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Effects of Site-mutagenesis of *Arginine residue in M,
Muscarinic Receptor on the Signal Transduction System

Seok-Yong Lee”
College of Pharmacy, Sungkyunkwan Unitversity, Suwon 440-746, Korea

Abstract — An exceptionally conserved sequence that is shared among most G protein-coupled neu-
rotransmitter receptors is an aspartate-arginine-tyrosine triplet that is located at the second cytoplasmic
domain. Using the m1 subtype of muscarinic acetylcholine receptors as an example, a point mutation of the
arginine residue at position 123 into asparagine was induced. This mutation resulted in a complete blockade
of the carbachol-induced increases of PI hydrolysis and intracellular Ca®* level, in spite of the expression
of the wild-type and mutant receptors at similar concentrations in Chinese hamster ovary cells. In marked
contrast, the muscarinic agonist carbachol induced concentration-dependent enhancement of the activity of
NO synthase at mutant m1 receptors although the enhancement was significantly smaller than at wild-type
ml receptors. These data suggest that this highly conserved arginine residue plays an important role in
coupling of muscarinic receptors to the second messenger systems and the presence of alternate mech-
anisms of activation of neuronal NO synthase which might be operative in the absence of large changes in
the concentration of cellular Ca®*.

Keywords [] ml muscarinic receptors, the second cytoplasmic loop, arginine residue, PI hydrolysis,
intracellular Ca®*, NO synthase
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muscarine”d acetylcholine <=£#](°}3} muscarine’d
T8 3= 2419 molecular cloningell &3l 5
7¥A] subtypeM;, M, M;, M,, Moel EAlsks Ao
2 I 015 cloning® muscarinic receptor
stibtyped] FZAZ cell linedll Ho](transfection)r]#
574 subtyped] TEATLE AT MEE Aol A
f3pAd o 7N 7} 5484 subtype?) 7154 BAF} o)
£ 484 subtyped] EE-ol W AFY §--E AT
k] B o] o]FoJA| 1L gt

PR =R B Boe o] ARIAR
(413}) 0331-200-7718 (W) 0331-292-8800

Muscarine’d 724 subtype52- AZU| oJx}al &
2l (second messenger system)$}2] 32 (coupling)l]
A e 2o)E Vel % Goprotein®d] EFol
met 7 BREZ o] 2k 242 %7|9 muscarine
3 FEAM,, M;, My pertussis toxin-insensitive
G protein(G, %= Gy family)? Z33to] phosp-
holipase C¢] &4J3}, IP;} diacylglycerol®} &7}, Al
I Cat*e] Ut 58 doIlE AL F e 3
glor A2 T8 muscarine’d &AM, M)
pertussis toxin-sensitive G protein (G; B5= G)
55t adenylate cyclase®] ARG F 7|HoR
a1 Joh® = M, M, MEL FrlRe=
phospholipase A,, phospholipase D, tyrosine kinase,

a

1=
—
o

=

52



M, Muscarined =84 Arginine 2719] Site-mutagenesis 7} A1&gkAp] === gk 53
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o5 7l muscarine’d 5-&A12] 57FA] subtype
2FoA sdsh o2 79 G protein-coupled
receptoroll = ¥2 AEZ conserve®o] Utk T# =
2 o]& 2VE°] G protein?}2] couplingA] E&
g FEgS & sksAde] Ak wEl B deae
I F ¥heAo] H2 12394 olv)xAk) arginine?t
712 site-mutagenesist|# asparagine® E X|3kA)71
mutant M; muscarine’d 5835 ¥F5°] muscarine
A4 'Z5AY A= o G protein®}2] coupling,
PI hydrolysis %2, MZEU calciumsx =9 @3},
nitric oxide’dd W3- T WIS BEstA B
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cDNAS ARM3IY T DNA sequence®) mutation
Altered Sites mutagenesis system(Promega’t, v|=)
& ARg3te TSR 12384 amino acid?) arginine
< asparagine® 2 X|$313i}, DNA sequencing®
mutations ERIBIT A4 m1FEA12) gene?} muta-
tion® m; 78 gene& pCMV-3 vectorel subclone
3k3ith. pCMV-3$F pMSV,., & CHO celle] o]
transfection?]7131 B8t ¥ geneticin(600 pg/mi)S
7}&te] transfectionH A2 AEE AANIT) o
MY SGLHEE Faulste [PHlmethylscopo-
lamine® 2 584 saturation binding¥& a}o] %
A mis=gA7F 2389 AE9 mutation® ml15EH)
7t BEE MRS 84 9 MR 2 s 59
g MZE Fohfo] Aol AR

CHO M|Z2| HHeF

CHOMES AZH|E flask(75 cm?/250 mi)el &
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Eagle's mediume AR3lw wjokaio] goke 90 my
2 33rh COpMYr1e) &5+ 37°CE 3l €09
EEE 5% 3 £ EIHEZE Stk
subculture= BIFE 4UA H&= @ AlSEle eHl=
B|Aslet, wjorAlRr 3Y Fof wiekle] 128 AA
& Ao R upHte] Fof 4UA HE @ AEE 2
el 83153t

N1E-115 M|Zzo| uliet

Mouse neuroblastoma(N1E-1154ZE A|Zajokg-
flask(75 cm?/250 mi)oll Zo} wjFatn] wjokele
10% bovine calf serum, 20 pg/m! streptomycin,
100 U/ml penicillin® 83} Dulbecco's modified
Eagle's medium& AFE-3I9Ith. COMIY9 L5+
37°CZ 3t1 COY 5& 10%= 3P $5= ¥
SETE ST} subculture= HI%E 14UA &=

2 ARSI flaskERE AEE Eelsty] Y38

Puck's D, solution(NaCl 8, KCl 0.4, Na,HPO,
0.024, KH,PO, 0.03, D-glucose 1, sucrose 20,
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et wjeFete] 128 AlAgh wjgkloR uplo) 3
o A¥elE subcultured 16~2094 S AT
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Subculture 4UF Aok flaskZHE] A|EE E
B3ict. AlEEE S Akl {7131 300 g 1
B daEEsio] 4ede #HY ¥ 10m modified
Krebs-Henseleit bufferd{HB: 118 mM NaCl, 4.7 mM
KC, 12mM KH,PO, 13mM CaCl, 12mM
MgS0,, 12mM D-glucose, 25mM NaHCO)Z AIZ,
& 23] A3t A 23et 8] KHBe| de
A7) Zh Al 300 i Falstaint. 2 A
100 we) 9321714 559 PHINMS©0.1 ~40 nM)= 3=
7¥etal 82 1 mb SARITHS 37C9) shaking
water bathollA 1A17F sjekstsich o]w non-specific
bindings: #/8}4= 50 pMe] atropines E3EES 5)
S}, vjodo] EHhS: cell harvesterg ©l851] GF
fiterel] AT Yzet Aejxlger 28] AT
A3 PHINMS%S 24351t

Muscarine 8|0l CH8t carbachol 2| ZEE
&3

Carbachol®] 2%E 742 Ul GTPY 4%&
T3] gslo] AEet BaL 7R ok 5719
HiokE flaskZHE HEd AEE 8 mi 20 mM
tris/s mM EGTA(H 7.4y89<] JEA)7)32L Polytron
homogenizers AR5l 23000 rpmefld 1527+ 2
3] AR 700 gollA 1083 AREEste A
TAS Fska o]E thA 27000 gollA 30%EzE A
sl FAHSS Hch IFA=E 20 mM triy/
10 mM MgCLOH 7.4 23 AXRIHS 30 miol
HEA)F) 1L glass homogenizerS AFg3lo] #23} 8
ot FEskE £ 300 WS ZH ATl st
o dgekel PHINMSS oJ#71x] €3] carbachol
< 7R F8%0] 1 mF HA 39 non-specific
binding $13}4= 50 uMS] atropine TS
313}, o]& 37°CY] shaking water bathollA] 3 A
7t okl cell harvesters ©]83to] G/F filter
o A7 Wzbet AR 23] AFHsTE
A PHINMSEE S48

PI hydrolysis &5

Subculture ¥ 4UA = CHO HEE wjokg
flask® HE ¥E)3t & KHBEo® 23 AHstn
25 mi% KHBEH HEAZ}. Coulter counters

A AE $£E 543 o [2-Hlinositol(10
uCi/mh$} 37°CS] shaking water bathelld 1 Azt
Hjersllch. BX)E AEZE KHBEHCR 2 3] M3
lo] o332] [2-*HJinositots AASZ 10 mM LiCl
5 Rl Akl KHBEo| HEA o 2
tubeel] 3-5x10° 7HA Q] AXEE re] $713 37°C
oA 1587F ek ST} muscarine’y TEAE
ZEA7]7] 98K carbachols 7FBFIL(EEEF 400
w) 37°CellA 1 AR iRt 2 tubeell 1 mi®]
HE-2- A %] N (chloroform : methanol : HC1=2:2:0.01 &}
&8 £33HS 71812 chloroform 025 miZ 3+7}8}
At 449 [2-Hlinositol phosphatesE columns
ARgEle] B8 o 552 xolE BAS] $sie
Z} tubee]] °F 1500 dpm2) [MClinositol-1-phosphateZ
Z7pla =8 2F55 025 mE 7Rk 7 23k}
T 9418231912000 pm, 5 min) chloroformZ 7}
FgAFo] FEHLF gk eld 45 T8
% 800 WE #H3te] Dowex AG 1-X-8 column
(regin: 1 g, formate form)oll E3A|Z}. columne
10 m® FHF4¢ 20 m/2] 60 mM ammonium
formate/5 mM sodium borate® X[ Z A&d o}
column® ol scintillation viale 1 4 m/¢} 1 M
ammonium formate/0.1 M formic acidE inositol
phoaphatesE +&A1FAT A&7 ©7) vialol scin-
tillation cocktaits 715te] & Eget ¥ *HMC dual
channels AM-31] beta counter® radioactivityS 5
Astar 233 [MClinositol-1-phosphate®] ko ZHE]
FEEL Antsle] 49 [2-*Hlinositol phosphates
& BAGEISITE 7} tubedll o] 71 o HYUgE
o] AEE FHoto] NP A AMg3h PI
hydrolysis= dpm/mg protein® E AAFIGTH

x]

MEL calcium 8T 53

100-mm culture dish2 ¥-&] HjFHe AAs T
HBSSZ 13 Al2slsith. 3 mi] ECD-Lights AM-
3lo] AEZZ EEsli AEE phosphate saline
buffer(PBS: 118 mM Na(Cl, 48 mM KCl, 12 mM
MgCl,, 1.2 mM KH,PO,, 12 mM CaCl, 256 mM
HEPES, 165 mM D-glucose, 7.5 mM pyruvate,
0.68 mM glutamine, pH 7.35)] #EAIZCh 2 ml
2] PBSe HEMAZI Mol 1 mM fura 2/AM 10
WE TS F 34°ColA 2027 BT A
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23le] F5AL AAslE 5 mie) PBSel| thA] dHer
AT 1087E vieksisic). f4dielste] A de
AASL PBSE 28] AlFe the 2X 10719 AZE
2 ml8] PBSel|l HEA)A fluoroscence spectrophoto-
meter$ cuvetteo] %7]1 Luminescence spectrome-
terelX fluoroscence®] W3S &4t} ATV Ca*™*
FEE F3I5t) Cat 5= AR Luminescence
spectrometer®] A& computer?] FLDM program
(Perkin Elmer, US.A)SE AFE3EI3IT}. fluoroscence
Z7AY ZAL excitation wave length= 340 nm
2} 380 nm°]1. emition wave length® 500 nme]™
25F 34°Ce)3ltt. standard@ts 93] ARSE kRS
10 uM ionomycin® 5 mM MnCLeIit}.

Neuronal NOS gene | transfection

Muscarine’d =847} expressionlo] 9= CHOA
3o nNOS geneS transfection AZT}. nNOSY full
length ¢DNAE expression vector pCMV-3%] Cla I/
Xba I restriction sitedl]l subclonedt1l ©]E Promega
AH®=)2] ProFection system= AF&-38kod standard
DEAE-dextran 2% CHOMX) transfection’]Z
t}. transfection 2% 37°C2] CO,Hi%7 1914 62~68
A|ZE uiEsE Fof] Ao AME3ISIcT

NO d¥& &3

CHO AIZ27E Ad-fg=e] 1o NO9j &
Hu%} El-Fakahany] BP9 AMsie] 2331990
& 2E muscarined FEA1E PBCMOZE alkyla-
tiond}od XPAslal AlFEU) GTP pooks SHO=R HX)A]
7] N1E-11541%Z detector®4] CHOMZ| &7 7}
st NOVEE-& S78s19lct. f8le NO7F NIE-115
o 2rgslo] (GMPS Z7HA7]22 [PHlguanine®.&
¥AE NIE-1I5MEERE Y=l PHIcGMPY o
S NOFEES BAE.

PHIcGMP A2k &%

N1E-115M%% 20mM HEPESEH(110mM NaCl,
54mM KCl, 1mM MgSO,, 1.8mM CaCl, 25mM
glucose, 584 mM sucrose ¥, pH 7.4, osmolality:
335~340 mOsm)°ll FEA)71 & [PH] guanine(10 pCi/
ml)7 37°ColA 3082+ wiekslol MW GTP pootd:
SHo = EANZE 10 mi®) HEPESE o= 38 A
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A3t ThA] HEPESEe] #BAIZ) ok multiwell
plate®] Z} wellell 2X 107482} AI¥ES o] 873
37°CellA 15487 A<k (preincubation)5FIt}. musca-
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EAFEHF 300 uy) AT v ohs 50%(w)
trichloroacetic acid (TCAYE 30 p 7}8f] ¥he-& A
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o FeE o $589 Aolg RAs) sk
wellell 2F 1500 dpm?) [“Cleyclic GMPS )3t t}h
+ & AoiF1 AALAE 01 M HCIZ equilibrate
H Dowex AG50W-X2(200~400 mesh, hydrogen form)
ion-exchange column®] EFHAIZTE. 10%(wh) TCASL
A 500 W= ZF well> Alxslo] &4 columnol 3}

- ARk columng 0.1 M HCl 44 mis} =54 08

mE AHE AFE g A FFSF L7 miE
column®| FFHA|A cyclic GMPE R&A17|1 o E
microcentrifuge tube®]] W.kT} o} £Me] 27 M
ZnSO&7} 2.7 M Na,CO8% Ziz}h 40 pl 42 7
8lo] FollE GDPSF GTPE AAAATE 12400 goll
A 587 YA A5 NE scintillation vialE
713L liquid scintillation cocktailEcolite, ICN Bio-
medical Inc., USA) 10 mZ 7}1Z 3 SHAC dual
channels AFE38197 beta counter® radioactivitys =
Asla 4% [MCIcGMPY kO 2RE 45828 ANt
3lo] 498 PHICGMPYS EA8IIC) 2 wellel] 1
o] #7) F FYE ] MZE FHsle] wgeks
e o MY PHIcGMPYS dpm/mg protein
o7 Axksisict

BEle &Y
wedede) B4 Lowry 2179 el Wet &
A5e.
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Fig. 1 —Effects of mutagenesis of 123arginine on agonist Fig. 2 —Effects of mutagenesis of Barginine on the

binding to ml muscarinic receptors. Intact CHO
cells expressing wild-type or mutant m1 receptors
were incubated with 0.2 nM NMS, in the absence or
in the presence of increasing concentrations of the
agonist carbachol, for 60 min at 37°C. Data are
shown as the means = S.EM. from five experiments
performed in triplicate.

arginines asparagine® 2 X[ €3t mutant mls=§A7t
FHY CHOMZeIN PHINMSS AMgsle] 2858
=A% 43 B, = 2 893£125 fmol/mg protein
3} 981%97 fmol/mg protein®] R 2=, K gk 44
287+22 pM3} 183+18 pMelglth. F71A] 819
carbacholol] ©igh %3l8-& =743t A3 mutant
receptorollA] fzke] H3hE At vEbsteh v
wild type 83k T3 (Ky=5+1.6 pM)yz 4318}
B(K,=120%11 uM)9] 571X conformation® 2 2-§-
< YERY mutant FEAA4E S7FA confor-
mation(K;=148+19 pM)© 2 2Z-85+& Hof mutantT
2419 3ol wild typer-2A412) A3 confor-
mation®] &}H#} Zjol7} 1S5 BRHFig. 1).

Pl hydrolysis &7}
Agt

Wild type®t mutant ml =$A7F Ed¥ CHOA
o myo-Hlinositol> Z}z} 132,000+ 14,0007}
146,000+£21,000 dpm/10° cells®}1 2™ inositol pho-
sphates®} basal %= Z}2; 2000£5007 3400+
1100 dpm/10° cellso]$ith. wild type mlFg-AZ
carbacholZ ETEA|FHE uw fHoEFHo=E PI
hydrolysisZ 2717100 3x107° Mol kg

UiS0| chgt mutagenesis 2|

carbachol-induced increase of PI hydrolysis at ml
muscarinic receptors. Accumulation of total labeled
inositol phosphates in response to receptor activation
by carbachol was measured after 1 hr in the presence
of 10 mM LiCl. Data are shown as the means *
S.EM. from five experiments performed in triplicate.
*; significantly different from basal level (P<0.05).

Tgslo ok 23709 Z71S YehiItl. mutant ml
F4AE carbachol® TEAIRS 7% PI hydrolysis
7t 7 S71eHA eksith(Fig. 2).

M= Ca’t S537| Y20l C#BF mutagenesis
of g
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5 -8~ Wild 1y, i1

5 250 pe 1
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Fig. 3 —Effects of mutagenesis of 123arginine on the car-
bachol-induced increase of intracellular Ca>* level at
ml muscarinic receptors. Data are shown as the
means = S.EM. from four experiments. *: signifi-
cantly different from basal level (P<0.05).
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Fig. 4—Effects of mutagenesis of '“arginine on the
carbachol-induced increase of cGMP level at ml
muscarinic receptors. Data are shown as the means
+ S.EM. from five experiments. *: significantly
different from basal level (P<0.05).

T Wild type

-
(L]

[*H}cGMP formation
(fold increase over basal)
@ o

. 555

0
CBC CBC+Hb _CBC+L-NAME
20
- Mutant
sf ST
-
% gé 10 |
Q
E3- [
3 sl

* *
CBC CBC+Hb CBC+L-NAME
Fig. 5—Effects of a scavenger of NO and an inhibitor of NO
synthase on m1 receptor mediated stimulation of cGMP
formation in detector mouse neuroblastoma cells. Data
are shown as the means + S.E.M. from five experiments.
CBC; carbachol 0.1 mM, Hb; hemoglobin 10 uM, L-
NAME; L-nitroarginine methyl ester 0.1 mM, *:
significantly different from CBC alone (P<0.05).
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Wild type m15=2)7} B3E CHOMEIA AX
Y basal Ca®*5 =7} 83+89 nmol/Lo| S carba-
cholell 83l NZEY Ca?* 557t -2kl 716k
Ot mutant mlFEAAE Fo3t WEll B3y
2] 3tcHFg. 3).

NO 44 BISofl 8t mutagenesis & &

NOBAIHFS-S detectors] oM PHIcGMPAEA %
9] ¥isleA A= wild type mlg-£Ao)A
carbachol 10° M ©14}e] F5ollx [PHIcGMPAA 2
o] oM F7151en 107° Mols Hawkgo] &
d3lo] oF 14.549] £712 B3Th mutant mls8-A]
ME 107 M ol skl S7esl o wild
typeol] Hl3le] w9 B2 FUME RAvHFig 4). F
FgA0A UeRd carbacholel 21§ [PHIcGMPRAA
% Z7Hk-g-°] NO scanvenger§! hemoglobin®]t}
NOSAAAQ L-NAME®S] x|} g3te] 8251
S B9 PHICGMPAAZES 717 NOA <)
7kl 7108E Hol Fth(Fig. 5).

&

M, muscarine’d &A= pertussis toxin-insen-
sitive G protein(G, = Gy family)? 2 E 3}
phospholipase C2 8433}, IP;2} diacylglycerol®] &
7}, AEU Cate) F71 52 dosle AL F 7)A
o= 3ka kY muscarine’d A7t G5Al 9
3 S2o] A YAl Hat dojum AlEue]
EAsk= A ERE-A7F 58 G protein?e)
couplings F31] oA EAL) WIS dodE=
ol o]m 54 G proteinS Q1AEty TR A=
TEAS) FARE WA Al 1 W 2HA AE
vzl cad mElel d)xe gl HE 54
otujial 50| oA ADA 91 couplingl] &
ol Aoz AztEy gyl

Muscarine’d &9 2¥A AT e
Aspartic acid-Arginine-Tyrosine®) 732 A|ZtE ™
olF Z7]E muscarine’d -8 571X subtype
25N FYste t& FF2 G protein-coupled
receptor= 2 FEE conservedo] Qomzld
ol& Z7]1E°] G protein®#2] couplingsllX F&3t
AEE & 7kl Hie Aok




B AFoME mIFEAE ARESie] 28R Ay
12]9] arginine- aspartic acid® X|FAIZLE T84
9] 7lewals #ASTYl carbacholel| Wist A%
8o wild typeS 1X3H3 conformationd} A
Z15Md conformation®] 247} 50%% EASH= HEf
AEEE B dhdel mutant $EAAE wild
type2] A3 conformation¥} vl5=Er A3E-S 7}
A ¥ conformation?] 542 Uehlo] arginine?]
site-mutagenesis’} 2¥7+2] Z3}go] AW UATFF
9] W3lE dos|A|u BFAele] Aol AFHL
2 98 FA E5E 2o 18y MaEAd
F 2P15AY 7142 Pl hydrolysis $719)} ©]291
& MZY Ca*3%E Z7P} arginined site-muta-
genesis®l] &Jste] &3] AAEE Hod o] arginine
717 ME-Al1ellA G-protein] couplingol] ¥H-5-
98 dgg JX I YSS

M, = M; 7849 352 oY /‘1].:."1)/\1 NOS
B9 Z712 dovin olHd Fvk= A¥Y Ca®t
9] F7Ye) 7|g . #5381 Qivk. & muscarine’d
T8 TE2 PLCY 845718 €A IPY A
A& F7HA7)13 o] o). endoplasmic reticulum®.

FHE Ca?te) 922 dos, MEAY Cat*e &
7h= Al Ca?*-calmodulin complexd] 715 9°
7}, wEkd Z7bE Ca?*-calmodulin complexel] ¢
3 NOSEdslrt dojdrtn Azketx Sick 12y
muscarine’d Al &gk NOAAFS 7t
A og AFY Catte FoWl Z|Qstia & &

L gl AoZ B Wang 98 M, &4°lA4
carbacholol] 2}310] AZY Ca?*e] 7= wHlElgle
U NOA S 7k dAsH UebdS Basto
nNOSZ49] Z717} wi=A] A2y Ca?*el Z71et o
Al ehA) &2 7 USE AT & A7
oIE mutant mlFEAONA AT ClHsTel
o3t ¥3ke Yo W= F59 carbacholol] ©J5ke
NOBAdo) sk S7FE& Bt abA ol A
T Ca?t5E] FoJ3 W3l glo)= nNOSE B/}
A71E B UE 7|Hdo] EAEE Aulet & |7
A= o)t 71573E AVsHE T WA Baolrt

M, muscarine’d FE&A9) 28R MTY 19
Aspartic acid-Arginine-Tyrosine 7% 3 ¥h4do] =
< arginine?7]E- asparagine©. = site-mutagenesis
AlA muscarine’d E5AS] 2ol WE o)Al

kooi= e
o

2|9 #zlellA] o] arginine?7]9] HEg #EAE A
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