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;*.% Q=*% -% B*'6!*)=)&;*% ;*a-% =,6)6K-7-% *'% -76FP&% n% !*)=)&;*% _v2ssOD2E[% Zbbgd%

C2/0MO%*,%-)^[%Zbee`^%%

M%4-9-F&%7-%!-+-H7*H-F]!-.%A%&%.*;>7=&%?64.&;&%.*;=),-+,*%7-%'&-9*'%7&;%

!&)'&;%*%7-%*<,.-FP&%7&%!-)7&%7-%!-+-H7*H-F]!-.%_:$#"2X[%Zbbb`^%#&%1.-;6)[%&%

4-9-F&%.*(.*;*+,-%='%7&;%(.6+!6(-6;%'-,*.6-6;%)69+&!*)=)5;6!&;%-%;*.%!&+;67*.-7&%

(-.-% -% (.&7=FP&% 7&% *,-+&)% 7*% ;*9=+7-% 9*.-FP&[% Y6;,&% Q=*% -% !-7-% ,&+*)-7-% 7*%

!-+-%'&>7-[%;P&%(.&7=K67&;%ZRb%h9%7*;,*% .*;>7=&% _VwI:2O%*,%-)^[%Zbbg`^%$)A'%

76;;&[% &% 4-9-F&% A% !&+;67*.-7&% ='% .6!&% .*;*.Y-,5.6&% 7*% *+*.96-% ;&)-.% 7*Y67&% -&%

'-6&.%.*+76'*+,&%'-;;-l\.*-%7*%!=),6Y&%7*%!-+-H7*H-F]!-.%!&'(-.-7&%n;%&=,.-;%

!=),=.-;% _!*.!-% 7*% qb% ,lB-% *'% !&'(-.-FP&% n% e% ,lB-% 7*% ,.69&% *% Z% ,lB-% 7*% &=,.-;%

9.-'>+*-;`% _1$EEM% *,% -)^[% ZbeS`^% M% 4-9-F&% -(.*;*+,-% *'% ;=-% (-.*7*% !*)=)-.[%

-(.&<6'-7-'*+,*[%rHci%7*%!6+K-;[%ecHZri%7*%)69+6+-[%SZHrZi%7*%!*)=)&;*%*%ZjH

SZi% 7*% B*'6!*)=)&;*% _EM//M3% *,% -)^[% Zbeb`[% ;*+7&% Q=*% *;,-% ]),6'-% -(.*;*+,-%

*)*Y-7&% ,*&.% 7*%"H<6)&;*[% !&..*;(&+7*+7&%*'%-,A% qbi%7&% ,&,-)% 7*%-F]!-.% +*;,-%

?.-FP&%_I$O0M#%*,%-)^[%Zbbr`^%"*Y67&%-&%;*=%4-6<&%!&+,*]7&%7*%!6+K-;[%&%4-9-F&%

&?*.*!*% Y\.6-;% Y-+,-9*+;% *'% .*)-FP&% -&;% &=,.&;% .*;>7=&;% 7*% !=),=.-;% Q=-+7&%

=,6)6K-7&;%*'%46&(.&!*;;-'*+,&^%%

"*;,-%?&.'-[%*'4&.-%='-%(-.,*%7&%4-9-F&%;*a-%=,6)6K-7-%(*)-;%=;6+-;%(-.-%

9*.-FP&% 7*% *+*.96-% *)A,.6!-[% ;*% (*Q=*+-;% ?.-FT*;% 7&% '*;'&% ?&;;*'% =,6)6K-7-;%

(-.-% -% (.&7=FP&% 7&% *,-+&)% )69+&!*)=)5;6!&% a\% .*(.*;*+,-.6-% ='% -='*+,&%

!&+;67*.\Y*)% +-% (.&7=FP&% '=+76-)% 7*;,*% 46&!&'4=;,>Y*)% _:$/C2/M[% Zbee`^%

2+,.*,-+,&[% !&'&% a\% 76,&% -+,*.6&.'*+,*[% (-.-% Q=*% &% *,-+&)% )69+&!*)=)5;6!&% ;*a-%



!

!

'.!

!

(.&7=K67&% 7*% ='-% ?&.'-% *!&+&'6!-'*+,*% Y6\Y*)[% ,&7&;% &;% ,6(&;% 7*% -F]!-.*;%

7*.6Y-7&;%7-%46&'-;;-% _B*<&;*;%*% (*+,&;*;`% 7*Y*'%;*.% !&+Y*.,67&;%*'%*,-+&)[%

?-K*+7&% +*!*;;\.6-% -% 4=;!-% 7*% '6!.&H&.9-+6;'&;% Q=*% .*-)6K*'% *?6!6*+,*'*+,*%

*;,-%!&+Y*.;P&%*'%!&+76FT*;%6+7=;,.6-6;%_O$U$GEV$E%*,%-)^[%Zbbg`^%%

%

Z^r^% M1,(,A)HI-$*"$L"&1-/"/$L-2$7,52-J-2')&,/7-/$

%

D+]'*.&;% '6!.&H&.9-+6;'&;% ;P&% !-(-K*;% 7*% '*,-4&)6K-.% (*+,&;*;% *%

-+\)6;*;%7-;%Y6-;%'*,-45)6!-;%*+Y&)Y67-;%+*;,*%(.&!*;;&% .*Y*)-.-'%7=-;%?&.'-;%

76;,6+,-;% 7*% =,6)6K-FP&% 7*;,*;% -F]!-.*;% _s69=.-% Z`^% $% (.6'*6.-% A% -% Y6-% 7*%

6;&'*.6K-FP&[% Q=*% &!&..*% (.6+!6(-)'*+,*% *'% 4-!,A.6-;[% &+7*% -% <6)&;*% 6;&'*.-;*%

_xD`%!&+Y*.,*%"H<6)&;*%*'%"H<6)=)&;*[%;*'%-%=,6)6K-FP&%7*%!&?-,&.*;%_I$0EGECDV$%

*,%-)^[%Zbbc`^%%

2'%)*Y*7=.-;%*%7*'-6;%&.9-+6;'&;%*=!-.6&,&;[%-%!&+Y*.;P&%7*%"H<6)&;*%-%

"H<6)=)&;*%&!&..*%(&.%='-%Y6-%7*%.*7=FP&l&<67-FP&[%*'%7=-;%*,-(-;p%6+6!6-)'*+,*[%

"H<6)&;*% A% .*7=K67-% -% "H<6)6,&)[% (*)-% *+K6'-% <6)&;*% .*7=,-;*% _xO`% #$":C% &=%

#$"CH7*(*+7*+,*d%*'%;*9=67-[%"H<6)6,&)%A%&<67-7&%-%"H<6)=)&;*[%(*)-%*+K6'-%<6)6,&)%

7*;67.&9*+-;*%_x"C`%#$"JH7*(*+7*+,*%_I$0EGECDV$%*,%-)^[%Zbbc`^%%

$(5;%-%(.&7=FP&%7*%"H<6)=)&;*%(&.%='-%7*;,-;%Y6-;[%*)-%A% ?&;?&.6)-7-%(*)-%

*+K6'-%<6)=)&;*%Q=6+-;*% _xV`%-%"H<6)=)&;*%RH:%Q=*%*'%;*9=67-%A%!&+Y*.,67-%(*)-%

Y6-%7-;%(*+,&;*;%-%9)6!*.-)7*>7&HS:%*%?.=,&;*Hg:[%6+9.*;;-+7&%+-%Y6-%7-%9)6!5)6;*[%

!B*9-+7&% -% (6.=Y-,&% Q=*% A% !&+Y*.,67&% -% *,-+&)% *% Y\.6&;% &=,.&;% (.&7=,&;%

_I$0EGECDV$%*,%-)^[%Zbbc`^%

:&.A'[% -;% )*Y*7=.-;% -(.*;*+,-'% Y-+,-9*+;% ;&4.*% -;% 4-!,A.6-;% *'%

?*.'*+,-FP&% 6+7=;,.6-6;% !&'&%&% ,-'-+B&%7-;%!A)=)-;[%-;%(-.*7*;%!*)=)-.*;%'-6;%

*;(*;;-;[%&%'*)B&.%!.*;!6'*+,&%*'%(C;%4-6<&;[%&;%.*Q=6;6,&;%+=,.6!6&+-6;%'*+&;%

.69&.&;&;[%*%='-%'-6&.%.*;6;,8+!6-%n%!&+,-'6+-FP&%_v2ssOD2E[%Zbbg`^%

%

%



!

!

'&!

!

!

>#:4*&!6% %k6-;%7*%=,6)6K-FP&%7*%<6)&;*%(&.%76?*.*+,*;%'6!.&H&.9-+6;'&;^%$7-(,-7&%

7*%C-B+HCy9*.7-)%*,%-)^[%Zbbr^%

%

$% '-6&.6-% 7-;% <6)&;*;% .*7=,-;*;% a\% 67*+,6?6!-7-;% -(.*;*+,-% ='-%

7*(*+78+!6-%*;,.6,-%-&%#$":C%!&'&%!&?-,&.[%*+Q=-+,&%Q=*%-%<6)6,&)%7*;67.&9*+-;*%

A% *;(*!>?6!-% (-.-% &% !&?-,&.%#$"J^% 2;;*% 7*;4-)-+F&% 7*% !&?-,&.*;% (&7*% )*Y-.% -&%

*<!*;;&%7*%#$"C%*%-%7*()*FP&%7*%#$":C^%$*.&46!-'*+,*[%&%*<!*;;&%7*%#$"C%

(&7*%;*.%.*&<67-7&%(*)-%'6,&!L+7.6-[%'-;%*'%!&+76FT*;%-+-*.546!-;[%&%*<!*;;&%

7*%#$"C%A%-!='=)-7&%*%-%=,6)6K-FP&%7*%<6)&;*%?6!-%'-6;%)*+,-%*%*'%-)9=+;%!-;&;%

!*;;-%_C2/0MO%*,%-)^[%Zbee`^%$!.*76,-H;*%Q=*%&%7*;4-)-+F&%7*%!&?-,&.*;%;*a-%='%

7&;% (.6+!6(-6;% .*;(&+;\Y*6;% (*)-% ?*.'*+,-FP&% 6+*?6!6*+,*% -+-*.546-% 7*% <6)&;*[% &%

Q=*%.*;=),-%*'%='%-!]'=)&%7*%<6)6,&)%*%4-6<-%(.&7=,6Y67-7*%7*%*,-+&)% _/$D%*,%-)^[%

ZbeZ`^%%%

%

%

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

!"#$%#$*)%.,-'/'0"%#,-'$



!

!

'%!

!

Z^r^e^%F$("9"*?2)$4)556)2-785"/$5"2"9,/,)"%

%

4)556)2-785"/$ 5"2"9,/,)"% A% -% (.6+!6(-)% )*Y*7=.-% =,6)6K-7-% +-% (.&7=FP&%

6+7=;,.6-)% 7*% *,-+&)% 7*Y67&% n% *<!*)*+,*% !-(-!67-7*% 7*% ?*.'*+,-.% 9)6!&;*^% $)A'%

76;;&[%(&;;=6%-),-%,&)*.o+!6-%-&%*,-+&)[%.*;6;,8+!6-%*%.&4=;,*K%-&;%76?*.*+,*;%(C;%*%

,*'(*.-,=.-;% 7&% (.&!*;;&[% 4*'% !&'&% -&;% 6+6467&.*;% (.*;*+,*;% +-;% -),-;%

!&+!*+,.-FT*;%7*%'*)-F&%_/$D%*,%-)^[%ZbeZd%1200DU$%*,%-)^[%Zbbqd%I$0EGECDV$%

*,%-)^[%Zbbc`[%-)A'%7*%+P&%*<646.%'=6,-;%7-;%)6'6,-FT*;%?*.'*+,-,6Y-;%(.*;*+,*;%+-;%

4-!,A.6-;% _3D#% 2% 0$#$V$^[% Zbbg`^% $;;6'[%4:$ 5"2"9,/,)"% A% !&+;67*.-7-% &% '6!.&H

&.9-+6;'&% !&'% '-6&.% (&,*+!6-)% +-% (.&7=FP&% 7*% *,-+&)% -% (-.,6.% 7*% 46&'-;;-[%

(.6+!6(-)'*+,*%+&%Q=*%76K%.*;(*6,&%n%*?6!68+!6-%*%.&4=;,*K%_32$#"OM%*,%-)^[%Zbbq`^%

2+,.*,-+7&[%*)-%+P&%A%!-(-K%7*%'*,-4&)6K-.%*?6!6*+,*'*+,*%(*+,&;*;[%&%Q=*%(-.-%-%

(.&7=FP&% 7&% *,-+&)% ZU% .*(.*;*+,-.6-% 7*6<-.% ?.-FT*;% 7*% ZbHSbi% 7&% B67.&)6;-7&%

)69+&!*)=)5;6!&% 6+=,6)6K\Y*6;% _/$D% *,% -)^[% ZbeZ`[% ='-% Y*K% Q=*[% !&'&% 76,&%

-+,*.6&.'*+,*[%*)*%!&+,A'%9.-+7*;%Q=-+,67-7*;%7*%<6)&;*%*%-.-46+&;*%_32$#"OM%

*,%-)^[%Zbbq`^%%

$% 6+!-(-!67-7*%7-%4:$ 5"2"9,/,)"% *'% ?*.'*+,-.% <6)&;*% A%-,.64=>7-%-% -)9=+;%

?-,&.*;%!&'&p%e`%-% 6'(&;;646)67-7*%7*;;-% )*Y*7=.-%!&+Y*.,*.%*?6!6*+,*'*+,*%*;;*%

;=4;,.-,&% *'% <6)=)&;*[% ='-% Y*K% Q=*% -(.*;*+,-% 4-6<&;% +>Y*6;% 7*% *<(.*;;P&% 7&;%

9*+*;%7*%=,6)6K-FP&%7*%<6)&;*%*%4-6<-;%-,6Y67-7*;%7-;%*+K6'-;%!&..*;(&+7*+,*;%-%

*;;*;%9*+*;%_9*+*%;8(<p%<6)&;*%.*7=,-;*% %xO%*%9*+*%;8(=p%<6)6,&)%7*;67.&9*+-;*%H%

x"C`% _O$U$GEV$E% *,% -)^[% Zbbgd% I$0EGECDV$% *,% -)^[% Zbbc`d% Z`% &% 7*;4-)-+F&%

.*7&<% !-=;-7&% (*)&;% !&?-,&.*;% 7*;;-;% *+K6'-;d% S`% 4-6<-% -,6Y67-7*% 7-% *+K6'-%

<6)=)&HQ=6+-;*% _xV`d% r`% 4-6<-;% -,6Y67-7*;% 7-;% *+K6'-;% .64=)&;*% RH?&;?-,&% SH

*(6'*.-;*% _O:2`[% .64=)&;*% RH?&;?-,&% 6;&'*.-;*% _O:D`[% ,.-+;Q=*,&)-;*% _0V3`% *%

,.-+;-)7&)-;*%_0$3`%7-%Y6-%7*%(*+,&;*%?&;?-,&%_/$D%*,%-)^[%ZbeZ`d%R`%+P&%-(.*;*+,-%

='%*?6!6*+,*%,.-+;(&.,-7&.%7*%(*+,&;*;[%='-%Y*K%Q=*[%-%-4;&.FP&%7*%<6)&;*%&!&..*%

=+6!-'*+,*% -,.-YA;% 7&;% ,.-+;(&.,-7&.*;% 7*% B*<&;*;% Q=*% -!*6,-'% <6)&;*% !&'&%

;=4;,.-,&[%(&.A'%!&'%4-6<>;;6'-%-?6+67-7*^%D;;&%?-K%!&'%Q=*%-%-4;&.FP&%7*%<6)&;*%

;*a-% 4-6<-% *% 7*(*+7*+,*% 7-% !&+!*+,.-FP&% 7*% 9)6!&;*% (.*;*+,*% +&% -'46*+,*%



!

!

''!

!

_32$#"OM%*,%-)^[%Zbbq`^%$;;6'[%;*9=+7&%/-6%*,%-)^%_ZbeZ`[%&;%*;?&.F&;%(-.-%Q=*%-%

4:$5"2"9,/,)"%;*a-%!-(-K%7*%?*.'*+,-.%<6)&;*%(&7*'%;*.%76Y6767&;%*'%;*6;%-;(*!,&;%

-&%)&+9&%7*%,&7-%-%Y6-%'*,-45)6!-%7*%<6)&;*%_s69=.-%S`p%%

-`% 1=;!-.%='%,.-+;(&.,-7&.%(-.-%<6)&;*%'-6;%*?6!6*+,*%_*'%)-.-+a-`d%

4`% D+,*.)69-.% -% <6)&;*% 6+,.-!*)=)-.% n% <6)=)&;*[% -,.-YA;% 7-% *<(.*;;P&% B*,*.5)&9-%

7&;%9*+*;%7-%<6)&;*%.*7=,-;*%*%<6)6,&)%7*;67.&9*+-;*[%&=%-,.-YA;%7&%9*+*%7-%

<6)&;*%6;&'*.-;*%_*'%Y*.7*`d%

!`% $,*+=-.% &% 7*;4-)-+F&% .*7&<% 7-;% *+K6'-;% xO% *% x"C% '=7-+7&% -;%

*;(*!6?6!67-7*;%7*%;*=;%!&?-,&.*;%_*'%-'-.*)&`d%

7`% s&.,-)*!*.%&% ?)=<&%7-%<6)=)&;*%n%<6)=)&;*HRH?&;?-,&%-,.-YA;%7-%*<(.*;;P&%7&%

9*+*%*+759*+&%7-%<6)=)&HQ=6+-;*%_xV`%_*'%-K=)`d%

*`% $='*+,-.%-%*<(.*;;P&%7-;%*+K6'-;%7-%Y6-%7*%(*+,&;*%?&;?-,&%_*'%.&<&`%*d%

?`% 2+9*+B*6.-.%-%!A)=)-%(&.%6+,*6.&%_*'%!6+K-`^%



'(!

!

%

! >#:4*&! ?% % U-.9-)&;% +-% '*,-4&)6K-FP&% 7*% <6)&;*% (*)-% )*Y*7=.-% 4:$ 5"2"9,/,)"% _/$D% *,% -)^[% ZbeZ`^



')!

!

$;;6'[% -;% (*;Q=6;-;% ,8'% ?&!-7&%+-%*+9*+B-.6-% 9*+A,6!-%7-%4:$ 5"2"9,/,)"%

!&'%-%?6+-)67-7*%7*%,&.+\H)-%-(,-%-%!&H?*.'*+,-.%B*<&;*;%*%(*+,&;*;%7*.6Y-7-;%7*%

'-,A.6-;H(.6'-;%)69+&!*)=)5;6!-;%_32$#"OM%*,%-)^[%Zbbq`^%

%

Z^r^Z^%F/$5"L)/$2"5-7.,&)&1"/%

%

$)9=+;% '6!.&H&.9-+6;'&;% ;P&% +-,=.-)'*+,*% !-(-K*;% 7*% -;;6'6)-.% <6)&;*%

!&'&% -;% )*Y*7=.-;% 456"DD"2/-785"/$ /1,L,1,/$ N@,56,)$ /1,L,1,/OP$ @)568/-("&$

1)&&-L6,(?/$ *% Q)&*,*)$ /6"6)1)"[% Q=*% '*,-4&)6K-'% *;;*% -F]!-.% (.6+!6(-)'*+,*%

(*)-%Y6-%7-%.*7=FP&l&<67-FP&%_CM%*,%-)^[%eccq`^%$%4:$/1,L,1,/%-(-.*!*%!&'&%-%]+6!-%

7*+,.*% -;% )*Y*7=.-;% -;;6'6)-7&.-;% 7*% <6)&;*[% ;&4% !&+76FT*;% 7*% )6'6,-FP&% 7*%

&<698+6&[%!&'%!-(-!67-7*%*'%?*.'*+,-.%<6)&;*%(-.-%(.&7=K6.%*,-+&)^%$%!-(-!67-7*%

7*%4:$/1,L,1,/%*'%?*.'*+,-.%-%<6)&;*%A%-,.64=>7-%(.6+!6(-)'*+,*%n%!-(-!67-7*%7*%;=-%

xO%=,6)6K-.%#$"C%Q=-;*%,P&%4*'%Q=-+,&%#$":C[%*Y6,-+7&[%-;;6'[%&%7*;4-)-+F&%

7*%!&?-,&.*;%_C2/0MO%*,%-)^[%Zbee`^%

"*;;*%'&7&[%='-%7-;%(.&(&;,-;%Q=*%-%*+9*+B-.6-%9*+A,6!-%*%'*,-45)6!-%

,*'%4=;!-7&%A%-%'*)B&.6-%7-;%-,6Y67-7*;%?*.'*+,-,6Y-;%7*%'6!.&H&.9-+6;'&;%Q=*%

+-,=.-)'*+,*%'*,-4&)6K*'%<6)&;*[%!&'&%A%&%!-;&%7-%4:$/1,L,1,/$_v2ssOD2E[%Zbbg`^%

2+,.*,-+,&[% *'4&.-% -% 4:$ /1,L,1,/$ !&+;69-% ?*.'*+,-.% <6)&;*% *'% *,-+&)% !&'%

.*+76'*+,&;% ,*5.6!&;% ;&4% !&+76FT*;% -+-*.546-;[% *)-% .*Q=*.% &<698+6&% (-.-% -%

=,6)6K-FP&%*?6!6*+,*%7*%<6)&;*[%*%-(.*;*+,-%='-% ,-<-%7*%!&+;='&%7*%-F]!-.%'-6;%

)*+,-% *'% !&'(-.-FP&% !&'% 4:$ 5"2"9,/,)"$ _I$0EGECDV$% *,% -)^[% Zbbc`^%

$76!6&+-)'*+,*[% &=,.&% (.&4)*'-% A% Q=*% -% '-6&.6-% 7-;% )*Y*7=.-;% +-,=.-)'*+,*%

?*.'*+,-7&.-;%7*%<6)&;*%*<!.*,-'%Q=-+,67-7*;%;=4;,-+!6-6;%7&%;=4H(.&7=,&%<6)6,&)%

*%;=-%(.&7=FP&%.*7=K%&%.*+76'*+,&%7*%*,-+&)%_I$0EGECDV$%*,%-)^[%Zbbc`^%

$)A'%76;;&[%;-4*H;*%Q=*%'6!.&H&.9-+6;'&;%+-,6Y&;%Q=*%?*.'*+,-'%<6)&;*%-%

*,-+&)% +P&% (&;;=*'% -% .&4=;,*K% +*!*;;\.6-% (-.-% ;&4.*Y6Y*.% n;% !&+76FT*;%

6+7=;,.6-6;%*;,.*;;-+,*;%7*;,*%(.&!*;;&[%,-6;%!&'&%-%-),-%!&+!*+,.-FP&%7*%*,-+&)[%

*)*Y-7-% ,*'(*.-,=.-[% *;,.*;;*% &;'5,6!&% _7*Y67&% n;% -),-;% !&+!*+,.-FT*;% 7*%

-F]!-.*;% *% ;-6;`[% -!67*K[% !&+,-'6+-FP&% 4-!,*.6-+-% *% .*!6!)&% !*)=)-.% -)A'%7*% ;*.%

='% -'46*+,*% *;,.6,-'*+,*% -+-*.546&% -;;6'[% *;;*;% '6!.&H&.9-+6;'&;% +P&%



!

!

'*!

!

!&+;*9=*'%?*.'*+,-.%<6)&;*%-%*,-+&)%*?6!6*+,*'*+,*% _1$EEM%*,%-)^[%Zbbqd%VDI%*,%

-)^[%ZbeS`^%%

E*+7&%-;;6'[%-,=-)'*+,*[%-%'-6&.6-%7&;%*;?&.F&;%Y6;-'%7*;*+Y&)Y*.%='-%

4:$5"2"9,/,)"%Q=*%?*.'*+,*%<6)&;*[%*+9*+B*6.-+7&H&%9*+*,6!-'*+,*%!&'%9*+*;%7-%

Y6-%7-%.*7=FP&l&<67-FP&%&=%7-%Y6-%7-%6;&'*.6K-FP&^%$%Y6-%7-%<6)&;*%6;&'*.-;*%,*'%
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?6)-'*+,&;&;% !&'&[%F/L"2',((?/$ /LS$ K?/)2,?7$ /LP$0"()&-5)2L?/$ /L% *$ @"&,5,((,?7$

/L:[%(&.A'%+P&%Y6;,-%?.*Q=*+,*'*+,*%*'%)*Y*7=.-;%_$"EG3%*,%-)^[%Zbbc`^%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%



!

!

('!

!

?0! A)B(%#+3$!

!

S^e^% M4a*,6Y&%9*.-)%

%% %

%% 2;,*% (.&a*,&% ,*Y*% !&'&% &4a*,6Y&% -% !-.-!,*.6K-FP&% 7*% 9*+*;% 7-% Y6-% 7-;%

(*+,&;*;%7*%>:$*),2"&"&/,/$0$1be$*%@:$.2)/,(,"&/,/$;(^%+&Y^%$UCUbbe^[%Y6;-+7&%-%

;=(*.*<(.*;;P&% 7*;,*;% *'% !*(-% 6+7=;,.6-)% 7*% 4:$ 5"2"9,/,)"% :2HZ% *% -6+7-[%

&4a*,6Y&=% !-.-!,*.6K-.% 46&Q=6'6!-'*+,*% ='-% *+K6'-% <6)-+-;*% (.&7=K67-% (*)-% @:%

.2)/,(,"&/,/$;(^%+&Y^%$UCUbbe^$

%

S^Z^% M4a*,6Y&;%*;(*!>?6!&;%

$

)O$ D7*+,6?6!-.%&;%9*+*;%;8(<%*%;8(=%7-;%)*Y*7=.-;d$

.O$ /-.-!,*.6K-.% -;% )*Y*7=.-;% *'% ,*.'&;%7-%-,6Y67-7*%7-;%*+K6'-;%xO%*%x"C[%

4*'%!&'&%-%*<(.*;;P&%7*%;*=;%.*;(*!,6Y&;%9*+*;% N;8(<$*$;8(=O%*'%<6)&;*%*%

9)6!&;*d%$

!`% D+,.&7=K6.%&;%9*+*;%*+Y&)Y67&;%+-%-;;6'6)-FP&%7*%<6)&;*%*%;=(*.*<(.*;;\H)&;%

*'% 4:$ 5"2"9,/,)"$ _!*(-% 6+7=;,.6-)% :2HZ% *% 7&'A;,6!-% E!cjZe`[% !&'% ;6+-6;%

.*9=)-,5.6&;%-(.&(.6-7&;d%

7`% $+-)6;-.% -;% !*(-;% .*!&'46+-+,*;% Q=-+,&% n;% ;=-;% !-(-!67-7*;% 7*%

-;;6'6)-.l?*.'*+,-.%<6)&;*d%

*`% /-.-!,*.6K-.%-%<6)-+-;*%(.&7=K67-%(*)-%@:$.2)/,(,"&/,/$;(^%+&Y^%UCUbbe^%

%

%

%

%

%

%

%

%
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%
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!

!

()!

!

@0! C(%3'393:#&!

r^e^% M4,*+FP&%7&;%6;&)-7&;%

!

M;% !&+,*]7&;% 6+,*;,6+-6;% 7&;% 6+;*,&;% !&)&+6K-7&.*;% 7-% !-+-H7*H-F]!-.%

!.6;&'*)>7*&P$T,)12")$/)55)2)(,/P$45)L1-5-2,/$5)/1)&")P$0,'*-(?/$D28)&?/P$)-.Y-%7*$

-.-'*P$7-% )-.Y-$(P&%7*%9-)6+B-% ?&.-'% 6+&!=)-7&;%*'%'*6&%'>+6'&% _II`% )>Q=67&%

_(C%g[R`%!&'%Ri%7*%4-9-F&%*<()&767&%_0-4*)-%e`%&=%ei%7*%<6)&;*[%;=()*'*+,-7&%

!&'% ='% !&Q=*,*)% 7*% -+,6465,6!&;% _ebb% W9l'3% 7*% -'(6!6)6+-[% Sr% W9l'3% 7*%

h-+-'6!6+-[%Zb%W9l'3%7*% ,*,.-!6!)6+-%*%SR%W9l'3%7*% !)&.-+?*+6!&)`^%M% 6+5!=)&% ?&6%

6+!=4-7&% n% Sbz/% ;&4% -96,-FP&% 7*% eSb% .('% (-.-% *+.6Q=*!6'*+,&% 7&;% '6!.&H

&.9-+6;'&;^% E*'-+-)'*+,*[% ?&.-'% .*-)6K-7-;% ,.-+;?*.8+!6-;% 7-;% !=),=.-;% (-.-%

'*6&;%?.*;!&;^%%

%

D&)(9&!/% %I*6&%I>+6'&%_II`^%

7(&:(2%(! E4&2%#'&'(!

E&)=FP&%7*%E-6;% Rb%'3%

s&+,*%7*%!-.4&+&%_<6)&;*%&=%4-9-F&`% eb%&=%Rb%9%

E&)=FP&%7*%*)*'*+,&;%,.-F&;% e%'3%

@9=-%7*;,6)-7-%Q^;^(% :-.-%Y&)='*%?6+-)%7*%ebbb%W3%

%

$(5;% -% Z|% ,.-+;?*.8+!6-% ?&6% ?*6,&% &% ()-Q=*-'*+,&% 7-;% !=),=.-;% '6;,-;%

_!.*;!67-%!&'%4-9-F&%&=%<6)&;*`%*'%II%!&'%ei%7*%<6)&;*[%-!.*;!67&%7*%Z%i%7*%

-Q-.^% $;% !&)L+6-;% 7*% )*Y*7=.-% Q=*% !.*;!*.-'% ?&.-'% .*H()-Q=*-7-;% -,A% Q=*% ;*%

&4,6Y*;;*%='%6;&)-7&%(=.&^%2;,*;%6;&)-7&;%?&.-'%6+&!=)-7&;%*'%'*6&%X:"%)>Q=67&%

_0-4*)-%Z`%*%6+!=4-7&;%;&4%-96,-FP&%.69&.&;-%-%Sbz/%(&.%S%76-;^%%

%

%

%

%

%



!

!

(*!

!

D&)(9&!6% %I*6&%X:"^%

7(&:(2%(! E4&2%#'&'(!

:*(,&+-% Zb%9%

2<,.-,&%7*%)*Y*7=.-% eb%9%

"*<,.&;*% rb%9%

@9=-%7*;,6)-7-%Q^;^(% :-.-%Y&)='*%?6+-)%7*%ebbb%W3%

$

r^Z^% D7*+,6?6!-FP&%7&;%6;&)-7&;$

$

r^Z^e^% 2<,.-FP&%7*%"#$%,&$6-?/"$

%

% :-.-%-%*<,.-FP&%7*%"#$%9*+L'6!&%7-;%)*Y*7=.-;[%&%6+5!=)&%?&6%!*+,.6?=9-7&%

-% Z^Rbb% 9% (&.% R% '6+=,&;% *% &% L"(("1% ?&6% .*;;=;(*+767&% *'% e% '3% 7*% ,-'(P&% 7*%

*<,.-FP&%7*%"#$%_0-4*)-%S`^%$%*;,-%;=;(*+;P&%?&6%-76!6&+-7&%&%'*;'&%Y&)='*%7*%

(A.&)-;%7*%Y67.&%*;,A.*6;[% ,.-,-7-;%!&'%\!67&%+>,.6!&%(-.-% .*,6.-7-%7*% 6'(=.*K-;^%

M;%,=4&;%?&.-'%-!&()-7&;%*'%-96,-7&.%'*!o+6!&%*%-%76;.=(FP&%!*)=)-.%(.&!*7*=H

;*%(&.%eb%'6+=,&;^%0.-+;?*.6=H;*%&%;&4.*+-7-+,*%_;*'%-;%(A.&)-;%7*%Y67.&`%(-.-%

+&Y&;% ,=4&;%*% ?&6%-76!6&+-7&%&%'*;'&%Y&)='*%7*%='-%'6;,=.-% ?*+&)H!)&.&?5.'6&%

_epe`^%#&Y-'*+,*%&%'-,*.6-)% ?&6% -96,-7&%*'%-96,-7&.%'*!o+6!&%(&.%eb%'6+=,&;%*%

*'%;*9=67-%!*+,.6?=9-7&%-%Zb^qbb%9%(&.%Zb%'6+=,&;^%}% ?-;*%-Q=&;-%!&+,*+7&%&%

"#$% 9*+L'6!&% ?&6% -76!6&+-7&% b[g% Y&)='*% 7*% 6;&(.&(-+&)% (-.-% (.*!6(6,-FP&% 7&%

"#$[% ;*9=67&% 7*% !*+,.6?=9-FP&% -% Zb^qbb9% (&.% Zb% '6+=,&;^% M% ;&4.*+-7-+,*% ?&6%

7*;!-.,-7&%*%&%"#$%?&6%)-Y-7&%!&'%eRb%W3%7*%*,-+&)%jbi%_YlY`%9*)-7&^%M%Y&)='*%

?&6% +&Y-'*+,*% !*+,.6?=9-7&% -% Zb^qbb% 9% (&.% R% '6+=,&;[% &% ;&4.*+-7-+,*% ?&6%

7*;!-.,-7&% *% &% L"(("1% ?&6% ;*!&% n% ,*'(*.-,=.-% -'46*+,*^% :&.% ?6'[% &% "#$% ?&6%

.*;;=;(*+767&%*'%Rb%W3%7*%\9=-%*;,A.6)%J%e%W3%7*%O#$;*%_eb%'9l'3`%*%6+!=4-7&%

-%Sjz/%(&.%eZ%B&.-;%_E$I1OMMVd%OGEE23[%Zbbe`^%

!

!

!

!



!

!

(+!

!

D&)(9&!?% %0-'(P&%7*%*<,.-FP&%7*%"#$%9*+L'6!&^%

! 7(&:(2%(! E4&2%#'&'(!

0.6;%C/)%(C%q[R% Se[%RZ%9%

#-/)% er[ge%9%

2"0$% j[%Sb%9%

E"E% R%9%

@9=-%7*;,6)-7-%Q^;^(% :-.-%Y&)='*%?6+-)%7*%ebbb%W3%

!

r^Z^Z^% $'()6?6!-FP&%*%;*Q=*+!6-'*+,&%7-%.*96P&%D0EZ%

%

% :-.-% -% 67*+,6?6!-FP&% 7&;% 6;&)-7&;[% (.6'*6.-'*+,*% ?&6% .*-)6K-7-% -%

-'()6?6!-FP&% (&.% :/O% 7-% .*96P&% *;(-F-7&.-% 6+,*.+-% ,.-+;!.6,-% Z% _D0EZ`% 7&%"#$%

.64&;;&'-)^%$;% .*-FT*;%7*%:/O%*;,P&%7*;!.6,-;%+-% ,-4*)-%r[%;*+7&%=,6)6K-7&;%&;%

H% U/$0/U$0U$$U$$/U/$U/% H H

0//0//U/00$00U$0$0U/H% ^% $% .*-FP&% 7*% -'()6?6!-FP&% &!&..*=% *'%

,*.'&!6!)-7&.%!&'%-%;*9=6+,*%!6!)-9*'p%&%"#$%'&)7*%?&6%6+6!6-)'*+,*%7*;+-,=.-7&%

-% cr~/% (&.% S% '6+=,&;[% ;*9=67&% 7*% SR% !6!)&;% 7*% 7*;+-,=.-FP&% -% cr~/% (&.% Sb%

;*9=+7&;[%-+*)-'*+,&%7&;%&)69&+=!)*&,>7*&;%-%Rg~/%(&.%Sb%;*9=+7&;%*%*<,*+;P&%

7-;%+&Y-;%'&)A!=)-;%7*%"#$%-%jZ~/%(&.%e%'6+=,&^%:&.%?6'[%='%!6!)&%7*%*<,*+;P&%

?6+-)%-%jZ~/%(&.%eb%'6+=,&;^%M;%?.-9'*+,&;%?&.-'%-+-)6;-7&;%*'%*)*,.&?&.*;*%*'%

9*)%7*%-9-.&;*%ei%%*'%,-'(P&%0$2%ex[%-%cb%k%(&.%rR%'6+=,&;^%$(5;%-%!&..67-%

*)*,.&?&.A,6!-[%&%9*)%?&6%!&.-7&%*'%;&)=FP&%7*%4.&'*,&%7*%*,>7*&%_b[e%'9l'3`%(&.%

eR%'6+=,&;%*%Y6;=-)6K-7&%;&4%)=K%=),.-Y6&)*,-%+&%?&,&7&!='*+,-7&.%U*)%3&96!%ZZbb%

:.&% _/-.*;,.*-'`^% $% 7*,*.'6+-FP&% 7&% ,-'-+B&% 7&;% ?.-9'*+,&;% ?&6% ?*6,-%

!&'(-.-+7&%-;%4-+7-;%&4,67-;%!&'%&% ()**"2%7*%e%V4% _s*.'*+,-;`^%M;%(.&7=,&;%

7-;% .*-FT*;%7*%:/O% ?&.-'%(=.6?6!-7&;%!&'%&% h6,%GKU$@Q>$T!F$)&*$G"($+)&*$

@?2,D,5)1,-&% _U2% C*-,B!-.*`[% ;*9=+7&% -;% .*!&'*+7-FT*;% 7&% ?-4.6!-+,*[% *%

;*Q=*+!6-7&;% =,6)6K-+7&% &% h6,% +,'$ T8"V$ W"27,&)1-2$ 9R:<$ Q85("$ 4"X?"&5,&'%

_$(()6*7% 16&;m;,*';l36?*% 0*!B+&)&96*;`[% ;*9=6+7&% &% (.&,&!&)&% 7&% ?-4.6!-+,*[% +&%

;*Q=*+!6-7&.% $(()6*7% 16&;m;,*';�% SRbb<3% U*+*,6!% $+-)mK*.;% 7&% 3-4&.-,5.6&%

#-!6&+-)% 7*% /68+!6-% *% 0*!+&)&96-% 7&% 16&*,-+&)% _/012`^% $;% ;*Q=8+!6-;% &4,67-;%



!

!

(,!

!

?&.-'%!&'(-.-7-;%!&'%-;%7*(&;6,-7-;%+&%4-+!&%7*%7-7&;%7&%!)1,-&)($Q"&1"2$D-2$

+,-1"56&-(-'8$ Y&D-27)1,-&% _#/1D`[% -,.-YA;% 7&% (.&9.-'-% 1)-;,% _1-;6!% 3&!-)%

$)69+'*+,%E*-.!B%0&&)`^%M;%(-.o'*,.&;%"J9)(?"%*%67*+,67-7*%?&.+*!*.-'%&%9.-=%7*%

!&+?6-46)67-7*%7-%67*+,6?6!-FP&^%

%

D&)(9&!@! %O*-FP&%7*%:/O^%

7(&:(2%($! E4&2%#'&'(!

CZM%'6))6Ä%-=,&!)-Y-7-%Q^;^(% Zb%W3%

1=??*.%V/)%_eb<`% Z[b%W3%

I9/)Z%%_ZR'I`% e[g%W3%

7#0:%_eb'I`% b[q%W3%

@2,7"2%su%_eb%('&)lW3`% b[r%W3%

@2,7"2%OY%_eb%('&)l=3`% b[r%W3%

0-Q%"#$%(&)6'*.-;*%_R%Gl%W3`% b[e%W3%

"#$%'&)7*% e%W3%

%

r^Z^S^% /&+;,.=FP&% 7*% \.Y&.*;% ?6)&9*+A,6!-;% -,.-YA;% 7-;% .*96T*;%

.64&;;&'-6;%D0E[%R^qE%*%"el"Z%

$ $

% M4a*,6Y-+7&% ='-% 67*+,6?6!-FP&% 7&;% 6;&)-7&;% '-6;% !=.-7-% *% !&+?6\Y*)[% ?&6%

6+?*.67-%-%\.Y&.*%?6)&9*+A,6!-%!&'%-%;*Q=*+!6-%7-;%.*96T*;%.64&;;&'-6;%D0E[%R^qE%*%

"el"Z%7-;% )*Y*7=.-;%>6-*-1-2?()$*),2"&"&/,/%0$1be%*%@/"?*-A87)$.2)/,(,"&/,/%

UCUbbe^%:-.-%6;;&[%?&6%.*-)6K-7-%-%*<,.-FP&%7&%"#$;%_Y67*%S^e`%*%-%-'()6?6!-FP&%

7-;% .*96T*;% .64&;;&'-6;%ZqE%_3EG[%'-6;%*;(*!6?6!-'*+,*%-% .*96P&%"el"Z`%*%7-;%

.*96T*;% D0Ee[% R^qE% *% D0EZ^% 2;;-;% .*96T*;% Y8'% ;*+7&% '=6,&% =,6)6K-7-;% +-%

76?*.*+!6-FP&% 7*% ?=+9&;% -,.-YA;% 7*% -+\)6;*;% 7*% :/O% *% -% .*96P&% D0E% Y*'% ;*%

'&;,.-+7&%!&'&%='%.)25-*"$7)3"2%_I$O0D#d%OXUD2ÅD/f[%ZbbRd%ECM/C%*,%-)^[%

ZbeZ`^%$% .*96P&% D0E% 6+!)=6%-;% .*96T*;% D0Ee%*% D0EZ[%;*(-.-7-;%(*)&%9*+*%R^qE[%*%

*;,\% ;6,=-7&% *+,.*% &;% 9*+*;% eqE% _EEG`% *% ZqE% _3EG`% +-% =+67-7*% 7*% .*(*,6FP&%

+."#$%_s69=.-%R`^%M;%&)69&+=!)*&,>7*&;%=,6)6K-7&;%*;,P&%7*;!.6,&;%+-%,-4*)-%R^%

%



!

!

(-!

!

$

>#:4*&! F% % 2;Q=*'-% '&;,.-+7&% -% )&!-)6K-FP&% 7*% -)9=+;% &)69&+=!)*&,>7*&;%

=,6)6K-7&;%(-.-%-'()6?6!-.%-;%.*96T*;%D0E%*%"el"Z%_12332I$D#%*,%-)^[%Zbeb`^%

%

D&)(9&!F! %36;,-%7*%&)69&+=!)*&,>7*&;%=,6)6K-7&;%+-%67*+,6?6!-FP&%7-;%)*Y*7=.-;^%

A9#:324=9(3%G'(3! H(I4J2=#&!KFLM?LN!

D0Ee% 0//U0$UU0U$$//0U/UU%

#EDe% U$00U$$0UU/00$U0U$UU%

D0Er% 0//0//U/00$00U$0$0U/%

D0ES% U/$0/U$0U$$U$$/U/$U/%

3OS% UU0//U0U000/$$U$/UU%

%

$%:/O% ?&6% ?*6,-% 7*% -!&.7&% !&'%-% ,-4*)-% r[% !&'%-% ;*9=6+,*% !6!)-9*'p% ='%

!6!)&% 6+6!6-)% 7*% crz/lS% '6+% 7*% 7*;+-,=.-FP&[% ;*9=67&% 7*% SR% !6!)&;% 7*% crz/lSb%

;*9=+7&;[% -+*)-'*+,&% % ,*'(*.-,=.-% Y-.>-Y*)% _Y67*% ,-4*)-% g`lSb% ;*9=+7&;% *%

*<,*+;P&% %jZz/l%,*'(&%Y-.6\Y*)%_Y67*%,-4*)-%g`d%*%*<,*+;P&%?6+-)%7*%jZz/leb%'6+^%

% %

! D&)(9&!O% %/&'46+-FT*;%7*%&)69&+=!)*&,>7*&;%*%-;% .*;(*!,6Y-;% ,*'(*.-,=.-;%7*%

-+*)-'*+,&%*%,*'(&;%7*%*<,*+;P&^%

A9#:324=9(3%G'(3$! D(PQ(*&%4*&!'(!&2(9&P(2%3! D(PQ3!'(!(R%(2$53!

D0ESH3OS% Rcz/% Z%'6+%

D0EeHD0Er% RZz/% e%'6+%

#EDeHD0Er% RRz/% e[R%'6+%

%

% "*(&6;% 7*% -% -'()6?6!-FP&% ,*.% ;67&% !&+?6.'-7-% (&.% *)*,.&?&.*;*% *'% 9*)% 7*%

-9-.&;*%ei[%&;%(.&7=,&;%7*%:/O%?&.-'%(=.6?6!-7&;%!&'%&%h6,%GKU$@Q>$T!F$)&*$



!

!

).!

!

G"($+)&*$@?2,D,5)1,-&$_U2%C*-),B!-.*%36?*%E!6*+!*;`%;*9=+7&%&%(.&,&!&)&%;=9*.67&%

(*)&% ?-4.6!-+,*[% *% (&;,*.6&.'*+,*% ;*Q=*+!6-7&;% =,6)6K-+7&% &% h6,% 7*% .*-FP&% +,'$

T8"V$W"27,&)1-2$9R:<$Q85("$4"X?"&5,&'% _$(()6*7%16&;m;,*';l36?*%0*!B+&)&96*;`^%

$;% -'&;,.-;% ?&.-'% -+-)6;-7-;% +&% ;*Q=*+!6-7&.% $(()6*7% 16&;m;,*';�% SRbb<3%

U*+*,6!%$+-)mK*.% _$(()6*7%16&;m;,*';l36?*%0*!B+&)&96*;`^%$;%;*Q=8+!6-;%&4,67-;%

?&.-'% ,.6'-7-;% (&.% Q=-)67-7*% _(B.*7% /5-2"% Zb`% =,6)6K-+7&% &% (.&9.-'-% (B.*7%

_2ÅD#U% *,% -)^[% eccq`^% M;% 5-&1,'/% ?&.-'%'&+,-7&;% =,6)6K-+7&% &% (.&9.-'-% -&(,&"%

/$:S% _CG$#Ud%I$"$#[% eccc`^% $% (-.,6.% 7&;$ 5-&1,'/[% -;% ;*Q=8+!6-;% 7*% D0Ee% *%

D0EZ%?&.-'%*<,.->7-;%=,6)6K-+7&%D0E<%k%e^b^S%_12#U0EEM#H:$3I2%*,%-)^[%ZbeS`[%

-;;6'%!&'&%&%(&;6!6&+-'*+,&%7-%.*96P&%R^qE^%:-.-%!-7-%.*96P&%?&6%.*-)6K-7&%='%

-)6+B-'*+,&%']),6()&%*;,.=,=.-7&[%=,6)6K-+7&%IxE/$O#$%k%Z%_0$12D%*,%-)^[%Zbbq`^%

M;%-)6+B-'*+,&;%']),6()&;%?&.-'%6+6!6-)'*+,*%;*(-.-7&;%7-%*;,.=,=.-%;*!=+7\.6-[%

*% !&+!-,*+-7&;% *'% ='% ]+6!&% -.Q=6Y&% =,6)6K-+7&% s$E!&+/$0% _VÇ/Vd%

I2GE2I$##[% Zbeb`^% $% 6+?*.8+!6-% 7-;% ?6)&9*+6-;% (-.,6!6&+-7-;% ?&6% .*-)6K-7-%

=,6)6K-+7&% O$<I3% k% j^R^j% _E0$I$0$VDE[% ZbeZ`[% *% -% !&+;,.=FP&% 7-% \.Y&.*% ?&6%

.*-)6K-7-%=,6)6K-+7&%s690.**%k%e^r%_O$I1$G0[%Zbbj`^%$;%*;(A!6*;% ,6(&%=,6)6K-7-;%

(-.-%-%!&+;,.=FP&%7-;%\.Y&.*;%?6)&9*+A,6!-;%?&.-'%.*,6.-7-;%7&%4-+!&%7*%7-7&;%7&%

/1EHV#$Å%K?&')($+,-*,9"2/,18$Q"&12"^%$%,-<-%7*%;=4;,6,=6FP&%?&6%&4,67-%=;-+7&%&%

9-''-H'&7*)&%7*%X-+9%_X$#U[%eccg`^%k-)&.*;%7*%.--1/12)L% ?&.-'%!&'(=,-7&;%

-!6'-%7*%ebbb%.*(*,6FT*;^%

% :-.-%!&+?6.'-.%-% 67*+,6?6!-FP&%7-%*;(A!6*[%?&6%Y*.6?6!-7&%&%+]'*.&%7*%')L/%

*+,.*% -% +&;;-% ;*Q=8+!6-% *% -% ;*Q=8+!6-% .*(&.,-7-% +-% )6,*.-,=.-% -,.-YA;% 7&%

(.&9.-'-%Å-,*.%_OD/2%*,%-)^[%Zbbb`^%

%

r^S^% :*.?6)%7*%!.*;!6'*+,&%7-;%)*Y*7=.-;%*'%<6)&;*%

%

:-.-% Y*.6?6!-.% &% !.*;!6'*+,&% 7-;% )*Y*7=.-;% 7*% 6+,*.*;;*% +-% (.*;*+F-% 7*%

<6)&;*%?&6%.*-)6K-7&%*+;-6&%7*%!=.Y-%7*%!.*;!6'*+,&%!&'%-%>6-*-1-2?()$*),2"&"&/,/%

0$1be%*%@/"?*-A87)$.2)/,(,"&/,/$;(^%+&Y^$UCUbbeP$*'%'*6&%7*%!=),=.-%'>+6'&%

_b[gji% X#1`% !&'% 76?*.*+,*;% ?&+,*;% *% !&+!*+,.-FT*;% 7*% !-.4&+&% _ei% 9)6!&;*% *%



!

!

)&!

!

b[Ri[%ei%*%Ri%<6)&;*`:$/&'&%!&+,.&)*[%,-'4A'%?&6%.*-)6K-7&%&%'*;'&%*+;-6&%!&'%

-;% )*Y*7=.-;%4:$5"2"9,/,)"$cjZe%_!&+,.&)*%+*9-,6Y&`%*%@,56,)$/1,L,1,/$#OO3HXjeZr%

_!&+,.&)*%(&;6,6Y&`^%ebg%)*Y*7=.-;l'3%?&.-'%6+&!=)-7-;%*'%eZ[R%'3%7*%!-7-%'*6&[%

*'%,.6()6!-,-[%*'%*.)*+'*m*.%7*%eZR%'3[%*%6+!=4-7-;%n%Sbz/%-%ZRb%.('^%$%!-7-%Zr%

B&.-;%?&6%!&)*,-7&%e%'3%7*%!-7-%!=),=.-%(-.-%7*,*.'6+-FP&%*;(*!,.&?&,&'A,.6!-%7-%

7*+;67-7*%5(,6!-%_M"`%=,6)6K-+7&%?.-FT*;%7*%-4;&.4o+!6-%+&%!&'(.6'*+,&%7*%&+7-%

7*%RcR%+'^%s&.-'%!&)*,-7&;%&;%(&+,&;%Zr[%rq[%jZ%*%cg%B&.-;^%% %

%

r^r^% /-.-!,*.6K-FP&% '&)*!=)-.% 7&;% 9*+*;% 7-% >6-*-1-2?()$ *),2"&"&/,/$

0$1be%*%7-%@/"?*-A87)$.2)/,(,"&/,/%;(^%+&Y^$UCUbbe%

%

r^r^e^% 2<,.-FP&%7*%"#$%%

%

:.6'*6.-'*+,*[% ?&6% ?*6,&%='%(.AH6+5!=)&%7-% )*Y*7=.-%*'%'*6&%X:"%_0-4*)-%

Z`[%-%Sbz/[%;&4%-96,-FP&%7*%Zbb%.('^%$(5;%Zr%B&.-;%7*%!.*;!6'*+,&[%&%L"(("1%7-%

)*Y*7=.-%?&6%!&)*,-7&%*%.*-)6K-7-%-%

`[%!&'%-%-7-(,-FP&%7*%Q=*%-% )6;*%!*)=)-.%?&6% ?*6,-%!&'%(A.&)-;%

7*%Y67.&%*'%9-21";%7=.-+,*%7*K%'6+=,&;^%M%.*;,-+,*%7&%(.&!*76'*+,&%?&6%.*-)6K-7&%

;*9=+7&%&%(.&,&!&)&%;=9*.67&%(*)&%?-4.6!-+,*^%

%

r^r^Z^% D;&)-'*+,&%7&%O#$%*%;>+,*;*%7*%!"#$%

%

:-.-%&%6;&)-'*+,&%7&%O#$[%-%)*Y*7=.-%?&6%6+&!=)-7-%*'%='-%!&+!*+,.-FP&%

7*%ebg%)*Y*7=.-;l'3%*'%eSb%'3%7&;%'*6&;%*%!&+76FT*;%=,6)6K-7-;%(-.-%-%!=.Y-%7*%

!.*;!6'*+,&%_Y67*%S^Z`^%$(5;%!-7-%!&)*,-%-%-'&;,.-%?&6%!*+,.6?=9-7-%(&.%eb%'6+=,&;%

-%rbbb%.('%*%&%L"(("1%?&6%9=-.7-7&%-%Hqbz/%-,A%&%'&'*+,&%7-%*<,.-FP&%7*%O#$^%M%

O#$%,&,-)%?&6%

!&'% -%

;*9=6+,*%-7-(,-FP&p%-%)6;*%?&6%?*6,-%!&'%(A.&)-;%7*%Y67.&%*'%9-21";%7=.-+,*%Q=6+K*%

'6+=,&;[% -),*.+-+7&% -% !-7-% S% '6+=,&;% +&% 9-21";[% Z% '6+=,&;% +&% 9*)&^% :-.-%



!

!

)%!

!

Q=-+,6?6!-FP&% 7&% O#$% ?&6% =,6)6K-7&% &% *;(*!,.&?&,L'*,.&% #-+&7.&(% _0B*.'&%

E!6*+,6?6!`%*%(-.-%Y*.6?6!-.%-%6+,*9.67-7*%7&%O#$[%&%Zebb%16&$+-)mK*.%_$96)*+,`^%2'%

;*9=67-[%?&6%.*-)6K-7&%&%,.-,-'*+,&%!&'%"#$;*%!&'%&%h6,%WM>+B$T!FJD2""% _36?*%

0*!B+&)&96*;`[% -% ?6'%7*%;*%*)6'6+-.%Q=-)Q=*.% .*;>7=&%7*%"#$%+-%-'&;,.-^%$(5;%

!&+?6.'-.%-%-=;8+!6-%7*%"#$%-,.-YA;%7*%:/O%=,6)6K-+7&%!&'&%'&)7*%&%O#$%_Y67*%

(.&,&!&)&% 7*% :/O% S^e^e`[% ?&6% .*-)6K-7-% -% ;>+,*;*% 7*% !"#$% _(-.,6+7&% 7-%'*;'-%

Q=-+,67-7*% 7*% O#$`% =,6)6K-+7&% -% 4?L"2452,L1$ YY$ >"9"2/"$ W2)&/52,L1)/"% _36?*%

0*!B+&)&96*;`[%7*%-!&.7&%!&'%-;%.*!&'*+7-FT*;%7&%?-4.6!-+,*^%

%

r^r^S^% D7*+,6?6!-FP&%'&)*!=)-.%7&;%9*+*;%7-%<6)&;*% .*7=,-;*% _;8(<`%*%

<6)6,&)%7*;67.&9*+-;*%_;8(=`%7-%>6-*-1-2?()$*),2"&"&/,/%0$1be%

$

/&'&% -;% ;*Q=8+!6-;% 7*% ;8(<% *% ;8(=% 7-%>:$ *),2"&"&/,/% 0$1be% +P&% *.-'%

!&+B*!67-;%_&=%(*)&%'*+&;%+P&%*;,-Y-'%76;(&+>Y*6;%+&;%4-+!&;%7*%7-7&;`[%?&.-'%

7*;*+B-7&;% &)69&+=!)*&,>7*&;% 7*9*+*.-7&;% (-.-% *;,*;% 9*+*;% 4-;*-7&;% +-;%

;*Q=8+!6-;% 7-% >6-*-1-2?()$ '2)7,&,/% *% >6-*-1-2?()$ 7?5,()',&-/)[% &4,67-;% +&%

4-+!&% 7*% 7-7&;% 7&% !)1,-&)($ Q"&1"2$ D-2$ +,-1"56&-(-'8$ Y&D-27)1,-&% _#/1D% H

B,,(pll4)-;,^+!46^+)'^+6B^9&Yl1)-;,^!96`% _0-4*)-% j`^% $(5;% ='% -)6+B-'*+,&% 7*;;-;%

;*Q=8+!6-;% .*-)6K-7-% +&% (.&9.-'-% Q(?/1)(Z% _3$OVD#% *,% -)^[% Zbbj`[% ?&.-'%

7*;*+B-7&;% &)69&+=!)*&,>7*&;% (-.-% -;% .*96T*;% '-6;% !&+;*.Y-7-;^% :-.-% &% 9*+*%

;8(=P$ &;% &)69&+=!)*&,>7*&;% +P&% ?=+!6&+-.-'% -7*Q=-7-'*+,*[% *+,P&% ?&.-'%

=,6)6K-7&;% &;% 7*;!.6,&;% (&.$ x=% *% !&)-4&.-7&.*;% _Zbee`% &% Q=-)% *;,=7&=% &%

'*,-4&)6;'&%7*%<6)&;*%7-;%!*(-;%>:$'2)7,&,/%*%>:$7?5,()',&-/):%

G,6)6K-+7&% &% !"#$% ;6+,*,6K-7&[% ?&6% ?*6,-% -% .*-FP&% 7*% :/O% _Y67*% S^S^e`%

Y-.6-+7&%-%!&+!*+,.-FP&%7*%I9/)Z%*'%e[R%'I[%S%'I%*%r[R%'I%*%-;%,*'(*.-,=.-;%

7*%-+*)-'*+,&%*'%Rbz/[%RSz/%*%Rjz/[%(-.-%&%xO%*[%Rbz/%*%RZz/[%(-.-%&%x"C^%2'%

;*9=67-[%?&6%.*-)6K-7-%-%*)*,.&?.*;*[%(=.6?6!-FP&%*%;*Q=*+!6-'*+,&%7&;%(.&7=,&;%7*%

:/O% _Y67*% S^S^r`% Q=*% ,6+B-'% &% ,-'-+B&% *;(*.-7&[% *% -;% ;*Q=8+!6-;% ?&.-'%

!&'(-.-7-;%!&'%-;%7*(&;6,-7-;%+&%#/1D^%



!

!

)'!

!

G'-%Y*K%Q=*%?&6%&4,67-%='-%.*96P&%7*%!-7-%9*+*%7*%>:$*),2"&"&/,/$0$1beP%

?&6% = 7&;%'*;'&;[%

=,6)6K-+7&%&%h6,%40F>W"2$>FQ%$5T!F$F7L(,D,5)1,-&%_/)&+,*!B`[%;*9=+7&%(.&,&!&)&%

7&% ?-4.6!-+,*^% M;% &)69&+=!)*&,>7*&;% 7*;*+B-7&;% *% =,6)6K-7&;% *;,P&% 7*;!.6,&;% +-%

0-4*)-% j^%M;% -'()6?6!-7&;% &4,67&;% ?&.-'% !&+?6.'-7&;% (&.% ;*Q=*+!6-'*+,&% _Y67*%

S^S^r`[% *% -;% ;*Q=8+!6-;% !&'()*,-;% 7-;% .*96T*;% !&7-,*;% 7*% !-7-% 9*+*% ?&.-'%

'&+,-7-;%=,6)6K-+7&%&%(.&9.-'-%G"&",-?/$_B,,(plluuu^9*+*6&=;^!&'`^%

!

D&)(9&!S! %36;,-%7*%&)69&+=!)*&,>7*&;%=,6)6K-7&;%+-%67*+,6?6!-FP&%7&;%9*+*;%;8(<%*%

;8(=%7*%>:$*),2"&"&/,/$0$1be^%

A9#:324=9(3%G'(3! M ! 7(<(*J2=#&!

xm)eH%su% $U0$//0/U$//0E0$//0/$0% 2;,*%*;,=7&%

xm)e% %OY% VIU$XU$X/00U$$U00/U$VÅXU$0% 2;,*%*;,=7&%

xm)Z% %su% $$/U0UU0VU0E000UUXU% 2;,*%*;,=7&%

xm)Z% %OY% /VU0UIUÅU$0U$U/U$X00U$UU% 2;,*%*;,=7&%

xm)Z% %su%% //I$0UU0/X0EUU#/$/U$% _xG%*,%-)^[%Zbee`%

xm)Z% %OY%% //U$/kUUk//"U/"//$$$U$/% _xG%*,%-)^[%Zbee`%

% ///U$//U0/$$U$$U$0/U//U$UU% 2;,*%*;,=7&%

% UUU$$U$UU00/U$U0UUUUU0/U% 2;,*%*;,=7&%

% /0/U/0UU//U/0$0U0//0///% 2;,*%*;,=7&%

% /U/0/U0$U0U$//$///00U/$U0/U% 2;,*%*;,=7&%

%

r^r^r^% :=.6?6!-FP&[%)69-FP&[%!)&+-9*'%*%;*Q=*+!6-'*+,&%

!

$% .*96P&%7&%9*)% Q=*%!&+,6+B-%&% ?.-9'*+,&%!&'%&% ,-'-+B&%7&% -'()6?6!-7&%

*;(*.-7&% ?&6% *<!6;-7-%*% ;=4'*,67-%n% (=.6?6!-FP&%=,6)6K-+7&% &% h6,%GKU$@Q>$T!F$

)&*$ G"($ +)&*$ @?2,D,5)1,-&$ _U2% C*-,B!-.*`^% M;% (.&7=,&;% -'()6?6!-7&;% ?&.-'%

!)&+-7&;% +&% Y*,&.% (U2I�H0% 2-;m% _:.&'*9-`% _s69=.-% g`% *% ,.-+;?&.'-7&;% (&.%

*)*,.&(&.-FP&% _I=),6(&.-7&.�% ;m;,*'[% 2((*+7&.?`% *'% !A)=)-;% 7*% %:$ 5-(,$

/&)L+6-;%4.-+!-;%?&.-'%;*)*!6&+-7-;%7*%()-!-;%7*%31%_0-4*)-%q`%!&'%-'(6!6)6+-%

_ebb% W9l'3`% *% (.&!*7*=H;*% ='-% .*-FP&% 7*% :/O% 7*% !&)L+6-% !&'% &;%



!

!

)(!

!

&)69&+=!)*&,>7*&;%=+6Y*.;-6;%IeSH H%U$//UU/$U/$$$$0U%H HOY%

H% /$UU$$$/$U/0$0U$/% H 6!-.% -% *?*,6Y67-7*% 7-% !)&+-9*'^% $;%

!&)L+6-;%Q=*%,6Y*.-'%-%!&+?6.'-FP&%7*%Q=*%;*=;%()-;'>76&;%(&;;=>-'%&%?.-9'*+,&%

7*% 6+,*.*;;*% ?&.-'% 6+&!=)-7-;% *'% S% '3% 7*% 31% J% -'(6!6)6+-% _ebb% '9l'3`% *%

6+!=4-7-;% ;&4% -96,-FP&% _ÉZbb% .('`% -% Sjz/% -9"2&,'61:% 2'% ;*9=67-% &;% "#$;%

()-;'676-6;%7&;%!)&+*;%(&;6,6Y&;% ?&.-'%*<,.->7&;%=,6)6K-+7&H;*%&%h6,%[YFL2"L$4L,&$

0,&,L2"L% _Ä6-9*+`% *% &;% 6+;*.,&;% ?&.-'% ;*Q=*+!6-7&;% !&'% &;% (.6'*.;% =+6Y*.;-6;%

IeS% =,6)6K-+7&% &% h6,% 7*% .*-FP&% +,'$ T8"V$ W"27,&)1-2$ 9R:<$ Q85("$ 4"X?"&5,&'%

_$(()6*7% 16&;m;,*';l36?*% 0*!B+&)&96*;`% +&% ;*Q=*+!6-7&.% $(()6*7% 16&;m;,*';�%

SRbb<3% U*+*,6!% $+-)mK*.% _$(()6*7% 16&;m;,*';l36?*% 0*!B+&)&96*;`[% -?6'% 7*% &4,*.%

;*Q=8+!6-%!&'%Q=-)67-7*%7*;7*%&%6+>!6&%7&%9*+*%_&+7*%*;,\%&%$0U`^%%

%

D&)(9&!T% %I*6&%31^%

7(&:(2%(! E4&2%#'&'(!

#-/)% eb%9%

0.6(,&+-% eb%9%

2<,.-,&%7*%)*Y*7=.-% R%9%

@9-.% eZ%9%

@9=-%7*;,6)-7-%Q^;^(% :-.-%Y&)='*%?6+-)%7*%ebbb%W3%

%

r^r^R^%D7*+,6?6!-FP&% '&)*!=)-.% 7&;% 9*+*;% 7-% <6)&;*% .*7=,-;*% _;8(<`% *% 7-%

<6)6,&)% 7*;67.&9*+-;*% _;8(=`% 7*% @/"?*-A87)$ .2)/,(,"&/,/% ;(^% +&Y^%

UCUbbe%

$

"&% '*;'&% '&7&% Q=*% (-.-% -% >:$ *),2"&"&/,/$ 0$1beP% ?&6% .*-)6K-7&% &%

-)6+B-'*+,&% 9)&4-)% 7&% 9*+*% ;8(<% 7*% )*Y*7=.-;% Q=*% ,6+B-'% ;=-;% ;*Q=8+!6-;%

7*(&;6,-7-;% +&% 4-+!&% 7*% 7-7&;% 7&% #/1D[% ;*+7&% *)-;% 4:$ /1,L,1,/P$ 4:$ 5"2"9,/,)"P$

B')1)")$ /,)7"&/,/P$ >:$ '2)7,&,/P$ >:$ 7?5,()',&-/)P$ \(?89"2-785"/$ ()51,/P$ @,56,)$

'?,((,"27-&*,,P$4L)16)/L-2)$L)//)(,*)2?7$*$@)568/-("&$1)&&-L6,(?/:$:-.-%6;;&[%?&6%

7*;*+B-7&% ='% (-.% 7*% &)69&+=!)*&,>7*&;% 7*9*+*.-7&;% 4-;*-7&;% *'% .*96T*;%

!&+;*.Y-7-;% 7&;% 9*+*;% 7*;;-;% )*Y*7=.-;^%M%'*;'&% ?&6% ?*6,&% (-.-% &% 9*+*% ;8(=[%



!

!

))!

!

;*+7&% Q=*% +*;;*% !-;&% &% -)6+B-'*+,&% *% 7*;*+B&% 7&;% &)69&+=!)*&,>7*&;% ?&.-'%

4-;*-7&;% +-;% )*Y*7=.-;%4:$ /1,L,1,/P$ 4:$ 5"2"9,/,)"P$ >:$ 7?5,()',&-/)P$ >:$ '2)7,&,/P$

F2;?()$)*"&,&,9-2)&/P$Q28L1-5-55?/$&"-D-27)&/$*%@,56,)$)&'?/1):$

$

D&)(9&! U% % M)69&+=!)*&,>7*&;$ =;-7&;% (-.-% -'()6?6!-FP&% 7*% ;8(<% *% ;8(=% 7-% @:$

.2)/,(,"&/,/$UCUbbe^%

A9#:324=9(3%G'(3$! M !

G+6Y*.;-)%<m)eHsu% U$10$X10CU$/C0k00X0Å#$01/$%

G+6Y*.;-)%<m)eHOY% 0OCUUO0UO0U00/O$X00U%

G+6Y*.;-)%<m)ZHsu% //CI0EU01X0kUUC/$XU$%

G+6Y*.;-)%<m)ZHOY% $/#U$#$"VUU/0/#$1#$U#%

%

s&6% ?*6,-% -% *<,.-FP&% 7&% "#$% 9*+L'6!&% _Y67*% S^R^e`% 7-% @:$ .2)/,(,"&/,/%

UCUbbe% *% (&;,*.6&.'*+,*[% ?&6% .*-)6K-7-% -% .*-FP&% 7*% :/O% _Y67*% S^S^e`% !&'%

76?*.*+,*;% !&+!*+,.-FT*;% 7*% I9/)Z% _e[R% 'Id% S[b% 'I% *% r[R% 'I`% *% =,6)6K-+7&%

"&6)&5"2/%_Ri%"IEM%*%ei%0.6,&+%xHebb`%+-;%,*'(*.-,=.-;%7*%-+*)-'*+,&%rRz/[%

rjz/[% Rbz/[% RZz/%*%RRz/^%$)A'%76;;&[% &;% &)69&+=!)*&,>7*&;%7*9*+*.-7&;% ;8(<% *%

;8(=% 7*;*+B-7&;%(-.-%>:$*),2"&"&/,/%0$1be% _0-4*)-%j`% ,-'4A'% ?&.-'% ,*;,-7&;%

*'%@:$.2)/,(,"&/,/%UCUbbe^%

%

"*Y67&%-&% 6+;=!*;;&%7-;%-'()6?6!-FT*;%=,6)6K-+7&%*;;*;%&)69&+=!)*&,>7*&;[%

&(,&=H;*%(&.%?-K*.%-%4=;!-%7&;%9*+*;%7*%6+,*.*;;*%+&%9*+&'-%7-%@:%.2)/,(,"&/,/%

UCUbbe% Q=*% B-Y6-% ;67&% .*!*+,*'*+,*% ;*Q=*+!6-7&% _Y67*% 6,*'% g`^% :-.-% &% 9*+*%

;8(=% ?&6% .*-)6K-7-% ='-% 4=;!-% +&% 9*+&'-% 7-%@:$ .2)/,(,"&/,/% UCUbbe% -% (-.,6.% 7*%

;*Q=8+!6-;%!&+B*!67-;%7*;;*%9*+*%7*%&=,.-;% )*Y*7=.-;^%s&6%&4,67-% -(*+-;%='-%

.*96P&% 7*% "#$% ;6'6)-.% -&% 9*+*% 7*% 6+,*.*;;*[% (-.-% &% Q=-)% ?&6% 7*;*+B-7&%

eb`[%
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:2HxVEe% :4% ,*;,-7&;% !&'% &;% &)69&;% 7*% !)&+-9*'% .*?*.*+,*% -&% 9*+*% ;8(=d% T0%

/&+,.&)*%(&;6,6Y&d%U0%/&+,.&)*%+*9-,6Y&^%

%

R^c^e^% %$% -,6Y67-7*% *+K6'\,6!-% 7*% xO% *% x"C% 7-;% !*(-;% :2HZ%

.*!&'46+-+,*;%

%

% :-.-%Y*.6?6!-.%;*%-;%!&+;,.=FT*;%7-;%!*(-;%7*%4:$5"2"9,/,)"%:2HZ%*;,-Y-'%

!&..*,-;[% &=% ;*a-[% ;*% -% ;=(*.*<(.*;;P&% 7&;% 9*+*;% *;,-Y-% 6'()6!-+7&% *'% ='%

-='*+,&%7*%-,6Y67-7*%7*;;-;%*+K6'-;[%?&6%Q=-+,6?6!-7-%-%-,6Y67-7*%*+K6'\,6!-%7*%

xO%*%x"C%7-;%!*(-;%.*!&'46+-+,*;^%$;;6'[% ?&.-'%-?*.67-;%-;%-,6Y67-7*;%7-%:2%

O7%*%:2%:4[%=,6)6K-+7&%!&'&%!&+,.&)*% %(&;6,6Y&%-;%!*(-;%:2%Zjr% _-Q=*)-%!&'%&%
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Taxonomic key for the species in the genus 

Pseudozyma. 

1 a. Galactitol is assimilated U. maydis 

 b. Galactitol is not assimilated 2 

2(1) a. Succinic acid is assimilated 3 

 b. Succinic acid is not assimilated 21 

3(2) a. L-Arabinose is assimilated 4 

 b. L-Arabinose is not assimilated P. vetiver 

4(3) a. D-Ribose is assimilated 5 

 b. D-Ribose is not assimilated P. fusiformata 

5(4) a. Trehalose is assimilated 6 
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 b. Trehalose is not assimilated P. crassa 

6(5) a. D-Galactose is assimilated 7 

 b. D-Galactose is not assimilated P. prolifica 

7(6) a. Melibiose is assimilated 8 

 b. Melibiose is not assimilated 19 

8(7) a. Soluble starch is assimilated 9 

 b. Soluble starch is not assimilated P. abaconensis 

9(8) a. Cellobiose is assimilated 10 

 b. Cellobiose is not assimilated P. shanxiensis 

10(9) a. Salicin is assimilated 11 

 b. Salicin is not assimilated P. hubeiensis 

11(10) a. Glycerol is assimilated 12 

 b. Glycerol is not assimilated P. flocculosa 

12(11) a. Ethanol is assimilated 13 

 b. Ethanol is not assimilated P. aphidis 

13(12) a. Methanol is assimilated P. rugulosa 

 b. Methanol is not assimilated 14 

14(13) a. Lactose is assimilated 15 

 b. Lactose is not assimilated P. thailandica 

15(14) a. Inulin is assimilated 16 

 b. Inulin is not assimilated 17 

16(15) a. L-Rhamnose is assimilated P. pruni 

 b. L-Rhamnose is not assimilated P. siamensis 

17(15) a. D-Arabinose is assimilated 18 

 b. D-Arabinose is not assimilated P. gramminicola 

18(17) a. L-Rhamnose is assimilated P. parantarctica  

 b. L-Rhamnose is not assimilated P. alboarmeniaca  
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19(7) a. Inulin is assimilated P. brasiliensis 

 b. Inulin is not assimilated 20 

20(19) a. Salicin is assimilated P. antarctica 

 b. Salicin is not assimilated P. tsukubaensis 

21(2) a. Melibiose is assimilated P. churashimaensis 

 b. Melibiose is not assimilated P. jejuensis 
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Draft Genome Sequence of Pseudozyma brasiliensis sp. nov. Strain
GHG001, a High Producer of Endo-1,4-Xylanase Isolated from an
Insect Pest of Sugarcane
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Here, we present the nuclear and mitochondrial genome sequences of Pseudozyma brasiliensis sp. nov. strain GHG001. P. brasil-

iensis sp. nov. is the closest relative of Pseudozyma vetiver. P. brasiliensis sp. nov. is capable of growing on xylose or xylan as a

sole carbon source and has great biotechnological potential.
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P
seudozyma brasiliensis sp. nov. strain GHG001 is a yeast-like
species that belongs to the order Ustilaginales. This strain was

isolated from the intestinal tract of a Chrysomelidae larva associ-
ated with sugarcane roots in plantations in Ribeirão Preto, São
Paulo, Brazil, following an enrichment protocol for microorgan-
isms that use xylose as a sole carbon source. Based on the phylo-
genetic analysis of the ribosomal operon, we suggest that GHG001
represents a novel species that we named P. brasiliensis sp. nov.; its
closest relative is Pseudozyma vetiver (1). GHG001 can grow well
in xylose or xylan as its sole carbon source, where it produces high
levels of endo-1,4-xylanase from the glycoside hydrolase (GH)
family GH11 (2), the members of which show higher specific ac-
tivity than other eukaryotic xylanases. Xylanases are essential for
breaking down hemicellulose of plant cell walls, and they are rou-
tinely added to enzyme cocktails for the saccharification of pre-
treated biomass and second-generation ethanol production. Xy-
lanases have further commercial applications, such as in bread
making, the manufacture of food, drinks, and textiles, bleaching
of cellulose pulp, and xylitol production (3).

Here, we present the genome sequence of P. brasiliensis sp. nov.
strain GHG001. This genome was sequenced on the Illumina
HiSeq2000 system, generating 73,703,379 paired-end reads of
100 bp (insert size, 250 bp). The reads were preprocessed with the
Fastx-Toolkit (http://hannonlab.cshl.edu/fastx_toolkit/). The ge-
nome size was estimated to be 22.09 Mbp based on k-mer count
statistics (4), with an estimated coverage of 585!. The reads were
randomly subsampled to a genome coverage of approximately
100!, and this subset was assembled using VelvetOptimiser and
Velvet (5, 6). The remaining reads were used to extend the contigs
and perform scaffolding using SSPACE Basic (7). The resulting
assembly has 45 scaffolds, with a total length of 17,323,620 bp and
an N50 of 720,612 bp. The average G"C content of the genome is
56.3%, which is similar to those of Pseudozyma hubeiensis SY62 (8)

and Pseudozyma antarctica T-34 (9). We evaluated the complete-
ness of the gene space using CEGMA (10), which revealed that the
current assembly is 97.98% complete. The scaffolds were masked
for repeats using RepeatMasker, and gene prediction was carried
out with GeneMark (11), Augustus (12), and STAP (http://korflab
.ucdavis.edu/software.html), using MAKER (13). Gene finders
were trained with the CEGMA-produced gene models. A total of
5,768 protein-encoding genes were identified, which is similar to the
gene content of other Pseudozyma spp. A search against the NCBI
nr database revealed 2,361 protein-encoding genes with strong
sequence similarity hits to proteins in that database, providing a
preliminary landscape of the genomic and metabolic capabilities
of P. brasiliensis. Ribosomal genes were identified with RNAmmer
(14), and the rRNA operon repeats (small subunit [SSU], internal
transcribed spacer 1 [ITS1], 5.8 S, ITS2, and long subunit [LSU])
were collapsed into a single scaffold (PSEUBRA_SCAF27). One
hundred nineteen tRNA genes were identified with tRNAscan-SE
version 1.3.1 (15). The scaffold PSEUBRA_SCAF26 contains the
mitochondrial genome.

Nucleotide sequence accession numbers. This whole-genome
shotgun project has been deposited at DDBJ/EMBL/GenBank un-
der the accession no. AWXO00000000. The version described in
this paper is version AWXO01000000.
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a  b s t r  a  c  t

Endo-xylanases  play a  key  role in  the  hydrolysis of xylan  and recently they have  attracted  much  atten-

tion due  to their  potential  applications  on  the biofuel  and paper industries.  We  isolated a  Pseudozyma

brasiliensis  sp.  nov.  strain from  the intestinal  tract  of Chrysomelidae  larvae that  parasitize  sugarcane  roots.

This basidiomycetous  yeast  produces  a  xylanase  designated PbXynA  which  was  purified  and character-

ized. The  molecular weight  of  PbXynA  is  24  kDa,  it belongs  to  the  GH11  family and its  optimum pH and

optimum  temperature  are 4.0 and  55 ◦C,  respectively.  PbXynA has  as secondary structure  predominantly

!-sheets  and sigmoidal  kinetic  behavior  with  elevated speed  conversion  from  substrate-to-products

(Vmax = 2792.0  "mol product/min/mg  protein). It is highly activated by bivalent cations  such  as Ca2+,

however  in  the presence  of Cu2+ xylanase activity was  inhibited.  It has a  high  specific  activity  and

produces  xylooligosaccharides  that  have  a  variety of  industrial  applications,  indicating  PbXynA  has  a

great biotechnological  potential.

© 2013  Elsevier  Ltd. All  rights reserved.

1. Introduction

Lignocellulosic materials account for  approximately 50% of the

biomass in the world [1]. Degradation and conversion of ligno-

cellulosic biomass are attracting attention because of its potential

for the development of  a sustainable and environmentally friendly

bioenergy, biorefining and biomaterials industry [2]. Hemicellu-

lose is the second most abundant renewable biomaterial available

after cellulose representing 20–35% in lignocellulosic polymers [1].

Hemicelluloses consist of heteropolymers such as  xylan, gluco-

mannan, galactoglucomannan and arabinogalactan [3]. Xylan is a

linear polymer of !-d-xylopyranosyl units linked by (1–4) glyco-

sidic bonds and is the major hemicellulose. The complete hydrolysis

of this heteropolysaccharide requires a set of enzymes, which the

endo-1,4-!-xylanase is the most abundant [4].

∗ Corresponding author at: Laboratório Nacional de Ciência e Tecnologia do

Bioetanol –  CTBE/CNPEM, Giuseppe Máximo Scolfaro Street, 10.000 Polo II de  Alta

Tecnologia, Campinas, Sao Paulo, Brazil.  Tel.: +55 19 3512 1010;

fax:  +55 19 3518 3104.

E-mail addresses: andre.damasio@gmail.com (A.R.L. Damásio),

ggoldman@usp.br (G.H. Goldman).

Xylanases, the enzymes responsible for  xylan backbone break-

down, have been classified into different GH (glycoside hydrolase)

families: 5, 8, 10,  11, 16, 26, 30, 43, and 62 [1], but the major group

can be classified into families 10 and 11 based on their amino-acid

sequence similarities [5].  GH11 family is one of  the best character-

ized GH families and it displays several interesting properties like

high substrate selectivity and  high catalytic efficiency, small size

(around 20 kDa), variety of  optimum pH and optimum temperature,

making them suitable for  various conditions in many applications

[1]. Xylanases have played an important role in many industrial

processes and have been applied as additives to enhance the qual-

ity of baked goods, animal feeds, and bleachers to kraft pulp [6].

Recently, they have received much attention owing to their use

in degradation of lignocellulosic biomass for biofuel production

[5]. The xylanolytic systems are extensively studied in filamen-

tous fungi (Aspergillus sp., Trichoderma sp.,  Penicillium sp., etc.)  and

bacteria (Bacillus sp., Streptomyces sp.) but there are very few yeast

examples [7].

Pseudozyma brasiliensis sp. nov. strain GHG001 is a basid-

iomycetous yeast, closely related to Pseudozyma fusiformata and

Pseudozyma vetiver. Pseudozyma spp. are able to produce xylanases

[7] and biosurfactants such as  mannosylerythritol lipids [8–13].  We

are currently looking for yeast strains that colonize the intestinal

1359-5113/$ –  see front matter © 2013 Elsevier Ltd. All rights reserved.
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tract of insects that colonize sugarcane roots and evaluating

them for the more efficient use  of  either single pentoses or their

polysaccharides, such as xylose or  xylan. We have isolated from

the intestinal tract of a Chrysomelidae a strain that can grow very

well in xylose as sole carbon source and  produces high levels of

xylanase when grown in xylan. Thus, in our studies we  purified and

characterized a xylanase (PbXynA) produced by this P. brasiliensis

sp. nov. strain. Although there are hundreds of  studies describing

the characterization of  eukaryotic xylanases, in this work we

reported a  G11 endo-1,4-xylanase showing a higher specific activ-

ity than the eukaryotic xylanases previously studied. Moreover,

the PbXynA showed important biochemical characteristics such as

a sigmoidal kinetic behavior, high activation by bivalent ions and

application in xylooligosaccharides production, showing a strong

biotechnological potential and commercial value.

2.  Materials and  methods

2.1. Isolation of P.  brasiliensis sp. nov. strain GHG001

Chrysomelidae at last  larval stages were collected from Saccharum officinarum

roots in sugarcane plantations located in Ribeirão Preto, São Paulo State, Brazil.

The larvae were anesthetized at 4 ◦C for 10 min, then externally sterilized with

70% ethanol for about 1  min, and rinsed twice with sterilized water. The guts

of different larvae were dissected and the intestinal juices were transferred to

a  sterile flask containing 1 ml of cold sterile water. A small aliquot of each gut

sample (50 !l) was  then inoculated into 250 ml  Erlenmeyer flask with 50 ml  of

minimal medium (MM)  composed of 50 ml/l salt solution (6 g/l NaNO3 , 1.5 g/l

KH2PO4 , 0.5 g/l KCl and 0.5 g/l MgSO4)  and 1 ml/l trace elements (10 g/l EDTA,

4.4 g/l ZnSO4·H2O, 1.0  g/l MnCl2·4H2O, 0.32 g/l CoCl2·6H2O, 0.315 g/l CuSO4·5H2O,

0.22 g/l (NH4)6Mo7O24·4H2O, 1.47 g/l CaCl2·2H2O  and 1 g/l FeSO4·H2O) pH 6.5 with

1% xylose, supplemented with a  cocktail of anti-bacterial antibiotics (100 !g/!l

ampicillin, 34  !g/!l kanamycin, 20  !g/!l  tetracycline and  35 !g/!l chlorampheni-

col). The inoculum was  incubated at  30 ◦C under agitation at  130 rpm for enrichment

of microorganisms that could use xylose more efficiently. Two  weekly transfers were

performed by changing the medium and after the second transfer, 100 !l  of tenfold

dilution were spread on solid MM with 1% xylose, and  single colonies were repeat-

edly streaked out until pure cultures were obtained. These isolates were inoculated

in  125 ml  Erlenmeyer flasks with 25 ml  of liquid YPD (20 g/l peptone, 10 g/l yeast

extract and 20 g/l dextrose) and incubated under shaking at 30 ◦C for 2  days. Among

the  isolates strain GHG001 was selected and the extraction of genomic DNA followed

the protocol proposed by Sambrook and Russell [14], and genome sequencing was

carried out on an Illumina HiSeq2000 instrument (unpublished data).

2.2.  Xylan/xylose/glucose induction and determination of enzymatic activities

P. brasiliensis were inoculated (1 × 106 cells/ml) in  0.67% YNB medium and 2%

xylan, 2% xylose or 1% glucose as carbon sources, at  30 ◦C for 12, 24, 48, 72, 96

and 120 h. An aliquot was used for spectrophotometric determination of optical

density  at 590 nm,  the supernatant was harvested by centrifugation and  was  kept

at −20 ◦C for  enzymatic analysis. The xylanase enzymatic assay was  performed

using Azo-Xylan (Birchwood; from Megazyme International, Bray, Ireland) as  sub-

strate, according to  the manufacturer’s protocols. Briefly, supernatant containing

enzymes from xylan, xylose or  glucose induced P. brasiliensis sp. nov. was  mixed

with  100 mM sodium acetate buffer (pH  4.5) in an appropriate volume. Reaction

mixtures consisted of  0.5 ml  of buffered enzyme preparation and 0.5  ml  of  sub-

strate solution (1% w/v  Azo-Xylan (Birchwood)). The samples were incubated at

40 ◦C for 10 min, and the reactions were interrupted by adding 2.5 ml  of ethanol

(95%, v/v) with vigorous stirring. Non-hydrolyzed ethanol-precipitated substrate

was  removed by centrifugation at  1000 × g  for 10  min, and  the absorbance of  the

supernatant was measured at  590 nm.  Enzymatic activity was determined using

Mega-CalcTM software (Megazyme International). One unit of enzymatic activity

was  defined as the amount of  enzyme required to release 1  mM d-xylose-reducing

sugar equivalent per minute from arabinoxylan (pH  4.5) at 40 ◦C.

2.3. Supernatant activity assay

Supernatant activity was  assayed using xylan from beechwood, rye arabinoxy-

lan, "-mannan, "-glucan, laminarin, pectin, arabinogalactan, arabinan from sugar

beet, xyloglucan from tamarind and carboxymethylcellulose (CMC), all  at  a 5% final

concentration. The released reducing sugars were quantified by a dinitrosalicylic

method [15]. One unit (U) of enzyme activity was defined as the amount of enzyme

required to release 1  !mol of  reducing sugar  per minute. Specific activity was

expressed as  U/mg protein.

2.4. Xylanase production and purification

Xylanase production was performed in 1  l Erlenmeyer flasks with 200 ml  of the

production medium. The flasks were inoculated with 106 yeasts/ml and incubated

at  30 ◦C on a rotary shaker (250 rpm). The cell  growth was harvested after 96 h by

centrifugation (4000 rpm, 20  min) and the supernatant was  used as a crude enzyme

preparation. The supernatant was concentrated by precipitation with 65% ammo-

nium sulfate saturation. The concentrated enzyme sample was loaded on Superdex

75  column pre-equilibrated with 50 mM  sodium acetate buffer, pH 4.0,  and  the frac-

tions (1.5 ml/tube) were collected. The fractions were analyzed for xylanase activity

and  by 12% SDS-PAGE followed by staining with 0.1% Coomassie Brilliant Blue R-250

(w/v)  in methanol/acetic acid/water (v/v/v) (4:1:5). One distinct xylanase peak was

identified which was  designated as  PbXynA.

2.5. Mass spectrometry

The  PbXynA corresponding band was  separated by SDS-PAGE, and  after exten-

sive washing was submitted to in situ trypsin gel digestion with 0.5 !g  of modified

trypsin (Promega Corporation, Madison, WI,  USA). An aliquot of the resulting pep-

tide mixture was separated by C18 (75  !m × 100 mm)  RP-nanoUPLC (nanoAcquity,

Waters) coupled with a Q-Tof Ultima  mass spectrometer (Waters) with nano-

electrospray source at  a flow  rate of 0.6 !l/min. The gradient was 2–90% (v/v)

acetonitrile in 0.1% (v/v) formic acid  over 45 min. The instrument was operated in the

‘top  three’ mode, in which one MS spectrum is acquired followed by  MS/MS of the

top  three most-intense peaks detected. The spectra were acquired using software

MassLynx v.4.1 (Waters Corporation, MA,  USA) and the raw data files were converted

to a  peak list format (mgf) by the software Mascot Distiller v.2.3.2.0, 2009 (Matrix

Science Ltd.). The MS/MS  profile was  searched against predicted protein sequences

using engine Mascot v.2.3 (Matrix Science Ltd.) with carbamidomethylation as  fixed

modification, oxidation of methionine as  variable modification, one chymotrypsin

missed cleavage and a tolerance of 0.1 Da for both precursor and  fragment ions.

2.6. Enzyme characterization

Enzymatic activity was measured colorimetrically using xylan from beechwood

as  substrate and the reducing sugars determined according to Miller procedure

[15].  The  reaction mixture, consisting of 50 !l  substrate (5%, w/v) in 50 mM  sodium

acetate buffer, pH 4.0 and 10 !l  enzyme solution at 1724.53 U/ml, that was incu-

bated at  55 ◦C in a  thermocycler for 10 min. The reaction was  stopped by adding

100 !l  of DNS and immediately boiled for 5  min. The  reducing sugars released as  a

result of  enzyme activity were measured at 540 nm.  One unit of  enzymatic activ-

ity was  defined as the amount of enzyme that produced 1 !mol  of reducing sugars

per  minute. To  determine the optimum pH and temperature profiles, the enzymatic

reaction was  carried out at different pH in McIlvaine’s buffer system (pH 2.0–10.0)

and  various temperatures (25–80 ◦C).

The  PbXynA kinetic constants were determined using xylan from beechwood

(1.2–60 mg/ml) as  substrate at  pH 4.0 and 55 ◦C  and the kinetic data were fitted

using the SigrafW software [16].  The protein content was  measured at  280 nm by

Nanodrop  and calculated by molar extinction coefficient. The effect of  metal ions

(Zn2+ , Mn2+ , Fe2+ , Na+ , Mg2+ , K+ , Cu2+ , Co2+ and Ca2+)  on xylanase activity was ana-

lyzed  adding 10  mM  ions at  final concentration to the assay and a xylanase-bivalent

ions free solution as  control (Chelex 100,  from Bio-Rad).

2.7. CD spectroscopy and thermal denaturation

Far-UVCD spectra of PbXynA were measured between 195 and  250 nm in 50  mM

sodium acetate buffer, pH 4.0 at  25 ◦C  with a Jasco (Hachioji City, Tokyo, Japan) J-810

spectropolarimeter using 1  mm-path-length cuvette and a protein concentration of

0.16 mg/ml. For each measurement, a  total of eight spectra were collected, averaged

and corrected by subtraction of  a buffer blank and ellipticity was reported as  the

mean residue molar  ellipticity (!; deg cm2 dmol−1).  Thermal denaturation was  car-

ried out using a 1  mm path-length cuvette at  the same protein concentration in the

same buffer, and measuring the CD signal change at 224.8 nm over the temperature

range  20–100 ◦C at 2 degree intervals with a  settling time of 60 s. The transition

temperatures were estimated from the inflection points of the first derivative of  the

CD signal.

2.8. Capillary zone electrophoresis of oligosaccharides

The  oligosaccharides released by the enzyme action on the xylan from

beechwood was  derivatized with 8-aminopyrene-1,3,6-trisulfonic acid (APTS) by

reductive amination as  described [17].  Capillary zone electrophoresis (CZE) of

oligosaccharides was performed on a P/ACE MQD  instrument (Beckman Coul-

ter)  equipped with laser-induced fluorescence detection. A fused-silica capillary

(TSP050375, Polymicro Technologies) of  internal diameter of 50 !m and total length

of 31 cm was  used as separation column for oligosaccharides. Electrophoresis condi-

tions were 15 kV/70–100 !A  at a  controlled temperature of 20 ◦C. Oligomers labeled

with  APTS were excited at 488 nm  and  emission was collected through a 520 nm

band pass filter.
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Fig. 1. P. brasiliensis sp. nov. has high growth rates in xylan and xylose. (A) Growth of  P.  brasiliensis in MM with either glucose (1%), xylose (2%) or  xylan  from beechwood (2%)

at  30 ◦C. (B) Endoxylanase activities of the supernatant from cultures grown for 120 h at 30 ◦C in glucose (1%), xylose (2%) and xylan from beechwood (2%). (C)  Endoxylanase

activities of the supernatant from culture grown for 96 h at 30 ◦C in xylan from beechwood (2%). The results are the average of three independent assays, and  the error bars

represent standard deviations.

3. Results and discussion

3.1. P. brasiliensis is a major xylanase producer

We have isolated a yeast strain from the intestinal tract of

Chrysomelidae larvae by enrichment of xylose as single carbon

source. Sequence analysis of the 5.8S and Large ribosomal subunit

as well as the internal transcribed spacer regions (ITS) revealed that

this strain (GHG001) is a new species, closely related to P. vetiver,

which was  recently isolated in Thailand associated to vetiver and

sugarcane leaves [18]. Thus  we propose this as  a new species

named P. brasiliensis sp.  nov. (unpublished results). This strain was

able to grow in xylose and xylan to higher levels than in glucose

(Fig. 1A). Subsequently, we verified the induction of  hemicellu-

lases, by evaluating a time course of endo-1,4-!-xylanase activity

when P. brasiliensis sp. nov. was  grown in the presence of xylose,

xylan and glucose as carbon sources. Xylanase activity was higher

in xylan than in xylose, and it was  absent in glucose as carbon

Fig. 2. Purification of  PbXynA. (A) Supernatant and  PbXynA after gel  filtration chromatography were run on a  12%  SDS-PAGE; (L)  ladder, (1) PbXynA purified, (2) supernatant

culture after 2% xylan  from  beechwood induction for 96 h at  30 ◦C. The  PbXynA was identified by MALDI-TOF–TOF yielding 24% sequence coverage (peptides underlined).

Based on BLAST analysis the PbXynA sequence showed a high similarity with GH11 enzymes.
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Fig. 3. Physico-chemical properties of  PbXynA. (A) The effect of  pH on  the PbXynA enzymatic activity. (B) The effect of  temperature on PbXynA enzymatic activity. (C)  Far-UV

CD  spectra of PbXynA at pH 4.0 and 20 ◦C. The circular dichroism spectrum represents an average of eight scans.  (D) Thermal denaturation curve at pH 4.0. The  thermal

denaturation curve was  obtained by monitoring at  224.8 nm and  at a temperature range of 20–100 ◦C. (E) The  influence of branching in PbXynA activity using different

substrates: xylan from beechwood, rye arabinoxylan and wheat arabinoxylan. (F) PbXynA has a  sigmoidal kinetic behavior.

source, suggesting this xylanase is subjected to catabolite repres-

sion (Fig. 1B). Comparison of the P. brasiliensis sp. nov. xylanase

activities at 48 h  with other xylanase activities from filamentous

fungi (for example, compare with Aspergillus niger under the same

conditions [19])  showed that P. brasiliensis sp. nov. has about 20

times higher activity. We also tested the activity of  P. brasiliensis

supernatant after 96 h against a set of plant cell wall polysaccha-

rides (Fig. 1C). This supernatant showed a high activity on xylan

from beechwood and rye arabinoxylan (arabinose to xylose ratio, 38

to 62), indicating xylanases as major induced hemicellulases. The

absence of hydrolysis on carboxymethylcellulose (CMC) indicated

the absence of  cellulase in the crude extract.

3.2. P. brasiliensis endoxylanase (PbXynA) production and

purification

PbXynA was purified with a gel filtration step using a Superdex

75 column. The  PbXynA homogeneity was evaluated by SDS-PAGE

and the apparent molecular weight was approximately 24 kDa

(Fig. 2). PbXynA was the major protein in the P. brasiliensis super-

natant. This band was excised from the gel and digested with

trypsin, and the analysis by MS/MS  and “Basic Local alignment Tool”

(BLAST) clearly showed that PbXynA is very  similar to a hypothet-

ical protein PANT 22d00001 from P. antarctica T-34 which belongs

to GH11 family. The PbXynA was identified by MALDI-TOF–TOF

providing 24% sequence coverage. Blastp analyses of  these pep-

tides against the genome sequence of this strain revealed 100%

identity with a P. brasiliensis sp. nov. open reading frame (data

not shown). Even more, Blastp analyses revealed that PbXynA has

high identity with other xylanases from basidiomycetous yeasts,

such as  P. antarctica [20] (evalue: 2e−127; identity: 82%; simi-

larity: 87%), P. hubeiensis strain SY62 [21] (6e−115;  77%; 86%),

Ustilago hordei [22] (3e−105; 71%; 79%), and U. maydis (7e−101;

74%; 83%).

Adsul et al. [7] have identified two  different xylanases that

have molecular masses of  33.3 kDa (PhX33) and 20.1 kDa (PhX20)

from a strain of  P. hubeiensis and purified them to homogeneity.

Both xylanases produced only xylooligosaccharides with degree

of  polymerization 3–7  without formation of xylose and xylobiose.

Interestingly, five partial peptides of  these xylanases strongly indi-

cate they are novel since there is no significant identity with known

fungal xylanase sequences in the current databases. PbXynA and

PhX20 have similar molecular weights and other comparable bio-

chemical properties. However, we have compared by using Blastp

these five peptides to PbXynA, and observed identity only for

one of them (VVNELFQEDGSFRHTQVNQPSLQGTKNSGSVTLSNHF-

NAWK) at the aminoacid positions 129 to 185 (evalue:  2e−14,

identity: 49%, similarity: 63%). These results strongly suggest that

PbXynA appears to be a novel xylanase in P. brasiliensis sp. nov.

different from P. hubeiensis PhX20.
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Table 1

Kinetic parameters of  PbXynA.

Kinetic parameters PbXynA

Vmax (!moles product/min/mg protein) 2792.15 ± 26.23

K  (mg/ml) 25.04 ± 1.2

nH (Hill coefficient) 6.5 ± 0.2877

Vmax/K 111.49

3.3. PbXynA has a sigmoidal kinetic profile

PbXynA exhibited activity over the pH range 3.0–5.0 with an

optimum at pH  4.0  (Fig. 3A), suggesting that it is an acid xylanase.

It also exhibited maximum xylanase activity at 55 ◦C (Fig. 3B). These

data are according to the literature where the peak xylanase activity

is between pH 4.0 and 6.5 and temperatures are between 40 ◦C and

80 ◦C [4].

The PbXynA far-UV CD spectrum showed a minimum negative

band at 224.8 nm (Fig. 3C), typical of proteins mainly containing

"-sheet structures [23]. This  profile was expected because of the

family GH11 enzyme consists of  a single domain predominantly "-

sheet [24]. The CD technique is also a  very convenient approach for

monitoring protein denaturation and is based on the evaluation of

changes in optical activity as  a function of  temperature or denatur-

ing agent [23]. We followed the PbXynA thermal denaturation by

measuring the change in !  at  224.8 nm,  from 20 to 100 ◦C (Fig.  3D).

The analysis by CD outlined that the midpoint temperature (Tm) for

PbXynA was at 61.18 ◦C. The  optimum temperature was too close

to the Tm,  then by working with temperatures slightly lower than

optimal ensures the integrity of the protein.

We  also analyzed the influence of xylan branching by PbXynA

catalytic efficiency (Fig. 3E). The  activity on rye arabinoxylan was

about 75% relative to  xylan from beechwood (Fig. 3E). Thus the

PbXynA had the ability to bind and hydrolyze decorated xylan.

The ratio xylose to arabinose is the same for rye and wheat arabi-

noxylan (Megazyme) but the wheat arabinoxylan is more insoluble.

Thus, apart from branching rate, the solubility was  an important

substrate parameter for PbXynA catalytic efficiency.

As shown in Fig. 3F, the PbXynA had a sigmoidal profile for

kinetic studies by varying the concentrations of xylan from beech-

wood (Table 1). Enzymes involved in the hydrolysis of plant cell

wall cellulose and  hemicellulose are typically modular, consisting

of conserved catalytic domains and carbohydrate-binding modules

(CBMs), joined by flexible linker sequences. Binding modules facili-

tate catalysis by associating the catalytic domain with its substrates

[25].  Despite the clear advantage of  having CBMs, some glyco-

side hydrolases consist of  a catalytic domain only. The majority

of enzymes from GH11 family lack a  CBM, raising the question of

how these glycoside hydrolases recognize and efficiently catalyze

the hydrolysis of  hemicelluloses [25]. Studies revealed the pres-

ence of other substrate binding regions situated on the surface of

the structural unit that contains the catalytic site, rather than on

an auxiliary domain. These substrate binding sites are located at  a

certain distance from the active site and are called secondary bind-

ing sites (SBS) [26]. The SBSs are present in different regions of the

GH11 xylanases and indicates that the incorporation of an SBS is

a strategy of these single-module xylanases to compensate for  the

lack of CBMs [27]. In the study of Cuyvers et al. [26], the presence

of a SBS gives rise to higher activities on all tested polymeric sub-

strates. For small substrates, the binding of  substrate to the SBS and

the active site appear to be independent of each other. For larger

substrates, on the contrary, cooperative binding occurs and leads

to enhanced hydrolysis of  these substrates [25].

The kinetic parameters analysis showed that the enzyme-

substrate apparent dissociation constant (K) for PbXynA was

25.04 mg/ml, using xylan from beechwood. The Vmax value of

Fig. 4. PbXynA activity is influenced by bivalent ions. (A)  Effects of  cations on the

activity of purified PbXynA. The final cations concentration was  10 mM.  The activ-

ity of the experiment after treatment with Chelex 100 resin was  defined as 100%

(control). (B) The determination of optimal ions concentration on the activity of

PbXynA.

PbXynA was  2792.15 !mol  product/min/mg protein and the Hill

coefficient (nH)  was  6.5  (Table 1). Comparing the Vmax of the

enzyme in this study with others industrially important xylanases,

the high potential of  substrate–product conversion of PbXynA can

be highlighted (Table 2).

3.4. PbXynA is  highly activated by Ca2+ and Mg2+

The effects of  metal ions on the enzyme activity were also

investigated (Fig.  4). The results revealed that the enzyme activ-

ity decreased 62.43% after bivalent ion removal by Chelex 100 resin

(data not  shown) and was  significantly stimulated by K+, Co2+,  Zn2+,

Mg2+ and Ca2+, and completely inactivated by Cu2+ (Fig. 4A). The

effects of other metal ions on the enzyme activity were not sig-

nificant (Fig. 4A). The PbXynA activity was  completely inhibited

by Cu2+ and highly stimulated by Ca2+.  These results were simi-

lar to those obtained for Thermotoga thermarum xylanase [6]. The

xylanase activity was greatly stimulated by Zn2+, Mg2+ and Ca2+,

and was enhanced by nearly 200%, 300% and 400%, respectively, in

the solution of 10 mM  of these ions (Fig.  4B). Our results suggest

that a few metal ions, especially Ca2+, are probably required for

maintaining the structure stability. The activation by bivalent ions

has a great biotechnological appeal since the controlled addition of

ions can highly increase the hydrolysis efficiency during a process.
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Table 2

Properties of G11 eukaryotic endo-1,4-xylanases.

Xylanase Species Mass (kDa)  Vmax (!moles product/min/mg protein) Reference

PbXynA Pseudozyma brasiliensis sp. nov. 24 2792.0 This study

–  Aspergillus ficuum AF-98 35.0 18.38 [35]

XynG2 Aspergillus oryzae RIB40 21 123.0  [36]

EX2 Trichoderma sp. K9301 20.1 526.0  [32]

XylG Paecilomyces thermophila 45.0 7.70 [37]

Fig. 5. PbXynA produces longer xylo-oligosaccharides (XOS) with high degree of  polymerization. Capillary electrophoresis of APTS-labeled XOS produced after xylan from

beechwood hydrolysis by PbXynA.

3.5. PbXynA yielded XOS with high degree of polymerization

We have evaluated which xylose oligomers are produced by

PbXynA (Fig. 5). The PbXynA hydrolyzed xylan from beechwood

yielded a complete set of xylo-oligosaccharides (XOS), such as xylo-

biose, xylotriose, xylotetraose, xylopentaose and xylohexaose. The

production of XOS with a high degree of polymerization (DP) by

PbXynA is not common in other eukaryotic xylanases [28,29]. Fur-

thermore, it is worth noting that during the hydrolysis the high

DP XOS were not hydrolyzed into shorter XOS. Although there is

formation of xylose after  20 h, xylose is considered a byproduct

because the enzyme itself did not form xylose as a main product

but depending on the points of  hydrolysis, there are xylose traces,

and this is very common in xylanases. The different P. hubeiensis

xylanases PhX33 and PhX20 also produced only XOS with DP 3–7

without formation of xylose and xylobiose [7].

XOS are useful for a variety of  purposes [30]. XOS are naturally

present in fruits, vegetables, bamboo, honey and milk, and can be

produced at industrial scale by enzymatic hydrolysis from xylan.

They are non-digestible carbohydrates and have been suggested

to exert prebiotic activity [31].  XOS have been shown to reduce

cholesterol, maintain gastrointestinal health, improve the biologi-

cal availability of calcium [32] and reduce the risk of  colon cancer

in rats [33].  Furthermore, XOS exert beneficial effects on gastroin-

testinal health by increasing mainly the bifidobacteria population

[33], in other words, XOS exert preferential stimulatory effects on

a number of  the health-promoting microorganisms, inhibiting the

population of potential pathogens at relatively low level [34].  In

spite of  their benefits to human health and biochemical impor-

tance, XOs are relatively expensive. The routine methods for XOS

production are costly and require pure monosaccharides. Thus, the

xylanases producing only XOS will probably be the potential bio-

catalysts to produce XOS with  cost-effective technologies [7].

4. Conclusion

The bioprospection of yeast strains that colonize the intestinal

tract of insects that are associated with sugarcane roots provide us

a good strategy to find new enzymes with potential biotechnolog-

ical applications. We have isolated a new basidiomycetous yeast

species P. brasiliensis sp. nov. strain from the intestinal tract of

Chrysomelidae larvae by growth enrichment on xylose. This strain

produces high levels of a xylanase, PbXynA, when grown in xylan

or xylose. This endoxylanase belongs to GH11 family showing

a higher specific activity than other G11 eukaryotic xylanases

previously studied. Furthermore, PbXynA exhibits sigmoidal
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kinetics behavior with a high conversion speed substrate–product,
activation by bivalent ions such as Ca2+ and application in XOS
production with degree of  polymerization 3–6  as  end products
from xylan hydrolysis. Taken together, PbXynA properties show a
great biotechnological potential and commercial value.
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