Physiological and Biochemical Actions of
Calcitonin Gene-related Peptide in Mammalian
Skeletal Muscle with Special Attention to
Acetylcholine Receptor Incorporation to Cell
Membrane and Excitation-contraction Coupling
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Fa—ORTFFSHMNREEYE L L O R EET S LS AND LS Itk o
TALGSY, ZOBEIZ DL TRTHZASS . BHREXEYT 2 EHMRERIC b7 2 F 13 o
(acetylcholine, ACh) L kbl H Ly b =V HEFME~ T+ | (Calcitonin gene-related peptide,
CGRP) B¥#FETIZ e HIanTH D, KRG % DERR - BT 2 ERBFE 2 s b T3 2 &
EEHMELL. V425 —R5y bOTHBL DBEL 8L, CGRP o+ 2 BRNLL € 75 —0)
ﬁ&%%&tt:%.%%LmuamPMﬁﬁ%&~ﬁﬁwﬁ€%MﬁﬁEL,&mmmd%ﬁuzﬁ
EEHE Kd=6.3nM, #&#iz Bmax =94 fmol/mg protein TH 2 Hatbhro 1. W& GTP
(guanosine 5™-triphosphate) A EHE (CELE) BMEL TWW 323 142 F<3 7 25mM
MgCL 77 T2 1004 M guanosine 5-(y -thio) triphosphate (GTPyS) #1072 & & %, Bty
% CGRP AL EHIZET L2 0© CGRP BEHMICRGCEA—S A Yy 7Y Y 2L Twa o e
TRENT:. CGRP SN 7> F A v ey Y v~ LT T O0EAD o, BB
CGRP (100" M) 2% L MM adenosine 3,5-cyclic monophosphate (cAMP), guanosine
3,5-cyclic monophosphate (¢GMP) Q&% Hl5E L7 & = 3 cAMP BELEECER L2, cGMP
BECRERSm o7, 85T cAMP 23 > R £ vE=—Yr =L LTV I ERbhot:.
W72 F 13 ) 224K (acetylcholine receptor, AChR) 25812 %39 CGRP DR % BB
EFRAVTHANIZE I3, AChR FMIEEMN T, AChR BBEEIC BB Y52 12 LaE s s

ZO AChR FHEENRIBEESHEEFNOC 2021 S ORMIC L DL LY. 8o th s P
AverYr—0 AChR BE I RIZTEE»FARL L2 2 dibutyryl cAMP (db-cAMP), dibutyryl
c¢GMP (db-cGMP), 2L 5 b # & > 3w 344 AChR FH2EELL. ThbEEEMCERE
Gz 7o Lte7F=v—bs 2 7 — ¥ OwEMAL, HEEN cAMP #E 08z AChR FH
Mmebvizod ZeNFrzBINL. —%, 12-O-tetradecanoylphorbol-13-acetate (TPA) & Ca®*
ionophore A23187 % f#f ¥ 2 & AChR FBEREF L 7:s, 4 /% b= Y CIEERBEER I
AChR FEEMZ 2 b0 EEZ SR, Ty MEREAEER S s 7 M B - L PBEREEERT
i&, CGRP 38, ey 7+ 7 AEES L OB ESEEIC I B s 5 2 THERMBEINERED 2 BEL 72
VBRI ED S 2ol JOBME CGRP v 5/ Makimd Ca® BRELXED, BEMIZS| 56<
RIBICRIGT 5 88 Ca> B oD £ 2 507, KA T » VIATI7—YHEHTH2 7+
74U >i3 CGRP ORIRE &S5BS, L5 b5y VAEE T 6 CGRP OE RN E K &
Skoredd, BAM L * 3 > (islet activating protein, IAP) 4LE & Tid CGRP O#hE i3 Eboshkho
2. BEOKRD S5 COGRP 3 LD [BROBEK G+ 7F=L v 75 =¥ v B
TV PEML, ARy ErY e~ L LT cAMP 28 L T REMERICE (B8R NEE) - 2
MBS (AChR SHHEIEI 2 b0 L TWwa40 EEzZoN.
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D LoD a—1 2l —EEO MREEME T
HET 3 205 Dale MBI (Eccles v ™) i3, LHESE
Dz a2—0 il BLTHRRNMREENE L =2 —"
NRPFEHREFETEZ NSNS LIITRD, O
SR SN TLEY, 22 —aR7FFiRHHE
BMEEEMEOER2EHiT2E250TSE
DY, BHGAEETAMEREKRICLTeFra )y
(acetylcholine, ACh) & &£ diZH ¥ b= VBT
# ~ 7 F R (Calcitonin gene-related peptide,
CGRP) T 2 Z eSS Mz ST 277,
CGRP 337D 7 3 /B & 72 5 2 F&#KI3800D <
FFRT, Ay b= vBEFECI-FEINTEY
MRNA DAF T4 ¥ 7 DBEBTCGRP £ AT
Z 0 2EEO mRNA »ES R, TRERDRTF
RSB RAICREH T 2O IhET, RIEE T
BT v+ 7 ARTERC CGRP OFEMNHER SN
THEN? FOEBERELTE, 1) EEERHER
B G2 T 2F a2l rZEK (acetylcholine
receptor, AChR) @ #/n™, 2) B EEIHMERCEY
%z AChR « -subunit mRNA o#in*, 3) ACh T
Tio s 3 HIUETORR", 4) MEAO cAMP O
RO s hT»b. L, ED CGRP 2
ZA{ADIEIE, postreceptor signal transduction [k
W, GIESEO PO X 7 v 7ic CGRP #ERT %
DR PEMTIHTH 2. % - HOBBRIINT 2
Za—uR7FROEREELMICT S I L IRHHE -
BERORELESEMET S AERLE 2, EH
WEEE B 5 CGRP A2 HRD L & b,
GTP & E A8 (guanine nucleotide-binding
reguratory protein, GEHE), A ¥ F A vt
Yoy —I2EELT CGRP OERREBR A7 =X 1,
AChR {e8i[EE: » HlELR o> Ciwy - 7AW B
113 CGRP B EMmE L.

WES X UHE

1. BEERNER

v 4 A% —Fift5 v b (Charles River, BR) ® T
#5 % 4EL L, Mickelson &0 ikt TRl OBRIE
RO S L . #7100g B3 E A THIYIL 72
DB 500ml @ 250mM Tris-HCl EEH® (250mM
Tris-HC]l, ImM EDTA, pH7.5) Mz, vV b7
5 4 As$—+— model LK-21 (¥ <=}, ) CTH

el ., 2,000xXg TI05XRLEL L 7. Bt 500ml &
0.4M V¥ w a7 a~v4 K, LiBr (Merck, Darmsta-
dt, Germany) ¥¥# (0.4M LiBr, 20mM Tris-HCl,
pH 8.5) i¥Em L —Buw - < D i@k L:. HHIO
YR 1,000Xg CI54RME L L LR EHEI
100,000 X g 2 T30 ME L L7z, tER%E 50ml @ 20
mM Tris-HCl #&# (0.6M KCl, 20mM Tris-HCI,
pH8.0) iwiEH» L, Dounce R EY F+ 4 ¥— (loose-fi-
tting) (= TEIFEL 10,000 X g 2 TI0HMEL L T R
M. TORERESC2EEIET S rizkn
REEAROINE & f2 s 7z, L% 100,000 Xg 12T
3043FEE 0 L C 2B & 20mM Tris-HCI #8713 (0.6M
KCl, 20mM Tris-HCI, pH 8.0) ¥ L, 10,000%
g TLOABEOLT:. & S wBEBKz TRURES
BOELEOL, B vEOEEKEML THEL
oo THEROST% Y o BEH 67% Y a i w/v,
20mM t RF Ty, pHT.0) #MA, 15% Y 2 FEEHE
(15% 3 af8 w/v, 20mM &£ R+ >, pH7.0) *HE
BL7 > 7 VBo—%—i2T150,000Xg, 9043l L
L7, 28.5%% = SOAWK £ 15% ¥ 3 BEWROBRE I
BEENT Y FEED 4 EROBHKTTHERRLL
B, 100,000 Xg, 304} 0L R A 10% > = FEH
Ve R L CHIEEA L L, A Tk -80°CIT TR
L. MEOIERTRTACIETB IRy, &
$&13 Model J2-21 (Beckman, California, U. S. A,
#0813 Model L8-70 (Beckman, California, U.
S A) RFEELE. EEEOREER Lowry 590/
o7z
1. Mgz % CGRP nEERE
mEEAIz 8 5 CGRP W R aL o EE I,

Fischer 5%, Henke 57D AKICH L TVTUTO
I3k, BEER (BOE L L T50~210xg)
W, K3 CGRP (v » (®I)-CGRP, 7®¥ v A&+ Vv
sy BWHD) B X UIEEH CGRP (& b CGRP, ~7
F FHFZEFT, KB %Iz 50mM Hepes/Tris $RE K
(PH 7.4, 1%%ME7 A7 3>, Sigma, St. Louis,
U.S. A) I2T#E%0.5ml XL, 4°C, 4FH1 >~
Fam—hLTz. 4 rFar—var¥TH, 50mM
Hepes/Tris BER I TIEKFRLRE 2B LS €
FULFL 43 (Sigma, St. Louis, U. 8. A) T
WEL 727 5 A7 4 L% — (Whatman GF/C)
(Whatman, Maidstone, England) i TH#BL 2. 77

Abbreviations: ACh, acetylcholine; AChR, acetylcholine receptor ; cAMP, adenosine
3’ 5’-cyclic monophosphate; « .BuTX, e« -bungarotoxin; CGRP, Calcitonin gene-related
peptide ; D-TC, D-tubocurarine chloride ; DG, diacylglycerol; db-cAMP, dibutyryl cAMP;
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A7 4NWEF—%2E5i25ml ®50mM Hepes/Tris &
BRI CT2EW®EEL Y vH Yy ¥ — (Aloka
Autowell gamma system ARC-600) (7 w7 , B E)
WTHBICRES L RETEE 2 RE L. CGRP O
#H Iz R4 % guanosine 5-( y -thio) triphosphate
(GTPy S) (Sigma, St. Louis, U. S. A.) 88 % 3H~
BFECIE, 1V Far—va VBEEHEKZ 25mM
MgCL %2z /2.

. BiEfpimiay (Ligsg -

BBV R Devreotes®, Appel 52 0
FBCHEASLITO L S IHEL 2. BAE0RB0 v 1
AZ—=%Zy FRETEHZHEML, M8, 0%, &
BHAMEERER, RAEEMBE T CMEIL, 0.3% ~Y
73~ (1 :250) (Difco Laboratories, Detroit, U.
S.A) MBI & 0 BMBIBEREE . Jhey 1%
% 7 (Difco Laboratories, Detroit, U. S. A.) #%
TI—F4»Z7LREROMM 73 X F v 7~ Y
M (EWAEF, R 1 X100 E %2 & 515
L, 24~48MGRIBERE L 7:720.03% 1 ) 7y > LB &
D BB & U7 DTSN & M ST O
TEREOZRFIA L TSR BIRNICR ET 2
Lhika—=7F4 o7 LTuRWTSIAF v 7 b
2 T15~305 RT3 L BT 3FMIB 1o A 72 g & 4RER L
o BRICYIFra—F 42 7L EESSmm 73
AF w7 VI GEMAEF, HE) 1 X10°E & %
BEDITIMEL, 5~6 AMFFEM S RE s ¢ &R
Lo DEOBRIEIR T N THEERICIT, ERE
{& Dulbecco &% Eagle 5%# (Gibco, Grand Island,
U. S, A) i210% 4B M (Gibco, Grand Island,
U S A), 1%RZ Y- b7 =1 iEl
(Gibco, Grand Island, U. S. A)% Mz 724 O HL,
37°C, 5% CO., 95% air TTHEL 2~3 Hi 21
BRI .

V. EhFAXuwbrPv—nER

HBGFEMBAN O cAMP, ¢GMP % LIF o Fikic
EOREL 2. O, HEFIROREEE)) D
T2 HWTHBHMAEHIOEH»S 2 B, 1004 M
7)Y r0uM 7t oFrFy vy Y (Sigma,
St. Louis, U. S. A.) #RIUSS #¥E T35 L 52401 % 1Y
DER&®, BEEOLH 1HEY ) Y v— 70405
AHew ) O IR B INA4 TH% L BB fit
L7z, B8P CGRP (10-"M) #EINL 5 ~20501

ArFax—ya YEEBEHELMOERE, BHIL
6%t Yy ool (FX, KM % 1ml 2002 &
EEEEEIN—K) A TS ED 1. 48
B AR E L > 49— Model US-300 (A ARHE,
F) WTHIBE 2R L 2%, 3,000 rpm, 1043R0@.0 L
LR, KN —F L EMABERL 2%,
I—FLBETACL —% — o TRIELKBD %
7L LT v 4 (YAMASA Cyclic AMP,
GMP Assay Kit, <4, $+) v T cAMP,
cGMP 2 E# L7 LEDOERFEIZTRT 4°ClaTH-
1.

V. AChR nB#FENEE

BRI & A O CREMEREIE £ AChR o o3
Bl %, ROAETH~T. BHifED AChR i, o
RH EERICHBNTER S W%, R E A
EFNRECHTL B (FH, incorporation) 45, Tl
fulE o> AChR W IZHIIRPTICER DA E 4T RE & L 5
bOLHY (B, degradation), ¥ —> F — 8~ %
DR L Tur 390002 = (D SR3M ) B IS 3 3 B i)
OHENEME £o> AChR #o%EbE % > T3 . CGRP
AChR BB ICRIZTHEERN T 2708, %
5~ 6 HHOBHIHMM (35mm 74 > 2) 42, 24 M
Da-7>»Hua b F¥ > (a-bungarotoxin, @ -BuTX)
(Sigma, St. Louis, U. S. A.) 2L 7: HE5EE % 0 2
T A Y Far— b L, B UHEEL T4
K AChR O« -BuTX #&#is 7oy 2 L1z,
BEO @ -BuTX 137 4 > 2 2 EBWCIE®RS - &
2k DERE L, CGRP M, SERRINDEHWICTHL
TAYFax~—bFL7, 4BFME L L < i3 8 BTSN
#, 71y a%4nM O (®1)-a-BuTX (7= v 4
YNy R T LERI S v F ax— b L, #
LAFEEs AChR #5~1nLt:. ¥4 3 2 kb
BRT3EWES 2L 0BEFEO (*))-2-BuTX %
Bzl , MRz 2 v —H U — x> v 12 THEY, T
MaHEL 22" AChR HEHEECNT 2 ¢ > K
AvEr Yy —DEEABRMNTLLH, 1 mM
dibutyryl cAMP (db-cAMP) (Sigma, St. Louis, U.
S. A). 1 mM dibutyryl cGMP (db-cGMP) (Sigma,
St. Louis, U. S, A), 100nM 2 v % + +3 » (List
Biological Laboratories, Campbell, U. S. A.), 50ng.
ml 12-O-tetradecanoylphorbol-13-acetate (TPA) (LC
Services, St. Woburn, U. S. A)®, 0.4 M Ca*

db-cGMP, dibutyryl cGMP; EPP, endplate potential ; EDTA, ethylenediaminetetraacetic
acid; cGMP, guanosine 3'5-cyclic monophosphate; GTP, guanosine 5’-triphosphate ;
GTPy S, guanosine 5-( y -thio) triphosphate; IP, inositol 1,4,5-trisphosphate ; MEPP,
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ionophore A23187 (Sigma, St. Louis, U. S.A) BB
/WA ROV T HH~L. £72, CGRP OF)
B SHMHTH00, BRBICEASHREEH L0
uM ¥ a4y (Sigma, St. Louis, U. S.
A) ZEIMLRE DWW THRANL.

VI. CGRP =& 5 AChR HAEE 0 & &%

(=) ¢ -BuTX THEBShiMEREO AChR i
HBERICERDAEZhAEESNE 2D, BEEI—-FT
EahFo v oSl cmliansg. Licdo
T, EEHEO (P1) OMENEERBREICIET S
Yz kD AChR EESSulifE » BRI HE 2 B TE
7 momees | pamendEdRia s 1517 5 CGRP @ AChR ]
BEECRETEERUTORETHAKL. 40M
(#1)- o -BuTX ML SRR FTET 4+ V2 %2
BSR4 v ¥ ax— b L, MlARE DO AChR % (=1 -
a-BuTX wTHEH L%, 74y 2% 3EERRE
T BRI (*1)-a-BuTX %#BrELZ. CGRP &
0, VRIS R & A 72 2 B 531 DUk —E R R
SR ET4 Y 2 OEERERRL, FLOEREY
M7, L EBRTOREIEEORT (A), %
SR RBEOESEBRLMBEICEALLEEE> T2
(*])-a-BuTX 2FAD feHIN—RY—A7 T
#= a0 REER B) 2HIELL. (A)+(B) &
100% & L, —EHM E TSk EE L 7. (CD-F
oy OBEENE (At 22 L3N eE, Mbiiat
EoTw5 (®)-a-BuTX ORSEYE {((A+B)
—(At)) ZRFEHRBL LHICARRI I 727 ay b
L AChR mERERRIEL 2.

VI, BFIUHE 00 iR E

1. BIEESTR/S X— 8 —DEE

4 AT RISy + oS BBEHES GREER
19~28mg) %8, SREFRAFC LY ML, HR
(0, : CO,=95 : 5) BR37°CY AN (122mM
NaCl, 4.7mM KCI, 15.5mM NaHCO, 1.2mM
MgCl, 1.2mM KH.PO, 2.6mM CaCl, 11.5mM
glucose) W TERL D OEEER (B2 % FRRI B
TARHDCHLEICEMTZFRER) LD, 0.5
msec DEEIC THEERHB L. ZOB, BN
TR O T R RET 2, 6 ug/ml D
2 5 —1 (D-tubocurarine chloride, D-TC F13£, X
R %V Y SAIRICERM L. BIEED R KRR
BHMZOND &S ICHREL EH3msec), HER

miniature endplate potential; PIP,,

phosphatidylinositol

Hid 166Hz 0. 9B ERIBIIC TR Tz, FEHEFERNC
QLT OD 1555 0D UNAE B2 I i TE SR B 2Rk 60 RIREA L T H
kb v L ERA L. HIEOBTOD, B
INAEIE T O — RS (BFEH, 30msec), RS (K
se#. 1msec) Z3RH™, “active state” OBEZITH
LSEOPTOLIICNTIA—F—RBELL. A
L, bRy ErOEEHETH S Ca* L&
THAGENT BB T 7 F > — I+ ¥ Y EBERROBE
PRMT BT A-F - LT, EHERER»S
BIVEEE N O — KM — 7 EE TORM  (Tova,
MR NRE LV ZOE — 27 2B T1/20RN&ET
Mg 2 B (Tww ZRIEL ™. Active state
intensity of shortening i¥, BUNKERI O “RMS
v — 7 (BAHLEE) (@2Pt/dt) » o ke, BEIKE
B8 (excitation-contraction coupling) 2% iJ % ffi/)s
faiky S a S Ca* #ERE IO LLT.
Intensity of load-bearing ¥%b®H, 77F ¥ — 34
o EETSR O B & intrinsic strength 2RKT 2 b
D ELCHBAMEMBN (maximum tetanic force,
Po) K7z,

2. E5INE &g CGRP WD RIR
CGRP #imAT & 10-"M WANL04 48\ BAIREER T,
MBI R L. T4 7 4 U > (I, KR 0%
B, 202 X107°M Y ¥ LT, R
CGRP (10-'M) % ¥RINE 7= (MR MOBE DV TH
W10 DHIRIC BHIAE S 2R LFME L. &7,
CGRP O¥ESGCEHERN T 2WHEELANL
», rRAENEREYE GTP RE4EHE Gs), Mk
GTP HEAEHE GI) O Fu—7TH2aVvI+*FY
v @ (Tist Biological Laboratories, Campbell, U.
S. A), BH b+ ¥ > (islet activating protein,
IAP) (RIpF8UEE, BE)™™® 2MALRCOVLTHEN
ZRUTODES CRELK. 100'MavZ by %
1 BERS, mpfEACfEE & @2, CGRP (107'M) U
MLTARICHEAFHE L. BAK ¥ ¥
(5 xg/kg) % 3 HRTCHIRABRESLLT v t 2568
f- A oW Tk, CGRP (107°M) BRINATS & 10

DRESRETAR 71T & O CFHE L 72
VI BUNEBAR D & BT 7 REEE, RREEIHEORIE
MNEEE BV EEEN, RAET, MUNEIRE
i (miniature endplate potential, MEPP), #HR&Efr
(endplate potential, EPP, 7 7 — V¥R 2K 7.

4,5-bisphosphate; TCA,

trichloroacetic acid; IAP, islet activating protein; TPA, 12-O-tetradecanoylphorbol-13-ac-
etate; GEHE, GTP BEEHE; Gs, RBEEGCELE; Gi, MHEGCERE
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MEPP & EPP ORiBIIAEHEE - EEAT % —77mV &
L THIEL 7. ACh quantum content (& 1 Hz &gl
REAMIC £ 2 S EPP #RIE (11th~60th) DI BIRHK
THRIK®™, immediatery releasable ACh store B
Lambert & DJE® v 100Hz @Rl & 3
EPP iR#E (1st~3rd) » 5 & H ¥+ 3 quantum
content T, ACh mobilization rate ¢ 100Hz
BOFEFMMBRB I L 5 EPP 0 BB D 12% 0D
quantum content TR L 7. SEEHEIC & 3 BK
DRIEDOBEETIE, EERIE 25 < 7 b 20 g/
ml "> baL e+ YLK (dantrolene sodiu
m) EEALZY YT LEICEBLD, MBS 5 R v
TERRRHECRIA L - R AN EE CIEB B £ 1
B, % 7oBREH 30msec OWAIEIRE 24T £ D — ik
5+ (dV/dt) 2 FEREE& L 7. #Eik, CGRP (10
M) B0, RO LTI o 7z,

IX. #EataiE

BoNHBENT — 512 Mean+S. D. (—Z0 &
SEM)TELL. EF - DEEEORT I~
TE W ZIRTERE S8 5% 1%, Dunnett & 7213
Scheffée DHEHBEEE G, p<0. 05U T2 EH &
L.

X. & E 4

£t CGRP &7 v b CGRP CTit—7 3 BEH

>
2
=3
I

j:[o] o

60

40

Specific [FI-CGRP binding
{percent of control}

20p

~Log(CGRP) (M)

Kd = 6.3 nM

Bmax = 94 fmol/mg protein

Bound/Free
o
Q
N
T

Q
o
T

1 1
o 50 100

Bound (fmol/mg protain}

Fig. 1. Specificity of (**I)-CGRP binding. Dis-
placement of (**1)-CGRP binding by nonradi-
oactive CGRP in the sarcolemmal membrane
(A) and Scatchard plots of (**1)-CGRP binding
in the sarcolemmal membrane (B). Each
point is the mean of duplicate determinations.

DEZG 0 T BRERREGHTE CIRABOBIEL T
T2 e Tschopp 5™ ICE VRSN TV B oo,
B~ CGRP R&HETIHE b CGRP &4 L
To. BEEBATIX I v b CGRP (Cambridge Resea-
rch Biochemicals, Cambridge, England) #f\», &
SAEBERICBVLTIET v b CGRP (75 K HgE
Fr, RER) 24/ L7.

B %

. BRBHRECET5 CGRP AWML

WIBMRAIC CGRP %Mz A > Fan—v 2> T 3
t, CGRP BB BEEKEM CES T 2. 20
CGRP DE~DEEERES, (*1)-CGRP %Y # > K
£ L, st CGRP & o displacement study iz
o TR~ BEERA Lz ZRESD (=]).
CGRP 2 ANT:EHBOT v &4 F a—712, JEMEH:
CGRP DWE#ZEZTMZ, 4°CTA > Fa~—2 3
YUl AR, 775 27 4 V¥ — BB TR
FE LRSS 2 RE L 7. SECRS R, R
B CGRP DMES 7o w b2 & B i it
CGRP iCHRNEABAI NS 5 2 LIRS AT (4
1A). ERBRNLHERIBEON0%TH 1. Wiz,
("I)-CGRP D#E % 2 THEEA LA DS # +
FIFE L 72 binding study D58 % Scatchard #EHf & +
5t (HM1B), BilELICE 1 M40 CGRP S 5RATA
HYWBEESHIT Kd=6.3 nM L BEA% ST L &
HHid Bmax=94 fmol/mg protein THo7:. -0
BEIMREMMECCERER Y v 7Y » 7 L

20"

- -GTPrS

i~

g

[

[=3

o 15F

£

E

3

E

© 10}

3

=3

Q2

[+ %

o

[}

o 5t

= o

i o +GTPrs

L4 2l

o 0.1 0.2 0.3 0.4 0.5

(*“1I-CGRP (nM)

Fig. 2. Effect of GTPy S (100g M) on (*=1)
-CGRP binding. MgCl, (25mM) was added to
the assay tube to minimize the dissociation of
GTPy S from the a —subunit of Gs protein.
O, in the presence of GTPy S; @, in the
absence of GTPyS.
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CGRP i+ 2 HAMLFE L T b WL ZH N
37, MgCLBETI GTPyS &MY % & f
¥ CGRP o@MMEIEZIICET LR (K2). #-T,
g5 Eo CGRP BHEMMEEHMEGCGEREC A v
FY Lt CGRP BFEHTH B Zesbirolz.
. CGRP st aEh>r P X vt r2e—0D
Eikla
gyt COGRP 2WRIL, 5 ~20438 OB E A
WA O cAMP, cGMP BE%2 7944 L/ T vuAd

5
]
£ 150}
o CGRP
£
=
Q
£
2 100}
a.
s controi
3
A 4
1 1 A L.
o 5 10 20

Time (min)

Fig.3. Changes of the intracellular cAMP by
the addition of CGRP. O, in the presence of
CGRP; @, in the absence of CGRP. Circle
and bars represent Means*S. D., respectively
(n=5); p<0.01 vs control by two-way ANO-
VA followed by Scheff&’s multiple compariso-
n.

W2 THISE L 720 cAMP 1, CGRP ¥RIN 5 43 & 0 BEIC
BEL LRATD, 20580 ZRAROELMENL
(3). —#, cGMP i CGRP Himz Td L&
Limol. ZOERE»S CGRP iiA ¥ F Ayt
vYr—L LT cAMP BE% LR &E, ZOBRN
sBEE LSO T I ERbM T,

M. AChR FH#EE o6+ 5 CGRP U IcFE4 D

whHr Ay Do —0KE

s EHIRL I 31 2 AChR s CGRP WRINEET
A Y F an—v oz BT 4R TRBRE L E 00

CGRP (107"M)

control

(™i)-«BTX bound (nmoles/dish)
o
0
T

Time(hr)

Fig. 4. Effect of CGRP (10-'M) on AChR inser-
tion into the cell membrane of cultured rat
myotubes. Bars indicate Means+S. E. M,
respectively (n=7); p<0.01 vs control by
two-way ANOVA followed by Scheffé’s
multiple comparison.

Tablel. Effect of CGRP and other substances on AChR insertion to the

cell membrane

ACHR insertion (% versus control)

Addition 4 hr 8 hr
CGRP(10-"M) 105.4£11.0 125.5+14.21
Puromycin(10 # M) 81.3+10.51 63.5+£4.71
CGRP(10~"M)-+Puromycin(10 4 M) 90.0£8.3 66.7x£5.11
db-cAMP(1mM) 98.7£8.0 108.0+4.5
CGRP(10""M) +db-c AMP(1mM) 104.2+9.5 110.4+4.3
cholera toxin(100nM) 114.0x7.7t 123.8+5.91
CGRP(10~"M)+cholera toxin(100nM) 120.0+£7.5¢ 128.0+£8.51%
db-cGMP(1mM) 100.1£11.8 108.6£5.7
CGRP(10-"™M)+db-cGMP(1mM) 99.4+8.4 121.0£10.91%
TPA(50ng/ml) 98.2+23.0 85.2+t16.6
A23187(0.4 4 M) 03.6+27.8 92.1x£11.3
TPA(50ng/ml)+ A23187(0.4 » M) 102.34£23.7 76.6+=10.51

Means£SD, n=7. t, p<0.05; 1,p<0.01 vs control by one-way ANOVA
followed by Dunnett's multiple comparison.
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Fig. 5. Effects of various substances on ["®])- &
-BuTX binding of cell membrane after 8 hrs
incubation. Bars indicate Means+S. E. M.,
respectively (n=7).
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Fig.6. Effect of CGRP (1077 M) on AChR
degradation of cell membrane from cultured
rat myotubes. O, in the presence of CGRP;
@®, in the absence of CGRP. Circles represent
Means respectively (n=7).
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7273, CGRP L OMCMER RO o o 1.
EHICeA Y P Ay ey Py —i22 2 AChR HED
BHi 2R T 2720, Ca* DEETRCFF—Y 5 E
MILSEA v b=N ) Y EBRBEERER L 7

BEAULER2bL-0F TPAROBE LB 720
TPA BHTREBOEIZRE shixh o, Ll
PUE D BEMTIEEL L % » o 72 Ca® ionophore
A23187 L L HIXEHINT 3 L B2 AChR H#E iR
L7z, &7, EHAHHEEFROC 2 v~ 4 ¥ v 25N
7% & CGRP ORIIMELE (£1). LK2ES
KTaldA rFa—ya  HthsHEROKRS

control CGRP (10'M)

Wmsec

Fig. 7. Isometric twitch (Pt) and tetanus (Po)
analyzed by differentiations in control and
CGRP (1077 M)-treated muscle. Measurements
of each of the active state properties are
depicted. Contractile responses were elicited
by massive stimulation in the solution conta-
ining D-tubocurarine chlorede (6 4 g/ml).

Table2. Effect of CGRP(107'"M) on active
state properties determined by twitch
analysis

Pt dPt/dt d*Pt/dt* Tapyar  Tis2r

9% of the pre-treated levels
1052 1102t 1053 109+571 113+=7+

Means*S.D. values are indicated; t, p<0.01
vs pre-treatment by one-way ANOVA follo-
wed by Dunnett's multiple comparison. 7
muscles were tested. An example is shown in
Fig. 7.
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CGRP (107M) and

Control  Theophylline (2x10°M)

Control
(pretreated with CGRP ( 1 0_-, M)

cholera toxin 10°™M, 1 hr.)

Control
(pretreated with
IAP 5 ug/kg)

| 2

40 msec

K5 mLE.

IV. AChR HiE®E 1254 % CGRP ok

AChR H#EE 12 CGRP ML TH N & #H
W sizhrot (86). &-T CGRP ik AChR @
BREERENT 2L R, ED AChR FHEE
EHEELHHLTWBEDO TR R, B AChR
S, BEADED ZAREMLTWE I EMbiro
A

V. CGRP O#lRI-5 A 28

CGRP &EMMECLONMMET 2 L BifE0#
KRR 7 (Pt) W EERATIC L TR L, RS E —
78 (d*Pt/dt?) o IMER & REEER (Tave Tux)
ODEERM-TWn (”7, #£2). LirL, BERD
(Po) WREERE D seh-o7c (7). 747 4
Vv b BUNKERS (Pt) @& e/, CGRP 2 &
HIZMA B Z LWL D ZORBIT & SICHWBEL 2 (K
8, 3%3). oL I FLLLBEICEWLTIZILEDE
&Lk h e CGRP I3BILMRS (Pt) £#& S 0K E <
WL, HAK N F Y > (AP) LEHHIZ T
CGRP #inteo BILHEE N (Pt BILEOBEE L&
MNigmotz (M8, F£3). LinL, ZhsOREFEH
EHE I, BERD (Po) KiduwFho e sz
ootz (7, 8).

VI. CGRP OED MY, & F T ABEELNT

2%

CGRP 13 MEPP, EPP #{5# s L7: v+ 7 AHEE
DOFFMIc BV TR - AEEC IR >HHELZ LT,
BB, WA, EEHRIEIC X 5 EEEAL

Fig.8. Alterations of twitch (Pt) by pharmac-
ologic manipulations to modify CGRP effect.
The CGRP-induced Pt potentiation was
augmented by theophylline and cholera toxin,
but was not modified by pertussis toxin
(IAP). No change was seen in tetanus (Po).

Table 3. Effects of pharmacologic agents on twitch (Pt)

Addition

Pt (% of the pre-treated levels)

CGRP(10~"M) and theophylline(2x107M) 125 2*
Theophylline(2 X 107*M) alone 112+ 3 **
CGRP(107™) and cholera toxin(107"M) 130 1 ***
CGRP(10™"M) and pertussis toxin(IAP)(5 # g/kg) 1054k 2 ****

Means+SD. values are indicated; p<0.01 vs pre-treatment by one-way ANOVA

followed by Dunnett's multiple comparison.

example is shown in Fig. 8.

6 muscles were tested for each. An

* more potentiated than CGRP (Table 2) or theophylline alone;

** less potentiated than CGRP plus theophylline ;
*** more potentiated than CGRP alone (Table 2);
#*¥% 1ot significantly different from CGRP alone (Table 2).
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Neuromuscular transmission

EPP, ACh quantum content
at 1 Hz

Immediately releasable
ACh store (quanta)

ACh-mobilization rate
at 100 Hz (quanta per second)

MEPP amplitude (mV)

MEPP frequency (per second)

Passive and active membrane properties

Resting membrane potential (mV)
Input resistance (M)

Directly elicited action potential
and first derivative (dVv/dt)

Control

233%59 n1s)

13401445 (15
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247+ 61 ;8
1418%399 (1)

66721342 n18)

0.7420.17 20

4.8£1.0 (n20)

7712.3 n20)

0.1820.07 (n:20)
(mean:S.D.)

110 mv

1V/100 ms

14 ms

Fig.9. Pre- and post-synaptic functions of neuromuscular transmissin, and
passive and active membrane properties in control and CGRP-treated muscle.
Directly elicited muscle action potential and its lst derivative (dV/dt) are
shown as examples of results from 15 fibers in each muscle. Synaptic and
cable properties were all unaffected by CGRP.
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Abstract

Calcitonin gene-related peptide (CGRP) is a neuropeptide which coexists with
acetylcholine (ACh) in the motor nerve terminal. The presence of CGRP specific binding
sites on the purified skeletal muscle cell membrane were confirmed by displacement analysis
with ("*I1-CGRP. From Scatchard analysis of receptor binding, a binding constant,
Kd=6.3 nM and binding numbers, Bmax=94 fmol/mg protein were obtained. The affinity
of CGRP to the specific binding sites was significantly decreased by addition of
guanosine-5'~( ¥ -thioJ triphosphate (GTP 7 8) in the presence of MgCl.. To clarify the
second messenger of CGRP, primary cultures of rat myotubes were examined, resulting in
the CGRP-induced increase of intracellular cAMP by 2.9-folds versus controls; however,
intracellular cGMP was not altered by CGRP. The physiological effect of CGRP on
AChR turnover and muscle contraction were studied. Addition of CGRP into the culture
medium accelerated insertion of AChR into the cultured rat myotube membrane by
1.3-fold. Addition of dibutyryl cAMP as well as cholera toxin also increased insertion of
AChR into the cell membrane. CGRP is therefore believed to stimulate G, (G protein
that stimulates adenylate cyclase) and activate adenylate cyclase via its specific receptor.
Addition of puromycin, an inhibitor of protein synthesis, to the culture medium prevented
the effect of CGRP on AChR insertion into the cell membrane, suggesting that CGRP
increased insertion of AChR by inducing AChR synthesis. Increased insertion of AChR
by addition of cGMP to the culture medium suggests the existence of another pathway that
increases AChR insertion. Addition of 12-0-tetradecanoylphorbol-13-acetate (TPA) and
Ca’* ionophore A23187 decreased the insertion of AChR to the cell membrane. This
result suggests that enhancement of inositol lipid metabolism decreases AChR insertion into
the cell membrane. In curarized rat skeletal muscle, CGRP increased the isometric twitch
force, accompanied by an increase in the active state intensity of shortening, prolonged
duration of the active state and additive effect of a phosphodiesterase inhibitor ; the results
reflect a potentiation in the sarcoplasmic calcium transport system. This CGRP effect was
enhanced by cholera toxin, suggesting the activator of Gs in this signal transduction. The
pertussis toxin (IAP), a factor to prevent the cAMP decrease by inactivating Gi (G protein
that inhibits adenylate cyclase), gave no effect on the action of CGRP. CGRP did not
modify the neuromuscular transmission and cable properties of the muscle membrane.
These results clarified the existence of signal transduction system on the cell membrane,
composed from CGRP receptor, Gs and adenylate cyclase. CGRP enhances muscle
contractility and AChR insertion into the cell membrane via this system.



