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1. Introduction

1.1 Apoptosis: a form of programmed cell death

1.1.1 Classification of cell death
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1.1.2 The history of apoptosis
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1.2 Caspases: the initiators and executioners of apoptosis
1.2.1 Classification of caspases
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1.2.2 Extrinsic apoptotic pathway
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Figure 1-2: Extrinsic apoptotic pathway

F6)-1.%-+%"#"-B14%'&D!5"B-1£.)31)9&%.106-#".)-3%-& [1"-"&"&).1+'56'5%65!".%6!'+&"# &%4!)-!
&D%!6*&/).31+**0641C1811-41&D%-!'+&"# &%!4)K-58.%'319W%+9&")-%.1+'56'5%651&)!"-49+0%!
'6)6&)5"5 V¥



1.2.3 Intrinsic apoptotic pathway
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Figure 1-3: Intrinsic apoptotic pathway
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1.3 Caspase-2: initiator of apoptosis
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1.3.1 The relationship between caspase -2 structure and function
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Figure 1-4: PIDDosome: The proposed platform for caspase-2 activation
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1.3.2 Caspase -2 as an initiator caspase
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1.3.3 Caspase -2 as a tumor suppressor
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1.4 Caspase-2 in the metabolic regulation of apoptosis
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Figure 1-5: The non-oxidative phase of pentose phosphate pathway (PPP)
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1.4.2 Metabolically regulated caspase -2 phosphorylation med iated by
Ca**/Calmodulin dependent protein kinase Il (CaMKII)
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Figure 1-6: Metabolic suppression of caspase-2 through CaMKII
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1.4.3 Subsequent researc h regarding the metabolic regulation of
caspase -2
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Figure 1-7: Suppression of caspase-2 dephosphorylation by 14-3-3
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UD"51&D%5"5!5D)K5!&D'&I&D%!-9&. W&, $011! '+&"#'&")-'44"&")-"**1.%R9".%5!&D%!
96%%'5%1)/I'] (. E%AVIBE%-+"/"+*+: IKY%!"4%-&"[:1&K)!1-)#%*I5"&%5!)/!,'$011!6D)56D).:+&")-!
XUZ_Z>87_<!)-1&DY%$H&" Is!"5)/).3!f159(9-"&bIUZjT>8ZjZ!)-1&D%!D9I3"-1D)3)*)BY!
*)+'&9%41K"&D"-1&D%!'55)+"&")-14)3"-[IKD)5%!6D)5®).:*'&")-1/"**51"-1&D%!6.%5%-+%!)/!

D"BDILi?!*%#%*5V!C%6D)56D).:*'&")-1)/1&D%5%!5"&%51!+'&'*:\%4!1(:16.)&%"-16 D)56 D'&'5%! 7 @!
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X227 @YI1"51-%+0655" . 1X*(%"&1-)&I59//"+'%b-&Y/).13%& ()" +!+&"#'&")-1)/1,'$0111!KD"+D!"5!
&DY%!6.)+9%551)/1](. E%MN.%*06'5"-BVI1-I'43B&DY%!-9&.. "% 8. "#%-1727 @'& . B%&"-BI&)!
$O111"514."#9%-1(:13%& ()" +'+*:  206BI*&%A4!"-8&%.'+&")-1)/1,'$011!K"&D!&D%!2?7@!
&'.B%&"-BI59(9-"&!;<<=VIP9.&D%.3).%I!K%!5D)K!&D'&!&D"5!13%+D'-"531)/!,'$011!
G6BO*&")-I"51% BYG*:1+)-5%.#0641"-13'33* "1+ 06**5\/1U)BY%&DBD%5%!/"-4"-B5!6.)#" 4%
"_5"BD&!"-&)1&D%!3%&()*"+1+)-&.)*1)/I'6)6&)5"5!'-414%/"-%!"-%K13%+D'-"531/).

+)-&.)**"-Bl,'$01111'6.)&%"-1+."&"+'*1/) 14+%**|5"B-"*"-B!"-1.%56)-5%!&)!39*&"6*%!5& "39¢"'V
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2. Materials and methods

2.1 Preparation of Xenopus egg extracts and nutrient treatment

UD%!8!6D'5%!"-419*&2.'+&")-'&%41816D'5%1 "#$&" 1%BBI%WE&. +&51K%.%!6.%6".%4!
'516.%6#")95*:14%5+." (%M P "BVATYX83:&D%!'41J%K6).&IIT__ TYVILi?IK'5!6.%6'.9641'5!"!
T$I5)*0&")-I"-1K'&%.VIgWE&. +&51K%.%!6.%6".9641'&Ikt, [18.%'&%4IK"&DILi?V'&!"/"-*]
+)-+06-&.'&")-/17S3BIXK'€%6.1'51+)-&.)*1&.%'&3%-&Y II'-41"-+9('&%A41'&.))3!

&%36%.'&9.%V
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Xenopus eggs Lipids

centrifuge at ) ‘ Cytoplasmic

pack & remove ) =

excess buffer 16,000 x g, 10 min fracti
raction

I\Pellet

(yolk platelets)

Figure 2-1: Simplified process for the preparation of Xenopus egg extracts

UD%!96BB5!*" 411" #$1& "< -"78" I %61+) 0o+ &YA!'-416'+E %A1 &%.1&D%!. % 3)#*1) /196 W+%55!
(9//%.V1UD%!8!6D'5UBH$%E." 196BBI%WE.'+&5!". %!&D %! 34466153 +1/.+&")-11B%-%. '&%4!
(:1+%-&."/9B'&")- V!
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2.2 Cell culture, nutrient treatment, and cell lysis

Ag0!7_ZUI+%B1K%.%!3"-&"-%41"-41B.)K-1"-1IC$g$!K"&DI TSul/%E&™* ()#"-%!
59%.931XP;8Y!13%4"93I'&IZjt,V!;%/).%!-9&.."%-&!&.% &3%-&I1+%6**5!1K%.%!5&" #%41K" & B*9+)5%
1.%%!C$g$!IK"&DITSul4"*\%41P;813%4"931+)-&"-"-BI-)IC  2B*9+)5%!'-415)4"93!
6:.9#'&%!'&1Zjt,!/).IT7ID)9.51"-41&D  %-1&.%'&%4!K"&D!).IK"&D)9&!7<3H*-9+)5%!
X8"B3'Y!/).I')&D%.IT7!D)9.5V!1-1'44"&")- ' T<Sv$!14%D:4.)%6'"-4.)58%.)-%!XCAg@Y!"-!
4"3%&D:*159*)W"4%!XC$8 Y1).IC$8" IK'5I)++'5")-**:14) 28 9%'&%4!&)B%&D%.IK2&D!C
B*0+)5%!&)!B*0+)B&' #%417_ZUI+%**5V!,06**51K%. B4 8%B$!U."516AlV<II T<S3$!
J,*IIT3$14"&D")&D.%"&)*IXCUUYII'-41TulJ? KSI!"-1&D%!6.%5%-+%!)/I<vB>3*!
@6.)&)-"->1%96%6&"-IX@>FY ' TSSV$!6D%-:*3%&D:*59%/)-*1/%9) " 4% X ?$8PY!'-4]
6D)56D'&'5%!"-D"("&).5!X?D)58U ?17D)56D'&'5%!1-D"("&).!,)+E&"*IU' (*%&5!/.) 3IN) + &b !
7SOY!)-1"+9%61/).1ISV<ID)9. V!, %6**1+:5'&%5!K%.%!+)** 06+ & %411 &%.1+%-&."/9B'&")-IK"&DI T7ISSS!.63!

/).IT<!3"-98%5Y

2.3 SiRNA transfection

£'6)/%+&'3"-%INJ@"$@O'X1-#"&.)B%-Y'K'5195%41/).15"NI@!&..-5/%+&")- V1?27 @
:<<=I5"NJ@!K'5!69.+D'5%41/.)318'-&', .O\[;")&%+D-)  *)B:1&)IE-)+E4)K-l;<<=1"1
7_ZUI+%**5V1)-&. )15 NI@'K'514%5"B-%418)1&' BY%&!B)33*"'-16.)&%"-11/".%6/*:!
*9+"/06.'5%RUF @, L LLO@@F@,FF,L@ ZpYVI7SSISSSI+%**516%.1K%**1K%.%616*' &%A4!)-!

| KU 16+ &9651X,).-"-BIf"/%!8+"%-+%5Y1)-%!14":1(%/).%!&.'-5/%+&") 8HKE <<=!).!
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+)-&)M5"NI@ -4 TSVFINI@"$@OI!K%.%!5%6'. &%*:1B%-&*:14"*08%A4!"-1 7SSV BES!
1IN%49+%418%.931$%4"931X1-#"&.)B%- Y VI@/&%.!<!3"-98&%5[15"NJ@!-4INJ@"$ @02 6&"
$9$1K%.961B%-&*:13" W%A!'-41'44%41)-&)!1+%**51'/&%.1&D%!"-+9('&")-I'&!.)) 31&%36 %I &b!
/).17S13"-9&%5V!@/&%.1&D%!/" 5&1.)9-41)/1&.-5/%+&")-1&DY%!5%+)-41.)9-41K'5!.%6% &% 41'/&%.!
<ID)9.5!)/1"-+9('&")-V!,%**51K%.%!&D%-"-+9('&%41/).1kh!3).%!D)9.5!(%/).%!'-!

59(5%R9%-&!&.%'&3%-&V

2.4 Plasmids and recombinant protein preparation
2.4.1 Gene cloning

1081, '$011SIK'5!'36%"/"%41(:1?,N195"-BI&D%!6."3%.5!<p 2
LLLL@@UU,@ULL, @,U@,,@L@,UUL,@,, Zp!-41<
LLL,U,L@LU,@,ULL@L@LLLL,UL,ULLUL, ZpV!129.""%41?,N16.)49+&5!K%.%!
+¥)-241"-&)1&D%!g+)N1I'-410D) 115"&%5!)/16gJUNZ, VIUD%!19"E, D'-B%! 896 +8&%4!
$9&'BY%-%5"5!0"XB&.'&'B%-%YK'5!95%41&)!B%-%.'&%!6)"-&!39&-&5!"-!,'$011s!"-!
6gJUNZ,VIUD%!UZ Z@>8Z_<@'6."3%.5!KI@%!<p
,@LEULLLOAU@@@@LLAU,@L,@LALLUUL@@,@, @, @,UL@@L Zp!-4!
"&514)36*%63%-&VIUD%!UZ_ZC>8Z_<C!6."3%.5!KR.%!<p
,@LEULLLOU@@@@LLAU,@L@,LOLLAUUL@@.@, @, @,ULe@@ L Zp'4!
"&51+)36%%63%-&VIUD%IL'&%K" 1N, *)-'5%1111g-\:3%!$"W! X 1-#"&.)B%-Y!K'5!95%41&,)!

&.'-5/%.1,'$011s!K"*41&:6%!'-4!139&'-&5!/.)3!16gIJUNZ,!"-&)!16Cg8U7kV!;'+3"4ICI@5!
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K%.%!6.)49+%41(:1&.-5/).3"-BI6Cg8U7k!6*'53"45!"-&)I$@O'g//"+"%-+:ICATS;'+!
,D%3"+%*:1136%  &%-&!gVI+)*"IX1-#"&.)B%-Y!'-41&.'-5/%+8&%4!"-&)!18P_1+%**5195"-B!,06**/%6+&"-!
11!N%'B%-&!X1-#"&.)B%-YVIUD%!#".95%5!K%.%!'36*"/"%4!/)**)K"-B!&D%!;'+9*)#".95!
gW6.%55")-18:58%3!K"&D!L'&%K":1U%+D-)*)B:!3'-9*IX 1-#"&.)B%-YV!@/8&%.!&D%!/"-"*158%6!
)I'36*/"+'&")-1159  6%.-'&'-&5!+)-&' "-"-BI#".95%5!K%.%!58&).%4!"IRY
2.4.2 His-tagged protein production and purification
T<3*)/1#".95!596%.-'&'-&5!K%.%!3"W%4!K"&DITSS!I3"+")-I8P_1+06**5[1'44%418,)!
TSS3*1)/1&)&"*1#)*93%!K"&DIA:+*)-%!8PQ-5%+8&!3%4"931XUD%.348%-&"/"+YI!'-4!
#).8%W%A4!'&1t74/).1Zi'D)9.5VIUD%!8P _!+%**EP48.5!K %.%!+)**%+8&%4! (:!+%-&."/9B'&")-I'-4!
5&).%41'&n, 1).1*'&%.169."/"+'&")-\
UD%!8P_1+%**16%**%&5! KB8B6PA44%4!(:I TO!0")4)-Bp5!;9//%.!1X7S3$!Ag?g8!
BAIV<IITS3$!0,*I'TV<3$!I$B,*  7I!IT3$!gCU@I!T3$!gLU@IIT3$!ICUUIISVT3$!?$8PI!
-41<vB>3*1@>fY1!5)-"+'&%4/).I T<!5%+)-45!K"&D!ZSu!'36*"8&94%!/).!&D.%%!&"3%5I!"-4!
+%-&."/9B%4!K"&D!TSISSS!OB!/).ITID)9.VI@/&%.!+%-&."/9B'&")-11596%.-'&'-&5!K %.%!+)*%+&%4!
'44%4!1"-&)1Z3*)/1-"+E%*IXJ"Y (%'45!XI"B%-Y1!'-41.)&'&%4!' &K 1/).17!D)9.5VIUD%!(%'45!
K%.%!K'5D%4!K"&D!ZSIBM:5"5!(9//%.!K"&D!<SS3I$!T' *I'-41T<3$!"3"4")*%%l!
N**)K%4!(:17S3*1)/1*:5"51(9//%.!K"&D)9&!J' *I'-41"3"4\)*% V! @/8%.!&D%!K'5DI!&D %! (%'45!
K%.%!9%*9&%4!(:! T3*)/1*:5"51(9//%.IK"&D!7<S3$!"3"4'\)*%!/).!5"W!&"3%5V!UD%!%*9&")-5!

K%.%!"-"*:\%4!(:1K%5&%.-1(*)&I!" -41&D%!)-%5!K"&D!69."/"%416.)&%"-5!K%.%!+)**%+&%41!
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+)-+%0-&.'8%411"-414"*:\% 418D .%%!&"3%!"-&) ! TfI TO!?;8!K"&D! T3$!ICUUI'&!RV/IP"-"**:[1& D %!
6.)&%"-15)*9&")-5!K%.%!5&).%4hS, V
2.4.3 GST-tagged protein production and purification

UD%!L8R'BBY%M "#$%&."1+'56'5%27!6.)4)3"-I'-41;<<=|I"-41L8U 2-*:16*'53"45!
K%.%!&."-5/).3%4!"-&)!;f7T!+)36%8&%-&!+%**5!"-41"-+9('&%4'&!Zj }#%.-"BD&V!,)*)-"%5!
K%.%!"-)+9* &% H&)!<S3*If;13%4"'&!Z] t, )#%.-"BD&I!'-4!&DY%44%4!"-&)! Tf!f;!3%4"!
'&IZjt, VIQD%-1&D%!('+&%."1K%.%!"36*""%4!%-)9BDIIT3*!)/IT$!"5)6.)6:*8E 212
&D")B™*'+&)6:.-)5"4%!X1?ULY!K'5!'"44%41&)!('+&%."1&)B%-%.'&%0!" /"-"*1+)-+%-&&")-1)/!
T3$!-41"-+9('&%41'&!Z jt, !/).I'-)&D%.!&D.%%!D)9.5VIUDY%!('+&%." 1K%.%!+)**%+&%A4!(:!
+%-&."/9B'&")-V

7V<3*)/1(9//%.!@'X7VZ$!59+.)5%I1<S3$!U."5I6AlV<IITISIgCU@Y!'-417<v*)/!
TSS3$!12$8P1K%.%!'44%41)-&)!1&D%! ('+&%."16%**% &5 ZPF6%-4!&D %! 6%** %R FK Ao 4!
(:'&D%!'44"&")-1)'TS3*(9//%.!;!X<S3$!U."5!jV<IITS3$!0,*I'T3$!gCU@Y!+)-&"-"-B!
Tv$!ICUUIITSSV$!?$8PI!-4ISVSTBI*:5)\:3%V! UD%!3"W&9.%5!K%.%!.)&' & Y4 §!KT!
D)9.11&D%-!"44%4!K"&D!7iZv*I$B, %I Tj<v*I TSu!5)4"9314%)W:+D)* &%I!'-417 <v*!
4%)W:."()-9+*%65%!1!1XCJI'5%!1Y1!5)-"+'&%4!!/).I T<!5%+)-45!K"&D!ZSu!'36*"'&94%!/).!&D.%%!
&"3%5I1"-41/"-+*:14+%-& "/9B%A4!(:! T7ISSSIOB!/).ISV<!D)9.!'&!kV!UD%!596%.-'&'-&5!K%. %!
+)**00+8%41!'-41,) &' &%4!8&)B%&D%.!K"&D!73* BYS&I@DA5!XLg! D% *&D+'.%Y'&!K/).! 7!

D)9.5VIUR0!(%'45!K%.%!K'5D%4!(:1TS3*1(9//%.!,!XTS3$!Ag?g8!6A!jV<IIT3$!ICUUY!



+)-&"-"-BIT3$ICUUI-41ZSS3$1J', *1/).1&D.%%!&"3%5I!'-41&D%-K'5D%4!(:1 TS3*1(9//%.!

J&K "% VIT3*(9//%.!,1K'51*06/&!K"&D1&D%!(%'45!8) 1B%-%.'&%!"15%9. :1)/16.)&%"-5!()9-41&,)!
&D%!(%'45V17 Sv*IPHGI5*9.."%5!K%.%!95%41&)!'-*\%! &DY%!+)-+%-&.'&")-1)/1.%+)3("-'-&!
6.)&%"-5!(:1+))3'55"%!5&"-"-BII+) 36" %4!K"&DI5&'-4' 41(J#"-%!5%.93!(93"-IX:8@Y!

XJ%K!g-B*'-41;")*'(5YIK"&D!4"//%.%-&!"'3)9-&5V!IUDA! (%'4515%9..:IK'515&).%4!'&k,

2.5 Antibodies and related assays
2.5.1 Antibodies used for western blot

UD%!/)**)K"-B!"-&"()4"%5!K%.%!95%4!/).!K%5&%.-!(*)&G2*§0'11!?D)56D)!U7hi!
X@(+'3YI-&"2'$011!1X;CIU."-549+&")-1f'().'&)."%5YII'-&"  2?27@!+'&*:&"+!59(9-"&!
X$"*"6). %Y I'-8&2? <IX;CIU.'-549+&")-1f().'&)."%5YI!-&"  2??7TNT@!X@(+'3YI!'-&2
2227N7;1X;<<=YIX@(+'3YII'-&26'-1;<il X$"*+"6).% Y I!'-4!'-&"  A.8UIX8'-&',.9\!
")&%+D-)*)B:YV!?.)&%"-5!K%.%!3%'59.%4! (:'K%5&%.-!(*)&!%"&D%. 95 "NB!f1
")5+"%-+%5!"4:55%:!5)/&K".%!).1%-D'-+%4!+D%393"-%5+%-+%!Xg,fY!3%&D)4!K"&D!
D).5%.'4"5D!6%.)W"4'5%!XAN?Y!"28)95%!).!.'(("&!"339-)B*)(9*"-ILIX1BLY!5%+)-4".:!
-&"()4" %5V
2.5.2 Co-immunoprecipitation

UK)!3"+.)B.'35)/-&"  2'$011w!X8"B3'Y!).1$)95%!+)-&.)*11BL!X8"-&',.9\!
"&%+D-)*)B:Y!K%.%!"-+9('&MK"&D!7SV*!)/IC:-'(%'45!?.)&%"-ILIX1-#"&.)B%-Y!5*9..:!

)#%.-"BD&!'&kt, VITSSv*)I"#$%& " 1%BB!%W&.'+&5!&.%'&%4!K"&D!).1K"&D)9&!Li?!1K%. %!



"-+9('&%41K"&D!(%'45!/).1TID.I"&!kt,V!;%'45!K%.%!K'5D%4!/)9.1&"3%5!K"&D!K'5D!(9//%.!
X4%5+."(%4!(%*)KYI!'-41%*9& %4 K" RBIR0!8)4"9314)4%+:*159*/'&%!6)*:"+.:*'3" 4% BY%*!
%*%+8&.)6D).%5"5! XS@BLYY!5'36*%!(9//%.14"+9&%4!/.)31<0!5'36*%! (9//%.!X4%5+." (%4!
(%*)KYV!8'36*%65!K%.%!.%5)*#%4!(:|8R@&Lg!/).!"339-)(*)&&"-BV !

UD%!K'5D!(9//%.!/).1+)2'339-)6.%+"6"&'&")-G!ZSS3$!J' *I-4ISVTu  1U."&)-102
TSSIX5"B3'Y!"-ITW!%BB!*:5"5!(9//%.!Xgf;G! TS3$!Ag?g8!6AljV<I!<S3$!0,*I17V<3$!$B,*7I!
T3$!ICUUIT-4ISV7<$!59+.)5%I16AX|VjYV

<0!8C®?@LQ!5'36*%!(9//%.G! T<S3$!U."5!6AlVhIIZSu!B*+%.)*ITSu!8C8I!<u!2
3%.+'6&8)%&D"-)*1X;$gYI!'-41SV<u!(.)3)6D%-)*!(*9%V !
2.5.3 Immuno -depletion

TSVBI?2227N7;!-&"()4:IXSV7<VB>V*Y1).IN'(("&!+)-&.)*11BLIX8"-&'!,.9\!
")&%+D-)*)B:YK%.%!"-+9('&%4!K"&D! TSN (%'41?.)&%"- | @' X 1-#"&.)B%-Y!
)#%.-"BD&!"&kt,V!;%'45!K%.%!K'5D%4!"-414"#"4%41"-&)1Z1%R9™*16'.&5V!_SvEN#$HS. 1% BB!
%WE&.'+&5!K%.%!"-+9('&%4!K"&D!(%'45!/).TID)9.I'&kt,!"-415%6'".'&%41/.)3!(%'45!(:!
+%-&."/9B'&")-)/'T71SSS!.63!/).!T!3"-9&%V!UD"5!58UEB.%6%'&%4!/).1&D.%%!&"3%5V!79*!
%WE&.'+&5!'1&%.14%6*%&")-1(:1%"&D%.122?27N7;!-&"()4:1).IN'(("&!+)-&.)*| 1BLIK%.%!.%5) *#%4!
(:17Sv*17018C8 22 @Lg!5'36*%!(9//%.11"-4!'-*\%41(:|K%5&8%.-!(*)&!/).14%&%+&"-B!&D%!

%//"+"%-+:1)/1"339-)  24%6*%68")-V
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2.6 Pull-down assays
2.6.1 Calmodulin (CaM) sepharose pull -down assay

7SSV*E"#$%& " 1%BB1%WE.'+&5!K%.%!&.%'&%41K"&DILi?!).1K'&%.!'&!.))3!8&%36%.'&9.%!
1).1SV<ID)9.VIKSV*)/1,'$15%6D'.)5%! X @B"*%-&!&%+D-)*)B"%5Y K '5!K'5D%4!/).1&K"+%!K"&D!
TO!gf;11&D%-14"66%4!"-&)!&.% YW E.. '+ &51"-+9('&%4!'& K t, 1/).!IT!D)9.V!I@/&%.!
"-+9('&")-1'(%'451K%.%!K'5D%4!/).1/)9.!1&"3%5!K"&D!&D%!5'3%!K'5D!(9//%.!'5!95%4!"-3)
"339-)6.%+"6"&'&")-1%W6%."3%-&5I!'-41%6*9&%4!(:IkSv*I 70! 828D L g!5'36*%!(9//%.V!IUD%!
5'36*965!K%.%!.%5)*#%4!(:18CB@LQ!"-4!'-*\%4!( :IK%5&%.-1(*)&V
2.6.2 GST-B55! pull -down assay

7SSV*E"#$%& " 1%BB1%WE. '+&5!K%.%!&.%'&%41K"&DILi?").1K'&%.!'&!.))3!8&%36%.'&9.%!
/).1SV<ID)9.VIKSV*)/IL8 I8 BBY%M "#$%&";<<=!).IL8U 2)-*:1(%'45!5*9..:1+)-&"-"-BI7vB!
6.)&%"-5!K'51K'5D%41/).|&K"+%!K"&DITO!gf;|!&B14"66%4!"-&)!&.% &BHWE.'+&51!"-4!
"-+9('&%41'&!K, 1/).IT!D)9.VI@/&%.!"-+9('&")-1'(%'45!K%.%!K'5D%4!/).1/)9.1&"3%5!K"&D!&D%!
5'3%!K'5D!(9//%.!'5!95%4!"-1+) 2'339-)6.%+"6"&'&")-1%W6%."3%-&51!'-41%*9& %41 (:IkSv*!
70!8C82@Lg!5'36*%!(9//%.V!UD%!5'36*%5!K%. %) 4%H4!(:!8C8 2@Lg!"-4!'-'*:\%4!

(:IK%58%.-1(*) &V

2.7 Phospho-antibody purification

UD%!/)**)K"-B!6%6&"4%5!K%.%!5:-&D%5"\%4!&)!B%-%.'&%!'-4169."/:!16 ) 56D)

-&"()4:'B™M-5&IUZ_2Z1-418Z_<N)/!  1"#$%&"!,'$011sGlyAz 2nAJ@UCL10L8UQg8,J 2
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yJA7zIX-)- BD)56D)!6%6&"4%Y MAJ@UCL10LS 2UD.2y8,J AJA7z!X6D)56DZ_Z!
6%6&"4%YI!-4lyANAJ@UCL10L8Ug 228%2J 2JA7zIX6D)56DYBZ_<16%6&"4%YV

UD%!-)-BD)56D)!6%6&"4%!'-41&K)16D)56D).16%6&"4%5!K%.%!+)-e9B'&%4!K"&D!
F*&.'f"-E!;")5966).8!.%65"-1XUD%.3)!18+"%6-&"/"+YV18%.'1K%.%!/".5&!.9)0&M!-)- 2
6D)56D)!6%6&"4%!+)*)3-1&)1%6*"3"-'&%!"-&" ()4"%5!KD"+D!K%.%!'(*%!&)!.%+)B-"\92-)-
6D)56D)!,'$011sV!IUD"5!6.)+%55!K'5!.%6%'&%A4!/).1Z1&"3%5!8)1%-59.%!&D%!+)36*%&%!
06*"3"-'&")-VIUD%!%*9&%415%. 1K%.%!&D%-15%6'.'&%*:169."/"%41)-1&K) | 6BY56&)4%!
+)%93-5 18)1.%3)#%!-)- BH6%-+"/"+I'-&"()4"%5!'-41&)!)(&"-ID"BD*:169."/"%4!'-&" ()4"%5!
9%656%+&"#%*:1.%+)B-"\"-BI6D)56DY_Z!'-416D)56D) BZ_<V!UD"5!6.)+%55!K'5!*5)!
9%6%'&%41/).171&"3%5!&)1%-59.%!+)36*%6&%!69."/"+&")-V

TV #$%8" 1 '$011SIK *48&:6%!-4IUZ_Z@>8Z_<@'39&-&'K%.%!5%6".'&%*:1'44%4!
"-&)17SVH7018CR2@Lg!5'36*%!(9//%.11'-41'-"*\0641(:IK%5&%. -1 (*) &1&)1%W'3"-%!&D%!

56%+"/"+"&:1)/1&K)!16D)56[D-&"()4" %5\

2.8 Gel Filtration chromatography

731 1"H$%&" 1%BBI%WE.. ' +&51K%.%!8.%'8&%4!K"&DILi?1).IK'&%. B M55 %41 D!
JE4"+I'+"41 X @Y)LIC$8 VI@/8&%.1"-+9('&")-1'&1.))3!8%636%.'&9.%!/).IKD.51!&D%!%WE.'+&5!
K%.%!+%-&."19B%A4!'&!7SSISSSIOB!-41K%.%!/.'+&")-'&%4!(:1896%.)5%!i!+)*93-IXLg!
AY%*&D+ %! /%! 8+ %o-+95YVIg+DI/. +&")-1+)*%+&51'66.)W"3'&%* IKS SV*1)/1%6*0& YV : %/).

.9--"-B15'36*%51!15&'-4".416.)&%"-13".E%.5!K"&D!3)*%+9*.IK%"BD&5!)/lii_ECIkkZECI!



- 4IT<SECIK%.%!.9-1&D.)9BD!&D%!+)*93-1&)!4%8&%.3"-%!&D%!3)*%+9* IK%"BD&!6'&&%.-1)/!
BOO*!/"*&.'&")-1/.+&")-5I-*\%Al(:1-'&"H#% 2@Lg!+))3'55"%!5&"-"-BVIP).1%'+D!5'36*%6I!
- %&%%-1/.'+&")-51/.)31-93(%.|&K%-&:!/" 5&1&)!&D".&:1-"-&DIKY%.%!+)**%+&%411.%5) *#%41(:!

8C82Z2@Lgl!-4!"-*\%4!(:IK%5&%.-1(*)&V !

2.9 Mass spectrometry analysis
2.9.1 Sample preparation

1H%E " 1%BBI%WE. +&51K%.%1&.%'&%4!K"&DILi?!).1K'&%.11-41,'$!15%6D'.)5%IK'5
'44%A41X @B"*%-&!U%+D-)*)B"%5YV!@/8&%.!"-+9('&")-11&D%!,'$!5%6D".)5%!(%'45!K%. %!
+)**00+ 8641 (:14%-&."I9B'&")-1'-41K'5D%A41/)9.1&"3%5!K"&DI TWI%BB!*:5"51(9//%.1+)-&"-"-B!
<SS3$1J',*-41SV<UlU."&)-10  ZTSSVIP)**)K"-BI(9//%.1%W+D'-B%!"-&)!<S3$!'33)-"93!
("+.0-'&%I! BAINVSII5'36*065!K%.%!59(e%+&%A1&)!'3"+.)1: '4]).4I'55"1X 2" %. + %Y !'-41&D%-!
5966*063%-&%41K"&DISVTUIN'6"B%5&!I8P!59./'+&'-&IXQ'&%.5!,).6).'&")-YV

8'36*065!K%.%!.%49+%4!K"&DI<3$ICUUI/).IZSI3"-I'&1jS{, I'-41/.%%!59*/D:4. 5!
K%.%!"*E:*8%41K"&DITS3$!")4)' +%&'3"498). 1k<!3"-1'&1.))31&%36%.'8&9.%V1?.) &%) *:&"+!
4"B%5&")-1K'5!'++)36*"5D%4!(:1&D%!'44"&")-1)/1<SS!-BI5%R9%-+"-BIB.'4%!&.:65"-!
X?.)3%B'Y!K"&D!"-+9('&")-'&IZj{,1/).IThID)9.5V1896%.-'&'-&5!K%.%!+)**%+&%4!/)**)K"-BI'l
713"-14%-&."/9B'&")-I'&I TISSS!.631!'+"4" "% 486 Al 7V<IK"&DIUP @!'-41"-+9('&%4!'&1iS{,!
/).ITID)9.1&)!D:4.)*:\%!.%3"-"-BIN'6"B%5&!59./'+&'-&\V/11-5)*0 (*%!D:4.)*:\%4159./'+&'-&!

K'5!+*00".%4!(:1+%-&."/9B'&")-I'&! T<ISSS!.63!/).I<!I3"-VI@66.)W"3'&%*:1ZvB!)/1&) &*!
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4"B%5&%416.)&%"-!/.)3!%'+D!5'36*%!K'5!.%5%.#964".%+&19-("5%41J'-)  P*)KIf'R9"4!
,D.)3'&)B.'6D:!g*%+&.)56.":11)-"\'&")-1U'-4%31$'55!86%+&.)3%&..: !XT, Z8>$8Y!
1% 551&) 1)K 1/).16.)&%"-1¥)'4"-B!-).3*"\'&")-1"-1&D%!6 D)56D). 6%68&"4%!%-."+D%A4!
4'&'5%&IIKD"*%!&D%!.%3"-"-B!_S9B!K'5!(.)9BD&!&)!4.:-%55!85#'+993!+%-&."/9B'&")-!
-41& D%-!.985956%-4%4!"-ITSS9*IhSu!'+%&)-"&."* %I TulUP@I!<S!3B>3f!$'55?.%6!
g-D'-+%.116A17V<IXQ'&%.5!,).6 YV!?%6&"4%5!K%.%!59(e%+&%4! &) | GBYEHD Y %!
%-."+D3%-&!95"-B!"'7SS9*IU"?.)&%'1U"6!X?.)&%'!;") Y!'-4!59(5%R9%-&*:!K'5D%4!N&D!
7SS9fIhSul'+%&)-"&."* %I TUlUP@I!<S!3B>3f1$'55?.%6!g-D'-+%.!/)**)K%4!(:17SS9flhSu!
'+96&)-"&." %I TUlUP @V!?%6&"4%5!K%.%!%*9&%41"-1<SOfI7Sul'+%&)-"&."*%l1<u!'R9%) 95!
'33)-"116AITSV<!-41&D%-I'+"4""%4!&) 16 Al 7V<IK"&D!/).3"+!'+"416.").1&)!4.:"-B195"-B!
#+993 1+%-&."/9B'&")-VI?D)56 D05 %6&."4%!%-."+D%4!5'36*%5!K%.%!.%5956%-4%4!"- TSOf!
7ul'+%&)-"&."*%I!SVTul/).3"+'+"4IITS3$!+"&."+!'+"416.").1&)!f, Z8>$8!'-'*:5"5V |
2.9.2 LC-MS/MS Analysis
g'+D!5'36*%!K'5!59(e%+&%41&)!+D.)3'&)B.'6D"+!5%6'".'&")-1)-I'Q'&%.5!
J-)@R9"& :19*&."16%./).3'-+%!*"R9"41+D.)3'&)B.'6 D:IXF ?f, Y1%R9"66%4!K"&D!" TVjv$!
;gATZS!,Thlj<v$!1VCV!0!7<S33!.%#%.5%BD'5%!+)*93-V!IUD%!3)("*%!6D'5%!+)-5"58%4!
YIX@YISVTuUl/).3"+!'+"41"-1K'&%.'-41X;YISVTul/).3"+!'+"41"-I't % &) -"&."*% VI P)**)K"-BI'I<!
Vfl"-e%+&")-116%6&"4%5!K %.%!&.'66%41/).1<13"-1)-I'l<v$!8:33%&.:!, ThIThSv$!1VCV!O!7S!

33!14)*93-1'&!17Sv*>3"-1"-1__V_ul@VNUD%!'-"*:&"+*1+)*93-IK'5!D%*4!'&I<u!;!/).1<13"-!

<<



&D%-15K" &+ D% "%%!'-A1'*"-0%' 106*9&")-1B.'4"%-&!)/1<ul;1&)IkSu!;IK'5!6%./).3%41)#%.!
_SI3"-I'&IZSS-*>3"-VIUD%!-"*:&"+*1+)*93-1K'51+)--%+8&%418) '/95%415"+"+'12"+) U "6
%3"&&%.IXJ%K! (e%+&"#%I!,'3(."4B%II$@ Y!K"&DI'ITSVSI&"6!)."/"+9%5!"-41+)96+%641&)!'
UD%.3)!fUl 2.("&.'6!0f13'55156%+8&.)3%&%.!&D.)9BD!-1%*%6+&.)56."1"-&%./'+%V!IP).I"**]
5'36%96511&D%!"-5&.93%6K8B!5%&1&)!'+R9".%!'16.%+9.5).1$815+'-1"-1&D%!".("&.'6!/.)3I13>\I
kSSZSSSIK"&D!IXIISISSSI'&I3>\IKSS!-41'1&' B%&! @L,|5%&&"-B)/I T%il")-5VI$8>$8156%+&.'
)N&DY%!/"#%!13)5&!"(9-4"-&16.%+9.5).1")-51K%.%!'+R9".%41%"&D%.!"-1&D%!".("&.'6IK"&D!.IX!
j<SSI'&I3>\IK"&D1&' . B%&!@L,!5%&8&"-B!)/17%<!")-5/).1-)Db-."+ D%415'36*065!).1"-1&D%!'3-
&.'61K"&D!'&" B%&!@L,!5%&&"-B!)/1T%Z!/).1%-."+D%A4!5'36*%5 VIS W!/"**18"3%5!K %.%!5%&!&)!
TSSS35!/).1/9**I$815+'-5!-41%"8&D%.1<SS35!/).".("&.'6!1$8>$8!5+'-5).17<S35/).I)- 2
&.'61$8>$8!5+ '-5!K"&D!3"-"393!$8>$8!&."BB%."-BI&D.%5D)*45!)/I<SSSI+)9-&5VIIP). 1!
%W6%."3%-&51!/.'B3%-&'&")-1)++9..%4!"-1&D%!fUII*"-%'.1")-1&.'6!K"&D!", 1C1%-%.B:!
5%&&"-BI)/1Z<ul’-41'14:-'3"+1%W+*95")-1)/1iS5IK'51%36*):%41/).16.%#")95*:1/.'B3%-&%A4!

6.%+9.5).1")-5\/

2.9.3 Qualitative Identifications and Selected lon Chromatogram
Generation from Raw LC -MS/MS Data

N'K!f, 258>$8!4'&'l/"*%5!K%.%!6.)+%55%4!"-1$'5+)&!14"5& " **% . IX$'&."W!8+"%-+%Y!
"-41&D%-159(3"&&%4!8&)!"-4%6%-4%-&!$'5+)&!5%".+D%5!X$'&."W!8+"%-+% Y!'B"-5&!"-1U. %3 (*!
4'&'('5%!IX#IKSVTRI"#$%& *<-"78"1&'W)-)3:I'T71<ZS!/).K".41%-&."%5Y+)-&"-"-B!()&D!

).K".4!"-41.%#%.5%!%-&."%5!)/1%'+D!6.)&%"-V!18%'.+D!&)*%."-+%5!/) 1RU("&.'6! Ofl4'&"!
!
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K%.%!<!6631/).16.%+9.5).1")-5!"-41SVS7IC'!/).I".("&.'6!6.)49+&!")-5!).ISVhIC'I/).I")- 2
&.'616.)49+&!")-5195"-Bl/9**I&.:65"-156%+"/"+"&:V1,".('3"4)3%&D:*&")-IX[<jVSTTKIC')-!
YIK'5150%&!'5!'/"W%413)4"/"+'&")-1IKD%.%'5)W"4'&")-IX[T<V__K_IC')-I$Y!-4!
6D)56D).:*&")-IX[|_V_iiZIC')-1811UIT-41aYK%.%!+)-5"4%. %4l 1# " (*%!3)4"/"+'&")-5V!!
@*15%'.+D%4156%+&.'1K%.%)!"36).&%41"-&)18+//)*AIX#KVSI12.)&%)3%!8)/&K'. %Y '-413'5+)&!
")-15+)."-BI&D.%5D)*45!)/17i1X6ISVS<I$'5+)&1"4%-&"&:15+).%!K'5I TKVSY!K%.%!5%&1&) '+ D"%#%!']
[*5014"5+)#%.:1.'&Y%N)/ISVSUVI?.)(("*"&:1)/1+)..%+&!6D)56D).:*&")-13)4" /" +'&")-!

*)+\'&")-18) '156%+"/"+18%. 11UD.1).1U:.1.%5"49%IK'516%./). 3%41(:159(3"&&"-B1%'+D!
$8>$8156%+&.931&)!&D%!@8+).%!"*B)."&D3!K"&D!@8+).%5!|I T<!).||T_!"-4"+&"-BI'|_Su!).!

| ulB.)( (& )/1+). Yo+ &I%)+*\'&")-11. %56 %+&"#%6*: VINY* &"#96IR9"-&"&'&")-IK 5!
6%.1).3%A41"-18E*"-%I X#TVKVTIIF-"#%.5"&:1)/!Q'5D"-B&)-Y!(:I'66*:"-BI&D%!/9**1$8!
6.%+9.5).16W&."+&%41")-1+D.)3'&)B.'3IXg1, Y1/9-+&")-1&)!"-&%B.'&%!'-413%'59.%!6%'E!

' 9%'51X".%'19-4%.1&D%!+9.#%I|! @F, Y!)/1%'+D!"4%-&""%416 D) BB &."4%5VIN%6). 8% 4 @F !
3%'59.%3%-&5!/)1%'+D!6D)56 DB %6&."4%!K%.%!&D%!593!)/1&D%!3)-)"5)&)6"+16%'E!g1,I'5!
K%**I'51& D%!5%+)-4!'-41&D".41"5)&)6)3%.1g1,VIU)!'4e95&!/).15*"BD&I# " &")-5!"-I5&".&"-B!
'$01116.").1&)IU™  71%-."+D3%-&II&D%!'#%.'B%! @F,!)/!&D.%%@BP)56D).:* & (*%!X"V% V!
4"41)&1+)-&" -1"8UaY16%6&"4%5!/.)31&D%!-Pho-."+D%4If, 25815'36*%5!K%.%!95%41&)!

BY%-%6.'&%6!"1+)..%+&")-1/'+&).V
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2.10 Kinase assay

kSv*1)/IB*9&'&D")-%!8%6D'.)5%!+)-&"-"-BIKVB!)/1.%+)3("-'-&!L8U!&'BB%A!
+56'5042716.)4)3"-1).IL8U  2-*:16.)8&%"-5!K%.%!"-+9('&%A4!"- 11 "#$%&" 1% BBOWE. '+&5!
&)B%&D%.!K"&D!7Sv, 22z @U?11&.%'&%41(:17S3$ILi?1).IK'&%.11'&IZSt,1/).ITD.V!8'36*%5!
K%.%!K'5D%41K"&D!&D%!5'3%!K'5D!(9//%.!'5!"-2839-)6.%+"6"&'&")-1%W6%."3%-&l!

%*9&%41K"&DIGZ@Lg!5'36%%!(9//%.1!-41.%5)*#%41(:18C8 2@Lg!/).I'9&).'4"B.'"6D: Y
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3. Metabolic control of CaMKII activation through the
B55! /PP2A

3.1 Introduction

'$0111"5!'-1"36).&"-&!," M5"B-"*13%4"&).VIF6)-I'+&"#'&")-1(:|&D%!"-&%.'+&")-!
K"&D!,' 7[> "$11,'$011156%+"/"+**:16D)56D).:*'&%5!&D%!&'.B%&"-B15%."-%>&D.%)-"-%!
%5"49%5159(5&.'&%5!"-413%4"'&%5!39*&"6*%!4)K-5&.%'3!5"B-"*"-B!6'&DK":5VIA"BD*:!
%W6.%55%4!"-1(.""-1&"559%5!59+D!'5!D"66)+'36951!,'$011!"5!(%5&!5&94"%4!"-13%4"&"-B!
&D%!*%'.-"-BI'-413%3).:16.)+%55!+**0641%)-B 2£%.316)&%-&"&")-IXfU?YIIKD"+D!"5!'l
3%3).:13%+D'-"5314% /["-%4!(:!5:-'65%!5&.%-B&D%-"-B14%6%-4%-&!)-1.%+%-&!"+&"#"&"%5V!
F6)-15:-'6&"+1%W+"8&%3%-&I!,'$0111"+&"#"&:1"51%*%#' &%4! (:1&D%!"-+.%'5 B!
+)-+%-&.'&")-1"-16)5&5:-'6&"+1+%**5!'- 413064 &%5!5:-'6&"+1&.'-53"55")-1X %" %K 41"
f'53"-1%&!I"*VII7SSTYVIO"-'5%!"[&).5K%.%!95%4!&)15894:1&D%!/9-+&")-1)/!,'$011!"-1&D %!
6.)+%55!)/15:-'6&"+1&.-53"55")-V!;)&D!&D%!(.)'4!56%+&.93!"-D"("&) .|Aj!-41&D%!,'$011 2
56%+"/"+16%6&"4%!"-D"("&).1K%.%!/)9-41&)!.%49+%!&D%!6)&%-+:1)/15:-'6&"+!&."-53"55")-!
XQ'WD'31%&!"VIIT__ZYVIUBW 1wW!E-)+E)9&!3"+%!5D)K%414%/"+"%-+:1)/1fU?1IKD"*%!
6.%5%-&"-B!-).3"*1(%D'#").5!"-13)5&!)&D%.I'56%+&5!X8"*#'1%&!"*VIIT__7YV!;%5"4%5!*%'.-"-B!
-413%3).:11,'$011!D'5!"*5)1(%%-15& 94" %41/).1"&5!/9-+&")-1"-1.%BI*'&"-BI&D%!

+)-&.'+&"*"&:1)/153))&D!395+*%5V!;:195-B!&D%!,'$011!"-D"("&).!0J 2 ZI!,'$011!K'5!



5D)K-1&)!(%!%55%-&"*1/).13"-&"-"-BI&D%!+)-&.'+&"*%!/).+%!"-49+%4! (:|D"5&'3"- %!
&.%'&3%-&IXN)E)*:'I'-418"-B%.117SSSYV!,'$011!K'5!&D)9BD&!&)!3%4" &%!53))&D!395+*%!
+)-&.'+&"*"&:1&D.)9BD!6D)56D).:*'&"-BI&D%!*"BDEMIB:)5"-1Xg4%*3"-1%&!*VIIT__SYV!
C%I"+"%-+"%51K"&D"-1&D%!,'$ERPAA" &%6416'&DK ;1. %59*&5!"-ID%'.&!14:5/9-+&")-I!
"_+*94"-BI+ 4" +1'. D:&D3"I-41D%' . &!/"*9.%!X Yot %K %4 !"-I A9-41'-41$)D*%. 117 STKYV!1-!
'44"8")-11,'$0111+)9*41"*5)!. %BI* &%6!B%-%!&."-5+."6&)-1(:16D)56D).:*&"-BI&D%!
&.'-5+."6&")-1/'+&).11+@$?!.%56)-5%!%*%3%A&4"-B!6.)&%"-1X,Ng; Y 1&D%.%(:!
"_[¥%-+"-BI&D%I&."-5+."6&")-1)/14)K-5&.%'3!1B%-%5!X89-1%&!"*VIIT__KYV!1-I'44"&")-18)!&D%5%!
19-+&")-511,'$0111"*5)1/9-+&")-5!"-1)&D%.I'56%+&51159+D!'51.%BY&"-BI3%& ' ()*"53!"-4!
;! THFOWIX. %64 %K %64!"- 1 '9-1-418+D9*3-I1T__ <YV
)-5"4%."-BI&D%!%55%-&"*1.)*%5!,'$01116*":5!"-139%&"6*06!5"B-"*"-BI6'&DK:5|!'-!
%-).3)95!-93(%.!)/158&94"%5! D'#%! (%%-16%./).3%41&)!9-4% 5&-41"&5!5&.9+&9.%!"-4ID)K!
"&5I'+&"H#'&")-1"5 VBB &Y% AVIP)9.1"5)/).351)/1,'$011ID'#%! (%%-1"4%-&" "% A41"-+*94"-B!
'$011IwlI=11sII-41VI@*&D)9BD!,'$0111"51K"4%*:1%\W6.%55%4!"-1"*1&:6%65!)/1&"559%5!
4"11% .%-&1&"559%516.%5%-&!4"//%.%-&%W6.%55")-16'&&%.-5!/).1,'$0111"5)/).351!K"&D!'&!*%'5&!
)-%1"5)/).31%W6.%5%4!X.%# %K %A4!"-I1A943)-1'-418+D9*3"-17SS 7Y VIP).1%\W'36+%!!
'$011!"5!D"BD*:1%W6.%55%4!"-1(.""-1&"559%51!59+D!'51D"66)+'3695!"-41/).%(."-1/(9&!&D%!

"5)/).35!%W6.%55%4!".%!3"-*:1w!'-41/)**)K%4!(:1=1Xg.)-49!'-410%--%4:1!T_h<YVI1-!



+)-&.'5&11&D%!3"-1,'$0111"5) /).351%W6.%55%4!"-1D%".&!"51H!/)**)K%4!(:Is!(9&!-)&Iw!'-4!
=IX.%#"%K%A4!"-IA9-41-41$)D*%. 17 STKYV!
UD%!/)9.1"5)/).35!)/1,'$01115D".%!D"BD!D)3)*)B:!&)!%'+D!)&D%.V!g'+D!"5)/).3!
+)-&"-5IIH& & +14)3"-1-%" 1&D%!]  2&%.3"-95!KD"+D!"5!.%56)-5"(*%!/).|&D Y% EYs!
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Figure 3-1: The regulation of CaMKII activity
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3.2 Results
3.2.1 Metabolic control of CaMKII activity
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Figure 3-2: CaMKII activation is sensitive to metabolic status
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3.2.2 The phosphorylation status of CaMKIl is altered by G6P
treatment of egg extracts
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Figure 3-3: Modification of CaMKII by metabolism
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3.2.3 G6P treatment increases binding of PP2A to CaMKIlI
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Figure 3-4: CaMKII -PP2A interactions are regulated by G6P
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3.2.4 B55! targets PP2A to regulate CaMKII activation
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Figure 3-5: B55p regulates CaMKII activation
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3.2.5 PP2A dephosphorylates S395 on CaMKIl in the presence of G6P

“50641)-1)9.1) (5% .#'&")-1&D'&!:<<=>227 @'K'5!1"36).&'-&!/).1&D%!3%&()*"+!
%BI*&")-N/'SOLLI+&" #&")-1"10&D!  1"#$%&" 1%BBI%WE&. +&!5:5&%3!'-48B"*"|
+06**511K%6!K%6.%!"-&%. %5&%641"-1"4%-&"[:"-BIKD"+D!5"&%5!)-!,'$01 11K %.%!4%6D)56D).:* &%64!
(:1:<<=>227@!96)-1Li?1&.%'&3%-&V/18"-+%1&D%!$8!'-*:5"515D)K%4I1&D'&IUZ_Z!-418Z_<I)/!
&D%!,'$011s!fI59(9-"&!K%.%!4%6D)56D).:* &%64!"-1&D%!6.%5%-+%!)/ILi?|IK%!6)5 40418
&D'&1&D%5%!5"&%5!3"BD&!(%!&'.B%&I64(:1;<<=>?27 @V!U)!'55%55!&D"51!K%!B%-.'&%4!6D)56/
-&"()4"%5!.%+)B-"\"-B1%'+D!)/1&D%5%!5"&%5!)I&E/kL ', '$011s!"5)/).3VIUD%!
56%+"/"+"&:1)/1&D%5%!&K)!6 D) 2683Y)4"%5!K%.%!&%5&%41(:1+)36'."-BI&D%!
6D)56D).:*&")- 15"B-"*1)/IK"*41&:6%!IXQUY!-4IUZ_Z@>8Z_<@!39&'-&!,'$0115!6.)&%"-5!
BY%-%.'&9641(:1&."-5/%+&"-BI('+9*)#".95!"-&)I8P_1+%6**5\/IF-/).8&9-'&%*:11&D%!5"B-"*14%&%+8&%4!
(:16D)56D) UZ_Z!-&"()4:IK'5!4)36". (%! (%&K%%-1QU!'-41&D%IUZ_Z@>8Z_<@!39&'-&V!
@*&D)9BD!K%!K%.%!9-Y51&)!6.)49+%!"ID"BDIR9*"&:!'-&"()4:156%+"/"+1/).!
6D)56D).:*&%41UZ_ZIIK%!K%.%!59++%55/9*1K"&D!6 DIBBDIV! @5!5D)K-I"-IP"BE@!!
QU!,'$0115!6.)&%"-19WD"("&%4!('5'*16D)56D).:*&")-1)/18Z_<VIA)K%#%.11&D%!
UZ_Z@>8Z_<@'39&'&")-1B.%'&*:14"3"-"5D%A4"-&"()4:). $)B-"&")-1'&8%5&"-BI&)!"&5!
6D)56D) B6%-+"/"+"&:VIU)!+)-/".31&D'&&D%!6D)56 D). *'&")-1*%6#%*1)/18Z_<IK'5I4K -

%B9* 8&%41(:1Li?!8.%'&3%-&IIKY%!"-+O(' &YMIH$HE " 1%BBI%WE. +&5!K"&DILi?!).IK'€%.I!

6.%+"6"&'&%4!%-4)B%-)95!,'$011!K"&D!,'$!5%6D".)5%I!'-41"339-)(*)&&% 4!K"&D!&D%!



6D)56D) BZ_<!'-&"()4:VI@5!5D)K-!"-IP"BV!IZ;116D)56D).:*&")-1)/18Z_<IK'514)K- 2
%BI*'&%41"-1&D%!6.%5%-+%!)/1Li?!X-)&%!&D'&&D%!s!"5)/).3!K'5I5D)K-1"-1&D%!*)'4"-B!
+)-&.)*I'51&D%!6D)56DPBZ_<!'-&"()4:IK'5!4%5"B-%4!('5%41)-I','$011s!
6D)56D)6%6&. " ABH6RIV-+9%Y |1+)-/".3"-BI&D'&!&DYRLiD+%414%6D)56D).:* &")-1)/18Z_<!
"4%-&"["%A41(:1$8!"-"*:5"51K'5!.9%66%'& (%6 VI @44"&")-"**:1&)1&%5& KD%&D%.!18Z_<!)/1,'$011s!
K'514%6D)56D).:*&%41(:1:<<=>?227@11:<<=1"339-)  2%9%6*%&")-1K'5!6%./).3%4 V!
2D)56D).:¥&")-1)/18Z_<IK'  514%&%+&%A4!(:16D)5a8Y_<I'-&"()4:1"-1()&Dl;<<=  24%6*%&%4!
419-  24%6*068%41%WE. +&51&.%' &%AIK"&DILi?!).1K'&%.VIQD%-1;<<=IK'5!4%6*%&%4!/.)3!
1H$%8." 1%BBI%WE. ' +&511&D%Li?1%//%+&!)-18Z_<I6D)56D).*&")-IK'5!"-D"("&%A41158&..)-B*:!
59BB%5&"-B!&D'&!&D%!4%6D)56R)):1)/18Z_<!"-49+%41(:ILi?1&.%'&3%-&IK 51+ &'*\%4!
&D.)9BD!;<<=>?77@!XP"BNYA/|@*&D)9BD!&D%!6D)58T) <!'-&"()4:IK'5!9-'(*%!&)!
%+)B-"\%!&D%!,'$011w!"5)/).3115"-+061&D%!;<<=1"339-)24%6*%&")-1+)9*415966.955!&D%!
&MY/ '$0111"5)/).35158"39% & %Al(:ILi?!-41;<<=1+)9*41"-&%.'+&IK"&D!
39%&"6*06!,'$0111"5)/).35!"-+*94"-BI&D%!,'$0115!"5)/).31"-1&D%!6.%5%-+%!)/ILi?|1"&!"5!
R9"&%16)55" (*%!&D'&1&D%!8ZKKIX&DY%!%R9"#*%-&!1.9%5"49%1&)!18Z_<!"-1&D%!W!"5)/).3Y!"5!"*5)!
4%6D)56D).:*&%641(:1;<<=>227@!"-1.%56)-5%!&)i?!8.%'&3%-&V!
UD%!6D)56D).:*&")-1*%#%*1)/18ZjZI X &D %! %R 9"#'*%-&). %5 WG], $01 15!
8Z_<Y!)/ID93'"!,'$011sIK'5I'"5)1%6W'3"-%641"-17_ZUI+%**51&.%'&%4!K"&D!).IK"&D)9&!

B*0+)5%!/).1T7!D)9.5!/&%.1T7!D)9.5!)/IB*9+)5%! 654" #'&")-VIUD%!6D)56 BBZ_<!



-&"()4:14"41-)&14%&%+&!"-:15"B-"/"+'-&16D)56D).:*'&")-15"B-"*11.%B'.4*%55!)/1B*9+)5%!
&.%'&3%-&1'59BB%5&"-B!&D'&!&D%! 6B BGIA) /" *%41&)!.%+)B-"\%!D93'-1,'$011sV!
A)K%#%.11+)-5"4%."-B!&D'&!&D%!.%R9".%3%-&!/).!;<<=1"-1&D%!3%&'()*"+!"+&"#'&")-!)/!
,$011!1"5  14)-5%.#%4!/.)3! 1"#3%&"1%BB!%W&.'+&5!&)!D93'-1+%**5]1'"*&D)9BD!&D%!'&&%36&!(:!
95"-B!&DWI'#3N&"16D)56D) BZ_<!'-&"()4:!/"*%4I!"&!"5!5&"**ID"BD*:!16)55" (*%!&D'&!
;<<=>??27@!4%6D)56D).:*'&%5!D93'-1,'$011!'&!5"3"*'.15"&%5!&)!6.)3)&%!&D%!"+&"#'&")-!

)/!D93'-1,'$011 I"-1.%56)-5%!&)!B*9+)5%!&.%'&3%-&V

3.2.6 The phosphorylation status of T393 and S395 affects CaMKI|
activation
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Figure 3-6: B55B-mediated T393/5395 dephosphorylation Contributes to CaMKII
Activation
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3.2.7 Involvement of CoA in the B55 ! /PP2A regulation of CaMKIlI
activation
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Figure 3-7: Involvement of CoA in B553/PP2A-mediated CaMKII regulation
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3.3 Discussion

3.3.1 The communication between CoA and B55! /PP2A-mediated
CaMKII dephosphorylation
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3.3.2 Effects of G6P -stimulated phosphorylation status change on
CaMKiIl
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3.3.3 Regulation of T393/S395 phosphorylation status
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4. Conclusions and perspectives
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4.1 Metabolic regulation of CaMKIl in other CaMKIIl-mediated
signaling pathways
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4.2 Potential targeting of B55f for cancer therapeutics
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4.3 Concluding remarks
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