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5)%&(-$" .&,/-7-&0" -." ,7.%" <,6%)-$I" -*:%)&,$+(" %<" &),$.+)-:&-%$,7" )(IF7,&-%$9" .-$+(" .%*("

2'%=345,.(."?(BIB"2'%WA",)("6()0"F$.&,/7(",$8"&'()(<%)("',6(".'%)&"',7<=7-<(." -$" &'("

+(77BSS"

"

0"*"'(5+&33"8,%-+)9+!.)+0:;&3"3+

#77" 2'%=345,.(." :%..(.." .(6(),7" +%$.()6(8" 8%*,-$." ,." .'%1$" -$" !"#$%&' (B" X%*("

2'%"345,.(." ',6("," 7%$I()"T=&()*-$,7" (;&($.-%$" ?7(<&A" ,$8" .%*(" ?,7.%A" ," 7%$I()"G=

&()*-$,7" '0:()6,)-,/7(" )(I-%$B" 2'%W4W" ,$8" C-)%" :)%&(-$." '%F.(" ,88-&-%$,7" 8%*,-$."

1'-+'"1-77" $%&" /(" 8-.+F..(8" '()(B"G%$<%)*,&-%$,7" +',$I(." /(&1(($"345=" ,$8"3>5=

/%F$8" 2'%=345,.(." %++F)" -$.-8(" &'(" (<<(+&%)" 8%*,-$" 1'-+'" -." ,7.%" )(HF-)(8" <%)"

8%1$.&)(,*" &,)I(&" /-$8-$IB" 2'%" ,$8" 2,+" -.%<%)*." ',6(" 6()0" 8-<<()($&" '0:()6,)-,/7("

)(I-%$." &',&" +,$" -$+7F8(" ," :%70/,.-+" )(I-%$." ,$8O%)" .-&(." <%)" :,7*-&%07,&-%$B"

K,)$(.07,&-%$",$8"I(),$07I(),$07,&-%$"?/%&'":%.&=&),$.7,&-%$,7":)($07,&-%$.A"',::($",&"

&'("+0.&(-$("%<" &'("G##Y"/%;"%$"&'("G=&()*-$,7"($8"%<" &'(":)%&(-$B"XF/.(HF($&70" &'("

)(*,-$-$I",*-$%",+-8."##Y" ?&1%",7-:',&-+",$8"%$("6,)-,/7(",*-$%",+-8A",)(" )(*%6(8"

,$8")(:7,+(8"/0","*(&'07"I)%F:B"

"

"
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#

#

!"#$%&'()'*+,-".'/0%$10$%&'+2'34+'567-/&/'!"#$%&'()*+%*,%-).%/0112304'

#

2. Membrane proteins
1
 

$%&'()*+#,%(#,++&-),'(.#/)'0#1(12%,*(+#)*#3,%)&4+#.)55(%(*'#/,6+#!"#$%&'()*7#80(6#,%(#

.)3).(.# )*'&# )*'(9%,:#1(12%,*(#;%&'()*+#,*.#;(%);0(%,:#1(12%,*(#;%&'()*+7#<(12(%+#

&5# '0(# :,''(%# ,%(# '('0(%(.# '&# '0(# 1(12%,*(# 26# *&*-&3,:(*'# )*'(%,-')&*+7# 80(+(#

1(12%,*(# ;%&'()*+# -,*# 2(# %(:(,+(.# 5%&1# '0(# 1(12%,*(# 26# +'%&*9# )&*)-# 5&%-(+# &%#

(='%(1(#;>#3,:4(+#/0):(#)*'(9%,:#1(12%,*(#;%&'()*+#-,**&'7##

?*'(9%,:#1(12%,*(# ;%&'()*+# ,%(# ()'0(%# ,'',-0(.# '&# '0(#1(12%,*(#26# 2()*9# (='(*.(.#

,-%&++# )'# &*-(# &%# 14:');:(# ')1(+@# /)'0# ,# +(A4(*-(# &5# 06.%&;0&2)-# ,1)*&# ,-).+#

)*'(%,-')*9#/)'0#'0(#06.%&;0&2)-#;,%'+#&5#'0(#1(12%,*(7#B%#'0(6#,%(#,'',-0(.#26#2()*9#

,*-0&%(.#/)'0#()'0(%#,#C$?#D9:6-&+6:;0&+;0,').6:)*&+)'&:E#,*-0&%#&%#,#:);).#-0,)*#/0)-0#

-,*#,9,)*#2(#,#5,''6#,-).#-0,)*#&%#,#;%(*6:#9%&4;7#F&1(#;%&'()*+#D+&#-,::(.#GH2,%%(:+E#

,%(#(3(*#,'',-0(.#26#2()*9#-&1;:('(:6#)*'(9%,'(.#)*'&#'0(#1(12%,*(#,*.#'04+#+(%3)*9#

,+#,#-0,**(:7#

#

!"#$%&'8)'9-%"+$/':-;/'".':4"14',&,<%-.&'=%+0&"./'-//+1"-0&':"04'04&'>"="?'<">-;&%)#I%&1#

J:2(%'+#('#,:7#D011035'

#

#
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a. Prenylations 

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

/'%$&)*/'%$&)*$+,-&" $%'"

0%'&)*$+,-&(" +1$+"2$&"1'*0" *-2$*,3'"

$" 4$+'%5(-*67*'" 0%-+',&" +-" $"

8'87%$&'" $9+'%" ,+(" ()&+1'(,(" ,&"

+1'"2)+-(-*:";1'"0%'&)*"/%-60("$%'"

2-<$*'&+*)"7-6&."+-"$"0%-+',&"7)"$"

+1,-'+1'%" *,&=$/'">?"4,+1"$"0%-+',&("

2)(+',&':" ;1'" 2)(+',&'" %'(,.6'" ,("

0$%+" -9" +1'" @AAB" 8-+,9" 41,21" ,("

*-2$+'." $+" +1'" @" +'%8,&6(" -9" +1'"

0%-+',&" !"#$%&'( )*:! A9+'%"

(622'((96*" $++$218'&+"-9" +1'"0%'&)*"/%-60C" +1'" +1%''"@5+'%8,&$*" %'(,.6'("$%'"2*'$<'."

$&." +1'" @5+'%8,&6(" ,(" (67('D6'&+*)" 8'+1)*$+'." 7'9-%'" +1'" 0%-+',&" ,(" $++$21'." +-" $"

8'87%$&'" !"#$%&'(+*:"#$%&'()*" *,0,."$&21-%("$%'"!E52$%7-&"6&($+6%$+'."1).%-2$%7-&"

21$,&("41,*'"/'%$&)/'%$&)*"*,0,."$&21-%("2-&(,(+"-9"FG"2$%7-&"$+-8(:""

"

b. Prenyl transferases 

H$88$*,$&" 2'**(" 'I0%'((" +1%''" 0%-+',&" 0%'&)*+%$&(9'%$('(!JK" #$%&'()*" 0%-+',&"

+%$&(9'%$('" >#;$('?C" L'%$&)*/'%$&)*" 0%'&)*+%$&(9'%$('5!" >LL;$('5!?" $&."LL;$('5F:"

#$%&'()*" .,01-(01$+'" $&." /'%$&)*/'%$&)*" .,01-(01$+'" $%'" +1'" (67(+%$+'(" 9-%" +1-('"

'&3)8'(:";1'",(-0%'&)*"*,0,."%'(,.6'("$%'"2-<$*'&+*)"*,&='."+-"$"2)(+',&"%'(,.6'"4,+1,&"$"

@AAB"8-+,9:" M$21" 0%-+',&" 0%'&)*+%$&(9'%$('" %'2-/&,3'(" +1,(" (0'2,9,2" 9-6%" $8,&-" $2,."

('D6'&2'"$+"+1'"@5+'%8,&6("-9",+("+$%/'+"!,-./'(0*:";1'"+'%8,&$*"$8,&-"$2,.",("+1'%'7)"

$&",80-%+$&+"(+%62+6%$*".'+'%8,&$&+"9-%"2-&+%-**,&/"+1'"(0'2,9,2,+)"-9"0%'&)*$+,-&:FN"

"

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

@"O"2)(+',&'"

$"O"$*,01$+,2"$8,&-"$2,.""

B"O"@5+'%8,&$*"$8,&-"$2,.'

(&)*+",#&-'12*.&,"0'

#;$('" @$$B"4,+1"B"7',&/K""

('%,&'C"8'+1,-&,&'C"

/*6+$8,&'"-%"$*$&,&'"

P5Q$(C" R5Q$(C" S5Q$(C" 0%'*$8,&" AC" PTUFC" V;V5

@AAWXVQY" +)%-(,&'"01-(01$+$('(C"(3*4" $&."-+1'%"

Q1-"9$8,*)"L;V$('(C"Q1'7C"@MRV5MC"$&."@MRV5#"

LL;$('!" @$$Y" "

LL;$('F" BB@@C"B@B@C"-%"@@BB" Q$7"9$8,*)"-9"(8$**"L;V$('("

5678&' 9' ;$%/'+(" -9" +1'" +1%''" 8$88$*,$&" 0%-+',&" 0%'&)*+%$&(9'%$('(:" "#$%&! #''&($%&)! *+,("

FECFJCFZCF[CF\C]GC]!C]F'

:,+;2&' <=' >2&"$8' +2*;10' 6..6)3&-' .*' )$0.&,"'

2&0,-;&0' */' 6' 12*.&,"=" ;1'" +1%''"@5+'%8,&$*" $8,&-"

$2,.("-9" +1'"@AAB"8-+,9"1$<'"7''&"(67(+,+6+'."7)"$"

8'+1)*"/%-60:"'
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c. Localization of GTPases depends on prenylations 

$%&'(%#)(**+*,%#*&),*-.,/-&0#&1#2+3,0#42&567$,8(8#-8#9('(09(0/#&0#/2(-%#/:'(#&1#'&8/5

/%,08*,/-&0,*# 3&9-1-),/-&0;# <2-*(# 3&8/# 42&567$,8(8# ),0# &0*:# =(# 3&9-1-(9# =:# &0(#

8'()-1-)# '%(0:*,/-&0># 42&?# ),0# 2,@(# /A&# '%(0:*,/-&08# ,/# &0)(# !"#$%&' ();# B99-/-&0,**:#

42&?#),0# %()(-@(# ,# /2-%9#3&9-1-),/-&0>#,#',*3-/&:*,/-&0;CD# 7E!D#,09#7EF#,%(# /2(#&0*:#

&/2(%# 42&# '%&/(-08# A2&# 2,@(# '%(9-)/(9# ',*3-/&:*,/-&0# 8-/(8;# $,*3-/&:*,/-&0# 8+''&%/8#

3(3=%,0(# *&),*-.,/-&0# ,09# )&3',%/3(0/# 8'()-1-)-/:># A2-)2# -8# ,*8&# '%&3&/(9# =:# ,#

'&*:=,8-)# %(G-&0# )*&8(# /&# /2(# E5/(%3-0+8;!H>CC# B0&/2(%# '&8/5/%,08*,/-&0,*# 3&9-1-),/-&0#

/2,/# &))+%8# -0# )&3=-0,/-&0# A-/2# '%(0:*,/-&08# -8# '2&8'2&%:*,/-&0># ,*/2&+G2# -/# -8# &0*:#

I0&A0# 1&%# 42&B# ,09# 409CCJ>CK;# 42&?7?# ,09# L-%&# '%&/(-08# 8((3# /&# =()&3(# 0&/#

3&9-1-),/(9#,/#,**;#

M('(09(0/# &0# /2(-%# '&8/5/%,08*,/-&0,*# 3&9-1-),/-&08# 42&567$,8(8# ,%(# *&),*-.(9# /&#

9-11(%(0/#)&3',%/3(0/53(3=%,0(8#&1#/2(#)(**;#<2-*(#3&8/#&1#/2(3#,%(#9(/()/,=*(#&0#/2(#

'*,83,#3(3=%,0(CD>CN>CO>CH>CP>JD># 8&3(#42&#67$,8(8# ,%(# ,*8&# 9-%()/(9# /&# (09&8&3(8# Q#

(09&3(3=%,0(8J!>J"# ># /2(# '(%-0+)*(+8CP# ,09# /2(# G&*G-CH>JC;# 72(#G%&+'8# &1# 0&/#3&9-1-(9#

42&567$,8(8#L-%&# ,09#42&?7?# ,%(# '%(@,*(0/# -0#3-/&)2&09%-,JJ# ,09# '%(9-)/(9# /&# =(#

@(8-)+*,%-*:# *&),*-.(9JK># %(8'()/-@(*:;# 42&567$,8(8# 2,@(# ,*8&# =((0# 9(/()/(9# -0# /2(#

):/&8&*CD>JC;# "#$%&' (# 82&A8# ,# 8+33,%:# &1# /2(# )+%%(0/*:# I0&A0# 3&9-1-),/-&08# ,09#

*&),*-.,/-&08#&1#2+3,0#67$,8(8;##

#

#

!"#$%&'&F&),*-.,/-&0#,09#3&9-1-),/-&08#&1#3,33,*-,0#42&#67$5=-09-0G#'%&/(-08;##

!""#$%&'(&)*+,#$L#R#'*,83,#3(3=%,0(S#66#R#G(%,0:*G(%,0:*,/-&0S#T#R#1,%0(8:*,/-&0>##

$#R#',*3-/&:*,/-&0>#$U#R#'2&8'2&%:*,/-&0S#)#R#'%(9-)/(9S#9#R#*&),*-.,/-&0#0&/#9(1-0(9&&

-).&/&$.0/#)102&.3$40$(0'35067889:7;502$/$#$*<$0*=1"$#+0&*0"#'<>$(+0.)0*)(0'??3450



!"#

d. Prenylation inhibitors  

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

$%&'()*+# ,&%')-(&%)(# .'/.0.,1&)#2$345#%&(#6178(,.,.9(# .'/.0.,1&)#1-# -%&'()*+# ,&%')-(&%)()#

2$35# ,/%,#%&(#:(9(+18(:#).'6(#,/(# +%,(#!;<=!)>!"#3/(#%.7#1-# ,%&?(,.'?#$3)# .)# ,1#&(:@6(#

%6,.9(#A%)#B/.6/#8+%*)#%'#.781&,%',#&1+(#.'#7%'*#/@7%'#7%+.?'%'6.()#%':#6%'6(&#%':#

'((:)#-%&'()*+%,.1'#-1&#.,)#8&18(&#6(++@+%&#+16%+.C%,.1'#,1#%':#,/@)#.,)#-@'6,.1'>#DE#

$34)#B(&(#-.&),#:(9(+18(:#%)#6178(,.,.9(#F%%G#8(8,.:()D<#)17(#1-#B/.6/#)(&9(:#%)# %#

)@0),&%,(# -1&# $3)# 2(>?>#F*)HI%+HJ/(HK(,5# %':#)17(#1-#B/.6/#B(&(# &(%+# .'/.0.,1&)# ,/%,#

0+16L(:#$3)#6%,%+*,.6#-@'6,.1'MNOD<OD;ON=>#P(B#.'/.0.,1&)#/%:#,1#0(#.'9(',(:#0(6%@)(#,/()(#

8(8,.:()#B(&(#811&+*#6(++#8(&7(%0+(#%':#,%&?(,(:#0*# .',&%6(++@+%&#:(?&%:%,.1'>#Q,# -.&),#

,/(#,B1#%+.8/%,.6#&().:@()#1-#,/(#F%%G#)(R@('6(#B(&(#6/%'?(:#-1&#0('C1:.%C(8.'(#1&#

%7.'17(,/*+0('C1.6# %6.:O# B/.6/# &()@+,(:# .'# 71&(# ),%0+(# %':# %+)1# (--(6,.9(# $3#

.'/.0.,1&)>N!ONMON"OND# Q::.,.1'%++*# ,1# ,/(# :(9(+187(',# 1-# 8(8,.:(# .'/.0.,1&)O# )6&(('.'?)# -1&#

)7%++#71+(6@+(#.'/.0.,1&)#B(&(#8(&-1&7(:#%':#-1++1B(:#.'#:(9(+187(',#1-#,B1#81,(',.%+#

:&@?)#,/%,#/%9(#7%:(#,/(.&#B%*#,1#6+.'.6%+# ,&.%+)S#T1'%-%&'.0NNONU#%':#,.8.-%&'.0NE>#3/()(#

:&@?)#%&(#/.?/+*#)8(6.-.6#.'#.'/.0.,.1'#1-#$3%)()##$%&'()*+>#

#

!01) !0"&%)1234) 550"&%67)1234)

T1'%-%&'.0#

#

!O;'K# V#N=>==='K#

3.8.-%&'.0#

#

EO;'K# 4FD=#W#N=>==='K#

0".(%)8)X8(6.-.6.,*#%':#(--.6.('6*#1-#$%&'()*+# ,&%')-(&%)(# .'/.0.,1&)>)3/(# 4FHN=#9%+@(# .':.6%,()#

,/(#%71@',#1-# .'/.0.,1&#'((:(:#,1#&(:@6(#%'#('C*7()#6%,%+*,.6%+#%6,.9.,*#,1#N=Y#.'#9.,&1>!"#$%&'

()*+',,-,.-,/0'1*#%2$#")'&3)$23$)%&'()*+'4.0'

#

#

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

$%&%'()*#+,-./%'#%(#0)1#/%23/(%4#(5%#4%6%)327%'(#38#0#739:%#:(/0;'#5373<*.39:#83/#0#

&3'4;(;3'0)#0))%)%#38# (5%#.%'%#(50(#%'&34%:#==>0:%?@1#>5%*#839'4#(50(#0A)0(;3'#38# (5%#

==>0:%?@?%'&34;'.#.%'%#;'#&%)):#4%:(;'%4#(3#2/349&%#)9'.#(973/:#4/;6%'#A*#3'&3.%';&#

B?$0:#/%:9)(%4# ;'#4%)0*%4#3':%(#0'4#4%&/%0:%4#:%6%/;(*#38#4;:%0:%1#>59:#(5;:#0';70)#

734%)#&3'8;/7:#(50(#==>0:%?@# ;:#0#.334#(0/.%(# 83/#0'(;?&0'&%/#4/9.#4%6%)327%'(1# CDECF#

G;/:(#==>0:%?@#;'5;A;(3/:#506%#0)/%04*#A%%'#4%6%)32%41#

#

G>@:# 0'4# ==>0:%?@# ;'5;A;(3/:# 0/%# 38# &39/:%# 0):3# 9:%4# 83/# /%:%0/&5# 29/23:%:E# (3#

;'6%:(;.0(%# )3&0);<0(;3'# 0'4# 89'&(;3'# 38# 2/%'*)0(%4# 2/3(%;':# );H%# 70'*# 38# (5%# $53?

=>I0:%:1#

#

3. Apoptosis 
1
 

1. Apoptosis 

J232(3:;:E#0):3#H'3K'#0:#2/3./077%4#&%))#4%0(5E#;:#0#&3773'#2/3&%::#;'#0))#H;'4:#38#

79)(;&%))9)0/# 3/.0';:7:1# J)(539.5# ;(# 7;.5(# 0(# 8;/:(# .)0'&%# A%# ;'&372/%5%':;A)%# (50(# 0#

5%0)(5*# &%))# K39)4# H;))# ;(:%)8E# ;(# :33'#A%&37%:# &)%0/# (50(# 2/3./077%4# &%))# 4%0(5# ;:# 0'#

0A:3)9(%)*#;'4;:2%':0A)%#7%&50';:7#83/#79)(;#&%))9)0/#);8%#83/7:1#

#

J232(3:;:#;:#'%&%::0/*#49/;'.#4%6%)327%'(#38#3/.0':#0'4#3/.0';:7:1#J'#%L072)%#(50(#

:53K:# '%&%::0/;(*# 38# 0232(3:;:# 6%/*# &)%0/)*# ;:# (5%# %7A/*3';&# 4%6%)327%'(# 38#739:%#

20K:M#(5%*#A%.;'#(3#./3K#0:#:204%);H%#:(/9&(9/%:#K;(539(#0220/%'(#4;.;(:#9'(;)#0232(3:;:#

/%736%:#&%)):#A%(K%%'#(5%71##

J/39'4##CNO#38#'%9/3':#4;%#49/;'.#4%6%)327%'(#(3#04,9:(#(5%;/#'97A%/#(3#(5%#'97A%/#

38# (0/.%(# &%))# (50(# /%P9;/%# ;''%/60(;3'1# Q%)):# 38# (5%# );6%/E# (5%# ;'(%:(;'%# 0'4# (5%# A3'%#

70//3K# &3':(0'()*# H;))# (5%7:%)6%:# (3# 70H%# 2)0&%# 83/# 83))3K%/# &%)):1# >5;:# 5022%':# 0#

A;));3'# (;7%:# 0# 539/# ;'# %6%/*# 5970'# 0'4# %'0A)%:# /%'%K0)1# R;(539(# (5%# ;'(%/2)0*# 38#

2/3);8%/0(;3'# 0'4# 0232(3:;:# (5%/%# &39)4# '3(# A%# 4%6%)327%'(# ;'# 70'*# 20/(:# 38# 0'#

3/.0';:71##

#

R5%'#0#&%))#4;%:#38#0232(3:;:E#;(#4;%:#'%0()*#K;(539(#4%:(/3*;'.#;(:#2)0:707%7A/0'%#3/#

4070.;'.# ;(:# '%;.5A3/:1# @(# :5/;'H:# 0'4# &3'4%':%:E# (5%# &*(3:H%)%(3'# &3))02:%:E# (5%#

'9&)%0/#%'6%)36%#4;:0::%7A)%:#0'4#(5%#'9&)%0/#STJ#A/%0H:#92#;'(3#8/0.7%'(:1#

T%&/3:;:#53K%6%/#;:#(5%#(*2%#38#&%))#4%0(5#(50(#/%:9)(:#38#0&9(%#;',9/*1#J:#0#/%:9)(#38#(50(#

(5%*#:K%))#0'4#A9/:(#)%04;'.#(3#0#23(%'(;0))*#4070.;'.#;'8)0770(3/*#/%:32':%1#

#
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2. Other types of programmed cell death 

$%&#'()#*)++),#'-.&/#)0#.1)213++&4#*&55#4&3'%#31&#*355&4#6$-.&#7#*&5584&3'%9#(%:*%#

:/#3.).')/:/#3,4# 6$-.&# 77# *&5584&3'%9#(%:*%# :/#35/)#;,)(,#3/#3<').%32-=# $%&# 53''&1# :/#

*%313*'&1:>&4#?-#'%&#0)1+3':),#)0#3<').%32)/)+&/#(%:*%# 53'&1#0</&#(:'%#5-/)/)+&/#')#

1&+)@&#)123,&55&/=# 7'#4)&/# ),5-# /%)(# 0&(#)0# '%&#*%313*'&1:/':*# 3.).')':*# 0&3'<1&/# 5:;&#

+&+?13,&#?5&??:,2A#*%1)+3':,#*),4&,/3':),#3,4#BCD#0132+&,'3':),=EF#G<'#3<').%32-#

4)&/# ,)'# %3@&# ')# &,4# :,# *&55# 4&3'%=# 7'# +3:,5-# 4&/*1:?&/# '%&# 1&+)@35# )0# 43+32&4# )1#

)?/)5&'&#*&55<531#*)+.31'+&,'/#?-# 5-/)/)+&/#3/# :'#%3..&,/# :,#%&.3'%:*#*&55/# :,#%<2&#

3+)<,'/#3/#.31'#)0#'%&#*&55<531#0<,*':),=#70#3<').%32-#:/#/<..)/&4#')#5&34#')#*&55#4&3'%A#

*&55<531# )123,&55&/# 31&# 4:2&/'&4# :,# 3# /.&*:0:*# /&H<&,*&# .1:)1# ')# 4&/'1<*':),# )0# '%&#

,<*5&</=#E!#

#

G&/:4&/#$-.&# 7#3,4# 77# *&5584&3'%A#)'%&1#.3'%(3-/#,3+&4# 6,),83.).')':*9#)1# 6*3/.3/&8

:,4&.&,4&,'9# )1# 6,&*1)/:/85:;&# .1)213++&4# *&55# 4&3'%9# %3@&# ?&&,#4&/*1:?&4=EI# $%&/&#

&00&*':@&A# 35'&1,3':@&# 4&3'%# +&*%3,:/+/# +3-# /&1@&# 3/# ?3*;<.# 0)1# 3.).')/:/# ?<'# *3,#

35/)# ?&# '%&# +3:,# '-.&# )0# .1)213++&4# *&55# 4&3'%=# $%&:1# &J:/'&,*&# %3/# ?&&,# .1))0&4#

+3:,5-#(:'%#'%&#'))5#)0#*3/.3/&#:,%:?:')1/=#

#

3. Caspases – triggering and executing apoptosis  

$%&# :,'13*&55<531# +3*%:,&1-# &J&*<':,2# 3.).')':*# &@&,'/# /&&+/# ')# ?&# *),/&1@&4# :,# 355#

3,:+35# *&55/=# $%&# +3:,# 21)<.# )0# &,>-+&/# (%:*%# :/# 1&/.),/:?5&# 0)1# '%&# &J&*<':),# )0#

3.).')':*#&@&,'/#:/#3#5312&#03+:5-#)0#*-/'&:,&#.1)'&3/&/#(%:*%#*5&3@&#.&.':4&#?),4/#3'#

3/.31':*#3*:4/=EK#$%&-#31&#*355&4#*3/.3/&/#L!-/'&:,#M#"#$31'3'&N#3,4#31&#&J.1&//&4#:,#

@:1'<355-#355#3,:+35#*&55/=##

O3/.3/&#3*':@3':),#(3/# 5),2#4&/*1:?&4#3/# '%&#6.):,'#)0#,)# 1&'<1,9#*)++:'+&,'# ')#*&55#

4&3'%EPA#?<'#&@:4&,*&#0)1#,),3.).')':*#*3/.3/&#3*':@:'-#:/#21)(:,2=#O3/.3/&#3*':@3':),#

(:'%# ,),3.).')':*# &00&*'/# %3/# ?&&,# 3/*1:?&4# 3# 1)5&# :,# *-');:,&# .1)*&//:,2# 4<1:,2#

:,053++3')1-# 1&/.),/&A# '&1+:,35# 4:00&1&,':3':),# )0# /.&*:0:*# *&55# '-.&/# 3,4# $# 3,4# G#

5-+.%)*-'&#.1)5:0&13':),=E"##

#

!%&'%&()%*+,-%+,./)%/0)+1()*%&'%&()*%&*%0(2)

O3/.3/&/# 31&# &J.1&//&4# 3/# :,3*':@&# >-+)2&,/A# /)# *355&4# .1)*3/.3/&/A# (%:*%# 31&#

*)+.)/&4#)0#3#.1)4)+3:,#0)55)(&4#?-#.IF#5312&#3,4#.!F#/+355#/<?<,:'/#!"

#$%&'("Q)=EE#D*':@3':),#)0#'%&/&#.1&*<1/)1/#:/#+&4:3'&4#?-#3#/&1:&/#)0#*5&3@32&#&@&,'/A#

0:1/'#/&.313':,2#'%&#5312&#3,4#/+355#/<?<,:'/A#0)55)(&4#?-#'%&#1&+)@35#)0#'%&#.1)4)+3:,#

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

#
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#

!"#$%&'()'*%+,-./-.&'-,0"1-0"+2'!"#$%&'()"*+%)*%,'-%./00/12%

#

'

!"#$%&'3)'*%+4+5-"2'6&2#07'8-.&4',-./-.&'.$89-5"6"&.)#!"#$%3)4*)")5%)*%,'-%./006170'

#

$%&'#(&)*(+',-#&(./(.'.#0)11#&1'(*'#2+3'4#/42&(./(.'.-#03)&3# 1'(,.#+2#(%#(5/1)67)%8#

&(.&(,'# 97# 03)&3# (11# ':).+)%8# /42&(./(.'.# 0)11# 9'# (&+)*(+',# )%# (# .324+# +)5';# <52%8#

&(./(.'.#(4'#.25'#=.2#&(11',#'66'&+24#&(./(.'.>#03)&3#0)11#&1'(*'#?'7#/42+')%.#26#+3'#

&'11-# 1)?'# %@&1'(4# 1(5)%.# (%,# AB<.'# )%3)9)+24.;# <.# .22%# (.# '66'&+24# &(./(.'.# (4'#

(&+)*(+',#+3'#&'11#0)11#)55',)(+'17#,'*'12/#524/32128)&(1#3(115(4?.#26#(/2/+2.).;##

#

<1+32@83# )+# ).# ?%20%# 624# ':'&@+)2%'4# &(./(.'.CD# (%,# CE# +3(+# +3'# (&+)*(+)2%# '*'%+# ).#

/42+'217+)&# &1'(*(8'-# 4'&'%+# .+@,)'.# &2%,@&+',# 2%# &(./(.'.CF-# CG# (%,# CH# 3(*'#

&3(11'%8',#+3).#+'%'+#26#&(./(.'#(&+)*(+)2%;#"I#

#

:-./-.&'-,0"1-0"2#'/%+,&..&.'

<%# )5/24+(%+# J@'.+)2%# ).# 26# &2@4.'# 320# +3'# 6)4.+# &(./(.'.# (4'# (&+)*(+',# .2# +3(+# +3'#

&(./(.'# &(.&(,'# &(%# 9'# )%)+)(+',;# <,(/+24# /42+')%.# /1(7# (%# )5/24+(%+# 421'# )%# +3).#

4'8(4,;#K3'7#(884'8(+'#5@1+)/1'#)%)+)(+24#/42&(./(.'.-#03)&3#/2..'..#.25'#(52@%+#26#

/42+'217+)&#(&+)*)+7#'*'%#)%#(%#@%/42&'..',#6245;#L3'%#942@83+#+28'+3'4-#+3'7#9'8)%#+2#

&1'(*'#'(&3#2+3'4#(%,#+3'4'97#.+(4+#+3'#,'(+3#&(.&(,';##

#

K3'4'#(4'#+02#,).+)%&+#0(7.#97#03)&3#(,(/+24#/42+')%.#+3'5.'1*'.#&(%#9'#4'&4@)+',#(%,#

(884'8(+',M# <%# ':+4)%.)&# /(+30(7# *)(# (&+)*(+)2%# 26# ,'(+3# 4'&'/+24.# (%,# (%# )%+4)%.)&#

/(+30(7#1)?'#+3'#4'1'(.'#26#5)+2&32%,4)(1#&7+2&3425'#&;#
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$%&'()*(+#,+&(-,&(.)#./#,0.0&.*(*#'123('1*#,+&(-,&(.)#./#41,&5#'1+10&.'*#.)#&51#*3'/,+1#./#

,#+1667#8)#1%,9061#/.'#&5,&#(*#&51#:,*#*;*&19#<5(+5#(*#3*14#=;#>(661'#6;905.+;&1*7#?51;#

1%0'1**#&51#0'.&1()#@:,*#6(A,)4B#.)#&51('#*3'/,+1#<5(+5#()&1',+&*#<(&5#&51#41,&5#'1+10&.'#

0'.&1()#@:,*B#.)#,# &,'A1&#+166*#*3'/,+17#?5(*# ()&1',+&(.)#+,3*1*#,AA'1A,&(.)#./#,4,0&.'#

0'.&1()*# .)# &51# ()*(41# ./# &51# +166# ,)4# &53*# =()4()A# ,)4# *3=*1231)&# +61,-,A1# ./#

0'.+,*0,*1CD#9.61+361*# ,)4# ,+&(-,&(.)# ./# &51# +,*0,*1# +,*+,41# ,*# 41*+'(=14# ,=.-17#

E)&1'1*&()A6;#&5(*#0'.+1**#+,)#=1#&'(AA1'14#=;#*&'1**14#+166*#&519*16-1*7#?51'1/.'1#&51;#

0'.43+1#:,*#6(A,)4#,)4#:,*#0'.&1()#,&#&51#*,91#&(917#

E)&'()*(+# ,+&(-,&(.)# ./&1)# 5,001)*#<51)# +166*# ,'1# 4,9,A14#.'# 3)41'A.# *&'1**7# ?51*1#

91+5,)(*9*# ,'1# ./# +1)&',6# (90.'&,)+1# /.'# 9(&.+5.)4'(,6# &',)*(&(.)# 0.'1# /.'9,&(.)F#

<5(+5# (*#,++.906(*514#=;# &51# '161,*1#./#9(&.+5.)4'(,6# +;&.+5'.91#+# ()&.# &51#+;&.*.67#

G;&.+5'.91# +# =()4*# &.# &51# ,4,0&.'# 0'.&1()# 80,/C!# <5(+5# *3=*1231)&6;# 61,4*# &.#

+61,-,A1#./#0'.+,*0,*1CH#,)4#&53*#,+&(-,&(.)#./#&51#*.#+,6614#,0.0&.*.917ID#

#

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

$-.63&(.)#5,*#A'1,&6;#()+'1,*14#&51#)39=1'#./#+,*0,*1*#.-1'#&(917#:'.9#/.3'#+,*0,*1*#

()#!"#$%$&'()#&.#*1-1)# ()#*+,),-./%'#0$%'(,&')1$+#30#&.#161-1)#()#02)#02)32%2)#,)4#

.,0,#)'-/$()7IH#

G6,**(/(+,&(.)#./#+,*0,*1*#=;#4(//1'1)&#'3='(+*#61,4*#&.#-1';#*(9(6,'#'1*36&*F#*3AA1*&()A#,#

*&'.)A#+.''16,&(.)#=1&<11)#*&'3+&3'1# ,)4# /3)+&(.)7#G,&1A.'(J,&(.)# =;# /3)+&(.)# 61,4*# &.#

&5'11# /3)+&(),66;# 4(//1')&# A'.30*# !"#$%&' ()*# E)(&(,&.'# +,*0,*1*# 6()># 4(*&()+&# 30*&'1,9#

*(A),6()A# 0,&5<,;*# <(&5# &51# 4.<)*&'1,9# 1%1+3&(.)# *&10*7# ?51;# 0.**1**# 6.)A#

0'.4.9,()*# +.)&,()()A# .)1# ./# &<.# +5,',+&1'(*&(+# 0'.&1()# 0'.&1()# ()&1',+&(.)# 9.&(/*K#

@41,&5# 1//1+&.'# 4.9,()B# LM$MN# L+,*0,*1CD# ,)4# C!ON# .'# @+,*0,*1# ,+&(-,&(.)# ,)4#

'1+'3(&91)&#4.9,()B#LG8PMN#L+,*0,*1C!F#CQF#CRF#CSF#CHF#C!!F#,)4#C!QN#!'

-+.'/%&H)*' E)(&(,&.'# +,*0,*1*C!F# CS# ,)4# C!!# +.)&'.6# ,0.0&.*(*# ,*# <166# ,*# ()/6,99,&.';#

'1*0.)*1*7#G,*0,*1*CTF#CI#,)4#C"#,'1#@1//1+&.'B#.'#@1%1+3&(.)1'#+,*0,*1*B#./#,0.0&.*(*#

,)4#+5,',+&1'(J14#=;#.)6;#,#*5.'&#0'.4.9,()#*1231)+17#"O#

#

01+2+"23/&

4$3$23#+#&5&01),"**"2+31&

01+2+"23/&

4$3$23#+#&

6))%723/&

4$3$23#+#&

G,*0,*1C!# G,*0,*1CQ# G,*0,*1CT#

G,*0,*1CS# G,*0,*1CD# G,*0,*1CI#

G,*0,*1C!!# G,*0,*1CH# G,*0,*1C"#

# G,*0,*1C!O# #

# G,*0,*1C!Q# #

8"(,%&9:&-'172+31&("#%;&7"#$"#%&#'()"*+,+%#&:'.9#M1A&1'1-#1&#,67#LQOOTN"O&
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$%&'%&()*# +%&# %# ,%-.(/0# 12# 2(%/3-(&# /+%/# &344(&/# %# -15(# %&# .6./.%/1-# 7%&'%&(8# 9# 5164#

$9:;)716/%.6.64#'-1<1=%.6#21-#(>%='5(#1-#./&#(%-50#%7/.,%/.16#.6#-(&'16&(#/1#%#,%-.(/0#

12# %'1'/1/.7# &/.=3508?!# @3/# 7%&'%&()*# .&# 36.A3(# .6# /+%/# ./# .6753<(&# 2(%/3-(&# 12# .6./.%/1-#

7%&'%&(&#%6<#(22(7/1-#7%&'%&(#%/#/+(#&%=(#/.=(8?*#B+(# 5%//(-#C(.64#D;D9;#&3C&/-%/(#

&'(7.2.7./0#%&#./#.&#71==16#21-#(22(7/1-#7%&'%&(&#7%&'%&()E#%6<#)?8?E#9C1,(#/+%/#./#=%0#

C(#%7/.,%/(<#C0#<1F6&/-(%=#(>(73/.16(-#7%&'%&(&#&37+#%&#7%&'%&()E?GHI/# .&# /+(-(21-(#

%/#/+.&#=1=(6/#/+(#=1&/#/%6/%5.J.64#=(=C(-#12#/+(#7%&'%&(#2%=.508?K##

I6/-%7(5535%-# 517%5.J%/.16# 12# 7%&'%&()*# +%&# C((6# %&&.46(<# /1# 6375(.# %6<# /+(#L154.8?MH??#

N375(%-# 517%5.J%/.16# .&# '-1=1/(<# C0# /F1# 6375(%-# 517%5.J%/.16# &(A3(67(# ONPQR# 16# ./&#

'-1<1=%.68# I6/(-(&/.6450# =3/%/.16&# .6# /+.&# <1=%.6# <16!/# 7%3&(# %60# -(<37/.16&# 12# /+(#

'-1/(%&(&#7%'%C.5./0#/1#.6<37(#%'1'/1&.&8?MH?"#I6#/+(#L154.H#7%&'%&()*#=%0#716/-.C3/(#/1#

/+(# 2-%4=(6/%/.16# 12# /+.&# 1-4%6(55(# F+.7+# &344(&/&# %# -15(# 12# 7%&'%&()*# .6# 1-4%6(55()

&'(7.2.7#%'1'/1/.7#(,(6/&8??#

B+(# .6/(-(&/.64# 2(%/3-(# 12# 7%&'%&()*# .&# /+%/# ./# =.4+/# '-.=%-.50# %7/# 16# 6167%&'%&(#

&3C&/-%/(&#F+.7+#=%S(&#/+(=#<.22(-#2-1=#1/+(-#.6./.%/1-#7%&'%&(&8#I6#/+.&#-(4%-<#./#F%&#

&+1F6# /+%/# 7%&'%&()*# -(5(%&(&# %'1'/14(6.7# 2%7/1-&# 2-1=#=./17+16<-.%# <.-(7/50# F+.7+#

=.4+/#C(#.6<37(<#C0#7%&'%&(&)*#=(<.%/(<#75(%,%4(#12#@.<8?TH"UH"!#

#

)%*+,"-./0("01(.02.3.-./0(/4("$/$-/#.#(

97/.,%/.16#12#%'1'/1&.&#<('(6<&#16#7(6/-%5#-(435%/1-&#5.S(#'KE8#B+1&(#%-(#/-%6&7-.'/.16#

2%7/1-&#F+.7+#716/-15#/-%6&7-.'/.16#12#1/+(-#<1F6&/-(%=#-(435%/1-&8#B+(#@75)*#2%=.50#12#

'-1/(.6&# 21-# (>%='5(# .&# -(&'16&.C5(# 21-# -(435%/.16#12# /+(# -(5(%&(#12# 70/17+-1=(#7#%6<#

&3C&(A3(6/# '-17%&'%&(# %7/.,%/.168"*# Q1=(# =(=C(-&# 12# /+(# @75)*# 2%=.50# '-(,(6/# /+(#

-(5(%&(#12#70/8#$#O<(%/+#.6+.C./1-&H#(848#@75)*H#@75)VPR#F+.5(#1/+(-&#'-1=1/(# ./#(./+(-#C0#

.6+.C./.64# <(%/+# .6+.C./1-&# O(848# @%<R# 1-# C0# %7/3%550# &/.=35%/.64# 70/# 7# -(5(%&(# 2-1=#

=./17+16<-.%#O(848#@%>#%6<#@%SR8##

961/+(-# .='1-/%6/# '-17(&&# .6# -(435%/.64# %'1'/1&.&# .&# ./&# .6+.C./.16# C0# %# '-1/(.6# 2%=.50#

7%55(<#I9W#O.6+.C./1-&#12#%'1'/1&.&R8#B+(0#%7/#(./+(-#C0#C517S.64#'-17%&'%&(&#2-1=#C(.64#
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#
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#

#

#
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4. RhoB 

$%#&'%()*+'&#*,#-.!.+#/012#3)4%#0151617#7','#845*69:#5'5+')#2;#+'61,7%#<1#<0'#845*69#

18#<0'#/01=>?@4%'%.#?0')'81)'#*<#(4,#+'#%A*<(0'&#8)15#4,#*,4(<*B'#*,<1#4,#4(<*B'#%<4<'#

+9# >C@=>?@# 'D(04,7'# 3(.8.# -.!;.# /012# 04%# 46%1# )'(',<69# +'',# %01A,# <1# +'#

'E*7','<*(4669# )'7F64<'&# *,# 4,# 47'=# 4,&# <*%%F'=%E'(*8*(# 54,,')# +9# 0*%<1,'#

51&*8*(4<*1,.GH##

?0'# <0)''# 5'5+')%# 18# <0'#/01#>?@4%'# 845*69:# /01$:# /012# 4,&#/01I# %01A# 4+1F<#

GJK# %'LF',('# 01516179.# M'B')<0'6'%%:# '4(0# 18# <0'5# 8F68*66%# &*88')',<# 4,&# # &*%<*,(<#

8F,(<*1,%# *,# <0'#('66.#$66#18# <0'5#4(<#1,#<0'#(9<1%N'6'<1,O#/01$#E649%#4#N'9#)16'# *,# <0'#

)'7F64<*1,#18#4(<1591%*,#(1,<)4(<*6*<9.#/012:#A0*(0#*%#61(46*P'&#E)*54)*69#1,#',&1%15'%:#

04%#+'',#%01A,#<1#)'7F64<'#(9<1N*,'#<)488*(N*,7:#A0*6'#/01I#549#+'#51)'#*5E1)<4,<#*,#

('66#61(151<*1,.GQ#2F<#1,69#/012#%''5%#<1#E649#4,#4&&*<*1,46#*5E1)<4,<#)'7F64<*B'#)16'#*,#

1<0')#4%E'(<%#6*N'#4E1E<1%*%#1)#<F51)#%FEE)'%%*1,GJ.#R*,('#/012#04%#1,69#+'',#%F+S'(<#

18# )'%'4)(0# &F)*,7# <0'# 64%<# 8'A# 9'4)%# <0')'# *%# %<*66# 5F(0# A1)N# <1# +'# &1,'# 1,# <0*%#

&*B')7*,7#/01=>?@4%'.###

#

a) RhoB DNA, protein sequence, sequence features and crystal 

structure 

?0'#0F54,#/012#7','#3/TU2;#(1,%*%<%#18#V.HWX#+4%'%#*,#CM$:#VHGQ#+4%'%#*,#5/M$:#

J"!#+4%'%#*,#%E6*('&#5/M$#!"#$%&'()*+#4,&#18#!"W#45*,1#4(*&%#4%#4#E)1<'*,#!,-./'(0+.#

/012#A4%#E)'B*1F%69#46%1#)'88')'&#<1#4%#Y$E69%*4#/$R=)'64<'&#0151617#WZ#3$/TW;#4,&#

*%#61(4<'&#1,#(0)151%15'#V:#VEVQ.#[,1A,#8'4<F)'%##<4)7'<'&#<1#<0'#E)*54)9#%'LF',('#

4,&#45*,1#4(*&#51&*8*(4<*1,%#4)'#6*%<'&#*,#,-./'(1.#/'(',<69:#46%1#<0'#()9%<46#%<)F(<F)'#

18#/012#*,#4#>C@#+1F,&#%<4<'#A4%#)'%16B'&O#"#$%&'()).#

#

#

!"#$%&' ()*' +,-.' -/&0' %&12"0#' 3%14&*'!"#$O# 466# VHGQ# +4%'%# 18# /012# 5/M$.# %&'#O# UE',#

)'4&*,7# 8)45'#8)15#E1%*<*1,'H"H# <1#"GH#3J"!#+4%'#E4*)%;.'()*'"#+,-.#+/)01+2345$,#6+78+ 9":,+

;&#<-4.#"+!")#=>?::"+-4.+@:,+!"::01')>A+

#

!"""#$$%&''())")*+*$,*'-,"((%)./'+0."10)2)1-).0"32)$+%0)+*"'4)0($(5+-"
6!""$*40+2+&(&"1(/21+-+)%"(#,./)+/1+"/(03%10'5)"10)'7.,13)"1%%()$3''+"
!8!"(&/+07)&-0"($&#'401)&"-++*&$#$)&"%4$2+2(0,/"$'-'0*)&0)".0-$-&$$(4"
!9!"'&2*/43*,%"3,,')(#

5167&'8*'+,-.'14"0-'19"2':&;$&09&'<=-4-':1/"&0:>*'(":,+///A?'B,#.AC:,++
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!"#$$$$$$$$$$$$$$%&'($$$$)'$$$$$$$*"+,&-./-'0$
%)$$$12345$$$$$$$$$6$$$$678$$$$$$$9:';&"<=/">$?)@;A-0>-0B$.&'/"-0$9:'CD$
%)$$$@9E@F@$$$$$$67G$$$$67H$$$$$$$9"('I">$-0$(=/J&"$K'&(D$
%)$$$5@LC45*$$$$$$6M$$$$$67$$$$$$$?)@$NC#$+-(-<=&-/#OD$
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a) Modifications and subcellular localization 

$%&'# %()# )*+*,(-# )./*)# 0&,# 1&)/2/,(3)-(/.&3(-# 4&5.0.6(/.&3# !"#$%&'( )*+7# 8(,3*)9-(/.&3#
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b) Described functions of RhoB 

4&#$10/2%'23'M%2/&"6'."#601"6#'06<'/%033",O"6#'
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-9)&)&4*)L!A# B/# .)# (-)&# ,*MI.,*5# 0&,# )/(D.-./9# (35# 3I6-*(,# /,(00.6>.3<# &0# C>/# ?%.6%#
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"

2*+34$%*-(*,(.$/."-(."44($0*0%*1&1(
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c) RhoB modifying toxins C3 + lethal toxin 
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/::(0+/'8&4#F*#0(.+%(7(68:/7#:%/'6&,G#H%&#&=()(=8',#/.&#,8'67&A:%/8'#+.()&8'#)(=8',S#
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5. Statins 
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1.240&2%&%'(=# &(+# 8*1*# .1'3'(&--5# /.4(+# '(# )'71..13&('2)2# 86'76# 42*# IUP9J.M#

'(6'?'%.12#&2#&#2*-/9+*/*(2*#)*76&('2)DEE"##

I.8*0*1G# &--# 2%&%'(2# ,.22*22# &#).-*74-&1# 2%147%41*# 1*/*11*+# %.# &2# IUP9).+4-*D# H6'2#

2%147%41*#)')'72# @965+1.C59@9)*%65-93-4%&15-# &(+# %642# &7%2#&2#&#7.),&1&%'0*# '(6'?'%.1#

&%#%6*#&7%'0*#2'%*#./#IUP9J.M#1*+47%&2*DEEV#S(#.1+*1#%.#?*#&7%'0*#%6'2#IUP9).+4-*#6&2#

%.#?*#&0&'-&?-*#&2#&(#65+1.C5#&7'+D#H6'2#'2#'),.1%&(%#&2#2.)*#2%&%'(2#*C'2%#'(#&(#'(&7%'0*#

/.1)#./#&#-&7%.(*#4(%'-#%6*5#&1*#&7%'0&%*+#'(#%6*#-'0*1D##

W6'-*# %5,*# S# 2%&%'(2# 6&0*#&(#&++'%'.(&-# 65+1.,6.?'7#,&1%G# %5,*# SS# 2%&%'(2#*C6'?'%# -.(3*1#

2'+*#76&'(2#%6&%#&1*#).1*#.1#-*22#65+1.,6.?'7D#H6.2*#2'+*#76&'(2#*2%&?-'26#65+1.3*(9#

&(+# '.('79?.(+2# # 8'%6# IUP9J.M# 1*+47%&2*# 86'76# '2# %6*# 1*&2.(# /.1# (&(.9).-&1# K'#

0&-4*2#./#2%&%'(2D#

#

#

#

#

#

#

#

#



!"#

#

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

$%&'()*(*%+#,-./.01#2%3456#

#

7*.0'()*(*%+#,2%3%*.06#

#

#

2.'()*(*%+#,84'(/.01#79*./.06#

#

:9;'()*(*%+#,24)/.96#

#

#

<0('()*(*%+#,<0('(/=.91#$494>*%+41#2%3.)*(*6#

#

#

?.);'()*(*%+#,@04)*.06#

#

# @40%'()*(*%+#,A(B/.91#2%3.C(B6#

#

!),-$% ./% &0#12()+(% 0$0,$2'% 13% (4$% '()(*+% 3)0*-"/%DB34# E# )*(*%+)# (04# F40&4+*(*%.+GH40%'4H1#

*B34#EE#)*(*%+)#(04#)B+*=4*%/#/.&3.;+H)I#A0(+H#+(&4)#J%'4+#%+#C0(/>4*)I#%

#

#



!"#

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

$%# &'()%# *+,# -.)%# '-/.(%*+%0# '+1'2'%'.+# .&# 34567.$# (8,9:%*)8# ;8*,)# %.# (8,9:8,# <=<#

)8(9-#;8>8;)?#@1')# ')#,98#%.#,8/;8%'.+#.&# '+%(*:8;;9;*(#:1.;8)%8(.;#A1':1# ')#-*,8#9/#&.(#

2B# *+# 8;8>*%8,# 8C/(8))'.+# .&# <=<# (8:8/%.()# .+# %18# :8;;# )9(&*:8#A1':1# /(.-.%8)# <=<#

9/%*D8#&(.-#2;..,?#

E.9(#'+,8/8+,8+%#)%9,'8)#1*>8#)1.A+0#%1*%#F%*%'+)#:*+#(8,9:8#%18#:*(,'.#>*):9;*(#(')D#

*+,#/(8>8+%#:*(,'*:#8>8+%)#2B#*2.9%#GHI#>8()9)#*#)%*+,*(,#%18(*/B#A'%1.9%#*#F%*%'+?#

#

J9%#)%*%'+)#,.# +.%#8C:;9)'>8;B# ;8*,# %.# ;.A8(#<=<# ;8>8;)?#$)#:*+#28#)88+# '+#!"#$%&'()#

-8>*;.+*%8# ')# *# >8(B# 8*(;B# '+%8(-8,'*%8# /(.,9:%# '+# :1.;8)%8(.;# )B+%18)')?#4*+B#-.(8#

'+%8(-8,'*%8#/(.,9:%)#*(8#&.;;.A'+K#9+%';#:1.;8)%8(.;#')#&'+*;;B#.2%*'+8,?#L)./(8+.',)#*(8#

+8:8))*(B# &.(# 5@M*)8# -.,'&':*%'.+0# ,.;':1.;# ')# +88,8,# '+# /(.%8'+# K;B:.)B;*%'.+# *+,#

92'N9'+.+8# *)# *+# 8;8:%(.+# ,.+.(# '+# %18# (8)/'(*%.(B# :1*'+?# @19)0# &9+:%'.+*;#

:.+)8N98+:8)# .&# F%*%'+# *:%'.+# -*B# '+>.;>8# -')K9',8,# )'K+*;;'+K# .&# )-*;;# 5# /(.%8'+)0#

OP6)%(8))# .(# 9+&.;,8,# /(.%8'+# (8)/.+)8# *+,# '-/*'(-8+%# .&# -'%.:1.+,('*;# 8+8(KB#

/(.,9:%'.+?# Q%18(# '-/.(%*+%# :8;;9;*(# /(.:8))8)# A1':1# -'K1%# 28# '+&;98+:8,# 2B# %18)8#

'+%8(-8,'*%8)# '+>.;>8# (8K9;*%'.+# .&# %18# :B%.)D8;8%.+0# :*;:'9-# 1.-R.)%*)')0# /(.%8*)8#

'+1'2'%'.+0#:8;;9;*(#)'K+*;;'+K#*+,#*/./%.)')?#

#

F%*%'+)# *;).# *:%# .+# %18# (8K9;*%'.+# .&# '-/.(%*+%# 2'.:18-':*;# /*%1A*B)# ;'D8#

K;9:.+8.K8+8)')# .(# %18# /8+%.)8/1.)/1*%8# /*%1A*B?# O+SB-8)# '+&;98+:8,# 2B# F%*%'+)#

)%'-9;*%8# 34567.$6FB+%1*)8# *+,# L)./8+%8+B;6='/1.)/1*%6,8;%*6L).-8(*)8# *+,#

(8,9:8# E(9:%.)86T0U6,'/1.)/1*%*)80# V8%.18C.D'+*)8# *+,# 5;9:.)86U6/1.)/1*%6T6

,81B,(.K8+*)8#*:%'>'%B?##

#

7;'+':*;;B#(8;8>*+%#*(8#*;).#%18#).#:*;;8,#/;8'.%(./':#8&&8:%)#.&#F%*%'+)#A1':1#*(8#*):('28,#

*+%'6'+&;*--*%.(B0# *+%'6/(.;'&8(*%.(B0# *+%'6.C',*%'>80# *+%'6%1(.-2.%':0# >*):9;.# /(.%8:%'>8#

*+,# /(.6*+K'.K8+':# 8&&8:%)?# 4.(8.>8(0# %18B# *;).# )1.A# *# /.)'%'>8# '+&;98+:8# .+#

:.+%(*:%';'%B#.&#:*(,'.-B.:B%8)#2B#-.,9;*%'+K#%18'(#)*(:.;8--*;#W*XYVX#/9-/?TT"0TTZ#

'

'

,%)%*+&'$)-&#').(.%(&*&'*+'/0,12'$#33&'

L%#1*)#288+#)1.A+#%1*%#%(8*%-8+%#.&#,'&&8(8+%'*%8,#19-*+#)D8;8%*;#-9):;8#:8;;)#[,1FV4\#

A'%1#8;8>*%8,#,.)8)#.&#F'->*)%*%'+#*:%'>*%8)#:*)/*)86G#*+,#6]?#@1')#8&&8:%#A*)#'+#/*(%#

(8>8()'2;8#2B#*,,'%'.+#.&#-8>*;.+':#*:',?TT]#

#

#
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6. Skeletal muscle 

$%&'&()'#*+,-'&# .,# )# (/0&# 12# ,(3.)(&4#*+,-'&# 56.-6# -)7#8&# )38.(3)3.'/#*19&4:#$%&'&()'#

*+,-'&,#)3&#3&,017,.8'&#213#*19&*&7(,#12#1+3#'.*8,#)*17;#1(6&3,#)74#)3&#-17(31''&4#

9.)# ,1*)(.-# 7&39&# ,(.*+')(.17:# <19&*&7(# .,# (6&3&8/# )'5)/,# 0&3213*&4# 9.)# *+,-'&#

-17(3)-(.17:# =6&# ,&-174# (/0&# 12# ,(3.)(&4# *+,-'&# 51+'4# 8&# (6&# 6&)3(# *+,-'&# 56.-6# .,#

.791'+7()3.'/# -17(31''&4:# $*11(6# *+,-'&,# >21+74# .7# )3(&3.&,?# (6&# ;),(31.7(&,(.7)'# (3)-(?#

&(-:@# -)7# )',1# 71(# 8&# )38.(3)3.'/# -17(31''&4# 8+(# (6&.3# ,(3+-(+3&# )74# 2+7-(.17# .,#

2+74)*&7()''/#4.22&3&7(#231*#,%&'&()'#)74#6&)3(#*+,-'&:#

#

$%&'&()'#*+,-'&,#-)7#8&#4&9.4&4# .7(1# 3&4# )74#56.(&#*+,-+')(+3&?# (6&# 3&4# (/0&# >,'15A

(5.(-6@# 8&.7;# 3&,017,.8'&# 213# &74+3)7-&# )74# (6&# 56.(&# (/0&# >2),(A(5.(-6@# 213# 2),(# )74#

,(317;#*19&*&7(,:#<+,-'&,#)3&#53)00&4#.7#)#-177&-(.9&#(.,,+&#-)''&4#&0.*/,.+*?#)74#

)3&#)(()-6&4#(1#(6&#,%&'&(17#9.)#(&7417,:#

#

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

$%&'&()'#*+,-'&,#)3&#8+.'(#12#*+,-'&# 2.83&,#56.-6#-)7#8&#+0#(1#BC-*#'17;# .7# (6&#(6.;6#

!"#$%&'()*+:#$&9&3)'#-177&-(.9&#(.,,+&,#%&&0#(6&#,(3+-(+3&#12#(6&#*+,-'&#5&''#4&2.7&4:#

D#,&0(+*#.,#53)00&4#)31+74#&)-6#*+,-'&#2.83&#)74#E1.7,#(6&*#(1#*+,-'&#2.83&#8+74'&,#

>2),-.-'&,@#8+.'4.7;#+0#(6&#*+,-'&#56.-6#.,#);).7#53)00&4#.7(1#(6&#,1#-)''&4#&0.*/,.+*:##

#

<+,-'&# 2.83&,# -17,.,(,# 12# (61+,&74,# 12# */12.83.',# 56.-6# )3&# '17;# )74# (6.7# ,(3+-(+3&,#

*)4&#12#*/12.')*&7(,:#=6&,&#031(&.7#,(3+-(+3&,#)3&#3&,017,.8'&#213#*+,-'&#-17(3)-(.17:##

#

./0)1#'234'5**#(,$-'67'*"#$#%&$'()*+$#4'!"#$%&"'()*+',&--&%%.'/0'1234350'67+#-'

$89:;*<*=90'>87)?8;<<'@;A;-=:%*-&.'B";-C7)=850'

#

</12.83.',# (6&*,&'2&,# )3&# 4&9.4&4# .7(1# ,&;*&7(,# -)''&4# ,)3-1*&3&,# 56.-6# 03.*)3.'/#

&F.,(#12#)-(.7#)74#*/1,.7#2.')*&7(,#(6)(#*19&#)'17;#&)-6#1(6&3#.7#)7#1001,.(&#4.3&-(.17#

-)+,.7;#(6&#-17(3)-(.17:#G74&3#(6&#*.-31,-10&#*/12.83.',#-)7#8&#4&9.4&4#.7(1#,&;*&7(,#

12#4.22&3&7(#(6.%7&,,#-)''&4##H?#D#)74#I#,&;*&7(#56.-6#)3&#8134&3&4#8/#J#4.,-,:##

#



!"#

$%&'(')&*%+,-# ./)0,'# 0',,)# 123'# ./,&*4,'# %/0,'*# 51*01# 2('# ,602&'7# 2&# &1'# 86(7'(# 69#

./)0,'#9*8('):#;/(*%+#'.8(-6%*0#7'3',64.'%&#./)0,'#0',,)#2,*+%#&6#'201#6&1'(#2%7#9/)'#

&6#2#./&*%/0,'2(#0',,#02,,'7#.-6&/8'#6(#)-%0-&*/.:#<1/)=#*&#*)#%6&#46))*8,'#96(#2#.-6&/8'#

&6# 7*3*7':# $%)&'27# &1'-# +(65# 8-# 4(67/0*%+# %'5# 6(+2%',,')# ,*>'# &1'# '%'(+-# 4(63*7*%+#

.*&6016%7(*2:#

#

?/)0,'# 9*8(')# 2('# )/((6/%7'7# 8-# )2&',,*&'# 0',,):# <1')'# 02%# 8'# *)6,2&'7# 9(6.# ./)0,'#

8*64)*')#2%7#>'4&#*%#0',,#0/,&/(':#<1')'#0',,)#5*,,#8'#/)'7#2)#2#)6/(0'#96(#7*99'('%&*2&'7#

./)0,'#0',,)#*%#&1*)#)&/7-:#

#

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

?-642&1-#*)#2#%'/(6./)0/,2(#7*)'2)'#(')/,&*%+#*%#./)0/,2(#5'2>%')):#@/&#*&# *)#2#3'(-#

+'%'(2,# &'(.# *%0,/7*%+# 0(2.4)=# )&*99%'))# 2%7# )42).# 2)# 5',,# 2)# 7-)&(641*')=#

(12876.-6,-)*)#2%7#.2%-#6&1'(#.-642&1*'):##

#

?/)0,'# *%9,2..2&*6%# *)# ('9'(('7# &6# 2)#.-6)*&*):#?2%-#)/01#06%7*&*6%)#2('#06%)*7'('7#

,*>',-# &6# 8'# 02/)'7# 8-# 2/&6*../%'# 06%7*&*6%)=# (2&1'(# &12%# 7*('0&,-# 7/'# &6# *%9'0&*6%:#

A,'32&*6%#69#0('2&*%'#>*%2)'#*%#8,667#*)#*%7*02&*3'#69#.-6)*&*):#

#

B-)*)#7/'#&6#*%C/(-#69#)>','&2,#./)0,'#*)#('99'('7#&6#2)#(12876.-6,-)*):#<1'('8-#*&#*)#%6&#

*.46(&2%&#*9#&1'#*%C/(-#52)#02/)'7#8-#41-)*02,=#01'.*02,#6(#8*6,6+*02,#920&6():##

#

D*%0'# 7')&(/0&*6%# ,'27)# &6# (','2)'# 69# &1'# 06%&'%&# 69# 72.2+'7# ./)0,'# 0',,)# *%&6# &1'#

8,667)&('2.#(12876.-6,-)*)# *)#2#(*)># 96(#20/&'#('%2,# 92*,/(':#?-6+,68*%# 96(#'E2.4,'# *)#

2%# *.46(&2%&# 06.46%'%&# 69# ./)0,')# *%C/(*6/)# &6# &1'# >*7%'-:# F00/./,2&*6%# 69# )/01#

4(67/0&)#.*+1&#8'#&('2&'7#5*&1#7*2,-)*)=#*%&(23'%6/)#9,/*7)#6(#1'.69*,&(2&*6%:##

#

<1'#.6)&#06..6%#02/)'#69#(12876.-6,-)*)#*)#./)0/,2(#&(2/.2:#B'))#06..6%#02/)')#

*%0,/7'# ./)0,'# '%G-.'# 7'9*0*'%0*')=# ','0&(6,-&'# 28%6(.2,*&*')=# *%9'0&*6/)# 02/)')=#

7(/+)=# &6E*%)# 2%7# '%760(*%642&1*'):# F)# *%# .-6)*&*)=# &1'# .6)&# )'%)*&*3'# ,286(2&6(-#

9*%7*%+#69#./)0,'#*%C/(-#*)#2%#','32&'7#4,2).2#0('2&*%'#>*%2)'#,'3',:H!I#

#

#

#

#

#

#

#
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7. Aims of this diploma thesis 

$%#&'()*%+,-+'&#.*#/,'0.)1%#2),3#4,)(#)1,#5-6#!"#$%&'(&)(#*+(,--./778#9+-+.*%#-,'#-65'#

+)#+,.::',#-/)/+)%.%#.*#%3'5'+-5#(1%;5'#<9=>?#;'55%@#$#:'*)('#2.&'#:'*'#;A./#-*-5B%.%#

2-%#/',4),('&#-*&#2.55#/,)0.&'#1*6.-%'&#.*4),(-+.)*#-6)1+#+A'#+,-*%;,./+.)*-5#,'%/)*%'#

)4# 9+-+.*# +,'-+'&# &.44','*+.-+'&# A1(-*# 9=># ;'55%@# C*# ),&',# +)# 41,+A',# '51;.&-+'# +A'#

()5';15-,#-;+.)*#)4#9+-+.*#.*&1;'&#(B)+)D.;.+B#+A'#4)55)2.*:#E1'%+.)*%#-,'#,-.%'&F#

#

- GA.;A# /,)+'.*%# -,'# .*0)50'&# .*# 9+-+.*# .*&1;'&# -/)/+)%.%# -*&# 2A.;A# /-+A2-B%#

-,'#,'5'0-*+H#

#

- $,'#/,'*B5-+'&# /,)+'.*%# 5.3'#IA)J#-()*:# +A'#%+,)*:'%+# ,':15-+'&# :'*'%#1/)*#

9.(0-%+-+.*#+,'-+('*+H##

#

- C%#-,+.4.;.-5#1/,':15-+.)*#)4#IA)J#'*)1:A#+)#+,.::',#-/)/+)%.%#-*&#;-*#-/)/+)%.%#

6'#/,)A.6.+'&#6B#&'-;+.0-+.*:#IA)J#0.-#K!#+)D.*H#

#

- LA'#6-;+',.-5# +)D.*#ML#;-*#'5.;.+#-#0',B#%.(.5-,#(B)+)D.;#/A'*)+B/'#-%#9+-+.*%@#

N)2# 4-,# .%# +A'# ()5';15-,# (';A-*.%(# )4# ML# -*&# 9+-+.*# .*&1;'&# -/)/+)%.%#

;)(/-,-65'H#



!"#

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

Cell culture of primary cells 

$%%# &'(&)*+&,-.# /&)&# 01))*&2# 34-# /*-5# 2*66&)&,-*1-&2# ()*+1)7# 54+1,# .8&%&-1%# +4.0%&#

0&%%.# 39-1*,&2# 6)3+# .8&%&-1%# +4.0%&# 9*3(.*&.# 36# 5&1%-57# *,2*:*241%.# /53# 4,2&)/&,-#

2*1;,3.-*0# -&.-*,;.<# =5&# %&6-3:&)# +1-&)*1%# >"??@A??# +;B# /1.# 4.&2# -3# *.3%1-&# .1-&%%*-&#

0&%%.<#=5&#()30&24)&#/1.#1(()3:&2#97#-5&#%301%#&-5*0#03++*--&&#

36# -5&# C&2*01%# D,*:&).*-7# 36# E*&,,1# >F)<# G&*;%H# F&(1)-+&,-# 36# $,1&.-5&.*3%3;7I#

J&,&)1%# K3.(*-1%I# E*&,,1I# $4.-)*1B<# L1-&%%*-&# 0&%%.# /&)&# 8&(-# *,# ;)3/-5# +&2*4+# 1,2#

2*66&)&,-*1-*3,# /1.# *,*-*1-&2# 97# ./*-05*,;# -3# 2*66&)&,-*1-*,;# +&2*4+# 1.# 2&.0)*9&2#

()&:*34.%7<"M"#

#

J)3/-5#+&2*4+#

K1+!.#NO"MI#"PQ#6&-1%#01%6#.&)4+I#P?,;#R#P??+%#&(*2&)+1%#;)3/-5#610-3)I#"?+;#R#P??+%#

*,.4%*,I# M??!;# R# P?+%# 2&'3+&-51.3,&I# MP?+;# R# P??+%# 6&-4*,# 1,2# 93:*,&# .&)4+#

1%94+*,I##ST;#R#P??+%#;%403.&I#M??+C#UO;%4-1+*,&I#P???#4,*-.#R#+%#(&,*0*%%*,#JI#P+;#R#

+%#.-)&(-3+70*,I#1,2#MP?!;#R#P??+%#1+(53-&)*0*,&#V#

#

F*66&)&,-*1-*,;#+&2*4+#

F4%9&003!.#+32*6*&2#W1;%&!.#+&2*4+#.4((%&+&,-&2#/*-5#PQ#53).&#.&)4+I#1,2#A+C#UO

;%4-1+*,&I#"??,;#R#+%#*,.4%*,I#1,2#?<";#R#+%#;&,-1+*0*,<#

#

Caspase assays 

F*66&)&,-*1-&2# 54+1,# .8&%&-1%# +4.0%&# 0&%%.# /&)&# +1*,-1*,&2# *,# -5&# 19.&,0&# 1,2#

()&.&,0&#36#.-1-*,.I#-3'*,.I#+&:1%3,*0#10*2I#%*(*2.#>JJXXI#NXXB#1,2#01.(1.&#*,5*9*-3).#

1-#03,0&,-)1-*3,.#1,2# *,0491-*3,# -*+&.# *,2*01-&2# *,# -5&# )&.(&0-*:&# 6*;4)&.<#=5&)&16-&)I#

-5&# 0&%%.# /&)&# /1.5&2# /*-5# (53.(51-&O9466&)&2# .1%*,&# >XVLB# 1,2# %7.&2# /*-5# *0&O03%2#

01.(1.&O%7.*.#9466&)#.4((%&+&,-&2#/*-5#()3-&1.&#*,5*9*-3).#>"<A!;R+%#1()3-*,*,I#"?!;R+%#

%&4(&(-*,I#1,2#"??!C#(&619%308B<#C*0)3.3+1%#6)10-*3,.#1,2#07-3.3%#/&)&#.&(1)1-&2#97#

0&,-)*64;1-*3,# 1-# API???!"1-# AYZ# 63)# M?#+*,<# =5&#(&%%&-#/1.# )&.4.(&,2&2# *,# 01.(1.&#

%7.*.#9466&)I#1,2#.1+(%&.#/&)&#.-3)&2#1-#@T?YZ<#X)3-&*,#03,0&,-)1-*3,#/1.#2&-&)+*,&2#

97# V*3O[12# X)3-&*,# $..17<# $%%# .-&(.# .-1)-*,;# /*-5# 0&%%# %7.*.# /&)&# 01))*&2# 34-# 3,# *0&<#

$%*\43-.#36#-5&#.4(&),1-1,-#>M?@P?!;#()3-&*,B#/&)&#*,0491-&2#*,#)&10-*3,#9466&)#1,2#P?#

!C#SO1+*,3OAO-)*6%43)3O+&-57%034+1)*,#>$NZBO03,]4;1-&2#.49.-)1-&#1-#!SYZ#63)#^?#+*,#

*,#-5&#21)8<#Z%&1:1;&#36#01.(1.&#.49.-)1-&.#/1.#+&1.4)&2#1-#1,#&'0*-1-*3,#/1:&%&,;-5#



!"#

$%# &'(# )*# +),# +)# -*.//.$)# 0+1-2-)345# $%# (!(# )*# 67# +# %28$9-/:-):-# ;2+4-# 9-+,-9#

<=+22+:#>&"'#*824.2+6-2#:$8)4-9#?@ABCDE"F#G-9H.)I2*-9#J.%-#+),#K)+274.:+2#L:.-):-/M#

=-22-/2-7M#NKOP#K/#+#)-3+4.1-#:$)49$2M# 45-#KQAE:$)R83+4-,#/86/49+4-/#0-9-#,.284-,# .)#

27/./#68%%-9#+),#9-+:4.$)#68%%-9#.)#45-#+6/-):-#$%#;9$4-.)P#S2+)H/#0-9-#/86/49+:4-,#%9$*#

-+:5#;9$6-#+),#45-#%28$9-/:-):-#/.3)+2#-T;9-//-/#+/#+8U*3U*.)P#

#

A+/;+/-E27/./#68%%-9##

"(*N#VIGILM#;V#WP&M#(*N#IXBKM#>*N#IYBKM#(*N#N3A2"M#(*N#,.45.$459-.4$2#

#

A+/;+/-#9-+:4.$)#68%%-9#

"(*N# VIGILM# ;VWP&M# ZPZ[# /8:9$/-M# >M&*N# AVKGL# <)$)E,-)+489+4.)3# ,-4-93-)4OM#

+),#(*N#,.45.$459-.4$2#

#

A+/;+/-E/;-:.%.:#+3-)4/##

!"#$"#%&'(#)*#+,"+%-#K:EK/;EY28E?+2EK/;EKQA#<K:EXI?XEKQAO##

!"#$"#%&.(#)*#+,"+%-#K:E?+2EK/;E?+2EK2+EK/;EKQA#<K:E?X?KXEKQAO#

#

Western Blot  

G-22-4/# +),# /8;-9)+4+)4/# 0-9-# ;9-;+9-,# %9$*# ,.%%-9-)4.+4-,# 58*+)# /H-2-4+2# *8/:2-#

<,5L\NO#:-22/#+/#,-/:9.6-,#+6$1-#+),#8/-,#%$9#=-/4-9)#62$4#+)+27/./P#G9$4-.)#/+*;2-/#

<(]>(3O#0-9-#,.284-,#.)#&T#/+*;2-#68%%-9M#5-+4-,#%$9#(#*.)84-/#+4#^(_A#;9.$9#4$#8/-P###

#

D5$S#0-/4-9)#62$4/#%9$*#05$2-#:-22#27/+4-/`#

B5-#,5L\N#:-22/# %9$*#!M(:*#:-22# :82489-# ,./5-/#0-9-#0+/5-,# 40.:-#0.45# GSLP# A-22/#

0-9-# 27/-,# 67# %9--a.)3# 0.45# 2.b8.,# ).49$3-)# +),# /86/-b8-)4# 45+0.)3P# "''!J# $%# 27/./#

68%%-9#c>*2#(T#J+-**2.#d#('!J#GNLQ#<>''#*NO#d#&*2#VL#68%%-9#<>('*N#e+A2M#('*N#

BD@L#;V#WM&M#(*N#N3A2"Of#0+/#+,,-,#+),#.):86+4-,#%$9#(#*.)84-/#$)#.:-P#A-22/#0-9-#

/:9+4:5-,#$%%#+),#.):86+4-,#%$9#>'#*.)84-/#+4#!W_A#6-%$9-#,-/498:4.$)#$%#XeK#67#69.-%#

+),#0-+H#/$).:+4.$)#<(!!M#('[#:7:2-M#>(E"'[#;$0-9OP#

#

Y-2#-2-:49$;5$9-/./#

Q$9#D5$S#,-4-:4.$)#,-)+489+4.)3#>"[#LXLE;$27+:972+*.,-#<GKKO#3-2/#!"#$%&'()#0-9-#

2$+,-,#0.45#5.35-/4#;$//.62-#1$28*-/#$%#;9$6-/# <"'E!'#!JOP#D8)).)3# 68%%-9# <'M'"(#N#

B9./F# 'M>^"# N# Y27:.)M# 'M>([# LXLO# 0+/# ;9-:$$2-,# 4$# &_AP# Y-2/# 0-9-# 98)# +4# >''?#

</4+:H.)3# 3-2O# U# >!'?# </-;+9+4.)3# 3-2O# %$9# +;;9$TP# >"'# *.)84-/P# Y-2/# 0-9-# /4$;;-,#

/5$9427#6-%$9-# 45-#628-#,7-#0+/# 98)).)3#$84P#I2-:49$;5$9-/./#0+/#:+99.-,#$84#$)#S@CE



!!"

#$%" &''()&*+)(," &-." ')/*(0-" .011+,0/-" 2&," 3/2()(." 45" 6/-,*&-*" 6//30-7" /1" *8("

&''()&*+)("20*8"06(9"

"

 separating gel stacking gel 

 12%  5%  

H2O 3,24 ml 2,785 ml 

30%-0.8% Acryl-Bisacryl 4 ml 0,835 ml 

1,5M Tris pH 8.8 2,5 ml ---   

0,5M Tris pH 6.8 ---   1,25 ml 

10% SDS 100 !L 50 !L 

10% APS 150 !L 75 !L 

TEMED 10 !L 5 !L 

final 10 ml 5 ml 

!"#$%&'(&)%$&*+,-+./0/+1&2+3&-+$4"*34$",/5%&6%$.(&

"

:)/*(0-"*)&-,1()"

:)/*(0-,"2()("*)&-,1())(."*/"-0*)/6(33+3/,(";(;4)&-(,"<'/)(",0=(>"?9@A;B"C683(068()"D"

C68+(33>" %&,,(3>" E();&-5F" 0-" ')(6//3(." *)&-,1()" 4+11()" <G)0," <A?;HF>" H(*8&-/3" <I?J

!?KF>"E3560-"<@?;HFF"&*"L??M"1/)"N?JO?";0-+*(,9""

:)(30;0-&)5"')/*(0-",*&0-0-7"2&,"./-("45"0-6+4&*0-7"*8(";(;4)&-("0-":/-6(&+"C"1/)"L?"

;0-+*(," &-." 6/3/)0-7"2&," )(;/P(."20*8"H0330Q"2&*()9"#(;&0-0-7" ')/*(0-" 0-":$$"7(3,"

2&," ,*&0-(."20*8" 6//;&,,0(" 43+(" ,/3+*0/-" <?>AK"6//;&,,0(" 4)0330&-*" 43+("#IA?>" A?K"

;(*8&-/3>"RK"&6(*06"&60.F"&-.".(,*&0-(."20*8"I?K";(*8&-/3"S"RK"&6(*06"&60."0-"/).()"

*/"6/-*)/3"1/)"(11060(-*"')/*(0-"*)&-,1()9"

"

T;;+-/.(*(6*0/-"

H(;4)&-(," 2()(" 43/6U(." 20*8" AK" VC$" 1/)" !?JN?" ;0-+*(,9" :)0;&)5" &-*04/.0(," 2()("

0-6+4&*(." 1/)" L" 8/+)" &*" )//;" *(;'()&*+)(" <$6*0->" G+4+30-F>" &*" 3(&,*" @" 8/+)," &*" )//;"

*(;'()&*+)(" <#8/VF" /)" /P()" -078*" &*" @WX" <#8/VF" )(,'(6*0P(359" V(*2((-" &-*04/.5"

0-6+4&*0/-,>";(;4)&-(,"2()(")0-,(."&-."2&,8(."!"*0;(,"1/)"L?";0-+*(,"20*8"P/3+;(,"

/1"&*"3(&,*"A?;3"/1"G)0,J4+11()(.",&30-("0-63+.0-7"?>IK"G2((-"<?>IK"GVCJGF"<'Y"R>@B"L"

30*()Z"O>O7"[&X3>"?>I7"\X3>"!7"G)0,>"I;3"G2((-JI?F9"$1*()",(6/-.&)5"&-*04/.5"0-6+4&*0/->"

;(;4)&-(,"2()("&3,/" )0-,(."&-."2&,8(."20*8"GVCJG" *2/" *0;(,>" 1/33/2(."45"&*" 3(&,*"

L?";0-+*(,"(]+0304)&*0/-"0-"GVC9"

"

T;;+-/.(*(6*0/-"2&,"6&))0(."/+*"45"*8("+,("/1"*8("1/33/20-7"&-*04/.0(,Z"

"

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

01$%(' 23+4' 56678/" :/3563/-&3" )&440*" T7E" &-*04/.5B" .03+*(." LZIA?B" C&-*&" X)+="

V0/*(68-/3/75>"T-69>"C&-*&"X)+=>"X$"



!"#

!"#$%&'()*& +,-./& 01-234256&$%&%'(%&)(#*%+,-#)&./0%123# 1/(+.-1# 456783#9)&.)#:;+<#

=/%.-'>&%(%?2@#A&'B@#9)&.)#:;+<@#:C#

!"#$%&,$07$08-9&+:,!-;<56#$%&%'(%&)(#*%+,-#A?D43#1/(+.-1#4548883#=E#=/%,'/-&'-,#

F>);*/&?-&#G=-'.%&@#E/'H/&,%&#)&1#:%*I)&2J#

!"#$%&=1>?%&+=,-4356#$%&%'(%&)(#*%+,-#A?D#)&./0%12#K;%*#9/?*)#:>-*/')(#:%B#G9.B#

L%+/,@#$MJ#G456788J##

!"#$%&@"A"B?%6#$%&%'(%&)(#*%+,-#)&./0%123#1/(+.-1#456783#9)&.)#:;+<#=/%.-'>&%(%?2@#

A&'B@#9)&.)#:;+<@#:C#

&

C81)%D$EF&$%>?A)D?806&

C&./N*%+,-# G1-;/O-1# K;%*# ,>--I@# 1/(+.-1# 4548B888J# )&1# )&./N;)00/.# G1-;/O-1# K;%*#

1%&H-2@# 1/(+.-1# 4568B888J# )&./0%1/-,# K;%*# C*-;,>)*# =/%,'/-&'-,# '%&P+?).-1# Q/.>#

>%;,-;)1/,>#I-;%R/1),-B-#

#

9/?&)(# 1-.-'./%&# Q),# ');;/-1# %+.# Q/.># -&>)&'-1# '>-*/(+*/&-,'-&'-# GS:LJ# 1-.-'./%&#

,2,.-*#K;%*#F/-;'-#:>-*/')(#GT%'HK%;1@#ALJ#%;#K%;#Q-)H#,/?&)(,#Q/.>#S:LNI(+,#K;%*#DS#

U-)(.>');-#GK%;*-;(2#C*-;,>)*#=/%,'/-&'-,JB#V/(*,#GW%1)H@#=/%$)R#XNM*).#CTJ#Q-;-#

1-O-(%I-1#Q/.>#)#W%1)H#1-O-(%I-;#*)'>/&-B#

#

T-+,-#%K#*-*0;)&-,#G,.;/II/&?J#

$-*0;)&-,#Q-;-#/&'+0).-1#/&#,.;/II/&?#0+KK-;#G488*$#*-;')I.%-.>)&%(@#6Y#9E9#)&1#

Z6@7*$# [;/,NU:(# 0+KK-;# IU# Z@\J# K%;# 68N!8# */&+.-,B# CK.-;# ,.;/II/&?@#*-*0;)&-,# Q-;-#

;--]+/(/0;).-1# /&# [=9# K%;# !# R# 7# */&+.-,# )&1# 0(%'H-1# Q/.># 7Y# =9C# K%;# !8# */&+.-,B#

A**+&%#1-.-'./%&#Q),#1-,';/0-1#),#1-,';/0-1#)0%O-B#

#

=)&1#)&)(2,/,#

F;%.-/&# ,.)&1);1,# %0.)/&-1# K;%*# C*-;,>)*# =/%,'/-&'-,@# ^W# Q-;-# +,-1# K%;# I;%I-;#

0)&1#),,/?&*-&.5##

L%Q#*%(-'+();#Q-/?>.5#4"@"#_#68@4#_#!8#_#"7#_#ZZ#_#`\#HE)#

[>-# /&.-&,/.2#%K# .>-#0)&1,#%K# /&.-;-,.#Q),#]+)&./K/-1#Q/.># A*)?-#a#?-(#)&)(2<-;#I(+?/&#

G>..I5__;,0B/&K%B&/>B?%O_/PJ#)&1#'%*I);-1#Q/.>#.>-#'%;;-,I%&1/&?#(%)1/&?#'%&.;%(B##

#

#

#

#

#

#



!"#

Immunohistochemistry 

$%&# '(()*%+',-%.+/(',-&01#2'33/&/*-'4-/2#+)(4*# ,5/6/-46#(),.6/#./66,#7/&/# 3'8/2#7'-+#

9:# ;4&43%&(462/+02/# 3%&# !<# ('*=# >+/# ./66,# 7/&/# 74,+/2# 7'-+# "<(?# @A9B6# 4*2#

,)C,/D)/*-60#;/&(/4C'6'E/2#3%&#"#('*#7'-+#4#,%6)-'%*#.%*-4'*'*F#<=G:#>&'-%*#HIG<<#4*2#

<=G:# .'-&4-/# '*# ;+%,;+4-/IC)33/&/2# ,46'*/=# >+/# ./66,# 7/&/# C6%.5/2# 7'-+# J:# C%K'*/#

,/&)(#46C)('*=##

L66#4*-'C%2'/,#7/&/#2'6)-/2#GMJ<<#4*2#'*.)C4-/2#3%&#G#+#4-#!NOB=#P(()*%,-4'*'*F#%3#./66,#

74,# K',)46'E/2# 7'-+# 4# F%4-# 4*-'I&4CC'-# B0!I.%*Q)F4-/2# R2'6)-/2# GM"<<S# L(/&,+4(#

T'%,.'/*./,1#P*.=1#U'/**41#L),-&'4V#%&#F%4-#4*-'(%),/#L6/84#9WWI.%*Q)F4-/2#,/.%*24&0#

4*-'C%20#R2'6)-/2#GM"<<S#?%6/.)64&#X&%C/,1#Y/'2/*1#>+/#@/-+/&64*2,V=##

L,#4#*/F4-'K/#.%*-&%61#./66,#7/&/#-&/4-/2#)*2/&# '2/*-'.46#.%*2'-'%*,#7'-+%)-#4;;60'*F#4#

3'&,-# 4*-'C%20=# P(4F/,# 7/&/# .%66/.-/2# ),'*F# 4# .%*3%.46# ('.&%,.%;/# 3&%(# B4&6# Z/',,#

R[/*41# \/&(4*0V# /D)';;/2# 7'-+# 4*# 4&F%*# 64,/&# ,0,-/(# RY]?# 9G<V=# >+/# 2'F'-'E/2#

;'.-)&/,# 7/&/# ,-%&/2# 4*2#4*460E/2# %33I6'*/# ),'*F#X+%-%,+%;# RL2%C/#]0,-/(,#\(CA1#

?)*'.+1#\/&(4*0V#4*2#P(4F/[#,%3-74&/=#

#

Plasmid extension in E. coli 

>+/# ^+%# C'*2'*F# 2%(4'*# %3# ^+%-/5'*# R\]>I^+%-/5'*# ^T_# ;)662%7*# 4,,40V# 74,#

/8;&/,,/2# 4,# 4# &/.%(C'*4*-# 3),'%*# 7'-+# \]># '*# !"#$%&'#$'() #*+'=# >+/# !,) #*+'# ,-&4'*#

.%*-4'*'*F# -+/# ;64,('2# 7'-+# -+/#^+%-/5'*# ^+%# C'*2'*F# 2%(4'*# R^T_V# 74,# 4# 5'*2# F'3-#

3&%(# X&%3=# _&=# B+&',-'4*# @4*%33# RP*,-=# %3# X+4&(4.%6%F01# U'/**4# ?/2'.46# `*'K/&,'-01#

L),-&'4V=##

L*#%K/&*'F+-#.)6-)&/#74,#F&%7*# '*#J9<(6#YT#(/2')(#.%*-4'*'*F#G<<!F#a#(6#L(;'.'66'*#

RL(;V=#>+/#*/8-#240#b#6'-/&,#%3#G<<!Fa(6#L(;#YT#(/2')(#7/&/#'*%.)64-/2#4*2#F&%7*#

-%#4*#%;-'.46#2/*,'-0#%3#<1"#I#<1W#R4-#b<<*(V#4-#!NOB=#P*2).-'%*#%3#^T_#/8;&/,,'%*#74,#

-+/*# '*2)./2# 7'-+# <1"(?# PX>\# 3%&# J# +%)&,# 4-# !NOB=# T4.-/&'4# 7/&/# ,;)*# 2%7*# 4-#

"<<<&;(# 3%&# J<# ('*# 4-# 9OB# 4*2# &/,),;/*2/2# '*# b<# (6# C4.-/&'4# 60,',# C)33/&=# Y0,4-/,#

7/&/# -+/*# ,%*'.4-/2# Rb# 8# G"# ,/.1# J":# ;%7/&1# c<:# .0.6/V# %*# './# 4*2# .6/4&/2# C0#

./*-&'3)F4-'%*#RJ<=<<<F1#J<#('*V=#]);/&*4-4*-,#7/&/#-+/*#&%-4-/2#7'-+#J(6#R7/-#K%6)(/1#

"<M"<V#F6)-4-+'%*/#C/42,#R]'F(4V#3%&#J#+%)&,#4-#9OB=#$%66%7'*F1#C/42,#7/&/#74,+/2#,'8#

-'(/,#7'-+#G<(6#74,+'*F#C)33/&# RG#,/.#,;'*#2%7*#4-#.4=#G<<<&;(V#4*2# -+/*#,-%&/2# '*#

9(6#74,+'*F#C)33/&#;6),#G<:#F60./&%6#4-#IW<OB=##

##

G#6'-/&#YTI?/2')(#R;A#N19VM##

G<F#@4B61#G<F#>&0;-%*#RL;;6'.+/(#LG""!V1#"F#0/4,-#/8-&4.-#RL;;6'.+/(#L!N!JV=##

#

#



!"#

$%&'()*%+#+,-*-#./00()1#

2345#6)*-7#89#:72;#<=#6)*'>?#@A<33;#<2345#B%C+;#245#5DC+E;#<45#F66;#<3!DG4+#

+(/8(8'*?;#<3!DG4+#%8)>'*?*?7#37<45#H5IJ#

#

K%-L*?D#./00()1#

2345#6)*-7#89#:72;#372=#6)*'>?#@A<33;#M345#B%C+;#245#5DC+E;#<45#F66;#<3!DG4+#

+(/8(8'*?;#<3!DG4+#%8)>'*?*?7#37<45#H5IJ#

#

GST-Rhotekin RBD binding assay 

6L(#NLIO5#&(++-#P()(#+,-(N#%-#N(-&)*.(N#0>)#'L(#&%-8%-(#%--%,-Q#R88)>S*4%'(+,#:3=#

>0#'L(#NLIO5#-/8()?%'%?'-#P%-#*?&/.%'(N#P*'L#TI6AU$F#.(%N-#>?#VWC#0>)#X3#4*?/'(-#

YZ>+/4(-# -8(&*0*(N# 0>)# (%&L# (S8()*4(?'[Q# R0'()# *?&/.%'*>?7# -/8()?%'%?'-# P()(#

&>48+('(+,# )(4>Z(N#%?N#.(%N-#P()(#P%-L(N#>?&(#P*'L# 233!\#P%-L*?D# ./00()#PL*&L#

P%-# 'L(?#%+->#&>48+('(+,# )(4>Z(NQ#!3AX3!\#>0#<#S#-%48+(#./00()#P%-# 'L(?#%NN(N# '>#

'L(# .(%N-# %?N# L(%'(N# '># X2WC# 0>)# <3# 4*?/'(-Q# $(%N-# P()(# -8/?# N>P?# %?N# 'L(#

-/8()?%'%?'# 8/'# >?# %# <E=# HRR# D(+# 0>)# (+(&')>8L>)(-*-# %?N# %# &>48+('(# P(-'()?# .+>'#

8)>&(N/)(#0>)#N('(&'*>?#>0#%&'*Z%'(N#UL>$Q##

DNA-chip analysis 

R#&>?&(?')%'*>?# -()*(-# P*'L# <!5#%?N#<3!5#I*4Z%-'%'*?# YI*4[# %?N#%# '*4(# -()*(-# P*'L#

<3!5#I*4#P*'L#*?&/.%'*>?#'*4(-#>0#EL7#<EL#%?N#EVL#P()(#8()0>)4(N#>?#NLIO5#&(++-#*?#

'P># -(8%)%'(# (S8()*4(?'-# %-# +*-'(N# *?# 'L(# '%.+(# .(+>PQ# RNN*'*>?%++,# &(++-# P()(#

Y-*4/+'%?(>/-+,[#')(%'(N#P*'L#<45#4(Z%+>?*&#%&*N#Y5R[Q##

#

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

,-./0-1# !# !# !# !#

*2!3#456# !# !# !# !#

*!3#456# AAA# AAA# AAA# !#

*2!3#456#7#*63#38# !# !# !# !#

*63#38# !# !# !# !#

#

UBR#8/)*0*&%'*>?#

UBR#P%-#8/)*0*(N# 0)>4# NLIO5#&(++-# /-*?D#]*%D(?#UB(%-,^#5*?*# _*'Q# 6L()(0>)(# &(++-#

P()(# D)>P?# %?N# N*00()(?'*%'(N# >?# 2&4# &(++# &/+'/)(# N*-L(-Q# C(++-# P()(# L%)Z(-'(N# Z*%#

'),8-*?*-%'*>?#0>)#2#4*?/'(-Q#H+%-4%#4(4.)%?(-#P()(#+,-(N#P*'L#8)>Z*N(N#./00()#U\BQ#

UBR#P%-4#0*)-'#8)(&*8*'%'(N#P*'L#X"=#('L%?>+#%?N#'L(?#8/)*0*(N#/-*?D#'L(#8)>Z*N(N#-8*?#

&>+/4?-#%-#*?-')/&'(NQ#H/)*0*(N#UBR#P%-#_(8'#*?#V3!\#UB%-(A0)((#P%'()#%?N#-'>)(N#%'#A

M3WCQ#



!"#

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

123,-#45-635#78!!#9.20#:;<#&==,/#45-5>)*+0?#@=63#&@@/35A=*BC#D-(;#E5=5#205F#A6#

)/G=*F*H5#62=#+=6G50#E*A)# A)5#E)6.5#)23,-#I5-635;#J5K5=05# A=,-0(=*+A*6-#6@#+2=*@*5F#

J%&C# I5-5# ()*+# )/G=*F*H,A*6-# ,-F# A)5# =5,F62A# E5=5# F6-5# G/# 9=6@;# $=;# L,=A*-# M*.G,-#

NL5F*(,.#7-*K5=0*A/#O*5--,P;#$,A,#E,0#,-,./H5F#20*-I#A)5#@6..6E*-I#06@AE,=5#A66.0#N,..#

@=55E,=5P#2-F5=#A)5#I2*F,-(5#6@#Q,(R250#>6.*-I5C#9)$#N>SLLC#O*5--,PT##

#

#

!"#$%&'(%))$*+,##NJ6G20A#L2.A*()*+#&K5=,I5P##

>6-K5=A*-I# =,E# F,A,# N>$U# @*.50P# *-A6# SB(5.# =5,F,G.5# @*.50# ,-F# ,A# A)5# 0,35# A*35#

,00*I-*-I#45-5#D$0#A6#&@@/35A=*B#.,G5.0#N>SV#@*.5P;#JL&#5B+=500#6+5=,A50#A)=55#0A5+0T#

G,(WI=62-F#,FX20A35-AC#R2,-A*.5#-6=3,.*H,A*6-#,-F#0233,=*H,A*6-;#

#

)AA+TYY=3,5B+=500;G3G6.0A,F;(63Y#

#

#

"-./0$1&'%(02%3/$40%5%($6"147$8+*##

ZA,A*0A*(,.#,-,./0*0#.*W5#(.20A5=#G2*.F*-I#,-F#0*I-*@*(,-(5#A50A0;#

#

)AA+TYYEEE;A3[;6=IY35K;)A3.#

#

#

9%3"#::$;$$

O*02,.#F*0+.,/#6@#+,A)E,/#=5I2.,A*6-0;#

#

)AA+TYYEEE;I5-3,++;6=IY#
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DNA-Chip analysis 

$%%&'()*+,# -./0(# 1(2/'(# 34$56.+78# -(*(# 98(:# )/# /;)<+2# (,7*(88+/2# =<09(8# /%# <00#

.9'<2# 1(2(8# +2# :+%%(*(2)+<)(:# .9'<2# 8>(0()<0# '9860(# 6(008# ?.@ABC# 92:(*# :+%%(*(2)#

)*(<)'(2)# 6/2:+)+/28D# E2# <# %+*8)# (,7(*+'(2)# <# 6/26(2)*<)+/2# 8(*+(8# /%# @+'=<8)<)+2# -<8#

7(*%/*'(:#<%)(*#FG#./9*8#/%#)*(<)'(2)D#$#)+'(#8(*+(8#/=(*#F.H#IF.#<2:#FG.#-<8#6<**+(:#

/9)# +2# <# 8(6/2:# (,7(*+'(2)# %/*# IJ!B# @+'=<8)<)+2D# K(008# )*(<)(:# -+).# ).(# 8<'(#

6/2:+)+/28# <8# :(86*+;(:# -(*(# <::+)+2<00&# )*(<)(:# -+).# '(=<0/2+6# <6+:D# L.+8# <00/-8# )/#

%+0)(*#%/*#0+7+:#+2:(7(2:(2)0&#*(190<)(:#1(2(8D##

#

M(#98(:#NB$#O,7*(88# 8/%)-<*(# )/# /;)<+2# (,7*(88+/2# =<09(8# %*/'# *<-#:<)<# %+0(8D#$2#

+2)(28+)&# ).*(8./0:#/%#FJ#-<8#98(:#)/# %+0)(*#-(<>#8+12<08D# E2#<#2(,)#8)(7#-(#%+0)(*(:#%/*#

%/0:#6.<21(8#/%#<)#0(<8)#FH!#+2#<2&#6/2:+)+/2D#L.(8(#6/2:+)+/28#1(2(*<)(:#<#0+8)#/%#IJJP#

1(2(8#-.+6.#-(#%((:(:#+2)/#QB90)+O,7(*+'(2)#R+(-(*S#8/%)-<*(#%/*#%9*).(*#<2<0&8+8D##

#

T+*8)H# <# :+*(6)# 8(<*6.# %/*# 87(6+%+6# *(190<)+/2# 7<))(*28# -<8# 7(*%/*'(:D# L.(*(%/*(# ).*((#

7<))(*28#-(*(#6*(<)(:U##

*+,+-# -%,%.-%.)/# E26*(<8+21# 97*(190<)+/2# -+).# *+8+21# 6/26(2)*<)+/28# /%# @+'=<8)<)+2D#

$;*/1<)+/2#/%#97*(190<)+/2#-+).#I'B#'(=<0/2+6#<6+:#?B$CD#

*+,+-#+.-%,%.-%.)U# E26*(<8+21#97*(190<)+/2#-+).#*+8+21#6/26(2)*<)+/28#/%#@+'=<8)<)+2H#

;9)#2/#(%%(6)#<%)(*#8+'90)<2(/98#)*(<)'(2)#-+).#I'B#B$D#

0,1,)1)+2# 3%4'(5)+1./# @)*/21# 97*(190<)+/2# <%)(*# I!B# @+'H# ;9)# 2/# *(190<)+/2# <%)(*#

IJ!B#@+'D#I'B#B$#.<8#<#*(869+21#(%%(6)#)/1().(*#-+).#IJ!B#@+'D#

N(890)8#/;)<+2(:#%/*#75=<09(8#V#JHI#<*(#:+870<&(:#+2#!"#$%&'D##

#

@(6/2:H#<2#<01/*+).'#-.+6.#7(*%/*'8#:+8)<26(#'(<89*+21# +2#/*:(*# )/#6098)(*#8+'+0<*+0&#

*(190<)(:# 1(2(8# -<8# <770+(:# )/# ).(# IJJP# 1(2(8D# L.(# '()./:# 98(:# %/*# :+8)<26(#

'(<89*+21# -<8# 7(<*8/2# 6/**(0<)+/2D# W2(# /%# ).(# /;)<+2(:# 6098)(*8# 8./-(:# ).(#

7*/7(*)+(8#/%# 0+7+:#:(7(2:(2)#*(190<)+/2#<2:#<00#/%# +)8#!X#1(2(8#-(*(#<08/#6/2)<+2(:# +2#

).(#'<29<0# 8(<*6.# %/*# 0+7+:# :(7(2:(2)0&# *(190<)(:# 1(2(8# (!"#$%& )*+D# L.+8# 92:(*0+2(8#

).(#+'7/*)<26(#/%#).(8(#6<2:+:<)(8D#

#

#

#

#
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!

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

#

# #
#
   -    1     1    10   10    -   Sim 

   -     -     1     -      1    1   MA#

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

#

#
#
##$#####%#####%####%&###%&####$##)#*#

##$#####$######%#####$#####%#####%##+,#

,$-$(-(#.!

#

#
#
###$#####%####%#####%&###%&###$##)#*#

###$#####$#####%######$######%###%##+,#

'())*# '('+*# ',-!#

'+.*/0# '())*# '+.*'%#

(%!123!!# '+.45&6# (%71237#

(%012389# (%012389# (:-4#

:;65%# :;65%# 6</.%=%#

6>.!# ?':)%# )6(!%=%#

?':)%# ?(;=>*# #

?(;=>*# <>@()%# #

@;-7# <>AB%# #

<>AB%# -;+!0# #

-=?*# =A(*908&*# #

-=?0# =A(40%"%8#CCC#=A(400*8%# #

-;+!0# .:-0# #

=A(**%&"%# +>0)?%# #

,(-'.%# +)(**:!# #

A')%# # #

.:-0# # #

.='*@0'# # #

;'/*8/# # #

;@(!*# # #

;<6/# # #

/012! # #

;.+,# # #

)'>:"# # #

+>0)?%# # #

+>6>%!*/# # #

+,B'#CCC#+,B/# # #

+,B/# # #

+)(**:!# # #

D,?8&"# # #

3456&! 78! /&9:6(9! -;! %#<&.(! .6:9(&<! 9&4<.=! >-;;#.#46! ?&'&! 9@*5-69A8# +EF# 2FGHIJG# KLGMINOFK#

PF2F#1QJNLRFK#PLJE# S>HIJL6TMF2LUFRJ#5LFPF2VW#%&&8#GJ21RXIO# 2FXHINJFK#XFRFG#PF2F# 3FFKFK# LRJ1#

JEF#G13JPN2F#NRK#UNJYEFK# 312# JE2FF#KL33F2FRJ# 2FXHINJL1R#MNJJF2RG#PLJE#N#M$ZNIHF#13#NJ# IFNGJ#&[%W#

+EF# MNJJF2RG# N2F# X2NMELYNIIO# KLGMINOFK# LR# JEF# 3L2GJ# Y1IHURW# <LXEF2# K1JG# 2FM2FGFRJ# N# 2FINJLZFIO#

GJ21RXF2# 2FXHINJL1RW# )LUZNGJNJLR# \)LU]# LR# !>[# UFZNI1RLY# NYLK# \>']# LR# U>W# !"#"$% $&#&'$&'(^#

_M2FXHINJL1R# LG# M2FZFRJFK# QO# GLUHIJNRF1HG# >'# J2FNJUFRJW# !"#"$% "'$&#&'$&'(^# >'# ENG# R1#

M2FZFRJLRX# F33FYJ# 1R# # )LUZNGJNJLR# LRKHYFK# HM2FXHINJL1RW# 'M1MJ1JLY^# )J21RX# HM2FXHINJL1R# HRKF2#

%!># )LU[# R1# KFJFYJL1R# N3JF2# %&!># )LUW# >'# MN2JIO# M2FZFRJG# Y1UMIFJF# K1PR2FXHINJL1R# HRKF2#

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

/&#/&-&'(&$%45%(0/&&%*/%+*/&%$"66&/&'(%789%#/*4&-%*'%(0&%10"#:%;0&-&%+<2("#2&%0"(-%=&/&%2&6(%*<(%

6*/%/&.-*'-%*6%12./"(5:%>&-<2(-%./&%$"-#2.5&$%"'%.2#0.4&("1.2%*/$&/:%%
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Pearson correlation (lipid dependent) 

ATP2B4 PDK4 

C13orf33 RAB27B 

C14orf78 RGC32 

EMP3 RHOB 

FCRLM2 RPTN 

GRK5 SAMD9 

HMOX1 TM4SF1 

KLF2 TMEM132B 

KLF4 TNXA /// TNXB 

KRT34 TNXB 

LOC221091 TSC22D3 

OAS1 ZNF709 

!"#$%& '()& *%+,$-+& ./& 0%"1+.2& 3.11%$"-4.2& 5.//434"$& 6%2%& +78#.$+9)& $%&'()*# +,+%-'.'# /.+#

0)+*'1,# 21**)%+(.1,# %)3# 4+51,6# 5+,-# 1(7)*# 2%&'()*'8# (1# (7.'# 6*1&0# 19# 6),)':# ;7.27# ;)*)#

*)6&%+()3#.,#+#%.0.3#3)0),3),(#5+,,)*<#=%%#6),)'#.,#(7.'#2%&'()*#7+/)#+%'1#>)),#91&,3#+9()*#(7)#

3.*)2(#')+*27#91*#+#%.0.3#3)0),3),(#*)6&%+(.1,#0+(()*,#4!"#$%&:8<#=#0?/+%&)'#19#@#":A#;+'#&')3#91*#

(7.'#2%&'()*.,6<!

#

RhoB mRNA is strongly upregulated 

B)#271')#(1#9&*(7)*#.,/)'(.6+()#C71D#>)2+&')#19#(7*))#*)+'1,'E##

#

A< C71D#.'#+51,6#(7)#(10#A"#*)6&%+()3#6),)'#+9()*#A"!F#G.5/+'(+(.,#(*)+(5),(#;.(7#

(;1#19#.('#9./)#*)0*)'),(.,6#0*1>)'#1,#(7)#27.0<#

#

H< C71D# .'# 21,(+.,)3# .,# >1(7# %.'('# 19# %.0.3# 3)0),3),(%-# *)6&%+()3# 6),)'# ;7.27# ;)*)#

1>(+.,)3# 9*15#0+(()*,# ')+*27# +,3# 9*15#3.'(+,2)#5)+'&*.,6<#=%%# C71D# +''12.+(.,6#

IJK:#I=L#+,3#IMN#0*1().,'#+*)#1,%-#'%.67(%-#&0*)6&%+()3#4@#A:O#91%38<#P7&':#C71D#

.'# 2+&'+%%-# %.,Q)3# (1# '(+(.,# +2(.1,# 40*1>+>%-# >)2+&')# 19# .('# 9+*,)'-%# +,3#

6)*+,-%6)*+,-%#5)5>*+,)#+,271*'8<#

#

R< C71D#;+'#0*)/.1&'%-#+'2*.>)3#+#*1%)# .,#*)6&%+(.1,#19#+010(1'.':::'((#+,3# .,# .,3.*)2(#

*)6&%+(.1,#19#5)5>)*'#19#(7)#S*&00)%#T.Q)#K+2(1*#4STK8#0*1().,'#4'))#"#$%&'!()#+,3#

'(;8# ;7.27# +*)# +%'1# +51,6# (7)# 51'(# '.6,.9.2+,(%-# *)6&%+()3# 6),)'<# C)6&%+(.1,# 19#

C71D:#STKH#+,3#STKU#.'#'71;,#.,#!"#$%&'()<#=%%#(7)')#0*1().,'#+*)#*)6&%+()3#.,#+#

/)*-#'.5.%+*#0+(()*,<#

#

#
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RhoB mRNA fold change after Simvastatin treatment 
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KLF2  mRNA fold change after Simvastatin treatment
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KLF6  mRNA fold change after Simvastatin treatment

#

RhoB CTL 1!M Sim 10!M Sim 1mM MA 

1!M Sim + 

1mM MA 

10!M Sim + 

1mM MA 

2h 364  462 409  642 

12h 601  2809 622  886 

24h  

(2 Exp) 

774 ±7 1561 3948 ±261 734 ±77 767 1037 ±18 

!"#$%&'()*'+,-.'%&#$/01"23'24',5267'89!)'03:'89!;*'$%&'()*+#',*#-.(/#01'23*+#,*('456*#4.#

0.24,.(#789:;#52#'#(.3',541<50#+0'(*=#>#'?5+#+1.@+#520)A'45.2#45<*+=#B7C;D#<',E+#'2#52/*F*2/*24#

*?F*,5<*24#.-#C!#1.),+=#G#'?5+#'AA,*65'45.2+H#I5<#J#I5<6'+4'452K#0.20*24,'45.2+# 52#!LM#LN#J#

"<L#<*6'(.250#'05/=#O,5352'(#015F#6'()*+#.-#P1.Q#(5+4*/#52#41*#4'A(*#A*(.@#7±#6'()*+#,*F,*+*24#

+4/=#/*65'45.2#.-#4@.#*?F*,5<*24+;=#
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Simvastatin leads to RhoB upregulation on protein level 

$%# &'%(# )*+,-)./01%2# %3# 4'%5# *+%0,12# 12# 6178/&0/012# 0+,/0,9# 9133,+,201/0,9# ')7/2#

&:,.,0/.# 7)&;.,# <9'6=>?# ;,..&@# (,# *,+3%+7,9# (,&0,+2# A.%0# /2/.B&1&# (10'# 0%0/.# ;,..#

.B&/0,&C# $',+,3%+,# 0(%# ;%77,+;1/..B# /8/1./A.,# /201A%91,&# <%2,# 7%2%;.%2/.# /29# %2,#

*%.B;.%2/.?# (,+,# )&,9# 0%# 9,0,;0# 4'%5C# D23%+0)2/0,.B# A%0'# %3# 0',7# &'%(# 120,2&,#

)2&*,;131;#A12912-C#E%+#0'/0#+,/&%2@#0',#7%&0.B#8,+B#(,/:#A/29#%3#4'%5#/0#"F:G/#7)&0#

2%0#A,#;%23)&,9#(10'#0',#&0+%2-,+#./2,&#2,/+AB@#,&*,;1/..B#0',#A/29#/0#/**+%HC#"I:G/C#

#

J.,8/0,9#4'%5#.,8,.&#/29#/#6178/&0/012#;%2;,20+/01%2#9,*,29,2;B#;%).9#A,#/**+%8,9!

"#$%&'(! )*+C# K# 2%01;,/A.,# )*+,-)./01%2# %;;)+&# /.+,/9B# /30,+# 0+,/07,20# (10'# L!>#

6178/&0/012# 3%+# "!'C# LM!># 6178/&0/012# +,7/+:/A.B# 129);,# 4'%5# *+%0,12# ,H*+,&&1%2C#

4'%5#;%20+%.&#&'%(#/.7%&0#2%#&1-2/.@#,8,2#(',2#./+-,#/7%)20&#%3#*+%0,12#.B&/0,&#/+,#

)&,9C# #>%+,%8,+@#6178/&0/012# 129);,9#4'%5#.,8,.&#/+,#/A+%-/0,9#(10'#7,8/.%21;#/;19#

/&#&'%(2#12##$%&'(#),C#

#

#

#

#

#

#

#

#

#

#

!"#$%&'()*'+",-./0.0"1'2&3&12&10'4567'$3%&#$8.0"61'"1'25+9:';&88/*'JH*,+17,20&#/?#/29#

A?#(,+,#A%0'#0+,/0,9# 3%+#LN#'%)+&#(10'#+1&12-#;%2;,20+/01%2&#A)0#9133,+,20# .%/912-#;%20+%.&#(,+,#

)&,9C# 4'%5# 1&# /.7%&0# )29,0,;0/A.,# 12# )20+,/0,9# ;%20+%.# ;,..&# <O$P?# A)0# 12;+,/&,&# (10'# +1&12-#

6178/&0/012#;%2;,20+/01%2&C#60+%2-#4'%5#)*+,-)./01%2#1&#81&1A.,#(10'#;%2;,20+/01%2&#/A%8,#L!>C#

>,7A+/2,&# (,+,# ;)0# 3%+# 4'%5# /29# $)A).12# 9,0,;01%2C# .<' $',# A/29&# %3# 0',# 0)A).12# .%/912-#

;%20+%.#/+,#2%0#;.,/+.B#&,*/+/0,9#9),#0%#0',#./+-,#*+%0,12#/7%)20&#2,;,&&/+B#0%#9,0,;0#4'%5C#=<#

K;012#'/&#A,,2#)&,9#/&#/2#/.0,+2/018,#.%/912-#;%20+%.@#A)0#/**/+,20.B#/;012# .,8,.&#/+,#128,+&,.B#

*+%*%+01%2/.#0%#4'%5#.,8,.&#/29#0')&#2%0#*+/;01;/.#/&#/#.%/912-#;%20+%.C#'

#

DA1Q)10%)&#*+%0,12&#0)A).12#/29#/;012#(,+,#)&,9#/&#.%/912-#;%20+%.&@#('/0#0)+2,9#%)0#0%#

A,#;%7*.1;/0,9#A,;/)&,#%3#0(%#+,/&%2&C#E1+&0@#0',B#A%0'#7/:,#)*#3%+#./+-,#*/+0&#%3#0',#

('%.,#*+%0,12# 12#&:,.,0/.#7)&;.,#;,..&C' R2#%+9,+# 0%#9,0,;0# 0',#&7/..#/7%)20&# %3#4'%5@#

 CTL       0,1 !M   1 !M    10 !M    20 !M 

               Sim.       Sim.     Sim.      Sim. 

RhoB 

Actin 

 CTL       0,3 !M   1 !M    3 !M    10 !M 

               Sim.       Sim.     Sim.      Sim. 

RhoB 

Tubulin a) 

b) 
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$%&'(#%)*+,-.#*/#0&*-(1,#2%3# -*#4(#+.(35# 62+.# -2(# 4%,3.# */# -2(# $*%31,'#7*,-&*$.#%&(#

*/-(,#,*-#7$(%&$8#.(0%&%-(3#9.((#6+4+$1,#4$*-#1,#!"#$%&'()'*+,##

:(7*,3;# %7-1,# $(<($.# %&(# .*)(-1)(.# 1,<(&.($8# 0&*0*&-1*,%$# -*# =2*># $(<($.# 9.((# ?7-1,#

4$*-# 1,# !"#$%&' ()' -+5# ?# &(%.*,# /*&# -21.# 02(,*)(,*,# 7*+$3# 4(# 7%.0%.(# %7-1<%-1*,# 1,#

:1)<%.-%-1,#-&(%-(3#32:@A#7($$.!!"#B2172#B(#%$.*#.2*B#$%-(&#*,5#?7-1,#B%.#*,(#*/#-2(#

/1&.-# .+4.-&%-(.#3(.7&14(3# /*&#7%.0%.(.CDD5#6*#71&7+)<(,-# -21.# 0&*4$();# -2(#7($$.#2%<(#

4((,# $8.(3# 1,# $8.1.# 4+//(&# 0&1*&# -*# -2(# %331-1*,# */# !E# F%())$1# 4+//(&# %,3# 0&*-(1,#

7*,7(,-&%-1*,.# 2%<(# 4((,# 3(-(&)1,(3# <1%# >&%3/*&35# GH+%$# %)*+,-.# */# 0&*-(1,# B(&(#

-2(,#$*%3(3#*,-*#-2(#'($.5#

#

#

#

#

#

#$%&'()!*+),(-('.$/$0$12)34)5$6-7.171$8)95$6+:)$8;&<(;),=3>)&?'(%&071$38)@$1=)6(-7038$<)

7<$;) 9AB:+)I*,-&*$# 7($$.# %,3# 7($$.# -&(%-(3#B1-2#A?# *,$8# .2*B#<(&8# $*B# $(<($.# */#=2*>5#CJ!A#

:1)5#.-&*,'$8#1,3+7(.#=2*>5#:1)+$-%,(*+.#-&(%-)(,-#B1-2#CJ!A#:1)5#%,3#C)A#A?#$(%3.#-*#,*#

=2*>#+0&('+$%-1*,5##

#

Simvastatin induced RhoB is active 

K,# *&3(&# -*# 0(&/*&)# 1-.# 7($$+$%&# /+,7-1*,.;#=2*>#,((3.# -*# 4(# 1,# %,# %7-1<(;#L6MN4*+,3#

.-%-(5# 62(&(/*&(# 1-# 1.# (..(,-1%$# -*# O,*B# 1/# -2(# *4.(&<(3# :1)<%.-%-1,# 1,3+7(3# =2*># 1.#

L6M#4*+,3#*&#,*-5#

6*#72(7O#/*&#%7-1<(#=2*>;#B(#+.(3#%#=2*-(O1,#41,31,'#3*)%1,#9=>PQ#0+$$3*B,#%..%85#

K,#*&3(&#-*#0(&/*&)#-21.#%..%8#0&*-(1,#%)*+,-.#*/#32:@A#7($$#$8.%-(#.+0(&,%-%,-.#B(&(#

3(-(&)1,(3# <1%# >&%3/*&3# %..%85# GH+%$# %)*+,-.# */# 0&*-(1,# B(&(# 1,7+4%-(3#B1-2# (H+%$#

%)*+,-.#*/#=>PNL:6N.(02%&*.(#/*&#*,(#2*+&5##

#

R,/*&-+,%-($8# -2(# =2*-(O1,# 41,31,'# 3*)%1,# 0&(7101-%-(.# %$.*# .(<(&%$# *-2(&# 0&*-(1,.#

4(.13(.#=2*>;#B2172;#-*'(-2(&#B1-2#-2(#$*B#=2*>#.0(71/171-8#*/#-2(#%<%1$%4$(#%,-14*31(.;#

(E0$%1,.# B28# -2(&(# 1.# )*&(# -2%,# *,(# 0&*-(1,# <1.14$(# *,# -2(# ,1-&*7($$+$*.(# )()4&%,(#

%/-(&#1))+,*#3(-(7-1*,5##

?# 7*,7(,-&%-1*,# 3(0(,3(,-# 1,7&(%.(# 1,# %7-1<(# =2*># %/-(&# :1)<%.-%-1,# -&(%-)(,-# 7%,#

7$(%&$8# 4(# .((,# 1,# !"#$%&' (.' *+5# A*&(*<(&# -2(# +0&('+$%-1*,# %,3# %7-1<%-1*,# B%.#

%4&*'%-(3# -*# .*)(# 3('&((# 48# )(<%$*,17# %7135# A(<%$*,17# %713# %$*,(# 7*)0$(-($8#

%4&*'%-(3#=2*>#%7-1<%-1*,5##

RhoB 

Tubulin 

 CTL         10!M       10Sim.      1mM     

                  Sim.        +MA           MA 



!!"

#$%$&'(")*+,&*(-".$&$"/$&0*&1$2",*"$3)(42$"'+"4+-/$)505)"/4((2*.+"!"#$%&'"()*+,,6"75&-,"

8#9:-$/;'&*-$" .5,;*4," ,;$" 8#9:)*4/($2" <=>" .'-" 5+)4?',$2" .5,;" )*+,&*(" '+2"

#51%'-,',5+"/&*?$-"'+2"/&$)5/5,',$2"<;*="($%$(-".$&$")*1/'&$2".5,;"'"-514(,'+$*4-(@"

/$&0*&1$2"<=>:/4((2*.+"%5'".$-,$&+?(*,6"A+0*&,4+',$(@"<;*=".'-"'(-*"/4(($2"2*.+",*"

-*1$"'1*4+,"?@"8#9:-$/;'&*-$"'(*+$6""

9;$" -$)*+2" )*+,&*(" .'-" /$&0*&1$2" 0*&" 4+5+)4?',$2"<=>")*4/($2"8#9:-$/;'&*-$6" B+"

,;5-" )'-$" *+(@" *+$" ?'+2" '," '&*4+2" CDE>'" ?$)*1$-" %5-5?($6" #5+)$" '((" <=>:/4((2*.+"

?(*,-" -;*." ,;5-" ?'+2F" 5," 5-" 1*-," /&*?'?(@" ,;$" <;*,$E5+" ?5+25+G" 2*1'5+" .;5);" .'-"

2$,');$2"0&*1"-$/;'&*-$"?$'2-"24&5+G"/&*?$";$',5+G"5+"-'1/($"?400$&6"

"

"

"

"

"

"

"

"""""""""""""" "

"

! !!!!!!!!!!!! !

!

"

"

"#$%&'! ()*! +,-.'/#0! 12.#31.#-0! 14415*! 2;#HI" )$((-" .$&$" ,&$',$2" .5,;" #51%'-,',5+" J#516K"

'+2L*&" 1$%'(*+5)" ')52" JIMK" 0*&" NO" ;*4&-6" PQ4'(" '1*4+,-" *0" 5+)4?',$2" )$((" (@-',$-" JNCR!G"

/&*,$5+K".$&$"5+)4?',$2".5,;"NSR!T".$,"%*(41$"J)'6"DD!T"2&@"%*(41$K"<=>:8#9:-$/;'&*-$"0*&"

N;6" 'K"<;*=".$-,$&+"?(*,6" 9;$" -1'(($&" ?'+2"'," SDE>'"-;*.-"<;*=".;5($" ,;$" ,;5)E$&" ?'+2"',"

'//&*351',$(@"SUE>'"1*-,"/&*?'?(@"'&5-$-"0&*1"4+-/$)505)"?5+25+G"*0",;$"'+,5:<;*="'+,5?*2@",*"

 CTL    0,1!M   1!M   10!M   0,1!M  1!M    10!M      
             Sim      Sim     Sim.    Sim.     Sim.     Sim.      
                                               1mM    1mM    1mM   1mM 
                                                 MA      MA       MA     MA 

– active RhoB 

b) 

c) 

 CTL       10!M   |    CTL     10 Sim   | Rhotekin 

                Sim     |    + Sepharose     |   beads 

– RhoB 

– RBD domain 
30 kDa – 

21 kDa – 

a) 



!"#

$%&'()*# +(&# ,*&')-%.# /0# 12$%'-'$'-3)# $%$456-6# &7# +(&8# /$%96# $6# 9)')*:-%)9# /5# ;:$<)=# <)4#

$%$45>)*.# ?0# @2449&A%# ?&%'*&46B# C-*6'# 'A&# ,*&/)6# $7')*# ,2449&A%.# @*&/)6# '(*))# $%9# 7&2*# A)*)#

-%?2$/$')9# A-'(# DEFG6),($*&6)# A-'(&2'# ?&2,4)9# +8H# 9&:$-%.# I%-%?2/$')9# +8HGDEFG

6),($*&6)#6(&A6#$#/$%9#$'#$,,*&J.#K"LH$#A(-?(#-6#,*&/$/45#'()#9)''$?()9#+8H#9&:$-%.!

Simvastatin induces morphological changes in dhSKM 

# # #

"#$%&'!()*!+,-&'.-'/!0%1.,!/#22'&',-#.-'/!34'5'-.5!1%365'!6'553*! .7!M5&'2/)6#$*)#%)$'45#

$4-<%)9#-%#'()#:&*)#9)%6)#*)<-&%6#&7#'()#9-6(.#NOJ#&/P)?'-3)#Q#RJ#>&&:.#87#S)A45#7&*:)9T#:24'-#

%2?4)-#?&%'$-%-%<#U$**&A60#:5&'2/)6#?$%#/)#/)'')*#&/6)*3)9#-%#4)66#9)%6)#*)<-&%6#A-'(#$#(-<()*#

>&&:#7$?'&*#UNOJ#&/P)?'-3)#Q#KJ#>&&:0.#@-?'2*)6#A)*)#'$L)%#A-'(#$#?&%7&?$4#4$6)*#:-?*&6?&,)#-%#

,($6)#?&%'*$6'#:&9)#N#A-'(#$#NOJ#&/P)?'-3).!

#

# #

"#$%&'!(9*!:#1;.3-.-#,!-&'.-'/!/0:<=!6'553!.2-'&!9>!0?%&3*!V&%'*&46#7&*#'(-6#)J,)*-:)%'#$*)#

6(&A%#-%#C-<2*)#NO#$0#$%9#/0.#.7!M&6'#?)446#'*)$')9#A-'(#N!M#E-:3$6'$'-%#$*)#$4*)$95#6(&*')%)9#

$%9# ($3)# 4&6'# '()-*# 7-/*&26# ,()%&'5,).# W# 7)A# *&2%9)9T# /4$?L# ?)446# U$**&A60# 6(&A# $4*)$95# $%#

b) 

b) a) 

a) 



!"#

$%&%'&'()#*&+%,&-&./0#!"#1+2$'*23'#4(',#56!7#8(*9$:'$'(3#+2:;-':#(3#$#'&'$-#-&::#&<#',2#&+(.(3$-#

%,23&'/%20# =--# )2--:# ,$92# >2''$),2># <+&*# ',2# :;+<$)2# $3># $+2# 9(:(?-2# $:# >23:2@# :4(**(3.#

)-;:'2+:0#A()';+2:#42+2#'$B23#4(',#$#)&3<&)$-#-$:2+#*()+&:)&%2#(3#%,$:2#)&3'+$:'#*&>2#5#4(',#$#

56C#&?D2)'(920#

#

#

E;*$3#>(<<2+23'($'2>#:B2-2'$-#*;:)-2#)2--:#42+2#'+2$'2>#4(',#>(<<2+23'#)&3)23'+$'(&3:#&<#

8(*9$:'$'(3# <&+# >(<<2+23'# '(*2:0# =<'2+# '+2$'*23'# 4(',# F6!7#8(*9$:'$'(3# <&+# 5!,# :'+&3.#

*&+%,&-&.()$-#),$3.2:#)&;->#?2#&?:2+92>0#1,2#<(?+&;:#%,23&'/%2#&<#*/&';?2:#(:#-&:'@#

)2--:# >2''$),# <+&*# ',2# :;+<$)2# $3># :,&4# '/%()$-# +&;3>2>#$%&%'&'()# :'+;)';+2:0# E(.,2+#

>&:2:#-2$>#'&#+&;3>(3.#G;()B-/@#?;'#4(',#23&;.,#'(*2#2923#-&4#)&3)23'+$'(&3:#&<#6@F!7#

8(*9$:'$'(3# -2$># '&# >2''$),*23'# &<# ',2# )2--:0# !"#$%&' ()# :,&4:# ',2# ),$3.(3.#

*&+%,&-&./# &<# $# >,8H7#)2--# -$/2+# $<'2+# 5!7#$3>#56!7#8(*9$:'$'(3# '+2$'*23'# <&+# FI#

,&;+:0#

#

Caspase-3 and 2 are activated in parallel to RhoB 

1,2# *&+%,&-&.()$-# ),$3.2:# :;..2:'# (39&-92*23'# &<# $3# $%&%'&'()# %+&)2::0# 1,(:# ,$:#

?223# )&3<(+*2># ?/# )$:%$:2JK# $)'(9$'(&3# (3# >,8H7# )2--:# $<'2+# '+2$'*23'# 4(',#

8(*9$:'$'(3#*!"#$%&'(('+,,#$:#('#,$:#?223#:,&43#?2<&+20##$#L;+',2+*&+2#42#:,&4#',$'#

)$:%$:2J5#(:#$)'(9$'2>#?/#8(*9$:'$'(3#(3#$#'(*2#>2%23>23'#*$332+@#'&&#*!"#$%&'(('-,,0##

M$:%$:2JK# (:# $# )23'+$-# 2<<2)'&+# )$:%$:20# 1,;:@# (':# $)'(9$'(&3# :,&4:# )-2$+# &3.&(3.#

$%&%'&:(:# 0#=<'2+#F",#&<# '+2$'*23'#4(',#F6!7#8(*9$:'$'(3#42#*2$:;+2>#$3# $)'(9('/#&<#

$?&;'# 5K6N# (3# +2-$'(&3# '&# $3# ;3'+2$'2># )&3'+&-0# O(',# ',2# :$*2# )&3)23'+$'(&3# &<#

8(*9$:'$'(3@# 3&#)$:%$:2JK# $)'(9$'(&3#4$:# >2'2)'$?-2#$<'2+# ",0#8;+%+(:(3.-/#$<'2+# K,#&<#

'+2$'*23'# )$:%$:2JK# 4$:# 2923# &3-/# I6N# $:# $)'(92# $:# (3# )&3'+&-# )2--:0# P$+-/# Q,&R#

$)'(9$'(&3#)&;->#%-$/#$3#(*%&+'$3'#+&-2#(3#',(:#%,23&*23&3@#:(3)2#Q,&R#(:#B3&43#<&+#(':#

+&-2#(3#%&:('(92#$3>#32.$'(92#+2.;-$'(&3#&<#$%&%'&:(:0#

M$:%$:2J5# :,&4:# $# 92+/# :(*(-$+# $)'(9$'(&3# %$''2+3# 4(',# F6!7# 8(*9$:'$'(3@# $-',&;.,#

;%+2.;-$'(&3# &<# '&'$-# $)'(9('/# +2$),2:# &3-/# FSIN# $<'2+# F",0# O2# ;:2># $# )$:%$:2J5#

(3,(?('&+@#4,(),#42#$>>2>#>(+2)'-/#'&#',2#)2--#>(:,2:#(3#$#<(3$-#)&3)23'+$'(&3#&<#5!70#O(',#

',(:#(3,(?('&+#('#4$:#%&::(?-2#'&#>2'2+*(32#3&'#&3-/#',2#'&'$-#)$:%$:2J:;?:'+$'2#)-2$9(3.#

$)'(9('/# &<# ',2# -/:$'2:@# ?;'# (3# <$)'# ',2# :%2)(<()# $)'(9('/# &<# )$:%$:2J50# 1,2+2<&+2# 42#

:;?:'+$)'2>#',2#+2*$(3(3.#;3:%2)(<()#$)'(9('/#&<#(3,(?('&+#'+2$'2>#)&3'+&-#$3>#8(*9$:'$'(3#

'+2$'2># )2--:# <+&*# ',2# '&'$-# $)'(9('/# 9$-;2:# $3># )$-);-$'2># ',2# $)'(9('/# (3# +2-$'(&3# '&#

)&3'+&-#)2--:#$.$(30##



!"#

$%# &# '(%)*+# ,(# -.)/0# +1&+# ./*2# 345367# .-# 8&%9&%(535%):%+'&+(# 8*(&;&<(# ,&%#

%9(8=-=8&**2#8*(&;(0#:2#8&%9&%(53>#?1=%#'(%)*+(0#=/#&#%9(8=-=8#&8+=;&+=./#.-#&'.)/0#!447#

-.'#8&%9&%(53#&-+('#@A1#,=+1#@4!B#C=D;&%+&+=/>##

E1(/#D(&%)'=/<#8&%9&%(5F#&-+('#+'(&+D(/+#,=+1#+1(#%&D(#8&%9&%(53#%9(8=-=8#=/1=:=+.'G#

,(#.:%(';(0#&/#&8+=;=+2# =/1=:=+=./#.-#645A47>#?.#0(+('D=/(# =-# +1=%#8&%9&%(5F# =/1=:=+=./#

,&%# &/# =/0='(8+# (--(8+# .-# 8&%9&%(53# =/1=:=+=./# .'# H)%+# )/%9(8=-=+2# .-# +1(# 8&%9&%(53#

=/1=:=+.'G#,(#&00(0#+1(# =/1=:=+.'# +.# *2%&+(%#:(-.'(#D(&%)'(D(/+# =/%+(&0#.-#&00=/<# =+# +.#

+1(#<'.,=/<#8(**%>#?1(#%&D(#(--(8+%#8.)*0#:(#.:%(';(0G#,1=81#*(&0%#+.#+1(#8./8*)%=./#

+1&+#+1(#=/1=:=+.'#1&%#%.D(#%9(8=-=8=+2#-.'#8&%9&%(5FG#+..#IJ&+&#/.+#%1.,/K#?1(#9'.:(%#

)%(0# -.'# !"#$%&' ()# ,('(# +'(&+(0# ,=+1# 8&%9&%(53# =/1=:=+.'# ./*2# %1.'+*2# :(-.'(#

D(&%)'(D(/+># $# %(8./0# D(&%)'(D(/+# %1.,(0# +1&+# 8&%9&%(5F# &8+=;=+2# ,&%# &*%.#

=/1=:=+(0L>##

?1)%# =+# %1.)*0#:(# *(<=+=D&+(# +.#8&*8)*&+(# %9(8=-=8=+2#;&*)(%# -.'#8&%9&%(5F# =/# +1(#%&D(#

,&2#&%#=+#,&%#0./(#-.'#8&%9&%(53>#$-+('#@A1#+1(#%9(8=-=8#8&%9&%(5F#&8+=;=+2#=/0)8(0#:2#

@4!B#C=D;&%+&+=/#,&%#FA47>#

#

M.D9*(+(# '(;('%=:=*=+2# .-# 8&%9&%(53# &8+=;&+=./# I;&*)(%# (;(/# *.,('# +1&/# =/# +1(# 8./+'.*#

8(**%L#8&/#:(# &81=(;(0#:2#&00=/<#@DB#B$# +.#01CNB#8(**%# =/# 9&'&**(*# +.#C=D;&%+&+=/>#

E(#&*%.#+'=(0#+.#'(;('%(#+1(#(--(8+#:2#&00=/<#@4!B#O&'/(%2*#92'.91.%91&+(#IOPPL#&/0#

@4!B#Q('&/2*<('&/2*# 92'.91.%91&+(# IQQPPLG# '(%9(8+=;(*2># QQPP# 1&0# /.# (--(8+# :)+#

OPP#8.)*0#'(%8)(#&'.)/0#647#.-#@4!B#C=D;&%+&+=/#=/0)8(0#&9.9+.+=8#&8+=;=+2>##

R/+('(%+=/<*2G# &00=+=./# .-# @DB#B$# .'# @4!B#QQPP# &*./(# =/0)8(0# %9(8=-=8# 8&%9&%(53#

&8+=;=+2#+.#&#%=D=*&'#*(;(*#.-#D.'(#+1&/#@647G#,1=*(#@4!B#OPP#0=0#/.+#1&;(#&/#(--(8+>#

?1(%(#'(%)*+%#)/0('*=/(#+1(#=D9.'+&/8(#.-#D(D:'&/(#&/81.'%#-.'#S1.T#*.8&*=U&+=./#&/0#

+1)%#=+%#9'.9('#&8+=./>#QQPP#=%#'(%9./%=:*(#-.'#S1.T!%#(/0.%.D&*#*.8&*=U&+=./#&/0#OPP#

9'.D.+(%#&# %1=-+# +.# +1(# 9*&%D&#D(D:'&/(>#$#%(/%=+=;(#(V)=*=:'=)D#:(+,((/#:.+1# *=9=0#

&/81.'%#=%#=D9.'+&/+#+.#0=%+'=:)+(#S1.T#8.''(8+*2#=/#+1(#8(**>##

#

#

#

#

#



!"#

#

#

#

#

#

a) 

b) 



!"#

#

!"#$%&'(()'*+,-+,&./'+01'2+,-+,&.('+%&'+23"4+3&1'56'37&'+11"3"80'89':";4+,3+3"0'<:";='"0'

17:>?' 2&@@,' "0' +' 3";&.' +01' 2802&03%+3"80' 1&-&01&03' ;+00&%)' $%&# '()*+')*,-# ,.# /,)%#

('01'0&0#('-#/&#'/2,3')&4#/5# )%&#'44*)*,-#,.#6!7#('01'0&86#01&(*.*(# *-%*/*),2# 9:;<=# ),# >*+*-3#

(&>>0?#@1&(*.*(#'()*+*)*&0#'2&#)%&-#,/)'*-&4#/5#0A/0)2'()*-3#*-%*/*)&4#+'>A&0#.2,B#),)'>#+'>A&0#'-4#

('>(A>')*-3#)%&#1&2(&-)'3&#*-#2&>')*,-#),#)%&#(,-)2,>?#+='C'01'0&8D#0%,E0#'-#'/0,>A)&#'()*+*)5#,.#

A1#),#6DFG#'-4#'#01&(*.*(#'()*+*)5#,.#DHFG#'.)&2#IH#%,A20#,.#)2&')B&-)J#(,B1'2&4# ),#A-)2&')&4#

(&>>0# 9C$K=?# C'01'0&86# *-%*/*),2# '>0,# *-%*/*)0# ('01'0&8D# '()*+*)5# +&25# &..&()*+&>5?# C,-)2,>0# '-4#

)2&')&4#(&>>0#/,)%#0%,E#('01'0&8D#>&+&>0#,.#'2,A-4#LFG#,.#C$K#')#'>>#B&'0A2&4#)*B&1,*-)0?#$E,#

*-4&1&-4&)#&M1&2*B&-)0#E&2&#(,B/*-&4#*-),#,-&#.*3A2&?#5=#C'01'0&86#(,A>4#/&#'()*+')&4#A1#),#

INLG# ,.# C$K# '.)&2# IH# %,A20?# 7,2&,+&2# '# 4,E-2&3A>')*,-# /5# LFG# (,A>4# /&# ,/0&2+&4# '.)&2# H#

%,A20?#C'01'0&86#*-%*/*),2#2&4A(&4#('01'0&86#0A/0)2')&#(>&'+'3&#*-#(,-)2,>#(&>>0#/5#('?#6F86LG#

')#'>>#)*B&1,*-)0?#2=#C'01'0&86#*0#/&*-3#'()*+')&4#E*)%#2*0*-3#@*B+'0)')*-#(,-(&-)2')*,-0?##

O22,2/'20# 0%,E# 0)'-4'24# &22,2# ,.# )%2&&# *-4&1&-4&-)# &M1&2*B&-)0# E%*(%# E&2&# ('22*&4# ,A)# *-#

4A1>*(')&0?#@)')*0)*('>#0*3-*.*('-(&#.,2#BA>)*1>&#(,B1'2*0,-#E'0#('>(A>')&4#E*)%#P;QRP#'-4#1,0)#

%,(#@(%&..S!0#)&0)#9TJ#1#U#FJIV#TTJ#1#U#FJFL=?##

#

#

c) 

T#

TT#



!"#

#

!"#$%&'()*'+&,&%-"."/"01'23'4"5,6-060"7'84"59'"7:$;&:';6-<6-&=('6;0","01'>"0?'<%2:$;0-'23'

0?&' @AB=C2D' %&:$;06-&' <60?>61' "7' :?4EA' ;&//-' 0%&60&:' 32%' (F' ?2$%-*'$%&'()*+,# ',+-#

.$/0# 12$30# 4%5'*6(4%5'*6(# 765)78)978':%# .;;<<0#1"!$3#'*-# ='5*%96(# 765)78)978':%# .><<0#

1"!$3?'@7%,+=+,# ',:+&+:6# &'(A%9#B%5%#)C:'+*%-#C6#'--+*4# ,'97'9%DE# +*8+C+:)5# :)# (69':%9# 98)5:(6#

C%=)5%#A9%?#F8+(%#8+48%5#,)*,%*:5':+)*9#)=#@+2&'9:':+*# +*-A,%#,'97'9%DE0#"01!$# :)# 5%-A,%# +:9#

',:+&+:6?# $/# 5%-A,%9# @+2# +*-A,%-# ',:+&+:6# :)# (%&%(9# ()B%5# :8'*# ,)*:5)(?# $/# '()*%# 9:5)*4(6#

',:+&':%9#,'97'9%DE?#;;<<#'*-#><<#,)A(-#)*(6#5%-A,%#@+2#+*-A,%-#%==%,:9#C6#'#92'((#%G:%*:?#

;<<# '()*%# +*-A,%9# ,'97'9%DE# ',:+&+:6# B8+(%# ><<# ',:9# *%A:5'((6?#!"#$%&'()*+, -../., #'.*, *0/1,

*('23'.3,3)4%'(%/2+,5'*6'*)78, %20%#%(/., .)3"&)3,9)'*".)3,'&(%4%(%)*, %2,'$$, 6./#)*, (/,', $)4)$,/:,

;<7=<>,/:,&/2(./$,&)$$*+,,

#

Simvastatin treatment leads to a loss of RhoB’s vesicular 

localization pattern 

H22A*)8+9:),8%2+9:56# )=# -8@I$#,%((9# 45)B*#)*# 97%,+'(# ,)&%5# 9(+7# -+98%9# 98)B9# :8%#

+*:5'#,%((A('5# (),'(+J':+)*#)=#K8)L?#M8%#9'2%#2)*),()*'(#'*:+C)-6#B'9#A9%-#'9# +*# :8%#

B%9:%5*#C():9?##

K8)L#+9#+9#)*(6#'CA*-'*:#+*#'#&%56#92'((#'2)A*:#+*#,)*:5)(#,%((9?#/#&%9+,A('5#(),'(+J':+)*#

,'*#*%&%5:8%(%99#C%#-%:%,:%-?#1"!$#@+2&'9:':+*#'5%#C5+48:%50#CA:#K8)L#9%%29# :)#C%#

:):'((6# 2+9(),'(+J%-?# N)# 2)5%# &%9+,A('5# 9:5A,:A5%9# '5%# -%:%,:'C(%?# /# ,)2C+*':+)*# )=#

#
"#



!"#

"$!%#&'()*+,*,'-#*-.#"(%#%/#01*.+#,2# ,31# '-,141+,'-5#26+14)*,'2-# ,3*,#7328# '+#+,'00#

*69-.*-,#69,#*#)1+':90*4;0'<1#02:*0'=*,'2-#>*,,14-#61:2(1+#)'+'601#*5*'-?##

@A+2+2(1# +,*'-'-5# B',3# 0A+2,4*:<14# ,2# :31:<# C24# *# >2++'601# :202:*0'=*,'2-# B',3# ,31#

26+14)1.#)1+':90*4#+,49:,941+#B*+#9-C24,9-*,10A#9-+9::1+C90?##

#

# #

# #

!"#$%&' ()*' +,,$-./0$.%&12&-&' 3,.-.20.-40' 56.7' 4-8"9.:;<' 4/8&%' =>6' 8%&48,&-8' ./'

:6?@A' 2&001*' 4<' &1:2-.*4A# *-,'62.A# -15*,')1# :2-,420?# 9<# D-,41*,1.# :100+?# E09241+:1-:1# '+#

:01*40A#+,42-514#,31-#,31#-15*,')1#:2-,420?#F31#:100+#+32B#*::9(90*,'2-+#2C#7328#GC'001.#*442B+H#

B3':3#:290.#61#.91#,2#*#)1+':90*4#02:*0'=*,'2-?#&1)14*0#-9:01'#*41#)'+'601#G+,42<1#*442B+H?#2<#I100+#

,41*,1.#B',3#"$!%#&'()*+,*,'-#*>>1*4#(9:3#64'53,14#69,#7328#*>>1*4+#,2#61#02:*0'=1.#'-,2#,31#

:A,2+20#4*,314#,3*-#,2#)1+':01+#'-#*#0*451#1J,1-.?#:<#"$!%#&'()*+,*,'-#*-.#"(%#(1)*02-':#*:'.#

+32B# *# )14A# 64'53,# +,*'-'-5# :02+1# ,2# ,31# >0*+(*# (1(64*-1?# K1+':90*4;0'<1# +,49:,941+# GC'001.#

*442B+H#:*-#*0+2#61#'.1-,'C'1.#29,+'.1#2C#,31#-9:01'#G+,42<1.#*442B+H#*5*'-?#L':,941+#B141#,*<1-#

B',3#*#:2-C2:*0#0*+14#(':42+:2>1#B',3#*-#M$J#26N1:,')1#*-.#OJ#=22(?#

#

b) a) 

d) c) 



!"#

Lethal toxin upregulates RhoB 

$%&'($# &)*+,# -./0# 12)3#!"#$%&'(')*+ $#&(,""''# 4%(5&+6(&%7# 8(7# 92)&%+,7# :'+5'# $%(47# &)# (#

7;<7%=;%,&# ;92%>;$(&+),# )1# 8')# 92)&%+,7?# @AB# 9(&+%,&7# :')# (2%# +,1%5&%4# :+&'# &'+7#

9(&')>%,#7'):#7+3+$(2#7C%$%&($#3;75$%#5%$$#4(3(>%#(7#9(&+%,&7#;,4%2#D&(&+,#&2%(&3%,&#

4)?#E)2%)6%2# (,# ;92%>;$(&+),# )1#8')F# +,# 1+<2)<$(7&7# (7# (# 2%7;$&# )1# ./# &2%(&3%,&# '(7#

($2%(4G#<%%,#9;<$+7'%4?#H%#;7%4#&'+7#7G7&%3#(7#(#5)39(2+7),#&)#D+36(7&(&+,#(,4#:%#

5);$4# 7'):#(,# ;92%>;$(&+),# )1#8')F# +,# ./# &2%(&%4# 4'DIE#5%$$7# +,# (# &+3%#4%9%,4%,&#

3(,,%2# !"#$%&'( )*+,# J,# +,52%(7%# +,# 8')F# $%6%$7# +7# ($2%(4G# 6+7+<$%# (1&%2# K# ');27#

+,5;<(&+),#:+&'#L!>M3$#./?#J3);,&7#+,52%(7%#),$G#7$+>'&$G#;,&+$#L"'N#<;&#,)#3)2%#8')F#

+7# 4%&%5&(<$%# (1&%2# "K'?# @):%6%2# &'%# (55)24+,># $)(4+,># 5),&2)$# +7# ($7)# 6%2G# $):?# A,#

(,)&'%2# %*9%2+3%,&# :'+5'# +7# 7'):,# +,# "#$%&'( )-N# 73($$# (3);,&7# )1# 8')F# (2%# 7&+$$#

4%&%5&(<$%#(1&%2#LO'?#

H'%,#&2%(&%4#1)2#L"'#:+&'#D+36(7&(&+,#5),5%,&2(&+),7#12)3#PNQ!>M3$#;9#&)#LP!>M3$#./N#

8')F#;92%>;$(&+),#+7#6+7+<$%#(&#($$#5),5%,&2(&+),7N#<;&#&'%#+,&%,7+&G#+7#,)&#+,52%(7+,>#:+&'#

2+7+,># 5),5%,&2(&+),7?# A&# +7# 9)77+<$%# &'(&# &'%# 5),5%,&2(&+),7# 5')7%,# :%2%# ($2%(4G# &))#

'+>'?# /'+7# <%5)3%7# 3)2%# %6+4%,&# :'%,# $))C+,># (&# ./# +,4;5%4# 5(79(7%# (5&+6(&+),N#

:'+5'#+7#7&2),>%2#+,#(#5),5%,&2(&+),#)1#L!>M3$#&'(,#K#!>M3$#(1&%2#"K'#!"#$%&'(.)+,#

#

############## #

#

#

#

################ #

#

#

#

!"#$%&' ()*' +,-.&-/%0/",-' 0-1' /"2&' 1&3&-1&-.4' ,5' 67,8' $3%&#$90/",-' "-' 17:;<' .&99='

$-1&%' 9&/709' /,>"-' /%&0/2&-/' 05/&%' ?@' 7,$%=*' 0A# R%$$7# :%2%# &2%(&%4# :+&'# 4+11%2%,&#

5),5%,&2(&+),7# )1# ./# 1)2# L"# ');27?# D&2),>%7&# 8')F# ;92%>;$(&+),# 5);$4# <%# 4%&%5&%4# :+&'# (#

5),5%,&2(&+),#)1#Q!>M3$?#BA#/+3%#7%2+%7#:+&'#L!>M3$# $%&'($# &)*+,#-./0?#8')F#+7#;92%>;$(&%4# +,#(#

&+3%#4%9%,4%,&#3(,,%2#:+&'#&'%#7&2),>%7&#;92%>;$(&+),#(1&%2#L"#');27?#J1&%2#"K#');27#,)#8')F#

<;&#($7)#($3)7&#,)#&;<;$+,#+7#92%7%,&?##

– RhoB 

 CTL     LT       LT        LT       LT       LT 
 24h      1h       4h        8h      12h      24h 

– Tubulin 

 CTL     LT        LT       LT      LT  
             0,3        1         3       10     (!g/ml)#

– RhoB 

– Tubulin 



!"#

C3 inactivates RhoB  

$"# %&# '# (')*+,%'-# *./%0# 1,.2#!"#$%&'(')*+,#%)"'-)*# 34%)4# 5+')*%6'*+&#74.#8,.*+%0&# (9#

,%(.&9-'*%0:# *4+%,#;<=# (%05%0:# &%*+># ?0')*%6'*%.0# .1#@%26'&*'*%0# %05A)+5#74.B# *4,.A:4#

$"#).A-5#-+'5#*.#0+3#%0&%:4*&#%0*.#*4+#,.-+#.1#74.B#%0#)'&8'&+#')*%6'*%.0>#

$+--&#*,+'*+5#3%*4#C#.,#D#!:E2-#$"#1.,#CD#4.A,&#&4.3#&%2%-',-9#*.#).0*,.-#)+--&#'-2.&*#0.#

5+*+)*'(-+#74.B>#F4+0#)+--# -9&'*+&#.1#G<#*,+'*+5#)+--&#',+#-.'5+5#.0#*4+#&'2+#:+-#'&#

$"# H# G<# *,+'*+5# )+--# -9&'*+&I# '# ('05# &4%1*# 5A+# *.# JK=L,%(.&9-'*%.0# %&# .(6%.A&># <4%&#

+0&A,+&# *4'*# $"!&# %&# +0M92'*%)'--9# ')*%6+># N.,+.6+,# *4+# +/8+,%+2+0*# &4.3&# *4'*# $"#

&++2&#0.*#*.#4'6+#'0#%0*+0&+#%01-A+0)+#%0#,+:A-'*%.0#.1#*.*'-#74.B#'2.A0*&>##

J# &%2A-*'0+.A&# *,+'*2+0*# 3%*4# $"# '05# @%26'&*'*%0# 4'&# '# &%2%-',# +11+)*# '&# *4+#

).2(%0'*%.0#.1#$"#'05#G<I#'-*4.A:4#'0#+6+0#4%:4+,#74.B#'2.A0*#)'0#(+#.(&+,6+5>#

#

#

#

#

#

#

!

"#$%&'!()*!+,-.!&'$%/01#-2!34!56!027!/'1,0/!1-8#2!091'&!:(!,-%&;*#74.B#%0')*%6'*%.0#(9#$"#

%&#0.*#).28+0&'*+5#(9#A8,+:A-'*%.0#.1#*4+#:+0+,'-#74.B#'2.A0*>#G+*4'-#*./%0#%05A)+&#74.B#%0#

'#).0)+0*,'*%.0#5+8+05+0*#2'00+,>#<4%&#%05A)%0:#+11+)*#%&#0.*#,+6+,&%(-+#(A*#%05A)+5#+6+0#2.,+#

(9#&%2A-*'0+.A&# *,+'*2+0*#3%*4#$">#O.3+6+,I#'#('05#&4%1*#)'0#+'&%-9#(+#&++0# %0#)+--&# *,+'*+5#

3%*4#$"I#34%)4#%&#5A+#*.#JK=L,%(.&9-'*%.0#.1#74.B#(9#$"#'05#+0&A,+&#$"!&#+0M92'*%)#')*%6%*9>!

#

#

#

#

#

#

"#$%&'!(<*!=29/%'2>'!-9!?#@A0;101#2B!56B!CD!027!>-@3#201#-2;!-9!1,'!/011'&!-2!1-10/!+,-.!

0@-%21;! 091'&! :)! ,-%&;*! <4%&# (-.*# ).01%,2&# 74.B# A8,+:A-'*%.0# A8.0# CP!N# @%26'&*'*%0#

*,+'*2+0*># $"# 5.+&# 0.*# '-*+,# *.*'-# 74.B# -+6+-&># C!:E2-# -+*4'-# *./%0# %05A)+&# 74.B# &-%:4*-9>#

?0*+,+&*%0:-9I#@%26'&*'*%0# %05A)+5#74.B#A8,+:A-'*%.0# %&#+6+0#+04'0)+5#(9# *4+#'55%*%.0#.1#$">#

<4+#+11+)*#.1#$"#.0#G<#%05A)+5#74.B#%&#0.*#).28-+*+-9#)-+',#1,.2#*4%&#(-.*I#34%)4#2%:4*#(+#*4+#

,+&A-*#.1#'#3+**%0:#8,.(-+2#.0#8',*&#.1#*4+#-'&*#-'0+>#

 CTL     10 !M    1!g/ml   1!g/ml   1!g/ml    1!g/ml 
              Sim          C3          LT         C3          C3 
                                                       10!M     1!g/ml 
                                                         Sim         LT 

unspecific band 

RhoB 

  CTL                           1!g/ml 2!g/ml 1!g/ml 2!g/ml 1!g/ml 2!g/ml  
                                        LT      LT        LT        LT         LT      LT 
            1!g/ml  3!g/ml                        1!g/ml 1!g/ml 3!g/ml 3!g/ml  
               C3        C3                              C3        C3        C3      C3 

– RhoB 
– ribosylated RhoB 

 unspecific band 



!"#

Treatment with Simvastatin, lethal toxin and C3 

# #

# #

!"#$%&' ()*' +,' -' ."/012313"4' 3%&13&5' 56.78' 9&::2' 1;3&%' <=' 6>$%2*' $%&'(%)*# +%(# ',-*#

./0.(-1.&'#2(.#*,%3&#-&#4-56(.#78#29#2&:#;9<#1?'$.))*#'(.2'.:#3-',#=78!5>1)#$?#*,%3#2)(.2:@#

*.A.(.#1%(0,%)%5-B2)#B,2&5.*<#C2&@#B.))*#,2A.#2#(%6&:.:#*,20.#2&:#(.'(2B'-%&#%+#',.#B.))6)2(#

+-;.(*#B2&#;.#%;*.(A.:<#@?#7"8!5>1)#$?#'(.2'1.&'#(.*6)'*#-&#*.A.(.#(%6&:-&5#2&:#*,%('.&-&5#%+#

1@%'6;.*<#C2&@#(.'(2B'.:#B.))*#D;)2BE#*0%'*9#2(.#A-*-;).<#F.#B%6):#&%'#%;*.(A.#2#(.*B6-&5#.++.B'#

%+#$?#%&#G-1A2*'2'-&#'(.2'.:#B.))*#2+'.(#'(.2'-&5#B.))*#3-',#;%',#*6;*'2&B.*#+%(#=H#,%6(*I#9?#=8!C#

G-1A2*'2-&# J# =78&5>1)# $?# 5?# =8!C# G-1A2*'2-&# J# 7"8&5>1)# $?<# K-B'6(.*# 3.(.# '2E.&# 3-',# 2#

B%&+%B2)#)2*.(#1-B(%*B%0.#3-',#2#78/#%;L.B'-A.<#

#

M&'(6-5-&5)@N# 1%(0,%)%5-B2)# B,2&5.*# :%# &%'# 2)32@*# B%((.)2'.# 3-',# B2*02*.# 2B'-A2'-%&<#

F,.&#3.#0.(+%(1.:#B2*02*.#2**2@*#%&#$?#'(.2'.:#B.))*N#2&# -&B(.2*.#%+#!# '%#H# '-1.*#

B%102(.:# '%# B%&'(%)# B.))# 2B'A-'-@# 32*# A-*-;).# 2+'.(# 7",# !"#$%&'( )*+N# 2))# B.))*# ,2A.#

(%6&:.:# 60# 2&:# :.'2B,.:# +(%1# ',.# :-*,# !"#$%&'( *,+<# OP# '(.2'.:# B.))*# B,2&5.:# ',.-(#

1%(0,%)%5@#%&)@#;@#(%6&:-&5#2&:#*,%('.&-&5#'%#2#)-'').#./'.&:#;6'#*,%3.:#.).A2'.:#

b) a) 

d) c) 



!!"

" ""

" ""

!"#$%&'()*'+,'-'.&/01.'/23"4'/%&1/&5'50678'9&..:'1;/&%'<='02$%:*'1>'#$%&'$(")*((+"?>",!-./("

#0" &'*1&/*%&" '*+2(&+" 3%" )$/4(*&*" '$2%53%-"1%5"5*&1)6/*%&" $7" &6*"2%5*'-'$2%5"$7" 1((" )*((+8"9>"

#*((+" &'*1&*5" 93&6" ,!-./(" (*&61(" &$:3%" +6$9" /$'46$($-3)1(" )61%-*+" $%(;" 3%" 1" '*(1&3<*(;" +/1(("

*:&*%&8" =(3-%/*%&" $7" )*((+" 3+" +&3((" <3+3>(*?" 1(&6$2-6" &6*;" 1'*" 1" >3&" +6$'&*%58" 5>" @&" +**/+" &61&"

+3/2(&1%*$2+" &'*1&/*%&"93&6",!-./("#0"1%5",!-./(" (*&61(" &$:3%"+1<*+"1" 7*9")*((2(1'"+&'2)&2'*+"

7'$/"5*&1)63%-8"A*<*'&6*(*++"/$+&")*((+"+6$9" &6*"+1/*")61%-*+"1+"93&6"#0" &'*1&/*%&"1($%*8"

B3)&2'*+"9*'*"&1C*%"93&6"1")$%7$)1("(1+*'"/3)'$+)$4*"93&6"1"DE:"$>F*)&3<*8"

"

)1+41+*"1)&3<3&3*+"$7"24" &$",G" 7$(5"$7")$%&'$(8"H3/2(&1%*$2+" &'*1&/*%&"93&6"IJ"1%5"#0"

(*5" &$" *(*<1&*5" )1+41+*K0" 1)&3<3&;" &61&" 91+" &93)*" 1+" 63-6" 1+" &6*" $%*" 3%52)*5" >;" IJ"

1($%*"17&*'" ,L" 1%5"DG"6$2'+8"H3/<1+&1&3%"1%5"#0"155"24" &$"1"63-6*'" 1)&3<3&;"1+"9*((8"

@%&*'*+&3%-(;"'*+2(&+"5377*'*5?"96*%"56HMN")*((+"9*'*"&'*1&*5"93&6"#0"7$'"$%(;",D"6$2'+8"

#1+41+*K0"1)&3<3&;"(*<*(+"9*'*"'*52)*5">;"#0"17&*'",D6"&$"1"+/1(("*:&*%&8"O:4*'3/*%&+"

7$'" *<*%" +6$'&*'" &'*1&/*%&" 4*'3$5+" 9$2(5" 4'$>1>(;" -3<*" 1" >*&&*'" 3%+3-6&" 3%" &6*"

+244$+1>(;"*1'(;")1+41+*K1)&3<3&;"3%63>3&3%-"*77*)&+"$7"#08"

b) a) 

d) c) 



!"#

C3 mediated inactivation of RhoB in LT induced apoptosis  

$%&'%&()*#+%&#%,-./%-(0#.1#02345#,(66&#%7-(8#9*2#%10#9"2#+2(1#.1,:;%-(0#+.-2#6(-2%6#

-<=.1># ?2(8(;@# ,%&'%&(# %,-./.-@# 8.&(&# </(8# -.A(# %10# ,<1,(1-8%-.<1# !"#$%&'( )*+( ),->#

$%&'%&()*#+%&#.10:,(0#!#7<60#.1#8(6%-.<1#-<#:1-8(%-(0#,<1-8<6#,(66&#%7-(8#9"2#;@#9!BCA6#

D?E#;:-#&.A:6-%1(<:&#.1%,-./%-.<1#<7#F2<G#;@#$H#0<:;6(0#-2.&#%,-./.-@#-<#9I#7<60#.1&-(%0#

<7#8(0:,.1B#.->#J2(1#-2(#&%A(#,<1,(1-8%-.<1&#+(8(#:&(0#-<#-8(%-#,(66&#7<8#<16@#9*2E#-2(#

8(&:6-&#+(8(#0.77(8(1-K#D?#.10:,(0#%,-./%-.<1#+%&#<16@#9HIL#;:-#.-#,<:60#;(#8(0:,(0#-<#

99IL#;@#$H>#M-2(8#D?#%10#$H#,<1,(1-8%-.<1&#+(8(# .1# 6.1(#+.-2# -2.&# 7.10.1BE#<16@#<1(#

/%6:(#7(66#<:-#<7#-2(#'%--(81#N9!BCA6#D?E#9!BCA6#$HO>#?2(#,%&'%&()*#0(%,-./%-.1B#(77(,-#

,<:60#(/(1-:%66@#;(#&-8<1B(8#%7-(8#(/(1#&2<8-(8# .1,:;%-.<1#-.A(&>#?2(#A%.1# .&&:(# .&# -<#

7.10# -2(#-.A(#+2(8(#,%&'%&(#%,-./%-.<1#+.-2#D?#%6<1(# .&#%68(%0@#&.B1.7.,%1-#;:-#@(-#1<-#

-<=.,#(1<:B2#-<#-8.BB(8#%'<'-<&.&#/.%#0.77(8(1-#'%-2+%@&>#

P7-(8#*Q2#9!BCA6#D?#%10#$H# .10:,(#,%&'%&()H# -<# 6(/(6&#<7#9Q#7<60#%10#"# 7<60# !"#$%&'(

).->#R-#.&#.1-(8(&-.1B#-2%-#$H#.10:,(&#,%&'%&(#%,-./.-@#%7-(8#9"2#%10#*Q2#;:-#0(,8(%&(&#.-#

;@#9!)*IL#%7-(8#9*2>#R-#&((A&#-2%-#%'<'-<&.&#.&#0<+18(B:6%-(0#.1#%#7.8&-#&-('#%10#-2%1#

%,-./%-(0# 0:(# -<# -2(# &-8<1B# -<=.,.-@# <7# -2.&# ,<A'<:10# +2.,2# 8.;<&@6%-(&# <-2(8# F2<#

'8<-(.1&E#-<<>#

#

!"#$%&' ()*' +,-.,-&/0' ,12"3,2"45' "5' 6789:' 1&;;-' 2%&,2&6' <4%' =0' 74$%-' >"27'

6"<<&%&52' 1451&52%,2"45-' 4<' +(' ,56' ;&27,;' 24?"5*# D?# .10:,(0# ,%&'%&()*# %,-./.-@# .&#

8(/(8&.;6(#;@#9!BCA6#$H#-<#%#6(/(6#1(%8#-2(#,<1-8<6>#S<+(/(8#-2.&#.&#<16@#-8:(#7<8#IE*#%10#

9#!BCA6#D?T#*!BCA6#&2<+#%#2:B(#.10:,-.<1#<7#%,-./.-@>#$H#.1#%#/(8@#2.B2#,<1,(1-8%-.<1#<7#

H!BCA6#%6&<# 8(0:,(0#-2(# .10:,(0#%,-./.-@#;:-#<16@# -<#%#&A%66(8#(=-(1->#U88<8;%8&#&2<+#

&-%10%80#0(/.%-.<1#<7#0:;6.,%-(&>#P#$%&'%&()*#.12.;.-<8#8(0:,(0#-2(#A(%&:8(0#%,-./.-.(&#

.1#%66#'8<;(&#-<#%#6(/(6#<7#QI)"IL#<7#,<1-8<6#N0%-%#1<-#&2<+1O>#U88<8;%8&#&2<+#&-%10%80#

0(/.%-.<1#<7#0:'6.,%-(&>#3-%-.&-.,%6#&.B1.7.,%1,(# 7<8#A:6-.'6(#,<A'%8.&<1#+%&#,%6,:6%-(0#

+.-2#PVMWP#%10#'<&-#2<,#3,2(77X!&#-(&-#NYE#'#Z#IE9T#YYE#'#Z#IEI!O>##

I#######IE*########################9#########*#######################9I#

#

#

YY#
Y#

Y#
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!"#$%&' ()*' +,-.,-&/0' ,12"3,2"45' "5' 6789:' 1&;;-' 2%&,2&6' <4%' )=' 74$%-' >"27' 6"<<&%&52'

1451&52%,2"45-'4<'+(',56';&27,;'24?"5$#%&&#'()*+,#-*./0).#0',1',)23#'0+-4-+5$#67#8',#*9+#':&)#

+9#;)./0)#<-=4',+'+-*#9;#>?#-*./0).#'0+-4-+5#'@+);#AB#C9/;,$#D*,+)'.#-+#-*./0).#0',1',)23#'0+-4-+5#

)4)*#=9;)$#E;;9;:';,#,C98#,+'*.';.#.)4-'+-9*#9@#./:&-0'+),$#

#

#

!"#$%&' (0*' +,-.,-&/(' ,12"3,2"45' "5' 6789:' 1&;;-' 2%&,2&6' <4%' 0@' 74$%-' >"27' 6"<<&%&52'

1451&52%,2"45-'4<'+(',56';&27,;'24?"5$#67#'*.#>?#:9+C#,+;9*(&5#-*./0).#0',1',)27$#67#+9F-*#

'0+-4'+),#0',1',)27#9*&5#C'&@#',#,+;9*(#',#>?$#G-(C);#09*0)*+;'+-9*,#9@#+C)#+9F-*,#.-.#*9+#;),/&+#

-*#C-(C);#0',1',)#'0+-4-+5$#E;;9;:';,#,C98#,+'*.';.#.)4-'+-9*#9@#./:&-0'+),$#

#
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RhoB cleavage by caspase-2? 

$# %&'(&)*# +,-(# ./.0*'(# 1.'2.'&34# '5-%'# .# 1,&.)# 1.'2.'&34# 62)&/6,.(0-*# .*7#

2)-1.'2.'&34#1,&.8./&# 0*#9:!;#<0=8.'(.(0*# ()&.(&7#75<>;#1&,,'?#@5&#.1(08.(0-*#%.'#

.+)-/.(&7#%0(5#=&8.,-*01#.107?#@5&'&#)&'6,('#.)&#0*#,0*&#%0(5#(5&#A0*70*/'#%&#-+(.0*&7#

%0(5#1.'2.'&#.1(080(B#.''.B'?#$770(0-*.,,B#%&#()&.(&7#1&,,'#%0(5#1.'2.'&34#0*50+0(-)?#@50'#

0*50+0(-)#7-&'#*&0(5&)#1.6'&#.*#62)&/6,.(0-*#-A#(5&#1.'2.'&34#2)-(&0*#*-)#7-&'#0(#0*761&#

2)-1.'2.'&# 1,&.8./&?# C6(# %5&*# (5&# 0*50+0(-)# 0'# .77&7# (-# 1&,,'# '0=6,(.*&-6',B# %0(5#

<0=8.'(.(0*D#0(#2)&8&*('#<0=8.'(.(0*#=&70.(&7#1.'2.'&34#62)&/6,.(0-*#!"#$%&'())*?##

#

#

#

!"#$%&'(()'*+,-+,&./'0&,1&%2'3451'56'789:;'<&44' 4=,+1&,'1%&+1&7'65%'>?8)#@5&#+,-(#'5-%'#

'&8&).,# 1.'2.'&34# 2)&16)'-)'# .*7# A)./=&*('# %5015# .)&# 2)-761&7# +B# 1.'2.'&# =&70.(&7#

1,&.8./&?#9:!;#<0=8.'(.(0*#%&)&#6'&7#(-#0*761&#1.'2.'&34?#@5&#1.'2.'&34#0*50+0(-)#EFGHI#%.'#

.77&7#0*#.#1-*1&*().(0-*#-A#4!;?#@5&#1-*1&*().(0-*#-A#=&8.,-*01#.107#E;$I#%.'#9=;?#

#

F*# -)7&)# (-# '&&# 0A# (5&# 1.'2.'&34# 0*50+0(-)# 0'# .+,&# (-# 2)&8&*(# <0=8.'(.(0*# =&70.(&7#

62)&/6,.(0-*# -A# J5-CD# .# %&'(&)*+,-(# ./.0*'(# J5-C# %.'# 1.))0&7# -6(# !"#$%&'( )+*?(

F*(&)&'(0*/,B# (5&# 0*50+0(-)# 0('&,A# 0*761&7#J5-C#(-#'-=&#.=-6*(?#$*#&K2,.*.(0-*#A-)# (50'#

&AA&1(#1-6,7#+&#(5.(#J5-C# 0'#.# (.)/&(#-A#1.'2.'&34D#%5015#1.*#*-# ,-*/&)#1,&.8&#J5-C#

%5&*#0(#0'#0*50+0(&7?#J5-C!'#'5-)(#5.,A#,0A&#-A#4#5-6)'#'622-)('#(50'#07&.?#L&,,'#(5.(#%&)&#

'0=6,(.*&-6',B#()&.(&7#%0(5#<0=8.'(.(0*#.*7#(5&#0*50+0(-)#'5-%&7#,-%&)#J5-C#.=-6*('#

(5.*#<0=8.'(.(0*#()&.(&7#1&,,'?#M8&*(6.,,B#(50'#1-6,7#=&.*#(5.(#1.'2.'&34#0'#*&&7&7#(-#

0*761&#J5-C?#

#

#

#

#

#

!"#$%&'(@)'A85B'0&,1&%2'3451,' 56'789:;'<&44' 4=,+1&,' 1%&+1&7' 65%'>?8)# 9:!;#<0=8.'(.(0*#

'()-*/,B# 0*761&7# J5-C# %50,&# 4!;# 1.'2.'&34# 0*50+0(-)# EFGHI# 5.7# .# %&.N# 62)&/6,.(0*/# &AA&1(#

J5-C?#@5&#0*50+0(-)#.+)-/.(&7#J5-C#62)&/6,.(0-*#(-#'-=&#.=-6*(?##

  CTL     10!M   INH    10S     1mM    10S 
               Sim.            +INH      MA    +MA 

– 48kDa Caspase-2L precursor 

– 35kDa Caspase-2S precursor 

 

 

– 18kDa Caspase-2 L subfragment p18 

 

52 
 
38 

31 
 
24 
 
17 

– 30kDa Caspase-2 L fragment p30 

#

– unspecific band 

– RhoB  

    CTL        10 !M      10!M        2!M 
                    Sim.         Sim.         INH 
                                  +INH 
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!"#$%&'()''&*+$

$%&%'()#&*+#,+--#%.-+*&%+/#'(0'1'%.*)#.2#%0+#34567.8#*+/9:%&)+#,0':0#*+/9:+#%0+#*');#.2#

:&*/'.#<&):9-&*#&(/#:&*/'&:#+<+(%)#1=#&1.9%#>?@A#B09)#%0+=#&*+#C*+):*'1+/#%.#D'--'.()#

.2# C&%'+(%)#,.*-/,'/+# &(/#1+-.(E# %.# %0+# E*.9C#.2# 1-.:;19)%+*# /*9E)#,'%0# *+<+(9+)# .2#

D.*+#%0&(#.(+#1'--'.(#F$#/.--&*#C+*#=+&*A##

#

G+)C'%+#%0+'*#+22+:%'<+(+))# '(#*+/9:'(E#1-../#:0.-+)%+*.-# -+<+-)H#)%&%'()#.2%+(#+-':'%#)'/+#

+22+:%)# ,0':0# +)C+:'&--=# &22+:%# );+-+%&-# D9):-+A# I0'-+# D.)%# )%&%'(# '(/9:+/# );+-+%&-#

D9):-+#*+-&%+/#)'/+#+22+:%)#*+)9-%# '(#D9):-+#C&'(#.*#).D+%'D+)#D=.)'%')H#&(#+)%'D&%+/#

!?# C&%'+(%)# 0&<+# /'+/# .2# *0&1/.D=.-=)')# :&9)+/# 1=# J&=+*!)# /*9E# K'C.1&=L#

M7+*'<&)%&%'(NA#B0+#/*9E#,&)#%0+*+2.*+#<.-9(%&*'-=#,'%0/*&,(#2*.D#%0+#D&*;+%#1=#J&=+*#

'(#89E9)%#O??P#&(/#%0+#D.-+:9-&*#1&:;E*.9(/)#.2#%0+)+#)'/+#+22+:%)#0&<+#)'(:+#1++(#

)91Q+:%#.2#'(%+()'<+#*+)+&*:0A##

#

R*'(:'C&-#D+:0&(')D)#.2#)%&%'(#&:%'.(#.(#:0.-+)%+*.-#)=(%0+)')#&*+#,+--#9(/+*)%../H#19%#

%0+#D.-+:9-&*#:&9)+#.2#D.)%#)'/+#+22+:%)#)%'--# *+D&'()#9(:-+&*A#I+#C+*2.*D+/#)+<+*&-#

,0.-+# 09D&(# E+(.D+# 822=D+%*'S# E+(+# :0'C# &(&-=)+)# ,'%0# DTU8# .1%&'(+/# 2*.D#

/'22+*+(%'&%+/# 09D&(# );+-+%&-# D9):-+# M/0$V4N# :+--)# %*+&%+/# ,'%0# $'D<&)%&%'(A# B0+#

*+)9-%)# &CC*.<+/# .9*# %+S%1..;# ;(.,-+/E+# .2# $%&%'(# &:%'.(H# )'(:+# &-D.)%# &--# .2# %0+#

+(W=D+)# '(# %0+# :0.-+)%+*.-# )=(%0+)')# C&%0,&=# ,+*+# :.DC+()&%.*'-=# 9C*+E9-&%+/# &(/#

&-).#&D.(E#%0+#)%*.(E+)%#*+E9-&%+/#E+(+)A##

8D.(E#%0+#%.C#%+(#)'E('2':&(%-=#*+E9-&%+/#E+(+)#,+#'/+(%'2'+/#T0.J#&)#.(+#.2#%0+#D.)%#

'(%+*+)%'(E#:&(/'/&%+)A#J+(+&%0#T0.J#,+# 2.9(/#D+D1+*)# OH#X# &(/#Y#.2# %0+#V*9CC+-6

K';+6Z&:%.*#MVKZN#2&D'-=H#,0':0#&*+#)'D'-&*'-=#)%*.(E#9C*+E9-&%+/#&(/#)0.,#&#*+E9-&%'.(#

C&%%+*(#&(&-.E#%.#T0.JA#B0+)+#VKZ)#&:%#/.,()%*+&D#.2#T0.#C*.%+'()#&(/#'(2-9+(:+#%0+#

&:%'<'%=# .2# %*&():*'C%'.()# 2&:%.*)# UZ;J# &(/# [FUH# ,0':0# &*+# ;(.,(# %.# &22+:%# :+--9-&*#

29(:%'.()#-';+#C*.-'2+*&%'.(H#'(2-&DD&%'.(#&(/#C0&E.:=%.)')A##

#

$'(:+#T0.J#&:%)# 9C)%*+&D# .2#VKZ)H#,+#/+:'/+/# %.# 2.:9)# .(# %0')# )D&--#56C*.%+'(A# \%)#

DTU8# -+<+-)# &*+# 0'E0-=# 9C*+E9-&%+/# 9C.(# $'D<&)%&%'(# %*+&%D+(%# '(# &# %'D+# &(/#

:.(:+(%*&%'.(# /+C+(/+(%# D&((+*# !"#$%&'( )*+A# T0.J# 1+-.(E)# %.# %0+# E*.9C# .2# T0.#

C*.%+'()H#,0.)+#D.)%#.1<'.9)#*.-+)#&*+#'(#D./'2='(E#%0+#:=%.);+-+%.(A#T0.J#0&)#(.%#=+%#

1++(# '(%+()'<+-=# '(<+)%'E&%+/# 19%# '%# ,&)# :-&'D+/# %.# 1+# &(# 'DC.*%&(%# *+E9-&%.*# .2#

&C.C%.)')A""#T0.J# ')# %0+# .(-=# )D&--#56C*.%+'(# %0&%#9)+)# %0*++#/'22+*+(%# &(:0.*)# 2.*# '%)#

'(%*&:+--9-&*# :.DC&*%'D+(%&-')&%'.(H# %,.# .2# ,0':0# &*+# '(%+*D+/'&%+# C*./9:%)# .2# %0+#

:0.-+)%+*.-#)=(%0+)')#C&%0,&=]#2&*(+)=-6#&(/#E+*&(=-E+*&(=-C=*.C0.)C0&%+A#B09)#%0+)+#

&(:0.*)#&*+#.2#0'E0#*+-+<&(:+#2.*#T0.J!)#'(%*&:+--9-&*#-.:&-'W&%'.(#&(/#29(:%'.(A#
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$%#&'()*#+,'-#.#/012.+3.304#04*(&%*#(56%7().30'4#'8#9,':#'4#56'3%04#)%2%)#04#*,/;<#

&%))+# !"#$%&'( )*+=# >,0+# 0+# 015'63.43# +04&%# %)%2.3%*# 19?@# )%2%)+# *'# 4'3# 4%&%++.60)A#

6%+()3#04#,07,%6#56'3%04#)%2%)+=#B+047#.#9,'3%C04#D04*047#*'1.04#E9:FG#5())*'-4#.++.AH#

-%#.)+'#+,'-%*#3,.3#(56%7().3%*#9,':#0+#04#.4#.&302%#I>J#D'(4*#+3.3%#!"#$%&'(),+=#@))#

/012.+3.304#04*(&%*#9,':#)%2%)+#E19?@#.+#-%))#.+#56'3%04G#.4*#9,':#.&302.30'4#&'()*#

D%#.D6'7.3%*#DA#+01()3.4%'(+# 36%.31%43#-03,#1%2.)'40&#.&0*H#-,0&,# 0+# 3,%#56'*(&3#'8#

3,%#+3.304+!+#3.67%3#K<ILM'@#6%*(&3.+%#!"#$%&'()-+=##

#

<'6%'2%6H#9,':#(56%7().30'4#.4*#.&302.30'4#.6%#5.6.))%)%*#DA#.4#.&302.30'4#'8#&.+5.+%L

N# .4*# &.+5.+%LO# -,0&,# .6%# 015'63.43# %88%&3'6# 1')%&()%+# '8# .5'53'+0+# !"#$%&'( ..+=##

/36'47# .&302.30'4# '8# 3,%# 1.04# %88%&3'6# &.+5.+%# &.+5.+%LO# +,'-+# 3,.3# /012.+3.304#

04*(&%*#.5'53'+0+#,.+#D%%4#36077%6%*=#>,%#1%.4047#'8#&.+5.+%LN#&'()*#D%#%+5%&0.))A#

043%6%+3047#+04&%#03#0+#'4%#'8#3,%#1'+3#&'4+%62%*#&.+5.+%+#04#*088%6%43#.401.)#+5%&0%+=##

#

$%#360%*#3'#6%2%63#&.+5.+%#.&302.30'4#DA#3,%#.**030'4#'8#1%2.)'40&#.&0*#.+#-%))#.+#DA#3,%#

.**030'4# '8# 8.64%+A)L5A6'5,'+5,.3%# .4*# 7%6.4A)7%6.4A)L5A6'5,'+5,.3%H# -,0&,# .6%# 3,%#

C%A#1%3.D')03%+#8'6#)050*L.4&,'6#+A43,%+0+=#P3#,.+#D%%4#56'5'+%*#3,.3#8.64%+A)#.4&,'6+#

8.&0)03.3%# 9,':# )'&.)0Q.30'4# 3'# 3,%# 5).+1.# 1%1D6.4%# .4*# 7%6.4A7%6.4A)# .4&,'6+#

56'1'3%# %4*'+'1.)# )'&.)0Q.30'4=#$,0)%# 3,%# .**030'4# '8# 1%2.)'40&# .&0*# 3'# /012.+3.304#

36%.3%*# &%))+# -.+# .D)%# 3'# .D6'7.3%# &.+5.+%# .&302.30'4# &'15)%3%)AH# 3,%# 6%.&302.30'4# '8#

7%6.4A)7%6.4A)#.4&,'6#+A43,%+0+#+,'-%*#.D+')(3%)A#4'#%88%&302%4%++#04#3,0+#6%7.6*#.4*#

8.64%+A)# 5A6'5,'+5,.3%# -.+# .D)%# 3'# 6%*(&%# ,.)8# '8# 3,%# /012.+3.304# 04*(&%*# &.+5.+%#

.&302.30'4#!"#$%&'(..(/01(.2+=##

>,%+%# 6%+()3+# +,'-# .# &)%.6# &'44%&30'4# D%3-%%4# 10++047# )050*# .4&,'6+# .4*# &.+5.+%#

.&302.30'4# 04# *,/;<# &%))+=# /04&%# 9,':# 0+# D%047# (56%7().3%*# (5'4# /012.+3.304#

36%.31%43H# (56%7().30'4# &'()*# D%# .# &'15%4+.3'6A# 1%&,.40+1# 3'# 6%%+3.D)0+,# 56'5%6#

9,':#)'&.)0Q.30'4#3'#%4*'+'1%+#.4*#3,%#5).+1.#1%1D6.4%=#

#

>,%#015'63.4&%#'8#56'5%6)A#)'&.)0Q%*#9,':#-.+#+(55'63%*#DA#011(4'+3.04047#'8#9,':=#

$,0)%#9,':#-.+#)'&.)0Q%*#3'#2%+0&)%+#04#&'436')#&%))+#.4*#&%))+#36%.3%*#-03,#/012.+3.304#

.4*# 1%2.)'40&# .&0*H# /012.+3.304# 36%.3%*# &%))+# +,'-%*# .# ,'1'7%40&# .D(4*.4&%# '8#

9,':#-03,'(3#0*%43080.D)%#2%+0&().6#+36(&3(6%+#!"#$%&'(.3+4(#

#

@4#048%&30'4#-03,#!"#$%&'(')*+$#&(,""''H#-,0&,#-.+#'D+%62%*#04#KPR#5'+0302%#*6(7#.D(+%6+#

.4*# 56%74.43# -'1%4H# +,'-+# +010).6# +A153'1%+# '4# ,(1.4# +C%)%3.)# 1(+&)%# &%))+# .+#

+3.304#36%.31%43=#>,%#.&302%#3'S0&#&'15'(4*#56'*(&%*#DA#!-+$#&(,""''#0+#)%3,.)#3'S04#ET>GH#

-,0&,#+5%&080&.))A#04.&302.3%+#9.+#56'3%04+#.4*#3,%6%DA#)%.*+#3'#.4#(56%7().30'4#'8#9,'#
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$%&'()*+,#-..&%/)*0#'&# '1)+2# %)+)*0#31&4#5(6(5+#176(#8((*#+1&9*# )*# :)8%&857+'+# '%(7'(/#

9)'1#;<,"=>#

?(# .&@5/# +1&9# '17'# ;<# )*.%(7+(+# 31&4# 5(6(5+# )*# /1ABC# .(55+# 9)'1# 7# $(7D# 7:'(%# "E#

1&@%+#!"#$%&'()*+#7*/#'17'#)'#75+&#7.')67'(+#.7+$7+(+#E#7*/#F#!"#$%&'(),-(./(012(.3+,#

-5'1&@01#;<#7.')67'(+#.7+$7+(+#(6(*#+'%&*0(%# '17*#A)G67+'7')*2#/1ABC#.(55+# '%(7'(/#

9)'1#;<#/&#*&'#@*/(%0&#'1(#+7G(#/%7+').#G&%$1&5&0).75#.17*0(+#7+#A)G67+'7')*#'%(7'(/#

.(55+,#-#.&G$7%)+&*#&:#'1(+(#'9&#.&G$&@*/+#)*#%(07%/#&:#.7+$7+(#7.')67')&*#7*/#31&4#

@$%(0@57')&*#+1&9+#7*#&86)&@+#+)G)57%)'H#7*/#@*/(%5)*(+# '1(#$&++)8)5)'H#&:#31&4#7+#7*#

7.')67'&%#&:#7$&$'&+)+,##

#

IF# '&J)*2# 7# 87.'(%)75# '&J)*# :%&G# !"#$%&'(')*+ ,#%)"'-)*2# 97+# $%(6)&@+5H# @+(/# '&#

(J$(%)G(*'755H# )*7.')67'(# 31&4,# K'# )*7.')67'(+# 31&# $%&'()*+# 8H# .&675(*'5H# 7//)*0# 7*#

-LMN%)8&+H5# %(+)/@(# '&# '1()%# O<M# 8)*/)*0# +)'(# 7*/# '1@+# /)+785(+# 7.')67')&*# &:# 31&#

$%&'()*+,#?(# @+(/# '1)+# +H+'(G# '&# .1(.D# :&%# 7# $&++)85(# %(6(%+)8)5)'H# &:# 31&4# )*/@.(/#

7$&$'&').#(::(.'+,#-5'1&@01#9(#.&@5/#.&*:)%G#+@..(++:@5#IF#G(/)7'(/#31&4#)*7.')67')&*#

)*# ;<# 7*/# A)G67+'7')*# '%(7'(/# .(55+# 6)7# 7# 87*/# +1):'# &*# 7# 9(+'(%*# 85&'! !"#$%&'( )4+2#

.7+$7+(# 7.')67')&*# 97+# 7..@G@57')*0# 9)'1#IF# '%(7'G(*'# 7:'(%# "!# 7*/# EP# 1&@%+,# Q*5H#

'%(7'G(*'#&:#"E#1&@%+#+1&9(/#7#%(/@.')&*#&:#;<#)*/@.(/#7$&$'&+)+#8H#IF#!"#$%&'(./+,#

<1)+#$1(*&G(*&*#G&+'#$%&8785H#%(+@5'+#:%&G#7.')67')&*#&:#/)::(%(*'#7$&$'&').#$7'197H+#

)*# %(+$&*+(# '&# '1(# '&J)*,# K'# )+# 5)D(5H# '17'# 31&4# $57H+# 7# %&5(# &*5H# )*# (7%5H# (6(*'+,# <&#

7*+9(%#'1)+#R@(+')&*#G&%(#.5(7%5H2#(J$(%)G(*'+#9)'1#+1&%'(%#'%(7'G(*'#')G(+#+1&@5/#8(#

/&*(,# -*&'1(%# 7$$%&7.1# .&@5/# 8(# '1(# @+(# &:# +)3S-# 5&9(%# '&'75# 31&4# 5(6(5+,# -#

.&G$7%)+&*#&:#31&4#)*7.')67')&*#)*#A)G67+'7')*#7*/#;<#'%(7'(/#/1ABC#.(55+#.&@5/#75+&#
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