I"HH$Y6&'&" ()*

*

*

H)ISUHE"), *&-$+%(.$*(/50%" () 1." 251 (3" )#") %" 4() +5.5(0%(&S$")*
96')+.$%16)'3"5#*

*

#789:;;<=*8>*
'9>*$?7: @A8<;B*4CDE<??A*

I<FAG;9<D;*CH*5B<9:1;G>*

*
*

*

"D*FAG;:A?*H77?H:??9<D;*CH*;B<*G<J7:G<9<D;I**
ICG*;B<*I<KG<<*CH*ICE;CG*CH*0B:?CICFB>*
SC?CGA=C*#,A;<*+D:L<Gl:;>*
ICG;*5C??:DIM*5C?CGA=C*

#799<G*NOPQ*

ICE:CGA?*5C99:::<<R*
'=L:ICGR*$G:E*%CII*
* 5C1'=L:ICGR*?AD*2<DDAD*

(?L<*0<<GI<D*
5BG:I*ES<GICD*



5CF>G:KB;*8>*'9>*$?: @A8<;B*4CDE<??A*NOPQ*

2?%%:KB; *%<I<GL<=*

*



'A#&%'5&*
*

*

H)ISUHE"), *&-$+% (.S (/0% () 1." 251 (3" )#") %" 4() +5.$(0%(&S$")*
90')+.$%16)'3"5#*

*

*

%:8CD7E?<CFGC;<:D*T%)0U*KGAD7?<I*AG<*9<98GAD<?<II*CGKAD<??<IM*ECIFG:I<=*(
8:D=:DK*FGC;<:DI*AD=*%)'M*;BA;*AG<*.D;<KGA??>*G<?A;<=*V:;B*;B<*E<??7?AG*|;G<II*G<IFCD
KGAD7?<I*AD=*FGCE<II:DK*8C=:<I*TF18C=:<IU*AG<*;B<*;VC*FG:9AG>*;>F<I*CH*%)0*KGAD77?<
G<L<GI:8?>*All<98?<*7FCD*|;G<IIW*'D;<G<I;:DK?>M*9AD>*CH*;B<*FGC;<:DI*;BA;*?CEA?.@<*;C
KGAD7?<I*AD=*F18C=:<I*ECD;A:D*AKKG<KA;:CD1FGCD<*FG:CD1?:S<*=C9A:DI*TOG.IIUW*/7G;E
97;A;:CDI*:.D*;B<*0G.!II*"CH*A*D798<G*CH*|;G<II*KGAD77?<1AlICE:A;<=*FGC;<:DI*BAL<*8<<D*?:D¢
LAG:C7I*"D<7GC=<K<D<GA;.L<*=:I<AI<IM*?<A=:DK*;C*;B<*:=<A*;BA;*AKKG<KA;:CD1FGC9C;:DK*
;B<I<*0G.II*EA7I<*;G<II*KGAD7?<*F<Gl:I;<DE<W*'?;CK<;B<GM*;B<I<*H:D=:DK*AEXI*AD*:9F CC
HCG*;B<I<*=C9A:DI*:D*;B<*=>DA9:EI*CH*;B<I<*All<98?:<IW**

"D*CG=<G*;C*KA:D*A*KG<A,;<G*7D=<GIl;AD=:DK*CH*BCV*0G.!I*ECD;G:87;<*;C*%)0*KGAD
8:C?CK>M*"*BAL<*;AS<D*,VC*=:HH<G<D;*AFFGCAEB<IW*&B<*H:GI;*VAI*;C*:DL<I;:KA;<*BCV*Ak
FGCO9C,;:DK*97;A;:CDI*AHH<E;*I;G<II*KGAD7?<*AD=*F18C=>*=>DA9:EIW*"*:D;GC=7E<=*LAG:C7I
AKKG<KA;:CD1FGC9C;:DK*97;A;:CDI*:D;C*;B<*0G.II*CH*=:HH<G<D;*;G<II*"KGAD7?<*AD=*F18C-=
AD=*AllI<|I<=*;B<*A8:?:;>*CH*;B<I<*KGAD77?<I*;C*=:1AlI<98?<M*B>FC;B<I|: @ :BBNBA;*;B<I<*97;A;
VCT7?=*EA7I<*%)0*KGAD7?<*F<Gl:|;<DE<M*AI*:I*C8I<GL<=*:D*=:I<AI<KW*"D;<G<I;:DK?>M*=<IF:;<
I7EE<IIH7??7>* DEG<AI:DK*;B<*AKKG<KA;:CD*FGCF<DI:;>*CH*;B<I<*0G.IIM*I;G<II*KGAD7?<I*AD
=C*DC;*F<GL:I;*AD=*EAD*<HH:E:<D;?>*=:IAlI<987<*AH;<G*|;G<II*G<?:<HW**

,:L<D*;BA;*AKKG<KA;:CD1FGC9C;:DK*97;A;:CDI*:D*0G.!I*CH*%)0*KGAD7?<*FGC;<:DI*HA:

EA7I<* KGAD7?<*F<Gl:l;<DE<M*"*;CCS*A*I<ECD=M*?<I1*;AGK<;<=*AFFGCAEB*;CVAG=1*7D=<Gl;



GC?<I*CH*;B<I<*=C9A:DI*:D*%)0*KGAD7?<IW*"*HCE7I<=*CD*.DL<I;:KA;:DK*BCV*0G.!I*"AG<*G<E
%)0*KGAD7?<I*8>*IEG<<D:DK*A*|<;*CH*0G.!I*"HCG*A8:?:;>*;C*All<98?<*.D;C*HCE.*7FCD*I;G<IIW\
"D;<G<I;:DK?>M*9AD>*0G.II*AG<*I7THH:E:<D;*;C*All<987<*.D;C*HCE:*7TFCD*LAG:C71*I,G<II<IM*V:
G<EGT7:;9<D;*;C*;G<II*KGAD7?<I*7FCD*B<A;*IBCESW*/7G;B<GICG<M*I<L<GA?*ECI9FCI:;:CDA?
C8I<GL<=*A9CDK*0G.!I*;BA;*AG<*AD=*AG<*DC;*I7HH:E:<D;*;C*All<98?<*7FCD*|;G<IIW*+|.DK*;B
8:AI<KIM*V<*BAL<*=<L<?CF<=*A*G<AICDA8?>*AEE7GA;<*ECIFCI:;:CD18AI<=*FG<=:E;CG*CH*0C
G<EGT7:;9<D;*:D;C*B<A;*IBCES1:D=7E<=*;G<II*KGAD7?<IM*VB:.EB*BAI*8<<D*H7G;B<G*LA?:=A;s
GA;:.CDA?*97;A;.CD*I;GA;<K:<IW*&B:I*FG<=:E;CG*:I*G<AICDA8?>*|7TEE<IIHMB*AK&R=E;.DK*VB
V:?2?7*All<987<*.D;C*I;G<II*KGAD 7?<I*7FCD*|;G<IIW*'==:;:CDA??>M*IEGA98?. DK*CH*0G.!*I<J7<DI
DC;*=:IIG7F;*G<EGT7:;9<D;*;C*l;G<II*KGAD7?<IW*&CK<;B<GM*;B<I<*G<I77?;I*I7KKED*;BA;*0G.!*?Cl

;C*;G<IPFKGAD7?2<I*:[*8Al<=*CD*EC9FCI:;:CD*GA;B<G*;BAD*FG:9AG>*I<J7<DE<W



'52)(X.$!, $35)&#*

*

*

* &B:I*YC7GD<>*;C*A*0B!*"BAI*8<<D*A*RBPIREGCRA=*DC;*BAL<*9A=<*;;* AQED<W*"*
=<<F?>*KGA;<H7?*HCG*;BCI<*VBC*BAL<*B<?F<=*9<*;BGC7KBW*
[:Gl;M*"*VC7?2=*?.S<*;C*;BADS*A??*CH*RA&MEAD B<*%CII*. A8*CL<G*;B<*><AGIM*
<IF<E:A??>*2AE>*0A7?*AD=*IGW*#<AD*5AIEAG:DAM*VBC*BAL<*8C;B*8<<D*KG<A;*G<IC7GE<I
HG:<D=I*HCG*9>*<D;:G<*KGA=7A,<*EAG<<GW*"*AFFG<E:A;<*>C7*,VC*A?VA>I*8<:DK*ALA:?A8’
IE:<D;:H:E*=:IE7Il.CDIM*AD=*H<<=8AES*CD*FG<I<D;A;:CDI*AD=*FGCY<E;IW*"*VC7?=*?.S<*;C*;1
A=L:ICGM*IGW*$G:E*%CIIM*HCG*:DI;:??:DK*:D*9<*<|I<D;:A?*IS:??I*; C*8<EC*A*|I 7TEE<IIH7?*|E:
AFFG<E:A;<*A??7*CH*;B<*A=L:E<*AD=*9<D;CG:DK*>C7*BAL<*K:L<D*9<M*AI*V<??*Al*;B<*CFFCC
<ZF?CG<*9AD>*=:HH<G<D;*AD=*EBA??<DK:DK*IE:<D;:H:E*J7<I;:CDIW**
* "*VCT7?7=*A?IC*?:5<*;C*;BADS*9>*HA9:?>*HCG*A?VA>I*I7TFFCG;:DK*9<*;BGC7KB*A??*CH*
I7TEE<II<I*AD=*HA:?7G<I*"[L<*BAL<*;BGC7KB*;B<*FAIl;*|.Z*><AGIW*"*VC7?=*<IF<E:A??>*?.S<*;C
=A=M*N\:OM*HCG*A??*CH*;B<*A=L:E<M*IE:<D;:H:E*ECDL<GIA;:CDIM*AD=*<DEC7GAK<9<D;*;BG(
<D=<ALCGW*&BADS*>C7*HCG*A?VA>I*8<:DK*I7TEB*AD*C7;|;AD=:DK*|E:<D;:H:E*GC?<*9C=<?W"
* [:DA??>M*"*VVC77?=*?:5<*,C*;BADS*9>*VCD=<GH7?*B7I8AD=M*3AZM*VBC*BAI*HA:;BH77??
9>*:=<*;BGC7KBC7;W*&BADS*>C7*HCG*A?VA>I*?:|;<D:DKM*K: L. DK*&=1<PENKIBEE7GAK:DK*
AD=*E7G:Cl:;>M*7D=<GI;AD=:DK*;B<*;G7TKK?<IM*AD=*A?VA>1*:DIF:G:DK*9<*; C*8%*;B<*8<|;*|E:<
EAD*8<W**

*



&'4.$*(/*5() &P) &H#*

*

'A#8.%%'5&ANWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWARWWWWWW
'52)(X.$!,$3%) &AANWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWVAAWWWWWW
5-'0&$%*()$SR*")&%6(1+5&" ) AWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWVY
96)0*,GAD72<MWWWWWWWWWIWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
#:G<I1*, GAD72<WVWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWA
0GCE<II:DK*4C=:<AWVWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
5COFAG:ICD*CH*#;G<II*, GAD7?<I*AD=*014C=:<*WWWWWWWWWWWWWWWWWWWWW\
3<EBAD:I91*CH*%)0* GAD72<*11<98 2> *W\WWWWWWWWWWWWWWWWWWWWWWWWWWY
0G:CD17?:S<*IC9A:DI*:D*%)0*,GAD72<AWWWWWWWWWWWWWWWWWWWWWWWWW\
:J7:=12:37:=*0BAI<*#<FAGA,;:CD*CH*%)0* GAD7?2<*0G C;<: DPWWWWWWWWWWWWWWW\
3<EBAD:I91*CH*%)0* GAD72<*1:] All<982>AVWWWWWWWWWWWWWWWWWWWWWWWWW!
5BAF<GCD<IAWVWWWWWWWWWWWWWIWWWWWWWWWWWWWWWWWWWWWWWW
'7:CFBAK>*AD=*:B<*+8:J7:::D10GC:<CICI<*#>1: <OAWWWWWWWWWWWWWWWWWWWWW
#<J7<DE<*$HH<E;[*CD*0G.*4<BAL:CG*WWWWWWWWWWWWWWWWWWWWWWWWWWW
#<J7<DE<*$HH<E;*CD*..0#*CH*0G.!'"WWWWWWWWWWWWWWWWWWWWWWWWWWW
#<J7<DE<*$HH<E;I*CD*KKG<KA;:CD*AD=*9>?C:=*/CGIA;:CD*CH*0G.! "WWWWWWWWWW
#:G<I1*, GAD72<I*: D*1: I < AI<AWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWN
II<Al< 1'1ICE:A;<=*37:A::CDI*:D*0G.! "WWWWWWWWWWWWWWWWWIWWWWWWWWWWA
'8<GGAD;*..0#*AI*A*3<EBAD:I9*CH*!:I<AI<1'lICE:A;<=*KKG<KA;: CD*WWWWWWWWWWWW\
I<H<E;I*:D*0c5*3AEB: D<G>*AI*A*3<EBAD:I9*CH*!:I<AI<1'lICE:A;<=*KKG<KA;:CDAWWWWWW
+D=<Gl:AD=:DK*0G.1*5CD;G:87;:CDI*;C*%)0* GAD7?<*I>DA9: EIMNVWWWWWWWWWWWWWW\
"DL<I;:KA;:DK*;B<*$HH<E; I*CH*KKG<KA;:CD10GCIC;:DK*37;A;:CDI*CD*%)0* GAD7?<*>DAG
WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWY
"DL<I;:KA;: DK*#<J7<DE<*I<;<G9:DAD;*CH*#;G<II1"D=7E<=*0G.!*1<98 2> WWWWWWWWWW
06$/$%%$)5SHWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW W
5-'08&$%*&X(R*)d$H&",'&"), *&-$*SIIS5&H#*(/*',,%$,'&"()10%(3(&"),*
3+&'&" ()#*()*&-$*014(16*0%(&S$")* #3WWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
"D;GC=7E;:CDWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWA
3A;<G:A?I*AD=*3<:BC=WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
#:GA:DI*AD=* ,GCV;B*5CD=:;:CDIAWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
5?2CD:DK*3<;BC="WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWV
37;A;:CD*I<]:KDAWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
(L<G<ZFG<II:CD*AD=*#;G<II*5CD=:::CDI"WWWWWWWWWWWWWWWWWWWWWWWWW\
5CDHCEA?*3:EGCIECF>WWWWWWWWWWWWWWWWWIWWWWWWWWWWWWWWWW
0/6<172: AWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
'KKG<KA;:CD10GCIC::DK*37;A;:CDI*$DBADE<*KKG<KA;:CD*CH*;B<*.I9]*0G."WWWWWWW
'KKG<KA;:CD10GCIC::DK*37;A;:CDI*$DBADE<*KKG<KA;:CD*CH*/7??1.<DK;B*.I9[AWWWWW
'KKG<KA::CD10GC9C;:DK*37;A;:CDI*:D*.I19]*IC*)C;*1:IG7F;*018C=>*%<ECL<G>*0CI; 1#;G<II* G
1<?<;:DK*0CG;:CDI*CH*;B<*.19]*0G.*IC<[*)C;*0G<L<D;*018C=>*11<982>*WWWWWWWWWW\
19]M\C:DI*014C=:<I* A;<G*:D*11<98 2> WWWWWWWWWWWWWWWWWWWWWWWWWWWA
11E711: CDAWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
06$/$%%$)5SHWWWWWWWWWWWWWWWWWWWWWWMWWWWWWWWWWWWWWWWWWW W



5-'0&3$%*&-%$SR*+)I$%#&)!"), *&-$*$//$5&H#*(1*0%(.")$*1$.$&" ()#*()*
&-$*,,%$,'&"()*0%(0S)#"&6*(/*0%" () 1."2$*! (3" /% (3+H&YoSHH*
96')+.$0%(&S$" Y HEWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
"D:GC=7E;:CDAWWWWWWWWWWWWWWIWIWWWWWWIWWWWWWWWWWWWWWWWWWA
3A:<G:A?I*AD=*3<;BC=WWWWWWWWWWWWWWWWWIWWWWWWWWWWWWWWWWWW
#:GA:DI*AD=* GCV;B*5CD=:;:CDIAWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
52CD:DK*3<:BC=AVWWWWWWWW\WWWWWWWWWWWWWWWWWWWWWWWWWWWY
(L<G<ZFG<II:CD*AD=*#:G<I[*5CD=:::CDIVWWWWWWWWWWWWWWWWWWWWWWWWV
5CDHCEA?*3:EGCIECF>AWWWWWWWWWWWWWWWIWWWWWWWWWWWWWWWWWW
&B:CH?AL:D*&*#:A: D: DKAVWWWWWWW\WWWWWWWWWWWWWWWWWWWWWWWWW
#1 1',$*3<:BC=PWWWWWWWWWWWWWIWWWWWWWWWIWWWWWWWWWWWWWWW
5BGCD:E*-<A:*#BCES*IIA>*WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
9%6<172: AVWWWWWWIWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
1<?2<;:DK*0GC?:D<*%<1:=7<I*HGCO*#:G<II* GAD7?<*0G.!I*:[*0G<=:E;<=*:C*'DEG<AI<*0G.!*
'KKG<KA;: CDWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
1<?2<;:DK*0GC?:D<*%<1:=7<I*HGCO*#:G<II*, GAD7?<*0G.![*$DBADE<I*/CE:*/CGOA;: CDAWWWV
1<?2<;:DK*0GC?:D<*%<1:=7<I*HGCO*#:G<II*, GAD7?<*0G.![*$DBADE<I*KKG<KA;:CDAWWWWW
'KKG<KA;:CD10GCIC;:DK*37;A;:CDI*IC*)C:*0G<L<D:*.CEA?: @A.:CD*:C*#: G<II* GAD7?<I"WW
1<?2<;:DK*0GC?:D<*%<I:=7<I*HGC9*;B<*0A8P*AD=*08FP*0G.![*IC<[*)C;*0G<L<D;*# G<II*,GAD
11 Al1<98 25> WWWWWWWWWWWWIWWWWWWWWWWWWWWWWWWWWWWWWWWWW
1<?2<;:DK*5BAF<GCD<*0GC;<:DI*|<?A>*0A8P*%<ECL<G>*H;<G*-<A:*#BCESAWWWWWWW\
1<?2<;:DK*0GC?:D<*%<|:=7<[*HGC9*;B<*0A8P*AD=*08FP*0G.![*IC<I*)C:*0<G;7G8*5<??*#7GL:l
+FCD*5BGCD:E*-<A;*#BCES*WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
1:IE711: CDAVWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
06$/$%%$)5SHWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWY
5-'0&$%*/(+YoR*H&YSHHL") 1+ 5SIHHS34.6*(/*0%"() 1. 251 (34" #*
#89%6(),.6%")/.+$)5$*46*5(30(#"&" () *WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWA
"D:GC=7E;: CDAWVWWWWWWWWWWWWWIWWWWWWWWWWWWWWWWWWWWWWWWWA
3A:<G:A?I*AD=*3<;BC=WWWWWWWWWWWWWWWWWIWWWWWWWWWIWWWWWWWWW
#:GA:DI*AD=* GCV;B*5CD=:;:CDIAWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
52CD:DK*0G.MWWWWWWWWWWWWWIWWWWWWWWWWWWWWWWWWWWWWWWW
37:A::CD*<I: KDWWWWWWWWWWIWWWWWWWIWWWWWWWWWWWWWWWWWWWWW
#:G<II*5CD=:;:CDIHWWWWWWWWWIWWWWWWIWWWWWWWWWWWWWWWWWWWWWA
5CDHCEA?*/27CG<IE<DE<*3:EGCIECF>WWWWWWWWW\WWWWWWIWWWWWWWWWWA
X<1:<GD*42C;;:DKAWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWA
0G.!*5CIFCI:::CD*DA?>I<MAVWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
'2KCG:;B9*,<D<GA.:CDWWWWWWWWWIWWWWWWWWWWWWWWWWWWWWWWWWW
9%6<172: AVWWWWWWIWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
0G.!I*/CG9*%<L<G|:8?2<*11<987?:<I*+FCD*-<A;*#BCES*WWWWWWWWWWWWWWWWWWW\
0G.!I*/CGO*# G<II1"D=7E<=*11<987:<I*:D*%<IFCDI<*:C*:HH<G<D;*# G << FWWWWWWWWW
5COFCI:;:CD*:I*;B<*0G:9AG>*I<:<G9:DAD;*CH*#; G<I|1"D=7E<=*11<98?2>*WWWWWWWWWW\
3C=72A;:DK*#;G<I11"D=7E<=*11<982>*WWWWWWWWWWWWWWWWWWWWWWWWWWW
1:IE711: CDAVWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
06$/$%%$)5SHWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWY
5-'0&$%*/" d$R*5()5. +#" () WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWA
'KKG<KA;:CD10GCIC;:DK*37;A;:CDI*:D*B<*.I9]*0G.*IC*)C:*:IG7F;*018C=>*1:|All<98?>*PPQ*
19]*/7:7G<*!:G<E;:CDIMWWWWWWW\WWWWWWWWWWWWWWWWWWWWWWWWWWWY



'KKG<KA;:CD10GC9C;:DK*37;A;:CDI*:D*:B<*0G.!I*CH*5CG<*#;G<II*, GAD7?<*0GC;<:DI*G<*)C;*
#THH:E:<D:*;C*0G<L<D:*#: G<II*, GAD72<*1:] All<98 2> WWWWWWWWWWWWWWWWWWWWW
#,G<II* GAD7?2<*0G.1*37;A;:CD*/7;7G<*:G<E;: CDI*WWWWWWWWWWWWWWWWWWWWW!
#,G<I11"D=7E<=*1<98?>*CH*0G.!I’"WWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
0G.I*#;G<II*11<987>*/7;7G<*!: G<E;: CD PWWWWWWWWWWWWWWWWWWWWWWWWWWV
06$/$%$)5SHAWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW!
'00$)!"e*()BR*&-$*$//S5&H*(/*3+&'&" ) H*()*&-$*',, %$,'&" ()*
0%(0$)#" &6*(/*&-$*-+3")*0%" O 1."2$*0%(&$")*-)%)0'N4PAWWWWWWWWWWWWWWWWW\
"D;GC=7E;:CDWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWA
3A;<G:A?[*AD=*3<;BC="VWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
6<Al;*#:GA:DI*AD=*3<=: AMWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
0G:CD*/CG9A;:CD*:D*6<Al; WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
X<I;<GD*42C; A WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWY
[25%# CESI*AD=*5772;7G < WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
0G<FAGA;:CD*CH*=77;*/?>*37IE?<*HCG*"997DCH?7CG<IE<DE<AWWWWWWWWWWWWW!
/2>*&BCGAE<I*/GAE;:CDA;:CD*0GC;CEC?WWWWWWWWWWWWWWWWWWWWWWWWY
"D*d:; GCHKKG<KA;:CD* IIA> *WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
96<172; AW WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
->=GCFBC8:E*AD=*GC9A;:E*%<|:=7<I*0GCIC;<*KKG<KA;:CDWWWWWWWWWWWWWWW
'==:::L <*AD=*5C9F<DIA;CG>*37;A;:CDIPWWWWWWWWWWWWWWWWWWWWWWWWWW\
f:FF<G*#<K9<D;I*AG<*)<::B<G*)<E<IIAG>*DCG*#7HH:E:<D;*HCG*0G:CD*KKG<KA;: CDWWW
$HH<E;I*CH*37;A;:CDI*:D*IGCICFB: 2AAWWWWWWWWWWWWWWWWWWWWWWWWWWW
"D*d:;GC*DA?>:I*CH*37; AD; AWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
11E711:CDAWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW
06$/$%$)5SHAWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW!



5-'0&$%*()$R*") &Y% (1+5&" ()*

*

*

"#$%8&'()*+,$5$

~CV*A*E<??*CGKAD: @<I*:;I"ECIOFCD<D;*:I*EG::;: EA?*HCG*FGCF<G*HADBI*CDW*(D<*VA>
EAD*ECIOFAG;9<D:A?: @<*E<G:A:D*ECIFCD<D;*AD=*G<AE;:CDI*:I*V:;B*CGKAD<??<IM*V/B:EB*/
8C7D=*8>*9<98GAD<IW*-CV<L<GM*G<E<D:*|:7=:<*BAL<*|BCVD*:BA:*E<??1*=C*DC;*D<E<IIAG:
9<98GAD<*;C*<J7<I;<G*<?<9<D;IM*AD=*EAD*:DI;<A=*FAG;:;: CD*ECIFCD<D;*:D; C*9<98GAD<?-
:DE?71:CDI*:D*8C;B*:B<*D7E?<7I*AD=*B<*E>;CF?AI9*TPUW*3AD>*CH*;B<I<*9<98GAD<?<II*CGH
ECDE<D:GA;<=*:D*9%)*AD=*FGC:<:D*AD=*BAL<*;B7I*8<<D*;<G9<=*G:8CD7E?<CFGC:<:D*T%)0
TNUW*&VC*CH*:B<*9CI;*ECI9CD*ECDI<GL<=*E>:CF?AI9:E*%)0*K GAD7?2<*;>F<I*AG<*|: G<II*KG;
FGCE<II:DK*8C=:<I*TF18C=:<IUW*#;G<I*KGAD7?<I*AG<*E>:CF?AI9:E*:DE?7I:CDI*:BA:*AG<*9ClI
ECOFCI<=*CH*:GADI?A::CD*:D:::A;:CD*HAE:CGI*AD=*DCD1;GADI?A;:DK*9%) I*T"M*|UW*&B<I<*K
HCG9*:D*G<IFCDI<*:C*:G<II*AD=*:B<D*=:II:FA:<*CDE<*:B<*|:G<IIH7?*ECD=:::CDI*AG<*<?:9:DA.<
B:I*9<EBAD:I9M*:B<*E<??*EAD*HCE7I*CD*:GADI?A;:DK*CD?>*B<*HAE;CGI*D<E<IIAG>*HCG*7
V::BC7:*=<KGA=:DK*C:B<G*9%) IW*DC:B<G*1:9:?AG*;>F<*CH*96)0*K GAD72<*:I*A*FGCE<II: DK*8(
8C=>UW*018C=:<I*AG<*:DE?7|:CDI*ECIFG:I<=*CH*9%) *Al*/<??*Al*=<EAFF:DK*AD=*=<EA>*HA
AG<*:BC7KB;*:C*I<GL<*AI*|::<I*CH*9%)*=<KGA=A::CD*AD=*I; CGAK<*TAUW*?;BC7KB*FG<I<D;*7
DCGOA?*E<??7?AG*ECD=:;:CDIM*F18C=:<I*:DEG<AI<*:D*8C;B*|: @ <*AD=*D798<G*7FCD*|:G<II*T
‘B<*:GADI:<D;*DA;7G<*CH*:B<I<*|:G7E;7G<IM*B:KB?>*G<L<G|:8?7<*AlI<98?>*CH* B<*ECIFCD<D
G<J7:G<=*HCG*DCGIA*E<??7?AG*H7DE;:CDW*-CV<L<GM¥*;B<*=<:A:?[*AD=*0<EBAD:I9I*CH*:B
AKKG<KA::CD*FGCE<II<I*G<9A:D*7DE?<AGW**
I"HBY00%68& #()*+$%E&&
* #:G<IFKGAD72<I*V<G<*:D:::A?2>*=: IECL<G<=*;BG<<*=<EA=<[*AKC*:D*;COA:C*F?AD:*E<"

;C*B<A;*IBCES*T_UW*+FCD*B<A;*IBCESM*9AD>*9%)'I*<DEC=:DK*B<A;*IBCES*FGC;<:DI*AG<*



FG<H<G<D;:A??>*,GADI?A;<=M*VB:?<*C;B<G*BC7I<S<<F:DK*9%)'I*=:IAll<98?<*HGCO*FC?>IC9<
I<J7<1;<G<=*:D*KGAD7?<I*HCG*;B<*=7GA;.CD*CH*;B<*I;G<II*T_UW*+FCD*G<ECL<G>M*;B<I<*D
9%)'I*AG<*G<?<Al<=*HGC9*;B<I<*KGAD7?<I*AD=*AG<*A87<*;C*G<I79<*;GADI?A;.CDM*.D=:EA;.I
AG<*8<:DK*|;CG<=M*GA;B<G*;BAD*=<KGA=<=*T_UW*#,G<II*KGAD7?<I*AG<*A?IC*FG<I<D;*:D*9
><AI*E<??IM*A?;BC7KB*;B<>*AllI<987<*8>*=:HH<G<D;*9<EBAD:I91*:.D*<AEB*EAI<*Tbh1POUW*3A
I;G<I*PKGAD7?<*All<987?>*:1*:D:;:A;<=*8>*B<*FBCIFBCG>?A;:.CD*CH*<"/N1A?FBAM*VB<G<AI*></

KGAD7?<*All<98?7>*:1*:D:;:A;<=*:D=<F<D=<D;?>*CH*<"/N1A?FBA*FBCIFBCG>?A;:CD*TbM*POUW

All<98?7>*AHH<E;<=*8>*G<AK<D;I*;BA;*:DB:8:;*; GADI?A;:.CD*TPPM*PNUW*#,G<II*KGAD7?<I*AG<
G<AK<D;I*;BA;*=<I;A8:?:@<*FC?>IC9<*All<98?>M*I7TEB*AI*E>E?CB<Z:9:=<*AD=*<9<;:D<M*87;*Al
7DAHH<E;<=*8>*G<AK<D;I*;BA;*|;A8:?:@<*FC?>IC9<*AllI<98?>M*I7EB*AI*F7GCO>B:P*TP UM*| 7K
I;G<II*KGAD7?<I*AG<*ECOFCI<=*CH*|;A??<=*;GADI?A;.CD*:D:;:A;:CD*ECI9F?<4<tW*&CK<;B<GM’
G<I7?;I*BAL<*?<=*;C*A*K<D<GA?*B>FC;B<I:I*;BA;*I;G<II*KGAD7?<I*HCG9*;C*I<J7<I;<G*BC7I<S<
9%)'IM*VB:?<*HG<<:DK*7F*;B<*;GADI?A;:CD*QAEB:D<G>*;C*I>D;B<l: @<*EBAF<GCD<I*AD=*C;B:=
EAFA8?<*CH*9:;:KA;:DK*|;G<IIH7?*ECD=:;:CDI*TPJUW**
ICG*><AGIM*;B<*ECIF?<;<*ECIFCI:;:CD*CH*I;G<II*KGAD7?<I*G<9A:D<=*<?7|:L<*=7<*;C*,
;GADI:<D;*DA;7G<*AI*V<??*AI*?AES*CH*A*=<?:9:;:DK*9<98GAD<W*"IC?A;:DK*| G=1I*KGAD 7 ?<I*¢
9<;BC=I*:1*;CC*BAGIB*;,C*G<ECL<G*A??*ECIFCD<D;IM*<IF<E:A??>*,BCI<*CD?>*,GADI:<D;?>*Al
-CV<L<GM*=<L<?CF9<D;*CH*D<V*;<EBD:J7<I*BAI*A??CV<=*;B<*:IC?A;.CD*AD=*:=<D;:H:EA;:CD’
D<V*I;G<II*KGAD7?<*ECOFCD<D;IW*";*VAI*G<E<D;?>*=:|[ECL<G<=*BA;*;B<*FGC;<DI*;BA;*AG<*
:D*;B<*:D;<G:CG*CH*I;G<II*KGAD7?<I*AG<*|;A8?7>*AlICE:A;<=*AD=*; BAKEADTCIEHECG<#*|;G<I|
AG<*;A8?7<*:D*?>|A;<I*TPAUW*XB:?<*;B<*ECIFCD<D;I*CH*;B<I<*ECG<I*EAD*8<*<Al:?>*:=<D;:H:
9AII*IF<E;GC9<;G>M*;B:1*9<;BC=*:1*;CC*BAGIB*;C*:IC?A;<*;GADI:<D;?>*AlICEBDRA?HAE; CGIW*'=

|;7=:<I*BAL<*<9F?C>)&&*-. *?A8<?:DK*I;GA;<K:<I*;C*H:GI;*?A8<?*AD=*;B<D*:IC?A,;<*;G<II*KGAD7



ECIOFCD<D;I*TPaM*P_UW*4<EA7I<*;B<*?A8<?:DK*CEE7GI*=7G:DK*;B<*F<G:C=*CH*|;G<II*:Dl:=<
HAE;CGI*;BA;*AG<*;GADI:<D;?>*AlICE:A;<=*AG<*A?|C*<HH<E;:L<?>*? A8< AP AD=*EAD*;B7|*8<’
<Z,GAE;<=*AD=*:=<D;:H:<=W*'?;CK<;B<GM*;B<I<*|;7=:<I*BAL<*:=<D;:H:<=*A*97EB*?AGK<G*KGC
FGC;<:DAE<CT7I*;G<II*KGAD7?<*ECDI;:;7<D;I*;BAD*CG:K:DA??>*;BC7KB;W*/7G;B<GICG<M*;B<
ECOFCI:;:CD*CH*I;G<II*KGAD7?<I*AFF<AGI*;C*8<*=<F<D=<D;*CD*;B<*;>F<*CH*|; G<II*;B<*E<??*:
;CM*AP*V<??2*AI*E<??* >F<*TPaM*PbUW*"D;<G<I;:DK?>M*9AD>*CH*;B<I<*D<V?>*=:|ECL<G<=*E(
I;G<I*KGAD7?<I*=C*DC;*<L<D*8:D=*9%)'M*I7KK<I;:DK*;BA;*9%)"*8:D=:DK*:I*"DC;*A*FG<G<J7:l;;<
FGC;<:DI*;C*AlICE:A;<*V:;B*I;G<II*KGAD7?<I*TPANUW*'9CDK*D<V?>*=I[ECL<G<=*FGC;<:D*EC9IF(
9<98<GI*CH*;B<*FGC;<:D*J7A?:;>*ECD;GC?*TOc5U*I>I;<9*AI*V<??*AI*G<9C=<?:DK*'&O0AI<I*TP/N
&B<I<*;VC*I>1;<9I*9A>*H7DE;:CD*;C*S<<F*KGAD7?<I*:D*A*IC?787?<M*G<L<GI:8?>*AllI<98?:DK*I; A
<DI7G<*;BA;*F<GI:I;<D;*AKKG<KA;<I*=C*DC;*HCGOW**
"D*A==:;:CD*;C*FGC;<:D*ECDI;:;7<D;IM*I;G<II*KGAD7?<I*A?IC*ECD;A:D*=:L<GI<*%)*EC9F
'2:BC7KB*9%)'I*9AS<*7F*;B<*9AYCG:;>*CH*;B<*%)"*;>F<I*HC7D=*:D*|;G<II*KGAD7?<IM*DE%)'I*A
?:DE%)'I*EAD*AEE797?A;<*V:;B:D*;B<I<*KGAD77?<IM*A?8<:;*;C*A*97EB*|9A??46*<Z;<D;*;BAD*9¢
TPQUW*9%)*IF<E:<I*V:;B:D*I;G<I*KGAD7?<I*AG<*J7:;<*LAG:<=W*"*V:=<*GADK<*CH*9%)'*AG<*
G<EGT7:;<=*;C*;G<II*KGAD7?<IM*V:;B*DC*FAG;.E7?AG*I78I<;*CH*9%)'I*8<:DK*FG<H<G<D;:A??>
TPQUW*/7G;B<GICG<M*=:HH<G<D;*;>F<I*CH*|;G<II*KGAD7?<I*AFF<AG*;C*G<EG7:;*:9:?AG*9Y
;BA;*;B<G<*:I*ICO<*IF<E:H:E:;>*V:;B*G<KAG=*;C*VB:EB*9%)'I*AG<*A87?<*;C*AlICE:A;<*TNOUW?*
* #,G<II*KGAD77?<I*AG<*;BC7KB;*;C*BAL<*A*?A><G<=*;G7E;7G<M*V:;B*9CG<*|;A87?>*AlICE
FGC;<:DI*HCG9:DK*A*ECG<*AD=*9CG<*?CCI<?>*AlICE:A;<=*FGC;<:DI*HCG9:DK*A*IB<??*AGCT
TPANUW*SL:=<DE<*BAI*IBCVD*;BA;*|;G<II*KGAD7?<*ECG<I*HCG9*FG:CG*;C*;B<*IB<??|*AD=*=:| A
AH;<G*;B<*IB<??I*BAL<*=:1I.FA;<=*TNPUW*5CDI:|;<D;*V:;B*;B<I<*G<I7?;IM*QAD B G<II*KGAD7?+
:D;<GAE;*V:;B*CD<*ADC;B<G*7D=<G*DCG9A?*ECD=:;:CDI*TPaM*P_UW*&B<I<*FG<1<Z:l;:DK*:D

FC;<D;:A??>*D7E?<A;<*|,G<II*KGAD7?<IM*FCII:8?>*Al*;B<*8<K:DD:DKI*CH*;B<*ECG<*I;G7E; 7G<



8<<D*C8I<GL<=*;C*HCG9*H:GI;*:D*I;G<II*KGAD7?<*AlI<98?>W*'?;BC7KB*|;G<II*KGAD7?<I*AG<*
CD?>*8<*FG<I<D;*7FCD*|;G<IIM*;B<I<*=A;A*|7TKK<I;*;BA;*;B<>*9:KB;*A?G<A=>*8XPEG<I<D;*7D=<
ECD=:;:CDIM*87;*AG<*;CC*I9A??*,C*C8I<GL<M*|:9:?AG*;C*F18C=:<[*T"M*aUW**
1#.0$%%,)1&2.3,$%&&
*|I<KECD=M*E?CI<?>*G<?A;<=*>F<*CH*%)0*KGAD7?<*:I*;B<*FGCE<II:DK*8C=>*CG*F18C-=
V<G<*H:Gl;*=:IECL<G<=*:D*><Al;*AlI*9:EGCIECF:EA??>*L:|:8?<*HCE:*<DG:EB<=*:D*9%)*=<EA>*
=<EAFF:DK*HAE;CGI*TNNUW*+FCD*I;G<IIM*F18C=:<I*EAD*:DEG<AI<*:D*8C;B*:@<*AD=*D798<
'?2,BC7KB*9%)'*EAD*8<*=<KGA=<=*A;*;B<I<*|;;<IM*F18C=>1AIICE:A;<=*9%)'*AG<*A?IC*A8?<*;C*
G<;7GD*;C*;GADI?A;:CDM*:D=:EA;:DK*;BA;*F18C=:<I*9A>*A?IC*H7DE;:CD*;C*I;CG<*;B<I<*9%)'[*T
A<EAT7I<*F18C=:<I*AG<*<DG:EB<=*:D*9%)"*=<EAFF:DK*AD=*=<EA>*HAE;CGIM*;B<>*V<G<*CG!K
;:BC7KB;*;C*FG:9AG:?>*8<*|:;<I*CH*9%)"*=<EAFF.DK*AD=*=<EA>g*BCV<L<GM*:;*VAI*?A;<G*=:IE
:BA;*9%)*=<EA>*EAD*A?IC*CEE7G*C7;l:=<*CH*;B<I<*<D;:;:<I*:D*;B<*E>;CF?AI* TN "UW*'D*HAE
=<EA>*:I*<L<D?>*=:l;G:87;<=*;BGC7KBC7;*;B<*E>;CF?AI9*TNaUM*:D=:EA;:DK*;BA;M*VB:?<*9%)"
EAD*CEE7G*:.D*F18C=:<IM*;B<>*AG<*?:S<?>*DC;*IF<E:H:E*|:;<I*CH*9%)*=<EA>W*'==:;:CDA??>|
CH*F18C=>*HCGY9A,;:.CD*=C<I*DC;*FG<L<D;*9%)*=<EA>*CG*E<??*L:A8:?:;>*TN_UW*?;CK<;B<G
I7KK<I;1*;BA;*F18C=:<I*9A>*8<*G<=7D=AD;*|:;<I*CH*9%)"*=<EA>M*CG*;BA;*F<GBAFI*CD?>*|<?<I
9%)'I*EAD*8<*=<KGA=<=*V:;B:D*;B<I<*KGAD7?<IM*><;*;B<:G*<ZAE;*H7DE;:CD*G<9A:DI*7DSDC!
* $77E:=A;:DK*;B<*ECOFCD<D;I*AD=*I;G7E;7G<*CH*F18C=:<I*:I*CD<*FCII:8?<*VA>*;C*8<K:LC
7D=<GI;AD=*;B<:G*;G7<*H7DE;:CDW*018C=:<I*HCG9*;BGC7KB*:D;<GAE;:CDI*: DLC?L:DK*=:HH<
AD=*%)'IM*V:;B*%)"*8<:DK*A*G<J7:G<9<D;*HCG*F18C=>*HCG9A;:CD*TN ' UW*"D;<G<I;:DK?>M*D
FGC;<:D*EC9FCD<D;*:I*D<E<IIAG>*HCG*F18C=>*HCG9A;:.CD*TNbUW*"D*HAE;M*G<E<D;*|;7=:<I
8C=<I*HCG9*8>*G<=7D=AD;*9<EBAD:I9IM*:D=:EA;:DK*;BA;*;B<*I799A,;,:CD*CH*:D;<GAE;:CDI*:1*C
‘9OFCG;AD;*;BAD*VB:.EB*IF<E:H:E*:D;<GAE;.CDI*AG<*<9F?C><=*TNQUW*018C=:<I*BAL<*8<<D*;E

ECIOFCI<=*CH*H<V<G*AD=*9CG<*IF<E:H:E*FGC;<:D*ECI9FCD<D;|*;BAD*|;G<II*KGAD7?<I*T"UQ*E



G<E<D:*:7=:<I*BAL<*7EE<IIH72?>*IC?A:<=*:B<9* C*9CG<*FG<E:|<?>*=<: IREFBC;BLECDI;:; 7<
ECO9FCD<D;*AD=*BAL<*=:|[ECL<G<=*A*8GCA=<G*GADK<*CH*ECDI::;7<D:I*;BAD*CG:K:DA??>* B
;7=>*ADA?>@<=*F18C=>*ECIFCD<D:|*:D*><Al:*8>*:997DCFG<E:F::A;:DK*:B<*F18C=>*FGC;<:D’
AD=*71:DK*9QAII*IF<E;GCI<;G>*:C*:=<D;:H>*ECIFCD<D;|*7D=<G*8C;B*DCGIA?*ECD=:;:CDI*AD="
ECD=:;:CDI*CH*;G<II*T OUW*&B:[*|;7=>*HC7D=*BA:*FGC;<:DI*:DLC?L<=*:D*FGC;<:D*HC?=:DKN
I>D;B<l:IM*AD=*K?>EC?>I:*AI*V<??*Al*; B<FEBAF<GCD<*FGC;<:D*6=YP*V<G<*ARPAIICE:A; <=*\
7FCD*;G<IIW***|<ECD=*I;7=>*<9F2C><=*H?7CG<IE<DE<1AE;:LA;<=*FAG;:E?<*|ICG::DK*:C*:|C?/
ADA?>@<*F18C=:<I*:D*9A99A?:AD*E<??I*T PUW*&B:I*|:7=>*L<G:H:<=*9AD>*SDCVD*ECIFCD<L
8C=:<I*AI*V/<??*Al*=:|ECL<G:DK*AD*<DG:EB9<D:*CH*9>CIl:DIW*&CK<;B<GM*;B<I<*|; 7=:<[*9A>*B
7DECL<G*:B<*H7DE;:CD*CH*F18C=:<IM*8>*:DL<I::KA;:DK*;B<*F7GFCI<*CH*;B<I<*D<V?>*=:|ECL
ECOFCD<D: IW**

4.56(#,%.)&. 7&!"#SY%%& #()*+$%&()38/82.3,$%&
018C=:<I*AD=*I:G<I*KGAD7?<I*AG<*|:9:?AG*E>;CF?AI9:EM*9<98GAD<?<II*CGKAD<??<IM*ECD:;
:GADI?A;:DK*9%)'IM*VB:EB*HCG9*7FCD*|:G<II*T/:K7G<*PWPUW*-CV<L<GM*F18C=:<[*AD=*|;G<

=C*BAL<*IC9<*=:];:DE;*J7A?:;:<IW*/.Gl;M*F18C=:<I*AG<*<DG:EB<=*:D*9%)*=<EA>*HAE; CGIM*VI

8C=:<I*AG<*:DLC?L<=*:D*9%)"*=<KGA=A;:CDM*VB<G<AI*I;G<IFPKGAD7?<I*AG<*?:S<?>*9CG<*|7:
9%)"*I;CGAK<W*'==:;:CDA??>M*F18C=<I*EAD*8<*9:EGCIECF.EA??>*C8I<GL<=*7D=<G*DCG9A?
TNNUM*VB<G<AI*;G<II*KGAD7?<I*AG<*CD?>*9:EGCIECF:EA??>*L:1:8?<*7FCD*,G<IPT]UW*-CV
I;7=:<I*BAL<*I7KK<I;<=*;BA;*;:D>M*:DECIF?<;<*|;G<II*KGAD7?<I*9A>*8<*FG<I<D;*7D=<G*DCG9/
ECD=:;:CDI*;CCM*87;*;B<>*EADDC;*8<*G<IC?L<=*8>*9.EGCIECF>*TPaM*P_UM*A*H:D=:DK*;BA;
;BA;*F18C=:<I*AG<*A;*?<Al;*?AGK<G*;BAD*I;G<II*KGAD7?<I*7D=<G*DCG9A?*ECD=:;:CDIW*/:DA
AD=*;G<II*"KGAD7?<I*EAD*=CESM*GA;B<G*;BAD*ECIF?<;<?>*9<GK<M*V:;B*<AEB*C;B<G*=7G:

F<GBAFI*<ZEBADK:DK*HAE;CGI*TQM* NUW*(D<*FCII:8?<*G<AICD*HCG*;B:I*8<BAL:CG*:I*;C*A~



A stress Granules

W\ = Translation Initiation Complex
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V<G<*:D;GC=7E<=*Al*:DI<G;:CDI*GA;B<G*;BAD*178lI;:;7;.CDI*;C*<DI7G<*;BA;*DC*<HH<E;*CH*AD
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VAI*?<H;*C7;*CH*H7G;B<G*ADA?>[:I*8<EATI<*;;*|,AG;<=*C7;*:D*;B<*D7E?<7I*AD=*A??*C;B<G*F(
ADA?>@<=*V<G<*:D:;:A??>*E>;CF?AI9:EW*
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GC?2<*CH*#S>P*.D*|;G<II*KGAD7?<*=:11C?7; EB{THBA;; 7=IW
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A Foci (+) No Foci (-)

Prt1 Cos111 Apg13 Mca1 Hrr25 Tif4631

46°C 30°C

2hr 30°C

*

B 46°C

GFP-PrLD Pab1-mCh Merge

Rpi1 Apg13

Trm1

] )&+SNTR&T' . ($H&HD,$'&+$,)BB.@ . +(7$ 745 &+1+&,.*C$', +5:*+$)64($:TEN;10G. m

HGCO9* <AEB* FGC;<:D* V<G<* H7l<=* :C* :B<* 51:<G9:D7I* CH* /0* AD=* :9AK<=* 7D=<G* DCG9A
ECD=:::CDI*AD=*AH:<G* 0*9:D7;<I*CH*B<A; BCHSA*BA;*HCG9<=*HCE:*7FCD*B<A;*IBCES*
V<G<*A?IC*9AK<=*AH;<G*N*BC7GI*CH*G<ECL<G>*FGBYB<A/BAES B IK*0G. [*V<G<*
EQ<ZFG<II<=*V/:;B* 0ASP195B* Al* A* |:G<II* KGAD7?<* 9AGS<G* ;:C* AIRD* ECBUERZI@A
KGAD7?2<IW*5<?22[*V<G<*<ZFCl<=*C* 0*9:D7:<I*CH*B SARIBCES X §AK: DK\W**



A Sky1 Cdc39 Ded1 Trm1 Rsc8 Rpi1 Al3 Vac14 Cdc73 Siz1

30°C

46°C

2hr 30°C

w

Pub1 New1 Sup35 Ubp3 Ccr4 Sro9 Mfg1 Pam1 Pin4 Gis1

46°C

30°C

Mex67 Tda7 Hrk1 Yck2 Crz1 Vac7 Ths1
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. v & «

-1 )&+$N102$3+&7".($#&HD,$'&+$,)BB.@ . +(7$74$8++&,..*CS', +5: - HBA4PBLU*HGCO*
<AEB*FGC:<:D*V<G<*H7l<=*:C*;B<*51:<G9:D7I*CH* /0* AD=*:9AK<=*7D=<G*DCGBI?*KGCV;B*
AD=*AH:<G* 0*9:D7:<I*CH*B<A:*|IBER&AOR.!I*:BA*AG<*I7THH:E:<D:*: C*HCGO*HCE:*7FCD*B<A
IBCESW*&B<I<*0G.!I'V<G<*A?IC*9AK<=*AH;<G*N*BC7GI*CH*G<ECL<G 35V 28BS A BCES*A:* O
‘BA*AG<*DC:*I7HH:E:<D;*:C*HCG9*HCE:*7FCD*B<A:*|BCESW*

30°C

46°C

*



X<*D<Z;*AlIS<=*VB<;B<G*;B<I<*0G.!I*"V<G<*?CEA?:@:DK*;C*|;G<II*KGAD7?<IW*$AEB*0G.!
All<98?<=*7FCD*I;G<II*VAI*EC1<ZFG<II<=*V:;B*95B<GG>1;AKK<=*0A8PM*A*SDCVD*|;G<II*KGA|
FGC;<:D*T NUW*5<??1*V<G<*<ZFCl<=*;C*BAMBEIDAI A7 ;<I*AD=*EC?CEA?:@A;:CD*CH*
0A8P195B*AD=*<AEB*0G.!*VAI*<LA?7A;<=W*#,G:S:DK?>M*A??*CH*;B<*All<987:DK*0G.!I*EC?CE
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95B*T=A;A*DC;*IBCVDUW*
1#=%&E #5&!"#$%%8H)3*0$3& @%%$5C+,$%&,)&;$%6.)%$&".&:, 77$#3$)"&!"#$%%$%&

IHH<G<D;*I;G<II<I*G<I77?;*:D*I;G<II*KGAD7?<I*ECD;A:D:DK*=:HH<G<D;*FGC;<:D*EC9FCD
X<*B<G<HCG<*<I;<=*VB<;B<G*C7G*0G.!II*VC7?=*IBCV*|:9:?AG*G<IFCDI<I*; &*C;B<G*|; G<II<IW*
<ZFCl<=*;B<*|A9<*0G.!I*;C* 019:D7;<*;G<A;9<D;I*V:;B*<:;B< G*OM/BIEBIG<I7?;1*:D*
CZ:=A;:L<*I;G<IPT " UM*CG*a*93*ICG8:E*AE:=M*VB:EB*EAT7I<I*F-*I,G<I*T JUW*"'D;<G<I;:DK?>M*C
0G.1I*IBCV<=*:19:?AG*8<BAL:CG*AEGCII*;B<*LAG:C71*I;G<II<Ig*A?;BC7KB*I?:KB;?>*H<V<G*0G.!l
All<987?<=*D*G<IFCDI<*;C*CZ:=A;.L<*AD=*F-*I,G<II*Tb*AD=*PO*0G.!IM*G<IF<E;:L<?>UM*<L<G>’
;BA*AlI<98?7<=*7D=<G*<:;B<G*CH*;B<I<*;VC*I;G<II<I*A?IC*AllI<98?<=*:D*GIECDI<*;C*B<A;*I;G<
T:K 7TG<H]WAM*/:K7G<*|Wal]W _M*AD=*&A8?<*|WPUW**
4.56.9%,",.)&,%&"?$&/# S(#A&:$"$#5,)()"&. 7&!"#$%%8H)3*0$3& @ % %$5C+A&

&B<*;<k=Z0G.II*FGCL:=<*A*7I<H77?*=A;Al<;*;C*<ZA9:D<*;B<*I<J7<DE<*H<A;7G<I*;BA;*FGC!
[;G<II1:D=7E<=*AlI<98?>W*4<EA7I<*;B<G<*:I*<L:=<DE<*;BA;*A9:DC*AE:=*EC9FCI:;:CD*ECD;G:8
KG<A;?>* C*..0#*CH*0G.II*TPalPbUM*V<*H:GI;*<ZA9:D<=*VB<;B<G*<AEB*A9:DC*AE:=*VAI*CL<(
7D=<G1G<FG<I<D;<=*A9CDK*;B<*FGC,;<:DI*;BA;*AllI<98?<=*7D=<G*<AEB*I;G<IIW*#,G:S:DK?>M*
EQFCI:;:CDA?*8:AI<I*V<G<*ECDI:I;<D;*AEGCII*A??*;,BG<<*|;G<II<IW*5BAGK<=*AD=*B>=GCFBC¢
V<G<*CL<GG<FG<I<D;<=*:D*0G.!I*;BA;*V<G<*AllI<98?<=*:D*G<IFCDI<*; C*<AEB*|;G<IIM*VB<G<A

K?7,A9:D<M*AIFAGAK:D<M*FGC?:D<M*AD=*A?AD:D<*V<G<*CL<GG<FG<I<D;<=*:D*0G.!I*;BA;*=:
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Foci (+) No Foci (-)
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- &AHSNIBEHD, $@'($',,+5:*+$.(3&+,64(,+$74$4S.8'7.1+$'(8$6YS$, 7&*\+AG.II*HGCO*
<AEB*FGC;<:D*V<G<*H7l<=*:C*:B<*51:<G9:D7I*CH* /0*AD=*:9AK<=*7D=<G*DCG9A?*KGCV;B*EC
AD=*AH;<G* 0*9:D7:<I*CH*:DE78A::CD*V:;B*C&*O*AD7:<I*CH*:DE78A;:CD*V::B*a93*
ICG8:E*AE:=W*
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A Cdc39 Trm1 Al3 Vac14 Cdc73

30°C

NaN

m.

30°C

NaN

Dat1 Tda7 Hrk1 Yck2

NaN, 30°C

30°C

NaN

-1 )&SNIRRHD,$@'($',,+5:*+$.($&+,64(,+$74$4S.8'7.1+$, 784G .| *HGCI*<AEB*FGC;<:D*
V<G<*H7I<=*;C*;B<*51;<G9:D7I*CH* /0*AD=*:9AK<=*7D=<G*DCG9A?*KGCV:B*ECD=:;:CDI*AD=*/
9:D7;<I*CH*:DE78A;:CD*V:;B*OWAWS&)G.I*:BA:*AG<*I7THH:E:<D;*;C*HCG9*HCE:*7FCD*CZ:=A.:L-
:G<IIWE0G.1I*;BA;*AG<*DC:*|I7HH:E:<D;*: C*HCGO*HCE *7FCD*CZ:=A;:L<*; G<IIW*
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30°C

W  Sorbic Acid

30°C

Sorbic Acid

Grr1 Crz1 Vac7 Thbs1

-/ )&t$N1fR&HD, $@'($',,+5:*+$.($&+,64(,+$74$6Y $, 74506 . I*"HGCI*<AEB*FGC;<: D*V<G<*
H71<=*,C*;B<*51;,<G9:D7I*CH*,/0*AD=*:9AK<=*7D=<G*DCG9A?*KGCV;B*ECD=:;:CDI*AD=*AH;<G*
9.D7,<I*CH*.DE78A,.CD*V.,B*a93*ICGS.B’%—.WTBA,*AG<*I7HH.E.<D,*,C*HCG9*I—I-@E.*7FCD*F
I;G<IIW=0G.!II*;BA*AG<*DC;*I7HH:E:<D;*;C*HCG9*HCE:*7FCD*F-*I, G<IIW*

30°C

Sorbic Acid
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I;G<I11=<F<D=<D;*AlI<9@ITFE<*|WbM*/:K7G<*|WQM*AD=*&A8?<*|WNUW*&B<I<*ECOFCI:;:CDA?*
AG<*I7GFG:|:DK*|:DE<*;B<>*ECD;GA=:E;*;B<*H<A;7G<I*;BA;*9AS €0& PG @ DETOBIW*
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,.L<D*;B<*ECOFCI:;:CDA?*8:AI<I*C8I<GL<=*A9CDK*AlI<98?>1FGCD<*0G.!IM*V<*<ZA9:D<=
VB<;B<G*;B<I<*8:Al<I*V<G<*|7THH:E:<D;*;C*FG<=:E;*VB.EB*0G.!I*"VC7?=*IBCV*|;G<II1:.D=7E<=*
All<98?>W*4<EA7I<*;B<*ECIFCI:;:CDA?*8: Al<I*V<G<*|.9:?AG*AEGC I RINVPR<BIBL ET | <=*
C7G*HC??CV17F*.DL<I;:KA;:.CDI*CD*B<A;*I;G<IIW*/CG*<AEB*A9:DC*ABR=<MBV<*EA?E7?A;<=*;B<
HG<J7<DE>*CH*CEE7GG<DE<*A9CDK*AII<98?>1HCG:DK*TFCI:;:L<U*0G.!I*AD=*DCD1AII<987?>
TD<KA;:L<U*0G.IW*&B<I<*LA?7<I*V<G<*7I<=*;C*EA?E7?A;<*A*?CK1C==I*GA;:C*HCG*<AEB*AQ9:
G<FG<I<D;:DK*;B<*=<KG<<*CH*CL<G*CG*7D=<GG<FG<I<D;A;:CD*CH*;BA;*A9:DC*AE:=*:D*0G.!
All<98?:<I*T&A8?<*|W UW*&C*IECG<*;B<*FG<=:E;<=*All<987?>*AE;:L:;>*CH*<AEB*0G.!M*HCG*</
AE:=*V<*977?;:F?:<=*B<*HG<J7<DE>*CH*CEE7GG<DE<*CH*;B<*A9:DC*AE:=*.D*;B<*0G.!*8>*;B<*
GA;.:C*HCG*;BA;*A9:DC*AE:=M*AD=*;B<D*|799<=*;B<I<*LA?7<I*T&A8?<*|WPUW**
#,G:S:DK?>M*;B<*Q*B:KB<I;*IECG:DK*0G.I*A??*HCG9<=*|;G<II1:D=7E<=*AllI<98?:<IM*VB:’
PP*?CV<I;*IECG:DK*A??*HA:?<=*;C*AllI<98?<W*&C*<LA?7A;<*;B<*AEE7GAE>*CH*;B<*FG<=:E;C!
AD*;;<GA;:L<*?<AL<1CD<1C7;*ADA?>|:I*HCG*A??*CH*;B<*0G.!I*AD=*F?C;;<=*;B<*G<I77?;:DK*G<I
CF<GA;:DK*EBAGAE;<G:I;:E*T%(BKTEABMPOD'UW*&B<*AG<A*7D=<G*;B<*E7GL<*T'+5U*CH*OW
HCG*C7G*FG<=:E;CG*.D=:EA;<I*A*G<AICDA8?>*KCC=*FG<=:E;.L<*A8:?:;>W*4>*ECD;GAI;M*;GA
FG<=:E;:CD*A?KCG:;BII*V<G<*DC;*<HH<E;:L<*A;*FG<=:E;:DK*|;G<II1:D=7E<=*AlI<98?>*CH*0G.!
0'0™* TN U*>:<?=:DK*AD*'+5*CH*OWA]M*AD=*0."5*TN]U*>:<?=:DK*AD*'+5*CH*OWN]W*&B:I*H7G
ECDH:G9I*;BA;*;B<*EC9FCI:;:CDA?*G<J7:G<9<D;I*HCG*FG:CD*HCG9A;:.CD*AD=*;BCI<*HCG*G«<l|

‘D=7E<=*AllI<98?:<I*AG<*=:|;:DE;W**



B Positives (+)
[ Negatives (-)

50 Charged (HDEKR) 40 Hydrophobic (ILVM) Polar (QNST)
= c (=

70
2 p=0.0116 p=0.0473 p=0.0600 ) p=0.0213 p=0.0085 p=0.0119 £ p=0.0531 p=0.0090  p=0.1229
o o o)
o Q a 50
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o 3 20 o)
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C C { ong
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Stress Condition Stress Condition Stress Condition *

- )&HSN1\2$34564,.7.4(*$:." +,$'54(/$',,+5:*.(/$'(8$(4(9', +5:*.(/$#&HD,1$  ACZ*F?C;I*
=<F:E;:DK*ECOFCI:;:CDA?*8:Al<I*C8I<GL<=*A9CDK*AlI<98?>1HCG9:DK*T8?7<*8CZ<IU*AD=*DCI
All<98?>1HCG9:DK*TCGADK<*8CZ<IU*HCG*<AEB*|:G<IIW*-#VB<A:*IBCESM*)A) VIC=:79*A@:=<*
AD=*#'vICG8:E*AE:=*;G<IIW*&B<*?<H;19CI:*F?C;*=<F:E;|*:B<*F<GE<D:*ECIFCI:;:CD*CH*EBAGK
AE:=I*T-M*IM*$M*2M*AD=*9%U*A9CDK*;B<*AlI<98?>*AD=*DCD1AI|<987>1HCG9:DK*0G.!IM*;B<*9
=<F:E;I*:B<*F<GE<D:*EC9FCI:;:CD*CH*B>=GCFBC8:E*A9:DC*AE:=I*T"M*. M*dM*AD=*3U*A9CDK*
All<98?2>*AD=*DCD1AII<98?>1HCG9:DK*0G.!IM*AD=*:B<*G:KB;19CI;*F?C;*=<F:E;|*;B<*F<GE<D;*
ECOFCI:;:CD*CH*FC?AG*A9:DC*AE:=I*TcM*)M*#M*AD=*&U*A9CDK*;B<*AlI<98?>*AD=*DCD1AlI<
HCG9:DK*0G.!IW*

* % F T X7



I Positives (+)
[ Negatives (-)

Alanine (A Cysteine (C) Aspartic Acid (D) Glutamic Acid (E
. . . . . 6.
10.0 A 4 20 -
7.5 1 4
5.0 A 2 104 - - s ® .
2 .
a iﬁ ﬁ !* A
[ 04 : i : 0 4
NaN3 NaN3 HS NaN3 SA NaN3
Phenylalanine (F Glycine (G) Histidine (H) Lysine (K
> : 15 A : . < 110.0 A
8 T 20 -
7.5 1
6 15 - 10 A
5.0 1
41 )
a > . 251
21 5 4 :
04 01 . . ) : 0.0 -
NaN3 A NaN3 A HS NaN3 SA NaN3 A
S Isoleucine (l) Leucine (L) Methionine (M) Asparagine (N
= 8 4 e 5 5
= |
3 6 10.0 10
Q
S 7.5 1 20 -
o 4 4
O 5.0 4 5
b 24 i
c i 10
8 > H
& 0 0.0 01
o NaN3 A NaN3 A NaN3 A NaN3 A
Proline (P) Glutamine (Q) Arginine (R) Serine (S)
| - B . . . . .
20 7.5 1
o = : 20 A
el 5.0
10 A
10 A j ! 2.5 - 10 -
0 L T O L T T T 0‘0 L T T
NaN3 HS NaN3 SA NaN3 NaN3
Threonine (T) Valine (V) Tryptophan (W) Tyrosnne (Y)
10.0 - N 15 - '
10 A
7.5 1 |
2 10
5 5.0 1
2.5 1 T 11 >
04 0.0 04 0 A
NaN3 NaN3 NaN3 NaN3
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-/ )&+3$N1]2$34564,.7.4(*$..",+,$'54(/$',,+5:*.(/$'(8$(4(9',,+5:*.(/$#&HD, 1% ACZ*F?C:I*
=<F:E;:DK*:B<*F<GE<D;*EC9FCI:;:CD*CH*<AEB*A9:DC*AE:=*A9CDK*A??*AlI<987?>1HCG9:DK*T8
AD=*A??*DCD1AII<98?>*HCG9:DK*TCGADK<*8CZ<IU*0G.!II*HCG*<AEB*|;G<IIW*-#vB<A:*IBCESN
)A) VIC=:79*A@:=<*I;G<IIM*AD=*#'VICG8:E*AE.=*|;G<IIW*01LA?7<I*HCG*<AEB*A9:DC*AE:=*HCG’
I;G<II*AG<*?:l;<=*:D*&A8?<*|WNW*
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A S
— di =0.
e A Range
PAPA(AUC=0.54) Nrp1 0.16 226-315
u Rpo21 0.14 405-486
< Pbp1 0.13 13-94
(]
= | Nab6 0.10 446-530
§ 5 Whi3 -0.16 400-484
= T
E o = | | W | | Ngr1 2 552-641
0 02 04 06 08 1 Tif4632 -0.23 52-133
False Positive Rate
Hrp1 -0.35 326-441
C Nrp1 Rpo21 Pbp1 Nab6 Whi3 Ngr1 Tif4632 Hrp1

30°C

- 1 )&+$N10_2$34564,.7.4($.,$'$6&+8.@ 74&$4BS#EHDE 5 +RAX % (5*F 2C; *=<FE; I* B<*
HA?I<*FCL:; L<*GA<*L<GI7I*B<*;G7<*FCl:;:L<*GA;<*HCG*C7G*|;,G<II1:D=7E<=*All<98?>*FG<=E
;B<*FG:CD*FG<=:E;:CD*A?KCG:;B9I*0'0*AD=*0."5M*A?CDK*V:;B*+5*LA?7<I*T:DI<;UW*0G.!I*HGC
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