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Abstract

Brain, heart, liver, lung, kidney and thymus etc. 12 organs were removed and homogenized from
Dawley-Sprague rats after suffocation. After fractionation of the tissue cytosols, enzymatic activities of
the key enzymes in metabolic inositol phosphates cycle, PLC, 1PsK and Ins(1,4,5)P; 5-phosphatase, were
measured respectively. Hybridoma monoclones producing anti-1P3K murine monoclonal antibodies were
obtained by the fusion of SP,/Ag 0-14 and spleen cells of mouse immunized with purified 53KDa IP3K,
screening and cloning procedures. 18 cloned hybridoma cells were obtained, background due to
nonspecific binding was very low with 10 clones. These Abs were purified from ascitic fluids by using
affi-gel 15, and determined subtype of Abs. When immunocreactivities for rat tissues IP3;K were exercised
by adding the mixed Abs of 1gG; and I1gGu, they showed an overall similarity with noncompetitive inhi-
bition. Brain tissue has high sensitivity for anti-IP3K Ab, whereas heart tissue has very low activity. In
kinetic parameters Km value was 1.58mM and Vi value was 5.41 ganol /min /ml, respectively. Only one
form of 40 KDa IP3;K was detected in heart tissues, however rat brain contains at least three
immunologically distinct IP3;K (53, 51 and 40 KDa) in western blot analysis. Of them 53 KDa protein was
major enzyme in enzymatic activity, Northern blot analysis with *P-labeled cDNA probe which encodes
1.8 Kb IP3K gene was performed. These results suggest that IP;K are regulated at transcriptional level
during rat tissue development.
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1. AR =2

[ *H] phosphatidylinositol(4,5) - bisphosphate2}
(*H]JIns(1,4,5)Ps= New England Nuclearoll 4, al-
kaline phosphatase conjugated with goat anti-
mouse I1gG(H-+L), NBT(nitroblue tetrazolium),
BCIP (5-bromo -4 -chloro - 3-indolyl phosphate),
milk solution, horseradish peroxidase conjugated
system, 4-chloro-1-naphthol % H,0.s= KPI IncZ
$E P,

Complete and incomplete Freund's adjuvant,
PEG 3000, hypoxanthine, aminopterine, thymine
2 Gibcooll A, RPMI 16402 Hyclone Co, H|&Eo]iL
penicillin, streptomycin 2 trypsin solution- NIH
stock, Ins(1,4,5)Ps, calpain inhibitor I (N-acetyl-
leucyl-norleucinal), I (N-acetyl-leucyl-leucyl-me-
thional), endoproteinases, glu-C 2 lys-C¥ Calbi-
ochem Co.#A|&o]|8 Affi-gel 15, molecular stan-
dard proteinz} Dowex AG;-X.(formate form,
100-200 mesh)* Bio-RadolA, EGTA(ethylene-
glycolbis(g-aminoethylether)-N, N, N, N’,-tetra
acetic acid), PMSF(phenylmethylsulfonylfluo-
ride), DTT(dithiothreitol) ¥ leupepting Sigma
Co.ollA, z#]i Sprague-Dawley rats®} Balb/c
micet Taconic farm{(German Town, NY)ol|A &

=T

2. AlEHH

1) Homogenates preparation

HFHE dalulz 3 PBSE perfusionstd s z+&
gt 232 1g%9 2mle] homoge-
nization buffer(50 mM Tris /HCl, pH 7.5, 0.5mM
PMSF, 1mM EGTA, 1mM DTT, 2.g/ml
leupeptin and 44g / ml calpain inhibitors)& 21
Brinkman polytrong AF2-&te] G890l A 20% 1+4
ox 34 2AS st Beckmann TL-100
ultracentrifugeg o], 10°rpmo. g 208-7F YA H-2)

3t cytosols B8 &hiTt.
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2) Enzyme activities

F4 activitys 2359 cytosol£282 aagoez
sla, PLC9 Z-9% 7142 [3H] phosphatidylino-
sitol(4,5)bisphosphate®, IP;K2} Ins(1,4,5)P; 5-
71A2 (PH)Ins(1,4,5)P:& AM&-3}
of ¥k-& & Jiquid scintillation counter® tritium]
cpm( X107 & Z4spgrHs sy IP;Kofl it anti-
bodye] #s] H@elrz dFFe] IPKo xRz
AbE H7bstu FE-3] AT A Ao A THE
¢F immunoreactionA| 71 & 7)1 8-& 7}8be, W2 g4
o] gAde AAE (*H)Ins(1,3,4,5 P, S35 300

phosphatase:=

3) Cell and media'

Z4¢F M ¥¢] myeloma cells(SP,/Ag 0-14)
ATTCC cell linesZ 10% heat-inactivated fetal
calf serum, 100IU/ml penicillin3 100 g /ml
streptomycing ¥3§3 RPMI 1640 media® hu-
midified 5% CQ,, 37°C 2] incubatordilA] cultured}d
t}. 78] 3 hybridoma cell$ selection3}?] $slad&
100x HAT(Hypoxanthine, 107°M, Aminopterine,
4x107M and Thymine, 1.6x107%)& 7 duj=]ol
I1X &g gol 7=t

4) Immunization

Suh 5o W& Westa], 31Fe] HREE HA
3} 53 KDa2] IP;KE Ed4| Z*—f] complete Freund's
adjuvant® emulsificationslil Balb /¢ vh-$-22(7~8
F)oll 20~200 pg /mouses
2 A#HT), Boosting2 %9 IPKE
Freund's adjuvant® 25 7tAo2 38 Algskdc
vt boostingg 87] Aol nh-g-2o] A8 ol
antisera titer &= ELISAS] EFEE4A2 2839 e
] hybridization% &}7] 3 Helle PBSel 50 xg2l
IP;KE oA intravenous injection®.® 3Hd ¢

boosting g A A1 T}

intraperitoneally ¥ <

incomplete

5) MZ&8 Y hybrids?| 251
Myeloma cells(5x107) 2} <5 mouse?| spleen
Eiﬁ’rﬂ e ¥4 cell(10°)& PEG 3000 A1§5
o AFFENAE SFAZ FA 96-well plated]]
evenly 3 A7) o}& 37ColA 5% COy, 55717 &

3he 95% F715 oA 3%} incubationdt@ltt. 24 hr
Fo 0.1mle] HAT medium2 2z} wellel] 7kl 2,3,
5dA = 2 well 258 mediumel AurH g whol) 11
2218 A8 HAT medium$ Frtste] ¢h4 wA s}
Aot 253 v 3~4Y mie}p A4 HAT medium®
2 culturedh= Ao P42 myeloma cell#}
spleen cell®& ApdA|z o™, HAT screening & &
2}8}k= hybridoma cellel| thalA= Abe] A48 gl
ka1 24 well plate(costar) 2 &4 2ml¥ HAT me-
diume $olFArt. Cello] 71€] confluentdhAl =}gh
Ab activityg zre=A ELISAR¥ S

2 Haa) B Z &gk positive cell lineE-2 cloning

uj] supernatant:

2 &7 984 AFE medium mixture(cryopro-
tective medium 2ml, FBS 1ml @ HT medium 1
ml)el o]l 71 1ml H& vialo] ol —70ColA 2
°J{} SR A s zel] R skt o] whgelA 2

9] hybridomag°] monoclone S 256 55U
=XE gelslz] ¢sirs= BMB(Boehringer Mann-
heim Biochemical) kitE Al&3led mouse imm-
unoglobulin subtypes ZAAsIHr}, ELISAT hor-
seradish peroxidase conjugated systemQ.2 <35

P &4 & 5049 7E s Wa 3087
37CcolA  incubationstdct  7]&e]  colorddh=

405nmell 4] UVE monitoring® i},

6) Ascitic fluid2| AHAH

Ascitic fluidg 2 AA17]17] fA3ste] vle-2 7 500
A2l priming agent$]l pristane(Sigma Co.)&
Balb /¢ o}-%2°) injection 3+ ¥, hybridoma clone
£ inoculation&dtil 10~20Y &<t ascitic fluidE A}
g1zt

7) Anti-IPsK murine monoclonal AbS| ZA|

Culture supernatant F+= ascitic fluid2 58 9&
anti-IPsK antibody& 40% (NH,),SO,& 2# A7) 11
H2#H 2] 0.1 M Mops, pH 7.5, bufferdl] ¢l th&
FY bufferz 293F BMAIZTE BAELS 20619
deionized W& A& 3} affi-gel 159 Ab¢] protein
#o] gel Iml T 20mg X EE 2HS F 47TA
4hr(4-& 1hr) St A148] wkslH Al Z83] coup-
lingAl7] th& AR o] il 59U buffer2 280 nmell
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£2 buffer(1M NaCle T &sli= 3M2| ureaddl) IP.K2] &% brain, liver, lung, heart 2 kid-
= A}l 0.5ml /min £%8 1mld &g 1gG ney 22 £z 7h28 ot lung? liverol M A=
2 ¥338}= fractiond E% Roba 0.01 M Na-phos- vl=gt 8452 Yehligisl, PLCE brain, kidney,

phate, 0.15M NaCl, pH 7.28 £ A7t}

8) SDS-PAGE & Immunoblotting'®

Agago] BE proteing Bradfordg?' o8
595 nmell 4] A #kalsl 2 SDS-PAGE(12% separation
gel ¥ 6% stacking gel) & Laemmlig® 0.2 A&}
9}, A719%E & proteinE-2 electroblot system$:
ARE-3ted 90 voltell 4] 1 hrE<t nitrocellulose (Schlei-
cher & Schuell Co.)membranec] transferA]Zt}.

o} 2l protein binding site® blocks}t7] $15+e
electroblotsg 20mM Tris /HCI, 0.15M NaCl, pH
7.4, 3% BSA(Sigma Co.)
37°coll A 2hr incubationA]Zt}. 21 NC membrane2-
goat anti-mouse IgG conjugated with alkaline
phosphatase& 37Col4 2hr incubations}il 7] H&
ol NBT /BICP& color developestal complexs &

AR & FREE 54 A F e,

= milk solution®. 2
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1. Enzyme activities

AEWEZ FQ0 %719 brain, heart, liver, lung B
dxz%e HEsked 7 zAe homo-
genatesE YHEIl =4 cytosold BHE F, olAE
Fadow sle] PI tha} cycleolld alxlargolzt
Azre]= PLC, IP,K 18]35 InsP; 5-phosphatase?]

activity® vlw ZAstgct. 2 A= Fig. 1 ¥

kidney&

Table 1. Enzyme activities in the rat tissues

lung, heart 2 liver@A12 %7t 7haslglivh

o] A= bovine brainolAe] PLCHIE )3}
o gk, IP;KeF PLCO EAEA 0] 2% braino A
u=9kom 5phosphatase® lung¥ heartollA, kid-
neyol| Al PLCe} &4do] th& Aol vlste] thd %2
o},

olgd A= FrAd AANA Fast PLCS
IP, K7} th2 22 B hE braing cytosolol Atz e
Z wro] &=AES o 4 9121, agonist-sensitive in-
ositol phosphate®] WA}7} brainellA 713 Zrsict
= Aoz Azt

2. SDS-PAGE

Fig. 2= 12% polyacrylamide slab gelollA]
SDS-PAGESH Zsto|t}, Lane 2% 3159 ¥ =24 E
e AA R freshst IP;K | F bandd] £ 2] 53
KDagle o 4 2t} Lane 8& IPKel wish
monoclonal antibody®] bande]tt. Heavy chaing
50KDag)e & % 9)il, prestained high molecular
STD protein®t 7430} Ro} 21~25KDa Hol+
light chaineolgtz Aztsl& W2 T band7F 2.0},

o] Ab: affi-gel 152 3] AA|st & BMB kit
E A}8-8te] IgG subtypeS 2T At ol&S 747
1gG 3 1gGni U Lane™d 100 pg°l
proteing Fsle slab W45

£

S 3
Brilliant Blueg waS QA8

7}
Z3

5k & Coomassi
uj Jane 39| brain

Enzyme activity (cpm /40 g protein)

Tissues Ins(1,4,5) Py 3-kinase RLC Ins(1,4,5) P; 5-phosphatase
Brain 7384 £62 4275+89 931+53

Heart 1341193 887 +£43 4232+18

Liver 3155£27 700 £68 1662+50

Lung 3067 £287 1872+64 4953+ 385

Kidney 837+163 2813+43 1788128

All values were expressed as mean + SD  * p<0.05
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Fig. 1. Activities of IP;K, PLC and Ins(1,4,5) P; 5-phosphatase in rat tissues.

W : IP; activity, : PLC activity,

& A8 ol 2AqME 53KDadl sigste IPK
o] band F=8lo] &¢l%]A] 91 smeardtr},

a8y 40KDao) sl@3lE protein bandE2 o=
ZA ) 44 @izl 53] heart2]?) lane 4
o)M= ekl #BEEAT o) Ak 53KDag] [PK
= F2o o}F e ko g EAsh: AE vERlE A
oln], o= H= Aw proteint AX 7= AR
heart3:o]= 40KDagl IPK7} 032 ZAHdAHt=
v)w 3z Fy-stelzh AR

3. Immunization, fusion, hybridoma clone and
anti-IP3K murine monoclonal Ab
#z0] YRy & ¥ YAE 53KDag [PK
Z Balb /¢ vF¢-2oll immunization®, ¥4 NZE A
A she] SAIEQ) SP, /Ago-uHe] cell fusion, screen
2 cloning#4-& F3l9 anti-IP;K murine mono-
clonal antibody(Ab) & A 4Fs} Tt

: Ins(1,4,5)P; 5-phosphatse activity

of Aol A IP;Kel| tigt 18709l hybridoma clone
& 2glon -1 F 107§%e] nonspecific binding®l] 71
Q15+ background7} Wtk zF 2| EAEE
IP,Ko) i3t o] &5 immunoyh-g-& 7H=517] 9
ste] HAlH 1gG1 7 [gGael £8(1/1) mAb(Fig. 2,
lane 8)Z inhibitor® ARg-3sled 2} ZAHUE §4LEA
) g stk

o] A= Fig. 39 Table 20l Bt} 434 4
Hojl ALg-E 7 23S0 protein@Fe BT 404g08
2odsiim, E7e E8 mAbe) & 742} 0.04 g, 0.
4 pg, 4 pg, 80 ug 2 200 pgel ATt

7} 2959 4284 dAE v HE ek
o1} braing] IP:K+ 0.4 xg®l mAbI A% 20%, 4 pg
ol A= 50%°) el e sk AEE wkeh, ey kid-
ney, liver 2 lung 4 g2 mAbellA4 25~30% ¥ ¥
2 A= non, heartE &g ZE 4 o] 80 pg2
mAbE 80%W2] 8] AalE AT 200 pgoll A= 2+
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Fig. 2. SDS-PAGE

Lane 1 : Standard proteins
Lane 2 : Fresh IP,K purified from rat brain
Lane 3 : Rat brain Lane 4 : Rat heart
Lane 5: Rat liver Lane 6 : Rat lung
Lane 7 : Rat kidney

Lane 8:Murine monoclonal antibody(1gG,, and
1gGu) for IP3K
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Fig. 3. Inhibition effect of rat tissues IP;K mu-
rine monoclonal Ab
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Table 2. Effect of monoclonal antibody on the IP; 3-kinase in the rat tissues

Ins(1,4,5)P; 3-kinase activity (cpm /40 xg protein)
Concentration of monoclonal Ab
Tissues Control 0.04 1g 0.4 pg 4 pg 40 pg 80 pg 200 s
Brain 7384 £62 5752+ 658 3710+294 1716+ 14 1472.5+12.5 542 4=+ 4. 5
Heart 1341 +193 1683+£73 1381+57 1128.5+14.5 993.5+24.5 889+26
Liver 3155427 3207+3 2190£30 1031+9.5 792.5+67.5 485.5+0.5
Lung 3067+287  3001+121 2880+118 2271+285 1478 £138 743+69 551.5+51.5
Kidney 837163 630+74 58173 552+44 21227 131.5+16.5 86+11

All values were expressed as mean + SD. *p<0.05
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A g4l &8 A ER U olfe 4 &
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obdrt AzpEn}, wpebr] 40KDa®l gened EAGFE
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Fig. 4. Effect of rat brain IP;K by monoclonal
Ab on the Lineweaver-Burk double re-
ciprocal plots.

IPsK (5 4g) was incubated with substrates in the ab-
sence(®) and presence(®) of monoclonal Ab, After
30min at 30°C, IP3;K activity was measured as de-
scribed.

Aol E2)5h= Inositol(1,4,5) triphosphate 3-Kinasee] W oistz =4 43

Kg,] 61-Eko] D}E, zx]ix;},_‘: H]—yz—l T:]—J_ ?l’
¥ #AF 2| brainolA affinity resing] matrex green
gel, calmodulin-agarose, TSK gel HA-1000(hydro-
xyapatite), “18]3 Mono-S columne] HPLCE o]
8319 16,100802 IPK7} Lee et al o] 2lsiA] &2
BAHAH, o)A g AHESte] 71 [3H) Ins(1,4,5)
P2 78 Kmghg 9& 23 Fig. 49 2th Km 3%
& 1.58mM, Ho w¥hg £ V.. %S 54l.
mol /min /mlo] itk E§ 1gGsel| e &at A3 (®)
ol A= Ab7} ZU3= different epitopeS wiioj] o}
EHAPHoZ g = Aow Azpdc)

5. Western blot

Fig. 55 IP;Kel gk mAbE A}8-3te] western
bloté+ Zielr}t, Immunoblotting2 184 slab
SDS-PAGE?] loading3t 2t 2]} vz 2te lane
2 150 pg ¥ o 2 £Uskdr} Brain(lane 6) oAM= W
St e g Mz o& 371A9] IPKS! 53, 51 2 40
KDa®| band7} ®w¥3l #as=o, 44925 53KDa
9] proteino; BAXI} 7} £ g gha) 2
o} Heart{lane 5)oll M= 24 40KDax} 1 Baf 4H2
olgt A= F4 %2 32KDa, kindney(lane 4)9]

_ 53K
- 51K
- 45K
- 40K

33K
T 32K

Fig. 5. Western blot by the use of monoclonal
Ab to IP;K in rat tissues

Lane 1: Rat thymus Lane 2:Rat lung

Lane 3: Rat liver Lane 4 : Rat kidney

Lane 5: Rat heart Lane 6 : Rat brain

Lane 7 : Purified IP3;K (pre-existing state, 3 weeks

at 4°C) from rat brain
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A= 537 40KDa, liver (lane 3) ol 4= 53KDa 12
3 lung(lane 2)oll A& 513 33KDa2) 3|08 Za)ak
Zo] Yeh} it Thymus(lane 1)olA1% 533 51
KDa®] band”} @915 Al T2 2 gl

Z18%of] skeletal muscle, spleen 2 pancreasol] A
© [PKell frelgel za) B4 eton 23lriagl
stomach®} A§2]7]3<l testis, uterusellAlx= 40KDa
o] bande #EREUAYW 53KDas] 4% A9l e
A gdetth(not shown data.)

oA IP:Ke AR AgAAlelA Fadh ai9lo]
E4 gloy immunoblotst} SDS-PAGEA ol A ¥z

&} Lq] owﬁl o7= 5'19] ZZ]d:.oﬂ J—u]at 2 HE =

At Eak Bobdstel 4 Hsstnz A st

254 ﬁ’%é}% A} obF MhRE A4S 4 5
Atk e e AF9 HAA 4 dAR IPK
2 Bal Agstd srow Zdd) B Ad) fetus2 i
B A5 dFY Alejolli= 40KDagl proteine] FARR
27 A= 45U o]% YAl 53KDadt 51
KDa¢] proteine] %471 2323 7i°7 4’45] . o]

2 gel=R

et} 40KDa9] &4% 53KDag] ZE} #d=r}
vholth, A% A5 o] Foll= 1PKe] g7}t dA
3] 7}51“1 olgo] HUS e 14 ¥=d], o}
E= A A FAFA o] e o] {F-Fe] st
g %1 olAell= x40 40KDag] IP;Krlo] &
A3kl 53KDa-2 A=A k7] wiito] obdrt &b,
1.8Kbe] AA IP;K geneg encodingdls= 32P-la-
beled c¢cDNAZE probe® %Eo] nothern bloto.®
[P K9] mRNAE Huksl Al A% AR o5 §
27} 2% transcriptional 4
B AT RIS T,
3t 25 HE2RE FeiE 53KDad] [PK= of
b sked A oF 37:7Ye] pre-exiting(4C) TE
—20C el M= 47 degradation® = ZHeo| #akE
=i, BAl & dgAgko]
tting@ © 45, 33, 32 ¥ ~20KDa&lol|w €714 fra-
t}. Trypsin, chymo-

<
_o_g zx% uk 57 9\)\5

tlo

ZA#E & immunoblo-

gmentation patterng &
trypsin, glu-C, lys-C, subtilisin ¥ calpain & o]

7}*] proteases® 2|3+ % o] digestion pattern

J]m
Ol

H¥W proteases X ol susceptible 3}AgH
subtilisin#} calpain®l| &= autoproteolysis®} H] =38} ¢
8k o] whi=r} u}ebA] calpain inhibitor I3 [
7 AHgshE IPKe] Al sy o)t

Zo % proteolysisg ol= A= 2E 4 vke AME 2
grelal 4~ 9l ot Aol A calpain® “1 inhibitor
7} IPsKol| olm «d3ks & © 24 inositol phosphates
thAell 71ther W+t modulator7t & 9 R o}F
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