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phate(PIP,) & X&) AlA diacylglycerol(DG) =
inositol triphosphate(IP) & WHE A 9.
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A3 ZHEA ggrern 1986 Irvines ol
213t3A signald @3¢ [P} P& 5'phospha-
taseo] 93 ZQlAstub-go] dojut 1P, IP,
Inositol2 ¥3]= o] ThA] PI, PIP, PIP,A-gl
Ao st dohe Aol g At

HZ SEZAEAA P 14kskE o] 1Ps, 1P
7} 2A%ctE Baurt 9203k 1P kinasel
% 1P,o] WA B0} IP; kinased] &Aoo
Be oA M2e fAEoR 2708 Aol

2o dvrt gostEa AzEd.

33 [Pskinases Ca?* 9] &X|&}o) calmodu-
lin?l 98 Az hs BIEP W] g},
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@A 2Z A Ca 3 g st AE3A HH
calmodulin®] Ca®*' ] binding3l= F 9+ 4 Hl
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1987'd Bidens'®-2 RIN 5F insulinoma cell
oA}, YamaguchiE'®< X2 aortic smooth
muscleol] A, Klmura—cr”)O o & A ol A IPski-
nase &AM o & 8135931, MorrisEW-2 tur-

key2l A ‘é:r“l“ﬂ ZA% 3 IPkinased] EAE

2t 0

gstgen o] a49 FE&S A8 Axrle
ATPE HEg FFdE Zog B3 5HY.
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HxAo2RE FARPen A ATPH ¢
#Z 0|8 calmodulindl V7 Ai2 FlH
Aot 25 AT AL AV19FEq AL
silver staining® 2 ¥t bandE &Us=d 23
t}. B AIFE inositol 1,4, 5-triphosphate 3-ki-
nased] 54 €793t 49 HZH¥ calmo-
duling EIAAET o1& affigeld ZFAA
IPskinases}o] =& FAstL 2 42 & o
£33t IPkinasey & & 913t calmoduline] 2¥
H columng TEX I AT £¥ AxE
FFR A3 vlo|o},

e W

HEM=

Calmodulin A1 & 18t S =4 A%
29 HE ALE31 o column resin® Z phe-
nyl Sepharose CL—4B3= PharmaciaZl £, Affigel
15 Biorad# Eo]™, Green gel® AmiconA}
Aolx, dithiothreitol(DTT), p-mercaptosulfonyl
fluoride (PMSF), sodium dodecy! sulfate(SDS),
3— (N—morpholino) propanesulfonic acid (MO
PS), N—2-—hydroxyethyl N'—
2— ethanesulfonic acid(HEPES), adenosine tri-
phosphate(ATP), blue
(CBB), ethyleneglycol-bis-(B — aminoethyle-
ther) —N, N, N’, N’ —tetraacetic acid(EGTA) %
2 sigmaAl A E-& ALLEH L IPkinaseZ A&
#1%t inositol triphosphate(iPy) 9+ ¥P—ATP+
Boehringer MannheimA} A& Al &3slgom,
9] Alef2 duksAte] EF-& AME3tT.

piperazine—

coomassie brillient

EEEs=!

Calmodulin®] AAE <13 1.8kge] 49
ME 2L9) buffer A(50mM Tris, pH 7.8, 3mM
MgSO,, ImM EGTA, 0.5mM EDTA, 1mM
DTT, 0.5mM PMSF)ol 238t 10,000 rpm

— ey - FAN -

(Beckman, rotor2)olA 1A YA A4 AL
(NHD.SO, 50% 2 X3A|715 1A A&
thA] 10,000rpme A 4083 AL FH Y
€ IN H,S04—50% (NH,).S0,8 ¢} & 2 pHE 4.

2 gFo] WEad WA HAAA, AL A
AES buffer Aol Fo]i 80~82CE 383+ &
Helste] 4 AH AL phenyl— Sepharose
CL—4B¢ 53 EF3H CaCly7t 2mME A8t
1587 A2oA 2 A

Phenyl—
tography

Sepharose columndiA{2| Chroma-

£ phenyl-Sepharose CL-4BZ co-

lumng TEF buffer B(50mM Tris, 0.1mM
CaCl;, pH7.5) 2 & th% 0.5M NaCl& H7H¢
buffer B& 3 column chromatographyZ Al
3 5l9 . Chromatographyd] ZZ-& ¥19]
el lel. Columng buffer BEZ 2% buffer
C(50mM Tris, 1.5mM EGTA, pH7.5) % #%
H9d. %% 280nmol A flow chart® 28
AEE tube B 10ml¥ Wobx T AL <
39t e A#l.2 UV spectrophotometer =
scanning 3t I =2 <153 280nmell )ﬂg}
E4% e do] 9w vk, Calmodu-
lin®] @& Biorade] @& Ak o]
£3}d Bradford 22 33

Calmodulin® #<23t 2 tubet Ultrafilt-
ration &=} (Amicon) 8 FXx7t23 M F&3}
o AE-3HATH

SDS —Polyacrylamide gel 7]9%-< SDS7t
E 10~15% polyacrylamide gradient gelol #
A% markerst ¥7 H# 3t LKBY A719%F
AR E o]g3ted 120voltol A 5AL AFTF
CBBZ < 239 ©™ methanol/acetic acid”t €
Hof] WjB S AAs FASAT.

A&7t €
ot

Calmodulin} Affigel 152] coupling

25mee] affigel 158 4C9) FFF= AL 0.1M
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Table 1. Optimal Condition of phenyl— Sepharose Column Chromatography.

Column : phenyl— Sepharose CL—4B(2.6X 15cm)
Flow rate : 2mf/min

Absorbance range . 0.5

Chart speed : 0.5mm/min

Collection : 10mé/5min/tube

Table 2. Coupling Procedure of Calmodulin and Affigel 15.

25mé Affigel 15

75mg Calmodulin

+——— 4°C, 4hr mix
Calmodulin — Affigel 15

centrifuge : supernatant

protein measure

I Add HEPES buffer
L Add 0.1m¢ 1M glycine ethyl ether/gel
4°C, 4hr mix

Calmodulin—coupled Affigel 15

MOPS, pH7.5& Hll F43 calmodulin 75mg3
1:1.58 &8 4CAAN A E A3
AANLF dA 8 A A Fol U+ calmodu-
ling 543t 288 =& FAT F 1M gly-
cine ethyl ether(pH 8)-& mf geld 0. 1mé# Y1
4CH A aA T A3 AT Hepes buffer(10mM
Hepes/7Tris, pH 7.2, 1mM MgClL, 2mM DTT,
ImM CaCl)2 8 AL & AL tH(E
2.

IPskinase2] 22|

49 ¥ 1kg o 2 B¥ 2] ¢ homogenizing buf-
fer(50mM Tris, 3mM MgSO,, 1mM DTT, 0.5
mM PMSF) ol 4 ¥4] 814 15, 000rpmoll Al 1A]2¢
LAZ A H& 10% polyethylene glycolo] H Al
Yol Nt A"E a2 JAES bufferd] 54

THA] 45, 000rpmoll A 1A13F 29 4] 3 A (Sorvall
OTD 15) 8t} 43 45 DEAE cellulose chroma-
tography S 3l0Z IPikinase 23L& A &
8} Green gel matrixoll A chromatography3}<
IP:kinaseE& ®&3) W),

IPskinase2] &%

HANEE 9389 substrate2+E 20pM inosi-
tol triphosphate(IP;), 100uM ATP7} & 50mM
Hepes bufferel 0.1mM DTT, 100mM KCl, 20
mM MgCLE #7131 *P—ATPE 300,000
cpm/tubeS] Al F4)EFJ L assayF 20pl subst-
rate®} Al 8 20ul= Al 3te] 37CoNA 2083 Wk
&% 10u19] 1IN HPO,SF 10p19] IN KOHS ¥
23 Y433 33 e Thin layer chromatogra-
phy(TLC) ol 20p1¥ A H 3t Ralstgion &
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wl 2% 1M KPO,(pH3.4) & AH-&stgct. 87}
B¢ TLCHE ©¥ A X—ray filmo) H&3lo
oF 1A)7F )4} autoradiography & 13 8140
IP, 23 & ZelA 10ml9) aquasole) F7-¢ liquid
scintillation counter(LKB) 2 &3} ch?,

Calmodulin— Affigel®f inositol triphosphate

kinase2| A&ts AlE

-4 HHY-

F7h2l column(0.5X5cm) o] 1mé2] calmodu-
lin—affigel & AT & columne ImM Ca’* ol
€ 50mM tris buffer2, ©& $ columne 2mM
EGTA7} £ ¥4 bufferz A% £2) 3 IPski-
nase A &8 3 4 A L3l Q k. 249 puf-
fer2 & g AR columne EGTA &
buffer®, Fx9 columne Ca*'o] & buffera
It 48 2 A A Z42-& Wt El, E2, E3=2

Table 3. Binding and Elution test of inositol triphosphate kinase on Calmodulin— Affigel 15 Column.

IP:kinase activity

(pM/min/mg of protein)

Group Ca"*equilibrium EGTA equilibrium
buffer buffer
Sample 3mf X4 3mé X 4
loading
S1 3.00 3.00
S2 2.22 2.46
S3 0.30 1.84
S4 0.65 2.51
Washing 1mé X2 1mé X2
Elution EGTA buffer Ca* "buffer
(1me X 3) (1m¢ X 3)
El 0.85 ND
E2 1.48 ND
E3 2.43 ND
Washing Ca**buffer Ca* *buffer
(1m¢ %X 2) (1m¢ X 2)
Elution Ca** / CaM buffer Ca*"CaM buffer
(1mex 4) (1mé X 4)
CE1l 10.36 ND
CE2 12.76 ND
CE3 7.04 ND
CE4 7.70 ND

IP; . inositol triphosphate, ND : no detectable
CaM : calmodulin

S1, S2, S3: collected tube number after sample was applied 3mé each.
E1, E2, E3: eluted tube number with elution buffer 1m¢ each
CE1~CEA4 : eluted tube number with Ca?**/ CaM buffer 1mf each
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3HY F columnEF Ca**o] E bufferg A&
% 1mM Ca®** 2} 100uM calmodulin®) & buffer2
Imé¥ 49 FZAA CEI~CE4E2 AdQor
W2 7} tubeE 9 YH-E IPkinaseE A3
o},

aglolx FY columnd] FESELS HIAA
IP:kinased] #&ATE JA3JYed 0.2%
chaps bufferg& AH-&-3t5ict.

TR

49 X ZRE calmoduling & A 87] 98+
phenyl —Sepharose column chromatography &
Algstgon] APzAL X -1 BAEQLe
™ chromatographyd] A& X - 19 JERAY
. F3x 280nmel A 50mM Tris/HCl, pH 7.5
0.1mM CaCl,o 2 ¢t 8 W73 M&F 1.5mM
EGTA7Y & A7) ¢392 2 calmoduling %

s Wik
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Recorderl Al &F3%7} 28A Z tubed] F
AR E spectrophotometer® 3l FF %
# 0.3 o172 @4 42~47971 A EFL wo}
F&3H .

e 2YS 9 RFe £ ZAH & brain
900973 9mg2} calmoduling A stFor] A
GAE 10~20% 2] SDS— polyacrylamide gra-
dient geldl H7194 53t = - 2¢] Y]

% - 2904 a2 homogenizeo]™ bEL am-
monium sulfate precipitate©] I ¢cEF-2 be] A E
g2 A geln, dES pH 4.2 oA HAR
A&, eE& X% A8, £ phenyl—Se-
pharosedl]l AHA|77] A A8, g2 AT
calmoduling “EFAT. W HE-2 markerZ ca-
Imodulin®] #x}3o] 17,000daltono. 2 ¥ln =
A Q. A3 calmodulin® Affigel®] coup-
ling 38L& X - 2914 UEWoF8 calmodu-
lin—coupled Affigel columnS ©]-&3t4 inositol
triphosphate(IP;) kinase Al2& & &34},

0.6 - \1Vashing
— 05
I Elution
é 0.4 1
< 0.3 1

0.2 -

0.1 -

0 10 20 0 4 50 60

FRACTION NUMBER

Fig. 1. Calmodulin purification on phenyl— Sepharose column. Washing solution contained 0. ImM
CaCl; and eluting solution contained 1.5mM EGTA in 50mM Tris/HCI, pH 7.5 each other.
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Columng &2} A 82 AR E [PkinaseZ
A e &A1 ZFAE autoradiogra-
phydt 1¥-& = -39 YeEliigled 1d 2
2401 gl URTOE ¥P—-ATP/} 292 U
By 28 &2 [Pskinasedl] 9] 8] QJ4talE o IP,
7 ARE Ae FFEET

A8 & columndl &3l ZEH I EH|5e
Zt X gd d& TLCHAAN BHAEE &3
£ - 3% 49 =A) 54 Th. [Pkinase A2 A
e 18T 449 P FE Ao gna
mgFo 2 4 FxE et

E - 3914 Ca?*©] €& Tris buffers} EGTA7}
& Tris buffer ZtZt9] columnd] AlEE 3mé¥
W 223 Aol IPkinased BAHEE Ca’to)
E Zo] # Ao S3, S0l A Yo

>

Fig. 2. 10~20% SDS—polyacrylamide gra-
dient gel electrophoresis with purified
calmodulin.

a lane ; homogenized sample from bo-
vine brain

b lane ; soluble protein from homoge-
nate

¢ lane ; supernatant expected by 50%
ammonium sulfate

d lane ; precipitate in pH 4.2

e lane ; supernatant after heat treat-
ment

f lane ; sample before binding with
phenyl — Sepharose

g lane ; purified calmodulin
(MW 17,000)

- 9%t 298 -

ATP

1P4

Fig. 3. Separation of [y-*P] ins-1,3,4,5-P; on
polyethyleneimine cellulose TLC plate
and its autoradiograph.

kgkon] EGTA buffer2 #&Al Ca’*equilib-
rium buffer groupoll A ¢+ E2, E3°A] 1.48, 2.43
pM/min/mg of protein® & -F&=ith.

Al Ca®* 3} calmodulin®] € €422 #&
AN+ CE1, CE2¢)4 10.36, 12.76pM/min/mg
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of protein®] B4 =& et ] 2} EGTA equi-
librium groupol X #%°] fidcth.

2} calmodulin®l 2] g+ [Pkinase?] ¥A%
7t dsHe AE FE2F Hudd R4l =
A8t th. EGTA bufferdl A f2° 9§ IP:ki-
nase& A £.o] A 2.t} Chaps bufferdl] A &= E20l A
23.19, E3°*] 8.05pM/min/mg of protein®]
%< IPkinased F&3% I5E 848 &

2 4 Ao

i
I~

1

0

Phosphoinositide?} MEW ] Ca?* o] 7}
#A 7} )21 phospholipase C7} @] 3= A o]
709 Fukoll ghrjof LA 1980 Mi-
chell5-©] phospholipase C (PLC)9l 213} Ino(1,
4, 5) Py7t A Ca*level® F7A11 = Aol
W Ho2A & AIFE] o] WY dFE
3HA H 3ok v$-7] 19811 Nishizuka®& pro-
tein kinase C& &34 o] HA T diacylgly-
cerol® phosphatidyl serinec] 2}3] A 3l=n
protein kinase C7} AEXAH Aol UHE &
AZE dkE AL GASA HAH?, A2t
o ARG 3 M2 422 phosphoino-
sitide system®] 3 R @713 growth factort};
Ca’ antagonistoll 213} Agto} M E =9 phos-
phatidylinositide bisphosphate(PIP,) ¥ Inositol

triphosphate(IP;) £ H 1L IPy= ¢4 Ed=2
Z}- g3l A IPskinase®l] 2]3) Ins P,2 1431
711} 5—phosphataseol] 218 €148 s o] Ins
(1, P,2 =3, Ins—1—P, IncsitolZ E 5
£ A28 AdY. I AXUY Ca g 4%
A7 988 sln IPE Ca*'g A ZEydA
AENR SOes Fo2Ax AEY Ca'le-
vel& ZAITHO T},

IPskinase= ATPo] 3] 204135 ™ calmodu-
linell 93l FAg e Bl W] glon
calmodulin® Ca?*& modulatedl= G d2 &
HA AT

IPkinaset #HT ATAEC] FAE A=
dem F o H®, =A< aortic smooth muscle”
X dRAFAT Aol B AT

a2y o] A4 SFEEE Y89 cal-
modulin®] ¥ & ©] &3t EYste YT
o] &HAA =HA.

2 =22 o]3)E IPkinased] 2 & 218 A
@A 2 calmoduling A A 89" 2. calmodulina}
23 134 column?] affigel & ©]-&3t cal-
modulin¥ [Pkinase®] A& 98 §&A8E
Hlo a3t

Calmodulin A= 49| HolA dgen &
A 17,0009] & bandE A719THNA £
st A3kt

AN calmoduline] Ca**3 A3

Table 4. Inositol triphosphate kinase elution by EGTA buffer and Chaps buffer on Calmodulin— Affi-

gel 15 Column.

Elution group

IP:kinase Activity

(pM/min/mg of protein)

(1méXx3) EGTA buffer Chaps buffer
E1 0.85 0.75
E2 1.48 23.19
E3 2.43 8.05

IP; - inositol triphosphate
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4AE o] &3 Ca** o] EA8NA calmodu-
lin# phenyl— Sepharose CL—4B resing 23§
A A A column chromatographyE 8t} Sepha-
rose®] Z3H calmodulin® EGTA7} € bufferE
TR Jo 2N Cat*3 EGTAY} 283 43
< o839 calmodulin® {3 Alzlck, olul
EGTAE chelating agent® 53] Ca**3} 7}5}A
283t 4o A AT calmoduline
Z3 g7 0.1mge} FE dRN2w, calmodulint
affigel 159] Z&& A3k},

aHY affinity gel2 2o] Al-&38l+= CNBr—
activated Sepharose 4BS = Al%Z3}g o cal-
modulin®] Z¥AE & affigel Bt} AR o 73t
Ao} SepharoseZ RH calmoduling £ Al
71717} ol# AL affigel 159] IPskinase &9
o A Y. THE A calmodulin-affigel 15
column® IPkinase® A4-A) Ca** o] 3l A
oA calmodulin®} 2ol Zald 2 EGTA buf-
fer groupo] X AFAE7} @9k,

IPkinase®] #%9] #&o|A= EGTA buffer
2 FEA EF FHYSY AR By
o822 Ca*#F calmoduling- bufferd] ¥o] &
2] 10.36, 12.76pM/min/mg of protein®] 73
&< B F Ut 28 calmodulin(CaM)
of 9% §-&3 FAlo Ca®*/CaMol| 23] IPki-
nase?] A= S7td Ax 24 £ ok
o] Ryus P Takazawas99] Aol A IPski-
nasei= Ca®'/Calmodulind] ©}5 o9 3le] &4
=7t F7tEvke Raugo] R Fa gk
Calmodulindl 9%+ &9 BT/} ¥1 4%
A7t gout A4 ZAHGA B 9 ole
A F TA] calmodulin® £ sl okst= B4
calmodulin/Ca®** 5o] o] A4 432 =7}
NA BAE7E 2ol Ax A¢hdle o8 g
detergent® AHZ-3tATh. Al8-% detergent®
chaps, tween 20, deoxycholate, cholic acid%
OS2 F&3 Bgroy chaps/t 718 Ao
ATt

— Q5% - yRE—

E - 4914 EGTA®} Chaps 0.2% & -g319
FET AL WASHLon Chaps buffers E2
oA 23.19, E3%1A 8.05pM/min/mg of pro-
tein®] o}F g &L FFL £ AQY. 2
2} 4] Chaps buffer’} EGTARTIE 883 Ao =
wEEHU

Al x93 2 AL (Signal transduction) 8] A2
< phosphoinositide system®] phospholipase C
(PLC) ¢} IP;—kinase’} $89< ddn & 4
2ot PLCEATE Ryu(1988) 5% ozl 49
HZRE £#3 isozymed] @i Fol} DNA
sequencingZ+A] o] %0z 1 F PLC—r type
oncogenet FUF FAAI HAHYD 1 B
EEE r—type? EE 23, AX S 1%
FEHo] JvhE Fol THHAUG* P, 19 erb
B gene©]l} ras gene 5©] PLC&/ 8lo] Qo]
AL, diacylglycerol #4221 phobol esters
protein kinase CE A& Ao SA3IANA &
AEE A33le FE B0zt R gaA 3l
o kel J|AA AED ARALG 2HIA
T A AEE FAV Aoke AL g
AR o] 1m0,

Ino. P;—3 kinase E 4 9 A signal pathway2)
oAk o2 IPAA N T2 F42 44T
U R9g7)o) A ST olF A WA
AA FAT I,

MorrisE'90] IP;—kinase”} Ca®* 3 calmodu-
linoll o138 @Asldcis 219 YamaguchiS™
o] A9 aortic smooth muscled] ] A A3
B2} 93,0009) IPskinaseE #2) Bi1dtg ot
oA A o) i U= S FPEA g2
At go =z IPkinase’} AAEHTL 21 AL
3] 4 5§98 Ca?* o] Y calmodulindl] &8 A XU
Akl HElEe g N2 ARE UE F
A ol ARALGH MEAF 2F7| P&
BaogzA Caty #Ad 2YEFY #ATE
Z vl A3 & F & FAeE 44E,
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o (o]
praly -

Axee HRAGIHFT

systeme BHE7F €2 phospholipase C &
49 ZL 22 phosphatidyl inositol bisphos-
phate 2 %-¥} inositol triphosphate(IP;) ¢} diacyl-
glycerole] A4 ™ [P, thA] [Pskinasedl] 2] 3l
inositol tetrakisphosphate(IP,) & o} o}x}-z &
E2ZA 2.
B dTe IPakmase &7} Ca®* %} calmodu-
linoll 213 &A3stH = 42S o] &3t calmo-
duling RAA3 IngmaseE_’l\_Q}A ANIEE
v #AFE T

Calmodulin” A & phenyl— Sepharose resin$
o] 48 column chromatographyS )3} 3}
AAZAFRA e EAFo| 17,0009 SDS—
polyacrylamide gel H7{95o2 Ao},
RAA D calmoduling affigel column®] B A7
gelol 49 ¥ z3RE H§ [PkinaseE L7}
=7l A|&E calmodulin—affigel column®] =&
st A% 2 FEAZE Hustg e Cattol
& bufferd] A J3 =7t 7 FHew &L
EGTAE oA 47 F&5 A2 calmodulin/
Ca?*o] & bufferdld 43 FE&A=E #F3)
A}, 1 thcalmodulin/Ca* = IP:kinase & 4 9
AL E7MA719 calmodulino] i A ojo] A
BARANA Aiee] Byt gAge g o
€ detergentE& A-&32} 0.2% chaps buf-
ferdl A M5dE f&EE FFASAT.

phosphoinositide
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— Abstract—

THE AFFINITY OF CALMODULIN—AFFIGEL FOR INOSITOL TRIPHOSPHATE
KINASE FROM BOVINE BRAIN

Sung Woo Lim, Jung Hye Kim

Department of Biochemistry
College of Medicine, Yeungnam University

Taegu, Korea

The one event on signalling mechanism is the cleavage by adenyl cyclase of ATP into second
messenger, cyclic AMP. The other transfer system of inositol metabolism, it is widely recognized
that hydrolysis of the minor membrane lipid phosphoinositide bisphosphate (PIP,) initiated by occupa-
tion of certain receptors and catalyzed by phospholipase C, lead to toe generation of the two intracellu-
lar messengers, inositol triphosphate(IPs) and diacylglycerol(DG). IP; is converted to inositol tetraki-
sphosphate(IP,) by IP; kinase.

In the present study, it is that purification of calmodulin is used by phenyl— Sepharose CL—4B
chromatography, it’s molecular weigh,, 17,000 in SDS— polyacrylamide gel electrophoresis. In order
to observe the affinity between calmodulin(CaM) — Affigel 15 and IP; kinase, and isolated IP; kinase,
was applied in CaM— Affigel with Ca“eduilibirum buffer and EGTA equilibirum buffer.

We compared with binding and elution effect of IP; kinase in several condition of buffer. In affinity
of binding, Ca®*equilibrium buffer was in the most proper condition, and elution, CaM/Ca**buffer(CE
1 10.36, CE2 12.76pM/min/mg of protein) was effected much more than EGTA buffer(E2 1.48,
E3 2.43pM/min/mg of protein), but CaM/Ca?*stimulate the activity of IP; kinase.

And then, several detergents such as sodium deoxycholate, tween 20, cholic acid, polyethylene
glycol, chaps were applied.

The 0.2% chaps buffer(E2 23.19, E3 8.05pM/min/mg of protein) was the most effective in elution
of IP; kinase.



