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23;!&4Z&1RR0.:31!34/;&
&

%7N!%&(,740-!
%P@N!%*-64,0QPQ@B4(),&!
%/LGN!>R>SQ'J,&4Q7,8TCQ)(=-67)&J4(=,'J46,&)Q9Q

8+61=4&,<!'<,0!
%:N!%6J=),*)BS8!:,8)'8)!
%:%@LN!%&(,740-!:,B)<()0!%7J-*)!@B40B+5!
L=)B'1-!
%:33N!%&(,740-!:)1)&0)&(!3)66!3-(4(4U,<,(-!
%:3@N!%&(,740-!:)1)&0)&(!3)66!@='54<-(48,8!
%:V@LN!%&(,740-!:,B)<()0!V&J-*)!@B40B+5!
L=)B'1-!
%#:N!%<(,2'(,4&!#&0+<)0!<-(,0,&)!:)'*,&'8)!
%@3N!%&(,5)&!@B)8)&(,&5!3)66!
%@VN!%1+B,&,<W%1-B,*,0,&,<!V&04&+<6)'8)!
/3XN!/!3)66!X)<)1(4B!
/G%N!/42,&)!G)B+*!%67+*,&!
/YN!/)&J-61)&,<,66,&!
3:N!36+8()B!4;!:,;;)B)&(,'(,4&!
3:3N!34*16)*)&(!:)1)&0)&(!3-(4(4U,<,(-!
<:H%N!<4*16)*)&('B-!:)4U-B,74!H+<6),<!%<,0!
3:XN!34*16)*)&('B,(-!:)()B*,&,&5!X)5,4&!
3LZN!3);4('U,*)!
:N!:,2)B8,(-!
:[G\N!:,[)(=-6!G+6;4U,0)!
:H%N!:)4U-B,74!H+<6),<!%<,0!
08N!04+76)!8(B'&0)0!
:LLN!:,L=,4L=B),(46!
V%VN!VU1)B,*)&('6!%66)B5,<!V&<)1='64*-)6,(,8!
V/]N!V18(),&!/'B!],B+8!
VE#G%N!V&J-*)!E,&^)0!#**+&4!G4B7)&(!%88'-!
VG/EN!VU()&0)0!G1)<(B+*!/)('!E'<('*'8)!
O'7N!OB'5*)&(!'&(,740-!
O<N!OB'5*)&(!<B-8('66,J'76)!
O;N!O,6'*)&(4+8!1='5)!
OXN!OB'*)_4B^!
51N!56-<41B4(),&!
IG@N!I)&)!G1)<,;,<!@B,*)B!
M#]N!M+*'&!#**+&40);,<,)&<-!],B+8!
MX@N!M4B8)B'0,8=!1)B4U,0)!
MLGN!M,5=(!L=B4+5=1+(!G)`+)&<,&5!
#OHN!#&()B;)B4&!
#5N!#**+&45647+6,&!
#EN!#&()B6)+^,&!

#[ILN!#[*+&4I)&)L,<8!
aN!a4,&,&5!
bEMN!b)-=46)!E,*1)(!M)*4<-'&,&!
[/@N![-)6,&!/,&0,&5!@B4(),&!
[M3N!['c4B!M,8(4<4*1'(,7,6,(-!34*16)U!
[GN![+6(,16)!G<6)B48,8!
[GMN![+(G!@B4(),&!M4*4645!
HIGN!H)_!I)&)B'(,4&!G)`+)&<,&5!
HbN!H'(+B'6!b,66)B!
\:N!\1(,<'6!:)&8,(-!
@%XN!@B4(),&!%<(,2'()0!X)<)1(4B!
@/@N!@)&,<,66,&!/,&0,&5!@B4(),&!
@/GN!@=481='()!/+;;)B)0!G'6,&)!
@3XN!@46-*)B'8)!3=',&!X)'<(,4&!
@:/N!@B4(),&!:'('7'8)!
@XXN!@'(=45)&!X)<45&,(,4&!X)<)1(4B!
@1EN!@)1(48(B)1(4<4<<+8!1B4(),&!E!
@GN!@'<^'5,&5!G,5&'6!
d[W[[N!d+'&(+*![)<='&,<'6W[46)<+6'B!
[)<='&,<'6!
X%IN!X)<4*7,&'(,4&!%<(,2'(,&5!I)&)!
X3%N!X466,&5!3,B<6)!%*16,;,<'(,4&!
XON!X)16,<'(,2)!O4B*!
XH%N!X,74&+<6)'8)!%*,&4!%<,0!
XGGN!X)<4*7,&'(,4&!G,5&'6!G)`+)&<)!
XLQ@3XN!X)2)B8)!LB'&8<B,1(,4&!@46-*)B'8)!3=',&!

X)'<(,4&!
8<N!8,&56)!<=',&!
8<O2N!8,&56)!<=',&!OB'5*)&(!2'B,'76)!
GEVN!G-8()*,<!E+1+8!VB-(=)*'(48,8!
G\VQ@3XN!G,&56)!\2)B6'1!VU()&8,4&!@46-*)B'8)!
3=',&!X)'<(,4&!
88N!8,&56)!8(B'&0)0!
L0LN!L)B*,&'6!0)4U-&+<6)4(,0-6!LB'&8;)B'8)!
L5N!L=-B45647+6,&!
L#N!L=-*+8!#&0)1)&0)&(!
LG%N!LB'&8,(,4&!G('()!%&'645!
eHIN!eB'<,6Q:H%!I6-<48-6'8)!
]N!]'B,'76)!
]MN!]'B,'76)!M)'2-!
]#@N!]'84'<(,2)!#&()8(,&'6!1)1(,0)!
]EN!]'B,'76)!E,5=(!
fLN!f,60!L-1)!
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-./.012&3/!0456)!34/&
!
3'('6-(,<! '&(,740,)8! T4B! '7J-*)8g! ='2)R! ,&! B)<)&(! 0)<'0)8R! 7))&! (=)! 8+7c)<(! 4;! 8(+0-! 4;!
*'&-! 8<,)&(,8(8! ,&! 8)'B<=! 4;! &)_! 7,4<'('6-8(8! ;4B! '! 2'B,)(-! 4;! '116,<'(,4&8$! L=)! ;,B8(! (_4!
<'('6-(,<!'&(,740,)8!_)B)!B)14B()0!,&!".K9!TLB'*4&('&4!$7!/%8R!".K9h!@466'<^!$7!/%8R!".K9gR!
'&0!8,&<)R!*'&-!*4B)!='2)!7))&!1B40+<)0!,&!(=)!6'74B'(4B-$!L=)8)!'&(,740,)8!='2)!1B42)&!
(4! 7)! '76)! (4! <'('6-J)! '! _,0)! B'&5)! 4;! B)'<(,4&8R! 84*)! 4;! _=,<=! 04! &4(! )U,8(! ,&! &'(+B)!
T/6'<^7+B&! '&0!I'Bi4&R! >FFKg$! #&! 1'B'66)6! (4! (=)! '02'&<)8! ,&! (=)! <=)*,<'6! 1B40+<(,4&! 4;!
'7J-*)8R! (=)8)! 1B4(),&8! ='2)! '684! 7))&! 0,8<42)B)0! &'(+B'66-! 74(=! ,&! &4B*'6! 1=-8,4645-!
'&0! 1'(=4645-R! &4('76-! 4&! (=)! 7'<^5B4+&0! 4;! '+(4,**+&)! 0,8)'8)! Tf44(6'! $7! /%8R! >F""g$!
G(+0,)8! ='2)! 8=4_&! (='(! 84*)! 4;! (=)8)! '7J-*)8! ='2)! 7)&);,<,'6! );;)<(8! ;4B! (=)! 1'(,)&(8S!
=)'6(=! _=)B)'8! 4(=)B8! 'B)! 0)(B,*)&('6$! L=)B);4B)R! 0)81,()! (=)! '02'&<)8! ,&! (=)! ;,)60R! (=)!
4B,5,&! '&0! &'(+B)! 4;! <'('6-(,<! '&(,740,)8! '8! _)66! '8! (=)! B46)! (=)-! 16'-! ,&! (=)! ,**+&)!
B)814&8)!'B)!-)(!(4!7)!+&0)B8(440$!!
!
#&! B)<)&(! -)'B8R! 0)2)641*)&(8! ,&! 1B4(),&! )&5,&))B,&5! '&0! *46)<+6'B! 7,4645-! ()<=&,`+)8!
='2)!1B42,0)0! B)8)'B<=)B8!_,(=! (=)!1488,7,6,(-! (4! 1B40+<)R! ).! *)7(,R!*46)<+6'B! 0,2)B8,(,)8!
<648)!(4!&'(+B'6!,**+&)!B)1)B(4,B)8$!L=)!1='5)!0,816'-!()<=&4645-R!;4B!)U'*16)R!='8!6)0!(4!
(=)! <4&8(B+<(,4&! 4;! '&(,740-! 6,7B'B,)8! *,*,<^,&5! &'(+B'6! ,**+&)! B)1)B(4,B)8! '&0! (=)!
8)6)<(,4&! 4;! '&(,740,)8! '5',&8(! '! 6'B5)! B'&5)! 4;!*46)<+6'B! )&(,(,)8! T/B'07+B-! '&0!['B^8R!
>FFAg$!!
!
#&!(=)!1B)8)&(!_4B^R!_)!0)8<B,7)!'!&42)6!8(B'()5-!;4B!(=)!8(+0-!4;!<'('6-(,<!'&(,740,)8R!,&!'&!
'(()*1(! (4! B)2)'6! 84*)! '&8_)B8! (4! (=)! *'&-! `+)8(,4&8! 8(,66! B)*',&,&5! 4&! (=)!
<='B'<()B,8(,<8! 4;! (=)8)! ;'8<,&'(,&5! 1B4(),&8$! #&! (=,8! 8(B'()5-R! _)! _'&(! (4! +(,6,J)! (=)!
14_)B;+6! ()<=&,`+)!4;!1='5)!0,816'-!(4!<4&8(B+<(!'&(,740-!6,7B'B,)8!4B,5,&'(,&5!;B4*!;4+B!
*+B,&)!*40)68!_,(=!0,;;)B)&(!5)&)(,<!7'<^5B4+&08!'&0!0,;;)B)&(!,**+&4645,<'6!8('()8N!O)P!
=)'6(=-!'&0!&',2)"R!O))P!=)'6(=-!'&0!,**+&,J)0R!O)))P!'+(4,**+&)Q1B4&)!'&0!&',2)R!'&0!O)*P!
'+(4,**+&)Q1B4&)! '&0! ,**+&,J)0$! %8! 8+<=R! _)! '(()*1(! (4! ,&<B)'8)! (=)! *46)<+6'B!
0,2)B8,(-!B)1B)8)&()0!7-!4+B!B)1)B(4,B)!4;!,**+&45647+6,&!2'B,'76)!B)5,4&8R!6)'0,&5!(4!'&!
,*1B42)0!1B47'7,6,(-!4;!8)6)<(,&5!;4B!'&(,740,)8!_,(=!'&-!0)8,B)0!<='B'<()B,8(,<8$!!
!
f)! (=)&! _'&(! (4! +8)! (=,8! 6'B5)! '&0! 0,2)B8)! ,**+&)! B)1)B(4,B)! ,&! 4B0)B! (4! 8)6)<(! ;4B!
'&(,740,)8! )&04_)0! _,(=! '! *40)6! <'('6-(,<! '<(,2,(-R! &'*)6-! PQ6'<('*'8)$! f)R! (=)B);4B)R!
_'&(!(4!+8)!(_4!8(B'()5,<'66-!<=48)&!,&=,7,(4B8!4;!(=)!)&J-*)!PQ6'<('*'8)!,&!4B0)B!(4!8)6)<(!
;4B! (=)! 0)8,B)0! '&(,740,)8$! %8! '! ;,B8(! 14,&(! 4;! '&'6-8,8R! _)! _'&(! (4! )U164B)! _=)(=)B! (=)!
5)&)(,<!7'<^5B4+&0!4B!(=)!,**+&,J'(,4&!8('()!4;!(=)!*+B,&)!,**+&)!B)1)B(4,B)!,&;6+)&<)8!
(=)! ()&0)&<-! 4;! (=)! )U1B)88,4&! 4;! <'('6-(,<! '&(,740,)8$! X)8+6(8! 4;! 8+<=! '&'6-8,8! _,66!
14()&(,'66-! B)2)'6! 84*)! ,&;4B*'(,4&! 4&! (=)! 1B)2,4+86-! =-14(=)8,J)0! 6,&^! 7)(_))&! '&!
'+(4,**+&)! 7'<^5B4+&0! '&0! '&! ,&<B)'8)0! )U1B)88,4&! 6)2)6! 4;! '7J-*)8! Tf44(6'! $7! /%8R!
>F""7g$!%8!'!8)<4&0!14,&(!4;!'&'6-8,8R!_)!_'&(!(4!8(+0-!(=)!5)&)(,<!<='B'<()B,8(,<8!4;! (=)!
14()&(,'66-! 8)6)<()0! <'('6-(,<! '&(,740,)8R! 8+<=! '8! ,**+&45647+6,&! 5)&)! 8+75B4+1! +8'5)R!
5)B*6,&)!1)B<)&('5)!4;!,0)&(,(-R!)(<$!L=,8!'&'6-8,8!_,66!14()&(,'66-!,66+8(B'()!_=)(=)B!(=)B)!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"!#&!(=)!<4&()U(!4;!(=)!<+BB)&(!8(+0-R!_='(!_)!<4&8,0)B!&',2)!,8!(=)!&4&Q,**+&,J)0!#5I!B)1)B(4,B)$!
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'B)! ;+&0'*)&('6! 0,;;)B)&<)8! 7)(_))&! (=)8)! <='B'<()B,8(,<8! '&0! (=48)! =)60! 7-! 7,&0,&5!
'&(,740,)8$!!
!
#&!'00,(,4&!(4!(=)!5)&)(,<!'&'6-8,8!4;!<'('6-(,<!'&(,740,)8R!4+B!0,8148,(,4&!4;!;4+B!'&(,740-!
6,7B'B,)8!7'8)0!4&!0,;;)B)&(!*+B,&)!*40)68!_,66!'664_!+8!(4!1)B;4B*!'!8('(,8(,<'6!8(+0-!4&!
(=)!14()&(,'6!+&0)B6-,&5!5)&)(,<!0,;;)B)&<)8!7)(_))&!(=)8)!/!<)66!B)1)B(4,B)8$!O+B(=)B*4B)R!
(=)! '7J-*)8! )&04_)0! _,(=! PQ6'<('*'8)! '<(,2,(-! 8)6)<()0! ;B4*! (=)! B)1)B(4,B)8R! _,66!
14()&(,'66-!1B42,0)!+8!_,(=!'!&+*7)B!4;!0,;;)B)&(!8(B+<(+B'6!*40)68!<'1'76)!4;!1)B;4B*,&5!
8+<=! '<(,2,(-$! f)R! (=)B);4B)R! _'&(! (4! 1)B;4B*! <4*1'B'(,2)! '&'6-8)8! 4;! (=)! 8)6)<()0!
'7J-*)8S! <'('6-(,<! 8,()8!_,(=! (='(!4;! (=)!&'(+B'6!)&J-*)!PQ6'<('*'8)R! ,&!4B0)B! (4!1B42,0)!
*4B)!,&;4B*'(,4&!4&!(=)!1B)2,4+86-!0,8<+88)0!8(B+<(+B'6!16'8(,<,(-!4;!(=,8!<'('6-8(!T:)!f'68!
$7!/%8R!>FF.g$!!
!
L45)(=)BR!_)! =41)! (='(! 4+B! B)8+6(8!_,66! =)61! +8! 7)(()B! +&0)B8('&0! (=)! 4B,5,&! 4;! <'('6-(,<!
'&(,740,)8! '&0! (=),B! 14()&(,'6! 6,&^! (4! '+(4,**+&,(-$! %00,(,4&'66-R!_)! 1+B8+)! (4! 0,8<42)B!
_=)(=)B! '&! '+(4,**+&)! 7'<^5B4+&0! 4B! '&! ,**+&,J'(,4&! )2)&(! 6)'0! (4! ;+&0'*)&('6!
<='&5)8! ,&! (=)!/!<)66! B)1)B(4,B)!0,2)B8,(-!4;!'&!4B5'&,8*$!O,&'66-R!_)!=41)! (4!)U1'&0!4+B!
^&4_6)05)! 4&! (=)! 14()&(,'6! 8(B+<(+B'6! 1488,7,6,(,)8! <'1'76)! 4;! =460,&5! '! PQ6'<('*'8)!
<'('6-(,<!;+&<(,4&$!!
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37&942.)6210&53:.0;3!<&1/5&!=.&3996/.&0.>.0!430.&
!
L=,8! <='1()B! ;4<+8)8!4&! (=)! (=)*)!4;!*46)<+6'B!0,2)B8,(-R! '! B)<+BB,&5! <4&<)1(! ,&!7,4645-!
'&0!<=)*,8(B-R!'&0!4&)!_=48)!,*14B('&<)!<'&&4(!7)!0)&,)0!;4B!;4B*,&5!(=)4B,)8!'74+(!(=)!
+&,2)B8)!'8!_)66! '8! ;4B!0)2)641,&5!'116,<'(,4&8! ;4B! (=)!7)&);,(!4;!*'&^,&0$!%! B)*'B^'76)!
)U'*16)! 4;! *46)<+6'B! 0,2)B8,(-! <B)'()0! 7-! &'(+B)! ,8! (=)! ,**+&)! B)1)B(4,B)R! '&! '6*48(!
+&6,*,()0! B)8)B24,B! 4;!*46)<+6)8! 1B4()<(,&5! +8! ;B4*! ,&;)<(,4+8! '5)&(8R!_,(=4+(!_=,<=! &4!
8+1)B,4B!6,2,&5!4B5'&,8*!_4+60!8+B2,2)$!\;!<4+B8)R!'8!;4B!'&-!4(=)B!)U'*16)!4;!&'(+B)R!(=)!
,**+&)!B)1)B(4,B)!,8!'&!,&81,B'(,4&!;4B!8<,)&(,8(8!(4!'(()*1(!(4!B)<B)'()!'!8,*,6'B!84+B<)!4;!
0,2)B8,(-! ,&! (=)! 6'74B'(4B-$!L=)! ;,B8(! 1'B(! 4;! (=,8! <='1()B! ,8! 0)0,<'()0! (4! (=,8! 4+(8('&0,&5!
<B)'(,4&! 4;! &'(+B)$! L=)! 8)<4&0! 1'B(! 1B)8)&(8! '! 0)8<B,1(,4&! 4;! <+BB)&(! ()<=&4645,)8!
'(()*1(,&5! (4! '11B4U,*'()! (=,8! 2'8(! 0,2)B8,(-! '&0! ;,&'66-! 4+B! *'&,1+6'(,4&! 4;! 8+<=!
()<=&4645,)8!;4B!(=)!+6(,*'()!47c)<(,2)!4;!1B40+<,&5!'&0!8(+0-,&5!<'('6-(,<!'&(,740,)8$!
!
!
!

37@7&!A%&3BBC*%&0%D%E+'FE%G&"&*"+CE"$&,'CEH%&'(&IFJ%E,F+K&
!
L=)!,**+&)!8-8()*!,8!4&)!4;!)246+(,4&S8!*48(!;'8<,&'(,&5!'&0!B)*'B^'76)!)U'*16)8!4;!(=)!
*)'&8!4;!8+B2,2'6!,&!2)B()7B'()8$!L=B4+5=!(=)!,**)&8)!*46)<+6'B!0,2)B8,(-!4;!(=)!,**+&)!
B)1)B(4,B)R! (=,8! 8-8()*! ,8! <'1'76)!4;! B)<45&,J,&5!'&0!0);)&0,&5! (=)!4B5'&,8*!'5',&8(!'&-!
&+*7)B! 4;! ;4B),5&! ,&2'0)B8$! ! L=)! <4*16)U! *'<=,&)B-! 4;! (=)! ,**+&)! 8-8()*! ,8! '76)! (4!
0,8(,&5+,8=! 7)(_))&! 8)6;! '&0! &4&Q8)6;! )&(,(,)8$! L=,8! 0,8(,&<(,4&! '<<4+&(8! &4(! 4&6-! ;4B!
0,8)'8)Q<'+8,&5! 1'(=45)&8! ,&<6+0,&5! 2,B+8)8R! 7'<()B,'R! ;+&5,R! 1'B'8,()8R! '&0! &4&Q
<4&2)&(,4&'6! (B'&8*,88,76)! '5)&(8! 8+<=! '8! 1B,4&8! T:4B*4&(R! "..KgR! 7+(! '684! ;4B! '! _,0)!
B'&5)!4;!<=)*,<'6!8(B+<(+B)8!8+<=!'8!*)('68!4B!'&-!<=)*,<'6!0B+58$!e14&!(B)81'88,&5!4;!'!
&4&Q8)6;!*46)<+6)R!&4(!4&6-!04)8!(=)!,**+&)!8-8()*!6'+&<=!'!8)B,)8!4;!)U(B)*)6-!);;,<,)&(!
'&0! =,5=6-! 81)<,;,<! )2)&(8! ,&! 4B0)B! (4! ,0)&(,;-! '&0! )6,*,&'()! (=,8! ,&(B+0)BR! 7+(! ,(! ,8! '684!
<'1'76)! 4;! ^))1,&5! '&! ,**+&4645,<'6! *)*4B-! 4;! (=)! (B)81'88)BS8! ,0)&(,(-! '&0! (=)!
4<<+BB)&<)8!6)'0,&5!(4!,(8!0)8(B+<(,4&$!M)&<)R!8=4+60!(=)!(B)81'88)B!B)'11)'BR!(=)!,**+&)!
8-8()*!_4+60!7)!'76)!(4!B)Q6'+&<=!,(8!B)814&8)!_,(=!'!=,5=)B!81))0!'&0!,&()&8,(-$!!
!
L=)! ,**+&)! 8-8()*! '<=,)2)8! ,(8! 0);)&8,2)! 47c)<(,2)! (=B4+5=! ;4+B! )6'74B'()! ('8^8N! O)P!
,**+&4645,<'6!B)<45&,(,4&R!O))P!,**+&)!);;)<(4B!;+&<(,4&8R!O)))P!,**+&)!B)5+6'(,4&R!'&0!O)*P!
,**+&4645,<'6! *)*4B-$! L=)8)! ('8^8! 'B)! 1)B;4B*)0! 7-! (=)! ,&()B16'-! '&0! B)5+6'(,4&!
7)(_))&! (_4!0,8(,&<(! 7+(! <648)6-! B)6'()0! 'B*8! 4;! (=)! ,**+&)! 8-8()*R! &'*)6-! (=)! ,&&'()!
'&0! '0'1(,2)! ,**+&,(-! T:)*18)-! $7! /%8R! >FFCg$! L=)! *)<='&,8*8! ,&2462)0! ,&! (=)8)! (_4!
<4*14&)&(8!4;! (=)! ,**+&)! B)814&8)!'B)!_)66! 8+**'B,J)0! ,&!1+76,<'(,4&8!4;!b,&0(!$7!/%8!
'&0!a'&)_'-!$7!/%8!Ta'&)_'-!$7!/%8R!>FF"h!b,&0(!$7!/%8R!>FFKh![+B1=-R!>F">g$!
!

!"#"$"%!&&'()%!**+&,(-%
!
L=)!,&&'()!,**+&)!B)814&8)!4<<+B8!B'1,06-!7+(!&4&Q81)<,;,<'66-!T_,(=,&!'!;)_!=4+B8g!+14&!
)U148+B)! (4! '! ;4B),5&! *46)<+6)$! L=,8! ;,B8(! 6,&)! 4;! 0);)&8)! ,&2462)8! 1B4<)88)8! 8+<=! '8!





! ""!

!"#"."%$/'0(,1)%!**+&,(-%
!
f=)&! '&! '&(,5)&! )8<'1)8! (=)! ,&&'()! ,**+&)! B)814&8)R! (=)! '0'1(,2)! ,**+&)! B)814&8)!
B)'<(8! _,(=! '! 64&5)B! 0)6'-! T+1(4! '! ;)_! 0'-8gR! 7+(! _,(=! *4B)! );;,<,)&<-! '&0! =,5=)B!
81)<,;,<,(-$!%&(,5)&!81)<,;,<! 6-*1=4<-()8!'B)!(=)!^)-!<4*14&)&(8!4;! (=)!'0'1(,2)! ,**+&)!
B)814&8)$!L=)-! B)<45&,J)!'!`+'8,! ,&;,&,()!&+*7)B!4;! '&(,5)&,<! 81)<,)8!_,(=!'! B)*'B^'76-!
=,5=!81)<,;,<,(-$!L=,8!<'1'7,6,(-!,8!0+)!(4!(=)!6'B5)!0,2)B8,(-!4;!(=),B!=,5=6-!2'B,'76)!'&(,5)&!
B)<)1(4B8$!L=)8)!6-*1=4<-()8R!,&<6+0,&5!/!'&0!L!<)668R!0)B,2)!;B4*!(=)!6-*1=4,0!6,&)'5)!4;!
(=)!16+B,14()&(!=)*'(414,)(,<!8()*!<)668!4B,5,&'(,&5!,&!(=)!74&)!*'BB4_!T[+B1=-R!>F">g$!!
!
/! 6-*1=4<-()8! '684!*'(+B)! ,&! (=)! 74&)!*'BB4_R!_=)B)'8! L! 6-*1=4<-()8!*,5B'()! (4! (=)!
(=-*+8! ;4B! (=),B!*'(+B'(,4&$! %;()B!*'(+B'(,4&R! &',2)! 6-*1=4<-()8! <,B<+6'()! ,&! (=)! 76440!
8(B)'*! +&(,6! (=)-! 'B)! *)(! _,(=! '&! '&(,5)&! 4B! '&! %@3R! 1'B(,<+6'B6-! *'<B41='5)8! '&0!
0)&0B,(,<!<)668R!'(!(=)!1)B,1=)B'6! 6-*1=4,0!(,88+)8$!%(!(=,8!14,&(R!(=)!6-*1=4<-()8!7)5,&!(4!
1B46,;)B'()! '&0! 0,;;)B)&(,'()! ,&(4! <64&)8! 4;! ,0)&(,<'6! 1B45)&-R! '! 1B4<)88! ^&4_&! '8! <64&'6!
)U1'&8,4&!T]4&!/4)=*)BR!"..Ag$!!
!
L=)B)!'B)!'!&+*7)B!4;!0,;;)B)&(!1'(=_'-8R!_=,<=!(=)!'0'1(,2)!,**+&)!8-8()*!<'&!('^)!(4!
0)2)641!,(8!B)814&8)$!L=)8)!,&<6+0)!'<(,2'(,4&!4;!(=)!<)668!4;!(=)!,&&'()!,**+&)!8-8()*!'&0!
/! '&0! L! 6-*1=4<-()8! 4;! (=)! '0'1(,2)! ,**+&)! 8-8()*R! '8! _)66! '8! (=)! B)5+6'(,4&! 4;! (=)!
,**+&)!B)814&8)$!L=)!1'(=_'-!(4!7)!('^)&!0)1)&08!4&!*'&-!0,;;)B)&(!;'<(4B8R!&4('76-!(=)!
&'(+B)! 4;! (=)! 1'(=45)&R! '&0! ,8! 4B<=)8(B'()0! 7-! (=)! 3:Aj! L! 6-*1=4<-()8$! L=)! B)8+6(,&5!
);;)<(4B! ;+&<(,4&8! 0)1)&0! 4&! (=)! 0,;;)B)&(,'(,4&! 4;! 0,;;)B)&(! 1B45)&-! 4;! 3:Aj! L!
6-*1=4<-()8R!&'*)6-!LM"R!LM>R!LM"?R!;466,<+6'B!=)61)B!L!<)668!LOMR!'&0!B)5+6'(4B-!L!<)668!LB)5!
TG_',&!$7!/%8R!>F">g!TO,5+B)!"g$!!
!
L=)8)! );;)<(4B!L! 6-*1=4<-()8! 'B)! '<(,2'()0!7-!%@38! )U1B)88,&5!['c4B!M,8(4<4*1'(,7,6,(-!
34*16)U!<6'88!##!T[M3!##g!B)<)1(4B8!'&0!1B4*4()!0,;;)B)&(!(-1)8!4;!B)814&8)8!('B5)()0!(4!
0,;;)B)&(! 84+B<)8! 4;! ,&;)<(,4&$! L=)-! ;+&<(,4&! 7-! B)6)'8,&5! 0,;;)B)&(! 8,5&'6,&5! *46)<+6)8!
^&4_&!'8!<-(4^,&)8!TE+<^=))B'*!$7!/%8R!>F">g$!LM"!'&0!LM>!<)668!'B)!(=)!*48(!04<+*)&()0!
4;!(=)!);;)<(4B!L! 6-*1=4<-()8!'&0!='2)!7))&!(=4+5=(!(4!7)!B)814&8,76)!;4B!(=)!(_4!*'c4B!
('8^8! 4;! (=)! '0'1(,2)! ,**+&)! B)814&8)N! '<(,2'(,4&! 4;! (=)! <-(4(4U,<! 3:Kj! L! 6-*1=4<-()8!
TLM"g!'&0!(=)!/!6-*1=4<-()8!TLM>g$!!
!
!
!
!
!
!
!
!
!
!
!
!
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&

&

&

&

&

&

&

&

&
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ZFMCE%&@7!L!<)668!0)B,2)0!;B4*!&',2)!3:Aj!L!6-*1=4<-()8$!

L=)! 0,;;)B)&(! <-(4^,&)8! 0B,2,&5! (=)! 0,;;)B)&(,'(,4&! 4;! 0,;;)B)&(! (-1)8! 4;! 3:Aj! L! <)668! '&0! (=)! <-(4^,&)8!
1B40+<)0!7-!(=)!*'(+B)!<)668!6)'0,&5!(4!(=),B!0,;;)B)&(!);;)<(4B!;+&<(,4&8!'B)!8=4_&$!3-(46-(,<!3:Aj!L!<)66!='8!
7))&!B)<)&(6-!1B4148)0!(4!0)B,2)!;B4*!'&!'00,(,4&'6!L!<)66!0,;;)B)&(,'(,4&!1'(=_'-$!G4+B<)N!G_',&!$7!/%8R!>F">!
!
!
L=)!8)<B)(,4&!4;!,&()B6)+^,&!">!T#E">g!'&0!,&()B;)B4&!k!T#OHkg!4B,)&(!(=)!,**+&)!B)814&8)!
(4_'B0! (=)! LM"! 1'(=_'-R! _=)B)! (_4! 8,5&'68! 'B)! B)`+,B)0N! O)P! (=)! 1B)8)&('(,4&! 4;! 2,B'6!
1B4(),&8!(4!(=)!3:Kj!L!<)668!7-!['c4B!M,8(4<4*1'(,7,6,(-!34*16)U!<6'88!#!T[M3#g!*46)<+6)8!
)U1B)88)0!4&!(=)!8+B;'<)!4;! ,&;)<()0!<)668R!'&0!O))P! (=)!8)<B)(,4&!4;!'!&+*7)B!4;!<-(4^,&)8R!
&4('76-R! #E>! '&0! #OHkR! 7-! '<(,2'()0! LM"! <)668$! L=,8! '<(,2'(,4&! ,8! 0+)! (4! (=)! 1B)2,4+8!
1B)8)&('(,4&! 4;! (=)! '&(,5)&,<! 0)()B*,&'&(8! 4;! (=)! 1'(=45)&! (4! LM"! <)668! 2,'! [M3##!
*46)<+6)8! )U1B)88)0! 4&! (=)! 8+B;'<)! 4;! %@38$! /4(=! 8,5&'68! 6)'0! (4! (=)! '<(,2'(,4&! '&0!
1B46,;)B'(,4&!4;!(=)!<-(4(4U,<!3:Kj!L!6-*1=4<-()8!TO,5+B)!>g$!!
!
!
!
!
!
!
!
!
!
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ZFMCE%&O7!L=)!0,;;)B)&(!1'(=_'-8!4;!,**+&)!B)814&8)!B)8+6(,&5!;B4*!LM"!4B!LM>!6-*1=4<-()8$!

G4+B<)!N!_='(Q_=)&Q=4_$<4*WB=)+*'(4645-W,&(B40+<(,4&Q(4Q(=)Q,**+&)Q8-8()*Q(=)Q,**+&)Q8-8()*Q,&Q
=)'6(=Q'&0Q0,8)'8)QB=)+*'(4645-Q1'B(QC!

!
!
L=)! B46)! 4;! /! <)66! '<(,2'(,4&! ,8! &4_! 5,2)&! *',&6-! (4! '! 0,;;)B)&(! 8+78)(! 4;! );;)<(4B! L!
6-*1=4<-()8R! &'*)6-! (=)! LOM! <)668! TM'(J,! $7! /%8R! >F"Dg$! L=)8)! 6-*1=4<-()8! )&()B! /! <)66!
;466,<6)8!'&0!1B42,0)!=)61!(4!/!<)668R!B)8+6(,&5!,&!5)B*,&'6!<)&()B!;4B*'(,4&!'&0!16'8*4<-()!
0,;;)B)&(,'(,4&! TO,5+B)! Cg$! #&! (+B&R! LM>! <)668! 'B)! &4_! (=4+5=(! (4! 7)! ,&2462)0! ,&! ,**+&)!
B)814&8)8!(4!)U(B'<)66+6'B!1'B'8,(,<!,&;)<(,4&8!,&!*+<48'6!8+B;'<)8!'&0!(4!16'-!'!*'c4B!B46)!
,&!(=)!,&0+<(,4&!'&0!1)B8,8()&<)!4;!'8(=*'!'8!_)66!'8!4(=)B!'66)B5,<!0,8)'8)8$!!
!
#(! ,8! '684! _4B(=-! 4;! &4()R! =4_)2)BR! (='(! 84*)! *,<B47,'6! <4&8(,(+)&(8! 8+<=! '8! 7'<()B,'6!
146-8'<<='B,0)8!'B)!'76)!(4!,&0+<)!'&!'&(,740-!B)814&8)!_,(=4+(!(=)!,&()B'<(,4&!L!=)61)B!
<)668! T[+B1=-R! >F">g$! L=,8! 1=)&4*)&4&! ,8! ^&4_&! '8! (=)! L=-*+8! #&0)1)&0)&(! TL#g!
*)<='&,8*$!!
!
#&!'00,(,4&!(4!(=)!1B)2,4+86-!0)8<B,7)0!);;)<(4B!L!<)668R!LM"?!<)668!'B)!,&2462)0!,&!B)<B+,(,&5!
&)+(B41=,68! ,&!'! B)814&8)! (4!)U(B'<)66+6'B!7'<()B,'!'&0! ;+&5,!'&0!'B)!'684! ,&2462)0! ,&! (=)!



! "9!

5)&)B'(,4&! 4;! '+(4,**+&)! 0,8)'8)8! Tf,6^)! $7! /%8R! >F""g$! LB)5! <)668! 'B)! ,&2462)0! ,&! (=)!
B)5+6'(,4&!4;!,&;6'**'(,4&!'&0!(=)!8+11B)88,4&!4;!(=)!L!<)66!B)814&8)!'&0!16'-!'!*'c4B!B46)!
,&!(=)!*',&()&'&<)!4;!,**+&4645,<'6!(46)B'&<)!(4!8)6;!TG_',&!$7!/%8R!>F">g$!!
!
%! ;,&'6! 8+78)(! 4;! 3:Aj! );;)<(4B! L! <)668! ='8! B)<)&(6-! 7))&! 0,8<42)B)0R! <'1'76)! 4;! 0,B)<(6-!
1)B;4B*,&5!<-(46-(,<!'<(,2,(-!*)0,'()0!7-!1)B;4B,&!'&0!O'8!1B4(),&8! T/B4_&!$7!/%8R!>FF9g$!
L=)8)!<)668!'B)!()B*)0!<-(46-(,<!3:Aj!L!<)668!TO,5+B)!"g$!
!
!
%8!*)&(,4&)0!'742)R!4&)!4;!(=)!1B,&<,16)!B46)8!4;!3:Aj!L!6-*1=4<-()8!,8!(=)!'<(,2'(,4&!4;!/!
6-*1=4<-()8$!L=)!*',&!;+&<(,4&!4;!(=)8)!/!6-*1=4<-()8R!,&!(+B&R!,8!(=)!1B40+<(,4&!4;!=,5=6-!
81)<,'6,J)0! 1B4(),&8R! &'*)6-! ,**+&45647+6,&8R! B)814&8,76)! ;4B! B)<45&,J,&5! '&(,5)&,<!
*46)<+6)8!_,(=!)U<)1(,4&'66-!=,5=!81)<,;,<,(-$!L=)8)!1B4(),&8R!'684!^&4_&!'8!'&(,740,)8R!'B)!
0)8<B,7)0!7)64_$!!
!
!

!"#"2"%!**+&34536+5,&7%
!
#**+&45647+6,&8!'B)!56-<41B4(),&8!1B)8)&(!,&!74(=!*)*7B'&)Q74+&0!T/3Xg!'&0!8)<B)()0!
T'&(,740-g! ;4B*8$! L=)-! 'B)! (=)! )&0! 1B40+<(8! 4;! /! 6-*1=4<-()! 0,;;)B)&(,'(,4&$! /3X8! 'B)!
B)814&8,76)!;4B!'&(,5)&!B)<45&,(,4&!_=)B)'8!'&(,740,)8!='2)!'!&+*7)B!4;!0,;;)B)&(!);;)<(4B!
;+&<(,4&8N!

• H)+(B'6,J'(,4&!
• \184&,J'(,4&!
• %<(,2'(,4&! 4;! (=)! <4*16)*)&(! 8-8()*! '&0! 34*16)*)&(! :)1)&0)&(! 3-(4(4U,<,(-!

T3:3g!
• #&0+<(,4&!4;!%&(,740-!:)1)&0)&(!3)66!3-(4(4U,<,(-!T%:33g!7-!Hb8!
• #&0+<(,4&!4;!%&(,740-!:)1)&0)&(!3)66!@='54<-(48,8!T%:3@g!

!
L=)B)! 'B)! ;,2)! <6'88)8! 4;! ,**+&45647+6,&8R! ^&4_&! '8! ,84(-1)8R! &'*)6-! #5%R! #5:R! #5VR! #5IR!
'&0!#5[$!L=)-!)'<=!0,816'-!0,;;)B)&(!8(B+<(+B)8!'&0!;+&<(,4&8!TL'76)!>gR!_,(=!#5I!7),&5!(=)!
*48(!'7+&0'&($!V'<=!,**+&45647+6,&!,8!<4*148)0!4;!'!=)'2-!<=',&!'&0!'!6,5=(!<=',&$!V'<=!
<=',&! ,8! 0,2,0)0! ,&(4! (_4! 1'B(8N! '! 2'B,'76)! B)5,4&R! ,&<6+0,&5! (=)! <4*16)*)&('B,(-!
0)()B*,&,&5! B)5,4&8! T3:X8g! B)814&8,76)! ;4B! '&(,5)&! B)<45&,(,4&R! ,&()B81)B8)0! 7-!
OB'*)_4B^! B)5,4&8! TOXgR! '&0! '! <4&8('&(! B)5,4&! B)814&8,76)! ;4B! (=)! );;)<(4B! ;+&<(,4&8$!
#**+&45647+6,&!,84(-1)8!'B)!0)()B*,&)0!7-!8)5*)&(8!4;!(=)!<4&8('&(!B)5,4&!4;!(=)!=)'2-!
<=',&8! 0)8,5&'()0! '8! lR! mR! nR! kR! 4B! oR! B)81)<(,2)6-$! G,*,6'B6-R! (=)B)! 'B)! (_4! (-1)8! 4;! 6,5=(!
<=',&8N! p! 4B! q$! #&! =+*'&8! (=)! 1B414B(,4&! 4;! (=)8)! (_4! (-1)8! 4;! 6,5=(! <=',&8! pNq! ,8! >N"R!
_=)B)'8!,&!*,<)!(=,8!1B414B(,4&!,8!4;!>FN"!4B!*4B)!T1488,76-!DCN"!'<<4B0,&5!(4!:,60B41!$7!
/%8R! ".K?h! Y4<=)B! $7! /%8R! "..Dh! '&0! %6*'5B4! $7! /%8R! "..Kg$! L=B4+5=! '! &+*7)B! 4;! 0,;;)B)&(!
*)<='&,8*8R! (=)! /! 6-*1=4<-()8! 'B)! '76)! (4! )U1B)88! (=)! B)*'B^'76-! 2'8(! 0,2)B8,(-! 4;!
2'B,'76)!B)5,4&8!&))0)0!(4!B)<45&,J)!(=)!)&(,B)(-!4;!(=)!,**+&45)&8!,&0,2,0+'68!'B)!;'<)0!
_,(=!(=B4+5=4+(!(=),B!6,;)!(,*)$!G4*)!4;!(=)8)!*)<='&,8*8R!,&<6+0,&5!5)&)!B)'BB'&5)*)&(!
'&0!&+<6)4(,0)! '00,(,4&!'&0! 8+7(B'<(,4&R! 'B)! B)814&8,76)! ;4B! (=)! ,&,(,'6! 0,2)B8,(-!4;! (=)!/!



! "?!

<)668! 0)2)641,&5! ,&! (=)! 74&)!*'BB4_$! L=)! ;4664_,&5! ,8! '! 0)8<B,1(,4&! 4;! (=)!*)<='&,8*8!
6)'0,&5!(4!0,2)B8,;,<'(,4&!4;!(=)!/!6-*1=4<-()8!1B,4B!(4!'&-!<4&('<(!_,(=!'&!'&(,5)&$!
!

!"#$%&L7!#**4&456+7+6,&!,84(-1)8!_,(=!(=),B!0,;;)B)&(!<='B'<()B,8(,<8!'&0!;+&<(,4&8$!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

!
!

G4+B<)N!=((1NWW___$*,<B47,4645-,&;4$<4*W'&(,740-Q8(B+<(+B)Q<6'88)8Q'&0Q;+&<(,4&8W!
!
%8!*)&(,4&)0!1B)2,4+86-R!4+(!4;! (=)! ;,2)! ,**+&45647+6,&! ,84(-1)8R! #5I! ,8!7-! ;'B! (=)!*48(!
'7+&0'&(R!B)1B)8)&(,&5!?DQKFr!4;!(=)!,**+&45647+6,&8!1B)8)&(!,&!(=)!8)B+*$!L=)!5)&)B'6!
8(B+<(+B'6! ;)'(+B)8! 4;! '66! ,**+&45647+6,&! ,84(-1)8! 'B)! 8,*,6'B$! L=)! ;4664_,&5! 8)<(,4&R!
(=)B);4B)R!;4<+8)8!4&!'!*4B)!0)(',6)0!0)8<B,1(,4&!4;!4&6-!(=)!#5I!,84(-1)R!_=,<=!;B4*!=)B)!
4&!4+(!_,66!'684!7)!B);)BB)0!(4!'8!'&!'&(,740-$!!
!
!

!"#"$"%"&'()*+(*),&-.&!/0&&
!
#**+&45647+6,&! I! T#5Ig! ='8! 8)2)B'6! 8+7<6'88)8! T#5I"R! #5I>R! #5ICR! '&0! #5IA! ,&! =+*'&8gR!
_,(=! 0,;;)B)&(! 6)2)68! 4;! )U1B)88,4&! T[+B1=-R! >F">g$! L=,8! *46)<+6)! ,8! '! sQ8='1)0!
=)()B40,*)B!1B4(),&!4;!8,J)!"DF!^:'R!<4&8,8(,&5!4;! (_4! 6,5=(!E!T>D!^:'g!'&0!(_4!=)'2-!M!
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!

ZFMCE%&87!%&(,740-!;B'5*)&(8!_,(=!0,;;)B)&(!;4B*'(8$!\B'&5)!'&0!5B))&!8)5*)&(8!B)1B)8)&(!6,5=(!<=',&8R!
_=)B'8!76+)!8)5*)&(8!B)1B)8)&(!=)'2-!<=',&8$!

G4+B<)N![4B'&R!>F""!
!
!

!"#"$"1"&0,2,&),%))%2/,3,2(&
!
I)&)! B)'BB'&5)*)&(R! 4B! 84*'(,<! B)<4*7,&'(,4&R! ,8! (=)! *',&! )2)&(! B)814&8,76)! ;4B! (=)!
0,2)B8,(-! 4;! *'(+B)! /! 6-*1=4<-()8! 1B,4B! (4! (=),B! )&<4+&()B! _,(=! '&! '&(,5)&! TL4&)5'_'!
".KCh!/)B)^!'&0![,68(),&R!".KKh!H)+7)B5)B!'&0![,68(),&R!"..Dh![+B1=-R!>F">g$!L=,8!)2)&(!
,8!7'8)0!4&!(=)!4B5'&,J'(,4&!4;!5)&)!8)5*)&(8!)&<40,&5!(=)!2'B,'76)!p!'&0!qR!'&0!<4&8('&(!3!
B)5,4&8!4;! ,**+&45647+6,&8! Tb,&0(!$7!/%8R!>FFKg$!L=)!2'B,'76)!B)5,4&!4;! (=)! 6,5=(!<=',&8!p!
'&0!q!'B)!)&<40)0!7-! (_4!8)1'B'()!:H%!8)5*)&(8R!&'*)6-! (=)!2'B,'76)! T]g!5)&)!'&0! (=)!
c4,&,&5!Tag!5)&)$!L=)!2'B,'76)!B)5,4&!4;!(=)!=)'2-!<=',&!,8!)&<40)0!7-!(=B))!:H%!8)5*)&(8N!
]!'&0! a!5)&)8!8,*,6'B! (4! (=)! 6,5=(!<=',&R!'&0!'&!'00,(,4&'6!0,2)B8,(-! T:g!5)&)$!L=)8)!5)&)!
8)5*)&(8! )U,8(! ,&! *+6(,16)! <41,)8! '&0! 'B)! 4B5'&,J)0! ,&(4! (=B))! 5)&)(,<! 64<,! 1B)8)&(! 4&!
0,;;)B)&(! <=B4*484*)8! TO,5+B)! Kg$! L=)! p! 6,5=(! <=',&! 64<+8! ,&! =+*'&8! ,8! 64<'()0! 4&!
<=B4*484*)!>!'&0!,8!<4*148)0!4;!'!<6+8()B!4;!'11B4U,*'()6-!CA!(4!C?!;+&<(,4&'6!]p!5)&)!
8)5*)&(8!;4664_)0!7-!'!<6+8()B!4;!D!ap!5)&)!8)5*)&(8$!L=)!q!6,5=(!<=',&!64<+8!,&!=+*'&8!,8!
64<'()0! 4&! <=B4*484*)! >>! '&0! ,8! <4*148)0! 4;! '! <6+8()B! 4;! >.! (4! CD! ;+&<(,4&'6! ]q! 5)&)!
8)5*)&(8R! ;4664_)0!7-!'! <6+8()B!4;!AQD! aq! 5)&)! 8)5*)&(8$! O,&'66-R! (=)!=)'2-! <=',&! 64<+8! ,8!
64<'()0!4&!<=B4*484*)!"AR!'&0!B)8)*76)8!(='(!4;!(=)!p!64<+8R!_,(=!CK!(4!A9!]MR!>C!:MR!'&0!
9!aM!;+&<(,4&'6!5)&)!8)5*)&(8$!L=)!&+*7)B!4;!;+&<(,4&'6!5)&)!8)5*)&(8!,&!*,<)!,8!0,;;)B)&(!
;B4*!(='(!4;!=+*'&8$!#&!(=)8)!'&,*'68R!4&!(=)!6,5=(!p!<=',&R!(=)B)!'B)!'11B4U,*'()6-!KD!]pR!A!
ap!5)&)!8)5*)&(8R!_=)B)'8!4&!(=)!q!6,5=(!<=',&R!(=)B)!'B)!4&6-!C!]q!'&0!C!aq!5)&)!8)5*)&(8$!
O4B! (=)! =)'2-! <=',&! 4;! (=)8)! '&,*'68R! (=)B)! 'B)! 'B4+&0! "CA! ]MR! "C! :MR! '&0! A! aM! 5)&)!
8)5*)&(8$!L=)!&+*7)B!4;!5)&)!8)5*)&(8!,&!=+*'&8!'&0!,&!*,<)!<4+60!2'B-!86,5=(6-!0+)!(4!
(=)!146-*4B1=,8*!,&!0,;;)B)&(!,&0,2,0+'68$!!
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!

!
!

ZFMCE%&?7!#**+&45647+6,&!]:a!5)&)!B)'BB'&5)*)&(!1B40+<,&5!<4*16)()!=)'2-!'&0!6,5=(!<=',&8$!

G4+B<)N![+B1=-R!>F">!
!
!

!"#"$"+"&4*+5,-(67,&%776(6-2&%27&8*1()%+(6-2&
!
L=)!3:XC!B)5,4&!4;!,**+&45647+6,&8!='8!'!8,5&,;,<'&(6-!=,5=)B!0,2)B8,(-!,&(B40+<)0!7-!(=)!
'00,(,4&!'&0!8+7(B'<(,4&!4;!&+<6)4(,0)8!'(!(=)!c+&<(,4&8!4;!0,;;)B)&(!5)&)!8)5*)&(8h!(=,8!,8!
^&4_&!'8!c+&<(,4&'6!0,2)B8,(-!T[+B1=-R!>F">g$!L=)!'00,(,4&!4;!&+<6)4(,0)8!,8!1)B;4B*)0!7-!
(_4!1B4<)88)8N!@Q&+<6)4(,0)!'00,(,4&!4B!HQ&+<6)4(,0)!'00,(,4&!TG'&JR!".."g$!@Q&+<6)4(,0)8!
'B)! 84! <'66)0! 0+)! (4! (=)! ;4B*'(,4&! 4;! 1'6,&0B4*,<! 8)`+)&<)8! '00)0! (4! (=)! )&08! 4;! 5)&)!
8)5*)&(8$!L=,8!4<<+B8!_=)&!:H%!<6)'2'5)! 6)'08! (4! (=)! ;4B*'(,4&!4;! 8,&56)! 8(B'&0)0! (',68!
;B4*!'!&+*7)B!4;!&+<6)4(,0)8!4&!(=)!<40,&5!8)`+)&<)!'&0!(=)!<4*16)*)&('B-!&+<6)4(,0)8!
4&! (=)! 4(=)B! 8(B'&0$! :H%! B)1',B! )&J-*)8! (=)&! ;,66! ,&! <4*16)*)&('B-! &+<6)4(,0)8! 4&! (=)!
(',68R! 6)'2,&5!8=4B(!1'6,&0B4*,<!8)`+)&<)8$!L=)!X%I!)&J-*)! ,8!<4&(,&+4+86-!)U1B)88)0! ,&!
2'B,4+8!8('5)8!4;!/!<)66!*'(+B'(,4&!'&0!@Q&+<6)4(,0)!'00,(,4&!4<<+B8!,&!74(=!6,5=(!'&0!=)'2-!
<=',&! 5)&)! B)'BB'&5)*)&(8$! %(! 6'()B! 8('5)8! 4;! /! <)66!*'(+B'(,4&R! =4_)2)BR! ;4B! (=)! =)'2-!
<=',&! '&0! '! 8*'66! 14B(,4&! 4;! (=)! =+*'&! 6,5=(! <=',&! B)'BB'&5)*)&(8R! (=)B)! ,8! '! 8)<4&0!
*)<='&,8*! 4;! HQ&+<6)4(,0)! '00,(,4&R! 84! <'66)0! 0+)! (4! (=),B! &4&Q()*16'()Q)&<40,&5!
1B4<)0+B)! TE,! $7! /%8R! "..Cg$! HQ&+<6)4(,0)8! 'B)! '00)0! 7-! (=)! L0L! )&J-*)! (4! (=)! 8,&56)!
8(B'&0)0!)&08!4;!(=)!<40,&5!:H%!1B40+<)0!7-!(=)!=',B1,&!<6)'2'5)!4;!(=)!X%I"W>!<4*16)U$!
%;()B!(=)!'00,(,4&!4;!HQ&+<6)4(,0)8!4&!(=)!(_4!8(B'&08!4;!:H%R!B)1',B!)&J-*)8!8-&(=)8,J)!
(=)!<4*16)*)&('B-!8(B'&08!'&0!6,5'()!(=)!&)_!:H%!(4!(=)!1'6,&0B4*,<!B)5,4&!TO,5+B)!"Fg$!



! >C!

H+<6)4(,0)8!<'&!'684!7)!B'&04*6-!0)6)()0!'(!c+&<(,4&8!4;!5)&)!8)5*)&(8R!6)'0,&5!(4!;+B(=)B!
0,2)B8,(-! 4;! (=)! 3:XC! B)5,4&8$! L=)! '00,(,4&! 4;! (=,8! c+&<(,4&'6! 0,2)B8,(-! ,&<B)'8)8! (=)!
0,2)B8,(-!4;!(=)!=)'2-!<=',&!(4!"$9t"FC!'&0!4;!(=)!6,5=(!<=',&!(4!Ct"F>R!7B,&5,&5!(=)!42)B'66!
0,2)B8,(-!4;!,**+&45647+6,&8!(4!"F""$!!!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
ZFMCE%&@\7!L=)!*)<='&,8(,<!1'(=_'-!4;!(=)!'00,(,4&!4;!@Q!'&0!HQ!&+<6)4(,0)8!8=4_,&5!(=)!0,;;)B)&(!)&J-*)8!

,&2462)0$!!

G4+B<)N!a'&)_'-!$7!/%8R!>FF"!

!
!
O+B(=)B!0,2)B8,;,<'(,4&!4;!(=)!/!6-*1=4<-()8R!=4_)2)BR!4<<+B8!4&6-!+14&!'<(,2'(,4&!4;!(=)!/!
<)668!7-!'&!'&(,5)&R!_=,<=!='8!7))&!B)<45&,J)0!7-!'!/3X!TG<=B4)0)B!'&0!3'2'<,&,R!>F"Fg$!
L=)! 8)<4&0'B-!*)<='&,8*8! B)814&8,76)! ;4B! (=,8! ;+B(=)B! 0,2)B8,;,<'(,4&! 6)'0! (4! )&='&<)0!
B)<45&,(,4&! '&0! );;)<(4B! <'1'<,(,)8! 4;! (=)! 1B40+<)0! ,**+&45647+6,&8$! L=)-! ,&<6+0)! <6'88!
8_,(<=,&5!'&0!84*'(,<!=-1)B*+('(,4&!'8!0)8<B,7)0!7)64_$!
!
!

!"#"$"7"&!8-(9:,&8;6(+<62/&&
!
#5[!,8!(=)!;,B8(!,**+&45647+6,&!(4!7)!1B40+<)0!0+B,&5!/!<)66!0)2)641*)&(R!)U,8(,&5!7);4B)!
*'(+B'(,4&!4;!(=)!<)66!T[+B1=-R!>F">g$!\&<)!(=)!/!6-*1=4<-()!='8!<4*16)()0!*'(+B'(,4&R!





! >D!

L=)! <6'88! 8_,(<=,&5! *)<='&,8*! ,8! (=)! 4&6-! 0,2)B8,;-,&5! *)<='&,8*! ,&! *'(+B,&5! /! <)668!
0)8<B,7)0! 84! ;'BR! _=,<=! '<(8! 4&! (=)! <4&8('&(! B)5,4&! 4;! ,**+&45647+6,&! =)'2-! <=',&8R! '8!
41148)0! (4! (=),B! '&(,5)&! 7,&0,&5! 8,()8$! #&()B)8(,&56-R! '! B)<)&(! 8(+0-! ='8! 8=4_&! (='(! (=)!
8)6)<(,4&!4;!/!<)668!'684!'<(8!+14&!'&4(=)B!&4&Q'&(,5)&,<!7,&0,&5!B)5,4&!4;!(=)!=)'2-!<=',&R!
&'*)6-! (=)! =)'2-! <=',&! 2'B,'76)! u)674_u! 64<'()0! 7)(_))&! (=)! 2'B,'76)! '&0! <4&8('&(!
04*',&8!Tb'16,&8^-!$7!/%8R!>F"Ag$!L=,8!8(+0-!='8!0)*4&8(B'()0!(='(!/!<)668!_=48)!]M!5)&)8!
)&<40)!'!*4B)!;6)U,76)!)674_!'B)!*4B)!6,^)6-!(4!54!(=B4+5=!*'(+B'(,4&$!
!
!
%!8)<4&0!*)<='&,8*!4<<+BB,&5!,&!*'(+B,&5!/!6-*1=4<-()8!;4664_,&5!'<(,2'(,4&!7-!'&(,5)&!
1B)8)&('(,4&! ,8! 84*'(,<! =-1)B*+('(,4&$! L=,8! *)<='&,8*! 4<<+B8! 4&! (=)! 6)2)6! 4;!
,**+&45647+6,&!2'B,'76)!B)5,4&8!'&0!,8!0)8<B,7)0!7)64_$!
!
!

!"#"$","&'-3%(6+&<9:,)3*(%(6-2&
!
G4*'(,<! =-1)B*+('(,4&! 41)B'()8! 4&6-! 4&! (=)! '<(,2)6-! (B'&8<B,7)0! B)'BB'&5)0! 2'B,'76)!
B)5,4&8! 4;! '<(,2'()0! /! 6-*1=4<-()8R! 4<<+BB,&5! *',&6-! ,&! 5)B*,&'6! <)&()B8! Tf),66! '&0!
X)-&'+0R!"..9g$!#(!,8!B)814&8,76)!;4B!1)B;4B*,&5!14,&(!*+('(,4&8!,&(4!(=)!]!B)5,4&8R!_=,<=!
6)'0! (4!<='&5)8! ,&! (=)!';;,&,(-!4;! (=)!/3X! ;4B! ,(8!'&(,5)&$!L=)8)!14,&(!*+('(,4&8!4<<+B!4&!
8)5*)&(8! ^&4_&! '8! u=4(! 814(8uR! 64<'()0! '74+(! "DF! 71! 04_&8(B)'*! ;B4*! (=)! ]! B)5,4&!
1B4*4()B!'&0!)U()&0)0!42)B!>FFF!7'8)!1',B8$!L=)!;B)`+)&<-!4;!(=)8)!14,&(!*+('(,4&8!,8!+1!
(4!"FF!FFF!(,*)8!=,5=)B!(='&!(=)!814&('&)4+8!*+('(,4&8!4<<+BB,&5!4&!4(=)B!5)&)8!T@'2B,!
'&0! H+88)&J_),5R! >F""g$! G,&<)! ,&! (=)! 5)B*,&'6! <)&()B8R! (=)! /! 6-*1=4<-()8! 'B)! ,&!
<4*1)(,(,4&! _,(=! 4&)! '&4(=)B! (4! 1B40+<)! <64&)8! (='(! 7,&0! (=)! '&(,5)&! _,(=! (=)! =,5=)8(!
';;,&,(-R! ;'24B'76)! *+('(,4&8! 6)'0! (4! (=)! 1B);)B)&(,'6! 8)6)<(,4&! 4;! (=)! /! <)668! )U1B)88,&5!
(=)*$!L=,8!1B);)B)&(,'6!8)6)<(,4&!6)'08!(4!(=)!1=)&4*)&4&!^&4_&!'8!';;,&,(-!*'(+B'(,4&$!!
!
L=)! ,&(B40+<(,4&!4;!14,&(!*+('(,4&8! ,8!'684!1)B;4B*)0!7-!(=)!)&J-*)!%#:!T[+B'*'(8+!$7!
/%8R!"...gR!1B);)B)&(,'66-!('B5)(,&5!=4(!814(8!64<'()0!,&!(=)!3:X!B)5,4&8$!L=,8!)&J-*)!7,&08!
4&6-! (4! 8,&56)! 8(B'&0)0!:H%R! (=)B);4B)! '<(8! 4&6-! 4&! 5)&)8! (='(! 'B)!7),&5! (B'&8<B,7)0$! #(8!
*)<='&,8*!4<<+B8!,&!(_4!1='8)8N!(=)!;,B8(!1='8)R!)&5'5,&5!'!7'8)Q)U<,8,4&!B)1',B!1'(=_'-R!
,8! *4B)! 1B)04*,&'&(! '&0! ('B5)(8! 3NI! 7'8)8R! _=)B)'8! (=)! 8)<4&0! 1='8)R! )&5'5,&5! '!
*,8*'(<=!B)1',B!1'(=_'-R!('B5)(8!%NL!1',B8$!#&!(=)!;,B8(!1='8)R!(=)!%#:!)&J-*)!(B'&8;4B*8!'!
<-(,0,&)! ,&(4! '! +B,0,&)$! L=)! B)8+6(,&5! eNI! *,8*'(<=! _,66! 7)! B)<45&,J)0! 7-! (=)! )&J-*)!
+B'<,6Q:H%!56-<48-6'8)!TeHIgR!_=,<=!_,66!B)*42)!(=)!+B'<,6!7'8)!;B4*!(=)!+B,0,&)!(4!<B)'()!
'&!'7'8,<!8,()!,&!(=)!:H%!T:,!H4,'!'&0!H)+7)B5)BR!>FF?g$!34&8)`+)&(6-R!,&!(=)!&)U(!B4+&0!4;!
B)16,<'(,4&R!'!B'&04*!&+<6)4(,0)!_,66!7)! ,&8)B()0!7-!:H%!146-*)B'8)!41148,()! (=)!'7'8,<!
8,()! 6)'0,&5! (4! '! *+('(,4&$! #&! (=)! 8)<4&0! 1='8)R! (=)! 1B)8)&<)! 4;! +B,0,&)! ,8! 0)()<()0! 7-!
*,8*'(<=! B)1',B!1B4(),&8![GM>!'&0![GM9$!L=)![GM>W9!1B4(),&8! B)8+6(! ,&! (=)! <4*16)()!
B)*42'6!4;!(=)!+B,0,&)!'64&5!_,(=!8)2)B'6!'0c'<)&(!&+<6)4(,0)8!4&!(=)!0'*'5)0!:H%!8(B'&0$!
%! :H%! 146-*)B'8)! (=)&! ;,668! ,&! (=)! <4*16)*)&('B-! 8(B'&0! _,(=! '! =,5=6-! )BB4BQ1B4&)!
8-&(=)8,8R!_=,<=!,&(B40+<)8!14,&(!*+('(,4&8!81)<,'66-!'(!&)'B7-!%NL!7'8)!1',B8!TX4'!$7!/%8R!
>F"Fg!TO,5+B)!">g$!!
!





! >?!

1='8)! ,&2462)8! 84*'(,<! =-1)B*+('(,4&! *)<='&,8*8! 0+B,&5! '&! ,**+&)! B)814&8)$! #&! '&!
)2)&(!4;!'&!,**+&,J'(,4&R!4B!2'<<,&'(,4&R!(=)!0,2)B8,;,<'(,4&!1B4<)88)8!6)'0,&5!(4!,**+&)!
B)1)B(4,B)! 0,2)B8,(-! 'B)! <4+16)0! _,(=! 84*'(,<! 8)6)<(,4&! 1B)88+B)8! 7'8)0! 4&! (=)! 7,&0,&5!
';;,&,(-!4;!(=)!/3X8!T3'846'!$7!/%8R!>FFAg$!H)2)B(=)6)88R!8(+0,)8!='2)!8=4_&!(='(!(=)!,&,(,'6!
5)B*6,&)!0,2)B8,(-!='8!,&!;'<(!'!0,B)<(!,&;6+)&<)!4&!(=)!;,&'6!B)8+6(8!4;!/!<)66!0,2)B8,;,<'(,4&!
'&0!8)6)<(,4&$!!
!
%!8(+0-!1)B;4B*)0!7-!G<=_'B(J!'&0!M)B8=7)B5!='8!<4*1'B)0!(=)!5)B*6,&)!0,2)B8,(-!4;!">!
,&0,2,0+'68! (4! (=),B! ,**+&)! B)1)B(4,B)!0,2)B8,(-! ;4664_,&5!2'<<,&'(,4&!_,(=! (=)! ,&;6+)&J'!
2,B+8! TG<=_'B(J! '&0! M)B8=7)B5R! >F"Cg$! L=)! '+(=4B8! ='2)! 0)*4&8(B'()0! '! 8(B4&5!
<4BB)6'(,4&!7)(_))&!(=)!0,2)B8,(-!4;!(=)!5)B*6,&)!B)1)B(4,B)!'(!'!1'B(,<+6'B!148,(,4&!'&0!(=)!
&+*7)B!4;!/!<)66!<64&)8!(='(!='2)!'&!'*,&4!'<,0!<='&5)!'(!(='(!8'*)!148,(,4&$!L=)!0,2)B8,(-!
4;! '*,&4!'<,08!+8)0! ,&! (=)!*+('()0!148,(,4&R! =4_)2)BR! ='8! 645,<'66-!7))&!478)B2)0! (4!7)!
=,5=)B!(='&!(=)!5)B*6,&)$!L=)-!<4&<6+0)!(='(!5)B*6,&)!0,2)B8,(-!,8!,&0))0!'!5440!,&0,<'(4B!
4;! (=)! 6,^)6,=440! 4;! 8+B2,2'6! ;4664_,&5! *+('(,4&$! L=)-! '88)88R! &)2)B(=)6)88R! (='(! (=,8!
0,2)B8,(-!<'&&4(!'<<4+&(!;4B!(=)!81)<,;,<!'*,&4!'<,0!_=48)!+8'5)!'<<4+&()0!;4B!(=)!8+B2,2'6!
4;!'!81)<,;,<!<64&)$!
!
#&!'!0,;;)B)&(!8(+0-!1)B;4B*)0!7-!f'&5!$7!/%8R! (=)!'+(=4B8!='2)!)U164B)0!(=)! ,&;6+)&<)!4;!
5)&)(,<! 7'<^5B4+&0! 4&! (=)! /! <)66! B)1)B(4,B)! '&0! <64&'6! )U1'&8,4&8! ,&! B)814&8)! (4!
'(()&+'()0!2'B,<)66'QJ48()B!2'<<,&'(,4&! ,&! ,0)&(,<'6! (_,&8! Tf'&5!$7!/%8R! >F"Dg$!L=)! B)8+6(8!
,&0,<'()0!(='(!,0)&(,<'6!(_,&8!8=4_!,&<B)'8)0!<4BB)6'(,4&!,&!'&(,740-!5)&)!8)5*)&(!+8'5)R!
c+&<(,4&'6!;)'(+B)8R!'&0!*+('(,4&!B'()8!,&!(=),B!'&(,740-!14468R!=4_)2)B!(=)-!0)*4&8(B'()!
6,((6)!8,*,6'B,(-!,&!<64&'6!B)814&8)8!(4!'&!'<+()!8(,*+6+8$!\&<)!'5',&R!(=)!'+(=4B8!<4&<6+0)!
(='(! '! 8='B)0! 5)B*6,&)! 5)&4*)! 8)`+)&<)! ,8! <4BB)6'()0! _,(=! 42)B'66! <4&2)B5)&<)! 4;!
'&(,740-!B)1)B(4,B)8R!)2)&!(=4+5=!(=)!1'B(,<+6'B!'&(,740-!B)814&8)!(4!'!5,2)&!2'<<,&'(,4&!
,8!6)88!1B)0,<('76)$!!
!
L=)B);4B)R!_)!&4_!^&4_!(='(! (=)!5)B*6,&)!2'B,'76)!5)&)!0,2)B8,(-!<4+60!1B42,0)!+8!_,(=!
84*)!1B)0,<(,2)!,&;4B*'(,4&!4&!(=)!;,&'6!B)8+6(!4&!<64&'6!)U1'&8,4&!'&0!'&!,**+&,J'(,4&Q
,&0+<)0!,**+&)!B)814&8)$!#&0))0R!(=)!8,J)!'&0!0,2)B8,(-!4;!(=)!,**+&)!B)1)B(4,B)!<6)'B6-!
,*1'<(!(=)!<64&'6!8)6)<(,4&!1B4<)88R!7+(!(=)!1B)<,8)!0)()B*,&'(,4&!4;!(=)!81)<,;,<!<64&)!(4!7)!
8)6)<()0! ,8! &4(! 1B)0,<('76)$! H)2)B(=)6)88R! ;4B! <4&0+<(,&5! ,**+&)! B)1)B(4,B)! 8(+0,)8R! '!
B)1B)8)&('(,2)!_,&04_!4;! (=)! ,**+&)!0,2)B8,(-! ,8! B)`+,B)0! ,&!4B0)B! (4!7)!'76)! (4!*,*,<!
8+<=!'!B)1)B(4,B)!'&0!(4!7)(()B!+&0)B8('&0!'!5,2)&!,**+&)!B)814&8)$!!!
!
!

!"#"8"%8)9):(7%39%(;)%,**+&)%7-7()*%
!
L=)!,**+&)!8-8()*!,8!0)8,5&)0!(4!1B4()<(!(=)!4B5'&,8*!'5',&8(!;4B),5&!,&;)<(,4+8!'5)&(8R!
=4_)2)BR! 84*)(,*)8! (=,8! ,&(B,<'()! 8-8()*! 6)'08! (4! '! 0)(B,*)&('6! B)814&8)! ;4B! (=)! =48(!
4B5'&,8*$! L=)! ,&8('&<)8! ,&! _=,<=! (=)! ,**+&)! B)814&8)! ,8! 0,B)<()0! (4! '! &4&Q,&;)<(,4+8!
'5)&(!,&<6+0)!T,g!'66)B5,)8!'&0!=-1)B8)&8,(,2,(-R!_=)&!(=)!'&(,5)&!,8!'&!,&&4<+64+8!;4B),5&!
8+78('&<)R!T,,g!'+(4,**+&)!0,8)'8)8R!_=)&!(=)!B)814&8)!,8!(4!'!8)6;Q'&(,5)&R!'&0!T,,,g!5B';(!
B)c)<(,4&8R!_=)&!(=)!'&(,5)&!,8!74B&)!7-!'!(B'&816'&()0!;4B),5&!<)66$!



! >K!

%+(4,**+&)! 0,8)'8)8! 'B)! &+*)B4+8! TL'76)! Cg! '&0! ';;)<(! '11B4U,*'()6-! Dr! 4;! (=)!
141+6'(,4&!4;!(=)!f)8()B&!<4+&(B,)8!T:'2,084&!'&0!:,'*4&0R!>FF"g$!L=)-!4<<+B!'8!'!B)8+6(!
4;! (=)!;',6+B)!4;! (=)! ,**+&)!8-8()*!(4!8+<<)88;+66-!1)B;4B*!(=)!&)<)88'B-!<=)<^14,&(8! ,&!
4B0)B!(4!)&8+B)!8)6;Q(46)B'&<)$!#&!'!&4B*'6!8('()R!(=)!,**+&)!8-8()*!B)<45&,J)8!'!&+*7)B!
4;! 8+BB45'()! *'B^)B8! ,&! 4B0)B! (4! 0,8(,&5+,8=! 7)(_))&! 8)6;! '&0! &4&Q8)6;! *46)<+6)8$! L=,8!
B)<45&,(,4&! ,&2462)8! (=)! *)<='&,8*8! 4;! <)&(B'6! (46)B'&<)R! 6)'0,&5! (4! (=)! )6,*,&'(,4&! 4;!
<64&)8!_,(=! '! =,5=! ';;,&,(-! (4_'B0! 8)6;Q'&(,5)&8R! '8! _)66! '8! 1)B,1=)B'6! (46)B'&<)R!*'^,&5!
<)B(',&! <64&)8! &4&QB)814&8,2)! 4B! ,&=,7,(,&5! (=),B! B)814&8)! 2,'! LB)5! <)668! TM45`+,8(! $7! /%8R!
>FFDh!b,&0(!$7!/%8R!>FFKh!X+0)&8^-R!>F""g$!#&!'&!'+(4,**+&)!8('()R!=4_)2)BR!'8!'!B)8+6(!4;!
;',6+B)! ,&! 8)6;Q(46)B'&<)R! 84*)! 8)6;QB)'<(,2)! 6-*1=4<-()8! )8<'1)! <64&'6! 0)6)(,4&R! 6)'2)! (=)!
(=-*+8R! '&0! 'B)! '<(,2'()0! (4! <'+8)! '+(4,**+&)! 0,8)'8)8$! O+B(=)B*4B)R!*48(! <,B<+6'(,&5!
6-*1=4<-()8!='2)!'!64_!';;,&,(-!(4!8)6;Q'&(,5)&8!7+(!04!&4(!B)'<(!(4!(=)*$!3)B(',&!8,(+'(,4&8!
8+<=!'8!'&!,&;)<(,4&!6)'0,&5!(4!'!=,5=)B!1B)8)&<)!4;!,&;6'**'(4B-!<-(4^,&)8!TG,62)B8(),&!'&0!
X48)R!>FFFgR!=4_)2)BR!<'&!0,8B+1(!(=,8!=4*)48('8,8!'&0!'<(,2'()!(=)8)! 6-*1=4<-()8$!G+<=!
<)668!(=)&!54!(=B4+5=!*'(+B'(,4&!'&0!0)2)641!'!=,5=)B!';;,&,(-!(4!'!1'B(,<+6'B!8)6;Q'&(,5)&R!
=)&<)!6)'0,&5!(4!'&!'7)BB'&(!B)814&8)$!%!*4B)!B)<)&(!(=)4B-!)U16',&,&5!(=)!4<<+BB)&<)!4;!
'+(4,**+&,(-! 8+55)8(8! (=)! ,*16,<'(,4&! 4;! (=)! ,0,4(-1,<! &)(_4B^! T0)8<B,7)0! ,&! 0)(',6! ,&!
8)<(,4&! ##$"$%$7$,g! '&0!'!*'6;+&<(,4&!4;! (=)!=4*)48('8,8! ,&! (=)! <4&<)&(B'(,4&8!4;! ,0,4(-1,<!
'&(,740,)8! *$(&B&! '&(,Q,0,4(-1,<! '&(,740,)8! TG=)B)B! '&0! G=4)&;)60R! >FFFg$! #(! ,8! &4_!
+&0)B8(440! (='(! (=)B)! 'B)! 74(=! 5)&)(,<! '&0! )&2,B4&*)&('6! ;'<(4B8! 6)'0,&5! (4! (=)!
1'(=4645,<'6! 0)2)641*)&(! 4;! '+(4,**+&,(-R! 7+(! (=)! +&0)B8('&0,&5! 4;! (=)! *)<='&,8*8!
,&2462)0!B)*',&8!4&)!4;!(=)!*'c4B!<='66)&5)8!,&!(=)!;,)60!4;!,**+&4645-!(40'-$!
!

!"#$%&N7!G4*)!<4**4&!'+(4,**+&)!0,8)'8)8!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

Disease Disease mechanism Consequence Prevalence

Psoriasis Autoreactive T cells against skin-
associated antigens

Inflammation of skin with formation 
of scaly patches or plaques

1 in 50

Rheumatoid arthiriris Autoreactive T cells against antigens of 
joint synovium

Joint inflammation and destruction 
causing arthritis

1 in 100

Grave's disease Autoantibodies against the thoroid-
stimulating-hormone receptor

Hyperthyroidism: overproduction of 
thyroid hormones

1 in 100

Hashimoto's thyroiditis
Autoantibodies and autoreactive T cells 
against thyroid antigens

Destruction of thyroid tissue leading 
to hypothyroidism: underproduction 
of thyroid hormones

1 in 200

Systemic lupus 
erythrmatosus

 Autoantibodies and autoreactive T cells 
against DNA, chromatin proteins, and 
ubiquitous ribonucleoprotein antigens

Glomerulonephritis, vasculitis, rash 1 in 200

Sjogren's syndrome Autoantibodies and autoreactive T cells 
against ribonucleaoprotein antigens

Lymphocyte infiltration of exocrine 
glands, leading to dry eyes and/or 
dry mouth; other organs may be 
ivolved, leading to systemic disease

1 in 300

Crohn's disease Autoreactive T cells against intestinal flora 
antigens

Intestinal inflammation and scarring 1 in 500

Multiple sclerosis Autoreactive T cells against brain antigens

Formation of sclerotic plaques in 
brain with destruction of myelin 
sheaths surrounding nerve cell 
axons, leading to muscle weakess, 
ataxia, and other symptoms

1 in 700

Type 1 diabetes (insluin-
dependent diabetes 
mellitus, IDDM)

Autoreactive T cells against pancreatic 
islet cell antigens

Destruction of pancreatic islet ! cells 
leading to nonproduction of insulin 1 in 800



! >.!

L4!<4&<6+0)R!(=)!0,;;)B)&(!*)<='&,8*8!0)8<B,7)0!,&!(=,8!8)<(,4&!'66!16'-!'!B46)!,&!(=)!'7,6,(-!
4;! (=)! ,**+&)! 8-8()*! (4! 1B40+<)! (=)! 2'8(! 0,2)B8,(-! 4;! ,**+&45647+6,&! 2'B,'76)! B)5,4&8!
&)<)88'B-! ;4B! '&! ,&0,2,0+'6S8! 8+B2,2'6$! L=,8! ;'8<,&'(,&5! 14_)B! 4;! (=)! ,**+&)! 8-8()*! (4!
B)<45&,J)! '! `+'8,Q6,*,(6)88! &+*7)B! 4;! ;4B),5&! '&(,5)&8! ,8! '! B)*'B^'76)! )U'*16)! 4;!
*46)<+6'B! 0,2)B8,(-! )U,8(,&5! ,&! &'(+B)$! #&81,B)0!7-!&'(+B)R! B)8)'B<=)B8! ='2)! '684! (B,)0! (4!
1B40+<)! 8+<=! 6)2)68! 4;! *46)<+6'B! 0,2)B8,(-! ,&! (=)! 6'74B'(4B-$! L=)! ;4664_,&5! 8)<(,4&!
0)8<B,7)8!(=)!()<=&4645,)8!0)2)641)0!(4!0'()!;4B!(=,8!1+B148)$!
!
!
!

37L7&5F,D$"K&!%HA*'$'MF%,G&"&,K*+A%+FH&,'CEH%&'(&IFJ%E,F+K&
!
\2)B!(=)!1'8(!;)_!0)<'0)8R!'!&+*7)B!4;!).!*)7(,!()<=&4645,)8!='2)!7))&!0)2)641)0!;4B!(=)!
0,8<42)B-!4;!&)_!*46)<+6)8$!L=)8)! ()<=&4645,)8R! (45)(=)B!^&4_&!'8!0,816'-! ()<=&4645,)8R!
'B)!7'8)0!4&!(=)!'7,6,(-!(4!<B)'()!'!6'B5)6-!0,2)B8)!1446R!4B!6,7B'B-R!4;!*46)<+6'B!8(B+<(+B)8R!
8+<=!'8!6,5'&08R!&+<6),<!'<,08R!1)1(,0)8R!1B4(),&8R!'&(,740,)8R!)(<$!'&0!(4!)*164-!'!&+*7)B!4;!
0,;;)B)&(! <B,()B,'! ,&!4B0)B! (4! ,846'()! (=)!0)8,B)0!<'&0,0'()$!G4*)!0,816'-! ()<=&4645,)8!'B)!
'76)!(4!1B40+<)!*46)<+6'B!0,2)B8,(,)8!4;!+1!(4!4B!)2)&!8+1)B,4B!(4!(=)! ,**+&)!B)1)B(4,B)!
0,2)B8,(-! T/B'07+B-! $7! /%8R! >F""g$! #&! 5)&)B'6R! '66! 0,816'-! *)(=408! +8)! (=)! 1B,&<,16)! 4;!
<4+16,&5!(=)!1=)&4(-1)!'&0!5)&4(-1)!4;!(=)!0,816'-)0!*46)<+6)8$!
!
%! &+*7)B! 4;! 0,816'-! ()<=&,`+)8! ='2)! 7))&! 0)2)641)0! (4! 0'()$! L=)8)! ,&<6+0)! <)66Q7'8)0!
8-8()*8! 8+<=! '8! 1='5)! 0,816'-! '&0! <)66! 8+B;'<)! 0,816'-! TI)4B5,4+! $7! /%8R! "..?gR! ,&<6+0,&5!
-)'8(!0,816'-!T/40)B!'&0!f,((B+1R!"..?h!G=+8('!$7!/%8R!"...gR!4B!<)66! ;B))!8-8()*8!8+<=!'8!
B,7484*)!0,816'-!TM)!'&0!L'+88,5R!>FF>g!'&0!*XH%!0,816'-!TX47)B(8!'&0!GJ48('^R!"..?g$!
\;! (=)8)R! (=)! 1='5)! 0,816'-! ()<=&4645-! ,8! (=)!*48(! )8('76,8=)0! '&0! ='8! 7))&! '116,)0! (4!
&+*)B4+8! ()<=&4645,<'6! 1B476)*8! ,&<6+0,&5! (=)! 0,8<42)B-! 4;! &42)6! 0B+58! '&0! ('B5)(!
'&(,740,)8$!L=)!;4664_,&5!8)<(,4&!,8!'!*4B)!0)(',6)0!0)8<B,1(,4&!4;!(=,8!()<=&4645-$!
!
!

!"<"$"%=;'4)%8,705'-%
!
L=)!1='5)!0,816'-!()<=&4645-!,&2462)8!(=)!)U1B)88,4&!4;!1)1(,0)8R!1B4(),&8R!4B!'&(,740,)8!
4&!(=)!8+B;'<)!4;!;,6'*)&(4+8!1='5)!(=B4+5=!;+8,4&!(4!)&045)&4+8!1='5)!<4'(!1B4(),&8$!L=)!
5B)'(!'02'&('5)!4;!(=,8!()<=&4645-!,8!(=)!1'<^'5,&5!4;!(=)!5)&)(,<!8)`+)&<)!4;!(=)!*46)<+6)!
4;!,&()B)8(!_,(=,&!(=)!1='5)R!)U1B)88,&5!(=)!*46)<+6)!4;!,&()B)8(!4&!(=)!1='5)!8+B;'<)R!'&0!
6,&^,&5!1=)&4(-1)!(4!5)&4(-1)!8)6)<(,4&$!@='5)!0,816'-!_'8!4B,5,&'66-!<4&<),2)0!7-!I)4B5)!
G*,(=! '8! '!*)'&8! (4! ,0)&(,;-! (=)! 8)`+)&<)! 4;! (=)! 1B4(),&! ('B5)(! 7,&0,&5! (4! '&! '&(,740-!
TG*,(=R!".KDg$!#&()B)8(,&56-R!(=,8!'116,<'(,4&!='8!B)*',&)0!4&)!4;!(=)!*48(!<4**4&!+8)8!4;!
(=,8!()<=&4645-R!CF!-)'B8!';()B!,(8!0)2)641*)&($!!
!

!

!







! C>!

L=)B)! 'B)! '! &+*7)B! 4;! '02'&('5)8! '&0! 0,8'02'&('5)8! '884<,'()0! _,(=! (=)! (_4! 8-8()*8$!
@='5)*,0! 2)<(4B8! ;'<,6,('()! (=)! :H%! *'&,1+6'(,4&! '&0! <64&,&5! 8()18R! 6)'0,&5! (4! (=)!
1B40+<(,4&!4;!*+<=!6'B5)B!6,7B'B,)8!'8!<4*1'B)0!_,(=!1='5)!2)<(4B8$!#&8)B(,4&!4;!'&!'*7)B!
8(41! <404&! ,&! <4*7,&'(,4&!_,(=! (=)! =,5=! <41-!&+*7)B>! 4;! (=)! 1='5)*,0! 2)<(4B! ='8! '684!
*'0)! (=,8! 8-8()*! 7)(()B! 8+,('76)! ;4B! (=)! 846+76)! )U1B)88,4&! 4;! (=)! B)<4*7,&'&(! 1B4(),&!
TM445)&744*! $7! /%8R! ".."g$! L=,8! ,8! ,&! <4&(B'8(!_,(=! 1='5)! 2)<(4B8R!_=,<=! ='2)! 64_! <41-!
&+*7)B8! '&0! '! _)'^! 5C1! 1B4*4()B$! %&4(=)B! '02'&('5)! 4;! (=)! 1='5)*,0! ,8! ,(8! 5)&)(,<!
8('7,6,(-!'&0!B)6'(,2)!B)8,8('&<)!(4!0)6)(,4&8!4;!)U45)&4+8!5)&)(,<!*'()B,'6$!@='5)!2)<(4B8R!
4&!(=)!4(=)B!='&0R!()&0!(4!0)6)()!;4B),5&!:H%!0+)!(4!(=)!8)6)<(,2)!5B4_(=!'02'&('5)!4;!'!
8*'66)B!1='5)!5)&4*)$!L=)!*'c4B!'02'&('5)!4;!1='5)!2)<(4B8!,8!(=),B!41)B'(,4&'6!;'<,6,(-$!
L=,8!,8!7)<'+8)!(=)-!04!&4(!B)`+,B)!=)61)B!1='5)!'&0!(=)B);4B)!)6,*,&'()!'66!(=)!()<=&,<'6!
1B4<)0+B)8!,&2462)0!_,(=!=)61)B!1='5)!,&;)<(,4&$!L=,8!*'^)8!(=)*!*4B)!8+,('76)!;4B!=,5=Q
(=B4+5=1+(! 8)6)<(,4&! 1B4<)0+B)8! TM'6674B&! '&0! 3'B6884&R! >FF>g$! G)<4&06-R! +8,&5! 1###! ;4B!
;+8,4&!'&0!&4(!('^,&5!,&(4!'<<4+&(!)2)&(+'6!1B4()46-8,8R!1='5)!1'B(,<6)8!'B)!'76)!(4!0,816'-!
;,2)! <41,)8! 4;! (=)! B)<4*7,&'&(! *46)<+6)$! L=,8! ,8! <4&(B'B-! (4! 1='5)*,0! 2)<(4B8R! _=48)!
=)()B45)&)4+8! 5)&)(,<! &'(+B)! 04)8! &4(! 5+'B'&())! (=)! )U1B)88,4&! 4;! (=)! ;,2)! <41,)8$! %8! '!
B)8+6(R!,&!'!8)6)<(,4&!1B4<)88R!1='5)!2)<(4B8!6)'0!(4!(=)!B)<42)B-!4;!'!5B)'()B!&+*7)B!'&0!'!
*4B)! 0,2)B8)! 1446! 4;! 7,&0)B8R! _=)B)'8! 1='5)*,0! 2)<(4B8! 6)'0! (4! (=)! 8)6)<(,4&! 4;! ;)_)B!
+&,`+)!7,&0)B8$!%8!'!<4+&()B7'6'&<)R!=4_)2)BR!(=)!B)8+6(,&5!7,&0)B8!;B4*!1='5)!8)6)<(,4&!
='2)! 64_)B! ';;,&,(-R! _=)B)'8! 1='5)*,0! 8)6)<(,4&! 6)'08! (4! (=)! ,846'(,4&! 4;! =,5=)B! ';;,&,(-!
7,&0)B8!TM+,)!$7!/%8R!>FF"g$!
!
!

!"?"@"+"&D68:5%9&-.&%2(61-79&561)%)6,8&
!
L=)!+8)!4;!1='5)!0,816'-! ()<=&4645-! ;4B! (=)!0,816'-!4;! '!2'8(!'&(,740-! B)1)B(4,B)! ;4B! (=)!
B47+8(!8<B))&,&5!4B!8)6)<(,4&!4;!'!2'B,)(-!4;!('B5)(!'&(,5)&8!'&0!B'1,0!B)<42)B-!4;!81)<,;,<!
'&(,740-!<'&0,0'()8R!;,B8(!0)2)641)0!7-!IB)5!f,&()B!'&0!X,<='B0!E)B&)B!T[<3';;)B(-!$7!/%8R!
"..Fh! /'B7'8! $7! /%8R! ".."gR! ,8! 'B5+'76-! 4&)! 4;! (=)!*48(! 8+<<)88;+6! +8)8! 4;! (=,8! ()<=&,`+)!
(40'-$!%&(,740,)8!_,(=!';;,&,(,)8!<4*1'B'76)!(4!(=48)!47(',&)0!+8,&5!(B'0,(,4&'6!=-7B,04*'!
()<=&4645-! <'&!7)! 8)6)<()0! ;B4*!1='5)!0,816'-! 6,7B'B,)8R! '&0! (=),B! ';;,&,(-! <'&!7)! ;+B(=)B!
,&<B)'8)0! 7-! +8,&5! (=)! 8)6)<()0! '&(,740,)8! ;4B! 8+78)`+)&(! 6,7B'B-! <4&8(B+<(,4&! '&0!
8)6)<(,4&$! ! #&! (=,8! _'-R! 1='5)! 0,816'-! ='8! 1B40+<)0! '&(,740,)8! _,(=! 41(,*,J)0! ';;,&,(,)8!
T/B'07+B-!'&0!['B^8R!>FFAg$!!
!
L=)B)! 'B)! (_4! (-1)8! 4;! &'(+B'6! 1='5)! 0,816'-! 6,7B'B,)8N! &',2)! '&0! ,**+&)$! L=)! &',2)!
6,7B'B,)8!'B)!0)B,2)0!;B4*!&'(+B'6!+&,**+&,J)0!B)'BB'&5)0!]!5)&)8!<4&(',&,&5!*48(6-!#5[!
,84(-1)8!T['B^8!$7!/%8R!".."h!G76'(()B4!'&0!/B'07+B-R!>FFFgR!8-&(=)(,<!]!5)&)8!TIB,;;,(=8!$7!
/%$R! "..Ah! H,88,*! $7! /%8R! "..Ag! 4B! 8=+;;6)0! ]! 5)&)8! TG40)B6,&0! $7! /%8R! >FFFg$! #**+&,J)0!
6,7B'B,)8! 'B)! <B)'()0! ;B4*! ,**+&,J)0! =+*'&8! 4B! '&,*'68R! <4&(',&! *48(6-! #5I! ,84(-1)8!
T/'B7'8!$7!/%8R!".."h!\B+*!$7!/%8R!"..CgR!='2)!'!8(B4&5!7,'8!(4_'B0!'&(,740,)8!4;!'!<)B(',&!
81)<,;,<,(-R!'&0!='2)!*+<=!=,5=)B!';;,&,(,)8!;4B!(=)!'&(,5)&!+8)0$!#&!'00,(,4&!(4!(=)!&'(+B'6!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
>!%!=,5=!<41-!&+*7)B!16'8*,0!='8!v>FF!<41,)8!1)B!<)66!*$(&B&!'!64_!<41-!&+*7)B!16'8*,0!
='2,&5!"Q>F!<41,)8!1)B!<)66!TOB,)=8R!>FFAg!



! CC!

6,7B'B,)8R! (=)B)!&4_!)U,8(!8-&(=)(,<!4B!8)*,Q8-&(=)(,<!1='5)!0,816'-! 6,7B'B,)8! ,&!_=,<=!(=)!
0,2)B8,(-!4;!3:X!B)5,4&8!,8!,&<B)'8)0!8-&(=)(,<'66-!7-!8,()Q0,B)<()0!*+('5)&)8,8!T/'B7'8!$7!
/%8R!"..Ch!f)7)B!$7!/%8R!>F"Ag$!!
!
L=)! 8+<<)88! 4;! '&-! 1='5)! 0,816'-! )U1)B,*)&(! (4! -,)60! =,5=! `+'6,(-! '&(,740-! <'&0,0'()8!
0)1)&08!4&!(=)!8,J)!4;!(=)!6,7B'B-!'&0!(=)!0,2)B8,(-!4;!(=)!1B)8)&()0!'&(,740,)8$!L=)!8,J)!4;!
'&(,740-! 1='5)! 0,816'-! 6,7B'B,)8! 5)&)B'66-! B'&5)8! ;B4*! "F9! (4! "F"F! T3=B,8(! $7! /%8R! >FF9g$!
%&(,740-!6,7B'B,)8!'B)!<4&8(B+<()0!7-!(=)!81)<,;,<!'*16,;,<'(,4&!4;!,**+&45647+6,&!]E!'&0!
]M!5)&)8! ;B4*!/! 6-*1=4<-()8!2,'!146-*)B'8)!<=',&!B)'<(,4&!T@3Xg$!L=)!0)8,5&!4;!1B,*)B!
8)(8!('B5)(,&5!(=)!*48(!1488,76)! ,**+&45647+6,&!8)`+)&<)8!,8!(=)B);4B)!=,5=6-! ,&;6+)&(,'6!
(4! (=)! 6,7B'B-! 0,2)B8,(-$! L=)! '*16,;,)0! ]E! '&0! ]M! 'B)! 8+78)`+)&(6-! '88)*76)0! (45)(=)BR!
<64&)0!,&(4!'&!'11B41B,'()!2)<(4B!'&0!(B'&8;4B*)0!,&(4!7'<()B,'!;4B!;,&'6!1='5)!1B40+<(,4&$!
L=)!<64&,&5!'&0!(B'&8;4B*'(,4&8!8()18!'B)!'684!4;!<B+<,'6!,*14B('&<)!;4B!(=)!*',&(',&,&5!4;!
6,7B'B-!0,2)B8,(-!T3=B,8(!$7!/%R!>FF9g$!!
!
#&!5)&)B'6R!(=)!'88)*76)0!'&(,740-!;B'5*)&(!<'&!7)!,&!),(=)B!4;!(_4!;4B*8N!O'7!4B!8<O2R!'&0!
(=)! <=4,<)! 4;! _=,<=! ;4B*! (4! +8)! ,8! 0)1)&0)&(! 4&! 1B'<(,<'6! <4&8,0)B'(,4&8$! L=)! 5)&)B'6!
'02'&('5)!4;!+8,&5!O'78!,8!(=)!1488,7,6,(-!4;!(=),B!<4&2)B8,4&!,&(4!;+66!6)&5(=!#5I8!;4B!;+B(=)B!
'116,<'(,4&8$! M4_)2)BR! O'78! 'B)!*4B)! 0,;;,<+6(! (4! '88)*76)R! *4B)! 6,^)6-! (4! 7)! 0)5B'0)0R!
='2)! 64_)B! -,)608! '8! 846+76)! ;B'5*)&(8R! '&0! 64_)B!:H%! 8('7,6,(-! 0+)! (4! (=),B! 6'B5)B! 8,J)!
T/'B7'8!$7! /%8R! >FF"h!X4(=6,87)B5)B!$7! /%8R! >FFDg$! 34&8,0)B,&5! (=)8)!1'B'*)()B8R! 8<O28! 'B)!
7)(()B!<'&0,0'()8!;4B!6,7B'B-!<4&8(B+<(,4&$!L=)B)!,8!=4_)2)B!'!*',&!0,8'02'&('5)!4;!+8,&5!
8<O28R!_=,<=!,8!(=),B!()&0)&<-!(4!T,g!0,*)B,J)!'&0!T,,g!'55B)5'()!,&(4!,&<6+8,4&!740,)8!4&<)!
)U1B)88)0!,&!846+76)!;4B*$!L=)!0,*)B,J'(,4&!4<<+B8!_=)&!(=)!]M!4;!4&)!8<O2!,&()B'<(8!_,(=!
(=)!]E!4;!'&4(=)B$!L=,8!);;)<(!<'&!7)!B)0+<)0!7-!,&<B)'8,&5!(=)!6)&5(=!4;!(=)!6,&^)B!(4!*4B)!
(='&!>F!'*,&4!'<,08R!=4_)2)BR!,(!,8!0,;;,<+6(!(4!)6,*,&'()!<4*1)()6-!'&0!(=)!1+B,;,<'(,4&!4;!
*4&4*)B,<! 8<O2! ,8! +8+'66-! B)`+,B)0! T/B'07+B-! '&0! ['B^8R! >FFAg$! L=)! ;4B*'(,4&! 4;!
,&<6+8,4&! 740,)8! 0+B,&5! (=)! 846+76)! )U1B)88,4&! 4;! 8<O2R! 4&! (=)! 4(=)B! ='&0R! ,8! 8)`+)&<)Q
0)1)&0)&(!'&0!<'&!7)!<,B<+*2)&()0!_,(=!'11B41B,'()!)U1B)88,4&!8-8()*8!T/)&!H'-'!$7!/%8R!
>F"Cg$!!
!
!
L=)! '7,6,(-! 4;! (=)! 1='5)! 0,816'-! ()<=&4645-! (4! 1B40+<)! '&(,740-! 6,7B'B,)8! '11B4U,*'(,&5!
(=)! &'(+B'6! 8,J)! '&0! 0,2)B8,(-! 4;! ,**+&)! B)1)B(4,B)8! ='8! 6)'0! B)8)'B<=)B8! (4! ('^)!
'02'&('5)!4;!(=)!'2',6'7,6,(-!4;!8+<=!6,7B'B,)8!(4!1)B;4B*!,**+&)!B)1)B(4,B)!8(+0,)8$!L=)8)!
8(+0,)8!+8+'66-!,&2462)!(=)!8)`+)&<,&5!4;! 6'B5)!8'*16)8!4;!'&(,740,)8!2,'!=,5=!(=B4+5=4+(!
8)`+)&<,&5$!L=)!;4664_,&5!8)<(,4&!0)8<B,7)8!'!&+*7)B!4;!8+<=!8(+0,)8$!
!
!
!

37N7&3BBC*%&0%D%E+'FE%&;+CIF%,&
!
L=)!(4('6!&+*7)B!4;!'&(,740-!81)<,;,<,(,)8!4;!'&!,&0,2,0+'6!,8!^&4_&!'8!(=)!,**+&45647+6,&!
4B! ,**+&)!B)1)B(4,B)$!%8! ,(!_'8!0,8<+88)0! ,&!8)<(,4&!#$"$3$7R! (=,8!0,2)B8,(-! ,8!1B40+<)0!7-!
5)&)! B)'BB'&5)*)&(! ,&! (=)! ,**+&45647+6,&! 2'B,'76)! B)5,4&8! '&0! *)/! '! 8)B,)8! 4;! )2)&(8!



! CA!

4<<+BB,&5! ';()B! (=)! B)<45&,(,4&! 4;! '&! '&(,5)&! 7-! '&! ,**+&45647+6,&$! L=)B)! ,8! ,&<B)'8,&5!
)2,0)&<)R!=4_)2)BR!(='(!(=)!,**+&)!B)1)B(4,B)!0,2)B8,(-!4;!)'<=!,&0,2,0+'6!,8!0)1)&0)&(!4&!
*'&-!0,;;)B)&(! ;'<(4B8! ,&;6+)&<,&5! (=)! ,&0,2,0+'6S8! ,**+&)!B)814&8)$!L=)8)! ;'<(4B8!B'&5)!
;B4*! '5)! '&0! 8)U! Tf'&5! $7! /%8R! >F"Ah! I,);,&5QbB466! $7! /%8R! >F"DgR! 8+8<)1(,7,6,(-! (4!
'+(4,**+&)! 0,8)'8)8! TO)BB),B'! $7! /%8R! >FF.gR! ,**+&45)&,<! )2)&(8! 8+<=! '8! ,&;)<(,4&! 4B!
2'<<,&'(,4&!T@'B'*)8_'B'&!$7!/%8R!>F"Ch!a'<^84&!$7!/%8R!>F"AgR!'&0!<'&<)B!TY+<^)B*'&!$7!/%8R!
>F"Fg$!G)`+)&<,&5!4;!(=)!,**+&)!B)1)B(4,B)!+&0)B!0,;;)B)&(!,**+&4645,<'6!8('()8!1B42,0)8!
'!0))1)B!+&0)B8('&0,&5!4;! (=)! )U1B)88)0! '&0! <4&8('&(6-! )2462,&5!&'(+B)!4;! (=)! '&(,740-!
B)1)B(4,B)! '&0! )&'76)8! (=)! <='B'<()B,J'(,4&! 4;! (=,8! <4*16)U! 8-8()*$! H)_! 5)&)B'(,4&!
8)`+)&<,&5! THIGg! ()<=&4645,)8! ;4B! 1)B;4B*,&5! =,5=Q(=B4+5=1+(! 8)`+)&<,&5! TMLGg! ='2)!
<4&(B,7+()0!'!5B)'(!0)'6!(4!,**+&)!B)1)B(4,B)!8(+0,)8!TO,8<=)BR!>F""h!a'<^84&!$7!/%8R!>F"Cg$!
!
L4!5,2)!'!&+*7)B!4;!)U'*16)8R! (=)!5B4+1!4;!IB)55!G,62)B*'&!='8!8(+0,)0!(=)! ,&;6+)&<)!4;!
(=)! /! <)66! 8+1)B'&(,5)&! 1B4(),&! E! T@1Eg! ;B4*! W).$C,%')/! -/C./! 4&! (=)! =48(! ,**+&)!
B)814&8)! '&0! ='8! 8=4_&! 7-! HIG! (='(! (=,8! ]E! ('B5)()0!*,<B47,'6! 8+1)B'&(,5)&! ,&0+<)8! '!
5647'6!8=,;(!,&!(=)!/!<)66!B)1)B(4,B)!TIB4&_'66!$7!/%8R!>F">g$!%!0,;;)B)&(!8(+0-!='8!+8)0!HIG!(4!
8=4_! (='(! (=)B)! 'B)! '! &+*7)B! 4;! 0,;;)B)&<)8! ,&! (=)! ]M! 5)&)! B)1)B(4,B)! 4;! 1'(,)&(8! _,(=!
<=B4&,<! <='5'8S! =)'B(! 0,8)'8)! '8! <4*1'B)0! _,(=! (=)! B)1)B(4,B)! 4;! =)'6(=-! ,&0,2,0+'68!
TIB,114! $7! /%8R! >FF.g$! %8! '! ;,&'6! )U'*16)R! (=)! 5B4+1! 4;! :,*,()B! :,*,(B42! ='8! +8)0! (=,8!
*)(=40!(4!0)*4&8(B'()!'!&+*7)B!4;!0,;;)B)&<)8!,&!(=)!'&(,740-!B)1)B(4,B)!4;!=+*'&!<4B0!
76440!<)668!,&!&)4&'()8!'8!<4*1'B)0!_,(=!(=)!B)1)B(4,B)8!4;!'0+6(!8+7c)<(8!T@B'7'^'B'&!$7!
/%8R!>F">g$!
!
H4(! 4&6-! ='8! HIG! )U1'&0)0! 4+B! ^&4_6)05)! '74+(! (=)! &'(+B)! 4;! 0,;;)B)&(! ,**+&)!
B)1)B(4,B)8R!7+(!,(!='8!'684!41)&)0!&)_!044B8!(4!&+*)B4+8!4(=)B!'116,<'(,4&8$!#(!='8!6)0!(4!
(=)!0,8<42)B-!4;!&)_!'66)6)8!4;!(=)!]!B)5,4&!4;!,**+&45647+6,&8!T/4-0!$7!/%8R!>F"Fh!I'0'6'Q
['B,'! $7! /%8R! >F"Dg$! #(! ='8! )&'76)0! (=)! 7-1'88,&5! 4;! 8<B))&,&5! 1B4<)0+B)8! ';()B! '&(,740-!
8)6)<(,4&!7-!(=)!8)`+)&<,&5!4;!(=)!1446!4;!8)6)<()0!'&(,740,)8!'&0!(=)!2,8+'6,J'(,4&!4;!(=)!
=,5=6-!146'B,J)0!<64&)8!TX)00-!$7!/%8R!>F"FgR!4B!(=)!7-1'88,&5!4;!).!*)7(,!8)6)<(,4&!'6(45)(=)B!
7-!1)B;4B*,&5!'&!).!&)%)#,!8)6)<(,4&!7-!*46)<+6'B!04<^,&5!*)(=408!TX'2&!$7!/%8R!>F"Fg$!HIG!
='8! '684! 6)0! (4! (=)! 7)(()B! <='B'<()B,J'(,4&! 4;! (=)! <4&()&(! '&0! `+'6,(-! 4;! 1='5)! 0,816'-!
6,7B'B,)8!7-!'!*4B)!(=4B4+5=!2'6,0'(,4&!4;!(=)!6,7B'B-!0,2)B8,(-!TI6'&2,66)!$7!/%8R!>FF.g$!#(!,8!
,*14B('&(!(4!&4()R!=4_)2)BR!(='(!HIG!16'(;4B*8!'B)!1B4&)!(4!'!=,5=)B!)BB4B!B'()!<4*1'B)0!
(4! <4&2)&(,4&'6! G'&5)B! 8)`+)&<,&5!*)(=408R!_=,<=!&))08! (4! 7)! ('^)&! ,&(4! <4&8,0)B'(,4&!
0+B,&5!(=)!'&'6-8,8!4;!(=)!0'('!Tb,B<=)B!'&0!b)684R!>F"Fg$!H)2)B(=)6)88R!HIG!='8!7)<4*)!'&!
)U(B)*)6-!14_)B;+6!(446!,&!B)1)B(4,B)!'&'6-8)8!'&0!_,66!<4&(,&+)!(4!B)246+(,4&,J)!'&(,740-!
B)8)'B<=!'&0!0,8<42)B-$!
!
!
!

37O7& -%*%E"+F'*& '(& IFJ%E,F+KP& )'*,+ECH+F'*& '(& "*+F#'IK& $F#E"EF%,&
E%DE%,%*+F*M&('CE&FBBC*%&E%D%E+'FE%,&

!
#&! (=)! 1B)8)&(! _4B^R! _)! ='2)! +(,6,J)0! (=)! 1='5)! 0,816'-! ()<=&4645-! ,&! 7+,60,&5! ;4+B!
'&(,740-!6,7B'B,)8!;B4*!*+B,&)!*40)68!4;!0,;;)B)&(!5)&)(,<!7'<^5B4+&0!'&0!,**+&)!8('(+8R!















Primer Sequence 
IgK GGG TGA AGT TGA TGT CTT GTG AGT GGC 
IgL GCA GGA GAC AGA CTC TTC TCC AC 
IgG1 GTG GGA GAG GCT CTT CTC AGT ATG GTG G 
IgG2a ACC CGG AGT CCG GGA GAA GCT CTT AGT CGT GTG G 
IgG2b ACC CGG AGA CCG GGA GAT GGT C 
IgG3 GTT ATG GAG AGC CTC ATG CAC CAC GG 



! A>!

f)!='2)!<=48)&!(4!,&<6+0)!'66!B);)B)&<)0!5)B*6,&)!8)`+)&<)8!,&!4+B!'6,5&*)&(!,&!4B0)B!(4!
'24,0! (=)! )U<6+8,4&! 4;! '&-! 14()&(,'6! 8)`+)&<)8! (='(! ='2)! &4(! -)(! 7))&! <64&)0$!f)! ='2)!
8)6)<()0R! =4_)2)BR! 4&6-! ;+&<(,4&'6! 4B!1B40+<(,2)! 8)`+)&<)8! T41)&! B)'0,&5! ;B'*)!_,(=4+(!
8(41! <404&8! '&0! _,(=! &4B*'6! 816,<,&5g$! V'<=! 4;! (=)! ,**+&45647+6,&! 2'B,'76)! 5)&)!
8+75B4+18R! #Ib]! T".! 0,8(,&<(! 8+75B4+18gR! #IE]! T>! 0,8(,&<(! 8+75B4+18gR! '&0! #IM]! T"D!
0,8(,&<(!8+75B4+18gR!,8!B)(B,)2)0!,&0)1)&0)&(6-$!L=,8!,8!1)B;4B*)0!7-!8)6)<(,&5!(=)!81)<,)8!
4;!UB&!-B&#B%B&!,&!(=)!0'('7'8)R!8)6)<(,&5!(=)!41(,4&!4;!5)B*6,&)!8)`+)&<)8R!(=)&!8)6)<(,&5!
),(=)B!#5QM)'2-!4B!#5QE,5=(!'&0!04,&5!'!1B,*'B-!8)'B<=$!L=)&R!_)!;4<'6,J)!(=)!8)'B<=!4+(1+(!
7-!8)6)<(,&5!(=)!u*4B)!8)6)<(,4&u!41(,4&!'&0!81)<,;-,&5!'!8+75B4+1!'(!)'<=!(,*)$!!
!
O,&'66-R!_)!8)6)<(! ;4B! (=)!8+7Q8)`+)&<)!4;!EQ@%XL"!'&0!<4&;,&)!4+B!8)'B<=!4+(1+(! (4! (=,8!
B)5,4&$! L=)! 8)`+)&<)8! 4+(1+(()0! 7-! (=)! 0'('7'8)! ;4B! )'<=! 8+75B4+1! 'B)! '6,5&)0! '&0!
8+70,2,0)0!,&(4!8*'66)B!<6+8()B8!7'8)0!4&!(=),B!1)B<)&('5)!4;!,0)&(,(-!Tv9Krg$!%!&+*7)B!4;!
0)5)&)B'()! 46,54&+<6)4(,0)! 1B,*)B8! 'B)! 0)8,5&)0! ;4B! )'<=! 4;! (=)8)! <6+8()B8! 7'8)0! 4&! (=)!
;4664_,&5!<B,()B,'N!)P!(=)!6)&5(=!4;!(=)!8)`+)&<)8!,8!7)(_))&!"DQ>F!7'8)!1',B8R!))P!*4B)!(='&!
DFr!4;!)'<=!8)`+)&<)!<4&8,8(8!4;!I3!7'8)!1',B8R!'&0! )))P! (=)! 6)2)6!4;!0)5)&)B'<-! ;4B!)'<=!
1B,*)B! ,8! 6)88! (='&! C>r$! #&! (=,8! *'&&)BR! (=)! )&8)*76)! 4;! (=)! 0)8,5&)0! 46,54&+<6)4(,0)!
1B,*)B8!<42)B8!(=)!)&(,B)(-!4;! (=)! ,**+&45647+6,&!8)`+)&<)8!1B)8)&(! ,&!(=)!#[ILQE#I[Q
:/!0'('7'8)$!!
!
O4B!(=)!'*16,;,<'(,4&!4;!#IM]!5)&)8R!_)!='2)!0)8,5&)0!".!1B,*)B8!_,(=!'!(4('6!0)5)&)B'<-!
;'<(4B!4;!K.$!O4B!#Ib]!_)!='2)!0)8,5&)0!CF!1B,*)B8!_,(=!'!(4('6!0)5)&)B'<-!;'<(4B!4;!>AF$!
O,&'66-R! ;4B! #IE]!_)!='2)!+8)0!>!1B,*)B8!_,(=!'!0)5)&)B'<-! ;'<(4B!4;!C$!L=)!0)8,5&)0!EQ
@%XL"!1B,*)B8!'B)!,&<6+0)0!,&!(=)!%&&)U)8!TL'76)!%$"$g$!L=)!CS!4+()B!1B,*)B8!;4B!@3X"!'B)!
(=)!8'*)!1B,*)B8!+8)0!;4B!(=)!B)2)B8)!(B'&8<B,1(,4&!4;!<:H%!('B5)(,&5!(=)!<4&8('&(!B)5,4&8!
4;!,**+&45647+6,&!5)&)8!TL'76)!Ag$!!
!
L=)!,&&)B!1B,*)B8!;4B!(=)!&)8()0!'*16,;,<'(,4&!8()1!T@3X>g!('B5)(!8)`+)&<)8!,&!OX"!'(!(=)!
DS! )U(B)*,(-R! '&0! 8)`+)&<)8! ,&! OXA! '(! (=)! CS! )U(B)*,(-$! L=)! DS! OX"! 1B,*)B8! ;4B! (=)!
'*16,;,<'(,4&! 4;! (=)! =)'2-! <=',&! '&0! (=)! 6,5=(! <=',&! p! '&0! q! 'B)! ,&81,B)0! 7-! '! 1B)2,4+8!
B)14B(! TV884&4!$7! /%8R! >FFCg$! L=)8)!1B,*)B8!='2)!7))&!&)2)B(=)6)88!*40,;,)0! ,&! 4B0)B! (4!
B);6)<(! '&! +10'()0! '&'6-8,8! 4;! (=)! 8)`+)&<)8! '2',6'76)! ,&! (=)! #[IL~! 0'('7'8)! '&0! (4!
,&<6+0)!'!8)5*)&(!4;!(=)!6,&^)B!8)`+)&<)!+8)0!(4!'88)*76)!(=)!8<O2!;B'5*)&(8!'&0!(=)!G;,#!
B)8(B,<(,4&! 8,()! &))0)0! ;4B! (=)! <64&,&5! 1B4<)88! TL'76)! %$>$! ,&! (=)! %&&)U)8g$! L=)! CS! OXA!
1B,*)B8!;4B!(=)!'*16,;,<'(,4&!4;!=)'2-!<=',&!'&0!6,5=(!<=',&8!p!'&0!q!'B)!,&81,B)0!;B4*!(=)!
46,54&+<6)4(,0)8! B)14B()0! 7-! @6+)<^(=+&S8! 5B4+1! TbB)77)B! $7! /%8R! "..?g$! L=)8)! 1B,*)B8!
='2)! '684! 7))&! B)0)8,5&)0! '&0! 1B)2,4+86-! 1+76,8=)0! 7-! +8! TG='=8'2'B,'&! $7! /%8R! >F"Ag!
TL'76)!%$C$!,&!(=)!%&&)U)8g$!L=)B);4B)R!,&!(=)!&)8()0!@3X!B)'<(,4&R!81)<,;,<!(4!OX"R!_)!='2)!
0)8,5&)0!'!(4('6!&+*7)B!4;!CD!#Ib]!1B,*)B8!_,(=!'!(4('6!0)5)&)B'<-!;'<(4B!4;!A9FR!'!8,&56)!
#IE]!_,(=!'!0)5)&)B'<-! ;'<(4B!4;!"R!'&0!"D!#IM]!1B,*)B8!_,(=!'!0)5)&)B'<-! ;'<(4B!4;!D9$!
L=)!1B,*)B8!81)<,;,<! (4!OXA!='2)!+&,`+)!8)`+)&<)8!'&0!<4&8,8(!4;!D!1B,*)B8! ;4B!(=)! 6,5=(!
<=',&8!p!'&0!q!<4*7,&)0R!'&0!A!1B,*)B8!;4B!(=)!=)'2-!<=',&$!!
!
!









! A9!

#&!'&!'(()*1(!(4!,&<B)'8)!(=)!8,J)!4;!4+B!6,7B'B,)8R!(4!7)!'76)!(4!='2)!'!7)(()B!'11B4U,*'(,4&!
4;! (=)! *4+8)! '&(,740-! B)1)B(4,B)R! _)! ='2)! ;4<+8)0! 4&! ,*1B42,&5! (=)! );;,<,)&<-! 4;! (=)!
B)8(B,<(,4&! 0,5)8(,4&! 4;! (=)! 8<O2! ;B'5*)&(8! 7-! +8,&5! (=)! ()<=&,`+)! 4;! B466,&5! <,B<6)!
'*16,;,<'(,4&!TX3%g$!#&0))0R!(=)!0,5)8(,4&!8()1!4;!8<O2!;B'5*)&(8!,8!'!6,*,(,&5!8()1!,&!6,7B'B-!
<4&8(B+<(,4&$!L=,8!,8!0+)!(4!(=)!,&);;,<,)&<-!4;!(=)!0,5)8(,4&!B)'<(,4&!0+)!(4!(=)!B)8(B,<(,4&!
8,()8! 7),&5! '(! (=)! )U(B)*,(,)8! 4;! (=)! 8<O2! ;B'5*)&(8$! L=,8! *)'&8! (='(! (=)! B)8(B,<(,4&!
)&J-*)8!04!&4(!='2)!8+;;,<,)&(!8)`+)&<)!6)&5(=!,&!4B0)B!(4!7,&0!(4!(=),B!8,()8$!e8,&5!X3%!(4!
'*16,;-!8<O2!8)`+)&<)8!,&!('&0)*!B)1)'(8R!16'<)8!(=)!B)8(B,<(,4&!8,()8!,&!(=)!*,006)!4;!(=)!
64&5! 8)`+)&<)! '&0! (=)B);4B)! ,&<B)'8)8! (=)! );;,<,)&<-! 4;! (=)! 0,5)8(,4&! B)'<(,4&$! X3%! ,8! '&!
,84(=)B*'6!:H%!'*16,;,<'(,4&!1B4<)0+B)!*)0,'()0!7-!84*)!:H%!146-*)B'8)8R!_=,<=!<'&!
5)&)B'()! '! 64&5! 8,&56)Q8(B'&0)0! T88g! 6,&)'B! :H%! *46)<+6)! ;B4*! '! 8=4B(! <,B<+6'B! 88:H%!
()*16'()! 7-! +8,&5! '! 8,&56)! :H%! 1B,*)B! TO,B)! '&0! Z+R! "..Dg$! L=,8! (-1)! 4;! B)16,<'(,4&!
,&2462)8! (=)! 5)&)B'(,4&! 4;! '! 8,()Q81)<,;,<! &,<^! 7-! (=)! 16'8*,0! )&<40)0! ,&,(,'(4B! TX)1g!
1B4(),&8!'(!(=)!16'8*,0!6)'0,&5!8(B'&0!4B,5,&R!;4664_)0!7-!<42'6)&(!)U()&8,4&!4;!(=)!CS!\M!
)&0!7-!:H%!146-*)B'8)!Tb='&R!"..?g$!G,&<)!,(8!0,8<42)B-!,&!(=)!"..FS8R!X3%!='8!7))&!+8)0!
'8! '!*)(=40! ;4B! (=)! '*16,;,<'(,4&! 4;! 8*'66! <,B<+6'B! :H%! ()*16'()8! TÅ>FF! &+<6)4(,0)8! ,&!
8,J)g!_,(=!_,0)QB'&5,&5!'116,<'(,4&8!,&!5)&4*,<8!TY='&5!$7!/%8R!"..KgR!1B4()4*,<8!T3=)&5!$7!
/%8R! >F"FgR! 0,'5&48(,<8! T:,&5!$7! /%8R! >F">gR! 7,48)&8,&5! T/'&ÇB!$7! /%8R! "..KgR! 0B+5!0,8<42)B-!
'&0! &'&4()<=&4645-! TY='4! $7! /%8R! >FFKg$! #&! *+6(,16-Q1B,*)0! X3%R! (=)! 146-*)B,J'(,4&!
1B4<)88! ,8! 1B,*)0! 7-! )U4&+<6)'8)QB)8,8('&(! B'&04*! =)U'*)B8! (='(! 7,&0! (4! *+6(,16)!
64<'(,4&8!4&!(=)!<,B<+6'B!()*16'()!:H%R!5)&)B'(,&5!*+6(,16)!B)16,<'(,4&!;4B^8!T:)'&!$7!/%8R!
>FF"g$!L=)!*)(=40!,&2462)8!(=)!1=,>.!:H%!146-*)B'8)!;B4*!7'<()B,41='5)R!'!8('76)R!=,5=Q
;,0)6,(-!)&J-*)!_,(=!=,5=!1B4<)88,2,(-!'&0!1B44;B)'0,&5!'<(,2,(-$!/-!+8,&5!*+6(,16-Q1B,*)0!
X3%R! <,B<+6'B!:H%! ()*16'()8!<'&!7)!)U14&)&(,'66-!'*16,;,)0!+1! (4!"F?Q;460! TH)684&!$7!/%8R!
>FF>g$!
!
%!<,B<+6'B!()*16'()!,8!B)`+,B)0!;4B!(=)!X3%!B)'<(,4&!T/6'&<4!$7!/%8R!".K.g$!L4!*'^)!'!6,&)'B!
8<O2!,&(4!<,B<+6'B!;4B*R!(=)!8<O2!;B'5*)&(8!'B)!6,5'()0!4&(4!(=)*8)62)8$!L=)!6,5'8)!)&J-*)!
*+8(!7,&0!(4!(=)!1=481=40,)8()B!74&0!7)(_))&!(=)!DS!'&0!CS!8)`+)&<)8!4;!(=)!(_4!04+76)!
8(B'&08$!M)&<)R!,(!,8!&)<)88'B-!(4!+8)!G<!1B,*)B8!T8<O4B!'&0!8</'<^g!1=481=4B-6'()0!'(!(=),B!
DS!)&0!0+B,&5!G\VQ@3X$!3,B<+6'B,J)0!8<O2!8)`+)&<)8!'<(!'8! ()*16'()8! ;4B!'*16,;,<'(,4&!7-!
(=)! 1=,>.! 146-*)B'8)! )&J-*)$! L=,8! 146-*)B'8)! 1B40+<)8! '! 8,&56)! 8(B'&0)0! 6,&)'B!
'*16,;,<'()! <4&(',&,&5! '! &+*7)B! 4;! B)1)'(8! 4;! (=)! 8'*)! 8)`+)&<)8$! e8)! 4;! B'&04*!
=)U'*)B,<!1B,*)B8!'664_8! (=)! ,&,(,'(,4&!4;! (=)!'*16,;,<'(,4&!'(!8)2)B'6! 64<,! ,&! (=)!<,B<+6'B!
()*16'()!8)`+)&<)!TO,5+B)!>9g$!
!
!
!
!
!
!
!
!
!
!
!







! A.!

f)!='2)!1446)0!(=)!;4+B!6,7B'B,)8!(4!1B40+<)!'!8,&56)!6'B5)!,**+&)!B)1)B(4,B)!'&0!8,*16,;-!
;+B(=)B!8)6)<(,4&!8()18$!#&!4B0)B!(4!7)!'76)!(4!,0)&(,;-!(=)!6,7B'B-!4B,5,&!4;!)'<=!14()&(,'66-!
8)6)<()0! <64&)! ,&! (=,8! 1446R! _)! ='2)! *40,;,)0! (=)! 2)<(4B! 1%b"FF! ,&! 4B0)B! (4! ='2)! ;4+B!
86,5=(6-!0,;;)B)&(!7+(!0,8(,&5+,8='76)!1='5)*,08!(4!+8)!;4B!<64&,&5!(=)!'&(,740-!5)&)8$!f)!
='2)! <4&8(B+<()0! C!*40,;,)0! 2)<(4B8! T1%b"F"R! 1%b"F>R! '&0! 1%b"FCg! 7'8)0! 4&! (=)!_,60!
(-1)!=48(!2)<(4B!1%b"FF$!O4B!)'<=!*40,;,)0!2)<(4B!'!8,&56)!B)8(B,<(,4&!8,()!,8!)6,*,&'()0!2,'!
&+<6)4(,0)!0)6)(,4&$!L=)!B)8(B,<(,4&!8,()!b1&#!,8!)6,*,&'()0!;4B!(=)!1='5)*,0!1%b"F"R!V<4X#!
;4B! 1%b"F>R! '&0! /8(V##! ;4B! 1%b"FC$! L=)! &',2)! /'67W3! 6,7B'B-! ,8! <64&)0! ,&(4! (=)! =48(!
1='5)*,0!1%b"F"R!(=)!,**+&,J)0!/'67W3!6,7B'B-!,&(4!1%b"F>R!(=)!&',2)!GaEWa!6,7B'B-!,&(4!
1%b"FFR!'&0!;,&'66-!(=)!,**+&,J)0!GaEWa!6,7B'B-!,&(4!1%b"FC$!f,(=!(=,8!*)(=404645-R!(=)!
8,J)!4;!(=)!*40,;,)0!1='5)*,08!B)*',&8!,&('<(R!_=,<=!1B)2)&(8!'&-!+&0)8,B)0!,&;6+)&<)!4&!
(=)! (B'&8;4B*'(,4&! 8()1! 0+B,&5! 6,7B'B-! <4&8(B+<(,4&! 4B! 4&! 1='5)! '*16,;,<'(,4&$! L=,8!
8(B'()5-! _,66! 8,*16,;-! ;+B(=)B! 8)6)<(,4&! 1B4<)0+B)8! 4B! '&-! 4(=)B! *'&,1+6'(,4&8! 4;! (=)!
'&(,740-! 6,7B'B-R! 7-! '664_,&5! '! +&,`+)! 8)6)<(,4&! 4&! '! 8,&56)! 1446)0! 6,7B'B-$! L=,8! ,8!
'<=,)2'76)!0+)!(4!(=)!1488,7,6,(-!4;!0,8(,&5+,8=,&5!7)(_))&!(=)!;4+B!2)<(4B8!7-!'!&+*7)B!4;!
8,*16)! B)8(B,<(,4&! 0,5)8(,4&! 8()18$! [4B)42)BR! ;4B! '! ;,B8(! 8<B))&,&5R! &4! 8)`+)&<,&5! ,8!
B)`+,B)0$!L=,8!,8!<4&(B'B-!(4!(=)!,&8)B(,4&!4;!&+<6)4(,0)!8)`+)&<)8!,&!(=)!2)<(4B8R!<4**4&6-!
^&4_&!'8!u7'BQ<40)8u$!
!
#&!(=,8!_'-R!(=)!)6,*,&'()0!B)8(B,<(,4&!8,()8!'<(!'8!+&,`+)!uB)8(B,<(,4&!7'BQ<40)8uR!_=,<=!<'&!
6)'0! (4! (=)! ,0)&(,;,<'(,4&!4;! (=)! 4B,5,&'6! 1='5)*,0! '&0! (=)B);4B)! (=)! ,0)&(,;,<'(,4&!4;! (=)!
6,7B'B-! (4! _=,<=! '! 8)6)<()0! '&(,740-! 7)64&58$! L=)! (=)4B)(,<'6! 1B4;,6)8! 4;! (=)! B)8(B,<(,4&!
0,5)8(,4&!4;! )'<=!1='5)*,0!_,(=! '&0!_,(=4+(! '&!'&(,740-! ,&8)B(! 'B)! 8=4_&! ,&! ;,5+B)!CF$!
L=)! )U1)B,*)&('6! 1B4;,6)8! 'B)! 8=4_&! _,(=! ,846'()0! <64&)8! ;B4*! (=)! 1446! 4;! (=)! ;4+B!
6,7B'B,)8R! 0)*4&8(B'(,&5! '&! ,0)&(,;,'76)! 1B4;,6)! '&0! B)2)'6,&5! 6,7B'B-! 4B,5,&! TO,5+B)! C"g$!
L=B))! B)8(B,<(,4&! 0,5)8(,4&! B)'<(,4&8! 'B)! 1)B;4B*)0! ;4B! )'<=! 8'*16)R! +8,&5! (=)! )&J-*)!
M,&0###!,&!'00,(,4&!(4!4&)!4;!(=)!(=B))!)&J-*)8!<4BB)814&0,&5!(4!(=)!)6,*,&'()0!B)8(B,<(,4&!
8,()8$!#&!(=,8!_'-R!(=)!1B4;,6)!_,(=!'!8,&56)!:H%!7'&0!B)2)'68!_=,<=!4;!(=)!B)8(B,<(,4&!8,()8!
='2)!7))&!)6,*,&'()0!'&0!(=)B);4B)!(4!_=,<=!6,7B'B-!(=)!<64&)!7)64&58$!!
!
O4B!)U'*16)R!;4B!'!<64&)!4B,5,&'(,&5!;B4*!(=)!&',2)!/'67W3!6,7B'B-R!;4B!_=,<=!(=)!1='5)*,0!
1%b"F"!_,(=! (=)!)6,*,&'()0!b1&#!B)8(B,<(,4&!8,()!='8!7))&!+8)0R! (=)!B)8(B,<(,4&!0,5)8(,4&!
1B4;,6)!_,(=!(=)!)&J-*)8!b1&#!'&0!M,&0###!_,66!0)*4&8(B'()!'!8,&56)!7'&0!<4BB)814&0,&5!(4!
(=)! 6,&)'B,J)0! 1='5)*,0$! L=)! B)8(B,<(,4&! 0,5)8(,4&! 4;! <64&)8! 8)6)<()0! ;B4*! (=)! C! 4(=)B!
6,7B'B,)8!+8,&5!(=)!8'*)!B)8(B,<(,4&!)&J-*)8!_,66! 6)'0!(4!>!8)1'B'()!<+(8! ,&! (=)!1='5)*,0!
'&0! (=)B);4B)! (4! (=)! 478)B2'(,4&! 4;! >! 0,8(,&<(! 7'&08$! #;! (=)B)! 'B)! '&-! '*7,5+,(,)8! ,&! (=)!
47(',&)0! B)8(B,<(,4&! 1B4;,6)8R! 0+)! (4! (=)! 1B)8)&<)! 4;! (=)! B)8(B,<(,4&! 8,()8! b1&#R! V<4X#R! 4B!
/8(V##!,&!(=)!8<O2!8)`+)&<)!,(8)6;R!8)`+)&<,&5!4;!(=)!8<O2!_,66!B)2)'6!(=)!1B)8)&<)!4;!(=)8)!
B)8(B,<(,4&! 8,()8! '&0! 6)'0! (4! (=)! <6'B,;,<'(,4&! 4;! (=)! 0,5)8(,4&! 1B4;,6)8! '&0! (=)B);4B)! (=)!
,0)&(,;,<'(,4&!4;!(=)!6,7B'B-!4;!4B,5,&$!!
!
!
!
!
!
!







! D>!

!"E"$"7"&J61)%)9&86=,K&76C,)86(9&%27&.*2+(6-2%56(9&
!
L=)!8,J)!4;!)'<=!4;!(=)!A!6,7B'B,)8!,8!8=4_&!,&!('76)!A$!L=)!<4*7,&)0!1446!4;!(=)!A!6,7B'B,)8!
6)'08!(4!(=)!<B)'(,4&!4;!'!6'B5)!B)1)B(4,B)!4;!8,J)!>$9K!t!"F.$!

&

!"#$%&Q7!G,J)!4;!)'<=!4;!(=)!A!6,7B'B,)8$!

2F#E"EK& ;FY%&
/'67W3!T&',2)g! A$K!t"FK!
/'67W3!T,**+&,J)0g! "!t"F.!
GaEWa!T&',2)g! A!t"FK!
GaEWa!T,**+&,J)0g K!t"FK!
@446)0!6,7B'B-! >$?!t!"F.!

!
!
L=)!0,2)B8,(-!4;!'&(,740-!6,7B'B,)8R!'<<4B0,&5!(4!(=)!6,()B'(+B)R!,8!<4&2)&(,4&'66-!<4&;,B*)0!
7-! 47(',&,&5! '74+(! >F! +&,`+)! 8)`+)&<)8! 4;! ,&0,2,0+'6! <64&)8! Tb'-! $7! /%8R! "..9g$! O+B(=)B!
,&2)8(,5'(,4&!4;!(=)!`+'6,(-!4;!(=)! 6,7B'B,)8!<'&!7)!1)B;4B*)0!7-!8)`+)&<,&5!+1!(4!8)2)B'6!
=+&0B)0!<64&)8!TX'2&!$7!/%8R!>F"Fg$!f)!='2)!'&'6-J)0!'!141+6'(,4&!4;!AFF!8)`+)&<)8!;B4*!
(=)! 1446)0! 6,7B'B-! T'! _,&04_! 4;! "FF! 8)`+)&<)8! 1)B! 6,7B'B-g! *)/! <4&2)&(,4&'6! G'&5)B!
8)`+)&<,&5$! L=)! 0)()B*,&'(,4&! 4;! (=)! 1)B<)&('5)! 4;! ,0)&(,(-! 4;! '66! 8)`+)&<)8! *)/! (=)!
36+8('6f>! (446! TE'B^,&! $7! /%8R! >FF?g! ='8! 0)*4&8(B'()0! (='(! ;4B! (=)! ,**+&,J)0! /'67W3!
6,7B'B-R! (_4!]E! 8)`+)&<)8! '8!_)66! '8! (_4! 4;! (=)!]M! 8)`+)&<)8! ='2)! 7))&! 478)B2)0! (_,<)$!
G,*,6'B6-R!4&)!]M!8)`+)&<)!4;!(=)!&',2)!GaEWa!6,7B'B-!'&0!4&)!]M!8)`+)&<)!4;!(=)!,**+&,J)0!
GaEWa!6,7B'B-!='2)!7))&!478)B2)0!(_,<)!T0'('!&4(!8=4_&g$!E44^,&5!'(!(=)!1',B,&5!4;!]E!'&0!
]MR!=4_)2)BR!'66!4;!(=)!8<O2!8)`+)&<)8!;4B!(=)!;4+B!6,7B'B,)8!'B)!+&,`+)$!L=)8)!B)8+6(8!='2)!
(=)B);4B)!<4&;,B*)0!(=)!0,2)B8,(-!4;! (=)! 6,7B'B,)8$!34&8,0)B,&5!)'<=! ,**+&45647+6,&!5)&)!
8)5*)&(!T#Ib]R!#IbaR! #IM]R!#IMaR!'&0!#IM:g!8)1'B'()6-R!_)!='2)!47(',&)0!'&0!'&'6-J)0!'!
(4('6! &+*7)B! 4;! ".CA! 5)&)! 8)`+)&<)8$! f,(=,&! (=,8! 141+6'(,4&R! _)! ='2)! ;4+&0! "F!
18)+045)&)8! TF$D>rgR! _=,<=! ,8! ,&! '<<4B0! _,(=! ;,&0,&58! 4;! 4(=)B! ()'*8! TI6'&2,66)! $7! /%8R!
>FF.g$!L=)!1B)8)&<)!4;!18)+045)&)8!,&!4+B!6,7B'B-!<4+60!7)!)U16',&)0!7-!(=)!;'<(!(='(!)2)&!
(=4+5=!_)!='2)!0)8,5&)0!4+B!1B,*)B8!7'8)0!4&!u;+&<(,4&'6u!8)`+)&<)8!B)14B()0!,&!#[ILR!
84*)!1B,*)B8!<4+60!='2)!'!=,5=!)&4+5=!=4*4645-!(4!18)+045)&)!8)`+)&<)8!(4!7)!'76)!(4!
=-7B,0,J)!(=)*!,&!(=)!@3X!<4&0,(,4&8!+8)0$!!
!
f)!='2)!<4&;,B*)0!(=)!;+&<(,4&'6,(-!4;!(=)!1446)0!6,7B'B-!7-!'!f)8()B&!/64(!'&'6-8,8$!f)!
644^! '(! (=)! '884<,'(,4&! 4;! (=)! ["C! 1='5)! <4'(! 1B4(),&! 1###! (4! (=)! 8<O2! '&(,740-! 7-!
<4*1'B,&5! (=)! 8,J)! 4;! (=)!_,60Q(-1)! 1='5)! T1%b"FFg! (4! (=)! 6,7B'B-! 1='5)! 0,816'-,&5! (=)!
8<O28! TO,5+B)! C>g$! L=)! B)8+6(8! 8=4_! '! 0,;;)B)&<)! 4;! CF^:'! 7)(_))&! (=)! (_4! 8'*16)8!
<4BB)814&0,&5!(4!(=)!<4BB)<(!;+8,4&!4;!(=)!8<O2!;B'5*)&(8!(4!(=)!1='5)!<4'(!1B4(),&!1###$!!
!
!
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! 9"!

'&0! :Wa! T=)'2-! <=',&! kg! 8)5*)&(8! <4*1'B)0! (4! ]! 8)`+)&<)8$! #(! ,8! ,*14B('&(! (4! &4()R!
=4_)2)BR! (='(! (=)8)!0,;;)B)&<)8!'B)!478)B2)0!4&!'!2)B-! 8*'66! 8'*16,&5! 8,J)! <4*1'B)0! (4!
(=)! ).! *)*,! ,**+&)! B)1)B(4,B)R! '&0! (='(!_)! 04! &4(! ,*16-! (='(! (=)8)! 1B4;,6)8! '&0! B)6'()0!
0,;;)B)&<)8! 'B)! '! 5)&)B'6! B+6)! ;4B! (=)! *40)68! +&0)B! 8(+0-$! L=)! 478)B2)0! 0,;;)B)&<)8R!
=4_)2)BR!6)'0!(4!'&!,&<B)'8)!,&!(=)!42)B'66!0,2)B8,(-!4;!(=)!1446)0!6,7B'B-R!_=,<=!1B42,0)8!
+8!_,(=!,*1B42)0!<='&<)8!4;!8)6)<(,&5!'&(,740,)8!_,(=!(=)!0)8,B)0!<='B'<()B,8(,<8$!
!
%&4(=)B!478)B2'(,4&!_4B(=-!4;!*)&(,4&R!B)8+6(,&5!;B4*!(=,8!'&'6-8,8!,8!(=)!B)1B)8)&('(,4&!
4;!(=)!8+75B4+1!#IM:9!,&!(=)!1446!4;!AFF!8)`+)&<)8R!&4('76-!,&!(=)!8(B',&!GaEWa$!%<<4B0,&5!
(4!#[ILR!(=,8!8+75B4+1!7)64&58!4&6-!(4!18)+045)&)8R!'&0!,&!(=)!I)&):/!0'('7'8)R!(=)B)!'B)!
&4!8)`+)&<)8!7)64&5,&5!(4!(=,8!8+75B4+1$!f=)(=)B!(=,8!0,8<B)1'&<-!B)8+6(8!;B4*!'!7,'8!,&!
4+B!1B,*)B!*,U!+B5,&5!,(!(4!('B5)(!18)+045)&)8!4B!_=)(=)B!(=)B)!'B)!;+&<(,4&'6!5)&)8!(='(!
7)64&5!(4!(=,8!8+75B4+1!B)*',&8!(4!7)!0,8<42)B)0$!!
!
!
!
!
!
f,(=!(=)!47c)<(,2)!4;!)&='&<,&5!4+B!;+&0'*)&('6!+&0)B8('&0,&5!4;!(=)!&'(+B)!4;!<'('6-(,<!
'&(,740,)8R! '&0! ='2,&5! (4! 4+B! 0,8148'6! '! 6'B5)6-! 0,2)B8)! '&(,740-! 6,7B'B-! <4&(',&,&5!
&+*)B4+8!2'B,'76)!B)5,4&!1488,7,6,(,)8R!_)!_'&(!(4!<4&(,&+)!_,(=!(=)!8)6)<(,4&!4;!14()&(,'6!
<'('6-(,<! '&(,740-! <'&0,0'()8! '&0! (=),B! <='B'<()B,J'(,4&$! %8! *)&(,4&)0! 1B)2,4+86-! ,&!
<='1()B!4&)R!_,(=!4+B!5B4+1S8!)U1)B(,8)!'&0!(=)!'2',6'7,6,(-!4;!'&!)&J-*)!8+,<,0)!,&=,7,(4BR!
+8,&5!PQ6'<('*'8)!'8!'!*40)6!'<(,2,(-!1B42,0)8!+8!_,(=!8)2)B'6!'02'&('5)8$!M)&<)R!_)!_'&(!
(4!)U164,(!(=)!1446!4;!(=)!;4+B!8<O2!6,7B'B,)8R!('^,&5!'02'&('5)!4;! ,(8!)&6'B5)0!0,2)B8,(-R!(4!
8)'B<=!;4B!'&0!,846'()!8+<=!'&(,740-!<'&0,0'()8$!/);4B)!0)8<B,7,&5!4+B!8(B'()5-!'&0!B)8+6(8!
;4B! '<=,)2,&5! (=,8! 47c)<(,2)R! (=)! ;4664_,&5! <='1()B! 5,2)8! '! 5)&)B'6! 42)B2,)_! 4&! <'('6-(,<!
'&(,740,)8!'&0!(=)!PQ6'<('*'8)!)&J-*)$!
!



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
'

((.'-%)%&2)(-'%#)(5*+("1'6()3'78&%-)%/%1"'%-)(0()2'
!
!

!
!
!
!
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337&)1!12<!3)&1/!3R453.;&S3!=&TU21)!191;.&1)!3:3!<&
!
L=)!;,B8(!8)<(,4&!,&!(=,8!<='1()B!;4<+8)8!4&!'!0)8<B,1(,4&!4;!<'('6-(,<!'&(,740,)8R!'684!^&4_&!
'8! '7J-*)8R! 7)5,&&,&5! _,(=! (=)! =-14(=)8,8! 4;! (=),B! )U,8()&<)! (4! (=),B! )U1)B,*)&('6!
1B40+<(,4&!,&!(=)!6'74B'(4B-!'&0!(=)!0,8<42)B-!4;!(=),B!&'(+B'6!)U,8()&<)!,&!74(=!1=-8,4645-!
'&0! 0,8)'8)$! L=)! 8)<(,4&! 1B42,0)8! '! ;B'*)_4B^! 4&! _='(! ='8! 7))&! 478)B2)0! '74+(! (=)!
&'(+B)! '&0! <='B'<()B,8(,<8! 4;! <'('6-(,<! '&(,740,)8R! ^&4_,&5! (='(! &4! <4&<B)()! <4&<6+8,4&8!
'74+(!5)&)B'6!B+6)8!4&!(=)!8+7c)<(!='2)!7))&!0B'_&!(4!0'()$!
!
L=)! 8)<4&0! 8)<(,4&! ;4<+8)8! 4&! 4&)! 4;! (=)! '<(,2,(,)8! 0,816'-)0!7-! '! &+*7)B! 4;! 1B)2,4+86-!
B)14B()0! <'('6-(,<! '&(,740,)8R! &'*)6-! (=)! PQ6'<('*'8)! '<(,2,(-$! L=,8! 8)<(,4&! 1B42,0)8! '!
0)8<B,1(,4&! 4;! (=)! &'(+B'6! )&J-*)! '&0! ,(8! B46)! ,&! (=)! 0)2)641*)&(! 4;! 7'<()B,'6! '&(,7,4(,<!
B)8,8('&<)R! '! *'c4B! <4&<)B&! ,&! (=)! *)0,<'6! ;,)60! (40'-$! L=)&! ,(! 54)8! 42)B! (=)! <'('6-(,<!
*)<='&,8*! 1)B;4B*)0! 7-! (=)! )&J-*)! '&0! (=)! B)8,0+)8! ,&2462)0! ,&! (=)! <'('6-(,<! 14<^)($!
O,&'66-R!(=)!8)<(,4&!0)8<B,7)8!'!<'('6-(,<!'&(,740-!)&04_)0!_,(=!PQ6'<('*'8)!'<(,2,(-R!_=,<=!
='8!7))&!1B40+<)0!'8!'!B)8+6(!4;!'!1,4&))B!_4B^!7-!4+B!5B4+1!,&!(=)!"..F8$!
!
L=)!;,&'6!8)<(,4&!,&!(=,8!<='1()B!,66+8(B'()8!(=)!B)8+6(8!4;!(=)!1B)8)&(!_4B^!,&!(=)!8)6)<(,4&!
'&0!<='B'<()B,J'(,4&!4;!<'('6-(,<!'&(,740,)8!)&04_)0!_,(=!(=,8!*40)6!'<(,2,(-$!
!
!
!

337@7&)"+"$K+FH&1*+F#'IF%,&
!
#&!".AKR!E,&+8!@'+6,&5! ,&(B40+<)0! (=)!148(+6'()! (='(!)&J-*)8!'B)!<'1'76)!4;!<'('6-J,&5!'!
<=)*,<'6! B)'<(,4&! 7-! 8('7,6,J,&5! (=)! (B'&8,(,4&! 8('()! 4;! (=)! <4&2)B8,4&! 4;! 8+78(B'()8! ,&(4!
1B40+<(8!T@'+6,&5R!".AKg$!M)!'684!1B4148)0!(=)!,0)'!(='(!_,(=!(=)!,**)&8)!0,2)B8,(-!4;!(=)!
,**+&45647+6,&! B)1)B(4,B)R! (=)B)! ,8! (=)! 1488,7,6,(-! (='(! 84*)! '&(,740-! 2'B,'76)! B)5,4&8!
*,*,<! (=)! '<(,2)! 8,()8! 4;! )&J-*)8$! M)&<)R! ,;! (=)8)! '&(,740,)8! 'B)! '76)! (4! 8('7,6,J)! (=)!
(B'&8,(,4&!8('()!4;!(=)!B)'<(,4&R!(=)&!(=)-!<'&!'684!'<(!'8!<'('6-8(8$!O4664_,&5!(=)!148(+6'()8!
4;!@'+6,&5R!f,66,'*!a)&<^8!1B4148)0!,&!".9.!(='(!'&(,740,)8!5)&)B'()0!'5',&8(!'!(B'&8,(,4&!
8('()!'&'645!TLG%g!4;!'&!)&J-*'(,<!B)'<(,4&R!'!8('76)!<4*14+&0!_=,<=!*,*,<8!(=)!8(B+<(+B)!
4;! (=)! (B'&8,(,4&! 8('()R! <4+60! 14()&(,'66-! 7)! )&04_)0! _,(=! (=)! 8'*)! )&J-*'(,<! '<(,2,(-!
Ta)&<^8R! ".9.g$! #(!_'8&S(! +&(,6! ".K9R! ';()B! (=)! 0)2)641*)&(! 4;! (=)! =-7B,04*'! ()<=&4645-!
Tb4=6)B! '&0! [,68(),&R! ".?DgR! (='(! (=,8! =-14(=)8,8! 7)<'*)! '! B)'6,(-! _=)&! (_4! ()'*8R!
,&0)1)&0)&(6-! 4;! )'<=! 4(=)BR! 8,*+6('&)4+86-! B)14B()0! (=)! ;,B8(! <'('6-(,<! '&(,740,)8$! L=)-!
_)B)!(=)!5B4+18!4;!X,<='B0!E)B&)B!'&0!@)()B!G=+6(JR!_=4!8+<<)88;+66-!+8)0!LG%8!'8!='1()&8!
(4!1B40+<)!'&0!<='B'<()B,J)!*4&4<64&'6!'&(,740,)8!<'1'76)!4;!=-0B46-J,&5!'B-6!)8()B8!'&0!
<'B74&'()8R!B)81)<(,2)6-!TLB'*4&('&4!$7!/%8R!".K9h!@466'<^!$7!/%8R!".K9g$!L=)8)!0,8<42)B,)8!
7)5'&! '&! )U<,(,&5! &)_! ;,)60! 4;! B)8)'B<=! ,&! 7,4<'('6-8,8! ;4<+8)0! 4&! (=)! 1B40+<(,4&! 4;!
<'('6-(,<!'&(,740,)8R!4B!'7J-*)8R!<'1'76)!4;!<'('6-J,&5!&+*)B4+8!)&J-*'(,<!B)'<(,4&8$!!

%



! 9C!

!!"#"$"%A(?'()4,)7%93?%(;)%0?3/+:(,3&%39%:'('5-(,:%'&(,63/,)7%
!
G,&<)! ".K9R! *'&-! *4B)! '&(,740,)8! ='2)! 7))&! 5)&)B'()0! 7),&5! '76)! (4! <'('6-J)! '! 6'B5)!
81)<(B+*!4;!)&J-*'(,<!'<(,2,(,)8R!84*)!4;!_=,<=!04!&4(!)U,8(!,&!&'(+B)!TZ+!$7!/%8R!>FFAh!X'4!
'&0!f44(6'R! >FF?g$! L=)!*)(=404645,)8! ;4B! '<`+,B,&5! <'('6-(,<! '&(,740,)8! '684! ='2)! 8,&<)!
7))&! )2462)0$! L=)! 0,;;)B)&(! 8(B'()5,)8! ='2)! ,&<4B14B'()0! (=)! ;,)608! 4;! <=)*,8(B-R!
7,4<=)*,8(B-R!,**+&4645-R!'&0!*46)<+6'B!7,4645-R!,&!4B0)B!(4!1B40+<)!(=)!7)8(!<'&0,0'()8!
4;! '7J-*)8$! L=)8)! 8(B'()5,)8! <'&! 7)! <'()54B,J)0! ,&(4! (_4! 0,;;)B)&(! 5B4+18N! O)P! <=)*,<'6!
8(B'()5,)8R!'&0!O))P!7,4645,<'6!8(B'()5,)8$!
!
!

!!"#"@"%"&$<,36+%5&8()%(,/6,8&&
!
L=)! 0,;;)B)&(! 8(B'()5,)8! +&0)B! (=,8! <'()54B-! ,&2462)! (=)! B'(,4&'6! 0)8,5&! '&0! <=)*,<'6!
8-&(=)8,8! 4;! ='1()&8R! ,&! 4B0)B! (4! ,&0+<)! (=)! 1B40+<(,4&R! (=B4+5=! ,**+&,J'(,4&R! 4;!
'&(,740,)8! <'1'76)!4;! B)'<(,2)6-! ,&()B'<(,&5!_,(=! (=)!='1()&!'&0! ;'<,6,('(,&5! ,(8! (B'&8,(,4&!
(=B4+5=!'!<=)*,<'6!B)'<(,4&$!#&!4B0)B!(4!1B42,0)!8+;;,<,)&(!,**+&45)&)<,(-R!(=,8!='1()&!,8!
(=)&!<4&c+5'()0!(4!'!<'BB,)B!1B4(),&R!8+<=!'8!742,&)!8)B+*!'67+*,&!T/G%g!4B!^)-=46)!6,*1)(!
=)*4<-'&,&!TbEMgR!'&0!+8)0!;4B!(=)!,**+&,J'(,4&!4;!'&,*'68$!%;()B!(=)!,**+&,J'(,4&R!(=)!
,0)&(,;,<'(,4&!4;!<'('6-(,<!<64&)8!,8!1)B;4B*)0!7-!8<B))&,&5!*)(=408!,&!*+6(,16)!_'-8N!O)P!7-!
1)B;4B*,&5! ,&=,7,(,4&! ()8(8! (4! 8=4_! (='(! (=)! ='1()&! ,&=,7,(8! <'('6-8,8! ,&! '! <4*1)(,(,2)!
;'8=,4&R!'&0!O))P!7-!0)*4&8(B'(,&5!(='(!,(!7,&08!(=)!'&(,740-!_,(=!'!=,5=)B!';;,&,(-!(='&!(=)!
<4BB)814&0,&5!5B4+&0!8('()!8+78(B'()R!'&0!;,&'66-!O)))P!7-!*)'8+B,&5!(=)!^,&)(,<!1'B'*)()B8$!
L=)! ;4664_,&5! 'B)! 7B,);! 0)8<B,1(,4&8! 4;! (=)! <+BB)&(! )U,8(,&5! <=)*,<'6! 8(B'()5,)8! ;4B! (=)!
1B40+<(,4&!4;!'7J-*)8$!
!
!

!!"#"$"%"&"'()%*+&,&-*'.,%,/'$*%0-1+'2(.$3'
!
L=,8! ()<=&,`+)! ='8! =,8(4B,<'66-! 7))&! (=)! *48(! _,0)6-! +8)0! 8(B'()5-! ,&! (=)! )6,<,('(,4&! 4;!
<'('6-(,<!'&(,740,)8$! #(! ,&2462)8!(=)!0)8,5&!'&0!1B)1'B'(,4&!4;!(=)!'&(,5)&,<!81)<,)8!'8!(=)!
(B'&8,(,4&!8('()!'&'645!4;! (=)!('B5)()0!B)'<(,4&$!L=)!(B'&8,(,4&!8('()! ,8!0);,&)0!'8!'!8=4B(Q
6,2)0!(=)4B)(,<'6!81)<,)8R!_=,<=!)U,8(8!4&6-!'(!(=)!)&)B5)(,<!1)'^!,&!'!B)'<(,4&!1'(=_'-$!%8!,(!
,8!1B'<(,<'66-! ,*1488,76)!(4!,846'()!8+<=!'!*46)<+6)R!'!8('76)!'&'645!4;!(=)!(B'&8,(,4&!8('()R!
*,*,<^,&5!(=,8!(=)4B)(,<'6!8(B+<(+B)!'&0!5)4*)(B-!'8!<648)!'8!1488,76)R!,8!4;()&!+8)0$!a+8(!'8!
)&J-*)8!<'('6-J)!'!B)'<(,4&!7-!64_)B,&5!(=)!)&)B5-!7'BB,)B!4;!(=)!(B'&8,(,4&!8('()!TO,5+B)!
A"gR! '&! '&(,740-! B',8)0! '5',&8(! '! LG%! 8=4+60! 7,&0! (=,8! (B'&8,(,4&!*4B)! (,5=(6-! (='&! (=)!
8+78(B'()!4B!1B40+<(8!'&0!(=+8!8=4+60!'684!'<<)6)B'()!(=)!;4B*'(,4&!4;!1B40+<(8$!!
!
!
!
!
!
!





! 9D!

<='B5)0!'*,&4!'<,0!B)8,0+)8!(=)&!'B)!'76)!(4!<'('6-J)!(=)!B)'<(,4&!'8!5)&)B'6!'<,0W7'8)!4B!
&+<6)41=,6,<! <'('6-8(8$! L=)! ;,B8(! '&(,740-! 5)&)B'()0! 7-! (=,8! 8(B'()5-!_'8! '&(,740-! AC:AQ
C:">!1)B;4B*,&5!PQ)6,*,&'(,4&!TG=4^'(!$7!/%8R!".K.g$!%*4&5!4(=)B!'&(,740,)8!)6,<,()0!_,(=!
(=,8!8(B'()5-!'B)!'&(,740-![%LL$OQ"!'76)!(4!=-0B46-J)!:H%!4B!XH%!1=481=40,)8()B!74&08!
'&0!'&(,740-!M%KQ>D%"F!<'1'76)!4;!<'('6-J,&5!'!<'(,4&,<!<-<6,J'(,4&!B)'<(,4&!Tf)&(_4B(=!
$7!/%8R!"..Kh!M'88)B40(!$7!/%8R!>FFFg$!!
!
!

!!"#"@"%"6"66"&L2()-:6+&()%::62/&
!
34&(B46!4;!(B'&86'(,4&'6!'&0!B4('(,4&'6!)&(B41-!4;!'!B)'<(,4&S8!(B'&8,(,4&!8('()!,8!'!^)-!;'<(4B!
4;! <'('6-8,8$! L=,8! <4&(B46! 1B42,0)8! (=)! *)'&8! ;4B! '! <'('6-8(! (4! 148,(,4&! (=)! 8+78(B'()! ,&!
1B4U,*,(-! _,(=! (=)! <'('6-(,<! B)8,0+)8! '&0! <4&;,5+B)! ,(! ,&! 8+<=! '! _'-! (4! ;'24B! (=)!
,&()B'<(,4&8!6)'0,&5!(4!(=)!(B'&8;4B*'(,4&!4;!(=)!8+78(B'()!(4!1B40+<(8!T@)(8^4!'&0!X,&5)R!
>FFAg$! #&! (=,8! _'-R! '&(,740,)8! 8=4+60! 7)! '76)! (4! <'('6-J)! B)'<(,4&8! _,(=! +&;'24B'76)!
'<(,2'(,4&! )&(B41,)8R! 7-! '<(,&5! '8! u)&(B41-! (B'18uR! 1B42,0,&5! (=)! &)<)88'B-! ;'24B'76)!
<4&;,5+B'(,4&$! VU'*16)8! 4;! '&(,740,)8! 5)&)B'()0! 7-! (=,8! *)(=40! 'B)! '&(,740,)8! (='(!
<'('6-J)! (=)! 36',8)&! B)'BB'&5)*)&(R! ,&2462)0! ,&! (=)! <4&2)B8,4&! 4;! <=4B,8*'()! (4!
1B)1=)&'()! ,&! (=)! 7'<()B,'6! 8-&(=)8,8! 4;! 'B4*'(,<! '*,&4! '<,08! TM,62)B(! $7! /%8R! ".KKgR! '&0!
'&(,740,)8!<'('6-J,&5!'!:,)68Q%60)B!B)'<(,4&!TX4*)87)B5!$7!/%8R!"..Kg$!!
!
!

!!"#"@"%"6"666"&M,%+(6C,&633*26=%(6-2&
!
[48(! 4;! (=)! ='1()&! 0)8,5&! 8(B'()5,)8! 0)8<B,7)0! '742)! *'^)! +8)! 4;! <=)*,<'66-! ,&)B(!
*46)<+6)8$! X)'<(,2)! ,**+&,J'(,4&R! =4_)2)BR! '8! )2,0)&(! 7-! (=)! ()B*R! +8)8! B)'<(,2)!
,**+&45)&8!(4!,&0+<)!(=)!;4B*'(,4&!4;!<'('6-(,<!'&(,740,)8$!X,<='B0!E)B&)B!'&0!b,*!a'&0'!
1,4&))B)0!(=,8!*)(=40!7-!+8,&5!'!=,5=6-!B)'<(,2)!4B5'&41=481=4B+8!0,)8()B!='1()&R!_=,<=!
+&0)B_)&(! '! <=)*,<'6! B)'<(,4&! ,&! (=)! '&(,740-! <4*7,&,&5! 8,()! 0+B,&5! ,**+&,J'(,4&!
Tf,B8<=,&5! $7! /%8R! "..Dg$! L=,8! 6)0! (4! (=)! )6,<,('(,4&! 4;! '&(,740,)8! _,(=! (=)! ('B5)(! '<-6!
(B'&8;)B'8)!'<(,2,(-!B)'<=,&5!X<'(!4;!C"!*,&Q"$!E'()BR!(=,8!8(B'()5-!_'8!'684!+8)0!(4!5)&)B'()!
'&(,740,)8! _,(=! '6046'8)! '<(,2,(-! Tf'5&)B! $7! /%8R! "..Dh! /'B7'8! $7! /%8R! "..?h! Y=4&5! $7! /%8R!
"...g$!
!
[)<='&,8*! 7'8)0! ,&=,7,(4B8! ='2)! 1B42)&! (4! 7)! 1B4*,8,&5! <'&0,0'()8! ,&! (=)! 0)8,5&! 4;!
B)'<(,2)!,**+&45)&8R!0+)!(4!(=),B!'7,6,(-!(4!<42'6)&(6-!B)'<(!_,(=!(=)!'<(,2)!8,()! ,&!('B5)(!
1B4(),&8!'&0! ,&=,7,(! (=),B!'<(,2,(-!TG,62)B*'&R!".KKg$!G,&<)! (=)8)! ,&=,7,(4B8! ;4B*!<42'6)&(!
'00+<(8!_,(=!(=)!)&J-*)8!(='(!1B4<)88!(=)*!'64&5!'!0);,&)0!B)'<(,4&!1'(=_'-R!(=)-!8=4+60!
'664_! ;4B! (=)! 0,B)<(! 8)6)<(,4&! 4;! <'('6-(,<! '&(,740,)8! (='(! +(,6,J)! 1'B(,<+6'B! ;)'(+B)8! 4;! '!
0)8,5&)0!*)<='&,8*$!#&!(=,8!_'-R!(=)!,BB)2)B8,76)!<42'6)&(!7,&0,&5!'81)<(!'664_8!;4B!^,&)(,<!
8)6)<(,4&R! ;'24B,&5! '&(,740-! 2'B,'76)! 8,()8! (='(! '<<)6)B'()! 74&0! ;4B*'(,4&! 7-! (=)!
8('7,6,J'(,4&!4;!(=)!(B'&8,(,4&!8('()$!L=)!,&&'()!B)'<(,2,(-!4;!8+<=!*46)<+6)8!<'&R!(=)B);4B)R!
7)!+8)0!(4!)6,<,(!=,5=6-!)2462)0!7,4<'('6-8(8!(='(!<4&8)B2)!'&!)88)&(,'6!B)8,0+)!;4B!<42'6)&(!
<'('6-8,8!TG4+*,66,4&!'&0!O'8(B)JR!>FF"g!







! 9K!

'<<)6)B'()! (=),B! B)'<(,4&! B'()8! _=,6)! ^))1,&5! (=)! 8'*)! <'('6-(,<! *)<='&,8*! TO,&&! $7! /%8R!
"..Kg$! %8,0)! ;B4*! *)('66,<! <4;'<(4B8R! )U()B&'6! &+<6)41=,6,<! <4;'<(4B8! ='2)! '684! 7))&!
)*164-)0!(4!,*1B42)!'7J-*)!<'('6-(,<!'<(,2,(-!TVB84-!$7!/%8R!"..Kg$!
!
!

!!"#"$"%"&&&"'!*609+&-*'-5'6%,%0:,&6'1)-97+''
!
%&4(=)B!*)(=40!(='(!='8!7))&!+8)0!(4!1B40+<)!<'('6-(,<!'&(,740,)8!,8!(=)!0,B)<(!,&<6+8,4&!4;!
<'('6-(,<! B)8,0+)8! ,&! (=)! '&(,740-!7,&0,&5! 8,()! 7-! 8,()Q0,B)<()0!*+('5)&)8,8$! #&! '! 1,4&))B!
B)14B(R! (=)! 5B4+1! 4;! G<=+6(J! ,&(B40+<)0! '! 8,5&,;,<'&(! )8()B'8)! '<(,2,(-! ,&(4! '&! '&(,740-!
<4*7,&,&5!8,()!7-!'!8,&56)!'*,&4!'<,0!<='&5)!T/'60_,&!'&0!G<=+6(JR!".K.g$!E'()BR!O6)(<=)B!
='8! +8)0! (=,8! '11B4'<=! (4! ,&(B40+<)! B,74&+<6)'8)! '<(,2,(-! ,&! '! 8<O2! 81)<,;,<! ;4B! XH%!
TO6)(<=)B! $7! /%8R! "..Kg$! %8! '! ;,&'6! )U'*16)R! E,+! '&0! <466)'5+)8! ='2)! ,&(B40+<)0! 1B4()'8)!
'<(,2,(-!,&!'!8<O2!81)<,;,<!;4B!'!7'<()B,'6!1B4(),&!M@B!TE,+!$7!/%8R!"..Kg$!H)2)B(=)6)88R!(=)B)!
'B)!2)B-!;)_!<'('6-(,<!'&(,740,)8!1B40+<)0!7-!(=,8!8(B'()5-!B)14B()0!,&!(=)!6,()B'(+B)$!L=,8!
,8! 14()&(,'66-! 0+)! (4! (=)! 0,;;,<+6(-! 4;! <B)'(,&5! '! <'('6-(,<! ;+&<(,4&! 7-! 14,&(! *+('(,4&8R!
,&0)1)&0)&(6-!4;!'!8(B+<(+B)Q0B,2)&!8)6)<(,4&!1B)88+B)$!
!
!
@'B'66)6!(4!(=)!);;4B(8!1)B;4B*)0!(4!<=)*,<'66-!<4&8(B+<(!(=)!7)8(!(B'&8,(,4&!8('()!'&'6458R!
'&0! 1488,76-! '8! '&! '(()*1(! (4! 42)B<4*)! (=)! 0,;;,<+6(,)8! ,&! (=)! ='1()&! 0)8,5&! 1B4<)88R!
8(B'()5,)8! _)B)! 0)2)641)0! (4! 7,4645,<'66-! 5)&)B'()! =,5=! );;,<,)&<-! <'('6-(,<! '&(,740,)8$!
L=)8)!'B)!0)8<B,7)0!7)64_$!
!

##"#"@"1"&F6-5-/6+%5&8()%(,/6,8&
!
!
L=)!7,4645,<'6!*)(=408!+8)!'!7,4645,<'6! '&(,5)&! ;4B! (=)! ,**+&,J'(,4&!4;! '&,*'68! '&0! (=)!
)6,<,('(,4&!4;!<'('6-(,<!'&(,740,)8$!L=)-!'B)!0,2,0)0!,&(4!(_4!<'()54B,)8N!O)P!(=)!*'&,1+6'(,4&!
4;!(=)!,0,4(-1,<!&)(_4B^!'&0!O))P!(=)!+(,6,J'(,4&!4;!1B4(),&!,&=,7,(4B8$!L=)!;4664_,&5!'B)!7B,);!
0)8<B,1(,4&8!4;!(=)8)!'11B4'<=)8$!
!
!

!!"#"$";"&"'!<&-,:7&6'*/,=-)>'
!
L=)! ,0,4(-1,<! &)(_4B^! (=)4B-! _'8! ;,B8(! 1B4148)0! 7-! H,)68! a)B&)! ,&! ".?A! Ta)B&)R! ".?A'h!
a)B&)R! ".?A7g$! L=,8! (=)4B-! 1B42,0)8! '! 0,8(,&<(,4&! 7)(_))&! ,0,4(-1,<! '&(,740,)8! '&0! '&(,Q
,0,4(-1,<! '&(,740,)8$! #0,4(-1,<! '&(,740,)8! B)<45&,J)! '&! '&(,5)&! *)/! (=)! 8(B+<(+B)! 4;! (=),B!
,0,4(-1)! T(=)!)&8)*76)!4;! (=)!'&(,5)&!7,&0,&5!8,()8g!4B! ,0,4(41)8!1B)8)&(! ,&! (=)!'&(,740-!
2'B,'76)!B)5,4&!T\+0,&!'&0![,<=)6R!".9Ch!b+&^)6!$7!/%8R!".9Cg$!%&(,Q,0,4(-1,<!'&(,740,)8R!4&!
(=)! 4(=)B! ='&0R! B)<45&,J)! '&0! 7,&0! (=)! ,0,4(-1)8! 4;! ,0,4(-1,<! '&(,740,)8$! #(! ='8! 7))&!
8+55)8()0! (='(! (=,8! ,0,4(-1,<! &)(_4B^! 4;! '&(,740,)8! 1B42,0)8! '! B)5+6'(4B-!*)<='&,8*! 4;!
,0,4(-1,<! 8+11B)88,4&! ,&! (=)! '0'1(,2)! ,**+&)! 8-8()*! 7-! ),(=)B! &)+(B'6,J,&5! 8)<B)()0!





! ?F!

'<(,2,(-! 4;! (=)! <4BB)814&0,&5! )&J-*)$! L=,8!*)(=40! ,8! '684! '&! ,*16,<'(,4&! 4;! (=)! ,&()B&'6!
,*'5)! (=)4B-R! _=)B)! (=)! 1B4(),&! ,&=,7,(,&5! '&! )&J-*)! ,&! '! <4*1)(,(,2)! *'&&)B! =4608!
8,*,6'B! 8(B+<(+B'6! ,&;4B*'(,4&! '8! (=)! )&J-*)! '<(,2)! 8,()$! L=)B);4B)R! '&(,740,)8! 0,B)<()0!
'5',&8(!(=,8!1B4(),&!8=4+60!='2)!(=)!,&()B&'6! ,*'5)!4;!(=)!4B,5,&'6!)&J-*)!'<(,2)!8,()!'&0!
=)&<)!7)!14()&(,'66-! )&04_)0!_,(=! (=)! 8'*)! <'('6-(,<! '<(,2,(-$!%&! )U'*16)! 4;! '&(,740,)8!
0)2)641)0!_,(=!(=,8!()<=&,`+)!,8!(=)!+(,6,J'(,4&!4;!L)&0'*,8('(R!'&!,&=,7,(4B!4;!(=)!)&J-*)!
1'&<B)'(,<! lQ'*-6'8)! 1B)8)&(! ,&! 14B<! TI4&<'62)8! $7! /%8R! >FF>g$! L=)! 146-<64&'6! '&(,740,)8!
47(',&)0!7-!(=,8!_4B^!0)*4&8(B'()0!'!8,5&,;,<'&(!<'('6-(,<!'<(,2,(-$!
!
!

!!"#"$";"&&&"'4-*609+&-*+'-*'</0&;/)%,/0:'7)-<96/<'%;@:A/+'
!
%8! *)&(,4&)0! 1B)2,4+86-R! 0)81,()! (=)! ,&,(,'6! )&(=+8,'8*! B',8)0! (4_'B0! (=)! 7,4<'('6-8,8!
<'1'7,6,(,)8! 4;! <'('6-(,<! '&(,740,)8R! (=)-! ='2)! 1B42)&! (4! 7)! 6)88! );;,<,)&(! (='&! (=),B!
)&J-*'(,<!<4+&()BQ1'B(8R!_,(=!)&J-*)8!='2,&5!<'('6-(,<!);;,<,)&<,)8!T^<'(Wb[g! ,&!(=)!B'&5)!
4;! "F9Q"FK! [Q"$8)<Q"! *$(&B&! '7J-*)8S! <'('6-(,<! );;,<,)&<,)8! 4;! (=)! 4B0)B! "F>Q"FA! [Q"$8)<Q"!
TM,62)B(R!>FFFh!f)&(_4B(=!'&0!a'&0'R!>FF"g$!O4B!(=)!<=)*,<'6!1B40+<(,4&!4;!'7J-*)8R!(=,8!
,8! 1'B(,'66-! 0+)! (4! (=)! ;'<(! (='(! (=)! 0)8,5&! 4;! 8('76)! 7+(! B)'<(,2)! '&'6458! ,8! 1B476)*'(,<$!
%00,(,4&'66-R! (=)!LG%!*,*,<^,&5!*4,)(,)8!4;! ='1()&8! 'B)!148,(,4&)0!&)'B! (=)! )&(B'&<)!4;!
(=)!'&(,740-Q<4*7,&,&5!8,()R!_=)B)'8!,&!&'(+B'6!)&J-*)8R!(=)!<'('6-(,<!*'<=,&)B-!,8!7+B,)0!
,&!14<^)(8!4;! (=)!)&J-*)!'<(,2)! 8,()R! ,846'(,&5! <=)*,<'6! (B'&8;4B*'(,4&8! ;B4*! (=)! 8462)&(!
T@)(8^4!'&0!X,&5)R!>FFAh!M)B8<=6'5!'&0!H'('B'c'&R!>F"Cg$!
!
L=)!1B4U,*,(-!);;)<(R!1B4148)0!7-!@'+6,&5R!B)814&8,76)! ;4B!7B,&5,&5!(=)!8+78(B'()! ,&!<648)!
1B4U,*,(-!_,(=!(=)!<'('6-(,<!5B4+18!4;!(=)!)&J-*)!,&!4B0)B!(4!+6(,*'()6-!64_)B!(=)!)&(B41-!
4;! (=)! B)'<(,4&! (B'&8,(,4&! 8('()! ,8! '! <='B'<()B,8(,<! 0)2)641)0! 7-! )&J-*)8! 42)B! '! *,66,4&!
-)'B8!4;!)246+(,4&$!%7J-*)8R!4&!(=)!4(=)B!='&0R!'B)!,&0+<)0!(4!0)2)641!'!<'('6-(,<!'<(,2,(-!
,&! (=)! 6'74B'(4B-! 42)B! '! 1)B,40! 4;! _))^8$! #&! <4&(B'8(! (4! )&J-*)8R! '&(,740,)8! ='2)! 7))&!
)2462)0!(=B4+5=!'!1B4<)88!4;!';;,&,(-!*'(+B'(,4&!,&!4B0)B!(4!0)2)641!=,5=!';;,&,(,)8!;4B!(=),B!
<4BB)814&0,&5! '&(,5)&8$! L=)8)! ';;,&,(,)8! <'&! B)'<=! +1(4! 8+7Q1,<4*46'B! 0,884<,'(,4&!
<4&8('&(8R!*+<=!=,5=)B!(='&!(=)!';;,&,(-!4;!)&J-*)8!(4!(=),B!8+78(B'()8!TX'(='&'8_'*,!$7!
/%8R!>FFDh!X,81)&8!$7!/%8R!>F"Cg$!!
!
O+B(=)B*4B)R! (=)! *)<='&,8*! ,&2462)0! ,&! '&(,5)&! ,&()B&'6,J'(,4&! ;4B! (=)! '<(,2'(,4&! 4;! /!
6-*1=4<-()8!'&0!6)'0,&5!(4!(=)!1B40+<(,4&!4;!'&(,740,)8!<'&!('^)!+1(4!CF!*,&!(4!"!=!Ta'&5!
$7!/%8R!>F"Fg$!L=,8!*)'&8!(='(!;4B!'!<'('6-(,<!/!<)66!(4!7)!'<(,2'()0R!(=)!'&(,5)&!B)()&(,4&!(,*)!
='8!(4!7)!,&;)B,4B!(4!(=)!(,*)!B)`+,B)0!;4B!<'('6-(,<!'<(,2'(,4&R!<4BB)814&0,&5!(4!'&!'&(,740-!
_,(=!'!64_!<'('6-(,<!(+B&42)B!T@'0,466)'+QE);}2B)!$7!/%8R!>F"Ag$!%66!4;!(=)8)!<='B'<()B,8(,<8!4;!
(=)!&'(+B)!4;!<'('6-(,<!'&(,740,)8!'B)!14()&(,'6!B)'84&8!;4B!(=)!0,8<B)1'&<,)8!7)(_))&!(=)!
<'('6-(,<!<'1'7,6,()8!4;!)&J-*)8!'&0!'7J-*)8$!
!
!
G=4B(6-! ';()B! (=)! ;,B8(! 8+<<)88)8! 4;! (=)! )U1)B,*)&('6! 1B40+<(,4&!4;! <'('6-(,<! '&(,740,)8! ,&!
(=)! ".KFS8R! B)14B(8! 4;! (=)! 478)B2'(,4&! 4;! &'(+B'66-! 4<<+BB,&5! '7J-*)8! ,&! =+*'&! 8)B'!
1B40+<)0!'!8)<4&0!_'2)!4;!)&(=+8,'8*!;4B!B)8)'B<=)B8!,&!(=)!;,)60$!L=)8)!478)B2'(,4&8!6)0!



! ?"!

(=)! 8(+0-! 4;! <'('6-(,<! '&(,740,)8! (4_'B0! '&4(=)B! )U<,(,&5! 0,B)<(,4&N! (=)! '&'6-8,8! 4;! (=)!
,*16,<'(,4&8!4;!(=)8)!'&(,740,)8!,&!1=-8,41'(=4645-$!
!
!

!!"#"."%B'(+?'55-%3::+??,&4%:'('5-(,:%'&(,63/,)7%
!
#&! ".K.! G+0=,B! @'+6! '&0! <466)'5+)8! 7)<'*)! (=)! ;,B8(! 5B4+1! (4! B)14B(! (=)! 1B)8)&<)! 4;!
&'(+B'66-!4<<+BB,&5!<'('6-(,<!'&(,740,)8!,&!=+*'&!8)B'!T@'+6!$7!/%8R!".K.g$!L=)8)!'&(,740,)8!
_)B)!<'1'76)!4;!=-0B46-J,&5!(=)!2'84'<(,2)!,&()8(,&'6!1)1(,0)!T]#@g!,&!(=)!8)B'!4;!'8(=*'(,<!
1'(,)&(8$!G,&<)! (=)&R! (=)!0,8<42)B-!4;!*'&-!4(=)B!&'(+B'66-!4<<+BB,&5!<'('6-(,<!'&(,740,)8R!
74(=!,&!1=-8,4645,<'6!'&0!1'(=4645,<'6!<4&0,(,4&8R!='2,&5!74(=!148,(,2)!'&0!&)5'(,2)!);;)<(8!
4&!1'(,)&(8S!=)'6(=!Tf44(6'!$7!/%8R!>F""7gR!='8!8(,*+6'()0!(=)!,&()B)8(!4;!B)8)'B<=)B8!,&!(=)!
;,)60R! '8! _)66! '8! B',8)0! *'&-! `+)8(,4&8! '74+(! (=)! B46)! 4;! (=)8)! 1B4(),&8! ,&! (=)! ,**+&)!
8-8()*$!L=)!;4664_,&5!'B)!)U'*16)8!4;!&'(+B'66-!4<<+BB,&5!<'('6-(,<!'&(,740,)8!B)14B()0!(4!
0'()!,&!1=-8,41'(=4645-$!

!

!!"#"F"%"&@1=93,8&62&:%(<-5-/9&
!
G,&<)! @'+6S8! 0,8<42)B-R! &+*)B4+8! 8(+0,)8! ='2)! 0)*4&8(B'()0! (=)! 1B)2'6)&<)! 4;! <'('6-(,<!
'&(,740,)8! ,&! 0,;;)B)&(! 1'(=4645,<'6! <4&0,(,4&8$! #&()B)8(,&56-R! *'&-! 4;! (=)*! )U,8(! 4&! (=)!
7'<^5B4+&0!4;!'&!'+(4,**+&)!0,8)'8)!TL'76)!9g$!!

!"#$%&V7!3'('6-(,<!'&(,740,)8!B)14B()0!,&!0,;;)B)&(!1'(=4645,<'6!0,8)'8)8$!

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

Targeted Antigen References Suspected 
Effect

Asthma Vasoactive intestinal peptide 
(VIP)

Paul et al., 1989 -

Sepsis FVIII, FIX Lacroix-Desmazes et 
al., 2005

+

Hashimoto's 
thyroiditis

Thyroglobulin Li et al., 1995 +/-

Systemic lupus 
erythematosus DNA, RNA

Shuster et al., 1992; 
Nevinsky and Buneva, 

2002
-

Scleroderma DNA, RNA Vlassov et al., 1998 unknown
Rheumatoid 

arthritis
DNA/RNA Baranovskii et al., 

1998
unknown

Multiple sclerosis DNA, RNA, MBP

Baranovskii et al., 
1998; Ponomarenko et 
al.. 2002; Gabibov et 

al., 2011 

-

Acquired 
hemophilia

FVIII, FIX Wootla et al., 2008a +/-

Alzheimer's 
disease

A!-peptide Paul et al., 2005; 
Taguchi et al., 2008a,b

+

Metabolic 
disorders

Diabetes Grp94 Pagetta et al., 2007 -

Infectious 
disorders

Immune 
thrombocytopenia 

in HIV-1
Platelet GPIIIa 

Nardi and Karpatkin, 
2000 +

Multiple myeloma Prothrombin Mastuura et al., 1994; 
Paul et al., 1995

-

Waldenstrom's 
Macroglobulinemia

A!-peptide Planque et al., 2004; 
Taguchi et al., 2008a

-

Alloimmune 
disorders

Hemophilia A FVIII Lacroix-Desmazes et 
al., 1999

-

Other Renal rejection in 
transplantation

FVIII, FIX Wootla et al., 2008b +

Pathology

Inflammatory 
disorders

Autoimmune 
disorders

Neoplastic 
disorders



! ?>!

!!"#"B"%"&"'$;@:A/+'=&,8'*960/%+/'%6,&C&,:'
!
%!6'B5)!&+*7)B!4;!(=)!B)14B()0!&'(+B'66-!4<<+BB,&5!<'('6-(,<!'&(,740,)8!'B)!)&04_)0!_,(=!
:H%Q!'&0!XH%Q!=-0B46-J,&5!'<(,2,(-$!%6)U'&0)B!I'7,742S8!5B4+1!='8!B)14B()0!(=)!1B)8)&<)!
4;!'&(,740,)8!_,(=!:H'8)!'<(,2,(-!,&!(=)!8)B'!4;!1'(,)&(8!_,(=!8-8()*,<!6+1+8!)-(=)*'(48+8!
TGEVg! '&0! 0)*4&8(B'()0! '! <4BB)6'(,4&! 7)(_))&! (=)! '<(,2,(-! 4;! (=)8)! '&(,740,)8! '&0! (=)!
8('5)! 4;! 0)2)641*)&(! 4;! (=)! 0,8)'8)! TG=+8()B! $7! /%8R! "..>g$! %! 0,;;)B)&(! 5B4+1! ='8! '684!
B)14B()0!'&!)6)2'()0!XH'8)!'<(,2,(-!7-!146-<64&'6!'&(,740,)8!,846'()0!;B4*!8)B'!4;!1'(,)&(8!
_,(=!GEV!'8!_)66!'8!=)1'(,(,8!/!T]6'8842!$7!/%8R!"..Kg$!@46-<64&'6!'&(,740,)8!_,(=!74(=!:H'8)!
'&0! XH'8)! '<(,2,(-! ='2)! '684! 7))&! 0,8<42)B)0! ,&! (=)! 76440! '&0! <)B)7B481,&'6! ;6+,0! 4;!
1'(,)&(8! _,(=! *+6(,16)! 8<6)B48,8! T[Gg! T/'B'&428^,,! $7! /%8R! "..Kg$! #&! (=)8)! )U'*16)8R! (=)!
<'('6-(,<!'&(,740,)8!_)B)!8+81)<()0!(4!='2)!0)6)()B,4+8!);;)<(8!4&!(=)!1'(,)&(8S!=)'6(=$!\&!
(=)!<4&(B'B-R!'8!'&!)U'*16)!4;!<'('6-(,<!'&(,740,)8!_,(=!'!7)&);,<,'6!,&;6+)&<)!;4B!1'(,)&(8S!
=)'6(=R!I'7,742S8!5B4+1!='8!*'0)!(=)!478)B2'(,4&!(='(!'&(,Q:H%!<'('6-(,<!'&(,740,)8!;B4*!
8)B'!4;!GEV!'&0!<=B4&,<!6-*1=4<-(,<!6)+^)*,'!1'(,)&(8!='2)!'&(,Q(+*4B!1B41)B(,)8!Tb4J-B!
$7! /%8R! >FFFg$! L=)! '+(=4B8! )U'*,&)0! (=)! <-(4(4U,<,(-! 4;!:H%Q81)<,;,<! '+(4'&(,740,)8! ;B4*!
8)B'! 4;! 1'(,)&(8! '&0! =)'6(=-! 04&4B8! 4&! 0,;;)B)&(! (+*4B! <)66! 6,&)8$! L=),B! B)8+6(8!
0)*4&8(B'()0! '! <4BB)6'(,4&! 7)(_))&! '! <'81'8)Q0)1)&0)&(! <-(4(4U,<,(-! '&0! (=)! :H%Q
=-0B46-J,&5! 1B41)B(,)8! 4;! (=)! '+(4'&(,740,)8$! %66! 4;! (=)8)! )U'*16)8! ('^)&! (45)(=)B!
,66+8(B'()!(='(!0)81,()!(=)!B)6)2'&<)!4;!<'('6-(,<!'&(,740,)8!)&'76)!(4!=-0B46-J)!&+<6),<!'<,08!
,&! &+*)B4+8! 1'(=4645,)8R! (=),B! )U'<(! B46)R! _=)(=)B! 7)&);,<,'6! 4B! 0)(B,*)&('6R! ,8! &4(! -)(!
+&0)B8(440$!
!
!

!!"#"B"%"&&"'$;@:A/+'=&,8'7)-,/%+/'%6,&C&,:'
!
%!8)<4&0!<'()54B-!4;!<'('6-(,<!'&(,740,)8R!B)14B()0!&'(+B'66-!,&!8+7c)<(8R!'B)!'7J-*)8!_,(=!
1B4()'8)!'<(,2,(-$!@B4()46-(,<!'&(,740,)8R!;4B!)U'*16)R!='2)!7))&!1B4148)0!(4!16'-!'!B46)!,&!
<)B(',&! =4B*4&'6! 0-8;+&<(,4&8$! @'5)(('! '&0! <466)'5+)8! ='2)! 'B5+)0! (='(! (=)! 1B)8)&<)! 4;!
'&(,Q,0,4(-1,<! <4*16)U)8! 4;! '&(,QIB1.A! ,0,4(-1,<! '&(,740,)8R! _,(=! 8)B,&)Q6,^)! '*-046-(,<!
'<(,2,(-R!'&0!'&(,Q,0,4(-1,<!'&(,740,)8!,8!(=)!B)'84&!;4B!(=)!'78)&<)!4;!1B4()46-(,<!'<(,2,(-!,&!
16'8*'! 4;! 1'(,)&(8! _,(=! (-1)! "! 0,'7)()8! T@'5)(('! $7! /%8R! >FF?g$! O+B(=)B*4B)R! E,! '&0!
<466)'5+)8! ='2)! 8=4_&! (='(! '&(,Q(=-B45647+6,&! TL5g! '&(,740,)8! ,&! 1'(,)&(8! _,(=!
M'8=,*4(4S8! (=-B4,0,(,8! 'B)! B)814&8,76)! ;4B! (=)! <6)'2'5)! 4;! L5R! (=)! 1B)<+B84B! 4;! (=-B4,0!
=4B*4&)8!'&0!'!1B42)&!'+(4'&(,5)&!,&!'+(4,**+&)!(=-B4,0,(,8!TE,!$7!/%8R!"..Dg$!L=)!B46)!4;!
(=)8)!'&(,740,)8! ,&!M'8=,*4(4S8!(=-B4,0,(,8R!=4_)2)BR!B)*',&8!+&<6)'B$!L=)!)6,*,&'(,4&!4;!
L5!7-!'&(,QL5!<'('6-(,<!'&(,740,)8!*,5=(!6)'0!(4!(=)!B)0+<(,4&!4;!'+(4,**+&)!B)814&8)$!\&!
(=)! 4(=)B! ='&0R! (=)8)! '&(,740,)8! ='2)! 7))&! 8=4_&! (4! '<<)88! (=)! (=-B4,0! '&0! *,5=(!
14()&(,'66-! 6)'0! (4! (=)! 0)16)(,4&! 4;! (=-B4,0! =4B*4&)8R! *'^,&5! (=)*! 0)(B,*)&('6! (4! (=)!
1'(,)&(S8!=)'6(=$!!
!
%!&+*7)B!4;!4(=)B!)U1)B,*)&(8!='2)!0)*4&8(B'()0R!=4_)2)BR!(='(!(=)8)!'+(4'&(,740,)8!'B)!
1B)8)&(!4&6-!,&!GEV!'&0!'+(4,**+&)!(=-B4,0,(,8R!'&0!&4(!,&!=)'6(=-!,&0,2,0+'68!T@'+6!$7!/%8R!
"..?g$! L=)! '+(=4B8! ='2)! 8+55)8()0! (='(! (=)! 0)2)641*)&(! 4;! (=)! '+(4,**+&)! 8('()! ,8!
B)814&8,76)!;4B!(=)!(B'&8,(,4&!;B4*!146-B)'<(,2)!1B4()46-(,<!'<(,2,(-R!1B)8)&(!,&!'66!8+7c)<(8R!



! ?C!

(4!'+(4'&(,5)&Q0,B)<()0!'<(,2,(-!,&!1'(,)&(8R!14()&(,'66-!0+)!(4!(=)!<=)*,<'6!B)'<(,2,(-!4;!(=)!
'&(,5)&!1B4*4(,&5!(=)!)U1B)88,4&!4;!<'('6-(,<!'<(,2,(-!7-!'+(4'&(,740,)8$!L=)!478)B2'(,4&8!
'B4+&0! (=)8)! '&(,QL5! <'('6-(,<! '&(,740,)8R! (=)B);4B)R! 1B42,0)! '&4(=)B! )U'*16)! 4;! (=)!
14()&(,'6!0+'6,(-!4;! (=)!B46)!4;!'7J-*)8! ,&!1'(=4645-$!G)<4&06-R! (=,8!)U'*16)! ,66+8(B'()8!'!
B)<+BB,&5!478)B2'(,4&!,&!(=)!8(+0-!4;!<'('6-(,<!'&(,740,)8R!_=,<=!,8!'!14()&(,'6!6,&^!7)(_))&!
(=),B!)U1B)88,4&!'&0!(=)!)U,8()&<)!4;!'&!'+(4,**+&)!8('()$!
!
%7J-*)8! ='2)! '684! 7))&! 0)*4&8(B'()0! (4! 16'-! '! B46)! ,&! '! &+*7)B! 4;! &)+B40)5)&)B'(,2)!
0,8)'8)8$!X'&5'&!'&0!<466)'5+)8!='2)!B)14B()0!(=)!=-0B46-8,8!4;!'*-64,0!P!1)1(,0)!T%P@gR!
,&2462)0! ,&! (=)!0)2)641*)&(!4;!%6J=),*)BS8!0,8)'8)! T%:gR!7-! <B488QB)'<(,2)!'&(,740,)8! (4!
&)+B41)1(,0)! 2'84'<(,2)! ,&()8(,&'6! 1)1(,0)! TX'&5'&! $7! /%8R! >FFCg$! %P@Q=-0B46-J,&5! #5[!
'&(,740,)8!='2)!'684!7))&!478)B2)0!(4!8+78('&(,'66-!0)5B'0)!%P@!'&0!764<^!,(8!'55B)5'(,4&!
'&0!(4U,<,(-!T@'+6!$7!/%8R!>FFDh!L'5+<=,!$7!/%8R!>FFK'g$!3'('6-(,<!'&(,740,)8!=-0B46-J,&5!(=)!
*-)6,&!7'8,<!1B4(),&!T[/@g!,&2462)0!,&!*+6(,16)!8<6)B48,8!T[Gg!='2)!7))&!B)14B()0!;,B8(!,&!
)U1)B,*)&('6!'66)B5,<!)&<)1='64*-)6,(,8! TV%Vg!*4+8)!*40)68!T@4&4*'B)&^4!$7!/%8R!>FF>g!
'&0! 6'()B! ,846'()0! ;B4*! 1'(,)&(8! T@4&4*'B)&^4! $7! /%8R! >FF9'g$! L=,8! _4B^! ='8! 5,2)&! '!
0,'5&48(,<! 2'6+)! (4! (=)! 1B)8)&<)! 4;! 8)B+*! '+(4'&(,740,)8! '76)! (4! B)<45&,J)! '&0! 0)5B'0)!
[/@!1)1(,0)8R!'<(,&5!'8!&42)6!7,4*'B^)B8!;4B![G!T/)645+B42!$7!/%8R!>FFKg$!L=)!=),5=()&)0!
,&<,0)&<)!4;!(=)!)U1B)88,4&!4;!<'('6-(,<!'&(,740,)8!,&!(=)!)&8)*76)!4;!(=)!'742)!*)&(,4&)0!
'+(4,**+&)! &)+B40)5)&)B'(,2)! 0,8)'8)8! ;+B(=)B! <4&;,B*8! (=)! =-14(=)8,8! 4;! '&! )U,8(,&5!
6,&^!7)(_))&!'7J-*)8!'&0!'+(4,**+&,(-$!
!
L=,8! 6,&^! ,8! '684! )2,0)&<)0! 7-! (=)! 1B)8)&<)! 4;! <'('6-(,<! '&(,740,)8! ,&2462)0! ,&! (=)!
<4'5+6'(,4&!<'8<'0)$!L=)B)!='2)!7))&!B)14B(8!4;!'+(4'&(,740,)8!=-0B46-J,&5!1B4(=B4*7,&!
,&!GEV!T/)B(46'<<,&,!$7!/%8R!"..KgR!(=B4*748,8!T@'648+4!$7!/%8R!"..?gR!'&0!*+6(,16)!*-)64*'!
TL=,'5'B'c'&! $7! /%8R! >FFFg$! L=)! 6'(()B! 8(+0-! ='8! 8+55)8()0! (='(! (=)8)! '&(,740,)8! *,5=(!
,&0+<)! '! 1B4Q<4'5+6'&(! 8('()! 7-! <6)'2,&5! 1B4(=B4*7,&! '&0! 5)&)B'(,&5! (=B4*7,&Q6,^)!
'<(,2,(,)8R! 7+(! (=)! 1B)<,8)! <4&&)<(,4&! 4;! (=)8)! '&(,740,)8! '&0! =-1)B<4'5+6'7,6,(-! B)*',&8!
+&<6)'B$! L=)! '&(,Q1B4(=B4*7,&! '+(4'&(,740,)8! 'B)R! (=+8R! ,&2462)0! ,&! (=)! 0)2)641*)&(! 4;!
0,8)'8)!'&0!1B42,0)!)U'*16)8!4;!'7J-*)8!_,(=!'!0)(B,*)&('6! B46)! (4! (=)!1'(,)&(S8!=)'6(=$!
%+(4'&(,740,)8! =-0B46-J,&5! ;'<(4B! ]###! TO]###g! '&0! ;'<(4B! #Z! TO#Zg! ='2)! 8=4_&! (4! 7)!
,&2462)0! ,&! '<`+,B)0! =)*41=,6,'! %! Tf44(6'! $7! /%8R! >FFK'h!f44(6'! $7! /%8R! >F""'g$! %&(,QO#Z!
'&(,740,)8!='2)!7))&!8+55)8()0!(4!='2)!#5IQ*)0,'()0!O#Z!'<(,2'(,4&R!B)1B)8)&(,&5!'&!'&(,Q
=)*4BB='5,<! *)<='&,8*! '&0! 1B42,0,&5! '! 7)&);,<,'6! B46)! (4! (=)! 1'(,)&(S8! =)'6(=$! L=)!
1B)8)&<)! 4;! 8+<=! '&(,740,)8! ='8! '684! 7))&! '884<,'()0! _,(=! '! B)0+<)0! B,8^! 4;! <=B4&,<!
'6645B';(! &)1=B41'(=-! ,&! B)&'6! (B'8&16'&(8! Tf44(6'! $7! /%8R! >FFK7gR! 1B42,0,&5! '&4(=)B!
)U'*16)!4;!'7J-*)8!_,(=!148,(,2)!,&;6+)&<)8!(4!1'(,)&(8S!=)'6(=$!!
!
!

!!"#"B"%"&&&"'D/1%)<0/++'-5'%6,&C&,:E'%;@:A/+'<&+70%:'%'6-A70/F'<9%0'
;/8%C&-)"""'

!
L4! <4&<6+0)R! (=)! &+*)B4+8! )U'*16)8! 4;! <'('6-(,<! '&(,740,)8! B)14B()0! ,&! 0,;;)B)&(!
1'(=4645,<'6!8('()8R!0)*4&8(B'()! (_4!<B,(,<'6!478)B2'(,4&8$!O,B8(! ,8! (=)!0+'6!B46)!)U=,7,()0!
7-!(=)8)!1B4(),&8R!_=)B)!(=)!'7J-*)8!16'-!'!7)&);,<,'6!;+&<(,4&!,&!84*)!,&8('&<)8R!_=)B)'8!





! ?D!

!!"#"F"1"&@1=93,8&62&2-)3%5&:<986-5-/9&
!
G+0=,B! @'+6! '&0! <466)'5+)8! B)14B()0! (=)! ;,B8(! ,&8('&<)! 4;! (=)! 1B)8)&<)! 4;! <'('6-(,<!
'&(,740,)8! ,&!=)'6(=-! ,&0,2,0+'68! ,&!"..D!Tb'6'5'!$7!/%8R!"..Dg$!L=)!'+(=4B8!478)B2)0! #5I!
'&(,740,)8!_,(=!1)1(,0'8)!'<(,2,(-! ,&!(=)!8)B+*!4;!=)'6(=-!8+7c)<(8R!_=,<=!_)B)!'78)&(! ,&!
1'(,)&(8!_,(=!B=)+*'(4,0!'B(=B,(,8$!L=,8!0,8<42)B-!0)*4&8(B'()0!(='(!(=)!,**+&)!8-8()*!,8!
<'1'76)!4;!814&('&)4+86-!5)&)B'(,&5!<'('6-(,<!'&(,740,)8!,&!(=)!'78)&<)!4;!,**+&,J'(,4&!7-!
'&!)U45)&4+8!*46)<+6)$!!
!
G,&<)!(=,8!;,B8(!478)B2'(,4&R!&'(+B'66-!4<<+BB,&5!<'('6-(,<!'&(,740,)8!='2)!7))&!B)14B()0!,&!
4(=)B! &4B*'6! 1=-8,4645,<'6! <4&0,(,4&8R! <4&(B,7+(,&5! (4! (=)! +&<)B(',&(-! 4;! (=)! B46)! 4;!
'7J-*)8!,&!1=-8,41'(=4645-$!L=)!8'*)!5B4+1!,&!>FFAR!;4B!)U'*16)R!B)14B()0!(=)!1B)8)&<)!
4;!<'('6-(,<!#5[!'&(,740,)8!,&!=)'6(=-!,&0,2,0+'68!<'1'76)!4;!<6)'2,&5!(=)!51">F!1B4(),&!4;!
(=)!M#]R!14()&(,'66-!1B42,0,&5!'!1B4()<(,4&!'5',&8(!(=,8!2,B+8!T@'+6!$7!/%8R!>FFAg$![4B)42)BR!
#5I!'&0!#5%!'&(,740,)8!_,(=!1B4(),&!^,&'8)!'&0!:H'8)!'<(,2,(-!='2)!7))&!B)14B()0! ,&! (=)!
*,6^!4;!=)'6(=-!6'<('(,&5!*4(=)B8!Tb,(!$7!/%8R!"..9h!b'&-8=^42'!$7!/%8R!"..?g$!%!*4B)!B)<)&(!
8(+0-! 6,&^,&5! (=)! 1B)8)&<)! 4;! 1B4()46-(,<! #5%! '&(,740,)8! (4! (=)! '<(,2'(,4&! 4;! @B4(),&'8)!
X)<)1(4BQ%<(,2'()0! >! T@%XQ>g! B)<)1(4B8! ,&! ,&()8(,&'6! )1,(=)6,'6! <)668! B)814&8,76)! ;4B! (=)!
)U1B)88,4&!4;!'&!'&(,*,<B47,'6!1)1(,0)R! 8+55)8()0! (='(! (=)!<'('6-(,<!'&(,740,)8!1B)8)&(! ,&!
*,6^!*,5=(!16'-!'!7)&);,<,'6!B46)!,&!,&&'()!,**+&,(-!T/'BB)B'!$7!/%8R!>FF.g$!!
!
f)&(_4B(=! '&0! <466)'5+)8! ='2)!1B4148)0! (='(! '66! '&(,740,)8R! B)5'B06)88! 4;! (=),B! '&(,5)&!
81)<,;,<,(-R!='2)!7'<()B,<,0'6!'<(,2,(-!Tf)&(_4B(=!$7!/%8R!>FF>g$!L=,8!,8!0+)!(4!(=)!'7,6,(-!4;!
'&(,740,)8! (4!<'('6-J)! (=)!5)&)B'(,4&!4;!=-0B45)&!1)B4U,0)!TM>\>g! ;B4*!_'()B!'&0!8,&56)!
*46)<+6'B!4U-5)&R!(=)!6'(()B!1B42,0)0!7-!'<(,2'()0!&)+(B41=,68!(='(!7,&0!,**+&45647+6,&8$!
L=,8! 478)B2'(,4&! (,)8! ,&(4! '! 1B)2,4+8! =-14(=)8,8! B',8)0! 7-! 4+B! 5B4+1! (='(! &'(+B'66-!
4<<+BB,&5! <'('6-(,<! '&(,740,)8! 16'-! '! 0,B)<(! B46)! ,&! (=)! )6,*,&'(,4&! 4;! (=)! 7,4<=)*,<'6!
_'8()8! B)6)'8)0! 7-! (=)! *)('746,8*! 4;! (=)! 4B5'&,8*R! 1B42,0,&5! '&! ,&(B,&8,<! 1B4()<(,2)!
1B41)B(-!+&0)B!1=-8,4645,<'6!<4&0,(,4&8!TOB,74+6)(!$7!/%8R!"...g$!
!
!

!!"#"F"+"&$-2+5*86-28&-2&2%(*)%559&-++*)62/&%1=93,8&
!
L=)! &+*)B4+8! 0,8<42)B,)8! 4;! <'('6-(,<! '&(,740,)8! 844&! ';()B! (=),B! 1B40+<(,4&! '8!
7,4<=)*,<'6! (4468R! ,&! 74(=! 1=-8,4645,<'6! '&0! 1'(=4645,<'6! <4&0,(,4&8R! 6)'0,&5! (4! 74(=!
7)&);,<,'6!'&0!0)(B,*)&('6!4+(<4*)8!;4B!(=)!4B5'&,8*R!='8!*'0)!,(!0,;;,<+6(!;4B!B)8)'B<=)B8!
(4! 0B'_! '&-! <4&<B)()! <4&<6+8,4&8! '74+(! (=)! 16'<)! 4;! (=)8)! 1)<+6,'B! 1B4(),&8! ,&!
1=-8,41'(=4645-$!f='(!,8!<)B(',&R!=4_)2)BR!,8!(=)!<4*16)U,(-!4;!(=)!B46)!4;!'7J-*)8!,&!(=)!
,**+&)!8-8()*$!#(!,8!&4_!^&4_&!(='(!'+(4B)'<(,2,(-!)U,8(8!&'(+B'66-!,&!(=)!,&&'()!'8!_)66!'8!
(=)!'0'1(,2)!,**+&)!B)814&8)!T/)&0)6'<!$7!/%R!>FF"g$!#&!=)'6(=-!1=-8,4645,<'6!<4&0,(,4&8R!
,(!8))*8!(='(!(=,8!'+(4B)'<(,2,(-!B)*',&8!,&!'!8('()!4;!=4*)48('8,8$!L=,8!<4&(B46!,8!)U)B()0!
7-! &)5'(,2)! 8)6)<(,4&! 4;! (=)! /! 6-*1=4<-()8! )U1B)88,&5! '+(4B)'<(,2)! '&(,740,)8R! 7-!
*)<='&,8*8! 4;! (=)! B)5+6'(4B-! L! 6-*1=4<-()8R! 4B! 7-! '&! '&(,Q,0,4(-1,<! &)(_4B^$! e&0)B!
1'(=4645,<'6! <4&0,(,4&8R! =4_)2)BR! (=,8! =4*)48('8,8! ,8! 0,8B+1()0R! '+(4B)'<(,2)! /!
6-*1=4<-()8!'B)!'<(,2'()0R!'&0!<64&'6!)U1'&8,4&!6)'08!(4!'!=,5=)B!)U1B)88,4&!4;!1'B(,<+6'B!



! ?9!

'+(4B)'<(,2)!'&(,740,)8$!L=,8!=-14(=)8,8!,8!2'6,0'()0!7-!(=)!B)<45&,(,4&!7-!<)B(',&!<'('6-(,<!
'&(,740,)8!4;!(=)!'+(4'&(,5)&8!0,B)<(6-!B)814&8,76)!;4B!(=)!0)2)641*)&(!4;!0,8)'8)R!8+<=!'8!
(=)!<'8)8!4;!=)*41=,6,'!%!Tf44(6'!$7!/%8R!>FFK'g!'&0![G!T@4&4*'B)&^4!$7!/%8R!>FF9'g$!L=)B)!
'B)! 4(=)B! <4&(B'0,<(,&5! ,&8('&<)8R! =4_)2)BR! _=)&! <'('6-(,<! '&(,740,)8! 'B)! ('B5)()0! (4!
'&(,5)&8! &4(! '(! '66! ,&2462)0! _,(=! (=)! 0,8)'8)! T,$)$! :H%Q=-0B46-J,&5! '&(,740,)8! ,&! [G!
T/'B'&428^,,!$7!/%8R!"..Kg!4B!O]###Q=-0B46-J,&5!'&(,740,)8!,&!8)18,8!Tf44(6'!$7!/%8R!>FF9gg$!#&!
(=)8)! <'8)8R! (=)! )U,8()&<)! 4;! (=)! <'('6-(,<! '&(,740-! ,8! *48(! 6,^)6-! &4(! 0+)! (4! <64&'6!
)U1'&8,4&!4;!/! 6-*1=4<-()8!0,B)<(6-! B)8+6()0!7-! (=)!0,8)'8)Q<'+8,&5!'&(,5)&$!L=,8! ,0)'! ,8!
;+B(=)B!<4&;,B*)0!7-!8(+0,)8!8=4_,&5!(=)!1B)2'6)&<)!4;!<'('6-(,<!#5[!'&(,740,)8!,&!<)B(',&!
<4&0,(,4&8! T@6'&`+)! $7! /%8R! >FFAg$! ! L=)8)! 8(+0,)8! ='2)! 8+55)8()0! (='(! 84*'(,<!*+('(,4&8!
0,8;'24B! <'('6-(,<! '<(,2,(-! '&0! (='(! (=)! 8(B+<(+B)! 4;! #5[! 1B,4B! (4! +&0)B54,&5! <6'88!
<4*+('(,4&!,8!;'24B'76)!;4B!<'('6-8,8!TG'11'B'1+!$7!/%8R!>F">g$!L=)8)!=-14(=)8)8!'B)R!4&<)!
'5',&R!<4&(B'0,<(4B-!_,(=!(=)!;'<(!(='(!*48(!4;!(=)!&'(+B'66-!4<<+BB,&5!<'('6-(,<!'&(,740,)8!
,&! 0,;;)B)&(! 1'(=4645,)8! 'B)! #5I$! L=)! 478)B2'(,4&! 4;! #5I8! ,&! (=)!*'c4B,(-! 4;! (=)! B)14B()0!
<'8)8R!=4_)2)BR!<4+60!14()&(,'66-!7)!8,*16-!0+)!(4!)U1)B,*)&('6!7,'8)8!4B!(4!(=)!<=4,<)!4;!
'+(=4B8!(4!;4<+8!4&6-!4&!(=,8!,84(-1)$!
!
L=)!0,;;)B)&(!)U'*16)8!4;!(=)!,&8('&<)8!4;!&'(+B'66-!4<<+BB,&5!<'('6-(,<!'&(,740,)8!6)'0,&5!
(4! 0,;;)B)&(R! '&0! 84*)(,*)8! <4&(B'0,<(4B-R! =-14(=)8)8! 4&! (=)! &'(+B)! '&0! B46)! 4;! (=)8)!
,**+&45647+6,&8R!,8!)2,0)&<)!4;!(=)!<4*16)U,(-!4;!(=)!,**+&)!8-8()*!'&0!(=)!<4&246+()0!
;+&<(,4&! 4;! '7J-*)8! ,&! (=,8! 8-8()*$!f)! 'B)! '! 64&5!_'-! ;B4*!+&0)B8('&0,&5! (=)! 16'<)! 4;!
(=)8)!81)<,'6!1B4(),&8!,&!1=-8,41'(=4645-!'&0!*'&-!*4B)!8(+0,)8!&))0!(4!7)!1)B;4B*)0!,&!
4B0)B!(4!7B,&5!+8!<648)B!(4!(=,8!47c)<(,2)$!L=)!;4664_,&5!,8!'&!)U'*16)!4;!'!(=)4B)(,<'6!8(+0-!
1)B;4B*)0! 7-! 4+B! 5B4+1! ,&! 4B0)B! (4! B)2)'6! *4B)! ,&;4B*'(,4&! 4&! (=)! &'(+B)! '&0!
<='B'<()B,8(,<8!4;!<'('6-(,<!'&(,740,)8$!
!
!

!!"#"2"%C)&)(,:%7(+/-%*'&,9)7(,&4%:)?(',&%:;'?':()?,7(,:7%39%'6D-*)7%%
!
O4<+8,&5!4&!(=)!8(+0-!4;! (=)! ,**+&45647+6,&!5)&)8!)&<40,&5! ;4B!<'('6-(,<!'&(,740,)8!<'&!
14()&(,'66-! B)2)'6! +8);+6! ,&;4B*'(,4&! 4&! (=)! &'(+B)! 4;! (=)8)! 1B4(),&8! '8! _)66! '8! 1B42,0)!
=,&(8!'8!(4!=4_!(=)!,**+&)!8-8()*!6)'08!(4!(=),B!5)&)B'(,4&$!L=,8!,8!_=-!*'&-!B)8)'B<=)B8!
='2)!;4<+8)0!4&!8+<=!'&'6-8)8$!H+*)B4+8!8(+0,)8!='2)!;4<+8)0!4&!8)`+)&<)!'6,5&*)&(!4;!
'7J-*)Q)&<40,&5! 5)&)8! '&0! (=),B! 5)B*6,&)! <4+&()B1'B(8R! (=)! 6)2)6! 4;! '*,&4! '<,0!
*40,;,<'(,4&!;4664_,&5!/!<)66!*'(+B'(,4&R!'&0!74(=!4;!(=),B!);;)<(8!4&!(=)!'7J-*)S8!<'('6-(,<!
'<(,2,(-$!%!8(+0-!1)B;4B*)0!7-!G+0=,B!@'+6S8!5B4+1!5)&)B'(,&5!'!1B4()'8)!<'('6-(,<!'&(,740-!
'5',&8(! ]#@R! ='8! ,0)&(,;,)0! (=)! *'(+B)! '&(,740-S8! *+('()0! B)8,0+)8R! '&0! ='8! 1)B;4B*)0!
14,&(! *+('(,4&8! (4! <4&2)B(! (=)! '&(,740-! (4! ,(8! 5)B*6,&)Q<40)0! ;4B*! TI46464742! $7! /%8R!
"...g$! L=)! '+(=4B8! 478)B2)0! (='(! 74(=! 5)B*6,&)! '&0! *'(+B)! ;4B*8! 4;! (=)! '&(,740-!
0)*4&8(B'()! 8,*,6'B! <'('6-(,<! '<(,2,(-R! '&0! =)&<)! 1B4148)0! (='(! (=)! <'('6-(,<! '<(,2,(-! 4;!
<)B(',&!'&(,740,)8!,8!'&!,&&'()!;+&<(,4&!'8!41148)0!(4!84*'(,<!1B4<)88)8$!%!8,*,6'B!8(+0-!7-!
@)()B!G=+6(JS8!5B4+1!B)14B()0! (='(! <4&2)B(,&5! (=)!'&(,740-!%YQ>K! (4! ,(8!5)B*6,&)!2)B8,4&!
,*1B42)0!(=)!'7J-*)S8!<'('6-(,<!);;,<,)&<-!7-!CDQ;460!Te6B,<=!$7!/%8R!"..?g$!L=)!=-14(=)8)8!
'B,8,&5! ;B4*! (=)! 6'(()B! 8(+0-! 'B)! ,&! 6,&)! _,(=! (=)! B)8+6(8! '<`+,B)0! 7-! L'_;,^! '&0!
<466'74B'(4B8R! 0)*4&8(B'(,&5! (='(! '! 64&5! ,**+&,J'(,4&! 1B4(4<46! TvC! *4&(=8gR!



! ??!

<4BB)814&0,&5!(4!'!=,5=)B!6)2)6!4;!';;,&,(-!*'(+B'(,4&R!'8!41148)0!(4!'!8=4B(!,**+&,J'(,4&!
1B4(4<46!T>"!0'-8gR!6)'08!(4!'!0)<B)'8)!,&!(=)!)U1B)88,4&!4;!<'('6-(,<!'&(,740,)8!;B4*!?Dr!
(4!9r!TL'_;,^!$7!/%8R! "..Dg$!%!&+*7)B!4;!4(=)B! 8(+0,)8!04&)!7-!@)()B! G=+6(J! '&0!:4&'60!
M,62)B(R! =4_)2)BR! ='2)! 478)B2)0! '! <4&(B'0,<(4B-! 1=)&4*)&4&$! L=)8)! 8(+0,)8! ='2)!
8+55)8()0! (='(! (=)! '<`+,8,(,4&! 4;! '*,&4! '<,0! *40,;,<'(,4&8! ;4664_,&5! 84*'(,<! *+('(,4&8!
6)'08! (4!'&! ,*1B42)0!<'('6-(,<!'<(,2,(-!7-! (=)!'&(,740-!TX4*)87)B5!$7!/%8R!"..Kh!Z+!$7!/%8R!
"...g$! L=)B);4B)R! <'('6-(,<! '&(,740,)8!='2)!4&<)! '5',&!1B42)&! (4!='2)! '! <4*16)U!&'(+B)R!
)2)&! '(! (=)! 6)2)6! 4;! 5)&)(,<! 8)`+)&<)R! B)8+6(,&5! ,&! '! 5B)'(! 0,;;,<+6(-! 4;! 0)<,1=)B,&5! (=),B!
8-8()*'(,<!<='B'<()B,J'(,4&$!
!
L=)! ,0)'! (='(! <'('6-(,<! '&(,740,)8! _,(=! =,5=)B! <'('6-(,<! '<(,2,(,)8! 'B)! )&<40)0! 7-! (=)!
5)B*6,&)! 4B! ='2)! '! =,5=)B! 5)B*6,&)! =4*4645-! ,8! ,&! 6,&)!_,(=! &+*)B4+8! ,&8('&<)8! 4;! (=)!
B)14B()0!146-B)'<(,2,(-!4;!'7J-*)8!Tb'6'5'!$7!/%8R!"..Dh!L'_;,^!$7!/%8R!"..Dh!@6'&`+)!$7!/%8R!
>FFAh! Y),&! $7! /%8R! >F"F7g$! #&0))0R! '! &+*7)B! 4;! 8(+0,)8! ='2)! 8+55)8()0! (='(! 146-B)'<(,2)!
'&(,740,)8! 5)&)B'66-! 1488)88! '! 64_! 81)<,;,<! ';;,&,(-! ;4B! '! 2'B,)(-! 4;! '&(,5)&8! '&0! (=),B!
8)`+)&<)8!'B)!<648)!(4!(=),B!5)B*6,&)!T3'8'6,!'&0!H4(^,&8R!".K.h!Y=4+!$7!/%8R!>FF?g$!L=,8!,8!'!
<='B'<()B,8(,<! `+,()! 0,;;)B)&(! ;B4*! (='(! 4;! =,5=Q';;,&,(-!*4&4QB)'<(,2)! 7,&0,&5! '&(,740,)8R!
_=,<=! '<`+,B)! (=),B! ';;,&,(,)8! 7-! +&0)B54,&5! 1B4<)88)8! 4;! 84*'(,<! *+('(,4&! '&0! ';;,&,(-!
*'(+B'(,4&$!!
!
#&! 4B0)B! (4! 1B42,0)! '! 7)(()B! 644^! 4&! (=)! 5)&)(,<! <='B'<()B,8(,<8! 4;! <'('6-(,<! '&(,740,)8R! '!
B)<)&(!8(+0-!04&)!7-!4+B!5B4+1!='8!;4<+8)0!4&!'&!'&'6-8,8!4;!AF!'7J-*)8!B)14B()0!,&!(=)!
6,()B'(+B)! _,(=! '! 2'B,)(-! 4;! '<(,2,(,)8! T,$)$! '*,0'8)R! )8()B'8)R! :H'8)R! 0)<'B74U-6'8)R!
(B'&8'*,&'8)R!'&0!:,)68Q%60)B!'<(,2,(-g!'&0!0,;;)B)&(!*)(=408!4;!5)&)B'(,4&!TE)![,&4+U!$7!
/%8R!>F">g$!@)B;4B*,&5!(=)!8(+0-!4&!'!<4*7,&)0!1446!4;!(=)8)!'&(,740,)8!=)618!(4!'24,0!'&-!
7,'8! 7B4+5=(! 7-! (=)! )U1)B,*)&('6! *)(=408! 6)'0,&5! (4! (=)! 1B40+<(,4&! 4B! (=)! 1'B(,<+6'B!
'<(,2,(-!4;!'7J-*)8$!%!;,B8(!14,&(!4;!'&'6-8,8!;4<+8)0!4&!(=)!6)2)6!4;!,0)&(,(-!4;!(=)!<'('6-(,<!
'&(,740,)8!_,(=! (=),B! <4BB)814&0,&5!5)B*6,&)!5)&)8$!e8,&5! (=)!]QdeVGL! (446! '2',6'76)! ,&!
(=)!#[IL!0'('7'8)!T/B4<=)(!$7!/%8R!>FFKgR!,(!_'8!478)B2)0!(='(!(=)!1)B<)&('5)!4;!,0)&(,(-!4;!
(=)! ,**+&45647+6,&! 2'B,'76)! B)5,4&8! 4;! (=)8)! '&(,740,)8! _'8! .?$D|"$?r! ;4B! ]E! '&0!
.?$"|>$Dr! ;4B!]M$! L=)8)! 2'6+)8!0)*4&8(B'()! (='(! (=)! 8(+0,)0! <'('6-(,<! '&(,740,)8! ='2)! '!
=,5=! 6)2)6! 4;! 8)`+)&<)! 8,*,6'B,(-! ,&! (=),B! &+<6)4(,0)! 8)`+)&<)! '8! <4*1'B)0! (4! (=),B!
5)B*6,&)$!!
!
%8! '! 8)<4&0! 14,&(! 4;! '&'6-8,8R! (=)! *+('(,4&! B'()! _'8! )U164B)0! '(! (=)! '*,&4! '<,0! 6)2)6$!
VU<6+0,&5!8,6)&(!*+('(,4&8R!,(!_'8!478)B2)0!(='(!<'('6-(,<!'&(,740,)8!4&!'2)B'5)!<4&(',&)0!
9$A!*+('()0!B)8,0+)8!4&!]E!'&0!""$"!4&!]MR!_=,<=!6)'08!(4!'!(4('6!4;!"?$D!*+('()0!B)8,0+)8!
4&!(=)!]EW]M!1',B$!%!8,*,6'B!8(+0-!1)B;4B*)0!7-!@4+68)&!$7!/%8!4&!'!(4('6!4;!AK!7,&0,&5!T,$)$!
&4&Q<'('6-(,<g! '&(,740,)8! B)14B()0! (='(! '&! '2)B'5)! 4;! >"! *+('(,4&8! ,8! 1B40+<)0! 0+B,&5!
';;,&,(-!*'(+B'(,4&!4&!(=)!]EW]M!1',B!T@4+68)&!$7!/%8R!>FF?gR!_=,<=!,8!"9$?r!=,5=)B!(='&!(=)!
2'6+)!478)B2)0!;4B!<'('6-(,<!'&(,740,)8$!!
!
%8! '! (=,B0! 14,&(! 4;! '&'6-8,8R! (=)! 8(+0-! ;4<+8)0! 4&! '! `+'6,('(,2)! *)'8+B)! 4;! (=)!
1=-8,<4<=)*,<'6!*40,;,<'(,4&8!B)8+6(,&5!;B4*!(=)!*+('()0!'*,&4!'<,08$!#&!4B0)B!(4!1)B;4B*!
'!2'6,0!'&'6-8,8! ;4B! (=,8!14,&(R! (=)!_,&04_!4;! 8(+0-!_'8! B)8(B,<()0! (4! <'('6-(,<! '&(,740,)8!
_,(=! (=)! 8'*)!'<(,2,(-!'&0!'! <4**4&!'&0!_)66Q,0)&(,;,)0! <'('6-(,<!*4(,;$!L=,8! 8(+0-!_'8R!







! KF!

1B4148)0!,0)'!(='(!'!=,5=!6)2)6!4;!*+('(,4&8!4<<+BB,&5!,&!(=)!2'B,'76)!B)5,4&!4;!'&!'&(,740-!
B)0+<)8! (=)! 0)5B))! 4;! <4&;4B*'(,4&'6! ;B))04*! 4;! ,(8! 3:X! B)5,4&8! T])&^'()8=B'4! $7! /%8R!
>FFAg!1B42,0)8!8+114B(!;4B!(=)8)!478)B2'(,4&8$!L=,8!B,5,0,(-!4&!(=)!B)<45&,(,4&!8,()!4;!(=)!
'&(,740-!)&;4B<)8!,(8!8(B4&5!,&()B'<(,4&!_,(=!(=)!'&(,5)&$!#&!(=)!<'8)!4;!<'('6-8(8R!=4_)2)BR!
'!=,5=!B,5,0,(-!4;!(=)!'<(,2)!8,()!,8!+&;'24B'76)!;4B!(=)!B)6)'8)!4;!1B40+<(8!'&0!(=)!<'('6-(,<!
(+B&42)B! T@)(8^4! '&0! X,&5)R! >FFAh! M'**)8QG<=,;;)B! '&0! /)&^42,<R! >FF9gR! _=,<=! ,8! '684!
1B47'76)! ;4B! (=)! 3:X! B)5,4&8! 4;! <'('6-(,<! '&(,740,)8$! L=)B);4B)R! (=)! 5)&)! 8+75B4+18! 6)88!
8+8<)1(,76)!(4!*+('(,4&R!'&0!=)&<)!6)'0,&5!(4!'!64_)B!6)2)6!4;!';;,&,(-!*'(+B'(,4&R!'B)!*4B)!
;'24B'76)!;4B!(=)!<'('6-(,<!;+&<(,4&!4;!'&(,740,)8$!#(!,8!,*14B('&(!(4!&4()!(='(!(=)!*)&(,4&)0!
=-14(=)8)8! 'B)! 7'8)0! 4&! '! 8*'66! 8'*16,&5! 4;! _)66Q<='B'<()B,J)0! <'('6-(,<! '&(,740,)8$!
O+B(=)B!8(+0,)8!&))0!(4!7)!<4&0+<()0!,&!4B0)B!(4!1B42,0)!'!*4B)!<4&<B)()!+&0)B8('&0,&5!4;!
(=)! 5)&)(,<! 4B,5,&8! '&0! <='B'<()B,8(,<8! 4;! <'('6-(,<! '&(,740,)8R! '&0! (4! ,0)&(,;-! (=)! 81)<,;,<!
)2)&(8!,&!(=)!,**+&)!B)814&8)!(='(!;'24B!(=),B!5)&)B'(,4&$!
!

%

!!"#"8"%$005,:'(,3&7%39%:'('5-(,:%'&(,63/,)7%
!!
:)81,()! (=),B! 64_)B! (+B&42)BR! (=)B)! 'B)! <)B(',&! <='B'<()B,8(,<8! 4;! '7J-*)8! '8! <4*1'B)0!
_,(=! )&J-*)8R! _=,<=! ='2)! *'0)! (=)*! ,&()B)8(,&5! <'&0,0'()8! ;4B! '! &+*7)B! 4;! <6,&,<'6!
'116,<'(,4&8N!

• L=),B!=,5=)B!='6;Q6,;)!<4BB)814&0,&5!(4!64&5)B!8)B+*!<,B<+6'(,4&!1)B,408!!
• L=),B!+8)!,&!64_)B!048)8!'8!<4*1'B)0!(4!4(=)B!0B+58!
• L=),B!64_)B!,**+&45)&)<,(-!'&0!1)B,1=)B'6!(4U,<,(-!
• L=),B!B)6)2'&<)!,&!'+(4,**+&)!0,8)'8)!!
• L=),B! *+6(,2'6)&<-R! '664_,&5! (4! 0,2)B8,;-! (=),B! ;+&<(,4&'6,(,)8! T,$)$! (4! <4+16)! '!

7,&0,&5!'&0!'!<'('6-(,<!'<(,2,(-g!
!
L'76)!?!8+**'B,J)8!(=)!2'B,4+8!(=)B'1)+(,<!'116,<'(,4&8!1B42,0)0!7-!'7J-*)8!(4!0'()$!
!
\&)! 1'B(,<+6'B! '116,<'(,4&! 4;! ,&()B)8(! (4! &4()! ,8! (=)! '&(,740-! 0,B)<()0! )&J-*)! 1B40B+5!
(=)B'1-! T%:V@Lg$! L=,8! ,8! '! (_4Q<4*14&)&(! 8(B'()5-! <4*7,&,&5! '&! '&(,740-Q)&J-*)!
<4&c+5'()! '&0! '&! '&(,<'&<)B! 1B40B+5$! L=)! '&(,740-! 7,&08! (4! '! (+*4BQ'884<,'()0! '&(,5)&!
'&0! 7B,&58! (=)! )&J-*)! ,&! 1B4U,*,(-! 4;! (=)! (+*4B! 8+B;'<)$! %! &4&Q(4U,<! 1B40B+5! 4;! '&!
'&(,<'&<)B!'5)&(!,8!'0*,&,8()B)0R!_=,<=!(=)!)&J-*)!=-0B46-J)8!'&0!<4&2)B(8!,&(4!,(8!'<(,2)!
;4B*!'(!(=)!64<'6!)&2,B4&*)&(!4;!(=)!(+*4B$!L=)!,**+&45)&)<,(-!4;!(=)!)&J-*)R!=4_)2)BR!
,8!'!6,*,('(,4&!4;!(=,8!()<=&,`+)$!X)16'<,&5!(=)!'&(,740-Q)&J-*)!<4&c+5'()!7-!'!=+*'&,J)0!
<'('6-(,<! '&(,740-R! '&(,740-! 0,B)<()0! '7J-*)! 1B40B+5! (=)B'1-! T%:%@LgR! ,8! (=)B);4B)! '&!
,&()B)8(,&5!'&0!2,'76)!846+(,4&$!%!7,81)<,;,<!'7J-*)!<4*7,&,&5!'&!'&(,Q(+*4B!;+&<(,4&!_,(=!
'!<'('6-(,<!4&)! ,8!'&!)U'*16)!4;! (=,8!<4&<)1(! Tf)&(_4B(=!$7!/%8R!"..9g$!L=)!'7J-*)!CK3>!
0,816'-,&5! '6046'8)! '<(,2,(-R! _=,<=! '<(,2'()0! (=)! 1B40B+5! ;4B*8! 4;! 04U4B+7,<,&! '&0!
<'*1(4(=)<,&!,8!'&4(=)B!)U'*16)!TG='*,8!$7!/%8R!>FFAh!G,&='!$7!/%8R!>FFAg$!#(!,8!,*14B('&(!(4!
&4()R! =4_)2)BR! (='(! (=,8! '&(,740-! B)'<=)8! ,(8! ('B5)(! ),(=)B! 7-! '! 64<'6! ,&c)<(,4&! 4B! 7-!
<4&c+5'(,4&!_,(=!'! ('B5)(,&5!<4*14+&0$!L=B))!=+*'&,J)0!2'B,'&(8!4;!CK3>!='2)!)&()B)0!
<6,&,<'6!(B,'68!TI48_'*,!$7!/%8R!>FF.h!X'0)BR!>F"Ag$!



! K"!

!"#$%&87!L=)B'1)+(,<!'116,<'(,4&8!4;!<'('6-(,<!'&(,740,)8$!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
%&4(=)B! 2'6+'76)! '116,<'(,4&! 4;! <'('6-(,<! '&(,740,)8! 6,)8! ,&! (=),B! 14()&(,'6! '8! <'('6-(,<!
2'<<,&)8$! %&! )U'*16)! 4;! (=,8! ,8! (=)! 1B)8)&<)! 4;! <'('6-(,<! '&(,740,)8! 81)<,;,<! (4! (=)!
56-<41B4(),&! 51">F! 4;! (=)!M#]Q"! 2,B+8R!_=,<=! ='2)! 7))&! B)14B()0! ,&! (=)! 8)B'! 4;! =)'6(=-!
,&0,2,0+'68!T@'+6!$7!/%8R!>FFAh!M,;+*,!$7!/%8R!>FF>h!I4B&-!$7!/%8R!>FFDh!3=4+0=B-!$7!/%8R!>FF?h!
I'<=!$7!/%8R!>FFKgR!GEV!1'(,)&(8! Tb'B6)!$7!/%8R!>FFAgR!'&0! ,&0+<)0!7-!'&,*'6! ,**+&,J'(,4&!
T@4&4*'B)&^4!$7!/%8R!>FF97g$!L=)!5B4+1!4;!%6)U'&0)B!I'7,742!='8!2'<<,&'()0!GaEWa!*,<)!,&!
'&! '<(,2)! ,**+&,J'(,4&! 1B4<)0+B)! 7-! +8,&5! :H%! <4*7,&)0! _,(=! 51">F! ;B'5*)&(8!
,&<4B14B'()0!,&(4! 6,1484*)8R!'&0!='2)!0)*4&8(B'()0!(=)!,&0+<(,4&!4;!<'('6-(,<!'&(,740,)8!
_,(=! 2,B+8! &)+(B'6,J,&5! <'1'7,6,(-R!_=,<=! <'&! ;+B(=)B! 7)! =+*'&,J)0! '&0! +8)0! ;4B! 1'88,2)!
2'<<,&'(,4&!T:+B42'!$7!/%8R!>FF.g$!L=,8!='8!8=4_&!(='(! (=)! ,**+&)!B)1)B(4,B)!4;!'&(,5)&Q
B)<,1,)&(!'&,*'68!,8!'!5B)'(!84+B<)!;4B!(=)!0)2)641*)&(!4;!8+<=!)1,(41)Q81)<,;,<!'&(,740,)8R!
_=,<=!<'&!7)!+8)0!;4B!;+B(=)B!1'88,2)!2'<<,&'(,4&$!!

Application Antibodies Activity References

15A10 Cocaine esterase Briscoe et al., 
2001; 

3F5, 3H9 McKenzie et al., 
2007

TD1-10E8, TD1-
36H10

Oxidative 
degradation of 

nicotine

Dickerson et al., 
2004

Abzymes against cancer

38C2 Aldolase Abraham et al., 
2007

84G3, 85H6, 
90G8

Goswami et al., 
2009

VHHC10 Li et al., 2012

 Gene silencing 3D8-VL mRNA of HER2 
hydrolysis

Lee et al., 2010

Abzymes against chemical 
warfare agents A17

Degradation of 
organophosphate 

compounds

Smirnov et al., 
2011

Abzymes against infectious 
agents

        HIV
YZ18, YZ20, 

YZ24 Cleavage of gp120
Paul et al., 2003; 

Planque et al., 
2008

Rabies virus Clones 1 and 18 
(Light chains)

Peptidase Hifumi et al., 2013

Helicobacter pylori UA15-L Protease Hifumi et al., 2008
Abzymes against 
inflammatory diseases

Alzheimer disease
c23.5, 

Polyclonal 
autoAb

Proteolytic cleavage 
of A!-peptide 
aggregates

Rangan et al., 
2003; Taguchi et 

al., 2008 a,b; Paul 
et al., 2010

Autoimmune inflammatory 
disorders

ETNF-6-H Hydrolysis of TNF-" Hifumi et al., 2010

Abzymes for the protection 
of oxydative damage

Se-scFv-B3; 
scFv 2D8

Glutathion 
peroxidase activity

Xu et al., 2010

Abzymes against 
coagulation factor

Polyclonal 
antibodies

Hydrolysis of FIX Wootla et al., 
2011a

Aliinase

Abzymes against drug 
addiction

 Prodrug activation



! K>!

L=)! ;B)`+)&(! '11)'B'&<)! 4;! '7J-*)8! ,&! &+*)B4+8! '+(4,**+&)! 0,8)'8)8! '684! 1B42,0)8!
(=)8)!1B4(),&8!_,(=!14()&(,'6!(=)B'1)+(,<!'&0!0,'5&48(,<!2'6+)!T@4&4*'B)&^4!$7!/%8R!>FF>g$!
L=)!,846'(,4&!4;!);;,<,)&(!<'('6-(,<!04*',&8!0,B)<()0!'5',&8(!1'(=45)&)(,<'66-!'&0!<6,&,<'66-!
B)6)2'&(! '+(4,**+&)! )1,(41)8! 4;;)B8! 5B)'(! (=)B'1)+(,<! 14()&(,'6R! _=)B)'8! 0)()<(,4&! 4;!
'7J-*)8! 8=4_,&5! <'('6-(,<! '<(,2,(-! '5',&8(! 4B5'&! 4B! (,88+)! 81)<,;,<! '&(,5)&,<! ('B5)(8! <'&!
6)'0!(4!;+(+B)!0,'5&48(,<!*)'8+B)8$!
!
%7J-*)8!='2)!'684!7))&!+8)0!,&!(=)!;,5=(!'5',&8(!<4<',&)!'00,<(,4&$!%&(,Q<4<',&)!'7J-*)8!
='2)!7))&!B)14B()0R!_=,<=!'B)!'76)!(4!7,&0!<4<',&)!'&0!=-0B46-J)!,(!(4!,(8!&4&Q18-<=4'<(,2)!
1B40+<)8! T:)&5! $7! /%8R! >FF>h! [<b)&J,)! $7! /%8R! >FF?h! I4B)6,<^R! >F">g$! L=)B);4B)R! 8+<=!
<'('6-(,<! '&(,740,)8! ='2)! 5B)'(! 14()&(,'6! ;4B! (=)! 0)2)641*)&(! 4;! 2'<<,&)8! T@'0,466)'+Q
E);}2B)!$7!/%8R!>F"Ag$!!
!
[4B)! *'B5,&'66-R! <'('6-(,<! '&(,740,)8! ='2)! 7))&! +8)0! ,&! '! &+*7)B! 4;! ,&0+8(B,'6!
'116,<'(,4&8$! L=)-! ='2)R! ;4B! )U'*16)R! 7))&! +8)0! ,&! (=)! 1='B*'<)+(,<'6! ,&0+8(B-! ;4B! (=)!
6'B5)Q8<'6)!1B)1'B'(,4&!4;!)&'&(,4*)B,<'66-!1+B)!,&()B*)0,'()8!'&0!1B40+<(8!TG<=*,0!$7!/%8R!
>FF"g$!\&)!4;!(=)!,&()B)8(,&5!,&0+8(B,'6!'116,<'(,4&8!4;!)&J-*)8!,8!(=),B!,**47,6,J'(,4&!4&!
846,0! 8+B;'<)8! ,&! 4B0)B! (4! B)(',&! (=),B! <4&(,&+4+8! 1B4<)88$! %! *',&! 1B476)*! _,(=! (=,8!
()<=&,`+)R! =4_)2)BR! ,8! (=)! '(('<=*)&(! 4;! )&J-*)8! _,(=4+(! <'+8,&5! '! 6488! 4;! '<(,2,(-$!
L=)B);4B)R!(=)!8(B+<(+B)!4;!'&(,740,)8R!&4('76-!(=)!1B)8)&<)!4;!(=),B!<4&8('&(!B)5,4&!_=,<=!
04)8! &4(! '((B,7+()! (4! (=)! <'('6-(,<! '<(,2,(-R! '&0! (=),B! '7,6,(-! (4! *',&(',&! '<(,2,(-! '&0!
81)<,;,<,(-! ,&!4B5'&,<! 8462)&(8! TX'4!'&0!f44(6'R!>FF?g!*'^)! (=)*! ,&()B)8(,&5! <'&0,0'()8!
;4B!8+<=!'116,<'(,4&8$!
!
!
L=)!;4<+8!4;!(=)!<+BB)&(!8(+0-!,8R!=4_)2)BR!'!*4B)!;+&0'*)&('6!`+)8(,4&N!(=)!)6+<,0'(,4&!4;!
(=)!&'(+B)!4;!<'('6-(,<!'&(,740,)8R!0)()B*,&'(,4&!4;!14()&(,'6!<='B'<()B,8(,<8!+&,`+)!(4!(=)8)!
1B4(),&8R! '&0! (=)! ,&;6+)&<)! 4;! (=)! ,**+&)! B)1)B(4,B)! 1B41)B(,)8! 4&! (=),B! )U1B)88,4&$!
M,8(4B,<'66-R!4+B!5B4+1!='8!1,4&))B)0!(=)!+8)!4;!(=)!,0,4(-1,<!&)(_4B^!,&!(=)!1B40+<(,4&!4;!
<'('6-(,<!'&(,740,)8$!L=,8!()<=&4645-!='8!7))&!+8)0!,&!4+B!6'74B'(4B-!(4!1B40+<)!'&(,740,)8!
_,(=!)8()B'8)R!1)1(,0'8)R!'&0!PQ6'<('*'8)!'<(,2,(,)8$!L'^,&5!,&(4!<4&8,0)B'(,4&!(=)!1B)2,4+8!
)U1)B,)&<)!4;!4+B!5B4+1!_,(=!(=)!PQ6'<('*'8)!'<(,2,(-!'&0!(=)!2'8(!'*4+&(!4;!,&;4B*'(,4&!
'2',6'76)! 4&! (=,8! )&J-*)R! _)! <4&8,0)B! ,(! '! 8+,('76)! *40)6! ;4B! (=)! 8(+0-! 4;! <'('6-(,<!
'&(,740,)8$!%00,(,4&'66-R! (=)! ;'<(! (='(!PQ6'<('*'8)8!'B)!+&,`+)!(4!7'<()B,'6!81)<,)8!'&0!04!
&4(! )U,8(! ,&! (=)! )+^'B-4(,<!_4B60!*'^)8! (=),B! '<(,2,(-! '! 0)8,B'76)!*40)6! ;4B! (=)! 8(+0-!4;!
<'('6-(,<!'&(,740,)8!,&!'&,*'68$!O4B!)U'*16)R!,&!8(+0,)8!+8,&5!(=)!=-7B,04*'!()<=&4645-!4B!
(=)! ,0,4(-1,<! &)(_4B^R! _)! 'B)! <)B(',&! (='(! 14()&(,'6! <4&('*,&'(,4&! _,(=! )&045)&4+8!
)&J-*'(,<!'<(,2,(-!<'&!7)!'24,0)0$!O+B(=)B*4B)R!(=)!&'(+B)!4;!(=,8!'<(,2,(-!,8!4;!,&()B)8(!,&!
(=,8!;,)60R!0+)!(4!(=)!5)&)B'6!64_!'<(,2'(,4&!)&)B5-!4;!(=)!'*,0'8)!'<(,2,(-R!&)<)88'B-!;4B!(=)!
=-0B46-8,8!4;!(=)!'*,0)!74&0!4;!(=)!PQ6'<('*!B,&5$!L=,8!,8!_=-!0+B,&5!(=)!1'8(!(_4!0)<'0)8R!
4+B! 5B4+1! ='8! ;4<+8)0! 4&! (=,8!*40)6! ;4B! (=)! )6,<,('(,4&! '&0! <='B'<()B,J'(,4&! 4;! <'('6-(,<!
'&(,740,)8!'&0!_)!='2)!<=48)&!(4!;4<+8!4&!(=,8!*40)6!<'('6-(,<!'<(,2,(-!;4B!(=)!B)'6,J'(,4&!4;!
4+B!8(+0-$!!
!
!



β













! K.!

%8!'!B)8+6(!4;!(=)!_,0)B!<6,&,<'6!)U148,(,4&!81)<(B+*!4;!(=,B0!5)&)B'(,4&!'&(,7,4(,<8R!8+<=!'8!
4U-,*,&4Q<)1='64814B,&8R! <6'88!%!)U()&0)0Q81)<(B+*!PQ6'<('*'8)8! TVG/E8g!='2)! <4*)! (4!
)U,8()&<)!TL4*'&,<)^!$7!/%8R!>F"Fg$!VG/E8!'B)!8+7Q<'()54B,J)0!,&(4!(_4!8+75B4+18R!_,(=!(=)!
;,B8(! 5B4+1! ,&<6+0,&5! (=)!*4B)! 8(+0,)0!1)&,<,66,&'8)8!LV[Q"! T:B'_J!'&0!/4&4*4R!>F"Fg$!
L=)!B)8,0+)8!B)814&8,76)!;4B!VG/E!'<(,2,(-!'B)!5)&)B'66-!&)'B!(=)!8+78(B'()Q7,&0,&5!8,()!7+(!
04!&4(!0,B)<(6-! <4&(B,7+()! (4! <'('6-8,8$! L=)8)! ,&<6+0)! B)8,0+)8! '(! 148,(,4&8!"FAR! >CKR! '&0!
>AF$! @4,&(! *+('(,4&! 8(+0,)8! 4&! (=)8)! B)8,0+)8! ='2)! 0)*4&8(B'()0! '&! ,&<B)'8)! ,&! VG/E!
'<(,2,(-!7-!1B42,0,&5!*40,;,<'(,4&8!8+<=!'8!'&!)U1'&8,4&!4;!(=)!'<(,2)!8,()!<'2,(-!,&!4B0)B!(4!
'<<4**40'()!6'B5)B!8+78(B'()8!4B!'&!,*1B42)*)&(!,&!(=)!;4B*'(,4&!4;!)6)<(B48('(,<!74&08!
_,(=! (=)8)! 8+78(B'()8! TG4_)^! $7! /%8R! ".."h! @)(,(! $7! /%R! "..Dh! 3'&(+! '&0! @'6J^,66R! "..Kg$!
#&()B)8(,&56-R! (=)! '<`+,8,(,4&! 4;! B)8,8('&<)! (4_'B0! (=)! )U()&0)0! 81)<(B+*! '&(,7,4(,<8!
1B42,0)0!7-! (=)8)!*+('(,4&8!='8! 6)0! (4! '! <4&<4*,('&(!0)<B)'8)!4;! B)8,8('&<)! (4_'B0! (=)!
<6'88,<'6!8+78(B'()8!'&0!;,B8(!5)&)B'(,4&!'&(,7,4(,<8$!O4B!)U'*16)R!14,&(!*+('(,4&!8(+0,)8!4&!
'!&+*7)B!4;!0,;;)B)&(!B)8,0+)8!4;!(=)!LV[Q"!PQ6'<('*'8)!6)'0!(4!'&!,&<B)'8)!4;!+1!(4!"FFFQ
;460! 4;! (=)! =-0B46-8,8! 4;! 3);4('U,*)! T3LZgR! '&! )U()&0)0! 81)<(B+*! <)1='64814B,&R! '&0! '!
<4&<4*,('&(!0)<B)'8)!4;!+1!(4!"FFQ;460!4;!(=)!=-0B46-8,8!4;!7)&J-61)&,<,66,&!T/Yg!T:)!f'68!
$7!/%8R!>FF.g$!L=)8)!8(+0,)8!='2)!0)*4&8(B'()0!'!<)B(',&!6)2)6!4;!8(B+<(+B'6!16'8(,<,(-!4;!(=)!
'<(,2)!8,()!4;!PQ6'<('*'8)8R!1B42,0,&5!'!8(B4&5!(46)B'&<)!(4!0,;;)B)&(!*+('(,4&8!'&0!'664_,&5!
;4B! 8+78(B'()! 81)<(B+*! 0,2)B8,;,<'(,4&$! [4B)! B)<)&(6-R! '! *+('(,4&! 4&! (=)! I6+"99! B)8,0+)!
TV"99sg!_'8!8=4_&!(4!B)(',&!'<(,2,(-!7-!+8,&5!(=)!B)16'<)0!L-B!B)8,0+)!'8!(=)!5)&)B'6!7'8)!
TG(4c'&48^,!$7!/%8!>F"Dg$!L=)8)!B)8+6(8!1B42,0)0!;+B(=)B!)2,0)&<)!;4B!(=)!B47+8(&)88!4;!(=)!
PQ6'<('*'8)!;460!'&0!(=)!16'8(,<,(-!4;!(=)!'<(,2)!8,()!14<^)($!
!
#&!'00,(,4&!(4!'<(,2)!8,()!16'8(,<,(-R!(=)!<4&;4B*'(,4&'6!0-&'*,<8!4;!(=)!VG/E!'<(,2)!8,()!='8!
'684!7))&!8(+0,)0$!#&!'!8(+0-!1)B;4B*)0!7-!H,<46'8!:4+<)(!'&0!a4)66)!@)66)(,)BR!'!*46)<+6'B!
0-&'*,<8!8,*+6'()0!'&&)'6,&5!)U1)B,*)&(!0)*4&8(B'()0!(='(!(=)!L-B"FD!B)8,0+)R!,&!(=)!;B))!
LV[Q"!)&J-*)R!=4608!(_4!0,;;)B)&(!<4&;4B*'(,4&8!8,*+6('&)4+86-!,&!846+(,4&R!)'<=!7,&0,&5!
1B);)B)&(,'66-! '!0,;;)B)&(! 8+78(B'()! T:4+<)(! '&0!@)66)(,)BR! >FF?g$!%8! (=,8! B)8,0+)!16'-8! '&!
,*14B('&(!B46)!,&!8+78(B'()!81)<,;,<,(-!T:4+<)(!$7!/%8R!>FFAgR!(=)8)!B)8+6(8!1B42,0)!'00,(,4&'6!
)U16'&'(,4&!'8!(4!=4_!<4&;4B*'(,4&'6!0-&'*,<8!4;!(=)!VG/E!)&J-*)8!1B42,0)8!(=)*!_,(=!
7,&0,&5! 81)<,;,<,(-! ;4B! 8+<=! '! _,0)! 81)<(B+*! 4;! 8+78(B'()8$! L=+8R! 2'B,4+8! 8)`+)&(,'6! 4B!
8(B+<(+B'6!*4(,;8!=)60!7-!(=)8)!)&J-*)8!8))*!(4!7)!'76)!(4!8+114B(!(=)!<'('6-(,<!;+&<(,4&$!
!
!
%8!*)&(,4&)0!1B)2,4+86-R!(=)!PQ6'<('*'8)!'<(,2,(-!='8!7))&!+8)0!7-!4+B!5B4+1!'8!'!*40)6!
'<(,2,(-! ;4B! (=)! 8(+0-! 4;! <'('6-(,<! '&(,740,)8$! e8,&5! (=)! PQ6'<('*'8)! )&J-*)! '&0! ('^,&5!
'02'&('5)!4;! (=)! ,0,4(-1,<!&)(_4B^R!'&!'&(,740-!_'8!1B40+<)0!)&04_)0!_,(=! (=,8!*40)6!
'<(,2,(-$! L=)! ;4664_,&5! ,8! '! 0)8<B,1(,4&! 4;! (=)! 5)&)B'(,4&! '&0! <='B'<()B,J'(,4&! 4;! (=,8!
'&(,740-$!
!
!

!!"<"."%E;)%:'('5-(,:%'&(,63/-%FC>GF%
!
%8!4&)!4;!(=)!1,4&))B,&5!8(+0,)8!,&!(=)!;,)60R!PQ6'<('*'8)!;B4*!(=)!7'<()B,'!@/#)%%B&!#$($B&!
'&0!(=)!'&(,Q,0,4(-1,<!&)(_4B^!8(B'()5-!_)B)!+8)0!,&!(=)!"..F8!7-!4+B!5B4+1!(4!5)&)B'()!'!











! .A!

&

!"#$%&W7!b,&)(,<!1'B'*)()B8!4;!0,;;)B)&(!<'('6-8(!_,(=!PQ6'<('*'8)!'<(,2,(-$!

!
!
!
!
!
!
!
!
!
G46+76)!8<O2!.IAM.!='8!7))&!1B40+<)0!7-!1)B,16'8*,<!)U1B)88,4&$!
G4+B<)8N!@'0,466)'+QE);}2B)!$7!/%8R!>FF9h!@=,<=,(=!$7!/%8R!>FF.h!/)&!H'-'!$7!/%8R!>F"C!
!
!
L4!;+B(=)B!,&2)8(,5'()!(=)!<'('6-(,<!*)<='&,8*!4;!.IAM.R!(=)!1='5)!0,816'-!()<=&4645-!_'8!
+8)0! ,&! 4+B! 6'74B'(4B-! ,&! 4B0)B! (4! 8)6)<(! ;4B! '! 1)1(,0)! ,&=,7,(4B! 4;! (=,8! '&(,740-$! L=,8!
1B4<)88!'&0!(=)!<='B'<()B,8(,<8!4;!(=,8!1)1(,0)!'B)!0)8<B,7)0!7)64_$!
!
!

!!"<"2"%=)0FHI%'%:-:5,:%0)0(,/)%,&;,6,(3?%39%FC>GF%
!
#&! '&! '(()*1(! (4! )6+<,0'()! ;+B(=)B! 8(B+<(+B)Q;+&<(,4&! B)6'(,4&8=,18! '884<,'()0! _,(=! PQ
6'<('*'8)! '<(,2,(-! '&0! (4! ,&2)8(,5'()! *)<='&,8*8! 542)B&,&5! (=)! (B'&8;)B! 4;! <'('6-(,<!
,&;4B*'(,4&!(=B4+5=4+(! (=)! ,0,4(-1,<!&)(_4B^R!4+B!5B4+1!='8!8)6)<()0!'!1)1(,0)! ,&=,7,(4B!
81)<,;,<!;4B!(=)!'<(,2,(-!4;!.IAM.!TsB,7'BB)&!$7!/%8R!>FFCg$!L=,8!1)1(,0)!&'*)0!@)1.FR!_'8!
,846'()0!;B4*!'!B'&04*!6,7B'B-!4;!A$Dt"F.!<-<6,<!=)1('1)1(,0)8!0,816'-)0!4&!(=)!8+B;'<)!4;!
7'<()B,41='5)! 7-! '! (_4! 8()1! 8)6)<(,4&! 1B4<)0+B)$! #(! 7,&08! (=)! '&(,740-! .IAM.! _,(=!
b:{?A|"9! &[! '&0! ,&=,7,(8! ,(8! <'('6-(,<! '<(,2,(-! _,(=! #3DF{.F! o[$! L=)! 8)`+)&<)! 4;! (=,8!
,&=,7,(4B-! 1)1(,0)! L-BQM,8Q@=)QE)+QLB1QI6-Q@B4! 74'B0)0! 7-! (_4! <-8(),&)8! ,8! *',&6-!
<4*148)0!4;! <)&(B'6! =-0B41=47,<! B)8,0+)8R! 8,*,6'B! (4!*48(! 4;! (=)! 4(=)B! 8)6)<()0!1)1(,0)!
<'&0,0'()8R!'&0!<4&(',&8!'!1B46,&)! ,&!(=)!3Q()B*,&'6$!L=,8!<4**4&'6,(-!='8!8+55)8()0!(=)!
B)`+,B)*)&(!4;!'!7'8,<!8(B+<(+B'6!;)'(+B)!'76)!(4!7,&0!(=)!'<(,2)!8,()!4;!.IAM.$!
!
@)1.F! '684! ,&=,7,(8! (=)! 8<O2! ;4B*'(! 4;! .IAM.!_,(=! #3DF{AK>!o[$! #&()B)8(,&56-R! (=)! 14,&(!
*+('(,4&! 8(+0-R!*)&(,4&)0!1B)2,4+86-R! B)2)'6)0! (='(! (=)! B)16'<)*)&(!4;!E-8>?R!_=,<=!0,0!
&4(!';;)<(!(=)!<'('6-(,<!<'1'7,6,(-!4;!8<O2!.IAM.R!04)8!&4(!'6()B!(=)!,&=,7,(4B-!<'1'7,6,(-!4;!
@)1.F$!L=,8!<4&;,B*)0!(='(!(=,8!B)8,0+)!,8!&4(!,*16,<'()0!,&!(=)!PQ6'<('*'8)!'<(,2,(-!4;!8<O2!
.IAM.! T@=,<=,(=! $7! /%8R! >FF.g$! O+B(=)B*4B)R! 8,()Q0,B)<()0! *+('5)&)8,8! 4&! (=)! 1)1(,0)!
@)1.F!B)2)'6)0!(='(!(=)!LB-1(41='&!B)8,0+)!='8!'!<B,(,<'6!B46)!,&!(=)!,&()B'<(,4&!7)(_))&!
(=)!1)1(,0)!'&0!8<O2!.IAM.R!'&0!(=)!@B46,&)!B)8,0+)!)&8+B)8!(=)!&)<)88'B-!B,5,0,(-!4;!(=)!
1)1(,0)$! %! 0,;;)B)&(! 8(+0-! 4&! (=)! ,&=,7,(4B-! '7,6,(,)8! 4;! @)1.F! 0)*4&8(B'()0! (='(! (=,8!
1)1(,0)! &4(! 4&6-! ,&=,7,(8! .IAM.R! 7+(! '684! 7,&08! (4! '&0! ,&=,7,(8! LV[Q"! PQ6'<('*'8)8! '&0!
8)2)B'6! @/@8! ;B4*! 2'B,4+8! 7'<()B,'6! 81)<,)8! _,(=! #3DF! 2'6+)8! B'&5,&5! ;B4*! 9! (4! "FF! o[!
T@=,<=,(=!$7!/%8R!>F"Fg$!L=)!1'B(,<+6'B!'7,6,(-!4;!@)1.F!(4!,&=,7,(!74(=!PQ6'<('*'8)8!'&0!@/@8!

Catalyst Substrate KM (µM) kcat (min-1) kcat/KM (M-1.min-1) kcat/kuncat

! lactamase 665 7.3"104 1.1"108 1.3"109

IgG-9G4H9 4300 2.3±0.2 4.9"102 3.8"104

scFv-9G4H9 2300±600 3.3±0.2 1.4"103 5.9"104

! lactamase - - (2.017±0.007)"105 -
scFv-9G4H9 - - (1.01±0.01)"103 -

Ampicillin

Fluorocillin







! .?!

34**4&! 8+114B(! 8-8()*8! +8)0! ;4B! 8)6)<(,4&! 'B)! &,(B4<)66+648)R!*'5&)(,<! 7)'08R! '5'B48)!
<46+*&8R! *4&46,(=,<! <46+*&8R! 146-8(-B)&)! (+7)8! '&0! .9Q_)66! *,<B4(,()B! 16'()8!
Tb4&()B*'&&! '&0! :+7)6R! >F"Fg$! L=)! 1'&&,&5! ,&<6+0)8! (=)! ;4664_,&5! 8()18N! (=)! ('B5)(! ,8!
<4'()0! 4B! <'1(+B)0! 4&! (=)! 8+114B(! 8+B;'<)! '&0! ,8! (=)&! ,&<+7'()0! _,(=! 1='5)8! ;B4*! (=)!
6,7B'B-$! L=,8! ,&<+7'(,4&! _,66! '664_! (=)! 7,&0,&5! 4;! 1='5)Q0,816'-)0! )&(,(,)8! (4! (=)! ('B5)($!
G+78)`+)&(6-R!(=)!+&74+&0!1='5)8!'B)!)6,*,&'()0!7-!'!&+*7)B!4;!_'8=,&5!8()18$!O,&'66-R!'&!
)6+(,4&! 8()1! ,8! 1)B;4B*)0! ),(=)B! 7-! )&J-*'(,<! 0,5)8(,4&R! B)0+<(,4&R! <4*1)(,(,4&! _,(=!
846+76)!('B5)(R!4B!1M!8=,;($!L=)!)6+()0!1='5)!1'B(,<6)8!'B)!(=)&!B)'*16,;,)0!'&0!(=)!<-<6)!,8!
B)1)'()0$!
!
!

!!"J"."%$005,:'(,3&7%
!
!
L=)!1='5)!0,816'-!()<=4645-!4;;)B8!'!B'1,0!'&0!);;,<,)&(!*)(=40!(4!47(',&!6'B5)!'*4+&(8!4;!
1B4(),&8!4B!1)1(,0)8!;4B!'!2'B,)(-!4;!1+B148)8$!#(!'664_8!(=)!,&2)8(,5'(,4&!4;!1B4(),&Q1B4(),&!
,&()B'<(,4&8R! B)<)1(4B! 7,&0,&5! 8,()8R! '&0! '&(,5)&,<! )1,(41)8! '8! B4+(,&)! 1B4<)0+B)8$!
%00,(,4&'66-R!_=)&! '&(,740-! 6,7B'B,)8! 'B)! +8)0R! (=,8! ()<=&,`+)! 1B42,0)8! (=)! '02'&('5)! 4;!
)6,*,&'(,&5! (=)! &)<)88,(-! 4;! ,**+&,J'(,4&R! '664_,&5! ;4B! (=)! 1B40+<(,4&! 4;! '&(,740,)8!
'5',&8(!'&-!&4&Q,**+&45)&,<!'8!_)66!'8!(4U,<!('B5)(8$!L=)!1B40+<(,4&!4;!8+<=!'&(,740,)8!,8!
&4(!1488,76)!7-! ).!*)*,!'&(,740-!1B40+<(,4&!()<=&,`+)8$! #(! ,8! (=)B);4B)!&4(!8+B1B,8,&5!(='(!
1='5)!0,816'-!='8!7)<4*)!'!2'6+'76)!(446!,&!&+*)B4+8!7,4*)0,<'6!'116,<'(,4&8$!!
!
%*4&5!(=)!5B4_,&5!'116,<'(,4&8!4;!1='5)!0,816'-!,&!(=)!*)0,<'6!;,)60!,8!(=)!1B40+<(,4&!4;!
'&(,740,)8!,&!=)*'(4645,<'6!(=)B'1)+(,<8!T['B^8!$7!/%8R!"..Cg$!L=)8)!'&(,740,)8!'5',&8(!B)0!
76440!<)66!'&(,5)&8!'B)!+8)0!;4B!=)*'556+(,&'(,4&!'88'-8!'&0!'B)!&))0)0!,&!6'B5)!'*4+&(8$!
L=)B);4B)R!1='5)!0,816'-!='8!7))&!(=)!*)(=40!4;!<=4,<)!(4!1B40+<)!6'B5)!'*4+&(8!4;!(=)8)!
'&(,740,)8! ,&!'!8=4B(! (,*)$![4B)42)BR!1='5)!0,816'-!='8!7))&!+8)0! (4!1B40+<)!'&(,740,)8!
'5',&8(!(=)!_=,()!76440!<)668!8+<=!'8!/!'&0!L!<)668!8+<=!'8!T[')0'!$7!/%8!>FF.gR!4B!0)&0B,(,<!
<)668!TO,((,&5!$7!/%8R!>F""gR!'&0!'5',&8(!1'B'1B4(),&8!T\SH+'66',&!$7!/%8R!>FF?g$!
!
L=)!'7,6,(-!4;!1='5)!0,816'-!(4!B)1B)8)&(!=+*'&!,**+&)!6,7B'B,)8!='8!6)0!(4!(=)!'116,<'(,4&!
4;!(=,8!()<=&4645-!,&!(=)!8(+0-!4;!'+(4,**+&)!0,8)'8)$!L4!0'()R!*'&-!'+(4,**+&)!0,8)'8)8!
='2)! 7))&! ,&2)8(,5'()0! 7-! 1='5)! 0,816'-! ;4B! (=)! 0)8,5&! 4;! 14()&(,'6! 0,'5&48(,<! '&0!
(=)B'1)+(,<! '5)&(8$! #&! (=)! <'8)! 4;! B=)+*'(4,0! 'B(=B,(,8R! ;4B! )U'*16)R! (=,8! ()<=&4645-! ='8!
)&'76)0! (=)! 0)2)641*)&(! 4;! '! &)_! 0B+5! 7'8)0! 4&! '&(,QLHOl! '&(,740,)8! TX'+R! >FF>g$!
%&4(=)B! )U'*16)! ,8! (=)! '&(,Q3:D>!1='5)!0,816'-!1B40+<)0! '&(,740-! ;4B! (=)! (B)'(*)&(!4;!
*+6(,16)!8<6)B48,8!Tb64(J!$7!/%8R!>F">g$!%&(,740,)8! ;4B!'+(4,**+&)!0,84B0)B8!5)&)B'()0!7-!
1='5)!0,816'-!'B)!,&<B)'8,&56-!,&(B40+<)0!(4!(=)!*'B^)($!!
!
%&4(=)B!*'c4B! '02'&('5)!4;!1='5)!0,816'-! ,8! (=)!1488,7,6,(-! ;4B! (=)!0,B)<()0!)246+(,4&!4;!
'&(,740,)8! ;4B! ,&<B)'8)0!8('7,6,(-!'&0!=,5=)B!';;,&,(-$!L=,8! ()<=&4645-!='8!'684!7))&!*'0)!
,*14B('&(! <4&(B,7+(,4&8! (4! 2'<<,&)! 0)2)641*)&(R! *46)<+6'B! ,*'5,&5! '&0! (+*4B!
0)2)641*)&(! T/'J'&! $7! /%8R! >F">g$! O+B(=)B*4B)R! 1='5)! 0,816'-! ='8! 7))&! +8)0! ,&!
<4*7,&'(,4&!_,(=!HIG!(4!*,*,<!'&0!;4664_!).!*)7(,!(=)!);;)<(!4;!<64&'6!8)6)<(,4&!4<<+BB,&5!).!



! .K!

*)*,!TX'2&!$7!/%8R!>F"Fg$!:+)!(4!(=)!=,5=!;6)U,7,6,(-!4;!(=,8!()<=&,`+)R! ,(! ,8! 6,^)6-!(='(!1='5)!
0,816'-!_,66!B)*',&!+8);+6!(4!'!7B4'0!81)<(B+*!4;!(=)B'1)+(,<!'&0!0,'5&48(,<!'116,<'(,4&8$!
!
O,&'66-R!1='5)!0,816'-!='8!'684!7))&!+8)0!;4B!(=)!8(+0-!4;!<'('6-(,<!'&(,740,)8$!L=)!)'8)!4;!
(=)!*'&,1+6'(,4&! 4;! (=,8! ()<=&,`+)! ='8! 6)'0! (4! (=)! ;'<,6)! 8<B))&,&5!*)(=408! 4;! '&(,740-!
6,7B'B,)8! ;4B! (=)! 8)6)<(,4&! 4;! <'&0,0'()8! _,(=! <'('6-(,<! '<(,2,(-$! L=,8! ='8! 7))&! 04&)! ;4B!
)U'*16)! 7-! (=)! ,**+&,J'(,4&! 4;! '&,*'68! _,(=! '! B)'<(,2)! LG%! '&0! 8)6)<(,&5! ;4B! (=)!
<4BB)814&0,&5!'<(,2,(-!TL'&'^'!$7!/%8R!"...g!4B!7-!(=)!8)6)<(,4&!;B4*!'!6,7B'B-!0)B,2)0!;B4*!
(=)!1)B,1=)B'6!76440! 6-*1=4<-()8!4;!1'(,)&(8!_,(=!'!1'B(,<+6'B!1'(=4645-! TI'7,742!$7!/%8R!
>F""g$!
!
!
#&! (=)! 1B)8)&(! 8(+0-R!_)! ='2)! ('^)&! '02'&('5)! 4;! (=)! 1='5)! 0,816'-! ()<=&,`+)! '&0! ='2)!
+8)0! (_4! 0,;;)B)&(! 8(B'()5,<'66-! <=48)&! ('B5)(8! ,&! 4B0)B! (4! ,846'()R! ;B4*! 4+B! <4&8(B+<()0!
6,7B'B-R! '&(,740,)8! _,(=! 14()&(,'6! PQ6'<('*'8)! '<(,2,(-$! L=,8! 8(B'()5-! '&0! (=)! '<`+,B)0!
B)8+6(8!'B)!0)8<B,7)0!7)64_$!
!
!
!

337O7&;%$%H+F'*&'(&H"+"$K+FH&"*+F#'IF%,&XF+A&TU$"H+"B",%&"H+FJF+K&
!
#&!4B0)B!(4!8(+0-!(=)!)U1B)88,4&!'&0!1)B;4B*!'!<='B'<()B,J'(,4&!4;!<'('6-(,<!'&(,740,)8R!_)!
;4<+8)0!4&!'!PQ6'<('*'8)!*40)6!'<(,2,(-$!f)!='2)!(=)B);4B)!<=48)&!(_4!8(B'()5,<!('B5)(8!,&!
4B0)B!(4!8)6)<(!;4B!'&(,740,)8!_,(=!PQ6'<('*'8)!'<(,2,(-N!)P!(=)!<-<6,<!1)1(,0)!@)1.FR!'&0!))P!
(=)!1)&'*!8+6;4&)!8(B+<(+B)!+8)0!'8!(=)!'&(,5)&!;4B!,**+&,J'(,4&$!%8!1B)2,4+86-!0)8<B,7)0!
T8)8<(,4&!##$>g!74(=!4;!(=)8)!*46)<+6)8!'B)!,&=,7,(4B8!4;!(=)!)&J-*)!PQ6'<('*'8)$!!
!

! @)1.F!='8!7))&!8)6)<()0!'5',&8(!(=)!,0,4(41)!4;!.IAM.R!'!<'('6-(,<!'&(,740-!_,(=!PQ
6'<('*'8)! '<(,2,(-R! '&0! (=)B);4B)R! ,8! 14()&(,'66-! (=)! 8(B+<(+B'6!*,BB4B! ,*'5)! 4;! (=)!
'<(,2)! 8,()! 4;! (=)! )&J-*)$!%8! '! B)8+6(R! '&(,740,)8! 8)6)<()0! '5',&8(! (=,8!1)1(,0)! <'&!
14()&(,'66-!*,*,<! (=)!'<(,2)! 8,()!4;! (=)!)&J-*)!'&0!7)!)&04_)0!_,(=!PQ6'<('*'8)!
'<(,2,(-$!!

!
! @)&'*!8+6;4&)R!4&!(=)!4(=)B!='&0R!='8!7))&!+8)0!;4B!(=)!B)'<(,2)! ,**+&,J'(,4&!4;!

*,<)! ,&!4B0)B! (4!0)6,7)B'()6-! ,&0+<)! (=)!1B40+<(,4&!4;! <'('6-(,<!'&(,740,)8!_,(=!PQ
6'<('*'8)!'<(,2,(-$!#(!,8!'!8+,<,0)!,&=,7,(4B!4;!PQ6'<('*'8)R!'&0!(=)B);4B)R!'&(,740,)8!
_,(=! ';;,&,(-! 4B! B)'<(,2,(-! (4_'B0! (=,8! *46)<+6)! <'&! '684! 14()&(,'66-! *,*,<! (=)!
)&J-*)!'<(,2)!8,()!'&0!7)!)&04_)0!_,(=!(=)!8'*)!'<(,2,(-$!

!
/4(=!('B5)(8!'B)!7,4(,&-6'()0!'&0!(=)!8+114B(!8(B+<(+B)!4;!(=)!8)6)<(,4&!*)(=40!<4&8,8(8!4;!
*'5&)(,<!7)'08!<4&c+5'()0!_,(=!8(B)1('2,0,&!*46)<+6)8$!L=)!1B4<)0+B)!,8!'8!;4664_8N!;,B8(R!
(=)! ('B5)(! ,8! ,**47,6,J)0! 4&! (=)! 7)'08! 2,'! (=)! 7,4(,&W8(B)1('2,0,&! ,&()B'<(,4&R! _,(=! '!
8+;;,<,)&(! <4&<)&(B'(,4&! ,&! 4B0)B! (4! )&8+B)! (=)! 8'(+B'(,4&! 4;! (=)! 7)'08! TO,5+B)! 9Fg$! L=)!
8'(+B'(,4&!4;! (=)!7)'08!7-! (=)! ('B5)(! ,8!&)<)88'B-! ,&!4B0)B! (4! B)0+<)! (=)!)U148+B)!4;! (=)!
+&0)8,B'76)!8,()8!4;!(=)!8+114B(!8(B+<(+B)!(4!(=)!6,7B'B-!1='5)$!G)<4&0R!(=)!1446)0!6,7B'B-!,8!





Sample Quantity (μg)
Concentration 

(nmol/mL)
OD 

(original)
OD 

(eluted) ΔOD
Immobilized 

peptide 
(pmol)

1 4 1.36 0.35 0.38 - -
2 3 0.92 0.31 0.25 0.06 436
3 2 0.68 0.36 0.22 0.15 964
4 1 0.33 0.14 0.07 0.07 449







! "FC!

L=)! >>! <64&)8! _)B)! 8)`+)&<)0! '&0! ,(! _'8! B)2)'6)0! (='(! >F! 4+(! 4;! (=)! >>! <64&)8! 'B)!
,0)&(,<'6$!L=,8!<64&)!='8!7))&!&'*)0!@.F3"$!364&)8!XQ39!'&0!XD3?!'B)!+&,`+)!<64&)8!_,(=!
0,;;)B)&(!8)`+)&<)8!'&0!='2)!7))&!&'*)0!@.F3>!'&0!@.F3CR!B)81)<(,2)6-$! #(! ,8! ,*14B('&(!
(4!&4()!(='(!@.F3>!8=4_)0!(=)!=,5=)8(!8,5&'6!,&!(=)!@='5)QVE#G%!'88'-$!L=)!8)`+)&<)8!4;!
(=)8)!<64&)8!'B)!8=4_&!,&!;,5+B)!9D$!!
!

!
ZFMCE%&VQ7!L=)!'6,5&*)&(!4;!@)1.F!8)6)<()0!<64&)8!7-!(=)![+6('6,&!84;(_'B)$!!

L=)!3:X8!'B)!,&0,<'()0!,&!-)664_$!L=)!8)`+)&(,'6!&+*7)B,&5!8<=)*)!'((B,7+()0!(4!(=,8!'6,5&*)&(!,8!0,;;)B)&(!
;B4*!(='(!+8)0!7-!#[IL$!

!
L=)! 3:XC! 8)`+)&<)! 4;! @.F3"! '&0! @.F3C! 'B)! ,0)&(,<'6R! =4_)2)B! (=)B)! ,8! &4! 8,5&,;,<'&(!
8)`+)&<)!8,*,6'B,(-!;4B!'&-!4(=)B!8)5*)&(!7)(_))&!(=)!(=B))!'&(,740-!8)`+)&<)8$!f)!='2)!
8+7*,(()0! (=)8)! 8)`+)&<)8! (4! (=)! #[IL! ]QdeVGL! (446! ,&! 4B0)B! (4! 0)()B*,&)! (4! _=,<=!
,**+&45647+6,&!5)&)!8+75B4+18!(=)-!7)64&5$!%8!;4B!(=)!6,5=(!<=',&!4;!(=)8)!'&(,740,)8R!'66!
(=B))!7)64&5! (4! (=)! #Ib]A!'&0! #IbaD! 6,5=(! <=',&!p! 8+75B4+18$!%8! ;4B! (=)!=)'2-!<=',&!k!]!
5)&)!8+75B4+18R!<64&)8!@.F3"!'&0!@.F3>!7)64&5! (4! (=)! #IM]D!8+75B4+1!_=)B)'8!@.F3C!
7)64&58! (4! #IM]C!8+75B4+1$!O+B(=)B*4B)R! ;4B! (=)!=)'2-!<=',&!k! a!5)&)!8+75B4+18R!<64&)8!
@.F3"!'&0!@.F3C!7)64&5!(4!(=)!#IMaA!8+75B4+1R!_=)B)'8!@.F3>!7)64&58!(4!#IMaC$!O,&'66-R!
'66! (=B))! <64&)8! 7)64&5! (4! (=)! #IM:>! 8+75B4+1$! L=)B)! 'B)! &4! 8,5&,;,<'&(! 0,;;)B)&<)8!
478)B2)0!,&!(=)!1)B<)&('5)!4;!5)B*6,&)!,0)&(,(-!7)(_))&!(=)!(=B))!<64&)8!TL'76)!"Fg$!
!
!

!"#$%&@\7!@)1.FQ8)6)<()0!<64&)8!_,(=!(=),B!6,7B'B-!4B,5,&!'&0!5)&)!8+75B4+1!,0)&(,;,<'(,4&$!

!
!
!
!
!
!
!
!
T,g!B)1B)8)&(8!'&!,**+&,J)0!6,7B'B-R!T&g!B)1B)8)&(8!'!&',2)!6,7B'B-$!
!
#&! 4B0)B! (4! ,0)&(,;-! (=)! 6,7B'B-! 4;! 4B,5,&! 4;! )'<=! 4;! (=)! (=B))! 8)6)<()0! <64&)8R! _)! ='2)!
1)B;4B*)0!(=)!B)8(B,<(,4&!0,5)8(,4&!B)'<(,4&8!1B)2,4+86-!0)8<B,7)0!TG)<(,4&!#$A$3$<g!TO,5+B)!
99g$! L=)! B)8+6(8! 8=4_! (='(! (=)! <64&)8! @.F3"! '&0! @.F3>! 4B,5,&'()! ;B4*! (=)! ,**+&,J)0!

Light chain 
        1          11         21         31         41         51         61         71         81         91         101        111 
P90C1  EIVLTQSPAI MSASPGEKVT MTCSASSSIS ....Y..MHW YQQKPGFSPK LLIYRTSNLA SGVPARFSGS GSGTSYSLTI GTMEAEDVAT YYCQQGSSIP LTFGAGTKLE LKR   
P90C2  QIVLSQSPAL MAASPGEKVT ITCSVSSSIS ....SSNLHW YQQKPGSSPK LWIYSTSNLA SGVPVRFSGS GSGTSYSLTI SSMEAEDAAT YYCQQWSSYP LTFGAGTKLE LKR   
P90C3  DIVMTQSPAI MSASPGEKVT MTCSASSSVS ....Y..MHW YQQKSGTSPK RWIYDTSKLA SGVPARFSGS GSGTSYSLTI SSMEAEDVAT YYCQQGSSIP LTFGAGTKLE LKR   

 
 
 

Heavy chain 
        1          11         21         31         41         51         61         71         81         91         101        111 
P90C1  EVKLVESGGG LVKPGGSLKL SCAASGFTF. SDYYMYWVRQ TPEKRLEWVA TISDGGSYTY YPDSVKGRFT ISRDNAKNNL YLQMSSLKSE DTAMYYCVRE GRRREGYAMD YWGQGTSLTVS 
P90C2  EVMLVESGGD LVKPGGSLKL SCAASGFTF. SSYGMSWVRQ TPDKRLEWVA TISSGGSYTY YPDSVKGRFT ISRDNAKNTL YLQMSSLKSE DSAVYYCTRP TKRR.GFA.. YWGQGTLVTVS 
P90C3  EVQLQESGPD LVKPSQSLSL TCTVTGYSIT SGYSWHWIRQ FPGNKLEWMG YIHYSGSTNY NP.SLKSRIS ITRDTSKNQF FLQLNSVTTE DTATYYCASL ARG....AMD YWGQGTSVTVS 

Clone Library 
origin

IGKV % 
identity

IGKJ % 
identity

IGHV % 
identity

IGHJ % 
identity

IGHD

P90C1 Balb/C(i) IGKV4 95.29 IGKJ5 100 IGHV5 99.31 IGHJ4 92.00 IGHD2

P90C2 Balb/C(i) IGKV4 97.16 IGKJ5 100 IGHV5 97.92 IGHJ3 91.11 IGHD2

P90C3 SJL/J(n) IGKV4 96.01 IGKJ5 100 IGHV3 99.65 IGHJ4 84.00 IGHD2



K   E   B 

P90C1 P90C2 P90C3 



Sample Quantity 
(pmol)

OD (eluted) Immobilized  
(pmol)

1 8000 3.3 7560
2 800 1.1 653
3 400 0.8 293
4 200 0.55 127
5 100 0.38 49







Light chain 
     1          11         21         31         41         51         61         71         81         91         101        111 
PSC1  ETTVTQSPAS LAVSLGQRAT ISCRASKSVS TSR.YSYMHW YQQKPGQPPR LLIKYASNLE AGVPTRFSGS GSRTDFTLNI HPVEEDDAAT YYCQQSREYP WTFGGGTKLE IKR   
PSC2  NIVLTQSPAS LAVSLGQRAT ISCRASKSVS TSS.YSYMHW YQQKPGQPPK LLIYHASNLE TGVPARFSGS GSRTDFTLTI DPVEEDDVAI YYCLQSRKIP WTFGGGTKLE IKR   

Heavy chain 
     1          11         21         31         41         51         61         71         81         91         101        111 
PSC1  QVQLQQPGAE LVKPGASVKM SCKASGYTF. TSYWITWVKQ RPGQGLEWIG EIDPSDSYTN YNQKFKGKAT LTVDKSSSTA YMQLSSLTSE DSAVYYCARR DGKK.GAWFA YWGQGTLLTVS 
PSC2  QVQLQQSGAE LVKPGASVKL SCKASGYTF. TSYWMHWVKQ RPGRGLEWIG RIDPNSGGTK YNEKFKSKAT LTVDKPSSTA YMQLSSLTSE DSAVYYCARS GYSN.P..FD YWGQGTTVTVS 

Clone Library 
origin

IGKV % 
identity

IGKJ % 
identity

IGHV % 
identity

IGHJ % 
identity

IGHD

PSC1 SJL/J(n) IGKV3 92.78 IGKJ1 97.37 IGHV1 99.65 IGHJ2 95.45 IGHD2

PSC2 SJL/J(n) IGKV3 88.66 IGKJ1 97.37 IGHV1 98.61 IGHJ3 100 IGHD2







! """!

O4664_,&5!(=)!8)6)<(,4&!4;!;,2)!8<O2!'5',&8(!(=)!(_4!8(B'()5,<'66-!<=48)&!('B5)(8R!@)1.F!'&0!
8+6;4&)!1)&'*R!_)!_'&(!(4!)U'*,&)!_=)(=)B!'&-!4;!(=)*!'B)!<'('6-(,<'66-!'<(,2)$!!
!
!
!

337Q7&;+CIK&'(&H"+"$K+FH&"H+FJF+K&
!
f)!='2)!<=48)&! (_4!'88'-8! ,&!4B0)B! (4! ()8(! ;4B! (=)!1B)8)&<)!4;!PQ6'<('*'8)!'<(,2,(-N! )P! '!
<464B,*)(B,<! '88'-! +8,&5! &,(B4<);,&! '8! (=)! 8+78(B'()R! '&0! ))P! '! ;6+4B4*)(B,<! '88'-! +8,&5!
;6+4B4<,66,&! '8! (=)! 8+78(B'()!7)'B,&5! (=)!PQ6'<('*!B,&5$!/4(=!4;! (=)8)! ()8(8! 'B)!`+'6,('(,2)!
'&0! 'B)! +8)0! 4&6-! ;4B! (=)! 0)()<(,4&! 4;! (=)! 1B)8)&<)! 4;! PQ6'<('*'8)! 4B! PQ6'<('*'8)Q6,^)!
'<(,2,(-$!f)!'B)!&4(!'76)!(4!*)'8+B)!(=)!^,&)(,<!1'B'*)()B8!4;!(=)!B)'<(,4&8!;4B!(=)!81)<,)8!
+&0)B!8(+0-$!L=,8!,8!1'B(6-!0+)!(4!(=)!;'<(!(='(R!'(!(=,8!8()1R!4+B!8+7c)<(8!4;!8(+0-!'B)!8<O28!
0,816'-)0! 4&! (=)! 8+B;'<)! 4;! 1='5)$! %8! ,(! ='8! 7))&! 0)8<B,7)0! ,&! (=)! ,&(B40+<(,4&! 4;! (=,8!
*'&+8<B,1(R!(=)8)!1='5)8!'B)!'76)!(4!)U1B)88!;B4*!"!(4!D!<41,)8!4;!(=)!8<O2!4&!(=),B!8+B;'<)R!
_,(=4+(!<4&8,0)B,&5!)2)&(+'6!1B4()46-(,<!)2)&(8R!_=,<=!<'&!'684!4<<+B!0+B,&5!(=)!0,;;)B)&(!
8()18! 4;! 1='5)! 1B)1'B'(,4&$! L=)B);4B)R! _)! 04! &4(! ='2)! (=)! *)'&8! 4;! 0)()B*,&,&5!
8(B+<(+B'66-! ,&('<(! 1='5)! 4B! (=)! &+*7)B! 4;! 8<O2! 81)<,)8! ,&! )'<=! 8'*16)$! M)&<)R! _)! 'B)!
+&'76)!(4!0)()B*,&)!(=)!&+*7)B!4;!<'('6-(,<!8,()8! ;4B!)'<=!8'*16)R! ,&;4B*'(,4&!&)<)88'B-!
;4B!(=)!<'6<+6'(,4&!4;!<'('6-(,<!<4&8('&(8$!
!
!

!!"K"$"%2353?,*)(?,:%'77'-%%
!
H,(B4<);,&! ,8! (=)! <=B4*45)&,<! <)1='64814B,&!0)2)641)0!7-!I6'U4!X)8)'B<=!E,*,()0! T<40)!
K?WC">g$!L=,8!<4*14+&0!)U=,7,(8!'!0,8(,&<(,2)!<464B!<='&5)!;B4*!-)664_!T*'U!'(!1M!?$F!{!
C.F&*g! (4! B)0! T*'U! '(! 1M! ?$F! {! AK9! &*g! '8! (=)! '*,0)! 74&0! ,&! (=)! PQ6'<('*! B,&5! ,8!
=-0B46-J)0!7-!'!PQ6'<('*'8)!)&J-*)!TO,5+B)!?Dg$!H,(B4<);,&!,8!8)&8,(,2)!(4!=-0B46-8,8!7-!'66!
^&4_&! PQ6'<('*'8)8! 1B40+<)0! 7-! 74(=! IB'*Q148,(,2)! '&0! IB'*Q&)5'(,2)! 7'<()B,'!
T\S3'66'5='&!$7!/%8R!".?>g$!!
!
f)!='2)!+8)0!&,(B4<);,&Q)*7)00)0!846,0!0,8^8R!1B42,0)0!7-!(=)!<4*1'&-!\U4,0!T:'B0,66-R!
OB'&<)gR! (4! `+'6,('(,2)6-! ()8(! (=)! ;,2)! 8)6)<()0! <64&)8! T@.F3"R! @.F3>R! @.F3CR! @G3"R! &'0!
@G3>g! ;4B!PQ6'<('*'8)! '<(,2,(-$!f)!='2)!+8)0! (=)!1)&,<,66,&'8)! )&J-*)! ;B4*! (=)!7'<()B,'!
@/#)%%B&!#$($B&!TG,5*'!@\CK.g!'(!AD&[!'&0!(=)!*40)6!8<O2!.IAM.!'8!148,(,2)!<4&(B468$!#(!,8!
,*14B('&(! (4! &4()! (='(! (=)! )&J-*)! ,8! ,&! ;B))! ;4B*R! _=)B)'8! .IAM.R! 8,*,6'B! (4! (=)! ;,2)!
8)6)<()0!8<O2!+&0)B!8(+0-R!,8!<4&c+5'()0!4&!(=)!8+B;'<)!4;!1='5)$!%8!'!&)5'(,2)!<4&(B46R!(=)!
_,60Q(-1)! 1='5)! 1%b"FF! _,(=4+(! '! <4&c+5'()! 8<O2! ,8! +8)0$! L=)! <4&<)&(B'(,4&! 4;! 1='5)!
0)148,()0!4&!(=)!0,8^8!,8!'(!Dt"F"C!1='5)!1'B(,<6)8W*E!T0)()B*,&)0!7-!\:!*)'8+B)*)&(!'(!
>9D!&*g!'&0!(=)!246+*)!4;!8'*16)8!0)148,()0!4&!)'<=!0,8^!,8!AF!oE$!













! ""?!

L'76)!"C!8+**'B,J)0!(=)!<='B'<()B,8(,<8!4;! (=)!8)6)<()0!'&(,740,)8!'8!<4*1'B)0!_,(=!(=)!
*40)6! 8<O2! .IAM.$! O,5+B)! KF! 0)*4&8(B'()8! '! 8)`+)&<)! '6,5&*)&(! 4;! (=)! ;,2)! 8)6)<()0!
'&(,740,)8! '64&5! _,(=! 4+B! *40)6! 8<O2! .IAM.$! \&)! 4;! (=)! 8)6)<()0! <'('6-(,<! '&(,740-!
;B'5*)&(8R! &'*)6-!@G3"R! 0,816'-8! (=)! 8'*)! B)8,0+)8! ,&! ,(8! '*,&4! '<,0! 8)`+)&<)! '8! (=48)!
0)()B*,&)0!(4!7)!,&2462)0!,&!(=)!'<(,2)!8,()!4;!.IAM.!T0)*4&8(B'()0!,&!(=)!;,5+B)!7-!B)0!
6)(()B8!,&!7460g$!#&()B)8(,&56-R!(=)!4(=)B!'&(,740-!;B'5*)&(8!04!&4(!8='B)!(=,8!8,*,6'B,(-R!'(!
6)'8(!'(!(=)!'*,&4!'<,0!8)`+)&<)!6)2)6$!f)!='2)!;+B(=)B!)U'*,&)0!(=)!8)6)<()0!'&(,740,)8!'(!
'!(=B))Q0,*)&8,4&'6!8(B+<(+B'6!6)2)6!2,'!C:!*40)6,&5R!,&!4B0)B!(4!0)()B*,&)!_=)(=)B!(=)B)!
,8!'&-!8(B+<(+B'6!8,*,6'B,(-!7)(_))&!(=)!<'('6-(,<!'&(,740,)8R! (=)!*40)6!.IAM.R!'8!_)66!'8!
(=)!1'B)&(!)&J-*)!PQ6'<('*'8)$!
&

!"#$%&@N7!3='B'<()B,8(,<8!4;!(=)!;,2)!8)6)<()0!'&(,740,)8!'&0!.IAM.$!

!
!
!
!
!
!
!
!
L=)! ,**+&45647+6,&! 5)&)! 8+75B4+18R! (=)! 1)B<)&('5)! 4;! 5)B*6,&)! ,0)&(,(-R! ';;,&,(-! (4! (=)! ('B5)(!*46)<+6)8!
@)1.F!'&0!1)&'*!8+6;4&)R!'&0!<'('6-(,<!<'1'7,6,(-!4&!(=)!8+78(B'()8!&,(B4<);,&!'&0!;6+4B4<,66,&!'B)!,&0,<'()0$!
!
!

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

ZFMCE%&W\7!%6,5&*)&(!4;!(=)!;,2)!8)6)<()0!<64&)8!'&0!.IAM.$!!

L=)!3:X!B)5,4&8!'B)!=,5=6,5=()0! ,&!-)664_$!L=)! 6)(()B8! ,&!7460!B)0!B)1B)8)&(!(=)!B)8,0+)8R!_=,<=!='2)!7))&!
1B4148)0!7-!(=)!C:!*40)6,&5!(4!7)!,*16,<'()0!,&!(=)!'7J-*)!'<(,2)!8,()!T&)U(!8)<(,4&g$!L=)!6)(()B8!,&!B)5+6'B!
;4&(!B)0!B)1B)8)&(!*+6(,16)!1488,7,6,(,)8!4;!'&!'<(,2)!8,()!B)8,0+)!8+55)8()0!7-!(=)!C:!*40)6!'&0!*+('5)&)8,8$!
L=)!04(8!B)1B)8)&(!(=)!5'18!,&8)B()0!,&!(=)!'6,5&*)&(!0+)!(4!(=)![+6('6,&!84;(_'B)$!L=)!8)`+)&(,'6!&+*7)B,&5!
8<=)*)!'((B,7+()0!(4!(=,8!'6,5&*)&(!,8!0,;;)B)&(!;B4*!(='(!+8)0!7-!#[IL$!
!
!

%

Clone Library 
origin

IGKV % 
identity

IGKJ % 
identity

IGHV % 
identity

IGHJ % 
identity

IGHD Affinity to 
Pep90

Affinity to 
PS

Catalytic 
(Nitrocefin)

Catalytic 
(Fluorocillin)

P90C1 Balb/C(i) IGKV4 95.29 IGKJ5 100 IGHV5 99.31 IGHJ4 92.00 IGHD2 + - + +

P90C2 Balb/C(i) IGKV4 97.16 IGKJ5 100 IGHV5 97.92 IGHJ3 91.11 IGHD2 + + +++ +++

P90C3 SJL/J(n) IGKV4 96.01 IGKJ5 100 IGHV3 99.65 IGHJ4 84.00 IGHD2 + - + +

PSC1 SJL/J(n) IGKV3 92.78 IGKJ1 97.37 IGHV1 99.65 IGHJ2 95.45 IGHD2 + + + ++

PSC2 SJL/J(n) IGKV3 88.66 IGKJ1 97.37 IGHV1 98.61 IGHJ3 100 IGHD2 + + + ++

9G4H9 Biozzi IGKV2 96.60 IGKJ5 97.37 IGHV1 99.65 IGHJ2 95.45 IGHD1 + + + +



! ""K!

337V7&;+ECH+CE"$&B'I%$F*M&&
!
f)! ='2)! +8)0! (=)! ^,&$77/<.7)>,'4! *40)6,&5! 84;(_'B)! TG,B<'B! $7! /%8R! >FF.g! _,(=! (=)!
<466'74B'(,4&!4;!@B$!/)B&'B0!\;;*'&&!Te&,2)B8,(Ç!0)!H'&()8R!3HXG!e[X!9>K9gR!,&!4B0)B!(4!
0)2)641!(=B))Q0,*)&8,4&'6!*40)68!4;!(=)!8)6)<()0!'&(,740-!;B'5*)&(8$!L=,8!1B45B'*!,8!1'B(!
4;! (=)! X48)(('! 84;(_'B)8! '&0! ,8! 8+,('76)! ;4B! (=)! '&'6-8,8! 4;! &+*)B4+8! ;+&0'*)&('6!
`+)8(,4&8! B)6'()0! (4! 0,;;)B)&(! 8+7c)<(8! ,&<6+0,&5! 8(B+<(+B'6! 7,4645-R! <4&<)1(,4&! 4;! &)_!
)&J-*'(,<! 1B4(),&8R! '&0! (=)! 1B)0,<(,4&! ;4B! (=)! 8(B+<(+B)8! 4;! 6'B5)! &4&Q<40,&5! XH%!
*46)<+6)8$! ^,&$77/<.7)>,'4! ,8! '76)! (4! 1B40+<)! C:! *40)68! ;4B! (=)! 2'B,'76)! B)5,4&8! 4;!
'&(,740,)8!;B4*!(=)!'*,&4!'<,0!8)`+)&<)8!4;!(=)!6,5=(!'&0!=)'2-!<=',&8$!!
!
O4664_,&5!(=)!<4&8(B+<(,4&!4;!(=)!C:!*40)68!;4B!(=)!;,2)!8)6)<()0!8<O2R!_)!='2)!'(()*1()0!
(4!;,&0!8(B+<(+B'6!*4(,;8!1B)8)&(!,&!(=)!'&(,740,)8!(='(!'B)!8,*,6'B!(4!(=)!'<(,2)!8,()!4;!(=)!
)&J-*)!PQ6'<('*'8)!;B4*!LV[Q"!T@:/N!"/LEh!a)68<=!$7!/%8R!"..Cg$!%8!0)8<B,7)0!1B)2,4+86-!
,&!(=)!*'&+8<B,1(R! (=)!'<(,2)!8,()!4;!(=,8!)&J-*)!<4&(',&8!(=)!B)8,0+)8!G)B?FR!E-8?CR!G)B"CFR!
'&0!I6+"99R!'66!4;!_=,<=!'B)!,&2462)0!,&!(=)!<'('6-(,<!*)<='&,8*$!G,*,6'B6-R!,&!4+B!C:!*40)68!
_)! 8)'B<=! ;4B! 8(B+<(+B'6! *4(,;8! (='(! B)8)*76)! (=)! 8(B+<(+B'6! 148,(,4&,&5! 4;! (=)8)! '<(,2)!
B)8,0+)8! 4B! ='2)! '&! '0)`+'()! 8+1)B148,(,4&! 4;! (=)! *40)6! )&J-*)! '<(,2)! 8,()$! O4B! )'<=!
*40)6R!_)!='2)!;,U)0!(=)!(_4!8)B,&)!B)8,0+)8!,&!8,*,6'B!148,(,4&!(4!(=)!PQ6'<('*'8)!'<(,2)!
8,()R!7+(!;4B!(=)!B)*',&,&5!(_4!B)8,0+)8R!_)!='2)!<4&8,0)B)0!(=)!'2',6'7,6,(-!4;!'*,&4!'<,08!
_,(=! 8,*,6'B! 148,(,4&,&5! '8! _)66! '8! 1=-8,<4<=)*,<'6! 1B41)B(,)8! '8! (=)! 6-8,&)! '&0! (=)!
56+('*'()$!O4B!)U'*16)R! ,&!16'<)!4;! (=)! 6-8,&)! B)8,0+)R!_)!='2)!'684!<4&8,0)B)0!14()&(,'6!
'B5,&,&)!B)8,0+)8R!_=48)!B46)!='8!7))&!<4&;,B*)0!,&!(=)!*40)6!'&(,740-!.IAM.!'8!_)66!'8!
,&!1B)2,4+8!_4B^!4&!'!0,;;)B)&(!<'('6-(,<!'&(,740-!T/)&)0)((,!$7!/%8R!>FFAg$!%00,(,4&'66-R!,&!
16'<)!4;!'!56+('*'()!B)8,0+)R!_)!='2)!'684!<4&8,0)B)0!14()&(,'6! (-B48,&)!B)8,0+)8R!_=48)!
,&2462)*)&(!,&!'!PQ6'<('*'8)!2'B,'&(!='8!'684!7))&!1B)2,4+86-!0)*4&8(B'()0!TG(4c'&48^,!$7!
/%8!>F"Dg$!
!
L=)!8(B+<(+B)!4;!(=)!'&(,740-!;B'5*)&(!@.F3"!0)*4&8(B'()8!(_4!14()&(,'6!8)B,&)!B)8,0+)8!
4&! (=)! 6,5=(! <=',&! '(! 148,(,4&8! 9D! '&0! 9.! TO,5+B)! K"g$! #(! ,8! ,*14B('&(! (4! &4()! (='(! (=)!
&+*7)B,&5! 4;! B)8,0+)8! ,&! (=)! C:! *40)68! 'B)! 5,2)&! '<<4B0,&5! (4! (=)! #[IL! <B,()B,'$! L=)!
B)8,0+)8!,0)&(,;,)0!,&!@.F3"!=460!8,*,6'B!148,(,4&8!'8!(=)!8)B,&)!B)8,0+)8!1B)8)&(!,&!(=)!PQ
6'<('*'8)! '<(,2)! 8,()R! =4_)2)B! (=),B! 0,8('&<)! ;B4*! )'<=! 4(=)B! ,8! ;+B(=)B! (='&! (='(! 4;! (=)!
)&J-*)$! %! (-B48,&)! B)8,0+)R! '684! 4&! (=)! 6,5=(! <=',&R! '(! 148,(,4&! DD! ,8! '<<)88,76)! (4! (=)!
8)B,&)8! '&0! <4+60! 14()&(,'66-! 7)! ,&2462)0! ,&! (=)! <'('6-(,<! 1B4<)88$! L=)! 4&6-! '2',6'76)!
B)8,0+)8! ,&! (=,8! 1B4U,*,(-R! _=,<=! <4+60! 14()&(,'66-! 16'-! (=)! B46)! 4;! E-8?C! ,&! (=)! )&J-*)!
'<(,2)!8,()R!'B)!;4+B!'B5,&,&)!B)8,0+)8!64<'()0!4&!'!6441!,&!(=)!=)'2-!<=',&!'(!148,(,4&8!"F9R!
"F.R!""FR!'&0!"""$!!
!
!
!
!
!
!
!











! ">C!

f)! ='2)! (=)B);4B)! ;4+&0! 1488,76)! 8(B+<(+B'6! *4(,;8! ;4B! (=B))! 4+(! 4;! (=)! ;,2)! 8)6)<()0!
'&(,740,)8R! <4&(',&,&5! B)8,0+)8! (='(! 'B)! 14()&(,'66-! B)814&8,76)! ;4B! (=)! 0)*4&8(B'()0!
<'('6-(,<! '<(,2,(-! 4;! (=)8)! '7J-*)8$! L=)! '78)&<)! 4;! 8+<=! *4(,;8! ;4B! @.F3"! '&0! @.F3>R!
B)8)*76,&5! (=)! PQ6'<('*'8)! )&J-*)! '<(,2)! 8,()! 14<^)(! ,8! 14()&(,'66-! (=)! B)'84&! ;4B! (=)!
64_)B!0)()<()0!'<(,2,(-!4;! (=)8)!'&(,740,)8$!L=)!8))*,&56-!4+(!4;! B)'<=!'B5,&,&)! B)8,0+)8!
8,(+'()0!;+B(=)B!'_'-!;B4*!(=)!8)B,&)8!(='(!_='(!,8!)U1)<()0!;4B!'!PQ6'<('*'8)!'<(,2)!8,()!
14<^)(! 14()&(,'66-! 4;;)B8! '&! )U16'&'(,4&$! #(! ,8! '684! 6,^)6-! (='(! (=)8)! <'('6-8(8! ='2)! '!
<4*16)()6-!0,;;)B)&(!<'('6-(,<!8(B+<(+B)R!_=,<=!04)8!&4(!B)8)*76)!(=)!'<(,2)!8,()!14<^)(!4;!
(=)!)&J-*)!PQ6'<('*'8)!'&0!='8!&4(!7))&!0)()<()0! ,&!4+B! 8(B+<(+B'6! 8(+0-$!L4!1B42,0)!'!
<6)'B)B!'&8_)B!(4!'66!(=)8)!81)<+6'(,4&8R!'&0!(4!<4&;,B*!(=)!1B)8)&(6-!1B42,0)0!1B)6,*,&'B-!
*40)68R!,(!,8!&)<)88'B-!(4!'<`+,B)!'!<B-8('6!8(B+<(+B)!4;!(=)8)!'&(,740,)8!,&!(=)!;+(+B)$!
!
!



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
'

+(1-,11(*#'%#+'4"$14"-)(0"1'

!



! ">A!

3337&53;)6;;34/&1/5&>.0;>.)!3:.;&&
&
#&!(=)!1'8(!;)_!0)<'0)8R!<'('6-(,<!'&(,740,)8!='2)!7)<4*)!(=)!;4<+8!4;!,&()B)8(!,&!8(+0-,&5!'!
&)_! '81)<(! 4;! (=)! ,**+&)! B)814&8)N! (=)! ()&0)&<-! (4! ,&0+<)! (=)! *'(+B'(,4&! 4;! /!
6-*1=4<-()8! <'1'76)! 4;! <'('6-J,&5! &+*)B4+8! )&J-*'(,<! B)'<(,4&8$! L=,8! ,8! '! 0,;;)B)&(!
;+&<(,4&R! '((B,7+()0! (4! *'(+B)! /! <)668R! (='&! (=),B! 1B)2,4+86-! +&0)B8(440! B46)! 4;! '&(,5)&!
7,&0,&5! _,(=! =,5=! ';;,&,(-! '&0! =,5=! 81)<,;,<,(-! ;4B! (=)! B)<B+,(*)&(! 4;! );;)<(4B! <)668$! L=)!
,&2462)*)&(!4;!(=)8)!1)<+6,'B!'&(,740,)8!,&!&+*)B4+8!0,8)'8)8!=,5=6,5=()0!(=)!,*14B('&<)!
4;!(=),B! ,*16,<'(,4&!,&!1=-8,41'(=4645-$!M4_)2)BR! 6,((6)! ,8!-)(!^&4_&!'74+(!(=)!4B,5,&!'&0!
&'(+B)! 4;! <'('6-(,<! '&(,740,)8! '&0! (=),B! )U'<(! B46)! ,&! (=)! ,**+&)! 8-8()*$! #&! (=)! 1B)8)&(!
_4B^R!_)!='2)!<4&8(B+<()0! ;4+B!1='5)!0,816'-! 6,7B'B,)8!B)1B)8)&(,&5! ,**+&)!B)1)B(4,B)8!
_,(=!0,;;)B)&(!5)&)(,<!7'<^5B4+&08!'&0! ,**+&4645,<'6! 8('()8$!:+)! (4!'!&42)6! uB)8(B,<(,4&!
7'BQ<40,&5u!8(B'()5-!4;!(=)!=48(!2)<(4B8R!_=,<=!'664_8!+8!(4!0)()B*,&)!(=)!6,7B'B-!4B,5,&!4;!
'&-!8)6)<()0!'&(,740-R!_)!='2)!7))&!'76)!(4!1446!(=)8)!A!B)1)B(4,B)8!(45)(=)B! ,&!4B0)B!(4!
<B)'()! '! ;,&'6! 6,7B'B-! 4;! 8,J)! >$?! t! "F.$! f)! ='2)! '&'6-J)0! (=)! ,**+&45647+6,&! 5)&)!
)U1B)88,4&!1'(()B&8!4;!)'<=!6,7B'B-R!_=,<=!='8!B)2)'6)0!'!&+*7)B!4;!8('(,8(,<'6!0,;;)B)&<)8!
7)(_))&! '&0! <4&;,B*)0! (=)! 6'B5)! 0,2)B8,(-! '<B488! (=)! ;4+B! ,**+&)! B)1)B(4,B)8$! L=)8)!
6,7B'B,)8!'B)R!(=)B);4B)R!'&!)U<)66)&(!B)8)B24,B!4;!0,2)B8,(-!'&0!<'&!7)!+8)0!;4B!(=)!8)6)<(,4&!
4;!'&(,740,)8!'5',&8(!'&-!('B5)(8!4;!14()&(,'6!,&()B)8($!#&!'&!'(()*1(!(4!8(+0-!(=)!&'(+B)!4;!
<'('6-(,<! '&(,740,)8! '&0! (=)! ,&;6+)&<)! 4;! (=)! &'(+B)! 4;! ,**+&)! B)1)B(4,B)8! 4&! (=),B!
)U1B)88,4&R!_)! ='2)! 8+78)`+)&(6-! ('^)&! '02'&('5)! 4;! (=,8! )6)2'()0! 0,2)B8,(-! ,&! 4B0)B! (4!
8)6)<(!;4B!'&0!<='B'<()B,J)!<'('6-(,<!'&(,740,)8!_,(=!'!*40)6!PQ6'<('*'8)!'<(,2,(-$!
&
!

3337@7&2F#E"EK&)'*,+ECH+F'*&&
!
@='5)!0,816'-!()<=&4645-!='8!1B42,0)0!8<,)&(,8(8!_,(=!'!14_)B;+6!(446!'664_,&5!(=)!).!*)7(,!
B)1B40+<(,4&!4;!,**+&)!B)1)B(4,B)8$!f,(=!(=)!+8)!4;!<'B);+66-!0)8,5&)0!1B,*)B!8)`+)&<)8!
'&0! '! _)66! '0'1()0! <64&,&5! 8(B'()5-! ;4B! (=)! '*16,;,<'(,4&! 4;! ,**+&45647+6,&! 2'B,'76)!
B)5,4&8R! (=,8! ()<=&4645-! ='8! (=)! 14()&(,'6! (4! <B)'()! '&(,740-! 6,7B'B,)8! <648)! ,&! 8,J)! '&0!
0,2)B8,(-! (4! (=),B! ).! *)*,!&'(+B'6! B)1)B(4,B)8$!L=,8!='8! )&'76)0! (=)! ,846'(,4&!4;! '&(,740,)8!
('B5)()0! (4_'B0! '6*48(! '&-! <4&<),2'76)! '&(,5)&$! O+B(=)B*4B)R! (=)! <'1'7,6,(-! 4;! (=,8!
()<=&4645-!='8!1B4*1()0!B)8)'B<=)B8!(4!<4&8(B+<(!*40)68!4;!&'(+B'6! ,**+&)!B)1)B(4,B)8!
,&! 4B0)B! (4! 8(+0-! (=),B! <='B'<()B,8(,<8! 8+<=! '8! ,**+&45647+6,&! )U1B)88,4&! 1'(()B&8! '&0!
<='&5)8!,&!/!<)66!B)1)B(4,B)8!,&;6+)&<)0!7-!,**+&,J'(,4&!4B!0,8)'8)$!!
!
f)!='2)!+(,6,J)0!(=)!1='5)!0,816'-!()<=&4645-!(4!<4&8(B+<(!;4+B!8<O2!'&(,740-!6,7B'B,)8!4;!
*+B,&)! 4B,5,&R! B)1B)8)&(,&5!0,;;)B)&(! 5)&)(,<! 7'<^5B4+&08! '&0! ,**+&4645,<'6! 8('()8$!f)!
='2)!0)<,0)06-!<=48)&!(4!;4<+8!4&!#5I!B)1)B(4,B)8R!,&!4B0)B!(4!6,*,(!4+B!8(+0-!(4!(=)!8'*)!
,84(-1)!4B,5,&'(,&5!;B4*!(=)!;4+B!141+6'(,4&8$!L=,8!*)'&8!(='(!_)!='2)!)U<6+0)0!(=)!#5[!
,**+&45647+6,&8! 1B)8)&(! ,&! &'(+B'6! &',2)! ,**+&)! B)1)B(4,B)8! TG,0=+R! >FFDg! 84! (='(!_)!
<'&!1)B;4B*!'! 2'6,0! '&'6-8,8! 4&! <4*1'B'76)! 141+6'(,4&8$!f='(!_)! <4&8,0)B! &',2)! ,&! 4+B!
B)1B)8)&()0!141+6'(,4&8R!(=)B);4B)R!'B)!&4&Q,**+&,J)0!#5I!B)1)B(4,B)8$!
!
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O4B! (=)! '*16,;,<'(,4&! 4;! ,**+&45647+6,&! 2'B,'76)! 5)&)8R! _)! ='2)! +8)0! '! &42)6! 8(B'()5-!
86,5=(6-!0,;;)B)&(!;B4*!(=)!<4**4&6-!+8)0!X%3VQ@3X!TOB4=*'&R!"..Fh!\J'_'!$7!/%8R!>FFKg$!
#&!(=)!X%3VQ@3X!8(B'()5-R!*XH%!'B)!B)2)B8)Q(B'&8<B,7)0!7-!('B5)(,&5!(=)!CS!146-Q%!(',68!4;!
(=)8)!8)`+)&<)8!*)/!46,54Q0L!1B,*)B8$!O4664_,&5!(=)!8-&(=)8,8!4;! (=,8! ;,B8(!8(B'&0!<:H%R!'!
^&4_&!'0'1(4B!8)`+)&<)!,8!6,5'()0!(4!(=)!DS!)&08!4;!(=)!,**+&45647+6,&!<:H%!,&!4B0)B!;4B!
(=)!;4664_,&5!@3X!'*16,;,<'(,4&!(4!('B5)(!(=,8!'0'1(4B!8)`+)&<)!'(!(=)!DS!'&0!(=)!146-Q%!(',6!
'(!(=)!CS!)&0$!#&!(=,8!*'&&)BR!X%3VQ@3X!,8!(=4+5=(!(4!6)'0!(4!(=)!'*16,;,<'(,4&!4;!2'B,'76)!
5)&)8!,&!'&!+&7,'8)0!;'8=,4&!'&0!(4!'24,0!(=)!,&(B40+<(,4&!4;!)U45)&4+8!8)`+)&<)8!0+)!(4!
(=)!*,8*'(<=!=-7B,0,J'(,4&!4;!1B,*)B8$!f)R!=4_)2)BR!4B,5,&'66-!+(,6,J)0!(=,8!()<=&,`+)!7+(!
_)B)!&4(!'76)! (4!1B40+<)! 6,7B'B,)8!4;! 8+;;,<,)&(!8,J)!'&0!0,2)B8,(-$!L=,8! 6)0!+8! (4!0)8,5&!'!
&)_R!*4B)! );;,<,)&(R! 8(B'()5-! 4;! 6,7B'B-! <4&8(B+<(,4&! ,&! 4B0)B! (4! 1B40+<)! 6'B5)B! 6,7B'B,)8!
_,(=!=,5=)B!0,2)B8,(-$!
!
#&!4+B!&42)6! 8(B'()5-R!_)!='2)! ;,B8(!1)B;4B*)0!'&!XLQ@3X!B)'<(,4&!+8,&5! ,84(-1)! 81)<,;,<!
1B,*)B8R!=)&<)!B)0+<,&5!(=)!1446!4;!<:H%R!,&!4B0)B!(4!;4<+8!4&6-!4&!(=)!'*16,;,<'(,4&!4;!#5I!
5)&)8R!'&0!(=)B);4B)!,&<B)'8,&5!(=)!81)<,;,<,(-!4;!(=)!;4664_,&5!'*16,;,<'(,4&!8()1$!f)!='2)!
(=)&!1)B;4B*)0!'!&)8()0!@3X!8(B'()5-R!_=)B)!_)! ('B5)(R! ,&!'! ;,B8(! B)'<(,4&R!EQ@%XL"!'&0!
<4&8('&(!B)5,4&8!4;!]E!'&0!]MR!'&0!,&!'!8)<4&0!&)8()0!B)'<(,4&R!(=)!OX"!'&0!OXA!8)`+)&<)8!
4;! (=)! 1B)2,4+86-! '*16,;,)0! ,**+&45647+6,&! 5)&)8$! L=)! 0)5)&)B'()0! 46,54&+<6)4(,0)!
1B,*)B!*,U)8!='2)!7))&!&)_6-!0)8,5&)0!7'8)0!4&!'&!+10'()0!'&0!(=4B4+5=!'&'6-8,8!4;!(=)!
#[IL! 0'('7'8)! ,&! 4B0)B! (4! ,&<6+0)! '66! 4;! (=)! *+B,&)! ,**+&45647+6,&! 5)&)! 8)`+)&<)8!
B)14B()0! +1! (4! 0'()$! #&! (=,8! _'-R! _)! ='2)! 7))&! '76)! (4! ('B5)(! (=)! *'U,*+*! 1488,76)!
&+*7)B!4;! ,**+&45647+6,&!5)&)!8)`+)&<)8!1B)8)&(!,&!(=)!*+B,&)!B)1)B(4,B)8$!L=,8!&42)6!
()<=&,`+)!='8!(=B))!'02'&('5)8N!O)P!7-!+8,&5!,84(-1)Q81)<,;,<!1B,*)B8R!_)!'B)!'76)!(4!B)0+<)!
(=)!1446!4;!<:H%!,&!4&)!8,&56)!B)'<(,4&R!,&<B)'8,&5!(=)!81)<,;,<,(-!4;!(=)!42)B'66!1B4<)0+B)R!
O))P!7-!('B5)(,&5!(=)!EQ@%XL"!B)5,4&8!,&!(=)!;,B8(!@3X!B)'<(,4&R!_)!*',&(',&!(=)!,&()5B,(-!4;!
(=)! DS! B)5,4&8! 4;! ,**+&45647+6,&! 8)`+)&<)8! TOX"gR! 6)'0,&5! (4! '! *4B)! '<<+B'()!
B)1B)8)&('(,4&! 4;! (=)! &',2)! B)1)B(4,B)8R! '&0! O)))P! 7-! B)0)8,5&,&5! '!*4B)! <4*16)()!*,U! 4;!
0)5)&)B'()0! 1B,*)B! 8)`+)&<)8! +8)0! ;4B! (=)! '*16,;,<'(,4&! 8()18R! _)! )&8+B)! (=)!
'*16,;,<'(,4&! 4;! '! =,5=)B! &+*7)B! 4;! ,**+&45647+6,&! 8)`+)&<)8! '2',6'76)! ,&! (=)! &',2)!
B)1)B(4,B)R!,&<B)'8,&5!(=)!0,2)B8,(-!4;!(=)!6,7B'B,)8$!
!
L=)!'&'6-8,8!4;!(=)!(4('6!&+*7)B!4;!5)&)!8+75B4+18!478)B2)0!,&!(=)!A!6,7B'B,)8!B)14B()0!,&!
(=,8! 8(+0-!8=4_8!'! 6'B5)!B)1B)8)&('(,4&!4;!'66! (=)!8+75B4+18!'2',6'76)! ,&! #[IL~$! #&0))0R!
_)!='2)!8=4_&!(='(!."$"r!4;!(=)!5)&)!8+75B4+18!)U1)<()0!(4!7)!1B)8)&(!,&!4+B!8'*16)!'B)!
B)1B)8)&()0R!,&0,<'(,&5!(=)!=,5=!`+'6,(-!4;!(=)!&)_6-!0)8,5&)0!1B,*)B8$!@B)2,4+86-R!_)!='2)!
<4&8(B+<()0!'!&',2)!GaEWa!6,7B'B-!7-!+8)!4;!'!0,;;)B)&(!8)(!4;!1B,*)B8R!,&!_=,<=!_)!478)B2)0!
'&!42)B)U1B)88,4&!4;!(=)!5)&)!8+75B4+18!#Ib]>!'&0!#Ib]9!<4*1'B)0!(4!(=)!0'('!'2',6'76)!
,&!#[IL~!TG='=8'2'B,'&!$7!/%8R!>F"Ag$!f)!<4&<6+0)0!'(!(=)!(,*)!(='(!(=,8!0,8<B)1'&<-!_'8!
),(=)B!0+)!(4!'!7,'8!,&!(=)!0)8,5&!4;!1B,*)B8!+8)0!4B!(4!(=)!;'<(!(='(!(=)!#[IL~!8)`+)&<)8!
B);)B)&<)0! ,&! I)&)OB)`+)&<-! 'B)! 7'8)0! *48(6-! 4&! *4&4<64&'6! '&(,740,)8! ,&0+<)0! 7-!
,**+&,J'(,4&!'&0!*,5=(!&4(!7)!'&!'11B41B,'()!B);)B)&<)$!34*1'B,&5!(=)8)!B)8+6(8!_,(=!(=)!
0'('!47(',&)0!;4B!(=)!&',2)!GaEWa!6,7B'B-!B)14B()0!=)B)!T<4&8(B+<()0!7-!(=)!8'*)!()<=&,`+)!
7+(!'!0,;;)B)&(!'&0!&)_6-!0)8,5&)0!8)(!4;!1B,*)B8gR!_)!478)B2)!0,;;)B)&<)8!,&!(=)!(_4!5)&)!
)U1B)88,4&! 1B4;,6)8$! L=,8! ,&0,<'()8! (='(! B)5'B06)88! 4;! (=)! 8+,('7,6,(-! 4;! (=)! #[IL~!
I)&)OB)`+)&<-!(446!'8!'!B);)B)&<)!;4B!<4*1'B,&5!)U1B)88,4&!1B4;,6)8R!(=)!0)8,5&!8(B'()5-!4;!
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1B,*)B8! ='8! '! <B+<,'6! ,&;6+)&<)! 4&! (=)! ;,&'6! B)1B)8)&('(,4&! 4;! (=)! ,**+&45647+6,&!
B)1)B(4,B)$!L=)B);4B)R!(=)!7B4'0)B!(=)!B'&5)!4;!,**+&45647+6,&!8)`+)&<)8!<42)B)0!7-!(=)!
1B,*)B!*,UR! (=)!*4B)!'<<+B'()! (=)!B)1B)8)&('(,4&!4;! (=)!1B40+<)0! 6,7B'B,)8!4;! (=)! ).!*)*,!
B)1)B(4,B)$! #(! ,8! ,*14B('&(! (4! &4()R! =4_)2)BR! (=)! '78)&<)! 4;! q! 5)&)8! ,&! (=)! 1446! 4;! AFF!
8)`+)&<)8! '&'6-J)0$! #;!_)! <4&8,0)B! (=)!*+B,&)! ,**+&45647+6,&! 1446! (4! 7)! <4*148)0! 4;!
.Dr! p! <=',&8! '&0! 4&6-! Dr! q! <=',&8! T[+B1=-R! >F">g! '&0! <4&8,0)B,&5! (=)! AFF!
,**+&45647+6,&!6,5=(!<=',&8!_)!='2)!'&'6-J)0R!_)!8=4+60!,&!;'<(!)U1)<(!(=)!1B)8)&<)!4;!q!
8)`+)&<)8$!f)!='2)R! (=)B);4B)R!81)<+6'()0!(='(! (=)B)!*,5=(!7)!'!7,'8! ,&!4+B!'*16,;,<'(,4&!
1B4<)0+B)!4B,5,&'(,&5! ;B4*!4+B!1B,*)B!0)8,5&$! #&!4B0)B! (4! ,&2)8(,5'()! (=,8R!_)!='2)!+8)0!
(=)! 0)8,5&)0! q! 1B,*)B8! 8)1'B'()6-! ,&! '&! '*16,;,<'(,4&! 1B4<)0+B)! '&0! ='2)! ,&0))0!
<4&;,B*)0!(='(! (=)-!'B)!<'1'76)!4;!'*16,;-,&5!q!5)&)8$!f)!='2)!(=)&!<64&)0!'!&+*7)B!4;!
(=)!q!5)&)8! ,&(4!1IV[L!2)<(4B8!'&0!='2)!'684!<4&;,B*)0!(=)!<'1'7,6,(-!4;!4+B!(4('6!@3X>!
*,U! 4;! 1B,*)B8! ,&! '*16,;-,&5! (=)! q! 5)&)8R! +8,&5! (=)! 8'*)! <4&0,(,4&8! '116,)0! ;4B! (=)!
<4&8(B+<(,4&! 4;! 6,7B'B,)8$! L=)8)! B)8+6(8! 8+55)8(! (='(! (=)! (B+)! B'(,4! 4;! p! (4! q! 5)&)8! ,&! 4+B!
*+B,&)! ,**+&)! B)1)B(4,B)!*,5=(! 7)! =,5=)B! (='&! .DNDR! '8! 8+55)8()0! 1B)2,4+86-! 7-! 4(=)B!
5B4+18!T:,60B41!$7!/%8R!".K?h!Y4<=)B!$7!/%8R!"..Dh!%6*'5B4!$7!/%8R!"..Kg$!!
!
#(!,8!'684!,*14B('&(!(4!*)&(,4&!(='(!,(!8))*8!(='(!'!0,;;)B)&(!#5I!8+7<6'88R!&'*)6-!#5I><R!,8!
1B)8)&(! ,&! (=)! GaEWa! 8(B',&! B)16'<,&5! (=)! #5I>'! 8+7<6'88! 1B)8)&(! ,&! /'67W3!*,<)$! L=,8! ,8!
<4&;,B*)0!7-! (=)! ,&;4B*'(,4&!'2',6'76)! ,&! (=)! #[IL!0'('7'8)R!_=)B)! (=)! ,84(-1)! #5I><! ,8!
478)B2)0! ,&! (=)! ,**+&45647+6,&! 8)`+)&<)8! 4;! GaEWa! *,<)R! _=)B)'8! (=)! ,84(-1)! #5I>'! ,8!
'78)&(! ,&! (=,8! 8(B',&$!L=,8!'00,(,4&'6! ,84(-1)!='8!&4(!7))&! ,&<6+0)0! ,&!4+B!1B,*)B!0)8,5&R!
_=,<=! 8+55)8(8! (=)! '78)&<)! 4;! (=,8! 1'B(,<+6'B! ,84(-1)! ,&! 4+B! ,**+&45647+6,&! 1446$! L=)!
B)'84&! ;4B! (=,8! 0,8<B)1'&<-! ,8! (=)! '78)&<)! 4;! B)14B()0! #5I><! 8)`+)&<)8! ,&! (=)! #[IL!
E#I[W:/!0'('7'8)R!_=,<=!_)!='2)!+8)0!;4B!(=)!0)8,5&!4;!1B,*)B8$!G)`+)&<)8!7)64&5,&5!(4!
(=,8!,84(-1)R!=4_)2)BR!'B)!1B)8)&(!,&!(=)!#[IL!IVHVW:/!0'('7'8)$!L=,8!8+55)8(8!(4!+8!(='(!
;4B! ;+(+B)! 1B,*)B! 0)8,5&! 8(B'()5,)8R! (=)! I)&)W:/! 0'('7'8)! ,8! '! *4B)! '11B41B,'()! '&0!
<4*16)()! 84+B<)! 4;! 8)`+)&<)8$! :+)! (4! (=,8! B)'6,J'(,4&! '&0! (=)! 0-&'*,<! &'(+B)! 4;! (=)!
8)`+)&<)8!'2',6'76)!,&!(=)!#[IL!0'('7'8)R!_)!'B)!'_'B)!(='(!;4B!(=)!;+(+B)!<4&8(B+<(,4&!4;!
6,7B'B,)8R! '! &)_! 8)(! 4;! '*16,;,<'(,4&! 1B,*)B8! &))08! (4! 7)! 0)8,5&)0! ('^,&5! ,&(4! '<<4+&(!
+10'()0!,**+&45647+6,&!8)`+)&<)!,&;4B*'(,4&!'&0!7'8)0!4&!(=)!0'('7'8)!I)&)W:/$!
!
%&4(=)B!41(,*,J'(,4&!4;!4+B!6,7B'B-!<4&8(B+<(,4&!8(B'()5-!,8!(=)!,&<4B14B'(,4&!4;!X3%!,&!(=)!
<64&,&5! 1B4<)0+B)! ,&! 4B0)B! (4! ,*1B42)! (=)! 0,2)B8,(-! 4;! (=)! 6,7B'B,)8$! L=)! <4&8(B+<(,4&! 4;!
'&(,740-! 6,7B'B,)8! 7-!1='5)!0,816'-! ()<=&4645-! ,&2462)8! '! &+*7)B! 4;! 0,;;)B)&(!*46)<+6'B!
'&0! <)66! 7,4645-! ()<=&,`+)8R! )'<=! ='2,&5! '&! ,&;6+)&<)! 4&! (=)! 8,J)! '&0! 0,2)B8,(-! 4;! (=)!
6,7B'B,)8! '&0! B)`+,B,&5! 41(,*,J'(,4&$! #&'11B41B,'()! 0,5)8(,4&! 4;! B)8(B,<(,4&! 8,()8! 4&! (=)!
)U(B)*,(,)8!4;!8<O2!8)`+)&<)8R!0+)!(4!,&8+;;,<,)&(!6)&5(=!4;!(=)!;6'&^,&5!7'8)!1',B8!4&!_=,<=!
(=)! B)8(B,<(,4&! )&J-*)8! 'B)! (4! 7,&0R! <'&! 6)'0! (4! '! 0)<B)'8)! ,&! (=)! &+*7)B! 4;! 8+<<)88;+6!
6,5'(,4&8$!#&0))0R!(=,8!<'&!6)'0!(4!'!B)0+<)0!&+*7)B!4;!(B'&8;4B*)0!7'<()B,'R!';;)<(,&5!(=)!
;,&'6!8,J)!4;! (=)! 6,7B'B-$! #(! ,8! ,*14B('&(! (4!&4()! (='(!X3%!='8!7))&!1B)2,4+86-!+8)0!7-! (=)!
5B4+1! 4;! IB)5!f,&()B! ;4B! (=)! ,*1B42)*)&(! 4;! 6,7B'B-! 0,2)B8,(-! T3=B,8(! $7! /%8R! >FF9g$! L=)!
'+(=4B8! ='2)! +8)0! X3%! ;4664_,&5! (=)! 6,5'(,4&! 4;! 8<O2! ;B'5*)&(8! ,&(4! (=)! <4BB)814&0,&5!
2)<(4BR! ,&! 4B0)B! (4! '*16,;-! (=)! 6,5'(,4&! B)'<(,4&8! '&0! ,*1B42)! (=),B! <='&<)8! 4;!
(B'&8;4B*'(,4&!,&(4!7'<()B,'$!L=)!+8)!4;!X3%!'(!(=,8!6'()!8('5)R!=4_)2)BR!04)8!&4(!)U<6+0)!
(=)! 6488! 4;! 0,2)B8,(-! ,&(B40+<)0! ,&! (=)! 1B)2,4+8! B)8(B,<(,4&! 0,5)8(,4&! B)'<(,4&$! f)! ='2)!
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(=)B);4B)!,&<4B14B'()0!(=)!X3%!()<=&,`+)!,**)0,'()6-!;4664_,&5!(=)!'88)*76-!4;!(=)!8<O2!
;B'5*)&(8$!#&!(=,8!_'-R!_)!)&8+B)!(=)!);;,<,)&(!0,5)8(,4&!4;!'66!8<O2!;B'5*)&(8R!6)'0,&5!(4!'&!
,&<B)'8)!,&!6,7B'B-!8,J)!T;B4*!"FD!(4!"FKQ.gR!1)B<)&('5)!4;!8+<<)88;+6!<64&,&5R!'&0!'&!42)B'66!
,*1B42)0!<64&,&5!1B4<)0+B)!TG='=8'2'B,'&!$7!/%8R!>F"Ag$!
!
!

3337L7&)A"E"H+%EFY"+F'*&'(&+A%&$F#E"EK&
!
f)! ='2)! 1)B;4B*)0! '! 8)`+)&<)! '&'6-8,8! 4&! '! (4('6! &+*7)B! 4;! AFF! ,**+&45647+6,&!
8)`+)&<)8! T"FF! 8)`+)&<)8!1)B! 6,7B'B-gR! ,&! 4B0)B! (4! <4&;,B*! (=)!0,2)B8,(-! 4;! 4+B! 6,7B'B,)8!
'&0! (4! <4*1'B)! (=)! ,**+&45647+6,&! 5)&)! )U1B)88,4&! 1B4;,6)8! 7)(_))&! (=)! A! ,**+&)!
B)1)B(4,B)8$!f)!='2)!'<=,)2)0!(=,8!7-!1)B;4B*,&5!<4&2)&(,4&'6!G'&5)B!8)`+)&<,&5!,&!4B0)B!
(4! '24,0! (=)! 14()&(,'6! ,&(B40+<(,4&! 4;! *+('(,4&8! ,&! (=)! 8)`+)&<,&5! B)8+6(8R! _=,<=! ,8!
1B'<(,<'66-! ,&)2,('76)! 7-! (=)! <+BB)&(6-! )U,8(,&5! =,5=! (=B4+5=1+(! 8)`+)&<,&5! TMLGg!
()<=&,`+)8$! %00,(,4&'66-R! 4+B! 6)2)6! 4;! '&'6-8,8! B)`+,B)8! (=)! 8)`+)&<,&5! 4;! (=)! )&(,B)! 8<O2!
8)5*)&(!TÄKFF71g!,&!4B0)B!(4!8(+0-!(=)!1',B,&5!4;!]E!'&0!]MR!_=,<=!MLG!_4+60!&4(!'664_!
+8!(4!04$!MLG!'664_8!(=)!8)`+)&<,&5!4;!]E!'&0!]M!<=',&8!,&0)1)&0)&(6-!TÄCFF!(4!AFF!718g!
1B)2)&(,&5!'!0,B)<(!'&'6-8,8!4;!'!<4*7,&'(,4&!4;!(=)!(_4!Tb,B<=)B!'&0!b)684R!>F"Fh!X'2&!$7!
/%8R! >F"Fg$&L=,8! 1B)6,*,&'B-! 8)`+)&<,&5! '&'6-8,8! ;4<+8)0! 4&! '! B)6'(,2)6-! 8*'66! &+*7)B! 4;!
<64&)8! ,8! ,&0,81)&8'76)! ;4B! (=)! 2'6,0'(,4&! 4;! (=)! '*16,;,<'(,4&! 81)<(B+*! )&04_)0! 7-! (=)!
1B,*)B8$!O4B!;+B(=)B!'&0!*4B)!,&!6)&5(=!'&'6-8)8!4;!(=)!,**+&)!B)1)B(4,B)8R!HIG!&))08!(4!
7)!1)B;4B*)0$!!
!
O4B!(=)!'&'6-8,8!4;!(=)!5)&)!)U1B)88,4&!1B4;,6)8!4;!(=)!,**+&)!B)1)B(4,B)8R!_)!='2)!;4<+8)0!
4&!'!<4*1'B,84&!7)(_))&!(=)!A!6,7B'B,)8!B'(=)B!(='&!+8,&5!(=)!#[IL~!0'('7'8)!T#[IL~R!
(=)!,&()B&'(,4&'6!#*[+&4I)&)L,<8!,&;4B*'(,4&!8-8()*~!=((1NWW___$,*5($4B5g!TE);B'&<!$7!
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*40)68!+8,&5! (=)! 8'*)! ('B5)(8!@)1.F!'&0!1)&'*!8+6;4&)$!%&(,740-! ;B'5*)&(8!0,816'-,&5!
8(B+<(+B)8!_,(=!'!8+;;,<,)&(!;,(!(4!(=)!('B5)(8!+8)0!,&!(=,8!1B4<)0+B)!'B)!14()&(,'66-!)&04_)0!
_,(=!(=)!8'*)!PQ6'<('*'8)!'<(,2,(-$!f)!=41)!(4!'<`+,B)!'!6'B5)B!1446!4;!'&(,740,)8!;B4*!(=,8!
).!&)%)#,!8)6)<(,4&!,&!4B0)B!(4!7)!'76)!(4!1)B;4B*!B)6)2'&(!8('(,8(,<'6!'&'6-8)8!4&!(=)!5)&)(,<!
8)`+)&<)8!4;!(=)8)!'&(,740,)8$!#(! ,8!,*14B('&(!(4!&4()R!=4_)2)BR!(='(!8+<=!B)8+6(8!'B)!4&6-!
7'8)0!4&!8(B+<(+B'6!*40)68!'&0!(=)!(B+)!<'('6-(,<!&'(+B)!4;!(=)!).!&)%)#,!8)6)<()0!'&(,740,)8!
&))08! (4! 7)! 2)B,;,)0! )U1)B,*)&('66-$! #;! (=,8! )U1)B,*)&(! ,8! 8+<<)88;+6R! _)! <'&! 4;<4+B8)!
)U1'&0!(=)!8'*16)!8,J)!4;!4+B!8(+0-!(4!(=)!6'B5)B!1446!4;!8)`+)&<)8!'<`+,B)0!;B4*!(=)!HIG!
'&'6-8,8$!
!
\&)!4;!(=)!(_4!('B5)(8!4;!8)6)<(,4&!_)!='2)!+8)0!,8!(=)!1)&'*!8+6;4&)!0)B,2'(,2)R!'!8+,<,0)!
,&=,7,(4B! 4;! (=)! )&J-*)! PQ6'<('*'8)$! #&! 4B0)B! (4! ,846'()! '&(,740-! <'&0,0'()8! (='(! ='2)!
14()&(,'66-! ;4B*)0! <42'6)&(! ,&()B'<(,4&8! _,(=! (=,8! ('B5)(R! _)! &))0! (4! )6,*,&'()! 8+<=!
,&()B'<(,4&8!,&!(=)!)6+(,4&!8()1$!f)R!(=)B);4B)R!&))0!(4!,0)'66-!+8)!'!B)0+<,&5!'5)&(!,&!(=,8!
8()1R!_=,<=!_,66!B)0+<)!(=)!0,8+6;,0)!74&0!1B)8)&(!,&!(=)!81'<)B!'B*!4;!(=)!1)&'*!8+6;4&)!
0)B,2'(,2)! 8(B+<(+B)! '&0! 6,7)B'()! (=)! <42'6)&(6-! 6,&^)0! '&(,740,)8$!f)!='2)! '(()*1()0! (4!
'<=,)2)! (=,8!7-!+8,&5!'&!)6+(,4&!7+;;)B!_,(=!DF!*[!:LL$!M4_)2)BR! ';()B! (=B))! B4+&08!4;!
8)6)<(,4&R!_)!0,0!&4(!478)B2)!'&!)&B,<=*)&(!4;!1='5)8!'&0!*4B)!42)B!_)!478)B2)0!84*)!
0,;;,<+6(-!,&!(=)!'*16,;,<'(,4&!4;!1='5)!';()B!)6+(,4&!7-!(=,8!7+;;)B$!f)!(=)&!1B4<))0)0!_,(=!
;4664_,&5!(=)!8'*)!1B4(4<46!4;!8)6)<(,4&!+8)0!;4B!(=)!;,B8(!1B4<)0+B)!'5',&8(!@)1.FR!_,(=!'&!
)6+(,4&! 8()1! +8,&5! '! 1M! 0B41$! f,(=! (=,8! 8(B'()5-! _)! 8+<<))0)0! ,&! (=)! 8)6)<(,4&! 4;! (_4!
'&(,740,)8!_,(=! (=)!0)8,B)0! <'('6-(,<! '<(,2,(-$!:+)! (4! (=)! 8=4B('5)!4;! (,*)R!_)!0,0!&4(! 54!
;+B(=)B!(4!(B-!0,;;)B)&(!)6+(,4&!7+;;)B8!<'1'76)!4;!B)0+<,&5!<42'6)&(!,&()B'<(,4&8$!M4_)2)BR!
,&! 4B0)B! (4! 8)6)<(! ;4B! '&(,740,)8! _,(=! 14()&(,'66-! 8(B4&5)B! <'('6-(,<! <'1'7,6,(,)8R! 8+<=!
)U1)B,*)&(8! &))0! (4! 7)! <4&0+<()0! (4! ;,&0! '! 8(B'()5-! ;4B! ,846'(,&5! <42'6)&(6-! 74+&0!
'&(,740,)8$!
!
f)! ='2)! ()8()0! (=)! 8)6)<()0! <64&)8! ;4B! PQ6'<('*'8)! '<(,2,(-! 7-! +8,&5! (_4! '88'-8N! '!
<464B,*)(B,<!'88'-!'&0!'!;6+4B4*)(B,<!4&)$!L=B))!4+(!4;!(=)!;,2)!'&(,740,)8R!&'*)6-!@.F3>R!
@G3"R! '&0! @G3>! ='2)! 0)*4&8(B'()0! '<(,2,(-! ,&! (=)! <464B,*)(B,<! '88'-R! 4&! (=)! 8+78(B'()!
&,(B4<);,&$! %66! ;,2)! '&(,740-! ;B'5*)&(8! ='2)! 0)*4&8(B'()0! '<(,2,(-! ,&! (=)! ;6+4B4*)(B,<!
'88'-R! 4&! (=)! 8+78(B'()! ;6+4B4<,66,&$! :+)! (4! (=)! &'(+B)! 4;! (=)! ('B5)(8! +8)0! '&0! (=)! PQ
6'<('*'8)!'<(,2,(-R!'<(,&5!_,(=!'!=-0B46-8,8!4;!'&!'*,0)!74&0R!(=)!8)6)<()0!'&(,740,)8!*,5=(!
'684! 0)*4&8(B'()! 1)1(,0'8)! 4B! 1B4()'8)! '<(,2,(-$! L=)8)! 1488,7,6,(,)8! &))0! (4! 7)! ;+B(=)B!
)U'*,&)0!)U1)B,*)&('66-$!!
!
%&! ,&()B)8(,&5! 14,&(! '74+(! (=)8)! B)8+6(8! ,8! (='(! (=)! <64&)8! 8)6)<()0! '5',&8(! (=)! 1)1(,0)!
@)1.FR!&'*)6-!@.F3"R!@.F3>R!'&0!@.F3CR!)6,<,(!'!PQ6'<('*'8)!'<(,2,(-$!L=,8!5,2)8!@)1.F!'!
5B)'(!0)'6!4;! ,*14B('&<)R! ,&0,<'(,&5!(=)!'7,6,(-!4;!(=,8!8*'66!1)1(,0)!(4!(B'&8;)B! ,*14B('&(!
;+&<(,4&'6! ,&;4B*'(,4&! 7)(_))&! .IAM.! '&0! (=)! &)_6-! 8)6)<()0! '&(,740,)8! TO,5+B)! K?g$!
34&8,0)B,&5! (=)!_'-!.IAM.!='8!7))&!1B40+<)0!'&0! (=)! B)6'(,4&!7)(_))&! (=)! )&J-*)!PQ
6'<('*'8)R!.IAM.R!@)1.FR!'&0!@.F3>R!(=,8!478)B2'(,4&!='8! ,*14B('&(! ,*16,<'(,4&8!;4B!(=)!
,0,4(-1,<!&)(_4B^!'&0!(=)!(B'&8;)B!4;!8(B+<(+B'6!*)*4B-!'&0!<'('6-(,<!;+&<(,4&!(=B4+5=!(=,8!
<-<6)!4;!*46)<+6)8$!L=,8!(-1)!4;!<B488QB)'<(,2,(-!<'+8)0!7-!'!1)1(,0)R!'684!)U)*16,;,)0!7-!(=)!
<B488QB)'<(,2,(-! 4;! '&(,740,)8! _,(=! [/@! '&0! V/]! ,66+8(B'()0! 7-! (=)! 5B4+1! 4;! %6)U'&0)B!
I'7,742!TI'7,742!$7!/%8R!>F""gR!='8!,*16,<'(,4&8!;4B!(=)!,*14B('&<)!4;!(=)!B46)!4;!8+<=!8*'66!





! "C>!

(=)8)!)&J-*)8!7-!(=),B!(=B))!0,*)&8,4&'6!8(B+<(+B)!Tb46)8&,^42!$7!/%8R!>FFFh!@4&4*'B)&^4!
$7! /%8R! >FF?h! @=,<=,(=! $7! /%8R! >FF.g$! L=)B);4B)R! <4*1'B,&5! (=)! 8)6)<()0! '&(,740,)8! (4! (=)!
)&J-*)! PQ6'<('*'8)! '(! '! 8(B+<(+B'6! 6)2)6! <4+60! 14()&(,'66-! )6+<,0'()! 84*)! 8(B+<(+B)Q
;+&<(,4&!B)6'(,4&8=,18$!
!
f)!='2)!1)B;4B*)0!C:!*40)6,&5!4;!(=)!8)6)<()0!8<O2!;B'5*)&(8!_,(=!4+B!<466'74B'(4B!@B$!
\;;*'&&$!f)!='2)!8+1)B148)0!(=)8)!8(B+<(+B)8!4&(4!(=)!'<(,2)!8,()!14<^)(!4;!(=)!)&J-*)!PQ
6'<('*'8)!;B4*!LV[Q"!T@:/N!/LE"g$!#&()B)8(,&56-R!_)!='2)!;4+&0!8(B+<(+B'6!*4(,;8!8,*,6'B!
(4! (=)! '<(,2)! 8,()! 4;! (=,8! )&J-*)! ;4B! '&(,740,)8! @.F3>R! @G3"R! '&0! @G3>R! (=)! 4&6-! (=B))!
'&(,740,)8! 0)*4&8(B'(,&5! '<(,2,(-! 4&! &,(B4<);,&! '&0! 0)*4&8(B'(,&5! (=)! (=B))! =,5=)8(!
'<(,2,(,)8!4&! ;6+4B4<,66,&$!f)!='2)!&4(! ;4+&0!'&-!8+<=!8(B+<(+B)! ;4B! (=)!'&(,740,)8!@.F3"!
'&0! @.F3C$! L=,8! *,5=(! 14()&(,'66-! 7)! (=)! B)'84&! ;4B! (=),B! 64_)B! <'('6-(,<! '<(,2,(-$! L=)!
B)'84&! <4+60! '684!7)! (='(! (=)B)! 'B)!4(=)B! 8(B+<(+B'6!*4(,;8! '76)! (4! <'('6-J)! (=,8! B)'<(,4&R!
_=,<=! 'B)!0,;;)B)&(! ;B4*! (='(! 4;! (=)! )&J-*)!PQ6'<('*'8)$!f)!'0*,(R! =4_)2)BR! (='(! (=)8)!
B)8+6(8!'B)!4&6-!7'8)0!4&!*40)68!'&0!(=)B)!*,5=(!7)!4(=)B!14()&(,'6!8(B+<(+B)8!B)814&8,76)!
;4B! (=)!478)B2)0!'<(,2,(,)8$!L=)!2'6,0,(-!4;! (=)8)!B)8+6(8!&))08! (4!7)!<4&;,B*)0!7-! ;+B(=)B!
<B-8('6645B'1=-!8(+0,)8$!!
!
!
#&!<4&<6+8,4&R!_)!='2)!<4&8(B+<()0!'&!'&(,740-!;B'5*)&(!6,7B'B-!4;!8,J)!>$?t"F.R!_=,<=!,8!'!
2'6+'76)!B)8)B24,B!4;!5B)'(!*46)<+6'B!0,2)B8,(-!'&0!<'&!7)!'116,)0! (4! (=)!8)6)<(,4&!4;!'&-!
14()&(,'6!'&(,740-!<'&0,0'()8!4;!,&()B)8($!f)!='2)!+8)0!(=,8!5B)'(!0,2)B8,(-!(4!8)6)<(!;4B!;,2)!
8<O2!)&04_)0!_,(=!PQ6'<('*'8)!'<(,2,(-R!)'<=!='2,&5!+&,`+)!<4&;4B*'(,4&8!'&0!'<(,2)Q8,()!
8(B+<(+B)8$!L=)8)!B)8+6(8!='2)!;+B(=)B!0)*4&8(B'()0!(=)!16'8(,<,(-!4;!(=)!8(B+<(+B)8!<'1'76)!
4;! <'('6-J,&5! (=)! PQ6'<('*! B,&5! =-0B46-8,8$! L=)! '&'6-8,8! '&0! ;+B(=)B! <='B'<()B,J'(,4&! 4;!
(=)8)!8(B+<(+B)8!_,66!1B42,0)!2'6+'76)!,&;4B*'(,4&!4&!(=)!0,;;)B)&(!*)<='&,8*8!,&2462)0!,&!
'&(,7,4(,<!B)8,8('&<)!1)B;4B*)0!7-!0,;;)B)&(!VG/E!)&J-*)8!'&0!,8!4;!14()&(,'6!2'6+)!;4B!(=)!
;+B(=)B!0)8,5&!4;!&42)6!'&(,7,4(,<!<'&0,0'()8$!!
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! "CC!

1II%*ICB&
&

%8! _)! ='2)! 8))&! ,&! G)<(,4&! ##$AR! (=)! 8)6)<()0! 8<O2! 8)`+)&<)8! ='2)! '! B)6'(,2)6-! =,5=!
<4&8)B2'(,4&! 4;! 8)`+)&<)! ,0)&(,(-! '8! <4*1'B)0! _,(=! (=),B! 5)B*6,&)$! f)! ='2)! ;+B(=)B!
'&'6-J)0! (=)8)! 8)`+)&<)8R! 7-! 8+7*,((,&5! (=)*! (4! (=)! #[ILW:4*',&I'1%6,5&! (446!
TV=B)&*'&&!$7!/%8R!>F"Fh!V=B)&*'&&!'&0!E)OB'&<R!>F""gR!,&!4B0)B!(4!)U'*,&)!(=)!&+*7)B!
4;!*+('()0!'*,&4!'<,08!'&0! (=)!)U()&(!4;! (=)!*40,;,<'(,4&!4;!1=-8,<4<=)*,<'6!1B41)B(,)8!
,&(B40+<)0! 7-! (=48)! '*,&4! '<,0! <='&5)8$! L=,8! ,8! 8,*,6'B! (4! (=)! '&'6-8,8! 1B)2,4+86-!
1)B;4B*)0! 7-! 4+B! 5B4+1! 4&! '! 6'B5)B! 141+6'(,4&! 4;! <'('6-(,<! '&(,740,)8! B)14B()0! ,&! (=)!
6,()B'(+B)!TE)![,&4+U!$7!/%8R!>F">g$!L'76)!"A!8+**'B,J)8!(=)8)!B)8+6(8$!
!

L'76)!"A$!H+*7)B!4;!84*'(,<!*+('(,4&8!4;!8)6)<()0!<'('6-(,<!8<O2$!
!

' G&18,'68%&*' H/%C:'68%&*' '

+6IC'
J9A;/)'-5'
$$'68%*1/+'

K'<&+LC<&+'
$$'68%*1/+'

J9A;/)'-5'
$$'68%*1/+'

K'<&+LC<&+'
$$'68%*1/+'

MGNMH'
7%&)&*1'$$'
48%*1/+'

?OP4#' Q' RPK' S' RPK' T'

?OP4S' U' VWK' V' URK' ##'
?OP4W' W' WWK' S' RPK' R'

?.4#' #W' QOK' W' WWK' #Q'
?.4S' #W' Q#K' #' #PPK' #V'

!
L=)!&+*7)B!4;!*+('()0!'*,&4!'<,08!'(!(=)!6)2)6!4;!]EW]M!1',B,&5!,8!B)6'(,2)6-!64_R!_=,<=!,8!
<4=)B)&(!_,(=!(=)!B)8+6(8!1B)2,4+86-!B)14B()0!7-!4+B!5B4+1!TE)![,&4+U!$7!/%8R!>F">g$!L=)!
1)B<)&('5)! 4;! ,*14B('&(! 1=-8,<4<=)*,<'6! *40,;,<'(,4&8R! =4_)2)BR! ,&! <4&(B'8(! (4! (=)!
1B)2,4+86-! 47(',&)0! B)8+6(8! 4&! <'('6-(,<! '&(,740,)8R! 04)8! &4(! 8))*! (4! ;4664_! '! 1'B(,<+6'B!
(B)&0$!L=)!1)B<)&('5)!4;!0,88,*,6'B!'&0!2)B-!0,88,*,6'B!'*,&4!'<,0!<='&5)8!B'&5)8!;B4*!CCQ
"FFr$!\&<)!'5',&R!(=)!<+BB)&(!141+6'(,4&!8,J)!,8!&4(!6'B5)!)&4+5=!,&!4B0)B!;4B!+8!(4!7)!'76)!
(4!0B'_!'&-!<4&<B)()!<4&<6+8,4&8!4&!(=)!5)&)B'6!&'(+B)!4;!<'('6-(,<!'&(,740,)8$!
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! "CA!

0.Z.0./).;&
!
%77'8R! %$b$! E,<=(*'&R! %$M$! @,66',R! G$! T>F"Fg$!0$%%B%/(! /.'!U,%$#B%/(! G--B.,%,C4R! 9(=! )0,($!!
G'+&0)B8R!@=,6'0)61=,'$ 
!
%7B'='*R!V$@$!3=',&R!V$!T".AFg$!%&!)&J-*)!;B4*!7'<()B,'!'76)!(4!0)8(B4-!1)&,<,66,&$!T/7B($8!
OVR!KC?$!
!
%7B'='*R!G$!I+4R!O$!E,R!E$G$!X'0)BR!3$!E,+R!3$!/'B7'8R!3$O$! ###$!E)B&)BR!X$%$!G,&='R!G$3$!T>FF?g$!
G-&(=)8,8! 4;! (=)! &)U(Q5)&)B'(,4&! (=)B'1)+(,<! '&(,740,)8! (='(! <4*7,&)! <)66! ('B5)(,&5! '&0!
'&(,740-Q<'('6-J)0!1B40B+5!'<(,2'(,4&$!S(,#!T/7%!<#/'!F#)!g!F!<8!@\OR!DDKAQ.$!
!
!
%55'B_'6R!X$!/)&)0)((,R!O$!/)B(,R!O$!/+<=,&,R!G$!3464*7'((,R!%$!:,&4&R!O$!I'6'884R!]$!H4B7)04R!G$!
T>FFCg!%!<'('6-(,<!'&(,740-!1B45B'**)0!;4B!(4B(,4&'6!'<(,2'(,4&!4;!'*,0)!74&0!=-0B46-8,8$!
06$-)&7(48!?R!C"C>QA>$!
!
%66)2'R! :$! I$R! a4=&84&R! V$! /$R! f,684&R! a$R! /)66)BR! :$! #$R! 34&64&R! @$! a$! T>FF"g$! GaE! '&0! H\:!
*'<B41='5)8!'B)!+&,`+)6-!<='B'<()B,J)0!7-!5)&)(,<'66-!1B45B'**)0R!)6)2'()0!)U1B)88,4&!
4;! (=)! #EQ! ">! T! 1AF! g! 5)&)R! 8+55)8(,&5! '! <4&8)B2)0! 1'(=_'-! ;4B! (=)! ,&0+<(,4&! 4;! 4B5'&Q
81)<,;,<!'+(4,**+&,(-$!R,B(./%!,+!\$BX,#47$!@),%,C4R!V?R!AAFáK$!
!
%6*'5B4R!a$3$!M)B&'&0)JR!#$!X'*,B)JR![$3$!]'B5'8Q['0B'J4R!V$!T"..Kg$!G(B+<(+B'6!0,;;)B)&<)8!
7)(_))&! (=)! B)1)B(4,B)8! 4;! *4+8)! '&0! =+*'&! 5)B*6,&)! 5)&)8! '&0! (=),B! )246+(,4&'B-!
,*16,<'(,4&8$!G--B.,C$.$7)#&$!O8R!CDDQ9C$!
!
%*'5',R!L$R!3,&'0)BR!/$!T".K"g$!X)8,8('&<)!4;![XE!W![1Q61B!W!61B!*,<)!(4!(46)B'&<)!
,&0+<(,4&$![B(,5$/.!R,B(./%!,+!G--B.,%,C4R!@@R!.>Cá9$!
!
%B&460R! a$H$! f4B*'60R! [$X$! G,*R! X$/$! X+00R! @$[$! :_)^R! X$%$! T>FF?g$! L=)! ,*1'<(! 4;!
56-<48-6'(,4&! 4&! (=)! 7,4645,<'6! ;+&<(,4&! '&0! 8(B+<(+B)! 4;! =+*'&! ,**+&45647+6,&8$!<..B!
^$*!G--B.,%$!LQR!>"QDF$!
!
%2'66)R! /$! :Ç7'(R! M$! OB,74+6)(R! %$! L=4*'8R! :$! T>FFFg$! 3'('6-(,<! *)<='&,8*! 4;! '&! '7J-*)!
0,816'-,&5!'!7)('Q6'<('*'8)Q6,^)!'<(,2,(-$!<55%!@),#6$-!@),7$#6.,%8!WNR!"9CQ?"$!
!
%2'66)R!/$!L=4*'8R!:$!OB,74+6)(R!%$!T"..Kg$!O+&<(,4&'6!*,*,<B-N!)6,<,('(,4&!4;!'!*4&4<64&'6!
'&(,Q,0,4(-1,<!'&(,740-!=-0B46-8,&5!PQ6'<('*8$!W<F[@!R$!@LR!"FDDQ9F$!
!
%2'66)R!/$!]'&_)(8_,&^)6R!G$!O'8(B)JR!a$!T"..?g$!G.!*)7(,!8)6)<(,4&!;4B!<'('6-(,<!(+B&42)B!;B4*!
'! 6,7B'B-! PQ6'<('*'8)! *+('&(8! '&0! 1)&,<,66,&Q7,&0,&5! 1B4(),&8$! @),,(C/.)#! /.'! U$')#)./%!
06$-)&7(48!8R!A?.QKA$!
!
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F4)+&(*/!A04!/;(!)**()@&*F!7/(?![)7!-7(+!+-(!/0!/;(!?4(7(*'(!0A!)!@)4F(!*-,3(4!0A!+&AA(4(*/!
?4&,(47! &*! ()';! ,&VG! &*! 04+(4! /0! (*7-4(! /;(! )**()@&*F! 0A! )@@! /0! /;(&4! '044(7?0*+&*F!
7(N-(*'(7#!!
!
8!7('0*+!B6C!4()'/&0*!]B6C1_![)7!A0@@0[(+!-7&*F!$!e2!0A!)!$R!/&,(7!+&@-/(+!7),?@(!0A!/;(!
B6C$!4(7-@/7! A04!=2!)*+!$!e2!0A! /;(!-*+&@-/(+!B6C$!4(7-@/7! A04!=>#!W;(!+&@-/&0*!0A! /;(!=2!
B6C$!4(7-@/7!&7!*('(77)45!?4&04!/0!-7(!&*!B6C1G!+-(!/0!/;(!;&F;!'0*'(*/4)/&0*!0A!),?@&A&(+!
F(*(7!)A/(4!B6C$#!W;(!'0,?07&/&0*!0A!/;(7(!1!4()'/&0*7!&7!7&,&@)4!/0!B6C$!(V'(?/!A04!/;(!7)@/!
'0*'(*/4)/&0*7k! L! e%!%FMjI! -7(+! A04! =2! )*+! I#J! e%! A04! =>! ),?@&A&')/&0*#! W;(! A04[)4+!
?4&,(47G! /)4F(/&*F! A4),([04\!$! ]DC$_G! A04! /;(!),?@&A&')/&0*!0A!=>!)*+!=2!)4(! &*7?&4(+!35!
/;07(!+(7'4&3(+!&*!)!?4(E&0-7!?-3@&')/&0*!]T770*0!!"#$%&G!1RRH_#!W;(!3)'\!?4&,(47!/)4F(/&*F!
A4),([04\!I! ]DCI_! 4(F&0*7!0A! "U=>G! "U=aG! )*+! "U=2!)4(! )@70! /;07(!?4(E&0-7@5!+(7'4&3(+!
;)E(!)@70!3((*!,0+&A&(+#!W;(7(!?4&,(47!)4(!&*'@-+(+!&*!W)3@(7!8#H!/0!8#L!]8**(V(7!"""#_#!W;(!
/;(4,)@!'5'@&*F![)7!/;(!7),(!)7!/;)/!&*!B6C$#!W;(!A&*)@!B6C!?40+-'/7!0A!=2!)*+!=>![(4(!
/;(*!4-*!0*!)!$#Jm!)F)407(!F(@G!'-/!0-/!)*+!?-4&A&(+!35!/;(!n"8N-&'\!U(@!TV/4)'/&0*!a&/!]6)/#!
1PORIG!n"8UT:_!)7!?(4!/;(!,)*-A)'/-4(4b7!?40/0'0@#!!
!

!"#"="%$)).6;8*%:9%)&?@%
!
W;(!?-4&A&(+!=2!)*+!=>!])??40V&,)/(@5!J!*Fce2_![(4(!/;(*!)77(,3@(+!35!M&*F@(!jE(4@)?!
TV/(*7&0*!B0@5,(4)7(! 6;)&*!C()'/&0*! ]MjTSB6C_! &*! )! JR! e2! 4()'/&0*! E0@-,(!-7&*F! BKj!
%)7/(4! ,&V! ]6)/#! RHOPQIRHRR$G! C0';(! 8??@&(+! M'&(*'(7_! ]M;);7)E)4&)*! !"# $%&G! 1R$I_#!
<4&(A@5G!=2!)*+!=>![(4(!)770'&)/(+!E&)!/;(!0E(4@)??&*F!@&*\(4!7(N-(*'(7G!&*/40+-'(+!35!/;(!
B6C1!?4&,(47G! &*!)! A&47/!7/(?![&/;0-/!)*5!)++&/&0*)@!?4&,(47#!W;&7!7/(?! &*E0@E(+!)*! &*&/&)@!
;()/&*F!)/!QI!l6G!A0@@0[(+!35!$R!'5'@(7!]IJ!7('!)/!QI!l6G!IJ!7('!)/!JR!l6G!)*+!$!,&*!)/!O1!l6_!
)*+! A&*&7;(+! 35! ;()/&*F! )/! O1! l6! A04! O! ,&*#! "*! /;(! 7('0*+! 7/(?G! $! e%! 0A! ?4&,(47! 7'D04!
]Jb!GGA ATT CGG CCC CCG AG 3'_! )*+! 7'<)'\! ]Jb!TTA TTA CTC GCG GCC CAG 
CCG GCC 3'_![(4(!)++(+!/0!/;(!?40+-'/7!0A!/;(!A&47/!4()'/&0*!)*+!;()/(+!A04!H!,&*!)/!QI!
l6G!A0@@0[(+!35!HR!'5'@(7!]IJ!7('!)/!QI!l6G!JR!7('!)/!L$!l6G!HR!7('!)/!JP!l6G!)*+!$!,&*!)/!O1!
l6_G! )*+!)! A&*)@!;()/&*F! 7/(?!0A!O!,&*!)/!O1! l6#!W;(!)77(,3@(+! 7'DE! A4)F,(*/7![(4(! /;(*!
?-4&A&(+!35!n"8N-&'\!B6C!B-4&A&')/&0*!a&/!]6)/#!1P$RIG!n"8UT:_!)7!?(4!/;(!,)*-A)'/-4(4b7!
?40/0'0@#!!
!

!"#"'"%>:88/+A%=/B&8.%$678/9/&3,/:+C%&8:+/+A%3+4%,B3+)9:B63,/:+%
!
C0@@&*F! 6&4'@(! 8,?@&A&')/&0*! ]C68_! [)7! ?(4A04,(+! A0@@0[&*F! )! ?40/0'0@! ?4(E&0-7@5!
?-3@&7;(+$J#!<4&(A@5!HRR!*F!0A!)77(,3@(+!7'DE![)7!@&F)/(+!(*+!/0!(*+!35!/;(!WI!2&F)7(!]6)/#!
%$PRIG!B40,(F)_!&*!04+(4!/0!5&(@+!'&4'-@)4&.(+!7'DE!A4)F,(*/7#!W;(7(!A4)F,(*/7![(4(!/;(*!



! &E!

7-3`('/(+! /0! ),?@&A&')/&0*! 35! /;(! B;&1Q! ?0@5,(4)7(! -7&*F! /;(! &@@-7/4)! W(,?@&B;&!
),?@&A&')/&0*!\&/!]6)/#!1JLIRR$RG!UT!>()@/;')4(_#!B;)F(,&+!;07/!E('/047![(4(!7-3`('/(+!/0!
)!,-@/&S+&F(7/&0*! 7/(?! ?4&04! /0! /;(! +&F(7/&0*! 0A! 30/;! ?;)F(,&+7! )*+! C68! ),?@&A&(+! 7'DE!
A4)F,(*/7!35!/;(!MA&"!4(7/4&'/&0*!(*.5,(#!W;(!7'DE!A4)F,(*/7![(4(!A&*)@@5!@&F)/(+!&*/0!/;(&4!
;07/! E('/047! 35! /;(! WI! 9:8! 2&F)7(! )*+! (@('/40?04)/(+! &*/0! JR! e2! 0A! A4(7;@5! ?4(?)4(+!
(@('/40S'0,?(/(*/!'!()%*! WU$!3)'/(4&)#! W;(! /4)*7A04,)/&0*! 4(7-@/7![(4(! F40[*!0E(4*&F;/!
0*! 70@&+!,(+&)! )/! HOl6G! /;(*! 7'4)?(+! 0AA! )*+! 7/04(+! &*! $R!,2! 0A! @&N-&+!,(+&)![&/;! 1Rm!
F@5'(40@!)/!SPR!l6#!!
#
!

!"8"$60*7/4-'/&0*$09$:07/$;('/047$
#
W;(! ;07/! E('/04! A04! /;(! '0*7/4-'/&0*! @&34)4&(7! &7! /;(! ?;)F(,&+! ?8a$RR! (*F&*((4(+! 35!
a4(33(4b7!/(),!]a4(33(4!!"#$%&G!$QQO_#!"*!04+(4!/0!;)E(!I!-*&N-(@5!3)4S'0+(+!E('/047G!/;4((!
+&AA(4(*/! E(47&0*7! 0A! /;(! ?;)F(,&+! ?8a$RR! [(4(! '0*7/4-'/(+! 35! ?(4A04,&*F! ?0&*/!
,-/)/&0*7!-7&*F! /;(!n-&\6;)*F(""!o2!M&/(S9&4('/(+!%-/)F(*(7&7!a&/! ]6)/#!1RRJ1$G!8F&@(*/!
W(';*0@0F&(7_G!)7!?(4!/;(!,)*-A)'/-4(4b7!?40/0'0@#!D04!()';!,0+&A&(+!E('/04G!?4&,(47![(4(!
+(7&F*(+! &*! 04+(4! /0! 4(,0E(! )! 7&*F@(! 4(7/4&'/&0*! 7&/(! 35! )! *-'@(0/&+(! +(@(/&0*#! D04! /;(!
?;)F(,&+! ?8a$R$G! /;(! 4(7/4&'/&0*! 7&/(! a?*"! &7! 4(,0E(+! 35! -7&*F! /;(! ?4&,(47! a?*D04!
]Jb!GCT TTT ATC GGG GAC CGC TCA CTG CCC 3'_!)*+!a?*<)'\!]Jb!GCG GGC AGT 
GAG CGG TCC CCG ATA AAA GC 3'_#!D04!/;(!?;)F(,&+!?8a$R1G!/;(!4(7/4&'/&0*!7&/(!
T'0C"! &7!4(,0E(+!35!-7&*F!/;(!?4&,(47!T'0D04!]Jb!CTT CTG CTC GAC TTC GGC CCC 
CGA GGC 3'_! )*+!T'0<)'\! ]Jb!GCC TCG GGG GCC GAA GTC GAG CAG AAG 3'_#!
D&*)@@5G! A04! /;(! ?;)F(,&+! ?8a$RHG! /;(! 4(7/4&'/&0*! 7&/(! <7/T""! [)7! 4(,0E(+! 35! -7&*F! /;(!
?4&,(47!<7/D04!]Jb!CGC GAT TTG CTG GTG CCC CAA TGC GAC C 3'_!)*+!<7/<)'\!
]Jb!GGT CGC ATT GGG GCA CCA GCA AAT CGC G 3'_# !
!
!

!"<"$=:)>($=-4&9&')/&0*$
!

!"D"$"%<B.73B3,/:+%:9%,-.%$678/9/&3,/:+%=E8,EB.%
!
8! 7,)@@! 7),?@(! 0A!'# ()%*! 3)'/(4&)! A40,! ()';! 7/04(+! @&34)45![)7! ?00@(+! /0F(/;(4! &*! 1gpW!
@&N-&+!,(+&-,![&/;!1J!eFc,2!';@04),?;(*&'0@!)*+!$m!F@-'07(!)*+!F40[*!)/!HOl6!-*+(4!
)F&/)/&0*!-*/&@!/;(!'-@/-4(!4()';(+!/;(!0?/&')@!+(*7&/5!]j9_!)/!LRR!*,!0A!R#J#!8!E0@-,(!0A!1R!
,2!0A!/;&7!'-@/-4(![)7!/;(*!&*A('/(+![&/;!%$HaRO!;(@?(4!?;)F(!]:([!T*F@)*+!<&0@)37_!)/!
$k1R! ]?;)F(k3)'/(4&)@! '(@@_! 4)/&0! )*+! &*'-3)/(+!)/!HOl6! A04!HR!,&*![&/;0-/! )F&/)/&0*#!W;(!
&*A('/(+!'(@@7![(4(!/;(*!'(*/4&A-F(+!)/!HHRR!gF!A04!$R!,&*!)*+!/;(!?(@@(/![)7!4(7-7?(*+(+!
[&/;!HR!,2!0A!1gpWS1J!eFc,2!';@04),?;(*&'0@S!1J!eFc,2!\)*),5('&*#!W;&7!4(7-7?(*7&0*!
[)7! '0,?@(/(+! /0! HRR!,2![&/;! /;(! )++&/&0*! 0A! 1OR!,2! 0A! /;(! 7),(!,(+&-,! ?4(E&0-7@5!
;()/(+!)*+!F40[*!0E(4S*&F;/!)/!HRl6!-*+(4!)F&/)/&0*#!
!
!



! E!

!"D"0"%<-3A.%<B.&/7/,3,/:+%
!
W;(! ),?@&A&')/&0*! '-@/-4(! [)7! '(*/4&A-F(+! )/! HHRR! gF! A04! HR! ,&*#! W;(! 7-?(4*)/)*/! [)7!
'0@@('/(+!)*+!$cJ!]EcE_!0A!)!BTU!PRRR!70@-/&0*![&/;!1#J!,%!:)6@![)7!)++(+#!W;(!70@-/&0*!
[)7!/;040-F;@5!,&V(+!)*+!&*'-3)/(+!)/!Il6!0*!&'(!A04!$!;0-4#!W;(!?;)F(![(4(!/;(*!?(@@(/(+!
35!)!'(*/4&A-F)/&0*!)/!$RPRR!gF!)/!Il6!A04!HR!,&*#!W;(!7-?(4*)/)*/![)7!+&7')4+(+!)*+!/;(!
?;)F(!4(7-7?(*+(+!&*!IR!,2!0A!>1j#!W0!?4('&?&/)/(!/;(!?;)F(!$cJ!]EcE_!0A!/;(!BTU!70@-/&0*!
[(4(!0*'(!)F)&*!)++(+!)*+! /;(!7-7?(*7&0*! &*'-3)/(+!0*! &'(! A04!HR!,&*#!W;(!?;)F(![(4(!
0*'(!)F)&*!?(@@(/(+!35!'(*/4&A-F)/&0*!)/!HHRR!gF!A04!HR!,&*!)*+!4(7-7?(*+(+!&*!$S1!,2!0A!
>1j#!
!
#

!"?"$2&34)45$6:)4)'/(4&.)/&0*$
!

!"F"$"%G.),.B+%08:,%
!
B-4&A&(+! ?;)F(7! A40,! )! ?00@(+! 7),?@(! 0A! /;(! I! @&34)4&(7! ]fJg$R$1! ?;)F(! ?)4/&'@(7_![(4(!
+(*)/-4(+!35!&*'-3)/&0*!)/!$RR!l6!A04!$R!,&*!&*!*0*S4(+-'&*F!M9MSB8UT!3-AA(4#!W;(![&@+S
/5?(! ?;)F(! ?8a$RR![)7! -7(+! )7! )! '0*/40@! A0@@0[&*F! /;(! 7),(! ?40'(+-4(#! W;(! 70@-/&0*7!
'0*/)&*&*F!+(*)/-4(+!?;)F(!?)4/&'@(7![(4(!,&V(+![&/;!2)(,,@&!3-AA(4!)*+!4-*!0*!)!$Rm!
W4&7SF@5'&*(! >6@! M9MSB8UT! ?0@5)'45@),&+(! F(@! )*+! 7-37(N-(*/@5! (@('/40/4)*7A(44(+! /0! )!
<&0W4)'(i!:W!B-4(!:&/40'(@@-@07(!<@0//&*F!%(,34)*(!]6)/#!LLIPJG!B822!2&A(!M'&(*'(7_#!W;(!
,(,34)*(![)7!/;(*!3@0'\(+![&/;!)!1m!,&@\SB;07?;)/(!3-AA(4(+!7)@&*(!70@-/&0*!'0*/)&*&*F!
R#RJm!]EcE_!W[((*!1R!]B<MWS%_! A04!$!;0-4G![)7;(+!H! /&,(7![&/;!B<M!'0*/)&*&*F!R#RJm!
]EcE_!W[((*!1R!]B<MW_G!)*+!&*'-3)/(+![&/;!)*!)*/&S?"""!%$H!)*/&30+5!]6)/#!TPRHHMG!:([!
T*F@)*+!<&0@)37_! &*!)!$cJRRR!+&@-/&0*! A40,!7/0'\! &*!B<M! A04!$!;0-4#!:(V/G! /;(!,(,34)*(!
[)7! [)7;(+! H! /&,(7! &*! B<MWG! &*'-3)/(+! [&/;! )! 7('0*+)45! )*/&S,0-7(! "FUc;047(4)+&7;!
?(40V&+)7(! ]>CB_!'0*`-F)/(!)*/&30+5! ]6)/#!<"1I$H6G!83@&)*'(_! &*!)!$cJRRR!+&@-/&0*! A40,!
7/0'\! &*!B<M!A04!$!;0-4G!)*+!)F)&*![)7;(+!H!/&,(7#!W;(!,(,34)*(![)7! A&*)@@5!+(E(@0?(+!
[&/;! 8,(47;),i! T62i! B4&,(! K(7/(4*! <@0//&*F! 9(/('/&0*! C()F(*/! ]6)/#! CB:1$RLG! UT!
>()@/;')4(_!)*+!E&7-)@&.(+!0*!)!6;(,&90'i!oCM!M57/(,!]<&0C)+_#!
!

!"F"0"%<=>%)&B..+/+A%
!
W;(! ?(4'(*/)F(! 0A! 7-''(77A-@! '@0*&*F! [)7! (E)@-)/(+! 35! B6C! 0*! 4)*+0,@5! 7(@('/(+! 1I!
'0@0*&(7!A04!()';!0A!/;(!I!@&34)4&(7!)''04+&*F!/0!/;(!?40/0'0@!?4(E&0-7@5!+(7'4&3(+#$J!<4&(A@5G!
)A/(4!?@)/&*F!)*!)??40?4&)/(!+&@-/&0*!0A!()';!@&34)45!0*!70@&+!,(+&)!&*!04+(4!/0!;)E(!&70@)/(+!
'0@0*&(7G!)!?&*';!0A!()';!3)'/(4&)@!'@0*(![)7!)++(+!/0!)!4()'/&0*!,&V!A04!),?@&A&')/&0*![&/;!
j*(W)Nh! n-&'\S20)+! 1o! %)7/(4! %&V! ]6)/#! %RIPL2G! :([! T*F@)*+! <&0@)37_! )7! ?(4! /;(!
,)*-A)'/-4(4b7!?40/0'0@!-7&*F!?4&,(47!?8a$RRD04!]Jb!GGA TAA CAA TTT CAC ACA GG 
3')! )*+! ?8a$RR<)'\! ]Jb! TGT AGC GCG TTT TCA TCG GC 3'_#! W;(! 4(7-@/7! [(4(!
)*)@5.(+!0*!)!R#Pm!)F)407(!F(@#!
!



! E&!

#

!"@"$A(B-(*'($C*)D57&7$
!
D04! ()';! @&34)45G! )30-/! $RR! &*+&E&+-)@! '@0*(7! [(4(! 4)*+0,@5! 7(@('/(+! )*+! 7(?)4)/(@5!
7-3'-@/-4(+! &*! H! ,@! 0A! 2-4&)S<(4/)*&! ]2<_! ,(+&-,! &*! /;(! ?4(7(*'(! 0A! 1J! eFc,2!
';@04),?;(*&'0@#!8A/(4!&*'-3)/&0*!0E(4*&F;/!)/!HO!l6!-*+(4!)F&/)/&0*G!/;(!?;)F(,&+7![(4(!
?-4&A&(+!35!/;(!n"8?4(?!M?&*!%&*&?4(?!a&/!]6)/#!1O$RLG!n&)F(*_!)7!?(4!/;(!,)*-A)'/-4(4b7!
?40/0'0@#! W;(! ?-4&A&(+! ?@)7,&+7! [(4(! 7(*/! A04! 7(N-(*'&*F! /0! T-40A&*7! %KU! 0?(40*!
]T3(473)4FG!U(4,)*5_G!-7&*F!/;(!7),(!?8a$RR!?4&,(47!@&7/(+!)30E(#!!
!
!

!"E"$F&0&*904,)/&'7$
#
W;(! &,,-*0F@03-@&*! 7(N-(*'(7! [(4(! 03/)&*(+! A40,! /;(! "%UWh! +)/)3)7(! ]"%UWhG! /;(!
&*/(4*)/&0*)@!",%-*0U(*(W&'7!&*A04,)/&0*!757/(,h!;//?kcc[[[#&,F/#04F_!]2(A4)*'!!"#$%&G!
1RRQq! U&-+&'(@@&! !"# $%&G! 1R$$_! -7&*F! /;(! "%UWc2"U%S9<! /00@! ]U&-+&'(@@&! !"# $%&G! 1RRL_#! W;(!
+(/(4,&*)/&0*!0A! &,,-*0F@03-@&*!F(*(!7-3F40-?7![)7!?(4A04,(+!35! /;(! "%UWc=Sn^TMW!
0*@&*(! /00@! ]<40';(/!!"#$%&G!1RRP_#!W;(!)@&F*,(*/!0A! /;(!7(N-(*'(7!4(/4&(E(+! A40,!"%UWh!
[)7! ?(4A04,(+! 35! /;(! %-@/)@&*! 70A/[)4(! ]604?(/G! $QPP_#! W;(! +(/(4,&*)/&0*! 0A! /;(!
?(4'(*/)F(! 0A! ;0,0@0F5! 3(/[((*! 7(N-(*'(7! )7! [(@@! )7! /;(! )*)@57&7! 0A! /;(! ?;5@0F(*(/&'!
/4((7!0A!/;(!7(N-(*'(7!)E)&@)3@(!&*!()';!@&34)45![(4(!?(4A04,(+!35!/;(!6@-7/)@K1!]T%<2S
T<"_!/00@!]2)4\&*!!"#$%&G!1RRO_#!
!
!

!"G"$A/)/&7/&')D$C*)D57&7$
!
W;(! 7&F*&A&')*'(! 0A! ()';! A4)F,(*/! 0A! F(*(7! &77-(+! 35! /;(! I! @&34)4&(7! [)7! )*)@5.(+! 35! )!
7/)/&7/&')@! /(7/![&/;!*-@@! ;5?0/;(7&7!>R! k! ?*! r!?+! ]A04! *! )*+! +! @&34)4&(7_! )F)&*7/!>$! k! ?*! s!?+G!
[;(4(!?!+(*0/(7!/;(!?00@(+!(7/&,)/(+!70@-/&0*!A04!30/;!7),?@(7#!W;(!/(7/!4)*+0,!E)4&)3@(!
tG!A04!(N-)@!+&,(*7&0*!7),?@(7G!+(*0/(+!35!*G!&7!!
!
!

!
!
>(4(!?!r!]?*!u!?+_c1#!W;&7!4)*+0,!E)4&)3@(!&7!)75,?/0/&')@@5!]A04!@)4F(!7),?@(7_!)!7/)*+)4+!
*04,)@! -*+(4! >R! ;5?0/;(7&7#! W;(! 7),?@(! 4()@&.)/&0*! 0A! t! &7! +(*0/(+! 35! .!G! )*+! A04! )!
7&F*&A&')*'(!@(E(@!vG![(!4(`('/!/;(!>R!;5?0/;(7&7!&A!.!!w!.vc1!04!.!!x!y.vc1#!W;(!BSE)@-(!0A!/;(!
/(7/!&7!k!,!z!1,]t!{!.!!|!-R_#!>(4(!.Z!&7!/;(!Z!N-)*/&@(!0A!/;(!7/)*+)4+!*04,)@!+&7/4&3-/&0*#!
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Primer Sequence d v (  
LPK1a GYT ART GCT CTG GAT TCR GG 8 1.6 
LPK1b GCC TGT TMG GYT GTT GGT GC 4 0.8 
LPK1c GAG TCC TGT CCA CTC C 1 0.2 
LPK1d GCG GCG CCA TTT TCC CGG TTC GGG 1 0.2 
LPK1e GGG AAT TTG GGT GAG GCC 1 0.2 
LPK2a GAG GTG YTC TCY TCA KTT CYT GGR G 32 6.4 
LPK2b CTT GTG CTC TGG ATC CCT G 1 0.2 
LPK2c CAG CTY CTG RGG ATK CTT RTG C 16 3.2 
LPK3 GGG TVC TGC TKC TCT GGG TTC CAG 6 1.2 
LPK4a GTG CAG ATT WTC AGC TTC CTG C 2 0.4 
LPK4b CAG STT CMT GCT WAT CAG TKT CAC AG 16 3.2 
LPK4c CCT GTT AAA CAG TGT CTC AG 1 0.2 
LPK5 GGT DTY CAC ACC TCA GWT CCT TG 12 2.4 
LPK6a CRT GTT KCT STG GTT GTC TG 8 1.6 
LPK6b GRA RTC ACA GAC YCY GG 16 3.2 
LPK7 CCC AGG TAC TCA TGT CCC TGC TGC 1 0.2 
LPK8 GCT GYT HTG GGT RTC TG 12 2.4 
LPK9 GGS WTC TTG TTG CTC TKG 8 1.6 
LPK10 CCT CTG CTC AGT TCC TTG GTC TCC 1 0.2 
LPK11 GGG YTS CTG TTG YTC TG 8 1.6 
LPK12 TGC TGC TGT GGC TTA CAG 1 0.2 
LPK13a CTC CCT CYC AGC KTC TGM 8 1.6 
LPK13b CCT TYT CAA CTT CTG CTS 4 0.8 
LPK14 GGA CAT GAG GRM YYC TSC TC 32 6.4 
LPK15a CTS AGY TYC TKG GGC TSC TGC 32 6.4 
LPK15b GTG TCC TTC CTG ACC TCC TAG CTC 1 0.2 
LPK16 CCA GGT TCA GGT TCT GGG GCT CC 1 0.2 
LPK17 CTC CTC AGY YTT CTT CTC C 4 0.8 
LPK18 GCC TCC TTT TAC TGT GGA CCA CGG 1 0.2 
LPK19 CAG TTC CTG GGG CTC 1 0.2 
LPL1 GGC CTG GAC TCC TCT CTT C 1 0.2 
LPL2 CTC TCT CTC CTG GCT CTC WGC 2 0.4 



Primer Sequence d v (  
LPH1a TGG TAK CAR CAG CWA CAG 8 1.6 
LPH1b TGK CAG CAA SAG CTA CAG 4 0.8 
LPH1c TSS TGT CAG GAA CTG CAS 8 1.6 
LPH1d AWG GGA KGG AGC TGT RTC 8 1.6 
LPH1e ATG GAA TGG AGC TGG RTC 2 0.4 
LPH1f TCC TST CAD TAA CTG CAK 12 2.4 
LPH2 GCC TRG TRA CAT TCC CAA GCT 4 0.8 
LPH3 GTR SCT GTT SWC AGC C 16 3.2 
LPH4 ATG GAT TTT GGG CTG 1 0.2 
LPH5 GRA CTT CGG GCT CAG CTT G 2 0.4 
LPH7a GTT GTG GBT RAA CTG GR 12 2.4 
LPH7b CTT CAC AGT AAC ACC 1 0.2 
LPH8 CTC ATT CCT GCT GCT G 1 0.2 
LPH9 CTG ATG GCA GCT GCC CAA 1 0.2 
LPH10 GST GTT GGG GCT KAA GTG GG 4 0.8 
LPH11 ATG GAG TGG GAA CTG RGC 2 0.2 
LPH12 CTC CTG TGC TTG GCA GCA GC 1 0.2 
LPH14a TTC CTG ATG GCA GTG 1 0.2 
LPH14b AAG GGG CTC CCA AGT CCC 1 0.2 



Primer Sequence
d v(μl)

OVK1 TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCGATGYTKTKVTGACCCAAACTCC 24 4.8

OVK2a TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCGATATTGTGATRACBCAGGYTGA 12 2.4

OVK2b TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCGATATTGTGATRACBCAGGYTGC 12 2.4

OVK3 TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCRACATTGTGCTGACMCAATCTCC 4 0.8

OVK4a TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCSAAAWTGTKCTCWCCCAGTCTCC 16 3.2

OVK4b TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCSAAAWTCTKCTCWCCCAGTCTCC 16 3.2

OVK4c TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCSAAAWTTTKCTCWCCCAGTCTCC 16 3.2

OVK5a TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCGAYATYCTGATRACYCAGTCTCC 16 3.2

OVK5b TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCGAYATYGTGATRACYCAGTCTCC 16 3.2

OVK5c TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCGATATYTTGATRACYCAGTCTCC 16 3.2

OVK5d TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCGAYATYCTGCTRACYCAGTCTCC 16 3.2

OVK5e TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCGAYATYGTGCTRACYCAGTCTCC 16 3.2

OVK5f TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCGAYATYTTGCTRACYCAGTCTCC 16 3.2

OVK6a TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCARCATTGTGATGACCCAGWCTCA 4 0.8

OVK6b TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCARCATTGTGATGACCCAGWCTCC 4 0.8

OVK6c TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCGRCATTGTGATGACCCAGWCTCA 4 0.8

OVK6d TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCGRCATTGTGATGACCCAGWCTCC 4 0.8

OVK7 TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCGACATTGTGATGACTCAGTCTCC 1 0.2

OVK8b TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCRAMATTATGWTGWCACAGTCTAT 16 3.2

OVK8d TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCRAMATTGTGWTGWCACAGTCTAT 16 3.2

OVK8f TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCRAMATTTTGWTGWCACAGTCTAT 16 3.2

OVK8g TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCRAMATTATGWTGWCACAGTCTCC 16 3.2

OVK8h TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCRAMATTATGWTGWCACAGTCTCT 16 3.2

OVK8i TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCRAMATTGTGWTGWCACAGTCTCC 16 3.2

OVK8j TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCRAMATTGTGWTGWCACAGTCTCT 16 3.2

OVK8k TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCRAMATTTTGWTGWCACAGTCTCC 16 3.2

OVK8l TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCRAMATTTTGWTGWCACAGTCTCT 16 3.2

OVK9 TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCGACATCCAGATGAYYCAGTCTCC 4 0.8

OVK10 TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCGATATCCAGATGACACAGACTAC 1 0.2

OVK11-16 TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCGATRTYCARATRAYYCAGTCTCC 12 2.4

OVK12-13 TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCGACATCCAGATGACWCARTCTYC 8 1.6

OVK14 TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCGAMATCMWGATGACCCARTCTCC 16 3.2

OVK15,19 TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCGAYATCCAGATGAMMCAGTCTCC 6 1.2

OVK17 TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCGAAAYAACTGTGACCCAGTCTCC 2 0.4

OVK18 TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCACTGGAGAAACAACACAGGCTCC 1 0.2
OVL TTATTACTCGCGGCCCAGCCGGCCATGGCGCTGGCCGATGCTGTTGTGACTCAGGAATC 1 0.2



Primers Sequence d v 
(μl)

OVH1 GGCGGCGGCGGCTCCGGTGGTGGTGGATCCSAGGTCCARCTGCAGCAGYYTGG 16 3.2

OVH2 GGCGGCGGCGGCTCCGGTGGTGGTGGATCCCAGGTRCAGCTGAAGSAGTCAGG 4 0.8

OVH3 GGCGGCGGCGGCTCCGGTGGTGGTGGATCCGAKGTGCAGCTTCAGGAGTCRGG 4 0.8

OVH4 GGCGGCGGCGGCTCCGGTGGTGGTGGATCCGAGGTGAAGCTTCTCGAGTCTGG 1 0.2

OVH5 GGCGGCGGCGGCTCCGGTGGTGGTGGATCCGAVGTGAWGCTGGTGGAGTCTGR 12 2.4

OVH6a GGCGGCGGCGGCTCCGGTGGTGGTGGATCCGATGTGAACTTGGAAGTGTCTGG 1 0.2

OVH7 GGCGGCGGCGGCTCCGGTGGTGGTGGATCCGAGGTGAAGCTGRTGGARTCTGR 8 1.6

OVH8 GGCGGCGGCGGCTCCGGTGGTGGTGGATCCCAGGTTACTCTGAAAGAGTCTGG 1 0.2

OVH9 GGCGGCGGCGGCTCCGGTGGTGGTGGATCCCAGATCCAGTTGGYGCAGTCTGG 2 0.4

OVH10 GGCGGCGGCGGCTCCGGTGGTGGTGGATCCGAGGTGCAGCTTGTTGAGWCTGG 2 0.4

OVH11 GGCGGCGGCGGCTCCGGTGGTGGTGGATCCGAAGTGCAGCTGTTGGAGACTGG 1 0.2

OVH12 GGCGGCGGCGGCTCCGGTGGTGGTGGATCCCAGATGCAGCTTCAGGAGTCAGG 1 0.2

OVH13 GGCGGCGGCGGCTCCGGTGGTGGTGGATCCGAAGTGAAGCTTGAGGAGTCTGG 1 0.2

OVH14 GGCGGCGGCGGCTCCGGTGGTGGTGGATCCGAGGTTCAGCTGCAGCAGTCTGG 1 0.2

OVH15 GGCGGCGGCGGCTCCGGTGGTGGTGGATCCCAGGTTCACCTACAACAGTCTGG 1 0.2



Primer Sequence d v(μl)

VL3’a GGAGCCGCCGCCGCCAGAACCACCACCACCAGAACCACCACCACCACGTTTGATTTCCAGCTTGG 1 1

VL3’b GGAGCCGCCGCCGCCAGAACCACCACCACCAGAACCACCACCACCACGTTTTATTTCCAGCTTGG 1 1

VL3’c GGAGCCGCCGCCGCCAGAACCACCACCACCAGAACCACCACCACCACGTTTTATTTCCAACTTTG 1 1

VL3’d GGAGCCGCCGCCGCCAGAACCACCACCACCAGAACCACCACCACCACGTTTCAGCTCCAGCTTGG 1 1

VL3’e GGAGCCGCCGCCGCCAGAACCACCACCACCAGAACCACCACCACCACCTAGGACAGTCAGTTTGG 1 0.25CACCTAGGACAGTCAGTTTGG

CACGTTTCAGCTCCAGCTTGG

ACGTTTTATTTCCAACTTTG

ACGTTTTATTTCCAGCTTGG

ACGTTTGATTTCCAGCTTGG

Name Sequence d v(ul)

VH3’a GGAATTCGGCCCCCGAGGCCGAGGAAACGGTGACCGTGGT 1 1

VH3’b GGAATTCGGCCCCCGAGGCCGAGGAGACTGTGAGAGTGGT 1 1

VH3’c GGAATTCGGCCCCCGAGGCCGCAGAGACAGTGACCAGAGT 1 1

VH3’d GGAATTCGGCCCCCGAGGCCGAGGAGACGGTGACTGAGGT 1 1

GAGGAAACGGTGACCGTGGT

GAGGAGACTGTGAGAGTGGT

GCAGAGACAGTGACCAGAGT

GAGGAGACGGTGACTGAGGT



! VE&!

'=(&;,*-/&2.*9-*<0&47&>?@A>&*12&0,/,B+,2&*1+.C42D&7-*9<,1+0(&
!

!R"#"$HM<SH$
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
:#<#!W;(!?4(7(*/(+!*-,3(4&*F!&*!/;&7!+&)F4),!&7!)''04+&*F!/0!/;(!'4&/(4&)!7(/!35!"%UWG![;&';!&7!+&AA(4(*/!A40,!
/;(!*-,3(4&*F!7';(,(!-7(+!&*!?4(E&0-7!?-3@&')/&0*7!]B;&';&/;!!"#$%&G!1RRQ_#!!
!

!R"1"$=HI6#$
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!



! VE&&!

! ! !
!

!R"8"$=HI61$
!

!
!
!

!R"<"$=HI68$
!
!

!
!
!
!
!
! ! !
!



! VE&&&!

!

!R"?"$=A6#$
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
! ! !
!

!R"@"$=A61$
!
!
!
!
!
!
!
!
!
! ! !
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