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.-L'-"(-.8*#;%*&-.)0"*6-#2%&%5%0)-.*9-(/6-*3$-7/5-"#*/"&*/$-*#2-*6/_%$*/33$%/(2-.*

'.-&*)"*3$%#-)"*&-.)0"*3$%95-6.*#%&/4:*=2-*1)$.#*6-#2%&*9-0)".*;)#2*/*3$%#-)"*.-L'-"(-*

%$*.#$'(#'$-*<"%;"*#%*9-*7)/95-:*Y'#/#)%".*/$-*6/&-*#%*#2).*.-L'-"(-*1%$*/*&-.)$-&*0%/5:*

=2).*3$%95-6*).*<"%;"*/.*#2-*3$%#-)"*$-&-.)0"*3$%95-6*/"&*2/.*9--"*2)0254*.'((-..1'5*

)"*#2-*5/.#*>A*4-/$.:*=2-*.-(%"&*6-#2%&*$-L')$-.*#2-*($-/#)%"*%1*3$%#-)"*.-L'-"(-.*/"&*

.#$'(#'$-.*1$%6*.($/#(2:*=2).*3$%95-6*).*<"%;"*/.*!"#$%&%*3$%#-)"*&-.)0":*=2-*!"#$%&%*

&-.)0"*3$%(-..* ).*6%$-*(2/55-"0)"08*6%$-*$-;/$&)"0*/"&* )1* .'((-..1'5* )"&)(/#-.*/* #$'-*

'"&-$.#/"&)"0* %1* #2-* 1'"&/6-"#/5* $'5-.* #2/#* 0%7-$"* 3$%#-)"* 1%5&)"08* .#/9)5)#4* /"&*

1'"(#)%":*

!#*).*3%..)95-*#%*3-$1%$6*$-&-.)0"*/"&*!"#$%&%*&-.)0"*/#*7/$)%'.*5-7-5.*%1*3$%#-)"*

.#$'(#'$-*/"&*<"%;5-&0-:*=2-*6%.#*(%66%"* )"(/$"/#)%"*%1*3$%#-)"*&-.)0"* 1%('.-.*%"*



* Z*

#2-* /(('$/#-* $-3$-.-"#/#)%"* %1* /#%6)(* 5-7-5* )"#-$/(#)%".* #2/#* &-1)"-* 3$%#-)"* .#$'(#'$-*

/"&* 1'"(#)%":* =2).* )"($-&)954* &-#/)5-&* $-3$-.-"#/#)%"* ).* "%#* $-L')$-&* /"&* .-7-$/5*

3$%#-)"* &-.)0"* (2/55-"0-.* 2/7-* 9--"* .'((-..1'554* .%57-&* '.)"0* 3$)6/$4* .-L'-"(-*

)"1%$6/#)%"8*-7%5'#)%"/$4*#-(2")L'-.8*/"&[%$*2)-$/$(2)(/5*6-#2%&.:**

B2)5-*-7%5'#)%"/$4*6-#2%&.*2/7-*9--"*.'((-..1'5*)"*3$%#-)"*&-.)0"*/"&*1/()5)#/#-*

#2-* #-.#)"0* %1* 0$-/#* "'69-$.* %1* 3%..)95-* .-L'-"(-.8* #2-4* %1#-"* 5/(<* #2-*

32-"%6-"%5%0)(/5* $-5/#)%".2)3* #2/#* ).* "-(-../$4* #%* '"&-$.#/"&* #2-* $%%#.* %1* .'((-..8*

1/)5'$-8*/"&*#2-*/9)5)#4*#%*-O35)()#54* )63$%7-*%'$*<"%;5-&0-E]-(2#8*R/.*-#*/5:*+XXZH:* !"*

(%"#$/.#8* 2)-$/$(2)(/5* 6-#2%&.* /"&*6%&-5* .4.#-6.* /##-63#* #%* 6/<-* #2-* 3$%95-6.* %1*

3$%#-)"* &-.)0"* #$/(#/95-* /"&* %1#-"* &)$-(#54* 5-/&* #%* /"* )63$%7-&* '"&-$.#/"&)"0* %1*

3$%#-)"* 1%5&)"0* /"&* &-.)0":* `"1%$#'"/#-548* #2-* #-.#)"0* %1* 2)-$/$(2)(/5* 6-#2%&.* ).*

)"2-$-"#54*6-#2%&)(/58*.5%;8*/"&*3$%"-*#%*0-"-$/5)J/#)%"*/"&*.)635)1)(/#)%":**

=2-*6%.#*(%66%"*/"&*/$0'/954*#2-*6%.#*.'((-..1'5*#-(2")L'-*)"*3$%#-)"*&-.)0"*

2/.* 9--"* #2-* 6%&-5)"0* %1* -O35)()#* /#%6)(* 5-7-5* )"#-$/(#)%".* '.)"0* #-(2")L'-.* #2/#* )"*

5/$0-* 3/$#* &-$)7-* 1$%6* #2-* (%"(-3#.* /"&* -L'/#)%".* 1%$* 1$--* -"-$04* 1$%6* 324.)(/5*

(2-6).#$4*/"&*.#/#).#)(/5*6-(2/")(.:*=2-*)"2-$-"#*5)6)#/#)%".*;)#2*#2).*6-#2%&*/$-*#2-*

7/.#* (%63'#/#)%"/5* $-.%'$(-.* $-L')$-&* E/5#2%'02* /* 1-;* -O/635-.* %1* &-#/)5-&* 6%&-5*

9')5&)"0*94*2/"&*&%*-O).#H8*#2-*(2/55-"0)"0*3$%(-..*%1*(%&)14)"0*#2-*(%635-O*/"&*%1#-"*

/33$%O)6/#-&*$'5-.*%1*324.)(.8*(2-6).#$48*/"&*9)%5%048*/"&*#2-*&)11)('5#)-.*)"*)63$%7)"0*

(%63'#/#)%"/5*6-#2%&.*1$%6*/*5)6)#-&*"'69-$*%1*.'((-..1'5*/##-63#.:*

=(*,>&2,7&(.0(:'.%&,7(;&-,<7(

^'##-*-#*/5:*3'95).2-&*#2-*1)$.#*-O/635-*%1*/*&-.)0"-&*3$%#-)"*)"*>?W?*/"&*;/.*/*

#$'-*&$)7)"0*1%$(-*1%$*#2-*1)-5&*%1*3$%#-)"*&-.)0":*=2-*0%/5*%1*#2-)$*$-.-/$(2*;/.*#%*($-/#-*



* A*

/*&-.)0"-&*.-L'-"(-*#2/#*;%'5&*6)6)(*#2-*/(#)7)#4*%1*D)9%"'(5-/.-*T*EQ)0'$-*>TH:*=2).*

/##-63#*;/.* .'((-..1'5* /"&* ).* .'$3$).)"0* 1%$* .-7-$/5* $-/.%".:*Q)$.#8* #2-4* ($-/#-&* #2-)$*

.-L'-"(-* !"# $%&%* '.)"0* .)635-* $'5-.* /9%'#* .-(%"&/$4* .#$'(#'$-* 3$-1-$-"(-.* /"&*

6%&-5-&*#2-*.-(%"&/$4*.#$'(#'$-*-5-6-"#.*9/.-&*%"*/*"%"N(%"#)"'%'.*""!*6%#)1*1$%6*

D)9%"'(5-/.-*T:*a-(%"&8* #2-*.-L'-"(-*9%'"&*#2-* )"#-"&-&* 5)0/"&:*=2)$&8* #2-*.-L'-"(-*

.2%;-&* (/#/54#)(* /(#)7)#4E^'##-8* R/'6)0-"* -#* /5:* >?W?H:* =2-.-* /$-* 0%/5.* #2/#* /$-* .#)55*

(2/55-"0)"0*#%&/4:*=2-*-"#)$-*2).#%$4*%1*3$%#-)"*&-.)0"*).*.%*5/$0-*)"*.(%3-*#2/#*)#*(/""%#*

9-* (%7-$-&* 1'554* 2-$-8* 9'#* .-7-$/5* 2)025)02#.* /"&* .%6-* "-(-../$4* 9/(<0$%'"&*;)55* 9-*

&-.($)9-&:**

T1#-$* ^'##-\.* )")#)/5* .'((-..8* #2-* "-O#* 6/_%$* 9$-/<#2$%'02.* )"* 3$%#-)"* &-.)0"*

(/6-*1$%6*b)55*R-^$/&%*;2)5-*/#*R'I%"#\.*C-"#$/5*D-.-/$(2*/"&*R-7-5%36-"#*5/98*/"&*

1$%6*R/7-*/"&*c/"-*D)(2/$&.%"*/#*R'<-*`")7-$.)#4:**

!"*/*.-$)-.*%1*3/3-$.*9-0)"")"0*)"*>?GF8*R-^$/&%*&-#/)5.*#2-*2)-$/$(2/5*3$%(-..*

%1*($-/#)"0*/*3$%#-)"*94*1)$.#*/..-695)"0*)"&-3-"&-"#*2-5)(-.*)"#%*/*#-#$/6-$*(%)5-&*(%)5:*

]-* #2-"* &-.($)9-.* 5)"<)"0* #2-* 2-5)(-.* /.* 2-5)(/5* 2/)$3)".:* Q)"/5548* 2-* 5)"<.* #2-* 2-5)(/5*

2/)$3)".* #%* ($-/#-* /* .)"05-* (2/)"* 3$%#-)":* !")#)/5548*R-^$/&%* /"&*K).-"9-$0*&-.)0"-&* /*

.)"05-* !N2-5)(/5* .-L'-"(-* 1$%6* 1)$.#* 3$)"()35-.* '.)"0* )"#')#)%"8* /* 2-/5#24* &%.-* %1*

(%63'#-$*0$/32)(.*6%&-5)"0*/"&*94*.%6-*94*2/"&*CIV*6%&-5)"0*#%*0')&-*#2-*.-5-(#)%"*

%1*/*.)635-*.-L'-"(-8*!>*EQ)0'$-*>bH8*#2/#*;%'5&*/..%()/#-*/.*/*#-#$/6-$*(%)5-&*(%)5:*

=3?@24?A&4?A&4?A/-?A/-?A&4?A&4?@24?@24?A&4?A/-?@2/(

=2).* .-L'-"(-* ;/.* .2%;"* #%* 9-* 2-5)(/5* 94* ()$('5/$* &)(2$%).6* /"&* )"&)$-(#54* #%* 9-* /*

#-#$/6-$*94*#)#$/#)%"*-O3-$)6-"#.:*=2-*.-L'-"(-*($4.#/55)J-&*/"&*&)11$/(#-&*#%*+:Wd*9'#*

#2-*.#$'(#'$-*;/.*"%#*.%57-&*EK).-"9-$08*B)5(%O*-#*/5:*>?GFH:*!"*/*.-(%"&*3'95)(/#)%"*)"*



* F*

>?GW8*#;%*7-$4*.)6)5/$*.-L'-"(-.*#%*#2-*)")#)/5*.-L'-"(-*;-$-*.2%;"*#%*9-*2-5)(/5*/"&*

/..%()/#-&*/.*/*&)6-$*%1*2-5)(/5*2/)$3)".8*<"%;"*/.*!+*EQ)0'$-*>bH:*=2-.-*&-.)0".*;-$-*

7/5)&/#-&*)"*#2-*./6-*6/""-$*/.*!>*E]%*>?GWH:*!"*>?GG8*D-0/"*/"&*R-^$/&%*3'95).2-&*

#2-*1)"/5*3/3-$*)"*#2).*.-$)-.8*;2-$-*#2-4*($-/#-&*/*.)"05-*(2/)"*7-$.)%"*%1*!>*(/55-&*!Z*

EQ)0'$-* >bH:* =2-* &-.)0"-&* 3$%#-)"* ;/.* .2%;"* #%* 9-* 2-5)(/58* .#/95-8* /"&* /* 2)0254*

(%%3-$/#)7-* 1%5&-$:* =2-* .#$'(#'$-* %1* #2).* 3$%#-)"* ;/.* "%#* &-#-$6)"-&* ED-0/"* /"&*

R-^$/&%*>?GGH:**

* T#* #2-*./6-*#)6-*#2/#*R-^$/&%*;/.*/33$%/(2)"0*#2-*($-/#)%"*%1*/*2-5)O*9'"&5-*

3$%#-)"* )"* /* 2)-$/$(2)(/5*6-#2%&8* #2-*D)(2/$&.%"* 5/9*;/.* /##-63#)"0* #%* ($-/#-* /* 1%'$*

2-5)O* 9'"&5-* 3$%#-)"8* Q-5)O* EQ)0'$-* >CH8* !"# $%&%* )"* /* .)"05-* .#-3:* =2-* .-L'-"(-* ;/.*

&-.)0"-&*/.*3/$#*%1*/*0$/&'/#-*.#'&-"#*/"&*1/('5#4*.-6)"/$*)"*>?GA:*Q-5)O*;/.*.2%;"*#%*

9-*2-5)(/5*/"&*(%"#/)"-&*/*&-.)0"-&*&).'51)&-*9%"&*9'#*;/.*'5#)6/#-54*&-#-$6)"-&*#%*9-*

/*6%5#-"*05%9'5-E]-(2#8*D)(2/$&.%"*-#*/5:*>??XH:*=2-*!"#$%&%*&-.)0"8*/#*/"*/#%6)(*5-7-58*

%1*/*.)"05-*(2/)"*!N2-5)(/5*9'"&5-*).*('$$-"#54*/"*'".%57-&*(2/55-"0-*)"*3$%#-)"*&-.)0":*

C%"('$$-"#54*;)#2*#2-*&-.)0"*-11%$#*%1*Q-5)O8*#2-*D)(2/$&.%"\.*;-$-*/5.%*($-/#)"0*

/*!"# $%&%*"N./"&;)(2* 1%5&8* eN9-55)"8* /* &)6-$* %1* 1%'$* .#$/"&-&*"N.2--#.:* =2-* &-.)0"-&*

.-L'-"(-* ;-"#* #2$'* .-7-$/5* )#-$/#)%".* /"&* ;/.* -7-"#'/554* .2%;"* #%* 9-* .%5'95-8*

3$)6/$)54* %1* eN.#$/"&* .-(%"&/$4* .#$'(#'$-* 94* CR8* /"&* #%* (%"#/)"* /* &-.)0"-&* &).'51)&-*

9%"&*9-#;--"*#2-*#;%*.2--#.*%1*#2-*&)6-$:*]%;-7-$*#2-*&-.)0"-&*.#$'(#'$-*$-.-695-&*

/* 6%5#-"* 05%9'5-* )"* #2-* )")#)/5* .#/0-.* /"&* /1#-$* .-7-$/5* $%'"&.* %1* )#-$/#)%"* $-L')$-&*

(2-6)(/5*5)"<-$.*/"&*6%&)1)(/#)%".*#%*%9#/)"*/*.#$'(#'$-*#2/#*$-.-695-&*"/#)7-*3$%#-)".:*

!"*/*.-(%"&*/##-63#*/#*#2-*($-/#)%"*%1*/"*/55*eN1%5&8*#2-*D)(2/$&.%"\.*&-.)0"-&*eN&%'95-#8*

/"%#2-$* 1%'$*.#$/"&-&*&)6-$)(*eN./"&;)(2:*T0/)"8* #2-*&-.)0"-&*3$%#-)"*.2%;-&*6/"4*



* W*

1-/#'$-.*%1*"/#)7-*3$%#-)".*9'#*'5#)6/#-54*SYD*&/#/*)"&)(/#-&*#2-*&-.)0"-&*3$%#-)"*;/.*

6%$-* 6%5#-"* 05%9'5-* #2/"* "/#)7-* 3$%#-)"Ef')""8* =;--&4* -#* /5:* >??ZH:* =2-* !"# $%&%*

&-.)0"*%1*/*.)"05-*(2/)"*eN1%5&*).*('$$-"#54*/"*'".%57-&*(2/55-"0-*)"*3$%#-)"*&-.)0":*

!"*/* 5/"&6/$<*3/3-$* )"*>??W8*R/2)4/#*/"&*Y/4%*3'95).2-&*#2-* 1)$.#*-O/635-*%1*

(%63'#/#)%"/554* &-.)0")"0* /* 3$%#-)"* .-L'-"(-* )"* /"* -"#)$-54* /'#%6/#-&* 1/.2)%":* =2-*

SYD* .%5'#)%"* .#$'(#'$-* %1* #2-* &-.)0"-&* 3$%#-)"8* 3&/G&8* ;/.* .%57-&:* =2-* %7-$/55*

.)6)5/$)#4*%1* #2-*&-.)0"*6%&-5* /"&* #2-* .%5'#)%"* .#$'(#'$-* ).* .#$)<)"08*;)#2* /*9/(<9%"-*

DYaR* %1* >:XZ* dER/2)4/#* /"&*Y/4%* >??WH:* Q$%6* #2).* 3%)"#* 1%$;/$&* )"* #2-* 2).#%$4* %1*

3$%#-)"* &-.)0"8* #2-* '.-* %1* (%63'#/#)%"/5* 6-#2%&.* #%* 0-"-$/#-* /"&* -7/5'/#-* #2-*

1/7%$/9)5)#4* %1* 3$%#-)"* .-L'-"(-.* 9-(/6-* 6%$-* /"&* 6%$-* (%66%"35/(-:* =%&/4* )#* ).*

/56%.#*/..'6-&*#2/#*&-.)0"-&*.-L'-"(-.*/$-*0-"-$/#-&*(%63'#/#)%"/5548*/"&*#2-*'.-*%1*

&-.)0"*'($)*#!")*8**94*#2-*2/"&*%1*0%&*E#2-*3$%#-)"*&-.)0"-$H8*).*%1#-"*#/9%%*%$*1$%;"-&*

'3%":**

!"*>??G8*]/$9'$4*3'95).2-&*/*3/3-$* #2/#* )"(5'&-&* #2-*'.-*%1* 15-O)95-*9/(<9%"-*

3$%#-)"*&-.)0"*#%*($-/#-*!"#$%&%+*/*"%7-5*3$%#-)"*1%5&:*T56%.#*/55*3$%#-)"*&-.)0"*/##-63#.*

'"#)5* #2).* 3%)"#* '.-&* #2-* /33$%O)6/#)%"* %1* /* 1)O-&* 9/(<9%"-* &'$)"0* &-.)0":* ]/$9'$4*

/##-63#-&*#2-*&-.)0"*%1*"%7-5*'"&-(/#/&*(%)5-&*(%)5.*;)#2*/*$)02#N2/"&-&*.'3-$*2-5)(/5*

#;).#:* =2-* /6)"%* /()&.* /55%;-&* #%* &-.)0"* /#* #2-* (%$-* 3%.)#)%".* E/8* &* /"&* 2H* %1* #2-*

'"&-(/#/&*9'"&5-*;-$-*$-.#$)(#-&*#%*#2-*/6)"%*/()&.*/5/")"-8*7/5)"-8*5-'()"-8*).%5-'()"-8*

/55%).%5-'()"-8* /"&* "%$7/5)"-:* =2).* $-.#$)(#)%"* 0)7-.* /* #%#/5* %1* @??@* '")L'-* (%$-*

.-L'-"(-.* 1%$*;2)(2*&)6-$8* #$)6-$8* /"&* #-#$/6-$*6%&-5.*;-$-*9')5#*'.)"0*3/$/6-#$)(*

-L'/#)%".* #2/#* &-.($)9-* #2-* 9'"&5-* 0-%6-#$4:* =2-* (/5('5/#)%"* #%%<* -)02#* &/4.:*

`5#)6/#-548* #2-* .#$'(#'$-* %1* /* &-.)0"-&* #-#$/6-$*;/.* .%57-&* 94* UN$/4* ($4.#/55%0$/324*



* G*

/"&* 6/#(2-.* #2-* &-.)0"* 6%&-5* ;)#2* X:+* d* DYaR* %7-$* #2-* .)&-N(2/)"* /"&* 9/(<9%"-*

/#%6.*;2)(2*&-1)"-*#2-*(%$-*%1*#2-*9'"&5-E]/$9'$48*I5-(.*-#*/5:*>??GH:*

R-^$/&%*(%"#)"'-&*2).*;%$<*)"*#2-*&-.)0"*%1*2-5)O*9'"&5-*3$%#-)".*94*.%57)"0*#2-*

($4.#/5*.#$'(#'$-*%1*/*#2$--N2-5)O*9'"&5-*3$%#-)"8*(/55-&*C%)5-&Na-$:*=2-*.#$'(#'$-*;/.*/*

#$)6-$N(%)5-&*(%)5*;)#2*/"*/"#)3/$/55-5*/$$/"0-6-"#*9-#;--"*2-5)O*>*/"&*+8*/"&*3/$/55-5*

/$$/"0-6-"#*9-#;--"*2-5)O*@*/"&*2-5)O*>:*=2).*($4.#/5*.#$'(#'$-*;/.*'.-&*/.*#2-*&-.)0"*

#-635/#-*1%$*R-^$/&%\.*"-O#*&-.)0"*(2/55-"0-8*#2-*($-/#)%"*%1*/*.)"05-*(2/)"*#2$--N2-5)O*

9'"&5-8*!@R8* '.)"0* /* 0-"-#)(* /50%$)#26* #%* .-5-(#* #2-* (%$-* /6)"%* /()&* .-L'-"(-:* =2).*

.#$'(#'$-*;/.* .%57-&* 94*SYD* /"&*;/.* .)6)5/$* #%* #2-* &-.)0"*6%&-5*;)#2* >:?*d*DYaR*

9/(<9%"-*&-7)/#)%"*9-#;--"* #2-*&-.)0"*6%&-5* /"&* #2-* 5%;-.#* -"-$04*6-69-$* %1* #2-*

SYD* -".-695-EB/5.28* C2-"0* -#* /5:* >???H:* =2).* $-.'5#*;/.* /* 0$-/#* .'((-..* )"* 3$%#-)"*

&-.)0":* =2).* $-.'5#* ).* 3$-.-"#-&* /.* /*!"# $%&%* &-.)0"8* 9'#* )#* 9-0)".*;)#2* #2-* 9/(<9%"-*

(%%$&)"/#-.* 1$%6*/*.%57-&*UN$/4*($4.#/5*.#$'(#'$-*%1* #2-*3$%#-)"*C%)5-&Na-$:*C%)5-&Na-$*

;/.* ($-/#-&* &'$)"0* /* .-#* %1* -O3-$)6-"#.* #%* (/5('5/#-* #2-* 2-5)(/5* 3$%3-".)#4* 1%$* -/(2*

/6)"%*/()&*#%*1%$6*/.*3/$#*%1*/*6%&-5*2-5)O*3-3#)&-:*T55*#;-"#4*/6)"%*/()&.*;-$-*#-.#-&*

/#*#2-*.%57-"#*-O3%.-&*Q*3%.)#)%"*%1*#2-*2-5)O*2-3#/&*$-3-/#*)"*#2-*6%&-5*2-5)O*3-3#)&-:*

Q$%6*#2-.-*-O3-$)6-"#.*#2-*($4.#/5*.#$'(#'$-*%1*C%)5-&Na-$*;/.*.%57-&EM%7-_%48*C2%-*-#*

/5:*>??@H:*K7-"*#2%'02*#2-*C%)5-&Na-$*3$%#-)"*&%-.*"%#*-O).#*)"*"/#'$-*/"&*#2-*&-.)0"-&*

.-L'-"(-* %1* *!@R* ).* "%#* 2%6%5%0%'.* #%* /"4* <"%;"* 3$%#-)"8* 94* 9-0)"")"0* #2-* &-.)0"*

3$%(-..*;)#2*#2-*9/(<9%"-*(%%$&)"/#-.*1$%6*#2-*C%)5-&Na-$*($4.#/5*.#$'(#'$-*#2-*&-.)0"*

%1*!@R*).*"%#*#$'54*!"#$%&%:*=2-*3$%#-)"*(%".#)#'#-.*.%6-#2)"0*9-#;--"*/*$-&-.)0"*/"&*/*

!"#$%&%*&-.)0":*



* ?*

=2-* "-O#* 0$-/#* .'((-..* )"* 3$%#-)"* &-.)0"* (/6-* )"* +XX@8* ;)#2* #2-* ($-/#)%"* %1*

/"%#2-$*"%7-5*3$%#-)"*1%5&8*=%3WEQ)0'$-*>QH:*V'256/"*/"&*b/<-$*&-7-5%3-&*#2-*3$%#-)"*
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DRNN T V V L I M L V M L I V K K L V E L K 0.50 0.61
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>dnd_nbs 2 
NTFKFRRGGVDVEVDGCQWTADTRDGARAQWHGDGVTVRVRNGDADVQSDCG 
 
>dnd_nbs 3 
RRTTVKRGGVKVTVYNGKVDVDVEQGARARIHIGTVEVDADGTDVDIQKR 
 
>dnd_xbs 
mgsylvprgslehhhhhh*!

#$%&'()*&!#&++&'*!)'&!,-&!+$!(#$./.0!).,!()1/+)#!#&++&'*!)'&!+2&!,&*/0.&,!*&3-&.(&4!5)(2!

0&.&!%)*!*-11#/&,!)*!6!µ0!$7!#8$12/#/9&,!:;<!/.!1-(=>!?&(+$'4!@2&!0&.&!$7!/.+&'&*+!%)*!

1('!)A1#/7/&,!$-+!$7!+2&!1)'&.+!?&(+$'B!1-'/7/&,!-*/.0!)!1('!(#&).!-1!C/+!7'$A!D&'A&.+)*B!

,$-E#&!,/0&*+&,!%/+2!;,&F!).,!G2$F!7'$A!;5HB!).,!1-'/7/&,!)0)/.!-*/.0!)!1('!(#&).!-1!

C/+B! ).,! 7/.)##8! #/0)+&,! /.+$!I&+JKE!?&(+$'! 7'$A!;$?)0&.!%2/(2!2),!E&&.!1'&1)'&,!E8!

,$-E#&!,/0&*+/.0!%/+2!;,&F!).,!G2$F!).,!-*/.0!)!D&'A&.+)*!0&#!&L+')(+/$.!(#&).!-1!C/+4!

@2&!#/0)+/$.!'&)(+/$.!%)*!+').*7$'A&,!/.+$!GMNKO!P$#,!(&##*!7'$A!Q+')+)0&.&4!

5)(2! 1'$+&/.! %)*! &L1'&**&,! /.! HMJKR:5ST! 1M8*Q! (&##*! 7'$A! Q+')+)0&.&4! U&##*! %&'&!

0'$%.! /.!MH!A&,/)!%/+2!KOO!A0VA#!)A1/(/#/.!)+!S>°U!+$!).!W:XOO!$7!O4X!).,! /.,-(&,!

%/+2! O4=! AY! FI@P! 7$'! KJ! 2$-'*! )+! KX°U4! U&##*! %&'&! (&.+'/7-0&,! )+! 6=OO! L! 0! 7$'! SO!

A/.-+&*! ).,! (&##! 1&##&+*! %&'&! '&*-*1&.,&,! /.! O4=! Y! ;)U#B! O4J! Y! ;)Z! 1[! >4OB! KO\!

0#8(&'$#B! K\! +'/+$.B! ,++B! ).,! +'&)+&,! %/+2! ,.)*&B! '.)*&B! E&.9)A/,/.&B! ).,! 1A*7! )7+&'!

+2'&&! '$-.,*!$7! *$./()+/$.! )+! >O\!1$%&'! 7$'!6=! *&($.,*4!@2&! (&##! #8*)+&!%)*! (#&)'&,!

+%/(&! E8! (&.+'/7-0)+/$.! )+! K"BOOO! L! 0! 7$'! SO! A/.-+&*4! @2&! *-1&'.)+).+*! %&'&! +2&.!

7/#+&'&,! -*/.0! )! O4JJ! µY! 7/#+&'! 7'$A!Y/##/1$'&4! @2&! *-1&'.)+).+! %)*! 1-'/7/&,! -*/.0! )!



! "#!

$%&'()*! +,-.! /0! $1234562,17! '51! 1384%-9! :2&! 6-96194,241;! 4-! <! .3&! 29;! +8,451,!

=8,%+%1;!-9!2!>8=1,;1?!>@A!B13!+%34,24%-9!6-38.97!!

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

! CD!;242!:1,1!6-331641;!-9!2!E2&6-!EF"GA!CD!&=164,-.141,7!H2,FIJ!CD!&629&!:1,1!

6-331641;!8&%9B!2!G!..!68K1441!24!6-96194,24%-9&!L14:119!MNFON!µP!=,-41%9!%9!AN!µP!

&-;%8.!=5-&=5241!24!=$!@7O!29;!<N°C7!'51,.23!;19248,24%-9!-+!&2.=31&!:2&!6-9;8641;!

L14:119! OQC! 29;! #@QC!:5%31!.12&8,%9B! CD! &%B923! 24! <N"! 9.! 29;! <<<! 9.7! C51.%623!

;19248,24%-9! LR! B829%;%91! 653-,%;1! S/8C3T! :2&! ;-91! LR! 4%4,24%9B! 2! &2.=31! -+! MN! 8P!

;1&%B91;!=,-41%9!%9!NP!/8C3!%94-!2!&2.=31!-+!MN!8P!;1&%B91;!=,-41%9!:%45!@7"!P!/8C37!

'51! /8C3! 6-96194,24%-9! :2&! .-9%4-,1;! LR! ,1+,264%K1! %9;1?7! '51,.-;R92.%6!

=2,2.141,&!:1,1!623683241;!2&&8.%9B!4524!451!+-3;%9B!-+!451!;1&%B91;!=,-41%9!:2&!2!4:-!

&4241!=,-61&&!29;!LR!+%44%9B!L-45!451!451,.23!29;!651.%623!;19248,24%-9&!4-!451!/%LL&F

$13.5-34U!1V824%-97!!

.%$&/'#(0'12/3"$(4/,+2'2$/(56/$3#+,$+67(

'51! ;1&%B91;! =,-41%9&! :1,1! 6-96194,241;! 4-! WG! .P! %9! <N! .P! >-;%8.!

*5-&=5241!=$!X7A!:%45!GNY!D<Z7!$G![P(!&=164,2!:1,1!6-331641;!-9!J2,%29!\9-K2!XNN!

29;! @NN! P$U! &=164,-.141,! 24! <AQC7! [P(! ;242! 29;! +%B8,1&! :1,1! =,-61&&1;! 8&%9B!

[P(*%=1!29;![P(D,2:7!H-,!;-8L31! 32L131;]!GA[!29;!GMC]![P(!1?=1,%.194&]!;1&%B91;!

=,-41%9!:2&!B,-:9!29;!=8,%+%1;!%9!451!&2.1!.2991,!1?61=4!4524!.%9%.23!.1;%2!:%45!GMC!

B386-&1! 29;! GA[! 2..-9%8.! 653-,%;1! :1,1! :2&! 451! 6133! .1;%8.! ;8,%9B! %9;864%-97! )!

&1,%1&! -+! 1?=1,%.194&! GA[F$>^C]! GMCF$>^C]! C_C)CZ[$]! $_$)CZ[$]! $[C)C_]! 29;!

$[C)CZ!:1,1!=1,+-,.1;!4-!2&&%B9!451!=,-41%9!L26`L-91!24-.&!+-,!;9;aO5L7!

8#+3/"2(!#7,3'&&"9'3"+2('2:(;<#'7(!#7,3'&&+1#'6*7(



! "#!

$%&!'(')*+,!'&-./(&'!0123&.(!45-!617-3588.9&'!.(!#:;!<!5==2(.>=!56&353&?!#:@!

<! 31.A-2'.>=! 6.3153&! 5('! B#C! 4DE! ;A=&3%78A;?*A0&(35(&'.28?! F7! 3%&! -.33.(/! '120!

=&3%2'!53!3%&!(5(2A-658&!>-.(/!5!G./5H>!I%2&(.J!8.K>.'!%5('8.(/!12F23:!L.MM1563.2(!'535!

45-!6288&63&'!53!3%&!NIO!P<DQNAQN$!F&5=!8.(&:!

!



! "#!

!"#$%&'(

$%&'()! *+#,! -./01(%2.3! .4!

315%6)!0(.5)%327!8%&89()2.:'5%.3!

()4%3);! 315%6)! 0(.5)%327! 13;!

4:)<%=:)! =1>?=.3)! ;)2%&3);!

315%6)!0(.5)%32+!

@:.55%3&! 3'/=)(! .4! ()2%;')2! %3!

1! 0(.5)%3! 6)(2'2! 58)! A.2)551!

)3)(&B! 28.C2! 58)! ():15%.328%0!

=)5C))3! >81%3! :)3&58! 13;!

;)>()12%3&!)3)(&B+!D8)!16)(1&)!

)3)(&B!0)(!()2%;')!.4!1!A.2)551!

8%&89()2.:'5%.3! ()4%3);! 315%6)!

0(.5)%3! %2! 9E+F! G&())3H+! D8)!

16)(1&)!)3)(&B!0)(!()2%;')!.4!1!

4:)<%=:)! =1>?=.3)! ;)2%&3);!

315%6)! 0(.5)%3! %2! 9E+I! G=:')H+!

D8)! 2:.0)2! .4! 58)! :%3)2! .4! =)25!

4%5! &%6)! 58)! 16)(1&)! )3)(&B! 0)(!

()2%;')! GJH+! D8)! K'1:%5B! .4!

01>?%3&!.4!315%6)2!G();H!GLH7!58)!

;%44)()3>)! %3! 01>?%3&! K'1:%5B!

=)5C))3! 315%6)27! ()4%3);!

315%6)2! G&())3H7! 13;! ;)2%&3);!

315%6)2! G=:')H! 28.C2! 5815!

315%6)2! 816)! 58)! =)25! 01>?%3&!

='5! ()4%3);! 13;! ()2%&3);!

M15%6)2! 1()! 2%/%:1(! 5.! )1>8!

.58)(!G-H+!



! "#!

$%&'()!*+#,!-./012)!3'41'4!5(60!!"#$%&%!7)8%&9!:(646;62+!

<=)! !"# $%&%# >)8%&9! 1(646;62! ?/8! ;601'4/4%69/22@! A)9;=0/(B)>! 69! /! >%C)(8)! 8)4! 65!

1(64)%98D! /! 56'(! =)2%.! A'9>2)! E>9>FG=AH! EIHD! /! =)2%;/2! JIK! >60/%9! E>9>F8/0H! ELHD! /!

96C)2!MN8/9>?%;=! 562>! E>9>F9A8H! EOHD! /!MN&(/81! 562>! E>9>F&(1H! E7HD! /9>!/9!).%84%9&!!N

8/9>?%;=!562>!E>9>F.A8H!E-H+!$62>8!ID!OD!LD!/9>!-!?)()!4)84)>!).1)(%0)94/22@+!

!



! "#!

$%&'()!#*#*!+,-./(%0,1!,2!3)0%&1)3!0)4')15)0!56,0)1!2,(!)7.)(%-)18/9!:/9%3/8%,1*!

!;!0)8!,2!0):)1!0)4')15)0!</0!56,0)1!2,(!)7.)(%-)18/9!56/(/58)(%=/8%,1>!2%:)!6/:)!?))1!

8)08)3>!,1)!%0!5'(()189@!?)%1&!8)08)3!A313B7?0C>!/13!,1)!6/0!1,8!?))1!8)08)3!A313B&(.C*!

+,-.'8/8%,1/99@>!/99!0):)1!3)0%&10!/()!%13%08%1&'%06/?9)!2(,-!1/8%:)!.(,8)%10!%1!0):)(/9!

-)8(%50*! D6)! EFGHI#! 0)(:)(! </0! '0)3! 8,! .()3%58! 86)! 3)0%&1)3! 0)4')15)0! 0)5,13/(@!

08('58'()>! /99!-/856)3! 86)!-,3)9! /8!J!"KL*!D6)!G,0)88/! 08('58'()!.()3%58%,1!

-)86,3! </0! '0)3! 8,! .()3%58! )/56! 3)0%&10! 8)(8%/(@! 08('58'()! /13! /99! 3)0%&10! <)()!

.()3%58)3! <%86! M*N! O! (-03! ,2! 86)! 3)0%&1! -,3)9*! ;99! 3)0%&10! 6/3! 2/:,(/?9)! G,0)88/!

)1)(&%)0>!/13!G,0)88/P,9)0!05,()0>!6,<):)(!313B7?0!0)4')15)0!6/3!0%&1%2%5/189@!9,<)(!

G,0)88/!H1)(&@!.)(!G)0%3')*!

!

!



! "#!

!

$%&'()!*+#!,()-%./)-!/)(/%0(1!2/('./'()2!34!-)2%&5)-!2)6')5.)2+!

72! 0!8)/(%.! 43(! /9)! 40:3(0;%<%/1! 34! 0! -)2%&5)-! 2)6')5.)! 43(! /9)!-)2%()-! 43<-=!-)2%&5)-!

2)6')5.)2! >)()! 43<-)-! '2%5&! ?32)//0@2! !"# $%$&$'! 2/('./'()! A()-%./%35! 8)/93-+! B9())!

)C08A<)2!0()!293>5!>9)()!/9)!43<-!>02!.3(()./<1!A()-%./)-=!-5-D208!E7F=!-5-D#9;!EGF=!

05-!-5-D5;2EHF+!



! "#!

$%&'()!*+#,!-%./012%345!304(436)(%746%.8!.9!:8:;<0=+!

!$4(!>?!@%(3'54(!A%30(.%2B!CDEF!G0)(B45!A)846'(46%.8!C-EF!48:!@0)B%345!A)846'(46%.8!

C@E! .9! :8:;<0=+! H5.=45! 9%62! CB)20E! .9! 60)! H%==2IJ)5B0.567! )K'46%.8! 6.! 60)(B45! 48:!

30)B%345!:)846'(46%.8!:464!9.(!:8:;<0=!CAE+!G0)(B.:184B%3!/4(4B)6)(2!3453'546):!=1!

9%66%8&! 60)! H%==2IJ)5B0.567! )K'46%.8! 6.! 60)(B45! 48:! 30)B%345! :)846'(46%.8! :464! 9.(!

:8:;<0=CLE+!D55! )M/)(%B)862!N)()!:.8)! 46! *OI<O!'P!/(.6)%8! 3.83)86(46%.8! %8! #O!µP!

2.:%'B!/0.2/046)!46!/J!Q+<+!!

!



! "#!

$%&'()!*+#,!-().%/0).!10('/0'()!23!456!/7)8%/9:!17%30!.909+!

;7)!911%&<).!=9/>=2<)!?)9>1! @AB!C)()!'1).! %<!DEFGEH6F! 02!?().%/0! 07)! 10('/0'()!23!

.<.IJ7=+!;7)!&:2=9:!9&())8)<0!=)0C))<!07)!.)1%&<!82.):!@&())<B!9<.!07)!DEFGEH6F!

?().%/0%2<!@/K9<B!%1!&22.L!C%07!=9/>=2<)!65GM!23!NO+PQ!@RB+!59<K!23!07)!9028%/!:)S):!

.)09%:1!9()!9:12!9//'(90):K!?().%/0).!@DB+!

!



! "#!

$%&'()! *+#,! -).'/).! ()0()1)2343%52! 56! 0(53)%2! 13('/3'()! 42.! .)(%7%2&! &)58)3(%/!

/5213(4%231!65(!!"#$%&%#.)1%&2!13('/3'()!/()43%52+!

9)6%2%2&!:);%<!42.!13(42.!);)8)231!%2!4!().'/).!()0()1)2343%52!41!3:())!05%231!=>)4.1?!

5(! 3@5!7)/35(1! %1! 4! /527)2%)23!.)1/(%03%52!56! 3:)!:);%<!5(! 1342.! ;)2&3:A!.%()/3%52A! 42.!

5(%)2343%52! =B?+! C1%2&! 3:%1! ().'/).! ()0()1)2343%52! 56! 42! )23%()! 65;.! ;)4.1! 35!

1%80;%6%/43%52!56!3)(3%4(D!13('/3'()A!6(58!42!4;;!4358!85.);!5(!E!!3(4/)!=F?A!35!52;D!3:)!

>)4.1! 3:43!.)6%2)! 3:)! 1)/52.4(D! 13('/3'()!);)8)23! =E?+! G3! %1!0511%>;)! 35!25(84;%H)! 3:)!

;)2&3:!56! )4/:!7)/35(! %2! 3:)! ().'/).! ()0()1)2343%52! 35! /5804()!:585;5&5'1!0(53)%21!

=9?A! 42.! %3! %1! 0511%>;)! 35! 4;%&2! 3:)! 25(84;%H).! ().'/).! ()0()1)2343%521! =I?! 35! .)6%2)!

47)(4&)!051%3%521!42.!7)/35(1A!42.!3:)!.)7%43%521!=$A!/%(/;)!?!4>5'3!3:51)!051%3%521!42.!

7)/35(1! 35!/()43)!&)58)3(%/!>5'2.1!.)6%2%2&! 3:)!.)1%().! 3505;5&D+!J:%1! %265(843%52! %1!

'1).!35!/()43)!!"#$%&%!7)/35(!.)6%2%3%521!56!3:)!3505;5&D!>D!74(D%2&!3:)!;)2&3:!56!:);%<A!

13(42.! 42.! ;550! );)8)231! =$A! 4! 0511%>;)! 15;'3%52! %1! &%7)2! %2! &(4D! /4(3552?+



! "#!

!

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

0(121314!$415!678(2!

97)!'"#$%&%#:).%&/!;(121314!

38/!<)!:%=%:):!%/21!>%=)!

31/3);2'84!.2);.,!?/;'2@ABC!

$(8&D)/2!E..)D<4F!

0();8(82%1/@GBC!

E..)D<4F@*BC!-).%&/@HBC!

8/:!I'2;'2@JB+!97)!:)28%4.!

1>!27)!D)271:!8()!:).3(%<):!

%/!27)!K).'42.!8/:!27)!

L82)(%84.!8/:!L)271:.+!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



! ""!

#$%&'!()*!+,'-./$&!0,.12!

300.45-'520!167!8589:,%)!

!#,'!/,'-./$&!0,.120!167!2,'!;<!=<!+!<!

$58!+"!$26-0!167!8589:,%!>'7'!

$00.45'8!176-!2,'!*?=@;AB+<!*(+@

;AB+<!+C+3+D=;<!;C;3+D=;<!

;=+3+C<!$58!;=+3+D!0E'/27$)!

F60.2.650!,.4,&.4,2'8!.5!G'&&6>!/6H&8!

562!%'!7'&.$%&G!$00.45'8!8H'!26!E'$I!

6J'7&$E)!

!



! "##!

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

$%&!'())(*+,-!.(/&001!2(331,4!)+,&/!*&5&!6/&4!+,!0%+/!5&/&152%7!

$(!-&,&510&!!"#$%&%!4&/+-,/!'5(3!1!/+,-)&!849!'+)&!+,!1,!160(310&4!'1/%+(,!

:;<&=(>($&50+15?$(8()(-?@5&10(5A887312(/-225&)&1/&! B410191/&! :;410191/&;! C/!

D7849!C<=$$@E!<=$$@F'+)&70G0!B6/&F849F91/&4F+,'(!056&!B25&10&F%9(,4F8100&5,!056&!

$(!-&,&510&!!"#$%&%!4&/+-,/!'5(3!1!'13+)?!('!849!'+)&/!+,!1,!160(310&4!'1/%+(,!

:;<&=(>($&50+15?$(8()(-?@5&10(5A887312(/-225&)&1/&! B410191/&! :;410191/&;! C)!

849F)+/0F'+)&! C<=$$@E!<=$$@F'+)&70G0! B6/&F849F91/&4F+,'(! 056&! B25&10&F%9(,4F8100&5,!

056&!

849F)+/0F'+)&!+/!1!'+)&!2(,01+,+,-!1!)+/0!('!849!'+)&!,13&/H!(,&!8&5!)+,&!

$(!(60860!0%&!95(I&,!0(8()(-?!'(5!+,0&5120+(,!+,!8?3()!6/&!0%&!2(331,4!)+,&!')1-H!!

C4638F95(I&,F8(/&!

$(! >+&*! 0%&! J61)+0?! ('! '51-3&,0/! /&)&20&4! >&5/6/! 0%&! +,860! /0562065&/! 1,4! (60860!

/0562065&/!6/&!0%&!')1-!B4638F'51-/F1/F849!

$(! -&,&510&! !"# $%&%! 4&/+-,! ('! ,(>&)! '()4/! *+0%(60! 1! 849! '+)&! 6/&! (,)?! 1! <=$$@! '+)&H!

*%+2%!21,!%1>&!0%&!'())(*+,-!+,'(5310+(,!

SEQUENCE Any of the 20 amino acid codes as caps or lowercase a for any 
SECSTRUCT SECTRUCT PATTERN OF H/E/L 
HP_PATTERN Hydrophobic Polar Pattern of H/P/A(any) 
BURIAL  Pattern of – for unknown, B for buried, S for surface 
POSE_SIZE Min-Max Range 
STRAND_STRAND_PAIRING 4 2 A - indicates strand 4 and 2 are paired 
antiparallel 
STRAND_STRAND_PAIRING 2 8 P – indicates strand 2 and 8 are paired parallel 
STRAND_STRAND_PAIRING 10 14 X – indicates strand 10 and 14 are in unknown 
pairing 
STRAND_STRAND_LAYER 2 10 A – indicates strands 2 and 10 are in different 
sheets but have side chains in contact, this controls how two sheets 
interact with each other 
SHEET_LAYER 4 2 8 – indicates that the sheet architecture is 4 2 8 
HELIX_HELIX_LAYER 3 5 A – indicates helices 3 and 5 are in antiparallel 
contact 
HELIX_STRAND_LAYER 4 5 A –helix 5 and strand 4 are antiparallel contact  
The ELEMENT keyword can be used to modify the state of a single strand, 
helix or loop element 
ELEMENT 6  SIZE  16 20 H ..----BBB----.. ..----FWG----.. 
States that element 6 is between 16 and 20 residues long composed of helix 
and has a buried sequence of FWG in the middle of the helix, the .. states 
that the pattern maybe shifted 
 

A))!('!0%&!19(>&!+,'(5310+(,!21,!9&!4&/25+9&H!960!(,)?!0%&!KL@K$.M@$!+/!5&J6+5&4H!

6,)&//!'6))!4&/25+80+(,/!*+0%!LNLOL=$!15&!-+>&,!'(5!1))!%&)+2&/H!/051,4/H!1,4!)((8/7



! "#"!

!"#"$"%&"'!

!

$%&'()*!+,!-,*!.,!/,!$012*!01!34,!5"6678,!9:%(10;)!<0';=)>!3!?;0%3%@?;@!3AA%(3@?,9!.@;0)@0!
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