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รจนา โอภาสศิริ:  การแยกและการศึกษาคุณสมบัติของเบตากลูโคซิเดสจากขาว

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

ββββ12%3+$#"*&#.4)อาจารยท่ีปรึกษา: ผศ. ดร. เจมส เกตุทัต-คารนส, 247  หนา.
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สารพนัธุกรรมท่ีบรรจุรหัสทางพนัธุกรรม !"#$%& สํ าหรับเบตากลูโคซิเดสของขาว 2 ไอ
โซไซม ไดแก !"#$% และ !"#$& ไดถูกเพิ่มปริมาณและหาล ําดับนิวคลีโอไทด '()*+,-.
/./01232 บงชี้วา !"#$% และ !"#$& เปนยีนที่มีหนึ่งชุดบนโครโมโซม $(-*+,-.4 50(*4 /./01232
บงชี้วา !"#$%4แสดงออกมากในใบของตนออนและดอก สวน !"#$'& แสดงออกมากในใบของตน
ออน สภาพแวดลอมมีผลตอการแสดงออกของยีนท้ังสองในตนออนของขาว เบตากลูโคซิเดสไอโซ
ไซมที ่1 ถูกผลิตขึ้นใน ()'*+#, ในรูปของโปรตีนท่ีตออยูกับโปรตีนไทโอรีดอกซนิ ในสภาพที่เรง
ปฏิกิริยาได สวนเบตากลูโคซิเดสไอโซไซมที ่2 อยูในสภาพของโปรตีนที่เกาะกลุมกัน เบตากลูโคซิ
เดสไอโซไซมที่ 1 ยอยสลายโอลิโกแซคคาไรดที่มีพันธะ β6!789&84 6!78:&84 6!78;&4และ 6!78<&4ได
เอนไซมนี้ยังยอยสลายพาราไนโตรฟนอลเบตาดีไกลโคไซด  และกลูโคไซดบางชนิดท่ีพบในธรรม
ชาติได เบตากลูโคซิเดสไอโซไซมที ่1 เรงปฏิกิริยาการนํ ากลูโคสไปเชื่อมตอกับโมเลกุลของโอลิโก
แซคคาไรด  พาราไนโตรฟนอลเบตาดีกลูโคไซด4 เอทธลิแอลกอฮอล และไพริดอกซิน  เอนไซมน้ี
ถูกยบัยัง้การเรงปฏิกิริยาโดยกลูโคโนแลคโตน สารนี้ยังสามารถยับยั้งการงอกของเมล็ดขาวได การ
วิเคราะหล ําดับนิวคลีโอไทดของฐานขอมูลจีโนมขาวพบวามียีนของเบตากลูโคซิเดสจํ านวน 49 ยีน
จากการวิเคราะห ='>2 พบวายีนที่มีการแสดงออกมีจํ านวน 26 ยีน
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444444444444H-(5,42H,"3?3"3*14FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF4O<

:F7; $(-*+,-.650(*4/./012324(?4!"#$%4/.B4!"#$&4*-/.2"-3H*40,J,0243.4J/-3()2

444444444444*322),24?-(D4a6B/16(0B4-3",42,,B03.A24/.B4<6@,,M6(0B4D/*)-,4H0/.*24FFFFFFFFFFFF4Ob

:F7N $(-*+,-.650(*4/./012324(?4!"#$%4/.B4!"#$&4*-/.2"-3H*40,J,0243.4-3",

44444444444442,,B03.A24/*4B/124P4*+-()A+47;4(?4A,-D3./*3(.4FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF4OO

:F7< U$%4A,0650(*4/./012324(?4!"#$%4/.B4!"#$&4*-/.2"-3H*40,J,0243.4-3",

4444444444442,,B03.A24/?*,-4A-(@3.A4).B,-4J/-3()24,.J3-(.D,.*/04"(.B3*3(.24FFFFFFFFFFFFFFFF47P7

:F7a 7g4/A/-(2,4A,04,0,"*-(H+(-,2324(?4U>6SQU4H-(B)"*24FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF47P;

:F7b 7g4/A/-(2,4A,04,0,"*-(H+(-,2324(?4U>6SQU4H-(B)"*24*(4B,*,-D3.,4*+,

444444444444DU$%40,J,0243.4J/-3()24H/-*24(?4-3",42,,B03.A24FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF47PN

:F7O ',D3G)/.*3*/*3J,4U>6SQU4*(4B,*,-D3.,4*+,4!"#$%4/.B4!"#$&4DU$%

4444444444440,J,0243.44J/-3()24*322),24(?4N6B/16(0B4-3",42,,B03.A24FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF47P<

:F9P '#'6S%L=4(?4-,"(D53./.*4KL0)74H-(*,3.4,IH-,22,B43.4*+,4H=>9:B4!c&

444444444444/.B4H=>:9/!c&4212*,D24FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF47PO
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0WOVUM 444444444444444 4444444444?SOM

:F97! '#'6S%L=4(?4-,"(D53./.*4KL0)94H-(*,3.4,IH-,22,B43.4*+,4H=>:9/!c&

212*,D4FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF477P

:F99 Q(DH/-32(.4(?4β6A0)"(23B/2,4/"*3J3*14(?4H=>:9/!c&6!"#$%4,IH-,22,B43. 44

444444444444W-3A/D3!#=:&4(')*+#,44/?*,-43.")5/*3(.43.4*+,4H-,2,.",4(?4J/-3()24RS>L

444444444444"(.",.*-/*3(.24?(-4P4*(47b4+4FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF4779

:F9: Q(DH/-32(.4(?4β6A0)"(23B/2,4/"*3J3*14(?4H=>:9/!c&6!"#$%4,IH-,22,B43. 44

444444444444W-3A/D3!#=:&4()'*+#,44/?*,-43.")5/*3(.43.4*+,4H-,2,.",4(?4PF;4DZ4RS>L8

444444444444/*4B3??,-,.*4*,DH,-/*)-,24?(-4P4*(47b4+4FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF477:

:F9; '#'6S%L=4H-(?30,24(?4-,"(D53./.*4KL0)94H-(*,3.4,IH-,22,B43.

444444444444H=>9:B4!c&4/.B4H=>:9/!c&4212*,D24FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF477N

:F9N! RDD).(50(*24(?4-,"(D53./.*4H-(*,3.24,IH-,22,B43.4()'*+#,'FFFFFFFFFFFFFFFFFFFFFFFFFF77<

:F9< ]1B-(012324/.B4*-/.2A01"(210/*3(.4(?4(03A(2/""+/-3B,24514-3",

444444444444KL0)74B,*,"*,B4514>EQ4FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF477O

:F9a '"+,D,4(?4*+,4+1B-(012324/.B4*-/.2A01"(210/*3(.4(?40/D3./-36

444444444444(03A(2/""+/-3B,24514-3",4KL0)74FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF479P

:F9b S-(B)"*42H,"3?3"3*14(?4-3",4KL0)74/24/22/1,B4@3*+4H$S6β64#6",00(53(23B,

444444444444/.B4B,*,"*,B4514>EQ4FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF479:

:F9O ]SEQ4,0)*3(.4H-(?30,24(?4*+,4H-(B)"*24(?4+1B-(012324(?4H1-3B(I3.,

444444444444A0)"(23B,4514-3",4KL0)74FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF479;

:F:P! ]1B-(012324(?4H1-3B(I3.,6Ne6W6β6#6A0)"(23B,4514-3",4KL0)74B,*,"*,B

444444444444514>EQ4FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF479N



XVII

%WRQ)JX)0WOVUMR)!+JIQWIVMN4

0WOVUM 444444444444444 4444444444?SOM

:F:7 %"3B3"4./*3J,4S%L=4!Ng&4A,04C1D(A-/D24(?4*+3(-,B(I3.4?)23(.4KL0)7

444444444444,IH-,22,B43.4W-3A/D3!#=:&4()'*+#,'FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF479<

:F:9 ]1B-(012324(?4N65-(D(6;"+0(-(6:63.B(0106β6#6A0)"(23B,4!`6A0)"(23B,&

444444444444514-3",4KL0)74FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF479<

:F:: Q+,D3"/042*-)"*)-,24(?42(D,4/-*3?3"3/04A01"(23B,42)52*-/*,24)2,B43.

444444444444B,*,-D3.3.A42)52*-/*,42H,"3?3"3*14(?4-3",4β6A0)"(23B/2,4FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF479a

:F:; Q+,D3"/042*-)"*)-,24(?42(D,4./*)-/04A01"(23B,42)52*-/*,24)2,B43.

444444444444B,*,-D3.3.A42)52*-/*,42H,"3?3"3*14(?4-3",4β6A0)"(23B/2,4FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF479b

:F:N $/*3J,4D(0,")0/-4@,3A+*4(?4-3",4KL0)74/24,2*3D/*,B4514A,04?30*-/*3(.4FFFFFFFFF47:P

:F:< H]4H-(?30,4(?4/"*3J3*14?(-4KL0)74(J,-4/4H]4-/.A,4:FP4*(4774/22/1,B4@3*+

44444444444474DZ4H$SL4/*4:P°Q4?(-47P4D3.4FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF47:7

:F:a >+,4H]42*/5303*14(?4KL0)74/?*,-43.")5/*3(.4?(-47P4D3.4*(49;4+4/*49N°Q4FFFFFFF47:7

:F:b >,DH,-/*)-,4H-(?30,4(?4KL0)74/22/1,B4@3*+474DZ4H$SL4?(-47P4D3.4/* 44

*,DH,-/*)-,24-/.A3.A4?-(D4N4*(4aP°Q4FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF47:9

:F:O >+,-D(2*/5303*14(?4KL0)743.")5/*3.A4/*49P6<P°Q4FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF47:9

:F;P R.+353*3(.4(?4KL0)74514]A9c4FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF47:N

:F;7 %"*3J3*14H-(?30,4(?4KL0)74@3*+474DZ4H$SL4!H]4NFP4/*4:P°Q4?(-

4444444444447P4D3.84-,2H,"*3J,01&43.4*+,4H-,2,.",4(?4J/-3()24"(.",.*-/*3(.24(?4'#'4FFFFF47:<

:F;9 %"*3J3*14H-(?30,4(?4KL0)743.4*+,4H-,2,.",4(?4J/-3()24"(.",.*-/*3(.2

444444444444(?496D,-"/H*(,*+/.(04/22/1,B4@3*+474DZ4H$SL4!H]4NFP&4/*4:P°Q4?(-

444444444447P4D3.4FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF47:<



XVIII
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0WOVUM 444444444444444 4444444444?SOM

:F;: %"*3J3*14H-(?30,4(?4KL0)743.4*+,4H-,2,.",4(?4J/-3()24"(.",.*-/*3(.2

444444444444(?4,*+104/0"(+(04/22/1,B4@3*+474DZ4H$SL4!H]4NFP&4/*4:P°Q4?(-47P4D3.4FFFF47:a

:F;; >-/.2A0)"(210/*3(.4(?4H$SL4)23.A4-3",4β6A0)"(23B/2,4!PFP74.D(0&

4444444444443.")5/*,B4@3*+4J/-3()24"(.",.*-/*3(.4(?4H$SL43.4NP4DZ4$/W%"4H]4NFP

4444444444445)??,-43.47PP4µ04-,/"*3(.24/*4:P°Q4?(-474*(49;4+4FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF47:O

:F;N >-/.2A0)"(210/*3(.4(?4J/-3()24"(.",.*-/*3(.24(?4,*+104/0"(+(04)23.A4-3",

444444444444β6A0)"(23B/2,4!PFP74.D(0&43.")5/*,B4@3*+4J/-3()24"(.",.*-/*3(.4(?4H$SL

4444444444443.4NP4DZ4$/W%"4H]4NFP45)??,-4/*4:P°Q4?(-4:4+43.47PP4µ04-,/"*3(.24FFFFFFFFFFF47;7

:F;< >-/.2A0)"(210/*3(.4(?49P4DZ4H1-3B(I3.,4)23.A4-3",4β6A0)"(23B/2,

444444444444!PFP74.D(0&43.")5/*,B4@3*+4J/-3()24"(.",.*-/*3(.4(?4H$SL43.4NP4DZ

444444444444$/W%"4H]4NFP45)??,-43.47PP4µ04-,/"*3(.4/*4:P°Q4?(-474*(49;4+4FFFFFFFFFFFFFFFFFFFF47;;

:F;a ]SEQ4,0)*3(.4H-(?30,24(?4*+,4*-/.2A01"(210/*3(.4H-(B)"*24(?44H1-3B(I3.,

444444444444)23.A4-3",4KL0)74FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF47;N

:F;b '*-)"*)-,4(?)H1-3B(I3.,6Ne6W6β6#6A0)"(23B,4FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF47;<

:F;O '"+,D,4(?4*+,4*-/.2?,-4(?4A0)"(2,4?-(D4H$SL4*(4H1-3B(I3.,4*(4?(-D

444444444444H1-3B(I3.,6Ne6W6β6#6A0)"(23B,4514-3",4KL0)74FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF47;<

:FNP =??,"*4(?4A0)"(.(678N60/"*(.,4!P67PP4DZ&4(.4P4*(4;6B/16(0B4-3",

444444444444A,-D3./*3(.84A-(@*+4/.B4B,J,0(HD,.*4FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF47;b

:FN7 S,-",.*4(?4-3",42,,B24/.B42,,B03.A24!/*4J/-3()242*/A,2&4A-(@.43.4*+,

444444444444H-,2,.",4(?4P67PP4DZ4A0)"(.(678N60/"*(.,4?-(D4B/14P4*(B/14;4FFFFFFFFFFFFFFFFF47;O

:FN944444S-,B3"*,B4A,.,42*-)"*)-,4H/**,-.24?(-4H)*/*3J,4-3",4β6A0)"(23B/2,4A,.,24FFFFFF47N:



XIX

%WRQ)JX)0WOVUMR)!+JIQWIVMN4

0WOVUM 4444444444444444444444444 4444444444?SOM

:FN: _.-((*,B4H+10(A,.,*3"4*-,,4(?4-3",4β6A0)"(23B/2,4A,.,4?/D3014*(A,*+,-

444444444444@3*+4(*+,-4H0/.*4β6A0)"(23B/2,24FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF47N;



XX

%WRQ)JX)&YYUMZSQWJIR

% %52(-5/.",

%DH %DH3"3003.

%>S %B,.(23.,4*-3H+(2H+/*,

5H K/2,4H/3-2

K'% K(J3.,4',-)D4%05)D3.

°Q #,A-,,4",023)2

"#$% Q(DH0,D,.*/-14B,(I1.)"0,3"4/"3B

Q>S Q1*(23.,4*-3H+(2H+/*,

#=SQ #3,*+104H1-("/-5(./*,

#$% #,(I1-35(.)"0,3"4/"3B

B$>S24 B%>S84BQ>S84BL>S4/.B4B>>S

#S #,A-,,4(?4H(01D,-3C/*3(.

=#>% =*+10,.,4B3/D3.,4*,*-//",*3"4""3B

='> =IH-,22,B4',G),.",4>/A

A L-/J3*/*3(./04/"",0,-/*3(.

L>S L)/.3B3.,4*-3H+(2H+/*,

!D84.&4A4 !D300384./.(&4L-/D

+4 ]()-

]SEQ ]3A+4H,-?(-D/.",403G)3B4"+-(D/(A-/H+1

RS>L R2(H-(H106β6#6*+3(A/0/"*(H1-/.(23B,

M#/ V30(4#/0*(.



XXI

%WRQ)JX)&YYUMZSQWJIR)!+JIQWIVMN4

D3. Z3.)*,

!D84µ84.&4Z !D300384D3"-(84./.(&4Z(0/-

!D84µ&4E4 !D300384D3"-(&4E3*,-

!µ84.84HD(0&4D(0 !D3"-(84./.(84H3"(&4Z(0,

DU$% Z,22,.A,-4-35(.)"0,3"4/"3B

Z- Z(0,")0/-4@,3A+*

;Z_L0" ;6Z,*+10)D5,00-3?,-106β6#6A0)"(23B,

$603.M $)D5,-4(?4/2H/-/A3.,603.M,B4A01"(210/*3(.423*,2

W# WH*3"/04B,.23*1

S%L= S(01/"-10/D3B,4A,04,0,"*-(H+(-,232

SQU S(01D,-/2,4"+/3.4-,/"*3(.

HR R2(,0,"*-3"4H(3.*

H$S H6$3*-(H+,.(0

H$SL H6$3*-(H+,.(06β6#6A0)"(23B,

U$% U35(.)"0,3"4/"3B

U$/2, U35(.)"0,/2,

'#' '(B3)D4B(B,"1042)0?/*,

24444444444444444444444444444444444444444444444',"(.B

''Q '/03.,42(B3)D4"3*-/*,

>=Z=# >,*-/D,*+10,.,B3/D3.,

>-32 >-326!+1B-(I1D,*+10&6/D3.(,*+/.,

>>S >+1D3B3.,4*-3H+(2H+/*,



XXII

%WRQ)JX)&YYUMZSQWJIR)!+JIQWIVMN4

_[ _0*-/J3(0,*

_ _.3*84µD(0fD3.

JfJ [(0)D,fJ(0)D,

!

!



!"#$%&'()

)*%'+,-.%/+*

010(23&'3/&4(+5(ββββ678-.+9/,#9&9

! β!"#$%&'()*'+', -β!"#$%&'()+, "#$%&./)0&#*'+'1, 23, 456575678, %*9*#/:+, 9.+

./)0&#/'(', &;, *#</#!, *=), *0/#!, β!"#$%&'()+'>, *', ?+##, *', )("#$%&'()+', *=), &#("&'*%!

%.*0()+'>, 9&, 0+#+*'+,"#$%&'+,*=),*"#/%&=+, -@++'+>, 7ABB85, ,C.+'+, +=:/D+', *0+, ;&$=)

?()+#/,(=,D(%0&&0"*=('D'>,*=(D*#',*=),E#*=9'>,(=)(%*9(=",9.+(0,"+=+0*#,(DE&09*=%+,9&

#(;+5,,C.+0+;&0+>,β!"#$%&'()*'+,'90$%9$0+'>,%*9*#/9(%,E0&E+09(+'>,*=),F(&#&"(%*#,;$=%9(&='

*0+, &;, (=9+0+'95, , @+%+=9#/>, β!"#$%&'()*'+', .*G+, F++=, '9$)(+), F/, D*=/, 0+'+*0%.+0'

F+%*$'+, &;, 9.+(0, (DE&09*=9, 0&#+', *=), D+)(%*#>, F(&9+%.=&#&"(%*#>, *"0(%$#9$0*#, *=)

(=)$'90(*#,*EE#(%*9(&='5

! H=, D(%0&&0"*=('D'>, β!"#$%&'()*'+', .*G+, *=, (DE&09*=9, 0&#+, (=, F(&D*''

%&=G+0'(&=, -9.+,./)0&#/'(',&;, %+##$#&'+, *=),%+##&F(&'+85, ,C.(',E0&%+'',.*', (DE&09*=9

*EE#(%*9(&=', (=, (=)$'90/>, '$%., *', 9.+,E0&)$%9(&=,&;, *#%&.&#,F*'+), ;$+#', -I&9.*'9, *=)

J*.*>,7AAB8,*=),'$"*0,-K&&)?*0),*=),K('+D*=>,7AL685,,H=,*))(9(&=>,9.+'+,+=:/D+'

.*G+, F++=, $'+), (=, )+"0*)*9(&=, &;, E&#/'*%%.*0()+, ?*'9+'>, )+G+#&ED+=9, &;, =&G+#

%*0F&./)0*9+, ;&&)'>, *=), 0+#+*'+, &;, *0&D*9(%, %&DE&$=)', ;0&D, ;#*G&0#+'', "#$%&'()+

E0+%$0'&0',(=,?(=+,*=),;0$(9,M$(%+,E0&%+''(=",-@(&$,!"#$%5>,7AAL85

!N*DD*#', %&=9*(=, 9?&, β!"#$%&'()*'+'>, #/'&'&D*#, "#$%&%+0+F0&'()*'+, *=)

%/9&'&#(%, β!"#$%&'()*'+5, , O#$%&%+0+F0&'()*'+>, %*9*#/:+', 9.+, )+"0*)*9(&=, &;, 9.+
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"#/%&'E.(="&#(E(),"#$%&%+0+F0&'()+, 9&,"#$%&'+,*=),%+0*D()+, -I+$9#+0>,7AA685, , H9, .*'

*=,*%()(%,EP,&E9(D$D5, ,Q+;(%(+=%/,&;, 9.(',+=:/D+, (=, 9.+, #/'&'&D+,%*$'+',O*$%.+0

)('+*'+>,?.(%.,0+'$#9',;0&D,D$9*9(&=',(=,9.+,"+=+,+=%&)(=",9.+,+=:/D+,9.*9,0+'$#9,(=

*#9+0+),β!"#$%&'()*'+,;&0D',?.(%.,#*%<,%*9*#/9(%,*%9(G(9/,&0,*0+,=&9,E0&E+0#/,9*0"+9+)

9&,9.+,#/'&:/D+5,,K.+=,%*9*#/9(%,*%9(G(9/,&;,9.+,+=:/D+,(',#*%<(=">,9.+,*%%$D$#*9(&=

&;,9.+,"#/%&'E.(="&#(E(),"#$%&'/#%+0*D()+,(=,9.+,#/'&'&D+,&;,0+9(%$#&+=)&9.+#(*#,%+##'

&%%$0', -I+$9#+0>, 7AA685, , J9$)(+', .*G+, F++=, %&=)$%9+), 9&, (=G+'9("*9+, 9.+, '90$%9$0+!

;$=%9(&=, 0+#*9(&='.(E', *=), D+%.*=('D, &;, %*9*#/'(', (=, &0)+0, 9&, $=)+0'9*=), 9.+

D&#+%$#*0,E*9.&#&"/,&;,O*$%.+0,)('+*'+>,*=),9&,$'+, 9.+,+=:/D+,&0,"+=+, 9.+0*E/, ;&0

90+*9D+=9,&;, 9.(',)('+*'+5, , H=,%&=90*'9>,%/9&'&#(%,β!"#$%&'()*'+>,?.(%.,F+#&="', 9&, 9.+

"#/%&'/#,./)0&#*'+,;*D(#/,7>,.*',*,G+0/,F0&*),'$F'90*9+,'E+%(;(%(9/,*=),(',D&'9,*%9(G+

*9, =+$90*#, EP5, , C.+, E./'(&#&"(%*#, ;$=%9(&=, &;, 9.(', +=:/D+, (', &F'%$0+>, F$9, (9, )&+'

./)0&#/:+,9&R(%,E#*=9,"#/%&'()+',;&$=),(=,9.+,)(+95

H=,E#*=9'>,β!"#$%&'()*'+',.*G+,F++=,(DE#(%*9+),(=,'+G+0*#,(DE&09*=9,;$=%9(&='>

(=%#$)(=", )+;+='+>, E./9&.&0D&=+, 0+"$#*9(&=>, #("=(;(%*9(&=>, *=), 0+#+*'+, &;, "#$%&'+

;0&D,&#("&'*%%.*0()+'5, , H=,)+;+='+,*"*(='9,E*9.&"+=',*=),.+0F(G&0+'>,β!"#$%&'()*'+'

*%9,F/,0+#+*'(=",9&R(%,)+;+='+,%&DE&$=)'>,'$%.,*',%&$D*0(='>,'*E&=(='>,9.(&%/*=*9+'>

./)0&"+=, %/*=()+>, ./)0&R*D(%, *%()', *=), 9+0E+=+', -I+##>, 7AL71, 3&==>, 7AA41

S(+D+/+0>, 7ALL1, S('($'>, 7ALL1, T&$#9&=>, 7AAU1, J*.(, !"# $%5>, 7AAU8>, *=), F/, 0+#+*'(="

(=)$%+), ;*%9&0'>, '$%., *', G&#*9(#+', 9.*9, *990*%9, E*0*'(9&()', &;, 9.+, .+0F(G&0+', 9&, *99*%<

9.+D,-N*99(*%%(,!"#$%5>,7AAV85,,β!"#$%&'()*'+',0+"$#*9+,9.+,F(&#&"(%*#,*%9(G(9/,&;,E#*=9

E./9&.&0D&=+'>, '$%., *', %/9&<(=(='>, "(FF+0+##(='>, *$R(=', *=), *F'%('(%, *%()', F/

0+#+*'(=", *%9(G+, ;&0D', ;0&D, (=*%9(G+, .&0D&=+, "#$%&'()+, %&=M$"*9+', -O*'<(=, *=)

N*%N(##(*=>,7ABV1,O*="$#/,!"#$%5>,7ABW1,I0:&F&.*9/,!"#$%&>,7AAW1,N(##F&00&?>,7ABU85
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X+*.,!"#$%5, -7AAV8, *=),P0D&G*,!"#$%5, -7AAL8, ;&$=), 9.*9,F*0#+/,β!"#$%&'()*'+, -IOY

ZU8, ./)0&#/:+), %+##&F(&'+>, #*D(=*0(F(&'+, *=), &9.+0, '.&09!%.*(=, E&#/'*%%.*0()+'

E0&)$%+), F/, %+##$#*'+', *=), β!"#$%*=*'+'5, , β!O#$%&'()*'+', *0+, *#'&, %0(9(%*#, ;&0

*%9(G*9(&=,&;,#("=(=,E0+%$0'&0'>,0+#+*'+,&;,E#*=9,G&#*9(#+',;0&D,9.+(0,"#/%&'()+,'9&0*"+

;&0D'>,*=),D+9*F&#('D,&;,D*=/,&9.+0,(DE&09*=9,=*9$0*#,E0&)$%9',-2'+=>,7AA41,JG*'9(

!"#$%&>,7AAA1,O++0#(="',!"#$%&>,6UUU85

J$F'90*9+, 'E+%(;(%(9/, &;, β!"#$%&'()*'+', .*', F++=, 9.+, '$FM+%9, &;, +R9+='(G+

0+'+*0%.,&G+0,9.+,E*'9,)+%*)+5,,C.+0+,*0+,G*0(&$',=*9$0*#,'$F'90*9+',&;,β!"#$%&'()*'+'>

'$%.,*','9+0&(),β!"#$%&'()+'>, 9.+,β!"#$%&'/#,%+0*D()+',&;,D*DD*#'>, 9.+,%/*=&"+=(%

β!"#$%&'()+', &;, E#*=9, '+%&=)*0/, D+9*F&#('D, *=), &#("&'*%%.*0()+, E0&)$%9', 0+#+*'+)

;0&D,)("+'9(&=,&;, 9.+, %+##$#&'+,&;,E#*=9, %+##!?*##', -3#*0<+,!"# $%5>, 7AA485, , H=, ;*%9>,β!

"#$%&'()*'+',;0&D,)(;;+0+=9,'&$0%+',.*G+,'(D(#*0,'E+%(;(%(9/,;&0,"#/%&=+,-"#$%&'+8,*=)

'&D+, =&=!E./'(&#&"(%*#, *"#/%&=+, D&(+9(+'>, '$%., *', E!=(90&E.+=&#, -2'+=>, 7AA485

P&?+G+0>, (=, E#*=9'>, 9.+, *"#/%&=+, 'E+%(;(%(9/, &;, β!"#$%&'()*'+', .*', F++=, ?+##

+'9*F#('.+), F/, =$D+0&$', '9$)(+', -+5"5, I*F%&%<, *=), 2'+=>, 7AAW1, P['+#, *=), 3&==>

7AL61,P$".+',*=),Q$==>,7AL685,,C.+,*"#/%&=+,D&(+9(+'>,?.(%.,*0+,(DE&09*=9,;&0,9.+

'E+%(;(%(9/, &;, E#*=9, β!"#$%&'()*'+'>, (=%#$)+, E#*=9, .&0D&=+'>, ./)0&R*D(%, *%()'>

;#*G&=&#'>,%/*=&"#$%&'()+',*=),D*=)+#&=(90(#',-JD(99,*=),\*=,J9*)+=>,7ABL1,3*DE&'

!"#$%5>,7AA41,3$+G*',!"#$%5>,7AA61,S(+D*/+0>,7ALL1,3&==>,7AA485,,J(=%+>,*',D+=9(&=+)

*F&G+>, 9.+'+, *"#/%&=+, D&(+9(+', *0+, (DE#(%*9+), (=, *, =$DF+0, &;, ;$=%9(&=', (=, E#*=9

D+9*F&#('D,(9,'.&$#),F+,+DE.*'(:+),9.*9,9.+,*"#/%&=+,(',(DE&09*=9,(=,)+9+0D(=(=",9.+

'E+%(;(%(9/,&;,β!"#$%&'()*'+',(=,E#*=9',-P['+#,*=),3&==>,7AL685
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01:(!#%#8;%/.(<&."#*/9<(+5(ββββ678-.+9/,#9&9

β!"#$%&'()*'+', ;*##, (=9&, 0+#*9+), "0&$E', %*##+), "#/%&'/#, ./)0&#*'+, -OP8

;*D(#(+'>,?(9.,D&'9,E#*=9,β!"#$%&'()*'+',%.*0*%9+0(:+),'&,;*0,;*##(=",(=,OP,]*D(#/,7

-P+=0(''*9>, 7AA71,P+=0(''*9, *=),I*(0&%.>7AA4>, 7AAZ85, , J+G+0*#, '90$%9$0+', .*G+, F++=

'&#G+),;&0,OP,;*D(#/,7,+=:/D+'>,?.(%.,*0+,-β^α8L,F*00+#',?(9.,9.+,%*9*#/9(%,*%()!F*'+

*=), %*9*#/9(%, =$%#+&E.(#+>, $'+), ;&0, ./)0&#/'(', ?(9., 0+9+=9(&=, &;, *=&D+0(%

%&=;("$0*9(&=>,&=,β!'90*=)',W,*=),B>,0+'E+%9(G+#/,-I*00+99,!"#$%&>,7AAV1,_+=<(=',!"#$%&>

7AAV1, P+=0(''*9, !"# $%&>, 7AAV85, , C.+, '$F'90*9+, F(=)(=", '(9+, #(+', (=, *, ;$==+#!'.*E+)

E&%<+9,&=,9.+,3!9+0D(=*#,+=),&;,9.+,β!F*00+#>,*=),0+'()$+',;&$=),(=,9.(',0+"(&=,)(%9*9+

9.+,'$F'90*9+!'E+%(;(%(9/,&;, 9.+,+=:/D+,-I*00+99,!"#$%&>,7AAV1,I$0D+('9+0,!"#$%&>,7AAB1

3:M:+<, !"# $%&>, 6UUU>, 6UU785, , C.(', 'E+%(;(%(9/,D*/, F+, `$(9+, F0&*), &0, =*00&?, F&9., (=

9+0D',&;,*"#/%&=+,*=),"#/%&=+,D&(+9(+'>,F$9,β!Q!"#$%&'+,*=),β!Q!;$%&'+,*0+,"+=+0*##/

9.+,D&'9,*%9(G+,"#/%&=+',-2'+=>,7AA485

C.(', '90$%9$0*#, &0"*=(:*9(&=, (', *#'&, ;&$=), (=, ]!R/#*=*'+'>, β!"*#*%9&'()*'+'

-;*D(#/,68>,F*%9+0(*#,%.(9(=*'+',-;*D(#/,7L8>,*=),β!"#$%*=*'+',-;*D(#/,7B8,-P+00(''*9,!"

$%5>,7AAV1,T+00*<(',!"#$%5>,7AAW>,_+=<(=,!"#$%5>,7AAV85,,P&?+G+0>,9.+,%*9*#/9(%,0+"(&=,(=

F&9., F*%9+0(*#, %.(9(=*'+, *=), F*0#+/, "#$%*=*'+', -7!4>, 7!W!β!"#$%*=*'+, ('&+=:/D+, 2HH

*=),7!4!β!"#$%*=*'+,('&+=:/D+,OHH8,(',)(;;+0+=95,,C.+(0,*%9(G+,'(9+',*0+,(=,9.+,;&0D,&;

"0&&G+',&0,%.*==+#',#&%*9+),*%0&'',9.+,3!9+0D(=$',&;,9.+,F*00+#,-\*0".+'+,!"#$%5>,7AAW>

T+00*<(', !"# $%5>, 7AAW85, , @+9*(=(=", "#/%&'()*'+', %*9*#/:+, *, 9?&!'9+E, 0+*%9(&=, F/

+DE#&/(=",*,D+%.*=('D, (=G&#G(=",*, %&G*#+=9,"#/%&'/#!+=:/D+, (=9+0D+)(*9+, ;&0D+)

*=), ./)0&#/:+), ?(9., *%()^F*'+, %*9*#/9(%, *''('9*=%+, G(*, &R&%*0F+=($D, (&=!#(<+

90*='(9(&=, '9*9+', -K(9.+0'>, 6UU785, , H=, 9.+, ;(0'9, E*09, , &;, 9.+, %*9*#/9(%, %/%#+>, &=+, O#$
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0+'()$+,&=,β!'90*=),B,*%9',*',*,=$%#+&E.(#+, 9&?*0),9.+,*=&D+0(%,%*0F&=,-3!78,&;, 9.+

'$F'90*9+,*=),;&0D',*,%&G*#+=9,"#/%&'/#!+=:/D+,(=9+0D+)(*9+>,*=),9.+,'+%&=),O#$,&=

β!'90*=),W,)&=*9+',(9',E0&9&=,9&,9.+,#+*G(=",*"#/%&=5,,C&,0+"+=+0*9+,;0++,+=:/D+>,9.+

'+%&=),O#$, *%9', *', *, F*'+, %*9*#/'9, 9&, *%9(G*9+, *, ?*9+0,D&#+%$#+>, ?.(%., E+0;&0D', *

=$%#+&E.(#(%, *99*%<, &=, 9.+, %&G*#+=9, "#/%&'/#!+=:/D+, (=9+0D+)(*9+>, 0+#+*'(=", 9.+

"#$%&'+,*=),0+"+=+0*9(=",9.+,=$%#+&E.(#(%,O#$,%*0F&R/#*9+,-K(9.+0'>,6UU785

C.0++!)(D+='(&=*#,'90$%9$0+',&;,'+G+0*#,&;,9.+'+,"#/%&'/#!+=:/D+,%&DE#+R+'>

*#&=", ?(9., 9.&'+, &;, N(%.*+#(', %&DE#+R+'>, .*G+, F++=, )+9+0D(=+), 9.0&$"., a!0*/

%0/'9*##&"0*E.(%, *=*#/'('>, 0+G+*#(=", 9.+, ()+=9(9(+', &;, (DE&09*=9, *D(=&, *%(), 0+'()$+'

(=G&#G+), (=, %*9*#/'(', -Q*G(+', *=), P+=0(''*9>, 7AAV>, N%3*09+0, *=), K(9.+0'>, 7AAW85

C.+/, 0+G+*#, 9.+, (=G&#G+D+=9,&;, 9.+, %*0F&=/#, &R/"+=, &;, 9.+, %*9*#/9(%, =$%#+&E.(#+, (=

'90&=",./)0&"+=,F&=)(=",9&,9.+,'$"*0,6!./)0&R/#,;&0,9.+,β!0+9*(=+0',&0,(=,(=9+0*%9(&='

?(9.,9.+,0(=",&R/"+=,;&0,α!0+9*(=+0'5,,C.+,"#$%&'+,0(=",(=,9.+,b7,-%#+*G*"+8,'(9+,(=,9.+

(=9+0D+)(*9+', ;&0D+),&=,'+G+0*#,%+##$#*'+',*=),*,β!"#$%&'()*'+,*)&E9', *,=&0D*#, W37

%.*(0,%&=;&0D*9(&=,-]("$0+,75785,,I/,%&=90*'9,9.+,R/#&'+,0(=",*9,9.(','(9+,(=,*,R/#*=*'+

(','$F'9*=9(*##/,)('9&09+),(=9&,*,6>VI,F&*9,%&=;&0D*9(&=,-N%3*09+0,*=),K(9.+0'>,7AAW85

c#9.&$"., 9.+, D+%.*=('D, &;, %*9*#/'(', *=), 9.+, 0&#+', &;, 9.+, 9?&, %*9*#/9(%

"#$9*D*9+', .*', F++=, +R9+='(G+#/, '9$)(+)>, 9.+, )+9+0D(=*9(&=, &;, 9.+, E0+%('+, '$F'90*9+

'E+%(;(%(9/>,(=%#$)(=",9.+,'(9+,*=),D+%.*=('D,&;,*"#/%&=+,F(=)(=",'9(##,0+D*(=5,d=9(#

0+%+=9#/>,9.+0+,?*',#(99#+,&0,=&,(=;&0D*9(&=,*',9&,.&?,β�!"#$%&'()*'+',0+%&"=(:+,9.+(0

'$F'90*9+',*=),(=9+0*%9,?(9.,9.+D>,'E+%(;(%*##/,9.+,*"#/%&=+,D&(+9/,-\+0)&$%`,!"#$%5>

6UU485

C.+, 0+%+=9#/, 0+'&#G+), %0/'9*#, '90$%9$0+', &;,D*(:+,β!"#$%&'()*'+, 7, -3:M:+<,!"

$%&>,6UUU>,6UU78,()+=9(;(+),9.+,*D(=&,*%()',?(9.(=,9.+,*%9(G+,'(9+,9.*9,*0+,(=G&#G+),(=
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"#/%&=+, 0+%&"=(9(&=, *=), F(=)(=", -Y4L>,P7W6>, 27A7>, 2WUZ>, 2WZW, *=),KWZV85, , C.+

D*M&0, D+%.*=('D, &;, *"#/%&=+, 0+%&"=(9(&=, *=), F(=)(=", *EE+*0', 9&, F+, *0&D*9(%

'9*%<(=", *=), π!(=9+0*%9(&=', F+9?++=, *0&D*9(%, *"#/%&=+', *=), 9.+, *F&G+!D+=9(&=+)

*D(=&,*%()'5, ,J+G+0*#,&9.+0,*D(=&,*%()', -+5"5>,T4BB>,Q6Z7>,N6Z4>,cWZB,*=),eWB48

?+0+,*#'&,()+=9(;(+),9&,F+,E&9+=9(*##/,(=G&#G+),(=,'$F'90*9+,'E+%(;(%(9/, -3:M:+<,!"#$%&>

6UUU85

=/7-'&( 010( O+=+0*##/, *%%+E9+), +=)&%/%#(%, E*9.?*/, &;, 9.+, )&$F#+, )('E#*%+D+=9

D+%.*=('D,E0&E&'+),;&0,0+9*(=(=",β!"#$%&'()*'+',-2'+=>,7AA485
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01>(?-@9%'#%&(9$&./5/./%;(+5($8#*%(78;.+9;8(";,'+8#9&9

C.+, ;$=)*D+=9*#, ;*%9&0', )+9+0D(=(=", '$F'90*9+, 'E+%(;(%(9/, &;, +=:/D+', *0+

%&=;&0D*9(&=*#,*=),%.+D(%*#,%&DE#+D+=9*0(9/,F+9?++=, 9.+,'$F'90*9+,*=), (9',F(=)(="

'(9+, &=, 9.+, +=:/D+, -P0D&G*, *=), ](=%.+0>, 6UU7*85, , P0D&G*, *=), ](=%.+0, -6UU7*8

%&DE*0+),9.+,E0&9+(=,'90$%9$0+',&;,E#*=9,"#/%&'/#,./)0&#*'+',*=),+RE#*(=+),.&?,9.+(0

'90$%9$0+', %*=, F+, 0+#*9+), 9&, 9.+, '$F'90*9+, 'E+%(;(%(9(+'5, , C.+, )(;;+0+=%+, &;, '$F'90*9+

'E+%(;(%(9/,F+9?++=,+=)&./)0&#*'+>,+R&./)0&#*'+>,*=),β!"#$%&'()*'+, (',)+0(G+), ;0&D

9.+, '.*E+, &;, 9.+(0, F(=)(=", '(9+'5, , 2=)&./)0&#*'+', $'$*##/, .*G+, '$F'90*9+, F(=)(="

"0&&G+',&0,)+E0+''(&=',9.*9,+R9+=),*%0&'',9.+(0,'$0;*%+>,*=),9.+,%*9*#/9(%,*D(=&,*%()

0+'()$+',*0+,#&%*9+),(=,9.+,'$F'90*9+!F(=)(=",%#+;95,,c',*,0+'$#9>,9.+,+=)&./)0&#*'+,%*=

+''+=9(*##/, F(=), *=/?.+0+, *#&=", 9.+, E&#/D+0(%, '$F'90*9+, *=), ./)0&#/:+, (=9+0=*#

#(=<*"+'5, , H=, %&=90*'9>, *=, +R&./)0&#*'+, .*', *, '$F'90*9+, F(=)(=", '(9+, (=, *, '.*E+, &;, *

)+*)!+=), 9$==+#>, '#&9>, &0, ;$==+#, '.*E+5, , J$F'90*9+, 'E+%(;(%(9/, )+E+=)', &=, .&?, 9.+

'$F'90*9+',%*=,;(9,(=9&,9.+,'$F'90*9+!F(=)(=",E&%<+9',9&,%&=9*%9,9.+,%*9*#/9(%,*D(=&,*%()

0+'()$+', *9, 9.+, F&99&D, &;, ;$==+#, -P0D&G*, *=), ](=%.+0>, 6UU7*>, 6UU7F85, , C.+, 9(".9

'E+%(;(%(9/, &;, β!"#$%&'()*'+, D*/, F+, )$+, 9&, (9', D$%., #&="+0, F(=)(=", '(9+, 9.*=

+R&./)0&#*'+5, ,β!"#$%&'()*'+,.*',*,'$F'90*9+,F(=)(=",'(9+, (=,*,'.*E+,&;,'.*##&?,%&(=

'#&9,(=,?.(%.,&=#/,9?&,"#$%&'/#, 0+'()$+',&;, 9.+,'$F'90*9+,%*=,;(95, ,J&>,D&'9,β!"#$%*=

'$F'90*9+', %*=, E+=+90*9+, 9&, 9.+, F&99&D, &;, 9.+, '#&9>, ?.(#+, 9.+, D*M&0(9/, &;, 9.+

E&#/'*%%.*0()+,'$F'90*9+,0+D*(=',&$9'()+,9.+,+=:/D+5,,C.(',9&#+0*=%+,&;,*,?()+,0*="+

&;, '$F'90*9+, '.*E+', (', 0+;#+%9+), (=, 9.+, F0&*), '$F'90*9+, 'E+%(;(%(9/, &;, 9.(', +=:/D+

-P0D&G*,*=),](=%.+0>,6UU7*85
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01A(B8#*%(ββββ678-.+9/,#9&($-'/5/.#%/+*(#*,(."#'#.%&'/C#%/+*

! β!"#$%&'()*'+', .*G+, F++=, ('&#*9+), *=), %.*0*%9+0(:+), *9, 9.+, F(&%.+D(%*#, *=)

QSc, #+G+#', (=, D*=/, 'E+%(+', &;, E#*=9'>, F&9., ;0&D, )(%&9', *=), D&=&%&9'5, , N&'9, β!

"#$%&'()*'+', ('&#*9+), ;0&D, )(%&9', '&, ;*0>, (=%#$)(=",'()*+%),-# (!.!/0, -f*<+'>, 7ALV8>

1($00)2$#/$.,0, -P&"#$=),!"#$%5>, 7AA68, *=),F#*%<, %.+00/, -T&$#9&=, *=),X(>, 7AAW8, *0+

#&%*#(:+), (=, 9.+, %+##, ?*##, &0, G*%$&#+>, ?.(#+, 9.+, +=:/D+, ('&#*9+), ;0&D, 3+%45+/,-

")/2"+(),-,*0+,#&%*#(:+),(=,9.+,E#*'9(),-N(=*D(,!"#$%5>,7AAB85,,H=,*))(9(&=>,D&'9,)(%&9

β!"#$%&'()*'+', .*G+, F++=, '.&?=, 9&, F+, "#/%&'/#*9+), -2'+=>, 7AA485, , N&'9, β!

"#$%&'()*'+', ('&#*9+), ;0&D,D&=&%&9'>, (=%#$)(=", '&0".$D, -C.*/+0, *=),3&==>, 7AL78>

&*9,-S('($'>,7ALL8,*=),D*(:+,-2'+=>,7AA68,*0+,#&%*#(:+),(=,9.+,E#*'9()5,,C.+,+=)&'E+0D

'E+%(;(%,β!"#$%&'()*'+, ;0&D,F*0#+/, '++D', 9&,F+, *=, +R%+E9(&=,?.(%., .*', *, 6W!*D(=&

*%()!#&=",'("=*#,E+E9()+,;&0,2@, 9*0"+9(=", -X+*.,!"#$%5>,7AAV85, ,3&DE#+9+,%QSc,*=)

)+)$%+),*D(=&,*%(),'+`$+=%+',&;,E#*=9,β!"#$%&'()*'+',.*G+,F++=,)+9+0D(=+),;0&D,*9

#+*'9,7W,)(;;+0+=9,'E+%(+',-+5"5,6($7)8+.0)0#"9$%)$/$>,?.(9+,%#&G+0>,%*FF*"+>,1($00)2$

/$.,0>, '?++9, %.+00/>, F#*%<, %.+00/>, '?++9, *#D&=)>, %*''*G*>, %&'9$'>,D*(:+>, '&0".$D>

F*0#+/>,&*9>,C.*(,0&'+?&&),*=),0(%+85, ,3&DE*0('&=,&;,*D(=&,*%(),'+`$+=%+',&;, 9.+'+

β!"#$%&'()*'+', .*', '.&?=, 9.*9, 9.+(0, '(D(#*0(9/, 0*="+), ;0&D, 4V!AUg, )+E+=)(=">, (=

'&D+,%*'+'>,&=,+G&#$9(&=*0/,)('9*=%+',*D&$=",9*R*5,,]&0,(='9*=%+>,9.+,)+)$%+),*D(=&

*%(), '+`$+=%+, &;, D*(:+, β!"#$%&'()*'+, '.&?+), BUg, ()+=9(9/, ?(9., ).$00(=*'+, ;0&D

'&0".$D, -3(%+<, *=), 2'+=>, 7AAL8>, VVg, ()+=9(9/, ?(9., &*9>, *=), WBg, ()+=9(9/, ?(9.

3(,/,0# 0!(+")/$:, 0+'E+%9(G+#/5, , C.+, '(D(#*0(9/, F+9?++=, 9.+, '+`$+=%+', &;, E#*=9, β!

"#$%&'()*'+',%*==&9,F+,$'+),9&,(=;+0,9.+,'E+%(;(%,;$=%9(&=',&;,+=:/D+'>,F+%*$'+,&=#/

'D*##,'+`$+=%+,)(;;+0+=%+',*;;+%9,'$F'90*9+,'E+%(;(%(9/,&;,9.+,+=:/D+',-2'+=>,7AA485
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!01D(B-'/5/.#%/+*(#*,(9-@9%'#%&(9$&./5/./%;(+5('/.&(ββββ678-.+9/,#9&9

H=,0(%+>,&=+,&;,9.+,;(0'9,0+E&09,&;,β!"#$%&'()*'+,*%9(G(9/,?*',F/,T*#D(*=&,*=)

_$#(*=&, -7AB485, , C.+/, 9+'9+), 9.+, %0$)+, +R90*%9', &;, "+0D(=*9+), '++)#(="', &;, 0(%+

-%$#9(G*0, H@L8, $'(=", 9.+, '/=9.+9(%, '$F'90*9+>, EST, β!Q!"#$%&'()+>, 9&, `$*=9(9*9+, β!

"#$%&'()*'+, *%9(G(9/5, , C.+, 0+'$#9', '.&?+), 9.*9, +=:/D+, *%9(G(9/, (=%0+*'+), )$0(="

"+0D(=*9(&=,&;,0(%+,'++)',*=),?*',.(".+'9,(=,9.+,;(;9.,)*/,*;9+0,"+0D(=*9(&=5

@(%+, β!"#$%&'()*'+>, ./)0&#/:+), %&=M$"*9+), "(FF+0+##(=, ;0&D, )?*0;!0(%+# ;<&

0$")=$# %G&# '$/>5)/7+?,8>, ?*', E*09(*##/, E$0(;(+), F/, J%.#(+D*==, -7ALW85, , C.+

E$0(;(%*9(&=, (=G&#G+), +R90*%9(&=>, AUg, *DD&=($D, '$#;*9+, E0+%(E(9*9(&=>, *=), 3N!

J+E.*)+R,3!VU,%.0&D*9&"0*E./5,J%.#(+D*==,;&$=),;&$0,)(;;+0+=9,*%9(G(9/,E+*<',?(9.

EST, β!Q!"#$%&'()+5, , H9, ?*', *#'&, ;&$=), 9.*9, β!"#$%&'()*'+, *%9(G(9/, (=, )?*0;, 0(%+

(=%0+*'+), ?(9., "+0D(=*9(&=, 9(D+5, , P+, '9*9+), 9.*9, 9.+, .(".+'9, *%9(G(9/, ./)0&#/:(="

%&=M$"*9+), "(FF+0+##(=, β!Q!"#$%&'()+, ?*', (=, $="+0D(=*9+), '++)1, 9.(', *%9(G(9/

)+%0+*'+), *', 9.+, '++)', F+"*=, 9&, "+0D(=*9+5, , C.+, +=:/D+, ./)0&#/:+), OcL!h!6!

"#$%&'()+, +(".9, 9(D+', ;*'9+0, 9.*=, (9, )(), Oc4!h!6!"#$%&'()+5, , H=, %&=90*'9>, +=:/D+

*%9(G(9/, ./)0&#/:(=", ESTO, (=%0+*'+), )$0(=", "+0D(=*9(&=, $E, 9&, 7U, )*/', *;9+0

(DF(F(9(&=>,*=),9.+=,)+%0+*'+)>,(=)(%*9+),;&0,9.+,E0+'+=%+,&;,9.+,&9.+0,('&:/D+',;&$=)

)$0(=", 0(%+, "+0D(=*9(&=5, , P(', (=G+'9("*9(&=, '$""+'9+), 9.*9, 9.+, Oc!"#$%&'()+, β!Q!

"#$%&'()*'+, D*/, F+, (=G&#G+)>, *#&=", ?(9., α!*D/#*'+'>, (=, 9.+, F0+*<)&?=, &;

%*0F&./)0*9+',)$0(=",9.+,+*0#/,'9*"+,&;,"+0D(=*9(&=5

H?*D(, *=), e*'$D&9&, -7ALZ8, ;&$=), 9.*9, 0(%+, F0*=, β!"#$%&'()*'+', %*=

./)0&#/:+, E/0()&R(=+!β!Q!"#$%&'()+5, , ](0'9>, 9.+, 0(%+, F0*=, ?*', )+;*99+), $'(=", %&#)

+9.*=&#,*=),+R90*%9+),?(9.,E.&'E.*9+,F$;;+0,EP,Z5L5,,C.+,E$0(;(%*9(&=,'9+E',(=G&#G+)
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WU!BUg, *DD&=($D, '$#;*9+, %$9>, Q2c2, J+E.*)+R, %&#$D=, -*=(&=, +R%.*="+

%.0&D*9&".0*E./8>, *=), 3N!J+E.*)+R, %&#$D=, -%*9(&=, +R%.*="+, %.0&D*9&"0*E./85

C.+,+=:/D+',F&$=),9&,9.+,0+'(=',?+0+,+#$9+),?(9.,*=,(&=(%,'90+="9.,"0*)(+=9,&;,*%+9*9+

F$;;+0,EP,V545,,H?*D(,*=),e*'$D&9&,;&$=),9.0++,E+*<',&;,0(%+,β!"#$%&'()*'+,*%9(G(9/

&=, 9.+, F*'(', &;, 9.+(0, ('&+#+%90(%, E&(=9, -EH8, G*#$+>, ?.(%., ?+0+, V5Z>, Z5B>, *=), L56>

0+'E+%9(G+#/5

β!"#$%&'()*'+>,]0!7,*=),]0!6>,?+0+,E*09(*##/,E$0(;(+),;0&D,W!,9&,V!)*/,&#),0(%+

'++)#(="',F/,N$'#(D,-7AAV85,,C.+,E$0(;(%*9(&=,%&DE0('+),&;,+R90*%9(&=,?(9.,7UU,DN

%(90(%, *%()!6UU, DN, '&)($D, E.&'E.*9+, EP, V>, %0/&E0+%(E(9*9(&=, *=), 3N!J+E.*)+R

%&#$D=,%.0&D*9&"0*E./,$'(=",EST!"#$%&'()+,./)0&#/'(',;&0,)+9+%9(&=5,,C.+,EH,G*#$+

&;,]0!7,?*',+'9(D*9+),9&,F+,A5W6>,?.(#+,]0!6,?*',7U5UL5, ,C.+,F&9.,+=:/D+,;0*%9(&='

+R.(F(9, '$F9#+, )(;;+0+=%+',?(9., 0+'E+%9, 9.+(0, F0&*), '$F'90*9+, 'E+%(;(%(9/,?(9., G*0(&$'

"#/%&'()+'>,9.&$".,9.+(0,+R*%9,;$=%9(&=',?+0+,=&9,()+=9(;(+)5

c<(/*D*,!"#$%5, -7AAL8,E$0(;(+),*,%+##,?*##!F&$=),β!"#$%&'()*'+>,?.(%.,.*),*

EH,&;,7U>, ;0&D,"+0D(=*9(=", 0(%+, *=),)+9+0D(=+), (9',S!9+0D(=*#,*D(=&,*%(), '+`$+=%+

-WW, 0+'()$+'85, , C.+, *%9(G(9/, &;,β!"#$%&'()*'+, (=%0+*'+),D&0+, 9.*=, +(".9!;&#), ?(9.(=

;(G+,)*/',&;,"+0D(=*9(&=5, ,c<(/*D*,!"#$%5,*#'&, 9+'9+), 9.+, '$F'90*9+, 'E+%(;(%(9/,&;, 9.+

E$0(;(+),+=:/D+,*=),'.&?+),9.*9,0(%+,β!"#$%&'()*'+,.*),*, 0+#*9(G+#/,F0&*),'$F'90*9+

'E+%(;(%(9/, 9&?*0)',β!#(=<+), 'D*##, &#("&'*%%.*0()+'5, , J&>, (9, '++D', 9.*9, &=+, E&''(F#+

;$=%9(&=,&;,9.+,+=:/D+,D(".9,F+,;$09.+0,./)0&#/'(',&;,&#("&'*%%.*0()+',0+#+*'+),;0&D

%+##,?*##,β!"#$%*=',)$0(=","+0D(=*9(&=5

I*'+), &=, 9.+, (=G+'9("*9(&=, &;, 2'*'.(, !"# $%5, -7AA78, &=+, 0(%+, β!"#$%&'()*'+

*EE+*0', )/#=)"(+, 9&,F+,*,%/*=&"+=(%,β!Q!"#$%&'()+,β!"#$%&'()*'+5, ,C.+/,'.&?+), 9.*9
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9.+,β!Q!"#$%&'()*'+, *%9(G(9/,&;, *, %0$)+, +=:/D+, ;0*%9(&=, ;0&D, 0(%+, '++)', ./)0&#/:+)

%/*=&"+=(%, β!Q!"#$%&'()+', '$%., *', *D/")*#(=>, E0$=*'(=>, *=), #(=*D*0(=1, *=), 9.+

*%9(G(9/,?*', (=%0+*'+),)0*D*9(%*##/,*',"+0D(=*9(&=,E0&"0+''+)5, ,C.+/,'9*9+), 9.*9, 9.+

%/*=&"+=(%, "#$%&'()+,D*/, =&9, F+, 9.+, &=#/, '$F'90*9+5, , C.(', &F'+0G*9(&=, =++)', 9&, F+

%&=;(0D+)>,*',3&==,-7AA48,0+D*0<+),9.*9,=*9(G+,'$F'90*9+,*=),.&D&"+=+&$',+=:/D+'

*0+,0+`$(0+),(=,&0)+0,9&,&F9*(=,*=,$=+`$(G&%*#,0+'$#95

I*'+),&=, 9.+'+,?&0<'>, (9, (', &FG(&$', 9.*9, 0(%+,β!"#$%&'()*'+, %&='('9',&;,D&0+

9.*=,&=+, ;&0D5, ,c#9.&$"., 9.+,&%%$00+=%+,&;, 9.+, +=:/D+, (=, 0(%+, 9(''$+', (', %&00+#*9+)

?(9., "0&?9., *=), )+G+#&ED+=9>, ;$=)*D+=9*#, (=;&0D*9(&=, *F&$9, (9', '90$%9$0+>

E./'(&#&"(%*#,;$=%9(&=>,=*9$0*#,'$F'90*9+',*=),9.+,D&)+,&;,0+"$#*9(&=,&;,(9',+RE0+''(&=

(',#*%<(="5

!

!01E((F*3/'+*<&*%#8(&55&.%9(+*($8#*%(ββββ678-.+9/,#9&(&G$'&99/+*

! β!"#$%&'()*'+, .*', 0+%+=9#/, F++=, ;&$=), 9&, F+, )(;;+0+=9(*##/, 0+"$#*9+), (=

0+'E&='+, 9&, G*0(&$', +=G(0&=D+=9*#, %&=)(9(&=', -N*#F&&F(, *=), X+;+FG0+>, 7AAB>

f*?*'*<(, !"# $%5>, 6UU785, 2=G(0&=D+=9*#, %&=)(9(&=', ?.(%., .*G+, +;;+%9', &=, E#*=9, β!

"#$%&'()*'+,"+=+,+RE0+''(&=,.*G+,F++=,(=G+'9("*9+),F/,'&D+,0+'+*0%.+0'5,,P['+#,!"#$%5

-7ALB8, ;&$=), 9.*9,)(;;+0+=9, ('&:/D+',&;,).$00(=*'+, (=, '&0".$D,'++)#(=",&%%$00+), (=

)(;;+0+=9,"0&?(=",%&=)(9(&='5,,Q.$00(=*'+,H,&%%$00+),(=,'.&&9',&;,'++)#(="',"0&?=,(=

)*0<=+''>,(=,%&=90*'9>,).$00(=*'+,HH,&%%$00+),(=,"0++=,'.&&9',&;,/&$=",'++)#(="',"0&?=

(=,#(".95,,N*#F&&F(,*=),X+;+FG0+,-7AAB8,()+=9(;(+),9.0&$".,)(;;+0+=9(*#,'%0++=(=",&;,*

%QSc, #(F0*0/, "0&$E', &;, "+=+', 9.*9, ?+0+, (=)$%+), *9, .("., #+G+#', $=)+0, E.&'E.*9+

#(D(9(=",%&=)(9(&=',(=,6($7)8+.0)0#"9$%)$/$5,,H9,?*',*#'&,;&$=),(=,9.+,'*D+,'9$)/,9.*9



12

9.+, +RE0+''(&=, &;, &=+, β!"#$%&'()*'+, (=, 6&# "9$%)$/$, ?*', (=)$%+), (=, E.&'E.*9+

'9*0G*9(&=,*=),?*',*#'&,0+E0+''+),F/,.+*9,'.&%<,*=),*=*+0&F(%,%&=)(9(&='>,F$9,(9,?*'

=&9,'("=(;(%*=9#/,(=)$%+),F/,.(".,'*#(=(9/,&0,=(90&"+=,&0,'$#;$0,)+E0(G*9(&=5,f*?*'*<(

!"# $%5, -6UU78, ;&$=), 9.*9, β!"#$%&'()*'+, "+=+', 90*='%0(E9, #+G+#', (=%0+*'+), ?.+=, 0(%+

'++)#(="',?+0+,"0&?=,$=)+0,'*#(=(9/,'90+'',(=,*,'*#9!9&#+0*=9,0(%+,%$#9(G*0,-T&<<*#(8>,F$9

=&9,(=,*,'*#9!'+='(9(G+,%$#9(G*0,-H@6A85

01H(I8;.+9/,&9

c,"#/%&'()+,(',*,%&DE&$=),;&0D+),F+9?++=,*,;$0*=&'+,&0,E/0*=&'+,'$"*0,*=)

&=+, &0,D&0+, =&='$"*0, -*"#/%&=+8, %&DE&$=)', 9.0&$"., *, "#/%&'()(%, #(=<*"+, -S&""#+

*=), ]0(9:>, 7ABZ85, , C.+, "#/%&'()+, '90$%9$0+, (', *=, +9.+0!#(<+, %&DE&$=), %&=9*(=(=", *

"0&$E,&0,*,D&#+%$#+,?(9.,*,=$%#+&E.(#(%,*9&D,?.(%.,(',$'$*##/,*=,&R/"+=,*9&D5,,,C.+

#(=<*"+, F+9?++=, 9.+, "#/%&=+, *=), 9.+, *"#/%&=+, 9.0&$"., *=, &R/"+=, *9&D, /(+#)', h!

"#/%&'()+'>,(5,+5>,3!h!35,,X+'',%&DD&=#/>,9.+,=$%#+E.(#(%,*9&D,(',%*0F&=>,"(G(=",0('+

9&, 9.+, 3!"#/%&'()+', (=, ?.(%., 9.+, '$"*0!*"#/%&=+, #(=<*"+, (', 3!35, , K.+=, 9.+

=$%#+&E.(#(%,*9&D,(',=(90&"+=,&0,'$#E.$0>,S!"#/%&'()+',*=),J!"#/%&'()+',*0+,&F9*(=+)>

"(G(=",0('+,9&,3!S!3,&0,3!J!3>,0+'E+%9(G+#/5

C.+,'$"*0,%&DE&=+=9,&;,"#/%&'()+', (',$'$*##/,Q!"#$%&'+>,*#9.&$".,Q!,*=),X!

"*#*%9&'+>, Q!D*==&'+>, Q!;$%&'+>, *=), X!0.*D=&'+, .*G+, *#'&, F++=, ;&$=)5, , J&D+

E+=9&'+'>,;&0,+R*DE#+>,Q!,*=),X!*0*F(=&'+>,*=),Q!0(F&'+>,.*G+,*#'&,F++=,)+9+%9+)5,,H=

'&D+, "#/%&'()+', 9.+, "#/%&=+, E*09, (', E0+'+=9, *', )('*%%.*0()+', &0>, (=, '&D+, %*'+>, *'

90('*%%.*0()+'5
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01J(K'#*978;.+9;8#%/+*(#.%/3/%;(+5(ββββ678-.+9/,#9&

X(<+,&9.+0,"#/%&'()*'+,+=:/D+','&D+,β!"#$%&'()*'+',D*/,%*9*#/:+,0+G+0'+

./)0&#/'(',*=),90*='"#/%&'/#*9(&=>,#+*)(=",9&,'/=9.+'(',&;,&#("&'*%%.*0()+'>,*=),*#</#

"#$%&'()+',-N*<0&E&$#&$,!"#$%5>,7AAL1,]('%.+0,!"#$%5>,7AAZ1,JG*'9(,!"#$%5>,6UU485

C0*='"#/%&'/#*9(&=>,?.(%.,(',<(=+9(%*##/,%&=90&##+)>,(',D$%.,;*'9+0,9.*=,0+G+0'+)

./)0&#/'(',?.(%.,(',9.+0D&)/=*D(%*##/,%&=90&##+)>,*=),0+*%9(&=',"+=+0*##/,9*<+,*,;+?

.&$0',0*9.+0,9.*=,)*/'5

C0*='"#/%&'/#*9(&=,(=G&#G+',9.+,$'+,&;,*,0+*%9(G+,"#/%&'/#,)&=&0,9&,"+=+0*9+,*

'9+*)/, '9*9+, %&=%+=90*9(&=, &;, 9.+, "#/%&'/#!+=:/D+, (=9+0D+)(*9+>, ?.(%., %*=, F+

(=9+0%+E9+),?(9.,*,'+%&=),'$"*0,*%%+E9&0,D&#+%$#+,0*9.+0,9.*=,?*9+0,-K(9.+0'>,6UU785

C.+, 90*='"#/%&'/#*9(&=, D+%.*=('D, ?*', )+'%0(F+), F/, G*=, @*=9?(M<, !"# $%5, -7AAA85

C0*='"#/%&'/#*9(&=, *%%&0)(=", 9&, 0+*%9(&=, -78, (', F*'+), &=, D&=&E&#(:*9(&=, &;, 9.+

%*9*#/'9,F/,*,0+*%9(G+,"#/%&'/#,)&=&05

O#/%&'/#bh@7,i,@6,hP,,,→,,O#/%&'/#bh@6,i,@7,hP,,,,,,,,,,-78

I+%*$'+,9.+,0+*%9(&=,(',%&=90&##+),<(=+9(%*##/>,(9,F+%&D+',E&''(F#+,9&,&G+0'.&&9

9.+,+`$(#(F0($D,%&=G+0'(&=,&;, 0+*%9*=9, (=9&,E0&)$%9,LG*=,@*=9?(M<,!"#$%5>,7AAA85, ,c'

9.+,0+*%9*=9,(',%&='$D+),9.+,%&=%+=90*9(&=,&;,9.+,E0&)$%9,?(##,E+*<,?.+=,(9',0*9+',&;

'/=9.+'(',*=),)+*#</#*9(&=,F+%&D+,+`$*#1,*9, 9.(',E&(=9,<(=+9(%,%&=90&#, (', #&'9,*=), 9.+

0+*%9(&=,'.&$#),F+,'9&EE+),F+;&0+,9.+0D&)/=*D(%,%&=90&#,9*<+',&G+0,*=),9.+,E0&)$%9

$=)+0"&+',+=:/D*9(%,./)0&#/'(',-]("$0+,75685
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=/7-'&(01:(f(=+9(%',&;, ./)0&#/'(', &0, "#/%&'/#90*=';+0, 0+*%9(&=', %*9*#/'+), F/, *, E#*=9

;*D(#/, 7, β!"#$%&'()*'+, -P0D&G*, !"# $%5>, 6UU685, , c;9+0, 9.+, +=:/D+, %&=9*(=(=", *

=&=%&G*#+=9#/,F&$=),"#$%&'+,-O#%8,E0&)$%9,(=,9.+,*%9(G+,'(9+,-2,j,O#%8,F(=)',9.+,;(0'9

D&#+%$#+,&;,'$F'90*9+,-J8>,9.+,N(%.*+#(',%&DE#+R,-2,!,J8,(',;&0D+),-f78,*=),9.+,O#%

E0&)$%9,&;,9.+,E0+G(&$',0+*%9(&=,(',0+#+*'+),;0&D,9.+,*%9(G+,'(9+5, , H=,9.+,'+%&=),'9+E>

9.+,"#/%&'()(%,F&=), (',%#+*G+), -f68>, *=), 9.+,*"#/%&=+,E*09,&;, 9.+, '$F'90*9+,F+%&D+'

*99*%.+),%&G*#+=9#/,9&,9.+,+=:/D+,9&,E0&)$%+,*,D+9*'9*F#+,%&G*#+=9,"#/%&'/#!+=:/D+

(=9+0D+)(*9+, -2, 5O#%85, , c9, 9.+, '*D+, 9(D+>, 9.+, *"#/%&=+, E*09, &;, 9.+, '$F'90*9+, -c8, ('

0+#+*'+)5, , H=, 9.+, 9.(0), '9+E>, 9.+, %&G*#+=9, "#/%&'/#, +=:/D+, (=9+0D+)(*9+, (', '$FM+%9+)

-f48, 9&, %#+*G*"+, F/, *,?*9+0,D&#+%$#+, -P!hP8>, *=), *, =&=%&G*#+=9, 2, j,O#%, E0&)$%9

%&DE#+R,(',;&0D+)>,?.(%.,(',0+*)/,9&,(=9+0*%9,-f78,?(9.,9.+,'+%&=),'$F'90*9+,D&#+%$#+

-J8,9&,"+=+0*9+,9.+,=+R9,N(%.*+#(',%&DE#+R,-2,bJ8>,*=),*"*(=>,9.+,O#%,D&#+%$#+,-O#%8

(',0+#+*'+),;0&D,9.+,*%9(G+,'(9+5,,c#9+0=*9(G+#/>,(=,9.+,9.(0),'9+E>,9.+,%&G*#+=9,"#/%&'/#!

+=:/D+,(=9+0D+)(*9+,-2,5,O#%8,%*=,F+,%#+*G+),F/,*=,*%9(G*9+),'$F'90*9+,D&#+%$#+,-@!

hP8>,#+*)(=",9&,"#/%&'/#,90*=';+0,E0&)$%9,-2,j,O#%!h@8>,?.(%.,0+D*(=',=&=%&G*#+=9#/
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F&$=), 9&, 9.+, +=:/D+, *=), (', 0+#+*'+), -fW8, ?.+=, *, '+%&=), '$F'90*9+, D&#+%$#+

*EE0&*%.+',9.+,*%9(G+,'(9+,*=),;&0D',9.+,=+R9,N(%.*+#(',%&DE#+R,-2,bJ8,-P0D&G*,!"

$%5>,6UU685

01M(K"&('/.&(7&*+<&

@(%+, -<(4?$# 0$")=$# X&8, ?*', 9.+, ;(0'9, "0*'', 'E+%(+', 9&, .*G+, (9', "+=&D+

'+`$+=%+),*=)>,9.+0+F/>,.*',F+%&D+,*,D&)+#,'/'9+D,;&0,"+=&D(%',0+'+*0%.5,,]*%9&0'

%&=90(F$9(=", 9&, 9.+, %.&(%+, &;, 0(%+, (=%#$)+, 9.+, %&DE*0*9(G+#/, 'D*##, '(:+, &;, 9.+, 0(%+

"+=&D+>, 9.+, '/=9+=/, &;, (9', "+=&D+, ?(9., 9.&'+, &;, &9.+0, %+0+*#'>, 9.+, *G*(#*F(#(9/, &;

)+='+#/,E&E$#*9+),D&#+%$#*0,D*E',%&=9*(=(=",D&0+, 9.*=,6>4UU,QSc,D*0<+0'>,?+##!

%.*0*%9+0(:+),ec3,*=),Ic3,#(F0*0(+'>,#*0"+!'%*#+,*=*#/'(',&;,+RE0+''+),'+`$+=%+,9*"'

-2JC'8>, 9.+, G*'9, *D&$=9, &;, "+=+9(%, 0+'&$0%+', -D$9*=9,D*0<+0'>, "+=+9(%, '9&%<'>,?(#)

'E+%(+'>, D*EE(=", E&E$#*9(&='>, (=90&"0+''(&=, #(=+'8, *=), 9.+, %&DE*0*9(G+, +*'+, &;

90*=';&0D*9(&=,-f.$'.,*=),I0*0>,6UU785

C.+0+, *0+, ;&$0, )0*;9, "+=&D+, '+`$+=%+', *G*(#*F#+5, , C.+, ;(0'9, 0(%+, "+=&D+

'+`$+=%+, &;,<(4?$# 0$")=$, '$F'E, @$.+/)2$, %G,S(EE&=F*0+, "+=+0*9+), F/, H=9+0=*9(&=*#

@(%+,O+=&D+,J+`$+=%(=",T0&M+%9, -H@OJT8,.+*)`$*09+0+), (=,C'$<$F*>, _*E*=>,?.(%.

F+"*=,(=,7AAL5,,d'(=",*,F*%9+0(*#,*09(;(%(*#,%.0&D&'&D+,-Ic38!F/,Ic3,*EE0&*%.>,9.+

H@OJT, .*', "+=+0*9+), )0*;9, '+`$+=%+', &;, 4>UL4, Ic3, &0, T7, *09(;(%(*#, %.0&D&'&D+

-Tc38, %#&=+', 9.*9, *0+, *G*(#*F#+, 9.0&$"., 9.+, E$F#(%, )*9*F*'+'>,O+=I*=<>,QSc, )*9*

F*=<,&;,_*E*=,-QQI_8,*=),2NIX5,,C.+'+,4>UL4,Ic3^Tc3,%#&=+',0+E0+'+=9,W6Z,NF

&;, '+`$+=%+>, *=), *''$D(=", *=, &G+0#*E, &;, 7Vg, F+9?++=, 9.+, %#&=+'>, 9.(', ?&$#)

0+E0+'+=9,4Z6,NF,&;,$=(`$+,'+`$+=%+,-I$+##>,6UU685,,K(9.,*=,+'9(D*9+),"+=&D+,'(:+

&;,W4U,NF,-c0$D$"*=*9.*=,*=),2*0#+>,7AA78>,9.(',0+E0+'+=9',LWg,&;,9.+,0(%+,"+=&D+5
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c==&9*9(&=, ;&0, 9.+, H@OJT, Ic3^Tc3, %#&=+', (', *G*(#*F#+, ;&0, ;(=('.+), %#&=+', (=

O+=I*=<^QQI_^2NIX5

Q0*;9,'+`$+=%+',&;,9.+,'*D+,@$.+/)2$,0(%+,%$#9(G*0>,S(EE&=F*0+>,'+`$+=%+),F/

9.+, H@OJT,.*G+, F++=,D*)+, *G*(#*F#+, ;0&D, 9?&, '+E*0*9+, E0(G*9+, '&$0%+'>,N&='*=9&

-T.*0D*%(*8,*=),9.+,C&00+/,N+'*,@+'+*0%.,H='9(9$9+,-J/="+=9*85,,C.+,N&='*=9&,)0*;9

'+`$+=%+,?*', "+=+0*9+), $'(=", *,Ic3!F/!Ic3, *EE0&*%., *=), 0+E0+'+=9', 6VA,NF, &;

'+`$+=%+, -I*00/>, 6UU785, , c%%+'', 9&, 9.+, '+`$+=%+, (=;&0D*9(&=, ?*', D*)+, *G*(#*F#+

$=)+0,*=,*%%+'',*"0++D+=9,?(9.,T.*0D*%(*,-.99Ek^^???50(%+!0+'+*0%.5&0"85,,H=,c$"$'9

6UUU>,N&='*=9&,90*=';+00+),(9',0(%+,"+=&D+,)0*;9,'+`$+=%+,)*9*,9&, H@OJT5, ,I+%*$'+

9.(', (=;&0D*9(&=, (',=&?, #*0"+#/, (=, 9.+, E$F#(%, )*9*F*'+'>, E$F#(%, *%%+'', 9&, 9.+, E0(G*9+

)*9*F*'+,(',=&,#&="+0,'$EE&09+)5

C.+, J/="+=9*, )0*;9, '+`$+=%+,?*', "+=+0*9+), $'(=", *, ?.&#+!"+=&D+, '.&9"$=

'+`$+=%(=",*EE0&*%.,*=),E0&G()+',A4g,%&G+0*"+,&;, 9.+,"+=&D+,-O&;;,!"#$%5>,6UU685

C.(', )0*;9, '+`$+=%+, (', *G*(#*F#+, 9.0&$"., *, #(%+='(=", *"0++D+=9, ?(9., J/="+=9*

-.99Ek^^???59D0(5&0"85,,,c#9.&$".,9.+,J/="+=9*,)0*;9,'+`$+=%+,.*',F++=,*==&9*9+)>,9.+

*==&9*9(&=,)*9*,(',=&9,*G*(#*F#+,9&,9.+,E$F#(%5,,]0&D,9.(',)*9*>,(9,?*',+'9(D*9+),9.*9,9.+

0(%+, "+=&D+, +=%&)+', F+9?++=, 46>UUU, *=), VU>UUU, E0&9+(=', -O&;;, !"# $%5>, 6UU685

3&DE*0*9(G+,*=*#/'+',?(9.,%+0+*#,'.&?+),*,.(".,)+"0++,&;,'(D(#*0#(9/,E0+'+=9,F+9?++=

0(%+, *=), &9.+0, %+0+*#, "+=+', ?.(%., ;$09.+0, .(".#(".9+), 9.+, 0&#+, &;, 0(%+, (=, %+0+*#

%&DE*0*9(G+,"+=&D(%',-I$+##>,6UU685

c,)0*;9,'+`$+=%+,&;,9.+,<&#0$")=$,'$F'E5,(/8)2$,%$#9(G*0,-A4!778,F/,9.+,I+(M(="

O+=&D(%',H='9(9$9+,-IOH8,?*',0+E&09+),,F/,e$,!"#$%5,-6UU7>,6UU685,,C.(',)0*;9>,?.(%.

?*',"+=+0*9+),F/,*,?.&#+!"+=&D+,'.&9"$=,'+`$+=%(=",*EE0&*%.>,0+E0+'+=9',4ZU,NF

&;, *''+DF#+), '+`$+=%+5, , C.+, IOH, '+`$+=%+, (', ;0++#/, *G*(#*F#+, (=, IOH, ?+F'(9+
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-.99Ek^^F9=5"+=&D(%'5&0"5%=^0(%+8,*=),(=,9.+,'*D+,E$F#(%,)*9*F*'+',*',@OT,'+`$+=%+'5

C.(','+`$+=%+,E0&G()+',*,0+'&$0%+,;&0,"+=+,)('%&G+0/,(=,0(%+,'$F'E,)/8)2$,*=),;&0,0(%+

%&DE*0*9(G+,"+=&D(%'5

h9.+0,*=*#/'+',&;,9.+,0(%+,"+=&D+>,'$%.,*',*#("=D+=9,?(9.,+RE0+''+),'+`$+=%+

9*"', ;0&D,&9.+0,D&=&%&9, 'E+%(+'>, ()+=9(;(%*9(&=,&;, '/=9.+9(%, '+`$+=%+', *0+, *G*(#*F#+

9.0&$"., '+G+0*#, E$F#(%, '&$0%+', -.99Ek^^???59("05&0"^9)F^+6<7^&'*7^1, .99Ek^^0"E5)=*5

*;;0%5"&5ME^1,.99Ek^^???5"0*D+=+5&0"85,,c#9.&$".,9.+'+,;&$0,)0*;9,'+`$+=%+',E0&G()+,*

0(%., 0+'&$0%+, ;&0,)*9*,D(=(=">, 9.+/,.*G+, #(D(9*9(&=', (=, 9.+, (=%&DE#+9+, =*9$0+, &;, 9.+

'+`$+=%+,*=),9.+,;*%9,9.*9,9.+/,'9(##,%&=9*(=,D*=/,'+`$+=%(=",+00&0'5

H=,%&DE*0(=",F+9?++=,0(%+,*=),6($7)8+.0)0# "9$%($/$>, 0(%+,.*',*,.&D&#&",;&0

*EE0&R(D*9+#/, L7g,&;, 9.+, E0&9+(=', +=%&)+), F/, 9.+,c0*F()&E'(', "+=&D+, -e$, !"# $%5>

6UU68>, (=)(%*9(=", D*=/, F*'(%, E#*=9, E0&9+(=', 9.*9, *0+, ;&$=), F&9., (=, D&=&%&9', *=)

)(%&9'5,,P&?+G+0>,(=,9.+,0+%(E0&%*#,%&DE*0('&=>,*,.&D&#&",(=,c0*F()&E'(',%&$#),&=#/

F+,;&$=),;&0,&=+!.*#;,&;,9.+,0(%+,E0&9+(='5

C.+'+, '+`$+=%(=", +;;&09', .*G+, *#'&, E0&G()+), '+`$+=%+', ;&0, 9.+, (=9+0"+=(%

QSc,9.*9,E#*/',*=, (DE&09*=9>,F$9,E&&0#/,$=)+0'9&&)>, 0&#+, (=,"+=+, +RE0+''(&=>,QSc

0+E#(%*9(&=>, %.0&D&'&D+, &0"*=(:*9(&=>, 0+%&DF(=*9(&=>, 'E+%(*#(:*9(&=, *=), +G&#$9(&=

*=),(',#(<+#/,9&,%&=90(F$9+,9&,'("=(;(%*=9,E0&"0+'',(=,0(%+,(DE0&G+D+=95

010N(O/.&(7&'</*#%/+*

H=, 0(%+>, *, ;0$(9, -0+E0+'+=9+), *', E+0(%*0E8, (', %&DF(=+), 9&"+9.+0, ?(9., *, '(="#+

'++), 9&, ;&0D, *, "0*(=, %*##+), 9.+, %*0/&E'('5, , C.+, %*0/&E'(', (', '$00&$=)+), F/, 9?&

D&)(;(+),#+*G+'>,9.+,E*#+*,*=),9.+,#+DD*5,,I&9.,*0+,G+0/,9.(%<>,#("=(;(+),*=),;0*"(#+5

C.+,E+0(%*0E,(',&0("(=*9+),;0&D,9.+,D*9$0+,&G*0/5,,C.+,'++),%&='('9',&;,*=,+=)&'E+0D
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*=), *=, +DF0/&>, F&9., %&G+0+), F/, *, #*/+0, &;, =$%+##$'5, , H=, 9.+, D*9$0+, '++)>, 9.+

+=)&'E+0D,(',)(;;+0+=9(*9+),(=9&,*=,*#+$0&=+,#*/+0,*9,(9',&$9+0,D&'9,#*/+0,*=),%&=9*(='

D&'9#/,E0&9+(=,*=),#(E(),F&)(+'1,*=),*,'9*0%./,+=)&'E+0D,?.&'+,%+##',*0+,;(##+),?(9.

D&'9#/, '9*0%.,"0*=$#+',*=),E0&9+(=,F&)(+'5, ,Q$0(=","+0D(=*9(&=>, 9.+, ;&&), '9&0*"+, (=

9.+,+=)&'E+0D,9(''$+,(',)+"0*)+),9&,'&#$F#+,*=),90*='E&09*F#+,%&DE&$=)',9&,E0&G()+

+=+0"/,*=),F$(#)(=",F#&%<,D&#+%$#+',;&0,9.+,+*0#/,'9*"+,&;,"0&?9.,*=),)+G+#&ED+=9,&;

9.+, '++)#(=", -N*/+0, *=), T&#M*<&;;!N*/F+0>, 7ALA85, , C.+, +DF0/&, %&='('9', &;, 9.+

E#$D$#+, -E0(D*0/, #+*G+'8>, 0*)(%#+, -0&&98>, '.&09, '9+D, -D+'&%&9/#8>, *=), '++), #+*;

-'%$9+##$D85, , C.+, #+*;, *=), 0&&9, *0+, %&G+0+), F/, 9.+, %&#+&E9(#+, *=), %&#+&0.(:*>

0+'E+%9(G+#/5

c%%&0)(=", 9&, C*<*.*'.(, -7ALW8>, 0(%+, "+0D(=*9(&=, (', %.*0*%9+0(:+), F/, 9?&

)('%0+9+, +G+=9', %#&'+#/, 0+#*9+), 9&, +*%., &9.+05, , C.+, 9?&, +G+=9', *0+, (DF(F(9(&=, *=)

*%9(G*9(&=5, , O+0D(=*9(&=, (', 9.+, +=), &;, 9.+, *%9(G*9(&=, '9*"+, (=, ?.(%., 9.+, '++), ('

E./'(&#&"(%*##/,0+*)/,9&,'9*09,9&,"0&?,9&,;$09.+0,'9*"+'5,,N&0E.&#&"(%*##/>,"+0D(=*9(&=

(', %.*0*%9+0(:+), F/, 9.+, E0&90$'(&=, &;, 9.+, 0*)(%#+, 9.0&$"., 9.+, %&#+&0.(:*, -Q+, Q*99*>

7AL785

T0(&0, 9&, "+0D(=*9(&=>, (DF(F(9(&=, *=), &R/"+=, $E9*<+, %*$'+, 9.+, *%9(G*9(&=, &;

D+9*F&#('D>, (5+5>, *%9(G*9(&=, &;, ./)0&#/9(%, +=:/D+'>, 0+#+*'+, &;, .&0D&=+', %&=90&##(="

"+0D(=*9(&=>,9.+,'/=9.+'(',&;,0(F&=$%#+(%,*%(),-D@Sc8,%&)(=",;&0,+=:/D+',*=),&9.+0

E0&9+(=',*=),9.+,'/=9.+'(',&;,E0&9+(=5,,C.+,D+9*F&#('D,(',(=)(%*9+),F/,9.+,(=%0+*'(="

0*9+,&;,0+'E(0*9(&=,*;9+0, 9.+,'++)',*0+,E#*%+), (=,?*9+0, -N*/+0,*=),T&#M*<&;;!N*/F+0>

7ALA85, , C/E(%*#, %.+D(%*#, %.*="+', 9.*9, ;&##&?, 9.+, (DF(F(9(&=, *0+, 9.+, F0+*<)&?=, &;

'9&0*"+,D*9+0(*#, ;0&D, 9.+, +=)&'E+0D>, 9.+, 90*='E&09, &;, 9.+, F0+*<)&?=,D*9+0(*#, ;0&D

9.+, +=)&'E+0D, 9&, 9.+, +DF0/&, *=), *%9(G+#/, "0&?(=", E*09'>, *=), 9.+, '/=9.+'(', &;, =+?
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D*9+0(*#'5,,T*#D(*=&,*=),_$#(*=&,-7AB48,&F'+0G+),*,)+%0+*'+,&;,'9*0%.,*=),*=,(=%0+*'+

&;,;0++,'$"*0>,'&#$F#+,*D(=&,*%()',*=),E0&9+(=,)$0(=",0(%+,"+0D(=*9(&=5

H9,(',?+##,<=&?=,9.*9,)$0(=",9.+,*%9(G*9(&=,'9*"+,E0(&0,9&,"+0D(=*9(&=>,9.+,'++)

E0&G()+', ./)0&#/9(%, +=:/D+', (=, 9?&, ?*/'k, -78, *%9(G*9(&=, &;, #*9+=9, +=:/D+', 9.*9

E0++R('9,(=,9.+,D*9$0+,'++),*=),-68,8!#/+=+,'/=9.+'(',&;,+=:/D+',-C(=">,7AL685,,C.+

#*9+=9,+=:/D+',*0+,$'$*##/, '9&0+), (=, 9.+,$="+0D(=*9+),'++),*',:/D&"+=',&0,+=:/D+

E0+%$0'&0'5,,T0&9+*'+,*%9(G(9/,D*/,*%9(G*9+,9.+,#*9+=9,+=:/D+',F/,%#+*G*"+,&;,%+09*(=

E&09(&=,&;,9.+,E&#/E+E9()+5,,C.+,8!#/+=+,'/=9.+'(',D*/,F+,90(""+0+),F/,+=G(0&=D+=9*#

;*%9&0'>, %.+D(%*##/, -.&0D&=+, *%9(&=>, +5"5, "(FF+0+##(=8>, &0, E./'(%*##/, -#(".985, , β!

*D/#*'+,(',*=,+R*DE#+,&;,9.+,E0++R('9(=",+=:/D+'>,?.(#+,α!*D/#*'+,(',*,E0&)$%9,&;,8!

/+=+,'/=9.+'(',,-C(=">,7AL685

!

!

!

!

!

!

!

!

!

!

!

!
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!0100(2@P&.%/3&9

! C.+,&FM+%9(G+',&;,9.(',9.+'(',(=%#$)+k

!78,C&,('&#*9+,*=),%.*0*%9+0(:+,;$##!#+="9.,0(%+,β!"#$%&'()*'+,%QSc',*=),9&,)+)$%+,9.+

%&DE#+9+, E0(D*0/, '90$%9$0+, &;, 9.+, +=:/D+, 9.+/, +*%., +=%&)+1, , 68, C&, )+9+0D(=+, 9.+

D$#9(E#(%(9/, &;, 9.+, "+=+', +=%&)(=", 0(%+,β!"#$%&'()*'+'1, , 48, C&, '9$)/, 9.+, +RE0+''(&=

E*99+0=,&;,β!"#$%&'()*'+,"+=+',(=,)(;;+0+=9,0(%+,&0"*='>,*=),)+G+#&ED+=9*#,'9*"+'1,,W8

C&, (=G+'9("*9+, 9.+, +;;+%9', &;, +=G(0&=D+=9*#, %&=)(9(&=', &=, 0(%+, β!"#$%&'()*'+, "+=+

+RE0+''(&=, )$0(=", "+0D(=*9(&=1, , V8, C&, )+9+0D(=+, 9.+, F(&%.+D(%*#, *=), %*9*#/9(%

E0&E+09(+',&;,9.+,β!"#$%&'()*'+,+RE0+''+),;0&D,9.+,0(%+,%QSc,(=,A&#2+%)5

!



!"#$%&'())

*#%&'+#,-(#./(*&%"0/-

123(*#%&'+#,-

12323(4,#.%(5#%&'+#,-!"#$%"&'(%")!"#$%&'%()*%"*+,"-%%.-"(/01'23&"45&'678"9%&%

6:13'7%.";&6<"1$%"='(%"=%-%3%($"37.">?1%7-'67"@%71%&A"B1/11C3&1A"D=A"EBDA"9$%&%3-

&'(%"-%%.-"(/01'23&"4F'GG67:3&%8"9%&%"6:13'7%.";&6<"H%G3&1<%71"6;"*69"#%<G%&31/&%

B('%7(%A"I6JJ3'.6"F31'6730"DC&'(/01/&30">?G%&'<%71"B131'67A"B3GG6&6A"K3G37+

12321"!"&5+6#,-

D(&L03<'.%A" :'-M+,+′M3(&L03<'.%A" 3<<67'/<" G%&-/0;31%A" +,+′A& +′′ ,+′′′ M

1%1&3<%1$L0%1$L00%7%.'3<'7%" )#>N>H,A" 0L-6OL<%A" -6.'/<" .%.6(L0" -/0;31%" )BHB,A

B%G$3(&L0" BMPQQA" 37." #&'167" RMSQQ" 9%&%" G/&($3-%." ;&6<" D<%&-$3<" T$3&<3('3

U'61%($")EGG-303A"B9%.%7,+" "D<<67'/<"$L.&6?'.%A":&6<6G$%760":0/%A"($06&6;6&<A

(6GG%&"-/0;31%A".'-6.'/<"%1$L0%7%.'3<'7%"1%1&33(%131%")>H#D,A"%1$3760A"V60'7"&%3C%71A

WXY" ;6&<30.%$L.%A" C03('30" 3(%1'(" 3('.A" C0L(%&60A" C0L('7%A" $L.&6($06&'(" 3('.A" IT*@

931%&A" <%1$3760A" TZT>B" )G'G%&3O'7%MSA[M:'-)PM%1$37%-/0;67'(" 3('.,,A" G613--'/<

($06&'.%A"G613--'/<"$L.&6?'.%A"-6.'/<"3(%131%A"-6.'/<":'(3&:6731%A"-6.'/<"($06&'.%A

-6.'/<" $L.&6?'.%A" -6.'/<" .'$L.&6C%7" G$6-G$31%A" 37." -6.'/<" $L.&6C%7" G$6-G$31%

9%&%" G/&($3-%." ;&6<" @3&06" >=UD" )=6.376A" N'0376A" Z130L,+" " @30('/<" ($06&'.%A

($06&3<G$%7'(60A" @66<3--'%" :&'00'37" :0/%" =MP\QA" '<'.3O60%A" .'%1$L0" GL&6(3&:6731%A

%$1L.'/<":&6<'.%A"<3C7%-'/<"($06&'.%A"G$%7L0"<%1$L0-/0;67L0";0/6&'.%")TNBV,A"37.
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-6.'/<"('1&31%"9%&%"G/&($3-%.";&6<"V0/J3")B1%'7$%'<A"B9'O%&037.,+""U3(16"1&LG167%A

L%3-1"%?1&3(1A"37.":3(16"3C3&"9%&%"G/&($3-%.";&6<"HZV@5")]&3L-67A"EBD,+""^NMSQ

D<'(67" ;'01%&-" 9%&%" G/&($3-%." ;&6<" N'00'G6&%" @6&G6&31'67" )U%.;6&.A" EBD,+

D<G'('00'7A"-'0'(3"C%0"_Q"VP\["30/<'7'/<"-$%%1")Q+P"<<,"37."1&';0/6&63(%1'("3('."9%&%

G/&($3-%." ;&6<" N%&(J" )H3<-03.1A" ]%&<37L,+" " βM3037'7%A" PAP8M3O'76:'-)WM

%1$L0:%7O1$'3O60'7%-/0;67'(" 3('.," )DU#B,A" ($06&6;6&<`" '-63<L0" 30(6$60" )P[!S,A

'-6G&6GL0" βMHM1$'6C303(16-'.%" )ZT#],A" PM<%&(3G16%1$3760A" =F3-%" a3GA" (%006:'6-%A

C%71'6:'6-%A" GM7'1&6G$%760" βMHMC0/(6-'.%" )GFT],A" GFT" βMHM(%006:'6-'.%A" GFT" βMHM

(%0061&'6-'.%" 37." GL&'.6?'7%" )b'13<'7" U_,A" 37." -6G$6&6-%" 37." -6<%" 731/&30" 37.

3&1';'('30" C0/(6-'.%-" 9%&%" G/&($3-%." ;&6<" B'C<3" )B1+*6/'-A" N5A" EBD,+

@%00660'C6-3(($3&'.%-"6;"HT"WM_"37." 03<'73&'60'C6-3(($3&'.%-"6;"HT"PM\"9%&%" ;&6<

B%'J3C3J/"c6CL6"@5+" )#6JL6A" K3G37,+" " TL&'.6?'7%M\′M5MβMHMC0/(6-'.%" /-%." 3-" 1$%

-137.3&."93-"G&62'.%.":L"T&6;+"K+"V+"]&%C6&L+""#6&26-'.%"D"93-"G&62'.%.":L"T&6;+"K+

B23-1'+""=%-1&'(1'67"%7.67/(0%3-%-"'7(0/.'7C"-%.I"ZA"/01="ZA"/01="bA"+01"ZA"231"Zd

=F3-%" IA" #3e" HFD" G60L<%&3-%A" 3C3&6-%" )<%0%(/03&" C&3.%,A" .%6?L&':67/(0%61'.%

).D#TA" .@#TA" .##TA" .]#T,A" 37."RMC30A"9%&%" G/&($3-%." ;&6<" T&6<%C3" )N3.'-67A

fZ,+" "=%-1&'(1'67" %7.67/(0%3-%-"+01" ZA"231" ZA"/01=" ZA" 37." B73U" Z"9%&%" G/&($3-%.

;&6<"F%9">7C037."U'603:-")U%2%&LA"ND,+""51$%&"($%<'(30-"37."<60%(/03&" &%3C%71-

/-%.":/1"761"0'-1%."$%&%"9%&%"G/&($3-%.";&6<"3"23&'%1L"6;"-/GG0'%&-+

12327(4!8($'+5&'-

50'C67/(0%61'.%"G&'<%&-";6&"(HFD"3<G0';'(31'67"3&%"G&62'.%.":L"T&6;+"D-'<

>-%7A"b'&C'7'3"#%($A"bD+""#$%-%"60'C67/(0%61'.%"G&'<%&-"(62%&"%--%71'300L"1$%"%71'&%

βMC0/(6-'.3-%"(HFD"'7":61$".'&%(1'67-+""B6<%"3&%"C%7%"-G%(';'("G&'<%&-".%&'2%.";&6<
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'7(6<G0%1%"-%e/%7(%-"6;"5&'67"&'(%"βMC0/(6-'.3-%"(HFD-"9$'($"9%&%".%1%&<'7%."'7

T&6;+" D-'<" >-%78-" 03:6&316&L+" " #$%" 61$%&-" G&'<%&-" 9%&%" 6&.%&%." ;&6<" ]%7%-%1

)B'7C3G6&%,"37."1$%"U'6B%&2'(%-"E7'1")UBE,"6;"1$%"F31'6730"B('%7(%"37."#%($7606CL

H%2%06G<%71"DC%7(L")#$3'037.,+

1212(9&.&'#,(5&%"0/-

12123(8:;(&<%'#6%+0.

#&'O60"=%3C%71A" (6<G6-%." 6;" G$%760" 37." C/37'.'7%" '-61$'6(L3731%"93-" /-%.

;6&" 1$%" '-6031'67" 6;" 16130" =FD+" " H/&'7C" -3<G0%" $6<6C%7'O31'67" 6&" 0L-'-A" #&'O60

=%3C%71"<3'713'7-"1$%"'71%C&'1L"6;"1$%"=FDA"9$'0%".'-&/G1'7C"(%00-"37.".'--602'7C"(%00

(6<G67%71-+""57%"$/7.&%."<'00'C&3<-"9$60%"&'(%"-%%.0'7C-"9%&%"$6<6C%7'O%."9'1$"3

(660"<6&13&"37."G%-10%"'7"0'e/'."7'1&6C%7"16"3";'7%"G69.%&+""#$%";&6O%7"$6<6C%731%-

9%&%" 1&37-;%&&%." '716" 7%9"=F3-%M;&%%"<'(&61/:%" (6713'7'7C" S"<0" 6;"#&'O60"=%3C%71
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G%&'6.-A"-6"'1"93-"&%1/&7%."16"MPQ°@"9'1$'7"\MSQ"<'7"3;1%&"13J'7C"6/1+

12123S(G'#.->0'5#%+0.(#./(-&,&6%+0.

#&37-;%&"6;"0'C31'67"&%3(1'67-"6&"G03-<'."'716"/7&015)"93-".67%"3-".%-(&':%.":L

B3<:&66J"4(&%57")Sihi,+""D"\Q"µ0"30'e/61"6;";&6O%7"(6<G%1%71"(%00-"93-"1$39%."67"'(%

;6&" \" <'7+" " #$%" G03-<'.-" )SQMSQQ" 7C," 6&" \" µ0" 0'C31'67" &%3(1'67" <'?" 93-" 3..%." 16
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1$39%."(6<G%1%71"(%00-A"<'?%."C%710L":L"-9'&0'7C"1$%"1/:%"37."'7(/:31%."67"'(%";6&"WQ

<'7+" " #$%" (%00-" 9%&%" 1&37-;6&<%." :L" /-'7C" $%31" -$6(J" 31" [P°@" ;6&" _Q" -" 37.

'<<%.'31%0L"($'00%."67"'(%";6&"P"<'7+""#$%"1&37-;6&<%."(%00-"9%&%"C&697"'7"[\Q"µ0"6;

B5@"<%.'/<"6&"*U":&61$")DGG%7.'?"H,":L"-$3J'7C"31"PQQ"&G<";6&"[\"<'7+""V6&":0/%M

9$'1%" (6067L" -%0%(1'67" 6;" &%(6<:'7371" GU0/%B(&'G1" ZZ" Bc)n," 2%(16&A" PQQ"µ0" 6;" (%00

(/01/&%"93-"-G&%3."67"37"*U"G031%"(6713'7'7C"SQQ"µC`<0"6;"3<G'('00'7"9$'($"93-"G&%M

-G&%3."9'1$"P\"µ0"6;"\Q"<C`<0"RM]30"37."\Q"µ0"6;"Q+S"N"ZT#]")DGG%7.'?"H,+" "V6&

371':'61'(-" &%-'-1371"-%0%(1'67"6;" &%(6<:'7371"G>#"(067%-A"PQQ"µ0" 6;"(%00" (/01/&%"93-

-G&%3."67"*U"G031%"(6713'7'7C"3GG&6G&'31%"371':'61'(-";6&"%3($"2%(16&"37."$6-1"-L-1%<+

D;1%&"-G&%3.'7CA"1$%"G031%"93-"-31M/G&'C$1"31"&66<"1%<G%&31/&%";6&"S\MPQ"<'7"16"0%1"1$%

-G&%3." (%00-" 37." <%.'/<" 3:-6&:" '716" 1$%" 3C3&A" 1$%7" 1$%" G031%" 93-" '72%&1%." 37.

'7(/:31%."31"WX°@"62%&7'C$1")S_MSh"$,+""D<67C"1$%"&%(6<:'7371"(067%-"'.%71';'%.":L

:0/%M9$'1%" (606&" -(&%%7'7CA" 1$%"9$'1%" (6067'%-" C%7%&300L" (6713'7%." '7-%&1-"9$'0%" 1$%

:0/%"(6067'%-"$3."76"'7-%&1-")-%0;M0'C31%."GU0/%B(&'G1"G03-<'.,+

121233(4,#-5+/(+-0,#%+0.(FA(F0+,+.J(5+.+$'&$

T&%G3&31'67"6;" &%(6<:'7371"G03-<'." ;6&"G&%0'<'73&L" 3730L-'-"93-".67%"/-'7C

1$%" :6'0'7C" <'7'G&%G" <%1$6." )B3<:&66J" 4(& %5+A" Sihi,+" " F6&<300LA" 1$%" -'O%" 6;

&%(6<:'7371" G03-<'." '-" 03&C%&" 1$37" 767&%(6<:'7371" G03-<'.+" " B'7C0%" (6067'%-"9%&%

G'(J%." 9'1$" -1%&'0%" 1661$G'(J-A" &%-1&%3J%." 67" *U" G031%" (6713'7'7C" 3GG&6G&'31%

371':'61'(-A" 37." C&697" 31" WX°@" 62%&7'C$1+" " #$%" ;&%-$" 62%&7'C$1" (6067'%-" 9%&%

'76(/031%." '7"\"<0"*U":&61$"(6713'7'7C"3GG&6G&'31%" 371':'61'(-"37."C&697"62%&7'C$1

9'1$" PQQ" &G<" -$3J'7C" 31" WX°@+" " #$%" (%00" (/01/&%-" 9%&%" G%00%1%." '7" <'(&61/:%-" :L
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(%71&';/C31'67" 31" WAQQQ"?"C" ;6&"W"<'7+" "#$%" (%00" G%00%1-"9%&%" &%-/-G%7.%." '7" W\Q"µ0

B#>#" :/;;%&" )DGG%7.'?" H," 37." <'?%." 9'1$" PQ" µ0" ;&%-$0L" G&%G3&%." SQ" <C`<0

0L-6OL<%+" "#$%" -/-G%7-'67-"9%&%" :6'0%." 31" SQQ°@" ;6&" [Q" -" 16" :&%3J" 1$%" (%00-+" "#$%

:&6J%7" (%00-"9%&%" G&%('G'131%." :L" (%71&';/C31'67" 31" SPAQQQ" ?" C" ;6&" SQ"<'7" 31" &66<

1%<G%&31/&%A"37."1$%"(%00"G%00%1-"9%&%"&%<62%.":L"-1%&'0%"1661$G'(J"37.".'-(3&.%.+""#6

G&%('G'131%" 1$%" G03-<'.-" '7" 1$%" -/G%&731371A" [QQ"µ0" '-6G&6G3760" 93-" 3..%." 37." 1$%

1/:%-"9%&%"'7(/:31%."31"&66<"1%<G%&31/&%" ;6&"\"<'7A" 1$%7"(%71&';/C%."31"SPAQQQ"?"C

;6&"\"<'7"31"[°@"16"G%00%1" 1$%"G03-<'.-+" "#$%"G%00%1-"9%&%"93-$%."9'1$"\QQ"µ0"X\Y

%1$L0"30(6$60"37.".&'%.";6&"S\MPQ"<'7+""#$%"G%00%1-"93-"&%-/-G%7.%."'7"\Q"µ0"SQ"<N

#&'-MI@0"GI"h+Q"(6713'7'7C"Q+S"<C`<0"=F3-%"DA"37."'7(/:31%."16".%C&3.%"1$%"=FD

31"WX°@";6&"WQ"<'7+""#$%"('&(/03&"-'O%-"6;"G/&';'%."G03-<'.-"9%&%"(6<G3&%."16"G03-<'.

9'1$6/1" '7-%&1":L"3730L-'-"67"SY"3C3&6-%" C%0+" "#$%"G03-<'.-" (6713'7'7C" '7-%&1"9%&%

-16&%."31"MWQ°@

121231(8&-%'+6%+0.(&.TA5&(/+J&-%+0.(>0'($,#-5+/(#.#,A-+-

#6" .%1%&<'7%" 1$%" -'O%" 6;"HFD" '7-%&1-" '7" 1$%" GU0/%B(&'G1" ZZ" Bc)n," G03-<'.A

&%-1&'(1'67" %7.67/(0%3-%-"9$6-%" -'1%-" 3&%" G&%-%71" '7" 1$%" ;037J'7C" &%C'67" 6;"/01="b

)/01="Z"37."231" Z,"37."6.%&Z" )-%.I"Z"37."37."231" Z,"31" 1$%"(067'7C"-'1%"\′"37."W′

%7.-A"&%-G%(1'2%0LA"9%&%"/-%."16"(/1"1$%"&%(6<:'7371"G03-<'.-+""#$%"&%3(1'67"<'?"93-

G&%G3&%."'7(0/.'7C"WM\"µC"G03-<'.-A"P"µ0"SQ"R"U/;;%&"HA"Q+P"µ0"SQQ"R"UBDA"\"/7'1-"6;

%3($" &%-1&'(1'67" %7OL<%" 37." -1%&'0%" .'-1'00%." 931%&" 16" PQ" µ0+" " #$%" &%3(1'67" 93-

'7(/:31%."31"WX°@"62%&7'C$1+""57%"G%&(%71"3C3&6-%"C%0"%0%(1&6G$6&%-'-"93-"(3&&'%."6/1

16".%1%&<'7%"1$%"HFD"'7-%&1"-'O%"3-".%-(&':%."G&%2'6/-0L"'7"<%1$6."P+P+\+
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" 121237(M);9U:($,#-5+/(5+.+$'&$

#$%"lZD"G&%G"-G'7"<'7'G&%G"G03-<'."%?1&3(1'67"J'1")lZD]>F,";6&"93-"/-%."16

G/&';L" &%(6<:'7371" G03-<'." ;6&" -%e/%7('7C" /-'7C" 1$%" &%(6<<%7.%." G&616(60+" " D

&%(6<:'7371"(6067L"93-"'76(/031%."'7"\"<0"*U":&61$"9'1$"3GG&6G&'31%"371':'61'(-"37.

1$%" (%00-"9%&%" C&697":L" -$3J'7C" 31" PQQ" &G<" )SPMS_"$," 31" WX°@+" "#$%" (/01/&%." (%00-

9%&%"G%00%1%.":L"(%71&';/C31'67"31"WAQQQ"?"C";6&"W"<'7"31"&66<"1%<G%&31/&%+""#$%"(%00

G%00%1-"9%&%"&%-/-G%7.%."(6<G0%1%0L"'7"P\Q"µ0"TS":/;;%&"(6713'7'7C"=F3-%"D+" "#96

$/7.&%.";';1L"<'(&60'1%&-"6;"TP":/;;%&"93-"3..%."16"1$%"&%-/-G%7.%."(%00-A"37."<'?%.

:L" '72%&1'7C" 1$%" 1/:%" C%710L" )16" 326'." C%76<'("HFD" -$%3&'7C," [M_" 1'<%-" /71'0" 1$%

-60/1'67" :%(3<%" 2'-(6/-" 37." -0'C$10L" (0%3&+" " #$&%%" $/7.&%." ;';1L" <'(&60'1%&-" 6;" FW

:/;;%&" 93-" 3..%." 37." <'?%." '<<%.'31%0LA" 16" 326'." 06(30'O%." G&%('G'131'67A" :L

'72%&1'7C"1$%"1/:%"C%710L";6&"[M_"1'<%-+""#$%"1/:%"93-"(%71&';/C%."31"SWAQQQ"?"C";6&"SQ

<'7"16"(6<G3(1"1$%"9$'1%"G%00%1+""#$%"-/G%&731371"93-"3GG0'%."16"3"lZD"G&%G"(60/<7

:L"G'G%11'7CA"(%71&';/C%."31"SWAQQQ"?"C";6&"S"<'7A"37."1$%";069"1$&6/C$"93-".'-(3&.%.+

#$%"(60/<7"93-"93-$%.":L"3GG0L'7C"Q+X\"<0"T>":/;;%&"37."(%71&';/C%."31"SWAQQQ"?"C

;6&"S"<'7+" "#$%";069"1$&6/C$"93-".'-(3&.%.A"37."1$%"(60/<7"93-"(%71&';/C%." ;6&"37

3..'1'6730"S"<'7+" "#$%"(60/<7"93-"G03(%." '7" 3"7%9"S+\"<0"<'(&61/:%"37."P\M\Q"µ0

.'-1'00%."931%&"6&"SQ"<N"#&'-MI@0")GI"h+\,"93-"3..%."16"1$%"(%71%&"6;"(60/<7+""#$%

(60/<7"93-"30069"16"-137.";6&"S"<'7A"37."(%71&';/C%."31"SWAQQQ"?"C";6&"S"<'7"16"%0/1%

1$%"G03-<'."HFD+""#$%"HFD"93-"-16&%."31"MWQ°@+

12123C(=:;(H&?@&.6+.J

T/&';'%." HFD" -3<G0%-" 9%&%" -%e/%7(%." '7" (L(0%M-%e/%7('7C" /-'7C" 1$%" DUZ

T=ZBN".L%" 03:%0%." 1%&<'7316&" J'1" )U'C"HL%," )T>"DGG0'%."U'6-L-1%<-A" V6-1%&"@'1LA



33

@D," 9'1$" 1$%" &%(6<<%7.%." G&616(60+" " #$%" &%3(1'67" <'?" 93-" (6<G6-%." 6;" [" µ0

#%&<'7316&"=%3.L"=%3(1'67"N'?A" P"µ0" G/&';'%." G03-<'."HFD" )SQQ"µC`µ0,A" S"µ0" W+P

G<60`µ0"G&'<%&"37."W"µ0".'-1'00%."931%&+""D<G0';'(31'67"93-".67%"/-'7C"1$%"]%7%"D<G

T@="-L-1%<"iXQQ")T>"DGG0'%."U'6-L-1%<-,+""#$%"G&6C&3<"93-"(67./(1%.":L"&3G'.0L

'7(&%3-'7C"1$%"1%<G%&31/&%"16"i_°@A";60069%.":L"P\"(L(0%-"6;"i_°@";6&"PQ"-A"\Q°@";6&

SQ" -" 37." XP°@" ;6&" [" <'7+" " #$%" 3<G0';'%." G&6./(1-" 9%&%" G/&';'%." :L" %1$3760

G&%('G'131'67"3-".%-(&':%."'7"1$%"J'1"<37/30+""#$%"G/&';'%."HFD"G%00%1"93-".'--602%.

'7"PQ"µ0"#B="-60/1'67A"$%31%."31"SQQ°@";6&"P"<'7A"e/'(J0L"(660%."67"'(%";6&"W"<'7"37.

063.%."6716"37"DUZ"WSQ"HFD"3/16<31%."-%e/%7(%&+

12123I(;.#,A-+-(0>(=:;(-&?@&.6&-

#$%"HFD"-%e/%7(%".313"6:13'7%.";&6<"HFD"-%e/%7('7C"-6;193&%"6;"DUZ"WSQ

HFD"3/16<31%."-%e/%7(%&"93-"'71%&G&%1%."37."(672%&1%."16"-'7C0%"0%11%&"(6.%"'7"1%?1

;'0%" ;6&<31" :L" 1$%" @$&6<3-" S+\_" G&6C&3<" )#%($7%0L-'/<" T1L+" *1.,+" " #$%" HFD

-%e/%7(%-" 9%&%" 30-6" (6&&%(1%." :L" <37/30" '7-G%(1'67" 6;" 1$%" ($&6<316C&3<+" " #$%

-%e/%7(%-" 9%&%" 3730LO%." /-'7C" 1$%" (6<G/1%&" 3730L-'-" G&6C&3<-" '7" U@N" B%3&($

*3/7($%&" )$11G!``.61+'<C%7+:(<+1<(+%./!iWWS`,+" " #$%" -%e/%7(%" 93-" 1&37-031%." 16

.%./(%." 3<'76" 3('." -%e/%7(%" :L" 1$%" _" ;&3<%" 1&37-031'67" G&6C&3<" 37." 371'-%7-%

-%e/%7(%-"(672%&1%."16"-%7-%"-1&37."-%e/%7(%"9'1$"1$%"=%2%&-%"(6<G0%<%71"G&6C&3<

'7"B%e/%7(%"E1'0'1'%-+""#$%"-%e/%7(%-"9%&%"(67;'&<%."16"(6&&%-G67."16"βMC0/(6-'.3-%-

:L"3"06(30"30'C7<%71"-%3&($"6;"1$%"]%7%:37J".313:3-%":L"1$%"U*DB#"G&6C&3<"31"1$%

F31'6730" @%71%&" ;6&" U'61%($7606C'(30" Z7;6&<31'67" )F@UZ," )$11G!``999+7(:'+70<+

7'$+C62,+" "@6<G3&'-67"6;" 1$%"HFD";&3C<%71"-%e/%7(%-"93-".67%"9'1$" 1$%"@0/-130R

'<G0%<%7131'67" 6;" @0/-130f" )K%37<6/C'7" 4(& %5+A" Siihd" #$6<G-67" 4(& %5+A" Sii[," 6&
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U*DB#P"31"F@UZ+""#$%"(HFD"-%e/%7(%-"6;"895:;"37."895:<"9%&%"-%3&($%."3C3'7-1

1$%".:>B#".313:3-%"/-'7C"U*DB#7"16"'.%71';L"<31($'7C">B#-"'7"&'(%A"37."1$%-%">B#-

9%&%"/-%." 16"-%3&($" 1$%"='(%"]%76<%"=%-%3&($"G&6C&3<")$11G!``&CG+.73+" 3;;&(+C6+kG,

<3GG%.">B#"<3&J%&-"16"'.%71';L"1$%"($&6<6-6<30"06(31'67-"6;"895:;"37."895:<+

T&61%'7"-%e/%7(%"30'C7<%71-"9%&%".67%"9'1$" 1$%"@0/-130R"'<G0%<%7131'67"6;

@0/-130f+""T&61%'7"3730L-%-"9%&%".67%"31"1$%">?G3-L"G&61%6<'(-"-%&2%&")$11G!``999+

%?G3-L+6&C`,A" -'C730"-%e/%7(%-"9%&%"G&%.'(1%.":L"B'C730T" )F'%0-67"4(&%5+A"SiiX,"37.

(%00/03&"06(31'67-"9%&%"G&%.'(1%.":L"TB5=#")F3J3'"37."I6&167A"Siii,+

127(;5$,+>+6#%+0.(0>('+6&(ββββEJ,@60-+/#-&(6=:;-

='(%")!"#$%&'%()*%"*+"(2+""5&'67"37."(2+"F'GG67:3&%,"-%%.-"9%&%"-1%&'0'O%.":L

-63J'7C"'7"SQY"@06&6?";6&"SQ"<'7A"93-$%."19'(%"9'1$"-1%&'0%".'-1'00%."931%&" ;6&"PMW

<'7A"-63J%."'7"i\Y"%1$L0"30(6$60";6&"W"<'7A"37."93-$%."["1'<%-"9'1$"-1%&'0%"931%&";6&

PMW"<'7+""#$%"-%%.-"9%&%"C%&<'731%."'7"1$%".3&J";&6<".3L"Q"16".3L"W"37."'7"1$%"SP"$

0'C$1MSP"$".3&J" ;&6<".3L"[" 16".3L"\" 31"Ph°@"/7.%&" -1%&'0%" (67.'1'67"67"C%&<'731'7C

G3G%&"<6'-1%7%."9'1$"-1%&'0%".'-1'00%."931%&+""#$%"9$60%"-%%.0'7C-"9%&%"$3&2%-1%.A"37.

1$%"=FD"93-"'-6031%."37."&%2%&-%"1&37-(&':%."3-".%-(&':%."'7"<%1$6.-"P+P+S"37."P+P+[+

12723(!,0.+.J(0>('+6&(ββββEJ,@60-+/#-&(6=:;(>0'(+-0TA5&(3

#$%" ;'&-1" &'(%MβMC0/(6-'.3-%" .%-'C731%." 895:;" 93-" (067%." :L" $6<606CL" 37.

'.%71';'(31'67" 6;" (6&&%-G67.'7C" -%e/%7(%-" '7" .313:3-%-+" " #96" &'(%" >B#" (067%-A

=Ph[XoSD" )]%7U37J" D@" HP[i\i," 37." =PWW_" )]%7U37J" D@" HP[__W," 9%&%

'.%71';'%."3-":%067C'7C"16"C0L(6-L0"$L.&603-%";3<'0L"S":L"3"1U*DB#7"-%3&($")D01-($/0

http://www.expasy.org/)
http://www.expasy.org/)
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4(& %5+A" SiiX," 6;" 1$%" .:>B#" .313:3-%+" " #$%-%" 196" (067%-" 9%&%" 6:13'7%." ;&6<" 1$%

K3G37%-%"N'7'-1&L"6;"DC&'(/01/&%A"V6&%-1&L"37."V'-$%&'%-" )NDVV,"]%76<%"=%-%3&($

T&6C&3<A" K3G37A" 37." -%e/%7(%." 1$6&6/C$0L" :L" 3/16<31%." HFD" -%e/%7('7C" 3-

.%-(&':%." '7" <%1$6." P+P+S[+" " #$%" -%e/%7(%" 6;" 1$%" 067C%-1" (HFD" '7-%&1" 93-

.%1%&<'7%."37.".%G6-'1%."'7"]%7U37JA"3((%--'67"7/<:%&")D@,"EPhQ[X+

D" -%7-%" G&'<%&"βMC0/S_W" )#3:0%" P+S," .%&'2%." ;&6<" 1$%"=Ph[XoSD" -%e/%7(%

93-"/-%." ;6&"W′" &3G'." 3<G0';'(31'67"6;" (HFD"%7.-" )W′"=D@>,"/-'7C" 1$%" ;'&-1M-1&37.

(HFD" ;&6<" 5&'67" &'(%" 3-" 1$%" 1%<G031%A" %--%71'300L" 3-" .%-(&':%." :L" a$37C" 37.

V&6$<37")SiiX,+""#$%"T@="&%3(1'67"<'?"'7(0/.%."P+\"µ0"SQ"R">067C3-%":/;;%&A"P"<N

P+\"<N" .F#T"<'?%.A" Q+\"µ0" SQ"µN" βMC0/S_W" G&'<%&A" Q+\"µ0" SQ" µN" 60'C6" ).#,SX

G&'<%&A"S+P\"/7'1-">067C3-%")*';%"#%($7606C'%-A"Z72'1&6C%7A"@3&0-:3.A"@D,A"S"µ0";'&-1M

-1&37."(HFD"&%3(1'67"37."-1%&'0%".'-1'00%."931%&"16"3";'730"260/<%"6;"P\"µ0+""#$%"T@=

3<G0';'(31'67"93-".67%"9'1$"37"'7'1'30".%731/&31'67"-1%G"6;"i[°@";6&"\"<'7A";60069%.

:L" W\" (L(0%-" 6;" i[°@" ;6&" WQ" -A" [P°@" ;6&" WQ" -A" 37." _h°@" ;6&" P" <'7A" 37." 3" ;'730

%?1%7-'67"6;"\"<'7"31"_h°@"3;1%&"1$%"03-1"(L(0%+""#$%"T@="G&6./(1"93-"3730LO%.":L"SY

3C3&6-%"C%0"%0%(1&6G$6&%-'-A"3-".%-(&':%."'7"<%1$6."P+P+\A"G/&';'%."9'1$"1$%"lZD"e/'(J

C%0"%?1&3(1'67"J'1A"37."1$%"-%e/%7(%".%1%&<'7%.":L".'&%(1"-%e/%7('7C"/-'7C"βMC0/S_W
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  β-glu217
  GTGCGTGCGTGGCTGCGTGTGCTTGCGCTACTGCTTGGTCTCACTGTGTGAACAACTGCTGCCGCCGCCTGCCGGCGGTG-80

  TGCTCCGGCCGCGCGCGGTCGTGATGGCTGCACGGCGAGCGAACTGCGCGCTGGTGCTGGTGCTGGCGCTCGCGCTGTTG-160
   M  A  A  R  R  A  N  C  A  L  V  L  V  L  A  L  A  L  L
       β-glu156
  GCGGCGCGGGATGCTGGTGCCGCGGCGGTGCCCAAGCCCAACTGGCTGGGCGGGCTGAGCCGCGCCGCGTTCCCCAAGCG-240
  A  A  R  D  A  G  A  A  A  V  P  K  P  N  W  L  G  G  L  S  R  A  A  F  P  K  R

  GTTCGTGTTCGGGACGGCCACGTCCGCGTACCAGGTCGAGGGCATGGCGGCGTCCGGCGGCCGCGGGCCGTCCATCTGGG-320
   F  V  F  G  T  A  T  S  A  Y  Q  V  E  G  M  A  A  S  G  G  R  G  P  S  I  W  D

  ACGCCTTCGCGCACACCCCGGGAAATGTTGCAGGAAATCAGAATGGAGATGTTGCGACAGATCAATATCATCGCTATAAG-400
    A  F  A  H  T  P  G  N  V  A  G  N  Q  N  G  D  V  A  T  D  Q  Y  H  R  Y  K

  GAAGATGTTAATCTCATGAAAAGTTTGAATTTTGATGCCTACCGGTTTTCAATCTCATGGTCCAGGATCTTCCCAGATGG-480
  E  D  V  N  L  M  K  S  L  N  F  D  A  Y  R  F  S  I  S  W  S  R  I  F  P  D  G
     β-glu178
  TGAGGGACGAGTTAACCAAGAAGGCGTAGATTATTACAACAATCTTATAAACTACCTTCTGCAGAAAGGTATCACTCCTT-560
   E  G  R  V  N  Q  E  G  V  D  Y  Y  N  N  L  I  N  Y  L  L  Q  K  G  I  T  P  Y

  ATGTCAATCTTTACCACTACGATCTCCCTCTTGCGCTTGAGAAGAAGTACGGAGGCTGGTTGAATGCAAAAATGGCGGAT-640
    V  N  L  Y  H  Y  D  L  P  L  A  L  E  K  K  Y  G  G  W  L  N  A  K  M  A  D
     β-glu163
  CTATTCACGGAGTACGCGGACTTCTGTTTCAAGACCTTTGGCAATCGTGTCAAGCACTGGTTTACATTTAATGAGCCAAG-720
  L  F  T  E  Y  A  D  F  C  F  K  T  F  G  N  R  V  K  H  W  F  T  F  N  E  P  R

  GATAGTAGCACTTCTTGGTTATGACCAAGGAACAAATCCTCCTAAAAGGTGCACAAAATGCGCTGCTGGTGGGAACTCAG-800
   I  V  A  L  L  G  Y  D  Q  G  T  N  P  P  K  R  C  T  K  C  A  A  G  G  N  S  A

  CAACAGAACCATACATTGTTGCTCATAATTTTCTCTTATCACATGCTGCAGCTGTTGCAAGATACCGGACTAAGTATCAG-880
    T  E  P  Y  I  V  A  H  N  F  L  L  S  H  A  A  A  V  A  R  Y  R  T  K  Y  Q

  GCAGCTCAGCAAGGCAAAGTTGGAATAGTTCTGGACTTCAATTGGTATGAAGCTCTTTCCAACTCAACTGAAGACCAAGC-960
  A  A  Q  Q  G  K  V  G  I  V  L  D  F  N  W  Y  E  A  L  S  N  S  T  E  D  Q  A

  AGCGGCTCAAAGAGCCAGGGACTTCCACATTGGTTGGTATCTTGATCCATTGATAAATGGACATTACTCGCAGATAATGC-1040
   A  A  Q  R  A  R  D  F  H  I  G  W  Y  L  D  P  L  I  N  G  H  Y  S  Q  I  M  Q

  AAGATCTTGTGAAAGATAGGCTGCCCAAGTTCACTCCTGAACAAGCTAGATTGGTCAAGGGCTCGGCTGACTATATTGGC-1120
    D  L  V  K  D  R  L  P  K  F  T  P  E  Q  A  R  L  V  K  G  S  A  D  Y  I  G

  ATCAACCAATACACAGCTAGCTACATGAAGGGCCAGCAATTGATGCAGCAGACACCGACGAGTTACTCAGCCGATTGGCA-1200
  I  N  Q  Y  T  A  S  Y  M  K  G  Q  Q  L  M  Q  Q  T  P  T  S  Y  S  A  D  W  Q

  GGTTACCTATGTTTTTGCGAAAAACGGCAAACCAATTGGACCACAGGCAAATTCTAATTGGCTTTACATCGTGCCATGGG-1280
   V  T  Y  V  F  A  K  N  G  K  P  I  G  P  Q  A  N  S  N  W  L  Y  I  V  P  W  G

  GGATGTACGGATGTGTGAACTACATCAAGCAGAAGTACGGGAATCCGACAGTCGTCATAACTGAAAACGGAATGGATCAA-1360
    M  Y  G  C  V  N  Y  I  K  Q  K  Y  G  N  P  T  V  V  I  T  E  N  G  M  D  Q

  CCTGCGAACCTCAGCCGCGACCAGTACTTGCGCGACACCACGAGGGTTCATTTCTACAGGAGCTACCTCACCCAGCTGAA-1440
  P  A  N  L  S  R  D  Q  Y  L  R  D  T  T  R  V  H  F  Y  R  S  Y  L  T  Q  L  K

  GAAGGCCATCGACGAGGGCGCCAATGTGGCTGGCTACTTCGCCTGGTCTCTCCTGGACAACTTCGAGTGGCTGTCAGGTT-1520
   K  A  I  D  E  G  A  N  V  A  G  Y  F  A  W  S  L  L  D  N  F  E  W  L  S  G  Y

  ACACGTCCAAGTTTGGTATCGTCTACGTCGACTTCAACACGCTCGAGCGCCACCCCAAGGCGTCGGCCTACTGGTTCAGG-1600
    T  S  K  F  G  I  V  Y  V  D  F  N  T  L  E  R  H  P  K  A  S  A  Y  W  F  R
    Ro13pf
  GACATGCTAAAGCACTGAGAATGAAAGACACGCAGACTGAAGTTGAAGTTGCCATCCATTGATCATCATGTTCAGTTCTA-1680
  D  M  L  K  H  *

  GGCTGCCGCTTGGATGGCATCAGAGCTGGCTATGAACTATGTGATGGAAATAAAAGGACTGCAAATTGATTCGATTATGC-1760

  AATTCGTGTCTATGATCAGAATTGTGGCCGTCTAGTGAACTTGTAGAAGTGTACTCTTGATGTGTGATCGATCTTGAGTA-1840
       Ro13pr

  ATCAATGTTTGATCAGATTTCGCCTTATAATTTATTAGTTGATGAGATTTGGCTTGGTGATTTTATAGG-1909

<5;,'&(./A'G:,'.*2202,71):'+>56'(,=*,7+,'%73'3,3*+,3'%$#7-'%+#3'(,=*,7+,'-.'"#+,

!"#$%;' 'X73,"2#7,3' 2,)),"(' ",B",(,7)' ):,'>56' (,=*,7+,' -.'!84'B"#$,"(' .-"' +2-7#71

%73'(,=*,7+#71;



86

G:,'(,+-73'"#+,'β012*+-(#3%(,'#(-\&$,'+>56'?!"#$*@'/%('+2-7,3'9&'4G0!84

/#):'):,'()"%),1&'(:-/7'#7'<#1*",'T;K;''G:,'.#"()'()"%73'+>56'/%('(&7):,(#\,3'*(#71

$456' ,])"%+),3' ."-$' T0L' 3%&' -23' Z"#-7' "#+,' (,,32#71' %(' ),$B2%),' #7' ",C,"(,

)"%7(+"#B)#-7' /#):' %7' -2#1-' ?3G@OM' B"#$,";' ' 6$B2#.#+%)#-7' -.' !"#$*' /%(' 3-7,' /#):

3,1,7,"%),' B"#$,"(A' β012*OSU' ?(,7(,@' %73' β012*LO' ?%7)#(,7(,@A' 9%(,3' -7' +-7(,"C,3

B,B)#3,'(,=*,7+,('?P<!6P<d<P'%73'g<G<5D!@A'*(#71'):,'.#"()'()"%73'+>56'%('):,

),$B2%),;''G:,',]B,+),3'(#\,'?LRU'7*+2,-)#3,(@'+>56'."%1$,7)'B"-3*+)'/%('-9)%#7,3

%73'#)('(,=*,7+,'3,),"$#7,3'?<#1*",'T;R@;

<5;,'&( ./B' 82-7#71' ()"%),1#,(' -.' "#+,' !"#$*' ."-$' Z"#-7' "#+,;' ' <#"()A' ):,' +>56

."%1$,7)' %)' ):,' S′' ",1#-7' -.' !"#$*' /%(' %$B2#.#,3' *(#71' ):,' 3,1,7,"%),' B"#$,"(' β0

12*OSU'%73'β012*LO;''F,+-73A'):,'+>56'."%1$,7)',7+-3#71'):,'T′',73'-.'!"#$*'/%(

1,7,"%),3'9&'T′'468D'/#):'B"#$,"('β012*OMU'%73'-2#1-'?3G@OM;''G:#"3A'):,'.*2202,71):

+>56'/%('%$B2#.#,3'*(#71'):,'(B,+#.#+'B"#$,"('β012*JOL'%73'4-JTB";



87

<5;,'&(./C'O_'%1%"-(,'1,2',2,+)"-B:-",(#('-.'S′',73'!84'B"-3*+)'-.'):,'!"#$*&+>56

."%1$,7)' %$B2#.#,3'/#):' ):,' B"#$,"('β012*OSU' %73'β012*LO;' 'G:,'!84'B"-3*+)'/%(

%$B2#.#,3'9&'*(#71'Z"#-7'"#+,'+>56'%('),$B2%),;''`%7,'OA'a#02-/'>56'$%"Q,"b'2%7,

JA'7-'>56'),$B2%),'+-7)"-2'!84'%$B2#.#+%)#-7'/#):'β012*OSU'%73'β012*LO'B"#$,"(b

2%7,'TA'):,'S′',73'!84'B"-3*+)'*(#71'B"#$,"('β012*OSU'%73'β012*LO;

G-'%$B2#.&'):,'T[',73'+>56'."%1$,7)A'):,'B"#$,"'β012*OMUA'3,"#C,3'."-$'):,

LRU'9B'+>56'."%1$,7)'/%('*(,3'/#):'-2#1-'?3G@OM'#7'T['468DA'%73'%'!84'B"-3*+)'-.

%BB"-]#$%),2&' OLYY'9B'/%(' -9)%#7,3' ?<#1*",' T;OY@;' ' G:#(' !84' B"-3*+)'/%(' +2-7,3

#7)-'BH2*,F+"#B)'II'Fc'?e@'C,+)-"'%73'):,'B2%($#3('+-7)%#7#71'):,',]B,+),3'#7(,")'(#\,

/,",'(,=*,7+,3;''G:,'(,=*,7+,'-.'):,'OLLJ09B'!84'."%1$,7)'#7+2*3,3'):,'()-B'+-3-7

%73' JUK' 9B' T[' XG4' -.' ):,' $456A' #7' %33#)#-7' )-' OSYY' 9B' -.' !"#$*' 8>F;' ' G:,

(,=*,7+,'-C,"2%BB,3'):%)'-.'):,'6XYUSJYL'DFG'?+2-7,'7*$9,"'DUYUOONO6@A'/:#+:

+-C,",3' ):,' S[' ,73' -.' ):,'8>F;' ' G:#(' DFG'/%(' *(,3' )-' 3,(#17' ):,' (,7(,' B"#$,"'β0

12*JOLA'):,'(,=*,7+,'-.'/:#+:'#7+2*3,3'):,'B",3#+),3'()%")'+-3-7;''G-'-9)%#7'):,'.*22

O''''J''''T

OYYYY0
UYYY0

TYYY0

OLYY0
OYYY0

SYY0
TYY0

OYY0



88

8>F' -.' !"#$JA' B"#$,"(' 3,"#C,3' ."-$' 9-):' ,73' (,=*,7+,(A' β012*JOL' ."-$' S[' ,73

(,=*,7+,' %73' 4-JTB"' ."-$' T[' XG4A' /,",' *(,3' #7' !84' %$B2#.#+%)#-7;' ' 67

%BB"-]#$%),2&' OKYY' 9B' !84' B"-3*+)' 9%73' /%(' -9)%#7,3' ?<#1*",' T;OY@' %73' #)(

(,=*,7+,' /%(' 3,),"$#7,3;' ' G:,' .*2202,71):' !"#$*' +>56' (,=*,7+,' %73' ):,' B"#$,"(

*(,3' #7'!84'%$B2#.#+%)#-7'(),B('%",' (*$$%"#\,3' #7'<#1*",'T;OO;' 'G:,' ",+-7()"*+),3

+>56' (,=*,7+,A' +-7(#(),3' -.' OMRM' 7*+2,-)#3,(A' #7+2*3#71' %' OSYY07*+2,-)#3,' Z4<

,7+-3#71' %' SYY' %$#7-' %+#3' 2-71' B",+*"(-"' B"-),#7;' ' G:,' B"-),#7' +-7(#(),3' -.' %' JS

%$#7-'%+#3'2-71'B",B,B)#3,'%73'%'LMS'%$#7-'%+#3'2-71'$%)*",'B"-),#7A'%('B",3#+),3'9&

):,'F#17%2'!'B"-1"%$;''G:,'(,=*,7+,'/%('3,B-(#),3'#7'P,7H%7QA'68'6hYSUKJK;

<5;,'&(./0D'O_'%1%"-(,'1,2',2,

/#):' ):,'β012*OMU'%73'-2#1-' ?3G

/#):'):,'β012*JOL'%73'4-JTB"'B

Z"#-7'"#+,'+>56'%('),$B2%),;''`

JA'!84'B"-3*+)'-.'.*2202,71):'+>

    O'''J''''T
TYYY0

JYYY0

OYYY0
KYY0

SYY0

TYY0
JYY0
+)"-B:-",(#('-.'):,'!"#$*'T′468D'B"-3*+)'?%$B2#.#,3

@OM'B"#$,"(@' %73' .*2202,71):'!"#$*' +>56'?%$B2#.#,3

"#$,"(@;''G:,'!84'B"-3*+)('/,",'%$B2#.#,3'9&'*(#71

%7,'OA'OYY'9B'Df'2-%3'>56'$%"Q,"'?H#-04%3@b'2%7,

56b'2%7,'TA'!84'B"-3*+)'-.'T′468D;



89

'''β-glu214
  TCTCTCGCTGGAATGGGGATCAGAATGGGAAGGCGACTCCTCTTCACCTTGTTCTTGGGAGCTCTGTTCTGCAATGGCGT-80
              M  G  I  R  M  G  R  R  L  L  F  T  L  F  L  G  A  L  F  C  N  G  V
                         β-glu156
  TTACGCCAAGTTTACCCGGTACAGCTTCCCCAAGGACTTCATCTTCGGCACAGGTTCAGCAGCTTATCAGTATGAGGGCG-160
   Y  A  K  F  T  R  Y  S  F  P  K  D  F  I  F  G  T  G  S  A  A  Y  Q  Y  E  G  A

  CCTACAAAGAAGGGGGCAAAGGTCCTAGCGTCTGGGACAACTTCACTCACATTCCAGGTAAAATTTTAAACAATGATAAC-240
    Y  K  E  G  G  K  G  P  S  V  W  D  N  F  T  H  I  P  G  K  I  L  N  N  D  N

  GGCGATGTGGCAAATGACTTCTATCACCGATACAAGGAGGATGTGAGCCTCCTGAAGGACATGAACATGGATGCTTTCCG-320
  G  D  V  A  N  D  F  Y  H  R  Y  K  E  D  V  S  L  L  K  D  M  N  M  D  A  F  R
                                     β-glu176                                
  GTTCTCCATTGCGTGGACCAGGATCCTGCCAAATGGATCCTTGAGTGGAGGAATAAACAAAGAAGGGGTTGCTTTCTACA-400
   F  S  I  A  W  T  R  I  L  P  N  G  S  L  S  G  G  I  N  K  E  G  V  A  F  Y  N

  ACAGCTTGATCAATGATGTCATAGCAAAAGGGATGATCCCATTTGTCACTATCTTCCACTGGGACACCCCCTTGGCTCTG-480
    S  L  I  N  D  V  I  A  K  G  M  I  P  F  V  T  I  F  H  W  D  T  P  L  A  L

  GAAAGCAAATACGGAGGATTCCTCAGTGAAGACATAGTGAAAGAATACGTGGACTTCGCGGAGGTGTGCTTTCGCGAGTT-560
  E  S  K  Y  G  G  F  L  S  E  D  I  V  K  E  Y  V  D  F  A  E  V  C  F  R  E  F

  β-glu41
  CGGCGACCGTGTCAAGTACTGGTTTACATTTAATGAGCCATTCACATATAGCGCCTACGGCTACGGCAAGGGCGTGTTTG-640
   G  D  R  V  K  Y  W  F  T  F  N  E  P  F  T  Y  S  A  Y  G  Y  G  K  G  V  F  A

  CGCCGGGACGATGCTCTTCATATGTTTCCAAGTCATGCGGCGTCGGTGACTCCAGTCGCGAGCCCTACCTCGTGGCACAC-720
    P  G  R  C  S  S  Y  V  S  K  S  C  G  V  G  D  S  S  R  E  P  Y  L  V  A  H

  CACATCCACCTCTCCCACGCTGCCGCTGTCCAGCTTTACCGCACCAAGTACCAGCCAACACAGAAGGGACAGATCGGCAT-800
  H  I  H  L  S  H  A  A  A  V  Q  L  Y  R  T  K  Y  Q  P  T  Q  K  G  Q  I  G  M

  GGTGGTGGTCACCCACTGGTTCGTGCCGTACGACAACTCCGACGCTGACCGTGGCGCTGTGCAACGGAGCCTAGACTTCA-880
   V  V  V  T  H  W  F  V  P  Y  D  N  S  D  A  D  R  G  A  V  Q  R  S  L  D  F  I

  TCTATGGGTGGTTCATGGACCCTATCGTGCATGGTGACTACCCAGGCACCATGAGAGGTTGGCTCGGCAATCGGCTGCCA-960
    Y  G  W  F  M  D  P  I  V  H  G  D  Y  P  G  T  M  R  G  W  L  G  N  R  L  P

  GAGTTCACGCCTGAACAGTCGGCGATGGTGAAGGGCTCCTACGACTTCATCGGAGTTAATTACTACACCACCTACTACGC-1040
  E  F  T  P  E  Q  S  A  M  V  K  G  S  Y  D  F  I  G  V  N  Y  Y  T  T  Y  Y  A

  TAAGAGTATACCGCCGCCTAACTCCAACGAGCTATCCTACGACCTCGACAACCGCGCCAACACCACCGGCTTCCGTAATG-1120
   K  S  I  P  P  P  N  S  N  E  L  S  Y  D  L  D  N  R  A  N  T  T  G  F  R  N  G

  GCAAACCCATCGGTCCACAGGAATTTACACCGATCTTCTTCAACTACCCTCCAGGTCTCCGTGAGCTCCTCCTCTACACC-1200
    K  P  I  G  P  Q  E  F  T  P  I  F  F  N  Y  P  P  G  L  R  E  L  L  L  Y  T

  AAGAGGAGATACAACAACCCGACCATCTATGTTACAGAAAACGGCATCGATGAGGGTAACAACAGCACACTGCCAGAGGC-1280
  K  R  R  Y  N  N  P  T  I  Y  V  T  E  N  G  I  D  E  G  N  N  S  T  L  P  E  A
                 RO1r
  GCTCAAGGATGGACACAGGATCGAGTTCCACTCAAAGCACCTGCAGTTCGTCAACCACGCCATCAAGAATGGGGTGAACG-1360
   L  K  D  G  H  R  I  E  F  H  S  K  H  L  Q  F  V  N  H  A  I  K  N  G  V  N  V

  TGAAGGGCTACTTCACGTGGACATTCATGGACTGCTTTGAGTGGGGTGACGGCTACCTTGACAGGTTCGGCCTCATCTAC-1440
    K  G  Y  F  T  W  T  F  M  D  C  F  E  W  G  D  G  Y  L  D  R  F  G  L  I  Y

 Ro23pf
  GTCGACCGCAAGACGCTCAAGCGCTACCGCAAGGAGTCCAGCTACTGGATCGAAGACTTCCTCAAGAGGCACTGATCCAG-1520
  V  D  R  K  T  L  K  R  Y  R  K  E  S  S  Y  W  I  E  D  F  L  K  R  H  *

 β-glu219
  CCCCACAAAATTTCGGATTGATCACGAGATCGATCGGCTGGCCACCAGATTTGTGTTTCGTCAGTCTAGCTTTCAGCTGG-1600
   

  TTAATTTGTGATTTGTGCATCAGTGGTGATGACCGATATGATGGCGTGATGAATTATGCTGCATTACTATTGAATGTGTA-1680

  CCTCAGTACCTGTGCATCATTGCTGGCTGATCCCATTGAGCCGGACAATAATAAGAAGAAACAATAATGCTCCCTGTCGA-1760
    Ro23pr       β-glu218
  GCAGTGTTGGGCTGGTTCAGGCT-1783
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12*+-(#3%(,('-.'$%#\,A'(-"1:*$'%73'-%)A' 2%+Q,3'%' )&B#+%2'B2%()#3' )%"1,)#71'(,=*,7+,A

%73'):,'F#17%2!'%73'!FZ4G'B"-1"%$('B",3#+),3'):%)'):,&'(:-*23'9,')%"1,),3'#7(),%3

)-' ):,' (,+",)-"&' B%):/%&A' 2#Q,' ):,' 9%"2,&' β012*+-(#3%(,' HPiUY;' ' G:,' HP2*O' %73

HP2*J' B"-),#7' (,=*,7+,(' +-7)%#7,3' T' %73' U' B-((#92,' 502#7Q,3' 12&+-(&2%)#-7' (#),(A

",(B,+)#C,2&'?G%92,'T;O@;

E#F-&(./0'!",3#+),3'B"-B,")#,('-.'"#+,'β012*+-(#3%(,(

82-7, V"
?Q>%@ BI 50`#7Q G%"1,)

!"#$% SU;R R;YU T -*)j'$#+"-9-3&j'D4'$,$9"%7,j'D4'2*$,7

!"#$* SM;L K;YS U -*)j'C%+*-2,j'$#+"-9-3&j'D4'$,$9"%7,
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<5;,'&( ./0=' 62#17$,7)' -.' B",3#+),3' B"-),#7' (,=*,7+,(' -.' .*2202,71):' "#+,' β0

12*+-(#3%(,(;&&4#+,(+>56'3,"#C,3'(,=*,7+,('%",'2%9,2,3'%('HP2*O'?68'XJKYLM@'%73

HP2*J' ?68'6hYSUKJK@b' \,%'$%&(' #('$%#\,'β012*+-(#3%(,' O' ?68'XTTKOU@b' 9%"2,&A

9%"2,&' HPiUY' ?68' `LOKUR@b' %$&13%2#7A' +,$-$.& .',/(0-)& ?68' 666RTJTL;O@;

F,=*,7+,(' +-"",(B-73#71' )-' ):,' +%)%2&)#+' %+#3j9%(,' %73' 7*+2,-B:#2,' +-7(,7(*(

(,=*,7+,('%",'$%"Q,3'9&'%'):#+Q'2#7,'-C,"'):,')-B;''4,(#3*,('(:-/7'9&'8\k\,Q''(&)#;

?JYYY@')-'+-7)%+)'):,'>IVHZ6'%12&+-7,'#7'):,'$%#\,'β012*+-(#3%(,'%",'#73#+%),3'9&^

lA'/:#2,' ):-(,'+-7(,"C,3'",(#3*,('$%Q#71'+-7)%+)('/#):' ):,'(*1%"'%",'$%"Q,3'9&^'G

%9-C,' ):,' +-2*$7;' ' Z):,"' ",(#3*,(' (:-/7' 9&' c,",(\),((&' '(& )#;A' ?JYYO@' 9&' (#),

3#",+),30$*)%1,7,(#('-"'B",3#+),3'9&'c,)*3%)'8%#"7(''(&)#;'?JYYY@'9%(,3'-7':-$-2-1&

$-3,2#71' )-'B2%&' %' "-2,' #7' (*9()"%),' 9#73#71' %73' (B,+#.#+#)&' -.' 2#7%$%"%(,' %73'G:%#

"-(,/--3' 3%2+-+:#7%(,' %",' $%"Q,3' 9&^' m;' ' F:%3#71' ",B",(,7)(' ):,' +-7(,"C%)#-7' -.

",(#3*,('/#):#7' ):,'%2#17$,7)' ?92%+Q' .-"' ):,'$-()'+-$$-7' ",(#3*,' #7' %'+-2*$7'%73

1",&' .-"' (#$#2%"' ",(#3*,(@;' ' G:,' %2#17$,7)' /%(' 1,7,"%),3' *(#71' ):,' 82*()%2' n

#$B2,$,7)%)#-7' -.' 82*()%2' g' ?W,%7$-*1#7' '(& )#;A' ORRKb' G:-$B(-7' '(& )#;A' ORRL@b

%7%2&\,3' %73' $%7*%22&' %3k*(),3' 9&' P,7,3-+' ?5#+:-2%(' %73' 5#+:-2%(A' ORRM@' %73

(:%3,3'/#):'):,'H-](:%3,'T;JO'B"-1"%$'-.'c;'a-.$%7'%73'V;'H%"-7;
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6' H`6FG' (,%"+:' -.' ):,' 39DFG' 3%)%9%(,' (:-/,3' ):%)' !"#$%' /%(' ):,' $-()

:#1:2&' ",B",(,7),3' 12&+-(&2' :&3"-2%(,' .%$#2&' O' 1,7,' )"%7(+"#B)A' /#):' UY' $%)+:#71

DFG(;' 'G:,'(-*"+,'2#9"%"#,('.-"' ):,'!"#$%'DFG(' #7+2*3,3'(:--)A' "--)A'+%22*(A'B%7#+2,A

2,%.'%73'(),$A'",.2,+)#71'#)(',]B",((#-7'#7'$%7&')#((*,(;''1"#$*'$%)+:,3'-72&'K'DFG(A

%22'-.'/:#+:'+%$,'."-$'&-*71'1"-/#71'B2%7)'B%")(^'(:--)A'(),$'%73'&-*71'2,%.'?G%92,

T;J@;' ' 6(' DFG(' .-"' 9-):' ):,' !"#$%' %73' ):,' !"#$*' 1,7,(' :%3' 9,,7' $%BB,3' )-

+:"-$-(-$,' 2-+%)#-7' 9&' ):,' 4#+,' P,7-$,' 4,(,%"+:' !"-1"%$A' ):,#"' $%B' 2-+%)#-7

+-*23'9,'#3,7)#.#,3;''G:,'DFG('4JKLMA'>JLRSR'%73'6XYTORSKA'$%)+:#71'!"#$%A':%C,

9,,7'$%BB,3')-'"#+,'+:"-$-(-$,'T'%)'B-(#)#-7'OJJ;K'+V'?3#()%7+,')-'):,'2-+*('."-$

):,' (:-")' %"$' ,73@;' ' F#$#2%"2&A' ):,' DFG('6XYTTYOS' %73' >TRSKOA'$%)+:#71' !"#$*A

:%C,'9,,7'$%BB,3')-'+:"-$-(-$,'R'%)'B-(#)#-7'MJ;O'+V;

E#F-&(./='D]B",((#-7'-.'"#+,'β012*+-(#3%(,'1,7,('k*31,3'."-$'+-"",(B-73#71'DFG(%;

82-7, DFG
$%)+:

G#((*,'2#9"%"& P,7H%7Q'%++,((#-7'7-;

!"#$% T

OU

OL

OO

F,,32#71'?+-23'()",((@

F,,32#71'(:--)

F,,32#71'"--)

8%22*(

8HYYYUTMA'86RRRYYOA'86RRRRTY

6XYRMLLLA'6XTTOTKA6XJJJRKLA
6XOUJKSRA'6XYTTORUA'6XYUUYKUA
6XOKOOJSA'6XYRMJYT'A'6XYRMULMA
6XOUJKUYA'6XYRULTJA'8JSTSKA
>LUUYSA'>TRMLYA'>LUUORA'>TRMMRA

6XYRSSOYA'86MSTSJSA'HDUYMTSTA
>JLRSRA'6XOMLTKOA'6XYTORSKA
6XOUSYKKA'>JLUUTA'6XYTJYULA
6XYMYKYYA'6XYMOOYLA'6XOMUSJOA
6XOKLLLMA'6XOUSYRT

6XYRJJTKA'6XYRJJMA'6XYURLRYA
6XOUOLOSA'6XYRJMTSA'8JUYJJA
8RMTYSA'8JMKLYA'8JROYKA'>LJTSUA
>LTSYJ
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E#F-&(./='H!4:%5:,&6I

82-7, DFG
$%)+: G#((*,'2#9"%"& P,7H%7Q'%++,((#-7'7-;

!"#$% J

O

O

O

M

L

TS03%&'-23'2,%.

$%)*",'2,%.'?/#):
23",0.')@

T0L'/,,Q('-23'"--)'?(%2)@

(),$'?T0L'2,%.'()%1,@

B%7#+2,'2,(('):%7'T'+$
2-71

B%7#+2,'%)'.2-/,"#71'()%1,

HXUMTUYLA'HITYSMMO

HIKYKKOM

86MSULUL

HIKYSULY

6XOKTUSOA'XOKTUSYA'6XOKTUSJA
6XYJRSOLA'6XYJRSLUA'6XYJRUUSA
6XYULLOR

6XYRTRTJA'8MJJTMA'6XRTROLA
8MTSTT

G-)%2 UY
!"#$* T

L

O

F:--)

I$$%)*",'2,%.

F),$'?T0L'2,%.'()%1,@

6XYTTYOSA'>TRSKOA'>TRSKR

6XYUSOMYA'6XYUSJYLA'6XYUSORTA
6XYSKJKJ

HIKYUROO
G-)%2 K

%DFG'(,=*,7+,('/,",'",)"#,C,3'."-$'):,'39DFG'(,+)#-7'-.'P,7H%7Q'?:))B^jj///;7+9#;

72$;7#:;1-Cj@'9&'H`6FG7'(,%"+:'/#):'.*22'+>56'(,=*,7+,(;''G:,&'/,",'#7(B,+),3')-

,7(*",'):,&'$%)+:,3'):,'1,7,0+-3#71'",1#-7'%73'):,#"'.*22'.#2,('",)"#,C,3')-'3,),"$#7,

):,' +>56' 2#9"%"&' (-*"+,' )#((*,' %73' +2-7,' 7*$9,"' /:,7' 7,+,((%"&;' ' G:,' DFG(

%((#17,3')-',%+:'1,7,':%3'1",%),"'):%7'RU_'#3,7)#)&'%73':%3'7-':#1:,"'(#$#2%"#)&'/#):

%7-):,"'1,7,;

http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
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./=(8,3-&53(#3561F-4%(#:#-J+5+

FB,+#.#+'B"-9,('/,",'1,7,"%),3'9&'%$B2#.#+%)#-7'-.'B-")#-7('."-$'):,'T['XG4

-.'!"#$%'%73'!"#$*'+>56'?JKL'%73'JUM'9BA'",(B,+)#C,2&@;''G-'+-7.#"$':&9"#3#\%)#-7

)-'%'(#712,'1,7,'-.',%+:'-.'):,(,'#(-\&$,'B"-9,(A'F-*):,"7'92-)('-.'"#+,'1,7-$#+'>56

/,",'B"-9,3'/#):',%+:'B"-9,;' '<-"'!"#$%&B"-9,A'-72&'-7,'()"-71'9%73'/%('(,,7' .-"

,%+:'3#1,()'/#):'):,'(#\,('-.'%BB"-]#$%),2&'R;LA'S;YA'L;MA'S;JA'U;S'%73'M;Y'Q9'#7'1)4a

IA'1"#'IIA'56/4'IA'70-3'IIIA'8!)'I'%73'89/'I'3#1,(),3'1,7-$#+'>56'2%7,(A'",(B,+)#C,2&;

<-"'!"#$*'B"-9,A'-72&'-7,'()"-71'9%73'.-"',%+:'3#1,()'/%('3,),+),3'/#):'):,'(#\,('-.

%BB"-]#$%),2&'M;YA'K;MA'T;KA'U;KA'R;T'%73'R;O'Q9'#7'1)4a'IA'1"#'IIA'56/4'IA'70-3'IIIA

8!)'I'%73'89/'I'3#1,(),3'1,7-$#+'>56'2%7,(A'",(B,+)#C,2&'?<#1*",'T;OT@;

G:,(,'",(*2)('/,",'+-7(#(),7)'/#):'%'(#712,'1,7,'+-B&'1,7,'+-"",(B-73#71' )-

,%+:' +>56A' %(' (B,+#.#+' :&9"#3#\%)#-7'/#):' %' (#712,' #7),7(,' 9%73'/%(' (,,7' #7'$-()

2%7,(;' 'G:,'B%)),"7('-.':&9"#3#\%)#-7'/,",'3#..,",7)A' #73#+%)#71' ):%)'!"#$%' %73'!"#$*

B"-9,('3-'7-)':&9"#3#\,')-'):,'(%$,'1,7,(;
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<5;,'&( ./0.' F-*):,"7092-)' %7%2&(#(' -.' "#+,'!"#$%& %73'!"#$*' 1,7,' +-B&' 7*$9,"' %73

B"-9,'(B,+#.#+#)&;''P,7-$#+'>56'/%('3#1,(),3'/#):'1)4a'I'?H%@A'1"#'II'?H1@A'56/4'I

?D@A'70-3'III'?a@A&8!)'I'?n9@A'%73'89/'I'?n:@;''6A'):,'92-)'/%('B"-9,3'/#):'%7'αTJ!0

2%9,2,3'T['XG4'JKL'9B'+>56'."%1$,7)'-.'!"#$%;' 'HA'):,'92-)'#7'6'/%('()"#BB,3'%73

",B"-9,3'/#):'%7'αTJ!02%9,2,3'T[XG4'JUM'9B'T[XG4'+>56'."%1$,7)'-.'!"#$*;
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./.(E&K$4'#-(#:6(+$#%5#-(&L$'&++54:(#:6(%"&(&:M5'4:K&:%#-(&NN&3%+(4:

ββββ1;-,34+56#+&(;&:&(&L$'&++54:

././0(O$#%5#-(&L$'&++54:($#%%&':(5:(+&&6-5:;(#:6(N-4P&'5:;(+%#;&

456'1,2092-)'%7%2&(#('/%('*(,3')-'3,),"$#7,')"%7(+"#B)'2,C,2('#7')#((*,('-.'M0

3%&0-23' (,,32#71(' %73' U0/,,Q0-23' $%)*",' B2%7)(A' ",2%)#C,' )-' %7' OKF' "456' +-7)"-2

?<#1*",'T;OL@;' ' I7' (,,32#71(A' 9-):'!"#$%' %73'!"#$*' )"%7(+"#B)('/,",'3,),+),3' #7':#1:

%9*73%7+,'#7'):,'(:--)A'%73'%)'2-/'2,C,2('#7'):,'"--)'%73',73-(B,"$;''I7'U0/,,Q0-23

$%)*",'B2%7)(A'):,'!"#$%')"%7(+"#B)'/%('3,),+),3'%)':#1:,()'2,C,2('#7'.2-/,"A'/#):':#1:

2,C,2'#7'7-3,A'$-3,"%),'2,C,2('#7'2,%.'(:,%):A'2-/'2,C,2'#7'#7),"'7-3,A'%73'7-'-"'C,"&

2-/'(#17%2' #7' "--)' %73' 2,%.'92%3,;' ' I7' +-7)"%()' )-'!"#$%A'!"#$*'/%(' -72&' 3,),+),3' %)

(#17#.#+%7)'2,C,2('#7'7-3,A'/:#2,'7-'-"'2-/'(#17%2'/%('(,,7'#7'-):,"'B2%7)'B%")(;

././=(E&K$4'#-(&L$'&++54:(5:(+&&6-5:;+(6,'5:;(;&'K5:#%54:(+%#;&

G:,'),$B-"%2',]B",((#-7'B%)),"7'-.'!"#$%'%73'!"#$*'#7'(,,32#71')#((*,('3*"#71

1,"$#7%)#-7'/%(',]%$#7,3'*(#71')-)%2'456',])"%+),3'."-$'/:-2,'(,,32#71(A'",2%)#C,

)-'OKF' "456'+-7)"-2;' '6('(:-/7' #7'<#1*",'T;OSA' ):,' )"%7(+"#B)('-.'!"#$%' %73'!"#$*

/,",' 7-)' 3,),+)%92,' #7' (,,3(' 9,.-",' 1,"$#7%)#-7' ?1,"$#7%)#-7' %)' 3%&' Y@;' ' H-):

)"%7(+"#B)('/,",'3,),+),3'-7'3%&'J'/#):'%'$-3,"%),'(#17%2'.-"'!"#$%'%73'%'2-/'(#17%2

.-"'!"#$*;''H-):'(#17%2('#7+",%(,3'-7'3%&'L'%73'!"#$%'$%#7)%#7,3'%'(#$#2%"':#1:'2,C,2

-.',]B",((#-7'."-$'3%&'L' )-'3%&'OYA'/#):'3,+",%(#71'(#17%2'%)'OJ'%73'OL'3%&(;' 'G:,

!"#$*',]B",((#-7'B%)),"7'/%('(#$#2%"'/#):'):,':#1:,()'2,C,2('(,,7'-7'3%&'KA'):,7'2,C,2(

3,+",%(,3'-7'3%&('OJ'%73'OL;
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<5;,'&(./0>;' '5-"):,"7092-)' %7%2&(#('-.'!"#$%' %73'!"#$*' )"%7(+"#B)' 2,C,2(' #7'C%"#-*(

)#((*,('."-$'M03%&0-23'"#+,'(,,32#71('%73'U0/,,Q0-23'$%)*",'B2%7)(;''OA'456'92-)'/%(

:&9"#3#\,3'/#):'αTJ!02%9,2,3'T['XG4'+>56'-.'!"#$%;' ' J' %73' ' TA' F%$,'92-)' B"-9,3

/#):'%7'αTJ!02%9,2,3'T['XG4'+>56'-.'!"#$*&%73'%7'αTJ!02%9,2,3'OKF'"456'+>56A

",(B,+)#C,2&;''LA'G:,',):#3#*$'9"-$#3,0()%#7,3'1,2'(:-/,3')/,7)&'$#+"-1"%$('-.')-)%2

456' ."-$' ):,' %BB"-B"#%),' )#((*,(' 2-%3,3' #7' ,%+:' 2%7,;' ' SA' G:,' 1"%B:' (:-/(

=*%7)#.#+%)#-7' -.'!"#$%& %73& !"#$*' ,]B",((#-7' %(' %' "%)#-' ",2%)#C,' )-OKF' "456;' ' </A

.2-/,"b' `9A' 2,%.' 92%3,b' `(A' 2,%.' (:,%):b' I7A' #7),"' 7-3,b' 53A' 7-3,b' 4)A' "--)b' D7A

,73-(B,"$b'F:A'(:--);
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<5;,'&( ./0?;' ' 5-"):,"7092-)' %7%2&(#(' -.' !"#$%' %73' !"#$*' )"%7(+"#B)' 2,C,2(' #7' "#+,

(,,32#71('%)'3%&('Y'):"-*1:'OL'-.'1,"$#7%)#-7;' 'OA'456'92-)'/%(':&9"#3#\,3'/#):'α

TJ!02%9,2,3' JKL' 9B' T[XG4' ."%1$,7)' -.' !"#$%;' ' JA' F%$,' 92-)' B"-9,3' /#):' %7'αTJ!0

2%9,2,3'JUM'9B'T[XG4'+>56'."%1$,7)'-.'!"#$*;''TA'F%$,'92-)'B"-9,3'/#):'%7'αTJ!0

2%9,2,3' OKF' "456' +>56' ."%1$,7);' ' LA' G:,' ,):#3#*$' 9"-$#3,0()%#7,3' 1,2' (:-/,3

)/,7)&'$#+"-1"%$('-.')-)%2'456'."-$'):,'%BB"-B"#%),')#((*,('2-%3,3'#7',%+:'2%7,;''SA

G:,' 1"%B:' (:-/(' =*%7)#.#+%)#-7' -.' !"#$%& %73& !"#$*' ,]B",((#-7' %(' %' "%)#-' ",2%)#C,

)-OKF'"456;
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././.( QNN&3%+( 4N( &:M5'4:K&:%#-( 34:65%54:+( 4:( '53&( ββββ1;-,34+56#+&( ;&:&

&L$'&++54:

G-' 3,),"$#7,' ):,' ,..,+)(' -.' ,7C#"-7$,7)%2' +-73#)#-7(' -7' "#+,' β012*+-(#3%(,

1,7,' ,]B",((#-7' 3*"#71' 1,"$#7%)#-7A' 456' 1,2092-)' %7%2&(#(' /%(' %2(-' *(,3' )-

3,),"$#7,' )"%7(+"#B)' 2,C,2(' -.' !"#$%' %73' !"#$*' #7' (,,32#71(' ",2%)#C,' )-' OKF' "456;

d%"#-*(',7C#"-7$,7)%2'+-73#)#-7('/,",'%BB2#,3'%.),"'"#+,'(,,32#71(':%3'1"-/7;' 'G:,

)"%7(+"#B)'2,C,2('-.'!"#$%'%73'!"#$*'#7'"#+,'(,,32#71('/,",'3,),"$#7,3'%.),"'):,&'/,",

)",%),3' /#):' C%"#-*(' ,7C#"-7$,7)%2' +-73#)#-7(' .-"' J' 3%&(' #7' +-$B%"#(-7' )-' "#+,

(,,32#71(' 1"-/7' %)' JK°8' ?+-7)"-2@' ?<#1*",' T;OU@;' ' 8-$B%"#(-7' 9,)/,,7' (#17%2

#7),7(#)&' ?",2%)#C,' )-'OKF' "456@' .-"' ,%+:'(%$B2,'/%('B",(,7),3'%('B,"+,7)' #7),7(#)&

",2%)#C,'-.'):,'+-7)"-2'?G%92,'T;T@;

<-"' !"#$%A' ):,' )"%7(+"#B)' /%(' 3,),+),3' %)' :#1:' 2,C,2(' (#$#2%"' )-' ):,' +-7)"-2

/:,7'):,'(,,32#71('/,",')",%),3'/#):'+-23'),$B,"%)*",'%)'S°8;''G:,')"%7(+"#B)' 2,C,2(

3,+",%(,3' %BB"-]#$%),2&' OS_' /:,7' ):,&' /,",' )",%),3' /#):' -($-)#+' ()",((' ?Y;S' V

$%7#)-2@;''G:,')"%7(+"#B)'2,C,2('3,+",%(,3'%9-*)'LY_'/:,7'):,'(,,32#71('/,",')",%),3

/#):'OY'$1j$2'D):,B:-7'%73'OY0L'V'%9(+#((#+'%+#3'%73'%BB"-]#$%),2&'UY_'*73,"'(%2)

()",((' %73' .2--3#71' +-73#)#-7(;' ' G"%7(+"#B)' 2,C,2(' 3,+",%(,3' 3"%$%)#+%22&' %.),"' ):,

(,,32#71(' /,",' )",%),3' /#):' 3"-*1:)' ()",((;' ' <-"' !"#$JA' ):,' )"%7(+"#B)' /%(

%B""-]#$%),2&'TY_':#1:,"'):%7'):,'+-7)"-2'/:,7'):,'(,,32#71('/,",')",%),3'/#):'Y;S

V'$%7#)-2;' 'G:,')"%7(+"#B)' 2,C,2('3,+",%(,3'(2#1:)2&'/:,7'):,'(,,32#71('/,",')",%),3

/#):' OY0L' V' %9(+#((#+' %+#3;' ' I7' ):,' B",(,7+,' -.' (%2)' %73' OY' $1j$2' D):,B:-7A' ):,

)"%7(+"#B)'2,C,2('3,+",%(,3'%BB"-]#$%),2&'TY_;' 'G:,')"%7(+"#B)' 2,C,2'3,+",%(,3'*B')-

UY_'/:,7'(,,32#71('/,",'1"-/7'%)'2-/'),$B,"%)*",'?S°8@'%73'3,+",%(,3'3"%$%)#+%22&

7,%"2&'OYY_@'*73,"'.2--3#71'%73'3"-*1:)'+-73#)#-7(;
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<5;,'&( ./0@' 456' 1,2092-)' %7%2&(#(' -.' !"#$%' %73' !"#$*' )"%7(+"#B)' 2,C,2(' #7' "#+,
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(#17#.#+%7)'3#..,",7+,'#7'HP2*O'%+)#C#)&',]B",((,3'#7'53&6/#0'%)'OSA'JY'%73'JM°8A'/:#2,

%)'TM°8'B"-),#7'/%('$*+:'2,(('%+)#C,'?<#1*",'T;JT@;

G:,'G4n'.*(#-7'HP2*O'/%('B*"#.#,3'9&'5#05G6'%1%"-(,'%..#7#)&'+:"-$%)-'0

1"%B:&'%73'+-7+,7)"%),3'/#):'%'TY'Q>%'$-2,+*2%"'/,#1:)'+*)0-..'*2)"%+,7)"#+-7;''G:,

",+-$9#7%7)'B"-),#7'/%(',2*),3'."-$'):,'+-2*$7'%('%'(#712,'B,%Q'?%BB"-]#$%),2&'RS_

B*",@'%73'%'9%73'+-"",(B-73#71')-'UU'Q>%'/%('-9(,"C,3'#7'F>F0!6PD'?<#1*",'T;JO@;

6BB"-]#$%),2&' T' $1' -.' B*"#.#,3' B"-),#7' +-*23' 9,' -9)%#7,3' B,"' 2#)",' -.' 9%+),"#%2

+*2)*",;''G:,',7\&$,'/%('()%92,'.-"'(,C,"%2'$-7):('%)'L°8;''G:,',7\&7,'%+)#C)#)&'/#):

B5!P'()#22'",$%#7,3'%.),"'):,'G4n'.*(#-70HP2*O'/%('+2,%C,3'/#):',7),"-Q#7%(,;
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$#?>DT@'5&36/#0''%.),"'#7+*9%)#-7'#7'):,'B",(,7+,'-.'C%"#-*('I!GP'+-7+,7)"%)#-7(
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<5;,'&(./=.'8-$B%"#(-7'-.'β012*+-(#3%(,'%+)#C#)&'-.'BDGTJ%?e@0!"#$%',]B",((,3'#7

Z"#1%$#?>DT@'53&6/#0''%.),"'#7+*9%)#-7'#7'):,'B",(,7+,'-.'Y;L'$V'I!GPA'%)'3#..,",7)

),$B,"%)*",('.-"'Y')-'OK':;

./?/=(*&34KF5:#:%($'4%&5:(&L$'&++54:(4N('53&(T2-,=

F#$#2%"'%)),$B)(')-',]B",(('B"-),#7'."-$'):,'!"#$*'+>56'/,",'$%3,'#7'$%7&

BDG' (&(),$(;' ' G:,' !"#$*' +>56' #7+2*3#71' ):,' !"#$*' ()-B' +-3-7' /%(' #7(,"),3' #7)-

BDGJT3?e@A'BDGTJ%?e@A'BDGTR9?e@'%73'BDGLY9?e@''%)'):,'=6/'I'%73'89/'I'(#),(;''G:,

+-7()"*+)(' /,",' *(,3' )-' )"%7(.-"$' H`JO?>DT@' 53& 6/#0;& ' ,]+,B)' .-"' ):,' BDGTJ%?e@

+-7()"*+)'/:#+:'/%('B*)'#7)-'9-):'H`JO?>DT@'%73'Z"#1%$#?>DT@'53&6/#0;

G:,',]B",((#-7'B"-.#2,('%$-71'):,(,'(&(),$('/,",'3#..,",7);''G:,'BDGJT3?e@0

!"#$*' ,]B",((,3' #7' H`JO?>DT@' B"-3*+,3' ):,' $%)*",' HP2*J' B"-),#7' /:#+:' /%('

3,),+),3'%)'%BB"-]#$%),2&'SY'Q>%'-7'F>F0!6PD'?<#1*",'T;JL6@;''a-/,C,"A'%22'-.'):,'

,]B",((,3' B"-),#7(' /,",' #7(-2*92,' %73' B",(*$,3' )-' 9,' #7' #7+2*(#-7' 9-3#,(' %)' %22'

+-73#)#-7(' ),(),3A'/:#+:' #7+2*3,3' )&B,'-.'$,3#*$A' I!GP'+-7+,7)"%)#-7A' ),$B,"%)*",'
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%73' )#$,' -.' #73*+)#-7;' ' I7' #73*+,3' +*2)*",(' -.' BDGTJ%?e@!"#$*jZ"#1%$#?>DT@A' ):,'

G4n'.*(#-7'HP2*J'/%(':#1:2&',]B",((,3' %73'%7' #7),7(,'9%73' #7' ):,'UU0Q>%' ",1#-7'

/%('(,,7'-7''):,'F>F0!6PD'?<#1*",'T;JLH@;''G:#('9%73'/%('%9(,7)'."-$',])"%+)('-.'

#73*+,3' +*2)*",(' +-7)%#7#71' BDGTJ%?e@' B2%($#3' /#):-*)' #7(,")' ?7,1%)#C,' +-7)"-2@;''

G&B#+%22&A'1,2'(+%77#71'3,7(#)-$,)"&'#73#+%),3'):%)'):,'G4n'.*(#-7'B"-),#7',]B",((,3'

/%(' %BB"-]#$%),2&' LJ_'-.' ):,' )-)%2' B"-),#7' #7' ):,' 2&(%),' 9*)' 7-' -9C#-*(' 9%73'/%('

3,),+),3'#7'):,'(-2*92,'."%+)#-7('?<#1*",'T;JL8@;''g:,7'):,'BDGTR9?e@0'%73'BDGLY9

?e@0!"#$*' +-7()"*+)(' ,]B",((,3' #7' H`JO?>DT@A' :-/,C,"A' 7-' -C,",]B",((,3' B"-),#7'

9%73'/%('B",(,7)''#7'):,')-)%2'B"-),#7A'):,'(-2*92,'B"-),#7'%73'B,"#B2%($#+'."%+)#-7('-7'

F>F0!6PD;' ' D7\&$,' %+)#C#)&' %((%&(' /,",' B,".-"$,3' )-' +:,+Q' .-"' β012*+-(#3%(,'

%+)#C#)&' /#):' B5!P' %73' B5!' β0>0.*+-(#3,' #7' ):,' (-2*92,' +"*3,' B"-),#7' ,])"%+)'

."%+)#-7('-.' %22' ):",,',]B",((#-7'(&(),$('+-$B%",3' )-'7-0#7(,")0BDG'+-7)"-2;' ' I7' ):,'

+"*3,' B"-),#7' ,])"%+)' -.' BDGTJ%?e@0!"#$*jZ"#1%$#?>DT@' (&(),$A' %7' %+)#C#)&' /#):'

B5!P' %73' B5!' β0>0.*+-(#3,' -.' Y;YYS' %73' Y;YOO' *7#)j' $1A' ",(B,+)#C,2&A' /%('

$,%(*",3A'9*)'):#('/%('7-)'$*+:'3#..,",7)'."-$'7,1%)#C,'+-7)"-2'%+)#C#)&'?G%92,'T;S@;''

a-/,C,"A' 7-' %+)#C#)&' /#):' ):,(,' )/-' (*9()"%),(' +-*23' 9,' $,%(*",3' #7' ):,' ,7\&$,'

,])"%+)('-.'BDGJT3?e@0!"#$*jH`JO'-"'BDGTR9'%73'BDGLY9'(&(),$(;

E#F-&(./?'8-$B%"#(-7'-.'(B,+#.#+'%+)#C#)&'9,)/,,7'):,'",+-$9#7%7)'B"-),#7',]B",((,3

#7'C%"#-*('53&6/#0'(&(),$(;

8-7()"*+)'+2-7,
FB,+#.#+'%+)#C#)&'?µ$-2,'$#70O'$10O@%

B5!'β0>012*+-(#3,'''''''B5!'β0>0.*+-(#3,

1"#$*0BDGTJ%?e@j'Z"#1%$#?>DT@

8-7)"-20BDGTJ%?e@j'Z"#1%$#?>DT@

Y;YYS ''''''''''''Y;YOO

oY;YYO oY;YYO
'%'6((%&('/,",'3-7,'/#):'O'$V',%+:'(*9()"%),'%)'TY°'8'.-"'JY'$#7'%)'Ba'S;Y;
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<5;,'&(./=>(F>F0!6PD'B"-.#2,('-.'",+-$9#7%7)'HP2*J'B"-),#7',]B",((,3'#7'BDGJT3

?e@'%73'BDGTJ%?e@'(&(),$(;''6'%73'HA')-)%2'B"-),#7'B"-.#2,('-.'+,22'2&(%),('."-$'53&6/#0

)"%7(.-"$,3'/#):' 7-7",+-$9#7%7)' B2%($#3' ?+-7)"-2' BDGJT3?e@A' +-7)"-2' BDGTJ%?e@@A

%73' ):,' ",+-$9#7%7)' B2%($#3(' ?BDGJT3?e@0' %73' BDGTJ%?e@0!"#$*@' 9,.-",' %73' %.),"

#73*+)#-7'/#):'Y;U'$V'I!GP'%73'1"-/7'%)'OS-8'.-"'Y'?GY@A'U'?GU@A'%73'OK'?GOK@':;'G:,

%""-/' B-#7)' )-' B-(#)#-7(' -.' ' ",+-$9#7%7)' β012*+-(#3%(,' $-7-$,";' ' 8A' F-2*92,

."%+)#-7('B"-.#2,('-.'B"-),#7',])"%+),3'."-$'6'%73'H;''5-),'):%)'V'",B",(,7)('B"-),#7

()%73%"3' $%"Q,"' ?H#-046>@' %73' ):,' %""-/' B-#7)(' )-' ):,' B-(#)#-7(' -.' $%)*",' %73

):#-",3-]#7'.*(#-7'HP2*J'B"-),#7'$-7-$,"'%)'SY'%73'UU'Q>%A'",(B,+)#C#,2&;
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g,(),"7'92-)'%7%2&(#('/#):'B,B)#3,'+-7k*1%),' ?LYU@'%73' #7+2*(#-7'9-3&'?LYL@

HP2*J'%7)#(,"%'%7)#(,"%A'+-7.#"$,3'):%)'$-()'-.'):,'",%+)#C,'B"-),#7'.-"'H12*J'/%('#7

):,' #7(-2*92,' ."%+)#-7A' ):-*1:' %' ($%22' %$-*7)' /%(' #7' ):,' (-2*92,' ."%+)#-7' ' ?<#1*",

T;JS@;' 'G:,' ",+-$9#7%7)'HP2*O'B"-),#7' %2(-' +"-((0",%+),3' )-' (-$,'3,1",,'/#):' LYL

%7)#(,"*$A' 9*)' 7-' ",%+)#-7' /%(' (,,7' .-"' B"-),#7(' ."-$' ):,' +-7)"-2' 53& 6/#0& 2&(%),;

X7.-")*7%),2&A'7-'(B,+#.#+'%7)#(,"*$'+-*23'9,'B"-3*+,3'.-"'HP2*O;

<5;,'&(./=?((I$$*7-92-)('-.'",+-$9#7%7)'B"-),#7(',]B",((,3'#7'53&6/#0;''?6@'%73'?H@

):,' 92-)(' 3,),+),3'/#):' "#+,'β012*+-(#3%(,' %7)#(,"%' B"-3*+,3' %1%#7()' HP2*J' B,B)#3,

+-7k*1%),'?4LYU@'%73'HP2*J'#7+2*(#-7'9-3#,('-.'$%)*",'B"-),#7'?4LYL@A'",(B,+)#C,2&;

G:,' )-)%2' ?)0@A' (-2*92,' ?(0@A' #7(-2*92,A' ?#0@' %73' B*"#.#,3' ?B0@' B"-),#7(' -.' 53& 6/#0

)"%7(.-"$,3'/#):'7-7",+-$9#7%7)'B2%($#3'BDGTJ%?e@A'7,1%)#C,'+-7)"-2'?8)"@'%73'):,

",+-$9#7%7)' B2%($#3(' BDGTJ%?e@0!"#$%' ?HPO@' %73' BDGTJ%?e@0!"#$*' ?HPJ@' %.),"

#7+*9%)#-7'#7'):,'B",(,7+,'-.'Y;L'$V'I!GPA'%)'JY-8'.-"'K':;''G:,'%""-/'B-#7)(')-'):,

B-(#)#-7('-.'):#-",3-]#70.*(#-7'B"-),#7'$-7-$,"'%)'UU'Q>%;
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./@(T543"&K53#-($'4$&'%5&+(4N('53&(T2-,0

./@/0(O,F+%'#%&(+$&35N535%J

G:,' %+)#C#)&' -.' ):,' B*"#.#,3' "#+,' HP2*O'β012*+-(#3%(,' )-/%"3(' %")#.#+#%2' %73

7%)*"%2'12&+-(#3,('#('(*$$%"#\,3'#7'G%92,'T;U'%73'G%92,'T;M;''HP2*O':&3"-2&\,3'):,

3#(%++:%"#3,(A'(-B:-"-(,'?β0O→'J@A' ' 2%$#7%"#9#-(,'?β0O'→'T@A'+,22-9#-(,'?β0O'→'L@A

%73'1,7)#-9#-(,'?β0O'→'U@;' ' I)'%2(-':&3"-2&\,3'2%$#7%"#)"#-(,'%73'+,22-0-2#1-(%++:%0

"#3,('/#):'3,1",,'-.'B-2&$,"#\%)#-7'?>!@'-.'T0U;''G:,'",2%)#-7(:#B'9,)/,,7'):,'Q#7,)#+

B%"%$,),"('?c$A'Q+%)A'%73'Q+%)jc$@'%73'):,'>!'-.'-2#1-(%++:%"#3,'(*9()"%),('%",'(:-/7

#7'G%92,'T;U;''HP2*O':&3"-2&\,3'(-B:-"-(,'%73'1,7)#-9#-(,'/#):':#1:'c$'%73'2-/'Q+%)

C%2*,('(#$#2%"')-'+,22-9#-(,;''<-"'+,22-0-2#1-(%++:%"#3,(A'c$'3,+",%(,3'/#):'#7+",%(#71

+:%#7'2,71):'-.'):,'(*9()"%),A'/:#2,'Q+%)'C%2*,('%BB,%"')-'9,'",2%)#C,2&'#73,B,73,7)'-.

>!;' '8%)%2&)#+',..#+#,7+&'Q+%)jc$'C%2*,(' #7+",%(,'/#):' #7+",%(#71'+:%#7' 2,71):'-.' ):,

+,22-0-2#1-(%++:%"#3,(' #7'/:#+:'Q+%)jc$'-.'+,22-:,]%-(,' #('TYSK0.-23':#1:,"' ):%7' ):,

C%2*,('-.'+,22-9#-(,;''I7'+-7)"%()A'):,':&3"-2&(#('-.'2%$#7%"#0-2#1-(%++:%"#3,('):,'Q+%)A

%73'Q+%)jc$'C%2*,('3,+",%(,3'/#):'#7+",%(#71'+:%#7'2,71):'."-$'>!'J')-'T;''G:,'"%),'-.

:&3"-2&(#(' -.' 2%$#7%"#),)"%-(,' %73' 2%$#7%"#B,7)%-(,' /,",' 7-)' 3,),+)%92,A' (#7+,' 7-

B"-3*+)' +-*23' 9,' 3,),+),3;' ' I7' %33#)#-7' )-' :&3"-2&(#(' %+)#C#)&A' HP2*O' (:-/,3

)"%7(12&+-(&2%)#-7'%+)#C#)&')-/%"3('2%$#7%"#0-2#1-(%++:%"#3,('/#):'>!'-.'J'%73'TA'%73

+,22-0-2#1-(%++:%"#3,(' /#):' %' >!' -.' T' %73' L' %)' ):,' ",2%)#C,2&' 2-/' (*9()"%),

+-7+,7)"%)#-7'-.'S'$VA'%('3,),+),3'9&'G`8'?<#1*",'T;JU'%73'<#1*",'T;JM@;
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E#F-&(./@(c#7,)#+'B%"%$,),"('-.'"#+,'HP2*O'3*"#71'):,':&3"-2&(#('-.'-2#1-(%++:%"#3,(

O,F+%'#%& UK
HKVI

U3#%
H+10I

W3#%XUK
H(+10(KV10I

8,22-0-2#1-(%++:%"#3,('?>!@
'''J
'''T
'''L
'''S
'''U

'TO;SY'±'O;U
'''Y;MJ'±'Y;YJ
'''Y;JK'±'Y;YO
'''Y;JL'±'Y;YO
'''Y;OO'±'Y;YO

'''O;SJ'±'Y;OT
'OK;OT'±'Y;TS
'OM;TL'±'Y;UT
'OU;RY'±'Y;YU
'OU;RT'±'Y;TJ

''Y;YS'±'Y;YYJ
JS;TU'±'Y;TM
UO;YU'±'Y;TM
MO;SY'±'J;J
OSJ;R'±'Y;S

`%$#7%"#0-2#1-(%++:%"#3,('?>!@
''''J
''''T
''''L
''''S

'''J;YS'±'Y;O
'''O;RJ'±'Y;YL
'5;'>;%
'5;'>;'%

TO;RO'±'T;OJ
''JO;J'±'Y;OM
''5;'>;%
''5;'>;%

OS;UR'±'O;KM
OO;YL'±'Y;OU
'5;'>;%
'5;'>;%

F-B:-"-(,
P,7)#-9#-(,

'OT;KR'±'Y;RJ
'TK;TT'±'L;OO

''S;KM'±'Y;JO
''Y;RR'±'Y;YK

''Y;LJ'±'Y;YJ
''Y;YT'±'Y;YYT

%'$,%7('7-)'3,),+)%92,;

E#F-&(./A(c#7,)#+'B%"%$,),"('-.'"#+,'HP2*O'3*"#71'):,':&3"-2&(#('-.'B5!012&+-(#3,(A

%2Q&2'12*+-(#3,('%73'7%)*"%2'12*+-(#3,'(*9()"%),(

O,F+%'#%& UK
HKVI

U3#%
H+10I

W3#%XUK
H(+10(KV10I

B5!0β0>012*+-(#3,
B5!0β0>0.*+-(#3,
B5!0β0>01%2%+)-(#3,
B5!0β0>0$%77-(#3,
B5!0β0>0]&2-(#3,
B5!0α0'`0%"%9#7-(#3,
B5!0β0>0+,22-9#-(#3,

Y;JT'±'Y;YJ
Y;JT'±'Y;YO
T;OU'±'Y;OU
O;JM'±'Y;OY
O;JR'±'Y;OO
O;JO'±'Y;OT
Y;MK'±'Y;YL

''M;RT'±'Y;TM
''OT;T'±'Y;J
''T;LY'±'Y;OK
''O;TJ'±'Y;YS
''O;OL'±'Y;YO
''O;JL'±'Y;OR
''J;LK'±'Y;YL

''TL;M'±'O;L
''SM;S'±'J;O
''O;YK'±'Y;YO
''O;YO'±'Y;YJ
''Y;KK'±'Y;YM
''O;YT'±'Y;YS
''T;OK'±'Y;OT

V,):&2*$9,"#.,"&20β0>012*+-(#3,
V,):&20β0>012*+-(#3,
70a,B)&20β0>012*+-(#3,
70Z+)&20β0>012*+-(#3,

Y;JK'±'Y;YJ
LR;J'±'S;O
O;LO'±'Y;JM
Y;UT'±'Y;YO

''S;YO'±'Y;JT
''Y;US'±'Y;YK
''Y;KM'±'Y;JJ
''Y;MK'±'Y;YO

''OK;Y'±'Y;R
Y;YOT'±'Y;YYYT
''Y;UJ'±'Y;YJ
''O;JS'±'Y;YT

6$&13%2#7
!"*7%(#7
>:*""#7
G-"C-(#3,'6
!&"#3-]#7,0S[0Z0β0>012*+-(#3,

K;JY'±'Y;LL
S;KT'±'Y;ST
Y;UJ'±'Y;OY
Y;RR'±'Y;OO
Y;MO'±'Y;OY

''Y;LL'±'Y;YS
''O;LO'±'Y;YR
''Y;YU'±'Y;YYU
''Y;UM'±'Y;YS
''O;UL'±'Y;OR

''Y;YS'±'Y;YYL
''Y;JL'±'Y;YO
''Y;YR'±'Y;YYL
''Y;UK'±'Y;YJ
''J;TY'±'Y;YR
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<5;,'&( ./=@( a&3"-2&(#(' %73' )"%7(12&+-(&2%)#-7' -.' -2#1-(%++:%"#3,(' 9&' "#+,' HP2*O

3,),+),3'9&'G`8;''G:,'HP2*O'?Y;YS'7$-2@'/%('#7+*9%),3'/#):'S'$V'(*9()"%),('.-"'O

:' %73' ):,'B"-3*+)('/,",'3,),+),3' 9&' ):,' ()%#7#71'$,):-3;' ' F%$B2,('/,",' #7+*9%),3

/#):' ?e@' -"' /#):-*)' ?0@' ,7\&$,;' ' `%7,' OA' $%"Q,"(^' 12*+-(,' ?P@' %73' +,22-0

-2#1-(%++:%"#3,(' -.' >!' J0L' ?8J08L@b' 2%7,' J' %73' TA' +,22-9#-(,b' 2%7,' L' %73' SA

+,22-)"#-(,b' 2%7,' U' %73' MA' +,22-),)"%-(,b' 2%7,' KA' $%"Q,"^' 12*+-(,' ?P@' %73' 2%$#7%"#0

-2#1-(%++:%"#3,(' -.' >!' J0S' ?`J0`S@b' 2%7,' R' %73' OYA' 2%$#7%"#9#-(,b' 2%7,' OO0OJ

2%$#7%"#)"#-(,b'2%7,'OT0OLA'2%$#7%"#),)"%-(,b'2%7,'OS0OUA'2%$#7%"#B,7)%-(,;
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<5;,'&( ./=A( F+:,$,' -.' ):,' :&3"-2&(#(' %73' )"%7(12&+-(&2%)#-7' -.' 2%$#7%"#0

-2#1-(%++:%"#3,('9&'"#+,'HP2*O;

G:,' B*"#.#,3' HP2*O' :&3"-2&\,3' ):,' B5!' β012&+-(#3,(' -.' ):,' $-7-(%++:%"#3,(A' >0

12*+-(,A' >0.*+-(,A' >01%2%+)-(,A' >0$%77-(,A' >0]&2-(,A' %73' ):,' 3#(%++:%"#3,' >0

+,22-9#-(,;' 'G:,',7\&$,'%2(-':&3"-2&\,3'B5!0α012&+-(#3#+' 2#7Q%1,'-.'`0%"%9#7-(#3,

9*)'7-)'):,'β0'`0%"%9#7-(#3,;''HP2*O'3#3'7-)':&3"-2&\,'):,'α02#7Q'B5!'3,"#C%)#C,'-.'>0

12*+-(,' -"'β012&+-(#3#+' 2#7Q,3' B5!' 12&+-(#3,(' -.' `0.*+-(#3,A' >0):#-12*+-(#3,' -"' >0

):#-.*+-(#3,;''c#7,)#+'()*3#,('-.'"#+,'HP2*O',7\&$,'/,",'B,".-"$,3')-'3,),"$#7,'):,

c$' %73' ):,' Q+%)A' %73' Q+%)jc$' C%2*,(' -.' ):,' ,7\&$,' .-"' C%"#-*(' B5!'β0>012&+-(#3,(

?G%92,' T;M@;' ' I7),",()#712&A' ):,' ,7\&$,' (:-/,3' 9-):' %' 2-/' c$' C%2*,' %73' :#1:' Q+%)

C%2*,'.-"'9-):'B5!'β0>012*+-(#3,'%73'B5!'β0>0.*+-(#3,;''V-",-C,"A'):,'Q+%)jc$'"%)#-

-.' ):,' ,7\&$,' /%(' :#1:,()' .-"' B5!' β0>0.*+-(#3,;' ' HP2*O' :&3"-2&\,3' B5!0β0>0
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1%2%+)-B&"%7-(#3,A' B5!'β0>0$%77-(#3,A' B5!'β0>0]&2-(,A' B5!'α0' `0%"%9#7-(#3,' %73

B5!'β0>0+,22-9#-(#3,'/#):'$*+:'2-/,"'+%)%2&)#+',..#+#,7+&'):%7'B5!P;

G:,'B"-3*+)('-.' ):,':&3"-2&(#('-.'B5!'β0>0+,22-9#-(#3,'9&'HP2*O' #3,7)#.#,3

9&'G`8'#7+2*3,3'B5!PA'B5!'%73'12*+-(,;  G:,'$,+:%7#($'-.'):,':&3"-2&(#('-.'B5!

β0>0+,22-9#-(#3,' 9&' HP2*O' /%(' .*"):,"' %7%2&\,3;' ' G:,",' B"-3*+)(' -.' B5!' β0>0

+,22-9#-(#3,' :&3"-2&(#(' /,",' (,,7' 9&' G`8' %.),"' :&3"-2&(#(' /#):' 3#..,",7)' )#$,(' -.

#7+*9%)#-7'"%71#71'."-$'Y')-'JY'$#7'/#):'J;S'$#7'#7),"C%2('%73'O':')-'9,'B5!A'B5!P

%73'12*+-(,'/#):'7-'-++*"",7+,'-.'+,22-9#-(,'?<#1*",'T;JK@;''G:#('#73#+%),('):,'#7#)#%2

+2,%C%1,'#('9,)/,,7'):,')/-'12*+-(,'",(#3*,(;

F)*3#,('/#):'(,C,"%2'%C%#2%92,'7%)*"%2'(*9()"%),('(:-/,3'):%)'):,(,'+-$B-*73(

/,",':&3"-2&\,3'B--"2&'-"'7-)'%)'%22'",2%)#C,')-'B5!P;''HP2*O':&3"-2&\,3'+&%7-1,7#+

12*+-(#3,(' (*+:' %(' B"*7%(#7' ."-$' +,$-$.& .',/(0-)b' %$&13%2#7' ."-$' %2$-73A' %73

3:*""#7'."-$'(-"1:*$A'9*)'#)'3#3'7-)':&3"-2&\,'2#7%$%"#7A'."-$'+%((%C%'-"'>IVHZ60

12*+-(#3,'."-$'$%#\,;''G:#(',7\&$,'%2(-':&3"-2&\,3'(),"-#3'12*+-(#3,'."-$':/#)-$4

(/>$44' ?G-"C-(#3,' 6@' 9*)' /#):' 2,((,"' ,..#+#,7+&' ):%7' B5!P;' ' HP2*O' 3#3' 7-)

:&3"-2&\,' ):,' B:,7-2#+' 12&+-(#3,(' ),(),3' ?%"9*)#7A' (%2#+#7@A' ):#-12*+-(#3,' ?(#7#1"#7@A

:&3"-]&'+-*$%"#7'12*+-(#3,'?,(+*2#7@A'.2%C-7-#3'12*+-(#3,'?7%"#71#7@A'$%17#.,"#7080

12*+-(#3,'-"'α0>03#(%++:%"#3,('?7#1,"-(,@'?G%92,'T;K@;

!&"#3-]#7,0S[0Z0β0>012*+-(#3,' /%(' +2,%C,3' 9&' HP2*OA' 9*)' +-*23' 7-)' 9,

=*%7)#.#,3' %++*"%),2&' 9&' (B,+)"-B:-)-$,)"#+' $,%(*",$,7)A' 9,+%*(,' #)(' 9",%Q3-/7

B"-3*+)('#7),".,",3'/#):'):,'!PZ'%((%&A'&#,23#71'",33#(:'+-2-"'"%):,"'):%7'1",,7'/#):

6HGF;'>,),"$#7,3'9&'",C,"(,'B:%(,'a!`8'*(#71'B&"#3-]#7,0S′0Z0β0>012*+--(#3,'%(

()%73%"3'?<#1*",'T;JR@A'HP2*O'(:-/,3':&3"-2&)#+'%+)#C#)&'/#):'B&"#3-]#7,0S′0Z0β0>0
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12*+-(#3,' /#):' ,()#$%),3' c$' %73' c+%)' C%2*,(A' Y;MO' $V' %73' O;UL' (pOA' ",(B,+)#C,2&;

HP2*O':&3"-2&\,3'):#('(*9()"%),')-'1#C,'12*+-(,'%73'B&"#3-]#7,A'%('3,),+),3'9&'G`8

?<#1*",'T;TY@;

HP2*O' :&3"-2&\,3'VXP2+' /#):' :#1:' +%)%2&)#+' ,..#+#,7+&' ",2%)#C,' )-' B5!P;

<-"' ):,' ()*3#,('/#):'%2Q&2'12*+-(#3,(A' ):,(,'+-$B-*73('/,",':&3"-2&\,3'9*)'B--"2&

",2%)#C,')-'B5!P'-"'7-)':&3"-2&\,3;''HP2*O':&3"-2&\,3'$,):&2A'70:,B)&2A'%73'70-+)&20

β0>012*+-(#3,(A' 9*)' 3#3' 7-)' :&3"-2&\,A' 70%$&2A' -"' B:,7&20β0>012*+-(#3,' ?G%92,' T;M

%73'T;K@;' ' I7'%33#)#-7A' ):,'\&$-1"%$'%((%&'-.' ",+-$9#7%7)'HP2*O'/#):'LVXP2+' #7

%+#3#+'7%)#C,'1,2'(:-/,3'):%)'):,',7\&$,':&3"-2&\,3'):#('(*9()"%),A'/:#2,'):,'7,1%)#C,

+-7)"-2'-.'7-7'",+-$9#7%7)'B2%($#3'B"-),#7'2&(%),'3#3'7-)'?<#1*",'T;TO@;''G:,',7\&$,

%2(-' :&3"-2&\,3' S09"-$-0L0+:2-"-0T0#73-2&20β0' >012*+-(#3,' ?n012*+-(#3,@' &#,23#71

):,'92*,'B",+#B#)%),'B"-3*+)('?<#1*",'T;TJ@;

E#F-&(./B(P2&+-(#3,('/:#+:'/,",'7-)'+2,%C,3'9&'HP2*O

O,F+%'#%& (((((((((((((((((((((KV(((((((E5K&
B5!0α0>012*+-B&"%7-(#3, S O':
B5!0β0'`0%"%9#7-(#3, S O':
B5!0β0'`0.*+-B&"%7-(#3, OY O':
B5!0β0>0):#-12*+-B&"%7-(#3, OY O':
B5!0β0>0):#-.*+-B&"%7-(#3, OY O':
706$&20β0>012*+-(#3, OY OJ':
!:,7&20β0>012*+-(#3, OY OJ':
>IVHZ6012*+-(#3, OY OJ':
`#7%$%"#7 OY OJ':
F%2#+#7 OY OJ':
6"9*)#7 OY OJ':
D(+*2#7 OY OJ':
F#7#1"#7 OY OJ':
5#1,"-(, OY OJ':
5%"#71#7 OY OJ':
V%17#.,"#708012*+-(#3, OY OJ':
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<5;,'&(./=B'!"-3*+)'(B,+#.#+#)&'-.'"#+,'HP2*O'%('%((%&,3'/#):'B5!0β0>0+,22-9#-(#3,

%73'3,),+),3'9&'G`8;''!*"#.#,3'HP2*O'?Y;YS'7$-2@'/%('#7+*9%),3'/#):'S'$V'B5!0β0

>0+,22-9#-(#3,'%)'TY°8;'.-"'O':";''G:,'B2%),'#7'6'/%('3,),+),3'/#):'()%#7#71'$,):-3b

HA'/%('3,),+),3'/#):'TSU'7$'Xd'2#1:);''F%$B2,('/,",'#7+*9%),3'/#):'?e@'%73'/#):-*)

?0@',7\&$,;''`%7,'P'#('12*+-(,'$%"Q,"b'2%7,'BP'#('B5!P'$%"Q,"b'2%7,'8'#('+,22-9#-(,

$%"Q,";'G:,'2,)),"('9,(#3,'):,'B2%),('",B",(,7)'):,'):,(,'$-2,+*2,(^'12*+-(,'?P@b'B5!0

β0>012*+-(#3,' ?B5!P@b' B5!0β0>0+,22-9#-(#3,' ?B5!8@b' B5!' ?B5!@' %73' +,22-9#-(,

?8@;' 'G:,' #7+*9%)#-7' )#$,(' ."-$' 2%7,(' J0K' -.'D' %73'<' #7+",%(,' %)' J;S'$#7' #7),"C%2(

."-$'S')-'JY'$#7A'%73'2%7,'R'#('O':;
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<5;,'&( .

12*+-(#3,

B&"#3-]#7
/=C' a!`8' ,2*)#-7' B"-.#2,(' -.' ):,' B"-3*+)(' -.' :&3"-2&(#(' -.' B&"#3-]#7,

' 9&' "#+,' HP2*O;' ' G:,' ",%+)#-7' +-7)%#7,3'HP2*O' ?J;JS' B$-2@' %73' Y;L'$V

,'12*+-(#3,'#7'SY'$V'5%Z6+'9*..,"'?Ba'S;Y@'#7+*9%),3'%)'TYq8'.-"'JY'$#7;
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<5;,'&(./.D(a&3"-2&(#('-.'B&"#3-]#7,0S[0Z0β0>012*+-(#3,'9&'"#+,'HP2*O'3,),+),3'9&

G`8;'G:,'(*9()"%),'"#+,0B&"#3-]#7,0S[0Z0β0>012*+-(#3,'/%('#7+*9%),3'%)'S'$V'.#7%2

+-7+,7)"%)#-7'/#):' Y;YS' 7$-2' -.' B*"#.#,3'HP2*O;' '6' (:-/(' 3,),+)#-7'/#):' ()%#7#71A

/:#2,'H'/%('3,),+),3'/#):'TUS'7$'Xd'2#1:);' 'F%$B2,('/,",'#7+*9%),3'/#):'?e@'%73

/#):-*)'?0@',7\&$,;''`%7,'OA'12*+-(,'?P@'$%"Q,"b'2%7,'JA'B&"#3-]#7,'?!&@'$%"Q,"b'2%7,

T'%73'LA'B&"#3-]#7,0S[0Z0β0>012*+-(#3,'?!&P@;
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<5;,'&(./.0'6+#3#+'7%)#C,'!6PD'?S_@'1,2'\&$-1"%$('-.' ):#-",3-]#7'.*(#-7'HP2*O

,]B",((,3' #7' Z"#1%$#?>DT@' 53& 6/#0;' ' 6A' ):,' %+#3#+' 7%)#C,' !6PD' ()%#7#71' /#):

8--$%((#,'92*,;''HA'%'\&$-1"%$'3,C,2-B,3'/#):'):,'.2*-"-1,7#+'(*9()"%),'LVXP2+;

5-),'):%)'):,'",+-$9#7%7)'HP2*O'?HP2*O@':&3"-2&\,3'):#('(*9()"%),A'/:#2,'):,'2&(%),

-.'5&6/#0')"%7(.-"$,3'/#):',$B)&'BDGTJ%?e@'?8)"@':%3'7-',7\&$,'%+)#C#)&'3,),+)%92,;

67'%""-/'B-#7)(')-'):,'%+)#C#)&'9%73;

<5;,'&( ./.=(a&3"-2&(#(' -.' S09"-$-0L0+:2-"-0T0#73-2&20β0>012*+-(#3,' ?n012*+-(#3,@

9&' "#+,'HP2*O;' '!*"#.#,3'HP2*O' ?HP2*O@' ?Y;YS'7$-2@'/%(' #7+*9%),3'/#):'S'$V'n0

12*+-(#3,'%)'TY°8'.-"'TY'$#7'&#,23#71'):,'92*,'B",+#B#)%),'B"-3*+)(A'/:#2,'):,'2&(%),'-.

536/#0')"%7(.-"$,3'/#):',$B)&'BDGTJ%?e@'?8)"@':%3'7-',7\&$,'%+)#C#)&'3,),+)%92,;
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<5;,'&( ./..( 8:,$#+%2' ()"*+)*",(' -.' (-$,' %")#.#+#%2' 12&+-(#3,' (*9()"%),(' *(,3' #7

3,),"$#7#71'(*9()"%),'(B,+#.#+#)&'-.'"#+,'β012*+-(#3%(,;((5-),'):%)'%22'()"*+)*",('+%$,

."-$'F#1$%;
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<5;,'&( ./.>( 8:,$#+%2' ()"*+)*",(' -.' (-$,' 7%)*"%2' 12&+-(#3,' (*9()"%),(' *(,3' #7

3,),"$#7#71'(*9()"%),'(B,+#.#+#)&'-.' "#+,'β012*+-(#3%(,;( (5-),' ):%)'%22' ()"*+)*",('/#):

7-'",.,",7+,'+%$,'."-$'F#1$%;
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./@/=(V4-&3,-#'(P&5;"%(HV'I(&+%5K#%54:

HP2*O'$#1"%),3'%('%'(#712,'9%73'-7'F>F0!6PD'%73'#)('%BB%",7)'V"'-.'G4n

.*(#-7'%73'7-7'.*(#-7'B"-),#7'?%.),"'+2,%C%1,'/#):',7),"-Q#7%(,@'/%(',()#$%),3')-'9,

UU'%73'SL'Q>%A'",(B,+)#C,2&;''G:,'7%)#C,'$-2,+*2%"'/,#1:)'-.'):,'B*"#.#,3'G4n'.*(#-7

HP2*O'/%(' UU' Q>%' %73' (*BB-")(' ):,' #3,%' ):%)' "#+,' HP2*O' #(' %'$-7-$,"#+' B"-),#7;

G:#(' ,()#$%)#-7' #(' 9%(,3' -7' %' 1,20.#2)"%)#-7;' ' <#1*",' T;TS' B",(,7)(' +%2#9"%)#-7' +*"C,

-9)%#7,3'/#):'B"-),#7'()%73%"3'%73'"#+,'HP2*O'.*(#-7'B"-),#7'%('"*7'-7'F,B:%+"&2'F0

JYY;' ' I)' /%(' +2,%"' ):%)' "#+,' HP2*O' ,2*),3' %)' ):,' (#$#2%"' ,2*)#-7' C-2*$,' %(' H-C#7,

%29*$#7A' ' ?HF6@A' #73#+%)#71' ):%)' ):,' 7%)#C,' "#+,' HP2*O' .*(#-7' B"-),#7' #(' %9-*)' ):,

(%$,'%('):,'V"'-.'HF6'?UU'Q>%@;

./@/.($Y(#:6(%&K$&'#%,'&($'4N5-&(4N(#3%5M5%J(#:6(+%#F5-5%J

HP2*O' ",%+:,3' -B)#$*$' %+)#C#)&' %)' Ba' S;Y' ?<#1*",' T;TU@;' ' G:,' %+)#C#)&

3"-BB,3'3"%$%)#+%22&'%)'%'Ba'1",%),"'):%7'M;S;''G:,'Ba'()%9#2#)&'()*3#,('(:-/,3'):%)

HP2*O'/%('",2%)#C,2&'()%92,'-C,"'%'/#3,'"%71,'-.'Ba'?S;Y0M;Y@A'/:,7'#7+*9%),3'.-"'*B

)-'JL':"'%)'):,'+-"",(B-73#71'Ba'%)'"--$'),$B,"%)*",'?JS°8@'?<#1*",'T;TM@;''6)'%'Ba

%9-C,'M;Y'):,',7\&$,'/%('2,(('()%92,'%.),"'#7+*9%)#-7('2-71,"'):%7'U':";''G:,',7\&$,

2-()' %+)#C#)&' 3"%$%)#+%22&' %)' %+#3#+' Ba' ?T;Y0L;Y@' /#):#7' OY' $#7' -.' #7+*9%)#-7;' ' G:,

-B)#$*$' ),$B,"%)*",' .-"' %+)#C#)&' -.' HP2*O' /%(' %' /#3,' "%71,' -.' OS0TS°8;' ' G:,

%+)#C#)&'3,+",%(,3'3"%$%)#+%22&'%9-C,'LY°8'?<#1*",'T;TK@;''G:,'):,"$-()%9#2#)&'()*3#,(

%)'Ba'S;Y'(:-/,3'):%)'):,',7\&$,'/%('()%92,'%)'JY'%73'TY°8A'/:,7'#7+*9%),3'.-"'*B

)-'UY'$#7;' ?<#1*",'T;TR@;' 'G:,',7\&$,'/%(' 2,((' ()%92,' %)'LY°8'%)' 2-71,"' #7+*9%)#-7

)#$,(;''I)'/%('C,"&'*7()%92,'%)'SY'%73'UY°8A'/#):'+-$B2,),'2-(('-.'%+)#C#)&'/#):#7'):,

.#"()'OY'$#7'-.'#7+*9%)#-7;



130

<5;,'&( ./.?(5%)#C,' $-2,+*2%"' /,#1:)' -.' "#+,' HP2*O' %(' ,()#$%),3' 9&' 1,2' .#2)"%)#-7;

!*"#.#,3' "#+,' HP2*O' %73' B"-),#7' ()%73%"3(' /,",' 2-%3,3' -7)-' %' F,B:%+"&2' F0JYY

+-2*$7;' ' G:,' ."%+)#-7(' /,",' +-22,+),3' %73' ):,' B"-),#7' $,%(*",3' 9&' %9(-"9%7+,

",%3#71'%)'JKY'7$'.-"'B"-),#7'()%73%"3(A'%73'B5!P'%+)#C#)&'%((%&'.-"'"#+,'HP2*O;''G:,

,2*)#-7'C-2*$,'-.',%+:'B"-),#7'?d,@A'%73'-.'92*,'3,])"%7'?dY@'/,",'+%2+*2%),3;' 'G:,

d,jdY' %73' $-2,+*2%"' /,#1:)' .-"' ,%+:' B"-),#7' /,",' B2-)),3' -7' (,$#2-1' 1"%B:;

8%2#9"%)#-7' +*"C,' -9)%#7,3' /#):' B"-),#7' ()%73%"3' /%(' *(,3' )-' +%2+*2%),' ):,' 7%)#C,

$-2,+*2%"'/,#1:)'-.'"#+,'HP2*O; '
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<5;,'&(./.@(Ba'B"-.#2,'-.'%+)#C#)&'.-"'HP2*O'-C,"'%'Ba'"%71,'T;Y')-'OO'%((%&,3'/#):'O

$V'B5!P'%)'TY°8'.-"'OY'$#7;

<5;,'&(./.A(G:,'Ba'()%9#2#)&'-.'HP2*O'%.),"'#7+*9%)#-7'.-"'OY'$#7')-'JL':'JS°8;''G:,

%2#=*-)('-.',7\&$,'#7',%+:'Ba'9*..,"'%)'3#..,",7)')#$,'+-*"(,'/%('3#2*),3'OLY'.-23'%73

%((%&,3'#7'SY'$V'5%Z6+'9*..,"'Ba'S;YA'%73'#7+*9%),3'/#):'O'$V'B5!P'%)'TY°8'.-"

OY'$#7;

pH profile of activity
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<5;,'&(./.B(G,$B,"%)*",'B"-.#2,'-.'HP2*O'%((%&,3'/#):'O'$V'B5!P'.-"'OY'$#7'%)

),$B,"%)*",('"%71#71'."-$'S')-'MY°8;

<5;,'&(./.C(G:,"$-()%9#2#)&'-.'HP2*O'#7+*9%)#71'%)'JY0UY°8;''I7+*9%)#-7')#$,'"%71,3

."-$'Y')-'UY'$#7'%)'OY0$#7'#7+",$,7);''62#=*-)('-.',7\&$,'/,",'3#2*),3'%73'%((%&,3

#7'SY'$V'5%Z6+'9*..,"'Ba'S;YA'%73'#7+*9%),3'/#):'O'$V'B5!P'%)'TY°8'.-"'OY'$#7;
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./@/>():"5F5%54:(+%,65&+

G:,' ,..,+)' -.' C%"#-*(' B-),7)#%22&' #7:#9#)-"&' +-$B-*73(' /%(' ),(),3' -7' "#+,

HP2*O'%+)#C#)&;''G:,'#7:#9#)-"&',..,+)('-.'(-$,'-"1%7#+'+-$B-*73(')-/%"3'HP2*O'%",

(:-/7' #7' G%92,' T;R;' ' 4#+,' HP2*O' /%(' #7:#9#),3' 9&' $%7&' %12&+-7,(' %73' %12&+-7,

%7%2-1*,(A' 9*)' 7-)' #7:#9#),3' 9&'$-7-(%++:%"#3,(' ?OY'$V'>012*+-(,A' >0$%7#)-2A' >0

]&2-(,A' >0$%77-(,' %73' >01%2%+)-(,@A' -"' D>G6;' ' P2*+-7-0OAS02%+)-7,A' %' ()"-71

#7:#9#)-"'-.'$%7&'β012*+-(#3%(,(A'()"-712&'#7:#9#),3'HP2*O'%)'):,'2,C,2'-.'Y;YYS'$V;

P%2%+)-7-0OAL02%+)-7,A'I66A'P6TA'B&"#3-]#7,'%73'L0$,):&2'*$9,22#.,"-7,A'#$#3%\-2,

%73'G"#('9%(,'%2(-'#7:#9#),3'HP2*OA'9*)'):,'3,1",,'-.'#7:#9#)#-7'/%('$*+:'2,((;

E#F-&(./C(D..,+)'-.'#7:#9#)-"('-7'%+)#C#)&'-.'B*"#.#,3'"#+,'HP2*O

I7:#9#)-" ''''8-7+,7)"%)#-7''''''''''''''4,2%)#C,'%+)#C#)&
''''''''?$V@'''''''''''''''''''''''''''''''''?_@

5-7,%

>012*+-7-0OA'S02%+)-7,

>01%2%+)-7-0OA'L02%+)-7,

I66

P6T
!&"#3-]#7,
L0V,):&2'*$9,22#.,"-7,
I$#3%\-2,
>012*+-(,A'>01%2%+)-(,
>0]&2-(,A'>0$%77-(,
D>G6
G"#('9%(,

'''''''''''Y OYY
'''''''''''Y;L''''''''''''''''''''''''''''''''''''Y
'''''''''''Y;O''''''''''''''''''''''''''''''''''''S
'''''''''''Y;YYS''''''''''''''''''''''''''''''TR
'''''''''''S'''''''''''''''''''''''''''''''''''''LS
'''''''''''O'''''''''''''''''''''''''''''''''''''ML
'''''''''''S'''''''''''''''''''''''''''''''''''''LU
'''''''''''O'''''''''''''''''''''''''''''''''''''UM
'''''''''''S'''''''''''''''''''''''''''''''''''''MU
'''''''''''S'''''''''''''''''''''''''''''''''''''MM
'''''''''''S'''''''''''''''''''''''''''''''''''''KO
'''''''''''S'''''''''''''''''''''''''''''''''''''KT
'''''''''OY''''''''''''''''''''''''''''''''''''OYY
'''''''''OY''''''''''''''''''''''''''''''''''''OYY
'''''''''OY''''''''''''''''''''''''''''''''''''OYO
'''''''''OY''''''''''''''''''''''''''''''''''''''MS

%G:,'()%73%"3'B5!'%((%&'$#])*",'+-7)%#7,3'O'$V'B5!PA'SY'$V'5%Z6+'Ba'S;YA'%73

O'µ1',7\&$,'%)'TY°8



134

Z.'):,'C%"#-*('+%)#-7('),(),3A'a1Je'%73'8*Je'/,",'B-),7)'#7:#9#)-"('-.',7\&$,

%+)#C#)&A'/:,",%('-):,"'+%)#-7('?f7JeA'V7JeA'V1Je'%73'8%Je@':%3'2#))2,'-"'7-',..,+)'-7

,7\&$,'%+)#C#)&;' 'G:,'3%)%'-7'a1Je'(:-/,3'):%)' ):#('$,)%2' #-7' #7:#9#),3' ):,',7\&$,

%+)#C#)&' +-$B2,),2&' %)' O' $V' a182J' +-7+,7)"%)#-7;' ?<#1*",' T;LY@;' ' g:,7' J0

$,"+%B)-,):%7-2' ?J0VD@' /%(' %33,3' )-' JS' $V' .#7%2' +-7+,7)"%)#-7' )-' ):,' ,7\&$,

B",C#-*(2&',]B-(,3')-'a1JeA'):,'%+)#C#)&'3#3'7-)'",+-C,"'9*)'3,+",%(,3'+-$B%"%)#C,')-

):,'(%$B2,'/#):-*)'J0VD'?<#1*",'T;LY@;

E#F-&(./0D'D..,+)'-.'$,)%2'#-7('-7'%+)#C#)&'-.'B*"#.#,3'"#+,'HP2*O

V,)%2'#-7( 4,2%)#C,'%+)#C#)&?_@%

''''''''''''5-7,

''''''''''''a182J
''''''''''''8*FZL
''''''''''''8%82J
''''''''''''V1FZL
''''''''''''V782J
''''''''''''f7FZL

''''''''''''''''OYY

''''''''''''''''5;>;9

''''''''''''''''TJ

''''''''''''''''OTO

''''''''''''''''OJO

''''''''''''''''OTM

''''''''''''''''OYK

%'G:,',7\&$,'/%('#7+*9%),3'/#):'OY'$V'.#7%2'+-7+,7)"%)#-7'-.'$,)%2'#-7('.-"'TY'$#7;

G:,',7\&$,'/%('3#2*),3' #7'SY'$V'5%Z6+'Ba'S;Y' %73' %((%&,3'/#):' O'$V'B5!P

%++-"3#71')-'):,'()%73%"3'$,):-3;'9'$,%7('7-)'3,),+)%92,;
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<5;,'&(./>D(I7:#9#)#-7'-.'HP2*O'9&'a1Je;''G:,',7\&$,'/%('#7+*9%),3'#7'):,'B",(,7+,

-.'Y')-'JSU'µV'a182J'.-"'TY'$#7'%73'/%('):,7'%((%&,3'.-"'%+)#C#)&'/#):'O'$V'B5!P

?Ba' S;Y@' %)' TY°8' .-"' OY' $#7;' ' 6.),"' ,]B-(*",' )-' a182J' .-"' TY' $#7A' :%2.' -.' ,%+:

",%+)#-7' (-2*)#-7' /%(' %2#=*-),3' %73' JS' $V' J0$,"+%B)-,):%7-2' ?J0VD@' %33,3' %73

):,7'%((%&,3'.-"'%+)#C#)&'/#):'O'$V'B5!P'?Ba'S;Y@'%)'TY°8'.-"'OY'$#7;

./@/?( QNN&3%( 4N( '&6,35:;( #;&:%+Z( 6&:#%,'#:%+( #:6( #-34"4-( 4:( &:[JK&

#3%5M5%J

6('(:-/7'#7'<#1*",'T;LOA'"#+,'HP2*O'/%('2-()'%+)#C#)&'#7'):,'B",(,7+,'-.'F>F;

g:,7'):,',7\&$,'/%('%((%&,3'/#):'O'$V'B5!P'#7'):,'B",(,7+,'-.'Y0Y;O_'F>FA'):,

7,%"2&'OYY_'2-(('-.'%+)#C#)&'/%('-9(,"C,3'%)'-"'%9-C,'Y;YL_'F>F;''G:,',..,+)'-.'J0

VD'?Y;YUL0J;YLK'V@'-7'HP2*O'/%('%2(-'),(),3'?<#1*",'T;LJ@;' 'G:,'%+)#C#)&'/%('2-()

*B' )-' SY_' #7' ):,' B",(,7+,' -.' O'V' J0VD;' '6)' Y;YUL'V'J0VDA' ):,' %+)#C#)&'/%(' 7-)

(#17#.#+%7)2&'3#..,",7)'."-$'):,'+-7)"-2;''I7'):,'B",(,7+,'-.',):&2'%2+-:-2A'"#+,'HP2*O

%+)#C#)&'3,+",%(,3' #7'B"-B-")#-7%2' )-' ):,' #7+",%(#71'-.'B,"+,7)',):%7-2' ?<#1*",'T;LT@;

6)'TY_',):%7-2'+-7+,7)"%)#-7'#7'):,'",%+)#-7'%((%&A'):,',7\&$,'%+)#C#)&'/%('2-()'*B')-

SY_;''I7'%22'-.'):,(,',]B,"#$,7)(A'):,',7\&$,'/%('%((%&,3'/#):'O'$V'B5!P'%)'TY°8

%73'Ba'S;Y'.-"'OY'$#7;
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<5;,'&(./>0'6+)#C#)&'B"-.#2,'-.'HP2*O'/#):'O'$V'B5!P'?Ba'S;Y'%)'TY°8'.-"'OY'$#7A

",(B,+)#C,2&@'#7'):,'B",(,7+,'-.'C%"#-*('+-7+,7)"%)#-7('-.'F>F;

<5;,'&(./>=(6+)#C#)&'B"-.#2,'-.'HP2*O'#7'):,'B",(,7+,'-.'C%"#-*('+-7+,7)"%)#-7('-.'J0

$,"+%B)-,):%7-2'%((%&,3'/#):'O'$V'B5!P'?Ba'S;Y@'%)'TY°8'.-"'OY'$#7;
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<5;,'&( ./>.(6+)#C#)&' B"-.#2,' -.' HP2*O' #7' ):,' B",(,7+,' -.' C%"#-*(' +-7+,7)"%)#-7(' -.

,):&2'%2+-:-2'%((%&,3'/#):'O'$V'B5!P'?Ba'S;Y@'%)'TY°8'.-"'OY'$#7;
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./A(E'#:+;-J34+J-#%54:(#3%5M5%J(4N('53&(T2-,0

G:,'B",2#$#7%"&'()*3&'.-"'):,')"%7(12&+-(&2%)#-7'%+)#C#)&'-.'"#+,'β012*+-(#3%(,

/%('B,".-"$,3'*(#71'B5!P'%('12*+-(,'3-7-"'$-2,+*2,'%73'C%"#-*('12*+-(,'%++,B)-"

$-2,+*2,(;''G:,'B*"#.#,3'"#+,'β012*+-(#3%(,A'HP2*OA'+%)%2&\,3'(*9()"%),')"%7(12&+-(&0

2%)#-7'/#):'B5!PA'/:#+:'%+)('9-):'%('%'12&+-(&2'3-7-"'%73'%++,B)-";' 'G:,'(*9()"%),

)"%7(12&+-(&2%)#-7'B"-3*+)('%7%2&\,3'9&'G`8'3,$-7()"%),3'):%)'%'(,"#,('-.'(#17#.#+%7)

%$-*7)(' -.' B5!' 3,"#C%)#C,(' /#):' 3#..,",7)' :&3"-B:-9#+' B"-B,")#,(' %73' :#1:,"

$-2,+*2%"'/,#1:)'/,",' .-"$,3' ?<#1*",'T;LL@;' 'g:,7' ):,(,' B5!'3,"#C%)#C,' B"-3*+)(

/,",'+-$B%",3'/#):'Q7-/7'()%73%"3('."-$'F#1$%A'-7,'B"-3*+)':%3'%7'4.'C%2*,',=*%2

)-' ):%)' -.' B5!' β0>0+,22-9#-(#3,A' %73' ):,' -):,"' ):,' (%$,' %(' B5!' β0>0+,22-)"#-(#3,

?G%92,'T;OO@;''6++-"3#71')-'<#7+:,"'?ORRK@A'):,'4.'C%2*,('-.'B5!03#(%++:%"#3,(':#1:,"

%73' 2-/,"' ):%7' B5!' β0>0+,22-9#-(,' /,",' B5!' β0>02%$#7%"#9#-(,A' %73' B5!' β0>0

1,7)#-9#-(,;''6)'C%"#-*('(*9()"%),'+-7+,7)"%)#-7('-.'B5!PA'HP2*O'+2,%"2&':%3':#1:,"

)"%7(12&+-(&2%)#-7' %+)#C#)&' /#):' ):,' :#1:,"' (*9()"%),' +-7+,7)"%)#-7(A' /#):' ",(B,+)' )-

):,'$%k-"'B"-3*+)'(B-)('-7'):,'G`8;''G:,')#$,'+-*"(,'(:-/,3'):%)'):,')"%7(12&+-(&0

2%)#-7'B"-3*+)('C#(#92,'-7' ):,'G`8' #7+",%(,3'B"-B-")#-7%22&' ."-$'O' )-' U' :' %73' ):,7

",$%#7,3' +-7()%7)' *7)#2' JL' :;' ' G:,' ",2%)#C,' B"-B-")#-7(' -.' #73#C#3*%2' )"%7(12&+-(&0

2%)#-7'B"-3*+)(' %",' +-$B%",3' #7'G%92,' T;OO;' 'G:,' B5!03#(%++:%"#3,('/,",' ):,'$-()

%9*73%7);

G:,' )"%7(.,"' -.' %' 12&+-(&2' 1"-*B' ."-$' B5!P' )-' ,):&2' %2+-:-2' /%(' %2(-

#7C,()#1%),3;' ' F#17#.#+%7)' %$-*7)(' -.' B"-3*+)A' ,):&2' 12*+-(#3,A' /#):' 2-/,"

:&3"-B:-9#+#)&'?4.'C%2*,'2-/,"'):%7'B5!P'(*9()"%),@'-.'):,'B"-3*+)'/%('C#(#92,'-7'):,

G`8;''G:,",'/%('7-'(#17#.#+%7)'3#..,",7+,'#7'):,'%$-*7)('-.')"%7(.,"'B"-3*+)'9,)/,,7

",%+)#-7('+-7)%#7#71'S_A'OY_A'%73'JY_',):&2'%2+-:-2A'#7+*9%),3'%)'T':'/#):'OY'$V
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B5!PA'/:#2,'):,",'/,",'2#))2,'B"-3*+)'B"-3*+,3'#7'):,'B",(,7+,'-.'TY_',):&2'%2+-:-2

?<#1*",'T;LS'%73'G%92,'T;OJ@;

<5;,'&( ./>>( G"%7(12*+-(&2%)#-7' -.' B5!P' *(#71' "#+,' β012*+-(#3%(,' ?Y;YO' 7$-2@

#7+*9%),3'/#):'C%"#-*('+-7+,7)"%)#-7('-.'B5!P' #7'SY'$V'5%Z6+'Ba'S;Y'9*..,"' #7

OYY'µ2' ",%+)#-7('%)'TY°8'.-"'O' )-'JL':;' 'G:,'7*$9,"('SA'OYA'JYA'LY'*73,"',%+:' 2%7,

",B",(,7)' ):,'+-7+,7)"%)#-7'-.'B5!P'%('$VA' ",(B,+)#C,2&;' 'G:,' #7+*9%)#-7' )#$,' .-"

,%+:' ",%+)#-7' (,)('/,",'OA' TA' UA' OJ' %73'JL':;' '4,%+)#-7('/,",' %7%2&\,3' 9&'G`8'-7

(#2#+%' 1,2' UY' <JSL;' ' `%7,' 6A' B5!PA' B5!8J' %73' B5!8T' ()%73%"3' $%"Q,"(b' 2%7,' HA

92%7Q'/#):-*)',7\&$,;''B5!A'B07#)"-B:,7-2b'B5!PA'B5!'β0>012*+-(#3,b'B5!8JA'B5!

β0>0+,22-9#-(#3,' b' B5!8TA' B5!' β0>0+,22-)"#-(#3,;' ' OA' J' %73' T' ",B",(,7)' *7Q7-/7

+-$B-*73(;
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E#F-&(./00'h#,23('-.')"%7(.,"'B"-3*+)('B"-3*+,3'9&'HP2*O'#7')"%7(12&+-(&2%)#-7'*(#71

B5!P'%('12*+-(,'3-7-"'%73'%++,B)-"%;

8-$B-*73( 4.'9 !,"+,7)'-.'B"-3*+)(

-9)%#7,3'+

B5!0β0>0+,22-9#-(,

B5!0β0>0+,22-)"#-(,

!"-3*+)'O

!"-3*+)'J

!"-3*+)'T

Y;LT

Y;JJ

Y;LK

Y;TU

Y;YM

L;L

O;K

S;J

R;J

Y;S

%'D7\&$,'?Y;YO'7$-2@'/%('#7+*9%),3'#7'SY'$V'5%Z6+'Ba'S;Y'9*..,"'+-7)%#7#71'JY

$V' B5!P' #7' OYY' µ2' ",%+)#-7' .-"' U' :' %)' TY°8;' ' ' 9' V-9#2#)#,(' -.' ,%+:' B"-3*+)' %",

",2%)#C,')-'B5!'$-9#2#)&;''+'!,"+,7)'12&+-(#3,'-9)%#7,3'",B",(,7)('):,'B,"+,7)'#7),7(#)&

-.'):,'(B-)'",2%)#C,')-'):,')-)%2'#7),7(#)&'B",(,7)'#7'):,'B5!A'B5!PA'%73'B"-3*+)'(B-)(;

E#F-&(./0='h#,23('-.')"%7(.,"'B"-3*+)('B"-3*+,3'9&'HP2*O'#7')"%7(12&+-(&2%)#-7'*(#71

B5!P'%('12*+-(,'3-7-"'%73',):&2'%2+-:-2'%('12*+-(,'%++,B)-"%;

8-$B-*73( 4.9 !,"+,7)'-.'B"-3*+)'-9)%#7,3+

''''S_''''''OY_''''''JY_'''''''TY_',):&2'%2+-:-2

B"-3*+)'O

?,):&2'12*+-(#3,@

Y;TL ''''JL;J'''''LU;K'''''''SY;M'''''''Y;K

%'D7\&$,'?Y;YYO'*7#)@'/%('#7+*9%),3'#7'SY'$V'5%Z6+'Ba'S;Y'9*..,"'+-7)%#7#71'OY

$V'B5!P'%73'C%"#-*('B,"+,7)%1,'-.',):&2'%2+-:-2' .-"'U':'%)'TY°8;' ' 9'V-9#2#)#,('-.

,%+:'B"-3*+)'%",'",2%)#C,')-'B5!'$-9#2#)&;''+'!,"+,7)'12&+-(#3,'-9)%#7,3'",B",(,7)('):,

B,"+,7)' #7),7(#)&' -.' ):,' (B-)' ",2%)#C,' )-' ):,' )-)%2' #7),7(#)&' B",(,7)' #7' ):,' 12*+-(,A

B5!PA'%73'B"-3*+)'(B-)(;
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<5;,'&(./>?'G"%7(12*+-(&2%)#-7'-.'C%"#-*('+-7+,7)"%)#-7('-.',):&2'%2+-:-2'*(#71'"#+,

β012*+-(#3%(,'?Y;YO'7$-2@' #7+*9%),3'/#):'C%"#-*('+-7+,7)"%)#-7'-.'B5!P'#7'SY'$V

5%Z6+'Ba'S;Y' 9*..,"' %)' TY°8' .-"' T' :' #7' OYY'µ2' ",%+)#-7(;' 'G:,' 7*$9,"' S_A' OY_A

JY_A' TY_' *73,"' ,%+:' 2%7,' ",B",(,7)(' ):,' +-7+,7)"%)#-7' -.' ,):&2' %2+-:-2' #7' ):,

",%+)#-7(;' ' 4,%+)#-7('/,",' %7%2&\,3' 9&' G`8' -7' (#2#+%' 1,2' UY' <JSL;' ' `%7,'6A' 92%7Q

/#):-*)' ,7\&$,' +-7)%#7#71' B5!P;' ' B5!PA' B5!' β0>012*+-(#3,b' P2*A' 12*+-(,b' OA

)"%7(12&+-(&2%)#-7'B"-3*+)(;

g:,7' B&"#3-]#7,' ?C#)%$#7' HU@' /%(' *(,3' %(' ):,' 12*+-(,' %++,B)-"' #7' ):,

)"%7(12&+-(&2%)#-7'",%+)#-7'*(#71'B5!P'%('%'12*+-(,'3-7-"'$-2,+*2,A'HP2*O'/%('%92,

)-' )"%7(.,"' 12*+-(,' ."-$' B5!P' )-' B&"#3-]#7,;' ' G:,",' /,",' .#C,' $%k-"

)"%7(12&+-(&2%)#-7' B"-3*+)(' C#(#92,' -7' ):,' G`8' ?<#1*",' T;LU@;' ' <-*"' -.' ):,(,' (B-)(

/,",' B5!' 3,"#C%)#C,(A' /:#+:' :%3' ):,' (%$,' 4.' C%2*,(' %(' ):,' B"-3*+)(' #7' ):,' %9-C,

B5!P'12*+-(,'%++,B)-"'",%+)#-7(A'%73'):,'4.'C%2*,('-.'):,(,'B"-3*+)('/,",'):,'(%$,

%('):,'B"-3*+)(' #7' ):,'+-7)"-2' ",%+)#-7'+-7)%#7#71'-72&'B5!P'%73' ):,',7\&$,;' 'Z7,
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-*)()%73#71'B*"B2,'.2*-",(+,7)'(B-)'*73,"'TSU'7$'/%C,2,71):'Xd'2#1:)'?#7'%33#)#-7')-
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(((@,2@CB%C:@*(9;:/29550/23.&$,<.,0/(FFD(JX5=J7X*

LBO>2>1%C$'(L*'(U>>B:'(a*'(+B#@C>AA:B@:.'(\*'(L%">'([*'(Q%&E>@'(3*'(091:;;'(^*'(%./

\%;&:'(+*(4566P8*(S:;:%@:(>A(%9C#R:(9$C>"#.#.(2$(%(β=?;,9>@#/%@:(;>9%;#O:/(C>

C1:(&%#O:(B>>C(&:B#@C:&*(6&."%&"/(JXJD(5KG5=5KGF*

LBO>2>1%C$'(L*'(U>>B:'(a*'(%./(\%;&:'(+*(4566F8*(Q$C>"#.#.(&:C%2>;#@&D(#&E;#9%C#>.@

A>B(B:?,;%C#>.(>A(E;%.C(?B><C1(%./(/:R:;>E&:.C*((01%+23,0/24.,0/(JXD(5F7P=

5F6]*

L,:;;'(Q*(S*(4JKKJ8*(Q,BB:.C(@C%C,@(>A(C1:(@:_,:.9:(>A(C1:(B#9:(?:.>&:(%./(EB>@E:9C@

A>B(A#.#@1#.?(C1:(A#B@C(&>.>9>C(?:.>&:*((01%+2()*'.,0/(5PKD(5GX]=5GX7*

L,B&:#@C:B'(N*\*'(Q>CC%O'(0*'(IB#?,:O'(-*'(a>B#'(S*'(\%;&#:B#'(0*'(%./(-:.B#@@%C'(L*

4566]8*()1:(9B$@C%;(@CB,9C,B:@(>A(!"#$%&"&'$()$(&$B>@#.%@:(%./(%(9>R%;:.C

?;$9>@$;=:.O$&:(#.C:B&:/#%C:(EB>R#/:(#.@#?1C@(#.C>(C1:(@,2@CB%C:(B:9>?.#C#>.

%./(%9C#R:=@#C:(&%91#.:B$(>A(%.(0=?;$9>@#/%@:*(6+$8&+8$"/(GD(XXP=X]G*

Q%&E>@*(3*([*'(L%">'([*'(LBO>2>1%C$'(L*'(Z:;/<#@91'(^*'(W:CC;'(S*'(L>;%./'(N*'(%./

\%;&:'(+*(4566P8*(a/:.C#A#9%C#>.(%./(91%B%9C:B#O%C#>.(>A(%(.>R:;(E1$C>1>B&>.:

9>.T,?%C:(@E:9#A#9(β=?;,9>@#/%@:@(%9C#R#C$(AB>&(&%#O:*(a.D(!*(H@:.(4:/*8*(ββββ=

>08&,'.;1'"?24.,&)"-.'+$*21%;2-,0"&801$2<.,0,>*/229@626*-5,'.8-

6"$."'2ABB(4EE(JKF=J5J8*(N%@1#.?C>.'(I*(Q*D(!&:B#9%.(Q1:&#9%;(0>9#:C$*

Q#9:"'(U*'(%./(H@:.'(!*(45667%8*(0CB,9C,B:(%./(:YEB:@@#>.(>A(%(/1,BB#.%@:(4β=

?;,9>@#/%@:8(AB>&(@>B?1,&*((01%+2()*'.,0/(55XD(5FX6=5F]7*

Q#9:"'(U*'(%./(H@:.'(!*(4566728*(HYEB:@@#>.(>A(@>;,2;:(%./(9%C%;$C#9%;;$(%9C#R:(E;%.C

β=?;,9>@#/%@:@(#.(*+',-("*(4.,+"&)/224.,"%>.%""$/(XPD(P6J=FKK*

Q;%B":'(!*(^*'(LB%$'(U*(S*'(%./(0CB%C#.?'(-*(4566P8*(0E:9#A#9(β=?;,9>@#/%@:@'(@E:9#A#9
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(((((((((β=?;,9%.%@:@'(%./(Y$;%.%@:@*(a.D(!*(H@:.(4:/*8*(ββββ=>08&,'.;1'"?24.,&)"-.'+$*

1%;2-,0"&801$2<.,0,>*/229@626*-5,'.8-26"$."'2ABB24EE(J]=F58*

N%@1#.?C>.'(I*(Q*D(!&:B#9%.(Q1:&#9%;(0>9#:C$*

Q>..'(H*(H*(4566P8*(Q$%.>?:.#9(?;$9>@#/:@*(a.D(!*(H@:.(4:/*8*(ββββ=>08&,'.;1'"?

4.,&)"-.'+$*21%;2-,0"&801$2<.,0,>*/229@626*-5,'.8-26"$."'2ABB(4EE(5G=

JX8*(N%@1#.?C>.'(I*(Q*D(!&:B#9%.(Q1:&#9%;(0>9#:C$*

Q,:R%@'([*'(3#:&:$:B'(-*(U*'(%./(^>.@>.'([*(U*(V*(4566J8*(\%BC#%;(E,B#A#9%C#>.(%./

91%B%9C:B#O%C#>.(>A(%(1$/B>Y%&#9(%9#/(?;,9>@#/:(β=?;,9>@#/%@:(AB>&(&%#O:*

()*+,&)"-.'+$*/2P5D(JXK6=JX5J*

QOTO:"'(U*'(Q#9:"'(U*'(W%&2>.#'(V*'(L,B&:#@C:B'(N*(\*'(L:R%.'(I*(S*'(-:.B#@@%C'(L*'

%./(H@:.'(!*(4JKKK8*()1:(&:91%.#@&(>A(@,2@CB%C:(4%?;$9>.:8(@E:9#A#9#C$(#.(β=

?;,9>@#/%@:@(#@(B:R:%;:/(2$(9B$@C%;(@CB,9C,B:@(>A(&,C%.C(&%#O:(β=?;,9>@#/%@:=

IaULb!'(=IaULb!M;9'(%./(=/1,BB#.(9>&E;:Y:@*((($,&/2C1+0/29&1;/26&./

D69/(6]D(5PGGG=5PGXK*

QOTO:"'(U*'(Q#9:"'(U*'(W%&2>.#'(V*'(L,B&:#@C:B'(N*(\*'(L:R%.'(I*(S*'(-:.B#@@%C'(L*'

%./(H@:.'(!*((4JKK58*(QB$@C%;(@CB,9C,B:(>A(%(&>.>9>C$;:/>.(4&%#O:(WUM;,58

β=?;,9>@#/%@:(%./(%(&>/:;(>A(#C@(9>&E;:Y(<#C1(E=.#CB>E1:.$;(β=I=

C1#>?;,9>@#/:*(4.,&)"-/27/(PGFD(P]=FX

I%R#:@'(M*'(%./(-:.B#@@%C'(L*(4566G8*(0CB,9C,B:(%./(&:91%.#@&@(>A(?;$9>@$;%@:*

6+$8&+8$"/(PD(7GP=7G6*

I:(I:CC%'(0*(+*(456758*(($.%&.50"'21%;25$1&+.&"'2,#2$.&"25$,;8&+.,%/23:<c>B"D(^>1.

N#;:$(%./(0>.@*

I#Y>.'(U*'(%./(N:22'(H*(Q*(456]68*(E%F*-"'24P./(:/*8*((3:<(c>B"D(!9%/:&#9(\B:@@*
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I>$;:'(^*(^*'(%./(I>$;:'(^*([*(4567]8*(!(B%E#/(I3!(#@>;%C#>.(EB>9:/,B:(A>B(@&%;;

_,%.C#C#:@(>A(AB:@1(;:%A(C#@@,:*(()*+,&)"-/24800/(56D(55=5G*

H"@#CC#",;'()*'(%./(Q1,;%R%C.%C>;'(U*(456778*(Q1%B%9C:B#O%C#>.(>A(9$%.>?:.#9(β=

?;,9>@#/%@:(4;#.%&%B%@:8(AB>&(9%@@%R%(4U%.#1>C(:@9,;:.C%(QB%.CO8*(9$&)/

4.,&)"-/24.,5)*'/(JXXD(JXP=JX6*

H@:.'(!*(4566J8*(\,B#A#9%C#>.(%./(E%BC#%;(91%B%9C:B#O%C#>.(>A(&%#O:(4./$'0$1&([*8(β=

?;,9>@#/%@:*((01%+2()*'.,0/(67D(5]F=57J*

H@:.'(!(4566P8*(ββββ=>08&,'.;1'"?24.,&)"-.&1021%;2-,0"&801$2<.,0,>*/(N%@1#.?C>.

IQD(!&:B#9%.(91:&#9%;(0>9#:C$*

H@:.'(!*'(%./(M,.?>B'(M*(4566P8*(0C%2#;#C$(%./(%9C#R#C$(>A(E;%.C(%./(A,.?%;(β=

?;,9>@#/%@:(,./:B(/:.%C,B#.?(9>./#C#>.@*(a.(!*(H@:.'(4:/*8*(ββββ=>08&,'.;1'"?

4.,&)"-.'+$*21%;2-,0"&801$2<.,0,>*(4EE(J5F=JP68*(N%@1#.?C>.(IQD

!&:B#9%.(Q1:&#9%;(0>9#:C$*

H@%@1#'(c*'(U%C@,$%&%'(0*'(!@1#.>'(-*'(b?%@<%B%'(U*'(%./(-%@:?%<%'(S*(456658*(β=

?;,9>@#/%@:(%9C#R#C#:@(%./(-Q3(;#2:B%C#>.(,.#&2#2:/(%./(#&2#2:/(@::/(%./(C1:

#./,9C#>.(>A(9>9";:2,B(@::/(?:B&#.%C#>.(2$(9$%.>?:.#9(?;$9>@#/:@*(()*'.,0/

(01%+1$8-/27PD(FP=GK*(d,>C:/(#.(U,@;#&'(Q*(4566G8*(G',01+.,%21%;2&)1$1&+"=

$.F1+.,%2,#2$.&"2HI$*F12'1+.:12J/K2ββββ=>08&,'.;1'"'/(\1*I*(I#@@:BC%C#>.'

V#B?#.#%(\>;$C:91.#9(a.@C#C,C:(%./(0C%C:(e.#R:B@#C$'(V#B?#.#%*

Z#@91:B'([*'(LB>&%..'(S*'(+:.?:.'(0*(N*(U*'(/:(V>@'(N*(U**'(%./(N%?.:B'(Z*(4566X8*

Q%C%;$C#9%;(E>C:.9$(>A(β=?;,9>@#/%@:(AB>&(:YCB:&>E1#;:(213-,-,,4&'543"-&4&

#.(?;$9>9>.T,?%C:(@$.C1:@#@*(4.,+"&)%,0,>*/(5FD(77=65*
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M%.?,;$'()*'(M%.?,;$'(0*'(0#B9%B'(\*'(%./(0#B9%B'(0*(456]F8*(S1%&.>@:(2>,./(#./>;:=P=

%9:C#9(%9#/(#.(C1:(A;>B%;(E%BC@(>A(2/(6-%7-340'8/3349"#/40*(()*'.,0/2(01%+/2P5D

PPK=PPF*

M%@"#.'(\*'(%./(U%9U#;;#%.'(^*(456]G8*(\>;$>Y$?:.%C:/(:.C="%,B%.:@(%./(<%C:B=

@>;,2;:(9>.T,?%C:@(#.(@::/(>A(27$&/-(4&',-,,"#/4&*(()*+,&)"-.'+$*/(5FD

5G]G=5G]7*

M::B;#.?@'(!*'(U%C#.:O=[>O%.>(a2%f:O'(U*'(U:&;#."'(^*'(R%.(/:B(-:#T/:.'(S*'(%./

V:BE>>BC:'(S*(4JKKK8*(U>;:9,;%B(9;>.#.?(%./(%.%;$@#@(>A(@CB#9C>@#/#.:(β=I=

?;,9>@#/%@:'(%.(:.O$&:(#.(C:BE:>#/(#./>;:(%;"%;>#/(2#>@$.C1:@#@(#.

:$67$3$#674&'3-&/-4&/227/24.,0/2@)"-/(J]GD(PKG5=PKGX*

M:B%B/#'(Q*'(L;%./>'(Z*'(0%.C#.>'(!*'(%./(W%91:>'(M*(4JKK58*(\,B#A#9%C#>.(%./

91%B%9C:B#O%C#>.(>A(%(β=?;,9>@#/%@:(%2,./%.C;$(:YEB:@@:/(#.(B#E:(@<::C(91:BB$

4234#4&'$;"40([*8(AB,#C*((01%+26&./(5XKD(]6G=7KG*

MB:?>B$'(^*(Z*(4566P8*(3,CB#C#>.(\B>E:BC#:@(>A(E$B#/>Y#.:=β=?;,9>@#/:@*(a.(!*(H@:.'

4:/*8*(ββββ=>08&,'.;1'"?24.,&)"-.'+$*21%;2-,0"&801$2<.,0,>*(4EE(55P=5P58*

N%@1#.?C>.(IQD(!&:B#9%.(Q1:&#9%;(0>9#:C$*

MB:?>B$'(^*(Z*(456678*(3,CB#C#>.(EB>E:BC#:@(%./(@#?.#A#9%.9:(>A(R#C%&#.(?;$9>@#/:@*

9%%8/2!":/2C8+$/(57D(J]]=J6X*

M>AA'(0*(!*'(S#9":'(I*'([%.'()*(-*'(\B:@C#.?'(M*'(N%.?'(S*'(I,..'(U*'(M;%O:2B>>"'(^*'

0:@@#>.@'(!*'(b:;;:B'(\*'(V%B&%'(-*(/6'$(*(4JKKJ8*(!(/B%AC(@:_,:.9:(>A(C1:(B#9:

?:.>&:(<=31>$'&$6";$'[*(@@E*(?$%-#",%8*(6&."%&"/(J6XD(6J`5KK*

-%",;#.:.'(3*'(\%%R#;%#.:.'(0*'(+>BE:;%'()*'(%./(S>,R#.:.'(^*(4JKKK8*()1:(9B$@C%;

@CB,9C,B:(>A(β=?;,9>@#/%@:(AB>&(@$,"((4&',"3,4($#&(@E*$(A$(-%7"(4&D(9B$@C%;
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@CB,9C,B:(>A(β=?;,9>@#/%@:(AB>&(@$,"((4&',"3,4($#&(@E*$(A$(-%7"(4&D(%2#;#C$(C>

A>B&(;>.?(E>;$&:B#9(%@@:&2;#:@*(7/26+$8&+/24.,0/(5J6D(X6=]6*

-%&:@'(L*(I*(4566K8*(b.:(/#&:.@#>.%;(E>;$%9B$;%&#/:(?:;(:;:9CB>E1>B:@#@*(a.(L*(I*

-%&:@(%./(I*(S#9"<>>/(4:/@8*(L"02"0"&+$,5),$"'.'2,#25$,+".%'=925$1&+.&10

155$,1&)(4J./(:/*'(EE(PG=PX8*(3:<(c>B"D(bYA>B/(e.#R:B@#C$(\B:@@*

-%@:?%<%'(U*'(3%"%T#&%'(U*'()%":/%'(+*'(c%&%?,91#'(a*'(%./(U,B>A,@1#'(3*(4566F8*

!(.>R:;(?#22:B:;;#.(?;,9>@#/:(5Xα'5]=/#1$/B>Y$=5X'5]=/#1$/B>?#22:B:;;#.(!F=

5]=b=β=I=?;,9>E$B%.>@#/:'(AB>&(B#9:(%.C1:B@*(()*+,&)"-.'+$*/(P]D(XJ6=XPF*

-:.B#@@%C'(L*(456658*(!(9;%@@#A#9%C#>.(>A(?;$9>@$;(1$/B>;%@:@(2%@:/(>.(%&#.>(%9#/

@:_,:.9:(@#&#;%B#C#:@*(4.,&)"-/27/(J7KD(PK6=P5X*

-:.B#@@%C'(L*'(%./(L%#B>91'(!*(4566P8*(3:<(A%&#;#:@(#.(C1:(9;%@@#A#9%C#>.(>A(?;$9>@$;

1$/B>;%@:@(2%@:/(>.(%&#.>(%9#/(@:_,:.9:(@#&#;%B#C#:@*(4.,&)"-/27/(J6PD(]75=

]77*

-:.B#@@%C'(L*'(%./(L%#B>91'(!*(4566X8*(eE/%C#.?(C1:(@:_,:.9:=2%@:/(9;%@@#A#9%C#>.(>A

?;$9>@$;(1$/B>;%@:@*(4.,&)"-/27/(P5XD(X6G=X6X*

-:.B#@@%C'(L*'(Q%;;:2%,C'(a*'(Z%2B:?%'(0*'([:1.'(\*'(U>B.>.'(^=\*'(%./(I%R#:@'(M*

4566G8*(Q>.@:BR:/(9%C%;$C#9(&%91#.:B$(%./(C1:(EB:/#9C#>.(>A(%(9>&&>.(A>;/

A>B(@:R:B%;(A%&#;#:@(>A(?;$9>@$;(1$/B>;%@:@*(($,&/2C1+0/29&1;/26&./2D69/(6JD

]K6K=]K6F*

-#B>&#'(+*'(3#CC%'(c*'(3%&,B%'(Q*'(%./(b.>'(0*(456]P8*(0,2@#C:(%AA#.#C#:@(>A

?;,9>%&$;%@:D(:Y%&#.%C#>.(>A(C1:(R%;#/#C$(>A(C1:(@,2@#C:(C1:>B$*(4.,&)"-/

4.,5)*'/29&+1/(PKJD(PXJ=P]G*(d,>C:/(#.(-B&>R%'(U*'(U%9MB:?>B'(H*!*'
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L#:;$'(\*'(0C:<%BC'(S*^*'(%./(Z#.91:B'(M*(L*(456678*(0,2@CB%C:(2#./#.?(%./

9%C%;$C#9(&:91%.#@&(>A(%(2%B;:$(β=I=?;,9>@#/%@:g45'F8=(β=I=?;,9%.

:Y>1$/B>;%@:*(7/24.,0/2@)"-/(J]PD(555PF=555FP*

->?;,./'(!*(0*'([:.&%.'(U*'(%./(S%@"'([*(4566J8*(U$B>@#.%@:(#@(;>9%;#O:/(C>(C1:

#.C:B#>B(>A(&$B>@#.(?B%#.@(%./(#@(.>C(%@@>9#%C:/(C>(C1:(@,BB>,./#.?(C>.>E;%@C

&:&2B%.:*((01%+26&./27GD(5XG=5]K*

-h@:;'(N*'(%./(L%BO'(N*(456]G8*(β=M;,9>@#/%@:@(AB>&(:",/3'$3"/6"#40([*D(E,B#A#9%C#>.

%./(EB>E:BC#:@(>A(#@>A;%R>.:=]=b(=?;,9>@#/:=@E:9#A#9=β=?;,9>@#/%@:@*(E8$/27/

4.,&)"-/(G]D(XK]=X5X*

-h@:;'(N*'(%./(Q>..'(H*(H*(4567J8*()1:(%?;$9>.:(@E:9#A#9#C$(>A(E;%.C(β=?;,9>@#/%@:@(*

M$"%;'24.,&)"-/26&./(]D(J56=JJ5*(d,>C:/(#.(Q#9:"'U*'(%./(H@:.*'(!*(456678*

0CB,9C,B:(%./(:YEB:@@#>.(>A(%(/1,BB#.%@:(4β=?;,9>@#/%@:8(AB>&(@>B?1,&*((01%+

()*'.,0/255XD(5FX6=5F]7*

-h@:;'(N*'()>2:B'(a*'(H";,./'(0*(-*'(%./(Q>..'(H*(H*(4567]8*(Q1%B%9C:B#O%C#>.(>A(β=

?;,9>@#/%@:@(<#C1(1#?1(@E:9#A#9#C$(A>B(C1:(9$%.>?:.#9(?;,9>@#/:(/1,BB#.(#.

!-39740')",-(-3([*(U>:.91(@::/;#.?@*(9$&)/24.,&)"-/24.,5)*'/(JGJD(5GJ=

5XJ*

-B&>R%'(U*'(-%BR:$'(!*(^*'(N%.?'(^*'(01#B;:$'(3*(^*'((^>.:@'(M*(\*'(0C>.:'(L*(!*'(->T'

\*(L*'(%./(Z#.91:B'(M*(L*(4566X8*(L%B;:$(β=I=?;,9%.(:Y>1$/B>;%@:@(<#C1(β=I=

?;,9>@#/%@:(%9C#R#C$*(7/24.,0/2@)"-/(J]5D(GJ]]=GJ7X*

-B&>R%'(U*'(U%9MB:?>B'(H*(!*'(L#:;$'(\*'(0C:<%BC'(S*(^*'(%./(Z#.91:B'(M*(L*(456678*

0,2@CB%C:(2#./#.?(%./(9%C%;$C#9(&:91%.#@&(>A(%(2%B;:$(β=(I=?;,9>@#/%@:g45'F8=

β=I=?;,9%.(:Y>1$/B>;%@:/27/24.,0/2@)"-/(J]PD(555PF=555FP*
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-B&>R%'(U*'(%./(Z#.91:B'(M*(L*(4JKK5%8*(\;%.C(:.O$&:(@CB,9C,B:*(HYE;%#.#.?(@,2@CB%C:

@E:9#A#9#C$(%./(C1:(:R>;,C#>.(>A(A,.9C#>.*((01%+2()*'.,0/(5JGD(GF=G]*

-B&>R%'(U*(%./(Z#.91:B'(M*(L*(4JKK528*(0CB,9C,B:=A,.9C#>.(B:;%C#>.@1#E(>A(β=?;,9%.

:Y>1$/B>;%@:@(AB>&(1#?1:B(E;%.C@*((01%+23,0/24.,0/(F]D(]P=65*

-B&>R%'(U*'(I:(M>B#'(S*'(0&#C1'(^*(L*'(Z%#B<:%C1:B'(^*(+*'(IB#?,:O'(-*'(V%B?1:@:'(^*

3*'(%./(Z#.91:B'(M*(L*(4JKKJ8*(0CB,9C,B%;(2%@#@(2B>%/(@,2@CB%C:(@E:9#A#9#C$(#.

1#?1:B(E;%.C(β=?;,9%.(?;,9>1$/B>;%@:@*((01%+2@"00/(5FD(5KPP=5KGJ*

-,?1:@'(U*(!*'(%./(I,..'(U*(!*(4567J8*(L#>91:&#9%;(91%B%9C:B#O%C#>.(>A(C1:(B"';>9,@'

<1#91(9>.CB>;@(C1:(%9C#R#C$(>A(C1:(9$%.>?:.#9(β=?;,9>@#/%@:(#.(C3"5-("40

3/%/#&([*((01%+23,0/24.,0/25D(5X6=575*

-@#:1'(U*'(%./(MB%1%&'()*([*(4JKK58*(\%BC#%;(E,B#A#9%C#>.(%./(91%B%9C:B#O%C#>.(>A(%

@>$2:%.(β=?;,9>@#/%@:(<#C1(1#?1(@E:9#A#9(%9C#R#C$(C><%B/@(#@>A;%R>.:

9>.T,?%C:@*(()*+,&)"-.'+$*/2G7D(66G=5KKG*

a.>,:'(+*'(%./(H2#O,"%'(c*(4566X8*(\,B#A#9%C#>.(%./(91%B%9C:B#O%C#>.(>A(A,B>@C%.>;

?;$9>@#/:(JX=b=β=?;,9>@#/%@:(AB>&(:-&64&'&%/,"-&4&(B1#O>&:@*(NE462J"++/

P]7D(5G]=5XK*

a<%&#'(+*'(%./(c%@,&>C>'(+*(4567X8*(0$.C1:@#@(>A(E$B#/>Y#.:(β=?;,9>@#/%@:(%./(#C@(#.

@#C,(%2@>B2C#>.(#.(B%C(@&%;;(#.C:@C#.:*(C8+$/2!"'/(XD(FK]=F5F*

^:%.&>,?#.'(Z*'()1>&E@>.'(^*(I*'(M>,$'(U*'(-#??#.@'(I*(M*'(%./(M#2@>.'()*(^*
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	Competent cell preparation and antibody production



		Polyclonal antibodies are produced in rabbits with specific peptides derived from BGlu1 and BGlu2 protein sequences and BGlu2 recombinant protein produced in E. coli.
	2.2 Peptide-carrier conjugation
	Two milligrams peptide was dissolved in 300 (l conjugation buffer (83 mM sodium phosphate buffer, 0.1 M EDTA, 0.9 M NaCl, 0.02% sodium azide, pH 7.2).  Next, 2 mg pre-activated carrier protein, Imject supercarrier BSA or mcKLH (PIERCE, Rockford, IL) was
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	Solution preparation



	6.5  5 X RNA loading buffer (10 ml)
	6.7  Hybridization buffer (1 mM EDTA, 0.5 M phosphate buffer, 7% SDS, 1% BSA) (250 ml)
	INSTITUTION ATTENDED
	AWARDS AND SCHOLARSHIPS



