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MNN<.,54. 54-4,34+. !% .36,-- .,6$9%'3 .+95!%> .!"#$%&'##" (>5$E'*= . 3$ .we 

genetically  engineered  tolR deletion  mutants  of  two  NTS  serovars,  S. 

Typhimurium strain SL1344 and S. Enteritidis strain P12109, for increased 

GMMA release. These GMMA were optimised for protein antigen delivery 

by deleting the Oag, through disruption of the wbaP gene, thus overcoming 

the  serospecificity  of  the  Oag  and  unmasking  protein  antigens  on  the 

GMMA surface. A further genetic deletion in the  msbB gene was done to 

overcome the GMMA reactogenicity associated with the lipid A portion of 

LPS.  Overexpression  of  the  highly  conserved  Salmonella iron-regulated 

outer  membrane  proteins  (IROMPs)  on  the  GMMA  was  achieved  by 

growing  the  GMMA-overproducing  S. Typhimurium  and  S. Enteritidis 

mutants under iron-limiting conditions. 

The proteomic content of  S. Typhimurium and  S. Enteritidis GMMA was 

characterised  and,  as  expected,  found to contain  a  high number  of  outer 

membrane and periplasmic proteins. Salmonella GMMA were also tested for 

their ability to elicit an immune response in mice and were determined to be 

highly  immunogenic  by  both  subcutaneous  and  intranasal  immunisation 

routes, generating high levels of GMMA-specific IgG. Immunoblots using 

GMMA immune sera showed that IgG antibodies were raised against many 

S. Typhimurium GMMA proteins and that these were cross-reactive in  S. 

Enteritidis.  In  vitro,  however,  the  presence  of  an  Oag  layer  in  live 

Salmonella  was shown to impair  the binding of protein antibodies to the 

bacterial surface, an effect that was abrogated in Salmonella strains lacking 

Oag.

In a murine challenge model of acute Salmonella infection, S. Typhimurium 

and S. Enteritidis GMMA lacking Oag impaired S. Typhimurium infection in 

the  spleen,  indicating  that  a  protein-based  response  was  able  to  impair 

homologous  and  heterologous  challenge,  respectively.  S. Typhimurium 

!!



GMMA with Oag provided the same protective effect as the positive control, 

the live attenuated strain S. Typhimurium SL3261.

0*!3 . !3 . '*4 . :!53' . '!64 . '*,' . *4'45$-$>$93 . )5$'48'!$% . ,>,!%3' .!"#$%&'##"(

!%:48'!$%.*,3.;44%.+46$%3'5,'4+.:$5.MNN<= .indicating that they have the 

potential to be developed.,3.,.;5$,+&3)48'596.)5$'4!%&;,34+.",88!%4.,>,!%3'.
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:-,>4--,5.cW.,%+.c?.,%'!>4%3=.,%+.'*4.8,)39-,5.D!.,%'!>4%B.

!"#$%&'##" ('&)'*+,". /!- ('&)'*+,"2 . ,-$%4 . !3 . 8$6)$34+ .$: .6$54 . '*,% .?=ZZZ.

345$",53=.,%+.4"4%.'*$9>*.'*4(.,54.8-$34-(.54-,'4+=.'*4(.*,"4.,%.4O'4%+4+.

*$3'.5,%>4.,%+.8,934.+!::454%'.+!34,34.3(6)'$63 ./],96-45=.W[[i2B.c96,%.

+!34,34&54-4",%'.!-('&)'*+,"(39;3)48!43('&)'*+,".345$",53.,54.939,--(.;5$,+-(.

+!"!+4+ . !%'$ . 'E$. '()43= .;,34+.$%.4)!+46!$-$>(.,%+.8-!%!8,- .)5434%','!$%S.

'()*$!+,-.$5.4%'45!8.!"#$%&'##"=.E*!8*.!3.4%+46!8.!%.1$9'*.,%+.1$9'*.Y,3'.

W



<3!,.,%+.8,9343.3(3'46!8.+!34,34=.,%+.8$6)5!343.6,!%-(.345$",53.0()*!.,%+.

I,5,'()*!.<o.,%+.%$%&'()*$!+,-.!"#$%&'##"./#012=.E*!8*.)5434%'3.,3.4!'*45.

>,3'5$4%'45!'!3.!%.6$3'.34''!%>3.$5.,3.;,8'45,46!,.!%.39;&1,*,5,%.<:5!8,=.,%+.

!%8-9+43.)54+$6!%,%'-(.345$",53.0()*!695!96.,%+.Y%'45!'!+!3./`!>954.W2B

4<GDE= *SW *,87Y58 * ;<C9E<YD9<7> * 7V *!,-./0*--,* <> * AD@5>CW *#$%&'()*$!+,- .!"#$%&'##". !3.
4%+46!8 . !% . 39;&1,5,*,% .<:5!8, . /*!>*-!>*'4+ . !% . >544%2 . ,%+ . 0()*$!+,- . ,%+ . I,5,'()*$!+,-.

!"#$%&'##".,54.)5434%'.!%.a4%'5,-.,%+.1$9'*.<645!8,=.<:5!8,=.,%+.<3!,./*!>*-!>*'4+.!%.)!%K2=.

E!'*."45(.$:.*!>*.!%8!+4%84.!%.1$9'*.,%+.1$9'*4,3'.<3!,./*!>*-!>*'4+.!%.;95>9%+(2./,+,)'4+.

:5$6.a596).4'.,-B=.?ZZ@2B

(5Y8=*SW*I7C9C*5>;*;<C=5C=C*65DC=;*Y[*!5+*01*234,+C=E7M5ECW*\5;5F9=;*VE7@*\.5C9E7=><*]*
,E5>9B*ORSS^

'[>;E7@= '=E7M5E I7C9*CF=6<V<6<9[ +<C=5C=

0()*$!+
0()*!

I,5,'()*!.<
c96,%.$%-(

Y%'45!8.:4"45S.:4"45=.*4,+,8*4=.*4,+,8*4=.

,;+$6!%,-.+!38$6:$5'=.+5(.8$9>*=.6(,->!,.

/]*,%.4'.,-B.?ZZgo.I,55(.4'.,-=.?ZZ?o.FcG=.

?ZZX2

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

/%$%.!%",3!"42

0()*!695!96

.Y%'45!'!+!3
]5$,+.*$3'.5,%>4

M,3'5$4%'45!'!3S.,;+$6!%,-.),!%=."$6!'!%>.

,%+.!%:-,66,'$5(.+!,55*$4,

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

/!%",3!"42

0()*!695!96

Y%'45!'!+!3
c96,%.$%-( ],8'45,46!,

?



SWO*#>M5C<M=*"7>1([FA7<;58*!,-./0*--,*<>*/VE<65

SWOWS*%F<;=@<787G[*5>;*9E5>C@<CC<7>

#$%&'()*$!+,-( !"#$%&'##". /#012 . ,54 . ,% . !6)$5',%' . 8,934 . $: . +!34,34.

E$5-+E!+4B.F*454,3.!%.+4"4-$)4+.8$9%'5!43.'*4(.,54.,33$8!,'4+.E!'*.:$$+&

;$5%4.!%:48'!$%3.,%+.,89'4.>,3'5$4%'45!'!3 ./c$*6,%%=.?ZZW2=.!%.+4"4-$)!%>.

8$9%'5!43= .,%+. !%.19;&1,*,5,%.<:5!8,. !% .),5'!89-,5= . '*4(.,54 .,%. !6)$5',%'.

8,934.$:.!%",3!"4.+!34,34B

L%",3!"4.#01./!#012.+!34,34.!%.<:5!8,.*,3.;44%.54)$5'4+.3!%84.'*4.W[hZ3.

/N,;4(=.]5$E%=.n.M544%E$$+=.W[hio.H4),>4.4'.,-B=.W[hio.#43;!''.n.N!5R,=.

W[h[o.M544%.n.a*443;5$9>*=.W[[X2=.;9'.!'.E,3.$%-(.5484%'-(.'*,'.!'.;48,64.

,8K%$E-4+>4+.,3.$%4.$:. '*4.6,7$5 .8,9343.$:. !%",3!"4.+!34,34.!%.8*!-+54%.

/M5,*,6.n.Y%>-!3*=.?ZZ[o.^4++(=.1*,E=.n.a596)=.?ZWZo.1!>,9J94.4'.,-B=.

?ZZ[2. ,%+ . cLD&!%:48'4+ . ,+9-'3 ./M5,*,6 . 4' . ,-B= . ?ZZZo . M$5+$%= . ?ZZho.

N$5)4'*=.^,6,+*,%!=.n.a596)=.?ZZ[o.^4++(.4'.,-B=.?ZWZ2B.0*454.!3.,.8-4,5.

;!6$+,- . ,>4 . +!3'5!;9'!$%= . E!'* . !#01 . )4,K3 . $88955!%> . !% . 8*!-+54% . ,>4+.

;4'E44%._.6$%'*3.,%+.X.(4,53.$:.,>4./N,8H4%%,%.4'.,-B=.?ZZho.`4,34(.4'.,-B=.

?ZWZ2.,%+.!%.,+9-'3.,>4+.?g&@Z.(4,53.$:.,>4./`4,34(.4'.,-B=.?ZWZ2B. .<%%9,-.

!%8!+4%84.$:.!#01.+!34,34.!%.<:5!8,.!3.43'!6,'4+.'$.;4.Wig&Xhh.)45.WZZ=ZZZ.

!%.8*!-+54%.9%+45.g ./M!-K3=.W[[ho.]45K-4(.4'.,-B=.?ZZg2. ,%+.W=hZZ&[=ZZZ.$:.

WZZ=ZZZ . )45 . )453$% . (4,53 . $: . $;345",'!$% . ,6$%> . cLDl . 8$*$5'3 . /%$%&

,%'!54'5$"!5,- . '*45,)(&'54,'4+2 ./M!-K3= . W[[ho . ",% .G$3'45*$9' . 4' . ,-B= . ?ZZgo.

F,'45,.4'.,-B=.?ZZ@2B.L%.;$'*.8,343=.8,34&:,',-!'(.5,'4.!3.*!>*.,%+.5,%>43.??&

?gA./D,%+4%;45>.4'.,-B=.?ZWZo.M$5+$%.4'.,-B=.?ZZh2B

<.5484%'.3(3'46,'!8.54"!4E.$:.;-$$+3'54,63.!%:48'!$%3.!%.<:5!8,./^4++(.4'.

,-B=.?ZWZ2=.E*!8*.8$"454+.??.)5$3)48'!"4.3'9+!43.!%.X@.-$8,'!$%3=.3*$E4+.'*,'.

!-('&)'*+," (E,3.'*4.6$3'.8$66$%-(.!+4%'!:!4+.),'*$>4%.$"45,--./?[BWA.$:.

!3$-,'432 . ,%+ . ,6$%> . ,+9-'3 . /@?BXA2= . ,%+ . '*4 . 348$%+ .6$3' . 8$66$% . !%.

8*!-+54%./?WB@A2B .0*434. !3$-,'43= .*$E4"45= .,-3$. !%8-9+4+ .!-. 0()*! .,%+ .!-(

X



I,5,'()*!= .E*!8* .E454 . :$9%+ .6,!%-( . !% .#$5'* .<:5!8,B . L% . $'*45 .<:5!8,%.

54>!$%3=(!-.0()*!695!96.!3.'*4.)54+$6!%,%'.345$'()4.!3$-,'4+.:5$6.),'!4%'3.

E!'*.!#01.+!34,34=.:$--$E4+.;(.!-.Y%'45!'!+!3./M$5+$%.4'.,-B=.?ZZho.b,5!9K!.

4'.,-B=.?ZZ_,o.N,%+$6,%+$.4'.,-B=.?ZZ[o.^4++(.4'.,-B=.?ZWZo.D,%+4%;45>.4'.

,-B=.?ZWZ2B.

C43)!'4.!%854,34+.548$>%!'!$%.$:.!#01.!%.<3!,=.!'3.;95+4%.!3.3'!--.-!6!'4+.!%.

'*4 . 54>!$%= .E!'* .$%-( . 3!O . 8,343 . !+4%'!:!4+ . ,6$%>3' . ?Z=gXi . :4;5!-4 . 4"4%'3.

54)$5'4+ . !% . , . :!"4 . 3!'4 . )$)9-,'!$%&;,34+ . 3'9+( ./b*,% . 4' . ,-B= . ?ZWZ2B.

#$%4'*4-433= .,%+.,88$5+!%>. '$ ., . 5484%' . 54)$5' . :5$6.D!4'%,6 ./#>,.4' .,-B=.

?ZW?2=.'*454.*,3.;44%.,%.!%854,34.!%.'*4.%96;45.$:.8,343.$:.!#01=.8$%89554%'.

E!'*.,%.!%854,34.!%.cLD.)54",-4%84B.0*454.*,3.,-3$.;44%.,.3'4,+(.+4854,34.!%.

!- ( 89:3+. 3!%84 . ?ZZ?= . !%+!8,'!%> . , . )$33!;-4 . 3*!:' . !% . '*4 . 4)!+46!$-$>( . $:.

!%",3!"4.!"#$%&'##".+!34,34.!%.'*!3.54>!$%B.^484%'.3'9+!43.$:.!#01.+!34,34.!%.

'E$.!%+93'5!,-!34+.8$9%'5!43.*,"4.3*$E%.'*,'.!%8!+4%84.!3."45(.-$E.!%.'*!3.

34''!%>./WBZ?.)45.WZZ=ZZZ.)$)9-,'!$%2./H,9)-,%+.4'.,-B=.?ZWZ2B

0*4.54-,'!$%3*!).;4'E44%.!%",3!"4.,%+.+!,55*$4,-.#01.+!34,34.!%.<:5!8,.!3.

3'!-- .9%+45.!%"43'!>,'!$%B.L%.5484%'.3'9+!43 ./N93!!64=.b,-(439;9-,=.b,++9&

N9-!%+E,= .n.](,59>,;,= .?ZZ[o.1!6)$54 .4' .,-B= .?ZZ[2= .#01.E,3. !3$-,'4+.

:5$6.,.36,-- .)5$)$5'!$%.$:.8*!-+54%.E!'*.,89'4.+!,55*$4,= .E*!8*.!3 .%$' .,.

:4,'954.$:.!#01=.;9'.$"45,--.)54",-4%84.$:.+!,55*$4,-.#01.+!34,34.!%.<:5!8,.

!3.9%K%$E%B.c$E4"45=.!'.!3.%$E.K%$E%.'*,'.3$64.!-.0()*!695!96.!3$-,'43.

8,93!%>.!%",3!"4.+!34,34.!%.19;&1,*,5,%.<:5!8,.,54.)*(-$>4%4'!8,--(.+!3'!%8'=.

,3 . 54"4,-4+ . ;( . 69-'!-$893 . 34J94%84 . '()!%>= . :5$6 .!-. 0()*!695!96.

543)$%3!;-4.:$5.,89'4.>,3'5$4%'45!'!3.!%.$'*45.54>!$%3.$:.'*4.E$5-+./b!%>3-4(.

4'.,-B=.?ZZ[2B.0*434.!3$-,'43.;4-$%>.'$.,.5484%'-(.4"$-"4+.),'*$",5.f.10XWX.f.

E*!8*.*,3 .;48$64.*$3'&,+,)'4+.'$.*96,%.!%",3!"4.+!34,34.,3., .5439-' .$:.

>4%$64.+4>5,+,'!$%./b!%>3-4(.4'.,-B=.?ZZ[2B

@



<.3'9+(.!%.b4%(,.3*$E4+.'*,'.'5,%36!33!$%.$:.!#01.!3.)5!6,5!-(.*96,%&'$&

*96,% . 5,'*45 . %$' . R$$%$'!8= . E!'* . , . )$33!;-4 . !6)$5',%' . 5$-4 . )-,(4+ . ;(.

,3(6)'$6,'!8.8,55!453./b,5!9K!.4'.,-B=.?ZZ_;2B.1!6!-,5.5439-'3.E454.$;345"4+.

!%.,.3'9+(.!%.'*4.M,6;!,./C!$%4.4'.,-B=.?ZWW2B.0*454.*,"4.,-3$.;44%.54)$5'3.

$:.*96,%&'$&*96,%.'5,%36!33!$%.!%.'E$.*$3)!',-.$9';54,K3.$:.#01./b4++(.

4'.,-B=.?ZZ[o.b',5!.4'.,-B=.?ZZ[2=.E!'*.'*4.)$'4%'!,-.$:.'5,%36!33!$%.;,8K.'$.'*4.

8$669%!'(B.F,'45.!3.,%.!6)$5',%'."4*!8-4.$:.'5,%36!33!$%=.E!'*.#01.*,"!%>.

;44%.!3$-,'4+.:5$6.,.%96;45.$:.+!::454%'.E,'45.3$95843 ./<K$,8*454=.0,%!*=.

#+!)=.n.#+!)=.?ZZ[o.b',5!.4'.,-B=.?ZZ[o.G-9(4>4=.C,+,=.n.G+4(46!=.?ZZ[2B

SWOWO*&<CX*V5697EC

L%.8*!-+54%=.5!3K.:,8'$53.:$5.!#01.+!34,34.!%8-9+4.,%,46!,./N,%+$6,%+$.4'.

,-B=.?ZZ[2=.6,-%9'5!'!$%=.3!8K-4.84--.+!34,34./F!--!,63.4'.,-B=.?ZZ[2=.,%+=.6$54.

!6)$5',%'-(= .6,-,5!, ./]54%' .4' .,-B= .?ZZ_2B. L%.b4%(,%.8*!-+54%.E!'*.34"454.

6,-,5!,= .#01.E,3 . '*4 .6$3' . 8$66$% .8,934 .$: . !%",3!"4 .;,8'45!,- .+!34,34.

/]45K-4(.4'.,-B=.?ZZ[2=.E*454,3.!)*':)%,%,,54(:&'5$%&+".,%+.;"'$%:3+#54 (

+&<#5'&7"'. '()4.].E454.6$3'.8$66$%-(.:$9%+.!%.8*!-+54%.E!'*$9'.6,-,5!,.

),5,3!',46!,B . 0*4 . 54-,'!$%3*!) . ;4'E44% . !#01 . ,%+ . 6,-,5!, . *,3 . ;44%.

+46$%3'5,'4+.!%.,.%96;45.$:.3'9+!43./]45K-4(.4'.,-B=.?ZZ[o.a,-!3.4'.,-B=.?ZZho.

N,8K4%R!4.4'.,-B=.?ZWZo.N,%+$6,%+$.4'.,-B=.?ZZ[o.N'$"4.4'.,-B=.?ZWZ2B

L%.,+9-'3=.!%",3!"4.#01.+!34,34.!3.,33$8!,'4+.E!'*.cLD.!%:48'!$% ./M$5+$%=.

?ZZho.M$5+$%.4'.,-B=.?ZZho.M$5+$%.4'.,-B=.?ZWZo.^4++(.4'.,-B=.?ZWZ2B.Y"4%.,'.

-$E.-4"4-3=.!669%$39))5433!$%.!3.,33$8!,'4+.E!'*.!%854,34+.5!3K.$:.!%",3!"4.

;,8'45!,- .+!34,34 ./C,%4- .4' .,-B= .?ZZ_2B . L%854,34+.39384)'!;!-!'(. '$. !#01.!%.

cLD&!%:48'4+ . !%+!"!+9,-3 . !3 . -!K4-( . , . 5439-' . $: . !6),!54+ . 84--&64+!,'4+.

!669%!'( . !% . '*4 . >9' .698$3, ./^,::,'4--9 . 4' . ,-B= . ?ZZh2= . ,3 .E4-- . ,3 . !#01.

!%'5,84--9-,5.)453!3'4%84.,%+.54859+4384%84.=.E*!8*.*,))4%3.!%.XZ&@ZA.$:.

8,343./M$5+$%.4'.,-B=.?ZZ?o.M$5+$%.4'.,-B=.?ZZXo.M$5+$%.4'.,-B=.?ZZho.M$5+$%.

g



4'.,-B=.?ZWZ2B.<%'!&54'5$"!5,-.'*45,)(.!%.cLD&!%:48'4+.,+9-'3.*,3.;44%.3*$E%.

'$.54+984.!%",3!"4.#01.+!34,34./M$5+$%=.?ZZho.c9%>=.c3!4*=.c3!,$=.a*4%=.

n.1*4%>=.?ZZW2B

L%'4543'!%>-(=.'*454.!3.,%.!%"4534.,33$8!,'!$%.;4'E44% .!-.0()*!.;,8'45,46!,.

,%+.cLD ./^4++(.4'.,-B= .?ZWZ2=.E*!8*.!%+!8,'43.'*,' .cLD.*,3.,.)5$'48'!"4.

4::48'.,>,!%3'.'()*$!+.:4"45B

SWOW_*38<><658*;<5G>7C<C*5>;*9E=59@=>9

0*4 . 8-!%!8,- . )5434%','!$% . $: . !#01 . !3 . 8*,5,8'45!34+ . ;( . :4"45 . +94 . '$.

;,8'45,46!,=.64%!%>!'!3.,%+m$5.34)'!8.,5'*5!'!3B.C!,55*$4,.!3.939,--(.%$'.$%4.

$:.'*4.3(6)'$63.$:.!#01./M5,*,6.4'.,-B=.?ZZZo.N,%+$6,%+$.4'.,-B=.?ZZ[o.

N'$"4.4'.,-B=.?ZWZo.D,%+4%;45>.4'.,-B=.?ZWZ2B.L%.8,343.E*454.;$'*.!#01.,%+.

!-.0()*!.E454.!+4%'!:!4+.!%.;,8'45,46!8.8*!-+54%./N'$"4.4'.,-B=.?ZWZ2=.'*434.

'E$.:$563.$:.!%",3!"4.!"#$%&'##"(+!34,34.8$9-+.%$%4'*4-433.;4.+!3'!%>9!3*4+.

;(.'*4!5.8-!%!8,-.:4,'9543S.8*!-+54%.39::45!%>.:5$6 .!-. 0()*!.!%:48'!$%.E454.

$-+45.,%+.:4"45.-,3'4+.:$5.,.-$%>45.)45!$+o.!%.'*4.8,34.$:.!#01.+!34,34.'*454.

E,3 . ,33$8!,'!$% . E!'* . )54"!$93 . 6,-,5!, . '54,'64%'= . 8$6)-!8,'!$%3 . :5$6.

6,-,5!,=.,%+.,.*!>*45.5!3K.$:.+4,'*B

1(6)'$63 .$: . !#01.,54 .*$E4"45 ."45(. 3!6!-,5 . '$ . '*$34 .$: .$'*45 .8$66$%.

+!34,343 . !% .19;&1,*,5,% .<:5!8,= . 398* . ,3 .6,-,5!, . ,%+ . )%496$%!,= .E*!8*.

)5434%'3 . , . )5$;-46 . ,' . '*4 . '!64 . $: . +!,>%$3!3 . ,%+ . '54,'64%' . /M5,*,6 .n.

Y%>-!3*=.?ZZ[o.#,+76.4'.,-=.?ZWZ2B.N!3+!,>%$3!3.$:.!#01.:$5.$'*45.+!34,343.

!3.:54J94%'./]45K-4(=.NE,596;,=.]5,6*,6=.H$E4=.n.N,53*=.W[[[o.C$9>-4=.

c4%+5!K3=.1,%+453=.n.C$5!>$&p4'36,=.W[[i2B.C43)!'4.'*4.4O!3'4%84.$:.Ia^&

;,34+.'$$-3.:$5.J9!8K.+!,>%$3!3.$:.#01.!%:48'!$%.!%.3'$$-./a9%%!%>*,6.4'.,-B=.

?ZWZo.H!%=.03,!=.c9%>=.`,%>=.n.H!%>=.?ZWW2.$5.!#01.+!34,34./04%%,%'.4'.,-B=.

_



?ZWZ2=.'*434.,54.%$'.(4'.34%3!'!"4.4%$9>*.'$.+4'48'.!#01.!%.'*4.;-$$+=.,3.!'.

8,%.;4.)5434%'.,'.-4"4-3.,3.-$E.,3.W.8B:B9m6H.$:.;-$$+./M$5+$%.4'.,-B=.?ZWZ2B

<.5484%'.3'9+(.,33433!%>.'*4.)45:$56,%84.$:.FcG.>9!+4-!%43.:$5.+4'48'!%>.

!%",3!"4.;,8'45!,-.+!34,34.,%+.'54,'64%'.!%!'!,'!$%.3*$E4+.'*,'.,-6$3'.$%4.

'*!5+ . $: . 8*!-+54% . E454 .6!3+!,>%$34+ ./#,+76 . 4' . ,-B= . ?ZWZ2B . 0*4 .FcG.

'54,'64%'.>9!+4-!%43.:$5.,89'4.!--%433.!%.8*!-+54%.,54.;,34+.,5$9%+.6,-,5!,-.

+!34,34 . ,%+ . 548$664%+ . '*4 . 934 . $: . ,%'!6,-,5!,- . +59>3 . ;4:$54 . :$--$E&9).

/^4++( . 4' . ,-B= . ?ZWZ2B .c$E4"45= . ,3 .64%'!$%4+ . !% . 348'!$% . WB?B?= .6,-,5!,.

),5,3!',46!,.,%+.;,8'45,46!,.8,%.8$4O!3'= .,%+.'54,'64%' .$:.6,-,5!,.,-$%4.

E!-- .%$' . ,+4J9,'4-(.,++5433 . '*4 .%44+3 .$: .),'!4%'3 .E!'* . !%",3!"4 .;,8'45!,-.

!%:48'!$%3.398*.,3.!#01./^4++(.4'.,-B=.?ZWZ2B

L%.8,343.E*454.!#01.!3.8$5548'-(.+!,>%$34+=.'54,'64%'.!3.8$6)-!8,'4+.;(.'*4.

4645>4%84.$:.69-'!&+59>.543!3',%'.3'5,!%3./]54%'.4'.,-B=.?ZZ_o.M$5+$%.4'.,-B=.

?ZZho.b,5!9K!.4'.,-B=.?ZZ_8o.b,5!9K!.4'.,-B=.?ZZg2B.<.5484%'.3(3'46,'!8.54"!4E.

$:.;-$$+3'54,63.!%:48'!$%3.!%.<:5!8,./^4++(.4'.,-B=.?ZWZ2.3*$E4+.'*,'.-433.

'*,%.XZA.$:.#01.!3$-,'43.E454.,6)!8!--!%&39384)'!;-4=.E!'*.*!>*.-4"4-3.$:.

543!3',%84.'$.8$'5!6$O,R$-4.!%.!-.0()*!695!96.,%+.'$.8*-$5,6)*4%!8$-.!%.!-(

Y%'45!'!+!3B.N$3'.!3$-,'43.E454.39384)'!;-4.'$.'*!5+&>4%45,'!$%.84)*,-$3)$5!%3.

,%+ . :-9$5$J9!%$-$%43= . ;9' . ,% . !%854,34 . !% . E!+43)54,+ . 934 .6!>*' . :95'*45.

!%854,34.,%'!;!$'!8.543!3',%84./^4++(.4'.,-B=.?ZWZo.b4++(.4'.,-B=.?ZZ[2B.

SWOW`*JE=M=>9<7>

a-4,% . E,'45= . 3,:4 . :$$+= . ,%+ . !6)5$"4+ . 3,%!','!$% . ,54 . ,6$%> . '*4 . ;43'.

)54"4%'!$% . 64'*$+3 . 89554%'-( . ,",!-,;-4B . c$E4"45= . )5$"!+!%> . ,+4J9,'4.

3,%!','!$%.,%+.E,'45 .,54 .4O)4%3!"4. -$%>&'456.3'5,'4>!43. '*,' .,54 . -!%K4+.'$.

48$%$6!8 .+4"4-$)64%'B .D,88!%,'!$% .E$9-+ .;4 . '*4 .6$3' .934:9- . ,%+ .8$3'&

4::48'!"4 .64,3954 ./^,))9$-!= .N!--45= .n .`,-K$E= .?ZZ?2. :$5 . )54"4%'!$% .$:.

i



!#01.+!34,34.!%.19;&1,*,5,%.<:5!8,B.<'.)5434%'.'*454.,54.%$.8$66458!,--(.

,",!-,;-4.",88!%43.,>,!%3'.#01.:$5.934.!%.*96,%3B

SW_*,../*5C*5*FE79=<>1Y5C=;*M566<>=*5G5<>C9*"('

SW_WS*aA59*5E=*,../b

!"#$%&'##"'= . -!K4 . 6$3' . M5,6&%4>,'!"4 . ;,8'45!,= . %,'95,--( . 34854'4 . $9'45.

646;5,%4.),5'!8-43.+95!%>.,--.3',>43.$:.>5$E'*./d$$%=.<%3$%>=.<+K!%3=.n.

c4::5$%=.?ZWWo.b!',>,E,.4'.,-B=.?ZWZ2B.0*434.$9'45.646;5,%4.),5'!8-43.,54.

>4%45,--(.gZ&WZZ.%6.!%.3!R4.,%+.,54.8$6)$34+.$:.$9'45.646;5,%4./GN2.,%+.

)45!)-,36!8.8$6)$%4%'3.f.HI1=.$9'45.646;5,%4.)5$'4!%3.,%+.)45!)-,36!8.

)5$'4!%3 . /`!>954 . ?2 ./b94*% .n.b43'(= . ?ZZgo .]4"45!+>4= . W[[[2B .0*4( . ,54.

939,--(.K%$E%.!%.'*4.-!'45,'954.,3.$9'45.646;5,%4."43!8-43./GND2./<-,%!R=.

C4,'*45,>4=.H,5,=.n.a$$K3$%=.?ZZio.]45-,%+,.4'.,-B=.?ZZh2.$5.%,'!"4.GND.

/b$4;45-!%>.4'.,-B=.?ZWW2=.;9'.,3.'*4(.,54.+!3'!%8'.:5$6.+4'45>4%'&4O'5,8'4+.

GND.!%.'*4.E,(.'*4(.,54.>4%45,'4+ ./M!9-!,%!.4'.,-B=.?ZZ_o.0$%4,''$.4'.,-B=.

?ZWW2=.E4.*,"4.%,64+.'*46.MNN<=.$5.M4%45,-!34+.N$+9-43.:$5.N46;5,%4.

<%'!>4%3B.

4<GDE= *OW *'6A=@59<6 *E=FE=C=>959<7>*7V *,../W *MNN<=.E*!8* .,54 .8$6)$34+ .$: .$9'45.
646;5,%4.,%+.)45!)-,36!8.8$6)$%4%'3=.4O*!;!'.$9'45.646;5,%4.)5$'4!%3.$%.'*4.395:,84.!%.

'*4!5 .%,'95,- . 8$%:$56,'!$% .,3 . '*4( .E$9-+ .;4 .$% . '*4 .!"#$%&'##" (395:,84 .+95!%> . !%:48'!$%B.

<+,)'4+.:5$6./]45-,%+,.4'.,-B=.?ZZh2B

h



SW_WO*,../*5C*5*FE79=<>1Y5C=;*M566<>=

0*4.4::!8,8(.$: .+4'45>4%'&4O'5,8'4+ .GND.,3 ., .",88!%4 .,>,!%3' .='+44'*+"(

$'&+&6+)+>+4./=-($'&+&6+)+>+42.E,3.E4--&43',;-!3*4+.+95!%>.+!34,34.$9';54,K3.

!%.#$5E,(=.a9;,.,%+.#4E.p4,-,%+./c$-3'.4'.,-B=.?ZZ[o.G3'45.4'.,-B=.?ZZi2=.

;9'.!'.*,3.;44%.+46$%3'5,'4+.'*,'.%,'95,--(&54-4,34+.=-($'&+&6+)+>+4.MNN<.

*,"4 . !%854,34+ . !669%$>4%!8!'(= . -!K4-( . +94 . '$ . +!::454%843 . !% . ,%'!>4%.

)5434%','!$% . $% . '*4 .GND."45393 .MNN<.395:,84B .0*4 . )$'4%'!,- . 5$-4 . $:.

MNN<.,3 . ",88!%43 . *,3 . ,-3$ . ;44% . +46$%3'5,'4+ . :$5 . , . +!"4534 . 5,%>4 . $:.

$5>,%!363=.398*.,3 .!"#$%&'##"=.93!%>.,%!6,-.6$+4-3.$:.+!34,34 ./<-,%!R.4'.

,-B=.?ZZi2B

<-'*$9>* . M5,6&%4>,'!"4 . ;,8'45!, . )5$+984 . MNN< . '*5$9>* . %,'95,-.

)5$843343=.'*!3.)5$+98'!$%.!3.>4%45,--(.-$E=.E*!8*.*!%+453.'*4!5.!3$-,'!$%.,%+.

8*,5,8'45!3,'!$%.:$5.",88!%4.+4"4-$)64%'B.14"45,-.64'*$+3.*,"4.;44%.934+.

'$.$;',!%.MNN<.$%.,.-,5>45.38,-4=.398*.,3.'*4.,++!'!$%.$:.>4%',6!8!%.'$.'*4.

>5$E'*.64+!, ./N,5'!% .n.]4"45!+>4= .W[h_o .b,+959>,69E,.n.]4"45!+>4=.

W[[i2B.0*4.54-4,34.$:.MNN<.8,%.,-3$.;4.!%854,34+.'*5$9>*.'*4.K%$8K&$9'.$:.

)5$'4!%3 . ,33$8!,'4+ . E!'* . '*4 . $9'45 . 646;5,%4 . f . 398* . ,3 . M%,XX . !% .=-(

$'&+&6+)+>+4= .C,6. !% .!-. 0()*!695!96 ./I988!,54--!= .I5!4'$= .a,3,+4393= .n.

M,58!,&+4-= .?ZZ?2=.$5.0$-&I,- .)5$'4!%3.!% .?B .8$-! ./<+9&]$;!4.4' .,-B= .?ZZ@o.

]45%,+,8= .M,"!$-!= . H,RR,5$%!= .^,!%,= .n .H-$9;43= . W[[ho .]45-,%+, . 4' . ,-B=.

?ZZh2B .L% .?- ( ,%#+= . '*4 .0$-&I,- . )5$'4!%3 . :$56 . 'E$ . 8$6)-4O43 . !% . '*4 . 84--.

4%"4-$)4 ./]45%,+,8.4' .,-B= .W[[h2B .0*434.,54 . !%"$-"4+.!% .$9'45 .646;5,%4.

!%'4>5!'(./H,RR,5$%!.n.I$5',-!45=.W[[?o.N9--45=.D!,%%4(=.H,RR,5$%!=.F4;3'45=.

n . I$5',-!45= . W[[Xo .D!,%%4( . 4' . ,-B= . W[[@2= . ,%+ . '*4!5 . +!359)'!$% . $: . '*434.

8$6)-4O43.-4,+3.'$.!%854,34+.MNN<.)5$+98'!$%B.0*4.0$-&I,-.3(3'46.!3.,-3$.

)5434%' . !% .!"#$%&'##" ('&)'*+,"= . ,%+ .4"4%. '*$9>*. !' .*,3 .;44% . 3*$E%. '*,'.

$"454O)5433!$%.$:.0$-.8$6)$%4%'3.!%854,343.MNN<.54-4,34 ./c4%5(.4'.,-B=.

[



?ZZ@2.$5.'*,' .)%#@.69',%'3.,54.,''4%9,'4+ .+&(A+A% (/I,'453$%.4'.,-B=.?ZZ[2=.!'.

*,3 . %$' . (4' . ;44% . 4O)-$54+ . E*4'*45 .!"#$%&'##". 0$-&I,- . 69',%'3 . *,"4.

!%854,34+.MNN<.)5$+98'!$%.!%.,.6,%%45.3!6!-,5.'$.?-(,%#+B

M!"4%.'*4!5.5!8*.$9'45.646;5,%4.)5$'4!%./GNI2.8$6)$3!'!$%=.MNN<.,54.,%.

,''5,8'!"4.64'*$+.:$5.+4-!"45(.$:.'*434.)5$'4!%.,%'!>4%3B.0*454.,54.'E$.6,!%.

,+",%',>43 . $"45 . 548$6;!%,%'-(&4O)54334+ . )5$'4!%&;,34+ . ",88!%43S . :!53'-(=.

GNI= .E*!8* . ,54 . 939,--( . +!::!89-' . '$ . 4O)5433 . 548$6;!%,%'-( . +94 . '$ . '*4!5.

*!>*-(.*(+5$)*$;!8.'5,%3&646;5,%4.+$6,!%3=.,54.+4-!"454+.$%.'*4.MNN<.

395:,84.,%+.8$5548'-(.4O)$34+.!%.'*4!5.%,'95,-.8$%:$56,'!$%./]45%,+,8.4'.,-B=.

W[[h2o.348$%+-(=.,.-,5>4.%96;45.$:.)5$'4!%.,%'!>4%3.,54.+4-!"454+.,3.,.3!%>-4.

+$34.'$.>4%45,'4.,.6$54.5$;93'.!669%4.543)$%34./Y--!3=.H4!6,%=.n.b94*%=.

?ZWZo.]-,%+45.n.N4+R*!'$"=.?ZZ_2B

0*4.,%'!>4%!8.8$6)$3!'!$%.$:.'*4.MNN<.8,%.,-3$.;4.,-'454+.,%+.$)'!6!34+.

'*5$9>*.>4%4'!8.6$+!:!8,'!$%B.D,5!,;-4.,%+.*!>*-(.!669%$>4%!8.8$6)$%4%'3.

8,% . ;4 . +$E%54>9-,'4+= . 8$%345"4+ . ,%'!>4%3 . 8,% . ;4 . 9)54>9-,'4+= . ,%+.

+4'$O!:!8,'!$%.$:.'*4.HI1.8,%.;4.,8*!"4+B.`$5.,.+4',!-4+.+4385!)'!$%.$:.'*434.

6$+!:!8,'!$%3=.)-4,34.54:45.'$.a*,)'45.XB

WZ



SW`*/<@C*5>;*0Yc=69<M=C*7V*JE7c=69

0*4.$"45,-- .,!6.$:.'*!3.)5$748'.E,3.'$.>4%45,'4.,%+.8*,5,8'45!34.,.;5$,+&

3)48'596.",88!%4.,>,!%3'.%$%&'()*$!+,- .!"#$%&'##". /#012. ;,34+.$%.$9'45.

646;5,%4 . ),5'!8-43= . $5 . MNN<B . 0*!3 . ,!6 . E,3 . +!"!+4+ . !%'$ . +!::454%'.

$;748'!"43S

WB M4%45,'!$% . $: . MNN< . :5$6 . +!::454%' . #01 . 345$",53 . ,%+ . '*4!5.

$)'!6!3,'!$% . :$5 . )5$'4!% . ,%'!>4% . +4-!"45(= . ;( . $"458$6!%> . '*4.

345$3)48!:!'( . !%*454%' . '$ . '*4 . G . ,%'!>4% . ,%+ . '*4 . 54,8'$>4%!8!'(.

,33$8!,'4+.E!'*.HI1.4%+$'$O!%=.'*4.+4',!-3.$:.E*!8*.,54.+!389334+.!%.

a*,)'45.XB

?B a*,5,8'45!3,'!$%.$:.'*4.)5$'4$6!8.8$%'4%'.$:.#01.MNN<.!%.$5+45.

'$ . !+4%'!:( . '*4 . )5$'4!% . ,%'!>4%3 . )5434%' . !% . MNN<= . E*!8* . !3.

+!389334+.!%.a*,)'45.@B

XB <3343364%' . $: . '*4 . ,;!-!'( . $: .#01 .MNN<. '$ . 4-!8!' . ,% . !669%4.

543)$%34 . !% . 6!84= . ;$'* . *96$5,- . ,%+ . 84--&64+!,'4+= . ,%+.

+4'456!%,'!$%.$:.E*4'*45.'*!3.543)$%34.!3.54,8'!"4.,85$33.#01=.'*4.

5439-'3.$:.E*!8*.,54.+4385!;4+.!%.a*,)'45.gB

@B Y",-9,'!$% . $: . '*4 . ,;!-!'( . $: . #01 .MNN< . '$ . >4%45,'4 . , . 85$33&

)5$'48'!"4 . !669%4 . 543)$%34 .93!%> .,% .,89'4 .6$+4- .$: .!"#$%&'##"(

!%:48'!$%.!%.6!84=.E*!8*.!3.+4385!;4+.!%.a*,)'45._B

1$.:,5.%$.$'*45.;5$,+&3)48'596.MNN<&;,34+.",88!%43.*,"4.;44%.+4385!;4+.

!%.'*4.-!'45,'954=.3$.'*!3.54)5434%'3.,.%$"4-.,))5$,8*.!% .!"#$%&'##". ",88!%4.

+4"4-$)64%'B

WW



3A5F9=E*O*

.59=E<58C*5>;*.=9A7;C

.59=E<58C

\%-433.$'*45E!34.3','4+=.8*46!8,-3.,%+.54,>4%'3.E454.$;',!%4+.:5$6.1!>6,&

<-+5!8*B

2569=E<58*C9E5<>C

0*4.;,8'45!,-.3'5,!%3.934+.,%+.69',%'3.854,'4+.,54.+4385!;4+.!%.0,;-4.WB

J85C@<;C

0*4.)-,36!+3.934+.,54.+4385!;4+.!%.0,;-4.?B

#>569<M59<7>*7V*G=>=*1/-6*Z<9A*87>G*J3&*FE7;D69

0*4.9)3'54,6.,%+.+$E%3'54,6.54>!$%3.$:.)%#..E454.,6)-!:!4+.;(.Ia^.E!'*.

)5!6453.'$-^W.,%+.'$-^?.:$5.'*4.9)3'54,6.54>!$%.,%+.'$-^X.,%+.'$-^@.:$5.'*4.

+$E%3'54,6 . 54>!$% . /344 . 0,;-4 . X . :$5 . -!3' . $: . )5!64532= . E*!8* . 8$%',!%4+.

543'5!8'!$%.3!'43.,'.'*4.gT.,%+.XT.4%+./q;,L.,%+.Y8$^D.:$5.'*4.9)3'54,6.,%+.

Y8$^D.,%+.b)%L.:$5.'*4.+$E%3'54,6.54>!$%2=. '$.>4%45,'4.rgZZ&;,34.),!5.

/;)2 . -$%> . C#< . :5,>64%'3B . 0*434 . :5,>64%'3 . E454 . +!>43'4+ . E!'* . '*4.

543)48'!"4 . 543'5!8'!$% .4%R(64 ./^Y2 .,%+. -!>,'4+ . '$ ., .)54"!$93-(.q;,L .,%+.

b)%L&+!>43'4+.)]-94185!)'Wh./)]12./s!,>4%2.'$.>4%45,'4.,.)]1.8$%',!%!%>.

'*4.gZZ.;).9)3'54,6.,%+.+$E%3'54,6.54>!$%3.$:.)%#..E!'*.,.543'5!8'!$%.3!'4.

:$5.Y8$^D.!%.'*4.6!++-4./)]1'$-^gT'$-^XT2B.0*!3.)-,36!+.E,3.+!>43'4+.E!'*.

Y8$^D.,%+ . -!>,'4+ . '$ . , . K,%,6(8!% . 543!3',%84 . 8,334''4 . /2"&52 . )54"!$93-(.

,6)-!:!4+.:5$6.)\a@b./0,(-$5.n.^$34=.W[hh2.E!'*.)5!6453.'$-^g.,%+.'$-^_.

/0,;-4.X2=.8$5543)$%+!%>.'$.'*4.3,64.Y8$^D.3!'43.,'.;$'*.'*4.gT.,%+.XT.4%+=.

WX



,%+.+!>43'4+.E!'*.^Y= . '$ .>4%45,'4 .,.)-,36!+ .8$%',!%!%>. '*4.gZZ.;) .)%#.(

9)3'54,6.54>!$%=.'*4 .2"&5. 8,334''4=.,%+.'*4.gZZ.;) .)%#..+$E%3'54,6.54>!$%.

/)]1.'$-^gT.K,%5. '$-^XT2B .0*!3.)-,36!+.E,3. -!%4,5!34+.E!'*.,%.^Y.,%+.,.

-!%4,5.C#<.:5,>64%'.E,3.,6)-!:!4+.;(.Ia^.E!'*.)5!6453.'$-^W.,%+.'$-^@.'$.

(!4-+ . '*4 . C#< . :5,>64%' . '$-^gT2"&5'$-^XTB . Wt> . $: . '*!3 . :5,>64%' . E,3.

4-48'5$)$5,'4+ . !%'$ .!-. 0()*!695!96.H0?= .!-. 0()*!695!96.1HWX@@ .$5 .!-(

Y%'45!'!+!3.IW?gWZ[.4O)5433!%>.'*4.)*,>4.λ.54+.*$6$-$>$93.548$6;!%,'!$%.

3(3'46.4%8$+4+.;(.)-,36!+.)<eC@X@=.,%+.69',%'3.E*454.'*4.)%#.(>4%4.*,+.

;44%.54)-,84+.E!'*.'*4 .2"&5. 8,334''4./Δ)%#.BB2"&52.E454.34-48'4+.$%.H95!,&

]45',%!./H]2.)-,'43.8$%',!%!%>.?gt>m6H.K,%,6(8!%B.M4%4.54)-,8464%'.E,3.

8$%:!564+.;(.Ia^.,6)-!:!8,'!$%.$:.'*4.>4%$6!8.C#<.$:.'*4.69',%'.8$-$%!43.

93!%> . )5!6453 . '$-^i . ,%+ . '$-^h . /0,;-4 . X2 . ,%%4,-!%> . 9)3'54,6 . ,%+.

+$E%3'54,6.$:.)%#.B

#>569<M59<7>*7V*78,9+G=>=*Z<9A*CA7E9*J3&*FE7;D69

L%,8'!",'!$%.$:./0"1.;(.Ia^.E,3.+$%4.,3.+4385!;4+.!%/C,'34%K$.n.F,%%45=.

?ZZZ2B .0*4 .8*-$5,6)*4%!8$-&543!3',%84 .>4%4. /,")2 .E,3 .,6)-!:!4+ .;(.Ia^.

:5$6.)bCX.93!%>.)5!6453.E;,IW.,%+.E;,I?./0,;-4.X2=.E*!8*.8$%',!%4+.@g.

;).4O'4%3!$%3. '*,' .E454.*$6$-$>$93. '$.'*4.54>!$%3.,+7,84%' .'$. '*4 ./0"1(

>4%4.!% .!-. 0()*!695!96.,%+ .!-. Y%'45!'!+!3B.Wt>.$:.'*4.Ia^.)5$+98'.E454.

'*4%.'5,%3:$564+.!%'$.4-48'5$8$6)4'4%'.3'5,!%3.4O)5433!%>.'*4.)*,>4 .λ. 54+.

548$6;!%,34.4%8$+4+.$%.)1LNWh.,%+.3988433:9-.'5,%3:$56,%'3.E*454./0"1(

E,3 . 54)-,84+ . :$5 .,"). /Δ/0"1BB,")2 . 34-48'4+ . $% . H] . )-,'43 . 8$%',!%!%>.

8*-$5,6)*4%!8$-B .M4%4 .+4-4'!$%.E,3.8$%:!564+ .;(.Ia^.38544%!%> .$: . '*4.

>4%$6!8 .C#<.$: . '*4 .69',%' .8$-$%!43 .93!%> .)5!6453 .E;,IX .,%+.E;,I@=.

E*!8*.,%%4,-4+.9)3'54,6.,%+.+$E%3'54,6.$:./0"1B

W@



(5Y8=*SW*2569=E<58*C9E5<>C*DC=;*<>*9A<C*C9D;[W

2569=E<58*C9E5<> +=C6E<F9<7> '7DE6=
!-.0()*!695!96.3'5,!%.H0? <''4%9,'4+.3'5,!%B #$",5'!3 .N,3'45 .a9-'954 .a$--48'!$%.

/N8a-4--,%+.4'.,-B=.?ZZW2

!-.0()*!695!96.3'5,!%.1HWX@@ D!59-4%'.3'5,!%B F01L./9%)9;-!3*4+o.#a]L.^4:.14JS.

#auZZXW[iBW2

!-.0()*!695!96.3'5,!%.Ng?g N$+45,'4-(."!59-4%'.3'5,!%B F01L./c$56,48*4=.W[i[2

!-.Y%'45!'!+!3.I0@.3'5,!%.IW?gWZ[ ]5$,+.*$3'.5,%>4B F01L./0*$63$%.4'.,-B=.?ZZh2

?-.8$-!.Na@WZZ.2")CDEBB8&DF a$%',!%3.'4'5,8(8-!%4.543!3',%84.!%.0%WZB F01L ./]5$,+;4%'= . C,"!43= . n . ",%.

+45.F$9+4=.?ZWZ2

!-(0()*!695!96.H0?Δ)%#.BB2"& MNN<.$"45)5$+98'!$% 0*!3.3'9+(

!-.0()*!695!96.1HWX@@Δ)%#.BB2"& MNN<.$"45)5$+98'!$% 0*!3.3'9+(

!-.0()*!695!96.1HWX@@Δ/0"1BB,") H,8K3.G,>.4O)5433!$% 0*!3.3'9+(

!-.0()*!695!96.1HWX@@Δ)%#.BB2"&Δ/0"1BB,") MNN<.$"45)5$+98'!$%o.-,8K3.G,>.4O)5433!$% 0*!3.3'9+(
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'$-^W CTAGTCTAGAGCCATCATTATCCAGCGAAC
'$-^? AGCTTGATATCGGCTTACCCCTTGTTGCTTTC
'$-^X AGCTTGATATCAGTCTGCGTCCCGTTGGCTT
'$-^@ CCGGGTACCGTTGCGCCAGTTTTGCCGCT
'$-^g AGCTTGATATCAAAGCCACGTTGTGTCTCAAAATCTC
'$-^_ AGCTTGATATCTGAGGTCTGCCTCGTGAAGAAG
'$-^i CGCCGCTGCGCGTGAGGCGG
'$-^h CCGCTTTCTTCTTCGCGTCC
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D!,;-4.8$9%'3.E454.)45:$564+.;(.)-,'!%>.gZt-.$: .WZZ= .WZ&W= .WZ&?. ,%+.WZ&X.

+!-9'!$%3.$:.*$6$>4%,'4.$%.H].,>,5B

2569=E<58*=>D@=E59<7>*<>*Y877;

?@
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3$:'E,54 . /]C . ]!$38!4%8432 . E454 . 934+B . `$5 . 4,8* . 3,6)-4 . WZ=ZZZ&?Z=ZZZ.
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:-,%K4+ .;(.gZ .;) .$: .*$6$-$>( . '$ . '*4 . :-,K!%> . 54>!$%3 .$: . '*4 .>4%4 . '$ .;4 .+4-4'4+B .λ. ^4+.

548$6;!%,'!$%.)5$'4!%3.,54.4O)54334+.:5$6.,.λ.^4+.)-,36!+=.398*.,3.)<eC@X@.$5.)1!6&Wh=.
,%+ . 4%,;-4 . '*4 . 548$6;!%,'!$% . $: .<;5 . !%'$ . '*4 . 8*5$6$3$64 . '$ . 54)-,84 . '*4 . ',5>4' . >4%4B.

^48$6;!%,%'3.,54.34-48'4+.$%.,%'!;!$'!8.)-,'43B.<+,)'4+.:5$6./b,5-!%34(=.?ZZi2B

0*4.>4%45,'!$%.$:.,.)$'4%'!,--(.;5$,+&3)48'596.!669%4.543)$%34.;(.MNN<.

E!--.54-(.$%.'*4.)5434%84.$:.,%'!>4%3.'*,'.,54.8$%345"4+.,85$33.345$",53B.G%4.

398*.4O,6)-4.!3.,.39;34'.$: .!"#$%&'##"($9'45.646;5,%4.)5$'4!%3=.'*4.!5$%&

54>9-,'4+ . $9'45 . 646;5,%4 . )5$'4!%3 . /L^GNI32= . E*!8* . ,54 . 4334%'!,- . :$5.

34J943'45!%> . !5$% . :5$6 . '*4 . 4%"!5$%64%' . '$ . 4%,;-4 . >5$E'* . ,%+ . 395"!",-.

/I,(%4= . W[hh2B . L^GNI3 . *,"4 . )54"!$93-( . 3*$E% . )5$'48'!$% . ,>,!%3' .!-(

XW



0()*!695!96 . ,%+ .!-. 0()*! . !%:48'!$% . !% . 695!%4 . 6$+4-3 ./1$$+= . ^!3*!=.

C*,E,%=.1*,56,=.n.M,%>9-(=.?ZZg2B.0*4.4O)5433!$%.$:.L^GNI3.!3.!%+984+.

;(.!5$%.-!6!','!$%.+&(A+A%=.;9'.'*434.8$%+!'!$%3.8,%.;4.54854,'4+.+&(A+)*%.E!'*.

'*4.934.$:.,%.!5$%&8*4-,'!%>.54,>4%'=.398*.,3.;!)(5!+(- ./^,;38*.4'.,-B=.?ZZXo.

c,%'K4=.#!8*$-3$%=.^,;38*=.n.F!%K4-6,%%=.?ZZX2B.\3!%>.'*!3.3'5,'4>(=.E4.

*()$'*43!34+ . '*,' . '*4 . 4O)5433!$% . $: . L^GNI3 . E$9-+ . ;4 . !%854,34+ . $%.

!"#$%&'##". MNN<.E!'* . '*4.,!6.$: . !%854,3!%>. '*4 .,;!-!'( .$: .MNN<.'$.

)5$'48'.,>,!%3'.*4'45$-$>$93.!%:48'!$%B

_WO*,=>=E59<7>*7V*!,-./0*--,*Δ 1/-6*@D95>9C

0*4.4%'!54 .)%#.. 8$+!%>.34J94%84.E,3.+4-4'4+.!% .!-. 0()*!695!96.H0?.,%+.

54)-,84+ .E!'* . , . K,%,6(8!%&543!3',%84 . 8,334''4 . /2"&*2 . 93!%> . )*,>4 .λ. 54+.

548$6;!%,'!$%./+4385!;4+.!%.348'!$%.XBW2.'$.>4%45,'4 .!-. 0()*!695!96.H0?.

Δ'%#.BB2"&*( /H0?Δ)%#.2B . 0*4 . +4-4'!$% . $: .)%#. (E,3 . 8*48K4+ . ;( . Ia^.

,6)-!:!8,'!$% . $: . >4%$6!8 .C#< . :5$6. '*4 .69',%' . 8$-$%!43 . 93!%> . )5!6453.

,%%4,-!%>.9)3'54,6.,%+.+$E%3'54,6.$:.'*4.54>!$%3',5>4'4+.:$5.*$6$-$>$93.

548$6;!%,'!$%B .0*4.Ia^.)5$+98'3.$;',!%4+.E454.rW=_ZZ.;).:$5.H0?.E!-+.

'()4.,%+.r?=@ZZ.:$5.H0?.Δ)%#.BB2"&*.69',%'3=.8$5543)$%+!%>.'$.'*4.i?Z.;).

+!::454%84.;4'E44%.)%#../@hZ.;)2.,%+.2"&*./W=?Z[.;)2./`!>B.?2B

X?



4<GDE=*OB.1/-6+;=8=9<7>*<>*!5*([FA<@DE<D@*Z5C*67>V<E@=;*Y[*J3&W.<.Ia^.54,8'!$%.E!'*.

)5!6453.,%%4,-!%>.9)3'54,6.,%+.+$E%3'54,6.$:.)%#.(E,3.8,55!4+.$9'.E!'*.H0?.E!-+.'()4.,%+.

H0?*Δ)%#.BB2"&*.>4%$6!8.C#<.,%+.>4%45,'4+.W=_ZZ.;)&-$%>.,%+.,.?=@ZZ.;)&-$%>.)5$+98'3=.

543)48'!"4-(=.8$%:!56!%>.'*4.39;3'!'9'!$%.$:.)%#.*/@hZ.;)2.E!'*.2"&*./W=?Z[;)2.!%.'*4.69',%'B

)%#..+4-4'!$%.69',%'3.$:.!-.0()*!695!96.1HWX@@.,%+.!-.Y%'45!'!+!3.IW?gWZ[.

E454.,-3$.>4%45,'4+.;(.54)-,8!%>.)%#.(E!'*.2"&..93!%>.'*4.3,64.-$%>.C#<.

:5,>64%' . 8$%',!%!%> . gZZ . ;) . *$6$-$>$93 . 54>!$%3= . ,3 . '*4 .)%#.. 8$+!%>.

34J94%84.,%+.:-,%K!%>.54>!$%3.,54.*$6$-$>$93.,85$33 .!"#$%&'##"('&)'*+,"(

3)48!43B.0$.+4'456!%4.E*4'*45.'*4.Δ)%#..69',%'3.54-4,34+.!%854,34+.,6$9%'3.

$:.MNN<.54-,'!"4.'$.E!-+.'()4.3'5,!%3=.'*434.3'5,!%3.E454.>5$E%.!%.H].'$.

4,5-( . -$> . )*,34 . /ZBg . GC_ZZ2 . ,%+ . '*4 . )5$'4!% . 8$%'4%' . $: . '*4 . 89-'954.

39)45%,',%'3.E,3.0a<&)548!)!','4+.,%+.,%,-(34+.;(.1C1&I<MY./`!>B .X@(

,%+.G2B.<.-,5>4.%96;45.$:.)5$'4!%.;,%+3.E454."!3!;-4.!%.'*4.39)45%,',%'.$:.

H0?Δ)%#. (,%+ .IW?gWZ[Δ)%#.= .E!'* . '*4 .6$3' . !%'4%34 .;,%+3 . :$9%+ . !% . '*4.

XiKC,.54>!$%B.G%-(.,.36,--.%96;45.$:.;,%+3.E454.)5434%'.!%.'*4.39)45%,',%'.

$:.'*4.E!-+.'()4.3'5,!%=.,.-!K4-(.5439-'.$:.)5$'4!%3.34854'4+.+95!%>.>5$E'*=.

!%8-9+!%> . %,'95,--( . 54-4,34+ . MNN<= .,%+. '*$34 . $5!>!%,'!%> . :5$6 . 84-- . -(3!3B .N,33.

3)48'5$64'5(.,%,-(3!3.8$%:!564+.'*,'.3$64.$:.'*4.6$3'.!%'4%34.;,%+3.!%.'*4.

H0?Δ)%#.. 39)45%,',%' . 8$5543)$%+4+ . '$ . 3$64 . $: .!- (0()*!695!96 . $9'45.

646;5,%4.)$5!%3=.398*.,3.G9'45.N46;5,%4.I5$'4!%.<.$5.a./`!>B.X@2B.0$.

XX



"45!:(.'*,'.'*4.!%854,34+.)5$'4!%.E,3.-!K4-(.+94.'$.'*4.54-4,34.$:.MNN<=.E4.

)95!:!4+ . '*4 . MNN< . :5$6 . '*4 . 39)45%,',%' . $: . 1HWX@@Δ)%#.. ;(.

9-'5,84%'5!:9>,'!$%B.F4.$;',!%4+.,.'5,%3-984%'.)4--4'=.E*!8*.E,3.54393)4%+4+.

!% . I]1 . ,%+ . ,%,-(34+ . ;( . '5,%36!33!$% . 4-48'5$% . 6!85$38$)(= . 54"4,-!%>.

*$6$>4%4$93.3)*45!8,-.),5'!8-43.,;$9'.@Z.%6.!%.3!R4./`!>B.XH2B

B.
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4<GDE=*_W*!5*([FA<@DE<D@*5>;*!5*%>9=E<9<;<C*1/-6*;=8=9<7>*@D95>9C*9A59*A5M=*<>6E=5C=;*

,../*FE7;D69<7>W. a9-'954 . 39)45%,',%'3 . $: . /@2 .E!-+ . '()4 . /H0? .E'2 . ,%+ .)%#.. 69',%'.

/H0?Δ)%#.2 . $: .!B . 0()*!695!96 . H0? . $5 . /G2 . E!-+ . '()4 . /IW?gWZ[ .E'2 . ,%+ .)%#.. 69',%'.

/IW?gWZ[Δ)%#.2.$:.!B.Y%'45!'!+!3.IW?gWZ[.E454.)548!)!','4+.E!'*.0a<.,%+.WZ.t>.$:.)5$'4!%.

E454.34),5,'4+.$%.,.W?A.1C1&I<MY.,%+.3',!%4+.E!'*.a$$6,33!4.]-94B.1$64.$:.'*4.6,!%.

;,%+3 .E454 . !+4%'!:!4+ . ,3 . $9'45 .646;5,%4 . )5$'4!%3 .< . /G6)<2 . ,%+ .a . /G6)a2 . ;( .6,33.

3)48'5$64'5(B . /H2 . H0?Δ)%#.. MNN< .E454 . *,5"43'4+ . :5$6 . '*4 . 89-'954 . 39)45%,',%'3 . ;(.

9-'5,84%'5!:9>,'!$%= . :!O4+ .$"45%!>*' . !% .?BgA.>-9',5,-+4*(+4 . !% .I]1= .)54),54+. :$5 .%4>,'!"4.

3',!%!%>=.,%+."!4E4+.;(.'5,%36!33!$%.4-48'5$%.6!85$38$)(B.],5.38,-4.!3.WZZ%6B

_W_*+=8=9<7>*7V*0*5>9<G=>*<> *!,-./0*--,* 7M=EFE7;D6<>G1

@D95>9C

F!'*.'*4.,!6.$:.,;5$>,'!%>.'*4.4O)5433!$%.$:.'*4.G,>.!%.!"#$%&'##"(MNN<=.

E4 . +4-4'4+ . '*4 . >4%4 ./0"1. /L-> . 4' . ,-B= . ?ZZ[o .F,%> . 4' . ,-B= . W[[_2. !% .!B.

0()*!695!96.1HWX@@ .,%+ .!- (Y%'45!'!+!3 .IW?gWZ[ .Δ)%#.. 69',%'3B .1'5,!%3.

4O)5433!%>.)*,>4.λ.54+.548$6;!%,34.E454.'5,%3:$564+.E!'*.,.Ia^.)5$+98'.

/+4385!;4+. !% .348'!$%.XBW2 . '$ .>4%45,'4 .!"#$%&'##". Δ)%#.BB2"&*Δ/0"1BB,")*(

+$9;-4.69',%'3./1HWX@@Δ)%#.Δ/0"1.,%+.IW?gWZ[Δ)%#.Δ/0"12B.1988433:9-.

548$6;!%,'!$% . ,%+ . 39;3'!'9'!$% . $: ./0"1. :$5 .,")*. E,3 . 8*48K4+ . ;( . Ia^.

,6)-!:!8,'!$%.93!%>.>4%$6!8.C#<.$:.'5,%3:$56,%'.8$-$%!43./`!>B.@@2B.0*!3.

3*$E4+., .3*$5'45 .Ia^.)5$+98' . !% . '*4.69',%' .3'5,!%.54-,'!"4. '$ .E!-+. '()4.

/rW=@ZZ.;).,%+.W=hZZ;)=.543)48'!"4-(2B

0*4.,;34%84.$:.G,>.4O)5433!$%.!%.Δ/0"1.69',%'3.E,3.8$%:!564+.;(.3!-"45&

3',!%4+.1C1&I<MY.>4-3.$:.HI1.4O'5,8'4+.:5$6.E!-+.'()4.,%+./0"1.69',%'3.

/`!>B.@G2B.14%3!'!"!'(.,33,(3.E!'*.)*,>4.I??=.E*!8*.!3.G,>&3)48!:!8= .E454.

Xg



,-3$.8,55!4+.$9'.$%(!B.0()*!695!96.3'5,!%3.,%+.3*$E4+.'*,'.!-(0()*!695!96.

Δ)%#.Δ/0"1. E,3 . 543!3',%' . '$ . I?? . !%:48'!$% . ,3 . 4O)48'4+= . 8$%:!56!%> . '*4.

,;34%84.$:.G,>./%$'.3*$E%2B.F4.,-3$.)95!:!4+.MNN<.:5$6.!-(0()*!695!96.

Δ)%#.Δ/0"1. /`!>B.@H2.,%+ .!-. Y%'45!'!+!3 .Δ)%#.Δ/0"1. /5439-'3.%$'.3*$E%2.

,%+.,%,-(34+.'*4!5.G,>.8$%'4%'.;(.E43'45%.;-$''!%>.E!'*.,%'!&GS@=g.,%+.,%'!&

GS[.,%'!;$+(=.543)48'!"4-(=.'$.3*$E.'*,'.'*4(.+!+.%$'.8$%',!%.,%(.+4'48',;-4.

G,>=.8$6),54+.'$.MNN<.:5$6.3!%>-4.Δ)%#..69',%'3B

4<GDE=*`W*+=8=9<7>*7V *78,9* G=>=E59=C+ !,-./0*--,*@D95>9C*856X<>G*0*5>9<G=>W. /@2.Ia^.

,6)-!:!8,'!$%.E!'*.)5!6453.,%%4,-!%>.9)3'54,6.,%+.+$E%3'54,6.$:.+4-4'4+.54>!$%.>4%45,'4+.

Ia^.)5$+98'3.E!'*.W=hZZ;).:$5.E'.,%+.rW@ZZ;).:$5.Δ/0"1./G2.HI1.E,3.4O'5,8'4+.:5$6.E!-+.

'()4 .!-. 0()*!695!96.1HWX@@ ./!-06.E'2= .!-. 0()*!695!96.1HWX@@Δ/0"1. /!B06Δ/0"12=.
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E!-+.'()4.!-.Y%'45!'!+!3.IW?gWZ[./!-Y%.E'2=.,%+.!-.Y%'45!'!+!3.IW?gWZ[Δ/0"1(/!BY%Δ/0"12=.

34),5,'4+.;(.WZA.1C1&I<MY.,%+.3!-"45&3',!%4+=.8$%:!56!%>.'*4.-,8K.$:.G.,%'!>4%.4O)5433!$%.

!% .Δ/0"1. 3'5,!%3B . /H2 .MNN<.:5$6.1B .0()*!695!96.1HWX@@Δ)%#.. ,%+ .1B .0()*!695!96.

1HWX@@Δ)%#.Δ/0"1.E454.34),5,'4+.;(.W?A.1C1&I<MY.,%+.'5,%3:4554+.$%'$.,.%!'5$84--9-$34.

646;5,%4.:$5.)5$;!%>.E!'*.,%'!&GS@=g=.8$%:!56!%>.'*4.,;34%84.$:.G,>.!% .!-. 0()*!695!96.

1HWX@@Δ)%#.Δ/0"1.MNN<./1B06Δ)%#.Δ/0"12B

_W`*,=>=E59<7>*7V*!,-./0*--,*Δ.:8;*@D95>9C

F!'*.'*4.,!6.$:.54+98!%>.HI1.54,8'$>4%!8!'(= .E4.+4-4'4+. '*4 .$40G. >4%4.

/b!6.4'.,-B=.?ZZ[o.H44.4'.,-B=.?ZZ[2.!%.!-.0()*!695!96.93!%>.,.Ia^.)5$+98'.

E!'* . gZ;) . *$6$-$>( . '$ . '*4 .$40G. :-,%K!%> . 54>!$%3 . '*,' . 8$%',!%4+ . ,.

'4'5,8(8-!%4.543!3',%'./0852.4-464%'=. .)').@=.,%+.934+.!'.'$.54)-,84.$40G. :$5.

)').@./C,'34%K$.n.F,%%45=.?ZZZo.b,5-!%34(=.?ZZi2.,3.+4385!;4+.!%.348'!$%.

XBWB . 0*4 . >4%45,'!$% . $: . , . '5!)-4 .69',%' . 3'5,!% .!-. 0()*!695!96 . 1HWX@@.

Δ)%#.BB2"&*Δ/0"1BB,")*Δ$40GBB)').@. /1HWX@@Δ)%#.Δ/0"1Δ$40G2 . E,3.

8$%:!564+.;(.Ia^.,%,-(3!3B.05,%3:$56,%'.8$-$%!43.>4%45,'4+.)5$+98'3.'*,'.

E454.rX=gZZ.;).-$%>=.8$5543)$%+!%>.'$.)').@./W=[WZ.;)2.,%+.$40G(:-,%K!%>.

54>!$%3./W=gig.;).'$',-.9)3'54,6.,%+.+$E%3'54,62=.8$6),54+.'$.E!-+.'()4.

C#<.)5$+98'3.'*,'.E454.r?=gZZ.;).-$%>=.8$5543)$%+!%>.'$ .$40G. /[i?.;)2.

,%+.$40G.:-,%K!%>.54>!$%3./W=gig.;)2./`!>B.g2B

Xi



4<GDE=*PW*37>C9ED69<7>*7V*5*.:8;+;=8=9<7>*@D95>9*7V*!5*([FA<@DE<D@*'-S_``*Δ 1/-6*5>;*

Δ 1/-6Δ78,9W. C4-4'!$% . $: .$40G. ,%+ . 39;3'!'9'!$% . E!'* .)').@ (!% .!-. 0()*!695!96 . E,3.

8$%:!564+.;(.Ia^.93!%>.)5!6453.,%%4,-!%>.9)3'54,6.,%+.+$E%3'54,6.$:.$40G(54>!$%=.E*!8*.

3*$E4+ . , .r?=gZZ .;)&-$%> .)5$+98' . :$5 .E!-+ . '()4 . /E'2 . ,%+ ., .rX=gZZ .;)&-$%> .)5$+98' . :$5 .

$40GBB)').@B

_WP*,=>=E59<7>*7V*,../*D>;=E*87Z*4=Og*67>;<9<7>C*

F4 . !3$-,'4+ . MNN< . $5!>!%,'!%> . :5$6 . '*4 . +!::454%' . 69',%'3 . $: . 1B.

0()*!695!96./Δ)%#.=.Δ)%#.Δ/0"1=.Δ)%#.Δ/0"1Δ$40G2.,%+.8$6),54+.'*4!5.

)5$'4!%.8$%'4%'.;(.1C1&I<MY./`!>B._= .#'<)(:"&'#2B.0*4.)5434%84.$:.G,>.!%.

Δ)%#.. MNN<.34464+.'$. !%'45:454.E!'*.)5$'4!%.34),5,'!$%= .,3. '*4.)5$'4!%.

;,%+3 . 3*$E4+ . 54+984+ .6$;!-!'( .8$6),54+ . '$ . '*4 .$'*45 . 'E$ .69',%'3 .,%+.

!%+!"!+9,-.;,%+3.E454.%$'.+!3'!%8'.!%.'*4.Xi&ig.KC,.54>!$%B.L%.MNN<.:5$6.

Δ)%#.Δ/0"1Δ$40G=.E4.$;345"4+.,.54+98'!$%.!%.'*4.!%'4%3!'(.$:.$%4.$:.'*4.

$9'45.646;5,%4.)$5!%3./,5$9%+.XiKC,2=.-!K4-(.$9'45.646;5,%4.)5$'4!%.<.

Xh



/G6)<2=.!%+!8,'!%>.'*,'.'*4.!%'5$+98'!$%.$:.8969-,'!"4.69','!$%3.>,"4.5!34.

'$.6!%$5.8*,%>43.!%.'*4.8$%'4%'.$:.'*4.MNN<B.

L%.$5+45.'$.!%854,34.'*4.4O)5433!$%.$:.L^GNI3./^,;38*.4'.,-B=.?ZZXo.c,%'K4.

4' . ,-B= . ?ZZX2= . E*!8* . ,54 . *!>*-( . 8$%345"4+ . ,85$33 .!"#$%&'##" ( '&)'*+," (

345$",53=.E4.89-'954+.'*4 .!B .0()*!695!96.MNN<&$"45)5$+98!%>.69',%'3.

9%+45.-$E.`4?l. 8$%+!'!$%3./H].!%.'*4.)5434%84.$:.?ZZ.tN.;!)(5!+(-2 .,%+.

,%,-(34+ . '*4 . )95!:!4+ .MNN<.;( . 1C1&I<MY . /`!>B . _= .*+63) ( :"&'#2B . <3.

4O)48'4+= . , . %96;45 . $: . ;,%+3 . E454 . 9)54>9-,'4+ . !% . '*4 . igKC, . 54>!$%.

/!%+!8,'4+.;(.,55$E32=.8$5543)$%+!%>.'$.'*4.4O)48'4+.3!R4.$:.'*4.!"#$%&'##"(

L^GNI3.a!5./i@KC,2=.L5$%#./ihKC,2.,%+.`4)<./hXKC,2B

X[



4<GDE=*QW*,=>=E59<7>*7V*,../*D>;=E*87Z*4=Og*67>;<9<7>C*DFE=GD859=C*9A=*=dFE=CC<7>*7V*
FE79=<>C * <> * 9A= *NPX+5*E=G<7>B . WZt>.$: .MNN<.)5$'4!% . :5$6.+!::454%' .!-. 0()*!695!96.
1HWX@@.69',%'3.>5$E%.9%+45.*!>*.`4?l. ,%+.-$E.`4?l. 8$%+!'!$%3.E454.34),5,'4+.$%.,.W?A.

1C1&I<MYB.\)&54>9-,'4+.)5$'4!%3.9%+45.-$E.`4?l.,54.!%+!8,'4+.;(.,55$E3B

@Z



_WQ*+<C6DCC<7>

F4.*,"4 . 3988433:9--( . >4%45,'4+ .MNN<. :5$6. 'E$ .+!::454%' . 345$",53 . $:.

#01= .!-. 0()*!695!96.,%+ .!-. Y%'45!'!+!3= .,%+.$)'!6!34+.'*46.:$5.)5$'4!%&

,%'!>4%.+4-!"45(.;(.+4-4'!%>.'*4.G,>B .<-'*$9>* .!"#$%&'##" (MNN<.*,"4.

)54"!$93-(.;44%.3'9+!4+.,%+.'*4!5.)$33!;-4.934.,3.",88!%43.39>>43'4+./<-,%!R.

4' . ,-B= . ?ZZi2= . '*!3 . !3 . '*4 . :!53' . '!64 . '*,' .G,> . !3 . +4-4'4+ .E!'* . '*4 . ,!6 .$:.

$"458$6!%>.,.)$33!;-4.345$3)48!:!8.!669%4.543)$%34B.`95'*456$54=.,%+.,3.,.

8$%3!+45,'!$%.:$5.'*4!5 .)$33!;-4.934.!%.*96,%3= .E4.*,"4.854,'4+.,% .$40G(

69',%' . '*,' . >4%45,'43 .MNN<.E!'* .)4%',&,8(-,'4+ .HI1= .E*!8* .*,3 .;44%.

54)$5'4+.'$.;4.-433.'$O!8.'*,%.'*4.E!-+&'()4.*4O,&,8(-,'4+.:$56B.F!'*.'*4.,!6.

$:.!%854,3!%>.'*4.)$33!;-4.>4%45,'!$%.$:.;5$,+&3)48'596.,%'!;$+!43.,>,!%3'.

MNN<.)5$'4!%3= .E4.*,"4.3988433:9--(.9)54>9-,'4+. '*4.4O)5433!$%.$:. '*4.

L^GNI3B . 0*!3 . 39;34' . $: . )5$'4!%3 . *,3 . )54"!$93-( . 3*$E% . '$ . >4%45,'4 . ,.

)5$'48'!"4 . 543)$%34.,>,!%3' .!"#$%&'##". !%:48'!$%.,%+.E4.*()$'*43!34 . '*,'.

'*4!5.$"454O)5433!$%.!%.'*4.MNN<.E!--.!6)5$"4.'*4.)5$'48'!"4.8,),8!'(.$:.

MNN<B

0*4.8*,5,8'45!3,'!$%.$:.'*4.MNN<.E4.*,"4.>4%45,'4+.,%+.+4385!;4+.!%.'*!3.

a*,)'45.!3.+4385!;4+.!%.'*4.:$--$E!%>.8*,)'453.$:.'*!3.I*BCB.'*43!3B

@W



3A5F9=E*`

JE79=7@<6 * 5>58[C<C * 7V *!,-./0*--,+
,../

`WS*#>9E7;D69<7>

F!'*.'*4.,!6.$:.8*,5,8'45!3!%>.'*4.)5$'4!%.8$%'4%'.$:.!"#$%&'##".MNN<=.E4.

8,55!4+.$9'.,.)5$'4$6!8.,%,-(3!3.$:.!-.0()*!695!96.1HWX@@.Δ)%#..MNN<.

93!%> . 'E$&+!64%3!$%,- . >4- . 4-48'5$)*$543!3 . /?C&MY2B . ?C&MY . )5$"!+43 . ,.

)$E45:9-.'$$-.!%.)5$'4$6!8.,%,-(3!3./M$5>=.F4!33=.n.C9%%=.?ZZ@2.,%+.!3.$%4.

$:.'*4.6$3'.8$66$%.,))5$,8*43.!%.'*4.,%,-(3!3.$:.MNN<.)5$'4!%.8$%'4%'3.

934+. '$ .+,'4 ./`455,5! . 4' .,-B= .?ZZ_o .]45-,%+, .4' . ,-B= .?ZZh2B .0*!3 . '48*%!J94.

4%,;-43 . '*4 . 34),5,'!$% . $: . 8$6)-4O . )5$'4!% . 6!O'9543 . ,88$5+!%> . '$ . )L=.

6$-489-,5 .E4!>*'= . 3$-9;!-!'(= . ,%+ . 54-,'!"4 .,;9%+,%84 ./M$5> .4' . ,-B= .?ZZ@2B.

I5$'4!%3.,54.!%!'!,--(.34),5,'4+.!%.'*4.:!53'.+!64%3!$%.;(.!3$4-48'5!8.:$893!%>=.

,%+ . '*4% . !% . '*4 . 348$%+&+!64%3!$% . E!'* . 1C1&I<MYB . G%4 . $: . '*4 .6,!%.

,+",%',>43.$:.?C&MY.!3.'*,'.,.6,).$:.!%',8'.)5$'4!%3.!3.$;',!%4+=.,%+.'*!3.

6,) . 8,% . ;4 . 934+ . '$ . 8$6),54 . )5$'4!% . 4O)5433!$% . -4"4-3 . 9%+45 . +!::454%'.

8$%+!'!$%3B

F4.*()$'*43!34.'*,'.'*4.)5$'4$6!8.,%,-(3!3.$:.!-.0()*!695!96.MNN<.E!--.

54"4,- . , . -,5>4 . %96;45 . $: . $9'45 . 646;5,%4 . ,%+ . )45!)-,36!8 . )5$'4!%3B.

a('$)-,36!8 .,%+. !%%45 .646;5,%4 .)5$'4!%3= .$% . '*4 .$'*45 .*,%+= .3*$9-+ .;4.

,;34%'.$5.)5434%'.!%."45(.36,--.,6$9%'3B.0*!3.E$9-+.;4.!%.,>54464%'.E!'*.

'*4.54-4,34.$:.MNN<.:5$6.'*4.$9'45.646;5,%4.$:.;,8'45!,B

@X



`WO * P_ * ,../ * FE79=<>C * Z=E= * <;=>9<V<=; * Y[ * 9Z71

;<@=>C<7>58*G=8*=8=69E7FA7E=C<C

0$.8*,5,8'45!34.'*4.8$%'4%'.$:.1B.0()*!695!96.1HWX@@.Δ)%#..MNN<=.E4.

34),5,'4+.WZt>.$5.?ZZt>.$:.MNN<.)5$'4!%3.;(.$%4&.,%+.'E$&+!64%3!$%,-.

>4- . 4-48'5$)*$543!3= . 543)48'!"4-(= . '$ . $;',!% . , . 8$6)54*4%3!"4 .6,) . $: . '*4.

MNN<.)5$'4$64./`!>B.W@.,%+.G2B.L%.'*4.$%4&+!64%3!$%,-.>4-=.E4.$;345"4+.

'E$.3'5$%>.;,%+3=.$%4.!%.'*4.XiKC,.54>!$%.,%+.,%$'*45.!%.'*4.XZKC,.54>!$%=.

-!K4-(.8$5543)$%+!%>.'$.'*4.6$3'.,;9%+,%'.)5$'4!%.$%.'*4 .!"#$%&'##". $9'45.

646;5,%4=.G6)<=.,%+.!'3.+4>5,+,'!$%.)5$+98'3B.F4.,-3$.*()$'*43!34+.'*,'.

G6)<.E,3.'*4.6$3'.!%'4%34.)5$'4!%.3)$'.!%.'*4.'E$&+!64%3!$%,-./?C2.>4-B.

4<GDE= *SW *!5* ([FA<@DE<D@*'-S_`` *Δ 1/-6* ,../*Z=E= * C=F5E59=;*Y[ *7>=1 *5>; *9Z71
;<@=>C<7>58 *G=8 *=8=69E7FA7E=C<CW. /@2 .WZt>.$: .MNN<.)5$'4!% .E454 . 34),5,'4+ . !% . , .WZA.
)$-(,85(-,6!+4.>4-.,%+.3',!%4+.E!'*.a$$6,33!4.]-94B./G2.?ZZ.t>.$:.MNN<.)5$'4!%3.E454.

:$8934+.$%.,.%$%&-!%4,5.)c.X&WZ.>5,+!4%'.,%+.34),5,'4+.$%.,.WZA.)$-(,85(-,6!+4.>4-B.M4-.

E,3 . 3',!%4+ .E!'* . a$$6,33!4 . ]-94B . 1)$'3 . E454 . )!8K4+ . ,%+ . !+4%'!:!4+ . ;( . )4)'!+4 . 6,33.

:!%>45)5!%'!%>.,%+.N<HCL&0G`.6,33.3)48'5$64'5(B

@@

" !



L%.$5+45.'$.$;',!%.'*4.!+4%'!'(.$:.4,8*.)5$'4!%.$%.'*4.?C&>4-= .E4.4O8!34+.

3)$'3 . "!3!;-4 . ,:'45 . a$$6,33!4 . 3',!%!%> . ,%+ . +!>43'4+ . '*46 .E!'* . '5()3!%B.

05()'!8.)4)'!+43.E454.,%,-(34+.;(.N<HCL&0G`.N1B.I5$'4!%.!+4%'!:!8,'!$%.

E,3 . 8,55!4+ . $9' . 93!%> . '*4 .)9;-!8-( . ,",!-,;-4 .!"#$%&'##". 34J94%843 . :5$6.

#a]LB.L:.6$54.'*,%.$%4.)5$'4!%.E,3.!+4%'!:!4+=.'*4.$%4.E!'*.'*4.6,'8*.'$.!-(

0()*!695!96 . H0? . E,3 . )!8K4+= . ,3 .!-. 0()*!695!96 . 1HWX@@ . E,3 . %$'.

,",!-,;-4.$%.'*4.+,',;,34.,'.'*4.'!64B.L:.,.6,'8*.E,3.%$'.:$9%+.!%.H0?.;9'.!%.

,.+!::454%' .!"#$%&'##".3'5,!%=.'*,'.3'5,!%.E,3.)!8K4+.!%3'4,+B.F4.,%,-(34+.,.

'$',- . $: . WW[ . 3)$'3 . ,%+ . E4 . E454 . ,;-4 . '$ . !+4%'!:( . i[ . $: . '*$34= . E*!8*.

8$5543)$%+4+.'$.gX.9%!J94.)5$'4!%3B.0*4.!+4%'!'(.$:.'*434.)5$'4!%3.8,%.;4.

:$9%+.!%.<))4%+!O.W.$:.'*!3.'*43!3B

<-'*$9>*.E4.E454.,;-4.'$.:!%+.6,%(.6,'8*43.'$.!-.0()*!695!96.>4%$643=.

3$64.3)48'5,.8$9-+.$%-(.;4.6,'8*4+.'$.!-.0()*!.>4%$643B.N$54$"45=.@Z.$:.

'*4.)!8K4+.3)$'3 . 546,!%3 .9%!+4%'!:!4+.4!'*45 .+94. '$ . -,8K.$: .)4)'!+4.6,33.

:!%>45)5!%'.6,'8*.$5.-,8K.$:.,.>$$+.J9,-!'(.3)48'596B.

`W_ * JE=;<69<>G * 9A= * CDY6=88D85E * 87658<C59<7> * 7V * ,../*

FE79=<>C

F4.*,+. !%!'!,--( .*()$'*43!34+. '*,' .!"#$%&'##" (MNN<.8$%',!%4+ ., . -,5>4.

%96;45.$:.$9'45.646;5,%4.,%+.)45!)-,36!8.)5$'4!%3.+94.'$.'*4.:,8'.'*4(.,54.

3*4+.:5$6.'*4.$9'45.646;5,%4B.0$.8$%:!56.'*!3=.E4.8,55!4+.$9'.,.)54+!8'!$%.

$:.'*4.39;84--9-,5.-$8,-!3,'!$%.:$5.4,8*.$:.'*4.gX.)5$'4!%3.!+4%'!:!4+.93!%>.

I1G^0;./d9.4'.,-B=.?ZWZ2./`!>B.?2B

0*4.,%,-(3!3.3*$E4+.,.6,7$5!'(.$:.$9'45.646;5,%4.,%+.)45!)-,36!8.)5$'4!%3.

/gXA2= . ,88$9%'!%> . :$5 . X@A . ,%+ . W[A . $: . '*4 . '$',- . )5$'4!%3 . ;( . !+4%'!'(= .

543)48'!"4-(B.F4.,-3$.!+4%'!:!4+.3$64.)54+!8'4+.4O'5,84--9-,5.)5$'4!%3./@A2=.

@g



8('$)-,36!8 .)5$'4!%3 . /?gA2= .,%+ .3$64 .E!'* .9%K%$E%. -$8,-!3,'!$%. /WiA2B.

<-'*$9>*.E4.!+4%'!:!4+.6$54.8('$)-,36!8.)5$'4!%3.'*,%.!%!'!,--(.,%'!8!),'4+.

:$5.,.MNN<.3,6)-4= .E4.4O)48' . '*,' . '*434.)5$'4!%3 .,54 .)5434%' . !%.36,-- .

,6$9%'3.,%+.,54.,.5439-'.$:.84--.-(3!3.,%+.%$'.$:.+!548'.,33$8!,'!$%.E!'*.'*4.

MNN<B.0*434.MNN<.:5$6.!-.0()*!695!96.1HWX@@.*,+.;44%.>4%45,'4+.

!%.,.5!8*.(4,3'.64+!,.,%+.*,5"43'4+.!%.3','!$%,5(.)*,34=.'*93.!%854,3!%>.'*4.

-!K4-!*$$+.$:.84--.-(3!3.,%+.8('$)-,36!8.8$%',6!%,'!$%B

4<GDE=*OW*'W*([FA<@DE<D@ *Δ1/-6*,../*67>95<>*5*85EG=*>D@Y=E*7V*7D9=E*@=@YE5>=*

5>;*F=E<F85C@<6*FE79=<>CW*!-.0()*!695!96.Δ)%#..MNN<.)5$'4!%3.E454.!+4%'!:!4+.;(.6,33.
3)48'5$64'5(.,%+.'*4!5.39;84--9-,5.-$8,-!3,'!$%.E,3.)54+!8'4+.93!%>.I1G^0;./d9.4'.,-B=.?ZWZ2B

`W`*+<C6DCC<7>

0*4.)5434%84.$:.,.-,5>4.%96;45.$:.$9'45.646;5,%4.,%+.)45!)-,36!8.)5$'4!%3.

8$%:!563.'*,' .!"#$%&'##" (MNN<.,54.:$564+.;(.,.3*4++!%>.)5$8433.$:.'*4.

$9'45.646;5,%4B.F*454,3.GNI.,54.!6;4++4+.!%.'*4.646;5,%4=.)45!)-,36!8.

)5$'4!%3.,54.-!K4-(.:$9%+.!%. '*4.84%'54.$:.'*4.MNN<.),5'!8-4B .0*!3.!3. !%.

,>54464%'.E!'*.,.)54"!$93.54)$5'.E!'*.?-(,%#+.Δ)%#..69',%'3./]45-,%+"(')("#B=.

?ZZh2=.E*!8*.,-3$.3*$E4+.'*,'.MNN<.>4%45,'4+.;(.'*434.69',%'3.*,+.,.

*!>*.8$%'4%'.$:.)45!)-,36!8.)5$'4!%3.,%+.GNIB

@_



a$%'5,5(.'$.E*,'.E,3.!%!'!,--(.4O)48'4+= .E4.!+4%'!:!4+.,.36,-- .%96;45 .$:.

8('$)-,36!8 . )5$'4!%3 . +95!%> . $95 . ,%,-(3!3 . $: . '*4 . MNN< . )5$'4$64B . <3.

4O)-,!%4+= . '*434 .,54 . -!K4-( ., . 5439-' .$: . 84-- . -(3!3 .+95!%> . '*4 .89-'954 .$: .1B.

0()*!695!96.1HWX@@.Δ)%#.B.L%.39;34J94%'.)5$'4$6!8.3'9+!43./%$'.+4385!;4+.

!%.'*!3.'*43!32=.E4.*,"4.*,5"43'4+.'*4.MNN<.,'.,.-$E45.GC.!%.,%.,''46)'.'$.

,"$!+.8('$)-,36!8.8$%',6!%,'!$%B

I5$'4$6!8.,%,-(343.$:.MNN<.,-3$.)5$"!+4.,.>$$+.3'5,'4>(.:$5.!+4%'!:(!%>.

)$'4%'!,- .)5$'4!%.",88!%4.8,%+!+,'43 ./`455,5! .4' .,-B= .?ZZ_o.]45-,%+,.4' .,-B=.

?ZZh2B.0*4.$9'45.646;5,%4.)5$'4!%3.'*,'.8$6)$34.MNN<.)-,(.,.8598!,-.

5$-4.!%.'*4.!%'45,8'!$%.;4'E44%.'*4.;,8'45!,.,%+.'*4.4%"!5$%64%'B.C94.'$.'*4!5.

-$8,'!$%=.'*4(.,54.54,+!-(.4O)$34+.'$.'*4.!669%4.3(3'46.,%+.)$34.,.',5>4'.

:$5.,%'!;$+!43B.](.8*,5,8'45!3!%>.'*4.)5$'4!%.8$%'4%'.$:.!"#$%&'##".MNN<=.

E4.,54.,-3$.)$'4%'!,--(.!+4%'!:(!%>.8,%+!+,'43.:$5.",88!%4.,%'!>4%3B

@i



3A5F9=E*P

#@@D>787G<658 * 6A5E569=E<C59<7> * 7V*
!,-./0*--,*,../

PWS*#>9E7;D69<7>

Y::48'!"4 .)5$'48'!"4 . !669%!'( . ,>,!%3'( !"#$%&'##". !%:48'!$% . 54J9!543 .;$'*.

84--&64+!,'4+.,%+.*96$5,- .!669%!'(B .<-'*$9>*.,%'!;$+(.,-$%4.$5.0.84--3.

,-$%4.8,%.8$%:45.-$E.-4"4-3.$:.)5$'48'!$%=.,.8$6;!%,'!$%.$:.84--&64+!,'4+.

,%+ . *96$5,- . !669%!'( . !3 . 54J9!54+ . :$5 . *!>* . -4"4-3 . $: . 543!3',%84 . ,>,!%3'.

!"#$%&'##" (/N,3'5$4%!=.?ZZ_2B .!"#$%&'##". !3.,%.!%'5,84--9-,5.$5>,%!36.,%+.

84--9-,5.543)$%343.)-,(.,.5$-4.+95!%>.'*!3.)*,34=.!%.),5'!89-,5.'*5$9>*.aC@l.

0.84--3.,%+.L`#&γ .)5$+98'!$%B.c$E4"45=.!"#$%&'##"'(!3.'5,%3!4%'-(.)5434%'.!%.

'*4 . 4O'5,84--9-,5 . 8$6),5'64%' .E*!-4 . 3)54,+!%> . '$ . %4E . :$8! . $: . !%:48'!$%.

/1*4)),5+.4'.,-B=.?ZZX2B.N$54$"45=.!"#$%&'##".8,%.,-3$.8,934.;,8'45,46!,.!%.

;$'* .6!84 . ,%+ . *96,%3 ./a$--!%3= . W[_[o . 0,8K4' . 4' . ,-B= . W[[?2. E*!8*= . ,3.

+4385!;4+.!%.a*,)'45.W=.!3.,.8$66$%.:4,'954.$:.#01.+!34,34.!%.19;&1,*,5,%.

<:5!8,B.C95!%>.'*434.4O'5,84--9-,5.)*,343.$:.!"#$%&'##"(!%:48'!$%=.,%'!;$+!43.

)-,(.,.8598!,-.5$-4.,'.%49'5,-!3!%>.'*4.;,8'45!,B.L%.*96,%3=.'*!3.!3.K%$E%.'$.

*,))4%.4!'*45.'*5$9>*.84--&+4)4%+4%'.$)3%$)*,>$8('!8.648*,%!363.$5.84--&

!%+4)4%+4%'.8$6)-464%'&64+!,'4+.K!--!%>./N,8H4%%,%.4'.,-B=.?ZZho.M$%+E4.

4'.,-B=.?ZWZ2B

L% . '*!3 . 8*,)'45 .E4 . +4385!;4 . '*4 . *96$5,- . ,%+ . 84--9-,5 . !669%4 . 543)$%34.

4-!8!'4+.;(.'*4 .!"#$%&'##". MNN<B.F4.3',5' .;(. -$$K!%>.,' . '*4.,;!-!'(.$:.

+!::454%' .MNN<. '$ . 4-!8!' . ,%'!;$+!43 .;( .+!::454%' . !669%!3,'!$% . 5$9'43 .f.

39;89',%4$93.,%+.!%'5,%,3,-.f.,%+.8*,5,8'45!34.'*,'.<;.543)$%34B.F4.934.'*4.

345, . >4%45,'4+ . ;( .!-. 0()*!695!96 .MNN<. !669%!3,'!$% . '$ . ,33433 . '*4.

@[



54,8'!"!'( . $: . '*4 . ,%'!;$+!43 .$% . -!"4 .!"#$%&'##"= .E*454 .E4 . 4",-9,'4 . ;$'*.

*$6$-$>$93./!-. 0()*!695!962.,%+.*4'45$-$>$93./!-. Y%'45!'!+!32.54,8'!"!'(B.

a5$33&54,8'!"!'( . $: .!-. 0()*!695!96 . ,%'!;$+!43 . E!'* .!-. Y%'45!'!+!3 . !3.

),5'!89-,5-(.!%'4543'!%>=.,3.!'.54"4,-3.'*4.,;!-!'(.$:.MNN<.)5$'4!%3.'$.4-!8!'.

)$'4%'!,--( . ;5$,+&3)48'596 . ,%'!;$+!43B . F4 . ,-3$ . 6,K4 . ,% . ,''46)' . ,'.

!+4%'!:(!%>.'*4.MNN<.)5$'4!%3.4-!8!'!%>.,%'!;$+(B.N$54$"45=.E4.4O,6!%4.

'*4.84--.)$)9-,'!$%3.!%.'*4.3)-44%.:$--$E!%>.MNN<.!669%!3,'!$%.!%.$5+45.

'$.+4'456!%4.E*4'*45.MNN<.8,%.,8'!",'4.,.84--&64+!,'4+.543)$%34B

PWO *!5* ([FA<@DE<D@ *,../*=8<6<9 * 5 * C9E7>G * 5>9<Y7;[*

E=CF7>C=

L%.$5+45.'$.,33433.'*4.,;!-!'(.$:.!"#$%&'##"(MNN<.'$.>4%45,'4.,%.,%'!;$+(.

543)$%34=.,.+$34.5,%>!%>.3'9+(.!%.6!84.E,3.)45:$564+.E!'*.!-.0()*!695!96.

H0? . MNN< .E!'* . G,> . /H0?Δ)%#.2B . M5$9)3 . $: . 6!84 . E454 . !669%!34+.

39;89',%4$93-(.$%.+,(3.Z.,%+.W@.E!'*.ZBWt>=.Wt>.$5.WZ.t>.$:.MNN<.,%+.

MNN<&3)48!:!8.34596.L>M.$%.+,(.Z=.W@=.,%+.X?.E,3.64,3954+.;(.YHL1<.

/`!>B.W2B.L>M.-4"4-3.E454.-$E.:$--$E!%>.'*4.:!53'.!669%!3,'!$%./+,(.W@2.!%.,--.

'*544.>5$9)3=.;9'.!%854,34+.>54,'-(.,:'45.;$$3'45.!669%!3,'!$%./+,(.X?2B.0*4.

!%854,34 . !% . '*4 . L>M . -4"4- . 543)$%34 . ,' . +,( . X? . E,3 . +$34&+4)4%+4%'B.

L669%!R,'!$%.E!'*.ZBWt>.$:.MNN<.5439-'4+.!%.3!>%!:!8,%'-(.-$E45.MNN<&

3)48!:!8 . L>M. -4"4-3 . '*,%. !669%!R,'!$% .E!'*.Wt>B .c$E4"45= . '*454 .E,3.%$.

3!>%!:!8,%'.+!::454%84.;4'E44%.6!84.!669%!34+.E!'*.'*4.Wt>.,%+.'*4.WZt>.

+$34B.0*434.+,',.3*$E.'*,' .!-. 0()*!695!96.MNN<.E!'*.G,>.,54.*!>*-(.

!669%$>4%!8=.,%+.'*,'.,.Wt>.!3.39::!8!4%'.'$.>4%45,'4.,.3'5$%>.L>M.543)$%34.

'*,' . !3 . %$' . :95'*45 . !%854,34+ . ;( . *!>*45 . +$343B . L%3'4,+= . 'E$ . $: . '*4 .6!84.

!669%!34+.E!'*WZt>.$:.MNN<.+!4+.:$--$E!%>.'*4.348$%+.!669%!3,'!$%=.

gZ



!%+!8,'!%> . '*,' . ,' . '*!3 . +$34 .!-. 0()*!6!5!96 .MNN< .E!'* .G,> . ,54 . '$$.

54,8'$>4%!8B

4<GDE=*_W*!5*([FA<@DE<D@*-(O*Δ1/-6*,../*G=>=E59=;*A<GA*8=M=8C*7V*,../1CF=6<V<6*

5>9<Y7;[W.N!84.E454.!669%!34+.E!'*.ZBWt>=.Wt>.$5.WZ.t>.$:.H0?Δ)%#..MNN<.$%.+,(3.Z.
,%+.W@.,%+.MNN<&3)48!:!8.L>M.-4"4-3.E454.64,3954+.:$5.!%+!"!+9,-.6!84.$%.+,(.Z=.W@.,%+.

X?.;(.YHL1<.93!%>.MNN<.E!'*.G,>./H0?Δ)%#.2.,3.8$,'!%>B.C,',.,54.)5434%'4+.,3.64,%3.
E!'* . 3',%+,5+ .+4"!,'!$%B . 1','!3'!8,- . 8$6),5!3$%3 . $: . >5$9)3 . *!>*-!>*'4+ .;( . '*4 . ;,53 .E454.

)45:$564+.93!%>.1'9+4%'T3.'&'43'B.xxx=.)yZBZZW=.#1=.%$'.3!>%!:!8,%'B

M!"4% . '*4 . *!>* . -4"4-3 . $: . L>M . ,%'!;$+( . >4%45,'4+ . 9)$% .Δ)%#.. MNN<.

!669%!3,'!$%=.E4.*()$'*43!34+.E*4'*45.'*4.6,7$5!'(.$:.'*!3.543)$%34.*,+.

;44%.4-!8!'4+.,>,!%3'.'*4.G,>.)$5'!$%.$:.HI1B.F4.8,55!4+.$9'.,.8$6)4'!'!"4.

YHL1<./`!>B.?@2.!%.'*4.)5434%84.$:.4O$>4%$93 .!-. 0()*!695!96.HI1.,%+.

:$9%+ . '*,'= . ;( . !%854,3!%> . !'3 . 8$%84%'5,'!$%= . '*454 . E,3 . , . +4854,34 . !%.

,;3$5;,%84.:5$6.XB?.'$.WBi.GC./WZt>.>5$9)2.,%+.:5$6.?Bh.'$.W.GC./Wt>.

>5$9)2B .0*!3 . !%+!8,'4+ . '*,' . , . -,5>4 . )5$)$5'!$% . $: . '*4 . L>M . ,%'!;$+( .E,3.

+!548'4+.,'.'*4.HI1.)$5'!$%.$:.'*4.MNN<B.L%.$5+45.'$.!%"43'!>,'4.E*,'.$'*45.

,%'!>4%3 . 6!>*' . ;4 . 4-!8!'!%> . ,% . L>M . 543)$%34= . E4 . 8,55!4+ . $9' . , . 'E$&

+!64%3!$%,-.!669%$;-$'.E!'*.MNN<.)5$'4!%3.,%+.)5$;4+.!'.E!'*.345,.:5$6.
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'*4.3,64.!669%$>4%!8!'(.3'9+(./`!>B .?G2B .0*4.!669%$;-$' .54"4,-4+.'E$.

3'5$%>.;,%+3=.-!K4-(.8$5543)$%+!%>.'$.G6)<.&.'*4.6$3' .!669%$+$6!%,%'.

)5$'4!%.!%.'*4 .!"#$%&'##" ($9'45.646;5,%4.f.,%+.!'3.+4>5,+,'!$%.)5$+98'3B.

F4.8$9-+.,-3$.$;345"4. '*4.)5434%84.$: .,%.G,>.-,++45 .$%.'*4. -4:' .$: . '*4.

!669%$;-$'.'*,'.)$33!;-(.)548!)!','4+.E!'*.'*4.)5$'4!%3B

4<GDE= *OW *'W *([FA<@DE<D@*-(O *Δ 1/-6* ,../*G=>=E59=;*A<GA* 8=M=8C *7V *-J'1CF=6<V<6*

5>9<Y7;[W*/@2.N!84.E454.!669%!34+.E!'*.Wt>.$5.WZt>.$:.H0?Δ)%#..MNN<.$%.+,(3.Z.,%+.
W@.,%+.MNN<&3)48!:!8.L>M.-4"4-3.E454.64,3954+.:$5.!%+!"!+9,-.6!84.$%.+,(.X?.;(.YHL1<.!%.

'*4.)5434%84.$:.!%854,3!%>.8$%84%'5,'!$%3.$: .!-.0()*!695!96.HI1=.93!%>.MNN<.E!'*.G,>.

/H0?Δ)%#.2 . ,3 .8$,'!%>B . /]2 .!-. 0()*!695!96.1HWX@@ .Δ)%#.. MNN<.E454 . 34),5,'4+ . 'E$&
+!64%3!$%,--(= . '5,%3:4554+. '$.,.%!'5$84--9-$34.646;5,%4= .,%+.)5$;4+.E!'* .345, .:5$6.6!84.

!669%!34+.E!'*.WZt>B.N46;5,%43.E454.!%89;,'4+.E!'*.,%'!&6$934.L>M.,%+.+4"4-$)4+.;(.

8*46!-96!%4384%84B

L% . $5+45 . '$ . +4'456!%4 . E*4'*45 .!"#$%&'##" (MNN< . -,8K!%> . G,>.

/Δ)%#.Δ/0"1.,%+.Δ)%#.Δ/0"1Δ$40G.2.8$9-+.4-!8!'.,%.,%'!;$+(.543)$%34.,3.

*!>*.,3.Δ)%#..MNN<.E!'*.G<>.,%+.,;5$>,'4.'*4.)5434%84.$:.HI1&3)48!:!8.

,%'!;$+!43= .E4.8,55!4+.$9' .,.+$34&5,%>!%>.!669%$>4%!8!'(.3'9+(.E!'*. '*4.

:9--( . $)'!6!34+ . /%$ .G,> . ,%+ . +4'$O!:!4+ . HI12 .!-. 0()*!695!96 . 1HWX@@.

Δ)%#.Δ/0"1Δ$40G.MNN<./Δ$40G(MNN<2B.<>,!%.E4.934+.,.ZBWt>=.Wt>.

,%+.WZt>.+$343=.,3.E4.4O)48'4+.'*434.MNN<.'$.;4.-433.54,8'$>4%!8.'*,%.'*4.

$%43.934+.!%.'*4.)54"!$93.3'9+(B .L%.8$%'5$-.>5$9)3=.6!84.E454.!669%!34+.
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E!'*.'*4.!%'4564+!,'4.+$34.$:.Wt>.$: .!-. 0()*!6!5!96.1HWX@@ .Δ)%#.. $5.1B.

0()*!6!5!96.1HWX@@.Δ)%#.Δ/0"1.MNN<B.<--.MNN<.934+.!%.'*!3.3'9+(.

E454.>4%45,'4+.9%+45.!5$%&-!6!'!%>.8$%+!'!$%3B.L669%!3,'!$%3.$889554+.$%.

+,(.Z.,%+.?WB

L% . '*4 . >5$9) . !669%!34+ .E!'* . '*4 . *!>*43' . +$34 . $: .Δ$40G. MNN<= .E4.

$;345"4+ . ,+"4534 . 4::48'3 . /59::-4+ . :95 . ,%+ . !%:-,66,'!$% . ,' . 3!'4 . $:.

!669%!3,'!$%2 . :$--$E!%> . '*4 . :!53' . !669%!3,'!$%B . 0*93= . '*4 . +$34 . E,3.

+4854,34+.'$.Wt>.!%.'*4.348$%+.!669%!3,'!$%B.MNN<&3)48!:!8.34596.L>M.

-4"4-3.$%.+,(.?Z.,%+.@g.E454.+4'456!%4+.;(.YHL1<.93!%>.4!'*45.MNN<.

E!'*$9' . G,> . /1HWX@@Δ)%#.Δ/0"12 . /`!>B . X@2 . $5 . MNN< . E!'* . G,>.

/1HWX@@Δ)%#.2./`!>B.XG2B.F4.E454.!%'4543'4+.!%.344!%>.E*4'*45.'*454.E$9-+.

;4.,.+!::454%84.!%.'*434.'E$.8$,'!%>3=.,3.;(.93!%>.MNN<.E!'*$9'.G,>.E4.

E$9-+.-!K4-(.;4.64,395!%>.,%'!&)5$'4!%.,%+.,%'!&HI1.8$54.,%'!;$+!43.$%-(=.

E*454,3.;(.93!%>.MNN<.E!'*.G,>=.E4.,-3$.4O)48'4+.'$.+4'48'.,%'!&G,>.

,%'!;$+!43B.

\3!%>.MNN<.E!'*$9'.G,>.,3.8$,'!%>=.E4.$;345"4+.*!>*.)5$'4!%.L>M.-4"4-3.

!%.,--.>5$9)3.:$--$E!%>.'E$.!669%!3,'!$%3B.0*454.E454.'*544.-$E.543)$%+453.

!% . '*4 .Δ)%#.. >5$9)= . 'E$ . !% . '*4 .ZBWt> .Δ$40G (>5$9)= .,%+ .$%4 . !% . '*4Wt>.

Δ$40G (>5$9)B . <3 . $;345"4+ . )54"!$93-(= . '*4 . ;$$3'45 . !669%!3,'!$% . E,3.

4334%'!,-.'$.>4%45,'4.,.3'5$%>45.!669%4.543)$%34=.-4,+!%>.'$.+!::454%843.!%.

L>M.-4"4-3.;4'E44%.+,(.?Z.,%+.+,(.@gB.0*454.E454.%$.3!>%!:!8,%'.+!::454%843.

!%.L>M.-4"4-3.!%.6!84.!669%!34+.E!'*.ZBW.$5.Wt>.$:.MNN<.,%+.W.$5.WZt>.

$:.Δ$40G.MNN<B.c$E4"45=.,.3!>%!:!8,%'.+!::454%84.E,3.$;345"4+.;4'E44%.

'*4.>5$9)3.!669%!34+.E!'*.ZBW.,%+.WZ.t>B.<'.'*4.WBZt>.+$34=.'*4 .Δ/0"1(

MNN<.>,"4.5!34.'$.3!>%!:!8,%'-(.*!>*45.)5$'4!%&3)48!:!8.L>M.-4"4-3.'*,%.'*4.

Δ)%#.. MNN<./)yZBZW2= . !%+!8,'!%> . '*,' . !% . '*4 .,;34%84 .$: . '*4 .G,> . -,(45.

MNN<.)5$'4!%3.,54.6$54.!669%$>4%!8B

gX



F*4%.E4.64,3954+.'*4.L>M.543)$%34.'$.MNN<.E!'*.G,>=.E4.$;345"4+.*!>*.

L>M.-4"4-3.!%.'*4.Δ)%#..>5$9).;9'.%$'.'*4.$'*45.!669%!3,'!$%.>5$9)3B.F4.+!+.

$;345"4 . ,% . 4O84)'!$% . !% . $%4 . $9'-!45 . 6$934 . !% . '*4 . Wt> .Δ$40G. >5$9)B.

<%'!;$+!43 . 4-!8!'4+ .;( .MNN<. -,8K!%> .G,> .E454 .%$' . ,;-4 . '$ .;!%+ . '*4!5.

8$>%,'4.,%'!>4%3.$%.MNN<.E!'*.G<>=.!%+!8,'!%>.'*,'.'*4.)5434%84.$:.G,>.

!%. '*4.MNN<.934+.:$5. '*4.YHL1<.8$,'!%>.854,'4+.,.3*!4-+!%>.4::48'= .$5 .

3'45!8 . *!%+5,%84= . '*,' . )54"4%'4+ . '*4 . ;!%+!%> . $: . ,%'!;$+!43 . 8-$345 . '$ . '*4.

MNN<.395:,84B.0*!3.4::48'.*,+.;44%.)54"!$93-(.$;345"4+.E!'*.?-(,%#+.)$5!%.

6$%$8-$%,-.,%'!;$+!43.!%.,.8('$:-9$5!64'5(.,33,(./]4%'-4(.n.b-4;;,=.W[hh2=.

E*454.,%.!%',8'.G,>.;-$8K4+.,+3$5)'!$%.$:.)$5!%.,%'!;$+!43=.;9'.,3.'*4..HI1.

3'598'954 . ;48$64 . 3*$5'45 . '*4 . )$5!% . 395:,84 . 4)!'$)43 . E454 . !%854,3!%>-(.

548$>%!34+B.F!'*.54>,5+3.'$.'*4.934.$:.MNN<.E!'*$9'.G,>.$5.MNN<.E!'*.

G,>.,3.YHL1<.8$,'!%>.,%'!>4%3=.E4.8,%.8$%8-9+4.'*,'.E*454,3.!%.'*4.:!53'.

8,34.)5$'4!%.,%+.HI1.8$54.4)!'$)43.E!--.;4.+4'48'4+=.'*,'.E!--.%$'.$8895.!%.'*4.

348$%+.8,34=.,3.$%-(.G,>.,%'!;$+!43.E!--.;4.+4'48'4+=B

F4.$;345"4+.,%.!%"4534.8$554-,'!$%.;4'E44%.,%'!&G,>.,%'!;$+!43.,%+.,%'!&

)5$'4!%.,%'!;$+!43B.0*4.'E$.6!84.!%.'*4.Δ)%#..>5$9).'*,'.E454.!+4%'!:!4+.,3.

*!>* . 543)$%+453 . $% .MNN<.E!'*$9' .G,> . 8$,'!%> . /`!>B . ?@2 . 3*$E4+ . '*4.

-$E43'.,%'!&G,>.L>M.-4"4-3./`!>B.?G2B.1!6!-,5-(=.'*4.6$934.E!'*.'*4.-$E43'.

,%'!&)5$'4!%.L>M.-4"4-3.!3.'*4.*!>*.543)$%+45.!%.'*4.Wt>.Δ$40G.>5$9).!%.`!>B.

?@.8$5543)$%+3B.0*!3.E,3.395)5!3!%>=.,3.,%.G,>.543)$%34.E,3.%$'.4O)48'4+.!%.

'*!3.>5$9).,%+.%$%4.$:.'*4.$'*45.6!84.!669%!34+.E!'*.'*4.Δ$40G.MNN<.

+4"4-$)4+.'*!3.543)$%34B.
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4<GDE=*_W *!,-./0*--,*,../*=8<6<9*A<GA*5>9<1FE79=<>*5>;*5>9<105G*#G,*8=M=8C*V7887Z<>G*

CDY6D95>=7DC*<@@D><C59<7>W.N!84.E454.!669%!34+.E!'*.$:.1HWX@@.Δ)%#.. /W9>.n.W9>.$%.

'*4. :!53' .,%+.348$%+. !669%!3,'!$%= . 543)48'!"4-(2= .Δ)%#.Δ/0"1. /W9>.l.W9>2= .,%+.+!::454%'.

+$3,>43.$:.Δ)%#.Δ/0"1Δ$40G.MNN<./ZBW9>.l.ZBW9>=.W9>.l.W9>=.$5.WZ9>.l.W9>2.$%.+,(3.Z.
,%+ .?WB .<%'!&)5$'4!% . L>M . 543)$%34 .$% .+,(.Z= .?Z= . ,%+ .@g .64,3954+ .;(.YHL1< .93!%> . /@2.

MNN<.E!'*$9'.G.,%'!>4%./1HWX@@Δ)%#.Δ/0"12.,3.8$,'!%>.,%+./G2.93!%>.MNN<.E!'*.G.

,%'!>4%./1HWX@@Δ)%#.2.,3.8$,'!%>B.M4$64'5!8.64,%.!3.3*$E%.,3.,.;,5B.M5$9)3.*!>*-!>*'4+.;(.
;,53.E454.8$6),54+.93!%>.93!%>.'*4.N,%%&F*!'%4(.'43'B.xx=.)yZBZW=.#1=.%$'.3!>%!:!8,%'B

gg



C43)!'4.'*4.*!>*.!669%$>4%!8!'(.$:.Δ$40G.MNN<.,%+.,;!-!'(.'$.>4%45,'4.

)5$'4!% . ,%'!;$+!43= . E4 . 934+ . MNN< . :5$6 .Δ)%#.Δ/0"1. 69',%'3 . !% . '*4.

546,!%+45.$:.'*!3.)5$748'B. .!-.0()*!695!96.Δ)%#.Δ/0"1.69',%'3.)5$+984+.

*!>*45.,6$9%'3.$:.MNN<.)45.-!'54.$:.89-'954.'*,%.Δ)%#.Δ/0"1Δ$40G=.,%+.

,--$E4+ . 93 . '$ . >4' . , . *!>*45 . (!4-+ . $: . MNN< . :$5 . 39;34J94%' . 3'9+!43B.

`95'*456$54= .'*4.+!::454%84.;4'E44%.'*4.:9--(.'$O!8.*4O,&,8(-,'4+.-!)!+.<.

,%+.'*4.)4%',&,8(-,'4+.-!)!+.<.>4%45,'4+.;(.'*4.$40G.+4-4'!$%.!3.%$'.+4'48'4+.

;(.6!84B

PW_*3A5E569=E<C59<7>*7V*9A=*5>9<Y7;[*CDY685CC=C*569<M59=;*

Y[*!W*([FA<@DE<D@*,../*

0$.;4''45.9%+453',%+.'*4.'()4.$:.,%'!;$+(.543)$%34.4-!8!'4+.;( .!"#$%&'##"(

MNN<.!669%!3,'!$%=.E4.,334334+.HI1&3)48!:!8.,%+.)5$'4!%&3)48!:!8.34596.

L>= .L>MW=.L>M?,.,%+.L><.'!'543 .;(.YHL1<.:$--$E!%>.'*544. !669%!3,'!$%3.

E!'* .MNN< . :5$6 . .!-. 0()*!695!96 . 1HWX@@ . . E!'* .G<> . /106 .G,>l.

MNN<2.$5.E!'*$9'.G<>./106.G,>&.MNN<2./`!>B.@2B

STm Oag- GMMA elicited higher protein-specific total Ig levels than STm 

Oag+ GMMA (Fig.  4A),  likely  resulting  from the  unmasking  of  protein 

antigens  on  the  GMMA surface  as  described  above.  As  expected,  LPS-

specific Ig was higher in the STm Oag+ group (Fig. 4B). However, we also 

detected  some  anti-LPS  Ig  in  the  STm  Oag-  group,  which  might  have 

resulted from anti-LPS core antibodies, contamination of LPS by protein, or 

unspecific binding in the ELISA. Immunisation with either type of GMMA 

elicited protein-specific IgG1 at similar levels (Fig. 4C), indicating that STm 

Oag- GMMA can elicit IgG1 in the absence of Oag. High titres of LPS-

specific  IgG1  were  detected  following  Oag+  but  not  Oag-  GMMA 

immunisation, indicating a role for Oag in IgG1 production (Fig. 4D). STm 

g_



Oag+ elicited higher anti-protein IgG2a titres  than STm Oag+ (Fig.  3E). 

However,  LPS  IgG2a  titres  were  also  detected  after  Oag-  GMMA 

immunisation. STm Oag+ GMMA gave rise to an IgA response directed at 

both proteins (Fig. 3G) and LPS (Fig. 3H), expected due to the presence of 

LPS in  the  GMMA. We were  not  able  to  detect  any  IgA in  STm Oag- 

GMMA-immunised mice sera at the lowest dilution used (1:100). 
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4<GDE=*`W**!5*([FA<@DE<D@*,../*=8<6<9*;<VV=E=>9*#G*CDY685CC=C*V7887Z<>G*CDY6D95>=7DC*
<@@D><C59<7>W*`!"4*6!84.)45.>5$9).E454.!669%!34+.'*544.'!643.$%.+,(3.Z=.i.,%+.?W.E!'*.!-(

0()*!695!96.1HWX@@.Δ)%#..MNN<./106.G,>l2.$5.1B.0()*!695!96.1HWX@@.Δ)%#.Δ/0"1(
MNN<./106.G,>&2.,%+.)5$'4!%&3)48!:!8.,%+.HI1&3)48!:!8.L>./@=.G2=.L>MW./H=.I2=.L>M?,./?=.

C2.,%+.L><./J= .;2.'!'543.E454.64,3954+.;(.YHL1<.$%4.E44K.,:'45.'*4.-,3'.!669%!3,'!$%.;(.

8,-89-,'!%>.93!%>.'*4.64,%.$:.'*4.%4>,'!"4.8$%'5$-.)-93.?.3',%+,5+.+4"!,'!$%3.,3.'*4.89'&$::.:$5.

,;3$5;,%84B.C,',.,3.)5434%'4+.,3.,5!'*64'!8.64,%3.E!'*.3',%+,5+.+4"!,'!$%B

`W`*,../*5E=*<@@D>7G=><6*Y[*<>9E5>5C58*E7D9=

<3. !"#$%&'##" (MNN<.E!'* . ,%+ .E!'*$9' .G,> .>4%45,'4+ .9%+45 . -$E . !5$%.

8$%+!'!$%3 . E454 . *!>*-( . !669%$>4%!8 . ;( . 39;89',%4$93 . 5$9'4= . E4 . E454.

!%'4543'4+ . !% . +4'456!%!%> . E*4'*45 . ,+6!%!3'5,'!$% . $: . MNN< . '*5$9>* . ,.

698$3,-.5$9'4.E$9-+.;4.3,:4.,%+.E$9-+.,-3$.4-!8!'.*!>*.34596.,%'!;$+(.'!'543.

!%.6!84=.,3.,.)$33!;-4.,-'45%,'!"4.'$.39;89',%4$93.!669%!3,'!$%B.!"#$%&'##"(

!3 . , .698$3,- . ),'*$>4%= . ,%+ . ;( . 3'!69-,'!%> .698$3,- . !669%!'(= .E4 .E454.

*$)!%>.'$.,8'!",'4.)5$'48'!"4.!669%4.543)$%343.39!'4+.'$.'*!3.4%'5(.5$9'4B.

0E$.6!84.)45.>5$9).E454.!669%!R4+.!%'5,%,3,--(.E!'*.Wt>.$5.gt>.$: .!- (

gh



0()*!695!96 . 1HWX@@ . MNN< . :5$6 .Δ)%#.. 69',%'3 . /106 . G,>l2 . $5.

Δ)%#.Δ/0"1./106.G,>&2.$%.+,(3.Z=.i.,%+.?WB.MNN<.E!'*.G,>.E454.E4--.
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/aXcmc4e.,%+.aXcmc4#.543)48'!"4-(2B .F4.934+.,.3!6!-,5.6$+4-.$:.,89'4.
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IW?gWZ[Δ)%#.Δ/0"1. MNN< . /1Y% .G,>&2 . $% . +,(3 . Z= . i . ,%+ . ?W= . $5 .E!'* . WBW . O . WZ_. !-(
0()*!695!96.1HX?_W./1HX?_W2=.$5.%$%&!669%!34+./#L2.,%+.!%:48'4+.!%'5,)45!'$%4,--(.E!'*.

WBW.O.WZ_.!-.0()*!695!96.Ng?g.:$5.X.+,(3B.],8'45!,-.%96;453.E454.64,3954+.!%.'*4.;-$$+.;(.

+!548'.)-,'!%>.$%.,6)!8!-!%&8$%',!%!%>.)-,'43.'*544.+,(3.,:'45.;-$$+.E,3.*,5"43'4+B.C4'48'!$%.

-!6!'.E,3._.8B:B9B.)45.6H.$:.;-$$+B.C,',.,54.54)5434%'4+.,3.!%+!"!+9,-.6!84.E!'*.'*4.>4$64'5!8.

64,%.,3.,.;,5B.0*4.N,%%fF*!'%4(.'43'.E,3.,))-!4+.'$.8$6),54.'*4.3','!3'!8,-.3!>%!:!8,%84.

;4'E44%.'*4.106.G,>l.,%+.106.G,>&.>5$9)3.,%+.%$%&!669%!34+.6!84B.#1=.%$'.3!>%!:!8,%'B

i_



QW_*%M58D59<>G*9A=*E78=*7V*5>9<Y7;[*<> *!5*([FA<@DE<D@*

7EG5>*6787><C59<7>

F4.E,%'4+ . '$ . !%"43'!>,'4 . '*4 . 5$-4 . )-,(4+ . ;( . ,%'!;$+( . !669%!'( . !% . '*4.

8$-$%!3,'!$%.5439-'3.+4385!;4+.!%.348'!$%.gB?B.F!'*.'*!3.!%.6!%+=.E4.64,3954+.

!%+!"!+9,-.)5$'4!%&.,%+.HI1&3)48!:!8.34596.L>M.,%'!;$+(.'!'543.;(.YHL1<.

$%4.E44K.)5!$5.'$ .!-.0()*!695!96.!%:48'!$%B.<%'!&)5$'4!%.L>M./`!>954.X@2.

E,3 . *!>* . ,85$33 . ,-- . !669%!3,'!$% . >5$9)3 . ,%+ . !% . ,-- . 8,343 . 3!>%!:!8,%'-(.

+!::454%' . :5$6.'*4.%$%&!669%!34+ .6!84 . /)yZBZZZW2B .H433 .)5$'4!%&3)48!:!8.

L>M.E454.+4'48'4+.!%.'*4.1Y%.G,>&.>5$9)=.-!K4-(.54:-48'!%>.'*4.+!::454%843.!%.

)5$'4$6!8.8$%'4%'.,%+.54,8'!"!'(.;4'E44% .!-. Y%'45!'!+!3.MNN<.,%+.'*4 .!-(

0()*!695!96.MNN<.934+.,3.,.8$,'!%>.,%'!>4%B.<%'!&HI1.'!'543./`!>954.XG2.

E454 . *!>*43' . !% . '*4 . 1HX?_W& . ,%+ . '*4 . 106.G,>l&!669%!34+ . >5$9)3 . ,3.

4O)48'4+./)yZBZZZW2=.>!"4%.'*,'.;$'*.'*434.!669%!3!%>.,>4%'3.8$%',!%.*!>*.

-4"4-3.$:.106.HI1.,%+.!669%$>4%!8.G,>B.1$64.,%'!&HI1.,%'!;$+!43.E454.

,-3$.+4'48'4+.!%.'*4.106.G,>&.>5$9).,%+.'$.,.-43345.4O'4%'.!%.'*4.1Y%.G,>&.

>5$9)=.)5$;,;-(.8$5543)$%+!%>.'$.,%'!;$+!43.+!548'4+.,'.'*4.8$54.)$5'!$%3.$:.

'*4 .HI1 . ,-3$ . )5434%' . !% .G,>& .MNN<= .;9' . '*434 .E454 . %$' . 3!>%!:!8,%'-(.

+!::454%'.:5$6.%$%&!669%!34+.6!84.'!'543B

4<GDE= *_W *,../1CF=6<V<6 * C=ED@* #G, * 8=M=8C * 5E= * C9<88 * =8=M59=; * 7>= *Z==X *FE<7E * 97 *!5+

([FA<@DE<D@*.POPO*<>V=69<7>W*N!84.E454.!669%!34+.E!'*.!-.0()*!695!96.1HWX@@.Δ)%#.(

ii

" !



MNN<./106.G,>l2= .!-. 0()*!695!96.1HWX@@ .Δ)%#.Δ/0"1. MNN<./106.G,>&2= .$5 .!-(

Y%'45!'!+!3.IW?gWZ[Δ)%#.Δ/0"1.MNN<./1Y%.G,>&2.$%.+,(3.Z=.i.,%+.?W=.$5.E!'*.WBW.O.WZ_.!-(
0()*!695!96.1HX?_W./1HX?_W2= .$5 .%$%&!669%!34+ . /#L2B .14596.L>M. '!'543 .:$5 . !%+!"!+9,-.

6!84.E454.64,3954+.$%4.E44K.)5!$5.'$.!%:48'!$%.E!'* .!-.0()*!695!96.Ng?g.93!%>.YHL1<B.

I-,'43.E454.8$,'4+.E!'*./@2.106.G,>&.MNN<.$5.E!'*./G2.!-.0()*!695!96.HI1..!%.$5+45.'$.

+4'456!%4.106.HI1&3)48!:!8.,%+.)5$'4!%&3)48!:!8.'!'543=.543)48'!"4-(B.C,',.,54.54)5434%'4+.,3.

64,%3.l.1YNB.0*4.N,%%fF*!'%4(.'43'.E,3.,))-!4+.'$.8$6),54.'*4.3','!3'!8,-.3!>%!:!8,%84.

;4'E44%.'*4.!669%!34+.>5$9)3.,%+.%$%&!669%!34+.>5$9)./-$E45.54)5434%','!$%2.$5.>5$9)3.

8$%%48'4+.;(.-!%43B.xxx=.I.y.ZBZZZWo.#1=.%$'.3!>%!:!8,%'B

L>M.-4"4-3.34464+.'$.54:-48'.'*4.8$-$%!3,'!$%.),''45%3.$:.'*4.3)-44%.,%+.'*4.

-!"45= .E!'* . '*4 . 1HX?_W& . ,%+ . '*4 . 106.G,>l .MNN<&!669%!34+ . >5$9)3.

4O*!;!'!%>.'*4.*!>*43'.)5$'4!%&.,%+.HI1&3)48!:!8.'!'543.,%+.'*4.-$E43'.8B:B9B.

8$9%'3B.0*4.106.G,>&.MNN<&.$5.'*4.1Y%.G,>&.MNN<&!669%!34+.>5$9)3.

*,+.-$E45.HI1&.,%+.)5$'4!%&3)48!:!8.L>M./,-;4!'.%$'.3!>%!:!8,%'-(.+!::454%'.!%.

'*4.-,''45.8,342.,%+.*!>*45.$5>,%.8$-$%!3,'!$%B.

c$E4"45=.E*4%.E4.)-$''4+.)5$'4!%.,%+.HI1.L>M.'!'543.:$5.!%+!"!+9,-.6!84.

,>,!%3' . '*4 . 8$5543)$%+!%> . 8$-$%!3,'!$% . %96;453 . !% . '*4 . 3)-44%= . -!"45 . ,%+.

;-$$+.,%+.8,-89-,'4+.'*4.8$554-,'!$%.8$4::!8!4%'.:$5.4,8*.34'.$:.+,',=.E4.+!+.

%$'.:!%+.,%(.3'5$%>.8$554-,'!$%3.;4'E44%.'*4.'E$.!%.,%(.$:.'*4.8,343./`!>954.

@2B.<--.$:.'*4.3!O.8$554-,'!$%.8$4::!8!4%'3.E454.-$E45.'*,%.ZB?=.!%+!8,'!%>.,.

E4,K.8$554-,'!$%.;4'E44%.L>M.'!'543.,%+.8$-$%!3,'!$%.$:.'*4.+!::454%'.$5>,%3B.

ih



4<GDE=*SRW*(A=E=*<C*>7*C9E7>G*67EE=859<7>*Y=9Z==>*<>;<M<;D58*C=ED@*#G,*9<9E=C*5>;*Y569=E<58*6787><C59<7>*7V*9A=*CF8==>B*8<M=EB*5>;*Y877;W .N!84.E454.

!669%!34+.E!'*.!-.0()*!695!96.1HWX@@Δ)%#..MNN<./;-942=.!-.0()*!695!96.1HWX@@Δ)%#.Δ/0"1.MNN<./54+2=.$5.!-.Y%'45!'!+!3.IW?gWZ[Δ)%#.Δ/0"1(
MNN<./>544%2.$%.+,(3.Z=.i.,%+.?W=.$5.E!'*.WBW.O.WZ_.!-.0()*!695!96.1HX?_W./)95)-42.$%.+,(.Z=.$5.E454.%$'.!669%!34+./-!>*'.;-942B.14596.L>M.'!'543.:$5.

!%+!"!+9,-.6!84.E454.64,3954+.$%4.E44K.)5!$5.'$.!%:48'!$%.E!'*.!-.0()*!695!96.Ng?g.93!%>.YHL1<B.I-,'43.E454.8$,'4+.E!'*./@2.106.G,>&.MNN<.$5.

E!'*./G2 .!-.0()*!695!96.HI1.!%.$5+45.'$.+4'456!%4 .!-. 0()*!695!96.)5$'4!%&3)48!:!8.,%+.HI1&3)48!:!8=.543)48'!"4-(B .0*434.'!'543.)-$''4+.E!'*.;,8'45!,-.

%96;453.!%.'*4.3)-44%./#'<)2=.-!"45./$+>>#'2.,%+.;-$$+./*+63)2B.0*4.8$554-,'!$%.8$4::!8!4%'./^2.E,3.8,-89-,'4+.:$5.4,8*.34'.$:.+,',B
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QW` * 3=881@=;<59=; * <@@D><9[ * V7887Z<>G * ,../*

<@@D><C59<7>*5>;*6A588=>G=

Y::48'!"4 . !669%!'( . ,>,!%3' .!"#$%&'##". !%:48'!$% . !% . 6!84 . 54J9!543 . ,.

8$6;!%,'!$% . $: . *96$5,- . ,%+ . 84--&64+!,'4+ . !669%!'(B .F*454,3 . ,%'!;$+(.

)-,(3 .,%.!6)$5',%'.5$-4.!%.%49'5,-!3!%> .!"#$%&'##". !%.4O'5,84--9-,5.3),843=.

84--&64+!,'4+.!669%!'(.!3.8598!,-.'$.8-4,5.!"#$%&'##"(+95!%>.'*4.!%'5,84--9-,5.

)*,343.$:.),'*$>4%43!3B.0$.+4'456!%4.'*4.!6),8'.$:.MNN<.!669%!3,'!$%.

$%.84--&64+!,'4+.!669%4.543)$%343.'$ .!-. 0()*!695!96.!%:48'!$%= .3)-44%3.

:5$6.%$%&!669%!34+.6!84.$5.:5$6.6!84.!669%!34+.E!'* .!-. 0()*!695!96.

MNN<=.!-.Y%'45!'!+!3.MNN<=.$5.!-.0()*!695!96.1HX?_W.E454.4O,6!%4+.

;(.:-$E.8('$64'5(.'*544.+,(3.,:'45.!%:48'!$%.E!'* .!-. 0()*!695!96.Ng?gB.

YO,6!%,'!$% .$: . '*4 . 3)-44% . )$)9-,'!$%3 .$: . -(6)*$8('43= .aCXl . /0 .84--32=.

aCXlm#bWBWl . 84--3 . /%,'95,- . K!--45 . 0 . 84--32= . ]??Zl . /] . 84--32= . #bWBWl.

/%,'95,-.K!--45.,%+.%,'95,-.K!--45.0.84--32=.aCWW;l./)*,>$8('!8.84--32=.M5&W.

/%49'5$)*!-32= .`@mhZl. /6,85$)*,>432 . 54"4,-4+ .+!::454%843 . !% . !669%4 .84--.

)$)9-,'!$%3 . ;4'E44% . !669%!34+ . ,%+ . '*4 . %$%&!669%!34+&6!84 . 8$%'5$-3.

/`!>954.g2B

L669%!3,'!$%.E!'*.106.G,>l.MNN<.-4+.'$.'*4.6$3'.3!>%!:!8,%'.8*,%>43.!%.

3)-4%$8('4 . )$)9-,'!$%3B . a$6),54+ . '$ . %$%&!669%!34+ . 6!84= . '*4 . $"45,--.

-49K$8('4 .)$)9-,'!$%.E,3.3!>%!:!8,%'-(. -$E45 ./)yZBZZW2B . L% .),5'!89-,5= .E4.

$;345"4+.3!>%!:!8,%'.-$E45.#b.,%+.#b0.84--3./)yZBZW2=.].84--3./)yZBZW2.,%+.

aCWW;l.84--3./)yZBZg2=. !%8-9+!%>.%49'5$)*!-3./)yZBZZW2.,%+.6,85$)*,>43.

/)yZBZZW2B.L%.'*4.106.G,>&.MNN<.>5$9).E4.$;345"4+.3!6!-,5.8*,%>43.!%.

'*4 . 3)-44% . )$)9-,'!$%3= . ;9' .E!'* . -433 . )5$6!%4%' . 54+98'!$%3B . L% . 8$%'5,3'=.

3)-4%$8('43.:5$6.'*4.1Y%.G,>&.>5$9).+!+.%$'.4O*!;!'.,%(.3!>%!:!8,%'.8*,%>43.

hW



!% . ,%( . $: . '*4 . 3)48!:!8 . 84-- . )$)9-,'!$%3 . 54-,'!"4 . '$ . %$%&!669%!34+ .6!84B.

C43)!'4.3!6!-,5.8$-$%!3,'!$%.5439-'3.!%.'*4.3)-44%.'$.'*4.106.G,>l.MNN<.

>5$9)=.E4.$;345"4+.,.9%!J94.84--.)$)9-,'!$%.),''45%.!%.1HX?_W&!669%!34+.

6!84B .0*454.E454.3!>%!:!8,%'.-$E45.aCWW;l.84--3.,%+.%49'5$)*!-3= .;9'.%$.

3!>%!:!8,%'.8*,%>43.!%.'*4.0.84--=.].84--=.#b.84--.$5.6,85$)*,>4.)$)9-,'!$%3.

8$6),54+.'$.%$%&!669%!34+.6!84B.

0*4.),''45%3.$;345"4+.!%.'*4.106.G,>l.MNN<=.106.G,>&.MNN<.,%+.

1HX?_W . ,))4,5 . '$ . !%+!8,'4 . '*,' . !6),!564%' . $: .!-. 0()*!695!96 .Ng?g.

!%:48'!$% . !% . 6!84 . E,3 . ,33$8!,'4+ . E!'* . '*4 . 6!>5,'!$% . $: . 845',!% . 84--.

)$)9-,'!$%3.,E,(.:5$6.'*4.3)-44%.!%.)5$'48'4+.6!84.,%+m$5.,%.!%:-9O.$:.84--3.

!%'$.'*4.3)-44%.!%.%$%&!669%!34+.6!84B .M!"4%.'*,'.E4.+!+.%$'.,33433.'*4.

+(%,6!83 . $: . 84--&64+!,'4+ . !669%!'( . ;( .64,395!%> . 84--9-,5 . 543)$%343 . !%.

$'*45.$5>,%3./4>B.6434%'45!8.-(6)*.%$+432=.E4.8,%%$'.3,(.E*!8*.$:.'*434.

'E$.)$33!;!-!'!43=.$5.!:.;$'*=.,))-(B.

L%'4543'!%>-(=.,-'*$9>*.1HX?_W.,%+.106.G,>l.MNN<.!669%!3,'!$%.>,"4.

'*4.*!>*43'.-4"4-3.$:.)5$'48'!$%.,>,!%3' .!-.0()*!695!96.!%:48'!$%=.'*4(.+!+.

3$.;(.'5!>>45!%>.+!::454%' .84--9-,5 .543)$%343B .C!::454%843. !%. !669%!3,'!$%.

5$9'4 . ,%+m$5 . ",88!%4 . '()4 . /-!"4 . "3B . K!--4+2 . ,54 . -!K4-( . '$ . 4O)-,!% . '*434.

+!::454%843B

h?
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*+,-.)./012+3/,45 *)34..5

!)34..567*)34..5

67)-89)67*)34..5 $:-8;.+3/45)<)=2->+3/,45

64;,:+12?.5 @-3:+12->45



4<GDE=*SSW*!,-./0*--,*,../*<>;D6=*;<VV=E=>9<58*6=881@=;<59=;*E=CF7>C=C*<>*9A=*CF8==>*
V7887Z<>G * <>V=69<7> * Z<9A *!5* ([FA<@DE<D@W *a4--3 . E454 . !3$-,'4+ . :5$6 . 3)-44%3 . ,:'45.
!669%!3,'!$%.E!'* .!-.0()*!695!96.1HX?_W./1HX?_W2= .!-.0()*!695!96. .MNN<.E!'*.G,>.

/106.G,>l2= .!-. 0()*!695!96 .MNN<.E!'*$9' .G,> . /106.G,>&2= .!-. Y%'45!'!+!3 .MNN<.

E!'*$9' . G,> . /1Y% . G,>&2= . $5 . %$' . !669%!34+= . ,%+ . !%:48'4+ . !%'5,)45!'$%4,--( . E!'* .!-(

0()*!695!96.Ng?g.:$5.'*544.+,(3B.a4--3.E454.3',!%4+.E!'*.:-95$8*5$64&-,;4-4+.6<;.'$.'*4.

3)48!:!8 . 395:,84 .6,5K453 . ,%+ . ,%,-(34+ . ;( . :-$E . 8('$64'5( . !% .E*!8* . WZ=ZZZ . 4"4%'3 .E454.

548$5+4+B.a$-96%3.54)5434%'.'*4.'$',-.%96;45.l.1YNB.1!>%!:!8,%84.+!::454%843.;4'E44%.4,8*.

!669%!34+ . >5$9) . ,%+ . %$%&!669%!34+ .6!84 .E454 . +4'456!%4+ . ;( .N,%%&F*!'%4( . '43'B . x=.

)yZBZgo.xx=.)yZBZWo.xxx=.)yZBZZWo.#1=.%$'.3!>%!:!8,%'B

#$'.395)5!3!%>-(=.;$'*.'()43.$:.!-.0()*!695!96.MNN<.f.E!'*.,%+.E!'*$9'.

G,>.f.'5!>>454+.3!6!-,5.543)$%343.!%.'*4.3)-44%B.<-'*$9>*.'*4.)5434%84.$:.

G,>.!%.106.G,>l.MNN<.6!>*'.*,"4.3'!69-,'4+.+!::454%'.84--.>5$9)3=.'*!3.

E,3.%$'.!%.'*4.8,34B.L%3'4,+=.E4.$;345"4+.8*,%>43.!%.'*4.3,64.84--.'()43=.

E!'*.'*4.)5434%84.$:.G,>.!%.106.G,>l.MNN<.-4,+!%>.'$.6$54.6,5K4+.

54+98'!$%3.!%.,--.8,343B.0*!3.3!6!-,5!'(.!%.84--&64+!,'4+.!669%4.543)$%343.

-!K4.,5!343.:5$6.'*4.:,8'.'*4(.,54.;$'*.%$%&-!"!%>.",88!%43.:5$6.'*4.3,64.

!"#$%&'##"(345$",5=.,%+.'*93.$:.3!6!-,5.8$6)$3!'!$%B.

1!6!-,5-(= . '*4 . +!::454%843 . $;345"4+ . ;4'E44% . 106 .G,>& . ,%+ . 1Y% . G,>&.

MNN<.-!K4-(.,5$34. :5$6.+!::454%843 . !% .)5$'4!%.8$6)$3!'!$%= .,3 .;$'* .$:.

'*434.MNN<.-,8K4+.G,>B.0*4.-,8K.$:.3!>%!:!8,%'.+!::454%843.!%.3)-4%$8('4.

)$)9-,'!$%3.;4'E44%.'*4.1Y%.G,>&.>5$9).,%+.%$%&!669%!34+.6!84.!3.-!K4-(.

54-,'4+.'$.'*4.8$-$%!3,'!$%.$:.3)-44%.,%+.-!"45.5439-'3.+4385!;4+.)54"!$93-(B.

I54"!$93.4O)$3954.'$ .!-.Y%'45!'!+!3.)5$'4!%3.,))4,53.%$'.'$.*,"4.'5!>>454+.,.

3'5$%> . 84--&64+!,'4+ . 543)$%34 . :$--$E!%> . 4O)$3954 . '$ .!-. 0()*!695!96.

!%:48'!$%=.E*!8*.5439-'4+.!%.,%.!6),!54+.!669%4.543)$%34B

h@



QWP*+<C6DCC<7>

G"45,--.'*434.5439-'3.8$55$;$5,'4.$95.*()$'*43!3.,%+.!%+!8,'4.'*,'.MNN<.

-,8K!%> .G,> .E454 . ,;-4 . '$ . 4-!8!' . ,% . !669%4 . 543)$%34 . '*,' . 8,% . *!%+45 .!-(

0()*!695!96.!%:48'!$%.!%.'*4.6$934.,%+.-4,+.'$.!6),!54+.8$-$%!3,'!$%.$:.'*4.

3)-44%B . <-'*$9>* . $%-( . !% . '*4 . 3)-44%= . '*5$9>* . 1Y% . G,>& . MNN<.

!669%!3,'!$%.E4.$;',!%4+.4"!+4%84.'*,'.G,>&.MNN<.8,%.,-3$.!6),!5.'*4.

!%:48'!$%.$:.,.*4'45$-$>$93 .!"#$%&'##" (345$",5.,%+.!%+!8,'!%>.'*,'.MNN<.

*,"4. '*4.)$'4%'!,- . '$ .>4%45,'4 .,.85$33&)5$'48'!"4. 543)$%34B .C!::454%843 . !%.

8$-$%!3,'!$% . +(%,6!83 . ;4'E44% . 3)-44% . ,%+ . -!"45 .6!>*' . 4O)-,!% .E*( . '*4.

5439-'3.E454.$%-(.3!>%!:!8,%'.!%.'*4.3)-44%B.a$-$%!3,'!$%.-4"4-3.E454.*$E4"45.
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)5$'48'4+.6!84=.*$E4"45= .!"#$%&'##".;95+4%.!%.'*4.3)-44%.E!--.;4.-$E45.$5.

!%4O!3'4%'=.-4,+!%>.'$.,.+4854,34+.!%:-9O.$:.84--3.!%'$.'*!3.$5>,%B.195)5!3!%>-(= .

'*!3 .E,3.%$'. '*4.8,34.E!'*.'*4.1HX?_W.>5$9).E*!8*= .:$5.6$3' .84-- . '()43=.

3*$E4+ . 3!6!-,5 . -4"4-3 . '$ . %$%&!669%!34+ . 6!84= . '*4 . 4O84)'!$% . ;4!%>.

>5,%9-$8('43.,%+.)*,>$8('43B.

Taken together,  these  results  show that  the  Salmonella GMMA we have 

generated and optimised for protein antigen delivery have the potential to be 

developed  ,3 ., .;5$,+&3)48'596.)5$'4!%&;,34+ .",88!%4.,>,!%3' .#01B .0*4(.

4-!8!'4+.,.3'5$%>.,%'!;$+(.543)$%34.,%+.,8'!",'4+.3$64.$:.'*4.39;)$)9-,'!$%3.

$:.84--&64+!,'4+.!669%!'(B.0*4.,;!-!'(.$:.!-.0()*!695!96.,%+.!-.Y%'45!'!+!3.

MNN<.'$.!6),!5 .!-. 0()*!695!96.!%:48'!$%.!%.'*4.3)-44%.$:.6!84.:95'*45.

4O46)-!:!4+ . '*4!5 . )$'4%'!,- . ,3 . ",88!%43B . L%'4543'!%>-(= .!-. 0()*!695!96.

MNN<.)5$"!+4+.,.*!>*45.+4>544.$:.)5$'48'!$%.'*,% .!-.Y%'45!'!+!3.MNN<.

+43)!'4.4O'4%3!"4.$"45-,).!%.'*4!5.)5$'4!%.8$%'4%'B.<.6$54.+4',!-4+.,%,-(3!3.
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$:.'*4.)5$'4$643.6!>*'.)5$"!+4.3$64.!%3!>*'.,3.'$.E*,'.)5$'4!%3.6!>*'.;4.

-4,+!%>.'$.'*!3.+!::454%'!,-.!669%4.543)$%34B.#$%4'*4-433=.,%+.+43)!'4.'*434.

)$3!'!"4.5439-'3=.:95'*45.$)'!6!3,'!$%.$:.'*434.MNN<.!3.54J9!54+.'$.$;',!%.

-4"4-3.$:.)5$'48'!$%.3!6!-,5.'$.'*$34.4-!8!'4+.;(.G,>&8$%',!%!%>.",88!%43B

NWO*#@F8<659<7>C*V7E*M566<>=*;=M=87F@=>9

MNN<.*,"4 . 3*$E%.>54,' .)$'4%'!,- . :$5 .+4"4-$)64%' .,3 .",88!%43 .,>,!%3'.

!"#$%&'##"=.1*!>4--,=.G-(:'*)544+4=.O-(,3%#'*"'.,%+.$'*45.$5>,%!363.;,34+.$%.

5439-'3.!%.,%!6,-.6$+4-3./<-,%!R.4'.,-B=.?ZZio.a,6,8*$.4'.,-B=.?ZWWo.^$;45'3.

4'.,-B=.?ZZho.18*!-+=.#4-3$%=.n.a,6!--!=.?ZZh2B.N$54$"45=.+4'45>4%'&4O'5,8'4+.

GND.:5$6.=-($'&+&6+)+>+4.345$>5$9).].*,"4.;44%.934+.!%.*96,%3.!%.a9;,=.

#4E.p4,-,%+.,%+.#$5E,(.,%+.3*$E%.*!>*.-4"4-3.$:.4::!8,8(B.c$E4"45=.'*4.

!669%4.543)$%343.4-!8!'4+.;(.MNN<.$5.+4'45>4%'&4O'5,8'4+.GND.'4%+.'$.

;4 . 345$'()4&3)48!:!8= .+94 . '$ . '*4 .)5434%84 .$: ., .)$-(3,88*,5!+4 .8$6)$%4%'.

/G,>.$5.8,)39-42.'*,'.",5!43.;4'E44%.3)48!43T.345$'()43B

F4 .*,+ . *()$'*43!34+ . '*,' . ;( . 546$"!%> . '*4 . 345$'()4&3)48!:!8 . 8$6)$%4%'.

:5$6.MNN<=.'*4.G,>=.E4.E$9-+.;4.,;-4.'$.4-!8!'.,.)5$'48'!"4.,%+.,.85$33&

)5$'48'!"4 . !669%4 . 543)$%34B . L% . :,8'= . !669%!3,'!$% .E!'* .!-. 0()*!695!96.

MNN<.!6),!54+.*$6$-$>$93.!-.0()*!695!96.!%:48'!$%.!%.'*4.3)-44%.,%+.'$.

3$64.4O'4%'.!%.'*4.-!"45=.,%+.!-.Y%'45!'!+!3.MNN<.!6),!54+.*4'45$-$>$93.!-(

0()*!695!96.!%:48'!$%.!%.'*4.3)-44%B.Y"4%.'*$9>*.'*4.)5$'48'!$%.-4"4-3.E454.

%$'.,3.*!>*.,3.'*$34.$:.MNN<.E!'*.G,>.$5.'*4.-!"4.,''4%9,'4+.3'5,!%=.!'.

!%+!8,'43.'*,'.'*4.39;34'.$:.)5$'4!%3.'*,'.!3.:$9%+.!%.)5$'4!%&MNN<.!3.,;-4.'$.

4-!8!'.,%'!;$+!43.'*,'.*!%+45.!"#$%&'##"(!%:48'!$%B

L' . !3 . '594. '*,' .)54"!$93.3'9+!43.E!'*.K!--4+.5$9>*.69',%'3 .*,+.3*$E%.'*,'.

!%+44+. '*434 . ,54 . -433 .4::48'!"4 .,' .)5$'48'!%> . '*,% .K!--4+ . 36$$'* .69',%'3B.

c$E4"45= . '*4 . '54,'64%' . '$ .E*!8* . '*434 .;,8'45!, . /4!'*45 .*4,' . $5 . 8*46!8,-.
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3'54332 .E454 . 39;748'4+ .6!>*' . *,"4 . !%'45:454+ .E!'* . )5$'4!% . 3'598'954 . ,%+.

+43'5$(4+.!6)$5',%'.4)!'$)43B.MNN<.*,"4.'*4.,+",%',>4.'*,'.)5$'4!%3.,54.

4O)54334+.!%.'*4!5.%,'95,-.8$%:$56,'!$%./]45%,+,8.4'.,-B=.W[[h2B.`95'*456$54=.

)5$'4!%&;,34+ .",88!%43 .*,"4 .;44% .)54"!$93-( . 3*$E% . '$ . !%+984 .)5$'48'!$%.

,>,!%3' .!"#$%&'##"B . L% . ),5'!89-,5= . , . 5484%' . 3'9+( .E!'* .!"#$%&'##". $9'45.

646;5,%4 .)$5!%3. !% .,.695!%4.6$+4- ./M!-&a59R.4' .,-B= .?ZZ[2. 3*$E4+. '*,'.

!669%!3,'!$%.E!'*.'*434.)5$'4!%3.!%+984+.)5$'48'!$%.-4"4-3.3!6!-,5.'$.*4,'&

K!--4+.;,8'45!,.,%+.!%+!8,'4+.,.8598!,-.5$-4.:$5.G6)C.!%.)5$'48'!$%B.

L%'4543'!%>-(= .MNN<.E454 . 3*$E%. '$ .;4 . 5!8* . !% .$9'45 .646;5,%4 .)$5!%3=.

!%8-9+!%>.'*$34.)54"!$93-(.3*$E%.'$.;4.)5$'48'!"4B.c$E4"45=.'*4.GNI.!%.'*4.

,;$"4.3'9+(.E454.934+.,'.,.?Zt>.+$34=.E*!8*.!3.?Z.'!643.*!>*45.'*,%.'*4.Wt>.

$:.)5$'4!%.934+.!%.$95.!669%!3,'!$%3B.L'.!3.'*93.)$33!;-4.'*,'.*!>*45.+$343.$:.

MNN<.6!>*' .;4 . 4"4% .6$54 . 4::48'!"4 . ,>,!%3' . !%:48'!$% .;( .>4%45,'!%> . ,.

3'5$%>45.,%'!;$+(.,%+.84--&64+!,'4+.543)$%34B.

L' . *,3 .;44% . 5484%'-( .*!>*-!>*'4+ . '*,' .!"#$%&'##"&543!3',%' .6!84 . ,54 .6$54.

39!'4+.'$.'*4.,3343364%'.$:.4::!8,8(.$:.%$%&-!"!%>.",88!%43=.,3.!3.'*4.8,34.$:.

MNN<./1!6$%=.04%%,%'=.M,-4%=.n.H4"!%4=.?ZWW2B.L%3'4,+=.E4.934+.,.6$934.

3'5,!%.'*,'.!3.39384)'!;-4.'$.!"#$%&'##". !%:48'!$%=.agi]Hm_./#5,6).&m&2.,%+.

'*93.6$54 .39!'4+. '$. '*4. '43'!%>.$:.698$3,--(.,+6!%!3'454+.-!"4.,''4%9,'4+.

3'5,!%3./1!6$%.4'.,-B=.?ZWW2B.

N$54$"45=.!'.!3.,-3$.!6)$5',%'.'$.K44).!%.6!%+.'*,'.E4.E454.93!%>.,.6$934.

6$+4- . '$ . 3'9+( . , . ",88!%4 . '$ . ;4 . 934+ . :$5 . , . *96,% .+!34,34B .C43)!'4 . '*4.

E!+43)54,+.934.$:.695!%4.6$+4-.'$.3'9+( .!"#$%&'##". ",88!%43.+94.'$.'*4.

$"45-,).;4'E44% .!-. 0()*!695!96.!%:48'!$%. !% .6!84 .,%+. !%",3!"4.#01. !%.

*96,%3=.!%8-9+!%>.'*4.:,8'.'*4(.,54.;$'*.3(3'46!8=.'*454.,54.+!::454%843.'*,'.

6!>*'.,::48'.",88!%4.'43'!%>./1!>>!%3.4'.,-B=.?ZWW2B.L%.),5'!89-,5=.6$934.34596.

!3.%$'.,;-4.'$.4::48'.84--&:544.8$6)-464%'&+4)4%+4%'.K!--!%>.$: .!"#$%&'##"(

+94.'$.'*4.54+984+.,;!-!'(.$:.'*4.8$6)-464%'.'$.K!--.;,8'45!,./1!>>!%3.4'.,-B=.
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?ZWW2B.0*454:$54=.4"4%.'*$9>*.MNN<.6!>*'.*,"4.4-!8!'4+.,%'!;$+(.39!',;-4.

:$5 . 8$6)-464%'&:!O!%>= . '*4 . K!--!%> . E$9-+ . *,"4 . ;44% . !6),!54+ . ;( . '*!3.

+4:!8!4%8(.!%.'*4.695!%4.!669%4.543)$%34B

L%.:,8'=.!'.*,3.;44%.3*$E%.'*,'.,%'!;$+(&64+!,'4+.!669%!'(= .'*5$9>*.84--&

:544 . 8$6)-464%'&+4)4%+4%' . ;,8'45!8!+,- . ,8'!"!'( . $5 . 84--&+4)4%+4%'.

$)3$%$)*,>$8('$3!3=.!3.!6)$5',%'.:$5.)5$'48'!$%.,>,!%3'.!"#$%&'##".!%:48'!$%.

!%.<:5!8,%3./M$%+E4.4'.,-B=.?ZWZo.N,8H4%%,%.4'.,-B=.?ZZh2B.L%.),5'!89-,5=.!'.

*,3 .;44% . 3*$E% . '*,' .!"#$%&'##". 34596.K!--!%> . !3 . !%+984+ . ;( . ,%'!;$+!43.

,>,!%3'.$9'45.646;5,%4.)5$'4!%3./N,8H4%%,%.4'.,-B=.?ZWZ2B.MNN<.4-!8!'4+.

, .3'5$%>.)5$'4!%&3)48!:!8 .,%'!;$+(.543)$%34.,>,!%3' .,%.4O'4%3!"4. 5,%>4.$:.

)5$'4!%3B.0*454:$54=.+43)!'4.%$'.,8*!4"!%>.,3.'*4.3,64.-4"4-3.$:.)5$'48'!$%.,3.

G,>&8$%',!%!%> .MNN<= . )5$'4!% .MNN<.6!>*' . ;4 .E$5'* . )9539!%> . ,3 . ,.

)5$'4!%&;,34+.",88!%4.%$%4'*4-433B.

NW_*4D9DE=*F=ECF=69<M=C

L'.!3.-!K4-(.'*,'.!%",3!"4.%$%&'()*$!+,-.!"#$%&'##"'./!#012.E!--.8$%'!%94.'$.

;4 . $%4 . $: . '*4 . 6,!% . 8,9343 . $: . ;,8'45,46!, . !% . 8*!-+54% . ,%+.

!669%$8$6)5$6!34+.,+9-'3.!%.<:5!8,B.c$E4"45=.E!'*.!%854,34+.395"4!--,%84.

,%+.!6)5$"4+.+!,>%$3'!8.'$$-3=.,-$%>.E!'*.'*4.!%'5$+98'!$%.$:.",88!%43.:$5.

'*4.$'*45.'E$.6,!%.8,9343.$:.;,8'45,46!,.& .;"'$%:3+#54(+&<#5'&7"'. /"$%.

M$'';45>.4'.,-B= .?ZW?o.M433%45=.?ZZ[2. .,%+.)%496$8$88,-.i&=.WZ&.,%+.WX&

",-4%'.",88!%43./^$8,.4'.,-B=.?ZWW2.f.!'.!3.)5$;,;-4.'*,'.!#01.E!--.>,!%.4"4%.

>54,'45.)9;-!8.*4,-'*."!3!;!-!'(=.E*!8*.E!--.!%.'95%.*!>*-!>*'.'*4.%44+.:$5.,%.

4::48'!"4.,%+.,::$5+,;-4.",88!%4.,>,!%3'.'*4.+!34,34B

0*4.E$5K.+4385!;4+.!%.'*!3.I*BCB.'*43!3.*,3.3*$E%.'*,'.!"#$%&'##"(MNN<.

*,"4.'*4.)$'4%'!,-.'$.;4.+4"4-$)4+.,3.,.)5$'4!%&;,34+.",88!%4.,>,!%3'.#01.!%.

'*4.:9'954.!:.'*4(.,54.:95'*45.$)'!6!34+B.
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<.K4( . ,3)48' . '*,' .E,3 . %$' . ,334334+ . ;9' . !3 . $: . 8598!,- . !6)$5',%84 . !3 . '*4.

,3343364%'.$:.4%+$'$O!8!'(.!%.MNN<.>4%45,'4+.:5$6.Δ$40G.69',%'3B.Y"4%.

'*$9>*.'*4.$40G(+4-4'!$%.*,3.;44%.54)$5'4+.'$.54+984.HI1.54,8'$>4%!8!'(.!%.

!"#$%&'##".,%+.?-(,%#+.MNN<./H44.4'.,-B=.?ZZ[o.b!6.4'.,-B=.?ZZ[2=.MNN<.

>4%45,'4+.,3.),5'.$:.'*!3.3'9+(.3*$9-+.;4.'43'4+.:$5.'*4!5.4%+$'$O!8!'(.!%.,%.+&(

A+)*%.8('$K!%4&54-4,34.,33,(./1'$++,5+=.I!%'$=.b4!345=.n.p$--!%>45=.?ZWZ2B.L:.

'*4(.,54.%$'.3*$E%.'$.;4.39::!8!4%'-(.+4'$O!:!4+=.,++!'!$%,-.+4-4'!$%.8,%.;4.

!%'5$+984+=.398*.,3 .3)*G (/19%3*!%4.4'.,-B=.W[[i2B.0*4.+4-4'!$%.$:.'*!3.>4%4.

>4%45,'43.,.69',%' .'*,'.!3= . !%.'*4$5(= .-433.'$O!8.'*,%.'*4.E!-+.'()4.$5.'*4.

$40G(+4-4'!$%.69',%'3B

0*4.:9%8'!$%,-.8*,5,8'45!3,'!$%.$:.'*4.,%'!;$+!43.>4%45,'4+.,>,!%3'.MNN<.

E$9-+.,-3$.;4.$:.,++4+.!%'4543'B.F4.E$9-+.;4.),5'!89-,5-(.!%'4543'4+.!%.'*4.

84--&:544.8$6)-464%'&64+!,'4+.;,8'45!8!+,-.,8'!"!'(.$:.'*434.,%'!;$+!43=.,3.

E4--.,3.!%.'*4.84--&64+!,'4+.$)3$%$)*,>$8('!8.,8'!"!'(B.F4.8,55!4+.$9'.3$64.

,3343364%'3 .$:. '*4.;,8'45!8!+,- .,8'!"!'(.$:.MNN<.345,= .;9' .;48,934.'*4(.

E454.$%-(.)54-!6!%,5(.5439-'3=.E4.*,"4.%$'.!%8-9+4+.'*46.!%.'*!3.'*43!3B

YO)-$5!%> . ,-'45%,'!"4 . !669%!3,'!$% . ,%+m$5 . 8*,--4%>4 . 5$9'43 . 6!>*' . *,"4.

(!4-+4+ .6$54 . !%3!>*' . !%'$ . '*4 . !669%4 . 543)$%34 . ,%+ . )$'4%'!,- . )5$'48'!$%.

648*,%!363.4-!8!'4+.;(.MNN<B.C43)!'4.4O*!;!'!%>.,%.!%",3!"4.)*4%$'()4.

!%.3$64.8,343./!#01.,%+.!-.0()*!2= .!"#$%&'##". !3.,.698$3,-.),'*$>4%.,%+.

698$3,- . 5$9'43 . $: . !669%!3,'!$% .6!>*' . ;4 .6$54 . 39!',;-4B . <-'*$9>* .E4.

,334334+.'*4.!669%$>4%!8!'(.,%+.3,:4'(.$:.!%'5,%,3,-.MNN<.!669%!3,'!$%=.

E4.+!+.%$'.'43'.'*4.,;!-!'(.'$.)5$'48'.,>,!%3'.$5,-.$5.),54%'45,-.8*,--4%>4B

<%$'*45.!3394.'$.;4.,++54334+.!%.'*4.:9'954.!3.'*4.4O'4%3!$%.$:.$95.:!%+!%>3.'$.

!#01 . +!34,34 . !% . 19;&1,*,5,% . <:5!8,B . 0*5$9>*$9' . '*!3 . 3'9+( . E4 . 934+.

+!,55*$4,>4%!8.3'5,!%3.$:.#01./!-.0()*!695!96.1HWX@@=.H0?.$5.Ng?g.,%+.

!-. Y%'45!'!+!3.IW?gWZ[2.,3.'*4.3$9584.$:.MNN<.,%+.,3.'*4.3'5,!%3.:$5 .+&(

A+)*%. ,%+ .+&(A+A%. 3'9+!43B .c$E4"45= .,3. 5484%'-(.54)$5'4+ ./b!%>3-4(.4' .,-B=.
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?ZZ[2= . 3'5,!%3 . 8,93!%> . !#01 . +!34,34 . !% . <:5!8, . ,54 . >4%4'!8,--( . +!3'!%8'B.

<-'*$9>*.E4.+!+.%$' .$;345"4.,%(.+!::454%843. !%. '*4.)5$'4!%.),''45%.$: .!-(

0()*!695!96.1HWX@@.,%+.!-.0()*!695!96.C?XghZ.MNN<=.!'.!3.)$33!;-4.

'*,'.,.8-$345.,%,-(3!3.E$9-+.9%"4!-.+!::454%843.,'.'*4.)5$'4$6!8.-4"4-B

N$54$"45=.,%+.,3.64%'!$%4+.)54"!$93-(=.:95'*45.$)'!6!3,'!$%.$:.'*4.MNN<.

!3.54J9!54+.'$.4%,;-4.'*4!5.934.,3.,.)5$'4!%&;,34+.",88!%4.,>,!%3'.#01B.0*454.

,54.34"45,-.)$33!;!-!'!43=.%,64-(.E!'*.'*4.934.$:.,.*!>*45.+$34.$5.'*4.934.$:.

,+79",%'3 . '$ . 3'!69-,'4 . , . 3'5$%>45 . 84--&64+!,'4+ . 543)$%34B . <%$'*45.

,-'45%,'!"4=.E*!8*.*,3.;44%.934+.4O'4%3!"4-(.E!'*.=-($'&+&6+)+>+4.MNN<=.!3.

'*4.$"454O)5433!$%.$:.8$%345"4+.,%'!>4%3.$%.'*4.MNN<.395:,84=.4!'*45.;(.

)-,8!%> . '*46.$%., .)-,36!+ .$5 . !%'4>5,'4+ . !%'$ . '*4 .8*5$6$3$64B .0*!3 .*,3.

5439-'4+ . !% . !6)5$"4+ . !669%4 . 543)$%343 . '$ .=-. 64%!%>!'!+!3 . MNN<.

/b$4;45-!%>= .F4-38*= .n.M5,%$::= .?ZZio .b$4;45-!%>= .149;45'= .n.M5,%$::=.

?ZZh2. ,%+ . !' . !3 . -!K4-( . '*,' . 9)$% . !+4%'!:!8,'!$% . $: . 39!',;-4 . ,%'!>4%3 . :$5.

$"454O)5433!$%=.'*!3.,))5$,8*.E$9-+.-!K4-(.E$5K.:$5.!"#$%&'##".MNN<B
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/FF=>;<d*S

[[



WZZ



WZW

j JE79=<>*#+ /66=CC<7>*
>D@Y=E

&=VW*C9E5<>
JE=;<69=;*
-7659<7>

W $9'45.646;5,%4.)5$'4!%.

,3346;-(.:,8'$5.d,40
SQNQ_QS` !"#$%&'##".'()*!695!96.H0?

G9'45.

646;5,%4

? )(59",'4.+4*(+5$>4%,34.

39;9%!'.YW
SQNQ_P`O !"#$%&'##".'()*!695!96.H0?

a('$)-,36!8

X $9'45.646;5,%4.5484)'$5.

`4)<
SQNQ_iQO !"#$%&'##".'()*!695!96.H0?

G9'45.

646;5,%4

@ 8,5;$O(&'456!%,-.)5$'4,34 SQNQPShQ !"#$%&'##".'()*!695!96.H0? a('$)-,36!8

g :455!8*5$64.$9'45.646;5,%4.

'5,%3)$5'45
SQNQ_PhS !"#$%&'##".'()*!695!96.H0?

G9'45.

646;5,%4

_ )9','!"4.'5,%3>-(8$3(-,34 SQNQQPQO !"#$%&'##".'()*!695!96.H0? a('$)-,36!8
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G9'45.646;5,%4."43!8-43.:5$6.>5$9).].#4!3345!,.64%!%>!'!+!3.+4-',.>%,XX.69',%'S.)5$'4$6!8.

,%+ . !669%$-$>!8,- . 8$6),5!3$% . E!'* . +4'45>4%'&+45!"4+ . $9'45 . 646;5,%4 . "43!8-43B.

1*%)'%$+,4-K([K.Whg_&Wh__B

M433%45= .]B .CB . /?ZZ[2B .c,46$)*!-93 . !%:-94%R,4 . '()4 .; . ",88!%4 . !6),8' . !% . 543$9584&)$$5.

34''!%>3.!%.<3!,.,%+.<:5!8,B.?]:'*)-.'A-O",,+&'4-K(YK.[W&WZ?B

M!-&a59R=.aB=.]$;,'=.1B=.N,53*,--=.eB.HB=.b!%>3-4(=.^B.<B=.^$33=.YB.<B=.c4%+453$%=.LB.^B.4'.,-B.

/?ZZ[2B.0*4.)$5!%.G6)C.:5$6.%$%'()*$!+,-.1,-6$%4--,.!3.,.K4(.',5>4'.:$5.,.)5$'48'!"4.]W;.

84--.,%'!;$+(.543)$%34B.1*%,-=")#-@,">-!,+-\-!-@K(DF[K.[hZX&[hZhB

M!-K3=.aB.`B./W[[h2B.<89'4.;,8'45!,-.!%:48'!$%3.,%+.cLD.+!34,34B.G*-S'>-G5##-K(WXK.XhX&X[XB

M!9-!,%!= .NB.NB= .<+9&]$;!4= .eB= .a$6,%+988!= .NB= .<5!8$= .]B= .1,"!%$= .1B= .1,%'!%!= .HB .4' .,-B .

/?ZZ_2B.<.9%!"453,-.",88!%4.:$5.345$>5$9).].64%!%>$8$8893B.1*%,-=")#-@,">-!,+-\-!-@K(DFEK(

WZhX@&WZhX[B

M$%+E4=.YB.#B=.N$-(%49O=.NB.YB=.M$$+,--=.NB=.M5,*,6=.1B.NB=.N,3'5$4%!=.IB=.C5,(3$%=.NB.0B.

4' .,-B ./?ZWZ2B . L6)$5',%84 .$: . ,%'!;$+(.,%+.8$6)-464%' . :$5 .$O!+,'!"4 .;953' .,%+ .K!--!%> .$:.

!%",3!"4.%$%'()*$!+,-.1,-6$%4--,.;(.;-$$+.84--3.!%.<:5!8,%3B.1*%,-=")#-@,">-!,+-\-!-@K(DFQK(

XZiZ&XZigB

M$5+$%=.NB.<B./?ZZh2B.1,-6$%4--,.!%:48'!$%3.!%.!669%$8$6)5$6!34+.,+9-'3B .U-P&<',)-K (W[K(

@WX&@??B

M$5+$%=.NB.<B=.],%+,=.cB.0B=.M$%+E4=.NB=.M$5+$%=.1B.]B=.]$4544=.NB.eB=.F,-3*=.<B.HB.4'.,-B .

/?ZZ?2B.#$%&'()*$!+,- .3,-6$%4--,.;,8'45,46!,.,6$%>.cLD&!%:48'4+.N,-,E!,%.,+9-'3S.*!>*.

6$5',-!'(.,%+.:54J94%'.54859+4384%84B.@PI!K(D[K.W_XX&W_@WB

M$5+$%=.NB.<B= .M5,*,6= .1B .NB= .F,-3*= .<B.HB= .F!-3$%= .HB= .I*!5!= .<B= .N$-(%49O= .YB .4' .,-B .

/?ZZh2B.Y)!+46!83.$:.!%",3!"4.1,-6$%4--,.4%'45!8,.345$",5.4%'45!'!+!3.,%+.1B.4%'45!8,.145$",5.

'()*!695!96.!%:48'!$% .,33$8!,'4+ .E!'* .69-'!+59> . 543!3',%84 .,6$%>.,+9-'3 .,%+.8*!-+54% . !%.

N,-,E!B.H#+&-P&<',)-I+4-K(X[K.[_X&[_[B

M$5+$%=.NB.<B=.b,%KE,'!5,=.<B.NB=.NE,:9-!5E,=.MB=.F,-3*=.<B.HB=.c$)K!%3=.NB.eB=.I,55(=.aB.

NB.4'.,-B./?ZWZ2B.L%",3!"4.%$%&'()*$!+.3,-6$%4--,4.43',;-!3*.3(3'46!8.!%'5,84--9-,5.!%:48'!$%.!%.

cLD&!%:48'4+.,+9-'3S.,%.4645>!%>.+!34,34.),'*$>4%43!3B.H#+&-P&<',)-I+4-K(WFK.[gX&[_?B

M$5+$%=.NB.<B=.p!7-3'5,=.YB.YB=.#,93=.aB.FB=.D!3345=.HB.MB=.N$-(%49O=.NB.YB=.n.",%=.HB.HB .

/?ZZX2B.18*!3'$3$6!,3!3.+$43.%$'.8$%'5!;9'4.'$.+4,'*.$5.5489554%84.$:.%$%'()*$!+.1,-6$%4--,.

WZg



;,8'4546!,.!%.*96,%.!669%$+4:!8!4%8(."!593&!%:48'4+.N,-,E!,%.,+9-'3B.H#+&-P&<',)-I+4-K(EQK(

4Wii&4Wi[B

M$5>= . <B= .F4!33= .FB= .n .C9%%= .NB . eB . /?ZZ@2B .a9554%' . 'E$&+!64%3!$%,- . 4-48'5$)*$543!3.

'48*%$-$>(.:$5.)5$'4$6!83B.1*%)'%$+,4-K(XK.X__g&X_hgB

M5,*,6=.1B.NB.n.Y%>-!3*=.NB./?ZZ[2B.#$%&'()*$!+,-.3,-6$%4--,4S.,.6,%,>464%'.8*,--4%>4.

:$5.8*!-+54%.E!'*.8$669%!'(&,8J9!54+.!%",3!"4.+!34,34.!%.'5$)!8,-.<:5!8,%.8$9%'5!43B.Z"&,')K (

EQEK.?_i&?_[B

M5,*,6=.1B.NB=.N$-(%49O=.YB.NB=.F,-3*=.<B.HB=.a*443;5$9>*=.eB.1B= .N$-(%49O=.NB.YB=.n.

c,5'= . aB . <B . /?ZZZ2B . #$%'()*$!+,- . 1,-6$%4--, . !%:48'!$%3 . $: . 8*!-+54% . !% . '5$)!8,- . <:5!8,B.

1'>+")*-P&<',)-I+4-U-K(DVK.WWh[&WW[_B

M544%=.1B.CB.n.a*443;5$9>*=.eB.1B./W[[X2B.1,-6$%4--,.;,8'45,46!,.,6$%>.($9%>.8*!-+54%.,'.,.

595,-.*$3)!',-.!%.E43'45%.p,!54B.@&&-8*%:-1"'>+")*-K(DEK.@g&gXB

M9!;$95+4%8*4=.NB=.^$>>4%'!%=.IB=.N!K$-4!'=.NB=.`!4-+3=.IB.LB=.]$8K469*-=.eB=.M5!6$%'=.IB.<B.

4'.,-B ./?ZWZ2B.19))-464%'.?ZZX&?ZZi./#$B.@i2.'$.'*4.F*!'4&b,9::6,%%&H4.N!%$5.38*464B.

.'4-S+,*%0+%#-K(D[DK.?_&?[B

c,%'K4= . bB= . #!8*$-3$%= . MB= . ^,;38*= . FB= . n . F!%K4-6,%%= . MB . /?ZZX2B . 1,-6$8*4-!%3=.

3!+45$)*$543 . $: . 1,-6$%4--, . 4%'45!8, . ,%+ . 95$),'*$>4%!8 . Y38*45!8*!, . 8$-! . 3'5,!%3= . ,54.

548$>%!R4+.;(.'*4.$9'45.646;5,%4.5484)'$5.L5$#B.1*%,-=")#-@,">-!,+-\-!-@K(DFFK.X_ii&X_h?B

c,55!3$%=.eB.<B=.D!--,554,-&^,6$3=.]B=.N,3'5$4%!=.IB=.C46,58$.+4=.cB.^B=.n.c$56,48*4=.aB.YB.

/W[[i2B.a$554-,'43.$:.)5$'48'!$%.!%+984+.;(.-!"4.<5$&.1,-6$%4--,.'()*!695!96.",88!%43.!%.'*4.

695!%4.'()*$!+.6$+4-B.P$$5&%#%69K(VFK._Wh&_?gB

c4%5(= .0B= .I$66!45= .1B= . e$95%4'= .HB= .]45%,+,8= .<B= .M$5"4-= . eB .IB= .n.H-$9;43= .^B . /?ZZ@2B.

L6)5$"4+ . 64'*$+3 . :$5 . )5$+98!%> . $9'45 . 646;5,%4 . "43!8-43 . !% . M5,6&%4>,'!"4 . ;,8'45!,B.

.'4-S+,*%0+%#-K(DWWK.@Xi&@@_B

c$*6,%%=.YB.HB./?ZZW2B.#$%'()*$!+,-.3,-6$%4--$3!3B.H#+&-P&<',)-I+4-K(ERK.?_X&?_[B

c$-3'= . eB= .N,5'!%= .CB= .<5%$-+= .^B= .c945>$= .aB .aB= .G3'45= .IB= .GPc,--,*,%= . eB . 4' . ,-B . /?ZZ[2B.

I5$)45'!43 .,%+.8-!%!8,-.)45:$56,%84 .$:.",88!%43.8$%',!%!%>.$9'45.646;5,%4 ."43!8-43 .:5$6.

#4!3345!,.64%!%>!'!+!3B.O",,+&'K(RQ(!5::#(RK.]X&W?B

c$56,48*4=.aB.YB./W[i[2B.#,'95,-.543!3',%84.'$.1,-6$%4--,.'()*!695!96.!%.+!::454%'.!%;54+.

6$934.3'5,!%3B.P$$5&%#%69K(EQK.XWW&XWhB

c9%>= .aB.aB= .c3!4*= .1B .NB= .c3!,$= .aB .`B= .a*4%= .NB .dB= .n.1*4%>= .FB .cB ./?ZZW2B .^!3K.$:.

5489554%'.%$%&'()*$!+.1,-6$%4--,.;,8'45,46!,.,:'45.4,5-(.+!38$%'!%9,'!$%.$:.8!)5$:-$O,8!%.,3.

348$%+,5(.)5$)*(-,O!3 . !% .<LC1.),'!4%'3 . !% . '*4.45,.$:.*!>*-(.,8'!"4.,%'!54'5$"!5,- . '*45,)(B.

@PI!K(DWK._@g&_@iB

L->=.bB=.Y%+'=.bB=.N!334-E!'R=.]B=.1'48*45=.]B=.<4;!=.NB=.n.c,5+'=.FB.CB./?ZZ[2B.G&,%'!>4%&

%4>,'!"4.1,-6$%4--,.4%'45!8,.345$",5.0()*!695!96.!3.,''4%9,'4+.!%.!%'43'!%,-.8$-$%!R,'!$%.;9'.

4-!8!'3.8$-!'!3.!%.3'54)'$6(8!%&'54,'4+.6!84B.P&<',)-P$$5&-K(QQK.?g_h&?gigB

WZ_



b,+959>,69E,= . eB .HB .n.]4"45!+>4= .0B . eB . /W[[i2B .#,'95,- . 54-4,34 .$: ."!59-4%84 . :,8'$53 . !%.

646;5,%4."43!8-43.;(.I349+$6$%,3.,459>!%$3,.,%+.'*4.4::48'.$:.,6!%$>-(8$3!+4.,%'!;!$'!83.

$%.'*4!5.54-4,34B.U-@&)+$+,*%0-H3'$%)3'*-K(XFK._Wg&_?WB

b,5!9K!= . 1B= . ^4",'*!= . MB= . b,5!9K!= . #B= . b!!59= . eB= .NE!'95!,= . eB= . n . c,5'= . aB . <B . /?ZZ_,2B .

a*,5,8'45!3,'!$% .$: . 8$669%!'( . ,8J9!54+ .%$%&'()*$!+,- .1,-6$%4--, . :5$6 .;,8'45,46!, . ,%+.

+!,55*$4,-.!%:48'!$%3.!%.8*!-+54%.,+6!''4+.'$.*$3)!',-.!%.#,!5$;!=.b4%(,B .GSH-S+,*%0+%#-K([K(

WZWB

b,5!9K!= . 1B= .^4",'*!= .MB= .b,5!9K!= .#B= .b!!59= . eB= .NE!'95!,= . eB= .N9($+!= . eB . 4' . ,-B . /?ZZ_;2B.

L%",3!"4 . 69-'!+59>&543!3',%' . %$%&'()*$!+,- . 1,-6$%4--, . !%:48'!$%3 . !% . <:5!8,S . R$$%$'!8 . $5.

,%'*5$)$%$'!8.'5,%36!33!$%z.U-S'>-S+,*%0+%#-K(WWK.ghg&g[WB

b,5!9K!= .1B= .^4",'*!=.MB=.b,5!9K!= .#B=.N9($+!= .eB= .NE!'95!,= .eB= .N9%(,-$= .<B.4'.,-B ./?ZZg2B.

L%854,3!%>.)54",-4%84.$:.69-'!+59>&543!3',%'.%$%&'()*$!+,-.3,-6$%4--,4=.b4%(,= .W[[@&?ZZXB.

P&)-U-@&)+$+,*%0-@6'&)4K(RWK.Xh&@XB

b,5!9K!=.1B=.^4",'*!=.MB=.b!!59=.eB=.H$E4=.]B=.]45K-4(=.eB.<B=.n.c,5'=.aB.<B./?ZZ_82B.C4854,3!%>.

)54",-4%84 .$: .,%'!6!85$;!,- . 543!3',%84. !% .%$%&'()*$!+,- .1,-6$%4--, . !3$-,'4+. :5$6.8*!-+54%.

E!'*.;,8'45,46!,.!%.,.595,-.+!3'5!8'.*$3)!',-=.b4%(,B.P&)-U-@&)+$+,*%0-@6'&)4K(RYK.W__&WiWB

b,5-!%34(= . eB . YB . /?ZZi2B . -,6;+,&^4+ . >4%4'!8 . 4%>!%445!%> . !% . 1,-6$%4--, . 4%'45!8, . 345$",5.

0()*!695!96B.S')3%>4(?&79$%#-K(XRDK.W[[&?Z[B

b4++(=.bB.cB=.CE,5!K,=.1B=.a5$E'*45=.IB=.I45$"!8=.GB=.F,+9-,=.eB=.c$$34%=.<B.4'.,-B./?ZZ[2B.

M4%$'()!8.,%+.+46$>5,)*!8.8*,5,8'45!R,'!$%.$:.!%",3!"4.!3$-,'43.$:.1,-6$%4--,.0()*!695!96.

!%.cLD.8$&!%:48'4+.),'!4%'3.!%.1$9'*.<:5!8,B.U-P&<',)-I'A-H)*+'4-K(EK.ghg&g[?B

b4%%(= . bB . n . c45R;45>= . NB . /W[_h2B . <%'!;$+( . 543)$%34 . ,%+ . )5$'48'!$% . !%+984+ . ;(.

!669%!R,'!$%.E!'*.36$$'*.,%+.5$9>*.3'5,!%3.!%.4O)45!64%',-.3,-6$%4--$3!3B.U-G",)'*+%#-K(VWK(

@Z_&@WiB

b*,%=.NB.LB= .G8*!,!=.^B.HB=."$%=.1B.HB=.C$%>=.]B=.]*,'',8*,5(,=.1B.bB=.<>'!%!=.NB.CB.4'.,-B .

/?ZWZ2B.#$%&'()*$!+,-.1,-6$%4--,.5,'43.!%.:4;5!-4.8*!-+54%.,'.3!'43.!%.:!"4.<3!,%.8$9%'5!43B .

8*%:-S'>-P&)-;'"#)3K(DWK.[_Z&[_XB

b!6=.1B.cB=.b!6=.bB.1B=.H44=.1B.^B=.b!6=.YB=.b!6=.NB.1B=.H44=.YB.dB.4'.,-B./?ZZ[2B.1'598'95,-.

6$+!:!8,'!$%3 . $: . $9'45 .646;5,%4 . "43!8-43 . '$ . 54:!%4 . '*46 . ,3 . ",88!%4 . +4-!"45( . "4*!8-43B.

G+%,3+$-G+%:394-@,)"K(DQYYK.?WgZ&?Wg[B

b!%>3-4(=.^B.<B=.N34:9-,=.aB.HB=.0*$63$%=.#B.^B=.b,5!9K!=.1B=.c$-'=.bB.YB=.M$5+$%=.NB.<B.4'.

,-B . /?ZZ[2B . Y)!+46!8 .69-'!)-4 . +59> . 543!3',%' . 1,-6$%4--, . 0()*!695!96 . 8,93!%> . !%",3!"4.

+!34,34.!%.39;&1,*,5,%.<:5!8,.*,"4.,.+!3'!%8'.>4%$'()4B.J'&%$'(.'4-K(DVK.??i[&??hiB

b!',>,E,= .^B= .0,K,(,= .<B= .G*(,= .NB=.N!R9%$4=.dB= .0,K,+4= .<B= .d$3*!+,= .1B .4'.,-B ./?ZWZ2B.

]!$>4%43!3 . $: .1,-6$%4--, . 4%'45!8, . 345$",5 . '()*!695!96 .646;5,%4 ."43!8-43 . )5$"$K4+ .;(.

!%+98'!$%.$:.I,>aB.U-G",)'*+%#-K(DVRK.g_@g&g_g_B

b$4;45-!%>= .GB= . 149;45'= .<B= .n .M5,%$::= .CB .NB . /?ZZh2B .],8'45!8!+,- . ,%'!;$+( . 543)$%343.

4-!8!'4+.;(.,.64%!%>$8$88,-.$9'45.646;5,%4."43!8-4.",88!%4.E!'*.$"454O)54334+.:,8'$5.c&

;!%+!%>.)5$'4!%.,%+.>4%4'!8,--(.,''4%9,'4+.4%+$'$O!%B.U-P&<',)-I+4-K(DVYK.?_?&?iZB

WZi



b$4;45-!%>= .GB= .149;45'= .<B= .1,%'$3= .MB= .a$-,)5!8$= .<B= .\>$RR$-!= .NB= .C$%%4--(= . eB .4' .,-B.

/?ZWW2B . L669%$>4%!8!'( .$: ., .64%!%>$8$88,- .%,'!"4 .$9'45 .646;5,%4 ."43!8-4 .",88!%4 .E!'*.

,''4%9,'4+.4%+$'$O!%.,%+.$"45&4O)54334+.:,8'$5.c.;!%+!%>.)5$'4!%.!%.!%:,%'.5*4393.6$%K4(3B .

O",,+&'K(RVK.@i?h&@iX@B

b$4;45-!%>= .GB= .F4-38*= .eB .<B= .n.M5,%$::= .CB .NB ./?ZZi2B .L6)5$"4+ .!669%$>4%!8!'( .$:.,.

c@@mi_ . >5$9) . ] . $9'45 . 646;5,%4 . "43!8-4 . ",88!%4 . E!'* . $"45&4O)54334+ . >4%$64&+45!"4+.

#4!3345!,-.,%'!>4%.WhiZB.O",,+&'K(RWK.W[W?&W[?ZB

b',5!=.1B=.<5-4'=.MB=.D45+4'=.aB=.e,$9,=.1B=.b,8*5!+=.<B=.]4%=.^B.1B.4'.,-B./?ZZ[2B.N$-489-,5.

4)!+46!$-$>( . ,%+ . >4%4'!8 . 4%"!5$%64%' . $: . ,8J9!54+ . ;-, . <aa&W . !% . 1,-6$%4--, . 4%'45!8,.

345$'()4.H!"!%>3'$%4.8,93!%>.,.-,5>4.%$3$8$6!,-.$9';54,K.!%.09%!3!,B .S+,*%0-I*56(.'4+4)-K (

DWK.?i[&?h_B

b94*%=.NB.eB.n.b43'(=.#B.aB./?ZZg2B.],8'45!,-.$9'45.646;5,%4."43!8-43.,%+.'*4.*$3'&),'*$>4%.

!%'45,8'!$%B.J'&'4(I'A-K(DVK.?_@g&?_ggB

H,9)-,%+= .bB .]B= . 18*$%*4(+45= .cB . aB= .b4%%4+(= .bB . eB= . H(('!K,!%4%= .GB= .D,-!J94''4= . HB=.

M,-;5,!'*=.eB.4'.,-B./?ZWZ2B.1,-6$%4--,.4%'45!8,.;,8'45,46!,S.,.69-'!&%,'!$%,-.)$)9-,'!$%&;,34+.

8$*$5'.3'9+(B.GSH-P&<',)-I+4-K(DFK.[gB

H,RR,5$%!=.eB.aB.n.I$5',-!45=.^B./W[[?2B.0*4.4O8a.>4%4.$:.Y38*45!8*!,.8$-!.b&W?.54J9!54+.:$5.

84-- . 4%"4-$)4 . !%'4>5!'( . 4%8$+43 . '*4 . )4)'!+$>-(8,%&,33$8!,'4+ . -!)$)5$'4!% . /I<H2B.

S%#-S+,*%0+%#-K([K.iXg&i@?B

H4= .NB . HB= . I$)$::= .NB . dB= . n . ]$8K469*-= . eB . /W[[Z2B .19))-464%' . W[h[ . /%B . XX2 . '$ . '*4.

b,9::6,%%&F*!'4.38*464B..'4-S+,*%0+%#-K(DXDK.WWiX&WWiiB

H44=.1B.^B=.b!6=.1B.cB=.e4$%>=.bB.eB=.b!6=.bB.1B=.b!6=.dB.cB=.b!6=.1B.eB.4'.,-B./?ZZ[2B.N9-'!&

!669%$>4%!8.$9'45.646;5,%4."43!8-43.+45!"4+.:5$6.,%.N3;]&+4:!8!4%'.1,-6$%4--,.4%'45!8,.

345$",5.'()*!695!96.69',%'B.U-S+,*%0+%#-G+%)',3&%#-K(DVK.W?iW&W?i[B

H4),>4=.IB=.]$>,45'3=.eB=.D,%=.MB.aB=.#',*$59',;,=.NB=.#34%>969546(!=.`B=.c!'!6,%,=.CB.MB.4'.

,-B./W[hi2B.a$669%!'(&,8J9!54+.;,8'45,46!,.!%.<:5!8,%.8*!-+54%B.Z"&,')K(DK.W@gh&W@_WB

H!%= .HB .cB= .03,!= .aB .dB= .c9%>= .NB .cB= .`,%>= .dB .0B= .n.H!%>= .sB .CB . /?ZWW2B .^48',- . 3E,;.

3,6)-!%>.:$--$E4+.;(.,%.4%5!8*64%'.89-'954&;,34+.54,-&'!64.Ia^.,33,(.'$.+4'48'.1,-6$%4--,.

4%'45$8$-!'!3.!%.8*!-+54%B.H#+&-S+,*%0+%#-P&<',)-K(DQK.W@?W&W@?gB

N,;4(=.CB.aB=.]5$E%=.<B=.n.M544%E$$+=.]B.NB./W[hi2B.I-,36$+!96.:,-8!),596.6,-,5!,.,%+.

1,-6$%4--,.!%:48'!$%3.!%.M,6;!,%.8*!-+54%B.U-P&<',)-I+4-K(DWWK.WXW[&WX?WB

N,8K4%R!4=.MB=.a443,(= .1B.eB= .c!--= .IB.aB=.F,-'*45=.NB=.]$7,%>=.bB.<B=.1,'$>9!%,= .eB.4'.,-B .

/?ZWZ2B .<.+48-!%4. !% . '*4. !%8!+4%84.$: . !%",3!"4 .%$%&'()*$!+,- .1,-6$%4--, . !%:48'!$%.!% .0*4.

M,6;!,.'46)$5,--(.,33$8!,'4+.E!'*.,.+48-!%4.!%.6,-,5!,.!%:48'!$%B.1Z%!-^&'-K(WK.4WZg_hB

N,8H4%%,%=.aB.<B=.M!-8*5!3'=.eB.eB=.M$5+$%=.NB.<B=.a9%%!%>*,6=.<B.`B=.a$;;$-+=.NB=.M$$+,--=.

NB.4'.,-B./?ZWZ2B.C(354>9-,'4+.*96$5,-.!669%!'(.'$.%$%'()*$!+,-.1,-6$%4--,.!%.cLD&!%:48'4+.

<:5!8,%.,+9-'3B.!,+'&,'K(ERYK.gZh&gW?B

WZh



N,8H4%%,%=.aB.<B=.M$%+E4=.YB.#B=.N34:9-,=.aB.HB=.b!%>3-4(=.^B.<B=.0*$63$%=.#B.^B=.F*!'4=.

1B.<B.4'.,-B./?ZZh2B.0*4.%4>-48'4+.5$-4.$:.,%'!;$+(.!%.)5$'48'!$%.,>,!%3'.;,8'4546!,.8,934+.;(.

%$%'()*$!+,-.3'5,!%3.$:.1,-6$%4--,.!%.<:5!8,%.8*!-+54%B.U-H#+&-P&A'4)K(DDYK.WggX&Wg_?B

N,%+$6,%+$=.LB=.N,84'4=.YB=.1!>,9J94=.]B=.N$5,!3=.HB=.s9!%'$=.HB=.1,8,5-,-=.eB.4'.,-B./?ZZ[2B.

L%",3!"4.%$%&'()*$!+,-.1,-6$%4--,.!%.N$R,6;!8,%.8*!-+54%B.8*%:-S'>-P&)-;'"#)3K(DXK.W@_i&

W@i@B

N,5'!%= . #B . HB . n . ]4"45!+>4= . 0B . eB . /W[h_2B . M4%',6!8!% . !%'45,8'!$% . E!'* . I349+$6$%,3.

,459>!%$3,.84--.4%"4-$)4B.@&)+$+,*%0-@6'&)4(H3'$%)3'*-K(RVK.WZi[&WZhiB

N,3'5$4%!=.IB./?ZZ_2B.N48*,%!363.$:.!669%!'(.'$.!"#$%&'##".!%:48'!$%B.L%.IBN,3'5$4%!.n.CB.

N,3K4--./Y+3B2=.!"#$%&'##"(+&<',)+%&4B(H#+&+,"#K(P$$5&%#%6+,"#("&>(S%#',5#"*(@4:',)4./`!53'.

4+B=..a,6;5!+>4S.a,6;5!+>4.\%!"453!'(.I5433B

N,3'5$4%!= .IB .n .M5,%'= .<B . eB . /?ZWW2B .1)54,+ .$: .1,-6$%4--, . 4%'45!8, . !% . '*4 . ;$+( .+95!%>.

3(3'46!8 . !%:48'!$%S .9%5,"4--!%>.*$3' .,%+.),'*$>4% .+4'456!%,%'3B .?]:'*)-.'A-S%#-S'>-K (DEK(

4W?B

N,3'5$4%!=.IB=.D!--,554,-&^,6$3=.]B=.n.c$56,48*4=.aB.YB./W[[?2B.^$-4.$:.0.84--3=.0#`.,-)*,.

,%+.L`#.>,66,.!%.548,--.$:.!669%!'(.'$.$5,-.8*,--4%>4.E!'*."!59-4%'.3,-6$%4--,4.!%.6!84.

",88!%,'4+.E!'*.-!"4.,''4%9,'4+.,5$&.1,-6$%4--,.",88!%43B.S+,*%0-1")3%6-K(DEK.@ii&@[WB

N,O3$%= . NB . YB . n . C,5E!%= . <B . eB . /?ZZ@2B . L+4%'!:!8,'!$% . $: . !%+98453 . $: . '*4 . d453!%!,.

4%'45$8$-!'!8,.)*,>4.3*$8K.)5$'4!%.3(3'46.,%+.8$6),5!3$%.'$.'*4.54>9-,'!$%.$:.'*4.^)$Y.,%+.

a)O.4O'5,8('$)-,36!8.3'5433.543)$%343B.U-G",)'*+%#-K(DY[K.@W[[&@?ZhB

N8a-4--,%+=.NB=.1,%+453$%=.bB.YB=.1)!4'*=.eB=.a-!:'$%=.1B.FB=.H,'54!--4=.IB=.a$95'%4(=.HB.4'.,-B.

/?ZZW2B . a$6)-4'4 . >4%$64 . 34J94%84 . $: . 1,-6$%4--, . 4%'45!8, . 345$",5 . 0()*!695!96 . H0?B.

=")5*'K(XDEK.hg?&hg_B

N$5)4'*=.1B.aB=.^,6,+*,%!=.cB.GB=.n.a596)=.eB.<B./?ZZ[2B.L%",3!"4.%$%&0()*!.1,-6$%4--,.

+!34,34.!%.<:5!8,B.H#+&-P&<',)-I+4-K(XVK._Z_&_WWB

N'$"4= .MB=.<6$3=.]B=."$%= .1B.HB=.c4%+5!K34%= .LB= .NE,6;9-!= .<B=.b!645,= .eB .4'.,-B ./?ZWZ2B.

L%",3!"4 . 3,-6$%4--$3!3 . ,6$%> . 8*!-+54% . ,+6!''4+ . '$ . , . 595,- . 0,%R,%!,% . *$3)!',- . ,%+ . ,.

8$6),5!3$%.E!'*.)54"!$93.3'9+!43B.1Z%!-^&'-K(WK.4[?@@B

N9--45= .NB .NB= .D!,%%4(= .<B= . H,RR,5$%!= . eB .aB= .F4;3'45= . ^B . YB= .n .I$5',-!45= . ^B . /W[[X2B.

N46;5,%4.'$)$-$>(.$:.'*4.Y38*45!8*!,.8$-!.0$-^.)5$'4!%.54J9!54+.:$5.84--.4%"4-$)4.!%'4>5!'(B.

U-G",)'*+%#-K(DQWK._Zg[&_Z_WB

N93!!64=.DB=.b,-(439;9-,=.LB=.b,++9&N9-!%+E,=.CB=.n.](,59>,;,=.eB./?ZZ[2B.Y%'45!8.;,8'45!,-.

),'*$>4%3 . !% .cLD&!%:48'4+ . 8*!-+54% .E!'* . ,89'4 . +!,55*4, . !% .N9-,>$ . 54:455,- . ,%+ . '4,8*!%>.

*$3)!',-=.b,6),-,=.\>,%+,B.U-P&)-@44%,-1394+,+"&4(@PI!(H"*'(TH3+,-LK(YK.Whg&W[ZB

#,+76=.]B=.<6$3=.]B=.N'$"4=.MB=.G3'456,%%=.eB=.a*$%(,=.1B=.F,%>,!=.cB.4'.,-B./?ZWZ2B.FcG.

>9!+4-!%43.:$5.,%'!6!85$;!,-.'54,'64%'.!%.8*!-+54%.,+6!''4+.'$.*$3)!',-.!%.,%.,54,.$:.!%'4%34.

I-,36$+!96.:,-8!),596.'5,%36!33!$%S.)5$3)48'!"4.3'9+(B.GSUK(EXFK.8WXgZB

#,>(=.MB=.C$;5!%+'=.\B=.c,8K45=.eB=.n.Y6$+(=.HB./?ZZ@2B.G5,-.!669%!R,'!$%.E!'*.,%.5:,c.

69',%'.4-!8!'3.)5$'48'!$%.,>,!%3'.3,-6$%4--$3!3.!%.6!84B.P&<',)-P$$5&-K(QRK.@?[i&@XZWB

WZ[



#,>(=.MB=.I,-K$"!83=.0B=.G''$=.<B=.b938*=.cB=.b$83!3=.]B=.C$;5!%+'=.\B.4'.,-B./?ZZh2B.{M4%'-(.

5$9>*{S.'*4.",88!%4.)$'4%'!,-.$:.,.1,-6$%4--,.4%'45!8,.54>9-,'$5(.-!)$)$-(3,88*,5!+4.69',%'B.

U-P&<',)-I+4-K(DVYK.W_[[&WiZ_B

#43;!''= . <B . n . N!5R,= . #B . ]B . /W[h[2B . 1,-6$%4--, . 34)'!8,46!,3 . !% . b4%(,% . 8*!-+54%B.

U-8*%:-1'>+")*-K(EWK.Xg&X[B

#>,=.0B.DB=.I,55(=.aB.NB=.H4=.0B=.H,%=.#B.IB=.C!4)=.0B.1B=.a,6);4--=.eB.LB.4'.,-B . /?ZW?2B.0*4.

+48-!%4.$:.'()*$!+.,%+.'*4.5!34.$:.%$%&'()*$!+.3,-6$%4--,4.,%+.:9%>,-.!%:48'!$%3.!%.,.8*,%>!%>.

cLD . -,%+38,)4S . ;-$$+3'54,6 . !%:48'!$% . '54%+3 . $"45 . Wg . (4,53 . !% . 3$9'*45% . D!4'%,6B.

8*"&4-.-!%,-8*%:-S'>-;96-K(DF[K.?_&X@B

G-9(4>4= . eB .GB= .C,+,= .<B .aB= .n.G+4(46!= .<B .0B . /?ZZ[2B . L%8!+4%84 .$: .69-'!)-4 .,%'!;!$'!8.

543!3',%' .M5,6&%4>,'!"4 .;,8'45!, . !3$-,'4+ . :5$6.395:,84 .,%+ .9%+45>5$9%+ .E,'45 . 3$95843 . !%.

3$9'*.E43'45%.54>!$%.$:.#!>45!,B._")'*(!,+-8',3&%#-K(WVK.W[?[&W[X_B

G3'45= . IB= . GPc,--,*,%= . eB= . <,;45>4= . LB= . 0!-6,%= . 1B= . d)6,= . YB= . n . N,5'!%= . CB . /?ZZi2B.

L669%$>4%!8!'(.,%+.3,:4'(.$:.,.3'5,!%&3)48!:!8.N4%].GND.",88!%4.+4-!"454+.'$.9%+45.g&(4,5.

$-+3.!%.#4E.p4,-,%+B.O",,+&'K(RWK.XZig&XZi[B

I,'453$%=.MB.bB=.#$5'*4%=.cB=.a$%4=.CB.]B=.F!--453=.aB=.I4'453=.1B.YB=.n.N,3K4--=.CB.eB./?ZZ[2B.

C4-4'!$%.$: . '$-<. !%.1,-6$%4--, .0()*!695!96.>4%45,'43 .,%.,''4%9,'4+.3'5,!%.E!'* .",88!%4.

)$'4%'!,-B.S+,*%0+%#%69K(DWWK.??Z&??hB

I,(%4= . 1B . NB . /W[hh2B . L5$% . ,%+ . "!59-4%84 . !% . '*4 . :,6!-( . Y%'45$;,8'45!,84,4B .H*+)(

.'A-S+,*%0+%#-K(D[K.hW&WWWB

I988!,54--!=.NB.MB=.I5!4'$=.<B.LB=.a,3,+4393=.eB=.n.M,58!,&+4-=.IB.`B./?ZZ?2B.Y%"4-$)4.!%3',;!-!'(.

!%.C#<.,+4%!%4.64'*(-,34.69',%'3.$:.1,-6$%4--,.4%'45!8,B.S+,*%0+%#%69K(DXYK.WWiW&WWh?B

^,;38*=.FB=.N4'*%45=.\B=.D$!>'=.FB=.038*,)4=.cB=.^4!33;5$+'=.^B=.n.F!--!,63=.IB.cB./?ZZX2B.

^$-4.$: .5484)'$5 .)5$'4!%3. :$5 .4%'45$;,8'!%.,%+.?=X&+!*(+5$O(;4%R$(-345!%4 . !% ."!59-4%84.$:.

1,-6$%4--,.4%'45!8,B.P&<',)-P$$5&-K(QDK._[gX&_[_WB

^,::,'4--9=.NB=.1,%'$3=.^B.HB=.D45*$4"4%=.CB.YB=.M4$5>4=.NB.CB=.F!-3$%=.^B.IB=.F!%'45=.1B.YB.4'.

,-B . /?ZZh2B . 1!6!,% . !669%$+4:!8!4%8( . "!593&!%+984+ . 698$3,- . !%'45-49K!%&Wi . +4:!8!4%8(.

)5$6$'43.1,-6$%4--,.+!3346!%,'!$%.:5$6.'*4.>9'B.=")-S'>-K(DXK.@?W&@?hB

^,))9$-!= . ^B= . N!--45= . cB . LB= . n . `,-K$E= . 1B . /?ZZ?2B .N4+!8!%4B .0*4 . !%',%>!;-4 . ",-94 . $:.

",88!%,'!$%B.!,+'&,'K(RVQK.[Xi&[X[B

^4++(= .YB .<B= . 1*,E= .<B .DB= .n .a596)= . eB .<B . /?ZWZ2B .a$669%!'(&,8J9!54+ . ;-$$+3'54,6.

!%:48'!$%3.!%.<:5!8,S.,.3(3'46,'!8.54"!4E.,%+.64',&,%,-(3!3B.Z"&,')(P&<',)-I+4-K(DFK.@Wi&@X?B

^$;45'3= .^B= .N$54%$= .MB= .]$''45$= .CB= .M,!--,5+= .NB .YB= .`!%>456,%%= .NB= .M5,!4;= .<B.4' .,-B.

/?ZZh2B.G9'45.646;5,%4."43!8-43.,3.,84--9-,5.",88!%4.,>,!%3'.)45'933!3B .O",,+&'K(R[K. @_X[&

@_@_B

^$8,=.<B=.c!--=.IB.aB=.0$E%4%+=.eB=.Y>454=.\B=.<%'$%!$=.NB=.]$7,%>=.<B.4'.,-B./?ZWW2B.Y::48'3.$:.

8$669%!'(&E!+4.",88!%,'!$%.E!'*.IaD&i.$%.)%496$8$88,-.%,3$)*,5(%>4,-.8,55!,>4.!%.'*4.

M,6;!,S.,.8-93'45&5,%+$6!R4+.'5!,-B.1Z%!-S'>-K(YK.4WZZWWZiB

WWZ



^933$=.0B.<B=.]4,%,%=.eB.NB=.G-3$%=.^B=.M4%,>$%=.1B.<B=.N,8C$%,-+=.\B=.a$)4=.eB.eB.4'.,-B.

/?ZZi2B.<.K!--4+=.>4%4'!8,--(.4%>!%4454+.+45!",'!"4.$:.,.E!-+&'()4.4O'5,!%'43'!%,-.),'*$>4%!8.YB.

8$-!.3'5,!%.!3.,.",88!%4.8,%+!+,'4B.O",,+&'K(RWK.Xhg[&XhiZB

1,-6$%=.CB.YB./Whhg2B.0*4.D!593.$:.c$>.a*$-45,B.150#+,(;'"#)3(1":-.':-K(DDK.iX&iiB

18*!-+= .1B= .#4-3$%= .YB .eB= .n.a,6!--!= .<B ./?ZZh2B .L669%!R,'!$%.E!'* .D!;5!$.8*$-45,4.$9'45.

646;5,%4."43!8-43.!%+9843.)5$'48'!"4.!669%!'(.!%.6!84B.P&<',)-P$$5&-K(Q[K.@gg@&@g_XB

1*4)),5+=.NB=.F4;;=.aB=.c4,'*=.`B=.N,--$E3=.DB=.Y6!-!,%93=.^B=.N,3K4--= .CB.4'.,-B./?ZZX2B.

C(%,6!83.$:.;,8'45!,-.>5$E'*.,%+.+!3'5!;9'!$%.E!'*!%.'*4.-!"45.+95!%>.1,-6$%4--,.!%:48'!$%B.

H'##(S+,*%0+%#-K(WK.g[X&_ZZB

1!>,9J94= .]B= .^$8,= .<B= .],33,'= .sB= .N$5,!3= .HB= .s9!%'$= .HB= .]454%>945,= .<B.4' .,-B . /?ZZ[2B.

14"454.)%496$%!,.!%.N$R,6;!8,%.($9%>.8*!-+54%S.8-!%!8,-.,%+.5,+!$-$>!8,-.8*,5,8'45!3'!83.

,%+.5!3K.:,8'$53B.U-8*%:-1'>+")*-K(WWK.Xi[&XhiB

1!>>!%3=.NB.bB=.a9%%!%>*,6=.<B.`B=.N,53*,--=.eB.HB=.a*,6;45-,!%=.eB.HB=.c4%+453$%=.LB.^B=.n.

N,8H4%%,%= .aB .<B . /?ZWW2B .<;34%' . ;,8'45!8!+,- . ,8'!"!'( .$: .6$934 . 34596.,>,!%3' . !%",3!"4.

<:5!8,%.%$%'()*$!+,-.1,-6$%4--,.5439-'3.:5$6.!6),!54+.8$6)-464%'.:9%8'!$%.;9'.%$'.,.-,8K.$:.

,%'!;$+(B.U-P$$5&%#-K(DY[K.?X_g&?XiWB

1!6$%=.^B=.04%%,%'=.1B.NB=.M,-4%=.eB.YB=.n.H4"!%4=.NB.NB./?ZWW2B.N$934.6$+4-3.'$.,33433.'*4.

4::!8,8(.$:.%$%&'()*$!+,-.1,-6$%4--,.",88!%43S.54"!3!'!%>.'*4.5$-4.$:.*$3'.!%%,'4.39384)'!;!-!'(.

,%+.5$9'43.$:.8*,--4%>4B.O",,+&'K(RVK.gZ[@&gWZ_B

1!6)$54=.eB=.G9456!=.CB=.L-;$9+$=.CB=.b,;54=.<B=.p4;,=.]B=.I!4'5,=.DB.4'.,-B./?ZZ[2B.<4'!$-$>(.

$:.,89'4.>,3'5$&4%'45!'!3.!%.8*!-+54%.,'.1,!%'.a,6!--4.N4+!8,-.a4%'54=.G9,>,+$9>$9=.]95K!%,.

`,3$B.1"2-U-G+%#-!,+-K(DRK.?gh&?_XB

1$$+=.1B=.^!3*!=.IB=.C*,E,%=.DB=.1*,56,=.1B=.n.M,%>9-(=.#B.bB./?ZZg2B.I5$'48'!$%.64+!,'4+.

;(.,%'!;$+!43.'$.!5$%&54>9-,'4+.$9'45&646;5,%4.)5$'4!%3.$:.1B.'()*!.!%.,.6$934.)45!'$%!'!3.

6$+4-B.S%#-H'##(G+%,3'$-K(RQEK._[&ihB

1'$++,5+=.NB.]B=.I!%'$=.DB=.b4!345=.IB.]B=.n.p$--!%>45=.FB./?ZWZ2B.Y",-9,'!$%.$:.,.E*$-4&

;-$$+.8('$K!%4.54-4,34.,33,(.:$5.934.!%.64,395!%>.4%+$'$O!%.,8'!"!'(.$:.>5$9).].#4!3345!,.

64%!%>!'!+!3.",88!%43.6,+4.:5$6.-!)!+.<.,8(-,'!$%.69',%'3B .H#+&-O",,+&'(P$$5&%#-K(DQK.[h&

WZiB

19%3*!%4=.NB.MB=.M!;3$%=.]B.FB=.Y%>3'5$6=.eB.eB=.#!8*$-3=.FB.<B=.e$%43=.]B.CB=.n.<)!84--,=.NB.

<B . /W[[i2B .N9','!$% . $: . '*4 . *'5] . >4%4 . !% . , . "!59-4%' . 1,-6$%4--, . '()*!695!96 . 3'5,!% . ;(.

!%'45>4%45!8 . '5,%3+98'!$%S .3'5,!%.8$%3'598'!$%.,%+.)*4%$'()!8 .8*,5,8'45!R,'!$%B .U-G",)'*+%#-K (

DQVK.gg?W&ggXXB

0,8K4'= .aB.GB=.c$%4= .CB.NB=.a95'!33= .^B= .LLL= .b4--(= .1B.NB=.H$3$%3K(= .MB=.M9453=.HB .4' .,-B.

/W[[?2B.a$6),5!3$%.$:.'*4.3,:4'(.,%+.!669%$>4%!8!'(.$:.+4-',.,5$a.+4-',.,5$C.,%+.+4-',.8(,.

+4-',.85).1,-6$%4--,.'()*!.3'5,!%3.!%.,+9-'."$-9%'4453B.P&<',)-P$$5&-K([FK.gX_&g@WB

0,(-$5=.HB.<B.n.^$34=.^B.YB./W[hh2B.<.8$5548'!$%.!%.'*4.%98-4$'!+4.34J94%84.$:.'*4.0%[ZX.

K,%,6(8!%.543!3',%84.+4'456!%,%'.!%.)\a@bB.=5,#'+,(@,+>4(.'4-K(D[K.XghB

WWW



04%%,%'= . 1B .NB= .C!,--$= . 1B= . H4"(= .cB= . H!"!$= . 1B= . 1$E= . 1B . GB= . 0,)!,= .NB . 4' . ,-B . /?ZWZ2B.

L+4%'!:!8,'!$%.;(.Ia^.$:.%$%&'()*$!+,-.1,-6$%4--,.4%'45!8,.345$",53.,33$8!,'4+.E!'*.!%",3!"4.

!%:48'!$%3.,6$%>.:4;5!-4.),'!4%'3.!%.N,-!B.1Z%!-='6#-8*%:-I+4-K(XK.4_?WB

0*$63$%=.#B.^B=.a-,('$%=.CB.eB=.F!%+*$53'=.CB=.D45%!K$3=.MB=.C,"!+3$%=.1B=.a*958*45=.aB.4'.,-B.

/?ZZh2B . a$6),5,'!"4 . >4%$64 . ,%,-(3!3 . $: . 1,-6$%4--, . Y%'45!'!+!3 . I0@ . ,%+ . 1,-6$%4--,.
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