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1#2&$0 #- *"0 +,1&0)$0 +, %"#$%"#&'()*+#, #- *"0
"+." /#(012()& 30+."* %&#*0+, +$ 1#+,1+W0,* 3+*" *"0
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]2),*+-' ),W 1#/%)&0 *"0 W0.&00 #- %"#$%"#&'()R
*+#, W2&+,. 1)*1" ),W -#((#3+,. +*$ &0(0)$0 ;' 1=<!
*&0)*/0,*H *"0 -#((#3+,. %&#*#1#( 3)$ 2$0Wk $7+,,0W
/2$1(0$ 30&0 1#,*&)1*0W +, %J) X -#& X /+, ),W
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*"0, 0+*"0& 4)9 +,12;)*0W +, *"0 $)/0 $#(2*+#, -#&
)WW+*+#,)( V6 $ ),W -&#a0,H #& 4;9 *&0)*0W 3+*" )
$+/+()& $#(2*+#, 1#,*)+,+,. G66 !< 1=<! -#& V6 $H *#
&0(0)$0 1)*1"H ),W -&#a0,C Y+.2&0 X $"#3$ .0($ ),W
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"& $0CH GZf59 3)$ 2$0W *# +,"+;+* *"0 1=<!R+,W210W
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P"0 "+." /#(012()& 30+."* %&#*0+, 1), )($# ;0
$0(01*+:0(' *"+#%"#$%"#&'()*0W 3+*" =P!#D +, *"0
%&0$0,10 #- 1=<!C Y+.2&0 f $"#3$ .0($ #- %&#*0+,$
-&#/ $7+,,0W /2$1(0$ 3"+1" 30&0 0^%#$0W *# VXDR
=P!#D +, *"0 %&0$0,10 #& );$0,10 #- 1=<!H ),W
*"0, +,12;)*0W +, ) &+.#& $#(2*+#, -#& Z /+,C ?, *"0
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%"#&'()*+#, #- *"0 "+." /#(012()& 30+."* %&#*0+,H
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3"0, 1=<! 3)$ %&0$0,*C P"0&0-#&0H *"0 = 7+,)$0
2$0$ =P!#D *# *"+#%"#$%"#&'()*0 *"0 %&#*0+,H ),W
*"0 *"+#%"#$%"#&'()*0W -#&/ #- *"0 %&#*0+, +$
&0$+$*),* *# %"#$%")*)$0 )1*+:+*'H 10&*)+,(' -#& )*
(0)$* Z /+, +, &+.#& $#2*+#,C P"0 /01"),+1)( 0--01* #-
%&0R*"+#%"#$%"#&'()*+#, #- *"0 "+." /#(012()&
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=P! -#& V6 $C 1=<! 3)$ *"0, )WW0W ),W *"0 /2$1(0 -&#a0, V6 $ ()*0& 4"1=<!9C P"0 1#,*&#( +$ $+/+()& 0^10%* *")* ,#
1=<! 3)$ )WW0W 4#1=<!9C
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P"0 )/#2,* #- VU! +, *"+$ ;),W +$ #,(' GV % Um
4( $ f9 #- *")* +, *"0 "+." /#(012()& 30+."* %&#*0+,
3"0, 1)*1" +$ &0(0)$0WC =($#H *"0&0 +$ ,# $+.,+d1),*
W+--0&0,10 +, *"0 VU! 1#2,*$ +, *"0 U6 78) ;),W
+, 1)*1" :0&$2$ &0(0)$0 #- 1)*1" 4&)*+# "1=<!k
#1=<! $ 6CfZ % 6CGfH ( $ [9C P"0$0 &0$2(*$ )&.20
).)+,$* *"0 %#$$+;+(+*' *")* &0()^)*+#, #- 1)*1" &0$2(*$
-&#/ ) 1=<!R/0W+)*0W W0%"#$%"#&'()*+#, #- ),'
%&#*0+, 3"#$0 %"#$%"#&'()*+#, $*)*0 +,1&0)$0$ +,
"+." 1)(1+2/ #& W2&+,. *"0 *&),$+*+#, -&#/ "+." *#
(#3 1)(1+2/C

=&<5/". )( /(&$6& >EQ4

?, *"0$0 0^%0&+/0,*$H 30 $#2."* *# W0*0&/+,0
3"0*"0& *"0 %"#$%"#&'()*+#, $*)*0 #- *"0 "+."
/#(012()& 30+."* %&#*0+, 1#&&0()*0W 3+*" *"0 /01"R
),+1)( $*)*0 +, *"0 +,*)1* =T><C ?,*)1* /2$1(0$ 30&0
+,12;)*0W +, =DS 1#,*)+,+,. VU!R!+ )* h# J -#&
Gf "#2&$ $# *")* =P! +, *"0 /2$1(0 3#2(W ;0
&)W+#)1*+:0(' ();0((0WC Y#((#3+,. &03)&/+,. *#
U6# J ),W 3)$"+,.H /2$1(0$ 30&0 -&#a0,k V>X )* &0$*
+, =DS\ VEX )-*0& )1*+:)*+#, -#& GCX /+, +, =J"\ V7X

)-*0& )1*+:)*+#, 3+*" =J"H -#((#30W ;' ) U /+, =DS
3)$" 41)*1"9\ ),W V!X )-*0& *&0)*/0,* )$ +, V7XH *"0,
V6 $ +, $0&#*#,+, 4&0(0)$0 #- 1)*1"9C <2$1(0 %&#*0+,$
30&0 $2;l01*0W *# D8Dg!=FE #, hm )1&'()/+W0 .0($H
),W +* 3)$ -#2,W *")* *"0&0 3)$ &)W+#)1*+:+*' +, ;#*"
*"0 "+." /#(012()& 30+."* %&#*0+, 4K<S9 ),W
/'#$+, "0):' 1")+, 4<KJ9 +, /2$1(0$ -&#/ 0)1"
#- *"0 W0$+.,$C ?, #&W0& *# W0*0&/+,0 ),' 1"),.0 +,
();0((+,. )$$#1+)*0W 3+*" *"0 /01"),+1)( $*)*0 #- *"0
/2$1(0H *"0 VU! 1#2,*$ +, *"0 "+." /#(012()& 30+."*
%&#*0+, ),W +, *"0 /'#$+, "0):' 1")+, 30&0 ,#&/)(R
+a0W *# *"0 ]2),*+*' #- J##/)$$+0 T(20 $*)+,+,. #-
*"0 /'#$+, "0):' 1")+, +, 0)1" (),0C P"+$ )((#30W
)Wl2$*/0,* -#& W+--0&0,10$ +, *"0 )/#2,* #- *#*)(
/2$1(0 %&#*0+, +, 0)1" (),0 #- *"0 .0(C Y+.2&0 G6
$"#3$ *"0 &0()*+:0 ();0((+,. #- *"0 *3# %&#*0+,$ +, *"0
:)&+#2$ W0$+.,$C P"0&0 3)$ ) $+.,+d1),* +,1&0)$0 +,
();0((+,. #- *"0 "+." /#(012()& 30+."* %&#*0+, +, *"0
%&#*#1#( -#& &0(0)$0 #- 1)*1"H 1#/%)&0W 3+*" )1*+:)R

Coomassie Blue Phosphorimager

# " # "

HMW#

MHC#

#$%& +& E--01* #- %0%*+W0 +,"+;+*#& #- %&#*0+, 7+,)$0 = #,
1=<!R+,W210W %&#*0+, %"#$%"#&'()*+#, +, %0&/0);+(+a0W
=T><C D"#3, )&0 J##/)$$+0 T(20R$*)+,0W hm )1&'()/+W0
.0($ ),W 1#&&0$%#,W+,. )2*#&)W+#.&)/$ -&#/ *"0 %"#$R
%"#&+/).0&C <2$1(0$ 30&0 -&#a0, )-*0& ;0+,. $2;l01*0W *#
*"0 $*),W)&W 1)*1" %&#*#1#( 3"+1" +,1(2W0W X /+, +, %J)
XH V6 $ +, 6 J)U"H ),W *"0, G /+, +, 6 J)U" 3+*" 1=<!C
Y#& *"0 ()$* VCX /+, +, %J) XH VU!R=P! 3)$ )WW0WH ),W
3)$ +,1(2W0W +, )(( $2;$0]20,* $#(2*+#,$C Y#& 1#,*&#(
/2$1(0$ 4#9H ,# %0%*+W0 +,"+;+*#& 3)$ %&0$0,*\ -#& *0$*
/2$1(0$ 4"9H %0%*+W0 +,"+;+*#& 4G6 !./(#G9 3)$ %&0$0,* +,
)(( $#(2*+#,$C P"0 "+." /#(012()& 30+."* %&#*0+, 4K<S9
),W /'#$+, "0):' 1")+, 4<KJ9 )&0 +W0,*+d0WC

pCa !8 !8 !8 !85
"

cAMP

!8 !85
" cAMP

pCa !8 !8 !8 !85 !8 !85 " cAMP" cAMP

Protein Kinase Inhibitor

Protein Kinase Inhibitor

1
g

30 sec
5 min

1
g

30 sec
5 min

20 min

A

B

#$%& ,& E--01* #- %0%*+W0 +,"+;+*#& #- = 7+,)$0 #, /01"R
),+1)( &0$%#,$0$ #- %0&/0);+(+a0W =T><C 4=9 <2$1(0 3)$
$2;l01*0W *# *"0 $*),W)&W 1)*1" %&#*#1#( ),W $2;$0]20,*('
3)$"0W 0^*0,$+:0(' +, &0()^+,. $#(2*+#, *# &0/#:0 1=<!C
P"0 /2$1(0 3)$ *"0, *&0)*0W 3+*" *"0 %&#*0+, 7+,)$0
+,"+;+*#& %0%*+W0 4G6 !./(#G9 ),W *"0 1)*1" %&#*#1#(
&0%0)*0WC A#*0 *"0 W01)' #- -#&10 ),W );$0,10 #- 1=<!
0--01* +, *"0 %&0$0,10 #- *"0 +,"+;+*#&C 4T9 <2$1(0 3)$
+,+*+)((' *&0)*0W 3+*" *"0 +,"+;+*#& +, &0()^+,. $#(2*+#, ),W
*"0, W2&+,. *"0 $*),W)&W 1)*1" %&#*#1#(C A#*0 *"0 W01)'
#- -#&10 ),W );$0,10 #- 1=<! 0--01*H )$ +, 4=9C Y#((#3+,.
0^*0,$+:0 3)$"+,. +, &0()^+,. $#(2*+#, +, *"0 );$0,10 #-
*"0 +,"+;+*#&H *"0 /2$1(0 3)$ $2;l01*0W *# *"0 $*),W)&W
1)*1" %&#*#1#(C A#*0 *"0 &0$*#&)*+#, #- *"0 1=<! 0--01*H
+,W+1)*+,. &0:0&$+;+(+*' #- *"0 )1*+#, #- *"0 +,"+;+*#&C P+17
/)&7$ #, -#&10 *&)10$ +,W+1)*0 0^%),$+#, #- *"0 *+/0 ;)$0H
)$ $"#3, ;' 1)(+;&)*+#,$C

>0.2()*+#, #- 1)*1" +, +,:0&*0;&)*0 $/##*" /2$1(0 55V



*+#, 3+*" =J"H #& $2;$0]20,* 1)*1"C =(*"#2." *"0
();0((+,. #- *"0 "+." /#(012()& 30+."* %&#*0+,
-#((#3+,. *"0 &0(0)$0 #- 1)*1" 3+*" $0&#*#,+, 3)$
$#/03")* "+."0& *"), )* &0$*H *"0 ()**0& $"#30W )
&0()*+:0(' ()&.0 :)&+);+(+*' ),W 3)$ ,#* $+.,+d1),*('
W+--0&0,* 4# " 6C6X9C P"0&0 +$ ,# $+.,+d1),* 1"),.0 +,
*"0 VU!R%"#$%")*0 1#,*0,* #- *"0 /'#$+, "0):' 1")+,
+, ),' #- *"0 W0$+.,$C

?, ) -2&*"0& $0&+0$ #- 0^%0&+/0,*$H *"0 %&#*#1#(
3)$ /#W+d0W *# +,1(2W0 ) $"#&*0& %0&+#W #-
();0((+,. 4X "9 ),W *"0 $%01+d1 )1*+:+*' #- *"0 =P!
3)$ /0)$2&0W +, 0^*&)1*$ -&#/ 0)1" /2$1(0H *"0
;0**0& *# ,#&/)(+a0 *"0 W)*)C Y+.2&0 GG $"#3$ )
$2//)&' #- *"0 &0$2(*$ +,1(2W+,. *'%+1)( -#&10
&0$%#,$0$ -&#/ 0)1" #- *"0 W0$+.,$C P"0 $"#&*0&
();0((+,. %0&+#W #- *"0$0 0^%0&+/0,*$ &0$2(*0W +,
/21" (0$$ ();0((+,. #- *"0 /'#$+, "0):' 1")+,
&0()*+:0 *# *"0 "+." /#(012()& 30+."* %&#*0+,H ),W
*"0&0 3)$ ,# 1"),.0 +, /'#$+, ();0((+,. )$$#1+)*0W
3+*" ),' #- *"0 /01"),+1)( $*)*0$C Y#& /2$1(0$ +,
1)*1" V>XH *"0 ();0((+,. #- *"0 "+." /#(012()& 30+."*
%&#*0+, 3)$ );#2* ")(- *")* #- *"0 /2$1(0 *")*
2,W0&30,* &0(0)$0 #- 1)*1" VEXC Y2&*"0&/#&0H *"0
%"#$%"#&'()*+#, $*)*0 #- *"0 "+." /#(012()& 30+."*
%&#*0+, 3)$ $+/+()& +, &0$*+,. /2$1(0$ *&0)*0W 3+*"
$0&#*#,+, V7X ),W *"#$0 *")* 2,W0&30,* &0(0)$0 -&#/
1)*1" VEXC P"0 ()$* 0^%0&+/0,* +, *"0 $0&+0$ )WR
W&0$$0W *"0 ]20$*+#, #- 3"0*"0& *"0 %&#*0+,H #,10
%"#$%"#&'()*0W )* &0$* V7XH +$ $2;$0]20,*(' W0%"#$R
%"#&'()*0W +- *"0 /2$1(0 +$ &0)1*+:)*0W ),W .#0$ +,*#
1)*1" V!XC ?,W00WH *"0&0 +$ ) $+.,+d1),* W0%"#$R
%"#&'()*+#, #- *"0 "+." /#(012()& 30+."* %&#*0+,
3"0, /2$1(0$ 2,W0&.# *"0 *&),$+*+#, -&#/ *"0
&0$*+,. $*)*0 *# )1*+:)*+#, ),W 1)*1"C E:0, *"#2."
W0%"#$%"#&'()*+#, #112&$ 3"0, *"0 /2$1(0 .#0$
+,*# 1)*1"H *"0 W0.&00 #- %"#$%"#&'()*+#, +, 1)*1" +$
$+.,+d1),*(' "+."0& 3"0, *"0 /2$1(0 ")$ ;00, %&0R
*&0)*0W 3+*" $0&#*#,+,C ?* +$ +,*0&0$*+,. *")* 1)*1"
-#&10 +$ /)+,*)+,0W (0$$ 30(( +, *"+$ 1)$0 4Y+.C GG8
:0&$2$ = #& T9C ?, ) $0%)&)*0 0^%0&+/0,*H *"0
%"#$%"#&'()*+#, #- *"0 "+." /#(012()& 30+."*
%&#*0+, 3)$ W0*0&/+,0W +, &0$*+,. /2$1(0$ )-*0&
V6 $ +, $0&#*#,+,H ),W 1#/%)&0W 3+*" V6 $ +,
$0&#*#,+, -#((#30W ;' +*$ 3)$"#2* +, =DS -#&
V6 /+,C P"0 &0()*+:0 %"#$%"#&'()*+#,$ +, *"0$0 *3#
W0$+.,$ 30&0 ,#* $+.,+d1),*(' W+--0&0,* 4G!66% 6!Gf
F.C G!GG% 6!Gh &0$%01*+:0('H ( $ 5 +, 0)1"9C ?* )%%0)&$
*")* *"0 $0&#*#,+,R+,W210W +,1&0)$0 +, %"#$%"#&'()R
*+#, #- *"0 "+." /#(012()& 30+."* %&#*0+, +$ (#,.R
(+:0W +, *"0 &0$*+,. /2$1(0H ),W *")* &0)1*+:)*+#, #-
*"0 /2$1(0 +, )10*'(1"#(+,0 +$ &0]2+&0W -#& W0%"#$R
%"#&'()*+#,C
=, 0$*+/)*0 #- *"0 ]2),*+*' #- *"0 "+." /#(012()&

30+."* %&#*0+, &0()*+:0 *# *"0 /'#$+, "0):' 1")+, +,
+,*)1* /2$1(0$ 1), ;0 #;*)+,0W -&#/ 1#/%)&+$#,$ #-
*"0 J##/)$$+0 T(20 $*)+,+,. #- *"0$0 %&#*0+,$ +,
.0($C ?, f5 W+--0&0,* +,*)1* /2$1(0$H *"0 $*)+,+,. #-
*"0 "+." /#(012()& 30+."* %&#*0+, 3)$ Z!G% 6!Vm #-
*"0 /'#$+, "0):' 1")+,C ?- *"0$0 *3# %&#*0+,$ ;+,W
*"0 $*)+, *# *"0 $)/0 0^*0,*H *"0, *"0&0 +$ );#2* *0,
*+/0$ /#&0 /'#$+, "0):' 1")+, #, ) 30+."* ;)$+$\
1#,$+W0&+,. *"0 W+--0&0,10 +, /#(012()& 30+."*
4U66 666 F.C !566 6669H *"0&0 +$ );#2* #,0 /#(0 #-
"+." /#(012()& 30+."* %&#*0+, %0& V6 /#(0$ #-
/'#$+, "0)W +, *"0 +,*)1* =T><C

Time (sec)

Fo
rc

e 
(g

) 1

10

pCa 5 pCa !8 pCa !8 " cAMP

ATPγS ATPγS

#cAMP "cAMP #cAMP "cAMP

HMW#

MHC#

Coomassie Blue Phosphorimager

#$%& "& J)*1" ),W &0(0)$0 #- 1)*1" +, %0&/0);+(+a0W =T><
),W -#((#3+,. 1=<!RW0%0,W0,* *"+#%"#$%"#&'()*+#, #-
"+." /#(012()& 30+."* %&#*0+,C D"#3, )&0 J##/)$$+0
T(20R$*)+,0W hm )1&'()/+W0 .0($ ),W %"#$%"#&+/).0&
)2*#&)W+#.&)/$ #- /2$1(0$ *&0)*0W 3+*" VXDR=P!#D
4G66 !<9 -#& G6 /+, +, *"0 %&0$0,10 4"1=<!9 #& );$0,10
#- 1=<! 4#1=<!9C P"+$ 3)$ -#((#30W ;' ), +,12;)*+#, +,
&+.#& $#(2*+#, -#& Z /+, +, ;#*" W0$+.,$C P"0 "+."
/#(012()& 30+."* %&#*0+, 4K<S9 ),W /'#$+, "0):'
1")+, 4<KJ9 )&0 +,W+1)*0WC =($# $"#3, +$ *"0 /01"),+1)(
0--01* #- *"+#%"#$%"#&'()*+#, #- *"0 "+." /#(012()& 30+."*
%&#*0+,C J#,*&#( /2$1(0$ 4W#**0W (+,09 30&0 )1*+:)*0W +,
%J) X -#& G6 /+,H 3)$"0W +, &0()^+,. $#(2*+#, 4U6 /<

EFP=9 *# %&#W210 1)*1"H *"0, *&0)*0W 3+*" G66 !< 1=<!
*# &0(0)$0 1)*1"C <2$1(0$ +,+*+)((' *&0)*0W 3+*" G66 !<
=P!#D +, *"0 %&0$0,10 #- G66 !< 1=<! 4$#(+W (+,09 30&0
*"0, $2;l01*0W *# *"0 $)/0 %&#10W2&0$ )$ 1#,*&#( /2$1(0$C
A#*0 *"0 );$0,10 #- 1)*1" ),W 1=<! 0--01*C

55h D?EF<=A "& $0R



4-1,"11-*(

A2/0&#2$ /01"),+$/$ "):0 ;00, %&#%#$0W *#
0^%()+, *"0 &0.2()*+#, #- 1#,*&)1*+#, #- /)//)(+),
$/##*" /2$1(0H 3"+1" W+--0&$ -&#/ $*&+)*0W /2$1(0 +,
*"0 +,W0%0,W0,* 1#,*&#( #- -#&10 %&#W21*+#, ),W
$"#&*0,+,. :0(#1+*'H 0^0/%(+-0W ;' +*$ );+(+*' *# :)&'
*"0 01#,#/' #- -#&10 %&#W21*+#,C P"0 );+(+*' *#
/)+,*)+, -#&10 3+*" ) :0&' (#3 0^%0,W+*2&0 #-
0,0&.' +$ ) 1")&)1*0&+$*+1 #- $/##*" /2$1(0 *")* ")$
;00, 1#,$0&:0W *"&#2." 0:#(2*+#, -&#/ /#((2$1$
41)*1"9 *# :0&*0;&)*0$ 4()*1"9C P"0 $*&+7+,. $+/+()&+*'
#- *"0 1)*1" $*)*0 #- /#((2$1), $/##*" /2$1(0 ),W
*"0 ()*1" $*)*0 #- /)//)(+), $/##*" /2$1(0
%&#/%*0W 2$ *# *2&, *# *"0 /#((2$1 )$ ), 0^%0&+R
/0,*)( /#W0(H 3"+1" %&#:+W0$ *"0 )W:),*).0 #-
,02&)( 1#,*&#( #- &0()^)*+#, )$ 30(( )$ #- )1*+:)*+#,C
=(*"#2." *"0&0 +$ 1#,$+W0&);(0 0:+W0,10 *")* $0&#*#R
,0&.+1 ,0&:0 $*+/2()*+#, 1)2$0$ &)%+W &0()^)*+#,

-&#/ 1)*1" ;' 1=<! %&#W21*+#, ),W )1*+:)*+#, #- )
1=<!RW0%0,W0,* %&#*0+, 7+,)$0H (+**(0 +$ '0* 7,#3,
&0.)&W+,. "#3 *"0$0 0:0,*$ )&0 (+,70W *# *"0
1#,*&)1*+(0 %&#10$$C P"0 /)l#& ,03 #;$0&:)*+#, +,
*"+$ $*2W' +$ *")* *"0 1=<!RW0%0,W0,* &0(0)$0 #-
1)*1" +, =T>< +$ $%01+d1)((' )$$#1+)*0W 3+*" ),W
&0.2()*0W ;' *"0 %"#$%"#&'()*+#, #- ) "+." /#(0R
12()& 30+."* 4!566 78)9 %&#*0+,C
P"0 "+." /#(012()& 30+."* %&#*0+,H )(#,0H 1#,R

$+$*0,*(' $"#3$ ) 1"),.0 +, $*)*0 #- %"#$%"#&'()*+#,
W2&+,. *"0 &0(0)$0 #- 1)*1" +, ;#*" +,*)1* 4$0&#*#,+,R
*&0)*0W9 ),W %0&/0);+(+a0W 41=<!R*&0)*0W9 /2$1(0$H
),W *"0 *+/0R1#2&$0 #- %"#$%"#&'()*+#, +$ 1#,$+$*0,*
3+*" ) &#(0 -#& *"+$ %&#*0+, +, &0.2()*+,. *"0 &0(0)$0
#- 1)*1"C I,W0& *"0 $)/0 1#,W+*+#,$H #*"0& %&#*0+,$
*")* "):0 ;00, $2..0$*0W )$ 1),W+W)*0$ -#& &0.2()R
*+#, #- 1)*1"H $21" )$ /'#$+, "0):' 1")+,
4J)$*0((),+ e J#"0,H GZf[9H %)&)/'#$+, 4=1")a+H
GZ[Z\ S)*);0 "& $0CH GZfZ9H ),W /'#$+, (+."* 1")+,$

1

1

Time (min)

Fo
rc

e 
(g

)

A

B

C

D

pCa !8 pCa 5 pCa !8

pCa !8
" cAMP

A B C D A B C D

200#

97.4#

66#

45#

31#

21.5#
14.5#

Coomassie Blue Phosphorimager

#$%& -& !&#*0+, %"#$%"#&'()*+#, 2,W0& W+--0&0,* /01"),+1)( 1#,W+*+#,$ +, %0&/0);+(+a0W =T><C <2$1(0$ 30&0
1#,*+,2#2$(' +,12;)*0W 3+*" VU!R=P! $*)&*+,. +, ), +,+*+)( &0()^+,. $#(2*+#, ),W *"0, 0+*"0& -&#a0,k 4=9 )-*0& h /+, +,
&0()^+,. $#(2*+#,\ 4T9 )-*0& G /+, +, &0()^+,. $#(2*+#, ),W V /+, +, )1*+:)*+#, $#(2*+#, 4%J) X9\ 4J9 )-*0& *&0)*/0,* )$ +, TH
%(2$ G /+, +, &0()^+,. $#(2*+#, 41)*1"9\ ),W 489 )-*0& *&0)*/0,* )$ +, TH %(2$ G /+, +, &0()^+,. $#(2*+#, 1#,*)+,+,. 1=<!
4&0(0)$0 #- 1)*1"9C D"#3, )&0 ) J##/)$$+0 T(20R$*)+,0W hgGXm )1&'()/+W0 .&)W+0,* .0( ),W 1#&&0$%#,W+,.
%"#$%"#&+/).0& )2*#&)W+#.&)/C

>0.2()*+#, #- 1)*1" +, +,:0&*0;&)*0 $/##*" /2$1(0 55X



4D#"/) "& $0CH GZfXH GZff)H;\ D#"/) e <#&+*)H GZf59
W# ,#* $"#3 1=<!RW0%0,W0,* +,1&0)$0$ +, %"#$R
%"#&'()*+#,C 82&+,. *"0 1=<!RW0%0,W0,* &0(0)$0 #-
1)*1"H *"0 "+." /#(012()& 30+."* %&#*0+, )%%0)&$ *#
+,1#&%#&)*0 );#2* 6CX /#(0 #- %"#$%")*0 %0& /#(0 #-
%&#*0+,C P"0 ]2),*+*' #- *"0 "+." /#(012()& 30+."*
%&#*0+, +, *"0 /2$1(0 +$ 0$*+/)*0W *# ;0 );#2* G6m
#- *"0 )/#2,* #- /'#$+, "0):' 1")+,C
= ,2/;0& #- /01"),+1)( #;$0&:)*+#,$ /)W0

%&0:+#2$(' ;' #*"0& +,:0$*+.)*#&$ 3"# $*2W+0W 1)*1"
+, %0&/0);+(+a0W =T>< "):0 %&#:+W0W *"0 ;)$+$ -#&
$#/0 #- *"0 0^%0&+/0,*$ W0$1&+;0W "0&0C P"0
)WW+*+#, #- 1=<! 4J#&,0(+2$H GZfU9 #& *"0 1)*)('*+1
$2;2,+* #- 1=<!RW0%0,W0,* %&#*0+, 7+,)$0 4!d*a0&

e >20..H GZfU9 2,W0& (#3 1)(1+2/ 1#,W+*+#,$
4%J) "f9 3)$ $"#3, *# &0(0)$0 1)*1"C S0 "):0
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