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บทบาทของ%R/,"44&W)&,/"0/%.63.Y.,&)0%ตอการเขาเซลลเม็ดเลือดแดงของเชื้อ%พลาสโมเดียม%%ฟลซิพาร่ัม
Q:!!:;8%<!%2:8=>><?@<8:=+:%ABCADA8<@+%<B%ABE=+A<B%<!%@:F
D><<F%;:>>%DG%!"#$%&'()%*+#",(!#-)%T

อนงค  กิจเจริญธรรม JKLMNOP%+;D;9F

ปร.ด. (ชีวเคมี)

คณะกรรมการควบคุมวิทยานิพนธ: ประพนธ  วิไลรัตน, ?3$F., ตวงพร  สุทธิพงษชัย, ?3$F.,
พรทิพย  เพ็ชรมิตร, ?3$F.

บทคัดยอ
การเขาสูเซลลเม็ดเลือดแดงของเชื้อมาลาเรียเปนการเริ่มตนของวงชีวิตระยะไมมีเพศในเม็ดเลือดแดง ซ่ึง

ท ําใหเกิดอาการทางคลินิกรวมดวย กระบวนการท่ีเช้ือมาลาเรียระยะ R/)&]&.,/% ใชในการเขาเซลลน้ีมีความ
สํ าคัญตอการด ํารงชีวิตและการติดเช้ือมาลาเรียในเม็ดเลือดแดง  อยางไรก็ตามกลไกในระดับโมเลกุลยังไมสามารถ
อธิบายใหแนชัดได ในระหวางการเขาสูเซลลเม็ดเลือดแดง มีการหลุดลอกของผิวช้ันนอกของ R/)&]&,./%แสดง
วา W)&,/&4S0.0 มีความเก่ียวของและสํ าคัญตอการเขาสูเซลลเม็ดเลือดแดงของเช้ือมาลาเรีย เปนที่ทราบกันวา
เอนไซม W)&,/"0/ ของเช้ือมาลาเรียมีสวนรวมในกระบวนการน้ีทวาชนิดของวาเอนไซมเหลาน้ียังไมเปนท่ีแนชัด

จากการทดสอบ*!:*6/.748/951%ระยะ 0#3.]&6, และ ?:2+%ดวย P1POZW3/6"6,3)&4.6/ ซ่ึง
เปน R/,"4%#3/4",&)%และตัวยับยั้งของ%R/,"44&W)&,/"0/%พบวาสามารถยับย้ังการเขาเซลลเม็ดเลือดแดงของ
!:6/.748/951%ได_Oeทีค่วามเขมขน%KJ$`a`$K%µ2%และ%KN$b!`$`%µ2%ตามลํ าดับ%%ในการศึกษาเพ่ิม
เตมิถึงข้ันตอนท่ีถูกยับย้ังในระหวางการเขาสูเซลล%ไมพบวามีการสะสมของเช้ือมาลาเรียระยะ 0#3.]&6, แสดงวา
P1POZW3/6"6,3)&4.6/% มีผลจํ าเพาะตอการเขาเซลลใหมเทาน้ัน แตไมรบกวนการออกจากเม็ดเลือดแดง สวน
(2MOOP ซึง่เปนตัวยับยั้งการท ํางานของ R/,"44&W)&,/"0/ ในกลุม R",).[ และ *.0.6,/^).6 ของสัตว
เล้ียงลูกดวยนม มีประสิทธิภาพดอยกวา % โดยยับยั้งการเขาเซลลเม็ดเลือดแดงของ% !:6/.748/951% ได_Oeที่
ความเขมขน% PPKaKO% µ2% % อยางไรก็ตาม% ในการศึกษาน้ีไมสามารถตรวจพบท้ัง% R/,"44&W)&,/"0/
"#,.7.,S% และ% ^/6/% 3&R&4&^-/0% % แตเมื่อคนหาดวย% ].6#% Y.6*.6^% R&,.'% ในยีโนมของ
!./0123451% พบวามีความเปนไปไดที%่ R/,"44&W)&,/"0/% มีความเก่ียวของกับการเขาสูเซลลเม็ดเลือดแดง
ของเช้ือมาลาเรีย

นอกจากนั้นไดท ําการศึกษาเพ่ิมเติมถึงกลไกท่ีควบคุมการทํ างานของ% R/,"44&W)&,/"0/% เมื่อน ํา
0,"-)&0W&).6/% ซึง่เปนตัวยับยั้งการท ํางานของ% W)&,/.6% c.6"0/% มาทดสอบรวมกับ% P1POZ
W3/6"6,3)&4.6/% หรือ% (2MOOP% ไมพบการตานยารวมกันของเช้ือมาลาเรีย% นอกจากน้ี% เมื่อน ํา% P1POZ
W3/6"6,3)&4.6/% มาทดสอบรวมกับ% (2MOOP% ไมพบการตานยารวมกันของเช้ือมาลาเรีย% % ผลท่ีไดจากการ
ทดลองนี้เปนขอบงชี้วาการท ํางานของ%R/,"44&W)&,/"0/%และ%W)&,/.6%c.6"0/%ไมนาจะมีความเก่ียวของกัน
ถึงแมวาขอมูลเหลาน้ียังไมเพียงพอท่ีจะสามารถช้ีแนะ%0.^6"4.6^%W",3\"S%ได%ผลจากการวิจัยในครั้งนี้บงชี้วา
R/,"44&W)&,/"0/%มีสวนรวมทีสํ่ าคัญในการเขาสูเซลลเม็ดเลือดแดงของเชื้อมาลาเรีย
PO`%หนา%A+DB%b`JZOJZ_MLOZN
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"!#$%&'(!)*+',-((-!$*).-%,/!)0!!"#$%&'()%*+#",(-#.)% "1

2!3455'*6!)0!%,7%8%.)*6!-00-&.!)0!"9":;$7-,',.7*)(%,-!),!-*6.7*)&6.-!%,<'/%),

!!!)0!!/*+#",(-#.)%!.-/.-=!86!>?@A!76$)B',.7%,-!%,&)*$)*'.%),!5-.7)=9

!!!0()C!&6.)5-.*6!',=!5%&*)/&)$%&!-B'5%,'.%), D"

?!E,7%8%.)*6!-00-&.!)0!5-.'(()$*).-'/-!%,7%8%.)*/!),!-*6.7*)&6.-!%,<'/%),

!!!)0!!/*+#",(-#.)%!'/!-<'(4'.-=!86!5%&*)/&)$%&!5-.7)= DF

1!@)5)()+6!/-'*&7*86!GH#3IJ!C%.7!=-0'4(.!/-..%,+!)0!',,).'.-=

!!!!/*+#",(-#.)%!K7..$LL$('/5)=8M)*+N!4/%,+!.7-!#O#P!',=!#O#P;I3

!!!5-.'(()$*).-'/-!$*).-%,!/-Q4-,&-/!0*)5!P-*)$/!='.'8'/-/!R-(-'/-!FMF:

!!!K7..$SLL5-*)$/M/',+-*M'&M4TN F2

D!@)5)()+6!/-'*&7!/-'*&7*86!GH#3IJ!C%.7!=-0'4(.!/-..%,+*)0!',,).'.-=

***!/*+#",(-#.)%!K7..$LL$('/5)=8M)*+N!4/%,+!.7-!PPJ9!PI;PPJ!',=!5-$*%,/

!!!!5-.'(()$*).-'/-!$*).-%,!/-Q4-,&-/!0*)5!P-*)$/!='.'8'/-/!R-(-'/-!FMF:

!!!K7..$SLL5-*)$/M/',+-*M'&M4TN FU

F!3-(-&.-=!',,).'.-=!5'('*%'!$*).-%,!/-Q4-,&-/!/7)C-=!/%+,%0%&',.!5'.&7%,+

!!!V;/&)*-!'.!.7-!(-<-(!)0!W!B!":;1!)*!(-// X1

X!Y%,&!8%,=%,+!5).%0!KJ3::"12!0*)5!J*)/%.-9!7..$SLLCCCM-B$'/6M)*+L$*)/%.-N

!!!/-'*&7!*-/4(.!)0!',,).'.-=!!/*+#",(-#.)%!K7..$SLL$('/5)=8M)*+9!*-(-'/-!1M2N XX
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!!!!!6+!"F"DGH/)5$51/&4%'5) ,@

"@!K40H$&';45!4(!"F"DGH/)5$51/&4%'5)!$52!CE@!1&)$10)51!45!0)&4:4'1)!&)%)$;)

!!!!!$52!'5=$;'45 ,J

",!I)%$1'5!:+043&$0 ED

"E!U'5*G6'52'53!&)3'45!041'(!'5!TV""WDD?"!';!(4<52!$0453!41/)&!H&)2'*1)2

!!!!!H&41)'5!()$1<&);!X/11HYZZBBB>H%$;0426>4&3F!&)%)$;)!@>-[ 7J

"7!\'0)!*4<&;)!$5$%+;';!4(!TV"DWD-D,F!TV""WDD?"F!$52!TV"@WD@JD

!!!!!!0L]9!)SH&);;'45 7?

"J!C(()*1!4(!1/)!*406'5$1'45!4(!;1$<&4;H4&'5)!$52!"F"DGH/)5$51/&4%'5)
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"?!C(()*1!4(!1/)!*406'5$1'45!4(!;1$<&4;H4&'5)!$52!I#EDD"!45
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9:8 -+5.,&/(=&/$*,(8

9:> -+5.,&/(=&/$*,(>

9K: -+5.,&/(.?+5*&/,(=&/$*,

9J2 -$+$*&.5-C5+5;*(L$%;54,(3,3)+$/,

#!9<6 #C5-.+?<$**5%&$.,'(-+5.,&/(6

#)% ,+?.C+5%?.,

#AI! +&/0<&/B,%.,'(,+?.C+5%?.,(*;+B$%,($/.&0,/

#C5-<6 +C5-.+?(-+5.,&/*<6

#G2!( +&/0(3,3)+$/,($/.&0,/
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"0.,+#05% 7+,,% +'?#5#.,5<% % T0++#0"9'"$% (-,% 7+,,% .,+#D#'(,G% (-,+,% '5% *% ;L% ".% (-'6P

?+'5(8>%*9-,5'1,%6#*(<%%H-,%50+7*6,%6#*(%'5%8#5(%90+'"$%(-,%'"1*5'#"%:+#6,55%:+,50.*?8>

*5%*%+,508(%#7%:+#(,#8>('6%68,*1*$,%@E'$0+,%NB<

C,+#D#'(,5%+,8,*5,9%'"(#%(-,%?8##95(+,*.%7#88#2'"$%56-'D#"(%+0:(0+,%6#.,%'"(#
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[A% M,"(*.T<'"% 75G% .$34% .09% :*1% H;+<-*1,2% >+#.% (-,% M#\,+".,"(

C-*+.*<,;('<*0%P+$*"']*('#"I%?-*'0*"2A

EA%GAF[%µ/%/'00'H#+,%>'0(,+%:*1%>+#.%^-*(.*"A

)121)(*34567389(<=6(7AC7D74=6(45947AE

6A%6I6G=C-,"*"(-+#0'",%:*1%H;+<-*1,2%>+#.%_'$.*A

4A%N*(-#H-,"*"(-+#0'",2'1;0>#"'<%*<'2%2'1#2';.%1*0(7_'$.*9I% :*1% V'"20T

H+#\'2,2% RT% !11#<A% C+#>A% C+*H'"% ^'0*'+*(I% Y,H*+(.,"(% #>% O-,.'1(+TI% J*<;0(T% #>

_<',"<,I%/*-'2#0%`"'\,+1'(TA



J*<A%#>%M+*2A%_(;2',1I%/*-'2#0%`"'\A%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%C-AYA%7N'#<-,.'1(+T9%3 48

LA% aEF% 70=(+*"1,H#XT0=1;<<'"T0=0,;<T0*.'2#=7F=$;*"'2'"#9R;(*",9I% *% <T1(,'",

H+#(,*1,%'"-'R'(#+%:*1%H;+<-*1,2%>+#.%_'$.*A

FA%_(*;+#1H#+'",%:*1%H;+<-*1,2%>+#.%O*0R'#<-,.A

[A%M/EGG6I%.,(*00#H+#(,*1,%'"-'R'(#+%:*1%H;+<-*1,%>+#.%O*0R'#<-,.A

EA%8E=:,001%.'<+#<;0(;+,%H0*1('<%H0*(,1%:,+,%H;+<-*1,%>+#.%K;"<A

bA% cLSd=-TH#X*"(-'",% 71H,<'>'<% *<('\'(T% #>% 46% O'3..#09% :*1% H;+<-*1,2% >+#.

!.,+1-*.A

5A%M0*11%>'0(,+%H*H,+%$+*2,%8FL%!S%:*1%>+#.%^-*(.*"A

8A%/'"'<,00%-*+\,1(,+%:*1%>+#.%K;"<A

6GA%Q'e;'2%1<'"('00*('#"%<#;"(,+%Q_65G6%:*1%>+#.%N,<V.*"A

)121F(!C5B7>389

!00%<-,.'<*01%;1,2%'"%(-'1%1(;2T%:,+,%+,*$,"(%$+*2,%*"2%0'1(,2%*0H-*R,('<*00T%*1

>#00#:1A%%J#+%1H,<'*0%+,*$,"(1I%(-,%"*.,%*"2%(-,%2'1(+'R;(#+%:'00%R,%2,(*'0,2%*(%(-,%>'+1(

.,"('#"%#>%,*<-%+,*$,"(%,'(-,+%'"%1,"(,"<,%#+%'"%H*+,"(-,1'1A

.3B5(=<(>C5B7>38 (((((((((((( !=B:3AG

!<+T0*.'2, _'$.*

!..#"';.%H,+1;0>*(, _'$.*

N*(-#H-,"*"(-+#0'",2'1;0>#"'<%*<'2%2'1#2';.%1*0(%%%%%%%% _'$.*

N#\'",%1,+;.%*0R;.'" _'$.*

N+#.#H-,"#0%R0;, _'$.*

O*0<';.%<-0#+'2,%7O*O04A4S4P9 N*V,+

_,+\*%N0;,%B%7O##.*11',%N0;,%B9 _,+\*

Y'=1#2';.%-T2+#$,"%H-#1H-*(,%7K*4SCPF9 /,+<V

Y'.,(-T01;0>#X'2,%7Y/_P9 _'$.*

M*+*.T<'" _<-,+'"$

M,0*('" _'$.*

M0T<,+#0 O*+0#%a+R*

M0T<'", _'$.*



!"#"$%%&'()*+#,"(-*.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%/*(,+'*01%*"2%/,(-#21%3 LG

SaCa_%7K=c4=-T2+#XT,(-T0d%H'H,+*]'",=Kf= _'$.*

c4=,(-*",1;0>#"'<%*<'2d9

C+#H'2';.%'#2'2, _'$.*

4IF%2'H-,"T0#X*]#0,%7CCP9 _'$.*

6IF=R'1c4=7[=C-,"T0#X*]#0T09dR,"],",%7CPCPC9 _'$.*

C#(*11';.%2'-T2+#$,"H-#1H-*(,%7&S4CPF9 B',2,0=2,%S*,"

Y'=H#(*11';.%-T2+#$,"H-#1H-*(,%7&4SCPF9 /,+<V

_*H#"'" _'$.*

_#2';.%R'<*+R#"*(,%7K*SOPL9 N*V,+

_#2';.%<*+R#"*(,%7K*4OPL9 J0;V*

_#2';.%<-0#+'2, _'$.*

_#2';.%2'-T2+#$,"H-#1H-*(,%7K*S4CPFA4S4P9 B',2,0=2,%S*,"

_#2';.%2#2,<T0%1;0>*(,%7_Y_9 _'$.*

Y=_#+R'(#0%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% J0;V*%N'#%O-,.'V*

?a/aY%7KIKIKfIKf=?,(+*.,(-T0,(-T0,",%2'*.'",9 _'$.*

?#0;,", _-,00%O-,.'<*01

?+'1%R*1, _'$.*

?+'(#"=g%6GG _'$.*

h'"<%<-0#+'2, _'$.*

)121H(+A946?B5A49

.3B5(=<(7A946?B5A4 !=B:3AG

O,"(+'>;$,%7>#+%.*0*+'*%<;0(;+,9I%.#2,0%CB=4 DaO%D"(,+"*('#"*0

O,"(+'>;$, _PBi!QQ%BO%4N%C0;1

/'<+#<,"(+'>;$, _PBi!QQ%N'#>;$,

J0#:%<T(#.,(,+ N,<(#"%Y'<V'"1#"

M,0%,0,<(+#H-#+,1'1%1T1(,. % S#,>>,+

C#:,+%1;HH0TI .#2,0%4GG34AG N'#+*2



J*<A%#>%M+*2A%_(;2',1I%/*-'2#0%`"'\A%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%C-AYA%7N'#<-,.'1(+T9%3 L6

)1;!*&%"0/-

)1;12%!"#$%&'((>?847@347=A(=<()*#+,-.%/,'01

)1;1212($65:36347=A(=<(94=>I(B34567389(<=6(>?847@347=A

)1;121212($65:36347=A(=<(94=>I(B5J7?B

!% 1#0;('#"% #>% BC/D% 6EFG% .,2';.% 76GAF% $% '"'('*00T% 2'11#0\,2% '"% 5GG% .0% #>

2#;R0,=2'1('00,2%:*(,+9% *"2% [A8F% $% #>%SaCa_%:,+,%.'X,2% (#$,(-,+% (#% $'\,% (-,% >'"*0

<#"<,"(+*('#"%#>%4[%./%SaCa_A%%!>(,+%HS%*2);1(.,"(%(#%EAb[I%2#;R0,=2'1('00,2%:*(,+

:*1% *22,2% (#% (-,% .,2';.% 1#0;('#"% *(% *% >'"*0% \#0;.,% #>% 8EG% .0A% % !"% *"('R'#('<I

$,"(*.'<'"% 1;0>*(,% 7$*+*.T<'"9I% :*1% *22,2% (#% (-,% .,2';.% 1#0;('#"% *(% *% >'"*0

<#"<,"(+*('#"% #>% FG% µ$3.0% (#% '"-'R'(% R*<(,+'*0% <#"(*.'"*('#"A% % J'"*00TI% (-,% .,2';.

1#0;('#"% :*1% 1(,+'0'],2% RT% >'0(+*('#"% (-+#;$-% *% GAF[% µ.% /'00'H#+,% >'0(,+% *"2% (-,"

*1,H('<*00T%*0'e;#(,2%'"(#%6GG%.0%1(,+'0'],2%R#((0,1%*"2%1(#+,2%*(%F#O%>#+%;1,%:'(-'"%6

.#"(-A

)1;12121;! -=J7?B(D7>36D=A345K(HL(MNO@P

J'\,%$+*.1%#>%1#2';.%R'<*+R#"*(,%:,+,%2'11#0\,2%'"%6GG%.0%#>%2#;R0,=2'1('00,2

:*(,+A% % !>(,+% 1(,+'0']*('#"% RT% >'0(+*('#"% (-+#;$-% *% GAF[% µ/% /'00'H#+,% >'0(,+I% 6G% .0

*0'e;#(1%:,+,%.*2,%*"2%V,H(%*(%F#O%>#+%;1,%:'(-'"%6%.#"(-A

)1;12121)(/Q9=6D74=8K(HL(MNO@P

[j%Y=1#+R'(#0% :*1% H+,H*+,2% '"% (-,% .*"",+% 1'.'0*+% (#% (-*(% 2,1<+'R,2% >#+% [j

1#2';.%R'<*+R#"*(,A



!"#"$%%&'()*+#,"(-*.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%/*(,+'*01%*"2%/,(-#21%3 L4

)1;12121F! -56?B

J+,1-%(TH,%!I%NI%!N%#+%PI%B-U%-;.*"%1,+;.%:*1%#R(*'",2%>+#.%<0#((,2%R0##2A

?-+,,% -;"2+,2%.0% #>% R0##2% 2+*:"% >+#.%*% 2#"#+I%:-#%-*1% ",\,+% R,,"% *>>0'<(,2%:'(-

.*0*+'*0%'">,<('#"%*"2%2#,1%"#(%0'\,%'"%,"2,.'<%*+,*%#>%.*0*+'*I%:,+,%*00#:,2%(#%<0#(

>#+% *% >,:%-+% *(% +##.% (,.H,+*(;+,% R,>#+,% R,'"$% 1;R),<(,2% (#% <#.H0,(,% <#*$;0*('#"% *(

Lb#O%>#+%*%>;+(-,+%#",%-#;+A%%?-,%<0#((,2%R0##2%:*1%1(#+,2%#\,+"'$-(%*(%F#O%*00#:'"$

<0#(%+,(+*<('#"A%%_,+;.%:*1%'1#0*(,2%>+#.%(-,%<0#(%RT%<,"(+'>;$*('#"%*(%4IGGG%+H.%7DaO

.#2,09%*(%F#O%>#+%6G%.'"%*"2%(-,"%(+*"1>,++,2%'"%6G%.0%*0'e;#(1%*"2%1(#+,2%*(%Z4G#O%>#+

;1,%;H%(#%L%.#"(-1A%%!00%1(,H1%:,+,%H,+>#+.,2%*1,H('<*00TA

)1;12121H! RA7A<5>45J(56G4C6=>G459

?-+,,%-;"2+,2%.0%#>%P%(TH,%B-U%#>%-;.*"%R0##2%$+#;H%:,+,%#R(*'",2%>+#.%*

2#"#+% '"(#% *% 1(,+'0,% R*$% <#"(*'"'"$% <'(+*(,% H-#1H-*(,% 2,X(+#1,% 7OCY9I%:-'<-% -*1% (-,

>#+.;0*%1-#:"%R,0#:I%*1%*"('<#*$;0*"(A%%?-,"%[G%.0%*0'e;#(1%:,+,%+,.#\,2%*"2%1(#+,2

*(%F#O%>#+%;1,%:'(-'"%6%.#"(-%*>(,+%<#00,<('#"A

O'(+*(,%H-#1H-*(,%2,X(+#1,%7OCY9

O'(+'<%*<'2%7*"-T2+#;19 GAL4b%$

_#2';.%<'(+*(,%7*"-T2+#;19 4AEL%$

Y,X(+#1,%7*"-T2+#;19 4AL4%$

_#2';.%2'-T2+#$,"H-#1H-*(, GA44%$

Y'1('00,2%:*(,+%(#%6GG%.0

N0##2%k%OCY%%l%%6G%k%6AF%7\3\9

)1;12121S! !?84?65(B5J7?B

#1! +A>=B:8545(B5J7?B

J#+% :*1-'"$% #>% ;"'">,<(,2% +,2% <,001I% 6GG% .0% #>% 1(#<V% .,2';.% :,+,

1;HH0,.,"(,2%:'(-% FA4%.0% #>% [j% 1#2';.% R'<*+R#"*(,% (#% T',02% *%.,2';.%:'(-% >'"*0

<#"<,"(+*('#"%#>%GA4j% 7:3\9% 1#2';.%R'<*+R#"*(,A% %?-,%.'X(;+,% 1#0;('#"% (;+",2% >+#.



J*<A%#>%M+*2A%_(;2',1I%/*-'2#0%`"'\A%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%C-AYA%7N'#<-,.'1(+T9%3 LL

T,00#:% (#% #+*"$,% '"2'<*('"$% *% 1-'>(% '"% HS% EAb[% (#% bAFI% *"2% :*1% V,H(% *(% F#O% >#+% ;1,

:'(-'"% 4% 2*T1% #+% ;"('0% '(% (;+",2% +,2A% % ?-,% 0'.'(% #>% 1(#+*$,% :*1% +,*<-,2% :-,"% (-,

.,2';.%.'X(;+,% (;+",2%+,2% '"2'<*('"$% (-,% 1-'>(% (#%*0V*0'",%HS% +,1;0('"$% >+#.% 0#11%#>

<*+R#"%2'#X'2,I%*>(,+%:-'<-%(-,%.'X(;+,%:*1%2'1<*+2,2A

T1! !=B:8545(B5J7?B

J#+%<;0('\*('#"I%1(#<V%.,2';.%:*1%*22,2%:'(-%1#2';.%R'<*+R#"*(,%*1%2,1<+'R,2

*R#\,A%%D"%*22'('#"I%(-,%.,2';.%.'X(;+,%:*1%1;HH0,.,"(,2%:'(-%6G%.0%#>%!I%NI%!NI%#+

P%(TH,I%B-U%-;.*"%1,+;.%(#%$'\,%*%>'"*0%<#"<,"(+*('#"%#>%6Gj%1,+;.%*"2%V,H(%*(%F#O

>#+%;1,%:'(-'"%6%:,,VA

)1;121;! !?847@347=A(45>CA7U?5

?-,% <;0(;+,% .,(-#2% 2,1<+'R,2% :*1% *<<#+2'"$% (#% ?+*$,+% *"2% @,"1,"% .,(-#2

75L9A

)1;121;12! $65:36347=A(=<(?A7A<5>45J(56G4C6=>G459

!% 2,1'+,2% \#0;.,% #>% R0##2I% ;1;*00T% 6G% .0I% :*1% (+*"1>,++,2% '"(#% [G% .0

<,"(+'>;$,% (;R,%*"2%<,"(+'>;$,2%*(%4IGGG% +H.%7DaO%.#2,09% *(%F#O% >#+%6G%.'"A% %!>(,+

+,.#\*0%#>%H0*1.*%*"2%R;>>T%<#*(I%H*<V,2%+,2%<,001%:,+,%:*1-,2%(:'<,%RT%*22'"$%#>%*(

0,*1(%*"%,e;*0%\#0;.,%#>%'"<#.H0,(,%.,2';.%*"2%<,"(+'>;$,2%*1%*R#\,A%%?-,%<,001%:,+,

+,1;1H,",2%(#%[Gj%7\3\9%:'(-%(-,%<#.H0,(,%.,2';.A

)1;121;1;! $65:36347=A(=<(:3639747V5J(56G4C6=>G459

!2* +#",(-#.)%='">,<(,2% +,2% <,001% .*T% <#.,% >+#.% ,'(-,+% <;0(;+,% .*(,+'*0% #+

>+#],"%1(#+*$,A%%D"%<*1,%#>%<#"('";'"$%>+#.%(-,%,1(*R0'1-,2%<;0(;+,I%(-,%<;0(;+,%.*(,+'*0

:*1%H0*<,2%'"%[G%.0%<,"(+'>;$,%(;R,%*"2%<,"(+'>;$,2%*(%4IGGG%+H.%7DaO%.#2,09%>#+%[

.'"A% % ?-,% 1;H,+"*(*"(% >0;'2% :*1% 2,<*"(,2I% *"2% (-,% +,.*'"'"$% +,2% <,001% :,+,

+,1;1H,"2,2% '"% *"% ,e;*0% \#0;.,% #>% <#.H0,(,% .,2';.A% % ?-'"% >'0.1% :,+,% .*2,% (#



!"#"$%%&'()*+#,"(-*.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%/*(,+'*01%*"2%/,(-#21%3 LF

2,(,+.'",% (-,% 0,\,0% #>% H*+*1'(,.'*% RT% <#;"('"$% (-,% ";.R,+% #>% \'*R0,% H*+*1'(,1% H,+

6IGGG%,+T(-+#<T(,1A%%?-,%H*+*1'(,.'*%:*1%*2);1(,2%(#%GA[j%RT%*22'"$%>+,1-0T%:*1-,2

,+T(-+#<T(,1A% %?#% ,*<-% 6%.0% #>% (-'1% '">,<(,2% R0##2% 1;1H,"1'#"%:,+,% *22,2% 4[%.0% #>

<#.H0,(,%.,2';.% (#% $'\,% *% >'"*0% <,00% 1;1H,"1'#"% #>% 4jI% :-'<-% :*1% 2'1H,"1,2% '"(#

6GGX4G% ..% H0*1('<% <;0(;+,% H,(+'% 2'1-,1% 7O#+"'"$9I% :-'<-% :,+,% (-,"% H0*<,2% '"% *

2,1'<<*(#+% <#"(*'"'"$% *% :-'(,% <*"20,A% % ?-,% <*"20,% :*1% 0'(% *"2% (-,% <#\,+% #>% (-,

2,1'<<*(#+%:*1%('$-(0T%1,*0,2%:'(-%1'0'<#",%$+,*1,%:'(-%(-,%1(#H<#<V%1('00%#H,"%;"('0%(-,

<*"20,% >0*.,% :,"(% #;(A% % ?-,"% (-,% 1(#H<#<V% :*1% '..,2'*(,0T% <0#1,2% H+#2;<'"$% *"

*(.#1H-,+,%#>%+,0*('\,0T%0#:%P4%*"2%-'$-%OP4%<#"(,"(%76bj%P4I%Lj%OP4I%5Gj%K49%*"2

(-,%2,1'<<*(#+%:*1%H0*<,2%'"%*%Lb#O%'"<;R*(#+A%%D>%(-,%1#;+<,%#>%(-,%H*+*1'(,1%:*1%>+#.

>+#],"%1*.H0,1I%(-,%H+#<,2;+,%2,1<+'R,2%'"%_,<('#"%LA4A6A4AE%:*1%>#00#:,2A

a\,+T% F% 2*T1I% >+,1-% +,2% <,001% :,+,% +#;('",0T% *22,2% (#% (-,% <;0(;+,% H0*(,1

H+#\'2'"$% (-,% H*+*1'(,.'*% 2'2% "#(% ,X<,,2% E=5jA% % D>% (-'1%:*1% "#(% 2#",I% HS% 1-'>(% *"2

$0;<#1,%<#"1;.H('#"%+*(,%:'00%,X<,,2%(-,%<*H*<'(T%#>%(-,%.,2';.%+,1;0('"$%'"%H*+*1'(,

2,*(-A

D"%#+2,+%(#%$,(%,"#;$-%1<-']#"(%1(*$,%H*+*1'(,1%>#+%'"\*1'#"%*11*TI%(-,%>'"*0%<,00

1;1H,"1'#"%H,+<,"(*$,%-*1% (#%R,%V,H(%*1% 0#:%*1%H#11'R0,A% %?-,+,>#+,I% 1;R<;0(;+'"$%#>

(-,% H*+*1'(,1% *"2% *22'('#"% #>% [G% j% +R<% 1;1H,"1'#"% :*1% 2#",% :-,"% :,% #R(*'",2

(+#H-#]#'(,=<#"(*'"'"$% '">,<(,2% +,2% <,001A% %^-,"% H*+*1'(,.'*% #>% -'$-0T% 1T"<-+#"'],2

H*+*1'(,%:*1%*R#;(%6G=6[%j%#+%.#+,I%<;0(;+,%.,2';.%:*1%<-*"$,2%#"<,%2*'0TI%*"2%(-,

*.#;"(%#>%.,2';.%;1,2%\*+',2%2,H,"2,"(%#"%-#:%-'$-%(-,%H*+*1'(,.'*%:*1A

)1;121;1)! !C3AE5(=<(>?84?65(B5J7?B

?-,%#02%<;0(;+,%.,2';.%-*2% (#%R,%<-*"$,2%,\,+T%4F%-+%RT%$,"(0T% ('HH'"$% (-,

2'1-%*"2%*1H'+*('"$%#>>% (-,%#02%.,2';.%:'(-% 1(,+'0,%H*1(,;+%H'H,((,1A% %Y'1(;+R*"<,%#>

1,((0,2%+,2%<,001%:*1%V,H(% (#%*%.'"'.;.%*"2%*1%.;<-%>0;'2%*1%H#11'R0,%:*1% +,.#\,2

:'(-#;(%+,.#\'"$%(-,%<,001A%%?,"%.0%#>%",:%<#.H0,(,%.,2';.%:,+,%*22,2%R*<V%(#%(-,

<;0(;+,%2'1-I%(-,%1#0;('#"%:*1%$,"(0T%+,1;1H,"2,2%*"2%+,H0*<,2%'"%(-,%<*"20,%)*+A%%?-'"

1.,*+% :*1%.*2,% RT% >'+1(% +,.#\'"$% (-,%.,2';.% >+#.% (-,% 1,((0,2% +,2% <,001% *"2% (-,"

1H+,*2'"$%*%1.*00%*.#;"(%#>%<,001%#"%*%10'2,A%%?-,%(-'"%1.,*+%:*1%(-,"%e;'<V0T%2+',2I

>'X,2%:'(-%.,(-*"#0%*"2%1(*'",2%:'(-%[j%M',.1*f1%1(*'"%*(%HS%bA4%>#+%6G%.'"A



J*<A%#>%M+*2A%_(;2',1I%/*-'2#0%`"'\A%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%C-AYA%7N'#<-,.'1(+T9%3 L[

)1;121;1F! -GA>C6=A=?9(>?84?65

?#%#R(*'"%(-,%+'"$%1(*$,%H*+*1'(,1I%*"%*1T"<-+#"#;1%<;0(;+,%:*1%<,"(+'>;$,2%*(

4IGGG% +H.%7DaO%.#2,09% >#+%6G%.'"I% (-,% 1;H,+"*(*"(% >0;'2%:*1% +,.#\,2% *"2% (-,"% (-,

'">,<(,2% <,001%:,+,% +,1;1H,"2,2%:'(-% [% \#0;.,1% #>% [j% 1#+R'(#0I% *"2% 0,>(% 1(*"2'"$% *(

4[#O% >#+% [% .'"A% % !>(,+% <,"(+'>;$'"$% *(% 4IGGG% +H.% 7DaO% .#2,09% >#+% 6G% .'"I% (-,

1;H,+"*(*"(% >0;'2% :*1% +,.#\,2% (#% 0,*\,% #"0T% +'"$=1(*$,% H*+*1'(,='">,<(,2% +,2% <,001I

:*1-,2%:'(-%'"<#.H0,(,%.,2';.%*"2%(-,"%:*1%>;+(-,+%;1,2%*1%<;0(;+,%.*(,+'*0A

)1;121;1H! $3639745B73(J5456B7A347=A

?-,% 0,\,0% #>% H*+*1'(,.'*%:*1% 2,(,+.'"2,2% RT% <#;"('"$% (-,% ";.R,+% #>% \'*R0,

H*+*1'(,1% H,+% 6IGGG% ,+T(-+#<T(,1% #"% *% (-'"% R0##2% >'0.% *>(,+% M',.1*f1% 1(*'"'"$A

O#;"('"$% *+,*% <-#1,"% 1-#;02%-*\,% $##2%2'1(+'R;('#"%#>% ,+T(-+#<T(,1A% %C+,H*+*('#"%#>

M',.1*f1%1(*'"I%H-#1H-*(,%R;>>,+%*"2%1(*'"'"$%*+,%2,1<+'R,2%R,0#:A

#1! W75B93X9(9437A

M',.1*%H#:2,+ GAE%$

M0T<,+#0 [G%.0

!R1#0;(,%.,(-*"#0I%*<,(#",%>+,, [G%.0

!% 1.*00% *.#;"(% #>% 2+T% 1(*'"% :*1% H0*<,2% '"% *% .#+(*+A% % !% 1.*00% \#0;.,% #>

$0T<,+#0%:*1%(-,"%*22,2%*"2%$+#;"2%(-#+#;$-0TA%%?-,%.'X(;+,%:*1%H#;+,2%'"(#%*%<0,*"

2+T% >0*1VA% %?-,% *R#\,% H+#<,2;+,%:*1% +,H,*(,2% ;"('0% *00% (-,% H#:2,+% -*1% R,,"% $+#;"2

:'(-% $0T<,+#0A% % ?-,%.#+(*+% *"2% H,1(0,% :,+,% +'"1,2% :'(-% (-,% +,.*'"'"$% $0T<,+#0% *"2

H#;+,2%'"(#%(-,%>0*1VA% %?-,%$0T<,+#0=2T,%.'X(;+,%:*1%H0*<,2%'"%*%[[=EG#O%:*(,+%R*(-

>#+%E=5%-%:'(-%H,+'#2'<%1-*V'"$A%%!%H#+('#"%#>%.,(-*"#0%:*1%(-,"%*22,2%(#%(-,%$0T<,+#0=

2T,%.'X(;+,%*>(,+%(-,%0*((,+%-*2%R,,"%+,.#\,2%>+#.%(-,%:*(,+%R*(-%*"2%*00#:,2%(#%<##0

2#:"%(#%+##.%(,.H,+*(;+,%*"2%1(#+,2%'"%*%1(#HH,+,2%>0*1VA%%?-,%1(*'"%:*1%*00#:,2%(#

*$,%>#+%*R#;(%4%:,,V1%*(%Lb#O%*"2%(-,"%>'0(,+,2%'"(#%*%2+T%R#((0,A



!"#"$%%&'()*+#,"(-*.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%/*(,+'*01%*"2%/,(-#21%3 LE

T1! $C=9:C345(D?<<56K(:"(Y1;

?#%$'\,%*%>'",%H'<(;+,%#>%";<0,;1%7+,2%<#0#+9%*"2%<T(#H0*1.%7R0;,%<#0#+9%#>%!2

+#",(-#.)%%'"%(-,%R0##2%>'0.I%GAGEb%/%H-#1H-*(,%R;>>,+I%HS%bA4I%:*1%;1,2A%%?-'1%:*1

H+,H*+,2%RT%2'11#0\'"$%8AFb%$%#>%K*4SCPF%*"2%8AL5%$%#>%&S4CPF%'"%6%0'(+,%#>%2'1('00,2

:*(,+A

!1! -437A7AE

!%6Gj% 1#0;('#"% #>%M',.1*f1% 1(*'"% '"% H-#1H-*(,% R;>>,+I% HS% bA4I%:*1% ;1,2% (#

1(*'"%(-,%R0##2%>'0.%*R#;(%6G%.'"A

)1;121;1S! !6G=:65956@347=A(=<(B3836738(:36397459

6A! J+,,]'"$

!A! ?-,%>+,,]'"$%1#0;('#"

P",%-;"2+,2%*"2%,'$-(T%.0%#>%FA4j%1#+R'(#0%'"%GA8j%K*O0%1#0;('#"%:,+,%*22,2%(#

bG%.0% #>% $0T<,+#0% (#% $'\,% *% 45j% $0T<,+#0I% Lj% 1#+R'(#0I% GAE[j%K*O0% 1#0;('#"A% % ?-,

1#0;('#"%:*1%(-,"%1(,+'0'],2%RT%/'00'H#+,%>'0(+*('#"A

NA! ?-,%>+,,]'"$%H+#<,2;+,

?-,%+'"$=1(*$,%H*+*1'(,='">,<(,2%+,2%<,001%:,+,%<,"(+'>;$,2%*(%4IGGG% +H.%7DaO

<,"(+'>;$,9%>#+%6G%.'"A%%?-,%1;H,+"*(*"(%>0;'2%:*1%2,<*"(,2%*"2%(-,%+,.*'"'"$%+,2%<,001

:,+,%+,1;1H,"2,2%'"%*"%,e;*0%\#0;.,%#>%>+,,]'"$%1#0;('#"I%(*V'"$%<*+,%(#%.'X%:,00%(-,

>+,,]'"$%1#0;('#"%R,>#+,%;1,%R,<*;1,%(-,%$0T<,+#0%'1%2,"1,%*"2%+,.*'"1%*(%(-,%R#((#.%#>

(-,%(;R,A%%!0'e;#(1%#>%GA[%.0%#>%(-,%*R#\,%1;1H,"1'#"%:,+,%2'1(+'R;(,2%'"%1.*00%1<+,:

<*H% \'*01% *"2% e;'<V0T% >+#],"% RT% '..,+1'#"% '"% *% 2+T% '<,=*0<#-#0% R*(-% *"2% (-,"

(+*"1>,++,2%(#%*%0'e;'2%"'(+#$,"%+,>+'$,+*(#+%7`"'#"%O*+R'2,I%gB=6E%(TH,9A

4A! ?-*:'"$

!A! STH,+(#"'<%1*0'",

?-'1%:*1%*%LA[j%K*O0%1#0;('#"%(-*(%:*1%1(,+'0'],2%RT%*;(#<0*\'"$A



J*<A%#>%M+*2A%_(;2',1I%/*-'2#0%`"'\A%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%C-AYA%7N'#<-,.'1(+T9%3 Lb

NA! ?-*:'"$%*"2%<;0('\*('#"%H+#<,2;+,

?-,% 1<+,:% <*H% #>% \'*0% :*1% 10'$-(0T% 0##1,",2% *"2% 1,(% ;H+'$-(% '"% :*(,+A% % ?-,

(-*:,2%1;1H,"1'#"%:*1%(+*"1>,++,2%(#%*%<,"(+'>;$,%(;R,I%<,"(+'>;$,2%*(%4IGGG%+H.%7DaO

.#2,09%>#+%6G%.'"%*"2%(-,%1;H,+"*(*"(%>0;'2%+,.#\,2A%%?-,%<,001%:,+,%+,1;1H,"2,2%'"

*"%,e;*0%\#0;.,%#>%-TH,+(#"'<%1*0'",%*"2%<,"(+'>;$,2%*(%4IGGG%+H.%7DaO%.#2,09%>#+%6G

.'"I%*"2%(-,%1;H,+"*(*"(%>0;'2%*$*'"%:*1%+,.#\,2A%%?-,%<,001%:,+,%(-,"%+,1;1H,"2,2%'"

*"%,e;*0%\#0;.,%#>%'"<#.H0,(,%.,2';.I%<,"(+'>;$,2%*(%4IGGG%+H.%7DaO%.#2,09%>#+%6G

.'"%*"2%(-,%1;H,+"*(*"(%>0;'2%:*1%+,.#\,2A%%?-'1%1(,H%:*1%+,H,*(,2%#"<,%.#+,A%%?-,

<,001%:,+,%>'"*00T% +,1;1H,"2,2% '"%*"%,e;*0%\#0;.,%#>%<#.H0,(,%.,2';.%(#%$'\,%[Gj

<,00%1;1H,"1'#"%*1%<;0(;+,%.*(,+'*0A

)1;1;! !=A>5A46347=A(=<(9>C7V=A4Q7A<5>45J(65J(>5889

?#% 2'+,<(0T% 2,.#"1(+*(,% (-,% ,>>,<(% #>% '"-'R'(#+% #"%.,+#]#'(,% '"\*1'#"% (#% +R<I

1T"<-+#"'],2% 1<-']#"(=1(*$,% H*+*1'('],2% +R<% :,+,% ;1,2% *"2% (-'1% :*1% *<-',\,2% RT

C,+<#00% $+*2',"(% (,<-"'e;,A% % _<-']#"(='">,<(,2% +,2% <,001% <#;02% R,% <#"<,"(+*(,2% RT% *

C,+<#00% 2,"1'(T% $+*2',"(% <,"(+'>;$*('#"% (,<-"'e;,% *1% 2,1<+'R,2% RT% ?-*+*\*"')% 31* #"A

76GG9%:'(-% 1#.,%.#2'>'<*('#"A% % C,+<#00% 7C-*+.*<'*%O-,.'<*019%:*1% 2'0;(,2%:'(-% 6g

H-#1H-*(,%R;>>,+% 1*0'",% 7CN_9%HS%bAF% (#% #R(*'"% FGI% [GI% *"2% EG%j%C,+<#00A% % J#;+%.0

,*<-%#>%2'0;(,2%C,+<#00%1#0;('#"%:,+,%0*T,+,2%:'(-%2,<+,*1'"$%2,"1'(T%>+#.%(-,%R#((#.

(#%(-,%(#H%#>%[G%.0%<,"(+'>;$,%(;R,A

J#+%,*<-%,XH,+'.,"(I%*R#;(%E=5%6GGX4G%..%H,(+'%2'1-,1%7O#+"'"$9%#>%H*+*1'(,1

:-'<-%-*1%R,,"%1T"<-+#"'],2I%:,+,%<;0(;+,2%(#%-'$-%H*+*1'(,.'*%#>%*R#;(%6G=4G%j%#+

.#+,%*(%.*(;+,% 1(*$,% 7_,<('#"%LA4A6A4A49A% %?-,% <,001%:,+,% <#00,<(,2I% <,"(+'>;$,2I% *"2

(-,%1;H,+"*(*"(%:*1%+,.#\,2%*"2%(-,%<,00%1,2'.,"(%:*1%+,1(#+,2%(#%*%[Gj%-,.*(#<+'(

:'(-%'"<#.H0,(,%.,2';.A%%?-,%<,001%1;1H,"1'#"%:*1%0*T,+,2%#"%(#H%#>%>+,1-0T%H+,H*+,2

2'1<#"('";#;1%C,+<#00%$+*2',"(1%<#.H#1,2%#>%1;<<,11'\,% 0*T,+1%#>%F%.0%,*<-%#>%FGjI

[GjI%*"2%EGj%C,+<#00%*"2%<,"(+'>;$,2%*(%4GGG%+H.I%F#O%>#+%4G%.'"A%%!HH+#X'.*(,0T

5G=8Gj%#>%(-,%.*(;+,%1<-']#"(='">,<(,2%+,2%<,001I%:'(-%2,"1'(T%1'.'0*+%(#%(-*(%#>%FGj

C,+<#00I% +,.*'",2% *(% (-,% '"(,+H-*1,% #>% FGj%C,+<#00% '"% (-,% R+#:"% 0*T,+I%:-,+,*1% (-,

1,2'.,"(,2% +,2% <,001% <#"(*'",2% #(-,+% 1(*$,1% #>% '">,<(,2% <,001% *"2% "#"'">,<(,2% <,001A

/#1(0T% (+#H-#]#'(,1% *"2% ,*+0T% 1<-']#"(1%:,+,% 0#<*0'],2% '"% (-,% 0*T,+% #>% [Gj%C,+<#00A



!"#"$%%&'()*+#,"(-*.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%/*(,+'*01%*"2%/,(-#21%3 L5

?-,%R+#:"% 0*T,+% *(% (-,% '"(,+H-*1,%:*1% <*+,>;00T% +,.#\,2% (#% *"#(-,+% <,"(+'>;$,% (;R,

*"2%:*1-,2%>#+%(-+,,%('.,1%:'(-%'"<#.H0,(,%.,2';.A%%?-'"%1.,*+1%:,+,%.*2,%H+'#+%(#

*"2%*>(,+%C,+<#00%$+*2',"(%<,"(+'>;$*('#"I%1(*'",2%:'(-%M',.1*%*"2%,X*.'",2%RT% 0'$-(

.'<+#1<#HTA%%?-,%<,001%:,+,%(-,"%2'0;(,2%:'(-%<#.H0,(,%.,2';.%(#%(-,%2,1'+,2%\#0;.,

>#+%>;+(-,+%'"\*1'#"%,XH,+'.,"(A

)1;1)! $&*-(:65:36347=A

!(% 0,*1(% (-+,,% 1(,H1% *+,% '"\#0\,2% '"% (-'1% '"\*1'#"% *11*TI% (-*(% '1% 1<-']#"(

2,\,0#H.,"(I%.,+#]#'(,%+,0,*1,%*"2%'"\*1'#"A%%?#%1'"$0,%#;(%.,+#]#'(,%'"\*1'#"%1(,HI

(-,%#(-,+% 1(,H1%",,21% (#%R,% ,X<0;2,2A% %S,"<,I%Ca/_I% *"% '"(*<(% 1<-']#"(%:'(-%"#% +R<

.,.R+*",I%:*1%;1,2%'"%<#.H*+'1#"%:'(-%1<-']#"(A

Ca/_%:,+,%H+,H*+,2%*<<#+2'"$% (#% (-,%.,(-#2%#>%_*0.#"%31*#"A% 7E89A% %S'$-0T

1T"<-+#"'],2%H*+*1'('],2%<,001%:,+,%$+#:"I%;"('0%.'220,=1(*$,%1<-']#"(1%:,+,%#R(*'",2I

,*<-% <#"(*'"'"$% R,(:,,"% >'\,% *"2% 1,\,"% ";<0,'A% % _T"<-+#"#;1% <;0(;+,1% :,+,% (+,*(,2

:'(-% 6G% µ/% #>% >+,1-0T% H+,H*+,2% aEF% 2'11#0\,2% '"% 2'1('00,2% :*(,+% *(% LbmO% >#+

*HH+#X'.*(,0T% E=5% -+% (#% #R(*'"% Ca/_A% % ?#% H;+'>T% Ca/_I% <,001% >+#.% aEF=(+,*(,2

<;0(;+,1% 75% #>% 6GGX6[% ..% H0*(,1I% 64=6[j% H*+*1'(,.'*9% :,+,% <#00,<(,2% RT

<,"(+'>;$*('#"%*(%4IGGG%+H.%7DaO%.#2,09%>#+%6G%.'"%*"2%(-,"%1,H*+*(,2%#"%*%<;1-'#"%#>

>+,1-0T%H+,H*+,2%F[j% 7\3\9%C,+<#00% '"%CN_%HS%bAF% RT% <,"(+'>;$*('#"% 74IGGG% +H.I% 4G

.'"9A%%?-,%R+#:"%0*T,+%#>%Ca/_%:*1%<#00,<(,2%>+#.%(-,%(#H%#>%(-,%<;1-'#"I%H,00,(,2I

:*1-,2%'"%'"<#.H0,(,%.,2';.%>#+%L%('.,1%R,>#+,%;1,%'"%>;+(-,+%,XH,+'.,"(A

Ca/_%#R(*'",2%:*1%*22,2%(#%;"'">,<(,2%+,2%<,001%(#%$'\,%*%1(*+('"$%H*+*1'(,.'*

#>%L=[j%*(%-,.*(#<+'(%#>%6A[j%>#+%'"\*1'#"%*11*T1((?-,%<;0(;+,%:*1%0,>(%>#+%'"\*1'#"%>#+

6[=4G%-+%*"2% (-,"%*11*T,2%RT% <#;"('"$% (-,%";.R,+%#>% +'"$% 1(*$,%H*+*1'(,1%H,+%6IGGG

<,001%#>%,*<-%R0##2%1.,*+A

J#+%$,0*('"%]T.#$+*H-T%*11*TI%:*1-,2%Ca/_%:,+,%(+,*(,2%:'(-%L%\#0;.,1%#>

CN_%HS%bAF%<#"(*'"'"$%GA6[j%7:3\9%1*H#"'"%>#+%6[%.'"% '"%:*(,+%R*(-%*(%Lb%°O%:'(-

+,$;0*+% *$'(*('#"A( ( ?-,"% Ca/_% :,+,% :*1-,2% :'(-% CN_% HS% bAF% *"2% <,"(+'>;$,2% *(

6I4GGG% +H.% 7_#+\*009% >#+% 6G%.'"% 1,\,+*0% ('.,1% ;"('0% (-,% 1;H,+"*(*"(% <#0#;+% R,<*.,

<0,*+A%%?-,%H,00,(%#R(*'",2%:*1%*0'e;#(,2I%6G%µ0%,*<-I%'"(#%*%.'<+#<,"(+'>;$,%(;R,%*"2

>+#],"%*(%Z5G%°O



J*<A%#>%M+*2A%_(;2',1I%/*-'2#0%`"'\A%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%C-AYA%7N'#<-,.'1(+T9%3 L8

)1;1F! +A@397=A( 3AJ( E6=N4C( 7AC7D747=A( 3993G( DG( 4C5( Z)"[Q

CG:=\3A4C7A5(7A>=6:=6347=A(B54C=J

?-,% 1;1<,H('R'0'(T% #>% (-,% H*+*1'(,1% (#% \*+'#;1% '"-'R'(#+1% :,+,% 2,(,+.'",2% RT

cLSd=-TH#X*"(-'",% '"<#+H#+*('#"%.,(-#2%.#2'>',2%>+#.%(-*(%2,1<+'R,2%RT%Y,1)*+2'"1

31*#"2*76G69A

D"-'R'(#+1% :,+,% '"'('*00T% 2'11#0\,2% '"% 1;'(*R0,% 1#0\,"(% (#% $,(% *% 1(#<V

<#"<,"(+*('#"%*"2%2'0;(,2%:'(-%'"<#.H0,(,%.,2';.%(#%*HH+#H+'*(,%<#"<,"(+*('#"1% );1(

R,>#+,%;1,A%?-,%,>>,<(%#>%1#0\,"(1%:,+,%*01#%(,1(,2%*"2%2,1'$"*(,2%*1%n<#"(+#01oA

?-,% 1T"<-+#"'],2% 1<-']#"(% 1(*$,% <;0(;+,1% :,+,% H0*<,2% '"% 6[% .0% <,"(+'>;$,

(;R,1%*"2%<,"(+'>;$,2%*(%4IGGG%+H.%7DaO9%>#+%6G%.'"A%?-,%1;H,+"*(*"(%:*1%2'1<*+2,2

*"2%(-,%H*<V,2%<,001%:,+,%+,1;1H,"2,2%'"%*"%,e;*0%\#0;.,%#>%<#.H0,(,%.,2';.A%?-'"

>'0.1% :,+,% .*2,% (#% 2,(,+.'",% (-,% 0,\,0% #>% H*+*1'(,.'*% RT% <#;"('"$% (-,% ";.R,+% #>

\'*R0,%H*+*1'(,1%H,+%6IGGG%,+T(-+#<T(,1A%?-,%H*+*1'(,.'*%:*1%*2);1(,2%(#%$'\,%*%2,1'+,2

>'"*0% <#"<,"(+*('#"% #>% 6A[j% -,.*(#<+'(% :'(-% 6j% H*+*1'(,.'*% RT% *22'"$% [Gj% 7\3\9

;"'">,<(,2%,+T(-+#<T(,1A

?#% ,*<-% :,00% #>% *% 8E=:,00% H0*(,I% 4[% µ0% *0'e;#(1% #>% \*+'#;1% '"-'R'(#+

<#"<,"(+*('#"1% :,+,% *22,2I% >#00#:,2% RT% 4GG% µ0% #>% (-,% 1T"<-+#"'],2% H*+*1'('],2

,+T(-+#<T(,%1;1H,"1'#"%(#%$'\,%*%>'"*0%\#0;.,%#>%44[%µ03:,00A%?-,%H0*(,1%:,+,%H0*<,2

'"%*%<*"20,%)*+I%*"2%'"<;R*(,2%*(%Lb%#O%;"2,+%6bj%P4I%Lj%OP4%*"2%5Gj%K4%>#+%6E%-+

*"2%(-,"%:*1-,2%(:'<,%:'(-%<#.H0,(,%.,2';.%*"2%>;+(-,+%+,'"<;R*(,2%>#+%5%-+A%%%4[%µ0

#>%6G%µO'3.0%LS=-TH#X*"(-'",%71H,<'>'<%*<('\'(T%#>%46%O'3..#09%'"%<#.H0,(,%.,2';.

:,+,% *22,2% (#% T',02% GA[%µO'3:,00A% ?-,% H0*(,1% :,+,% (-,"% H0*<,2% '"% *% <*"20,% )*+% *"2

'"<;R*(,2% >;+(-,+% *(% Lb% #O% >#+% 6E% -+A% %O#"(+#0% <,001%:,+,% ,XH#1,2% (#% (-,% '"<#.H0,(,

.,2';.%'"%(-,%*R1,"<,%#>%'"-'R'(#+A

!>(,+% (-*(% (-,% <,001% '"% ,*<-% :,00% :,+,% -*+\,1(,2% #"(#% $0*11% >'0(,+% H*H,+

7^-*(.*"%$+*2,%8FL%!S9%RT%;1'"$%*%.'"'<,00%-*+\,1(,+A%?-,%>'0(,+1%:,+,%2+',2%'"%*%-#(

*'+%#\,"%>#+%6=4%-%R,>#+,%,*<-%2'1V%:*1%H0*<,2%'"%*%6A[%.0A%.'<+#(;R,A%%!%GA[%.0%*0'e;#(

#>%0'e;'2%1<'"('00*('#"%>0;'2%7GAL[j7:3\9%CCP%*"2%GAG[j7:3\9%CPCPC%'"%(#0;,",9%:*1

*22,2% '"(#% ,*<-% (;R,A% ?-,% .'<+#(;R,1% :,+,% (-,"% H0*<,2% '"% H0*1('<% \'*01% >#+

.,*1;+,.,"(%#>%+*2'#*<('\'(T%7<#;"(%H,+%.'";(,9%RT%;1'"$%*%0'e;'2%1<'"('00*('#"%<#;"(,+

MN,<V.*"%Q_65G69A%?-,%[Gj%'"-'R'(#+T%<#"<,"(+*('#"%7DO[G9%\*0;,I%:-'<-%'1%2,>'",2



!"#"$%%&'()*+#,"(-*.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%/*(,+'*01%*"2%/,(-#21%3 FG

*1%(-,%2+;$%<#"<,"(+*('#"%+,e;'+,2%>#+%[Gj%+,2;<('#"%#>%(-,%cLSd=-TH#X*"(-'",%;H(*V,

RT% H*+*1'(,1% *1% <#.H*+,2% (#% <#"(+#0I% :*1% 2,(,+.'",2% >+#.% (-,% 2#1,=+,1H#"1,% <;+\,A

?-,% +,1;0(1% 1-#:"% +,H+,1,"(% .,*"% p% _AaA/% #>% H,+<,"(*$,% #>% LS=-TH#X*"(-'",

'"<#+H#+*('#"%+,0*('\,%(#%<#"(+#0%>+#.%(-+,,%'"2,H,"2,"(%,XH,+'.,"(1I%,*<-%<*++',2%#;(

'"%(+'H0'<*(,1A

)1;1H(+A@397=A(3993G(DG(B7>6=9>=:7>(J5456B7A347=A

aXH,+'.,"(1%:,+,%1,(%;H%'"%8E%:,00%H0*(,I%(-+,,%+,H0'<*(,1%>#+%,*<-%2'0;('#"%#>

'"-'R'(#+A% % _<-']#"(% 1(*$,% H*+*1'(,1% :,+,% <#"<,"(+*(,2% RT% C,+<#00% <;1-'#"% 71,<('#"

LA4A49%*"2%(-,"%>;+(-,+%;1,2%>#+%'"\*1'#"%*11*TA%%?:,"(T=>'\,%.'<+#0'(,+1%#>%,*<-%#>%(-,

\*+'#;1% <#"<,"(+*('#"1% #>% '"-'R'(#+1% *"2% (-*(% #>% '"<#.H0,(,% .,2';.I% +,H+,1,"('"$

<#"(+#0I% :,+,% *22,2% (#% ,*<-% :,00% #>% 8E% :,00% H0*(,A% % ?-,"I% 4GG% µ0% #>% 1T"<-+#"'],2

1<-']#"(% 1(*$,% H*+*1'('],2% +,2% <,00% 1;1H,"1'#"% :'(-% 6A[=4% j% H*+*1'(,.'*% *"2% 6A[% j

-,.*(#<+'(%:,+,%*22,2A%%?-,"%H*+*1'(,1%:,+,%'"<;R*(,2%:'(-%'"-'R'(#+%>#+%6b=65%-+I%*"2

,+T(-+#<T(,1%:,+,%<#00,<(,2%>+#.%(-,%<;0(;+,A%%?-'"%1.,*+1%:,+,%.*2,%*"2%1(*'",2%:'(-

M',.1*A% % ?-,% H+#H#+('#"% #>% '">,<(,2% +,2% <,001% :*1% .,*1;+,2% RT% <#;"('"$% #>% 6IGGG

,+T(-+#<T(,1310'2,A%%C,+<,"(%'"-'R'('#"%:*1%<*0<;0*(,2%*1%>#00#:1k

C,+<,"(%'"-'R'('#"%%l%%K#A%#>%+'"$%*"2%(+#H-#]#'(,%#>%<#"(+#0%Z%K#A%#>%+'"$%q%(+#H-#]#'(,%#>%(,1(%%X%6GG

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%K#A%#>%+'"$%q%(+#H-#]#'(,%#>%<#"(+#0

D"-'R'('#"%+,1;0(%'1%,XH+,11,2%*1%DO[GI%(-,%<#"<,"(+*('#"%(-*(%'"-'R'(1%'"\*1'#"%#>

+R<%RT%[GjA%%?-,%DO[G%\*0;,1%:,+,%#R(*'",2%>+#.%(-,%2#1,=+,1H#"1,%<;+\,1A

)1;1S(+A@397=A(3993G(DG(<8=N(>G4=B546G

!(% (-,% ,"2% #>% (+,*(.,"(% #>%.*0*+'*% <;0(;+,%:'(-% '"-'R'(#+% '"<;R*(,2% '"% 8E%:,00

H0*(,I%(-,%<,001%#>%,*<-%:,00%:,+,%(+*"1>,++,2%(#%aHH,"2#+>%.'<+#<,"(+'>;$,%(;R,1A%%?-,

<,001%:,+,%(-,"%:*1-,2%>#+%L%('.,1%RT%*22'"$%GA[%.0%#>%CN_I%.'X,2I%*"2%<,"(+'>;$;,2

>#+% 6G% 1,<% *(% 8IGGG% +H.% 7_PBi!QQ% /'<+#>;$,9% (#% +,.#\,% (-,% 1;H,+"*(*"(A

_;R1,e;,"(0TI% 6% .0% #>% GA4[j% $0;(*+*02,-T2,% 2'0;(,2% :'(-% CN_% :*1% *22,2% *"2% (-,
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1*.H0,%:*1%.'X,2%\'$#+#;10T%RT%*%\#+(,X%.'X,+A%%J'X*('#"%:*1%2#",%*(%F%WO%>#+%*(%0,*1(

6[% .'"% 7#+% (-,% >'X,2% 1*.H0,% :*1% 1,*0,2% *"2% 1(#+,2% *(% F% WO% ;"('0% (-,% *"*0T1'1% :*1

H,+>#+.,29A% % P"% (-,% 2*T% #>% *"*0T1'1I% GA4[j% $0;(*+*02,-T2,% 1#0;('#"% :*1% <*+,>;00T

+,.#\,2%*"2%<,001%:*1-,2%:'(-%6%.0%#>%CN_%>#+%L% ('.,1A% %P",%.'<+#0'(+,%#>%H*<V,2

<,001% :*1% (+*"1>,++,2% (#% H#0T1(T+,",% J!O_% (;R,% 7J*0<#"9% <#"(*'"'"$% 4G% µ$3.0% #>

H+#H'2';.% '#2'2,% '"% L[G% µ0% #>% CN_A% % O,001% :,+,% 1(*'",2% '"% (-,% 2*+V% *(% +##.

(,.H,+*(;+,%>#+%*(%0,*1(%LG%.'"%R,>#+,%>0#:%<T(#.,(+T%*"*0T1'1A

?-,%H+#H'2';.%'#2'2,=1(*'",2%<,001%:,+,%,X<'(,2%*(%F55%".A% %a+T(-+#<T(,1%:,+,

$*(,2% #"% (-,% R*1'1% #>% (-,'+% 0#$*+'(-.'<% *.H0'>'<*('#"% #>% (-,% >#+:*+2% 1<*((,+% *"2% 8GW

0'$-(%1<*((,+%1'$"*01A%%B,2%>0;#+,1<,"<,%#>%H+#H'2';.%'#2'2,%:*1%.,*1;+,2%(-+#;$-%[5[

".% R*"2% H*11% >'0(,+A% % !% (#(*0% #>% LGIGGG% +R<% *+,% *"*0T1,2A% % C,+<,"(% H*+*1'(,.'*% *"2

>0;#+,1<,"<,% '"(,"1'(T% :,+,% #R(*'",2% >+#.% *"% '"(,$+*(,2% >0;#+,1<,"1,% -'1(#$+*.

R,(:,,"% (-,% '">,<(,2% *"2% (-,% <#"(+#0% ;"'">,<(,2% 1*.H0,1A% % ?-,% DO[G% \*0;,1% 7[Gj

'"-'R'('#"%#>%'"\*1'#"%<#.H*+,2%(#%<#"(+#09%:,+,%#R(*'",2%>+#.%(-,%2+;$%2#1,=+,1H#"1,

<;+\,1A

)1;1Y(+A@397=A(7AC7D747=A(N74C(6585395(>=A46=8(94?JG

?#% <0*+'>T% (-*(% (-,% +,2;<('#"% '"% ";.R,+% #>% +'"$% :*1% 2;,% (#% '"-'R'('#"% #>

'"\*1'#"%*"2%"#(%2;,%(#%.,+#]#'(,%+,0,*1,I%'"\*1'#"%'"-'R'('#"%RT%6I6G=H-,"*"(-+#0'",

:*1% <#.H*+,2%:'(-% (-,% '"-'R'('#"% #>%.,+#]#'(,% +,0,*1,% RT% aEFA% % ?,"%µ/%#>%aEFI% *

<T1(,'",%H+#(,*1,%'"-'R'(#+I%<*"%'"-'R'(%.,+#]#'(,%+,0,*1,I%(-;1%'(%:*1%;1,2%*1%.,+#]#'(,

+,0,*1,%<#"(+#0%789A

_<-']#"(='">,<(,2% +R<% H;+'>',2% RT% C,+<#00% 7[j% H*+*1'(,.'*I% 4j% -,.*(#<+'(9

:,+,% (+,*(,2% :'(-% \*+'#;1% <#"<,"(+*('#"1% #>% aEF% *"2% 6I6G=H-,"*"(-+#0'",A% % !>(,+

'"<;R*('#"%>#+%6L=6[%-+I% (-'"%1.,*+1%:,+,%H+,H*+,2%*"2%<#;"(,2% >#+%6GGG%<,001310'2,A

?-+,,%'"2,H,"2,"(%,XH,+'.,"(1%:,+,%H,+>#+.,2%*(%,*<-%<#"<,"(+*('#"%'"%(+'H0'<*(,A



!"#"$%%&'()*+#,"(-*.%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%/*(,+'*01%*"2%/,(-#21%3 F4

)1;1](/5456B7A347=A(=<(7AC7D74=6(>=BD7A347=A(5<<5>4(=A(B383673(7A@397=A

)1;1]12(+AC7D74=6(:65:36347=A

D"-'R'(#+1% :,+,% '"'('*00T% 2'11#0\,2% '"% 1;'(*R0,% 1#0\,"(% (#% $,(% *% 1(#<V

<#"<,"(+*('#"A%J#+%6I6G=H-,"*"(-+#0'",I%'(%:*1%1#0;R'0'],2%:'(-%H-#1H-*(,%R;>>,+%7CN9

HS% bA4% (#% $,(% *% 1(#<V% <#"<,"(+*('#"% #>% 8% ./% *"2% V,H(% *(% F#OA% % _(*;+#1H#+'",% *"2

M/EGG6% :*1% 1#0;R'0'],2% :'(-% Y/_P% *(% 4A6F% ./% *"2% 64A5b% ./I% +,1H,<('\,0TA

_(*;+#1H#+'",%:*1%V,H(%*(%F#O%:-,+,*1%M/EGG6%:*1%V,H(%*(%Z4G%WOA%%Y;,%(#%'(1%0'$-(

1,"1'('\'(T%1#%1(*;+#1H#+'",%:*1%-*"20,2%:'(-%.'"'.;.%0'$-(%<#"(*<(A% %?-,%,>>,<(1%#>

Y/_P%*"2%'"<#.H0,(,%.,2';.%:,+,%*01#%(,1(,2%*"2%2,1'$"*(,2%*1%1#0\,"(%<#"(+#0%*"2

<#"(+#0A

)1;1]1;!(#993G(=<(7AC7D74=6(>=BD7A347=A(5<<5>4(=A(B383673(7A@397=A

_,+'*0% 2'0;('#"1% #>% 6I6G=H-,"*"(-+#0'",I% M/EGG6% *"2% 1(*;+#1H#+'",% :,+,

H+,H*+,2% 1,H*+*(,0TA% % ae;*0% \#0;.,1% #>% (-,% (:#% 2+;$1% :'(-% 2'>>,+,"(% <#"<,"(+*('#"1

:,+,%.'X,2% (#$,(-,+% (#%#R(*'"%*%1,(%#>%2+;$%:'(-%\*+'#;1%<#"<,"(+*('#"%<#.R'"*('#"A

4[%µ0% *0'e;#(% #>% ,*<-%.'X(;+,%:*1% H;(% '"% 8E%:,00% H0*(,% '"% (+'H0'<*(,A% % ?:#% -;"2+,2

.'<+#0'(,+1% #>% 4j%H*+*1'(,.'*% *"2% 6A[j%-,.*(#<+'(% H*+*1'('],2% <,00% 1;1H,"1'#"%:,+,

*22,2% *"2% '"<;R*(,2% >#+% 6b=65% -+% *(% Lb% WOA% % ?-'"% 1.,*+1% :,+,% H+,H*+,2% >#+% 0'$-(

.'<+#1<#H'<%,X*.'"*('#"A

O#.H;(,+=$,",+*(,2% <#"<,"(+*('#"=+,1H#"1,% <;+\,1% :,+,% *"*0T],2% RT

"#"0'",*+%+,$+,11'#"%*"2%[Gj%'"-'R'(#+T%<#"<,"(+*('#"1%:,+,%<*0<;0*(,2%7DO[G9%>#+%,*<-

'"-'R'(#+I% R#(-% *0#",% *"2% '"% <#.R'"*('#"A% %J+*<('#"*0% '"-'R'(#+T% <#"<,"(+*('#"1% 7JDO9

:,+,%<*0<;0*(,2A

%%%%%%%%%%%%%%%%%%%%%%%%%%%JDO%%%%%l%%%%%%%DO[G%#>%2+;$%#>%'"(,+,1(%'"%H+,1,"<,%#>%*"#(-,+%2+;$

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%DO[G%#>%2+;$%#>%'"(,+,1(%*0#",
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?-,%JDO% '"2,X% '1% 1'.H0T% *%.*(-,.*('<*0% +,H+,1,"(*('#"% #>%:-,(-,+% (-,% DO[G% #>

2+;$%#>% '"(,+,1(,2% '1% +,2;<,2I%;"<-*"$,2I%#+% '"<+,*1,2% '"% (-,%H+,1,"<,%#>% (-,% 1,<#"2

2+;$A%%!%JDO%'"2,X%#>%6AG%:#;02%+,H+,1,"(%'"2,H,"2,"<,I%:-,+,*1%'"2'<,1%r6AG%:#;02

'"2'<*(,%*"(*$#"'1.%*"2%'"2'<,1%s6AG%:#;02%'"2'<*(,%1T",+$'1..

?-+,,% <#.R'"*('#"1% #>% '"-'R'(#+1% :,+,% 1(;2',2t% 6I6G=H-,"*"(-+#0'",% *"2

1(*;+#1H#+'",I%M/EGG6%*"2%1(*;+#1H#+'",I%*"2%6I6G=H-,"*"(-+#0'",%*"2%M/EGG6A

)1;1^(/5456B7A347=A(=<(B54388=:6=45395(3>47@74G(DG(E58347A(VGB=E63:CG

hT.#$+*H-T%:*1%;1,2%(#%1-#:%.,(*00#H+#(,'"*1,=0'V,%*<('\'(T%'"%Ca/_A%%D(%'1%*

<#..#"% .,(-#2% >#+% *11*T'"$% H+#(,*1,% *<('\'(T% RT% 0##V'"$% *(% *"% '"=$,0% *<('\'(T% '"

$,0*('"%_Y_=C!MaA% % D>% (-,+,% '1% 7.,(*00#9%H+#(,*1,% *<('\'(T% *% <0,*+%R*"2%:'00% R,% 1,,"

*>(,+%O##.*11',%R0;,%1(*'"'"$A%%?-'1%H+#(#<#0%:*1%R*1,2%#"%2,(,<('#"%#>%1,<+,(,2%//C

4%*"2%//C%8%#>%<*"<,+%<,00%:'(-%1#.,%.#2'>'<*('#"%76G49A

C+#(,'"% 2,(,+.'"*('#"% #>% Ca/_% #R(*'",2% >+#.% _,<('#"% LA4AL% :*1% 2#",% RT

N+*2>#+2%*11*T%R,>#+,%H,+>#+.'"$%_Y_=C!Ma%,0,<(+#H-#+,1'1A

J+#],"% 1(#+,2% Ca/_% :*1% (-*:,2% *(% +##.% (,.H,+*(;+,% *"2% 1#0;R'0'],2% '"

1*.H0,%R;>>,+%'"%(-,%*R1,"<,%#>%+,2;<'"$%*$,"(%7[g%_Y_%1*.H0,%R;>>,+k%GA4[%?+'1=SO0

HS%EA5I%FG%j%$0T<,+#0I%E%j%_Y_I%GAG5%j%R+#.#H-,"#0%R0;,9%*"2%,0,<(+#H-#+,1,2% '"

_Y_=C!Ma% <#H#0T.,+'],2% :'(-% GA6j% $,0*('"A% % ?-,% 1(*<V'"$% $,0% <#"(*'",2% F% j

*<+T0*.'2,k% R'1=*<+T0*.'2,% 748k69I% 64[% ./% ?+'1=SO0% HS% EA5I% 6G% j% _Y_I% GA6% j

*..#"';.% H,+1;0>*(,I% *"2% GA6% j% ?a/aYI% *"2% (-,% 1,H*+*('"$% $,0% <#"(*'",2% 64j

*<+T0*.'2,k%R'1=*<+T0*.'2,% 748k69I6%.$3.0%$,0*('"I%Lb[%./%?+'1=SO0%HS%5A5I%GA6%j

_Y_I% GAG4% j% *..#"';.% H,+1;0>*(,I% *"2% GAGFj% ?a/aYA% % a0,<(+#H-#+,1'1% :*1

H,+>#+.,2%*(%4GG%\#0(1I%FWO%'"%_Y_=C!Ma%+;""'"$%R;>>,+%HS%5AL%7GAG4[%/%?+'1%R*1,I

GA684%/%$0T<'",I%GA6%j%_Y_9A%%!>(,+%,0,<(+#H-#+,1'1I%(-,%$,0%:*1%:*1-,2%(:'<,%>#+%LG

.'"%'"%4A[%j%?+'(#"%g=6GG%*(%+##.%(,.H,+*(;+,%(#%+,.#\,%_Y_%>+#.%(-,%$,0A%%?-,%$,0

:*1%'"<;R*(,2%'"%*%+,*<('#"%R;>>,+%<#"(*'"'"$%GAG[%/%?+'1=SO0%HS%bA[I%GAG6%/%O*O04I

6%µ/%h"O04I%*"2%6j%?+'(#"%g=6GG%*(%Lb%WO%>#+%b4%-+A% %/,(*00#H+#(,*1,%*<('\'(T%:*1

\'1;*0'],2%*1%<0,*+%]#",%*$*'"1(% (-,%R0;,%R*<V$+#;"2%*>(,+%GA[%j%O##.*11',%R+'00'*"(

R0;,% 1(*'"'"$A% % /#0,<;0*+% :,'$-(% :*1% 2,(,+.'",2% RT% ;1'"$% H+,=1(*'",2% 1(*"2*+2
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.*+V,+1%7N'#=B*29A( (O#.H0,(,%.,2';.%<#"(*'"'"$%6Gj%1,+;.%*"2%,+T(-+#<T(,%0T1*(,

:,+,%;1,2%*1%<#"(+#0A

)1;12_! -7B783674G(3AJ(V7A>QD7AJ7AE(B=47<(9536>C

?-,%H+#(,'"%1,e;,"<,1%'"%(-,%*""#(*(,2%!2*+#",(-#.)%%$,"#.,%:,+,%1;R),<(,2

(#%1,*+<-%*$*'"1(% (-,%/,+#H1%H+#(,*1,%2*(*R*1,I%:-'<-%-*1%*%<*(*0#$%*"2%*% 1(+;<(;+,=

R*1,2%<0*11'>'<*('#"%#>%H+#(,*1,1A

K#"+,2;"2*"(%e;,+T%1,e;,"<,1%#>%<-*+*<(,+'],2%*"2%H+,2'<(,2%H+#(,*1,1% >+#.

\*+'#;1%#+$*"'1.1%:,+,%#R(*'",2%>+#.%(-,%/,+#H1%2*(*R*1,%7-((Hk33:::A.,+#H1A*<A;VI

+,0,*1,%EAEG%#>%48%/*+%4GGF9A%%NQ!_?C%1,*+<-,1%:'(-%2,>*;0(%1,(('"$%:,+,%(*+$,(,2%(#

(-,% *""#(*(,2% !2* +#",(-#.)%% $,"#.,% (-*(% :*1% H;R0'1-,2% '"% (-,% C0*1.#YN

7-((H33H0*1.#2RA#+$3t%76GL99A

?-,% H+,1,"<,% #>% ]'"<% R'"2'"$% 1'$"*(;+,I%SaggS%.#('>I% <*"% R,% '"2'<*('\,% #>

.,(*00#H+#(,*1,1A%%O#"1,"1;1%H*((,+"%>#+%]'"<=R'"2'"$%+,$'#"%1'$"*(;+,%#>%",;(+*0%]'"<

.,(*00#H,H('2*1,1I%C_GG6F4%#R(*'",2% >+#.%C+#1'(,% 7-((Hk33:::A,XH*1TA#+$3H+#1'(,9% '1

cM_?!QDiKd=X749=S=a=cQDi/Ju^d=vYaSB&Cw=S=X=cQDi/Ju^M_CxdA% % /#('>

1,*+<-% #>% (-,%!2* +#",(-#.)%% *""#(*(,2% H+#(,'"% 1,e;,"<,1% 7-((Hk33:::AH0*1.#2RA#+$I

+,0,*1,%FA49%:'(-%(-'1%H*((,+"%:*1%2#",A
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!"#$%&'()

'&*+,%*

2"4")."%B")"0.,/%B)&,/"0/0%3"7/%C//6%03&D6%,&%B4"=%.<B&),"6,%)&4/%'&)%.,0%3&0,

)/*% #/44% .67"0.&6E%<&*.'.#",.&6% &'% B")"0.,/% B)&,/.60% .67&47/*% .6% 3&0,% #/44% )/#&F6.,.&6

"6*%/6,)=E%)/0,)-#,-).6F%&'%,3/%0-)'"#/%"6*%#=,&0G/4/,&6%&'%3&0,%#/44%.,0/4'1%*-).6F%"6*

'&44&D.6F%.67"0.&6%.6%&)*/)%,&%"44&D%B")"0.,/%)/4/"0/%')&<%,3/%3&0,%#/44%:HI@>$%%9-).6F

.67"0.&6%,3/%</)&J&.,/%0-)'"#/%#&",%.0%)/<&7/*%:K>$%%L3.0%B)&,/&4=,.#%#4/"7"F/%"BB/")0

,&%C/%</*.",/*%C=%,3/%B")"0.,/%0-)'"#/%B)&,/"0/$

8)&,/&4=0.0% &'% ,3/% /M,)"#/44-4")% B"),% &'% </<C)"6/% B)&,/.60% &##-)0% .6

<"<<"4."6% /-G")=&,/0% "6*% .0% <&0,4=% </*.",/*% C=% </<C)"6/N"6#3&)/*

</,"44&B)&,/"0/0% :HH1% HK>$% % L3.0% ,=B/% &'%</<C)"6/NB)&,/"0/%<"=% C/% )/0B&60.C4/% '&)

03/**.6F% &'% </)&J&.,/% 0-)'"#/% #&",$% % L3-01% ,3/% 0,-*=% &6% <"4")."% </,"44&B)&,/"0/

.67&47/</6,% D.,3% /)=,3)&#=,/% .67"0.&6% "6*% .,0% B&00.C4/% C.&#3/<.#"4% )/F-4",.&6% D"0

#&6*-#,/*$

O/%3"7/%",,/<B,/*% ,&%*/7/4&B%"6% .67"0.&6%"00"=%C=%-0.6F% PQRS%3=B&M"6,3.6/

.6#&)B&)",.&6%</,3&*%"6*%'4&D%#=,&</,)=E%3&D/7/)1%<.#)&0#&B.#%/M"<.6",.&6%D"0%0,.44

,3/% </,3&*% &'% #3&.#/$% % T67"0.&6% "00"=% 3"0% C//6% *&6/% C=% "BB4=.6F% </,"44&B)&,/"0/

.63.C.,&)E% H1HINB3/6"6,3)&4.6/% "6*% (2UIIH1% ,&% 0#3.J&6,% 0,"F/% B")"0.,/0% "6*

<&6.,&).6F% .67"0.&6%/''.#./6#=%C=% #&-6,.6F% ,3/% 6-<C/)% &'% ).6FN.6'/#,/*% )/*% #/440% C=

<.#)&0#&B.#% /M"<.6",.&6$% % L&% *.0,.6F-.03% 0#3.J&6,% )/4/"0/% "6*% </)&J&.,/% .67"0.&61

8V2+1%</)&J&.,/0%#&6,".6/*%D.,3.6%B")"0.,&B3&)&-0%7"#-&4/%</<C)"6/%:8W2>1%D/)/

"40&%,/0,/*%"F".60,%</,"44&B)&,/"0/%.63.C.,&)$

X0% ,3/% )/*-#,.&6% 6-<C/)% &'% ).6F% '&)<0% <"=% C/% *-/% ,&% ,3/% .63.C.,.&6% &'
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X9X2L+Q%F$B 8','#+*2!5"+ 8!`IU@ID @] K/NIA

8','#+*2!5"+ 2XjHQ8H$QHU AK Y/NI^

X9X2L+^ >*%%.+#"'&$57!1.+ 8!`IU@ID @A K/NI@

X9X2L+] 9.+#,.+1.).+ 8!`IU@ID @@ K/NI@

X9X2L+Y 8','#+*2!5"+ 8!`IU@ID ]^ U/NH^

>*%%.+#"'&$57!1.+ 8!`IU@ID A^ Q/NI]
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%0F15(U%%+/4/#,/*%"66&,",/*%<"4")."%B)&,/.6%0/e-/6#/0%03&D/*%0.F6.'.#"6,%<",#3.6F%VN

0#&)/%",%,3/%4/7/4%&'%k%M%HIN@%&)%4/00%:#&6,.6-/*>$

/56011782765095

R0431>(9CF?109959

(*85?359 #::76065@

/010230(P5:5(LS

*?725 &T9?725

X9X2L+HK 8','#+*2!5"+ 8!`IU@ID @A H/NI@

9.+#,.+1.).+ 8!`IU@ID @A K/NI@

X9X2L+HU 8','#+*2!5"+ 8!XIKIID @U ^/NIA

9.+#,.+1.).+ 8!XIKIID @Q A/NI@

X9X2L+H^ 8','#+*2!5"+ 8!`IU@ID AI A/NIU

X9X2L+H] 8','#+*2!5"+ 8!`IU@ID @Y ]/NIU

X9X2L+HY 8','#+*2!5"+ 8!`IU@ID U^ Q/NHH

9.+#,.+1.).+ 8!`IU@ID UU ]/NHH

X9X2L+KI 8','#+*2!5"+ 8!`IU@ID U@ A/NHI

9.+#,.+1.).+ 8!`IU@ID UU H/NHI
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)-.-U( V3:?TF3:@3:B( 4763R( 9502?=( R72( 4010230( 456011782765095( ?0:@3@065

B5:59

L3/% B)/0/6#/% &'% J.6#% C.6*.6F% 0.F6",-)/1% RVhhR%<&,.'% #"6% C/% .6*.#",.7/% &'

</,"44&B)&,/"0/0$%%`&60/60-0%B",,/)6%'&)%J.6#NC.6*.6F%)/F.&6%0.F6",-)/%&'%6/-,)"4%J.6#

</,"44&B/B,.*"0/01%8+IIH@K%&C,".6/*% ')&<%8)&0.,/% :3,,Bf??DDD$/MB"0=$&)F?B)&0.,/>% .0

P(+LXjTWkSNM:K>NRNVNPjTW2!oOSNp9VR\Z8qNRNMNPjTW2!oO(+8nS$% % 2&,.'

0/")#3% &'% ,3/%(/# 0*)1!2*&.,% "66&,",/*% B)&,/.6% 0/e-/6#/0% :3,,Bf??DDD$B4"0<&*C$&)F1

)/4/"0/% @$K>% D.,3% ,3.0% B",,/)6% F"7/% HY% <",#3.6F% 0/e-/6#/0$% % L3/.)% "66&,",/*% F/6/

6"</0% "6*% '-6#,.&60% ")/% 4.0,/*% .6% L"C4/% ^$% % j&#",.&6% &'% J.6#NC.6*.6F% )/F.&6% &6

8!HHlIIYH% "<.6&% "#.*% 0/e-/6#/% )/0-4,.6F% ')&<% 8+IIH@K% 0/")#3% .0% F.7/6% .6% !.F-)/

HUX$

R&D/7/)1%&-,%&'%HY%0/e-/6#/01%D/%'&-6*%,3",%Q%"66&,",/*%F/6/01%8!HIlIKIA1

8!HHlIIYH% "6*%8!H@lI@]I%3"7.6F% ,3.0% 0.F6",-)/% "6*%D/)/% 3.F34=% /MB)/00/*% *-).6F

0#3.J&6,%*/7/4&B</6,"4%0,"F/$%%L.</%#&-)0/%"6"4=0.0%&'%8!HIlIKIA%<\kX%/MB)/00.&6

03&D/*% ,3",% .,% D"0% <"M.<"44=% /MB)/00/*% ",% @]% 3)% B&0,% .67"0.&6% D3/)/"0% ,3&0/% &'

8!HHlIIYH% "6*% 8!H@lI@]I% 3"*% ,3/% 3.F3/0,% /MB)/00.&6% ",% QAN@K% 3)% B&0,% .67"0.&6

'&44&D/*% C=% "% F)"*-"4% */#)/"0/% :!.F-)/% H^>% :HIA>$% % 8)&,/&<.#0% *","% )/7/"4/*% ,3",

8!HHlIIYH% D"0% B)/0/6,% .6% ,3/% .67"0.7/% </)&J&.,/% 0,"F/% "6*% D"0% B)/*.#,/*% ,&% 3"7/

,)"60</<C)"6/% )/F.&6% :!.F-)/% HU>$% % L3/0/% *","% .6*.#",/*% ,3",% ,3/% <"4")."% B")"0.,/

B&00.C4=%/<B4&=/*%</,"44&B)&,/"0/%*-).6F%3&0,%#/44%.67"0.&6$
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%0F15( W% % g.6#% C.6*.6F%<&,.'% :8+IIH@K% ')&<%8)&0.,/1% 3,,Bf??DDD$/MB"0=$&)F?B)&0.,/>

0/")#3%)/0-4,%&'%"66&,",/*%(/#0*)1!2*&.,%:3,,Bf??B4"0<&*C$&)F1%)/4/"0/%@$K>$%%X66&,",/*

F/6/0%<")G/*%D.,3%"0,/).0G%:r>%03&D/*%<"M.<-<%/MB)/00.&6%",%0#3.J&6,%0,"F/$

#::76065@(/010230(P5:5(LS AC:?637:

8!`I^YID R=B&,3/,.#"4%B)&,/.6

8!9I@KAD R=B&,3/,.#"4%B)&,/.6

8!9II^I# \.'.6

2XjU8H$HAH L)"60B&),.6

2Xj]8H$H@@ R=B&,3/,.#"4%B)&,/.6

8!HIlIKK@ 8-,",.7/%*=6/.6%3/"7=%#3".6

8!HIlIKIAr R=B&,3/,.#"4%B)&,/.6

8!HIlIIYK R=B&,3/,.#"4%B)&,/.6

8!HIlIIA] R=B&,3/,.#"4%B)&,/.6

8!HHlIIYHr R=B&,3/,.#"4%B)&,/.6

8!jHQHAD R=B&,3/,.#"4%B)&,/.6

8!H@lIQYU R=B&,3/,.#"4%B)&,/.6

8!H@lIUYK R=B&,3/,.#"4%B)&,/.6

8!H@lI@]Ir R=B&,3/,.#"4%B)&,/.6

2XjHQ8H$AU 2HN'"<.4=%"<.6&B/B,.*"0/

8!HQlIIK] %% R=B&,3/,.#"4%B)&,/.6

2XjHQ8H$H]@ 8-,",.7/%/6*&B/B,.*"0/

2XjHQ8H$HYH R=B&,3/,.#"4%B)&,/.6

8!HQlIKUI R=B&,3/,.#"4%B)&,/.6
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X$

;$

A3BC25( .U% % X$% g.6#NC.6*.6F% )/F.&6% <&,.'% .6% 8!HHlIIYH% .0% '&-6*% "<&6F% &,3/)

B)/*.#,/*%B)&,/.6%'/",-)/0%:3,,Bf??DDD$B4"0<&*C$&)F1%)/4/"0/%@$K>$% % T,%.0%*/0.F6",/*%"0

8+% gTk`l8\mLVX+V% &'% D3.#3% 3"0% C//6% '&-6*% .6% &,3/)% H]% "66&,",/*% "<.6&% "#.*

0/e-/6#/0%4.0,/*%.6%L"C4/%A$%%L3.0%B)&,/.6%"40&%3"0%,)"60</<C)"6/%)/F.&6%"0%B)/*.#,/*

C=% Lm88\V9K$% % ;$% L3.0% B)&,/.6% .0% B)/0/6,% .6% </)&J&.,/% 0,"F/% <"4")."% B")"0.,/% "0

03&D6%C=%<"00%0B/#,)&B3&,&</,)=%C"0/*%/MB)/00.&6%/7.*/6#/$

http://www.plasmodb.org/
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%%%%X$

%%%%;$

%%%%%`$

A3BC25( .W% % L.</% #&-)0/% "6"4=0.0% &'% :X>% 8!HHlIIYH1% :;>% 8!HIlIKIA1% "6*% :`>

8!H@lI@]I%<\kX%/MB)/00.&6%:HIA>% :3,,Bf??DDD$B4"0<&*C$&)F1% )/4/"0/%@$K>$% %hN"M.0

)/B)/0/6,0% ,.</% .6% 3)% "',/)% "**.6F% 0=6#3)&6.J/*% #-4,-)/% &'% R;Q% B")"0.,/0% ,&% ')/03

C4&&*$% %;4"#G%B4&,%)/B)/0/6,0%"7/)"F/*%0<&&,3/*%6&)<"4.J/*%4&F%C"0/:K>%&'%`=A?`=Q

D3.4/%F)"=%B4&,%.0%"6%"7/)"F/*%6&)<"4.J/*%4&F%C"0/:K>%&'%`=A?`=Q%'&)%/"#3%,)"60#).B,$

http://www.plasmodb.org/
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)-G((*6C@>(7:(6=5(25BC10637:(45?=0:394(7R(6=39(456011782765095(C93:B(3:=3F3672

?74F3:0637:(6596

`&<B4/,/% .0&C&4&F)"<% D"0% 6&,% B/)'&)</*% C-,% &64=% ,3/% /''/#,0% &'

0,"-)&0B&).6/% &6% .67"0.&6% .63.C.,&)=% /''/#,% &'% H1HINB3/6"6,3)&4.6/1% 0,"-)&0B&).6/% &6

(2UIIH%.63.C.,.&61%"6*%(2UIIH%&6%H1HINB3/6"6,3)&4.6/%.63.C.,.&6%D/)/%,/0,/*$%%L3/

#-)7/0%D/)/% *)"D6% .6% ')"#,.&6"4% .63.C.,&)=% #&6#/6,)",.&6% :!T`>% -6.,0$% % L3/% !T`% .0% "

<",3/<",.#"4% )/B)/0/6,",.&6% &'% D3/,3/)% ,3/% /''/#,% &'% &6/% .63.C.,&)% .0% )/*-#/*1

-6#3"6F/*1%&)%.6#)/"0/*%.6%,3/%B)/0/6#/%&'%,3/%0/#&6*%.63.C.,&)$

)-G-.((.X.ET$=5:0:6=2713:5(0:@(960C2798723:5(?74F3:0637:

+,"-)&0B&).6/% 3"0% C//6% )/B&),/*% ,&% .63.C.,%<"4")."%</)&J&.,/% .67"0.&6% &'% )C#

:]^>$% % T,% .0% "% C)&"*% 0B/#,)-<% B)&,/.6% G.6"0/% .63.C.,&)% .6#4-*.6F% 8ZX1%2j`Z1%`X2

G.6"0/%"6*%8Z`$% %+3/**.6F%C=%X9X20%.0%&',/6% .6% )/0B&60/% ,&%8Z`%"#,.7",.&6%:HQ>$

L3/)/'&)/1%,3/%/''/#,%&'%,3/0/%,D&%#&<C.6/*%.63.C.,&)0%D/)/%,/0,/*$

X4,3&-F3% 0,"-)&0B&).6/% ",% 4&D% #&6#/6,)",.&601% "BB/")/*% ,&% "6,"F&6.J/% H1HIN

B3/6"6,3)&4.6/1% ,3.0% .0% 6&,% 0.F6.'.#"6,% 0,",.0,.#"44=$% % X,% 3.F3/)% #&6#/6,)",.&601% ,3/

/''/#,0%D/)/%"**.,.7/%:!.F-)/%H]>$

)-G-G((*60C2798723:5(0:@(P/UEE.(?74F3:0637:

X0%D/%-0/*%(2UIIH% ,&% */'.6/% "%<&)/% 0B/#.'.#% F)&-B%&'%</,"44&B)&,/"0/01% .,

D"0% D&),3% ,)=.6F% .,0% #&<C.6",.&6% D.,3% B)&,/.6% G.6"0/% .63.C.,&)1% 0,"-)&0B&).6/$% % L3/

#&<C.6/*%/''/#,0%&'%0,"-)&0B&).6/%"6*%(2UIIH%D/)/%"**.,.7/%:!.F-)/%HY>$

)-G-I((.X.ET$=5:0:6=2713:5(0:@(P/UEE.(?74F3:0637:

;&,3% ")/% </,"44&B)&,/"0/% .63.C.,&)01% ,3/% '&)</)% C/.6F% "% #&<<&64=% -0/*

#3/4",&)%"6*% ,3/% 4",,/)%"% 0=6,3/0.J/*%B/B,.*/%3"7.6F%C)&"*% 0B/#,)-<% .63.C.,&)=% /''/#,

C-,% D.,3% <&)/% 0B/#.'.#.,=% ,&% 2280% "6*% X9X20% F)&-B0$% % j&D% #&6#/6,)",.&60% &'

(2UIIH%03&D/*%"%0=6/)F.0,.#%/''/#,%D.,3%H1HINB3/6"6,3)&4.6/%:!.F-)/%KI>$
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A3BC25(.Y%%V''/#,%&'%,3/%#&<C.6",.&6%&'%0,"-)&0B&).6/%"6*%H1HINB3/6"6,3)&4.6/%&6%(/

0*)1!2*&.,% .67"0.&6$% % +=6#3)&6&-0% 0#3.J&6,% ",% K_%B")"0.,/<."% "6*% H$A_%3/<",&#).,

D/)/% ,)/",/*%D.,3%C&,3% .63.C.,&)0% '&)%H^NH]%3)%",%Q^% i`$% %L3.6% 0</")0%D/)/%B)/B")/*

"6*%4.F3,%<.#)&0#&B.#%/M"<.6",.&60%D/)/%*&6/$%%T`AI%&'%H1HINB3/6"6,3)&4.6/%"4&6/%"6*

.6%,3/%B)/0/6#/%&'%0,"-)&0B&).6/%",%0-CN.63.C.,&)=%#&6#/6,)",.&60%:I$KA1%I$A1%H1%"6*%K%µ

2>% D/)/% */,/)<.6/*$% % T`AI% &'% 0,"-)&0B&).6/% .0% K% µ2$% % !)"#,.&6"4% .63.C.,&)=

#&6#/6,)",.&60%:!T`>%D/)/%B4&,,/*$

"

"+'

!

!+'

*

*+'

)

)+'

(

" "+' ! !+' * *+'

4*)5+,;<,+.('/0µµµµ12

=>
?
/,
@/!
"!
#$
%&
'(
)(
*&
+,
-.(
'
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A3BC25(.D%%V''/#,%&'%,3/%#&<C.6",.&6%&'%0,"-)&0B&).6/%"6*%(2UIIH%&6%(/#0*)1!2*&.,

.67"0.&6$%%+=6#3)&6&-0%0#3.J&6,%",%K_%B")"0.,/<."%"6*%H$A_%3/<",&#).,%D/)/%,)/",/*

D.,3% C&,3% .63.C.,&)0% '&)% H^NH]% 3)% ",% Q^% i`$% % L3.6% 0</")0% D/)/% B)/B")/*% "6*% 4.F3,

<.#)&0#&B.#%/M"<.6",.&60%D/)/%*&6/$% % T`AI%&'%(2UIIH%"4&6/%"6*% .6% ,3/%B)/0/6#/%&'

0,"-)&0B&).6/% ",% 0-CN.63.C.,&)=% #&6#/6,)",.&60% :I$KA1% I$A1% H1% "6*% K% µ2>% D/)/

*/,/)<.6/*$%%T`AI%&'%0,"-)&0B&).6/%.0%K%µ2$%%!)"#,.&6"4%.63.C.,&)=%#&6#/6,)",.&60%:!T`>

D/)/%B4&,,/*$

"

"+*

"+(

"+&

"+$

!

!+*

" "+' ! !+' * *+'

4*)5+,;<,+.('/0µµµµ12

=>
?
/,
@/7
1
8#
#!
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A3BC25( GE% % V''/#,% &'% ,3/% #&<C.6",.&6% &'% (2UIIH% "6*% H1HINB3/6"6,3)&4.6/% &6% (/

0*)1!2*&.,% .67"0.&6$% % +=6#3)&6&-0% 0#3.J&6,% ",% K_%B")"0.,/<."% "6*% H$A_%3/<",&#).,

D/)/% ,)/",/*%D.,3%C&,3% .63.C.,&)0% '&)%H^NH]%3)%",%Q^% i`$% %L3.6% 0</")0%D/)/%B)/B")/*

"6*%4.F3,%<.#)&0#&B.#%/M"<.6",.&60%D/)/%*&6/$%%T`AI%&'%H1HINB3/6"6,3)&4.6/%"4&6/%"6*

.6% ,3/%B)/0/6#/%&'%(2UIIH% ",% 0-CN.63.C.,&)=% #&6#/6,)",.&60% :A1% HI1% KI1% "6*% @I%µ2>

D/)/% */,/)<.6/*$% T`AI% &'%(2UIIH% .0% HHK%µ2$% % !)"#,.&6"4% .63.C.,&)=% #&6#/6,)",.&60

:!T`>%D/)/%B4&,,/*$

"

"+*

"+(

"+&

"+$

!

" !" *" )" (" '"

718##!/0µµµµ12
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!"#$%&'()

*+,!-,,+./

6"7*0'#"%#8%(-,%-#0(%+,9%1,::%'0%'.;#+(*"(%8#+%.*:*+'*%;*+*0'(,%02+7'7*:<%%/2+'"$

'"7*0'#"%#8%*"%,+=(-+#1=(,%>=%*%.*:*+'*:%.,+#?#'(,@%*%1#.;:,A%0,B2,"1,%#8%'"(,+*1('#"

#112+0% >,(C,,"% (-,% (C#% 1,::0<% % D-,0,% 1#.;#0,% #8% +,1#$"'('#"@% +,#+',"(*('#"@

*((*1-.,"(@%)2"1('#"%8#+.*('#"%*"9%;*+*0'(,%,"(+=%(#%-#0(%1,::<%%E#C,7,+@%(-,%.#:,12:*+

.,1-*"'0.% #8% +,9% 1,::% '"7*0'#"% >=% (-,%.*:*+'*% ;*+*0'(,% '0% 0('::% *% ;##+:=% 2"9,+0(##9

;+#1,00<

F;#"% '"7*9'"$% ,+=(-+#1=(,@% (-,% .,+#?#'(,% 02+8*1,% 1#*(% '0% +,.#7,9<( ( D-20@

.#9'8'1*('#"%#8%1,::%02+8*1,%;+#(,'"0%>=%;+#(,#:=('1%1:,*7*$,%*;;,*+0%(#%>,%,00,"('*:%8#+

'"7*0'#"%(#%#112+<%%G8%;*+('12:*+%'"(,+,0(%'0%-#C%(-,%.,+#?#'(,%0-,90%(-,%,A(+*1,::2:*+

9#.*'"%#8% 021-%.,.>+*",%;+#(,'"0% 92+'"$% '"7*0'#"<% %D-'0% -*0% :,9% (#% (-,% 02$$,0('#"

(-*(% ;*+*0'(,% 02+8*1,% 1#*(% +,.#7*:%.*=%.,9'*(,9% >=% (-,% ;*+*0'(,% 02+8*1,% ;+#(,*0,% #8

C-'1-%'0%*1('7*(,9%2;#"%(-,%,"(+=%#8%(-,%;*+*0'(,<

H,7,+*:% ;*+*0'(,% ;+#(,*0,0% -*7,% >,,"% '9,"('8',9@% 0#.,% #8% C-'1-@% >,1*20,% #8

(-,'+% :#1*('#"@% +,;+,0,"(%;#00'>:,% 1*"9'9*(,0% 8#+% *% +#:,% '"%.,+#?#'(,% '"7*0'#"<% %D-,0,

'"1:29,% *%.,.>+*",I>#2"9% 1*:1'2.I9,;,"9,"(%.,+#?#'(,% 0,+'",% ;+#(,*0,% 1*;*>:,% #8

.,9'*('"$%.2:(';:,%;+#(,#:=('1% 1:,*7*$,0%#8%!"# $%&'()%*+,%.,+#?#'(,%;+#(,'"@%JHKIL

#"% (-,%02+8*1,%1#*(%#8% (-,% '"7*9'"$%.,+#?#'(,@%*"9% (-,%0-,99'"$%#8%*;'1*:%.,.>+*",

*"('$,"IL% MK8!J!ILN@% *%.'1+#",.*:%;+#(,'"@% ;+'#+% (#% ,+=(-+#1=(,% ,"(+=% MO@% PN@% *"9%*

QK6I*"1-#+,9%0,+'",%;+#(,*0,%*1('7*(,9%>=%K6IKRS%1:,*7*$,%MTN<

S,::% 02+8*1,% .,(*::#;+#(,*0,0% 1#"0('(2(,% (-,% .*)#+% (=;,% 8#+% ;+#(,#:=('1

;+#1,00'"$% #8% (-,% ,1(#9#.*'"% M,A(+*1,::2:*+% 9#.*'"N% #8%.,.>+*",% ;+#(,'"0% MLUN<% % !

.#9,:%8#+%;+#1,00'"$%#8%(-,%.,.>+*",%;+#(,'"0%>=%(-'0%$+#2;%#8%.,.>+*",I*"1-#+,9

.,(*::#;+#(,*0,%202*::=% +,B2'+,0%>#(-% (-,%,"?=.,%*"9% '(0%02>0(+*(,% (#%>,% '"% (-,% 0*.,
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U3JJKIa%'"-'>'(#+%'"%01-'?#"(%:=0*(,%>=%$,:*('"%?=.#$+*;-=%MLL]N<%%6(%'0%C#+(-%"#('"$
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!"#$%&'()%* 2#"3(4#1)%% 3&<&4&J-/% &'%!"#$%&'()%* /(/#8% )/,.#-4&#=,/

G.6*.6J% E)&,/.6% :87T;8B>% */'.6/0% "% ,)=E0.6P)/0.0,"6,% /)=,3)&#=,/
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,)"604",/*$%\6'/#,%\<<-6%KLLBM%N@F%ZNZAPZNOA$
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W3")"#,/).0",.&6% "6*% 0/a-/6#/% &'% "% E)&,/#,.7/% )3&E,)=% "6,.J/6% ')&<

!"#$%&'()%*2#"3(4#1)%$%2&4%;.&#3/<%8")"0.,&4%B@@LM%OBF%BKAPBZO$
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KLLKM%BKKF%ZAPOO$

AK$%I-*0&6PD"=4&)%9U1%9&4"6%+H1%_4&,[%!^1%!-V.&Q"%I1%H.Q"R"%21%_&&6.6%Uc1%.0
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