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&'(!)*+C$!"#!$5(R)/6!)4$9*!"$V<W$#5!*8*!0$#+4$&'(!)*+$3*+#7)$#5!*8*!0$@Y("3#C$

S#0)7C$#+4$V#//)'$1EFFHI$=#3*+:$#48#+!#:)$(,$!")$*+!)'#5!*(+$K)!9))+$&127651$

#+4$&2N545LC$D6+&"0$#+4$5(//)#:6)7$67)4$&127651$#7$#$&6'*U*5#!*(+$')#:)+!$#+4$

4)!)'.*+)4$!"#!$!")$3(4%$*)#"(.(/(:$(,$+-+.$*7$*+$,#5!$!")$2NR3D#$5(.&(+)+!$(,$

V<W$@D6+&"0$)!$#/I$1EFFHI$$=")$V<W$5(.&(+)+!7$&6'*U*)4$K0$Y("3#$)!$#/I$1EFF$
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!"#$%&'$()*+,!$!"#$)-*+,!$./0%'1"2$%&!%$2.'31413!556$708"#$.9(*!:!/02'$;'/'$

2%/1+1":56$21<15!/=$>"$9??@A$%&'$3,BC2$D0/$%;0$<!<<!51!"$!"#$E%&'$$&0<050:2$

;'/'$350"'#$!"#$D08"#$3!.!75'$0D$2872%1%8%1":$D0/$%&'$$1"$78##1":$6'!2%$!"#$

71"#1":$.()3#3-$0/$F#3-G$+1"!2'H2%/0":$'I1#'"3'$D0/$%&'$8"1I'/2!5$30"2'/I!%10"$

0D$'8+!/60%13$3'55$3635'$30"%/05$<'3&!"12<2$JK13&!/#20"$'%$!5=$9??@L=$C5%0:'%&'/A$

F+2$./0%'1"2$<!#'$!"$1"I!58!75'$30"%/178%10"$%0$%&'$D!<082$30"458'"3'$0D$

:'"'%13$!"#$7103&'<13!5$!../0!3&'2$%&!%$!550;'#$71050:12%2$%0$#'41"'$F#+2$!2$%&'$

8"1I'/2!5$'":1"'2$0D$%&'$3'55$3635'=$

$()(*(+%,!+-./0123!4+051+6786!+

 M&'$2%0/6$0D$F+2$./0%'1"2$12$!$.!/!75'$0D$&0;$N*/!6$3/62%!550:/!.&13$

!"!56212$3!"$2.8/$&6.0%&'2'2$70%&$/1:&%$!"#$;/0":=$JC"$!220/%<'"%$0D$F+2$

2%/83%8/'2$12$2&0;"$1"$O1:8/'$9=-=L$P'"'%13$!"#$7103&'<13!5$!"!56212$0D$F+2$

./0%'1"2$!"#$%&'1/$/'5!%10"2&1.$%0$F#+2$30"%1"8'#$1"%0$%&'$'!/56$9??@2A$78%$;!2$

30"D08"#'#$76$%&'$!338<85!%10"$0D$30"%/!#13%0/6$'I1#'"3'$!2$%0$%&'$D8"3%10"$0D$

F+2$./0%'1"2=$>"$!$#9#*+<8%!"%$7!3+:/08"#A$!"#$$0I'/'Q./'2210"$3!"$/'238'$

!//'2%$!%$70%&$P9ER$!"#$P-ESA$78%$1"$;15#*%6.'$3'552$0I'/'Q./'2210"$3!82'2$

!//'2%$JT/1U8'5!A$,/!'%%!A$!"#$T'!3&$9?GVL=$P-$!//'2%$12$3!82'#$76$.9(2839$

0I'/'Q./'2210"$1"$412210"$6'!2%$78%$76$#'D'3%1I'$F+29.$1"$78##1":$6'!2%$JW!65'2A$

CI'2A$!"#$B8/2'$9?GXY$Z=$M!":$!"#$K''#$9??(L=$M&'$41/2%$3/62%!5$2%/83%8/'$0D$!$F+2$

./0%'1"$;!2$%&!%$0D$&8<!"$F+2W2-$1"$9??(A$!"#$1%$:'"'/!%'#$!$458//6$0D$3/'!%1I'$

6'%$85%1<!%'56$/'D8%'#$&6.0%&'2'2$J[!/:'$'%$!5=$9??(L=$F+2W2-$J!520$3!55'#$.?F\R-L$

3/62%!551U'#$1"$!$&'Q!<'/13$!22'<756$30"212%1":$0D$%&/''$2%/!"#*'Q3&!":'#$
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12

!"#$%&'()*)'+,%-.'/0%$10$%&2'34'562'7%30&"82)'!"#$%&'()*+#$,-.)$-$/'+#)&.)0$

'.)&-11$-&/,*()/(2&)$/'+#*#(*+3$'4$4'2&$56#(&-+0#$-+0$768$!-helices. CksHs2 and 

suc1 have crystallized in both monomer and domain-swapped folds. CksHs1 

has only crystallized as a monomer, and wild-type Cks1 has only crystallized 

as a domain-swapped dimer. Cks proteins = yellow, blue, green; Cdk2 = 

violet; p27 phosphopeptide = orange; Skp1 = grey; Skp2 = red. 
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!"#$%&'()*"&(+,,$+%&(-.(*+/$(&0%,%"&$!(+1!(2*+33$14$!(-*$(+0-*.%&5(6*.&$(

710#$%.0&(+--$#,-&8(-.(9"-(+(#.1.#$%"2(&0:01"-(#.!$3(.;(<=&>&?("1-.(-*$(

$3$2-%.1(!$1&"-@(6$%$(01&022$&&;03(AB+%4$($-(+3'(CDDEF'()*$(+0-*.%&(+2=1.63$!4$(

-*+-(-*$(,%$&$12$(.;(B%.G?(+1!(B%.GH5(-6.(2.1&$%/$!(*"14$I%$4".1(,%.3"1$&(

:$-6$$1(&-%+1!&(JE(+1!(JH5(&044$&-(+(3"=$3@(J(*+"%,"15(:0-(+%$(01+:3$(-.(%$9"1$(

&02*(+(#.!$3'(K1&-$+!5(-*$(9"%&-(43"#,&$(.;(<=&(,%.-$"1(&-%02-0%$(%$/$+3$!(+(1./$3(

-*%$$;.3!(&@##$-%"2(C?I&-%+1!$!(+1-"I,+%+33$3(J(:+%%$3(#.-";(-*+-(6+&(+&&0#$!(

-.(:$(:".3.4"2+33@(%$3$/+1-(:$2+0&$(-*$(%$&"!0$&("1/.3/$!(6$%$($/.30-".1+%"3@(

2.1&$%/$!(AB+%4$($-(+3'(CDDEF'(L@(4$3(9"3-%+-".15(<=&>&?(:$*+/$!(+&(+(#"M-0%$(.;(

#.1.#$%&5(!"#$%&5(+1!(*$M+#$%&'(N$/$%-*$3$&&5(-*$("!$+(.;(<=&>&?(*$M+#$%&(+&(

+(*0:(;.%(#03-"#$%"2(+&&$#:3@(+1!(3.2+3"O+-".1(.;(<!=&(6+&(+--%+2-"/$'(N.-(01-"3(

-*$(&-%02-0%$(.;(<=&>&C(:.01!(-.(<!=?(6+&(&.3/$!(A+3&.(:@(-*$()+"1$%(4%.0,F("1(

CDDG(!"!("-(:$2.#$(23$+%(-*+-(&-%+1!($M2*+14$(6+&("12.#,+-":3$(6"-*(<!=(

:"1!"14(AL.0%1$($-(+3'(CDDGF'(

P1.-*$%("!$+(-*+-(+%.&$(;%.#($+%3@(<=&(&-%02-0%$&(6+&(-*+-(

#03-"#$%"O+-".1(6+&(%$3+-$!(-.(#$-+3Q".1(2*$3+-".1'(>$M+#$%(;.%#+-".1(6+&(

+,,+%$1-3@(;+/.%$!("1(<=&>&?(2%@&-+3(2.1!"-".1&(!0$(-.(+(*"4*(2.12$1-%+-".1(.;(

&03;+-$(AB+%4$($-(+3'(CDDEF'(K1(CDDR5(-*$(&-%02-0%$(.;(,CE&02C(6+&(&.3/$!(+&(+(1.1I

&-%+1!($M2*+14$!(!"#$%5(-*$(;.%#+-".1(.;(6*"2*(6+&(*"4*3@(!$,$1!$1-(.1(-*$(

,%$&$12$(.;(O"12(".1&(AS'(P'(T1!"2.--($-(+3'(CDDRF'(U"12(".1(2*$3+-".1(6+&(;.01!(-.(

:$("12.#,+-":3$(6"-*(<!=(:"1!"145(&044$&-"14(+(#$2*+1"&#(;.%(O"12I#$!"+-$!(

<!=(%$403+-".1(/"+(<=&(,%.-$"1&(AV.%%"&5(>$"-O5(+1!(W"/"-+(CDDXF'(Y-%+1!I
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!"#$%&'!()(*+!,-)./)012-3#1)4*5$)%)/.6(),!-!+76*&')5$%5)./)(*+!,*#)89-:-;)4!,!)

%6-.)*&(3#*76!)%&()%+!&%76!)5.)#,<-5%66.',%0$<=)'!&!,%5*&')*&5!,!-5)*&)5$!)

(<&%+*#-)%&()#.&/.,+%5*.&%6)0,.0!,5*!-)./)89-)0,.5!*&-)*&(!0!&(!&5)./)5$!*,)

,.6!)*&)#!66)#<#6!)#.&5,.6)>?*,#9)!5)%6@)1AABC)?.3,&!)!5)%6@)1AADE@)

F$!)',.4*&')6*-5)./)89-1G012-3#1)$.+.6.'-)0,.H*(!()*&/.,+%5*.&)%7.35)

!H.635*.&%,*6<)#.&-!,H!(),!'*.&-)./)89-)0,.5!*&-=)'!&!,%5*&')&!4)/3&#5*.&%6)

$<0.5$!-!-@)89-)0,.5!*&-)%00!%,!()5.)#.&5%*&)54.)#63-5!,-)./)#.&-!,H!()%+*&.)

%#*(-@)I&)%((*5*.&)5.)5$!)$*&'!J,!'*.&)(3%6)0,.6*&!)+.5*/=)4$*#$)4%-)0,!-3+!()5.)

06%<)%)/3&#5*.&%6),.6!)*&).6*'.+!,*K%5*.&=)89-)0,.5!*&-)%6-.)0.--!--)%)0.-*5*H!6<)

#$%,'!()#63-5!,)./),!-*(3!-@)I&)5$!)$!"%+!,*#)%--!+76<)./)89-:-;=)5$*-)#63-5!,)

4%-)/.3&()7.3&()5.)-36/%5!)*.&=),%*-*&')5$!)0.--*7*6*5<)5$%5)5$*-)0.#9!5)+%<)7*&()

0$.-0$%5!)%&(=)7<)!"5!&-*.&=)0$.-0$.0,.5!*&-@)8.+7*&!()4*5$)!H*(!&#!)5$%5)

012-3#1)*&5!,/!,!-)4*5$)5$!)%#5*H%5*&')(!0$.-0$.,<6%5*.&)./)02L#(#;)%5)+*5.5*#)

!&5,<)*&)!"#$%&'(!"5,%#5-=)5$!)0,!-!&#!)./)%)0$.-0$.J7*&(*&')0.#9!5)-3''!-5!()

89-)0,.5!*&-)+%<)7*&()8(9)H*%)*5-)*&$*7*5.,<)0$.-0$.5<,.-*&!)%&()0,.5!#5)8(9)

/,.+)(!0$.-0$.,<6%5*.&)7<)8(#;D)>M)N)O3&0$<)%&()P!40.,5)1AQAE@)RH!&)%/5!,)

5$!)-5,3#53,!)./)8(9;)7.3&()5.)89-:-1)4%-)-.6H!(=)5$*-)$<0.5$!-*-)0!,-*-5!(=)%-)

%&)!"06%&%5*.&)4%-)-.3'$5)/.,)5$!)%7*6*5<)./)012-3#1)5.)76.#9)8(9)

(!0$.-0$.,<6%5*.&@)F$!)*(!%)5$%5)+.,!)5$%&).&!)89-)+.&.+!,)#.36()7*&()8(9)%5)

%)5*+!S.&!)7*&(*&')*&)5$!)+%&&!,).7-!,H!()*&)5$!)#,<-5%6)-5,3#53,!=)%&.5$!,)

76.#9*&')%##!--)5.)0$.-0$.5<,.-*&!S4%-)#%66!()*&).&!),!H*!4)%)T-0!#36%5*H!)

!"06%&%5*.&)4*5$)&.)-300.,5*&')(%5%U)>V*&!-)1AABE@)F$%5)012-3#1)4%-)#%0%76!)./)
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!"#$"#%&'()"*+&,-.($(/&0'1&(2#1"$+3+$&+*"$+#(+&)4')&)4+3+&'3+&)02&!"#$"#%&1")+1&

2#&5$6&723&561&,32)+"#1&89:&;:&<#$"(2))&'#$&=>31+&?@@AB:&C#&D"%4)&27&04')&0+&#20&

6#20E&'&F23+&,D'>1"!D+&+G,D'#')"2#&"1&)4')&561H,421,425$(/A&"#)+3'()"2#&"1&'#&

"F,23)'#)&F+(4'#"1F&723&)'3%+)"#%&5$(/A&)2&,IJ3H5$6E&'#$&+G(+11&73++&561?&

"#)+37+3+1&0")4&)4+&'!"D")J&27&,421,425$(/A&)2&!"#$&5$6:&

I4+&?@@K&1)3>()>3+&27&561L1?&!2>#$&)2&5$6/&3+12D*+$&F'#J&>#'#10+3+$&

M>+1)"2#1&'!2>)&561H5$6&"#)+3'()"2#:&N23&2#+E&,3+*"2>1&'))+F,)1&)2&D2(')+&)4+&561&

!"#$"#%&1")+&2#&5$6&>1"#%&'D'#"#+&1('##"#%&F>)'%+#+1"1&4'$&1>%%+1)+$&'&

3+M>"3+F+#)&723&)02&1+,'3')+&$2F'"#1&27&5$6&8O>(2FF>#E&P3'F!"DD'E&'#$&

O3'+))'&?@@?B:&I4+&5$6/Q561L1?&1)3>()>3+&1420+$&)4')&2#DJ&2#+&5$6/&$2F'"#E&

)4+&5H)+3F"#'D&D2!+E&0'1&$"3+()DJ&"#*2D*+$&"#&561L1?&!"#$"#%&8P2>3#+&+)&'D:&

?@@KB:&=2)'!DJE&)4+&,421,4')+&'#"2#H!"#$"#%&1")+&0'1&#2)&"#*2D*+$&0")4&5$6&

!"#$"#%&!>)&0'1&"#1)+'$&12D*+#)H+G,21+$&2#&)4+&1'F+&1>37'(+&'1&)4+&5$6&(')'DJ)"(&

1")+E&)4+3+!J&,32*"$"#%&'#&+G)+#$+$&1>37'(+&723&1>!1)3')+&3+(2%#")"2#:&N32F&)4"1&

"F,23)'#)&1)3>()>3+&('F+&)4+&"$+'&)4')&561&,32)+"#1&$"3+()&5$61&)2&

,421,423JD')+$&1>!1)3')+1&23&2)4+3&3+%>D')23J&,32)+"#1E&'#&"$+'&)4')&(2#)"#>+1&)2&

%'3#+3&+G,+3"F+#)'D&1>,,23)&)2&)4"1&$'J:&&

R2F+&27&)4+&+'3D"+1)&+G,+3"F+#)'D&1>,,23)&723&)4+&1>!1)3')+H)'3%+)"#%&

F2$+D&27&561HF+$"')+$&5$6&3+%>D')"2#&('F+&732F&+G,+3"F+#)1&,+3723F+$&"#&

!"#$%&'&22(J)+&+G)3'()1&"#&)4+&D')+&?@@S1&!J&)4+&O>#,4J&%32>,:&I4+1+&

+G,+3"F+#)1&'D12&(2#T"3F+$&)4')E&"#&(2#)3'1)&)2&1)'%+H1,+("T"(&(J(D"#1&23&

(4+(6,2"#)&3+%>D')231E&561&,32)+"#1&4'*+&F>D)",D+&+11+#)"'D&32D+1&"#&)4+&(+DD&(J(D+E&
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!"#$%&'()%*+(%'$#)&,-%.//"01+)2&)$'10%1,%$3)%!"#$%&'%*(#%241$)'0%5)627%,41/%

'0$)4238#)%)9$48:$#%24);)0$#%/'$1$':%)0$4<%=):8"#)%*+:>%+)231#2314<&8$'10%=<%

*+:>?%'#%'03'='$)+%@A8$48%80+%B"023<%C77DE-%.,%$3)#)%)9$48:$#%84)%+4';)0%'0$1%

/'$1#'#%"#'0F%8%:10#$'$"$';)&<%8:$';)%*+:>%/"$80$%*+:>6GHI%31J);)4I%$3)<%

)0:1"0$)4%801$3)4%=844')4K%/'$1$':%)9'$%'#%#$8&&)+%=):8"#)%:<:&'0%L%+)F48+8$'10%'#%

+),):$';)%@A8$48%80+%B"023<%C77DE-%M3'#%4)#"&$%#"FF)#$#%$38$%*(#%241$)'0#%/8<%

'0$)48:$%J'$3%$3)%808238#)6241/1$'0F%:1/2&)9%@GA*EI%J3':3%'#%4)#210#'=&)%,14%

$84F)$'0F%:<:&'0%L%,14%+)F48+8$'10%8$%/'$1$':%)9'$-%N'0:)%#);)48&%GA*%#"="0'$#%84)%

3<2)4231#2314<&8$)+%=<%*<:LO*+:>%'0%/'$1#'#I%A8$48%80+%B"023<%3<21$3)#'P)+%

$38$%5)627%/'F3$%=)%'/214$80$%,14%GA*%#"="0'$%231#2314<&8$'10I%80+%$3"#%,14%$3)%

8:$';8$'10%1,%$3)%GA*%@A8$48%80+%B"023<%C77QE-%R3)0%5)627%'//"01+)2&)$)+%

)9$48:$#%J)4)%+4';)0%'0$1%/'$1#'#%"#'0F%*+:>6GH%80+%$3)%231#2314<&8$'10%#$8$)%1,%

GA*%#"="0'$%*+:>S%J8#%1=#)4;)+I%*+:>S%J8#%01%&10F)4%)9$)0#';)&<%

3<2)4231#2314<&8$)+I%80%),,):$%$38$%:144)&8$)+%J'$3%#$8='&'P8$'10%1,%:<:&'0%L%

@A8$48%80+%B"023<%C77QE-%M3'#%J8#%$3)%T'4#$%$'/)%$38$%8%*(#%241$)'0%J8#%#31J0%

$1%=)%'/214$80$%'0%231#2314<&8$'10%1,%8%*+(%#"=#$48$)-%B"023<%80+%:1&&)8F")#%

J)0$%10%$1%#31J%$38$%5)627%'#%4)U"'4)+%,14%,"&&%231#2314<&8$'10%1,%8%0"/=)4%1,%

3'F3&<%231#2314<&8$)+%/'$1$':%*+(%#"=#$48$)#I%'0:&"+'0F%/'$1$':%4)F"&8$14#%R))CI%

*+:>?I%80+%V<$C%@A8$48%)$%8&-%C777E-%W1&)#%,14%*(#%241$)'0#%'0%GA*%8:$';8$'10%80+%

3<2)4231#2314<&8$'10%1,%*+(%#"=#$48$)#%J)4)%:10T'4/)+%'0%/"&$'2&)%/1+)&%

14F80'#/#I%80+%*(#%241$)'0#%241;)+%8%"#),"&%8,T'0'$<%4)8F)0$%,14%8:$';)%GA*%

2"4'T':8$'10%8#%J)&&%@W"+0)4%80+%V"448<%>XXXY%N"+8('0%C77SE-%M3)%B)#38')#%
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!"#$%&'(#)*+&,(-,&./'0&1'&-2'#&13%#",-4,&5#"&%(#'%(#"62-,1#4&#5&70&.248.+/&

'$9',"-,*'&:1;0&-4+&<-"0&=>*64-"+&*,&-2?&@AAAB.&!"#$%$&'()&%#''*''&,)#&./'&

(#3#2#!'&,(-,&%-",1;1%-,*&14&.+/&14-;,1C-,1#4&-4+&;6;214&+*!"-+-,1#4&14&-4-%(-'*&

=D#214/#&-4+&:,"#3*&@AAAB?&E4&;2-3&##;6,*&*F,"-;,G&;2-3&:$;0&',13$2-,*'&HD.&

-;,1C-,1#4&-4+&,(*&(6%*"%(#'%(#"62-,1#4&#5&-&4$39*"&#5&%"#,*14'G&-2,(#$!(&4#,&

-22&%(#'%(#%"#,*14'G&14&,(*&*F,"-;,&=:(,*149*"!&-4+&I*"'(/#&0JJJB?&:(,*149*"!&

-4+&I*"'(/#K'&"*'$2,'&)*"*&,(*&L1"',&,#&14+1;-,*&,(-,&'%*;1L1;1,6&#5&./'8+*%*4+*4,&

'$9',"-,*&,-"!*,14!&31!(,&9*&3#"*&;#3%2*F&,(-4&31413-2&%(#'%(#:*"MN("&

"*;#!41,1#4?&O#"*&"*;*4,&"*'*-";(&'(#)'&,(-,&14&($3-4'G&.6;PM.+/0M./'0&1'&

"*;"$1,*+&,#&,(*&HD.&-'&-&'$9',"-,*&C1-&,(*&%(#'%(#"62-,*+&.+;@Q&(#3#2#!&HD.R&

914+14!&,#&./'0&=C-4&S#4&*,&-2?&@A0AB?

*"+","#!-)#./01$2()3#14$#5*)1#!$(16/7

O$;(&#5&,(*&"*'*-";(&#4&./'&%"#,*14'&14&,(*&2-',&+*;-+*&(-'&5#;$'*+&#4&
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O.--V-UDD-WS-*#8)&9-"+$*#,/-%/%*+9/5-F*-")$-://,-%&#%#$/9-*")*-*"+$-9+11/&/,0/-

35



!""#$%&'"()*'+,-&.#&/0#12%3&#4&5.%&6576"8&9:;0;::;+&%2(%.:!.;%&<5:%.=&+;%95.;&.6;&

!(24+!41;&#0&!>!5"!(";&'+,&96#%96#!11;9.#:&%5.;%&;!:"8&54&.6;&1;""&181";?&

! @6;&.;.6;:547&A#+;"&#0&',%-BA;+5!.;+&'+,&96#%96#:8"!.5#4&9#%5.%&.6!.&

9:;;C5%.547&96#%96#:8"!.5#4&#4&!&A2".596#%96#:8"!.;+&'+,&%2(%.:!.;&!""#$%&.6;&

%2(%.:!.;&.#&+#1,&.#&'+,B!%%#15!.;+&',%-=&9:#A#.547&02:.6;:&96#%96#:8"!.5#4&(8&

(:547547&96#%96#!11;9.#:&%5.;%&!4+&.6;&!1.5>;&%5.;&#0&.6;&;4D8A;&54&1"#%;&

9:#C5A5.8&0#:&!&"#47;:&9;:5#+&#0&.5A;&EF572:;&G?-=&!+!9.;+&0:#A&H;%6!5;%&I&

F;::;""&J:?=&GKK-L?&M4;&9:;+51.5#4&#0&#2:&',%-&.;.6;:547&A#+;"&5%&.6!.&.6;&;00;1.5>;&

NA&#0&'+,-&96#%96#:8"!.5#4&#0&',%-B(54+547&%2(%.:!.;%&$5""&(;&"#$;:&.6!4&.6!.&#0&

%2(%.:!.;%&.6!.&+#&4#.&(54+&',%-?&J2%.&!%&$5.6&181"54B+#1,547=&.65%&$#2"+&6!>;&

A!O#:&5A9"51!.5#4%&0#:&%2(%.:!.;&9:;0;:;41;&#0&',%-B(#24+&'+,&>;:%2%&',%-B0:;;&

'+,?&P;&689#.6;%5D;&.6!.&',%-&!++%&!&"!8;:&#0&%9;15<515.8&.#&%2(%.:!.;&%;";1.5#4&54&

.6;&AQ"!47;&#0&.6;&1;""2"!:&A5"5;2?&

',%-B%.5A2"!.;+&96#%96#:8"!.5#4&5%&A#:;&1#A9";C&.6!4&181"54B%.5A2"!.;+&

96#%96#:8"!.5#4&(;1!2%;&',%-&+#;%&4#.&(54+&%2(%.:!.;&54+;9;4+;4."8&#0&

36

!

"#$%&'!()*)!+,'!+'-,'&#.$!/01'2!03!456*7/'1#8-'1!/%2-#6#-'!

9,06:,0&;28-#0.)!



!"#!$%&$'()*+!)*+%,-&$.+/(!$&$'0(1*'%'2+%'($*'%'(&%'(3&/,(&44.$.+/&-(

5+/!.4'%&$.+/!(6*'/($'!$./7($*'($'$*'%./7(3+4'-(+2(89!:(!"#!$%&$'($&%7'$./7(

';)'%.3'/$&--,0(<+%(';&3)-'=(&(7.>'/(!"#!$%&$'(3&,()+!!'!!(3+%'($*&/(+/'(

)%.3./7(!.$'0(?*+!)*+%,-&$'4(!"#!$%&$'!(3&,(#./4(89!:(>.&(&/(&--+>&-'/$(

3'5*&/.!3=(./5%'&!./7(&2@./.$,(2+%(89!:(6.$*(./5%'&!./7()*+!)*+%,-&$.+/(

AB'>5*'/9+(CDDEF0(?%.3./7(!.$'(#./4./7(3&,(./$%+4"5'(&55')$+%(!.$'()%'2'%'/5'(

&/4($*'%'2+%'(/+/%&/4+3()*+!)*+%,-&$.+/(+%4'%(4"'($+(7'+3'$%.5(5+/!$%&./!(

6.$*./($*'('/G,3'H!"#!$%&$'(5+3)-';0(89!:(3&,(./5%'&!'()%+5'!!.>.$,(#,(

4'5%'&!./7($*'(+22H%&$'(%'-&$.>'($+(95&$=(&/('22'5$($*&$(*&!(#''/(+#!'%>'4(!./5'($*'(

5+/5-"!.+/(+2(+"%(./.$.&-(9./'$.5(./>'!$.7&$.+/(AIJ.>+3K7.=(L&-9=(L'/$&=(M+@.9=(

B').9"=(N&-+7=('$(&-0(CD::F0(849(3&,(';)'%.'/5'(./5%'&!'4()%+4"5$(./*.#.$.+/(4"'(

$+(89!:(#./4./7(2"--,()*+!)*+%,-&$'4(!"#!$%&$'!0(O/,(+2($*'!'(2&5$+%!(3&,(#'(

+55"%%./7(./(5+3#./&$.+/(6.$*(+/'(&/+$*'%=($+(4.22'%'/$(';$'/$!(./(4.22'%'/$(

!"#!$%&$'!0(

1*'(!.3)-'!$(>'%!.+/(+2(+"%(3+4'-(&!!"3'!($*&$(89!:(+/-,(5*&/7'!($*'(

&2@./.$,(+2(849(2+%(!"#!$%&$'(>.&(#./4./7(+2(&()%.3./7()*+!)*&$'(+/($*'(!"#!$%&$'0(

1*.!(3'&/!($*&$(89!:(#./4./7(4+'!(/+$(&22'5$(!"#!$%&$'()%'2'%'/5'(&$($*'(849(

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

"/&-$'%'4(#,($*'()%'!'/5'(+2(89!:0(1*.!(&!!"3)$.+/(%'!"-$!(./($*'()%'4.5$.+/($*&$(

#'5&"!'($*'('/G,3'H!"#!$%&$'(5+3)-';(.!(!$&#.-.G'4(#"$(95&$(.!("/5*&/7'4=(I3(

6.--(5+/5+3.$&/$-,(4'5%'&!'0(P'!).$'($*'(5+3)-';.$,(+2($*'(!,!$'3=($*'!'(

&!!"3)$.+/!(&--+6(&(!$&/4&%4(9./&!'(&!!&,($+(#'("!'4($+(3'&!"%'(I3(+2(849:(

37



!"#$!"#%&'()*#+,-./%-%()*#+('0-1($-)"()-%02(%3'0$$-#4-5#+4#/+3*+2-4(5)#%$6-(-

5"(+20-*+-78-1#/'3-$)*''-90-(+-#9$0%:(9'0-(+3-*+4#%8()*:0-!(%(80)0%,-

;"*$-5"(!)0%-902*+$-1*)"-)"0-0<!%0$$*#+6-!/%*=*5()*#+6-(+3-(5)*:()*#+-#4-

8*''*2%(8->/(+)*)*0$-#4-!"#$%&%'()(*%#?'9@A?3BC,-D)-)"0+-30$5%*90$-)"0-

#!)*8*E()*#+-#4-*+*)*('-B*+($0-($$(&$-/$*+2-)"*$-B*+($0-1*)"-?35F-G;H,-;"0-

B*+0)*5$-$05)*#+-5#+5'/30$-1*)"-=*+('-!%#8*$*+2-%0$/')$-1*)"-8/')*!'0-?3B-

$/9$)%()0$-(55#8!(+*03-9&-(+-*8!#%)(+)-5(:0(),-I0$/')$-('$#-*+5'/30-8($$-

$!05)%#80)%&-0<!0%*80+)$-)"()-5#8!'080+)-B*+0)*5-($$(&$-9&-'##B*+2-()-)"0-$*)0J

$!05*=*5-5#+)%*9/)*#+-#4-?B$C-)#-K10C-G;H-!"#$!"#%&'()*#+,-;"0-3*$5/$$*#+-

$/220$)$-!#$$*9'0-0<!'(+()*#+$-4#%-)"0-%0$/')$-10-#9$0%:03-(+3-5#+$*30%$-)"0-

1(&$-*+-1"*5"-?B$C-8*2")-5#+)%*9/)0-)#-/')%($0+$*)*:*)&,-

!"!"#$%&'()&

;"0-0<!%0$$*#+-(+3-!/%*=*5()*#+-#4-!/%06-(5)*:0-?'9@A?3BC-1($-(-

$/9$)(+)*('-/+30%)(B*+2-(+3-10-(%0-$#801"()-0<50!)*#+('-4#%-#/%-$/550$$4/'-

%0$/')$-LH0%0B-M5?/$B0%6-!0%$#+('-5#88/+*5()*#+N,-O*$FJ?3BC-1($-0<!%0$$03-*+-

K4P-50''$-*+*)*(''&-/$*+2-(-9(5/'#:*%/$-5#+$)%/5)03-9&-K0)"-I/9*+,-Q()0%-(-O*$FJ

?3BC-0<!%0$$*#+-:05)#%-1($-5%0()03-/$*+2-)"0-R(5J)#JR(5-$&$)08-(+3-*)$-

$0>/0+50-1($-:0%*=*03-9&-S*''-T*+5"-L$00-!(20-UV-#4-S*''W$-'(9-+#)09##BN,-D+*)*('-

0<!%0$$*#+-'0:0'$-10%0-'#1-(+3-!%#)0*+-0<!%0$$*#+-1($-5#+=*%803-9&-S0$)0%+-

9'#)-LT*2/%0-@,@(N,-.!)*8('-0<!%0$$*#+-1($-0:0+)/(''&-XU-82AQ-LT*2/%0-@,@9N,-

;"0-4(5)#%-1*)"-)"0-2%0()0$)-5#+)%*9/)*#+-)#1(%3-#!)*8('-0<!%0$$*#+-1($-

*+405)*#+-()-'#1J)#J803*/8-50''-30+$*)&-%0'()*:0-)#-#/%-$)(+3(%3-!%#)#5#'-LXC,Y-<-

38



!"#$%&''()*'$+,(-&./$01$2$3$!"#45$6378&((+0,$108$92$:0;8($<.($.,$+*780=&*&,-$

0=&8$&378&((+0,$108$2>$:0;8($(0$%;'-;8&($<&8&$.''0<&/$-0$?80<$108$.-$'&.(-$-<0$

/.@($10''0<+,?$+,1&%-+0,5$A+(#BC/D!$%.,$E&$&+-:&8$/+8&%-'@$7;8+F+&/$;(+,?$G+2H$8&(+,$

08$=+.$+-($%@%'+,$E+,/+,?$7.8-,&8$C'E2$I+,$-:&$108*$01$JKLBC'E245$JKLBC'E2$<.($

&378&((&/$.($.$(0';E'&$1;(+0,$780-&+,$+,$!"#$%&'5$M77803+*.-&'@$2"B>"$*?$01$7;8&$

JKLBC'E2$<.($+**0E+'+N&/$-0$.$%0';*,$01$OB!"$*'$JK>P$(&7:.80(&$8&(+,$7&8$2Q$

01$C/DB&378&((+,?$%;'-;8&R$-0$&,(;8&$%0*7'&-&$%.7-;8&$01$A+(#BC/D!5$P&(-$8&(;'-($

<&8&$.%:+&=&/$<:&,$JKLBC'E2)A+(#BC/D!$%0*7'&3$<.($(;E(&S;&,-'@$7;8+F+&/$
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JID#25-0&(4&*!02"5(03*5(825*+&()203"-0(78+9(CK2/-4&(;:9JG:(A32+()*+(03&(N24+0(

02#&(03*0(.4*#*02!(*5.(4&$4".-!21%&(C*!4"++(+-1+04*0&+H(*0(%&*+0G(78+9D.&$&5.&50(

.266&4&5!&+(!"5+2+0&50()203("-4(3M$"03&+2+()&4&("1+&4O&.:(P")&O&4H(03&+&(

4&+-%0+(+3"-%.(1&(250&4$4&0&.()203(!*-02"5:(L#$"40*50%MH(03&4&()*+(5"(!"504"%(6"4(

250425+2!(&5QM#&(*!02O20MH(6"4(&'*#$%&(*(+25/%M($3"+$3"4M%*0*1%&(+-1+04*0&(+-!3(

*+(7.!J(A42$%&(>-0:(R203"-0(+-!3(*(!"504"%H(03&4&(2+(5"()*M(0"(.&0&4#25&(
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Swe1 NTD-N

Sic1 (1-100)

Cdc6 NTD

"#$%&'!()*+)!,-./0-.&1234#.5!.6!!7%24#021!,-./0-.&1234'8!98:!;%</4&34'!

9.5/4&%=4/!<1!,&'>?//'@<2'8!92<(A98:*BA9:/*C!D#53/':(A2#&(!"-4+&(825*+&(

*++*M+()&4&($&46"4#&.(*+(25(K2/-4&(;:S(&'!&$0(6"4(03&(-+&("6($4&D*++&#1%&.(

825*+&(!"#$%&'&+:(



!"#$"#%&$"#&'()*+',-.+'-/.&0%#01%1$234&2/&/250(6&53%#&17$28#&$"14&$"#&'()*+

',-.&0%#01%1$2349&,#/02$#&71%#&$1-#4&$3&0%#01%#&)3$"&/150(#/&/2,#&)6&/2,#:&;(/39&

73501%2/34&3<&34#&/=)/$%1$#&$3&143$"#%&/"3=(,&)#&1832,#,:&',7>&?@A&516&

100#1%&24&$"2/&#B0#%25#4$&$3&)#&$"#&0%#<#%%#,&/=)/$%1$#9&)=$&C!#.&?@A&2/&(#//&

/$1)(#&24&/3(=$234&14,&516&"18#&)##4&(#//&177#//2)(#&<3%&0"3/0"3%6(1$234:&

@"2/&/#7$234&7347(=,#/&!2$"&$"#&%#/=($/&3<&1&51//&/0#7$%35#$%6&

#B0#%25#4$&73501%24D&$"#&0"3/0"3%6(1$234&3<&C!#.&?@A&)6&'()*+',-.&24&$"#&

0%#/#47#&14,&1)/#47#&3<&'-/.:&E#&"603$"#/2F#,&$"1$&'-/.&!3=(,&1<<#7$&$"#&

#B$#4$&3<&0"3/0"3%6(1$234&3<&C!#.9&14,&$"1$&1$&(#1/$&/35#&3<&C!#.G/&,37=5#4$#,&

"60#%0"3/0"3%6(1$234&!1/&'-/.H,#0#4,#4$:&A=0(271$#&51//&/0#7$%35#$%6&

#B0#%25#4$/&!#%#&0#%<3%5#,&$3&3)$124&/2$#H/0#72I27&0"3/0"3%6(1$234&

24<3%51$234:&J2/>HC!#.&0"3/0"3%6(1$#,&)6&0%#H1//#5)(#,&'()*+',-&3%&'()*+

',-+'-/.&!1/&$%60/24H,2D#/$#,&<3%&#2$"#%&K&"3=%/&L#B0#%25#4$&.M&3%&38#%42D"$&

L#B0#%25#4$&*M&1$&KNO':&;<$#%&0%3$#3(6/2/&!1/&P=#47"#,&!2$"&QRCS9&%#17$234/&
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!"#"$%&'()*"+$!),-$.*$"/0.1$2&10'"$&3$4567$3&#')%$.%)+$)*$!.,"#$.*+$

8#&%"99"+$!),-$,-"$-"18$&3$:;1"$<#&!*$)*$,-"$=>?>$'.99$98"%,#&'",#;$3.%)1),;5$

@-"$("9,$9"/0"*%"$%&2"#.A"$BCD47E$!.9$&(,.)*"+$)*$FG8"#)'"*,$H5$I*$,-)9$

"G8"#)'"*,J$.11$")A-,$>+K$%&*9"*909$9),"9$,-.,$!"#"$8-&98-&#;1.,"+$)*$L.#2";$",$

.15$BH44ME$!"#"$.19&$8-&98-&#;1.,"+$)*$(&,-$,-"$8#"9"*%"$.*+$.(9"*%"$&3$>K96$

B@.(1"$H565E5$@-"9"$"G8"#)'"*,9$!"#"$)*,"*+"+$,&$("$)*),).1$,"9,9$&3$3".9)()1),;N$

.*.1;9)9$&3$*&*%&*9"*909$8-&98-&#;1.,)&*$!.9$*&,$8"#3&#'"+5$
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Consensus Site
Phosphopeptide

-Cks1 +Cks1

T45 K.QAGEDESDDFAIGGST*PTNK.L

S111 K.RWS*PFHENES*VTTPITK.R

T121 R.WSPFHENESVTT*PITK.R

S133 K.TNS*PISLK.Q

T196 R.IPET*PVKK.S

T196, S201 R.IPET*PVKKS*PLVEGR.D

S263 K.ALPSIHVPTIDSS*PLSEAK.Y

S284* R.HNNQTNILS*PTNSLVTNSSPQTLHSNK.F

S294* S284, S294 R.HNNQTNILS*PTNSLVTNS*S*PQTLHS*NKFKK.I

T373 R.GRYDNDTDEEIST*PTR.R

S418* R.PLSLSSAIVTNTTSAETHSISSTDSS*PLNSK.R

!"#$%&'()(&*+%)&,-./0-.12$"34.5&*43%/&6%3%1745%8&#2&9"//&*0%:31.7%312(&

O?HPQJ$?HRQJ$.*+$?Q6P$.#"$%&*9"*909$>+K$9),"9$,-.,$!"#"$&*1;$+","%,"+$!"#$!$%$)*$

L.#2";$",$.15$BH44MEJ$!-)1"$,-"$&,-"#$9),"9$!"#"$+","%,"+$(&,-#!"#$!$%$.*+$!"#$!&'%(#



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

!"#$%#&'"#"($)$*+#"'#,-"-(.$&-#/0*"#)*($'1%#2'"-&"$*+#-33-4"%#'3#56%7#'&#

.1+"$20'%20'(8+*"$'&#98#5,6#.$:0"#+''6#+$6-#*%#.-*%1(-,#98#'1(#-;2-($.-&"*+#

,-%$:&<#=-(-#!#/$++#*""-.2"#"'#,-2$4"#"0'%-#,$33-(-&"#-33-4"%#.*"0-.*"$4*++8#*&,#

)$%1*++8#*&,#2-(0*2%#-;2+*$&#/08#&'#.-*%1(*9+-#-33-4"%#'3#56%7#/-(-#'9%-()-,#

$&#*&8#'3#'1(#-;2-($.-&"%#,-%2$"-#(-4-&"#-)$,-&4-#%122'("$&:#*#('+-#3'(#56%7#$&#

2('4-%%$)-#20'%20'(8+*"$'&#'3#>$47<#

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

?0-(-#/-(-#*#&1.9-(#'3#2('9+-.%#/$"0#'1(#-;2-($.-&"*+#,-%$:&<#@1(#

2(-,$4"$'&#/*%#"0*"#2()4+5+4#20'%20'(8+*"$'&#-)-&"%#/-(-#4''2-(*"$)-A#&'"#/00#

20'%20'(8+*"$'&<#B-4-%%*($+8A#"0-#C$(%"#20'%20'(8+*"$'&#-)-&"#'&#*&8#5,4D#

.'+-41+-#.1%"#'441(#$&,-2-&,-&"#'3#2($.$&:#20'%20'(8+*"$'&<#E%%1.$&:#"0*"#

"0-(-#$%#&'#$&"($&%$4#4''2-(*"$)$"8#"'#"0-#%8%"-.#$&,-2-&,-&"#'3#56%7F20'%20'?G#

*%%'4$*"$'&A#-)-(8#C$(%"#20'%20'(8+*"$'&#-)-&"#/$++#9-#&'&F4''2-(*"$)-<#!3#/-#

*%%1.-#"0*"#20'%20'?G#$%#"0-#'&+8#%$"-#4*2*9+-#'3#9$&,$&:#56%7A#*&,#/-#*+%'#

*%%1.-#"0*"#"0-#C$(%"#20'%20'(8+*"$'&#-)-&"#$%#-H1*++8#+$6-+8#"'#'441(#*"#*&8#'3#

"0-#3'1(#%$"-%#$&#5,4DA#"0-&#"0-(-#$%#'&+8#*#'&-#$&#3'1(#40*&4-#"0*"#"0-#C$(%"#

20'%20'(8+*"$'&#-)-&"#$%#2($.$&:<#!3#/-#*%%1.-#"0*"#*3"-(#5,4D#0*%#9--&#

20'%20'(8+*"-,#*"#"0-#2($.$&:#%$"-A#*++#'"0-(#%$"-%#*(-#20'%20'(8+*"-,#$&#*#

4''2-(*"$)-#.*&&-(A#"0-&#IJK#'3#5,4D#2('"-$&%#/$++#2'%%-%%#"0(--#4''2-(*"$)-+8F

*,,-,#20'%20*"-%#LM$:1(-#I<7GN<#?0-#(-.*$&$&:#GJK#0*%#*#'&-F$&F"0(--#40*&4-#

55



!"#$%&#'()%#*+!&*+!,-./%$!'#(0('%#!112,,$'3#/%#%+(#*,$4$'3#&$%(5#6+$&#4(/'&#%+/%#

789#:#;;9#<#=89#!"#>?1@#*,!%($'&#A$..#*!&&(&&#%A!#1!!*(,/%$0(.-B/??(?#

*+!&*+/%(&5#6+(#,(4/$'$'3#8C9#!"#>?1@#+/&#/#8C9#1+/'1(#!"#$%&#%+$,?#

*+!&*+!,-./%$!'#(0('%#!112,,$'3#/%#%+(#*,$4$'3#&$%(D#,(&2.%$'3#$'#8C9#:#8C9#<#

=89#!"#>?1@#,(1($0$'3#%+($,#"!2,%+#/'?#E$'/.#*+!&*+/%(#$'#/#1!!*(,/%$0(#4/''(,5#

6+(#,(4/$'$'3#=89#!"#>?1@#A$..#,(1($0(#/..#"!2,#*+!&*+/%(&#A$%+!2%#/'-#

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

G$32,(#=5H7!?(4!'&%,/%(&#%+/%#2'?(,#%+(&(#/&&24*%$!'&D#!'.-#&$)#!"#(0(,-#H@D#!,#
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50% =

"#$%&'!()*+)!,!-./'0!.1!23'!411'526!.1!786*!.9!:3.6;3.&<0=2#.9)!6+$&#4!?(.#

/&&24(&#,/'?!4#*+!&*+!,-./%$!'#&$%(#*,("(,('1(#F2%#%+/%#!'1(#%+(#I&*(1$/.#

&$%(J#K-(..!AL#$&#*+!&*+!,-./%(?D#/..#&2F&(M2('%#*+!&*+!,-./%$!'#(0('%&#A$..#F(#

>N&HB$'E.2('1(?5#6+$&#4!?(.#/.&!#/&&24(&#%+/%#'!#*+!&*+!,-./%$!'#&$%(#$&#&%,$1%.-#

>N&HB?(*('?('%5#O,(-#&$%(&#,(*,(&('%#>N&HB$'E.2('1(?#*+!&*+!,-./%$!'#(0('%&#

/'?#A+$%(#&$%(&#/,(#*+!&*+!,-./%$!'#(0('%&#!112,,$'3#A$%+#'!,4/.#N$'(%$1&5#

P,/1N(%&#$'?$1/%(#/'-#*!&$%$!'#2'?(,#%+(#F,/1N(%#4/-#F(#!112*$(?#F-#%+(#&$%(&#

/F!0(#%+(#F,/1N(%5#



!"#$%&'()'*+(,*+-./,'(0,/12/3'4566'0/'-33/3'57'-'4-8'.+-.'9(7.150:./,'.('7;'<'=#'

>+/',-?/'6(@59'-**65/,'.('.+/'1/6-.52/'9(7.150:.5(7'()'AB,=C3/*/73/7.'6(4/1'D?'

.('.+/'-**-1/7.'D?'()'.+/'1/-9.5(7'57'.+/'*1/,/79/'()'AB,=#'>+/'1/6-.52/68',?-66'

9(7.150:.5(7'()'AB,=C3152/7'/2/7.,'.('.+/,/'-**-1/7.'*-1-?/./1,'?/-7,'.+-.'

35))/1/79/,'EAB,='4(:63'+-2/'+-3'.('+-2/'0//7'6-1@/'57'(13/1'.('+-2/'0//7'

9(7,5,./7.68'(0,/12/3#'

F:1'9((*/1-.525.8'/G*/15?/7.'HI5@:1/'J#=!K'4-,'?(3/6/3'(7'*1/25(:,'

4(1B')1(?'.+/'I/11/66'6-0'?/-,:157@'.+/';566'9(/)L595/7.'()'M//='*+(,*+(186-.5(7'

HD5?'-73'I/11/66'JNN"K#'O7'I5@:1/'=9'()'D5?'P'I/11/66'HJNN"K&'*+(,*+(186-.5(7'()'

M//='>=$N'4-,'?/-,:1/3'-,'-'):79.5(7'()'A89QRA3B='9(79/7.1-.5(7':,57@'-'

*+(,*+(,*/95L59'-7.50(38#'O7'.+/'):.:1/&'5.'4(:63'0/'-32-7.-@/(:,'.(':,/'-7'

/G*/15?/7.-6'./9+75S:/'.+-.'1/*(1.,'.+/'*1/95,/'(:.*:.'/G*/9./3'.('0/'

9((*/1-.52/68'@/7/1-./3'08'.+/',.5?:6:,#'I(1'/G-?*6/&'-'*+(,*+(,*/95L59'

-7.50(38'9(:63'1/*(1.'.+/'*+(,*+(,.-./'()'-'*-1.59:6-1',5./'-,'-7'(0,/12-06/#'

T6./17-.52/68&'.+/'U((@'6-0V,'W+(,>-@'@/6'./9+75S:/'-66(4,')(1'.+/',/*-1-.5(7'()'

*+(,*+()(1?,&',('(7/'9(:63'3/./1?57/'4+59+'*+(,*+()(1?,'-**/-1'45.+'

,5@?(53-6'2/1,:,'+8*/10(659'B57/.59,#'

O.'5,'4(1.+'/G-?5757@'(:1'9+(59/'()'/7X8?/'-73',:0,.1-./'9(?057-.5(7&'

-66(457@')(1'.+/'*(,,50565.8'.+-.'4/',5?*68'353'7(.'L573'-'@((3',8,./?'45.+'4+59+'

.('./,.'(:1'+8*(.+/,5,#'Y2/7'.+(:@+'A39Z'5,'-'*1/)/11/3'A60$RA3B=',:0,.1-./&'5.'5,'

*1(0-068'-6,('-',:0,.1-./')(1'A60JRA3B=&'-,'5.,'A[D',5./,'+-2/'0//7')(:73'.('0/'

1/S:51/3')(1'5.,'*1(./(68,5,'57'?5.(,5,'HU((@'-73'\(1@-7'JNN$]'W/1B57,&'[1:18&'
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!"#$%&'()*+$,--./0$12*"$3)4,53#6.$7289728:+)!;*9$3#<=>$&;$#8*9$98$

&"#*7*"#*";)+$8'$;2*$2+#:87284&<$7!;<2$8"$3)4,$?@A&B8CDE&>$F!)6>$F*";!>$G8(&6>$

H*7&6I>$J8:E!">$*;$!)0$,-../0$3#<=$!)98$*'(&<&*";)+$&"2&4&;9$3)4,53#6.>$4I;$"8;$

8;2*:$<+<)&"K3#6.9>$&"$!$7289728:+)!;&8"K#*7*"#*";$C!""*:0$L2&9$7:*9*";9$!$

9&E"&(&<!";$7:!<;&<!)$7:84)*C$'8:$#*:&B&"E$!$M&))$<8*'(&<&*";$'8:$;2*$

7289728:+)!;&8"$8'$3#<=$?N&<!:#$!"#$38:"&92KO8P#*"$.QRS/0$G;$&9$#&'(&<I);$;8$

&C!E&"*$28P$369.K72897283#<=$&";*:!<;&8"$<8I)#$4*$9I'(&<&*";$;8$*T7)!&"$3)4,5

3#6$&"2&4&;&8">$9&"<*$369.$&9$!)98$7:*9*";$&"$8;2*:$<+<)&"K3#6.$<8C7)*T*9$;2!;$!:*$

"8;$&"2&4&;*#$4+$72897283#<=0$U"*$7899&4)*$*T7)!"!;&8"$&9$9&;*K97*<&(&<&;+0$G'$8")+$

3)4,53#6.$<!"$7289728:+)!;*$!$369.K4&"#&"E$9&;*>$;2*"$8")+$3)4,53#6.$P&))$

7:8#I<*$&"2&4&;8:+$3#<=0$G;$&9$7899&4)*$;2!;$3#<=$&"2&4&;8:+$*''*<;9$<8"'8I"#*#$

8I:$6&"*;&<$!"!)+9&90$L2!;$&9$P2+$<8C7!:&98"$!<:899$CI);&7)*$9I49;:!;*9$P&))$4*$

*99*";&!)0$M8P*B*:>$&'$369.$4&"#&"E$;I:"9$8I;$;8$4*$!$E*"*:!)$C*<2!"&9C$8'$3#6$

&"2&4&;&8"$*T7*:&C*";9$;8$#*;*:C&"*$;2*$6&"*;&<$7!:!C*;*:9$!"#$C8#*$8'$

&"2&4&;&8"$P&))$4*$8'$&";*:*9;0$V8:$*T!C7)*>$P*$C!+$!96$;8$P2!;$*T;*";$&"2&4&;&8"$

&9$9I49;:!;*$<8C7*;&;&8"$B*:9I9$<8C7*;&;&B*$4&"#&"E$8'$!$"8;K'I:;2*:K

7289728:+)!;!4)*$9I49;:!;*$C8)*<I)*0$G"$;2&9$P!+>$!$9;8:+$8'$369.$6&"*;&<9$C!+$4*$

9!)B!E*#$!"#$<8C4&"*#$P&;2$!$9;8:+$8'$4&"#&"E$97*<&(&<&;+0

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

UI:$*T7*:&C*";9$P*:*$"8;$#*9&E"*#$;8$C*!9I:*$7:8<*99&B&;+0$G"$'!<;>$P*$

#&#$"8;$"*<*99!:&)+$7:*#&<;$7:8<*99&B*$7289728:+)!;&8"$4*<!I9*$C89;$*T!C7)*9$

8'$I);:!9*"9&;&B*$CI);&9&;*$7289728:+)!;&8"$6&"*;&<9$!:*$#&9;:&4I;&B*$?W0$X0$V*::*))$
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E2*"%01&0A*A9A*>:$%0$'1?7&0*"%*1'$A&$*)1$'E%2$@)70@)7">2%*A7&$7B$JKL$<A&%010$M!#$

N#$O1""122$!"#$%&'$()%**$+,,-5#$P)1$?E2*A@)70@)7">2%*A7&$7B$CA=+$A0$?7"1$

@"7=100A91$A&$*)1$@"101&=1$7B$;<0+:$IE*$A0$%207$&1=100%"A2>$'A0*"AIE*A91$I1=%E01$A*$

A0$@)70@)7">2%*1'$I>$*87$'ABB1"1&*$=>=2A&Q;'<$=7?@21R10$A&$01"A10$MSTA97?UFA:$

V%2<:$V1&*%:$H7WA<:$X1@A<E:$(%27F:$1*$%2#$34++5#$H&$*)1$=%01$7B$CA=+:$@"7=100A9A*>$

=7&*"AIE*1'$I>$;<0+$?%<10$CA=+$%$I1**1"$0EI0*"%*1$B7"$*)1$01=7&'$0*1@$7B$*)1$

@)70@)7">2%*A7&$=%0=%'1#$H*$8A22$I1$A&*1"10*A&F$*7$011$AB$7*)1"$?E2*A@2>$

@)70@)7">2%*1'$@"7*1A&0$=7?IA&1$@"7=100A91$%&'$'A0*"AIE*A91$@)70@)7"1FE2%*A7&$

B7"$0@1=AWA=$"1FE2%*7">$@E"@7010#$$$$

!"#"#"$%&'()*+,*-'-.-'/$),0$12*3$

J>$7IY1=*A91$A&$*)A0$01=*A7&$A0$*7$'A0=E00$*)1$8%>0$*)%*$;<0+$?AF)*$
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P47K:&!4/+#&1*'07)%'&G1H&-*+1*+,&?Q/70+#&#%&!42&C99KD2&I/(#;#06&-#$!7'#&%<#&

!-*4*%5&/"&GH'&<*+,#&0#,*/+&)0/4*+#&.7%!+%'&%/&-*+1&G1H&<!'&+/%&-##+&!''#''#16&

!+1&-#$!7'#&'/.#&<*+,#&0#,*/+&0#'*17#'&!0#&*+;/4;#1&*+&1*0#$%&$/+%!$%'&(*%<&

G1HA6&*%&*'&1*"R*$74%&%/&1#$/+;/47%#&%<#&$/+%0*-7%*/+&/"&<*+,#&0#'*17#'&%/&

1*.#0*>!%*/+&"0/.&%<#*0&0/4#'&*+&%<#&G1H&-*+1*+,&*+%#0"!$#2&

& 3+&/01#0&%/&$<!0!$%#0*>#&"70%<#0&!&0/4#&"/0&1/.!*+&'(!))*+,&*+&GH'SG1H&

0#,74!%*/+6&(#&%#'%&!+1&1#'$0*-#&<#0#&%<#&#""#$%'&/"&'<*"%*+,&%<#&./+/.#0S1*.#0&

#T7*4*-0*7.&/"&GH'&/+&G1H&-*+1*+,2&U#&)0#'#+%&%<#&+/;#4&'%07$%70#&/"&!&-711*+,&

5#!'%&GH'&.7%!+%&?GH'C&89:ED&%<!%&)0#"#0#+%*!445&#V*'%'&!'&!&./+/.#0&-7%&"!*4'&%/&

-*+1&G1H2&W70&'%07$%70#&1#./+'%0!%#'&%<#&$0*%*$!4&0/4#&/"&%<*'&)0/4*+#&0#'*17#&*+&

G1H&-*+1*+,&!+1&0#;#!4'&%<#&*.)/0%!+$#&/"&<*+,#&0#,*/+&0#'*17#'&"/0&1/.!*+S

'(!))*+,&!+1&GH'&"7+$%*/+.
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! "#!$%&'($#)*+#,!($-(!($#!.'/'.#01,*.#0!#23*4*50*3.!'6!78)!&0'(#*/)!

0#934-(#)!78)!-))':*-(*'/!;*($!7,8)!-/,!-::'0,*/94%!($-(!($#!&0'&#/)*(%!6'0!

,*.#0!6'0.-(*'/!*)!/#9-(*<#4%!:'00#4-(#,!;*($!($#!-5*4*(%!('!5*/,!7,8=!>'!(#)(!($*)!

$%&'($#)*)?!;#!:-00*#,!'3(!-!)#0*#)!'6!@)'($#0.-4!>*(0-(*'/!7-4'0*.#(0%!A@>7B!

#C&#0*.#/()!('!23-/(*6%!($#!#66#:()!'6!.3(-(*'/)!($-(!)(-5*4*+#!#*($#0!.'/'.#0!

'0!,*.#0!78)!'/!7,8!5*/,*/9=!@/!'0,#0!('!'5(-*/!)36D*:*#/(!23-/(*(*#)!'6!7,8!6'0!

@>7?!;#!:$')#!('!#C&0#))!-/,!&30*6%!$3.-/!7,8E!60'.!F6G!*/)#:(!:#44)=!>$#!78)1

7,8!5*/,*/9!*/(#06-:#!*)!$*9$4%!:'/)#0<#,?!-44';*/9!;*4,1(%&#!%#-)(!78)H!('!6'0.!

-!)(-54#!:'.&4#C!;*($!$3.-/!7,8E!-/,!78)I)H!-/,!78)I)E!('!63/:(*'/-44%!

:'.&#/)-(#!6'0!78)H!*/!%#-)(!AJ*:$-0,)'/!#(!-4=!HGGKB.!>$#!L,!'6!;*4,1(%&#!78)H!

6'0!7,8E!;-)!,#(#0.*/#,!('!5#!HM!N!H!OP!AQ*930#!R=HB=!>$*)!<-43#!*)!

-&&0'C*.-(#4%!MS16'4,!;#-8#0!($-/!'30!.#-)30#,!L,!'6!78)I)H!6'0!7,8E!AQ*930#!

R=H?!>-54#!R=HB=
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S. cerevisiae H. sapiens

Cks Protein Cdk2 Kd (µM) Cks Protein Cdk2 Kd (µM)

WT 16 ± 1 WT 0.25 ± 0.04

H91E NB H60A NB

A92G 14 ± 1 E61G 0.26 ± 0.01

P93A NB P62A 1.60  0.95

P95A NB P64A 0.63 ± 0.12

*+,(%#!"-=!./&&01/+)/02#302&)+2)&#405#3678937&-#+26#3678937&:&-=!TU!V!/'!
,#(#:(-54#!5*/,*/9=!
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WT

P93A

C.

WT Hs1

P62A

A.

WT Hs1

P64A

B.

WT

P95A

D.

!"#$%&'()*)'+",&'-./0$1"23'45%26782#%761'29'4:1';%28&"31)#B+F#45)J)A#B*+(5#
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=%')(*(D$(';;(=#*3(';(1#*+:"#A(E:"!"%+%/0-FC(23+4(67@9(*-+;(>*%-#$(';(,%/$(2$3?C(

$#+!%'#(')#(!"#>#"#/&#(;>(')#(67@9(1:'*/'(>;"(')#(1;/;1#"(&;/>;"1*'%;/A(

B#(*-+;(1*$#(')#(*/*-;0;:+(1:'*'%;/+(';(23+G+4(*/$(1#*+:"#$(')#%"(,%/$%/0(

*>H%/%'%#+(';(2$3?A(2;/+%$#"%/0(')#()%0)(+'":&':"*-();1;-;0F(,#'=##/(23+4(*/$(
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Data Collection

Beamline ALS-5.0.1

Space Group P43212

Cell Dimensions (Å) a = b = 89.5, c = 93.2

Resolution (Å) 64.55-2.59 (2.64-2.60)*

Rsym 8.1 (41.0)

I/(I) 31.2 (5.4)

Completeness (%) 100 (100)

Redundancy 9.4 (9.3)

Refinement

Resolution (Å) 64.55 - 2.59

Total reflections 249329

Unique reflections 12176

Rwork/ Rfree 21.1/27.3

Total protein atoms 1829

Water molecules 42

Rmsd

Bond lengths (Å) 0.013

Bond angles (°) 1.53

B factors

Protein 25.2

Water 26.7

Ramachandran Analysis (%)

Preferred 97.09

Allowed 1.94

Outliers 0.97
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'+2-(;:1+&'(#8(98%=(1(;8==8&(+&#-%91;-(98%(K2<(3+&2+&,/(C&(#:-(K<'@(OG.5(

'#%$;#$%-()*+,$%-(./0;4>(#:-(:+&,-(;8&98%=1#+8&(+'(16#-%-2('$;:(#:1#(#:-(!(1&2(!?@(

#$%&'(89(#:-(#%+A6-(#$%&(1%-(68'#(1&2(1(&-B(#7A-(C(#$%&(+'(98%=-2(B+#:(K7'GJ(+&(

A8'+#+8&("(1&2(#:-(=$#1#-2(%-'+2$-(561G.(+&(A8'+#+8&("?./(E+'G@(+'(+&(#:-("?@(

A8'+#+8&(89(#:-(&-B(#$%&>(1&2,(1;;8%2+&,67,(#:-('+2-(;:1+&(+'(8%+-&#-2(+&(1(

2+%-;#+8&(1B17(9%8=(#:-(K2<(3+&2+&,(+&#-%91;-/(

( P#%$;#$%16(1&167'+'('$,,-'#'('-Q-%16(%-1'8&'(98%(#:-(%-8%,1&+R1#+8&(89(#:-(

:+&,-(%-,+8&(#$%&(;8=A8'+#+8&(1&2(%-A8'+#+8&+&,(89(E+'G@/(*+%'#>(#:-(OG.5(

=$#1#+8&(2+'91Q8%'(98%=1#+8&(89(#:-()!,(!?@4(28$36-(#$%&(3-;1$'-(A%86+&-(+'(:+,:67(

A%-9-%%-2(+&(#:-("#$(A8'+#+8&(89(#7A-(DCCC(!"#$%&'()E$#;:+&'8&(1&2(F:8%&#8&(

@GGH4/(P-;8&2>(Q1&(2-%(S116'(;8&#1;#'(3-#B--&(#:-(O%8(1&2(#:-(E+'('+2-(;:1+&'(

1%-(68'#($A8&(=$#1#+8&(89(#:-(A%86+&-(#8(161&+&-()*+,$%-(./034/(F:+%2>(#:-(OG.5(

=$#1#+8&(;%-1#-'(1&(1=+2-(:72%8,-&(#:1#('#13+6+R-'(#:-(K7'GJ"561G.(#7A-(C(#$%&(

#:%8$,:(98%=1#+8&(89(1(:72%8,-&(38&2(B+#:(#:-(K7'GJ(;1%38&76()*+,$%-(./0;4/(

*+&1667>(+&(#:-(OG.5(=$#1&#>(E+'G@(+'('#13+6+R-2(+&(#:-("?@(A8'+#+8&(89(#:-(&-B(#$%&(

37(98%=1#+8&(89(1('16#(3%+2,-(3-#B--&(+#'('+2-(;:1+&(1&2(#:-('+2-(;:1+&(89(N6$TG/(
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!"#$%#&'()*+'#,&%-.)'"()%,)#(&'$%'"(%/#$01%$#2(%+"*#&%*3*4%-),5%'"(%627%8#&2#&9%

#&'()-*+(:%!"(%64$0;<=>*0?%'4@(%A%'.)&%*>$,%,--()$%*&%*>'()&*'#B(%5(+"*&#$5%',%

8*+78,&(%$')*#&%-,)%",3%'"(%C0?=%5.'*'#,&%$'*8#>#D($%'"(%5,&,5()%

+,&-,)5*'#,&:%A&%'"(%3#>2<'4@(%2#5()%+,&-,)5*'#,&%ECFG%AFH%!"#$IJ%64$0;<

C),0?%*)(%#&%*&%(K'(&2(2%+,&-,)5*'#,&%'"*'%$')('+"($%',3*)2$%'"(%2#5()#D*'#,&%

@*)'&()%',%$3*@%'"(%-,>>,3#&9%L<$')*&2%EM#9.)(%?:N2I:%!"()(-,)(J%2#5()#D*'#,&%,-%

67$1%C0?=%#$%>#7(>4%2#$-*B,)(2J%8(+*.$(%-,)5#&9%'"(%)(O.#)(2%(K'(&2(2%$').+'.)(%

)(O.#)($%8)(*7#&9%'"(%$'*8>(%64$0;<=>*0?%'.)&:%

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

% 67$%@),'(#&$%"*B(%$()B(2%*$%*&%#&-,)5*'#B(%$4$'(5%-,)%.&2()$'*&2#&9%

2,5*#&%$3*@@#&9%!"#$!%&'J%*&2%'"()(%#$%*%)#+"%>#'()*'.)(%+"*)*+'()#D#&9%'"(%

$').+'.)*>%),>(%,-%+,&-,)5*'#,&*>%$')*#&%3#'"#&%'"(%"#&9(%)(9#,&%*$%#&P>.(&+#&9%

'"(%5(+"*&#$5%*&2%'"()5,24&*5#+$%,-%2#5()#D*'#,&%EG*2()%('%*>:%Q;;RS%

T,.$$(*.%('%*>:%Q;;1S%U+"457,3#'DJ%T,.$$(*.J%*&2%A'D"*7#%Q;;;S%U((>#9()J%

G)(3*)2J%*&2%A'D"*7#%Q;;?S%U((>#9()%('%*>:%Q;;QS%U((>#9()%('%*>:%Q;;VI:%/,3(B()J%

'"(%8#,>,9#+*>%)(>(B*&+(J%#-%*&4J%,-%67$%2,5*#&%$3*@@#&9%)(5*#&$%.&7&,3&:%

6,&$#2()#&9%'"(%$').+'.)*>%(B#2(&+(%'"*'%,&>4%'"(%5,&,5()%+,&-,)5*'#,&%,-%67$%

#$%+,5@*'#8>(%3#'"%627%8#&2#&9J%'"(%5,$'%,-'(&%@),@,$(2%5,2(>%"*$%8((&%'"*'%'"(%

5,&,5()<2#5()%(O.#>#8)#.5%)(9.>*'($%67$<627%*$$,+#*'#,&%*&2%'"()(84%

)(9.>*'($%627%-.&+'#,&:%W(%*#5(2%',%$'.24%'"(%67$1%2#5()%#&%8.22#&9%4(*$'J%8.'%

+,.>2%&,'%2('(+'%#'%84%+,#55.&,@)(+#@#'*'#,&%-),5%*$4&+"),&,.$>4%9),3#&9%+(>>$%

EM#9.)(%?:XI:%W"#>(%,.)%)($.>'%#$%&(9*'#B(J%#'%*'%>(*$'%$.99($'$%'"*'%'"(%(K#$'(&+(%,-%
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!"#$%"&'()*'"+',-!!"+.'/$0*1'#0/',$'2"#"1$!'13'0'*4$&"5"&'6-+&1"3+02'&3+1$71'*-&8'

0*'0'4%$&"*$'&$22'&/&2$'%$.-2013%/'*1$49'

' :'*1%3+.'#31";01"3+'63%'43*1-201"+.'18$'6-+&1"3+02'%$2$;0+&$'36'!3#0"+'

*<044"+.'!"#$!$%'"*'18$'"+;0%"0+1'&3+*$%;01"3+'36'8"+.$'%$*"!-$*'=%3>?@AB'0+!'

=%3>C@AD'EF&8/#)3<"1GH'I3-**$0-H'0+!'J1G80)"'?KKKL.'M8$*$'4%32"+$*'1-+$'18$'

!"#$%"G01"3+'$N-"2",%"-#'!"#$!&'%H',-1'-+2")$'318$%'8"+.$'%$*"!-$*H'18$/'!3'+31'

"+1$%0&1'!"%$&12/'<"18'(!)'EO3-%+$'$1'029'PAA>L9'Q$%$'<$'1$*1$!'<8$18$%'4%32"+$'

#-101"3+*'#3!-201$'(!)',"+!"+.'"+'18$'$74$&1$!'#0++$%'0+!'"+*1$0!'63-+!'1801'

0'=>?@AB:'#-101"3+H'<8"&8'*10,"2"G$*'18$'#3+3#$%H'%$*-21*'"+'0'23**'36'(!)'

,"+!"+.9'M8$'&%/*102'*1%-&1-%$'36'()*P'=AB:'*83<*'1801'=%3AB'"*'%$N-"%$!'63%'
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!"#$%&'()*)'+,-.'/"0&%-'1%&'234&5&65178&'"3'9-:36;%<3<$-'=$44"3#'>&1-5'

?@5%165-)'()*PRB7Q:'60"2*'13'"##-+34%$&"4"101$'()*PRPB7S/&9'T3223<"+.'B'83-%'
.020&13*$'"+!-&1"3+H'*-4$%+010+1*'6%3#'/$0*1'$74%$**"+.',318'()*PRB7Q:'6%3#'
18$'()*+'4%3#31$%'0+!'()*PRPB7S/&'6%3#'18$'$+!3.$+3-*',-.+'4%3#31$%'<$%$'
0+02/G$!'!"%$&12/'E$71%0&1L'3%'63223<"+.'$"18$%'0+1"RQ:'3%'0+1"RUFM'4%$&"4"101"3+'
,/'V$*1$%+',2311"+.'<"18'18$'"+!"&01$!'0+1",3!/9'

 -HA  -mycWB:
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!"#$%$"&$&'()$#*+(!,"!-,./(0",(123(4$&2$&'5(6-(!,"!"#-(%78%(9,"*:($#(%7-(

./&;7!$&($&(%7-(0",<8%$"&("0(8(=!,(!>+?(2"@4.-(AB%@,&(#%,@;%@,-($&(%7-(C$.2B%/!-(

13#+(<"&"<-,(0".2D(8&2(%78%(%7-(8.8&$&-(#@4#%$%@%$"&(!,"<"%-#(8(2$00-,-&%D(

%7-,<"2/&8<$;8../(08E",-2(AB%@,&(%78%(!,-;.@2-#(123(4$&2$&'5(F@,%7-,<",-D(C-(

#@''-#%(%78%($&(.$'7%("0(%7-(0",<8%$"&("0(8(&-C(AB%@,&(%78%(#7"@.2($&7$4$%(#%,8&2(

-G;78&'-D(%7-,-($#(&"(&--2(%"($&E"3-(8,'@<-&%#($&E".E$&'(.""!(#%,8$&('-&-,8%-2(

$&(%7-(!-!%$2-(4"&2#(!,-;-2$&'(7$&'-(!,".$&-#(%"(-G!.8$&(13#(2"<8$&(#C8!!$&'5(

H@,(8.%-,&8%-(-G!.8&8%$"&(0",(%7-(#%84$.$%/("0(%7-(13#+(9*:I(<"&"<-,(0".2($#(

;",,"4",8%-2(4/(%7-(08;%(%78%('./;$&-(#@4#%$%@%$"&(8%(%7-(,-#$2@-(!,-;-2$&'(

9,"JKL9,"*:(78#(&"(-00-;%("&(123(4$&2$&'(8&2(7-&;-(<@#%(&"%(;8@#-(#$'&$M$;8&%(

,-8,,8&'-<-&%("0(%7-(7$&'-(,-'$"&D(2-#!$%-(,-.$-E$&'(!"#$%$"&8.(48;34"&-(,$'$2$%/5(

N7-,-0",-D("@,(,-#@.%#($&2$;8%-(%78%(%7-(;"&#-,E8%$"&("0(7$&'-(!,".$&-#(8&2(%7-$,(

#%,@;%@,8.(!,"!-,%$-#($&(13#(".$'"<-,$O8%$"&(<8/($&#%-82(,-M.-;%(%7-$,(;,$%$;8.(

,".-#($&(%7-(0",<8%$"&("0(%7-(13#B123($&%-,08;-5(

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

"#$#%#&'()*+,-&./0(+11,)-&2-3&'4(,5,62*,)-&

& 7#&6+(+8,1,2+&13#+(8&2(13#+(9*:I(C-,-(-G!,-##-2(0,"<(8(!PN(E-;%",($&(.#&

6)9,5(PG!,-##$"&(C8#($&2@;-2(C$%7(+(<Q(R9NS("E-,&$'7%(8%(,""<(%-<!-,8%@,-5(

1-..#(C-,-(78,E-#%-2(8&2(./#-2($&(KT(<Q(N,$#(!)(U5VD(+(<Q(WNND(8&2(+(<Q(9QXF5(

1.8,$M$-2(./#8%-#(C-,-(M."C-2("E-,(WPIP(#-!78,"#-(,-#$&D(C8#7-2(C$%7(./#$#(

4@00-,D(8&2(-.@%-2(C$%7(./#$#(4@00-,(>(+VV(<Q(Y81.5(13#+(C8#(%7-&(!@,$M$-2(4/(

X"@,;-(+TZ(=SP()-8.%7;8,-?(;8%$"&(-G;78&'-(;7,"<8%"',8!7/(8%(!)(U5V(0".."C-2(
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!"#$%&'(')*+,$%-.#*/0-123-4025/"6#7++#89$:#50-3'%.$#;'0'#<,++#+'.43/#;%3/#3/'#

')*'53%-.#-<#89$:#=>?7@#;/%*/#;2$#30,.*23'A#23#0'$%A,'#::B6#C)5'0%1'.3$#$/-;#

3/23#3/'#5--0+"#*-.$'0D'A#8(3'01%.2+#5-+"4+,321%.'#32%+#E0'$%A,'$#::F(:??G#-<#

89$:#%$#.-3#0'H,%0'A#<-0#%3$#!%-+-4%*2+#<,.*3%-.@#%.*+,A%.4#8A9#!%.A%.4#EI-,0.'#'3#

2+6#JKKKG6#!"#$%&%'()(*%#89$:#L>:C@#7>JM@#2.A#=>N7#2.A#2++#/,12.#89$L$:#

50-3'%.$#;'0'#')50'$$'A#2$#MOP(<,$%-.#50-3'%.$#%.#+"#$,-(#2.A#5,0%Q%'A#;%3/#

4+,323/%-.'#$'5/20-$'#*/0-123-4025/"6#R-++-;%.4#'+,3%-.#<0-1#4+,323/%-.'#

$'5/20-$'@#3/'#MOP#324#;2$#*+'2D'A#,$%.4#MOP(PCS#50-3'2$'#E:(JT#!"#;'%4/3G6#

P/'#<0''#MOP#324#2.A#MOP(PCS#;'0'#0'1-D'A#A,0%.4#$,!$'H,'.3#5,0%Q%*23%-.#

,$%.4#*23%-.#')*/2.4'#*/0-123-4025/"#23#5L#U6K#E89$L$:G#-0#O-,0*'#:NV#2.%-.#

')*/2.4'#*/0-123-4025/"#23#5L#F6K#E89$:#1,32.3$G#<-++-;'A#!"#2#$'*-.A#

4+,323/%-.'#$'5/20-$'#*-+,1.6#7++#1,32.3#50-3'%.$#;'0'#*-.Q%01'A#3-#!'#<-+A'A#

,$%.4#8W#ER%4,0'#?6UG6#X+%4-1'0%&23%-.#$323'$#-<#89$#50-3'%.$#;'0'#2.2+"&'A#

,$%.4#$%&'(')*+,$%-.#*/0-123-4025/"#5'0<-01'A#23#*-.*'.3023%-.$#*-15202!+'#

3-#!%.A%.4#')5'0%1'.3#*-.A%3%-.$#ER%4,0'#?6JG6#L,12.#8A9J#;2$#')50'$$'A#;%3/#

2.#Y(3'01%.2+#/')2/%$3%A%.'#324#<-0#J(?#A2"$#,$%.4#2#!2*,+-D%0,$#D'*3-0#%.#O<>#

*'++$#EZ.D%30-4'.G#%.#$,$5'.$%-.#%.#O<>KK#ZZ#1'A%2#EMZI8XG6#U)L%$(8A9J#;2$#

5,0%Q%'A#!"#Y%J[-YP7#2<Q%.%3"#*/0-123-4025/"6#Z.%3%2+#ZP8#')5'0%1'.3$#;'0'#

5'0<-01'A#;%3/#8A9J#<0-1#;/%*/#3/'#U)L%$#324#;2$#*+'2D'A#-D'0.%4/3#23#\]8#

,$%.4#PCS#50-3'2$'#E:(JT#!"#;'%4/3G#<-++-;%.4#'+,3%-.#<0-1#3/'#.%*9'+#*-+,1.6#

L-;'D'0@#%3#;2$#A'3'01%.'A#3/23#3/'#50'$'.*'#-<#3/'#U)L%$#324#/2A#.-#'<<'*3#-.#

89$#!%.A%.4@#2.A#$,!$'H,'.3+"#PCS#*+'2D24'#;2$#.-3#5'0<-01'A6#
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!"#"$"%&'()*+,-./%01),.)1(2%3./(,1-+),4%

! "#$%&'(%)*+!,%&%!$%&-.&(%/!0+')1!2!345678!')+*&0(%)*!9:';&.;2<=>!

40&'?'%/!$&.*%')+!,%&%!/'2<@A%/!.B%&)'1C*!2*!DE8!')!FG!(:!7&'+!$H!I>JK!LGJ!(:!

M28<>!6)!2!*@$';2<!%#$%&'(%)*K!8N+!$&.*%')+!2*!2!;.);%)*&2*'.)!.-!OJ>F!5L!(:!

,%&%!*'*&2*%/!')*.!2!FJ5PJ!Q:!+.<0*'.)!.-!8/NF>!RC%)!S')/')1!,2+!/%*%;*%/K!

%#$%&'(%)*+!,%&%!$%&-.&(%/!')!/0$<';2*%>!T')/')1!;.)+*2)*+!,%&%!;2<;0<2*%/!S@!

2B%&21')1!*C%!U/+!2)/!*C%!%&&.&!'+!*C%!+*2)/2&/!/%B'2*'.)!.-!*C%!U/+>!

!"#"!"%52./4)16./%718+%9:6/;'1(2%3*,(-.)(<,.=*4

! 8N+!$&.*%')+!,%&%!/'2<@A%/!.B%&)'1C*!')!GJ!(:!+./'0(!$C.+$C2*%K!VJJ!

(:!M28<!9$HWX>I=>!4&.*%')+!,%&%!*C%)!;.);%)*&2*%/!2+!)%;%++2&@!2)/!<.2/%/!2*!

2!B.<0(%!.-!J>G!(<!.)*.!2!Y0$%&/%#!ZG!H[LJ\VJ!2)2<@*';2<!1%<!?'<*&2*'.)!

%]0'<'S&2*%/!')!/'2<@+'+!S0--%&>!

!"#">"%3,4').//18.)1(2%.2?%7),;6);,+%@+)+,-12.)1(2

! 4&'.&!*.!;&@+*2<<'A2*'.)K!8N+L!4PV^!,2+!$0&'?'%/!0+')1!2!Y0$%&/%#ZG!

;.<0()!9_"!H%2<*C;2&%=!%]0'<'S&2*%/!')!FG!(:!7&'+!$H!I>JK!FJJ!(:!M28<K!2)/!L!

(:!`77>!FG!(1\(<!8N+L!4PV^!,2+!('#%/!2*!2!LaL!&2*'.!,'*C!2!+.<0*'.)!

;.)+'+*')1!.-!J>L!:!+./'0(!;2;./@<2*%!$H!X>GK!J>F!:!+./'0(!;'*&2*%K!2)/!Gb!

'+.$&.$2).<>!8&@+*2<+!,%&%!1&.,)!S@!*C%!C2)1')15/&.$!B2$.&!/'--0+'.)!(%*C./>!

`2*2!;.<<%;*'.)!,2+!$%&-.&(%/!2*!S%2(<')%!G>J>L!2*!*C%!^/B2);%/!c'1C*!Y.0&;%!

9^cY=!2*!c2,&%);%!T%&N%<%@!M2*'.)2<!c2S.&2*.&@>!`2*2!,%&%!$&.;%++%/!0+')1!

:.+?<(!2)/!Y8^c^!9884D!LPPDd!c%+<'%!FJJX=>!8&@+*2<+!;.)*2')%/!*,.!(.).(%&!

8N+L!(.<%;0<%+!')!*C%!2+@((%*&';!0)'*>!7C%!+*&0;*0&%!,2+!/%*%&(')%/!S@!
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!"#$%&#'()($*#'%$!$+,)-.,/)012345)67%8"9)$,)'#:);<<=>)&?.+@),-")!"#$%&#$?)"A)

B.!$(.%)8C?D)#'%C.+@),/$)/.+@$)#""*)6($?.B&$?)EFGGH)IJFD<K>)'?)')?$'(%/)!"B$#)

60LM)NLO)!"#$>:)2)?.!&#',$BF'++$'#.+@)P"FP%)!'*)-'?)@$+$(',$B),")Q$(.A9),/$)

*"?.,."+?)"A),/$)/.+@$)($@."+)($?.B&$?)6P.@&($)R:K>:)5$?.B&$?)D<EFDD=)"A)

!"#$%&#$)2)'+B)DFE)'+B)DD;FDD=)"A)!"#$%&#$)M%'($)+",)Q.?.S#$).+),/$)$#$%,("+)

B$+?.,9)!'*)'+B)*($?&!$B),")S$)B.?"(B$($B).+),/$)%(9?,'#?:)T/$)!"B$#)-'?)

($U.+$B)&?.+@).,$(',.Q$)%9%#$?)"A)014VNW)'+B)8XXT)62B'!?)$,)'#:);<D<Y)4!?#$9)

'+B)8"-,'+);<<J>:)2)%.,(',$)!"#$%&#$)-'?)S&.#,).+)',)"%%&*'+%9)Z)<:K)&?.+@)8XXT)

'+B)($U.+$!$+,)-'?)%"+,.+&$B)&?.+@)($A!'%)6880J)DIIJ>.N+)"&()!"B$#H)I=:<I[)

"A),/$)($?.B&$?)'($).+),/$)*($A$(($B)($@."+)"A),/$)5'!'%/'+B('+)*#",H)D:IJ[).+)

,/$)'BB.,."+'#)'##"-$B)($@."+H)'+B)<:I=[)'($)"&,#.$(?:)5'!'%/'+B('+)"&,#.$(?)

-$($).B$+,.U.$B)'?)3$(G;)"A)!"#$%&#$)2)'+B)2?*RE)"A)!"#$%&#$)M:)

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

) 8L)?*$%,(')-$($)($%"(B$B)"+)'+)2Q.Q)E;L3)8L)?*$%,("*/","!$,$()&?.+@)')

D)!!)*',/#$+@,/)\&'(,])%&Q$,,$:)T/$)B',')-$($)($%"(B$B)$Q$(9)D)+!)&?.+@)'+)

.+,$@(',."+),.!$)"A)G?)*$()?,$*:)0(",$.+)%"+%$+,(',."+?)-$($);:KF;K)^7).+);K)!7)

T(.?)*1)G:<H)DK<)!7)V'8#:)T/$)($?&#,?)?/"-+)/$($)'($),/$)'Q$('@$)"A),/($$)

$_*$(.!$+,?)A"()$'%/)?'!*#$:)
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Name MAT Relevant Genotype Source

DK186 a bar1 Doug Kellogg

SH1012 a bar1 CKS1-13xMyc::His3MX6 This study

EM8 a bar1 CKS1-13xMyc::His3MX6 
URA3:GAL1-CKS1-3xHA

This study
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A&@@(A?A@&($&E#@-."$?(F$".&3%(>G/HI(3BF@3A-.3"%/(C"$(7"B-3%(/J-FF3%E'(-%3"%(
K3%73%E(-%7(F$".&3%(3%.&$-A.3"%/:L(1.$#A.#$&(M4"%7"%'(N%E@-%7!I(HOOPQ(R(MRQ(
M0#E#/.(HSQI(RTHUS<:

!"#$%&'()'(*(+(,-./"%'(*(8(+3AG&?'(,(+"@B&/'(,(6"AV#&'(1(5(6&&7'(-%7(8(0(9-3%&$:(
HOOW:(=>$?/.-@(/.$#A.#$&(-%7(B#.-.3"%-@(-%-@?/3/("C(.D&(D#B-%(>XY;(G3%-/&(
A"BF@&Z(J3.D(A&@@(A?A@&U$&E#@-."$?(F$".&3%(>G/+/H:L(>&@@(RT(MWQ(M*-$AD(;;QI(
RWPU[T:

>>\T:(HOOT:(=9D&(>>\T(/#3.&I(F$"E$-B/(C"$(F$".&3%(A$?/.-@@"E$-FD?:L(0A.-(
A$?/.-@@"E$-FD3A-:(1&A.3"%(X'(!3"@"E3A-@(A$?/.-@@"E$-FD?(S<(M\.(SQ(
M1&F.&BK&$(HQI([W<UP:(7"3IH<:HH<[]1<O<[TTTOOT<<PHH;:

NB/@&?'(\-#@'(-%7(Y&23%(>"J.-%:(;<<T:(=>"".I(B"7&@UK#3@73%E(.""@/(C"$(B"@&A#@-$(
E$-FD3A/:L(0A.-(A$?/.-@@"E$-FD3A-:(1&A.3"%(X'(!3"@"E3A-@(A$?/.-@@"E$-FD?(W<(
M\.(H;(\.(HQ(MX&A&BK&$QI(;H;WUP;:(7"3IH<:HH<[]1<O<[TTTO<T<HOHSR:

N%73A"..'(8(0'(*(N(^"K@&'(N(_(`-$B-%'(^(!$"J%'(!(6-/B#//&%'(\(^#$/&'(-%7(4(^(
8"D%/"%:(HOOS:(=9D&(A$?/.-@(/.$#A.#$&("C(FHP/#AH'(-(FPTA7A;U3%.&$-A.3%E(A&@@(
A?A@&(A"%.$"@(F$".&3%:L(9D&(N*!a(b"#$%-@(HT(MSQ(M*-$AD(HQI(H<<TUHT:

+-7J3E&$'(8(0'(>(,3..&%K&$E'(*(X(*&%7&%D-@@'(-%7(1(5(6&&7:(HORO:(=9D&(
1-AAD-$"B?A&/(A&$&23/3-&(>Y1H(E&%&'(-(D"B"@"E("C(.D&(
1AD3c"/-AAD-$"B?A&/(F"BK&(/#AHd(E&%&'(&%A"7&/(-(/#K#%3.("C(.D&(>7A;R(
F$".&3%(G3%-/&(A"BF@&Z:L(*"@:(>&@@:(!3"@:(O(MSQ(M*-?(HQI(;<PTU;<TH:(7"3I
H<:HH;R]*>!:O:S:;<PT:

+-?@&/'(8'(1(02&/'(-%7(\(^#$/&:(HORW:(=/#AH(3/(-%(&//&%.3-@(E&%&(3%2"@2&7(3%(K".D(
.D&(A&@@(A?A@&(-%7(E$"J.D(3%(e3//3"%(?&-/.:L(9D&(N*!a(b"#$%-@(S(MH;Q(
MX&A&BK&$(HQI(PP[PUO:

+#.AD3%/"%'(N(`'(-%7(8(*(9D"$%."%:(HOOT:(=0($&23/&7(/&.("C(F".&%.3-@/(C"$(K&.-U
.#$%(C"$B-.3"%(3%(F$".&3%/:L(\$".&3%(/A3&%A&!I(-(F#K@3A-.3"%("C(.D&(\$".&3%(
1"A3&.?(P(MH;Q(MX&A&BK&$QI(;;<[UHW:(7"3IH<:H<<;]F$":SSW<<PH;<W:

5%#3'(^-"G3'(Y?"G"(Y3.-E-J-'(1&33AD3(*3J-'(9-G-?#G3(+-.."$3'(Y3%E"(>D37-'(
+3$"."/D3(^-G-B#$-'(-%7(*-/-."/D3(Y3.-E-J-:(;<<P:(=+3ED(&ZF$&//3"%("C(
>G/H(3%(D#B-%(%"%U/B-@@(A&@@(@#%E(A-$A3%"B-/:L(!3"AD&B3A-@(-%7(
K3"FD?/3A-@($&/&-$AD(A"BB#%3A-.3"%/(P<P(MPQ(M0F$3@(HHQI(O[RURT:

101



!"#$%&'#()*+#($%&'#(,'-%.*"#($%/0"#(*-"%1"#($%2*-#*'#(%!0#$%304*"+5%3%
6778"##$%"#9%:+#%1"#(;%<==>;%?@A+BB"#7%+CDB+))0'#%'E%2F)G%"#9%2F)<%
4'#7B0A-7+)%7'%DB')7"7+%7-8'B0(+#+)0)%A,%DB'8'70#(%DB'50E+B"70'#%"#9%
0#*0A070#(%DB'(B"88+9%4+55%9+"7*;H%6#7+B#"70'#"5%I'-B#"5%'E%4"#4+B;%/'-B#"5%
0#7+B#"70'#"5%9-%4"#4+B%G<J%KJL%K@-(-)7%GLM%NOJPNG;%9'0MG=;G==<Q0I4;<JNO>;

!+)50+$%@#9B+R%S%1;%<==T;%?U*+%0#7+(B"70'#%'E%8"4B'8'5+4-5"B%90EEB"470'#%9"7";H%
@47"%4B,)7"55'(B"D*04";%V+470'#%W$%X0'5'(04"5%4B,)7"55'(B"D*,%T<%KY7%GL%
K/"#-"B,LM%O>PNZ;%9'0MG=;GG=ZQV=[=ZOOO[=N=J[G=Z;

!'#(70#+$%3;%V;$%34\+#]0+$%@;$%JB9$%W+8"B0#0$%W;%/;$%V*"*$%^;%S;$%1"4*$%@;$%
XB"4*"7$%@;$%Y*050DD)+#$%Y;%_%YB0#(5+$%/;%`;%KG[[>L;%@99070'#"5%8'9-5+)%
E'B%a+B)"705+%"#9%+4'#'804"5%Y2`PA")+9%(+#+%9+5+70'#%"#9%
8'90b04"70'#%0#%V"44*"B'8,4+)%4+B+a0)0"+;%&+")7%GO$%[NJPTG;

342',$%@0B50+%/$%`"5E%1%SB'))+P\-#)75+a+$%Y"-5%W%@9"8)$%3"B7,#%W%10##$%!"-B+#7%
2%V7'B'#0$%"#9%`"#9,%/%`+"9;%<==Z;%?Y*")+B%4B,)7"55'(B"D*04%)'E7R"B+;H%
/'-B#"5%'E%"DD50+9%4B,)7"55'(B"D*,%O=%KY7%OL%K@-(-)7%GLM%TN>PTZO;%9'0M
G=;GG=ZQV==<G>>[>=Z=<G<=T;

3'B("#$%W%c;%G[[N;%?YB0#40D5+)%'E%2W\%B+(-5"70'#;H%^"7-B+%JZO%KTNG>L%K3"B4*%[LM%
GJGPO;%9'0MG=;G=J>QJZOGJG"=;

c9"+B7$%X+#'d7$%6)"A+55+%!"#9B0+-$%\5"")%W0IF)7B"$%S+"%V4*--B8"#P1'57+B)$%Y+7+B%
2")7++5)$%/+"#P304*+5%10+B-)]+)F0$%W0BF%6#]+$%`--9%V4*++F$%"#9%S-,%!0DD+#);%
<==<;%?V'5-70'#%^3`%)7-9,%'E%7*+%8'#'8+B04%E'B8%'E%DGJ)-4G%DB'7+0#%)*+9)%
50(*7%'#%7*+%*0#(+%B+(0'#%9+7+B80#0#(%7*+%"Eb0#07,%E'B%"%D*')D*'B,5"7+9%
)-A)7B"7+;H%U*+%/'-B#"5%'E%A0'5'(04"5%4*+80)7B,%<ZZ%KGOL%K@DB05%NLM%G<JZNP>G;%
9'0MG=;G=ZOQIA4;3GGGZOG<==;

Y"7B"$%W$%V%e%1"#($%@%\-8"("0$%"#9%1%S%W-#D*,;%G[[[;%?U*+%C+#'D-)%V-4GQ2F)%
DB'7+0#%DB'8'7+)%7*+%D*')D*'B,5"70'#%'E%SK<LQ3%B+(-5"7'B);H%U*+%/'-B#"5%'E%
A0'5'(04"5%4*+80)7B,%<ZO%KN<L%KW+4+8A+B%<OLM%JT>J[PO<;

Y"7B"$%W$%"#9%1%S%W-#D*,;%G[[T;%?e+PD[$%"%e+#'D-)%V-4GQ2F)%*'8'5'($%*")%
8-570D5+%+))+#70"5%B'5+)%0#%4+55%4,45+%4'#7B'5;H%S+#+)%_%9+a+5'D8+#7%G=%KG<L%
K/-#+%GNLM%GN=JPGN;

Y"a5+704*$%^%Y;%G[[[;%?3+4*"#0)8)%'E%4,450#P9+D+#9+#7%F0#")+%B+(-5"70'#M%
)7B-47-B+)%'E%29F)$%7*+0B%4,450#%"470a"7'B)$%"#9%20D%"#9%6^\O%0#*0A07'B);H%
/'-B#"5%'E%8'5+4-5"B%A0'5'(,%<>Z%KNL%K@DB05%GTLM%><GP>;%9'0MG=;G==TQI8A0;
G[[[;<TO=;

102



!"#$%&'()'*++,)'-.$//'010/$2'3$405"#6'783'4'38/$'783'95$'.:%';389$"#%)<'.=33$#9'
>"8/861!2'.?','@**A'@B8C$D>$3'*A2'*E++FGHI)

J"0543K%8#&'L'M&'.'N'N9=$/4#K&'('O58D4%&'!'J=%%$//&'4#K'N'P'J$$K)'*++H)'-L=D4#'
0QBR%'$#08K"#6'58D8/86%'87'95$'%D4//';EG.K0IST.K0IF4%%80"49$K';389$"#'
87'N4005438D10$%'0$3$C"%"4$'4#K'N05"U8%4005438D10$%';8D>$)<'V$#$%'W'
K$C$/8;D$#9'G'@SA'@R=6=%9A2'*EEIFGG)

J8=%%$4=&'X3$K$3"0&'('Y'N051D:8Z"9U&'L'J'Y"/:"#%8#&'4#K'['N'P9U54:")'IHH*)'
-O53$$FK"D$#%"8#4/'K8D4"#'%Z4;;"#6'"#';*E%=0*'800=3%'"#'95$'=#78/K$K'
%949$'4#K'"%'08#938//$K'>1'08#%$3C$K';38/"#$'3$%"K=$%)<'!380$$K"#6%'87'95$'
B49"8#4/'R04K$D1'87'N0"$#0$%'87'95$'\#"9$K'N949$%'87'RD$3"04'+S'@*HA'@]41'
SA2'^^+,F,H*)'K8"2*H)*H_ET;#4%)*H*^GIH+S)

N05"DD$/&'!'J&'4#K'!'('X/831)'*+,S)'-.8#783D49"8#4/'$#$36"$%'4#K'08#`"6=349"8#4/'
%949"%9"0%'87'08;8/1;$;9"K$%'08#94"#"#6'[F;38/"#$)<'(8=3#4/'87'D8/$0=/43'
>"8/861'EG'@*A'@]41'ISA2'*H^FIH)

N051D:8Z"9U&'('Y&'X3$K$3"0'J8=%%$4=&'L'J'Y"/:"#%8#&'R'X3"$K/$3&'4#K'['N'P9U54:")'
IHH*)'-a>%$3C49"8#'87'%"6#4/'934#%K=09"8#'"#'953$$FK"D$#%"8#4/'K8D4"#'
%Z4;;"#6)<'B49=3$'%93=09=34/'>"8/861'S'@*HA'@a098>$3A2'SSSF+I)'K8"2
*H)*HEST#%>*HH*FSSS)

N051D:8Z"9U&'('Y&'X3$K$3"0'J8=%%$4=&'4#K'['N'P9U54:")'IHHH)'-N$b=$#0$'
08#%$3C49"8#';38C"K$%'95$'>$%9';3$K"09"8#'87'95$'38/$'87';38/"#$'3$%"K=$%'"#'
;*E%=0*)<'(8=3#4/'87'D8/$0=/43'>"8/861'EH*'@*A'@R=6=%9'GA2'*++FIHG)'K8"2
*H)*HH,TcD>")IHHH)E+^S)

N$$/"6$3&']43:=%'R&'N4K"$'M'?3$Z43K&'4#K'[4=34'N'P9U54:")'IHHE)'-Y$4:'
088;$349"C"91'"#'95$'083$'04=%$%'4'%Z"905'"#'78/K"#6'D$054#"%D'>$9Z$$#'9Z8'
;389$"#%'87'95$'0:%'74D"/1)<'(8=3#4/'87'D8/$0=/43'>"8/861'EI^'@*A'@(4#=431'EA2'
*S+F++)

N$$/"6$3&']43:=%'R&'('Y'N051D:8Z"9U&'X3$K$3"0'J8=%%$4=&'L4##45'J'Y"/:"#%8#&'
4#K'[4=34'N'P9U54:")'IHHI)'-X8/K"#6'4#K'4%%80"49"8#'87'95$'5=D4#'0$//'010/$'
3$6=/49831';389$"#%'0:%5%*'4#K'0:%5%I)<'?"805$D"%931'G*'@GA'@(4#=431'I+A2'
*IHIF*H)

N$$/"6$3&']43:=%'R&']439"#'N;"0591&'N4K"$'M'd$//1&']43:'?103879&'N9$74#']'e'
X3$=#K&']439"#'d43;/=%&'4#K'[4=34'N'P9U54:")'IHH^)'-J8/$'87'08#783D49"8#4/'
5$9$386$#$"91'"#'K8D4"#'%Z4;;"#6'4#K'4K4;9$3'7=#09"8#'87'95$'.:%'
;389$"#%)<'O5$'(8=3#4/'87'>"8/86"04/'05$D"%931'ISH'@EGA'@R=6=%9'I,A2'
EHGGSF^+)'K8"2*H)*H_GTc>0)]^H*G^HIHH)

103



!"#$%&#'()#*#+%,'(-./&(0/+123"#4'(0%5"#&#(0%5"#&#'(06&%5(78,/&9#+'(2&#()%+46:'(
)%;"#/<()(=&#853'()%;"/</(>#?#+6'(#+@(A#+(A(B/&5"46C(DEEFC(GH<,/&#,%6+5(%+(
,"/(/I$&/55%6+(6.(,"/(;/<<(;J;</(&/?8<#,6&J($&6,/%+(;J;<%+(4%+#5/(58K8+%,(L(%+(
;6<6&/;,#<(;#&;%+69#CM(N#+;/&(LEE(OPQ(OH$&%<(LRQS(LTLR1DLC(@6%SLECLEEDU
;+;&CDELVDC

W#+?'(X'(#+@(!(2(Y//@C(LZZ[C(GW"/(N@41#556;%#,/@($&6,/%+(N45L(.8+;,%6+5(K6,"(%+(
\L(#+@(\D(%+(!#;;"#&69J;/5(;/&/:%5%#/CM(\/+/5(](@/:/<6$9/+,(V(ORQ(O)#JQS(
PDD1[DC

^#,56+'()(B'(X(068&+/'(H(!(H&:#%'()(_(B%;4/J'(H(!#+,%#?6'(!(`(0/&+5,/%+'(_(H(W#%+/&'(
#+@(!(2(Y//@C(LZZTC(GH(98,#,%6+(%+(,"/("89#+(;J;<%+1@/$/+@/+,(4%+#5/(
%+,/&#;,%+?($&6,/%+'(N45B5D'(%+,/&./&/5(a%,"(;J;<%+1@/$/+@/+,(4%+#5/(K%+@%+?(
#+@(K%6<6?%;#<(.8+;,%6+'(K8,($&/5/&:/5($&6,/%+(5,&8;,8&/(#+@(#55/9K<JCM(
_68&+#<(6.(96</;8<#&(K%6<6?J(DTL(ORQ(O!/$,/9K/&(TQS(TFT1RVC(@6%SLECLEETU
b9K%CLZZTCEFZEC

^/5,K&664'(`68%5/'(B#&%5"(c(Y#9#+#,"#+'(W#,J#+#(25#J/:#'(H+5"8(Y6J()%,,#<'(
d"%;#+(e8'()%;"#/<(A(_6"+56+'(7&#+;%5(\(=/&+'(!/<:#&#+?#+(>6++#3"#?#+'(
N<%+,6+(_(\&8KK5'(#+@(_#%@//$(f(W"6,,#55/&JC(DEEZC(GB%?"(N45L(/I$&/55%6+(%+(
,&#+5?/+%;(#+@(;#&;%+6?/+1%+%,%#,/@(9#99#&J(,896&5(%5(+6,(#<a#J5(
#;;69$#+%/@(KJ(&/@8;,%6+(%+($DV=%$LCM(2+,/&+#,%6+#<(b68&+#<(6.(6+;6<6?J([F(
ORQ(O)#JQS(LFDR1[LC

104



!"#$%&'()*(+&%&',-.-./(0$%-,#1(2"34$"3$&$%-5&(+&%&',-.#.%4(36(!748(

9-.5-./(

):8:(;.%'35<=%-3.

!"#$"%&&'()"#*$)'()%'+%,,'+-+,%'.&'/%0.1(%0'2-'+-+,.340%5%30%3('6.31&%&'

7806&9:'806&'1"%'"%&5#3&.2,%';#"'()%'5)#&5)#"-,1(.#3'#;')*30"%0&'#;'+%,,4+-+,%'

&(1$%'&5%+.<.+'(1"$%(&'7=2%"&1>'%('1,:'?@@AB'C#,('%('1,:'?@@D9:'E)%'5)#&5)#"-,1(.#3'

#;'()%&%'&*2&("1(%&'1('&5%+.<.+'&.(%&'130'(./%&'*30%",.%&'()%'12.,.(-'#;'()%'+%,,'(#'

%>%+*(%'1'/*,(.(*0%'#;'0.&+"%(%'-%('+##"0.31(%0'%F%3(&';#,,#G.3$'()%'1+(.F1(.#3'#;'

1'&.3$,%'%3H-/%:'

806'1+(.F.(-'.&'"%$*,1(%0'2-'1'F1".%(-'#;'/%+)13.&/&I'7J9'8-+,.3'2.30.3$'

2#()'1+(.F1(%&'()%'806'130'1;;%+(&'.(&'&*2&("1(%'+)#.+%'7K*""1-'?@@L9B'7?9'

M3).2.(#"&'.31+(.F1(%'806&'1('6%-'5#.3(&N'&*+)'1&'/.(#(.+'%>.('#"'5".#"'(#'O45)1&%'

%3("-'7O)%""'130'P#2%"(&'JDDD9B'7A9'806&'1"%'()%/&%,F%&'5)#&5)#"-,1(%0'2-'

2#()'1+(.F1(.3$'72-'8QR9'130'.31+(.F1(.3$'72-'S%%JN';#"'%>1/5,%9'%3H-/%&'

7R1,0.&'JDDDB'T#*,0'130'U*"&%'JDVD9'130'7L9'806&'1"%'0."%+(,-'1&&#+.1(%0'G.()'1'

&/1,,'5"#(%.3'+1,,%0'86&JN'G)#&%';*3+(.#3&'.3'806'"%$*,1(.#3'1"%'&(.,,',1"$%,-'

*363#G3'7C10G.$%"'%('1,:'JDVDB'!.3%&'JDDW9:'

86&J')1&'1'+#3&%"F%0'5#&.(.F%,-'+)1"$%0'5#+6%('()1('.&'+1512,%'#;'2.30.3$'

5)#&5)1(%&'130'5)#&5)#5"#(%.3&'7Q"F1.'%('1,:'JDDXB'RY.F#/Z$.N'[1,6N'[%3(1N'M#<.6N'

\%5.6*N']1,#$N'%('1,:'?@JJ9:'P%+%3('G#"6'&*55#"(&'1',#3$4&(130.3$'-%('*3F%".<.%0'

)-5#()%&.&'()1('#3%';*3+(.#3'#;'86&J'.&'(1"$%(.3$'806&'(#'5)#&5)#5"#(%.3'

&*2&("1(%&'7]#*"3%'%('1,:'JDDWB'RY.F#/Z$.N'[1,6N'[%3(1N'M#<.6N'\%5.6*N']1,#$N'%('1,:'

105



!"##$%&'()*&(+,-.(/*)*&)*&0..102.)3/&)4&5)6(.&-7&-58/1&1/*/012(&*(-9)46&.(0.&:;*#&

,1-<-./*&(+,/1,(-*,(-1+50.)-4&-7&0&4=<>/1&-7&<=5.),5+&,(-*,(-1+50./8&:8;&

*=>*.10./*&?@0.10&/.&05%&#AAA$%&B/&,1-,-*/&0&<-8/5&)4&9()2(&)4).)05&-1&C,1)<)46D&

,(-*,(-1+50.)-4E&20.05+F/8&>+&:8;*&-1&-.(/1&;)40*/*E&21/0./*&:;*#&8-2;)46&*)./*&

-4&<=5.),(-*,(-1+50./8&*=>*.10./*E&./.(/1)46&:8;*&.-&.(/)1&*=>*.10./*&048&

022/5/10.)46&7=1.(/1&,(-*,(-1+50.)-4&?G)6=1/&H%#$%&

& '-&)43/*.)60./&.()*&<-8/5&048&).*&,1/8)2.)-4*E&9/&4//8/8&.-&2(--*/&

1/,1/*/4.0.)3/&:8;&*=>*.10./*%&B/&=*/8&.(/&7-55-9)46&21)./1)0&)4&-=1&*/5/2.)-4I&

?#$&.(/&*=>*.10./&<=*.&>/&<=5.),5+&,(-*,(-1+50./8J&?!$&.(/&*=>*.10./&*(-=58&

051/08+&>/&;4-94&.-&7-1<&0&*.0>5/E&,1/7/10>5+&,(-*,(-1+50.)-4K8/,/48/4.&

2-<,5/L&9).(&:8;J&048&?M$&7-1&/0*/&-7&7=.=1/&6/4/.)2&/L,/1)</4.*E&.(/&0>-3/&

21)./1)0&<=*.&>/&*0.)*N)/8&)4&>=88)46&+/0*.%&'(1//&!"#$%&%'()(*%#:8;#&*=>*.10./*&

.(0.&</.&.(/*/&21)./1)0&9/1/&:82OE&P9/#E&048&P)2#&?Q)<=10&/.&05%&!""HJ&R013/+&/.&

05%&!""SJ&P2(4/)8/1E&T046E&048&G=.2(/1&#AAO$%&

106

!"#$%&'()*)'+,&'+&-,&%".#'/01&2'03'456*7/&1"8-&1'/$2-"6"-&'

9,06:,0%;28-"0.)'U)48)46&>/.9//4&*=>*.10./&048&:8;&0.&0&8)*.05&8-2;)46&*)./&

)48=2/*&,1-L)<).+&-7&088).)-405&,(-*,(-022/,.-1&*)./*E&8/21/0*)46&.(/)1&/77/2.)3/&

V<&048&,/1(0,*&)4N5=/42)46&*)./&2(-)2/&048&/4F+</&,1-2/**)3).+%&

!



!"#"$%"$&"'()"$*+#$,-"$'(#.,$,(/"$,-"$/+0"1203#$1+##"03,".$+*$45.67

8-+.8-+8#+,"()$9()&():;$<.():$,-"$45.6$8-+.8-+8#+,"()$1+).").2.$/+,(*=$%"$

(),#+&21"$3$.29.",$+*$4&5$.29.,#3,".$%-+."$8-+.8-+#>03,(+)$(.$/3>$9"$45.67

&(#"1,"&;$?()300>=$%"$"021(&3,"$(/8+#,3),$&",3(0.$+*$*2)1,(+)30$(),"#31,(+).$

9",%"")$4&5.$3)&$,-"(#$()-(9(,+#.$,-3,$3#"$/"&(3,"&$9>$45.6=$3..(:)():$45.6$3$

/+0"1203#$*2)1,(+)$()$4&5$#":203,(+)$,-3,$@30(&3,".$(,.$1+)."#@3,(+)$3)&$(,.$

#"A2(#"/"),$,-#+2:-+2,$,-"$1"00$1>10";$

!"#"$%&'()*'

!"#"$"%&'()*+(+*,-%.//(0/%123%45/$%6*78*79

$ B"$3.5"&$%-",-"#$45.6$(.$:")"#300>$()@+0@"&$()$,-"$*+#/3,(+)$+*$

8-+.8-+#>03,(+)7&"8")&"),$.,390"$1+/80"C".$9",%"")$4&5$3)&$(,.$.29.,#3,".;$

?(#.,$%"$8"#*+#/"&$3$A230(,3,(@"$9"3&793."&$8200&+%)$3..3>$*+#$45.6$9()&():;$

D2#('("&$!(.E74&1E$FGH$+#$!(.E7I%"6$FGH$%3.$8-+.8-+#>03,"&$9>$#"1+/9()3),$

4>1JK4&5L;$G-"$"C,"),$+*$8-+.8-+#>03,(+)$%3.$/"3.2#"&$9>$/3..$.8"1,#+/",#>$

3)&$%3.$30.+$+9."#@390"$3.$3)$"0"1,#+8-+#",(1$/+9(0(,>$.-(*,;$!(.E74&1E$FGH$

8-+.8-+#>03,(+)$%3.$1+/80","=$8-+.8-+#>03,():$300$*+2#$I"#KG-#7D#+$.(,".$

%(,-()$,-"$1+).,#21,;$M)0>$8-+.8-+#>03,"&$!(.E74&1E$FGH$(.$390"$,+$8200$&+%)$

NIG745.6$O?(:2#"$P;LQ;$!(.E7I%"6$FGH$8-+.8-+#>03,(+)$%3.$()1+/80","$O28$,+$

,-#""$8-+.8-3,".$3&&"&$30,-+2:-$"(:-,$I"#KG-#7D#+$/+,(*.$3#"$3@3(0390"Q;$

R)1+/80","$8-+.8-+#>03,(+)$+*$I%"6$FGH$/3>$()&(13,"$,-3,$&".8(,"$,-"$2.230$

8#+/(.12(,>$+*$4>1JK4&5L=$I%"6$(.$3$8++#$4>1JK4&5L$.29.,#3,";$!+%"@"#=$

9"132."$A23),(,(".$+*$409LK4&56$%"#"$0(/(,():=$4>1JK4&5L78-+.8-+#>03,"&$

107



!"#$%"&'%('#)%*+%,(--)."+%&''&/'0%1#',*2#%*+3.4,-#2#%,5.',5.6/-&2*.+7%

,5.',5.6/-&2*.+8)#,#+)#+2%9:'$%;*+)*+<%"&'%&-'.%.;'#6=#)%>.6%?*'@8!"#$%AB1%

CD*<(6#%E0FG0%%

% ?&=*+<%*)#+2*H*#)%4(-2*,-/%,5.',5.6/-&2#)%9):%'(;'26&2#'%"*25%&>H*+*2/%>.6%

9:'$7%"#%+#I2%&22#4,2#)%2.%*)#+2*>/%"5&27%*>%&+/7%'#J(#+3#%3.+2#I2%3.+26*;(2#'%2.%

25#%',#3*H*3*2/%.>%9:'$8,5.',5.'(;'26&2#%;*+)*+<0%K%'#6*#'%.>%?*'@89)3@%

3.+'26(32'%"#6#%3-.+#)%&+)%#I,6#''#)%2.%#I&4*+#%25#%#>>#32'%.>%6#4.=*+<%.+#%.6%

4.6#%,5.',5.6/-&2*.+%'*2#'%.+%9:'$%;*+)*+<%CD*<(6#%E0EG0%9)3@%AB1%

,5.',5.6/-&2#)%.+-/%&2%B56L%*'%'(>H*3*#+2%2.%,(--%)."+%9:'$7%"5*-#%9)3@%AB1%

,5.',5.6/-&2#)%&2%25#%256##%6#4&*+*+<%'*2#'%>&*-'%2.%,(--%)."+%9:'$%CD*<(6#%E0MG0%

N2%*'%*4,.62&+2%2.%+.2#%25&2%25#%3.+'26(32%-&;#-#)%OB6*,-#%P(2Q%*+%D*<(6#%E0M%*'%

&32(&--/%.+-/%&%).(;-#%4(2&+27%&'%!EF%"&'%6#=#62#)%;&3:%2.%O!Q%*+%&+%(+>.62(+&2#%

108

!

!"#$%&'()*)'+,-.'/"01-'234-534%6789&1'+1:;'<=>)'R!B89:'$%&+)%#*25#6%+.%

C-&+#'%$8SG7%(+,5.',5.6/-&2#)%C-&+#'%F8EG%.6%,5.',5.6/-&2#)%C-&+#'%M8@G%?*'@8

9)3@%AB1%"#6#%*+3(;&2#)%"*25%A*8ABK%;#&)'0%T#&)'%"#6#%25#+%"&'5#)%&+)%

#-(2#)%&+)%,6.2#*+'%>6.4%(+;.(+)%&+)%;.(+)%>6&32*.+'%"#6#%&+&-/U#)%;/%!1!8

VKRW%&+)%=*'(&-*U#)%"*25%9..4&''*#%'2&*+0%!"#$%&'()#&*(+,-%.



!"#$%$&'(%)*+,-'./01'23!4'./%,"1'506'7+)'!"#$13'+$3')1801$!13'9:';%""'<%$!*'%$'

5+:'=>>?'+$3')*#0"3'1@%)6')#(17*1/1'"+91"13'+)'A.(06B'(%$%'C-D'

!"#"#"$%&'()*)')*+,$-..'/.$012$34.5$6*(7*(8

' ;1'0)13'%)#6*1/(+"'6%6/+6%#$'!+"#/%(16/:'EF.2G'6#'(1+)0/1'6*1'9%$3%$&'

!#$)6+$6)'H#/'2I)J'+$3',*#),*#/:"+613'K.L'!#$)6/0!6)-'F.2'1@,1/%(1$6)'

109

!"#$%&'()*)'+,-.'/"01-'234-534%6789&1':;&.'<=>)'MN.O2I)J'+$3'1%6*1/'

0$,*#),*#/:"+613'E"+$1)'JO=GP',*#),*#/:"+613'E"+$1)'BOQG'#/'$#'E"+$1)'RO4G'S%)4O

N71J'K.L'71/1'%$!09+613'7%6*'K%=TOK.C'91+3)-'U1+3)'71/1'6*1$'7+)*13'+$3'

1"0613'+$3',/#61%$)'H/#('0$9#0$3'+$3'9#0$3'H/+!6%#$)'71/1'+$+":V13'9:'NLNO

WCMX'+$3'Y%)0+"%V13'7%6*'2##(+))%1')6+%$-'

!"#$%&'()()'+1?@'+40-9%$?9-''A-&1'"0'=3"-':9$16)'K#61'6*+6'A./%,"1'506D'%)'

!#//1!6":',/1)1$613'*1/1P'906'NQB'/1(+%$)'+')1/%$1'%$'#0/'1@,1/%(1$6)-'

!

!



!"#$%&'()*+,-+*.)!/*012*314*5%#)6*.768*9%+,*6%'%:-&*-;$%#%+<*-6*;=::<*

3,"63,"&<:-+()*.)!/*012*>?%@=&(*AB/CB*D"9(E(&F*+,(&(*%6*6"'(*-'5%@=%+<*%#*+,(*

G1.*&(6=:+6*+,-+*;=&+,(&*(H3(&%'(#+6*'-<*!:-&%;<B*G#*"#(*(H3(&%'(#+F*3.)!/*14*

;-%:6*+"*5%#)*.768F*9,%:(*+,(*6-'(*(H3(&%'(#+*&(3(-+()*6,"96*3.)!/*14*5%#)%#@*

.768*9%+,*I)*J*AK*LMF*9,%!,*%6*&()=!()*5=+*#"+*(:%'%#-+%"#*";*5%#)%#@B*G+*%6*

%'3"&+-#+*+"*#"+(*+,-+*+,(*N9(8*012*=6()*%#*+,%6*(H3(&%'(#+*%6*3&"5-5:<*#"+*

;=::<F*"&*3"66%5:<*(E(#*'=:+%3:<F*3,"63,"&<:-+()B*O))%+%"#-::<F**+,%6*(H3(&%'(#+*

9-6*"#:<*3(&;"&'()*"#!(F*-#)*+,(*6+"%!,%"'(+&<*%6*+&"=5:%#@F*6=@@(6+%#@*3&"+(%#*

!"#!(#+&-+%"#*'(-6=&('(#+*3&"5:('6B*P(*#-&&"9()*+,(*6(Q=(#!(*6=;$%!%(#+*;"&*

.768*5%#)%#@*+"*+,(*#%#(*&(6%)=(*3(3+%)(*NOGRGS31TR1IB*G#+(&(6+%#@:<F*+,(*

6(Q=(#!(*!"#+(H+*";*+,(*N9(8*012*.)7*6%+(*18U/*%6*E(&<*6%'%:-&*+"*+,-+*";*.)!/*

14*>VGRWS31TRXICF*5=+*+,%6*3,"63,"3(3+%)(*;-%:6*+"*5%#)*.768*%#*-#*G1.*

(H3(&%'(#+B*

110

!"#$%&'()*)'+,-./,-%0123&4'56'".'7&8&..2%0'294':$;<"8"&93';-%'=>.?'+$11@

4-A9'A"3,'=48B'75C)'YN1Z.768*-#)*(%+,(&*.)!/*314O*>:-#(6*8Z[CF*.)!/*1&%3:(*

M=+*>:-#(6*\ZAC*"&*9%:)Z+<3(*.)!/*012*>:-#(6*]Z/C*9(&(*%#!=5-+()*9%+,*0%[^-*

5(-)6B*_(-)6*9(&(*+,(#*9-6,()*-#)*(:=+()*-#)*3&"+(%#6*;&"'*=#5"=#)*-#)*

5"=#)*;&-!+%"#6*9(&(*-#-:<`()*5<*N2NZROYW*-#)*E%6=-:%`()*9%+,*.""'-66%(*

6+-%#B*!"#$%&'()*#+,-$#"(.%"/01%

!



111

!"#$%&'()*)'+,-',%./&0'12%'-3/*'.43'56&7'8"43"4#'92'-:07)'!"#$%&#$%'()*+,-.

/-01.234.5*6)&.+%.76"-./8&9:.;$6),.#$%&#$%'()*+,-./-01.234.76"-&.;6+$.<-.=.9>.

?@A.B$%&#$%'()*+,-.C;,9.234.7%D"-.;6+$.<-.=.E1.?@F.&,,.0*G,*+&.6".+,H+A.I@J.

=.I),H*"-,'.@A.J6'&0$6F.C@K.=.C,+$.@A.KD76"A.



112

0.0 0.5 1.0 1.5 2.0

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

-10 0 10 20 30 40 50 60 70 80 90 100

Time (min)

µ
ca

l/s
e
c

Molar Ratio

kc
a
l/m

o
le

 o
f 
in

je
ct

a
n
t

0.0 0.5 1.0 1.5 2.0 2.5

-2

0

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

-10 0 10 20 30 40 50 60 70 80 90 100110120

Time (min)

µ
ca

l/s
e
c

Molar Ratio

kc
a
l/m

o
le

 o
f 
in

je
ct

a
n
t

WT Cdc6 NTD WT pCdc6 NTD

0.0 0.5

-2

0

-0.30

-0.25

-0.20

-0.15

-0.10

-0.05

0.00

0.05
-10 0 10 20 30 40 50 60 70 80

Time (min)

µ
ca

l/s
e
c

Molar Ratio

kc
a
l/m

o
le

 o
f 
in

je
ct

a
n
t

 pCdc6 Triple Mut

0.0 0.5

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

-10 0 10 20 30 40 50 60 70 80

Time (min)

µ
ca

l/s
e
c

Molar Ratio

kc
a
l/m

o
le

 o
f 
in

je
ct

a
n
t

 pCdc6 T7A (AMH)

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

-4

-2

0

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

0.1
-10 0 10 20 30 40 50 60 70 80 90 100

Time (min)

µ
ca

l/s
e
c

Molar Ratio

kc
a
l/m

o
le

 o
f 
in

je
ct

a
n
t

 pCdc6 T7A (SMR)

-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5

-2

0

-0.4

-0.3

-0.2

-0.1

0.0

-10 0 10 20 30 40 50 60 70 80 90 100 110

Time (min)

µ
ca

l/s
e
c

Molar Ratio

kc
a
l/m

o
le

 o
f 
in

je
ct

a
n
t

pSwe1 NTD
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!!"#$%&'()$*+#),'#%,"()'%)#%-./*&*'+)#0,"%0,"1!2#0'0)*3'#."(#45%6#7*+3*+8#

9'#$3"0)'3#$#%0")#7:")#$00("$&,;#<=+),')*&#0,"%0,"0'0)*3'%#>?'+%&(*0)@#9'('#

&"A$:'+):=#&("%%1:*+5'3#)"#B<C#&$((*'(#0(")'*+#$+3#3*('&):=#%0"))'3#"+)"#DEFG#

H'H7($+';#I'H7($+'%#9'('#0("7'3#9*),#J*%K145%6#),$)#9$%#%-7%'L-'+):=#

3')'&)'3#-%*+8#$+)*1J*%1JMD#><$+)$#4(-N#B*")'&,@;#J*%K145%6#9$%#&,"%'+#)"#

H*+*H*N'#),'#0")'+)*$:#."(#+"+%0'&*/*&#'..'&)%#3-'#)"#$#?<!#)$8O#$)#),'#)*H'#".#),*%#

'P0'(*H'+)Q#9'#3*3#+")#,$A'#$#-%'.-:#='$%)#$+)*145%6#$+)*7"3=Q#$%#),'#<$+)$#4(-N#

B*")'&,+":"8=#$+)*1,-H$+#45%6RS#$+)*7"3*'%#.$*:'3#)"#3')'&)#?"%-(A(B+6+.(#45%6;#

T'#,$A'#%*+&'#$&L-*('3#$+)*1='$%)#45%6#$+)*7"3=#.("H#I$()#U""8Q#$:),"-8,#$)#),'#

)*H'#".#),*%#9(*)*+8#*)#,$%#+")#7''+#)'%)'3#*+#"-(#,$+3%;##!,'#<4B!#$+)*1J*%1JMD#

$+)*7"3=#$:%"#8'+'($)'%#A$%):=#&:'$+'(#7:")%#),$+#),'#V'::"88#:$7W%#$+)*1?<!#

0(*H$(=;#!,'#('%-:)*+8#%0")#7:")#%,"-:3#7'#*+)'(0(')'3#$%#L-$:*)$)*A'#$%#),'#

0'0)*3'#%)$()*+8#H$)'(*$:#9$%#&(-3'#0-(*)=#8($3'#$+3#),'('#9$%#+"#9$=#)"#

&"+)(":#."(#'./*&*'+&=#".#B<C#&("%%1:*+5*+8;#!,'#%,"()'%)#43&K#0,"%0,"1!2#0'0)*3'#
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?'@%'03')!!,'#%,"()'%)#0'0)*3'#&$0$7:'#".#7*+3*+8#45%6#9$%#%*P#('%*3-'%O#

,"9'A'(O#),'#K1H'(#XDX0!D!#.$*:'3#)"#7*+3Q#%-88'%)*+8#%0'&*/*&#%'L-'+&'#

('L-*('H'+)%#H$=#7'#H"('#*H0"()$+)#),$+#:'+8),;##



!"#$%&%'()*#+,*-.!/*0%(1%(2*34!*)5'*678',*9:;:<=>?;*@A%2",'*BCDEC*F%)5%(*)5'*

!48'*'G=',%8'()*3'*4H!+*1'8+(!),4)'1*)54)*!"0!)%)")%+(*+#*=5+!=5+!',%('*4(1*

=5+!=5+)I,+!%('*#+,*=5+!=5+)5,'+(%('*%(*)5'*-1&6*>D*!'J"'(&'*&+()'G)*

'H%8%(4)'!*-.!/*0%(1%(2C*9(*%88'1%4)'*=,%+,%)I*#+,*#")",'*3+,.*%!*)+*&+,,+0+,4)'*

)5'!'*,'!"H)!*J"4()%)4)%K'HI*"!%(2*&4H+,%8'),IC*

!"#"!"$%&'()*+*,-)*.($./$-$0123$0.(2'(242

>+*%1'()%#I*)5'*!'J"'(&'*1')',8%(4()!*+#*-.!/*=5+!=5+='=)%1'*

0%(1%(2L*3'*"!'1*M=+)!*='=)%1'*4,,4I!*@N%&54,1*-++.L*O:>*P%+=+HI8',!*

Q40+,4)+,IEC*R4&5*=+!%)%+(*+#*)5'*S8',*-1&6*>D*@M9:;:<=>?;>TE*34!*4H)','1*)+*

'4&5*+#*)5'*)3'()I*(4)",4H*48%(+*4&%1!C*-.!/*&+()4%(!*+('*&I!)'%('*,'!%1"'L*

-I!UVC*F'*+0!',K'1*)5'*(''1*)+*=,'K'()*#4H!'*=+!%)%K'!*1"'*)+*1%!"H$%1'*H%(.42'!*

%(*)5'*+G%1%W%(2*&+(1%)%+(!*+#*)5'*'G=',%8'()C*-+(!',K4)%K'*8")4()*-.!/*-UVM*

34!*2'(',4)'1*"!%(2*!%)'71%,'&)'1*8")42'('!%!*0")*#4%H'1*)+*0%(1*=+!%)%K'*&+(),+H*
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>D*='=)%1'*&+(X"24)'1*)+*PM9*+,*PM9*4H+('*34!*!=+))'1*%(*)5,''*1%##','()*

K+H"8'!*+()+*'4&5*8'80,4('C*O'80,4('!*3','*0H+&.'1*+K',(%25)*4(1*,+&.'1*

#+,*)3+*5+",!*4)*,++8*)'8=',4)",'*3%)5*Y6*Z2[8H*3%H17)I='*\%!67-.!/*+,*\%!67

-.!/*-UVM*%(*PH+&.%(2*P"##',C*O'80,4('!*3','*)5'(*34!5'1*4(1*=,+0'1*#+,*+('*

5+",*3%)5*/]^VVV*4()%7\%!67\N;*4()%0+1IC*O'80,4('!*3','*34!5'1*)5,''*)%8'!*

%(*>PM*4(1*1'K'H+='1*3%)5*M"=',!%2(4H*&5'8%H"8%('!&'(&'*,'42'()!C*



!"#$%&'(&!)!*+#)&$,-./01*)#&*,&234&56+0/7)&89:;9&'<+=&+=&!)$/>+17?&0+@)-&*<1*&

"A=BC&+=&+-&*<)&<+-0)&7)0+,-&D)*E))-&=*71-#=&FG&1-#&F8?&,-&*<)&,!!,=+*)&)-#&,H&

*<)=)&=*71-#=&H7,I&*<)&1-+,-JD+-#+-0&!,$K)*9&4=&1-&1>*)7-1*)&1!!7,1$<?&E)&$<,=)&

*,&1>KA>1*)&"A=BC&/=+-0&+,#,1$)*+$&1$+#&*,&0)-)71*)&L+=%J"K=MJ1>9&4>KA>1*+,-&E1=&

@1>+#1*)#&DA&I1==&=!)$*7,I)*7A&56+0/7)&89B;9&",-*7,>&)N!)7+I)-*=&=<,E)#&*<1*?&

1*&>)1=*&O/1>+*1*+@)>A?&1>KA>1*+,-&#+#&-,*&1HH)$*&!<,=!<,!)!*+#)&D+-#+-09&56+0/7)&

89MC;9&P-*)71$*+,-&,H&!/7+Q+)#&L+=%J"K=MJ1>&E+*<&!)!*+#)&=!,*=&E1=&#)*)$*)#&/=+-0&

1-&1-*+JL+=%&1-*+D,#A&$,-./01*)#&*,&LRS9&&
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!"#$%&'()*)'+,--'./&01%23&1%4'25'6"-789:-;',<='6"-789:-;8,>)'L+=%J"K=M&E1=&

*7)1*)#&E+*<&MC&IT&U''?&H,>>,E)#&DA&VW&IT&P44&H,7&GC&I+-/*)=&+-&*<)&#17K?&1-#&

*<)-&O/)-$<)#&E+*<&VC&IT&U''9&T1==&=!)$*7,I)*7A&=<,E=&1&01+-&,H&W(&#1>*,-=?&

$,77)=!,-#+-0&*,&1&01+-&,H&"VLGXV&1-#&1&>,==&,H&,-)&!7,*,-9&

- IAA + IAA

- IAA + IAA

pCdc6

BSA

!"#$%&'();?)'@>:4>,1"2<'A2&-'B21'@55&01'/9=07'CD'E&/1"=&'F"<="<#'12'6"-78

9:-;)'T)ID71-)=&=!,**)#&E+*<&!<,=!<,"#$%&'(&!)!*+#)&$,-./01*)#&*,&234&1-#&

234&E)7)&!7,D)#&E+*<&L+=%J"K=M&,7&L+=%J"K=MJ1>9&2+-#+-0&E1=&#)*)$*)#&E+*<&

1-*+JL+=%JLRS&1-*+D,#A&H,>>,E)#&DA&$<)I+>/I+-)=$)-$)9&



! "#$%&'('!)*!+,-%(.$/0!$11$&!02-01(30#/'!1040$%0+!$#!$5')%,/0!106,(1030#/!

*)1!-7)'-7)1&%$/0+!871!$#+!91)!$/!/70!:;!-)'(/()#!<=(>,10!?@;;A@!B,%C&!

7&+1)-7)5(.!10'(+,0'!<=D9DEDFA!G010!'/1)#>%&!-10*0110+!(#!/70!HI!-)'(/()#@!91)!

G$'!'/1)#>%&!+('*$4)10+!(#!/70!:I!-)'(/()#J!$'!G010!"1>!$#+!K&'!/)!$!%0''01!02/0#/@!

L#/010'/(#>%&J!5$'(.!10'(+,0'!G010!$%')!+('*$4)10+!$/!/70!:M!-)'(/()#J!(#!.)#/1$'/!

/)!/70(1!*$4)1$5(%(/&!(#!/70!N+C!.)#'0#','!OD8H9HPHQDR@!O0401$%!10'(+,0'!<NDSDTD

UD9DEA!G010!+('*$4)10+!(#!/70!H;!-)'(/()#@!870!4$1($#/!0**0./'!)*!',5'/(/,/()#!$/!

/70!H;!-)'(/()#!',>>0'/!(#/01+0-0#+0#.0!)1!10+,#+$#.&!50/G00#!/70!

.)#/1(5,/()#'!)*!%).$%!'06,0#.0!0%030#/'!/)!NC';!5(#+(#>@!V401$%%!/70!

',5'/(/,/()#!)*!5,%C&!7&+1)-7)5(.'!$/!/70!UH!$#+!NH/013(#(!)*!/70!-0-/(+0!G$'!

-10*0110+!*)1!5(#+(#>@!=)1!'0$1.7!-,1-)'0'!G0!+0W(#0+!/70!NC';!5(#+(#>!

.)#'0#','!$'!=D9DEDFHXNDSDTDUD9DEYH-8H9HX9Y@!
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!"#"$"%&'()*+,-.%/01%&2345)(5'4%67)%5+'%/148%/7-4'-424%&'92'-*'

! "#$!%&'(!)*+,*+-!./+'$+'0'!,$1*+$,!2)/3$!42'!0'$,!5/!'$26.#!5#$!7$2'5!

8$+/9$!:252)2+&!;444<=$2'5-$+/9$</6->!0'*+-!5#$!?255$6+!@25.#*+-!5//A!

;#55BCDD444<=$2'5-$+/9$</6-D.-*E)*+D?F"@F"%GD+B#EB25925.#><!"#$!6$'0A5'!

/H!5#*'!'$26.#!26$!'09926*I$,!*+!J*-06$!K<(L!2+,!FBB$+,*M!<!F!5/52A!/H!NOP!

'$Q0$+.$'!H6/9!ROS!TUJ'!4$6$!*,$+5*1*$,<!TH!5#$'$V!(LN!925.#$,!%,&!'0)'5625$'!

*,$+5*1*$,!*+!/+$!/H!54/!-A/)2A!%,&(E'0)'5625$!*,$+5*1*.25*/+!'50,*$'!;G/A5!$5!2A<!

LWWOX!Y)$6'2M!$5!2A<!LWWS><!"#*'!9$2+'!5#25!5#$!%&'(!B#/'B#/)*+,*+-!./+'$+'0'!

42'!H/0+,!*+!2BB6/M*925$A=!S(Z!/H!B0525*3$!%,&(!'0)'5625$'!./+'*,$6$,!#$6$!

;(LNDKWO><!"4$+5=E+*+$!B6/5$*+'!H6/9!5#$!B255$6+!'$26.#!925.#$,!'0)'5625$'!

*,$+5*1*$,!*+!)/5#!'50,*$'V!6$B6$'$+5*+-!2BB6/M*925$A=!SPZ!/H!5#$!NW!'#26$,!

'0)'5625$'<!TH!(RL!%&'(!B#='*.2A!2+,!-$+$5*.!*+5$62.5/6'!.252A/-$,!*+![*/8U\:V!LO!

4$6$!2A'/!H/0+,!*+!5#$!B255$6+!'$26.#!6$'0A5'<!F!./9BA$5$!'09926=!/H!5#$!B255$6+!

925.#*+-!6$'0A5'!.2+!)$!H/0+,!*+!5#$!]0BBA$9$+52A!^M.$A!J*A$!2../9B2+=*+-!5#*'!
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!"#$%&'()*+)',-.&/01"-'2&3%&4&5101"65'67'8011&%5'901-.'2&4$:14)'

409

128

# ORFS (# peptides)

CDK1 substrates

Matches

793 (896)

http://www.yeastgenome.org/cgi-bin/PATMATCH/nph-patmatch
http://www.yeastgenome.org
http://www.yeastgenome.org
http://www.yeastgenome.org/cgi-bin/PATMATCH/nph-patmatch


!"##$%&'&"()*+,-&-%$+$./$%"0$)&#+&(+!$1")$+&2$+34#5+/2(#/2(/$/&"!$+6")!")7+

8()#$)#-#+9"::+#&'%&+9"&2+&2$+#$;-$)8$+8()&$.&+(<+&2$+6$#&+="85+/%"0")7+#"&$>+?@*+

A&+9"::+6$+")&$%$#&")7+&(+")B$#&"7'&$+&2$+8(%%$:'&"()+6$&9$$)+34#5+6")!")7+'<1")"&C+

')!+<-)8&"()#+#-82+'#+/2(#/2(%C:'&"()+#"&$+/%"0")7+'6":"&C+')!+34#5D!$/$)!$)&+

3!4+")2"6"&(%C+'8&"B"&C*+E-%+8(::'6(%'&"()+9"&2+F'%&+G((7+'&+&2$+H)"B$%#"&C+(<+

?'%&->+I#&()"'+/%(B"!$#+'+7(:!$)+(//(%&-)"&C+&(+$./:(%$+&2$#$+%$:'&"()#2"/#+

4")$&"8'::C*+

!"#"$"%&'()%

+ 3()8-%%$)&+9"&2+&2$+'6(B$+9(%4>+9$+8(::'6(%'&$!+9"&2+&2$+G((7+7%(-/+&(+

/$%<(%0+8':(%"0$&%C+$./$%"0$)&#+9"&2+34#5+')!+/2(#/2(%C:'&$!+="85+8()#&%-8&#*+

?2$+G((7+7%(-/+2'!+"!$)&"1"$!+34#5D!$/$)!$)&+/%(8$##"B$+/2(#/2(%C:'&"()+(<+

="85+')!+/'"%#+(<+/%"0$%J'88$/&(%+3!4+#"&$#+")+&2$+-)#&%-8&-%$!+KD&$%0")':+

!(0'")+(<+="85*+?2$C+9')&$!+&(+4)(9+92"82+#"&$#+")+="85+8()&%"6-&$!+&(+34#5+

6")!")7>+')!+2(9+&2$+#$;-$)8$+8()&$.&+(<+&2$#$+#"&$#+'<<$8&$!+'<1")"&C+<(%+34#5*+

="85+8()#&%-8&#+#$)&+&(+-#+<%(0+&2$+G((7+7%(-/+9$%$+'0")(+'8"!#+5DL5L+M="85N3O*+

P2$)+/2(#/2(%C:'&$!+8()#&%-8&#+9$%$+#$)&>+/2(#/2(%C:'&"()+9'#+'##'C$!+-#")7+

Q2(#?'7+7$:#+')!+#'0/:$#+9$%$+'88(0/')"$!+6C+$0'":$!+/"8&-%$#+(<+7$:#*+R#+

$./$8&$!>+-)/2(#/2(%C:'&$!+="85N3+<'":$!+&(+6")!+34#5+M,"7-%$+S*5TO*+

Q2(#/2(%C:'&$!+="85N3+6")!#+34#5+9"&2+#"0":'%+'<1")"&C+&(+/2(#/2(%C:'&$!+3!8U+

K?V*+K(+#")7:$+/2(#/2(%C:'&"()+#"&$+9'#+#-<1"8"$)&+&(+6")!+9"&2+&2$+#'0$+'<1")"&C+

'#+<-::C+/2(#/2(%C:'&$!+="85N3+M,"7-%$+S*5SO*+?2$+#&("82"(0$&%C+(<+6")!")7+<(%+

9":!D&C/$+="85N3+9'#+6$&9$$)+TDS+34#5+0(:$8-:$#+/$%+0(:$8-:$+(<+="85N3>+
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!"##$!%&'#()"*%&+*$(,$-.$/(&'%$/-0%&1'!(-/$(01'%/&2"%&'#(%1(%3$(-++$-/-'0$(14(

3&#3$/(-45&'&%67(8,1(!$/&$!(14($9+$/&)$'%!(,$/$(+$/41/)$:7(83$(5&/!%(!$/&$!(

410"!$:(1'(%3$(!$;"$'0$(01'%$9%(14(-(!&'#*$(+31!+31/6*-%&1'(!&%$<(8==<(2$0-"!$(&%(

,-!(&:$'%&5&$:(-!(-(#11:(+/&)&'#(!&%$7(83$(!$01':(*11.$:(-%(%3$(-2&*&%6(14(!&'#*6(

+31!+31/6*-%$:(>&0?@A(01'!%/"0%!(%1(2&':(A.!?7(B1%$(%3-%(+31!+31>&0?@A(8==(

-++$-/!(&'(21%3(C&#"/$!(D7?=(-':(D7?DE(%3&!(&!(%1(&**"!%/-%$(%3-%(%3$(1/&#&'-*(

$9+$/&)$'%-*(01':&%&1'!(:&:('1%(-**1,(:$%$0%&1'(14(,$-.(2&':&'#(2$0-"!$(14(

$//-%&0(2-!$*&'$(2$3-F&1/(:"$(%1(G887(8-2*$(D7?(!"))-/&H$!(%3$(/$!"*%!(14(I8A(

$9+$/&)$'%!(!31,'(&'(C&#"/$!(D7?=J?D7
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Sic1!C Construct Cks1 Kd (µM)

pSic1!C 11 ± 2

pSic1!C T33 56 ± 12

pSic1!C -2P 23 ± 3

pSic1!C H1 20 ± 1

pSic1!C AB1 47 ± 9

pSic1!C T5 23 ± 13

pSic1!C T45 21 ± 4

pSic1!C S76 NB

pSic1!C T173 NB

pSic1!C T33S NB

Sic1!C NB

Sic1!C -2P NB

Sic1!C T33S NB

!"#$%&'()(&*+,,-.+"/+-0&1-0,/"0/,&2-3&14,)56+.)71&1-0,/38./,(&BK(L('1(

2&':&'#7(
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#*+,-"+.'*+/0'*+1'23*.23*40/-,"*+'.",15'())5'6",3'-//',31'*,314'!7(8'9:,-,1;',*'

<<='!"#$%&'>?8'".',31'.-91'-.'!"#$%&'())'@:,'.:@.,",:,1.'-'24*/"+1'"+',31'>?'

2*.","*+'*A'())5'"+#41-."+B',31'-AC"+",0'A*4'&D.$='!"#$%&'E$'".',31'.-91'-.'

241F"*:.'@:,'412/-#1.',31'.1G:1+#1'#*+,1H,'*A'())'6",3',3-,'*A'3".,*+1'E$'&;D$'

.",1'8IJ2(K8II<IIL',*',1.,',31'1AA1#,'*A';*6+.,41-9'/0."+1.'*+'&D.$'@"+;"+B='

!"#$%&'<M$'".',31'.-91'-.'241F"*:.'@:,'-'.,41,#3'*A'41.";:1.'NO>PQ'6-.'9:,-,1;'

A4*9'!((',*'<<<5'419*F"+B',31'23*.23*-##12,*4'!NO'A*4'63"#3'23*.23*40/-,"*+'

*A'())'24"91.='
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