e]UfC!Q3dDP!e]V fC!)+#!%)+#R$:4!

$66=+*)%%).!e]] f2!K&):($*+!#$%:*A&'.!=%$+8!9M"N&+:*#&#!:4&6$:)/!/$-')'$&%!:)+!

#')6)($:)//.!%('&)6/$+&!(4&!'&):($*+!#$%:*A&'.!,'*:&%%!-.!&+)-/$+8!%$6=/()+&*=%!

&A)/=)($*+!*<!)//!,*%%$-/&!:*6-$+)($*+%!*<!,*(&+($)/!'&): ()+(%!)6*+8!%=-%(')(&!/$-')'.!

6&6-&'%2!54&!<$'%(!9M"N&+:*#&#!'&):($*+!#$%:*A&'.!%:4&6&%!-.!L$=!)+#!:*R*'T&'%!'&/$&#!

B)

catalyst,
reagent,

or enzyme

extension of 
hairpin 3' end, 

PCR

primer A 
sequence

primer B
sequence

amplification and 
identification of 

successful reactions
DNA-encoded library reaction triggers hairpin 

formation
and extension

primers
A and B

A)

 reaction 
conditionsPool of DNA-linked 

functional groups

S-S S-Sbiotin biotin

S-S
biotin

SH
biotin

SH

S
H

PCR amplification and 
identification of coupled 

library members

disulfide cleavage, 
avidin capture

C)

reaction 
conditions

= photocleavable 
linker

h!

re-ligation of coupled 
library members' 

templates

amplification and 
identification of 

successful reactions

DNA-encoded library



! EF!

*+!%*/$#N,4)%&!%&,)')($*+!*<!-*+#N<*'6 $+8!,)$'%!*<!/$-')'.!6&6-&'%!)+#!(4&$'!&+:*#$+8!

9M"!<'*6!$+):($A&!%,&:$&%!_^$8='&!G2Y"`!)+#!'&%=/(&#!$+!(4&!#$%:*A&'.!*<!)!?#_11`N6&#$)(&#!

)/T.+)6$#& N)/T&+&!:*=,/$+8!'&):($*+!e]HfC!)!"=_111`N:)()/.a&#!)+#!):$# N:)()/.a&#!)/T&+&!

4.#'*)'./)($*+!e ][ f!)+#!)!-$*:*6,)($-/&C!K=_11Ǹ!:)()/.a&#!)a$#&!'&#=:($*+!$+#=:&#!-.!

A$%$-/&!/$84(!eHFf2!!

1+!'&):($A$(.N#&,&+#&+(!?3K!_K9?3K`!_̂$8='&!G2Y;`C!:*A)/&+(!-*+#!<*'6)($*+!

'&%=/(%!$+!4.-'$#$a)($*+!*<!)!%&/<N!,'$6$+8!4)$',$+!(4)(!:)+!-&!&0(&+#&#!(*!&+:*#&!(4&!

$#&+($(.!*<!-*(4!%=-%(')(&%!)+#!(4)(!$%!%&/&:($A&/.!)6,/$<$&#!$+!?3K!eHGf2!K9?3K!:)+!)/%*!-&!

:*+<$8='&#!(*!#&(&:(!-*+#!:/&)A)8&!(4)(!'&%=/(%!$+!(4&!=+6)%T$+8!*<!)!'&):($A&!<=+:($*+)/!

8'*=, 2!1+!)!,'**<N*<N,'$+:$,/&!&0)6 ,/&C!)!9M"N/$+T&#!,&,($#&!'&):(&#!R$(4!)+!):($A)(&#!

9M" N/$+T&#!:)'-*0./)(&!*+/.!$<!(4&!,&,($#&!R)%!<$'%(!('&)(&#!R$(4!(4&!,'*(&)%&!%=-($/$%$+!

_8&+&')($+8!)!<'&&!)6$+*!(&'6$+=%`!eHEf2!L$!)+#!:*R*'T&'%!#&A&/*,&#!)+*(4&'!),,'*):4!(*!

'&,*'(!:*A)/&+(!-*+#!<*'6)($*+!=%$+8!9M"!(*!-'$+8!(*8&(4&'!%=-%(')(&%!(4)(!4.-'$#$a&!(*!)!

:*66*+!(&6,/)(&!_ ^$8='&!G2Y3`!eHYf2!"<(&'!4.-'$#$a$+8!(4&!%=-%(')(&%!)+#!)//*R$+8!(4&6!(*!

'&):(C!)!,4*(*/)-$/&!-)%&!$+!(4&!(&6,/)(&!%(')+#!$%!:/&)A&#2!1<!:*A)/&+(!-*+#!<*'6)($*+!4)%!

@*$+&#!(4&!(R*!%=-%(')(&%C!(4&$'!,&+#)+(!9M"!%&>=&+:&%!%&'A&!)%!%,/$+(%!<*'!)!/$8)($*+!

'&):($*+!(4)(!'&%(*'&%!(4&!:/&)A&#!(&6,/)(&!%(')+#!)+#!&+)-/&%!$(%!?3K!)6,/$<$:)($*+2!!

D&(4*#%!R$(4!(4&!,*(&+($)/!(*!&A)/=)(&!9M"N&+:*#&#!:4&6$:)/!/$-')'$&% "!A)'$&(.!*<!

+*A&/!9M"N-)%&#!6&(4*#%!<*'!#&(&:($+8!-$+#$+8!-&(R&&+!,'*(&$+%!)+#!%6)//!6*/&:=/&%!'&/.!

*+!(4&!)-$/$(.!*<!,'*(&$+N%6)//!6*/&:=/& !:*6,/&0&%!(*!,'& A&+(!$+(&'):($*+%!-&(R&&+!

&+a.6&%!)+#!&+:*#$+8!9M"2!3*6,/&0&%!(4)(!,'&A&+(!#$8&%($*+!-.!O%:4&'$:4$)!:*/$!

O0*+=:/&)%&!1!eHYNHUf!*'!O0*+=:/&)%&!111!eHVf!:*=/#!$+!,'$+:$,/&!)//*R!#&(&:($*+!*<!9M"!

%&>=&+:&%!&+:*#$+8!):($A&!%6)//!6*/&:=/&%!-.!4$84N(4'*=84,=(!%&>=&+:$+8C!R$(4*=(!'&/.$+8!



! EG!

*+!%,)($)/!%&,)')($*+!*'!,'$6&'!&0(&+%$*+!(*!<='(4&'!)6,/$<.!(4&!:*#&%!*<!):($A&!/$-')'.!

6&6-&'%2!54&%&!,*(&+($)/!%&/&:($*+!6&(4*#%!R*=/#!+*(!'&>=$'&!%*/$#N,4)%&!

$66*-$/$a)($*+C!R)%4$+8C!*'!&/=($*+!%(&,%C!-=(!R*=/#!'&+#&'!(4&!9M"N&+:*#&#!/$-')'$&%!

%$+8/&N=%&2!1+#&&#C!9?"LC!19B?C!)+#!(4&!,'*0$6$(.!&0(&+%$*+!)%%).!)//!()T&!)#A)+()8&!*<!

,'*(&$+ N%6)//!6*/&:=/&!:*6,/&0&%X!)-$/$(.!(*!,'*(&:(!9M"!<'*6!&0*+=:/&)%&%!(*!#&:'&)%&!

(4&!%$8+)/!)'$%$+8!<'*6!$+):($A&!/$-')'.!6&6-&'%!eU]CU[CVVf2!3*6,/&0&%!(4)(!,'&A&+(!9M"!

<'*6!$+(&'):($+8!R$(4!5Z!9M"!/$8)%&!eH]f!*'!5]!KM"!,*/.6&')%&!e HHf!:*=/#!)/%*!-&!)#),(&#!

(*!&A)/=)(&!9M"N&+:*#&#!:4&6$:)/!/$-')'$&%2!54&%&!),,'*):4&%!R*=/#!4)A&!(4&!%$8+$<$:)+(!

#$%)#A)+()8&C!4*R&A&'C!*<!*,&')($+8!-.!)!/*%%N*<N%$8+)/!6&:4)+$%6!$+!R4$:4!(4&!%&>=&+:&%!

:*''&%,*+#$+8!(*!$+):($A&!:*6,*=+#%!)'&!%&/&:($A&/.!)6,/$<$&#2!!

M*A&/!9M"!%&>=&+:$+8!(&:4+$>=&%!:)+!)/%*!#'$A&!)#A)+:&%!$+!/$-')'.!&A)/=)($*+2!

?*/*+$&%!)'&!:/=%(&'%!*<!9M"!$66*-$/$a&#!$+!)!,*/.):'./)6$#&!8&/!(4)(!:)+!-&!%&>=&+:&#!$+!

4$84N(4'*=84,=(!-.!%$+8/&!-)%&!&0(&+%$*+!*'!/$8)($*+N-)%&#!%&>=&+:$+8!eH[f2!P$+8/&N

6*/&:=/)' N$+(&'):($*+!%&>=&+:$+8!_PD1NP&>`C!)+!),,'*):4!#&A&/*,&#!-.!34=':4!)+#!

:*R*'T&'%C!=%&%!,*/*+.!%&>=&+:$+8!(*!$#&+($<.!(4&!:*6,/&0&%!*<!9M"N/$+T&#!,'*(&$+%!-.!

)+)/.a$+8!(4&!#&8'&&!*<!:* N/*:)/$a)( $*+!*<!,*/*+$&%!:*''&%,*+#$+8!(*!&):4!,'*(&$+!e[F f2!PD1N

P&>!R)%!=%&#!(*!&A)/=)(&!(4&!%&/&:($A$(.!*<!&):4!6&6-&'!*<!)!/$-')'.!*<!EFF!%$+8/&N:4)$+!

A)'$)-/&!<')86&+( !_%:^À!A)'$)+(%!$+!$(%!)-$/$(.!(*!-$+#!(*!&):4!6&6-&'!*<!)!/$-')'.!*<!UU!

4=6)+!)+($8&+%2!!

1+!(4&!%(')+#N#$%,/):&6&+(!:*6,&($($*+!)%%).!#&A&/*,&#!-.!Q*(4&/<!)+#!:*R*'T&'%!

e[GfC!)!9M"N/$+T&#!%6)//!6*/&:=/&!$%!4.-'$#$a&#!R$(4!)!:*6,/&6&+()'.!*/$8*+= :/&*($#&2!

?'*(&$+N%6)//!6*/&:=/&!-$+#$+8!#&:'&)%&%!(4&!)<<$+$(.!*<!(4$%!#=,/&0C!&+)-/$+8!(*&4*/#!

#$%,/):&6&+(!*<!(4&!:*6,/&6&+()'.!%(')+#2!1+!(4&!,'**<N*<N,'$+:$,/&!%(=#.C!(4$%!(*&4*/#!



! EE!

#$%,/):&6&+(!'&%=/(&#!$+!)!%$8+)/!(4)(!:*=/#!-&!)+)/.a&#!-.!?"QO!_,*/.):'./)6$#&!8&/!

&/&:('*,4*'&%$%!̀*'!^KO5 !_̂ g'%(&'!'&%*+)+:&!&+&'8.!(')+%<&'`2!1+!,'$+:$,/&C!(4$%!),,'*):4!

:*=/#!)/%*!-&!)#),(&#!(*!)!4$84 N(4'*=84,=(!%&>=&+:$+8N-)%&#!'&)#*=(C!)+#!(*!(4&!

&A)/=)($*+!*<!9M"N&+:*#&#!:4&6$:)/!/$-')'$&%2!!

P*/$#N,4)%&!%&/&:($*+%!4)A&!)/%*!-&&+!)#),(&#!(*!(4&!%(=#.!*<!,'*(&$+S,'*(&$+!

$+(&'):($*+%2!1+!,)')//&/!)+)/.%$%!*<!(')+%/)(&#!bK^%!_?L"5b`C!O//&#8&!)+#!:*R*'T&'%!=%&!)+!

$66*-$/$a&#!,'*(&$+!(*!:),(= '&!-$+#$+8!,'*(&$+%!(4)(!)'&!/$+T&#!(*!(4&$'!&+:*#$+8!9M"!-.!

'$-*%*6&!#$%,/).!e[E f2!?L"5b!:*=/#!$+!,'$+:$,/&!-&!)#),(&#!(*!&A)/=)(&!%6)//!6*/&:=/&%!

/$+T&#!(*!-&)#%!<*'!()'8&(!$#&+($<$:)($*+C!*'!R4&+!$+(&'<):&#!R$(4!)!9M"N&+:*#&#!:4&6$:)/!

/$-')'.C!:*=/#!,*(&+($)//.!&+)-/&!%$6=/()+&*=%!&A)/=)($*+!*<!)//!$+(&'):($*+%!R$(4!)!%&(!*<!

'$-*%*6 &N#$%,/).&#!,'*(&$+!()'8&(%2!!

CHO >0$/9;&'0$&)"$1)4A%&'&)05%#5'%@)
!

P&/&:($*+%!*+!9M"N&+:*#&#!:4&6$:)/!/$-')'$&%!4)A&!'&:&+(/.!'&%=/(&#!$+!(4&!

#$%:*A&'.!*<!+&R!:/)%%&%!*<!%.+(4&($:!%6)//N6*/&:=/&!/$8)+#%!)8)$+%(!)!A)'$&(.!*<!,'*(&$+!

()'8&(%!$+:/=#$+8!%&A&')/!)%%*:$)(&#!R$(4!4=6)+!#$%&)%&!eZC] CZUC[Y N[Uf2!Q$A&+!(4&!&A&'N

$+:'&)%$+8!+=6-&'!*<!,'*(&$+%C!+=:/&$:!):$#%C!)+#!6&()-*/$(&%!$6,/$:)(&#!$+!4=6)+!#$%&)%&C!

$++*A)($*+%!$+!(4&!<$&/#!*<!9M"N&+:*#&#!/$-')' $&%!)+#!(4&$'!'),$#!%"#$%&'(!%&/&:($*+!)'&!/$T&/.!

(*!,/).!)+!$+:'&)%$+8/.!$6,*'()+(!'*/&!$+!(4&!#$%:*A&'.!*<!%6)//!6*/&:=/&%!R$(4!(4&!

,*(&+($)/!(*!,'*-&!(4&'),&=($:)//.!'&/&A)+(!-$*/*8$:)/!,)(4R).%!*'!(*!%&'A&!)%!/&)#%!<*'!(4&!

#&A&/*,6&+(!*<!+&R!6&#$:$+&%2!3'&)($A&!),,'*):4&%!<*'!&A)/=)($+8!9M"N&+:*#&#!:4&6$:)/!

/$-')'$&%!)'&!/$T&/.!(*!:*+($+=&!(*!/&A&')8&!(4&!&)%&!*<!#&%$8+$+8!:*6,/&6&+()'.!9M"!

%(')+#%C!(4&!&0('&6&/.!4$84!%&+%$($A$(.!)<<*'#&#!-.!9M"!)6,/$<$:)($*+C!)+#!(4&!'&6)'T)-/&!

&<<$:$&+:.!*<!6*#&'+!4$84N(4'*=84,=(!9M"!%&>=&+:$+8!(*!<):$/$()(&!(4&!$+:'&)%$+8/.!



! EY!

&<<$:$&+(!)+#!),,/$:)-/&!#$%:*A&'.!*<!+*A&/!6*/&:=/)'!$+(&'):($*+%2!!

?'&A$*=%!R*'T!$+!(4&!L$=!8'*=,!$#&+($<$&#!$+4$-$(*'%!*<!P':!T$+)%&!eZYNZZf!)+#!

$+%=/$+N#&8')#$+8!&+a.6&!eZUf!<'*6!*='!GYCHFFN6&6-&' !9M" N(&6,/)(&# !6):'*:.:/&!

/$-')'.2!54$%!R*'T!A)/$#)(&#!*='!)-$/$(.!(*!$#&+($<.!,*(&+(!,'*-&!6*/&:=/&%!<'*6!*='!9M" N

(&6,/)(&#!/$-')'$&%C!)%!R&//!)%!&0,/*'&!(4&!-$*/*8.!*<!(4&%&!,'*(&$+!()'8&(%!(4'*=84!:4&6$:)/!

6&)+%2!34),(&'!E!*<!(4$%!(4&%$%!<*:=%&%!*+!<='(4&'!&<<*'(%!(*!#$%:*A&'!-$*):($A&!:*6,*=+#%!

=%$+8!%"#$%&'(#%&/&:($*+%!*+!9M"N(&6,/)(&#!6):'*:.:/&! /$-')' $&%2!1!#&%:'$-&!&<<*'(%!(* !

$#&+($<.!+&R!$+4$-$(*'%!*<!19O!<'*6!)!/$-')'.!*<!EUVCFFF!6):'*:.:/&%C!(4=%!A)/$#)($+8!(4$%!

/$-')'.!)%!)!%*=':&!*<!+&R!-$*):($A&!:*6,*=+#%2!1+!)##$($*+C!1!%=66)'$a&!)+#!4$84/$84(!

&<<*'(%!(*!#$%:*A&'!:*6,*=+#%!<'*6!-*(4!*='!GYCHFF N!)+#!EUVCFFFN6&6-&'!/$-')' $&%!(4)(!

:)+!-$+#!,'*(&$+%!%=:4!)%!3)%[C!?3PW[C!)+#!(4&!;"^!:*6,/&0 !(4'*=84! %"#$%&'(#%&/&:($*+%2!!

34),(&'!Y!*<!(4$%!#$%%&'()($*+!#&%:'$-&%!*='!=%&!*<!(4&!19B?!%.%(&6!(*!

%$6=/()+&*=%/.!&A)/=)(&!)//!,*%%$-/&!,'*(&$+N/$8)+#!$+(&'):($*+%!*=(!*<!:*6-$+&#!/$-')'$&%!

*<!9M"N()88&#!,'*(&$+%!)+#!9M"N&+:*#&#!%6)//!6*/&:=/&%2!M*(!*+/.!R&'&!R&!%=::&%%<=/!$+!

'&:),$(=/)($+8!T+*R+!-$+#$+8!$+(&'):($*+%!$+!(4$%!)%%).!<*'6)(C!1!)/%*!#$%:*A&'&#!)!

,'&A$*=%/.!=+T+*R+!:*A)/&+(!$+4$-$(*'C!&(4):'.+$:!):$#C!*<!(4&!4=6)+!,'*(&$+!T$+)%&!

D"?EWV2!1!<='(4&'!,'*-&#!(4&!6&:4)+$%($:!-)%$%!*<!(4$%!-$+#$+8!$+(&'):($*+!)+#!%4*R&#!

(4)(!$+4$-$($*+!$%!#=&!$+!,)'(!(*!&(4):'.+$:!):$#X%!)-$/$(.!(*!)/T./)(&!)!+*+:*+%&'A&#!:.%(&$+&!

'&%$#=&!$+!D"?EWV2!54&%&!'&%=/(%!)'&!$//=%(')($A&!*<!(4&!,*(&+($)/!*<!=+-$)%&#!%"#$%&'(!

-$+#$+8!%&/&:($*+%!(*!=+:*A&'!-$*):($A&!6*/&:=/&%!R$(4!+*A&/!6*#&%!*<!,'*(&$+!()'8&(!

&+8)8&6&+(2!!



! EZ!

CHG N%=%#%$/%&))
!

G2 7)+%&+C!D2!72!6&#+8-!"!.*:(*/$(&' N%:)/&!9M"!'&):(*'!<*'!%6)// N6*/&:=/&!&A*/=($*+2!@-#
:*-#156*-#A(<-!CKCP!GYEESGYE]!_EFF[`2!!

E2 5%&C!;2!M2C!P+.#&'C!52!D2C!P4&+C!k2!o!L$=C!92!K2!5')+%/)($*+!*<!9M" !$+(*!)!/$-')'.!*<!
GYwFFF!%.+(4&($:!%6)//N6*/&:=/&!6):'*:.:/&%!%=$()-/&!<*'! %"#$%&'(!%&/&:($*+2!@-#:*-#
156*-#A(<-!CKQP!GUVGGSGUVEV!_EFFH`2!!

Y2 n&$%$+8&'C!K2!D2C!n'&++C!P2!l2!o!7)'-='.C!?2!;2!7$84/.!,)')//&/!(')+%/)($*+!*<!9M"!
%&>=&+:&%!$+(*!%6)//!6*/&:=/&%2!BC(A#3.D!RP!&EHFUV!_EFGE`2!

Z2 3/)'TC!D2!"2!6&#+8-!9&%$8+C!%.+(4&%$%!)+#!%&/&:($*+!*<!9M"N&+:*#&#!%6)//N6*/&:=/&!
/$-')'$&%2!.+&-#156* -#7%( 8-!OP!VZ]SVUZ!_EFF[`2!!

U2 7&C!k2!o!L$=C!92!K2!"!%&>=&+($)/!%(')+#N#$%,/):&6&+(!%(')(&8.!&+)-/&%!&<<$:$&+(!%$0N
%(&,!9M"N(&6,/)(&#!%.+(4&%$%2!@-#:*-#156*-#A(<-!CKKP![[]E S[[]U!_EFGG`2!!

V2 7&C!k2!o!L$=C!92!K2!"=(*+*6*=%!6=/($%(&,!*'8)+$:!%.+(4&%$%!$+!)!%$+8/&!$%*(4&'6)/!
%*/=($*+!6&#$)(&#!-.!)!9M"!R)/T&'2!.+ &-#.+"(&6<5"(8-!OP!]]H S]HE!_EFGF`2!

]2 L&$6-):4&'C!D2!6&#+8-!9$%:*A&'.!*<!%6)//N6*/&:=/&!$+(&'/&=T$+NE!$+4$-$(*'%!<'*6!)!
9M" N&+:*#&#!:4&6$:)/!/$-')'.2! 156*%=&'>!CSP!]]E[ S]]Y]!_EFGE`2!

H2 ;=//&'C!^2!6&#+8-!7$84N(4'*=84,=(!%&>=&+:$+8!<*'!(4&!$#&+($<$:)($*+!*<!-$+#$+8!
6*/&:=/&%!<'*6!9M" N&+:*#&#!:4&6$:)/!/$-')'$&%2!7%(('?-#E6,-#156*-#C6&&-!FQP!ZGHHS
ZG[E!_EFGF`2!

[2 P:4&=&'6)++C!l2!6&#+8-!9M" N&+:*#&#!:4&6$:)/!/$-')'$&%!<*'!(4&!#$%:*A&'.!*<!DD?NY!
$+4$-$(*'%2!7%(<("F2?-#156*-!CTP!]]H S]HU!_EFFH`2!

GF2 M*A*)C!"2C!D):4$#)C!52C!;)'/=&+8)C!P2C!16-&'(.C!"2!o!n$+%%$+8&'C!M2!?M"N&+:*#&#!
%.+(4&%$%!_?OP`!*<!)!GF!FFFN6&6-&'!4&(&'* N8/.:*:*+@=8)(&!/$-')'.!)+#!6$:'*)'').!
)+)/.%$%!*<!#$A&'%&!/&:($+%2!156*7%(156* !COP!EFUHSEFVU!_EFGZ`2!!!

GG2 W)R)T)6$C!52!6&#+8-!!"#$%&'(!%&/&:($*+!*<!6=/($,/&!/$-')'$&%!:'&)(&#!-.!8&+&($:!:*#&!
'&,'*8')66$+8!(*!#$%:*A&'!6):'*:.:/$:!,&,($#&%!(4)(!)+()8*+$a&!\OQ^KE!):($A$(.!$+!
/$A$+8!:&//%2!:1A#156*-#7%(8-!SP!GEFUSGEGZ!_EFGY`2!

GE2 P:4/$,,&C!k2!\2!Q2C!7)'(6)+C!D2!32!52C!l*%&,4%*+C!W2!o!Pa*%()TC!l2!n2!!"#$%&'(!%&/&:($*+!*<!
4$84/.!6*#$<$&#!:.:/$:!,&,($#&%!(4)(!):(!)%!($84(!-$+#$+8!$+4$-$(*'%2!@-#:*-#156*-#A(<-!
CKMP!GFZV[SGFZ]]!_EFGE`2!!

GY2 L$C!k2C!m4)*C!?2C!m4)+8C!D2C!m4)*C!c2!o!L$C!c2!D=/($%(&,!9M"N(&6,/)(&#!%.+(4&%$%!=%$+8!)!
=+$A&'%)/!(&6,/)(&2!@-#:*-#156*-#A(<-!CKOP!G]]E] SG]]YF!_EFGY`2!!

GZ2 m4=C!m2!o!3=*aa*C!l2!K&A$&R!)'($:/&J!4$84N(4'*=84,=(!)<<$+$(.N-)%&#!(&:4+*/*8$&%!<*'!



! EU!

%6)//N6*/&:=/&!#'=8!#$%:*A&'.2!@-#7%(*(8-#A<'66"-!CMP!GGU]SGGVZ!_EFF[`2!!!

GU2 W/&$+&'C!K2!O2C!9=6&/$+C!32!O2!o!L$=C!92!K2!P6)//N6*/&:=/&!#$%:*A&'.!<'*6!9M" N
&+:*#&#!:4&6$:)/!/$-')'$&%2!156* -#A(<-#G6$-!MQP!U]F] SU]G]!_EFGG`2!!!

GV2 ;'&++&'C!P2!o!L&'+&'C!K2!"2!O+:*#&#!:*6-$+)(*'$)/!:4&6$%('.2!B-#.+&-#:<+,-#A<%-#HA:-!
STP!UYHGSUYHY!_G[[E`2!

G]2 O//$+8(*+C!"2!92!o!Pa*%()TC!l2!n2!!"#$%&'(!%&/&:($*+!*<!KM"!6*/&:=/&%!(4)(!-$+#!%,&:$<$:!
/$8)+G]EF#%2!.+&2'6!KMGP!HGH!_G[[F`2!

GH2 P:*((C!l2!W2!o!P6$(4C!Q2!?2!P&)':4$+8!<*'!,&,($#&!/$8)+#%!R$(4!)+!&,$(*,&!/$-')'.2!
A<%6"<6!FMTP!YHVSY[F!_G[[F`2!

G[2 3R$'/)C!P2!O2C!?&(&'%C!O2!"2C!;)''&((C!K2!n2!o!9*R&'C!n2!l2!?&,($#&%!*+!,4)8&J!)!A)%(!
/$-')'.!*<!,&,($#&%!<*'!$#&+($<.$+8!/$8)+#%2!B-#.+&-#:<+,-#A<%-#HA:-!SRP!VY]HSVYHE!
_G[[F`2!

EF2 5=&'TC!32!o!Q*/#C!L2!P.%(&6)($:!&A*/=($*+!*<!/$8)+#%!-.!&0,*+&+($)/!&+'$:46&+(J!KM"!
/$8)+#%!(*!-):(&'$*,4)8&!5Z!9M"!,*/.6&')%&2!A<%6"<6!FMTP!UFUSUGF!_G[[F`2!

EG2 M&&#&/%C!D2!32!6&#+8-!Q&+&')($*+!)+#!%:'&&+$+8!*<!)+!*/$8*+=:/&*($#&N&+:*#&#!
%.+(4&($:!,&,($#&!/$-')'.2!B-#.+&-#:<+,-#A<%-#HA:-!TQP!GF]FFSGF]FZ!_G[[Y`2!

EE2 M$&/%&+C!l2C!;'&++&'C!P2C!l)+#)C!W2!P.+(4&($:!6&(4*#%!<*'!(4&!$6,/&6&+()($*+!*<!
&+:*#&#!:*6-$+)(*'$)/!:4&6$%('.2! @-#:*-#156*-#A(<-!CCOP![HGES[HGY!_G[[Y`2!

EY2 Q)'(+&'C!m2!l2!6&#+8-!9M" N(&6,/)(&#!*'8)+$:!%.+(4&%$%!)+#!%&/&:($*+!*<!)!/$-')'.!*<!
6):'*:.:/&%2! A<%6"<6!KQOP!GVFGSGVFU!_EFFZ`2!

EZ2 D&/TT*C!P2C!P:4&=&'6)++C!l2C!9=6&/$+C!32!O2!o!M&'$C!92!O+:*#&#!%&/<N)%%&6-/$+8!
:4&6$:)/!/$-')'$&%2!.+&-#7%(&6<5"(8-!FFP!UVH!_EFFZ`2!

EU2 7)/,$+C!92!K2!o!7)'-='.C!?2!;2!9M"!#$%,/).!112!Q&+&($:!6)+$,=/)($*+!*<!:*6-$+)(*'$)/!
:4&6$%('.!/$-')'$&%!<*'!%6)//N6*/&:=/&!&A*/=($*+2!BC3A#7%(8(?>!FC!&G]Z!_EFFZ`2!

EV2 D):3*++&//C!"2!;2C!D:O+)+&.C!?2!l2C!3)A&((C!\2!l2!o!?)&8&/C!;2!D2!9M"N&+:*#&#!%*/$#N
,4)%&!%.+(4&%$%J!&+:*#$+8!/)+8=)8&!#&%$8+!)+#!:*6,/&0!*/$8*6&'!/$-')'.!%.+(4&%$%2!
:1A#1(*I -#A<%-!CRP!UGHSUYZ!_EFGU`2!

E]2 m)6-)/#*C!32C!9)8=&'C!l2!?2C!P))'-):4C!l2C!;)'/=&+8)C!P2!o!n$+%%$+8&'C!M2!P:'&&+$+8!<*'!
:*A)/&+(!$+4$-$(*'%!=%$+8!9M"N#$%,/).!*<!%6)//!6*/&:=/&!/$-')'$&%!<=+:($*+)/$a&#!
R$(4!:.%(&$+&!'&):($A&!6*$&($&%2!E6,156*1(** !RP!GYZFSGYUG!_EFGV`2!

EH2 D)/*+&C!D2!L2!o!?)&8&/C!;2!D2!n4)(!$%!)!x9M"N: *6,)($-/&X! ' &):($*+y!:1A#1(*I -#A<%-!CSP!
GHESGH]!_EFGV`2!

E[2 L=TC!W2N32!o!P)(aC!"2L2!r9M"N: *6,)($-/&! : 4&6$%('.2s!1+!:#J+",I((K#L('#9.: ;D"<(,6,#



! EV!

156*%=&'>M#N56('>#+",#:448%<+&%("=#L('#DO48('%"?#156*%<+8#A4+<6#+",#9'2?#9%=<($6'>/#
)%'=&#D,%&%("-#V] N[H!_l*4+!n$/&.!o!P*+%C!1+:2!EFGZ`2!

YF2 P)(aC!"2!L2!6&#+8-!9M"! :*6,)($-/&!6=/($%(&,!%.+(4&%$%!)+#!),,/$:)($*+%!(*!9M"!
&+:*#&#!/$-')'$&%2!7%(<("F2?-#156*-!FGP!GVEYSGVYE!_EFGU`2!

YG2 Q**#+*RC!K2!"2C!9=6&/$+C!32!O2!o!W&&<&C!"2!92!9M"N&+:*#&#!:4&6$%('.J!&+)-/$+8!(4&!
#&&,&'!%)6,/$+8!*<!:4&6$:)/!%,):&2!.+&-#G6$-#9'2?#9%=<($-!CGP!GYGSGZ]!_EFG] `2!

YE2 P)/)6*+C!72C!W/$T)!zT*,${C!D2C!l=+8C!W2C!;=8)$+C!b2!o!;'=+%:4R&$8&'C!"2!34&6$:)/!
-$*/*8.!,'*-&%!<'*6!)#A)+:&#! 9M" N&+:*#&#!/$-')'$&%2!:1A#156*-#7%(8-!CCP!E[VSYF]!
_EFGV`2!

YY2 M&'$C!92!o!L&'+&'C!K2!"2!9M"N&+:*#&#!:4&6$:)/!/$-')'$ &%J!)!%&/&:($*+!%.%(&6!-)%&#!*+!
&+#*R$+8!*'8)+$:!:*6,*=+#%!R$(4!)6,/$<$)-/&!$+<*'6)($*+2!:""2-#G6$-#7%(<56*-!SRP!
U2GNU2EZ!_EFGH`2!

YZ2 D)++*::$C!L2!6&#+8-!7$84N(4'*=84,=(!%&>=&+:$+8!)//*R%!(4&!$#&+($<$:)($*+!*<!-$+#$+8!
6*/&:=/&%!$%*/)(&#!<'*6!9M"N&+:*#&#!:4&6$:)/!/$-')'$&%2!B-#.+&-#:<+,-#A<%-#H-A-:-!
CQOP!G]V]F SG]V]U!_EFFH`2!

YU2 W&&<&C!"2!92C!3/)'TC!D2!"2C!7=,,C!32!92C!L$(*A:4$:TC!"2!o!m4)+8C!k2!34&6$:)/!/$8)($*+!
6&(4*#%!<*'!(4&!()88$+8!*<!9M"N&+:*#&#!:4&6$:)/!/$-')'$&%2!12'' -#34%"-#156* -#7%(8-!
FGP!HFSHH!_EFGU`2!

YV2 Q)'(+&'C!m2!l2!o!L$=C!92!K2!54&!8&+&')/$(.!*<!9M" N(&6,/)(&#!%.+(4&%$%!)%!)!-)%$%!<*'!
&A*/A$+8!+*+N+)(=')/!%6)//!6*/&:=/&%2!@-#:*-#156*-#A(<-!CFKP!V[VGSV[VY!_EFFG`2!

Y]2 ;/)T%T@)&'C!?2C!7&$(+&'C!52!o!7)+%&+C!M2!l2!\2!^$#&/$(.!-.!#&%$8+J!k*:(*K&):(*'!)+#!
-$+#&'!('),!&+'$:46&+(!<*'!%6)// N6*/&:=/&!9M" N&+:*#&#!/$-')'$&%!)+#!#'=8!
#$%:*A&'.2!12'' -#34%"-#156* -#7%(8-!FGP!VES]G!_EFGU`2!

YH2 D&+8C!n2!6&#+8-!"+!)=(*+*6*=%!6*/&:=/)'!)%%&6-/&'!<*'!,'*8')66)-/&!:4&6$:)/!
%.+(4&%$%2!.+&-#156* -!SP!UZE!_EFGV`2!

Y[2 7)/,$+C!92!K2!o!7)'-='.C!?2!;2!9M"!#$%,/).!12!%&>=&+:&N&+:*#&#!'*=($+8!*<!9M" !
,*,=/)($*+% 2!BC3A#7%(8(?>!FP!&G]Y!_EFFZ`2!

ZF2 3*++*'%C!n2!72C!7)/&C!P2!?2!o!5&''&((C!M2!W2!9M"N&+:*#&#!:4&6$:)/!/$-')'$&%!*<!
6):'*:.:/&%2! 12'' -#34%"-#156* -#7%(8-!FGP!ZESZ]!_EFGU`2!

ZG2 m4=C!m2!&(!)/2!9&%$8+!)+#!),,/$:)($*+!*<!)!9M" N&+:*#&#!6):'*:.:/$:!,&,($#&!/$-')'. 2!
:1A#156*-#7%(82!CKC!UYSU[!_EFGH`2!

ZE2 W*//6)++C!32!P2!6&#+8-!",,/$:)($*+!*<!&+:*#&#!/$-')'.!(&:4+*/*8.!_OL5`!(*!)!,'*(&$+ N
,'*(&$+!$+(&'):($*+!()'8&(J!#$%:*A&'.!*<!)!,*(&+(!:/)%%!*<!$+(&8'$+!/.6,4*:.(&!
<=+:($*+N)%%*:$)(&#!)+($8&+!G!_L^"NG`!)+()8*+$%(%2!7%(('?+"-#E6,#156*-!FFP!EYUYS



! E] !

EYVU!_EFGZ`2!

ZY2 W/&$+&'C!K2!O2C!9=6&/$+C!32!O2C!5$=C!Q2!32C!P)T=')$C!W2!o!L$=C!92!K2!!"#$%&'(!%&/&:($*+!*<!)!
9M" N(&6,/)(&#!%6)// N6*/&:=/&!/$-')'.!'&A&)/%!)!:/)%%!*<!6):'*:.:/$:!T$+)%&!
$+4$-$(*'%2!@-#:*-#156*-#A(<-!CKFP!GG]][ SGG][G!_EFGF`2!

ZZ2 Q&*'84$*=C!Q2C!W/&$+&'C!K2!O2C!?=/T*%T$NQ'*%%C!D2C!L$=C!92!K2!o!P&&/$8&'C!D2!"2!7$84/.!
%,&:$<$:C!-$%=-%(')(&N:*6,&($($A&!P':!$+4$-$(*'%!<'*6!9M"N(&6,/)(&#!6):'*:.:/&%2!
.+&-#156*-#7%(8-!SP!YVVSY]Z!_EFGE`2!

ZU2 D)$)+($C!l2!?2!6&#+8-!"+($N#$)-&($:!):($A$(.!*<!$+%=/$+N#&8')#$+8!&+a.6&!$+4$-$(*'%!
6&#$)(&#!-.!6=/($,/&!4* '6*+&%2!.+&2'6!OCCP![Z S[H!_EFGZ`2!

ZV2 D=//)'#C!"2!r9M"NO+:*#&#!#'=8!/$-')'$&%!:*6&!*<!)8&2s .+&-#7%(&6<5"(8-!KMC!ZUFS
ZUG_EFGV`!

Z]2 n'&++C!P2!l2C!n&$%$+8&'C!K2!D2C!7)/,$+C!92!K2!o!7)'-='.C!?2!;2!P.+(4&($:!/$8)+#%!
#$%:*A&'&#!-.!%"#$%&'(!%&/&:($*+2!@-#:*-#156*-#A(<2!CFTC!GYGY]SGYGZY!_EFF]`2!!

ZH2 3=*aa*C!l2!n2!6&#+8-!9$%:*A&'.!*<!)!,*(&+(!;5W!$+4$-$(*'!R$(4!)!+*A&/!-$+#$+8!6*#&!-.!
=%$+8!,)')//&/!%&/&:($*+%!R$(4!)!9M" N&+:*#&#!:4&6$:)/!/$-')'. 2!156*7%(156* !CSP!
HVZSH]G!_EFG]`2!

Z[2 9&Q'**(!D7C!P:4&'A$%4!DlJ!?'*-)-$/$(.!)+#!%()($%($:%2!"##$%*+N!n&%/&.p!EFGE2!!!

UF2 9&:='($+%C!n2!6&#+8-!"=(*6)(&#!%:'&&+$+8!<*'!%6)//!*'8)+$:!/$8)+#%!=%$+8!9M"N
&+:*#&#!:4&6$:)/!/$-')'$&%2!.+&-#B'(&(<-!CCP!]VZ!_EFGV`2!

UG2 D):4=(()C!32!"2!6&#+8-!?'$*'$($a$+8!6=/($,/&!(4&'),&=($:!()'8&(%!$+!,)')//&/!=%$+8!
)=( *6)(&#!9M" N&+:*#&#!/$-')'.!%:'&&+$+82!.+&-#1(** 2"-#SP!GVFHG!_EFG]`2!

UE2 7)=%&'C!"2!P2!6&#+8-!?4)'6):*8&+*6$:%!*<!Q?3K! #'=8!()'8&(%2!1688!CRFP!ZGSUZ2&G[!
_EFGH`2!

UY2 ;'*R+C!92!Q2!6&#+8-!"8*+$%(%!)+#!)+()8*+$%(%!*<!,'*(&)%&N):($A)(&#!'&:&,(*'!E!
#$%:*A&'&#!R$(4$+!)!9M" N&+:*#&#!:4&6$:)/!/$-')'.!=%$+8!6=()($*+)/!%()-$/$a)($*+!*<!
(4&!()'8&(2!AC:A#9%=<($-!EZ]EUUUEG]]Z[HZ]!_EFGH`2!!

UZ2 "4+C!P2!6&#+8-!"//*%(&'$:!x-&()N-/*:T&'X!$%*/)(&#!<'*6!)!9M"N&+:*#&#!%6)//!6*/&:=/&!
/$-')'.2! B-#.+&8-#:<+,-#A<%-#H-A-:-!CCMP!G]FHSG]GY!_EFG]`2!

UU2 n=C!m2!6&#+8-!3&//N-)%&#!%&/&:($*+!&0,)+#%!(4&!=($/$(.!*<!9M" N&+:*#&#!%6)//N6*/&:=/&!
/$-')'.!(&:4+*/*8.!(*!:&//!%='<):&!#'=8!()'8&(%J!$#&+($<$:)($*+!*<!+*A&/!)+()8*+$%(%!*<!
(4&!MWY!():4.T$+$+!'&:&,(*' 2!:1A#1(*I -#A<%-!CRP!]EES]YG!_EFGU`2!

UV2 D:Q'&8*'C!L2!D2C!Q*'$+C!92!l2C!9=6&/$+C!32!O2!o!L$=C!92!K2!1+(&'):($*+N#&,&+#&+(!?3KJ!
$#&+($<$:)($*+!*<!/$8)+#|()'8&(!,)$'%!<'*6!/$-')'$&%!*<!/$8)+#%!)+#!/$-')'$&%!*<!()'8&(%!
$+!)!%$+8/&!%*/=($*+N,4)%&!&0,&'$6&+(2!@-#:*-#156*-#A(<-!CKFP!GUUEESGUUEZ!_EFGF`2!!



! EH!

U]2 D:Q'&8*'C!L2!D2C!l)$+C!52!o!L$=C!92!K2!1#&+($<$:)($*+!*<!/$8)+#N()'8&(!,)$'%!<'*6!
:*6-$+&#!/$-')'$&%!*<!%6)//!6*/&:=/&%!)+#!=+,='$<$&#!,'*(&$+!()'8&(%!$+!:&//!/.%)(&%2!
@-#:*-#156*-#A(<-!CKGP!YEVZSYE]F!_EFGZ`2!

UH2 L$C!Q2!6&#+8-!?4*(*)<<$+$(.!/)-&/$+8!*<!%6)//N6*/&:=/& N-$+#$+8!,'*(&$+%!-.!9M" N
(&6,/)(&#!:4&6$%('. 2!:"?6P-#156*-#!"&-#D,-#D"?8-!OFP![UZZS[UZ[!_EFGY`2!!

U[2 m4)*C!?2!6&#+8-!P&/&:($*+!*<!9M"N&+:*#&#!%6)//!6*/&:=/&!/$-')'$&%!)8)$+%(!=+6*#$<$&#!
)+#!+*+ N$66*-$/$a&#!,'*(&$+!()'8&(%2!:"?6P-#156*-#!"&-#D,-#D"?8-!OKP!GFFUVSGFFU[!
_EFGZ`2!!

VF2 L$C!Q2C!L$=C!k2C!k=C!c2!o!L$C!c2!D=/($A)/&+(!,4*(*)<<$+$(.!,'*-&!<*'!/)-&/$+8!%6)//!
6*/&:=/&!-$+#$+8!,'*(&$+%2!7%(<("F2?-#156*-!FOP!GG]ESGGHF!_EFGZ`2!!

VG2 P:*((C!92!O2C!3*.+&C!"2!Q2C!7=#%*+C!P2!"2!o!"-&//C!32!^')86&+(N-)%&#!),,'*):4&%!$+!#'=8!
#$%:*A&'.!)+#!:4&6$:)/!-$*/*8. 2!7%(<56*%=&'>!OCP!Z[[F SUFFY!_EFGE`2!!

VE2 P4$C!;2C!9&+8C!k2C!m4)*C!?2!o!L$C!c2!P&/&:($+8!)!9M"N&+:*#&#!:4&6$:)/!/$-')'.!)8)$+%(!
+*+N$66*-$/$a&#!,'*(&$+%!=%$+8!)!x/$8)(&N:'*%%N/$+TN,='$<.X!%(')(&8.2!7%(<("F2?-#
156*- !FSP!EE[YSEYFG!_EFG]`2!

VY2 9&+(*+C!W2!O2!o!W'=%&6)'TC!32!l2!3'*%%/$+T$+8!*<!9M"N/$+T&#!/$8)+#%!(*!()'8&(!,'*(&$+%!
<*'!&+'$:46&+(!<'*6!9M" N&+:*#&#!/$-')'$&%2!E6,156*1(** !RP!EFEFSEFE]!_EFGV`2!

VZ2 D&/TT*C!P2C!m4)+8C!k2C!9=6&/$+C!32!O2C!P:4&=&'6)++C!l2!o!M&'$C!92!1%*/)($*+!*<!4$84N
)<<$+$(.!('.,%$+!$+4$-$(*'%!<'*6!)!9M"N&+:*#&#!:4&6$:)/!/$-')'. 2!:"?6P -#156*%6!!"&-#
D,2!CCTC!Z]UU��Z]UH!_EFF]`2!!

VU2 ̂ '&#'$T%%*+C!P2!&(!)/2!D=/($,/&0&#!,'*(&$+!#&(&:($*+!-.!,'*0$6$(.!/$8)($*+!<*'!:)+:&'!
-$*6)'T&'!A)/$#)($*+2!.+&-#E6&5-#MC!YE]SYE[!_EFF]`2!!

VV2 L=+#-&'8C!D2C!O'$T%%*+C!"2C!5')+C!;2C!"%%)'%%*+C!O2!o!^'&#'$T%%*+C!P2!7*6*8&+&*=%!
)+($-*#. N-)%&#!,'*0$6$(.!&0(&+%$*+!)%%).%!,'*A$#&!%&+%$($A&!)+#!%,&:$<$:!#&(&:($*+!
*<!/*RN)-=+#)+(!,'*(&$+%!$+!4=6)+!-/**#2!.2<86%<#:<%,=#G6=-!KTC!&GFES&GFE!_EFGG`2!!

V]2 9)'6)+$%C!P2!&(!)/2!?'*(&$+P&>J!4$84N,&'<*'6)+:&!,'*(&*6$:!)+)/.%&%!-.!,'*0$6$(.!
/$8)($*+!)+#!+&0(!8&+&')($*+!%&>=&+:$+82!BC(A#3.D!GC!&EUUHY!_EFGG`2!!

VH2 Pg#&'-&'8C!b2!6&#+8-!9$'&:(!*-%&'A)($*+!*<!$+#$A$#=)/!&+#*8&+*=%!,'*(&$+!:*6,/&0&%!
%"#=%&2!-.!,'*0$6$(.!/$8)($*+2!.+&-#E6&5-!KP![[U!_EFFV`2!!

V[2 ;/*Ta$@/C!"2C!^'$&#6)+C!D2C!?*+(}+C!^2!o!L)+#&8'&+C!B2!?'*<$/$+8!,'*(&$+!&0,'&%%$*+!
)+#!$+(&'):($*+%J!,'*0$6$(.!/$8)($*+!)%!)!(**/!<*'!,&'%*+)/$a&#!6&#$:$+&2!@-#!"&6'"-#
E6, -!FGSP!EYESEZU!_EFGF`2!!

]F2 Q=%()<%#*(($'C!P2!D2!6&#+8-!B%&!*<!,' *0$6$(.!/$8)($*+!(*!%:'&&+!<*'!$+4$-$(*'%!*<!
$+(&'):($*+%!-&(R&&+!\ )%:=/)'! O+#*(4&/$)/!Q'*R(4! ^):(*'! " !)+#!$(%!'&:&,(*'%2!18%"-#



! E[ !

156* -!OMP!GEGHSGEEU!_EFFH`2!!

]G2 7)66*+#C!D2C!M*+8C!K2!k2C!O'$:%%*+C!b2C!?)'#)/$C!W2!o!L)+#&8'&+C!B2!?'*<$/$+8!:&//=/)'!
,'*(&$+!:*6, /&0&%!-.!,'*0$6$(.!/$8)($*+!R$(4!#=)/!()8!6$:'*)'').!'&)#*=(2! BC(A#
3.D !RP!&ZFZFU!_EFGE`2!!

]E2 34&+C!52N32!6&#+8-!B%$+8!)+!$+!%$(=!,'*0$6$(.!/$8)($*+!)%%).!(*!%.%(&6)($:)//.!,'*<$/&!
&+#*8&+*=%!,'*(&$+N,'*(&$+!$+(&'):($*+%!$+!)!,)(4R).!+&(R*'T 2!@-#B'(&6(*6#G6=-!CKP!
UYY[SUYZV!_EFGZ`2!!

]Y2 ;/)T%T@)&'C!?2C!7&$(+&'C!52!o!7)+%&+C!M2!l2!\2!^$#&/$(.!-.!#&%$8+J!k*:(*'&):(*'!)+#!
-$+#&'!('),!&+'$:46&+(!<*'!%6)// N6*/&:=/&!9M" N&+:*#&#!/$-')'$&%!)+#!#'=8!
#$%:*A&'.2!12'' -#34%"-#156* -#7%(8-!FGP!VES]G!_EFGU`2!!

]Z2 D):3*++&//C!"2!;2C!?'$:&C!"2!W2!o!?)&8&/C!;2!D2!"+!$+(&8')(&#!6$:'*</=$#$:!,'*:&%%*'!<*'!
9M" N&+:*#&#!:*6-$+)(*'$)/!/$-')'.!<=+:($*+)/!%:'&&+$+8 2!:1A#1(*I -#A<%-!CTP!GHGS
G[E!_EFG]`2!

]U2 ;&&/&'C!"2!;2C!P=C!P2C!P$+8/&(*+C!32!"2!o!?*':*C!l2!"2!9$%:*A&'.!*<!34&6$:)/!K&):($*+%!
(4'*=84!D=/ ($#$6&+%$*+)/!P:'&&+$+82!@-#:*-#156*-#A(<-!CFTP!GZGYSGZG[!_EFF]`2!

]V2 D:M)//.C!"2C!?'$&'C!32!W2!o!D):D$//)+C!92!n2!32!9$%:*A&'.!*<!)+!hN)6$+*!3 N7!)'./)($*+!
'&):($*+!=%$+8!(4&!%(')(&8.!*<!)::&/&')(&#!%&'&+#$,$(.2!A<%6"<6!KKMP!GGGZSGGG]!
_EFGG`2!!

]]2  j=$+(*+C!l2!6&#+8-!K&):($*+!#$%:*A&'.!-.!=%$+8!)!%)+#R$:4!$66=+*)%%).2!:"?6P-#
156*-#!"&-#D,-#D"?8-!OCP!VGZZSVGZH!_EFGE`2!!

]H2 W)+)+C!D2!n2C!K*a&+6)+C!D2!D2C!P)T=')$C!W2C!P+.#&'C!52!D2!o!L$=C!92!K2!K&):($*+!
#$%:*A&'.!&+)-/&#!-.!9M"N(&6,/)(&#!%.+(4&%$%!)+#!%"#$%&'(!%&/&:($*+2!.+&2'6!MKCP!
UZUSUZ[!_EFFZ`2!!

][2  K*a&+6)+C!D2!D2C!W)+)+C!D2!n2!o!L$=C!92!K2!9&A&/*,6&+(!)+#!$+$($)/!),,/$:)($*+!*<!)!
4.-'$#$a)($*+N$+#&,&+#&+(C!9M"N&+:*#&#!'&):($*+!#$%:*A&'.!%.%(&6!:*6,)($-/&!
R$(4!*'8)+$:!%*/A&+(%2!@-#:*-#156*-#A(<-!CFTC!GZ[YYSGZ[YH!_EFF]`2!!

HF2 34&+C!k2C!W)6/&(C!"2!P2C!P(&$+6)+C!l2!;2!o!L$=C!92!K2!"!-$*6*/&:=/&N:*6,)($-/&!A$%$-/&N
/$84(N$+#=:&#!)a$#&!'&#=:($*+!<'*6!)!9M"N&+:*#&#!'&):($*+N#$%:*A&'.!%.%(&62!.+ &-#
156* -!KP!GZVSGUY!_EFGG`2!!

HG2 Q*'$+C!92!l2C!W)6/&(C!"2!P2!o!L$=C!92!K2!K&):($A$(.N#&,&+#&+(!?3KJ!#$'&:(C!%*/=($*+N
,4)%&!%"#$%&'(!%&/&:($*+!<*'!-*+#!<*'6)($*+2!@-#:*-#156*-#A(<-!CKCP![GH[ S[G[G!
_EFF[`2!!

HE2 L$C!k2C!m4)+8C!D2C!m4)+8C!32!o!L$C!c2!9&(&:($*+!*<!-*+#!<*'6)($*+%!-.!9M"N
,'*8')66&#!:4&6$:)/!'&):($*+%!)+#!?3K!)6,/$<$:)($*+2! 156*-#1(**2"-#Q1+*I- R!MSP!
[UGYS[UGU!_EFGE`2!!



! YF!

HY2 3)*C!k2!&(!)/2!?'*(&$+!#&(&:($*+!-)%&#!*+!%6)//!6*/&:=/&N/$+T&#!9M"2!:"+8-#156*-!SMC!
ZYGZSZYEF!_EFGE`2!!

HZ2 n=C!m2C!m4&+C!m2C!l$)+8C!l2N72C!P4&+C!Q2NL2!o!k=C!K2Nj2!5&'6$+)/! ,'*(&:($*+!*<!%6)// N
6*/&:=/& N/$+T&#!9M" !<*'!%&+%$($A&!&/&:('*:4&6$:)/!#&(&:($*+!*<!,'*(&$+!-$+#$+8!A$)!
%&/&:($A&!:)'-*+!+)+*(=-&!)%%&6-/.2!@-#:*-#156*-#A(<-!CKCP!GEYEUSGEYYE!_EFF[`2!

HU2 c=C!k2!&(!)/2!5&'6$+)/!,'*(&:($*+!*<!%6)//!6*/&:=/&N/$+T&#!%%9M"!<*'!/)-&/N<'&&!)+#!
%&+%$($A&!</=*'&%:&+(!#&(&:($*+!*<!<*/)(&!'&:&,(*'2!N+8+"&+!CFSC!EY]SEZG!_EFGZ`2!

HV2 n=C!m2!&(!)/2!5&'6$+)/!,'*(&:($*+!*<!%6)//!6*/&:=/& N/$+T&#!9M"J!)!A&'%)($/&!-$*%&+%*'!
,/)(<*'6!<*'!,'*(&$+!-$+#$+8!)+#!8&+&!(.,$+8!)%%).2!:"+8-#156*2!SKC!YGFZSYGGG!
_EFGG`2!

H]2 P=8$()C!K2C!D$&C!D2C!^=+)-)%4$C!72!o!W*-)()T&C!O2!OA)/=)($*+!*<!%6)//!/$8)+#S,'*(&$+!
$+(&'):($*+!-.!/$8)($*+!'&):($*+!R$(4!9M"N6*#$<$&#!/$8)+#2!7%(&6<5"(8-#C6&&-!KFP![] S
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!
1+!)##$($*+!(*!A)/$#)($+8!(4&!+&R!/$-')'.!*<!EUVCFF!6):'*:.:/&%C!1!)/%*!,&'<*'6&#!
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! ZF!

<='(4&'!<*//*RN=, !%(=#$&%2!b+&!&0)6,/&!*<!)!,'*6$%$+8!%&/&:($*+C!)8)$+%(!3)%[C!$%!%4*R+!

-&/*R 2!!

AfAGM1 CARD9 CrNleB HsHat LDHA RNAP elo 

AfGNA1 Cas9 CSF1R HsOGT Mgat5 RNAP holo 

AfNMT1 Cas9 + gRNA CTSB HTRA1 MICB RNAP holo-Bt 

AfRho1 CDB456 DnaK HXK2 PARP-1 TNFRSF4 

AfUAP1 ClpB EED IKBKE PatoxG TNFSF12 

Bcl11A ClpB + ATP GacA IKKB PD-L1 USP2a 

Beclin-1 Cre HIPK2 IL-17RA RNAP core USP9x 

!
<"39%)FHF2!?'*(&$+!()'8&(%!%=-@&:(&#!(*!%"#$%&'(!%&/&:($*+!)8)$+%(!)!GYCHFFN6&6-&'!
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3)%[!%&/&:($*+C!,CQ6M>K*RN/'&!_5%&!E:`!)+#!,CQ6M>S*RN4#"$&!_5%&!Y(`C!%4*R&#!6*#&%(!

#*%&N#&,&+#&+(!$+4$-$($*+!*<!(4$%!3! 5!:*+A&'%$*+!-.!;OY!%"#$%&'(#_=,!(*!UF!q!$+4$-$($*+!*<!

3! 5!:*+A&'%$*+`2!54$%!$+#$:)(&%!(4)(!(4&%&!:*6,*=+#%!6).!$+(&'<&'&!R$(4!3)%[!-$+#$+8!(*!

)!()'8&(!9M"!%$(&2!B+<*'(=+)(&/.C!(4&!&<<&:(!%$a&!$%!%6)//!)+#!+*(!*-%&'A&#!$+!:&//!:=/(='&!

)%%).%2!7*R&A&'C!(4$%!'&%=/(!%($//!A)/$#)(&%!*='!)-$/$(.!(*!,&'<*'6!%&/&:($*+%!<*'!-$+#&'%!(*!)!

,'*(&$+!R$(4!+)($A&!+=:/&$:!):$#!)<<$+$(.!<'*6!)!9M"N&+:*#&#!/$-')'.2! !

!
J'(;#%)FHO2!5&%($+8!6):'*:.:/&%!<'*6!3)%[!%&/&:($*+!<*'!$+4$-$($*+!*<!;OY!):($A$(.2!!O''*'!
-)'%!'&</&:(!%2#2!*<!(4'&&!(&:4+$:)/!'&,/$:)(&%!,&'<*'6&#!*+!%)6&!#).2!!
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! ZY!

FHM)7%9%/4'0$&)0$)3'08%1'/"99L)'8B0#4"$4)B#04%'$&);&'$()4A%)&%/0$1-(%$%#"4'0$)
FOGPQQQ-8%83%#)8"/#0/L/9%)9'3#"#L)
)
! b+:&!R&!4)#!*='!E+#N8&+&')($*+!EUVCFFFN6&6-&'!6):'*:.:/&!/$-')'.!1!4)+#C!1!=%&#!

$(!(*!,&'<*'6! %"#$%&'(#%&/&:($*+%!*+!)!+=6-&'!*<!,'*(&$+!()'8&(%2!D*%(!*<!(4&%&!()'8&(%!R&'&!

,'*A$#&#!-.!*(4&'!):)#&6$:!/)-%2!7$84/$84(&#!&0)6,/&%!*<!,'*(&$+%!)'&!%4*R+!$+!5)-/&!E2Y!

!
Targets  Biomedical relevance  Collaborating lab  

Abl, Brk, PD-1/PD-L1, B7H4, Hck cancer Markus Seeliger 

CypD necrosis Markus Seeliger 

ApoE2/3/4 Alzheimer's Brad Hyman 

CARD9, TRIM62, CTD IBD Ramnik Xavier 

NS5, NS3 Dengue Priscilla Yang 

Zika E Zika Priscilla Yang 

HAT, DESC1 influenza Donald Ingber 

ClpP1P2, ClpC, ClpX Mtb proteasome Fred Goldberg 

PrP human prion protein Stuart Schreiber 

BAF, SSX cancer Cigall Kadoch 

Cas9, BE3 genome editing 
 PCSK9 cholesterol homeostasis 
 !<"39%)FHKH)?'*(&$+!()'8&(%!R4$:4!%&/&:($*+%!R&'&!,&'<*'6&#!*+2!!

!
P&/&:($*+%!*+!%*6&!*<!(4&%&!,'*(&$+%!%4*R&#!$+$($)//.!,'*6$%$+8!'&%=/(%2!"!<&R!

&0)6,/&%!)'&!#$%:=%%&#!-&/*R2!!

FHMHC) 7%9%/4'0$&)0$)[>7YT!

54&!?3PW[!,'*(&$+!,/).%!)!:'=:$)/!'*/&!$+!L9L!'&8=/)($*+!)+#!4)%!-&&+!%('*+8/.!

$6, /$:)(&#!)%!)!()'8&(!<*'!(4&'),&=($:!$+(&'A&+($*+!<*'!6)+.!.&)'%!eFf2!7*R&A&'C!#&%,$(&!(4&!

&A$#&+:&!(4)(!T+*:T*=(!*'!#*R+'&8=/)($*+!*<!(4&!,'*(&$+!/&)#%!(*!#')6)($:)//.!/*R&'!L9L!

/&A&/%!)+#!('&)(!*'!,'&A&+(!:)'#$*A)%:=/)'!#$%&)%&!eFfC!+*!%6)//!6*/&:=/&!$+4$-$(*'%!*<!

?3PW[!4)A&!-&&+!6)#&!$+(*!(4&'),&=($:%2!54=%C!R&!,&'<*'6&#!%&/&:($*+%!)8)$+%(!7$%N

()88&#!?3PW[!=%$+8!(4&!+&R!EUVCFFFN6&6-&'!6):'*:.:/&!/$-')'.!(*!%&)':4!<*'!,*(&+($)/!



! ZZ!

-$+#&'%2!n&!*-%&'A&#!%&A&')/!<)6$/$&%!*<!&+'$:4&#!-)':*#&%!)<(&'!%&/&:($*+!_^$8='&!E2V`!(4)(!

R)'')+(&#!%.+(4&%$%!)+#!(&%($+8!*<!(4&!)%%*:$)(&#!6):'*:.:/&%2!

!

J'(;#%)FHG2!K&%=/(%!<'*6!%"#$%&'(#%&/&:($*+!*<!(4&!EUVCFFFN6&6-&'!6):'*:.:/&!/$-')'.!
A&'%=%!?3PW[2!D):'*:.:/&%!R$(4!/)-&/%!R&'&!%.+(4&%$a&#!)+#!(&%(&#!<*'!-$+#$+8!(*!?3PW[!$+!!
%='<):&!,/)%6*+!'&%*+)+:&!)%%).%2!!

!

1!%.+(4&%$a&#!)!'&,'&%&+()($A&!%&(!*<!6):'*:.:/&%!:*''&%,*+#$+8!(*!&+'$:4&#!

-)':*#&!<)6$/$&%!<'*6!(4$%!%&/&:($*+2!3*6,*=+#%!R&'&!(&%(&#!-*(4!<*'!#$'&:(!-$+#$+8!(*!

?3PW[!)%!R&//!<*'!#$%'=,($*+!*<!(4&!+)($A&!?3PW[t!L9LK!,'*(&$+ N,'*(&$+!$+(&'):($*+!=%$+8!

%='<):&!,/)%6*+!'&%*+)+:&!_P?K`2!b+/.!*+&!:*6,*=+#C!]]IY -4#"$&C!%4*R&#!-$*):($A$(.!

_^$8='&!E2]`C!R$(4!)+!13UF!uU!vD!<*'!#$%'=,($*+!*<!?3PW[!t!L9LK!$+!P?K2!7*R&A&'C!R&!)/%*!

*-%&'A&#!)88'&8)($*+!*<!(4&!:*6,*=+#! )(!(4&%&!:*+:&+(')($*+%2!"//!*(4&'!:*6,*=+#% !R&'&!

$+):($A&!$+!-*(4!-$+#$+8!)+#!#$%'=,($*+!)%%).%!)(!:*+:&+(')($*+%!=,!(*!uYF!vD 2!!



! ZU!

!
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! U] !

;$%N_EN)6$+*&(4./` N&(4&'!('$(./!'&%$+!_M*A)-$*:4&6`C!K$+T!)6$#&!D;7" !'&%$+!

_M*A)-$*:4&6`C!*'!('$(./!:4/*'$#&!'&%$+!_M*A)-$*:4&6`C!#&,&+#$+8!*+!(4&!<=+:($*+)/!8'*=,!

#&%$'&#!)(!(4&!*'$8$+)/!&0*:.:/$:!9M"!)(():46&+(!%$(&2!!5.,$:)/!%:)/&!<*'!$+$($)/!%&/&:($*+%!

<*//*RN=,!R)%!u !F2GF!66*/!%:)/&!,&'!6):'*:.:/&2!3*66&':$)/!'&%$+!/*)#$+8%!(.,$:)//.!

')+8&#!<'*6!F2ENG!66*/d8p!$+!8&+&')/!)!/*)#$+8!*<!…F2U!66*/d8!R)%!*,($6)/!<*'!6$+$6$a$+8!

#$6&'!6):'*:.:/&!<*'6)($*+!$+!(4&!<$+)/!%.+(4&%$%!%(&,2!!

1+!)!%&,)')(&!</)%TC!(4&!#$)6$+&!%:)<<*/#!-=$/#$+8!-/*:T!_9`!_U!&>=$A)/&+(%!(*!

(4&*'&($:)/!'&%$+!/*)#$+8`!)+#!EN_GJ N] N)a)-&+a*('$)a*/ NGN./` NGCGCYCYN(&(')6&(4./!='*+$=6!

4&0)</=*'*,4*%,4)(&!_7"5B C!Z2]U!&>=$A2`!R&'&!#$%%*/A&#!$+!)+4.#'*=%!#$6&(4./<*'6)6$#&!

_9D^ C!u!Z!6L`C!(4&+!('&)(!R$(4!./.0 N#$$%*,'*,./&(4./)6$+&!_91?O"C!GF!&>=$A2`!<*'!U!6$+!)(!

K52!54&!%*/=($*+!_=%=)//.!.&//*R`!R)%!:*6-$+&#!R$(4!(4&!,'&N%R*//&+!'&%$+!)+#!)8$()(&#!<*'!

YFNVF!62!Q&+&')//. C!<=//!:*=,/$+8!<*'!)//!)6$+*!):$#%!R)%!):4$&A&#!R$(4$+!YF!6C!)%!*-%&'A&#!

-.!W)$%&'!(&%(!*'!6$:'*:/&)A&)8&!<*//*R&#!-.!6)%%!%,&:('*6&('.!eGZf2!!!

^*//*R$+8!)6$+* !):$#!:*=,/$+8C!(4&!'&):($*+!A&%%&/!R)%!&/=(&#!)+#!(4&!'&%$+!R)%4&#!

(4'&&!($6&%!R$(4!. N6&(4./ N!EN,.''*/$#*+&!_MD?C!uGF!A*/2`2!^*//*R$+8!&):4!:*=,/$+8!%(&,C!

^6*:!#&,'*(&:($*+! R)%!&<<&:(&#!R$(4!EF!q!,$,&'$#$+&!$+!MD?!_uGF!A*/2`!<*'!U!6$+C!

'&,&)(&#!(4'&&!($6&%C!<*//*R&#!-.!R)%4$+8!(4'&&!($6&%!R$(4!MD?!_uGF!A*/2`!)+#!(R$:&!R$(4!

9D^!_uGF!A*/2`2!!

54&!8&+&')/!,'*:&#='&!<*'!)6$#&!:*=,/$+8!*<!-=$/#$+8!-/*:T%!"C!;!)+#!3!R)%!$(&')($A&!

('&)( 6&+(!*<!(4&!'&%$+!R$(4!%*/=($*+%!*<!7"5BN):($A)(&#!. hN̂6*:!)6$+*!):$#%!_U!&>=$A2`!<*'!

YFNVF!6$+=(&%!$+!9D^!R$(4!)8$()($*+2!54&!8&+&')/!,'*:&#='&!<*'!7"5B N):($A)($*+!R)%!

('&)($+8!)!%*/=($*+!*<!. hN̂6*:!)6$+*!):$#!_U!&>=$A2`!)+#!7"5B!_Z2]U!&>=$A2`!$+!)+4.#'*=%!

9D^!_GF!A*/2`!R$(4!91?O"!_GF!&>=$A2`!<*'!U!6$+!)(!K52!!



! UH!

^*'!:$%N)/T&+&!6):'*:.:/&%C!(4&!^6*:!8'*=,!$%!+*(!:/&)A&#!$66&#$)(&/.!)<(&'!3N

)6$+*!):$#!:*=,/$+82!_1<!-*(4!:$%N!)+#!(')+%N!$%*6&'%!)'&!%.+(4&%$a&#C!(4&!'&%$+!:*=/#!-& !

%,/$(!$+!(R*!4)/A&%!)(!(4$%!,*$+(2̀!

FHRHC) <#"$&-"9?%$%)V=;8"#"4%X)'$&4"99"4'0$D)
)

^*//*R$+8!(4&!<$+)/!^6*:!#&,'*(&:($*+!,'*:&#='&C!(4&!hN)6$+&!*<!-=$/#$+8!-/*:T!3!

R)%!:*=,/&#!R$(4!)//./!<=6)')(&!6*+*&%(&'!_GF!&>=$A2`!=%$+8!):($A)($*+!:*+#$($*+%!)%!

,'&A$*=%/.!#&%:'$-&#!eYf!R$(4!7"5B!_[2U!&>=$A2`!)+#!91?O"!_EF!&>=$A2`!$+!)+4.#'*=%!9D^!

_uGF!A*/2`2!MN4.#'*0. N%=::$+$6$#&!_M7P`!_GF!&>`!6).!)/%*!-&!)##&#!(*!(4$%!:*=,/$+82!"//./!

<=6)')(& !:*=,/$+8!R)%!)::*6,/$%4&#!-.! YFNVF!6!)8$()($*+C!<*//*R&#!-.!R)%4$+8!<$A&!($6&%!

R$(4!MD?!_uGF!A*/2`!)+#!(4'&&!($6&%!R$(4!373/Y!_uGF!A*/2`2!!

FHRHF)) ,99L9)1%B#04%/4'0$&)=0#)/'&)"$1)4#"$&)8"/#0/L/9%&D)
)

P$6=/()+&*=%!)//./!&%(&'!)+#!. N)//./*0.:)'-*+./!8'*=,!:/&)A)8&! *+!%*/$#!%=,,*'(!

R&'&!&<<&:(&#!R$(4!(4'&&!:*+%&:=($A&!('&)(6&+(%!R$(4!)!%*/=($*+!*<!

(&(')T$%_('$,4&+./,4*%,4$+&`,)//)#$=6_F`!_F2U!&>=$A2!,&'!"//./d " //*:!8'*=,`!#$%%*/A&#!$+!

#&8)%%&#!373/Y!:*+()$+$+8!):&($:!):$#!)+#!. N6&(4./ 6*',4*/$+&!_ZFJEJG!')($*C!uEF!A*/2`C!

)8$()(&#!<*'!GNY!4'2!̂ *'!6*'&! ):$#N%&+%$($A&!'&%$+%!%=:4!)%!('$(./!:4/*'$#&!'&%$+%C!F2U!

?#_??4Ỳ Z!R$(4!GE2U!&>2!,4&+./%$/)+&!$+!93D!R)%!$+%(&)#!=%&#!(*!,'&A&+(!,'&6)(='&!

:/&)A)8&!<'*6!(4&!%*/$#!%=,,*'(2!!54&!'&%$+!R)%!(4&+!R)%4&#!(R$:&!%=-%&>=&+(/.!R$(4!uEF!

A*/2!*<!U!q!91?O"!$+!9D^C!(R$:&!R$(4!)!U!q!_RdA`!%*/=($*+!*<!%*#$=6!

#$&(4./#$(4$*:)'-)6)(&!('$4.#')(&!$+!9D^!_uEF!A*/2`C!(R$:&!R$(4!U!q!_RdA`!%*/=($*+!*<!

4.#'*0.-&+a*('$)a*/&!6*+*4.#')(&!$+!9D^C!)+#!<$+)//.!R)%4&#!R$(4!UF!q!37E3/E!$+!9D^!

)+#!'&N&>=$/$-')(&#!R$(4!)+4.#'*=%!9D^!_uGF!A*/2`2!!



! U[ !

FHRHK)) >'&-"9?%$%)V8"9%'/)"$AL1#'1%X)/0;B9'$()
)

D)/&$:!)+4.#'$#&!_GF!&>`!R)%!6$0&#!R$(4!91?O"!_EF!&>`!$+!9D^!)+#!)##&#!(*!(4&!

"//*: N#&,'*(&:(&#!'&%$+!(*!:*=,/&!(*!(4&!+&R/.!#&,'*(&:(&# !)6$+&!*<!(4&!%:)<<*/#!_9`!)6$+*!

):$#2!"<(&'!G!4*='C!(4&!'&%$+!R)%!R)%4&#!(4'&&!($6&%!R$(4!9D^2!54&!'&6)$+$+8!^6*: !

,'*(&:($+8!8'*=,!R)%!#&,'*(&:(&# !=%$+8!Y0!G!6$+=(&!('&)(6&+(%!R$(4!Gq!9;B!_GCHN

9$)a)-$:.:/*eU2Z2Ff=+#&:N] N&+&̀2!_1(!$%!+&:&%%)'.!(*!=%&!)!+*+N+=:/&*,4$/$:!-)%&!)(!(4$%!%(&,C!

(*!,'&A&+(!:*=,/$+8!(*!(4&!<'&&!):$#2`!54&!'&%$+!R)%!%=-%&>=&+(/.!R)%4!(4'&&!($6&%!R$(4!)!

EFq!91?O"d9D^! %*/=($*+!(*!%)/(!&0:4)+8&!)(!(4&!+&R/.!#&,'*(&:(&#!):$#2!!

FHRHM) >L/9'b"4'0$ )
)

54&!'&%$+!R)%!('&)(&#!R$(4!,&+()</=*'*,4&+./!#$,4&+./,4*%,4$+)(&!_U!&>=$A2`!)+#!

91?O"!_GF!&>=$A2`!$+!)+4.#'*=%!9D^!_uGF!A*/2`!)8$()(&#!<*'!Y!4'%!S!*A&'+$84(2!K&,&)(&#!

('&)(6&+(%!R&'&!*::)%$*+)//.!+&:&%%)'.C!&%,&:$)//.!$+!(4&!:)%&!*<!4$+#&'&#!3N,*%$($*+!

)6$+&!-=$/#$+8!-/*:T%!$+!:$%N)/T&+&!6):'*:.:/&%2!"<(&'!<=//!:*+A&'%$*+!(*!(4&!6):'*:.:/$a&#!

,'*#=:(!_)%!#&(&:(&#!-.!6$:'*:/&)A)8&!)+#!DP`!(4&!'&%$+!R)%!R)%4&#!R$(4!MD?!_uEF!A*/2`!

)+#!37 E3/E!_uEF!A*/2`!)+#!#'$&#2!!

54&!6):'*:.:/$a&#!,'*#=:(! R)%!:/&)A&#!<'*6!(4&!'&%$+!-.!(R*!U!6$+!('&)(6&+(%!*<!

(4&!6):'*:.:/& N-*=+#!'&%$+!R$(4![U!q!5^"!:*+()$+$+8!E2U!q!R)(&'!)+#!E2U!q!

('$$%*,'*,./%$/)+&!_uEF!A*/2`C!<*//*R&#!-.!5^"!R)%4&%!_uU!A*/2`!=+($/!(4&!%*/A&+(!')+ !:/&)'!

_u!ENZ!R)%4&%`2!54&!5^"!%*/=($*+!R)%!#'$&#!(*!)!'&%$#=&!=+#&'!'*()(*'.!&A),*')($*+C!)+#!

(4&!,&,($#&!R)%!,'&:$,$()(&#!$+(*!:*/#!_NHF!3`C!#'.!O(Eb2!54&!,'&:$,$()(&!R)%!,&//&(&#!)+#!

(4&!%=,&'+)()+(!#&:)+(&#2!54&!'&6)$+$+8!%*/$#%!R&'&!#'$&#!)+#!#$%%*/A&#!$+!)!6$+$6=6!

A*/=6&!*<!YJG!9D^dR)(&'! _uGNE!6L`2!!



! VF!

FHRHO) a%$%#"9)B#040/09)=0#)4A%)&L$4A%&'&)0=)+-,990/P)+-J80/)&/"==091)"8'$0)"/'1& )

^*'!%:)<<*/#!_r9s!,*%$($*+`!)6$+*!):$#%!(4)(!)'&!+*(!:*66&':$)//.!)A)$/)-/&C!(4&!

+&:&%%)'.!-=$/#$+8!-/*:T!:)+!-&!%.+(4&%$a&#!<'*6!(4&!:*''&%,*+#$+8!MN;*:C!MN̂6*:!

#$)6$+&!6)(&'$)/!$+!(R*!%(&,%2!54$%!,'*(*:*/!R)%!)#),(&#!<'*6!!9&66&'! 6&#+8!eGUf!)+#!

"46&#! 6&#+8!eGVf-##

!
7/A%8%)FHFH!Q&+&')/!%.+(4&($:!%:4&6&!<*'!%.+(4&%$%!*<!MN"//*:C!MN̂6*:!#$)6$+*!%:)<<*/#!
-=$/#$+8!-/*:T%2!!
!

2.5-3.0 g of MN;*:C!MN̂6*:!)6$+*!):$#!R&'&!#$%%*/A&#!$+!('$</=*'*):&($:!):$#!_GU!

6L`2!"<(&'!%($''$+8!<*'!*+&!4*='!)(!K5!(4&!%*/A&+(!R)%!'&6*A&#!-.!'*()'.!&A),*')($*+2!54&!

'&%=/($+8!,'*#=:(!R)%!#$%%*/A&#!$+!57^!)+#!R)(&'!_GJGC!EFF!6L`!R$(4!%*#$=6!:)'-*+)(&!_Y!

&>2`!)(!F„32!Diallyl dicarbonate (1.5 eq.) was added dropwise and the solution stirred for 2 hr at 

room temperature. The THF was removed by rotary evaporation. The aqueous solution was 

washed with diethyl ether (100 mL), then acidified (10% HCl, ~ 15mL) and extracted with ethyl 

acetate (3 x 100 mL). The combined organic layers were extracted with brine, dried with 

anhydrous sodium sulfate, and concentrated by rotary evaporation to yield the MN"//*:C!MN̂6*:!

product as either a white solid or pale viscous oil, in 90-99% yield. 
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! VG!

2.7.6 High-resolution mass spectrometry data for macrocycles from IDE selection.  

compound calculated observed 
DJPM-cis 836.4341 836.4372 
DJPM-trans 836.4341 836.4372 
DJPM-amide 749.3657 749.3664 
DJPR-cis 760.4028 760.4054 
DJPR-trans 760.4028 760.4067 
DJLysM 806.4236 806.4258 
DJQR-cis 772.4028 772.4033 
DJQR-trans 772.4028 772.4058 
DJIR-cis 904.4215 904.4231 
DJIR-trans 904.4215 904.4254 
CODVV-cis 785.3981 785.3973 
CODVV-trans 785.3981 785.4003 
DJPI-cis 836.4341 836.4368 
DJPI-trans 836.4341 836.4356 

 

 
)



! VE!

FHS)) N%=%#%$/%&)
!

G2 W/&$+&'C!K2!O2C!9=6&/$+C!32!O2C!5$=C!Q2!32C!P)T=')$C!W2!o!L$=C!92!K-#!"#$%&'(!%&/&:($*+!*<!)!
9M" N(&6,/)(&#!%6)// N6*/&:=/&!/$-')'.!'&A&)/%!)!:/)%%!*<!6):'*:.:/$:!T$+)%&!
$+4$-$(*'%-#@-#:*-#156*-#A(<-!CKFC!GG]][ SGG][G!_EFGF`2!
!

E2 Q&*'84$*=C!Q2C!W/&$+&'C!K2!O2C!?=/T*%T$NQ'*%%C!D2C!L$=C!92!K2!o!P&&/$8&'C!D2!"2!7$84/.!
%,&:$<$:C!-$%=-%(')(&N:*6,&($($A&!P':!$+4$-$(*'%!<'*6!9M"N(&6,/)(&#!6):'*:.:/&%2!
.+ &-#156* -#7%(8-!SP!YVVSY]Z!_EFGE`2!
!

Y2 D)$)+($C!l2!?2!6&#+8-!"+($N#$)-&($:!):($A$(.!*<!$+%=/$+N#&8')#$+8!&+a.6&!$+4$-$(*'%!
6&#$)(&#!-.!6=/($,/&!4*'6*+&%2!.+&2'6!OCCP![Z S[H!_EFGZ`2!
!

Z2 5%&C!;2!M2C!P+.#&'C!52!D2C!P4&+C!k2!o!L$=C!92!K2!5')+%/)($*+!*<!9M"!$+(*!)!/$-')'.!*<!
GYwFFF!%.+(4&($:!%6)//N6*/&:=/&!6):'*:.:/&%!%=$() -/&!<*'!%"#$%&'(!%&/&:($*+2!@-#:*-#
156*-#A(<-!CKQP!GUVGGSGUVEV!_EFFH`2!!
!

U2 B%)+*AC!92L2p!34)+C!"212p!D)$)+($C!l2?2p!L$=C!92K2!rP&:*+#N8&+&')($*+!9M" N(&6,/)(&#!
6):'*:.:/&!/$-')'$&%!<*'!(4&!#$%:*A&'.!*<!-$*):($A&!%6)//!6*/&:=/&%2s!.+&-#156*-#1+!
,'&%%!_EFGH`-#!
!

V2 9*)TC!;2!32C!bA&'C!;2C!Q$*'#)+&((*C!^2!o!W$4/-&'8C!l2!b')/!#'=88)-/&!%,):&!-&.*+#!(4&!
K=/&!*<!UJ!$+%$84(%!<'*6!#'=8%!)+#!:/$+$:)/!:)+#$#)(&%2!156*-#7%(8-!FCP!GGGUSGGZE!
_EFGZ`2!
!

]2 L&&C!52!12!o!k*=+8C!K2!"2!5')+%:'$,($*+)/!'&8=/)($*+!)+#!$(%!6$%'&8=/)($*+!$+!#$%&)%&2!
1688!COFP!GEY]SGEUG!_EFGY`2!
!

H2 D)/$C!?2C!O%A&/(C!W2D2!o!34=':4C!Q2D2!3)%[!)%!)!A&'%)($/&!(**/!<*'!&+8$+&&'$+8!-$*/*8.2!
.+&2'6#E6&5(,=!CQC![U] S[VY!_EFGY`!
!

[2 W*6*'C!"2!32C!W$6C!k2!;2C!?):T&'C!D2!P2C!m='$%C!l2!"2!o!L$=C!92!K2!?'*8')66)-/&!&#$($+8!*<!
)!()'8&(!-)%&!$+!8&+*6$:!9M"!R$(4*=(!#*=-/&N%(')+#&#!9M"!:/&)A)8&2!.+&2'6!OKKP!
ZEFSZEZ!_EFGV`2!
!

GF2 L)6-&'(C!Q2C!P@*=T&C!;2C!34*>=&C!;2C!W)%(&/&$+C!l2!l2!?2!o!7*A$+84C!Q2!W2!54&!?3PW[!
#&:)#&2!@-#C%4%,#G6=-!OKP!EUGUSEUEZ!_EFGE`2!
!

GG2 W)#*:4C!32!o!3')-('&&C!Q2!K2!K&A&'%$-/&!#$%'=,($*+!*<!6Pn1dPM^!_;"^`!: *6,/&0&%!-.!
(4&!PPGHNPPc!*+:*8&+$:!<=%$*+!$+!%.+*A$)/!%)':*6)2!1688!COKP!]GSHU!_EFGY`2!
!

GE2 W)#*:4C!32!6&#+8-!?'*(&*6$:!)+#!-$*$+<*'6)($:!)+)/.%$%!*<!6)66)/$)+!Pn1dPM^!
:*6,/&0&%!$#&+($<$&%!&0(&+%$A&!'*/&%!$+!4=6)+!6)/$8+)+:.2!.+&-#S6"6&-!MOP!U[ESVFG!
_EFGY`2!
!

GY2 W$)C!P2!W2C!Q*'%T$C!D2!D2C!Q$)++)T*,*=/*%C!P2!o!\&''$@a&'C!32!?2!Pn1dPM^!6&#$)(&%!



! VY!

,*/.:*6-!&A$:($*+!)+#!&,$8&+&($:!'&,'*8')66$+8!*<!(4&! 1MWZ-N"K^ N1MWZ)!/*:=%2!
E(8-#1688-#7%(8-!FSP!YZU]SYZVZ!_EFFH`2!
!

GZ2 3*$+C!12C!;&.&'6)++C!D2!o!;$&+&'(C!D2!D*+$(*'$+8!%*/$#!,4)%&!,&,($#&!%.+(4&%$%2!
.+&2'6#B'(&(<(8#DO<5+"?6!_EFF]`2!#*$JGF2GFYHd+,'*(2EFF]2ZVG2!"::&%%&#!^&-2!EYC!
EFGH2!
!

GU2 9&66&'C!b2C!9$@T8'))<C!12C!P:4*((&/$=%C!D2C!n&%(&'C!72!l2!o!W&%%/&'C!72!1+('*#=:($*+!*<!
<=+:($*+)/!8'*=,%!$+(*!,&,($#&%!A$)!MN) /T./)($*+2!3'?-#C6&&-!CQP!EFGUSEFGH!_EFFH`2!
!

GV2 "46&#C!P2C!;&/&$#C!K2C!P,'=/&%C!52!o!W)='C!W2!P*/$#N,4)%&!%.+(4&%$%!)+#!39!
%,&:('*%:*,$:!$+A&%($8)($*+%!*<!+*A&/!-&()N,&,($#&%!<'*6!LN)%,)'($:!):$#!)+#!-&() N
)6$+* NLN)/)+$+&2!3'?-#C6&&-!TP!EUSEH!_EFF]`2!

!
!
!
)
!



!

>A"B4%#)KD)*'&/05%#L)0=)")/05"9%$4)?'$"&%)'$A'3'40#)=#08)")*+,-%$/01%1)
&8"99-809%/;9%)9'3#"#L)`)B#04%'$)9'3#"#L)&%9%/4'0$)

!
!
!

"/$0!12!34)+C!L.++!D2!D:Q'&8*'C!5)')!l)$+C!)+#!9)A$#!K2!L$=2!
!
!
!
L.++!D:Q'&8*'!,/)++&#!)+#!&0&:=(&#!&0,&'$6&+(%!(*!%.+(4&%$a&!(4&!,'*(&$+d%6)//!
6*/&:=/&!/$-')'$&%!)+#!,&'<*'6!(4&!$+$($)/!19B?!&0,&'$6&+(C!R$(4!)%%$%()+:&!<'*6!5)')!l)$+2!
9'2!P=+$)!5')=8&'!,'*A$#&#!$+A)/=)-/&!)%%$%()+:&!R$(4!6)%%!%,&:('*6&('.2!1!)+)/.a&#!#)()!
<'*6!(4&!19B?!%&/&:($*+!)+#!,&'<*'6&#!)//!<*//*RN=,!&0,&'$6&+(%2!!!
!
54&!6)@*'$(.!*<!(4$%!R*'T!R)%!,=-/$%4&#!)%J!34)+C!"2!12p!D:Q'&8*'C!L2D2p!l)$+C!52p!L$=C!92K2!
r9$%:*A&'.!*<!)!:*A)/&+(!T$+)%&!$+4$-$(*'!<'*6!)!9M"N&+:*#&#!%6)//N6*/&:=/&!/$-')'.!0!
,'*(& $+!/$-')'.!%&/&:($*+s!@-#:*-#156*-#A(<2!GY[C!GFG[ENGFG[U!_EFG]`2!



! VU!

KHC)) I$4%#"/4'0$)1%4%#8'$"4'0$);&'$();$B;#'='%1)B#04%'$&)VI*E[X)
!

9$%:*A&'$+8! %6)//! 6*/&:=/&%! (4)(! %,&:$<$:)//.! 6*#=/)(&! (4&! ):($A$(.! *<! ,'*(&$+%! *<!

-$*6&#$:)/! $+(&'&%(! '&6)$+%! )! :'=:$)/! ):($A$(.! $+! (4&! /$<&!%:$&+:&%2!9M"N&+:*#&#! :4&6$:)/!

/$-')'$&%!4)A&!&6&'8&#!)%!)! '$:4!%*=':&!*<!%=:4!%6)//!6*/&:=/&%!)%!-$*/*8$:)/! ,'*-&%!)+#!

/&)#%! <*'! (4&'),&=($:%! #&A&/*,6&+(!eGNYfC! )+#!(4&.)'&! (.,$:)//.! &A)/=)(&#! <*'! -$+#$+8! (*!

$+#$A$#=)/! ,'*(&$+! ()'8&(%! -.!)<<$+$(.! &+'$:46&+(! =%$+8! $66*-$/$a&#C! ,='$<$&#! ,'*(&$+!

()'8&(%!eZNVf2! 54&! &<<&:($A&+&%%! *<! (4&%&! 6&(4*#%! $%! /$6$(&#! -.! )'(&<):(=)/! &+'$:46&+(! *<!

/$-')'.!6&6-&'%!(4)(!-$+#!(4&!%*/$#!%=,,*'(!*'!+*+ N,4.%$*/*8$:)//.!'&/&A)+(!<*'6%!*<!()'8&(!

,'*(&$+%C!$+:*6,/&(&!T+*R/&#8&!*<!(4&!-$*/*8$:)/!:*+(&0(!+&:&%%)'.!<*'!(4&!()'8&(!(*!)#*,(!

$(%! '&/&A)+(! <*'6C! )+#! (4&! $+)-$/$(.! (*! %$6=/()+&*=%/.! &0,/*'&! $+(&'):($*+%! R$(4! 6=/($,/&!

,'*(&$+%!*<!$+(&'&%(2!^&R!6&(4*#%!*<!%:'&&+$+8!9M"N&+:*#&#! /$-')'$&%C!%=:4! )%!%&/&:($*+%!

*+!: &//N%='<):&!#$%,/).&#!,'*(&$+%!e] fC!,)')//&/!%&/&:($*+%!=+#&'!A)'$&#!:*+#$($*+%!eVfC!*'!(4&!

=%&!*<!,4*(*:'*%%/$+T$+8!,'*-&%!(*!,&'<*'6!%&/&:($*+%!*+!=+6*#$<$&#!,'*(&$+%!eHN[ fC!4)A&!

-&8=+!(*!)##'&%%!(4&%&!/$6$()($*+%2!!

! 5*! )##'&%%! %*6&! *<! (4&%&! #')R-):T%C! *='! 8'*=,! #&A&/*,&#! $+(&'):($*+!

#&(&'6$+)($*+! =%$+8! =+,='$<$&#! ,'*(&$+%! _19B?`C! )! %*/=($*+N,4)%&! 6&(4*#! <*'! %"# $%&'(!

$#&+($<$:)($*+! *<! ,'*(&$+N-$+#$+8! /$8)+#%! <'*6! :*6-$+)($*+%! *<! /$8)+#%! )+#! =+,='$<$&#!

,'*(&$+%!$+!)!%$+8/&!&0,&'$6&+(!eGFf2!1+!19B?C!-$+#$+8!*<!)!9M"N()88&#!,'*(&$+!)+#!)!9M" N

&+:*#&#!/$8)+#!%()-$/$a&%!(4&!4.-'$#$a)($*+!*<!%4*'(!_VN!(*!HN+(`!:*6,/&6&+()'.!'&8$*+%!)(!

(4&!YX!&+#%!*<!(4&$'!)%%*:$)(&#!9M"!-)':*#&%!_^$8='&!Y2G`2!54&!'&%=/($+8!%4*'(!9M"!#=,/&0!

=+#&'8*&%!,'$6&'!&0(&+%$*+!-.!)!9M"!,*/.6&')%&C!&+:*#$+8!-*(4!(4&!%6)//!6*/&:=/&!)+#!

(4&!,'*(&$+!$(!-$+#%!*+!)!%$+8/&!*/$8*+=:/&*($#&2!b+/.!(4&%&!&0(&+#&#!*/$8*+=:/&*($#&%!R$(4!

,'$6&'! %&>=&+:&%! <'*6! -*(4! /$-')'$&%! :)+! =+#&'8*! ?3K! )6,/$<$:)($*+2! P=-%&>=&+(! 4$84N



! VV!

(4'*=84,=(!9M"!%&>=&+:$+8!'&A&)/%!(4&!$#&+($($&%!*<!)//!/$8)+#J,'*(&$+!,)'(+&'!,)$'%2!19B?!

&+)-/&%! %$6=/()+&*=%! &A)/=)($*+! *<! %6)//! 6*/&:=/&! )+#! ,'*(&$+! /$-')'$&%! $+! )! %$+8/&!

&0,&'$6&+(!eGGf!$+! :&//! /.%)(&!eGFf!)+#! /&A&')8&%! (4&! &<<$:$&+:.! *<! 9M"N&+:*#&#! /$-')'$&%!

)+#! 4$84N(4'*=84,=(! 9M"! %&>=&+:$+82! n&! ,'&A$*=%/.! A)/$#)(&#! 19B?X%! )-$/$(.! (*! &+'$:4!

9M"! %&>=&+:&%! &+:*#$+8! T+*R+! -$+#$+8! ,)$'%! <'*6! )+! &0:&%%! *<! 6*:T! -)':*#&%! +*(!

:*+@=8)(&#! (*! %6)//! 6*/&:=/&%! *'! ()'8&(! ,'*(&$+%! eGFf2! 1+! (4$%! %(=#.C! R&! :*+#=:(&#! )!

#$%:*A&'.N*'$&+(&#!19B?!&0,&'$6&+(!=%$+8! /$-')'$&%! *<!9M"N-)':*#&#! ,'*(&$+%! )+#!%6)//!

6*/&:=/&%!(*!$#&+($<.!+*A&/!-$+#$+8!,)$'%2!!

!

J'(;#%)KHCH)bA&'A$&R!*<!19B?2!9M"N-)':*#&#!%6)//!6*/&:=/&%!)+#!,'*(&$+%!)'&!:*6-$+&#!
$+!:&//!/.%)(&2!?'$6&'!&0(&+%$*+C!?3K!)+#!9M"!%&>=&+:$+8!'&A&)/!(4&!$#&+($(.!*<!
,'*(&$+J/$8)+#!,)$'%2!!
!
KHF)) >0$&4#;/4'0$)0=)")*+, -3"#/01%1)B#04%'$)9'3#"#L)

54&!6)@*'$(.!*<!*='! /$-')'.!*<!,'*(&$+!()'8&(%!:*+%$%(&#!*<!4=6)+!T$+)%&%C!6)+.!*<!

R4$:4! )'&! *<! -$*6&#$:)/! $+(&'&%(2! 54&! )-$/$(.! *<! 19B?! (*! )%%&%%! (4&! %&/&:($A$(.! *<! %6)//!

6*/&:=/&%! :*=/#C! $+! ,'$+:$,/&C! #$%($+8=$%4! ,'*6$%:=*=%! )+#! %&/&:($A&! T$+)%&! /$8)+#%2! 5*!

)%%&6-/&!(4$%!,'*(&$+!/$-')'.C!R&!$#&+($<$&#!)!%&(!*<!EH[!:.(*%*/$:!)+#!%*/=-/&!4=6)+!T$+)%&!

bK^%!$+:/=#&#!$+! ,9bMKEEG!A&:(*'%!<*'!Q)(&R).! :/*+$+8!_7)'A)'#!?/)%619!K&,*%$(*'.`2!

54&!bK^%!R&'&!%=-:/*+&#!$+(*!)+!MN(&'6$+)/!PM"?N()8!<=%$*+!,'*(&$+!,/)%6$#!-.!Q)(&R).!

:/*+$+8! (*! &+)-/&! 9M"! -)':*#$+82! 54&! '&%=/($+8! ,9OP5NPM"?NT$+)%&! A&:(*'%! R&'&!

(')+%$&+(/.!(')+%<&:(&#!$+(*!7OWE[Y5!:&//%2!O0,'&%%$*+!*<!&):4!PM"?NT$+)%&!<=%$*+!,'*(&$+!

R)%!)%%&%%&#!n&%(&'+! -/*(!_^$8='&!Y2E`2!54&! :*''&%,*+#$+8! :&//! /.%)(&%!R&'&!$+#$A$#=)//.!

library of DNA-
linked ligands

library of DNA-linked protein 
targets in cell lysate

ligand:target binding pairs decoded 
using high-throughput DNA 

sequencing

ligand:target 
binding induces 
hairpin formation

+

all interactions evaluated 
simultaneously in library X 

library experiment

complementary 
regions

primer extension 
and PCR



! V] !

('&)(&#!R$(4!YGN+(!-&+a./8=)+$+&N/$+T&#!*/$8*+=:/&*($#&%!_9M"N;Q`!(4)(!&):4!:*+()$+&#!)!

=+$>=&!VN+(!-)':*#&!)+#!(4&!:*66*+!YX!H N+(!4.-'$#$a)($*+!'&8$*+!'&>=$'&#!<*'!19B?!_5)-/&!

Y2G2̀!9M"N;Q!-)':*#&%!R&'&!A)/$#)(&#!:*6,=()($*+)//.!)+#!$+!)!6*:T!19B?!&0,&'$6&+(!(*!

'&6*A&! %&>=&+:&%! (4)(! R&'&! %=-@&:(! (*! ,*%$($A&! *'! +&8)($A&! ?3K! -$)%2! B+/)-&/&#! PM"?!

,'*( &$+!R)%!>=&+:4&#!=%$+8!PM"?N3&//!;/*:T!_M&R!O+8/)+#!;$*/)-%`!)+#!(4&!/.%)(&%!R&'&!

,**/&#!(*!*-()$+!EYV!PM"?N()88&#C!9M"N-)':*#&#!()'8&(!,'*(&$+%2!1+!,)')//&/C!)+!)/$>=*(!*<!

,**/&#!/.%)(&%!R)%!>=&+:4&#!R$(4!PM"?N3&//!;/*:TC!(4&+!:*6-$+&#!R$(4!,**/&#!9M"N;QC!(*!

8&+&')(&!)!+*+N9M" N()88&#!+&8)($A&!:*+('*/!%)6,/&2!!



! VH!

J'(;#%)KHFH!n&%(&'+!-/*(%!*<!PM"?NT$+)%&!<=%$*+!,'*(&$+%2!?'*(&$+%!)'&!+=6-&'&#!)%!
)::*'#$+8!(*!5)-/&! Y2G2!D*/&:=/)'!R&$84(!6)'T&'%!)'&!$+!(4&!/)+&%!6)'T&#!D!R$(4!R&$84(%!
$+!T9)!%4*R+!<*'!(4&!=,,&'!/&<(!-/*(2!
!

!

!

!

M16   15   14   13    12   11  10   9     8    7     6     5    4    3      2    1 M17 18  19   20  21  22   23   24  25  26   27   28  29  30  31  32

20

37

50

100

250

150

15
10

33   34   35    36   37  38  39   40  41  42   43   44  45   46    47   48M M 50  51   52   53  54  55  56   57  58   59   60  61  62  63  6449

M 65  66  67  68   69   70    71  72   73    74  75  76  77   78  79  80 M81 82   83    84   85  86 87  88  89   90   91   92  93  94  95  96



! V[ !

J'(;#%)KHF!_:*+($+=&#`2!!
!
!

!!

!!

!

M M10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

11
0

11
1

11
2

11
3

11
4

11
5

11
6

11
7

11
8

11
9

12
0

12
1

12
2

12
3

12
4

12
5

12
6

12
7

12
8

999897

M M12
9

13
0

13
1

13
2

13
3

13
4

13
5

13
6

13
7

13
8

13
9

14
0

14
1

14
2

14
3

14
4

14
5

14
6

14
7

14
8

14
9

15
0

15
1

15
2

15
3

15
4

15
5

15
6

15
7

15
8

15
9

16
0

M M16
1

16
2

16
3

16
4

16
5

16
6

16
7

16
8

16
9

17
0

17
1

17
2

17
3

17
4

17
5

17
6

17
7

17
8

17
9

18
0

18
1

18
2

18
3

18
4

18
5

18
6

18
7

18
8

18
9

19
0

19
1

19
2



! ]F !

J'(;#%)KHF!_:*+($+=&#`2!

!
!

!
)

M M19
3

19
4

19
5

19
6

19
7

19
8

19
9

20
0

20
1

20
2

20
3

20
4

20
5

20
6

20
7

20
8

20
9

21
0

21
1

21
2

21
3

21
4

21
5

21
6

21
7

21
8

21
9

22
0

22
1

22
2

22
3

22
4

M 22
6

22
5

22
7

22
8

22
9

23
0

23
1

23
2

23
3

23
4

23
5

23
6



! ]G!

<"39%)KHCH!9M" N;Q!%&>=&+:&%!:*+@=8)(&#!(*!&):4!()'8&(!,'*(&$+N:*+()$+$+8!/.%)(&!$+!(4$%!
/$-')'.!0!/$-')'.!19B?!&0,&'$6&+(2! )

!



! ]E !

<"39%)KHC)_:*+($+=&#`2)

!
!
KHK)) 7L$4A%&'&)0=)")*+, -%$/01%1)3'0"/4'5%)/08B0;$1)9'3#"#L )
!

n&! :*+%('=:(&#! )! /$-')'.! *<! 9M" N/$+T&#! :*6,*=+#%! R$(4! )++*()(&#! -$*):($A$(.C!

4.,*(4&%$a$+8! (4)(! (4*%&! :*6,*=+#%! 6).! 4)A&! 6*'&! <)A*')-/&! %*/=-$/$(.C! %()-$/$(.C! *'!

,'*(&$+ N-$+#$+8!,'*,&'($&%2!n&!$#&+($<$&#!)!:)+#$#)(&!%&(!*<!UFF!:)'-*0./$:!):$#N:*+()$+$+8!

:*6,*=+#%!)+#!EUF!)/$,4)($:!,'$6)'.!)6$+&%!R$(4$+!(4&!#)()-)%&%!*<!(4&!;'*)#!1+%($(=(&!

)+#!7)'A)'#X%!9&,)'(6&+(!*<!34&6$%('.!)+#!34&6$:)/!;$*/*8.2!;.!$+%,&:($*+C!R&!'&6*A&#!

:*6,*=+#%! :*+()$+$+8!<=+:($*+)/!8'*=,%! (4)(!R*=/#!$+(&'<&'&!R$(4!9M"! :*+@=8)($*+! )+#!

:*6,*=+#%! <'*6! *A&''&,'&%&+(&#! %('=:(=')/! :/)%%&%! _&282C! >=$+*/*+&%C! :&,4)/*%,*'$+%C! *'!

,&+$:$//$+%`C!)''$A$+8!)(!)!%&(!*<!G]]!:)'-*0./)(&N!)+#!H]!)6$+&N:*+()$+$+8!:*6,*=+#%2!!

! O):4!%6)//!6*/&:=/&X%!ZYN+(!9M"!-)':* #&!$+:/=#&#!)+!$+(&'+)/! ]N+(! -)':*#&!)+#!)!

:*+%()+(! YX! HN+(! 4.-'$#$a)($*+! '&8$*+! :*6,/&6&+()'.! (*! (4)(! *<! (4&! ,'*(&$+! /$-')'.2!

3)'-*0./$:!):$#%!R&'&!:*=,/&#!(*!)!YXN)6$+&N/$+T&#!9M"!*/$8*+=:/&*($#&!=%$+8!9D5DD •3/!

*'! O93! )+#! ,='$<$&#! -.! 7?L3C! '&%=/($+8! $+! []! 9M" N/$+T&#! :*6,*=+#%2! "6$+&N:*+()$+$+8!

%6)//! 6*/&:=/&%! R&'&! :*=,/&#! (*! YXN(4$*/N<=+:($*+)/$a&#! 9M"! =%$+8! )! 4&(&'*-$<=+:($*+)/!



! ]Y !

:'*%%/$+T&'! :*+()$+$+8! -*(4! )! 6)/&$6$#&! )+#! )+! M7P! &%(&'! _54&'6*! P:$&+($<$:! ?$&':&`C!

.$&/#$+8! )+! )##$($*+)/! Y[! 9M"N/$+T&#! :*6,*= +#%2! n&! $+:/=#&#! (4&! ;)T! ,&,($#&! )%! )!

,*%$($A&!:*+('*/C!)%!R&!,'&A$*=%/.!#&(&:(&#!$(%!-$+#$+8!(*!;:/N0L!,'*(&$+!_W9!~!ZHF!+D`!eGEf!

$+! (4&!19B?!<*'6)(!eGFf2!54&!<$+)/! /$-')'.! :*+()$+&#! )+!&>=$6*/)'!6$0(='&! *<!&):4! *<! (4&!

GYV! 9M"N/$+T&#! :*6,*=+#%! _5)-/&! Y2Y2̀! 54&! 6*/&:=/&%! %,)+! )! ')+8&! *<! :4&6$:)/!

,'*,&'($&%C! $+:/=#$+8! 6*/&:=/)'! R&$84(! _GEY! (*! ECEEE! 9)C! 6&)+! ~! YU]! 9)`C! /$,*,4$/$:$(.!

_:)/:=/)(&#!:L*8?!*<! N[2H!(*!]2ZC!6&)+!~!G2H`C!)+#!+=6-&'!*<!7N-*+#!#*+*'%!_G!(*!ZFC!6&)+!

~!Z2]`!_^$8='&!Y2Ỳ2!!!
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(JQ1-CO2H)

0 1 2 3 4 5 6 7
0

20

40

60
90

100

Enrichment

N
um

be
r 

of
 ta

rg
et

 b
ar

co
de

s

Enrichment across SM-4 barcode 
(ethacrynic acid)
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Enrichment across SM-35 barcode 
(bisindolylmaleimide X)
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(Bak peptide)
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MAP2K6   LDSKA CISIG É   MRTVD CPFTVTFYGALFREGDVWICMELM É       
MAP2K3   LDSRTKLKI S É   MRTVDCFYTVTFYGALFREGDVWICMELM É      !
MAP2K4   IE SSGKLKI S É   MRSSDCPYI VQFYGALFREGDCWICMELM É       
MAP2K7   MKQTGYLTIG  É   LKSH DCPYI VQCFGTFITNT DVFI AMELM É       
MAP2K5   AEL KKILANG É   LYKC DSSYIIG FYGAFFVENRISI CTEFM É       
MAP2K1   ------- KVG É   LHECNS PYI VGFYGAFYSDGEIS I CMEHM É       
MAP2K2   ------- KVG É   LHECNS PYI VGFYGAFYSDGEIS I CMEHM É       
!
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MAP2K6   M CDFGISGYLVDSVAKTIDAGCKPY É     TSQ CLKKN 
MAP2K3   MCDFGISGYLVDSVAKTMDAGCKPY É     TAQCLRKN 
MAP2K4   L CDFGISGQLVDSI AKTRDAGCRPY É     VNLCLTKD 
MAP2K7   LCDFGISGRLVDSKAKTRSAGCAAY É     VKDCLTKD 
MAP2K5   LCDFGVSTQLVNSI AKTY- VGTNAY É     IT QCMRKQ 
MAP2K1   LCDFGVSGQLI DSMANSF- VGTRSY É     VNKCLI KN 
MAP2K2   LCDFGVSGQLI DSMANSF- VGTRSY É     VNKCLI KN 
!
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