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6%--*5'! 15*! +/-.9*! >/@&*! *H.%+;*! J! 9(! +1&>(6*! 8*+! @(6';&/*+! *+'! 6(.(@9*! 8:(++1&*&! (1'(5'! 8*!

>%56'/%5+!8/>>;&*5'*+!*'!8*D/*5'!(/5+/!15!.1/++(5'! >(6'*1&!8*!D/&19*56*#!R:(-;9/%&('/%5!8*!5%'&*!

6%-.&;7*5+/%5!8:15*!'*99*!-(67/5*&/*!+*&(!8:15*!/-.%&'(56*!6(./'(9*!.%1&!9*!8;D*9%..*-*5'!8*!

5%1D*99*+!+'&(';)/*+!'7;&(.*1'/01*+!8(5+!9(!91''*!6%5'&*!9*+!5%-@&*1H!.('7%)G5*+!*H.&/-(5'!8*+!
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!R*+! $UE]! 6*&'(/5*-*5'! 9*+! %&)(5*99*+! 9*+! .91+! &;.(581*+! 8*+! @(6';&/*+! J!K&(-h5;)('/>]!

+%5'! 8*+!-(67/5*&/*+! J!-19'/.9*+! >%56'/%5+! 01/! l%1*5'! 15! &V9*! 6&16/(9! 8(5+! 9(! .('7%)*5G+*! 8*!

5%-@&*1H!.('7%)G5*+!71-(/5+#!M7*I!/(%""($%0!3()%)4%#%5%"]!()*5'!;'/%9%)/01*!8*!+*.'/6;-/*+!*'!

8*! -;5/5)/'*+]! 6*+! %&)(5*99*+! .*&-*''*5'! 15! ;D*5'(/9! 8*! .&%.&/;';+! 6%--*! 9(! -%'/9/';]!

9:()&;)('/%5]! 9:(87;+/%5!+1&!9*+!6*9919*+!8*!9:7V'*!*'! 9*!8;69*567*-*5'!8*+!D%/*+!8*!+/)5(9/+('/%5]!

'%1'*+!/58/+.*5+(@9*+!J!9(!6%9%5/+('/%5!*>>/6(6*!8*!9:7V'*]!6*!01/!&*58!9:;'18*!81!>%56'/%55*-*5'!

8*!6*+!>/@&*+!/58/+.*5+(@9*!.%1&!91''*&!6%5'&*!9*+!/5>*6'/%5+!J!/(%""($%0!%1!8:(1'&*+!.('7%)G5*+#!

!!

R:*H.&*++/%5!8*!$UE!>%56'/%55*9+!5;6*++/'*!15*!-(67/5*&/*!6%-.9*H*!6%5+'/'1;*!8*!.91+!

8:15*!D/5)'(/5*!8*!.&%';/5*+#!$(&-/!6*+!.&%';/5*+]!9*+!./9/5*+!-/5*1&*+!$/9S]!$/9_!*'!M%-$!l%1*5'!

15!&V9*!.&/-%&8/(9!8(5+!9(!-%819('/%5!8*+!.&%.&/;';+!8*+!$UE#!R*1&!(@+*56*!*5'&(/5*!9(!.*&'*!8*!

>%56'/%5!8*!6*+!>/@&*+!(9%&+!01:*99*!5:/5>91*56*!01*!'&G+!.*1!9*!5/D*(1!8*!./9/('/%5#!`/*5!01:%5!(/'!

.1!/8*5'/>/*&!);5;'/01*-*5'!9*!&V9*!8*!67(615*!8*!6*+!.&%';/5*+]!9*1&!-%8*!8:(6'/%5!&*+'*!*56%&*!

/56%-.&/+#! a;6&,.'*&! 9*1&! -;6(5/+-*! 8:(6'/%5! *+'! 15! *5l*1! >%58(-*5'(9! .%1&! (-;9/%&*&! 5%+!

6%55(/++(56*+!+1&!9*!>%56'/%55*-*5'!+.;6/>/01*!8*+!$UE]!&*58(5'!9*!8;D*9%..*-*5'!8*!'7;&(./*+!

5%1D*99*+!*'!/55%D(5'*+!.91+!(/+;#!

!

C*+!'&(D(1H!8*!'7G+*!%5'!*1!.%1&!%@l*6'/>!.&/56/.(9!8*!6%-.&*58&*!6%--*5'!15*!+*19*!

>/@&*!*+'!6(.(@9*!8:*H*&6*&!(1'(5'!8*!>%56'/%5+!8/>>;&*5'*+!*5!.(&'/619/*&!*5!8;'*&-/5(5'!9*!-%8*!

8:(6'/%5!8*! 6*+!./9/5*+!-/5*1&*+#! z*!-*! +1/+! '%1'!.(&'/619/G&*-*5'! /5';&*++;*!J!$/9S!*'!$/9_!01/!

+%5'! 5;6*++(/&*+! J! 9:(87;+/%5! *'! J! 9(! >%&-('/%5! 8*! 9(! .9(01*! 6%&'/6(9*! *'! 8*+! .&%l*6'/%5+!

-*-@&(5(/&*+]!;'(.*+!69;+!8*!9(!6%9%5/+('/%5!8*!9:7V'*!.(&!/2!3()%)4%#%5%"#!$%1&!,!.(&D*5/&]!5%1+!

(D%5+!8É!&;.%58&*!J!8*!5%-@&*1+*+!01*+'/%5+#!Z1*99*!*+'!9(!9%6(9/+('/%5!8*+!./9/5*+!-/5*1&*+!Ç!

B%5'h*99*+! &;*99*-*5'! /5+;&;*+! 8(5+! 9(! >/@&*! 8*+! $UE!Ç! PH*&6*5'h*99*+! 15! &V9*! 8/&*6'! +1&! 9*+!

6*9919*+!Ç!F!01*9!5/D*(1!8*!9(!-(67/5*&/*!*H*&6*5'h*99*+!9*1&+!>%56'/%5+!Ç!PH/+'*h'h/9!(9%&+!15!9/*5!

>%56'/%55*9!*5'&*!9*+!./9/5*+!-/5*1&*+!Ç!

!

zt(/! *5+1/'*! &;(9/+;!15*!;'18*!B'&16'1&*^4%56'/%5!8*+! 6*+!.&%';/5*+! (>/5!8*! 6(&(6';&/+*&!

9*+!8%-(/5*+!/5'&(h-%9;619(/&*+!8*!6*+!./9/5*+!&*+.%5+(@9*+!8*!9*1&+!>%56'/%5+!*'!8*!6%-.&*58&*!

9(! +.;6/>/6/';! 8*! 6*+! ./9/5*+! -/5*1&*+! .(&! &(..%&'! J! 9(! ./9/5*! $/9P! (D*6! 01/! *99*+! .(&'()*5'! 8*!

5%-@&*1+*+!6(&(6';&/+'/01*+!+'&16'1&(9*+#!!

!

P5! .(&(99G9*! 8*! 6*+! '&(D(1H]! l:(/! *1! 9:%66(+/%5! 8*! .(&'/6/.*&! J! 9(! 6(&(6';&/+('/%5! 8:15*!

-%8/>/6('/%5! .%+'h'&(816'/%55*99*! +1@/! .(&! 9(! ./9/5*! $/9P! (.&G+! 9*! 6%5'(6'! (D*6! 9*+! 6*9919*+!

;./'7;9/(9*+!71-(/5*+#!!
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7%(&M+$+8%(&)+8%G-%(&@+$I&%*&@+$S&M%-)%**%8*&$%(&9;8:*+;8(&
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R(!6%9%5/+('/%5!8*+!D(/++*(1H!*+'!15*!;'(.*!6&16/(9*!8(5+!9:;'(@9/++*-*5'!8*!9(!.('7%9%)/*!

/581/'*!.(&!/2!3()%)4%#%5%"! kC*9/6(5!*'!(9#]!3?"<A#!M*''*!6%9%5/+('/%5!*+'!15!.&%6*++1+!6%-.9*H*!

01/! 5;6*++/'*! 9*+! '&%/+! .&/56/.(9*+! .&%.&/;';+! @(6';&/*55*+! 01*! +%5'! 9:(87;+/%5! /5/'/(9*! 8:15*!

@(6';&/*]! 9:()&;)('/%5! *5'&*! 9*+! @(6';&/*+! 8*! 9(!-/6&%6%9%5/*! *'! 9*! &*-%8*9()*! 8*! 9(!-*-@&(5*!

.9(+-/01*!(@%1'/++(5'!J! 9(! >%&-('/%5!8*!.&%l*6'/%5+!-*-@&(5(/&*+!*5'&*h9(++;*+!(1!+*/5!8*! 9(!

-/6&%6%9%5/*#!R:*5+*-@9*!8*!6*+!;'(.*+!8*!6%9%5/+('/%5!5;6*++/'*!5%5!+*19*-*5'!9(!.&;+*56*!8*!

$UE!J!9(!+1&>(6*!8*+!@(6';&/*+]!-(/+!;)(9*-*5'!9(!.&;+*56*!8*+!./9/5*+!-/5*1&*+!$/9S!*'!$/9_#!P5!

*>>*']!9*!-1'(5'!5:*H.&/-(5'!.91+!9(!.&%';/5*!$/9S!*+'!6(.(@9*!8:(87;&*&!(1H!6*9919*+!*'!8:()&;)*&!

-(/+!/9!5:/581/'!.91+!9*!&*-%8*9()*!8*!9(!-*-@&(5*!.9(+-/01*!kC/i(',!*'!(9#]!3??2A#!R*!-1'(5'!

8;>/6/*5'! .%1&! 9*! )G5*!+%,-! 5:()&G)*! .(+]! 5:(87G&*! .(+! (1H! 6*9919*+! *'! 5*! &*6&1'*! .(+! 9(! .9(01*!

6%&'/6(9*!kr*9(/5*!*'!(9#]!3??Q]!`&/++(6!*'!(9#]!3?"3A#!

M*+! 8*1H!.&%';/5*+! +%5'! 8%56! /58/+.*5+(@9*+! .%1&! 9(! 6%9%5/+('/%5!8*+! D(/++*(1H! .(&! 9*!

-;5/5)%6%01*#!R:7,.%'7G+*!(6'1*99*!+1))G&*!01*!9*+!./9/5*+!-/5*1&*+!+%5'!/5+;&;*+!8(5+!9(!>/@&*!

8*+! $UE! (1! -c-*! '/'&*! 01*! $/9P! -(/+! *5! .&%.%&'/%5! .91+! &;81/'*#! PH.%+;*+! J! 9:*H';&/*1&! 8*+!

@(6';&/*+]! 9*+! ./9/5*+! -/5*1&*+! .%1&&(/*5'! ()/&! .(&! 15! -;6(5/+-*! 8/&*6'! 01/! (++1&*&(/'! 9*+!

>%56'/%5+!(++%6/;*+!(1H!$UE#!`/*5!01:/9!*H/+'*!6*&'(/5+!(&)1-*5'+!*5!>(D*1&!8*!6*''*!7,.%'7G+*]!9(!

01*+'/%5! 8*! 9*1&! -%8*! 8:(6'/%5! 5:(! .(+! *56%&*! ;';! &;+%91*#! g%1+! (D%5+! 8%56! 67*&67;! J!

6%-.&*58&*!6%--*5'!6*+!.&%';/5*+!*H*&6*5'!9*1&+!>%56'/%5+#!!

R(!.&*-/G&*!;'(.*!8*!6*+!'&(D(1H!(!6%5+/+';!*5!9(!9%6(9/+('/%5!8*+!./9/5*+!-/5*1&*+!$/9S!*'!

$/9_#! $%1&! ,! .(&D*5/&]! 5%1+! (D%5+! );5;&;! 8*+! .&%';/5*+! $/9S! *'! $/9_! .&;+*5'(5'! '&%/+! .*.'/8*+!

4RFK! *5! MhU*&-/5(9#! M*+! .&%';/5*+! $/9Sh4RFK! *'! $/9_h4RFK! .*&-*''*5'! &*+.*6'/D*-*5'! 9(!

6%-.9;-*5'('/%5!8*+!-1'(5'+!+%,.!*'!+%,-]! /58/01(5'!9*1&!>%56'/%55(9/';!kF&'/69*]!4/)1&*!B"A#!P5!

/--15%>91%&*+6*56*!+1&!@(6';&/*+!*5'/G&*+!5%5!.*&-;(@/9/+;*+]!(1615!-(&01()*! >/@&/99(/&*!5:(!

.1!c'&*!%@+*&D;!+1&!9*+!+%167*+!*H.&/-(5'!8*+!./9/5*+!-/5*1&*+!(/5+/!;'/01*'';*+!*5!1'/9/+(5'!8*+!

(5'/6%&.+!-%5%69%5(1H!(5'/h4RFK#!M*.*58(5']!15*!6*&'(/5*!.&%.%&'/%5!8*!@(6';&/*+!.&;+*5'*!15!

-(&01()*! *5'%1&(5'! 9*! 6%&.+! @(6';&/*5! kF&'/69*]! 4/)1&*! "A#! g%1+! .*5+%5+! 01*! 6*! -(&01()*!

(..(&(/'! %66(+/%55*99*-*5'! 9%&+! 8*! 5%+! .&;.(&('/%5+! 9%&+01*! 9(! -*-@&(5*! *H'*&5*! (! .1! +*!

8;';&/%&*&!.*&-*''(5'!9*!-(&01()*!8*!.&%';/5*+!.;&/.9(+-/01*+#!$%1&!+:*5!(++1&*&]!5%1+!(D%5+!

'*+';! 9(! 9%6(9/+('/%5! 8*+! .&%';/5*+! $/9Sh4RFK! *'! $/9_h4RFK! 8(5+! 15*! .&;.(&('/%5! 8*!

+.7;&%.9(+'*+]! 8(5+! 9*+01*99*+! 9(! -*-@&(5*! *H'*&5*! *+'! 9,+;*#! $(&! 6*''*! '*675/01*]! 5%1+!
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!

%@+*&D%5+!15!-(&01()*!6/&619(/&*! /5'*5+*!.%1&! 9:*5+*-@9*!8*+!@(6';&/*+]! 6*!01/!8;-%5'&*!15*!

9%6(9/+('/%5! .;&/.9(+-/01*+! 8*+! ./9/5*+! -/5*1&*+! ;'/01*'';*+! kF&'/69*]! 4/)1&*"A#! g%1+! (D%5+!

*5+1/'*!-*+1&;!9(!01(5'/';!8*!./9/5*+!-/5*1&*+!%@'*51*+!8(5+!9*+!.&;.(&('/%5+!8*!$UE!*H'&(/'+!

.(&! 6(++1&*!-;6(5/01*!*'!.&;6/./';+!.(&! 9*! +19>('*!8:(-5%5/1-#!F9%&+!01*!8(5+! 6*+! 6%58/'/%5+!

5%1+!.1&/>/%5+!Tn!8*! 9(!./9/5*!-(l*1&*!$/9P! '%'(9*]! +*19!"n!*'!?#3n!8*+!.&%';/5*+!$/9_!*'!$/9S!

+%5'!&*+.*6'/D*-*5'!(++%6/;*+!(1H!$UE!kF&'/69*]!4/)1&*!"A#!R:*5+*-@9*!8*!6*+!&;+19'('+! /58/01*!

01*!9(!-(l%&/';!8*+!./9/5*+!-/5*1&*+!*+'!9%6(9/+;*!8(5+!9*!.;&/.9(+-*!8*+!@(6';&/*+#!

Cc-*!+/!9(!-(l%&/';!8*+!./9/5*+!-/5*1&*+!&*+'*!8(5+!9*!.;&/.9(+-*]!5%1+!5*!.%1D%5+!.(+!

*H691&*!01:15*!>(/@9*!.&%.%&'/%5!8*+!./9/5*+!-/5*1&*+!9%6(9/+;*+!8(5+!9(!>/@&*!8*+!$UE!*H*&6*5'!

9*1&! >%56'/%5! (/5+/#! $%1&! *H691&*! 6*''*! .%++/@/9/';]! 5%1+! (D%5+! '*+';! 9(! >%56'/%55(9/';! 8*! ./9/5*+!

-/5*1&*+!>1+/%55;*+!J!9(!-M7*&&,#!M*''*!>1+/%5!(D*6!15*!9(&)*!.&%';/5*!>91%&*+6*5'*!.*&-*'!8*!

@9%01*&!9*!.(++()*!;D*5'1*9!8*+!./9/5*+!-/5*1&*+!J!'&(D*&+!9*!.%&*!>%&-;!.(&!$/9Z!*'!8*!D/+1(9/+*&!

9*+!.&%';/5*+#!R*+!./9/5*+!$/9P]!$/9S!%1!$/9_!>1+/%55;*+!J!9(!-M7*&&,!*5!MhU*&-/5(9!.&;+*5'*5'!15!

-(&01()*!8*!',.*!.;&/.9(+-/01*]!+/-/9(/&*!(1!-(&01()*!8*+!.&%';/5*+!4RFK!kF&'/69*]!4/)1&*!3A#!

F9%&+!01*!9(!.&%';/5*!$/9Ph-M7*&&,!5*!.*&-*'!.(+!8*!>%&-*&!8*+!./9/!*5!+1&>(6*!8*+!@(6';&/*+]!9*+!

.&%';/5*+! $/9_h-M7*&&,! *'! $/9Sh-M7*&&,]! 01(5'! J! *99*+]! &*+'*5'! >%56'/%55*99*+]! /58/01(5'!

69(/&*-*5'!01*!9*+!./9/5*+!-/5*1&*+!*H*&6*5'!9*1&!>%56'/%5!8*.1/+!9*!.;&/.9(+-*!kF&'/69*]!4/)1&*!

3A#!

R(! .&;+*56*! *'! 9(! >%56'/%55(9/';! 8*+! ./9/5*+! -/5*1&*+! 8(5+! 9*! .;&/.9(+-*! +1))G&*5'!

01:*99*+!*H*&6*5'!15!&V9*!+1&!9(!@/%)*5G+*!8*+!$UE#!F>/5!8*!&;.%58&*!J!6*''*!.&%@9;-('/01*]!5%1+!

(D%5+!01(5'/>/;! 9(!.&;+*56*!8*+!$UE!8(5+! 9*+!+%167*+!+%,.!*'!+%,-!.(&!8*+!*H.;&/*56*+!8:PR=BF#!

g%1+!(D%5+!(/5+/!-%5'&;!01*!9*+!-1'(5'+!+%,.!*'!+%,-!.&;+*5'*5'!&*+.*6'/D*-*5'!T"n!*'!3Yn!8*!

./9/!.(&!&(..%&'!J!9(!+%167*!+(1D()*#!a*!.91+]!9*!8%1@9*!-1'(5'!+%,.Z+%,-!5:*+'!.&*+01*!.91+!./9/;]!

+1));&(5'!01*!$/9S!*'!$/9_!.%++G8*5'!8*+!>%56'/%5+!&*8%58(5'*+!kF&'/69*]!4/)1&*!<A#!g%1+!(D%5+!

*5+1/'*!8;-%5'&;!01*!9*+!*>>*'+!+1&!9(!./9/('/%5!%@+*&D;+!.*&-*''*5'!8:*H.9/01*&!9*+!.7;5%',.*+!

8*+! -1'(5'+! +%,.! *'! +%,-#! P5! *>>*']! *5! 6(&(6';&/+(5'! 15*! +%167*! +%,TZ?%,T%! .%1D(5'! *H.&/-*&!

8/>>;&*5'*+! 01(5'/';+! 8*! ./9/! J! +(! +1&>(6*! *5! >%56'/%5! 8*! 9(! 6%56*5'&('/%5! 8:=$UK]! 5%1+! (D%5+!

-%5'&;!01*!9:*5+*-@9*!8*+!>%56'/%5+!8;.*58(5'*+!8*+!$UE!5;6*++/'*!15*!>%&'*!01(5'/';!8*!$UE]!

+%/'!(1!-%/5+!E?n!.%1&!9:()&;)('/%5!*'!9:(87;+/%5!*'!Y?n!.%1&!9*!8;69*567*-*5'!8*!9(!&;.%5+*!

6*9919(/&*!kF&'/69*]!4/)1&*!EA#!

M*''*! ;'18*!5%1+! (!.*&-/+!8*!.&%.%+*&!15!5%1D*(1!-%8G9*!.%1&! 6%-.&*58&*! 9*!-%8*!

8:(6'/%5!8*+!./9/5*+!-/5*1&*+!$/9_!*'!$/9S#!M%5'&(/&*-*5'!J!6*!01:*5D/+()*(/'!9*!-%8G9*!8%-/5(5']!

9*+!./9/5*+!-/5*1&*+!$/9S!*'!$/9_!*H*&6*5'!9*1&!>%56'/%5!8(5+!9:*+.(6*!.;&/.9(+-/01*!*5!-%819(5'!

9(!01(5'/';!8*!./9/!*H.&/-;+!J!9(!+1&>(6*!8*+!@(6';&/*+#!
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!"#$%&'()*+,%(-%+./0%12%/"3"%&40%54"+"5&3%+(%'06"&+0%0--"5"0*+%1 

"*+04&5+"(*%(-%!"#$$"%#&'(")#)*#+#,#$%7"+$%$(,+%5033,%2 

!""#$%&'(#)*+,-./012-"3)4.5&&-.+#)6.+7"5&0121)8)3 

0*9:;<=1)>?@A1)B-(5/)C-(35'D-/E.&-()<#/#-(E,)C#"F#(1)B-(5/1)%$@GA0G1)%(-"E#)4 

2>"5D#(/5F7)B-(5/)6#/E-(F#/1)%-E.&F7)3#)=73#E5"#)B-(5/)6#/E-(F#/1)B-(5/1)%$@GAAH1)%(-"E#)5 

)6 

8)I')J,'+)E'((#/K'"3#"E#)/,'.&3)L#)-33(#//#3M))7 

6(M)4.5&&-.+#)6.+#"5&)8 
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3.(5"Q)+5E('/E'KVM)M'I#$+234"('8B+234"(991)@GG$H0M)596 
) 2&4#&S%\E%\ES%W#).0*S%2ES%ZbF4"0*S%KE%`ES%C(6#04,S%`ES%P&3T04S%CE%AE%&*6%D03^"330S%JE%FE)597 
Y2AAH[M)IVK#)*T)K5&5$3#K#"3#"F)Q&535"Q)+'F5&5FV)5")F,#)4(-+$K'/5F5D#)K-F,'Q#")C&'/F(535.+)598 
K#(S(5"Q#"/)-"3)'F,#()C&'/F(535-M)@2.'@#3%21#2.YR1)HZA$?^M)599 
) P0.&*6S%WE%\ES%P04+$0"'04S%AE%DES%!(BB,S%GE%CES%J",T(S%\E%]ES%G&T)S%WE%AES%N40#,+(*S%]E%KES%600 
I3&4.S%JES%!"#&,$"S%KE%]ES%F"&",S%WES%F4(7*S%]E%DE%0+%&3E)Y2A0\[M)9#5//#(5-)5"S#EF5'")'S)(,#/./)601 
+-E-c.#/)-/)-)+'3#&)F')/F.3V)E'&'"5b-F5'"1)F(-"/+5//5'"1)K#(/5/F#"E#1)-"3),'(5b'"F-&)Q#"#)602 
F(-"/S#(M)6%23'!&+.'E3&,'N3#'O'N'E::>1)\AG?$H^M)603 
) P(3-#&*#S%DES%^&*%M)++0*S%\E%MES%!&.0,S%JE%QES%K(47&46S%KE%&*6%`(('0.S%DE)Y2AAA[M)604 
C'+K'"#"F/)-"3)3V"-+5E/)'S)S5L#()S'(+-F5'")3#S5"#)-).L5c.5F'./)L5'Q#"#/5/)K-F,J-V)S'()605 
L-EF#(5-&)K5&5M)5@QT'M:<1)H^AZ$0ZM)606 
) P(3-#&*#S%DES%^&*%M)++0*S%\E%MES%!&.0,S%JE%QE%&*6%`(('0.S%DE)Y0???[M)I,#)E'+B)&'E./)'S)607 
9#5//#(5-)Q'"'((,'#-#)#"E'3#/)-)FVK#)*T)K(#K5&5")F,-F)5/)35/K#"/-L&#)S'()K5&./)L5'Q#"#/5/)L.F)608 
#//#"F5-&)S'()"-F.(-&)F(-"/S'(+-F5'"M)@2.'@#3%21#2.9:1)0\^G$G@M)609 
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!"#$%&'5J')'*&+'2"7"/&+'="/&$%&+'4/0',&+'-4/30"4/+'/4/'%&,4/,1/0&+'

c0'3&.X.4'&.$3"1)*"-.5.")9-%.,2*")3"*0%>'4)"1)*"='4&2%.)*"-'%"VODRB:"O)*")9-2%.)34)*"
$3&"2&2"%2-2&2)*"N">$.*:"



!
!

&&!
!

.5 T;'%&'N":*+;8&'%(&M+$+8%(&)+8%G-%(&&

&

a(5+! 9(! .(&'/*! .&;6;8*5'*]! 5%1+! (D%5+! -%5'&;! 01*! 9*+! ./9/5*+! -/5*1&*+! $/9S! *'! $/9_!

-%819*5'!.%+/'/D*-*5'!9(!01(5'/';!8*!./9/!*H.&/-;+!J!9(!+1&>(6*!8*+!@(6';&/*+#!R(!8/-/51'/%5!8*!

9(! 01(5'/';! 8*! $UE! %@+*&D;*! 8(5+! 9*+! -1'(5'+! 6%&&*+.%58(5'+! .*&-*'! 8:*H.9/01*&! 9*1&+!

.7;5%',.*+! D/+hJhD/+! 8*! 9:()&;)('/%5! @(6';&/*55*]! 8*! 9:(87;+/%5! (1H! 6*9919*+! 7V'*+! *'! 8*! 9(!

&;.%5+*! 6*9919(/&*#! a(5+! 6*''*! .(&'/*]! 5%1+! (D%5+! *++(,;! 8*! 6%-.&*58&*! 9*!-%8*! 8:(6'/%5! 8*+!

./9/5*+!-/5*1&*+!$/9S!*'!$/9_!+1&!9(!@/%)*5G+*!8*+!./9/#!!

!

D5 @+$I&%*&@+$S&;8*&'%(&9;8:*+;8(&8;8&-%';8'"8*%(&'"8(&$"&#+;=%8,(%&'%(&M+$+&

&

a(5+! 9(! .(&'/*! .&;6;8*5'*]! 5%1+! (D%5+! 8;-%5'&;! 9*! &V9*! 8*+! ./9/5*+!-/5*1&*+! $/9S! *'! $/9_!

8(5+!9(!@/%+,5'7G+*!8*+!$UE!e!9*+!+/-.9*+!-1'(5'+!+%,.!*'!+%,-!*H.&/-*5'!&*+.*6'/D*-*5'!T"n!*'!

3Yn!8*!./9/!.(&!&(..%&'!J!9(!+%167*!+(1D()*]!(9%&+!01*!9*!8%1@9*!-1'(5'!+%,.Z+%,-!5:*+'!.91+!./9/;#!

a*1H! 7,.%'7G+*+! .*1D*5'! c'&*! .&%.%+;*+! .%1&! *H.9/01*&! 9*! .7;5%',.*! 81! 8%1@9*! -1'(5'!

+%,.Z+%,-!e!

k/A R*+!./9/5*+!-/5*1&*+!$/9S!*'!$/9_!%5'!8*+!>%56'/%5+!&*8%58(5'*+!8(5+!9(!@/%)*5G+*!8*+!

./9/#! ! R:(@+*56*! 8*! 9:15*! .%1D(5'! c'&*! .(&'/*99*-*5'! 6%-.*5+;*! .(&! 9(! .&;+*56*! 8*!

9:(1'&*]!(9%&+!01*!9:(@+*56*!8*+!8*1H!*5'&(/5*!15!8;>(1'!8&(+'/01*!8*! 9(!./9/('/%5#!R*!

>(/'! 01*! 9(! .*&'*! 8*! $/9_! *5'&(/5*! 15! 8;>(1'! 8*! ./9/('/%5! .91+! /-.%&'(5'! .%1&&(/'!

+:*H.9/01*&! .(&! 15*! *>>/6(6/';! .91+! )&(58*! 8*! $/9_! 8(5+! 9(! &;)19('/%5! .%+/'/D*! 8*! 9(!

@/%)*5G+*!8*+!$UE#!

k//A R*+! ./9/5*+!-/5*1&*+! ()/++*5'! 8(5+! 15*!-c-*! D%/*!-;6(5/+'/01*!-(/+! .%&'*5'! 8*+!

>%56'/%5+!8/>>;&*5'*+!5%5!&*8%58(5'*+#!

$%1&!8/+6&/-/5*&!*5'&*!6*+!8*1H!7,.%'7G+*+]!5%1+!(D%5+!'*+';!9(!6%-.9;-*5'('/%5!8:15!-1'(5'!

+%,.! .(&! 9(! 6%./*! +(1D()*! 8*!+%,-! *'! /5D*&+*-*5'#! g%1+! (D%5+! (9%&+!-*+1&;! 9(! ./9/('/%5! 8*! 6*+!

+%167*+!.(&!PR=BF!k4/)1&*!3TA#!j&!(1615*!6%-.9;-*5'('/%5!5:*+'!%@+*&D;*!e! 9(!01(5'/';!8*!./9/!

8(5+!15*!+%167*!+%,.^+%,-%!*+'!+/-/9(/&*!J!6*99*!8:15!-1'(5'!+%,.!*'!6*99*!8*!9(!+%167*!+%,-Z+%,.%!*+'!

+/-/9(/&*!J!6*99*!8*!9(!+%167*!+%,-#! =9!+*-@9*&(/'!8%56!01*!9*+!./9/5*+!-/5*1&*+!$/9S!*'!$/9_!5:%5'!

.(+! 8*! &V9*+! &*8%58(5'+! *'! 01:*99*+! /5'*&D/*55*5'! J! 8*1H! ;'(.*+! 8/>>;&*5'*+! *'! .&%@(@9*-*5'!

+166*++/D*+#!

!



!"#$%&'5L' )' *&',.-1$0',&'2"7"10"4/',&+' +4$38&+'.#/01'.#/2'&0'.#/03.#/2'&+0' %&+01$%.'
21%'7O1:+&/3&',&'%.0%130"4/'

c0'3&.X.4'&.$3"1)*"-.5.")9-%.,2*")3"*0%>'4)"1)*"='4&2%.)*"-'%"VODRB:"O)*")9-2%.)34)*"$3&"
2&2"%2-2&2)*"N">$.*:"



!
!

&'!
!

X5 7%(&M+$+8%(&)+8%G-%(&8%&(;8*&M"(&8C:%(("+-%(&%8&"#(%8:%&'%&-C*-":*+;8&

!

g%1+! D*5%5+! 8*! -%5'&*&! 01*! 9*+! ./9/5*+! -/5*1&*+! $/9S! *'! $/9_! .%&'*5'! 8*+! >%56'/%5+! 5%5!

&*8%58(5'*+! '%1'*+! 9*+! 8*1H! 5;6*++(/&*+! J! 9:*H.&*++/%5! 8*! ./9/! J! 9(! +1&>(6*! 8*+! @(6';&/*+#!

M*.*58(5'! 5%1+! 5*! +(D%5+! .(+! J! 01*99*! ;'(.*! 8*! 9(! @/%+,5'7G+*! 6*+! ./9/5*+! ()/++*5'#! F>/5! 8*!

6%-.&*58&*! 6%--*5'! 9*+! ./9/5*+! -/5*1&*+! *H*&6*5'! 9*1&! &V9*! +1&! 9(! @/%)*5G+*! 8*! ./9/]! 5%1+!

(D%5+! D;&/>/;! +/! 9*! 8;>(1'! 8*! 9(! ./9/('/%5!%@+*&D;! *5! (@+*56*!8*+!./9/5*+!-/5*1&*+!.%1D(/'! c'&*!

&*+'(1&;!.(&!9:(@+*56*!8*!&;'&(6'/%5!J!9(!+1/'*!8*!9(!-1'('/%5!+%,C#!M*''*!+'&(';)/*]!8;lJ!1'/9/+;*!(1!

.&;(9(@9*! .%1&! 6(&(6';&/+*&! 9*! &V9*! 8*+! 6%-.%+(5'+! +%,]! 5%1+! .*&-*''&(! 8*! '&(567*&! *5'&*! 9*+!

8*1H!7,.%'7G+*+!+1/D(5'*+!kM(&@%55*99*!*'!(9#]!3??TA!e!!

k/A R*+!./9/5*+!-/5*1&*+!$/9S!*'!$/9_!+%5'!'%1'*+!8*1H!/58/+.*5+(@9*+!J!9:(++*-@9()*!8*+!

./9/#!B/!'*9!*+'!9*!6(+]!(1615!./9/!5*!+*&(!*H.&/-;!-c-*!*5!(@+*56*!8*!&;'&(6'/%5#!

k//A R*+!./9/5*+!-/5*1&*+!5*!+%5'!.(+! /58/+.*5+(@9*+!*'!.*1D*5'!.*&-*''&*!8*!+'(@/9/+*&!

9*+!>/@&*+!8*+!$UE!.(&!*H*-.9*!*5!/57/@(5'!9*1&!&;'&(6'/%5#!a(5+!6*!6(+]!9:(@+*56*!8*!

&;'&(6'/%5!.*&-*'!8*!&*+'(1&*&!9(!./9/('/%5#!

$%1&! '*+'*&! 6*+! 7,.%'7G+*+]! 5%1+! (D%5+! -*+1&;! 9(! ./9/('/%5! 8*+! 8%1@9*+! -1'(5'+! +%,.Z+%,C>!

+%,-Z+%,C!*'!81!'&/.9*!-1'(5'!+%,.Z+%,-Z+%,C!.(&!PR=BF#!!F9%&+!01*!9(!+%167*!+%,C!*H.&/-*!.&*+01*!

Y!>%/+!.91+!8*!./9/!01*!9(!+%167*!.(&*5'(9*]! 9*+!8%1@9*+!-1'(5'+!+%,.Z+%,C!*'!+%,-Z+%,C!*H.&/-*5'!

*5D/&%5!Q#Q! >%/+!.91+!8*!./9/!*'! 9*! '&/.9*!-1'(5'!+%,-Z+%,.Z+%,C!*H.&/-*!E! >%/+!.91+!8*!./9/!01*! 9(!

+%167*! .(&*5'(9*! k4/)1&*! 3YA#! $(&! 6%5+;01*5']! 9:/5'&%816'/%5! 8*! 9(! -1'('/%5! +%,C! &*+'(1&*! 9(!

./9/('/%5!8*+!+%167*+!+%,.>!+%,->!+%,.Z+%,->!+1));&(5'!01*!9*+!./9/5*+!-/5*1&*+!$/9S!*'!$/9_!5*!+%5'!

.(+! /58/+.*5+(@9*+! J! 9(! @/%+,5'7G+*! 8*+! ./9/#! a*+! &;+19'('+! +/-/9(/&*+! %5'! ;';! %@'*51+! .%1&! 9*+!

.+*18%./9/5*+!$/9r]!$/9=]!$/9z!*'!$/9s!kM(&@%55*99*!*'!(9#]!3??TA#!M*+!.&%';/5*+!+*-@9*5'!>(D%&/+*&!

9:/5/'/('/%5!8*+!$UE! *5! >%&-(5'!15! 6%-.9*H*! J! 9:(.*H!8*! 9(! >/@&*! kM/+5*&%+! *'! (9#]! 3?"3(A#! =9! *+'!

(9%&+!.%++/@9*!01*!9*+!./9/5*+!-/5*1&*+!$/9S!*'!$/9_!()/++*5'!8*!-(5/G&*!+/-/9(/&*!+1&!9(!@/%)*5G+*!

8*+!$UE#!

!

E5 .8*%-":*+;8&'%(&M+$+8%(&)+8%G-%(&@+$I&%*&@+$S&"[%:&$"&)":L+8%-+%&'%(&@!A&

!

$%1&! 6%-.&*58&*! 6%--*5'! 9*+! ./9/5*+!-/5*1&*+!$/9S! *'! $/9_! ()/++*5'! +1&! 9(! @/%)*5G+*!8*+!

$UE]!5%1+!(D%5+!>(/'!9:7,.%'7G+*!01*!9*1&!-%8*!8:(6'/%5!5;6*++/'*!15*!/5'*&(6'/%5!(D*6!9*+!$UE!J!

9:/5+'(&!8*+!.+*18%./9/5*+#!

!



!"#$%&'5N')'*&':7431#&',&+'2"7"/&+'="/&$%&+'6"7a'&0'6"7F',1/+'71'=&=:%1/&'"/0&%/&'

1--&30&',%1+0"H$&=&/0'71'2"7"10"4/'

O)*" -%$&2.3)*" ,0&2)*" $3&" 2&2" )9-%.,2)*" -'%" !,E" 16D#aH"BK' @$3&%`5)" 10" 45.A'()" 1)*"
-%$&2.3)*"#.5VH7!gF"#.5dH7!g")&"#.5qH7!g"-'%" .,,03$712&)4&.$3"1)*"-%$&2.3)*"#.5VF"#.5d")&"
#.5q"'-%T*"25)4&%$-8$%T*)"*0%"()5"16'4%+5',.1)K'PK'B3'5+*)"1)"5'"/0'3&.&2"1)"-.5."-0%.X.2*"
1'3*"5)*"*$048)"!)'BCBDE-;%C)3"8'0&K")&"!)'FCFDE-;C)3"='*K:"@$,-'%'.*$3"1)"5'"/0'3&.&2"1)"
-%$&2.3)*"#.5V"1'3*" 5'" >%'4&.$3"-.5.")&" 5'" >%'4&.$3"4)5505'.%)"-'%" .,,03$712&)4&.$3"1)" 5'"
-%$&2.3)" #.5V:" @K'c0'3&.X.4'&.$3" 1)*" -.5." )9-%.,2*" )3" *0%>'4)" -'%" 5)*" *$048)*" !)'<DE-;F"
!)'BCBDE-;" )&" !)'FCFDE-;" -'%" VODRB:" O)*" )9-2%.)34)*" $3&" 2&2" %2-2&2)*" N" >$.*:" SK' V>>)&"
1$,.3'3&" 32('&.>" 1)*" -%$&2.3)*" #.5VH7!gF" #.5dH7!g" )&" #.5qH7!g:" c0'3&.X.4'&.$3" 1)*" -.5."
)9-%.,2*")3"*0%>'4)"-'%"5)*"='4&2%.)*"-'%"VODRB:"O)*")9-2%.)34)*"$3&"2&2"%2'5.*2)*"L">$.*:"

P'B'

@' S'



!
!

')!
!

(A `9%6()*!8*+!./9/5*+!-/5*1&*+!8(5+!9(!-*-@&(5*!/5'*&5*!

!

a(5+! 9(! .(&'/*! .&;6;8*5'*]! 5%1+! (D%5+! -%5'&;! 01*! 9*+! ./9/5*+! -/5*1&*+! ()/++*5'! 8(5+!

9:*+.(6*!.;&/.9(+-/01*!.%1&!-%819*&!9(!01(5'/';!8*!./9/#!$(&!9(!+1/'*]!5%1+!(D%5+!'*+';!9:*>>*'!81!

@9%6()*!8*!6*+!./9/5*+!-/5*1&*+!8(5+!9(!-*-@&(5*!/5'*&5*!+1&!9(!./9/('/%5#!$%1&!,!.(&D*5/&]!5%1+!

(D%5+!/5+;&;!9(!-1'('/%5!K9,h"!F+5!(1!5/D*(1!8*!9(!+;01*56*!+/)5(9!8*+!./9/5*+!-/5*1&*+#!M*''*!

-1'('/%5!*+'!6%551*!.%1&! /57/@*&! 9*!69/D()*!.(&!$/9a!e! 9(!.&%';/5*!.%&'(5'!6*''*!-1'('/%5!&*+'*!

@9%01;*!8(5+!9(!-*-@&(5*!/5'*&5*!kB'&%-!m!R%&,]!"22"A#!

g%1+! (D%5+! 8%56! /5'&%81/'! 6*''*!-1'('/%5! 8(5+! 9*+! ./9/5*+!-/5*1&*+! $/9S! *'! $/9_! (/5+/! 01*!

8(5+! 9(! ./9/5*! -(l*1&*! $/9P#! $(&! 9:(5(9,+*! 8*! 9(! '(/99*! 8*+! .&%';/5*+! .(&! f*+'*&5! @9%']! 5%1+!

&*-(&01%5+!*>>*6'/D*-*5'!01*!6*''*!-1'('/%5! /57/@*! 9*!69/D()*!8*! 9(!.&%';/5*!-1';*!*'!6*6/!8*!

-(5/G&*!+.;6/>/01*!k4/)1&*!3WFA#!

g%1+!(D%5+!*5+1/'*!-*+1&;!9(!01(5'/';!8*!./9/!*H.&/-;+!J!9(!+1&>(6*!8*+!+%167*+!+%,.Z+%,.S9[/!

*'!+%,-Z+%,-S9[/! !8(5+! 9*+01*99*+! 9*+!.&%';/5*+!$/9SKh"g!%1!$/9_Kh"g!+%5'!*H.&/-;*+!+%1+! 9*!6%5'&V9*!

8:15!.&%-%'*1&!R(6!/5816'/@9*!.(&!9:=$UK!&*+.*6'/D*-*5'!8(5+!9*+!+%167*+!+%,.!*'!+%,-#!R:(5(9,+*!

8*!9(!+%167*!$/9PKh"g!+*&']!*99*]!8*!6%5'&V9*#!a*1H!-;'7%8*+!%5'!;';!1'/9/+;*+!e!9(!.&*-/G&*!&*.%+*!

+1&!9(!01(5'/>/6('/%5!8*+!./9/!.&;+*5'!J!9(!+1&>(6*!8*+!@(6';&/*+!.(&!PR=BF!*'!9(!+*6%58*!6%5+/+'*!

*5!9(!01(5'/>/6('/%5!8*!$/9P!.&;+*5'+!8(5+!9(!.1&/>/6('/%5!8*+!$UE!k4/)1&*!3W`!*'!3WMA#!$(&!9*!@/(/+!

8*! 6*+! 8*1H! '*675/01*+]! 5%1+! %@+*&D%5+! 01*! 9:*H.&*++/%5! 81! D(&/(5'! Kh"g! 8/-/51*!

8&(+'/01*-*5'!9(!./9/('/%5]!.1/+01*!9*+!+%167*+!+%,.Z+%,.S9[/!]!+%,-Z+%,-S9[/!!!*'!$/9PKh"g!5*!+%5'!.91+!

./9/;*+#! a*! -(5/G&*! +1&.&*5(5'*]! 9:*H.&*++/%5! 8:15! D(&/(5'! 8*! $/9S! %1! 8*! $/9_! @9%01;! J! 9(!

-*-@&(5*! /5'*&5*!.&%D%01*!15!8;>(1'!8*!./9/('/%5!8/>>;&*5'!8*!6*91/!%@+*&D;!8(5+! 9*+!+%167*+!

-1'(5'*+!.%1&!6*+!.&%';/5*+#!!

$%1&! 6%-.&*58&*! 6%--*5'! 9:*H.&*++/%5! 8*! 6*+! D(&/(5'+! @9%01*! 9(! ./9/('/%5]! 5%1+! (D%5+!

;'18/;! 9:*>>*'! 8*! 9:*H.&*++/%5!8*! 6*+! D(&/(5'+!8(5+!15*! +%167*!.(&*5'(9*! (>/5!8*! '*+'*&!15! *>>*'!

8%-/5(5'!5;)('/>!;D*5'1*9!k4/)1&*!3WaA#!g%1+!(D%5+!%@+*&D;!01*!9:*H.&*++/%5!81!D(&/(5'!$/9PKh"g!

*5! .&;+*56*! 8*! 9(! ./9/5*! +(1D()*! $/9P! 8/-/51*! >%&'*-*5'! 9(! ./9/('/%5! .%1&! (''*/58&*! Yn! .(&!

&(..%&'!J!9(!+%167*!+(1D()*#!M*!&;+19'('!/58/01*!01*!9(!>%&-*!5%5!69/D;*!8*!9(!./9/5*!-(l*1&*!$/9P!
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PilX            MMSNKMEQKGFTLIEMMIVVAILGIISVIAIPSYQSYIEKGYQSQLYTEMVGINNISKQF 60 
PilV            ---MKNVQKGFTLLELMIAVAILGILTLITYPSYKTYIRRVRLSEVRTTLLHNAQTMERY 57 
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                    :  ******:*:**.:**:**:: :: *:*: *  :   *:         .   .: 
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                  ::                :    . .    :  ::  ..   .   :     :      
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.1&/>/;+! )&o6*! (1! i/'! [/I(&8! $MX! m! K*9! $1&/>/6('/%5! B,+'*-! k$&%-*)(A#! R*+! 9/)('1&*+! 8*+!

>&()-*5'+!8(5+!9*!D*6'*1&!.KMME!%5'!;';!*>>*6'1;*+!+1&!9(!51/'!J!"TÅM!*5!1'/9/+(5'!"vR!8*!!agF!

9/)(+*! 8(5+! 9*! '(-.%5! &*6%--(58;#! $&;(9(@9*-*5']! 9*! D*6'*1&! .KMME! (! ;';! 8/);&;! .(&! 9*+!

*5I,-*+! 8*! &*+'&/6'/%5! $(6=! *'! $-*=]! .1/+! 8;.7%+.7%&,9;! .(&! 9:(l%1'! 8*! 3vR! 8*! $7%+.7('(+*!

(96(9/5*!*'!/561@;!J!<YÅM!.*58(5'!E!7*1&*+#!U%1'*+!9*+!*5I,-*+!1'/9/+;*+!.%1&!9*!69%5()*!%5'!;';!

>%1&5/*+!.(&!g*f!P5)9(58!`/%R(@+#!U%1+!9*+!.9(+-/8*+!1'/9/+;+!8(5+!6*''*!;'18*!%5'!;';!.1&/>/;+!J!

9:(/8*!81!i/'!Z=F.&*.!B./5!C/5/.&*.!k$&%-*)(A]!.1/+!D;&/>/;+!.(&!+;01*5u()*!kP1&%>/5+]!=5+'/'1'!

M%67/5A#! U%1'*+! 9*+! '&(5+>%&-('/%5+! @(6';&/*55*+! %5'! ;';! &;(9/+;*+! 8(5+! 8*+! @(6';&/*+!

'7*&-%6%-.;'*5'*+!12!&',%!_R"h`91*!%@'*51*+!.(&!9(!-;'7%8*!8:=5%1*#!

304+(,$).$&)567&).(+&)0$)/0(&*%.$)8595)

R*+! jX4+! 8*+! )G5*+! +%,1>! +%,.>! +%,-! *'! &'3?! %5'! ;';! (-.9/>/;*+! .(&! $MX! J! .(&'/&! 8*! 9:Fag!

67&%-%+%-/01*!8*!9(!+%167*!.(&*5'(9*!*5!1'/9/+(5'!&*+.*6'/D*-*5'!9*+!6%1.9*+!8:(-%&6*+!$/9Ph

4^$/9PhX]! $/9Sh4^$/9ShX! *'! $/9_h4^$/9_hX! kU(@9*(1! 3A#! M*+! %9/)%5169;%'/8*+! .%&'*5'! J! 9*1&+!

*H'&;-/';+! 9*+! +/'*+!8*! &*+'&/6'/%5! &*6%551+!.(&! 9*+! *5I,-*+!$(6=! %1!$-*=!01/! +*&%5'!1'/9/+;*+!

.%1&!9*+!+%1+!69%5()*+#!$%1&!.*&-*''&*!9:*H.&*++/%5!8*!6*+!)G5*+]!9(!+;01*56*!81!X`B!kX/@%+%-*!

@/58/5)!+/'*A!81!)G5*!+%,1!(!;';!/5+;&;*!(D(5'!9*!6%8%5!BUFXU#!$%1&!/5+;&*&!9*+!-1'('/%5+!8(5+!9*!

)G5*!+%,1]! 5%1+! (D%5+! );5;&;!15!D*6'*1&! 6%5'*5(5'!15*! >1+/%5! '&(5+6&/.'/%55*99*!+%,1!eK0)! 01/!
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.*&-*'! 8:/5'&%81/&*! 15! (99G9*! -1';! 8*! +%,1! +%1+! +%5! .&%.&*! .&%-%'*1&#! N5! D*6'*1&! +/-/9(/&*!

(D(/'! 8;lJ! ;';! 8;6&/'! (1.(&(D(5'! *'! .*&-*''(/'! 8:%@'*5/&! 15*! +%167*! +%,1:@!eK)! kg(++/>! *'! (9#]!

"22<A#!M*.*58(5'!6*!D*6'*1&!5*!6%5'*5(/'!.(+!9(!+;01*56*!(-/5%hU*&-/5(9*!8*!+%,1!*'!5*!.*&-*'!

.(+! 8*! -%8/>/*&! 9*+! .&*-/*&+! &;+/81+#! g%1+! (D%5+! 8%56! (-.9/>/;! .(&! $MX! 6*''*! >1+/%5!

'&(5+6&/.'/%55*99*!(/5+/!01*!9*+!"??.@!81!.&%-%'*1&!+%,1!J!.(&'/&!8*!9:Fag!67&%-%+%-/01*!8*!9(!

+%167*! +%,1:@!eK)! *'! 8*+! (-%&6*+! $&%-Ph4! *'! $/9P3hX! kU(@9*(1! 3A#! M*! >&()-*5'! (! *5+1/'*! ;';!

69%5;!8(5+!9*!.9(+-/8*!.MX3#"!*'!D;&/>/;!.(&!+;01*5u()*#!

:;-(,<+=&$).%'%,<$)

F>/5!8:%.'/-/+*&! 9*+!&;(6'/%5+!8*!-1'();5G+*]! 9(!+'&(';)/*!81!C*)(.&/-*&!(!;';!*-.9%,;*!.%1&!

&;(9/+*&! 9:*5+*-@9*! 8*+! 6%5+'&16'/%5+! 8;6&/'*+! 8(5+! 6*''*! ;'18*! ks*! m! C(8/+%5]! "22YA#! M*''*!

'*675/01*! &*.%+*! +1&! 8*1H! ;'(.*+! 8*! $MX#! R(! .&*-/G&*! ;'(.*! 6%5+/+'*! J! (-.9/>/*&! 15!

C*)(.&/-*&#!R(!$MX!1'/9/+*!15!%9/)%5169;%'/8*!+*5+!*5!(-%5'!81!)G5*!*'!15!%9/)%5169;%'/8*!(5'/h

+*5+!6%5'*5(5'!9(!-1'('/%5#!R*+!(-%&6*+!1'/9/+;*+!.%1&!9(!-1'()*5G+*!8*!$/9S!+%5'!&;.*&'%&/;*+!

8(5+!9*+!'(@9*(1H!<!*'!E#!R*+!(-%&6*+!1'/9/+;*+!.%1&!9(!-1'()*5G+*!8*!$/9_!+%5'!&;.*&'%&/;*+!8(5+!

9*+!'(@9*(1H!Q!*'!T#!R*+!(-%&6*+!1'/9/+;*+!.%1&! 9(!-1'()*5G+*!8*!$/9P!+%5'!&;.*&'%&/;*+!8(5+! 9*!

'(@9*(1!Y#!R*!>&()-*5'!(-.9/>/;!-*+1&*!*5'&*!<??!*'!Q??!.@!+*9%5!9(!9%6(9/+('/%5!8*!9(!-1'('/%5!

8(5+! 9*! )G5*! *'! 6%5'/*5'! *5! .(&'/*! <:! 9(! -1'('/%5#! M*! >&()-*5'! (! ;';! .1&/>/;! *'! 1'/9/+;! .%1&!

(-.9/>/*&! 9*! .9(+-/8*! *5'/*&#! R*+! .&%81/'+! 8*! $MX! %5'! ;';! 8/);&;+! .(&! 9:*5I,-*! a.5=! .%1&!

;9/-/5*&!9*!.9(+-/8*!-('&/6*!-;'7,9;!.1/+!'&(5+>%&-;*+!8(5+!8*+!@(6';&/*+!'7*&-%6%-.;'*5'*+!

_R"h`91*#!!

34+&-';>-%4+).$&)/'4-<%+$&)>?%*<'%@;$&))

$%1&! 9(! );5;&('/%5! 8*+! .&%';/5*+! 67/-;&/01*+]! .91+/*1&+! +'&(';)/*+! @(+;*+! +1&! 6*99*! 81!

C*)(.&/-*&! %5'! ;';! 1'/9/+;*+! +*9%5! 9(! 6%5+'&16'/%5#! R*+! %9/)%5169;%'/8*+! .%&'*5'! J! 9(! >%/+! 8*+!

5169;%'/8*+! 7%-%9%)1*+! (1! )G5*! +%,1! *'! 7%-%9%)1*+! (1! )G5*! +%,.! %1! +%,-! kU(@9*(1! WA#!

R:(-.9/>/6('/%5!81!C*)(.&/-*&!*'! 9:(-.9/>/6('/%5! >/5(9*!5:1'/9/+*5'!.(+! 9*!-c-*!D*6'*1&#!U%1'*+!

9*+!;'(.*+!+%5'!+,5'7;'/+;*+!8(5+!9*!'(@9*(1!2#!!

&

O`*-":*+;8&'NQ2/&:L-;);(;)+\G%&%*&*-"8(9;-)"*+;8&

!

/2!3()%)4%#%5%"!*+'!5('1&*99*-*5'!6%-.;'*5'*#!M*.*58(5']!15*!+%/H(5'(/5*!8*!)G5*+!+%5'!

+%1-/+! J! D(&/('/%5! 8*! .7(+*! 6*! 01/! );5G&*! 15*! .%.19('/%5! '&G+! 7;';&%)G5*#! F>/5! 8*! .&;+*&D*&!

6*''*!7;';&%);5;/';]!9*+!'&(5+>%&-('/%5+!+%5'!&;(9/+;*+!*5!8*1H!'*-.+e!%@'*5'/%5!8:15!69%5*]!.1/+!

'&(5+>%&-('/%5!8*! 9:*5+*-@9*!8:15*!.%.19('/%5!(D*6! 9:Fag!67&%-%+%-/01*!8*!6*!69%5*#!R:Fag!
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8*!/2!3()%)4%#%5%"! (! ;';! *H'&(/'! J! .(&'/&! 8*! 619'1&*+! 8*! "T! 7*1&*+! +1&!KM`!F)(&! J! 9:(/8*! 81! i/'!

[/I(&8!K*5%-/6!agF!$1&/>/6('/%5!k$&%-*)(A!*5!+1/D(5'!9*+!&*6%--(58('/%5+!81!>(@&/01(5'#!

a*+!619'1&*+!8*!/2!3()%)4%#%5%"!;'(9;*+!+1&!KM`!F)(&!%5'!;';!-/+*+!*5!+1+.*5+/%5!8(5+!

<-R! 8*! KM`! 9/01/8*! .%1&! '&(5+>%&-('/%5! k.&%';%+*! .*.'%5*! "Q-)^-R]! s3r$jE! E-)^-R]!

sr3$jE! "-)^-R]! g(M9! Q-)^-R]! C)M93! Q-)^-R]! C)BjE! 3]Q-)^-RA! J! ! ajT??5-Ö"! +%/'! "?2!

@(6';&/*+^-R#!"??5)!8*!.9(+-/8*+!%5'!;';!(l%1';+!J!3??µR!8*!6*''*!+1+.*5+/%5!.&;(9(@9*-*5'!

.9(6;*!8(5+!8*+!.1/'+!8:15*!.9(01*!3E!.1/'+#!R(!.9(01*!(!*5+1/'*!;';!.9(6;*!+%1+!()/'('/%5!>%&'*!

8(5+!9:/561@('*1&#!F1!@%1'!8*!<?!-/51'*+]!W??vR!8*!KM`!.%1&!'&(5+>%&-('/%5!%5'!;';!(l%1';+!*'!

9*+! @(6';&/*+! %5'! ;';! 619'/D;*+! .*58(5'! <7! +1..9;-*5'(/&*+#! R*+! '&(5+>%&-(5'+! %5'! ;';!

+;9*6'/%55;+!+1&! 9(!51/'!.(&! 9:(5'/@/%'/01*!(8;01('!+1&!KM`!F)(&]!.1/+! &;(-.9/>/;+!+1&! 9*!-c-*!

-/9/*1!.*58(5'!"T7!(>/5!8:*5!*H'&(/&*!9:Fag!67&%-%+%-/01*#!$1/+!9*+!8/>>;&*5'*+!;'(.*+!%5'!;';!

&;.;';*+! (D*6! Qµ)! 8:Fag! 67&%-%+%-/01*#! 4/5(9*-*5']! 9*+! '&(5+>%&-(5'+! %@'*51+! (.&G+!

+;9*6'/%5! +1&! 9:(5'/@/%'/01*! (8;01('! %5'! ;';! 6%5)*9;+! J! hW?ÅM! 8(5+! "]Q-R! 8*! KM`! 9/01/8*!

6%5'*5(5'!3?n!8*!)9,6;&%9!kD%9^D%9A#!

!

!%(*(&'N"=-C="*+;8&

&

R*+!@(6';&/*+!%5'!;';!-/+*+!*5!+1+.*5+/%5!8(5+!81!-/9/*1!X$C=!+1..9;-*5';!*5!BS4!"?n!

.&;67(1>>;! J! 15*! 8*5+/';! ! %.'/01*! ajT??5-Ö?]?Q! *'! -/+*+! *5! 619'1&*#! F>/5! 8:*H.&/-*&! 9*+!

6%5+'&16'/%5+! 6%8(5'! .%1&! 8*+! .&%';/5*+! &*6%-@/5(5'*+]! "-C! 8:=$UK! (! ;';! (l%1';! 8(5+! 9*+!

619'1&*+#!F.&G+!3!7*1&*+!8*!619'1&*]!9*+!@(6';&/*+!%5'!;';!6*5'&/>1);*+!.*58(5'!Q!-/5!J!3Q??)!*'!

&*+1+.*581*+! J! 15*! 8*5+/';! %.'/01*!ajT??5-Ö?]<! 8(5+! 81! X$C=! BS4! "?n! (88/'/%55;! 8*!aF$=!

8/91;! (1!"^Q?!???! (>/5! 8*! D/+1(9/+*&! 9*+! @(6';&/*+#! "??vR!8*! 6*''*! +1+.*5+/%5!%5'! ;';! 8;.%+;+!

8(5+!15!.1/'!8:15*!.9(01*!.%1&!-/6&%+6%./*!k=`=a=A#!R*+!@(6';&/*+!%5'!;';!*5+1/'*!.9(6;*+!J!<YÅM]!

Qn!8*!Mj3!*'! +%1+!('-%+.7G&*!71-/8*!.*58(5'!<?!-/51'*+!(>/5!8*! 9*1&!.*&-*''&*!8:()&;)*&#!

R*+! ()&;)('+! %5'! ;';! %@+*&D;+! (1! -/6&%+6%.*]! J! 9:(/8*! 8:15! %@l*6'/>! E_#! U&%/+! .1/'+! %5'! ;';!

(5(9,+;+!.(&!+%167*!*'!.(&!*H.;&/*56*!*'!9*+!*H.;&/*56*+!%5'!;';!&;.;';*+!'&%/+!>%/+#!

$%1&!01(5'/>/*&!9:()&;)('/%5!@(6';&/*55*]!9*+!/-()*+!%5'!;';!(5(9,+;*+!J!9:(/8*!81!9%)/6/*9!

=-()*z!kF@&(-%>>!*'!(9#]!A#!R(!+1&>(6*!8*!67(01*!()&;)('!(!.1!c'&*!-*+1&;*!*'!(!;';!1'/9/+;*!.%1&!

8;'*&-/5*&! +%5! D%91-*! *5! 6%5+/8;&(5'! 9*+! ()&;)('+! 6%--*! +.7;&/01*+#! R*+! ()&;)('+! 8:15*!

+1&>(6*!/5>;&/*1&*!J!"?v-3!%5'!;';!5;)9/);+#!R*!5%-@&*!8*!@(6';&/*+!.(&/6/.(5'!J!15!()&;)('!(!.1!

c'&*! 6(9619;! J! .(&'/&! 81! D%91-*! '%'(9! %661.;!.(&! 9*+! ()&;)('+! *'! *5! 6%5+/8;&(5'! 01*! 9*! D%91-*!

%661.;! .(&! 15*! @(6';&/*! *+'! 8*! E]T! v-<! k6*''*! *+'/-('/%5! (! .1! c'&*! &;(9/+;*! .(&! 9:%@+*&D('/%5!

8:()&;)('+!J!.91+!7(1'*!&;+%91'/%5!(D*6!15!%@l*6'/>!T?_A#!!

!

!
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4G$*G-%&:%$$G$"+-%&

!

a*+! 6*9919*+! *58%'7;9/(9*+! 71-(/5*+! 8*! D*/5*! %-@/9/6(9*! kr1-(5! N-@/9/6(9! S*/5!

P58%'7*9/(9!M*99+!%1!rNSPM+]!$&%-%M*99A!%5'!;';!1'/9/+;*+!*5'&*!9*+!.(++()*+!<!*'!"?!*'!619'/D;*+!

*5! P58%hB4C! Rh)91'(-/5*! 3-C! kK/@6%A! +1..9;-*5';! (D*6! "?n! 8*! BS4! k$FF! 9(@%&('%&/*+A! *'!

"?µ)^-R!8*!+1..9;-*5'!8*!6&%/++(56*!.%1&!6*9919*+!*58%'7;9/(9*+!kPMKB]!r(&@%&!`/%.&%816'+A#!

R*+!6*9919*+!%5'!;';!619'/D;*+!J!<YÅM]!Qn!8*!Mj3!*'!+%1+!('-%+.7G&*!71-/8*#!

!

.89%:*+;8(&

!

R(! D*/99*! 8*+! /5>*6'/%5+]! 8*+! 6*9919*+! rNSPM+! %5'! ;';! *5+*-*56;*+! J! 15*! 8*5+/';! 8*!

"?Q^6-3! +1&! 8*+! 9(-*99*+! 8*! D*&&*+! 8*! "3--! 8*! 8/(-G'&*! .&;(9(@9*-*5'! &*6%1D*&'*+! 8:15*!

+%91'/%5!J!?]?"n!8*!6%99()G5*!8*!',.*!=!kB/)-(A#!R*!-/9/*1!8*!619'1&*!(!;';!&*5%1D*9;!3!7*1&*+!

(D(5'! 9:/5>*6'/%5#! R*+! @(6';&/*+! %5'! ;';! 619'/D;*+! *5! -/9/*1! 9/01/8*! .*58(5'! 3! 7*1&*+#! F>/5!

8:*H.&/-*&!9*+!6%5+'&16'/%5+!6%8(5'!.%1&!8*+!.&%';/5*+!&*6%-@/5(5'*+]!"-C!8:=$UK!(!;';!(l%1';!

J!6*''*!619'1&*#!

!R*+!6*9919*+!%5'!;';!/5>*6';*+!(D*6!"?Y!@(6';&/*+!k-19'/.9/6/';!8:/5>*6'/%5!Cj=Ö"??A#!$%1&!

9*+! +%167*+! M(.+hj.(}! 5%5! ./9/;*+! *'^%1! 5%5! (87;&*5'*+]! E#"?Y! @(6';&/*+! %5'! ;';! (l%1';*+!

kCj=ÖE??A]!(>/5!8:%@'*5/&!8*+!6%9%5/*+!8*!'(/99*!6%-.(&(@9*!J!6*99*+!8*!9(!+%167*!+(1D()*#!F.&G+!

<?!-/51'*+!8:/561@('/%5]!9*+!6*9919*+!+%5'!9(D;*+!(>/5!8*!&*'/&*&!9*+!@(6';&/*+!5%5!(87;&*5'*+]!*'!

&*6%1D*&'*+!8*!-/9/*1! >&(/+!(D*6!%1!+(5+! =$UK#!R:/5>*6'/%5!(!*5+1/'*!;';!.%1&+1/D/*!.*58(5'!37!

+1..9;-*5'(/&*+#!

&

!%(*(&'N"'LC(+;8&

&

!!!R(! D*/99*! 8*+! /5>*6'/%5+]! 8*+! 6*9919*+! rNSPM+! +%5'! *5+*-*56;*+! J! 15*! 8*5+/';! 8*!

"?Q^6-3! !8/&*6'*-*5'!8(5+! 9*+!.1/'+!8*!.9(01*+!3E!.1/'+#!R*+!619'1&*+! 9/01/8*+!8*!@(6';&/*+!%5'!

;';! &;(9/+;*+! 6%--*! 8;6&/'! .&;6;8*--*5'#! R*+! 6*9919*+! %5'! ;';! /5>*6';*+! (D*6! "?Y! @(6';&/*+!

k-19'/.9/6/';! 8:/5>*6'/%5!Cj=Ö"??A#! R:/5%6191-!8*! 67(01*! +%167*! *'^%1!8*! 67(01*! 6%58/'/%5! (!

;';! D%&'*H;]! 8/91;! *5! +;&/*! .1/+! ;'(9;! +1&! KM`! F)(&#! F.&G+! <?!-/51'*+! 8:(87;+/%5! /5/'/(9*]! 9*+!

6*9919*+! +%5'! 9(D;*+!*'! &*6%1D*&'*+!8*!-/9/*1! >&(/+! 6%5'*5(5'!%1!5%5!"-C!8:=$UK#!R:/5>*6'/%5!(!

;';!.%1&+1/D/*!E!7*1&*+! +1..9;-*5'(/&*+#! R*+! 6*9919*+!%5'! *5+1/'*!;';! 9(D;*+! '&%/+! >%/+! (D*6!81!

-/9/*1! >&(/+]!)&('';*+!*'!D%&'*H;*+#!a/>>;&*5'*+!8/91'/%5+!8*!6*''*!+1+.*5+/%5!%5'!;';!;'(9;*+!+1&!
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KM`! ()(&#! R*+! 6%9%5/*+! %5'! ;';! ;51-;&;*+! (.&G+! "T7! 8*! 6&%/++(56*#! R*+! &;+19'('+! %5'! ;';!

5%&-(9/+;+!.(&!&(..%&'!(1!5%-@&*!8*!6%9%5/*+!6%-.';*+!8(5+!9:/5%6191-#!

&

Q8*+:;-M(&%*&-C":*+9(&

!

$%1&! 9*+! /--15%>91%&*+6*56*+]! 5%1+! 1'/9/+%5+! 15! (5'/6%&.+! .%9,69%5(9! 8*! 9(./5! 8/&/);!

6%5'&*!9:*I&/5*!k8%5!8*!C(5)*('!$#A#!R*+!(5'/6%&.+!+*6%58(/&*+!(5'/h=--15%)9%@19/5*!K!k=)KA!8*!

9(./5!%1!8*!+%1&/+!.&%81/'+!8(5+!9(!67GD&*!+%5'!6%1.9;+!(1!>91%&%67&%-*!F9*H(hEWW!%1!F9*H(hQTW!

kR/>*+6/*56*A#! R*+! @(6';&/*+! *'! 9*! 5%,(1! 8*+! 6*9919*+! +%5'! D/+1(9/+;+! )&o6*! J! 15! /5'*&6(9(5'! 8*!
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!"#$%"G&X&>&&Q);-:%(&G*+$+(C%(&M;G-&$%&:$;8"=%& &

PilV-R TTAATTAAAGGAGTAATTTTATGAAAAACGTTCAAAAAGGC PacI 

PilV-R GTTTAAACTTAGTCGAAGCCGGGGCAG PmeI 

PilX-F TTAATTAAAGGAGTAATTTTATGATGAGTAATAAAATGG PacI 

PilX-R GTTTAAACCTATTTTTTACGATTAGAG PmeI 

PilE-F TTAATTAAAGGAGTAATTTTATGAACACCCTTCAAAAAGGTTTTACCCTTATC
GAGCTGATG PacI 

PilE-R GTTTAAACTTAGCTGGCAGATGAATCATCG PmeI 

PromE-F TAATACACAGGTATCGCAACA  

PilE2-R CAGCCAAAACGGACGACCCC  

R*+!+/'*+!8*!&*+'&/6'/%5!+%5'!5%';+!*5!)&(+!*'!9*+!+*01*56*+!81!X`B!+%5'!+%19/)5;*+!

!"#$%"G&E&>&Q);-:%(&G*+$+(C%(&M;G-&$"&)G*"=%8,(%&'%&@+$I&G*+$+("8*&$N");-:%&@+$IYF&

PilV1 TTGTTTCAGTTTGTTTTTCTTATCGTCATCGTCCTTATAATCTTGGCGGTAGTAACGTTC 

PilV2 ATATTTGTTTTGTTTCTTATCGTCATCGTCCTTATAATCAAACGTCCCTTTTTG 

PilV3 AGGTAACGTTGAAATACTTATCGTCATCGTCCTTATAATCGTCGTAGGTTTTAAACGTCC 

PilV4 GGCCTGAAGGGTAAAGTGATCGTCCTTATAATCGCTTAAGGTAACGTTG 

PilV5 GTAACGACGCAGGTTTCCTTATCGTCATCGTCCTTATAATCGTCGGCCTGAAGGGTAAAG 

PilV6 GAAAGCGGCAATGGTCTTATCGTCATCGTCCTTATAATCGCAGGTTTCGCC 

PilV7 GGATTGGTTTGTCTTATCGTCATCGTCCTTATAATCGTCGTTGAGCGT 

PilV8 GAAGCCGGGGCACTTATCGTCATCGTCCTTATAATCAATGGTACCGCC 

PilV9 GGACTTATCGTCATCGTCCTTATAATCTTTGTCATCGTCATCTTTGTAGTCGACGCAGG 

PilV10 CGCCCTTGTTTAAACTTACTTATCGTCATCGTCCTTATAATCGCAGGATTGGTTTGTACC 

PilVTND GGTACCGCCGTCGTTGGACGTAGAGACGCAGGTTTCGCC 

PilVVVL GGCAATGGTACCGCCGGCGGCGAGCGCAACGACGCAGGTTTC 

PilVV107S GTCGTTGAGCGTAACGGAGCAGGTTTCGCCGTC 

PilVV108S GCCGTCGTTGAGCGTAGAGACGCAGGTTTCGCC 

PilVL110S GGTACCGCCGTCGTTGGACGTAACGACGCAGGT 

PilVV108SL110S GGTACCGCCGTCGTTGGACGTAGAGACGCAGGTTTCGCC 

R*+!-1'('/%5+!/5+;&;*+!+%5'!*5!&%1)*!
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!"#$%"G&A&>!Q);-:%(&G*+$+(C%(&M;G-&$"&)G*"=%8,(%&'%&@+$I&G*+$+("8*&$N");-:%&@+$IY0!

PilVG-1N AAAAACGTTCAAAAAAACTTTACGCTGCTCGAG 

PilVL3C CAAAAAGGCTTTACGTCGCTCGAGCTGATG 

PilVV10C GAGCTGATGATTGCCTGCGCCATCCTCGGCATC 

PilVL16C GCCATCCTCGGCATCTGCACGCTCATCACCTACCCT 

PilVY27C CCCTTCCTATAAAACCTGCATCCGGCGCGTCC 

R*+!-1'('/%5+!/5+;&;*+!+%5'!*5!&%1)*!
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!"#$%"G&R&>&Q);-:%(&G*+$+(C%(&M;G-&$"&)G*"=%8,(%&'%&@+$S&G*+$+("8*&$N");-:%&@+$SYF&

PilX1 ACAAATCTTTCCAGTTTGCTCTTATCGTCATCGTCCTTATAATCGGGATTTTTCAAAATAAACTG 

PilX2 CGGATTCATCTTATAGCCCTTATCGTCATCGTCCTTATAATCCTTGATGGTCTGATTATC 

PilX3 CGAAACATTATATTTTTCCTTATCGTCATCGTCCTTATAATCGCCTGAGACAAATCTTTC 

PilX4 CGCCGACCAAGCTGTACTTATCGTCATCGTCCTTATAATCAAAATGCACCGAAACATT 

PilX5 GCTGTTCATCCATACCGACTTATCGTCATCGTCCTTATAATCTGGAACGCCGACCAAGCT 

PilX6 TGAGGACAAGGTCTCCAATTCATCGTCATCGTCCTTATAATCACGGCATTTGTATCCGTC 

PilX7 GAAAGCTTCACACTTATCGTCATCGTCCTTATAATCCAAATGGGCTCG 

PilX8 GTCATCGTCCTTATAATCCAACTTATCGTCATCGTCCTTATAATCACGGCATTTGTATCCGTCGCC 

PilX9 CGCCCTTGTTTAAACCTACTTATCGTCATCGTCCTTATAATCACAGCCGACATCTGAGGA 

R*+!-1'('/%5+!/5+;&;*+!+%5'!*5!&%1)*!
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!"#$%"G&]&>&Q);-:%(&G*+$+(C%(&M;G-&$"&)G*"=%8,(%&'%&@+$S&G*+$+("8*&$N");-:%&@+$SY0&

PilXG-1N AAAATGGAACAAAAAAACTTTACATTGATTGAGATGATG 

PilXV10C GAGATGATGATAGTCTGCGCGATACTCGGCATT 

PilXL3C CAAAAAGTGTTTACATGCATTGAGATGATGATAG 

PilXL16C GCGATACTCGGCATTTGCAGCGTCATTGCCATAC 

PilXY27C CCTTCTTATCAAAGTTGCATTGAAAAAGGCTATC 

R*+!-1'('/%5+!/5+;&;*+!+%5'!*5!&%1)*!
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!"#$%"G&6&>&Q);-:%(&G*+$+(C%(&M;G-&$"&)G*"=%8,(%&'%&@+$O&G*+$+("8*&$N");-:%&@+$OEY0&

PilE3-R TTAGCTGGCAGATGAATCATCG 

PilEG-1N AACACCCTTCAAAAAAACTTTACCCTTATCGAG 

PilEL3C CTTCAAAAAGGTTTTACCTGCATCGAGCTGATGATTG 

PilEI10C ATCGAGCTGATGATTGTGTGCGCCATCGTCGGCATT 

PilEY27C CCTGCTTATCAAGACTGCACAGCCCGCGCAC 

R*+!-1'('/%5+!/5+;&;*+!+%5'!*5!&%1)*!
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M13rev GGAAACAGCTATGACCATG 

PilE22V GTCGGCATTTTGGCGGCAGTCGCCCTTCCTTCCTATAAAACCTACATCCGGCGCGTC 

PilEgloV CAAAAATCAGCCGTCACAGAGTATTACCGCCAAAAAGGGACGTTTAAAACC 

PilE(V) CAGATGAATCGCGGCAGGATTGGTTTGTACCGGAAGCGGCAATGGTACCGCCGTCGT
TGAGCGTAACGACGCAGAACCATTTGACCG 

PilE22X GTCGGCATTTTGGCGGCAGTCGCCCTTCCTTCTTATCAAAGTTATATTGAAAAAGGC 

PilEgloX CGTCACAGAGTATTACCTGAATCACAATCCCCTGGACGATAATCAGACC 

PilE(X) CAGATGAATCGCGGCAGCCGACATCTGAGGACAAGGTCTCCAAATGGGCTCGGGCA
GAAGCGGCATCACGGCAGAACCATTTGACCG 

R*+!+;01*56*+!7%-%9%)1*+!J!$/9P!+%5'!*5!5%/&]!9*+!+;01*56*+!7%-%9%)1*+!J!$/9S!*5!@9*1!*'!9*+!

+;01*56*+!7%-%9%)1*+!J!$/9_!*5!D*&'!

!

!"#$%"G&B&>&O*"M%(&'%&)G*"=%8,(%&M;G-&$%(&M-;*C+8%(&:L+),-%(&

"#$%! "#$&!

#'()*+,-*.'()! ,-./012! 3452-671! 3452-671!

"./0&&1! 3648""9:;(#/1<! =>3>?3649! =>3>?3648!

"./02/'1! 3648@4.9:;(#/1<! =>3>?3649! =>3>?3648!

"./0314! 3648A9B:3648?C! =>3>?3648! =>3>?3648!

"./0&&5! 3648""D:;(#/1<! =>3>?364D! =>3>?3648!

"./02/'5! 3648@4.D:;(#/1<! =>3>?364D! =>3>?3648!

"./0354! 3648ADB:3648?C! =>3>?3648! =>3>?3648!

!
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!" 38%&);'+9+:"*+;8&M;(*Y*-"'G:*+;88%$$%&'%&$"&M+$+8%&)"Z%G-%&

+8'G+*%&"G&:;8*":*&'%(&:%$$G$%(&L?*%(&M-;[;\G%&$"&

'+((C)+8"*+;8&'%&#$%&&$'%()*$+%+,%-%.%&)

!

g%1+! (D%5+! D1! *5! f)#$'5*&#%')! 01*! 9(! ./9/5*! -(l*1&*! *+'! 9*! +1..%&'! 8*! 5%-@&*1+*+!

-%8/>/6('/%5+! .%+'h'&(816'/%55*99*+! kC$UA! .%1D(5'! /5>91*56*&! 9*+! .&%.&/;';+! 8*+! $UE#! R*+!

'&(D(1H!.&;+*5';+!8(5+!9*+!.()*+!+1/D(5'*+!%5'!.*&-/+!8*!6(&(6';&/+*&!9:/-.(6'!8*!9:15*!8*+!6*+!

C$U! +1&! 9*! 6,69*! 8*! D/*! 8*!/2!3()%)4%#%5%"#! M*+! '&(D(1H! %5'! ;';! &;(9/+;+! *5! 6%99(@%&('/%5! (D*6!

9:;01/.*!8*!B.*6'&%-;'&/*!8*!-(++*!+'&16'1&(9*!*'!.&%';%-/01*!&;6*--*5'!/5+'(99;*!J!9:=5+'/'1'!

$(+'*1&!*'!8/&/);*!.(&!z19/(!M7(-%'hX%%i*!*'!%5'!>(/'!9:%@l*'!8:15*!.1@9/6('/%5!+6/*5'/>/01*!8(5+!9(!

&*D1*!:&%()&(!*5!3?""#!!

N5*! (..&%67*! 1'/9/+(5'! 9(! +.*6'&%-;'&/*! 8*! -(++*! +1&! 9(! ./9/5*! $/9P! *5'/G&*! .1&/>/;*! J!

.(&'/&! 8*+! $UE! (! .*&-/+! 8*! -%5'&*&! 01*! 8(5+! 5%'&*! +%167*! 9(! ./9/5*! *+'! -%8/>/;*! .(&! 15!

.7%+.7%)9,6;&%9! k$KA! (1! 5/D*(1! 8*+! &;+/81+! +;&/5*+! BT2! *'! B2<]! (9%&+! 01:%5! %@+*&D*! 15*!

.7%+.7%&,967%9/5*!%1!15*!.7%+.7%;'7(5%9(-/5*! +1&! 9(!./9/5*!8*!/2!4')'$$8'(0(! kr*))*!*'! (9#]!

3??EA#!U%1'*+!9*+!./9/5*+!.%&'*5'!6*!)&%1.*-*5'!$K!+1&!9(!+;&/5*!BT2!-(/+!+*19*-*5'!"Qn!8*!9(!

-(++*! '%'(9*! 8*+! ./9/5*+! +%5'! ;)(9*-*5'! -%8/>/;+! +1&! 9(! +;&/5*! B2<! kF&'/69*! 4/)1&*! "A#! M*''*!

-%8/>/6('/%5!*+'!(l%1';*!.(&!9:(6'/%5!8*!9(!.7%+.7%'&(5+>;&(+*!$.'`!8%5'!9:*H.&*++/%5!*+'!&;)19;*!

.(&!15!.&%-%'*1&!MXPg! kM%5'(6'!X*)19('%&,!P9*-*5'+!%>!g*/++*&/(A! /5816'/@9*! (1! 6%5'(6'!8*+!

6*9919*+!8*!9:7V'*!kC%&*99*!*'!(9#]!3??<A!kF&'/69*!4/)1&*!"A#!P5!1'/9/+(5'!15*!+%167*!-1';*!8(5+!9*!

)G5*! ++#@! *'! 6%-.9;-*5';*! .(&! 15*! 6%./*! +(1D()*! +%1+! 15! .&%-%'*1&! /5816'/@9*! .(&! 9:=$UK]!

5%1+!(D%5+!-%5'&;!01*!9(!01(5'/';!8*!$K!*+'!.&%.%&'/%55*99*!(1!'(1H!8:*H.&*++/%5!81!)G5*!++#@!

kF&'/69*!4/)1&*3A#!

g%1+!(D%5+!*5+1/'*!6(&(6';&/+;! 9:*>>*'!8*!6*''*!C$U!+1&!9*+!>%56'/%5+!(++%6/;*+!(1H!$UE#!

U%1'!8:(@%&8]!15*!-%8;9/+('/%5!-%9;619(/&*!8*+!>/@&*+!8*+!$UE!(!.*&-/+!8*!-%5'&*&!01*!9:(l%1'!

8*+!$K!+1&!9(!./9/5*!-%8/>/*!9*+!.&%.&/;';+!;9*6'&%+'('/01*+!8*!9(!+1&>(6*!8*+!./9/]!6*!01/!(@%9/'!9*+!

/5'*&(6'/%5+! *5'&*! *1H#! M*! 8;>(1'! (! .1! ;)(9*-*5'! c'&*! %@+*&D;! .(&!-/6&%+6%./*! ;9*6'&%5/01*! J!

'&(5+-/++/%5#!P5!*>>*']!9*+!+%167*+!+1&*H.&/-(5'!9*!)G5*!++#@!5*!.&;+*5'*5'!.91+!8*!>(/+6*(1H!8*!

./9/!-(/+!+*19*-*5'!8*+!>/@&*+!/58/D/81*99*+!/58/01(5'!9:/56(.(6/';!8*+!./9/!J!/5'*&()/&!*5'&*!*1H#!

M*+! 67(5)*-*5'+!%5'!.%1&! 6%5+;01*56*!15!8;>(1'!8:()&;)('/%5!.&%.%&'/%55*9! J! 9(!01(5'/';!8*!

./9/5*!-%8/>/;*!.(&!9*!$K!kF&'/69*]!4/)1&*<A#!N5!.7%+.7%)9,6;&%9!*+'!15*!-%8/>/6('/%5!/-.%&'(5'*]!

'(5'!(1!5/D*(1!8*!+(!-(++*!01*!8*!+(!67(&)*#!P5!+1@+'/'1(5'!9*!&;+/81!B*&2<!.(&!15*!(9(5/5*!5%1+!

(D%5+! -%5'&;! 01*! 9(! 67(&)*! 5;)('/D*! 81! $K! *'! 5%5! 9(! -(++*! *+'! &*+.%5+(@9*! 8*! 9(! .*&'*!

8:()&;)('/%5!kF&'/69*]!4/)1&*!+1..9;-*5'(/&*!BTA#!
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$(&!9(!+1/'*]!5%1+!(D%5+!-%5'&;!01*!9:(l%1'!8:15!$K!+1&!9(!./9/5*!-(l*1&*!5*!-%8/>/*!5/!9*+!

.&%.&/;';+!8:(87;+/%5!5/!9(!.&%9/>;&('/%5!8*+!@(6';&/*+!+1&!9*+!6*9919*+!;./'7;9/(9*+!kF&'/69*]!4/)1&*!

EA#!M*.*58(5']!5%1+!(D%5+!-%5'&;!01*! 9*+!@(6';&/*+!+*!8;'(67*5'!.91+! >(6/9*-*5'!8*! 9(!+1&>(6*!

8*+!6*9919*+!(.&G+!.91+/*1&+!7*1&*+!9%&+01*!9*+!>/@&*+!8*+!$UE!+%5'!-%8/>/;*+!.(&!9*!$K!kF&'/69*]!

4/)1&*! EA#! R*! 8;6&%67()*! 8*+! @(6';&/*+! .*&-*'! (1H! @(6';&/*+! 8*! '&(D*&+*&! 9:;./'7;9/1-!

5(+%.7(&,5);! .1/+01:15! -1'(5'! ++#@! 5:*+'! .91+! 6(.(@9*! 8*! >&(567/&! 6*''*! @(&&/G&*! kF&'/69*]!

4/)1&*!EA#!!

g%1+!.&%.%+%5+!8%56!15!-%8G9*!8(5+!9*01*9!15*!-%8/>/6('/%5!.%+'h'&(816'/%55*99*!8*!9(!

./9/5*! .(&'/6/.*! J! 9(! 6%9%5/+('/%5! 8*+! 6*9919*+! *16(&,%'*+! .(&! 9*! -;5/5)%6%01*#! R*! )G5*! ++#@!

&*+.%5+(@9*!81!'&(5+>*&'!8:15!.7%+.7%)9,6;&%9!*+'!+1&*H.&/-;!(1!6%5'(6'!8*+!6*9919*+]!-%8/>/(5'!

(/5+/! 9(! +1&>(6*! 8*+! ./9/#! R*+! ./9/! .*&8*5'! 9*1&! 6(.(6/';! J! >%&-*&! 8*+! >(/+6*(1H]! 6*! 01/! /57/@*!

9:()&;)('/%5!@(6';&/*55*#!M*!-;6(5/+-*!.%1&&(/'!.*&-*''&*! 9(!8/++;-/5('/%5!8*+!@(6';&/*+! +%/'!

.%1&! 6%9%5/+*&!8*!5%1D*(1H! +/'*+! (1! +*/5!81!-c-*!7V'*! +%/'! .%1&! /5>*6'*&! 15!5%1D*9! 7V'*#! M*!

.7;5%-G5*! .%1&&(/'! c'&*! 5%'(--*5'! ! &*+.%5+(@9*! 81! .(++()*! 8*+! @(6';&/*+! 81! 5(+%.7(&,5H!

D*&+!9(!6/&619('/%5!+(5)1/5*#!

a(5+! 6*''*! ;'18*]! l:(/! .1!-%5'&*&! 9:*>>*'! 8*! 9:(l%1'! 8:15! $K! 8*! 9(! ./9/5*! +1&! 9:()&;)('/%5!

@(6';&/*55*! *5! -%5'&(5'! 01*! 9(! 6(.(6/';! 8:()&;)('/%5! 8*+! @(6';&/*+! *+'! /5D*&+*-*5'!

.&%.%&'/%55*99*!J!9(!-%8/>/6('/%5!8*!9(!./9/5*!.(&!9*!$K#!P5!&;(9/+(5'!15*!+;&/*!8*!-1'()*5G+*!+1&!

9*!&;+/81!+;&/5*!B2<]!l:(/!;)(9*-*5'!-/+!*5!;D/8*56*!01*!9(!67(&)*!5;)('/D*!81!$K!*+'!&*+.%5+(@9*!

8*!9(!.*&'*!8:()&;)('/%5#!a*!.91+]!-*+!'&(D(1H!%5'!.*&-/+!8*!-%5'&*&!01*!9:(l%1'!81!$K!5:(!.(+!

8:*>>*'! +1&! 9:(87;+/%5!*'! 9(!.&%9/>;&('/%5!8*+!@(6';&/*+! +1&! 9*+! 6*9919*+!;./'7;9/(9*+#!P5>/5]! l:(/!.1!

&;D;9*&!01*!9*!>&(567/++*-*5'!8*!9(!@(&&/G&*!;./'7;9/(9*!5*!8;.*58!.(+!15/01*-*5'!8:15!.(++()*!

.(&!D%/*!'&(5+6*9919(/&*!-(/+!'&G+!6*&'(/5*-*5'!(1++/!.(&!D%/*!.(&(6*9919(/&*#!



!
!

("&!
!

!!" .)"=%-+%&'%&$"&'K8")+\G%&);$C:G$"+-%&'%&$"&-CM;8(%&:%$$G$"+-%&

+8'G+*%&M"-&#$%&&$'%()*$+%+,%-%.%&)

)

R(!6%9%5/+('/%5!*>>/6(6*!8*+!D(/++*(1H!*+'!15*!;'(.*! /-.%&'(5'*!8(5+! 9*!8;D*9%..*-*5'!

8*+! .('7%9%)/*+! 8*+! /5>*6'/%5+! -;5/5)%6%66/01*+! kC*9/6(5! *'! (9#]! 3?"<A#! M*''*! 6%9%5/+('/%5!

&*01/*&'!9(!>%&-('/%5!8*!.&%l*6'/%5+!-*-@&(5(/&*+!*'!9*!&*6&1'*-*5'!8*!5%-@&*1H!6%-.%+(5'+!

6*9919(/&*+!(.&G+!6%5'(6'!8*+!@(6';&/*+!(D*6! 9*+!6*9919*+!8*! 9:7V'*#!R:*5+*-@9*!8*!6*+!.&%6*++1+]!

;)(9*-*5'! 5%--;! &;.%5+*! 6*9919(/&*]! .*&-*'! 5%'(--*5'! 8*! +'(@/9/+*&! 9*+! ()&;)('+! (1! 6%5'(6'!

8*+! 6*9919*+! *'! 8:%1D&/&! 9*+! l%56'/%5+! 6*9919(/&*+! >(D%&/+(5'! 9*! >&(567/++*-*5'! 8*+! @(&&/G&*+!

6*9919(/&*+!8*!9:7V'*!.(&!9*+!@(6';&/*+!kC/i(',!*'!(9#]!3??2A!kM%1&*1/9!*'!(9#]!3??2A#!a*!5%-@&*1+*+!

;'18*+! +:/5';&*++*5'! J! 6%-.&*58&*! 6*! .7;5%-G5*! '(5'! (1! 5/D*(1! 8*+! >(6'*1&+! @(6';&/*+! 01:(1!

5/D*(1!8*+!D%/*+!8*!+/)5(9/+('/%5!6*9919(/&*+!/-.9/01;+#!M*.*58(5']!9:*5+*-@9*!8*!6*+!'&(D(1H!+*!

@(+*5'!+1&!8*+!;67(5'/99%5+!>/H;+!(.&G+!.91+/*1&+!7*1&*+!8:/5>*6'/%5!.(&!9*!-;5/5)%6%01*#!a*!6*!

>(/']!*99*+!5:(..%&'*5'!(1615!&*5+*/)5*-*5'!+1&!9(!67&%5%9%)/*!8*+!;D;5*-*5'+!(@%1'/++(5'!J!9(!

&;.%5+*!6*9919(/&*#!R*+!'&(D(1H!01/!+1/D*5'!%5'!.*&-/+!8:/8*5'/>/*&!9(!+;01*56*!8:;DG5*-*5'+!01/!

.&*58!.9(6*! 9%&+!81!8;69*567*-*5'!8*! 9(!&;.%5+*!6*9919(/&*!.(&!15*!+'&(';)/*!8*!-/6&%+6%./*!J!

>91%&*+6*56*!J!7(1'*!&;+%91'/%5!8(5+!9*!'*-.+!*'!8(5+!9:*+.(6*!8*!9:/5>*6'/%5!81!-;5/5)%6%01*!*5!

'*-.+!&;*9#!

! R*+!'*675/01*+!8:(5(9,+*!8*!6*9919*+!D/D(5'*+!.(&!/-()*&/*!*5!8,5(-/01*!!5*!6*++*5'!8*!

+*!8;D*9%..*&!*'!%5'!.*&-/+!8:/8*5'/>/*&!9*+!;DG5*-*5'+!.&;6%6*+!01/!%5'!9/*1!9%&+!8*!5%-@&*1H!

.&%6*++1+! @/%9%)/01*+! 5%'(--*5'! 9*+! -;6(5/+-*+! 8*! 9:*58%6,'%+*! *'! 9*+! /5'*&(6'/%5+! 7V'*h

.('7%)G5*+#! ! M*''*! ;'18*! 1'/9/+*! 8*+! '*675/01*+! +/-/9(/&*+! .%1&! %@+*&D*&! 9*! 8;&%19*-*5'! 8*!

9:/5>*6'/%5! .(&! 9*!-;5/5)%6%01*! 8*! 6*9919*+! D/D(5'*+! *H.&/-(5'! 15! 8*+! 6%-.%+(5'+! 6*9919(/&*+!

>1+/%55;+! J! 8*+! .&%';/5*+! >91%&*+6*5'*+#! K&o6*! J! 15! 9%)/6/*9! 8;D*9%..;! .%1&! 01(5'/>/*&! 9(!

D(&/('/%5! 8*! >91%&*+6*56*! +%1+! 9*+! ()&;)('+]! 6*''*! +'&(';)/*! .*&-*'! 8:%@+*&D*&! 9*! .&%>/9! 8*!

&*6&1'*-*5'!8*!5:/-.%&'*!01*9!6%-.%+(5'!6*9919(/&*!(.&G+!6%5'(6'!(D*6!8*+!()&;)('+!.&;>%&-;+!

8*!-;5/5)%6%01*!(D*6!15*!&;+%91'/%5!'*-.%&*99*!;9*D;*!kF&'/69*]!4/)1&*!"A#!

! M*''*!+'&(';)/*!(!.*&-/+!8*!-%5'&*&!01*!9*+!()&;)('+!8;69*567*5'!9*!&*6&1'*-*5'!8:*I&/5*!

'&G+!&(./8*-*5'!.%1&!(''*/58&*!15!.9('*(1!Q!-/51'*+!(.&G+!9*!6%5'(6'!(D*6!9(!6*9919*!k4/)1&*!"A#!

C(9)&;!9(!&(./8/';!8*!6*!8;69*567*-*5']!6*+!'&(D(1H!%5'!.*&-/+!8:;'(@9/&!01*!9(!8;>%&-('/%5!8*!9(!

-*-@&(5*! .9(+-/01*! .&;6G8*! 9*! &*6&1'*-*5'! 8*+! 6%-.%+(5'+! 6*9919(/&*+! 6%--*! 9:*I&/5*! *'!

9:(6'/5*!kF&'/69*]!4/)1&*!<A#!a*!.91+]!6*+!'&(D(1H!%5'!6%5>/&-;!01*!9(!.%9,-;&/+('/%5!8:(6'/5*!5:*+'!

.(+! &*+.%5+(@9*! 8*! 9(! 8;>%&-('/%5! -*-@&(5(/&*]! -(/+! 01*! 9*+! .&%.&/;';+! 8*! 9(! -*-@&(5*!

.9(+-/01*]!*99*+]!l%1*5'!15!&V9*!8;'*&-/5(5'!kF&'/69*]!4/)1&*!E!*'!QA#!a*!.91+!9:/5816'/%5!8*+!D%/*+!
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8*!+/)5(9/+('/%5!5%'(--*5'!6*99*!8;.*58(5'*!81!&;6*.'*1&!d3h(8&;5*&)/01*]!5*!+*-@9*!.(+!c'&*!

5;6*++(/&*!J!9:;'(@9/++*-*5'!8*+!.&%l*6'/%5+!-*-@&(5(/&*+!kF&'/69*]!4/)1&*!TA#!!

! F1h8*9J!8*! 9:;'18*!81!.&%6*++1+! 6*9919(/&*! /581/'*!.(&! 9*!-;5/5)%6%01*]! 6*''*! +'&(';)/*!

.*&-*'! 8*! 6(&(6';&/+*&! 9*+! >(6'*1&+! @(6';&/*5+! /-.9/01;+#! F9%&+! 01*! 9*+! ()&;)('+! 8:15*! +%167*!

.(&*5'(9*! 8;69*567*5'! 9*! &*6&1'*-*5'! 8*! 9:*I&/5*! 8(5+! 9*+! 3?! +*6%58*+! +166;8(5'! 9*1&! 6%5'(6'!

(D*6! 9(! 6*9919*! 7V'*]! 8*+! ()&;)('+! >%&-;+! .(&! 15*! +%167*! +%,.! 5*! .*&-*''*5'! .(+! 8*! &*6&1'*&!

9:*I&/5*!-c-*!(.&G+!"?!-/51'*+!8:/5>*6'/%5! kF&'/69*]!4/)1&*!"!*'!3A#!R:(5(9,+*!8:15!-1'(5'!+%,C!

-%5'&*! 01*! 6*91/h6/! /581/'! 15! &*6&1'*-*5'! 8*+! 6%-.%+(5'+! 6*9919(/&*+! .91+! 9*5'*-*5'! 01:15*!

+%167*!.(&*5'(9*#!a*!.91+]! /9!*+'!.(&>%/+!%@+*&D;!01*! 9:(661-19('/%5!8*+!6%-.%+(5'+!6*9919(/&*+!

+%1+!9*+!()&;)('+!>%&-;+!.(&!15*!+%167*!+%,C!8/+.(&(/']!/58/01(5'!01*!9(!&;'&(6'/%5!8*+!./9/!&;)19*!

>/5*-*5'!9:/5/'/('/%5!81!&*6&1'*-*5'!-(/+!;)(9*-*5'!+%5!!-(/5'/*5!8(5+!9*!'*-.+!kF&'/69*]!4/)1&*!

3A#!

! R:*5+*-@9*!8*!6*+!'&(D(1H!.*&-*'!8*!.&%.%+*&!15!5%1D*(1!-%8G9*!.%1&!9*+!-;6(5/+-*+!

-/+!*5!l*1!.(&!9*!-;5/5)%6%01*!8(5+!9:;'(@9/++*-*5'!*'!9*!-(/5'/*5!8*!9(!&;.%5+*!6*9919(/&*#!P5!

*>>*']! 6*+! &;+19'('+!-%5'&*5'! 9:/-.%&'(56*!8*! 9(!8;>%&-('/%5!8*! 9(!-*-@&(5*!.9(+-/01*#! M*''*!
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Chronology of the early events triggered by the interaction of Neisseria !$

meningitidis with endothelial cells %$
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