Inositol 1,4,5-Trisphosphate Formation and
Oscillation of Cytosolic Free CaZ2+ Concentration
in NL308 Neuroblastoma x Fibroblast Hybrid
Cells Expressing Muscarinic Acetylcholine
Receptor
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AAD Y VvEZEE T FHFIETH NL308 #dic B %
TeFLaY)VWTEBA V= 1,4, 5-=) VEED
ARBIUCHMBEBAR C A r—yg v

SRAFEFBEEILHE G | B — X300
A '/ A

ml, m2 m3 8L m4d OFNEEDOLABY YT F L a ) vEEE (muscarinic acetylcholine receptor, mAChR)
¥ HE X7z NL308 My (FEFMfaE & BHEFMRE L 0B s\ TR C* BE ((Ca¥) »REL,
mAChR +7 2 4 7RRENHBEAERGERBC O WTHE L. BEO NS VAT 3 —< ¥V FFXTIEBWT 1006M 7
2/ 3 ) v (acetylcholine, ACh) #5W X » T [Ca®* B EF L. ml/m3 P SV AT x—=v FChbhi [Ca¥] ERE
12, m2/md +F VAT = v Thbhic [Ca' ERRI DI b EI o, m2/md FF VAT 3y —< v TR
(vy2VA4ENL) [Ca*A v v—v 3 VHIBEEIR. iR Ca* v — 1 HTHD 1,2,-ERA 273/ 72/FY) =&
v-N, N, N’, N-PuEEE— 7 & b v 2 FAMEBK L - T ACh HRMED [Ca¥*) LR IXMEIE . BEO=FL VI Y ai—
AR (B-73/—=Fi=—F)N, N, N, N-IUEEEE (ethylene glycol-bis (B-aminoethyl ether) N, N, N’, N'-tetraacetic
acid, EGTA) iw X h KAl D Ca* ¥ 1L — + 752210k » T, Bkl [Co] ERIIAISEE IR s kDiZR L,
ml/m3 FI VAT -2V ITAHALALTZ P —HIZEELE. m2/md PFURT -~V FTIR C Fr kAT Ry
A= EoTh [Ca¥tv v —v 2 VAEROHOTHDETE2RDILDORLE 51D T, [Ca*lid v v— 5 VORFIIHEA
WRSHADZ EHHBA L. ACh BRMD [Ca¥ ERBIVA /v b =1L 4,5-Z ) VEEOARIZ, m2/md + 5V R
7 # ==V MZEWT 10ng/ml OBEEBEERI2HBLECELCHH ERcORH L, ml/m3 S VAT 3 — <V b TIRE
BIhighotc. me/md FFVRT -2V MEEWTRAI 7 =4V, V77 O VvOBNEEELZY A2 v 2 - TF
IV e CARAT =24 b= )V K- ADHRATEFW X 5T [CaIZ—BIC LR L. V7 O VAEBHEDO m2/md + 5 v
A7 #—7v FTIE ACh 5L 3 [CaiA vV —v a VRIBEIhich oo, UEDKERMS, mAChR X2z D€ v F
AotV e—E LT Ca* ¥HAWTED, ml/m3 8LV m2/md4 mAChR O+ 7' % 1 TRz - AN EREEER
FALTWHEHER IR, 7, m2/md mAChR TR bhtc [Ca'lit v v — v g v ORI Ca® FRM Ca® KD
B REE I Nz,

Key words muscarinic acetylcholine receptor, NL308 cell, G-protein, Inositol 1, 4, 5-trisphosp-
hate, Ca** oscillation

MHEREXANOBEHBENRSE 7 2 F /v 2 Y v (acetylcholine,
ACh) i, =aF v arr VI vhETEFVa Y VYEREE
(muscarinic acetylcholine receptor, nAChR) IZ#&& L, 52
ZEEINS. mAChR # ACh TRITH &, Blsofcz A7
DR LA B v a v EF s 2 v ADEEE b b
3. mAChR /7 5 1EREEIL, 19144 Dale 12 & h 3 X
hB WO HVCERRFOL b LT, TOBEII=aF
VEOEFRIZHEE LT, R4 EHBELTWIw., FOBEE
1, mAChR BBEEEMCHFEHENZ=REO T 5 1 71 F
ET55%, 77 v =Y & (guanosine triphosphate,
GTP) EEBEBEE N THOBRRIGIC L 5 Z L1IThH B0 Lk
LEREED mAChR ® DNA AL R T &h b, RFEI
RE XM mACRR DERC L 2WRNRER, &

SEELS SFI2RITARA, TRk 64F 2 A24B %8

mAChR D5 DEEEEFRRN LIE VKB LM h225h
%

mAChR D47 214 7%, BROHOMRCREREH - T
SEEFHNCHIE T 2B AT ML, M2, M3 D7 & 1 71248
ERTWB. Thit, mMACRR KT A7 vET=2 }Th5
ELrvEre vi Hammer 50 Lo THEBE IR LITEEL
TwWa, ErvEe sl Ml 2EEfEELRL, M2 138
HMEYRT. M2RBD7 v & F=2 } THB AFDX-116 I©
NTHBAMEOETILILHFH N, BRI TERLHCHE
=15 M2 LR L ERME CHOWHKICEET S M2 ER
(LU M3) KHIDEIh 5.

TERME B XA mACRR BEREDO VY Fv VI &
BESSC L 5 THBBRIRTF FORS 7 3 7 BRI

Abbreviations : ACh, acetylcholine ; AM, acetoxymethyl; BAPTA-AM, 1, 2, -bis (2-aminophenoxy) ethane-N,
N, N, N'-tetraacetic acid-acetoxymethyl; [Ca®*], intracellular Ca** concentration; cADPR, cyclic adenosine
disphosphateribose ; CICR, Ca’*-induced Ca®* release ; DMEM, Dulbecco’s modified eagle medium ; EGTA,
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FEENLA Y TR VA F FRIREFCER SN, 7 X
#fE+ 5 mAChR DOBEE—KEFIE & L hd LHEMZNS
7 3/ EERFU2 Kubo ™I X hBIHhIC Ehic. 198THICIX
Bonner ¥ % Peralta 5012 X b, FTF m2 237 mAnA 7
Y AR DRAERR, "M TV FAE— 3 VOEKEEH
WHEZ L ST, L= LD FID mAChR HBEFHHE
sxhtc. FOH#, Bonner HVIXTF v b, i Ashkena-
4 H2ite b cDNA 34759 -5 mAChRR 27 v —=v
A EERHL, mMACKR CERBEOEEF LDV 7 51
SREET D ERPE LM I i, 1989F T mAChR O
a4 7L, BETFEERSIVFRRES 724 7OERH
B ETHAIE ml, m2, m3, m4, md, REZMSRIC LS
B R A FREERT AEATE ML, M2, M3 EEFREhD I E
tizote.

mAChR @ mi, m3, m5 O 7 2 A 7k, BHHEE (Pertu-
ssis toxin, PTx) JEREHO CTP EBHE 2T HRHC &
DARAKRA J vF K — 4RI R AR Y A~ C B (phosph-
oinositid-specific phospholipase C, PLC) (8% 5 D B1 7 1
VFEA &) RIEMLT BN, LORREMNTHA S V-
1,4,5= Y v E (inositol (1,4, 5)-trisphosphate, Ins (1,4,5)
P) %, MG » L v v A BE (ntracellular Ca®
concentration, [Ca®*]) D ER¥3|E#Z . = DREZIEH
Bt Tt Catt kY Cl BHE F4 L™, MIEFHE
fa, E R & X OV R E M A T I s TR,
Fiz Ca** kM K BIOKIGE LTHRZBHREELS.

m2 % X7 md © mAChR 7 21 712 GTP AEHE%
HLTT F=By 75— ik L BAKFYE Co BRe M

/ , i pgobin
/ / SV40
/ QrigirvPromoter
Sall \Z\/ I
5 pKNH
bl
Vo
\i‘ A 8v40 SV40 p-globin
Y\ N OrigirvPromoter sv40 |
\\ A \ \ pBR327 ‘] '\‘ //
% .
S \_pBR322 ¥4
\\fi N N \\ i )/ ~
\\\%g;/ Hindll
Sall

Fig.1. Recombinant plasmid, pkNH for expression of the
cloned mAChR genes in NL308 neuroblastoma x fibroblast
hybrid cells.

H35, THALORGIE PTx KX o THEIh Y™, L Z
A THEEBATROBOME R« e T, M2
MAChR 12 X » CEE2MIC K BROEMAbIcbEhD L
WAIERICEhrbLT, GHEFMRCMEFMREC
mAChRR % F 5 vR7 =7 v g v LMY ALTHER S
FEARIC BT, m2 mAChR B KBt aEHELT 2 & WO &
LR, BEFN 7 e —= v Y EhEROWETE, -~ E
R FICMET 5. m2 mAChR AUSRES S Bk W TKE
WABINT S &V HH|ET L, Buiedtibd Ca EKEK CITE
FAEELT 2 LV IR TORE XDHHDOATHS.
Lttt T, SRR B\VTiE m2 mAChR &, ml B XU
m3 mAChR L THOBHREHO LK BT, ItALIMD IR
A b= 2 BRFEETHEIESATHS. m2 mAChR FIBUC
10 [Cah ERBEUA T ERTFHUTE DA, TORMEL, 2
R 7B 1z m3 mAChR It X DRI h 5 [Ca LR LR
Fem TWDEELHRB®. FD L 577 v b — 7 LR
e, RS ICEEDOE TS - TR L
SIS & ARBE L OB BV TRBESh T
71:75; ‘,)7“:13)23)2030)‘

LA LESEEE S1E, m2 3 LI md mAChR 2 R{E 3¢
Fe R T IE & R RE & OB TAH 5 NLI08 A
BT, +v b= g vEESHARER L LIBE
Xh, ZOMFEEHS ml b L<IE mImAChR 2RH 3¢
#o NL308 Mifa & 2RI AR EFET Ca K K+ 4 v &
AREMLERDZ L IAZEERRELLY. T2 TZOM
%A, £EHTEEIND m2 mAChR 226 KH F+ v 3
~OMBEREREEOE « OBEO—D>EFRLTWE L%
%, m2 mAChR IZBET 28 LW EREERBE oM THZ L
R o,

ABFRICE T, m2 B X md mAChR # BB S €
NL308 ifgic s TR E By E S L2 LI, £
DB ERICED v V- s VORFIOVT, K
P Ca* RPETHZ L L HERET L.

HEBLUHE

I.# #

APRCRECCHGWEMKRIZ, mlmd 5751470
mAChR %2 — K35 cDNAs % F 5 v AT =2 v a v Ltk
AR NL308 (= 7 A MR MIIRE (N18TG-2) & =¥ A#g
HEERIMAME (B-82) & O#EMAY) THDHY.

MAChR BEFD 5 v A7 =7 ¥ 3 VICiE, WEEBYHE
FHE~N27 -4+ LT pkNHneo XL 7c. 2D~ 7 % —i%
pBR322 & pBR32T 2 FRIC L, 7 v —=v 78O LK
SV oFfiTrE—&—, THRIEKYV 7F =L~ 3 VOE
ol f-r e v BREFO—MIBAZIRTVS. TRHE
ERMRYBIRTE A L5, R4 ~4 v v (G418) i &IE
FHEZRAEFRTVE (K 1).

ml~md ¥+ 7 & 4 FIERNL e -T2 BT, 97X
47D mAChRR #=2— F+A DNA R NS VAT =¥ a
Lickilicst L, —F v o mry b o N TV ES -V g v

ethylene glycol-bis (8-amino-ethyl ether) N; N, N', N'-tetraacetic acid ; GTP, guanosine triphosphate; Ins (1, 4,
5) P,, inositol 1, 4, 5-trisphosphate ; mAChR, muscarinic acetylcholin receptor; PLC, phosphoinositid-specific
:phospholipase C; PTx, Pertussis toxin; QNB, quinuclidinyl benzilate .
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BITL, FSVYRTx—3vIZidhhsr—-vREER
ml~md4 7 %4 FWC—8T5RNA»EBR L5 L+HE
BLic. YISV ART 27V g vEF-TWicWllRT, KL
NUTRBHDHH md WERWE 7 e — T DEAL T ) F 4R
35 RNA #2332 5, NL308 #ifIi NEMIT md AEET
B Edbhole, L LMO=REOY 7 2 4 THREK S = —
TERTS RNA BRZEDbhich of. ¥/, ERICHWA
M, PHl #2292 =A<v 21—} (quinuclidinyl
benzilate, QNB) A FRRIZ I b, VS vRrAT7 22 3 v LTW
TWHRARLAREE L Db+ Hl QNB #4E%
ATAHIRR, bbb mACRR EAE YRR LTV A/l 2 A
72 (&1

5% v iRIRIMEE (Gibco, New York, USA) #&4HFT5 #0
Ny aBEEA — 7 iEH (Dulbecco’'s modified eagle medium,
DMEM, Gibco) 12T, 37T, CO.BE 10% DERET THlliL%
Lo, #fEHiRe: OBk DRELHC BN TETIZE S
i, 100puM e K+ v+ (hypoxanthine), 0.1uM 7 3 7 7 F
Y v (aminopterin) ¥ & U8 0.1xM F § ¢ v (thymidine)
(HAT) 3 EEATW22. flaRH Ca" BENER L UESEE
FHREZEL, BV A4 =5~ (polyornithine) Gz — + Lz
BEMCT, 1% v vBRROER LT 02mM o759 2
(dybutyryl) cAMP %4 A7 DMEM THilax 4~10 A 5{LH
LA,

1. ¥keA Ca™ BEAIE

HA— 77 A LTH{LE R NLI0S fflazis®L, T O
R Fura-2 2B D2 %4, MEA Ca™ MELTE Lic. Ak
i3 10uM @ Fura-2-7 & b F ¥ A F /L « = X F b (acetoxym-
ethyl, AM) #&{c3H T 37C ORI v+ o R— & —
CHEBEL, AROBR=ATVLEIT) BT, & H1205ME
BTAVF =V a vEfFol. COXSEHABEHLE
NL308 fifas Dt h A —H 5 A 2 ESTHEMESE OSP-3(+V v
SRR, BIR) IREIE L,

WG BENABBAT CEREBGEE (silicon-intensified
target, SIT) €5 A4 H 25 2400-08 (X7 + b= 7 X, EH)
FRWTEE Uiz, 3CHEER 340nm 5 L0 380nm O E
Ok TE=2—Lic. ¥HBIKF 4+ 22 MESUL (=&
EH, KR LeREL, BERMITEE Argus-50 (EIA7 4+ b
=7 A) TS Uiz, MIBP Ca** D # 2 5 [Cat* Liffunt E
DB BB HTRICHE - 7.

¥, ACh & X % fl ¥, HEPES DMEM % ¥ T
100pM Wie % X 5 #A% L7c ACh ¥k 5004l % 5063 IS WIZ N

R, BREN 50uM Lich XLz,
0. 440V - TF/20  SAKRA Tz A4 b—R—
A (cyclic adenosine disphosphate-ribose, cADPR) @
HRAEA
cADPR % MBI ARICER L. MIRPEARIZ 150mM
KCl, ImM MgCl,, 1mM Na, ATP, 10mM HEPES ¥ I o
0.ImM Fura-2 X Hich, D pH # NaOH 12T 7.2 IKEEL
fo. Y 2um WHREB LY 5 AEBE Glass IBBL
(World Precision Instruments, New Haven, USA) i#ifaps
AR E oL, NL308 Ml OMMBBLIC R — L L E— FDoS,
F 75 v FER BT LI2®. cADPR OEAR, BEMCKREY
TRy FIREWK 108, BT S ABELYRBLTI VT 2 —
U VI X D Thhic®,

V. BH# Ins (1, 4, 5) P, AR

Ins (1, 4, 5) Ps DRIBIIRER D FED I HE » 2. mAChR %
FRIF XL NL308 fifak =51 v o7 3 VOB + v v
£ (ethilene diamine tetraacetic acid, EDTA) % fn x *
Dulbecco V vER{EME 4 B A K (phosphate-buffered saline,
PBS(—) WCHEEB7SAaBI W EHES R, HULWTEE
5004 X4 H HERRBEE A 5.0X10°/ml izie % L 51 10mM LiCl %
EA DMEM WCEEEL, 37C WTIOHM A v 2 -
vaVvEfTolc. TOK, I00EEDBE LS ACh ML
RS#BA L, 20% B R 80ul M2 5 Z &1 X » TR
FEEL. #8RRAESY 10N KOH Iz Xk » T pHT.5 &L,
BEINERABLYROLTHZ LT L - T KCIO, R X
¥, k% Ins (1, 4, 5) P REEEBCHV. 1,457 1Y
<~ —RERCED S PHI A /v b= 145-Z) VBT v+
AVATA(TT Ve b - PV, BER)YRAVWAZERES
Tlns (1, 4, 5) Py EFRAIEL:.

V. E& - BEL

FRICAGER BBREXTEL 0B, 772UV
(F—8%E, =), Fura-2, Fura-2-AM 8 L0 1,2, -€ 2 (2-7
172/ %Y) =& /NN N, N-UFEB—-7 €+ o2
v [1, 2, -bis (2-aminophenoxy) ethane-N, N, N’, N'-tetraacetic
acid-acetoxymethyl, BAPTA-AM] (RI{C{t%¥, fBA & L O
Molecular Probes Inc., Eugene, USA), BEEEZ (7 F =2 v,
R, @ifk=w o, 274 vELIVY 7 S FX#H
¥, KBR), cADPR(7 <> v & - P v V), Hks v v (&
A54, BR). SIS OSP-3 (+ ) voor, ®H), SIT ¥
FA A AT 2400-08 & L OEGETEE BR7 + b =27 R),
¥5 4+ 227 ME-5Ul (ZZEH, H).

Table 1. Properties of NL308 neuroblastoma x fibroblast clones transfected with DNA
coding for ml, m2, m3 and m4 muscarinic acetylcholine receptors (mAChR)

Clone Subtype of mAChR gene Binding of ‘H-QNB®
Control (non-transfected) [md] n. d.

NLPM1-13 ml (pig)® 36451472
NLPM2-301 m2 (pig) 810146
NLPM3-16 m3 (pig) 1047170
NLRM4-10 md (rat) 433+71

a) Source of gene.

b) Values are meanzs. e. m.,, n=6 fmoles per milligram protein.

n. d., not detectable.
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1. ACh FI%ic & 2#kap Ca™ BRELR

paRE D mAChR # T EhBITKFERL TS NL308 #fa
(RS ARERIE & AR E & oML © ACh RN
L, #hFhR7AD mAChR #7214 TR ERILTH T LT
I oTHEUS [Ca)ZE({b#k Fura2 X hO¥NEEL LTREL
. BHRBEN 50uM Lish ACh 051X bh, BED
mAChR 2 T h FRER IR TRNTCOLF VAT =<V}
< [Ca* MBI B L. 21 ACh ik X h5[FEI Sh
- Ca** thfEt K* BB X U [Ca® ] ORI EBE R T .
[Ca®*k DEEIZ50~1000M D LA THD, ACh 51 X%
[Ca** ) ixER I D 100~350nM B\ L& L. ml, m2,

1

[

1y

A .;.j-:l...‘j“"\nfiv .‘_““-“‘.-'j-l;.‘-'.L.“
|\:\;§\3\‘.\\
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’ 30 sec
Acetylcholine (ACh)-induced current (A~E) and [Ca®*) increase (F~]) in a non-transfected NL308 cell (A, F), and in ml

Fig. 2.

(B, G)-, m2 (C, H)-, m3 (D, I)- and m4 (E, J)-transformed NL308 cells.

-n

[ 777 \

m3 ¥ X0 md 2 EhERRR S M BT 5 [Ca™ iR
Ly, ACh 5% [Cat | BAfER X O [Ca™' ) ERBOF
ETEREEERE2ICTET. m2 BXOU md P FVAT 4 —
< b (NLPM2-301 ¥ X 0f NLRM4-10) w5 ACh 5%
DFEH[Ca* LAEIZ ml +F v AT =< (NLPMI-
13) K LERERSTR LI 46% THH, m3 P F VAT x—
<} (NLPM3-16) 1o L TR T h EH898 LU 47% THo
# (M3A). m/md PF VAT s —=v P THEIRL
[Ca*) kRIT, ml/m3 F S VAT 3 —=v b TAHbhicth
WH U Te (€2 » 7 (P <0.05).

m2 ¥ X0 md mAChR % HHE s e1Minc s T [CaL Lk
Bt - s Vo TEL (R4 B), Thil m2/md b

5 v A7 4+—=v b NL308 a0 90% A LTRHLAL. £

100 nM

f 100 sec

Arrows show the application time of ACh.

Table 2. The average [Ca**) increase in ml, m2, m3 and md-transformed NL308 cells

Intracellular Ca’** concentration (nM)

Clone Subtype of Number of Base Peak A[Ca**;
mAChR gene experiments

NLPM1-13 ml 20 83.1%4.5 409.3+56.1 326.2+53.5

NLPM2-301 m2 20 88.2+3.2 231.0+16.0 142.8+16.1

NLPM3-16 m3 20 92.4:+33.7 393.8+33.7 301.5£32.7

NLRM4-10 m4 20 72.8%3.5 184.5+8.3 111.8+8.5

Values are meanzs. e. m.
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DAYV~ g VIXBEEVYRVAELEATTHY, FORE
1k 0.040+£0.002Hz (EHfE +EEHEFR ) TH » 7o (n=15).
m2 FLY md #RBEIHBETCHERED ACh FIBICH
LTHRABOA > V- s VAFEIhL. 12T, ml Bk
U m3 RBEILMRTLERE ACh MBI, A%
A=Y 3 VRBRERINDIBEDR Dot T, v -
V3 ViL, BECZBEYT XA FERBE VS b T

<, NL308 #iladRIcATEHNTRB IS .

[Ca®*} EF2, ACh #58 300~350 B CEB L~<LIZED
(K2), 2hizPaED mAChR #»EE I FhEh oM<
ARTH -, T, BE-KCHE»DBEEILB X5,
ml/m3 FS VAT p—< v TIRRBEEENICA [Ca®] 2
Lo L, m2/md 5 VAT 4 —<v b T2 150nM 8
ETA [C*UMFRHAEL, $O®T5 P —EE2BRLE
(X 3B).

ACh itk % [Ca®] LAMHIAD & DAL LT WD h %
MBHEMNT, BLH S -FRINCERY BV CEMNEED
TR At ACh w5 [Ca) LR DR sITHEI
BWTEEEI S h, MilagiEs [Ca¥ ) LR R TRERL
T ERED bR, NGI08-15 #EHCKIT 2 75 o %
= VIZKT A [Ca* ] ER® LA, NL308 fMifz s\ TR
bhd [Ca' | LRIMROBEENH ETREOI D L
Tht. m2/mé PSFVRTZ 3—=v TRERDLR [Ca¥l 4+
Y=Y g VIIHIRRLHETEEI R, TORNREIED N
ot (R4). 2T, Ca* IriaizMlaE £ 5133y
BERHHLTCHDEHNENS.

I.ACh [C&VYBERIETHh D [Cali ERICHT S

BAPTA, EGTA &40 Ca®* Fo L RIL7T0w H—D
-2

m2 # L0 m3 mAChR »FEHE X efaw s T ACh iz
LDEERBIINDAAEBHRI I LY T aF V-2 —THD
M HalE B % B> BAPTA-AM MBI, Mg Ca* &+
VT4 VITARIEC LD RENHHEIIAD Z LR H 413

500 -

400 4

(nM)

300

200

concentration

[Ca2+};

mt m2 m3 m4

Subtypes of mAChR

"

&¥ Licad, $E 10uM BAPTA-AM T604>FIALHE L 7- M
BT [Ca | DRIERFT 7. ml, m2, m3 BEV md #Fh
ThRERI2MBRCES VT ACh 512 X 5 [Ca) LR
10uM BAPTA-AM K X 5 TR e A ED LA HSIS A
72 (R5). ThHDFERMDL, MED mAChR 47 %4 7% %
B NL308 MRz s\ TR B ic ACh SFRME DA &
B m2/m4 mAChR THHR B [Ca*d v v —v g v e
~NTHEfAA Ca BE LRIV ERBIINB Z BB 50
Eir otz

ACh kX hEEEND [Ca” LHEXE TS Ca* DR (@
BAPSOHEAR LS Ca* wkBd, LM NERS
UhBBEE IR Ca* it L 52) 2 BRET 5701, Mg
BLTD Ca* WAL ETAHEET T [Ca*l 2 RIE Lis.

SmM =F Vv ZY)al-Ex (87 3/ -=F)= - F))
N, N, N’, N'-9Ek#EE (ethylene glycol-bis (8-amino-ethyl ether)
N, N, N', N’-tetraacetic acid, EGTA) iT & b #fgs Ca®* %+
V- TRZEREST, 7 54 FRERME [Ca | RO
Bleiaxbhi, ml »RE SR TE, EEBETIRE
AERUIthofeDWH L, 75 b —Eibichfi L (K
5)(n=8), EEREZ LI, m2 BLU md 2EE I
T, [Ca™] ER T % EGTA ODEEBIIHh TN TH -1,
[Ce*lid>v—v 3 vORBFEIZEL L (@5) (FhFh
n=8 ¥ L' 6). m3 ¥ FHE I M= B\ T2, EGTA 4B
&b [Ca¥) LRCIERTREFEIBED b hish o (B
5).

ZHDDRERNL, WEOWThoy 721 F2ER LR
MR R WTH [Ca¥) LR BT ARDOREREY T THEOD
Ca BEMBRI RS ID. F/, m2, m3 BLUW md &
REI M TR, 75BN EGTAREINIZEALY
B2 ZTishotcz & (R5) 225, £OHD Ca* BT
MBATEFRYRDLZ ENTES. E—OFHME ml X5
TRIMETHED, T RBDLNETABED [Ca¥ | LRICE
W, £DF 7 P MRS Catt DFAR LB EE L SR

B
400
z
~ 300 /
c
S
s /
13
8 200 ~ /
C
Q
o
[
= ¥//{ {
® 100 - / /
Q
) 9
i’/i
O R T T T T T T 1
-10 -9 8 7 6 5 4 3

Log [ACh] /M

Fig.3. ACh-induced.increase in intracellular free Ca®*. A) The average [Ca**]}; at peak level (closed bars) and basal level

(striped bars) in ml-, m2-, m3- and m4 transformed celis.

B) Dose-response curve for the ACh-induced [Ca®) increase in

ml-(—0O—) and m2-(-—~@—) transformed cells. Error bars show the s.e.m.
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5.

m2 #RE LM RSB Ca® ORI D OTAY &
EHARICRETT B lodic, L& 1 TOBNEKFYR Ca F v v
*VOBEEHTH D=7 = & ¥V (nifedipine) (1~100uM), &
(t5 v & v (LaCl)™® (10~100xM) 3 L O'7 == A + FFRHED
Cat* DAL LV T-#4 7D Ca®* # v VA ATHEF L LT
rE+ B = v v (NICL)® (1~10mM) %7+« DRE TIF
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Fig. 4. Digital image analysis (A) and the time-course (B) of intracellular Ca®* concentration changes in the same cell.
Downward arrows in B refer to the time sequence in the image in A.
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Fig.5.. Effects of ethylene glycol-bis (B-amino-ethyl ether) N, N, N’, N'-tetraacetic acid (EGTA) (E~H) and 1,2, -bis
(2-aminophenoxy) ethane-N, N, N’, N’-tetraacetic acid-acethoxyl methyl (BAPTA-AM) (I~L) on ACh-induced [Ca**); increase in
ml (A, E, I), m2 (B, F, ]}, m3 (C, G, K)- and m4 (D, H, L)-transformed NL308 cells. Records show [Ca®*); increase to
application of ACh in ml (A, E, I)-, m2 (B, F, ])-, m3 (C, G, K)- and m4 (D, H, L)-transformed NL308 cells in the absence of
Ca®™ chelators (A~D) and in the presence of EGTA (E~H) or BAPTA-AM (I~L). Arrows show the application time of ACh.
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Fig. 6.

Effects of LaCl, (B), nifedipine (C) and NiCl; (D) on ACh-induced [Ca?*] increase in m2-transformed cells. Records show

[Ca*'); increase to application of ACh in m2-transformed cells in the absence of Ca?* channel blockers (A) and in the presence
of LaCl; (B), nifedipine (C) or NiCl, (D), respectively. Arrows show the application time of ACh.
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Fig.9. [Ca®] increase evoked by extracellular application of caffeine in m2- and md-transformed cells without and with
PTx-pretreatment, and [Ca®'}; increase evoked by intracellular application of cyclic adenosine disphosphate-ribose (cADPR) in
m2- and mA-transformed cells. Arrows show the application time of caffeine (A, B, C, D) or cADPR (E, F).
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Fig. 10. Effects of ryanodine on ACh-induced [Ca®"] increase in m2- and mA4-transformed cells.

Records show [Ca*'}); increase in

m2 (A, B, C)-and m4-(D, E) transformed NL308 cells before (B, D) and about 20 minutes after (C, E) addition of 100 M
ryanodine. White head arrow shows the application time of ryanodine and black head arrows show the application time of

ACh.
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‘ Abstract

The responses of transformed NL308 cells were studied to answer questions as to the origin of Ca® for the [Ca®],
increase and the oscillatory nature in outward current. Muscarinic acetylcholine receptor (mAChR) subtype (ml-~m4)-
specific cDNAs were transfected into NL308 neuroblastoma x fibroblast hybrid cells, and clones expressing each of the
individual mAChR subtypes m1, m2, m3 and m4 were obtained. Intracellular free Ca* concentration ({Ca™],) were measured
in NL308 cells expressing each of the individual mAChR subtypes m1, m2, m3 and m4. Application of ACh produced the
initial outward K* current and [Ca™}, increase in all four types of NL308 cells. The increased [Ca™), levels were significantly
higher in m1-and m3-transformed cells than those in m2-and m4-transformed cells. Most of m2-and m4-transformed cells
showed sinusoidal oscillations by ACh stimulation at each concentration tested. ACh-induced [Ca®], was completely
abolished in cells by treatment with an intracellular Ca® chelator, 1,2 ,-bis (2-aminophenoxy) ethane-N,N,N',N'-tetraacetic
acid (BAPTA). By removal of extracellular Ca* with 5mM ethylene glycol-bis ( 8 -amino-ethyl ether) N,N,N',N'-tetraacetic
acid (EGTA) in the recording medium, the ACh-induced [Ca™}, increase was inhibited at the late [Ca*], phase but not at the
initial [Ca*), phase in m1-and m3-transformed cells. The [Ca*]; increase was inhibited by 20~30%, and slowed the
frequency of sinusoidal oscillations in m2-and m4-transformed cells. These resistant characteristics suggest oscillations are
intracellular in origin. Furthermore, Ca™ channel blockers, nifedipine, LaCl, and NiCL, did not significantly inhibit [Ca™],
increase in m2-transformed cells. The ACh-induced [Ca*], and inositol 1,4,5-trisphosphate formations were completely
suppressed by pretreatment with 10ng/ml Pertussis toxin (PTx) for 12 hours in m2-and m4-treated cells, but not in m1- and
m3-treated cells. In m2- and m4-transformed cells, extracellular application of caffeine and ryanodine or intracellular
application of cyclic adenosine diphosphate (ADP)-ribose produced [Ca™], increase. Pretreatment with PTx did not supress
the [Ca®], increase evoked by extracellular application of caffeine in m2- and m4-transformed cells. The [Ca™], increase was
not observed in ryanodine-treated m2-transformed cells. These results indicate that different mAChRs utilize Ca* as a
common second messenger though along distinct intracellular signal pathways between m1/m3 and m2/m4.




