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Changes in Kinetic Properties of Ca "/Calmodulin-Dependent
Protein Kinase la Activated by Ca*/Calmodulin-Dependent
Protein Kinase I Kinase

Jung Sook Cho'
Department of Pharmacology, College of Medicine, Dongguk Uriiversity,
Kyungju, Kyungbuk 780-714

Abstract—The activity of Ca’/calmodulin (CaM)-dependent protein kinase la (CaM kinase Ia) is
shown to be regulated through direct phosphorylation by CaM kinase I kinase (CaMKIK). In the
present study. three distinct CaMKIK peaks were separated from Q-Sepharose column chro-
matography of pig brain homogenate using a Waters 650 Protein Purification System. The purified CaM-
KK from the major peak potently and rapidly enhanced CaM kinase la activity, reaching a maximal
stimulation within 2 min at the concentrations of 12~15nM. The activated state of CaM kinase la is
characterized by a markedly enhanced V... as well as significantly decreased K. and K. values toward
peptide substrate and CaM, respectively. These observations suggest the activation process of CaM ki-
nase la. The phosphorylation of CaM kinase la by CaMKIK may induce its conformational change
responsible for the alterations in the kinetic properties, which ultimately leads to the rapid enzyme ac-

tivation.
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g}, 28712 g#7 CaM kinaseZE myo-
sin light chain kinaseZ ¥]%3%} phosphorylase
kinase, CaM kinase [, II, Il @ IV So] It} 7 o]
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7HE site 1 peptide(NYLRRRLSDSNF)E 7|2 & o]
831od, A 19] CaM kinase I3} 713 So]4 & 23}
27) HelA Wi HAM B4 A 43kDadt 39
kDa¢] ¥ 27} 8319 HalA was)ol FAsIge

o], 2z} CaM kinase Ta%-CaM kinase b= %5~

Aok olg F A4l FAHL Qs F ©@elA wke
of o3 A=, Eits}t A= protein phos-
phatase 2A7} #ed@riar g}

0]¢} Z+o] CaM kinase Ia%t Ibe g 7HA §A15H A
AL Y gl vk, I Az A glojME
A3 g Fde 22tk F, CaM kinase by} 7
% Ca*'/CaMell 98 Z47F 843 2|9, CaM ki-
nase la¥ Ca’/CaM °l9jo] CaM kinase Ia ac-
tivatorghs 5ol8 2R} EA4T 9ol a4
I ZAEAL BEFol FAFHAT Y o] 2HAA}
2 AAIs E4¢ #9827 SDS-PAGESIA 52,
5kDa AE9| Foll o3 gz selEglon] ¥ o
= CaM kinase 1a9] Thr Z7jol ¢14+3} wt-8-& Zuj
3= ) Qe aagde) B AT AR A
%% 3} CaM kinase [a 7 o} 2} cDNA cloning®.
2 4L Aol CaM kinase I= o] ZH AR}l 23]
Thr 3710l Q143h7F dofubx BAd3tgo] ERise
o ¥ wgta] o] 2A-QAR= CaM kinase I kinase
(CaMKIK) 2 Ea)A) =t

0|9} o] MEW Ca® NF7t A&Hos A
= 7 ZM upstream kinasedl 2j8)] ¢l14tslE o 24
At 848 Ldae 2W01AE 2 CaM ki-
nase2+ CaM kinase I % Ia®}oll CaM kinase IV7}
2#) A 2tk Cerebellar granule cellol 4] 218 27
o] CaM kinase Gr2% &2l CaM kinase IV £
2ol SDS-PAGESIA & 63 kDa A xoW, ojv|x
2k Ag Blwo) A CaM kinase IT9} oF 40%2] FAHS
£ AJc}h 9 o] F o] 8AL CaM kinase 11791419}
7o) Ca?*/CaM-21&A autophosphorylation®ll ©]3)
z48e Aoz padadeoy” 1 F E colid] 28
A1z B84 Aele] CaM kinase IVZF H 9] HHollM @
2 3550 o3 BA3EE #Ago =N, CaM ki-
nase [V9] @42dxte] E7F AAHATE™ 2t
3¢ CaM kinase II$+ CaM kinase IVE Ca®’/
CaM-9|&E4 & Aalste] Ca’/CaMel fle Afdlx
2 #4E AUE EAol e ¥ CaMKIKe 9
& ¢latzlel #¢] CaM kinase Ia9h AF&e] CaM ki-

nase & BAslg FolT AL Ca’'/CaM &AL
L]-E]»H]E}- 13, 15}

B AFol = Waters 650 Protein Purification
Systems A3l AAI% Q-Sepharose column

Iag9] 8A4E 7142 4= & CaMKIK peake] &
N ENES BRI, 2L F T2 peak 22 HE 7
o] #A% AR AAF CaMKIKE o] &3 &5
=9 2 A)ZHH CaM kinase Ia9] 84932 2743}
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714 A8E 7 Ho) 4= (V,,0 8 54, vliLsto]
&40 A 3lo)| W kinetic parameter?) W&
Akt
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CaM, Sephacryl S-100 HR, Sephacryl $-300
HR. phenyl-Sepharose, CaM-Sepharose, hepar-
in-Sepharose= Pharmacia LKB Biotechnology
Inc.olX U983, poly-L-lysine agarose, Q-
Sepharose(fast flow), DEAE-Sepharose CL-6B,
PMSF, Tris, EGTA, EDTA, ATP, bovine serum
albumin (BSA)< Sigma Chemical Company©ll A,
(v-"PJATPE DuPont/NEN9IA, dithiothreitol
(DTT), hydroxylapatite, Tween-20= Bio-Radel
A F+9489.2 DEAE-cellulose(DE-52)%} phos-
phocellulose paper(P-81)= WhatmanolA )3}
gt Site 1 peptidei= University of Michigan,
Biomedical Research Core Facilitiesol A /33t
HPLCZ AAIg & ARSIt 7|e} Yk Aok
SSFS M

Site 1 peptide kinase §IASH

CaM kinase [a®] 842 DeRemers "o ¥
o &) site 1 peptided] F+UA(*P)Y Fo2 54
stk &, 50 mM Tris, pH 7.6, 0.5 mM DTT, 10
mM MgCl,, 0.2mM (y-*PJATP(200~500 cpm/
pmol), 0.5mg BSA/m!/, 1.0mM CaCl,, 1uM
CaM. 50~100 uM site 1 peptide®t HAUY<]
CaM kinase IaZ g3k 38 pig wHg-aS 30°C
of| A WhSAIAHTH A Az A &z 15w 23]
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3l P-819) dHd 1 75 mM H,PO, £
1084 33 A3z #AzAZ] & liquid scin-
tillation counting2.Z 7} dol F3UE FTHYLFE
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CaMKIK §M&S

CaMKIK®] &4 & CaM kinase [a2] 4%
A7 sEog Hoss Leedt Edelman'9] ¥y
o ojs AN & CaMKIKE AAG Ate)e
CaM kinase [a®] 843} o]o] CaMKIKE 713§ o
o} 44 A7) Wl w2} site 1 peptide® 71AR
sto] A3 F, FAolA HAALE W F go 2 CaM-
KIKS] g2do] At

27}
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CaM kinase 1a2| HA|

CaM kinase [ax> DEAE-Sepharose CL-6B, hy-
droxylapatite, Sephacryl S-100 HR, CaM-Sep-
harose. heparin-Sepharose ZZvlE 280 E 2}
2 o] g3l #2343 8H HolM Lees} Edelman™
o] o) 93] CaMKIKZ AlAE ez PAs
t}. Zb Ao de B85 CaM kinase lac
site 1 peptide kinase 84243 (""IJ)CaM blot-
tingg ol &3t FH39. HF FA" CaM ki-
nase a2} 718 243 CaMKIKel & oz 84
3EAS o) G492 2~4%E ERRRITH

CaMKIK®| FH|

CaMKIKE DE-52 batch AZvlEaetH 9} 65%
ammonium sulfate ¥4, Q-Sepharose, heparin-
Sepharose, phenyl-Sepharose, poly-L-lysine
agarose, CaM-Sepharose, Sephacryl S-300 HR =
2riEagdg A2 AA, HF DAZ sucrose
density gradient centrifugations ©]-8-3le] 723}
& g2 HZH2E Leedt Edelman'®e} whdoll o) 4
Agt=, 27] dAlo| AHEE Q-Sepharose AZTE L
2}t 3= Waters 650 Protein Purification System=
o] g-8te] 500 psiolA AAEHATt 2t 229 E 18
A A EEFe CaMKIKY &4e AAF CaM
kinase [a 4A%E 7IAE el E4F7 2 SDS-
PAGES$} silver staining® o]£38te] 439t o
A3 CaMKIK A9 site 1 peptide kinase 2442
79 gl Ao2 et
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CaMKIK:= @A) 7]&% vhe} o] ofe] GAlE -
] Ao HFHo PR & Ykl o
A JEpR® e o8] 1 FEE AAY F A ¢
ZhA, AAE CaMKIK®] $%% Moeremans$2¢)
RS WY Leedt Edelman'™9) ol 23} col-
loidal gold staininge® &Adch o7 ¥x9
BSA &9 3 AAE CaMKIKE 10% SDS-
PAGEZ A7/JA1A nitrocellulose =oll HojA7l
o] & 0.3% Tween 20Z 33l phosphate
buffered salinecl WA} 22t} o @ gol2FR
A|A3k3 colloidal gold A 2F(AuroDye forte) 3} A&
o A oF 2~4AIZEEQE HHSAIFITE. TA] €o] 252 A
g T 1947 AzAA Aol wEHEW den-
sitometric scanningell 23l A =&3 BSA EF34
& olg-3te] CaMKIKe =& AA3%ch

HIgtA AMEHQl @A AENOIA{ CaM kinase Ia2|
kinetic parameter &3

gy 2 &4 AdeelA peptide 712, ATP 9
CaMol th3t CaM kinase [a9 A3 (K,) 2 Hd
AT (Vo) 8 THE Zo] S48 Peptide
7)Ao 3 kinetic parameters 4317 Ysir =
CaM kinase [a& CaMKIK $l°] £ CaMKIK%
g7 10 mM MgCl,, 100 uM ATP, 1 mM CaCl,, 1
UM CaM$ 531 vhg-oll A 30°ColAt 1083t 2
zt ofu] wk2-A17] & (v PJATP 2 84 240 98
3t Z4E 948 AFAE T, 2.5~100 pM site 1 pep-
tide == syntide 28 A}83l kinase 848 &4
3l ATPo th3t kinetic parameter® Z743}7]
A8, CaM kinase JaE CaMKIK glo] &
CaMKIK® ¥4 10 mM MgClL, 50 uM ATP, 1
mM CaCl,, 1 uM CaM& 3k hg-dol A Ztz}
o8] ¥h-¢A]Z1 & 100 pM site 1 peptide2t 10~505
UM ATPE A8t A7) gl $31d site 1 pep-
tide kinase 84& ZA3ct. CaMoll it kinet-
ic parameterg Z33}7] $l8i4=, CaM kinase la
£ CaMKIK §lo] ¥+ CaMKIK$ 34 10 mM
MgCl,, 100 pM ATP. 1 mM CaCl,, 20nM CaM&
it whe-dolA Zzh ofju] whg-Alzl 3100 uM
site 1 peptide, 200 pM ATP, 2.5 nM~1 puM CaM
& AHEshe] A7) wbgell 31 site 1 peptide ki-
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DeRemers"'& 87 Hollx & #FANolH CaM
kinase IaZ 3JAl8Pd 5, CaM-Sepharose Z27E 1
Gl 2RE de FYoM Ca’’/CaM-2EA4 site 1
peptide kinase 8/d¢] @3] A& #A3G). o]
£ 8o CaM-Sepharose ZZvHE 12} 9] wash frac-
tiong 4% 718 FH CaM kinase [a8] 4L 43
3] F7HEen, o] AxE FAZ CaM kinase [a9|
g sl Bojshs 240} 2AFL AN ol
%ol CaM kinase [a& 23 Q87 a4 9
gol wz} CaMKIKE HHHAULH® 2 zk=
CaMKIK7} 33t AAE el CaM kinase lag
FAAEA F, AF dA=Z A3 heparin-Sepharose
A=zvlE gl 344 CaMKIK7} CaM kinase Ia

—@— (+) CaMEIK
Q-+ (-) CaMKIX

Fig. 1 — Heparin-Sepharose column chromatography
during CaM kinase la purification. In the final
step of CaM Kkinase Ia purification, the sample
was loaded onto a heparin-Sepharose column
and the flow-through (fraction No. 1) and
wash fractions (fraction No.’s 2~20) were col-
lected. CaM kinase la activity in the fractions
was assayed in the absence (O) or the pres-
ence (®) of the partially purified CaMKIK
(fraction No. 34 in Fig. 2). A typical activity
profile is shown.

heparin-Sepharosedll & Z33l= §40¢] glo], ol&
o] 83l Aa| AN n|Pojurnl EAY F+ U=
CaM kinase IbE AAS T HeF Eoa ARFEIE
" o] #AolA CaMKIKE CaM kinase [aZ%E]
RHoz AAYES ¢ 5 AU Fig. 1904 hepar-
in-Sepharose Z2rtE 18} AL flow through
(£ 1) 2 wash fraction(¥¥ 2-20)914¢] CaM ki-
nase Ia AA|9] site 1 peptide kinase 42 ¢ o
W, ol 2¥ CaMKK 7] AANH Fo Q
Sepharose A &2vl&12}9] £-(o] 39, Fig. 29} ¥+
34) d4HE 7138 FH, 54 oA site 1 peptide
kinase @4¢] 23] $71ES & F k. Flow
through % wash fraction ¢ W4 CaM kinase
lag] &4o] o} o] Ao 2= CaM kinase la7t &
8 B3g 73] o9 EE Fig 194 & 4 Q)
= uje} o] zt B8o CaMKIKE 713+ & F715 &

CaMKIK Activity (cpm)

T m m m % % ks
Fraction Number

Fig. 2— Evidence for multiple forms of CaMKIK activity
resolvable by Q-Sepharose chromatography us—
ing a Waters 650 Protein Purification System
(FPLC). CaMKIK activity was eluted from the
Q-Sepharose column with a linear gradient of 0~
0.5 M NaCl in the equilibration buffer. Fractions
were assayed in the absence or the preserice of
the added CaM kinase Ia. The contribution to to~
tal activity of the added CaM kinase Ia has been
subtracted. In addition, the activity in the ab-
sence of CaM kinase Ia in the fractions was also
subtracted from the activity in the presence of
the added CaM kinase Ia to represent CaMKIK
activity. A representative Q-Sepharose profile of
CaMKIK activity from 6 separate preparations is
shown.
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42 A 24874, (P1)CaM blottingoll 23 2 &
oA CaM kinase laZ U= bandd] 27|E &
e1gto 24 CaM kinase la7F &5% 28 (Fig. 19 73
5. 28 1-8)& et HF BA BES 4& U
t}. AAE CaM kinase la®= A7|%9% ¥ silver stain-
ing 2 ("*I)CaM blottingel X} 43kDa $1I<l & 7R9)
band® #¢1¥%itHdata not shown). CaMKIKE 7}
#7] A CaM kinase a2} A 84o] RE&E, 715
Fo| 84 Z7Pt 242 AABANA CaMKIKZ &
B o2 AAHAESS oJn|dhn, ojeigt 5L 7=
CaM kinase Ia7} CaMKIK®l 213+ #43} Aol ARS-
=t

o9} Zro] CaMKIK7t AMAH Jel2 HAg CaM
kinase [ag 7|22 AHg-dtod, Aol 71&d visd
Zo] &g 71x AZulEaZE A2 o] &3k
CaMKIKE AAEt A o &8 &7l ¢
M e Be HAE AXk 7] Wil FET F Al
2 gRs 98 837 oA A HE ALt
T2 RE DE-529 £4A14 0.5 M NaClg &3 &
Ao {2313, 65% ammonium sulfateZ FHA|
7 ¥ B8] AL 498 Waters 650 Protein Pu-
rification System® ©] 8% Q-Sepharose column®l
A g3l NaCl gradientz F&3% FHo| o
CaMKIK #4°] Fig. 2o vehl} glth CaMKIK &
A1 site 1 peptideoll @3t CaM kinase [a2] 84S
Z7M71= SHoE Hosm 2} H8o) gdAae] A
g CaM kinase IaZ 7I31& we] AoM 7tsiE
CaM kinase [a A9 8A4& ¥ groz SAs9t
AA 27 GANAE site 1 peptideS 712 E o] &3}
= Qaksl a2E0] v BEHy] Holng £ 24
o] Wield E4 gajo] vlwA A, Fig. 200& o] ¢t
S wm & 558 CaMKIK &4vke g FA84t}. o
azrte gyl Aol CaMKIKE 38 34 F¢9)
major peak#t #38 25 ¥ 4602 FAE 2709 mi-
nor peak ¢ 2 #2194 A £ AU} o] AE
CaM kinase 1ag 843212 + & CaMKIK7t o
2} 711 Pe 2 EAQT 5 S8 ARSI

B AR A= Al peak FolA 71 & RES A
3= ¢F 0.3 M NaCl £902 §&¥ peak?] #3¥
28~40% g3t Aol 71&3 vie} Zo] CaM-
KIKE Aalslgdot Fig. 32 {2 9442 AH8-% su-
crose density gradient centrifugation®.ZHE A
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Fig. 3— CaMKIK activity in the fractions from sucrose
density gradient centrifugation. Fractions from
the final CaMKIK purification step. cen-
trifugation on the 5~20% sucrose density gra-
dients, were assayed for CaMKIK activity in
the absence (O) or the presence (®) of the
added CaM kinase Ia. For the latter, the ac-
tivity of the added CaM kinase Ia in the ab-
sence of the CaMKIK has been subtracted. A
representative profile from 6 separate pre-
parations is shown.

& B8ox CaMKIK 84& &A% Aot Q-
Sepharose(Fig. 2)ollA 2= 2] o] EE site 1
peptideE 7|AZ o|&3l+= WA T4 4L A9
UAHFig. 3). °lv ZAAFe] Mg et
CaM kinase Ia % b9} 22 site 1 peptide 7|22
o] g3 EAvt AlAE Wi AoE »elth 7 £
of CaM kinase [a& 7} & o 718 84 & 7IFe
2 3] £¥ 19~248 3 F 719538 silver
staining® A%, Lee and Edelman®'¥e] ®u3t
CaM kinase Ia activator?} AMgH A& 713
CaMKIK7} #2530 % HAl¥ CaMKIK: 52.
5kDa®} major protein® °F 50 kDa A% minor
protein® 2 FAEo] glglen HA|AA F CaM-
KIK 847 dx18l= E3eljA o] % band?t &4 #
%%& Moz Hol minor bande major band®l
breakdown product® FJ 8o} ojzigt A= v|F
o] 2 u Lee and Edelman™ell ¢)&) AgtollA] AA]
H9d Q-Sepharose AZrtE18}d]o] A £
Aol gl vl 72 oy 9 CaMKIK
peak(Fig. 2)o] &¥A o2 Haulslx] Ygta-g Jakd
= itk o] ¥ 53] A WHEAFHGME Fig. 204
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Fig. 4— Concentration- and time-dependence of CaM
kinase Ia activity upon CaMKIK. A. The ac-
tivity of CaM kinase Ia was measured at 30°C
for 10 min by the standard assay procedures
in the presence of various concentrations of pu-
rified CaMKIK. CaMKIK concentrations were
calculated assuming a Mr of 52,500. The ac-
tivity measured in the absence of CaMKIK
was 3.4% of the maximally stimulated activity.
A representative experiment using two in-
dependent preparations of purified CaMKIK is
shown. B. CaM kinase Ia was preincubated
with CaMKIK (15nM) in the presence of 10
mM MgCl, 02mM ATP, 1mM CaCl, and 1
uM CaM at 30°C for the indicated periods of
time. After preincubation, (v-"PJATP and oth-
er components required to readjust to stan-
dard assay conditions were added and site 1
peptide kinase activity measured for 1 min. Ac-
tivity in the absence of preincubation (zero
time point) has been subtracted. Each point
represents the mean=S E. of 3 determinations.

9} Zo] o7 79 peak o2 HEl® CaMKIKE -3
& T AR o™, 2 peakell ¥ CaMKIKS E4&
Ztz4-S AAE £ major peakolA AAE CaMKIK
she) vl @ BAL 3 T Eiojof & Fojrh.

“CaMKIKZF AIAE e = HA¥ CaM kinase Ta
Z}A 9] site 1 peptidecl] 3 4L o9 dglort A
7] We wet AAF CaMKIKol 23 EAH g
ok 30~508) Z71sl¥ct. CaMKIKS sxe uh2
CaM kinase Ia®] 843 =& 4% A7 CaM-
KIKE ui$- 733 €43 dzded, 12-15nM 3
59 @& FxdA CaM kinase [aS Hdlz 843
ARE &+ YJtHFig. 4A). CaMKIKel <3t
CaM kinase [a®] AI7Hd 843t =& FA317] 9
3lod, Aoz @43 F 3le F5Q 15 nM CaM-
KIK$} CaM kinase [a& Ca*"/CaM3} MgATP &4
3loll A 3= AIZHERE oAH] HHE-AIZl & site 1 pep-
tide kinase 8/44& £A4¢ A3, CaM kinase lat
e BE £EZ HASEA T 28 ojulo] Hjd
=2%E #Es G (Fig. 4B).

thgoll= peptide 7™, ATP 2 CaMol w3
CaM kinase [a9] Bj&4 2 &4 AeloiA9] kinet-
ic parameterZ &3 24 CaMKIK| 93 &4
8} 7148 A8t Table I). 8I&A Adeje]l CaM
kinase lat A% U228, 843 Jele CaM
kinase Iat 15nM CaMKIK$} Ca®'/CaM.
MgATP &4 sl A 30°CollA 1087t o] vhE-AlH
Ae e AHREYt Site 1 peptidedt ™3t ap-
parent K, & H1&4 Aot 84 Aejolx zzh
358 UM} 30.4 uME SAF e, G4 B3}
tlgo] o] 717 tigt M3lEo] 11.84) SViete <& 4
BA} Voo 2 242 8.7 pumol/min/mg¥ 59.0
wmol/min/mg o2, &4 B4l oJa) o 789
Z7'2 Bt Glycogen synthaseolA] Q14H3lE=
299 ojunat 7] NE"2 FTAE syntide 2
(PLARTLSVAGLPGKK)= £ CaM kinase II°
2 CaM kinase IV¥9 71242 & d#d glou
CaM kinase Iadl 2Ja|H = Qlaksbe) ™ o) 7]
£ 0]-43 kinetic parameter 249l YoM E site 1
peptide®] Z5-9 fAlG Aol Wsy 2 Ho £ &
F7He B3I ATP Wigt apparent K, 36&
v g4 Alelsg A AdeiolM 22k 128 uM} 78.7
UME e} HglEo] &2k Zvkehe Ao g Ho|X|jt
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CaM kinase [a%] &44He EA 779

Table I— Kinetic parameters of CaM kinase la in its non-activated and activated states

Site 1 peptide ATP CaM
State of enzyme Km (uI\D \/muxd Km (“M) Vmax” K‘x (nIVI) vm.axa
Nonactivated state 358132 8.7£0.9 128+57b 3.6+0.9 256126 1.9+£0.2
Activated state 30.4+0.8 59.0+1.1 78.7+5.4b 88.2%+3.3 10.8+1.2 68.7+5.3

Each value represents the mean*S.E. of three independent experiments. Each experiment consisted of five dif-
ferent coneentrations of site 1 peptide. ATP, or CaM. and two determinations at each concentration.

Vmax IS glven as pmol/min/mg.

"The means are not significantly different.

SAE fONS U= AOE FHHUR, Vo 2 2
Z} 3.6 umol/min/mg¥ 88.2 pmol/min/mgl 2 &
49 EAj3lol 3 oF 258)9] F7HE B HTh CaMel
th3t apparent K, @2 B84 Aejet 4 delolA
7}7} 95.6 nMT+ 10.8 nM2A &4 9] 213l=o] EA43
o7 fopd YA(p<0.05) FHHHeH, V., &2
7zt 1.9 pmol/min/mg® 68.7 pmol/min/mg22
3eule]l F7He wAdh webr  CaMKIKO] of&
CaM kinase Ia7} 8435 peptide 713} CaM
of tigt A% 2 3ledo] Z7hsla, olo o peptide 71
A& datslag)E Hu &t HAB| Friete]
wE 4&E2 B3l S o] AAZRE & 5 QI

3, Table 19 #AAE B|EA Feo A 9] kinetic
parameters AW RY 7|™o] x3} JelE EX3t=
ZA M= CaMKIKe o8 @438 defzt ofvle
shdets ikl MA3) dod & A& AlAbsit
olo] W&l Bjatsl ste B ATl HAGte AHES
CaM kinase Ia®ll 7 #ojynl CaMKIK7t A3 ®3
Hof 9A] grh= A7 QE & A WeE ¢ g
Aotk aHolE B raln, FA7F A5 w7
Aol )% apparent K, g0l Zasichs AL e
Hog Fa% ulg Ad FE Ut b,
CaM kinase a7} 714 AeY 4%, F CaMKIKel
o)) BA 35 7] o)A} Aelof| A= o] el 93 <
AtskE 4= Qe e ol i, CaMKIKe of3)
g gte Aefol = 2 A AnjellA] B = 9l vie}
o] 714 AatE 9 Hu whe-& o] dAg Frte
Eof Qlatgld & Q7] wii-olt}. o] 7b5 4L CaM
kinase Ta7} @4std o2 AEUY N2 L 7]AS
‘recruit’ 3t AelH o2 FRY AL FYL
U ARG

H g4 Aee] ol AF A3t whEE ba-
culovirus®ol 2&@A)1A PAE CaM kinase VI =
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#RE o] FaE 1~2213 HA MA3] au-
tophosphorylation®] doju} &4do] <k 2u) 713k F7}
dh= Aoz nusglon, oA =23t CaM ki-
nase [a2] F9-¢ v}/ 2 A Fo4L ¢S A
o2 FAH} o] Fhd F o] HolA &3 68kDas
CaM kinase IV kinase(CaMKIVK)E 71313 &4do]
Sk, o]@id 71l ¢J8 CaM kinase IV7} &4
gElo] 1 AElH 7)5e F8F Aog AzEg P
CaMKIVKel 2]% CaM kinase V9] 84 F71%
(1084%)2 CaMKIKell 2% # CaM kinase la®] &
7HE(30~5081 )0t A CaM kinase 19} 7%
(258 BT} 2t Aoz delygth 1 olfE 43
% CaM kinase IV2] 7%, syntide 2 ti3t K,, gtol
u|gA el oF 108) AT ¥ V,,ole Wbt ¢l
A3, ATP t3iA= K@t Vi &0l A9 F8E 5
A & kA ® CaM kinase [a) 7359l peptide 7|
Az CaMoll tls Ask& F7HAZ 2 ol V,, 3
T 3A F7 71 wiolel Azt

o)doll A gt ule} o] w2y F842 CaM
kinase Ia®] 43} #4& & o CaMKIKE Ca’"/
CaM3#} t&o] CaM kinase [a2] 2|3 43 wrdo)
doir #Ae Moz a3t a4de o ¢ Utk
CaM kinase Ia= CaMKIKel &) 943t=e] con-
formational changeE 427|3, 12 Q&) G459} 7]
Azbe] A5 AE 9 WSS SR AR &
A7t E48E o2 Yt

CaM kinase IVe] 799 §A1t ojeigt @43} 7]
AL (a¥/CaM &34 autophosphorylation®ll
28} €443k CaM kinase [1""1} CaM kinase VZ
o} A3 o E Koldt 7)o}, 1ejy, vtelelolel
Hale] AA|E 37 kDa2] # CaM kinase [ CaM ki-
nase 119} #4448 Bo] Ca’'/CaM EA1A] Thr-
177 #7]4ll autophosphorylation®] doju= Aoz
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B Ed® o] F49 CaM kinase [a, CaM ki~

nase b&te] BAl= Loz Fgs ool & AT 3}

volt}, CaM kinase 119} H&<¢ CaM kinase I ¥

CaM kinase [V HoAAN AR HAGEA Fe]9 Ay

2 BTG SOl vk SR PSS Ao &
e, ME Yo CaP* Az ALAANA )8 FAS)
A& =dsl= AAQ CaMKIK ¥ CaMKIVKS &
AL -3 MX¥9 AFolu upstream regulators

o FaME A8 Bad vt glct, gl elet B

oM B A8 71X Feje] CaMKIKe +23 &

A, A2y u], CaMKIVKSHe] d#Ad Sofl disiix

ko 2 o @3k A7 e g Aejolrt.
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