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@.?01#70*(;-A+)#)-.*1-A#,+(#*:0#70*(;-A+)#/0./-1#$%&'D#

<>&# +.?@)+.C# /*+7@A+# H0DCD# >MN# (.?# PENL# 1(B+?A2# ()*+,(*0# B-/*/2.(B*+)#

*1(./A(*+-.(A#7():+.012# +.#-1?01# *-#B1-?@)0#R02#B1-*0+./# +.,-A,0?# +.# *:0# +.?@)*+-.#

(.?#7(+.*0.(.)0#-"#<>&#H8(/(?+-#0*#(AD6#KQQQS#5@T-G/R+#0*#(AD6#3JJJLD!!!.#*:0#B10/0.)0#

-"# B1-*0+.# /2.*:0/+/# +.:+;+*-1/6# <>&=+.?@)+.C# /*+7@A+# B1-?@)0# /:-1*=*017#

B-*0.*+(*+-.6# 20*# "(+A# *-# B1-?@)0# A(/*+.C# <>&# H'1@C# 0*# (AD6# KQUVS# E102# 0*# (AD6# KQUUL"!!

P-G0,016# <>&# +/# @.(""0)*0?# +"# B1-*0+.# /2.*:0/+/# +.:+;+*-1/# (10# (??0?# W@/*# ("*01# *:0#

*0*(.@/# H8(77(AA01+# 0*# (AD6# 3JJXLD# # <(*0=&:(/0#<>&#0A+)+*0?#;2#0+*:01#PEN#-1#>MN# +/#

0A+7+.(*0?# ;2# *:0# 7>Y9# +.:+;+*-1# 1(B(72)+.D# # E@1*:016# 8(77(AA01+# #$! %&"#

?07-./*1(*0?#(# )1+*+)(A# *+70#G+.?-G#-"# 1(B(72)+.# /0./+*+,+*2# +.# +.:+;+*+-.#-"# <>&Z#

0OB-/@10#*-#1(B(72)+.#?@1+.C#*0*(.+)#/*+7@A(*+-.#+/#/@""+)+0.*#*-#B10,0.*#0OB10//+-.##
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=&>>!&?!@AB!.9"C!!:"!#µ$!%&'(&)*+,-!(1676*8>!4D-4E,'6+<386+!=&>>!&?!@AB!.*/5"C!!4,

:"! D*>68F! 16(16>6*838<76! ?GBHB! 813%6>! >I&J*!J616! 83K6*! L!'<*)86>! (1<&1! 3*+! #M2!

'<*)86>! 3?861! >8<')=38<&*C! ;"! #µ$! %&'(&)*+,-! 3N&=<>I6>! 9:;,'6+<386+! 4$BO!

3%8<738<&*C! ! H=<%6>!J616! <*%)N386+! <*!4-HP! .*/M"Q!#2'$!9:;!.*/R"!&1!N&8I!#2!'$!

9:;!3*+!#µ$!%&'(&)*+,-!.*/5"!?&1!S2!'<*)86>C!T(/2C2229C!G11&1!N31>!>I&J!>C6C'C!
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!"#$%&#'(!#)!*+,#-.'/+01.22.--/+3#/'#.-45#677894##:"#;<&=#.>'3?.'3!@#+/A+/,,/,#2%BC#

,3D@.-3@D# '!# 3@)3E3'# $%&5# ')/@# 2/'"!+23@# /FA!,*+/# ,!-/-G# H*+3@D# ')/# ,'32*-.'3!@#

A+!'!>!-# ,)!*-H# E/# ,*""3>3/@'# '!# A+/?/@'# $%&# /FA+/,,3!@4# # I3D*+/# 64JK# ,)!(,# ').'#

2/'"!+23@# .H23@3,'+.'3!@# H*+3@D# %KL# "!--!(/H# EG# (.,)M!*'# 322/H3.'/-G# ."'/+#

,'32*-.'3!@#D/@/+.'/,#.#-!,,#!"#$%&#,323-.+#'!#').'#,//@#3@#')/#>!@'3@*/H#A+/,/@>/#!"#

2/'"!+23@# 0>!2A.+/# '!# I3D4# 64N94# %!# ,)!(# ').'# ')3,#(.,# @!'# H*/# '!# A/+,3,'/@>/# !"#

2/'"!+23@# ."'/+# (.,)# !*'5# 2/'"!+23@# (.,# .HH/H# .@H# (.,)/H# !*'# A+3!+# '!#

,'32*-.'3!@5# (3')# @!# /""/>'# !@# $%&# 0I3D4# 64J;94# # ;-,!5# .HH3'3!@# !"# 2/'"!+23@# ."'/+#

,'32*-.'3!@#"!+#')/#+/2.3@3@D#')+//#)!*+,#).H#@!#,3D@3"3>.@'#/""/>'#!@#$%&#2.D@3'*H/#

0I3D4#64J194##%)3,#+/,*-'#,*DD/,',#').'#.#>+3'3>.-#A/+3!H#!"#2/'"!+23@O;<&=#,/@,3'3?3'G#

/F3,',#H*+3@D#')/#3@H*>'3!@#A).,/#!"#$%&5#()3>)#!?/+-.A,#(3')#')/#2%BC#H/A/@H/@'#

A/+3!H#H/"3@/H#EG#1.22.--/+3#!"#$%4#

%!#/FA-!+/#')/#+!-/#!"#2%BC#3@#;<&=#2!H*-.'3!@#!"#$%&#(/#'!!P#.H?.@'.D/#

!"#')/#!E,/+?.'3!@#').'#'+/.'3@D#,-3>/,#(3')#')/#;<&=#3@)3E3'!+,#>!2A!*@HM1#!+#.+.M

;5# 3@# ')/#.E,/@>/#!"#6QR#!+#2/'"!+23@5#+/,*-',# 3@#)GA/+MA!'/@'3.'3!@#0I3D4#64S;94# # :"#

;<&=#3@)3E3'3!@#+/,*-',# 3@#)/3D)'/@/H#$%&#H*/#'!#H/M+/A+/,,3!@#!"#2%BC#,3D@.-3@D#

')/@#3@#')/#A+/,/@>/#!"#')/#2%BC#3@)3E3'!+#+.A.2G>3@5#>!2A!*@HM1#,)!*-H#).?/#@!#

/""/>'4# # I3D*+/# 64SK# ,)!(,# ').'# .,# +/A!+'/H# EG# !')/+,5# +.A.2G>3@# /-323@.'/,# $%&#

3@H*>/H# EG# %KL4# # 1!2A!*@HM1# ".3-,# '!# /-/?.'/# $%&# 3@# ')/# A+/,/@>/# !"# +.A.2G>3@#

,*DD/,'3@D#').'#;<&=#2!H*-.'3!@#!"#$%&#+/T*3+/,#2%BC#,3D@.-3@D#.@H#').'#2%BC#3,#

H!(@,'+/.2#!"#;<&=4##:@#.DD+/D.'/5#')/,/#A)G,3!-!D3>.-#2/.,*+/2/@',5#'!D/')/+##
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!"#$%&'()*)''+,-.'/01"2/1"34'5$66%&55&5'78-'9"1:"4'/'1";&<%&51%"01&='9"4=39"!

+#!$µ%!&'()*+&,-!./0!/11'1!23!&,-4('0!5+,*+!(*!678!/-1!./09'1!*4(!,&&'1,/(':;!

5+,*+! (*!678! <-=>#"! ! ?6@!/(!A>3!&,-4('0!5*0(!678!./0!'B4/:! (*! C*-(+*:! <-=AD#E!>#!

&'()*+&,-!./0!/11'1! ,&&'1,/(':;!5+,*+! (*!678!/-1!./09'1!*4(! ,&&'1,/(':;!/)('+!

678!<-=>#"!!?6@!./0!+'14C'1!(*!F3G!*)!C*-(+*:!<5=3"3AD2#"!?#!&'()*+&,-!./0!/11'1!

$!&,-!/)('+!0(,&4:/(,*-!)*+!(9'!14+/(,*-!*)!(9'!'H5'+,&'-(!<-=$#"!!?6@!/(!A>3!&,-4('0!

./0!0,&,:/+!(*!C*-(+*:"!!I*-(+*:!1/(/!,-!J,K"!$L!,0!+'5+*14C'1!,-!J,K"!$7!/-1!J,K"!$I!)*+!

C*&5/+,0*-"! ! M-0'(N!O'5+'0'-(/(,P'!)Q@8@!(+/C'0!09*.-!.'+'!(/R'-!S!&,-4('0!5+,*+!

(*!/-1!A>3!&,-4('0!/)('+!678"!!Q++*+!T/+0!09*.!0"'"&"!
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/+012")03!3345#"'6"$33µ%"767-8"/+012")03!339:#"6;<*=><"?+"@;?A@>;+;,")'>;+>?7>?'+"

7B>;6"CDE"&'()76;,">'"8.EF"7='+;"/+0$9#!""=#"$µ%"67)7(G&?+"6;<*=><"?+"<*))6;<<?'+"

'B" HCI" >'" JJK" 'B" &'+>6'=" /+092" )03!335L#!" $µ%" &'()'*+,-." ?+" >@;" )6;<;+&;" 'B"

67)7(G&?+"B7?=<">'"<?A+?B?&7+>=G";+@7+&;"HCI"7M'N;"67)7(G&?+"7='+;"/+052")03!OL34#!"
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!"#$% #$&% '()&*+),-% ,.,)/0&0% 0+11&0#% ,% '(2&)% !$&-&3/% 4567% ,*#"8,#"(.% ".$"3"#0%

',".#&.,.*&%(9%:;6%,#%)&,0#%".%<,-#=%#$-(+1$%0+<<-&00"(.%(9%#$&%';>?%<,#$!,/@!

!

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

;$&%!(-A%<-&0&.#&2%$&-&%0+11&0#0%#$,#%:;6%"0%+.2&-%'&#,3()"*%*(.#-()%8",%#$&%

&.&-1/% 0&.0(-%4567@% %;$"0% "0% 0+<<(-#&2%3/% #$&%(30&-8,#"(.% #$,#% #$-&&% 0#-+*#+-,))/%

2"0#".*#%,*#"8,#(-0%(9%4567%BCDE=%'&#9(-'".%,.2%4FG4?H%0+<<-&00%:;6%&I<-&00"(.%".%

#!(%2"99&-&.#%:;6%<,-,2"1'0%BJKL%,.2%;MLH%BK"1@%C@NH@%%L&*(.2)/=%:;6%0+<<-&00"(.%3/%

CDE=% '&#9(-'".% ,.2% 4FG4?% *,.% 3&% (8&-*('&% 3/% #!(% ".$"3"#(-0% (9% 4567% #$,#% ,-&%

0#-+*#+-,))/% ,.2%'&*$,."0#"*,))/% 2"0#".*#% B*('<(+.2OG% ,.2% ,-,O4H% % BK"1@% C@PH@% % F#% "0%

)"A&)/%#$,#%#$&%0+<<-&00"8&%&99&*#0%(9%4567%,*#"8,#"(.%!(-A%,#% )&,0#% ".%<,-#%#$-(+1$%

#$&%';>?%<,#$!,/@%%;$"0%$/<(#$&0"0%"0%0+<<(-#&2%3/%#$&%(30&-8,#"(.%#$,#%#$&%4567%

,*#"8,#(-%CDE%0+<<-&00&0%<$(0<$(-/),#"(.%,.2%,*#"8,#"(.%(9%#$&%2(!.0#-&,'%';>?%

<,#$!,/%*('<(.&.#0=%<QRLP7%,.2%-<LP%+<(.%J"1$%K-&S+&.*/%L#"'+),#"(.%BK"1@%C@TH@%%

L&*(.2)/=% -,<,'/*".% <-&8&.#0% #$&% &.$,.*&'&.#% (9% :;6% 3/% #$&% 4567% ".$"3"#(-%

*('<(+.2OG%0+11&0#".1%#$,#%4567%"0%+<0#-&,'%(9%';>?%".%-&1+),#".1%:;6%BK"1@%C@UH@%%

;$"-2)/=%4567%,*#"8,#(-0% 9,")% #(% ,)#&-%66K=%!$"*$% 0+11&0#0% ,%<(0#O0/.,<#"*%'(2&%(9%

,*#"(.=% *(.0"0#&.#% !"#$% #$&% 0"#&% (9% ';>?% ,*#"8"#/B;,.1% &#% ,)@=% CRRCV% ;0(A,0% &#% ,)@=%

CRRWH@%%K(+-#$)/=%4567%,*#"8,#"(.%-&0#-"*#&2%#(%#$&%0#"'+),#"(.%<&-"(2%"0%0+99"*"&.#%#(%

<-&8&.#%:;6%&I<-&00"(.% #$-&&%$(+-0% ),#&-=% ,.%(30&-8,#"(.% *(.0"0#&.#%!"#$% #$&% #"'&%

<&-"(2% -&S+"-&2% 9(-%';>?%,*#"8"#/% #(%',".#,".%:;6BG,'',))&-"% &#% ,)@=% CRRTH@% %D,#,%

<-&0&.#&2%$&-&%*(..&*#0%4567%#(%.&+-(.,)%';>?%0"1.,)".1%#$&-&3/%)".A".1%&.&-1/%
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!"#$%&'!()*+,$-'!'.-$')$/012$$3"$,)"4.",'+)"$5+'6$7.(*+-6&#$5)89$#&-,8+(+":$'6&$8)*&$

);$%0<=$+"$/0>?@).$!"#$A*!""B$CDDEFB$).8$5)89$-.::&-'-$'6!'$"&.8)"!*$7*!-'+,+'G$+"$

:&"&8!*$+-$."#&8$'6&$#+8&,'$,)"'8)*$);$,&**.*!8$&"&8:G$%&'!()*+-%$'68).:6$HI1A2$

/!'&J16!-&$/01$8&K.+8&-$IH1ALM=A$!"#$13NLHA0$-+:"!*+":$'6!'$!,'+O!'&-$'6&$

%0<=$7!'65!G$!"#$#&"#8+'+,$78)'&+"$'8!"-*!'+)"?0-)9!-$&'$!*2B$CDDPF2$$/01$!*-)$6!-$!$

8&K.+8&%&"'$ ;)8$:&"&$ '8!"-,8+7'+)"$ +",*.#+":$!$ ,8+'+,!*$ 8)*&$ ;)8$ '6&$,HI1$=&-7)"-&$

M*&%&"'$Q+"#+":$78)'&+"$?R=MQF$!,'+O+'G$!"#$Q>ST$&U78&--+)"?R!-!#+)$&'$!*2B$VWWWX$

Y.!"$&'$!*2B$CDDCX$Q!8,)$&'$!*2B$CDDZF2$ $ 3"'&8&-'+":*GB$R=MQ$!"#$%0<=RV$-+:"!*+":$+-$

9")5"$')$(&$%)#.*!'&#$(G$HI1A$+"$7&8+76&8!*$'+--.&?[6!5$&'$!*2B$CDDZX$@)8+9&$&'$!*2B$

CDD\X$ 06)%-)"$ &'$ !*2B$ CDD\FB$ -.::&-'+":$ '6!'$ HI1A$ %!G$ !*-)$ -+:"!*$ ')$ R=MQ$ ')$

+%7!,'$7*!-'+,+'G2$

3"$!##+'+)"$')$7)-+'+O&*G$8&:.*!'+":$78)'&+"$-G"'6&-+-B$%0<=$,)"'8+(.'&-$')$!$

O!8+&'G$ );$ )'6&8$ ,&**.*!8$ 78),&--&-B$ -)%&$ );$ 56+,6$ 6!O&$ (&&"$ *+"9&#$ ')$ "&.8)"!*$

;.",'+)"2$ $ %0<=$ !,'+O+'G$ +%7!,'-$ %+'),6)"#8+!*$ ;.",'+)"$ (G$ +",8&!-+":$ )U+#!'+O&$

,!7!,+'G$ !"#$ 78)%)'+":$ '6&$ '8!"-,8+7'+)"$ );$ 9&G$ ,)%7)"&"'-$ );$ '6&$ &*&,'8)"$

'8!"-7)8'$ ,6!+"$ ?[,6+&9&$ &'$ !*2B$ CDD]X$ R.""+":6!%$ &'$ !*2B$ CDDPF2$ $ R)"-&K.&"'*GB$

6G7&8!,'+O&$ %0<=$ -+:"!*+":$ +",8&!-&-$ '6&$ :&"&8!'+)"$ );$ 8&!,'+O&$ )UG:&"$ -7&,+&-$

?=<[FB$56+,6$!8&$8&K.+8&#$;)8$/01$?A"!77$!"#$A*!""B$CDDCF2$$@&",&$+'$+-$7)--+(*&$'6!'$

+"6+(+'+)"$);$%0<=$-+:"!*+":$(G$HI1A$!,'+O!'+)"$,).*#$-.778&--$/01$O+!$!$8&#.,'+)"$

+"$=<[$78)#.,'+)"2$

H##+'+)"!**GB$ %0<=$ !,'-$ ')$ +"6+(+'$ :*G,):&"$ -G"'6!-&$ 9+"!-&$ N!$ ?Y[AN!F$

-+:"!*+":$?I&-9&$&'$!*2B$CDD\F2$ $Y+O&"$'6&$7)'&"'+!*$8)*&$);$Y[AN!$ +"$&"6!",+":$/01$
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!"#$%#&'(#)(&*+,(-../0,(&1)$2&)$3%(34(5678!(2$&(9:;<($%=$>$)$3%(9&?(&*@3(13%)A$>')#(

)3( *3@@( 34( B:"( $%( 3'A( @?@)#9+( ( C#2#A)=#*#@@,( 3'A( A#@'*)@( @'DD#@)( )=&)( )=#( %#D&)$2#(

A#D'*&)$3%(34(9:;<(@$D%&*$%D(>?(EF"7(*$%G@(#%#AD?(@#%@$%D()3(H*&@)$1$)?+(

6#2#A&*( A#H3A)@( =&2#( I#93%@)A&)#I( &%( $%1A#&@#I( 4J"6"( K=#%( D*'13@#( $@(

A#H*&1#I(>?(-L5(43A(@39#()$9#(H#A$3I(!:#GG3G(&%I(7A%M#2$1,(NOOPQ(R'(&%I(7A%M#2$1,(

-..NQ( 53I4A&$%I( &%I( R',( -..P0+( S%( )=#@#( @)'I$#@,( -L5( &HH*$1&)$3%( A#@'*)@( $%( &(

I#1A#&@#I( 4J"6"( @*3H#,( K=$1=( $@( A#2#A@#I( 'H3%( @K$)1=$%D( >&1G( )3( %3A9&*( ET6U(

*#&I$%D( )3( H3)#%)$&)$3%+( V=&3( !"# $%+( A#H3A)#I( )=&)( -L5( @'HHA#@@#@( @?%&H)$1(

)A&%@9$@@$3%()=A3'D=(A#*#&@#(34(&I#%3@$%#(&%I(&1)$2&)$3%(34(HA#W@?%&H)$1(&I#%3@$%#(

A#1#H)3A@( !V=&3( #)( &*+,( NOOX0+( ( :=$@(K3'*I( $9H*?( &( HA#W@?%&H)$1(93I#(34( &1)$3%( 43A(

-L5(&%I(K3'*I(A#@'*)($%(&%(&*)#A#I(""U(!139H&A#I()3(13%)A3*0(&)(TEN+((S%(3'A(=&%I@(

K#(I3(%3)( @##(&%(#44#1)(3%(""U(>?(-L5(3A(9#)43A9$%,(K=$1=( $@( 13%@$@)#%)(K$)=( )=#(

=?H3)=#@$@( )=&)( )=#( #44#1)@( 34( EF"7( &A#( HA$9&A$*?( H3@)W@?%&H)$1+( ( S)( $@( )=#A#43A#(

'%*$G#*?( )=&)( )=#( %#D&)$2#( A#D'*&)$3%( 34( B:"( >?( EF"7( K3AG@( )=A3'D=( &I#%3@$%#(

A#*#&@#+((:=#(I$@1A#H&%1?(>#)K##%()=#(A#@'*)@(A#H3A)#I(>?(V=&3(!"#$%+(&%I(3'A(K3AG($@(

93@)( *$G#*?(I'#( )3( )=#( 4&1)( )=&)(V=&3(!"#$%+( A#H*&1#(D*'13@#(K$)=(-L5( $%( )=#$A(ET6U+((

Y#(&I9$%$@)#A(N.9F(-L5($%()=#(HA#@#%1#(34(-Z9F(D*'13@#($%(ET6U(&%I()=$@(A#@'*)@(

$%(&()#9H#A$%D(34(E:"(HA3I'1)$3%()3(PO[(34(ET6U(&*3%#(!U$D+(-+NT0,(?#)(I3#@(%3)(&*)#A(

>&@#*$%#( @?%&H)$1( A#@H3%@#@( 3')( )3( 43'A( =3'A@( 34( A#13AI$%D( !I&)&( %3)( @=3K%0+( :=$@(

9&M3A( I$44#A#%1#( $%( H&A&I$D9(93@)( *$G#*?( #\H*&$%@( K=?( V=&3( !"# $%+( 3>@#A2#( &( HA#W

@?%&H)$1( #44#1)( >?( -L5( 2$&( &I#%3@$%#( A#*#&@#( K=#A#&@( 3'A( -L5( #44#1)@( &A#( H3@)W

@?%&H)$1,(&@(M'ID#I(>?()=#(*&1G(34(1=&%D#($%(""U+(
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<-*&*$%3#$+,;$3<*;#:-+&3'*$+,-+$&'2#;-*;($)4"23*;$-:-&4-<&4&+8$;',-'2;*$4;-#'&')$-'($
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a b

WT: rapamycin
WT: control

WT: control

2mV
5ms

WT: rapamycin

1 2

DHPG
rapamycin

c d

TSC2: control TSC2: rapamycin

2mV
5ms

TSC2: rapamycin
TSC2: control

1 2

DHPG
rapamycin
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