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E (MG)BEBMBFTWEHATF FETIR LT 2HEOEREL» 7228, BHEE A2 b0 -7-, AR
@ AChR 7 2/ BRBERTI T 2 BHIfEL VW TOREEEOME5+£2, E b REBOS LT
1 @183—-200 7 F FEHFRE LTHREL 2 E 23, 20610 MG BEmiET 3 Hlz kMm% B,
EoRY VI ¢183—-200i21%, $17 v b AChR-blocking Hifk LE <, #UMERER (MEPP) i5iE
ETCTRE SN2 ERWECRELEESEE (EAMG) 2 REs ¥ 2 SRS o St 21
YEVIA @183-200 F T v b OFARTF R Pk, BEMMIC BV T AChR REBEEER 2T
mols, IRSOFERE, ¥V -REGEGHEEMES~ITU TELENSZYEL TS ¢ 1832000
bR UREAREOFEEL YD, «183—20013 ACh#EAEESE T34 TH D, main immunogenic region
(MIR) TRAZWIEERLTWS,
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MR F 7ABEBEDO 7 F L) 2R KE
(achetylcholine receptor, AChR) 33 % Hiikiz
LoTUVERBIENI HEMERB L STV 3 ESE
Fi#ESTEE (myasthenia gravis, MG) DFF%2i, AChR
BaA—F EhREFERY, E¥ 72y bD7 =
BEFPHELLICENTHFLVEREZREE TL
5. AChR R 4DV 7 2=y PSRN, KY 72
=y O LREEE, B - Bl - ENEES IO E
MWTabhi9, —5 MG BE0D AChR kit S
THHOW, ZOHEH AChR O FOESEHE L L
TV 503 MG OREMEHED L TRYITH 5, Hic
MG HikD 50% L4 L4 Eiy & L T v 3 AChRa ¥ 7
2 =y kD% % O main immunogenic region
(MIR)!2-19, » 7 &2 F 12 Y >
ACh) #&

(acetylcholine,
DR EDFEBICH LT 2 L0 BETH

5. BTk MIR i, Barkas 512 & % & AChRa #
Tazy bEREEE 6 S 85 DA IC®, Lind
strom Sid @ 46 225 1271219, 7 F L a Y L ESH
i, YANT 4 REGOEEAT 2 a 192 & 193290
EFECHEEENTH B,

APFETH, ChooBEEcEAL, £9c b
AChR D7 3 /BRI HEV @ 155 2 200 DO
6O TF FEEHL, MG AEFME D 21y
EPRRER E TAFAOEELEIH, IR LH
Bk basRiahrot. £ 2 CHREERDHES
EEZTC EMICESTIREBED Y EL x4
(Torpedo californica) M7 3 /EEF % &) %lf
FROUEMEE L OIAEEY L 7 e F L) RO
BPOREEOEBRSA» > EL 4 « 183200 fr.’?
WL THREL, BETERE, 8T 7 AFR Lo

Abbreviations : ACh, acetylcholine ; AChR, acetylcholine receptor; a-BuTx, a-bungaro-
toxin ; BSA, bovine serum albumin ; EAMG, experimental autoimmune myasthenia gravis;
IgG, immunoglobulin G; MEPP, miniature endplate potential; MG, myasthenia gravis;

MIR, main immunogenic region.
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1. A7FFEK

~TFRNEEIZE FEYEL Zf2AChRe Y7 2
Zy PRTFR=y ZIIBELT, Ehal-24, &
b a40—60, £ b «51—71, £ b 2a70—-90, £ b
2125—147, £ b @ 183—200, > YL 14 a 183—200
({1) #EHETTLVIESREE7 o= 75
74 —I2 TR, HAEFS HX-100 12 & 2 field
desorption (£ # »EFFE) =R AT ML THERR
b o, BXTFFIZAEEEE 2728 NG Lys-
Lys  721& Lys-Lys-Gly, C¥#iz Gly %7213 Lys-Lys-
Gly #ERE L7z,

II. &7 v MMFR

RPFRFORIBIZIZS~10HBMENL A AFK Ty b
WE (¥ Ev4 o 183200 fEM I 70, wHEA
1230 2EW, 0.1 M U - EEBEW (pH7.0) i
BRLLERRTF N (BTHug) REET Vs
PrEBID, YxFALZ—FAMBTICBESICET
B (£20.3mD L, 2:8%E: 4 ARCERLENR
ELE, BTy MIEEEOT SNy P EERL
f. WIEDAFBMIEE Y 7 F > 0.5X10° @ (0.25
ml) ZHEC 4 VST CE FELRL. 2B LR

TarpedoalB3-200

183

I-lLys-Lys-Gly-Trp-Lys-llis-Trp-Val-Tyr-Tyr-Thr-Cys-Cys-

HumanalB3-200

183

U-Lys-Lys-Gly-Trp-Lys-tlis-Ser-Val -Thr-Tyr-Ser-Cys-Cys-

Humanal25-147
125

H-Lys-Lys-Gly-Lys-Ser-Tyr-Cys-Glu-

Humana70-900
770
1-Lys-Lys-Asp-Asp-Tyr-Gly-Gly-Val-Lys-Lys-Ile-llis-Ile-
HumanaG1-71
51
-Lys-Lys-Thr-Thr-Asn-Val -Arg-lLeu-Lys-Glin-Gln-Trp-Val
Humanad0 - 60
a0
H-Lys-lLys-Leu-Tle-Asn-Val-Asp-Glu-Val-Asn-Gln-1le-Val
Humanal -24
1
H-Ser-Glu-llis-Glu-Thr-Arg-Leu-Val-Ala-Lys-Leu-Phe-Lys
Fig. 1.

le-Tle-Val-Thr-His-

Amino acid sequences of synthetic peptides used as antigens.

mi, #E%EESSEBICER VEKRE, BRERE
FRURRHTICH L 2,

m. v b, &b, LT ERA%K AChR OHH®

WY AR =%y OWERERTLEREL )
% 10~14 HBICTE/AEIRD H LTI L2, 2hic
4 EEDEHKA (NaCl, 0.1 M ; phenylmethyl
sulfonyl fluoride, 1 mM; NaN,, 0.02% ; trasyrol
250 u/ml &% 0.05M Tris-HCI, pH 7.4) #M0% T
FESF 4 XL, 10,000 rpm T 30 FREEEL L7, &
EIRETE A T2 AR L T Triton X-100 THRAHE
1%k &3z, 4°C T 1H#@HL, 10,000
rpm T 30 #fEO L CE s kg% AChR 4 &
U7z, & M AChR 3 EIMBSICIB /- BT 2, BV T
4 AChR I HA&AH#EESY v x4 (Narke japonica
) DO ICBERBEEMBLL, 7y POBEL
[ERRIZ HRHE L 7z,

V. 2 it miiE

1. 7T FHRE

EBRRTF RIS v TEOITUTOL S
W] R L S, £970.06M ) ERBEEW (pH
7.0) BELLIER~7FF (0.5mg/ml) 10ul &
Na 'l (1mci) 10 #1 (Amersham Products Inc.,
Cardiff) iz 7w 7 & > T (5mg/ml, 0.05M V) >
ERIBEID) 10 pl 2MNA -, 22°C T 1 oML 721,
Yo ) v AEE (0.6 mg/ml, 0.05M Y >~

200

Pro-Asp-Thr-Pro-Tyr-Lou-Asp-lys-Lys-Gly-OHf

200

Pro-Asp-Thr-Pro-Tyr-Leu-Asp-Gly -0l

147

Phe-Pro-Phe-Asp-Glu-Gln-Asn-Cys-Ser-Met-Lys-Leu-Gly-0Oll

90

Pro-Ser-Glu-Lys-1le-Trp-Arg-Pro-Asp-Leu-Gly-Oll

71

-Asp-Tyr- Asn-Leu-lLys-Trp-Asn-Pro-Asp-Asp-Gly -0l

60

~The-Thr-Asn-Val-Arg-lLeu-Lys-Gln-Gln-Trp-Lys-Lys-Gly -0l

24

~Asp-Tyr-Ser-Ser-Val-Val-Arg-Pro-Val-Glu-Asp-Gly-0ll

To promote

the solubility, peptides were attached additional sequences Lys-Lys or Lys-Lys-Gly
at N-terminal and Gly or Lys-Lys-Gly at C-terminal, respectively.
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MBS, pH7.0) 200 pl ZHIZRISH 1L, S 512
1%3 74V 7 AR 200 xl & 1 %4ME7 VT
3> (bovine serum albumin, BSA) #10.05M ) >
BEEWE (PH7.0) 500 ul #0272, RISHEEE%:
Sephadex G-15 (0.9%X25cm) # 7 ALWZD¥E, 1%
BSAfH0.05M U vEEEEHR TS L AE L, BERED
E—2%kbh 4°C TREL.
mEl1HECOEHBESABEL, BEKB
(0.2% Triton X-100 %= o4EMEWE A) T 100 EHR
L 7= #ER I 500 ]l % 5 AW EL Rz, 55 3R
50 fERIRL 72 BLERRTF R 50wl #BLINZ, B
hoa&IZIE772 7L THEVREFESTTY G
(immunoglobulin G, 1gG) #it& (Hoechst, Marburg)
Xix# 7y b IgGHi & (Cappel Laboratories,
Pennsylvania) 25yl #&42 Mz, 4°C T—BREW7
%, HERCRELOYTUE 5 4], 77 ¥ 712 P&
BARTFFS0ul 227, 6 R—BELE
3,000 rpm, 20 HRLERL L, EEZET, & IEER
B 2ml T2 @¥#EE, FIEK7F F—t b Xid
v b IgGHit P XIRELT v b 1gG Hiik D BEHEE
FREL I, Pi7F FHAEIE 3 ROBERI TS DR
FREHOFHED S 2KD 7 5 > 7 DHMEHEE DT

H

EExELIVTERHL ., AOEIHEE T,
BEAESIZLZ2DELT0cpm & L1,

2. 17 v P B IUE I AChR Hifkl

8Lg.7 > A 0 b F ¥ > (a-bungarotoxin, g-
BuTx) (Amersham Products Inc., Cardiff) T
U7 AChR 200 1 4= 100 5% %0 L 7= #BR M35 50 ]
®INZ, —BE4°CIUCBE. Chicdie b IgG Hitkuy
Wiz v b lgGHEEMA, &0 —MREL 7%, 3,500
rpm T 10 73O U TS OREHESE % #IE L 72,
INERIUBHEES2 LDT -0-BuTx 1ml b
H @ pmol HTEbH L7z (pmol/ml).

V. b2y - RBAGHEHEBEMNESE (20

FoNN) v AK)

1 pmol/ml \ZF#E L 72 AChR 250 »112, Hit P Xig
#.Z v b AChR blocking FLAIRIE RT3 HEERIME
50l #0Z, bFY BEEEECNT IEHT
FREIEEEER2BEICEERRTFF (50 g X3
250 ug #&F LIAEEWE B) 50 4l 002, —Rid4°C
TTRIG&EE, Zhi2 #o-BuTx 0.3 pmol %11
ZA4CFTCHBELRE avA2F Y Ax7y
o—2X 7% % 4 (Pharmacia Fine Chemicals,
Uppsala) #@L Ta > A+, > A2 AChR 2WE

Table 1. Anti-human AChR antibody assays in patients with myasthenia gravis

No. of Clinical Binding antibody Blocking antibody
patients siverity* (pmol/ml) (%)
control < 0.3 <10
1 b 3.5 20
2 IIa 4.3 26
3 b 1.0 22
4 IIb 8.6 16
5 ITa 9.4 26
6 IIb 5.6 22
7 b 11.0 30
8 I1b 23.1 30
9 I1a 22.6 22
10 b 0.7 17
11 Ila 2.2 12
12 IIb 1.9 25
13 la 0.6 11
14 b 13.0 33
15 11 12.8 29
16 IIb 66.1 27
17 I1b 0.8 11
18 ITa 10.0 18
19 Ia 6.5 27
20 IIa .6 19

* Osserman and Genkins classification®®’




BAEAHEEEL T v F L2 ) L REEERTF K

LILEEHE BRI O REE (RAcwnra) 23 L
BEIAT DIEDE
(B_A,carx,_ﬂl_:&éw_;x 100)

RAconror

mofAEENE (blocking activity) %R 7z,

VI, BRERRNRE _

sELVIA al83—200 TREL: Ty bS8
BRI R A 2 510 H UBUNERIC L 0 b
EAOEMO0.6msec MN D B R HEM/AIEIRE AL
(miniature endplate potential, MEPP) DiRig % #i
EL, FEHEM-15mV, HEESHEEMN-5mV &
LTHIEL 7219, 1PEIZ D X EF#EHE 20 A THIEL 72,
HEES v b b FERRICHRRME 20 Kic DL THRIE L 2.
ViI. AChR iRt HA

B 18~20 HED 7 4 A% —% 7 v MRRIBEDO T
BB H UMY, 0.3% U 7y VLB & 0 BiiRkE
BEREEST. ZRETIAF Y 700 ) LT SME
L 24~48 BEHIREE L 1208, BHU MY 7y (0.03%)
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AR &0 BEAIRVREEE & U 7z, ATIEHERE & ARMESEM
FROEEMEEEDOE % FIA U TR 2 8RN
WkET B ILDIZ, PITAFy s P YIIHRIIZT
15~30 73RS E L, HiFFMRICEAN LEEHRL
2. INETIAF Y 7R VIIIHEL, HEHE
&4 7 HEIW ®o-BuTx TE#B L. EHxnr
AChR ZHBIA~ER DA £ RB &R ok, 17
oYyl THEAANRBE SN2 0T, BEEORSE
M R ICIE T A Z L T AChR BRBHEE »
BRIZHIE T & 22029 125] T 2 BERAEE L 121, B
AT 3EGEE, IhIE@L (56°C30 /) L7
7w MEE ISR S UBEEEMZ, & 510 2 REfER
BELL BRREITARTITC, 5%C0, 95% air Tiz
TiTh o7, BSRMEFEICERL LEEROZ hTh
DL THEHEY (RAnea-i, 1210+, ke ooy n) 21
EL, BREOMVILIAEL T 2HEE2ED TH
EHEM (RAcen) ZRIE L 72, H2 XEMIZHEL
AChR 2152 B8 AChR 2z ¥ 52 8|4 (FD-
k) BLXUHHREKTRICBIT 2 AChREEX

Table 2. Anti-peptide antibody assays in patients with myasthenia gravis
Antipeptide antibody titers (cpm)
No. of
. Human Torpedo
patients
al24 240-60 abl1-71 a70-90  «125-147 «183-200 «183-200
control 126 £89* 52%69° 91+112* 142%90° 95+ 7% 111+120 151737
(n:5) (n:8) (n:6) (n:4) (n:5) (n:5) (n:4)
1 140 16 0 76 96 89 412*
2 290 34 0 93 90 90 387
3 70 11 0 0 88 114 292
4 140 86 ] 0 99 29 432"
) 10 0 0 0 77 103 191
6 60 0 ] 67 51 74 40
7 0 0 0 0 94 18 364
8 0 91 0 0 80 70 358
9 50 0 0 0 80 70 0
10 40 126 0 0 72 56 311
11 120 28 220 0 60 75 477>
12 40 156 0 0 92 91 191
13 0 132 ] 24 90 106 197
14 0 0 0 0 100 20 310
15 0 0 0 0 97 20 291
16 0 0 0 213 87 73 72
17 0 0 0 0 65 36 171
18 150 119 152 0 66 98 212
19 10 69 116 0 70 81 126
20 120 0 199 111 79 60 0

Y mean*SD; * p<0.05 vs. control by Thompson’s rejection limit.
(Numbers of patients correspond to those in Table 1.)
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(FR-Ik) BROXL DEH L/,

FD—Ik(%)= 5 RAmeax 109
E RAmed—! + RAceu

FR—Ik(%)=100~ £(FD—1i)

mig = KRR L 72 MG B3, BRNBEEES
#8 (Osserman & Genkins $34E”) TIl a 84, II
b114l, W16, g20F»6%2bD (K1), ik b
AChR binding i 7&ffi & 0" blocking #1 x4 i (3¢
1), ZFo k=Y LT A, BRHPERTFOZEHN
BRENLHDTH S, EETOBEE OREIRIU,
BE oV AT 57— YHIE L BEIEREAT O
A4 F) ik 48 BEREIZTT2 o 7o,

IX. #EEtea0LE

Boht 77— RFHELFEERE (MeanSD
) TEbLLZ:, 2EEBMOHEBEIMDSH7I21E Pearson
OHEBEREERD, SEHEOFEOEOREIZ RS
Btk Dunnett &% v 72, X, EFEORHICE,
Thompson DEHRERE 2BV 7z, METAT5 %K
WOBMEL Lo TERE L.

B #

I. MG £EMBFROHF 7 F FHis

KLUGRLIEBE MG EI a, PHEI b) X
&, BERERNMG (ID)RBRF 20 FliconwT, £TE
Fa1-24, £ b ad40—60, £ b a51—71, E b
@ 70—90, & b @ 125—147, & b & 183—200 237 3
TR7F FEEEEAEL - BREE2ICRT, 0T
NOEERVAEMER 2R 2ok, Wit bizk >
TRRBOYE L A{ «183—200 122w TREIEEICH
REZ LIz 22820 X 512 20 FlF 3 FlicH

Table 3. Antibody titers and microelectrode amplitude of the rats immunized with snythetic

LR AR, ZD3BHI0S BB LRATF ¥
OB > OUEBREEEIl a DBELSH ¢
b0, EFEINOZMBERFILERELRTF ki
Pl R & BAad o7, a 183200 i ACh R4S
DEEEMA D B725, £ 1OHE b AChR blocking
HRME, B20DY ELIA o 183—200 X8 T 24

30,000 4

20,000 |

10,000 -

5000 -

Anti peptide antibody titers (cpm)

/ { Mean % S.0.

L .

L]
o 14 28
- - -

1,000 4

42 58
Days after Inoculation (day)

Fig. 2. Change of antipeptide antibody titers,
aligned with respect to postinoculation days.
Female Lewis rats were injected intradermally
with 75ug of Torpedo «183-200 which was
emulsified with complete Freund’s adjuvant in a
0.3ml volume on day 0,14 and 28 (t), and
sacrificed 56 days after initial inoculation. (m),
rats injected with Torpedo «183-200; (@),
control rats injected with adjuvant alone.

peptides

Anti-Torpedo Anti-rat AChR antibody MEPP
183-200 T ] .
Rats No. & ) Binding Blocking amplitude
antibody titers antibody antibody mv)
(cpm) (pmol/ml) (%)
control 242 <0.8 <10 0.68+0.148(n:20)"
1 25,602 0.1 23 0.40%£0.134(n:20)*
2 16,818 0.1 0 0.62£0.187(n:20)
3 15,414 0.2 2 0.61+0.186(n:20)
4 20,642 0.1 17 0.40+0.173(n:20)*
5 10,252 0.1 13 0.47+£0.207 (n:20)*
6 28,406 0.3 26 0.39+0.121(n:20) "
7 23,816 0.2 7 0.60+0.200(n:20)
4, mean=SD; * p<0.05 by ANOVA followed by Dunnett's multiple comparison with control.




BEFEAEE 72 FLal) o 2REER X7 F P 709

R7FFYUBHE OB R 22, r=-0.019 T
EofEizEd -7z,

. YELITA «183-200 &S v b gt

1. ¥ 7F NI ORI

SEV IS «183-200 % 2B &z 3EIKEL 7-
Sy b TOYEL A «183—200120F B~ TF
FHAMER 2 12T, PUAEE, 63EE & TR
gz F8, LA plateau 723 —ERIC{E TER %2R L
t. &7 v O EBERBOHRTF NHAMIEE
REAS

2. #7 v b AChR HifA(ff

sEVIA al83-2000FES vy s TIREI TRT
X514z 7Ped 4 B blocking FitkBEMETH D, bind-
ing Fikix T RTCEETH - 72,

3. BREMETHRE

YEL IS a183-200 RIESEERBEFIOES v
b MEPPRIBA2BIE L ERERIICRT, BFK
BICE S B IZ ko2 b DD, MEPP RIBET
TEBENIERWEBC R EYMETEHENE
(experimental autoimmune myasthenia gravis,
EAMG) OREZRD L DH, HyES v b 7PEF 4
EhHh, ZNsiETXTHZ v + AChR blocking $i
KEEFITH - 72,

4. AChR RABERUR

L AChR #i #& {fi & MEPP iR 8 {& T o ¥ i ¢
EAMGORELE L oINS EL T4 «183—200
RIETy M ATRO T —VME LB T v b 30RO S —
VMK & BRI ARG, B ER AN O AChR
BEROE®R 3 Ry, K#E30FHEcsVT
b, RIFEZ v MIEO FBHE L D EREEND L L
W Zkixhmot,

. bFr RREHSEZTEE» S HERN

TFE - b FEC RSB

HLAChR blocking FUAMMHIE RO HERIMIE D H b
DIy B 2 A o 183—200 % 50 ug % 4> L 250 ug,
ALAF N v AL T =X AT LTI 2

BERLCFRT, Y EL T4 2183-200, 50 pg id
B5~B9%DIEILE T+ ¥+ > L 2R KDOK S EIBEA
72, BREARTF P E %R 50 ug o 250 pg WHEINT 2
LRI EC Lozt (97%), AChR 0% &
PRV ELVIACEZTY, ERCE2ED R
no Tz,

* =

MG BEMm$i2H 5 AChR 28 T 3 F KMV
FREENEOEETH 2L, LBHBHROBLEZ
ATH5, AChRa ¥ 7 2=vw bO—EICEL, ACh
BEBREZVLDODOS0% EOHIENERT 2
MIR*#~19ZEHL T, Noda &2038 12 A DB &
D HRIE L @ 161—169 %, McCormick %0 DRIE
243 « 159169 1%, IETIE ZOBEEI EEFER

N

Fraction of ['*1)-x-BuTx-AChR complexes (%)

] Mean £ S.D.

N
10 20 30
Time  (hr)

20+

Fig.3. AChR degradation in vitro. (®), sera
from 4 control rats ; (®), pooled sera from 4 rats
immunized with Torpedo «183-200. Details
were described in “Materials and Methods”.

Table 4. Toxin-binding capacity of synthetic peptides, as expressed by % inhibition of
toxin-binding to acetylcholine receptor

e Synthetic

% inhibition of toxin-binding

\\*«,\ peptide Torpedo a183-200
+ ;\\“
Source of AChR T 50ug 250ug
Torpedo 89 97
Human 85 95
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WHDLINEENTH 599, 4128, 142D R
N7 4 FIEE®EE a 125147 13, Lennon 12k -
T, ZOHERCIERFOERD 1 >+ &% AChR A8
REEERARD 2 2 L h s BELREMERD—>T
HbHILNRYEENI, L L, native AChR D
MIR kxtd 2 ® ./ 7 a—F AHiEKIZ I D o 125—-147
ERBLEZVWWOT, ZOHEKIIIZITHETLS
MIR TizaWwWk > Ths. XIDERD T TIZHER
HIBELTWARZWLELDOKH L H D, &5 Barkas
5193, E. coli ® expression cloning DFHEIT L -
T,MIRIE @ 6 -85 DfElicA R L 22HD, 20D
12 a37-850FIz&FEh3 £ LTED, Ratnam
5M% @ 46—127 %, Harcourt 5t a 66—70 5 & O°
@ 12-30 # & LEE % MIR LRBL TWL A3, L
LWTFhZLTHE—BOOONLETHI LD
2, PURBUERIGD BRILD 72 17 i3 —E O ST iAsE o3
PBBEETIEMLDH B,

— MGHAEOEELEHO—2TH 1, THEMEHE
i, BEEOE» S b ERENZDR, a ¥ 722y b
AChBEEE R EDEE T HE2 L VS L THD, b
Fy oA ACh BAMSEBEDOHEBICH 2 L
T, a-BuTx #HWT ACh B EHETE 3,
VAFURREMO Y AN T 4 FEEESFEGEE W ACh
BENOFEET IO, 5, U DI o 128—142
VANT 4 PSR F0EEH 2\ it o 128,
142,192,193 T2EY AL 7 4 FIEABEEIND4E
s, COBEEERHS TEEHOSH 2 DL LTR
HahT&k, Lol, BAROD « 128, 14TV AL
74V EEZ2EL al125— 4T THREL TR L 2
EAMG OfikiE, ACh &S EERE LT s 99,
VANT 4 FEERBORERATF K25 503,
PANTZAIFNREEEEE 2 VWal3l-147T b
EAMG ORI ERT W32, F7:kb b o 125—-147 %
PUR & UTHRE LFEL 72 EAMG 5 v b O [ #i
Z v b AChR #ifkix, modulating antibody T#& -
723, &7z Neumann 513, a 128, 142Dy R F ik
BFENTI92,198 D3 RF L EVALT 4 REESET
BLTOROGERELLD, BABET 2> X7
(@ 192—193) WHY AL T 4 REESHBIILS 5 0
EDBHSMMICENAE L (T, INEEL o 173—
204", a 185—19624), & 182198, & 160—2162,
DEFHDO I ACh IBFEEMHBEET 2 LREEINT Y
5.

DEn#E®EE2S &2, KFETIH 2 MIR &
AChBEEMICHEET 3 tfEEI N2 01 -2, a
40—60, @ 51—71, a 70—90, & 125—147, « 183—200
D6FHERURTF FEAR L. MG BEMmMER

EINSIINT 2REIEET 20T 52 B30
BERLE6EORTF FEHELLTREL A
Plo MG IEO TRz b HELRHABLE 2802
Zel3TEEpoR (R2), I TREESYDOBS
EEZT, E Mo TREBDYELVIADT 3,
BECSI%R & DBV, £ AChIESEROTEERDOF
@ 183—200 % EBA THEL, ERD 0B EEREL
e B 3PlicEDFUAMER 2RDS, EhErr
LIA @l183-200 CI DL BERMNE U Bl
LT, N1ITRTEIET S/ BoBE  BEEs
187,189,191 D 3 ¥ FITk b ¥ EL A Tl3EAEL -
EMRBTSNB, —RCEERNTHE L LTES%sh
TR BEASREET AR 6~ TBENIEL s
5494, o 183-200 D 18 B o 187191 D 31
HOBLEREVWEEZOND, KROHRG,
Lennon SO FRFEEERT, t D AChR THEL
Zy rOFEERE PRIy M YOO AChR
IDYEVIADACKR L XA RIELIz &I BES
EHHBTELIB0HY, EEFAKLD L EEBRE
XT3 B cell VRATOREVIEEROMES £
2505, FIRARO AChR DFN EIZFE % B rkE
DRZFPEHREELTHEL T3 HiELORR
P, 7072y T CEHT A 20 ENEEL
ELZEBIEANDIRETH S,

MG BEMBEP 7T FHEBES BrrEL
IA 2183200 RHUEE LES v M EBRIZTT
VErR 4 PBiz$T5 v b AChR Hifk% 1, MEPP RIS
T% &9 X 5% EAMG RIE% &, FEL 7z EAMG
M2 13 binding A IFEEEH & 15", blocking HitkoD
B TH o, FIFAE L 72 EAMG Mgz AChR
BB REFRAZRO LM o722 8 kD, o 183200 13
MIR Tid7% <, ACh#E&H 2 &L HEETH2 L
Bl EZ ohb, 2Ok, FFy e ACKR
EDWEEEERTF FOVEECHEL L 72 in vitro EE&
DOEBFIII &> Tl R 7, T4bb MG B#
MEERIGT2HFEEEF OV EL 14 2 183-200
& ACh fE&RER Y, v M EAMG #5812 6
ERE*ETREEZONS,

#®

MG kD TH 2 AChR D 7 3 / BEEFID 5
B, Ebha l-24, E b 240-60, £ b 25171, &
b a70-90, & b 2125147, £ + a 183—200, ¥ &
VX4 2183200 &L, MG BEME L ORIG

el

£, AChR O & #EEDORET, 8T 7 L OfERE

LT OBR 25,
1. MGEBFEMBEICE b a 1 —200f D 6 D~




BEMEIELETEF L) L BRESETSF 711

7F P T3Pt s h o, LL, &
BDY UL T4 o 18320003 3 Hifkid 20 #
sEhciRHI g N, IO Eh S BEVR - REES
DEG, FEICHAVIEHRTF FOIkiEE, HE
DEFHFEC OV TOEROLBEESEZ sk,

2. YELVIZA @ 183-200%FS v bEEICB W
7, TIEH 4 Eiz$iZ » b AChR HiiRREYE, MEPP iR
BETTCRE SN2 EAMGORE*FRD 2. KIE
5w hDFL7 v b AChR Hii&Id blocking FLETH 3
Tr&h, ZOEENAChHEESHTH B I LM
BzR L 72,

3.8V T A al83~200%E 5y Mg
AChR FEBREERIE Loz Z & & D, « 183—200
12 MG JiRD 50% LA L2488 & L T % MIR Tl
B BRERLL.

4. yELITA «183-200143F, bF¥ 2 -BHRERE
SHEEFERESEL, OB AChEEH2E T2
b LRSI,

BERD A, BRAEHREL A L AR EED
FLABMSFERBEBCRLL Y RBEOBEL B £ 7,
FREMRICBL I, HERIEsVLELBRE—
Wt REEFHEL, S)I5MEEER SR »
2FLABERBRMNCEROBMELRL 2 7. FHED—
i AR REEMRE BB RIS, FHEE R
REAEL L UHMEBARRECTHESTERE
o THabnl:.

X L

1) Heidmann, O., Buonanno, A., Geoffroy, B.,
Robert, B., Guénet, J. L., Merlie, J. P. &
Changeux, J. P.: Chromosomal localization of
muscle nicotinic acetylcholine receptor genes in the
mouse. Sience, 234, 866-868 (1986).

2) Numa, S., Noda, M., Takahashi, H., Tanabe,
T., Toyosato, M., Furutani, Y. & Kikyotani, S.:
Molecular structure of the nicotinic acetylcholine
receptor. Cold Springer Harbor Symp. Quant. Biol.,
48, 57-70 (1983).

3) McCarthy, M. P., Earnest, J. P., Young, E.
F., Choe, S. & Stroud, R. M.: The molecular
neurobiology of the acetylcholine receptor. Ann.
Rev. Neurosci., 9, 383-413 (1986).

4) Criado, M., Hochschwender, S., Sarin, V.,
Fox, J. L. & Lindstrom, J.: Evidence for
unpredicted transmembrane domains in acetyl-
choline receptor subunits. Proc. Natl. Acad. Sci.

USA, 82, 2004-2008 (1985).

5) Noda, M., Fukutani, Y., Takahashi, H.,
Toyosato, M., Tanabe, T., Shimizu, S., Kikyotani,
S., Kayano, T., Hirose, T., Inayama, S. & Numa,
S.: Cloning and sequence analysis of calf cDNA
and human genomic DNA encoding «-subunit
precursor of muscle acetylcholine receptor. Nature
(Lond.), 305, 818-823 (1983).

6) Claudio, T., Vallivet, M., Patrick, J. &
Hainemann, S.: Nucleotide and deduced amino
acid sequence of Torpedo californica acetylcholine
receptor y- subunit. Proc. Natl. Acad. Sci. USA, 80,
1111-1115 (1983).

7) Devillers-Thiery, A., Giraudat, J., Benta-
boulet, M. & Changeux, J. P.: Complete mRNA
coding sequence of the acetylcholine binding «-
subunit of Torpedo marmorata acetylcholine
receptor: A model for the transmembrane
organization of the polypeptide chain. Proc. Natl.
Acad. Sci. USA, 80, 2067-2071 (1983).

8) Finer-Moore, J. & Stroud, R.: Amphipathic
analysis and possible formation of the ion channel
in an acetylcholine receptor. Proc. Natl. Acad. Sci.
USA, 81, 155-159 (1984).

9) Ratnam, M., Nguyen, D. L., Rivier, J.,
Sargent, P. B. & Lindstrom, J.: Transmembrane
topography of nicotinic acetylcholine receptor:
Immunochemical tests contradict theoretical
predictions based on hydrophobicity profiles.
Biochemistry, 25, 2633-2643 (1986).

10) Conti-Tronconi, B., Tzartos, S. &
Lindstrom, J.: Monoclonal antibodies as probes of
acetylcholine receptor structure. 2. Binding to
native receptor. Biochemistry, 20, 2181-2191 (1981).
11) Yoshida, M. M. & Lennon, V. A.: Purifica-
tion and biochemical charactarization of nicotinic
acetylcholine receptors of human muscle. J. Biol.
Chem., 257, 12757-12764 (1982).

12) Tzartos, S. J. & Lindstrom, J.: Monoclonal
antibodies used to probe acetylcholine receptor
structure localization of the main immunogenic
region and detection of similarities between sub-
units. Proc. Natl. Acad. Sci. USA, 77, 755-759 (1980).
13) Tzartos, S. J., Rand, D. E., Einarson, B.
E. & Lindstrom, J. M.: Mapping of surface
structures of electrophorus acetylcholine receptor
using monoclonal antibodies. J. Biol. Chem., 256,



712 X

8635-8645 (1981).

14) Tzartos, S. J., Seybold, M. E. & Lindstrom,
J. M.: Specifisities of antibodies to acetylcholine
receptors in sera from myasthenia gravis patients
measured by monoclonal antibodies. Proc. Natl.
Acad. Sci. USA, 79, 188-192 (1982).

15) Tzartos, S. J., Langeberg, L., Hochsch-
wender, S. & Lindstrom, J.: Demonstration of a
main immunogenic region on acetylcholine re-
ceptors from human muscle using monoclonal
antibodies to human receptor. FEBS Lett., 158, 116-
118 (1983).

16) Takamori, M., Okumura, S. & Yasuda, A.:
Presynaptic modification of neuromuscular trans-
mission by antiacetylcholine receptor antibody :
Myasthenic serum and monoclonal antibody
produced by transformed lymphocytes. Neurology,
36, 942-947 (1986).

17) Gomez, C. M. & Richman, D. P.: Anti-
acetylcholine receptor antibodies directed against
the a-bungarotoxin binding site induce a unique
form of experimental myasthenia. Proc. Natl.
Acad. Sci. USA, 80, 4089-4093 (1983).

18) Barkas, T., Mauron, A., Roth, B., Alliod, C.,
Tzartos, S. J. & Ballivet, M. : Mapping the main
immunogenic region and toxin-binding site of the
nicotinic acetylcholine receptor. Science, 235, 77-80
(1987). .

19) Lindstrom, J., Criado, M., Ratnam, M.,
Whiting, P., Ralston, S., Rivier, J., Sarin, V. &
Sargent, P.: Using monoclonal antibodies to
determine the structures of acetylcholine receptors
from electric organs, muscles, and neurons. Ann.
New York Acad. Sci., 505, 208-225 (1987).

20) Noda, M., Takahashi, H., Tanabe, T.,
Toyosato, M., Fukutani, Y., Hirose, T., Asai, M.,
Inayama, S., Miyata, T. & Numa, S.: Primary
structure of a-subunit precursor of Torpedo
californica acetylcholine receptor deduced from
cDNA sequence. Nature (Lond.), 299, 793-797 (1982).
21) Kao, P. N. & Karlin, A.: Acetylcholine
receptor binding site contains a disulfide cross-
linking between adjacent half cystinyl residues. J.
Biol. Chem., 261, 8085-8088 (1986).

22) Lennon, V. A., Griesmann, G. A.,
McCormick, D. J., Huafeng, Z. H. & Lambert, E.
H.: Definition of myasthenogenic sites of the

human acetylcholine receptor using synthetic
peptides. New York Acad. Sci., 505, 439-449 (1987).
23) Neumann, D., Barchan, D., Fridkin, M. &
Fuchs, S.: Analysis of ligand binding to the
synthetic dodecapeptide 185-196 of the acetyl-
choline receptor @ subunit. Proc. Natl. Acad. Sci.
USA, 83, 9250-9253 (1986).

24) Merrifield, R. B.: Autonated synthesis of
peptides. Solid-phase peptide synthesis, a simple
and rapid synthetic method, has now been auto.
mated. Sience, 150, 178-185 (1965).

25) KHEMER, BEL L, B B, K B=: H7
eFral) ey bk EBREE, 13, 212217
(1981).

26) Juillerat, M. A., Barkas, T. & Tzartos, S. J.:
Antigenic sites of the nicotinic acetylcholine
receptor cannot be predicted from the hydro-
philicity profile. FFBS Lett., 168, 143-148 (1984).
27) Fambrough, D. M. : Control of acetylcholine
receptors in skeletal muscle. Physiol. Rev., 59, 165-
227 (1979).

28) Devreotes, P. N. &Fambrough, D. M.:
Acetylcholine receptor turnover in membranes of
developing muscle fibers. J. Cell Biol., 65, 335-358
(1975).

29) Merlie, J. P., Changeux, J. P. & Gros, F.:
Acetylcholine receptor degradation measured by
pulse chase labelling. Nature, 264, 74-76 (1976).
30) Osserman, E. E. & Genkins, G.: Studies in
myasthenia gravis: Review of a twenty year
experience in over 1200 patents. Mt. Sinai, J. Med,
38, 497-537 (1971).

31) McCormick, D. J., Lennon, V. A. & Atassi,
M. Z.: Synthesis of an antigenic site of native
acetylcholine receptor peptide 159-169 of Torpedo
acetylcholine receptor @-chain. Biochem. J., 226,
193-197 (1985).

32) Lindstrom, J., Criado, M., Hochschwender,
S., Fox, J. L. & Sarin, V.: Immunochemical tests
of acetylcholine receptor subunit models. Nature,
311, 573-575 (1984).

33) Lennon, V. A., McCormick, D. J., Lambert,
E. H., Griesmann, G. E. & Atassi, M. Z.: Region
of peptide 125-147 of acetylcholine subunit. tubunit
is exposed at neuromuscular junction and induces
experimental autoimmune myasthenia gravis, T-
cell immunity, and modulating autoantibodies.




EEGEMEE 7T F L) L REKRERTF R 713

Proc. Natl. Acad. Sci. USA, 82, 8805-8809 (1985).
34) McCormick, D. J., Griesmann, G. E., Huang,
7. & Lennon, V. A.: Synthetic @ subunit peptide
125-147 of human nicotinic acetylcholine receptor
induces antibodies to native receptor. Fed. Proc.
Abstr., 45, 919 (1986).

35) Criado, M., Sarin, V., Fox, J. L &
Lindstrom, J.: Evidence that the acetylcholine
binding site is not formed by the sequence «127-143
of the acetylcholine receptor. Biochemistry, 25,
2839-2846 (1986).

36) Harcourt, G. & Jermy, A.: Mapping the
autoimmunizing epitopes on acetylcholine re-
ceptors. Immunology Today, 8, 319-321 (1987).

37) McCormick, D. J. & Atassi, M. Z.: Location
and synthesis of the acetylcholine-bindiog site in
the a-chain of the Torpedo californica acetyl-
choline receptor. Biochem. J., 224, 995-1000 (1984).
38) Smart, L., Meyers, H. W., Hilgenfeld, R.,
Saenger, W. & Maelicke, A.: A structure model
for the ligandbinding sites at the nicotinic acetyl-
choline receptor. FEBS Lett., 178, 64-68 (1984).

39) Mulac-Jericevie, B., Kurisaki, J. & Atassi,
M. Z.: Profile of the continuous antigenic regions
on the extracellular part of the a chain of an
acetylcholine receptor. Proc. Natl. Acad. Sci. USA,
84, 3633-3637 (1987).

40) Kao, P. N., Dwork, A. J., Kaldany, R. J.,
Silver, M. L., Wideman, J., Stein, S. & Karlin, A. :
Identification of the a-subunit half-cystine
specifically labeled by an affinity reagent for the
acetylcholine receptor binding site. J. Biol. Chem.,
259, 11662-11665 (1984).

41) Boulter, J., Luyten, W., Evans, K., Mason,
P., Ballivet, M., Goldman, D., Stengelin, S.,
Martin, G., Heinemann, 8. & Patrick, J.: Isola-

tion of a clone coding for the @-subunit of a mouse
acetylcholine receptor. J. Neurosci., 5, 2545-2552
(1985).

42) McCormick, D. J., Griesmann, G. E., Huang,
Z. X., Lamvert, E. H. & Lennon, V. A.:
Myastherrogenicity of human acetylcholine
receptor a-subunit synthetic peptide 125-147 does
not require intramolecular disulfide cyclization. J.
Immunol., 139, 2615-2619 (1987).

43) Neumann, D., Barchan, D., Safran, A.,
Gershoni, J. M. & Fuchs, S.: Mapping of the a-
bungarotoxin binding site within the « subunit of
the acetylcholine receptor. Proc. Natl. Acad. Sci.
USA, 83, 3008-3011 (1986).

44) Willson, P. T., Lentz, T. L. & Hawrot, E.:
Determination of the primary amino acid sequence
specifying the a-bungarotoxin binding sites on the
a subunit of the acetylcholine receptor from
Torpedo californica. Proc. Natl. Acad. Sci. USA,
82, 8790-8794 (1985).

45) Mulac-Jericevic, B. & Atassi, M. Z.:
Segment «182-198 of Torpedo californica acetyl-
choline receptor contains a second toxin-binding
region and binds anti-receptor antibodies. FFBS
Lett., 199, 68-74 (1986).

46) Atassi, M. Z.: Antigenic structure of myo-
globin: The complete immunochemical anatomy
of a protein and conclusions relating to antigenic
structures of proteins. Immunochemistry, 12, 423-
438 (1975).

47) Atassi, M. Z.: Antigenic structures of
proteins: Their determination has revealed
important aspects of immune recognition and
generated strategies for synthetic minicking of
protein binding sites. Eur. J. Biochem., 145, 1-20
(1984).



714 N H

Immunological Studies on Myasthenia Gravis Using Synthetic Peptides of
Acetylcholine Recepter Miwako Nagata, Department of Neurology, School of
Medicine, Kanazawa University, Kanazawa 920—J. Juzen Med. Soc., 97, 704—714 (1988)

Key words: myasthenia gravis, acetylcholine recepter, synthetic peptide, «-bungaro-
toxin binding site, antibody

Abstract

To search for myasthenogenic regions, human acetylcholine receptor (AChR) a-
subunit segments, residues 1-24, 40-60, 51-71, 70-90, 125-147 and 183-200, were
synthesized ; none of them was antigenic in the detection of antibody in 20 human
myasthenic sera. Upon the assumption that this failure may reflex a greater tolerance at
the B-cell level for “self” human AChR epitopes, the “foreign” Torpedo sequence, a
183-200, was used, and was found to be antigenic in the detection of corresponding
antibody in 3 of 20 human myasthenic sera. This Torpedo « [83-200 was also
immunogenic in the induction of experimental autoimmune myasthenia gravis (EAMG) in
rats as evidenced by elevated titers of anti-rat AChR blocking antibody and reduced
amplitudes of miniature endplate potential (MEPP). Anti-Torpedo « 183-200 antibodies
did not induced the modulation of AChR on cultured myotubes. These results, as well as
the toxin-binding capacity of Torpedo a 183-200 expressed by an 85~97% inhibition of
toxin-binding to AChR, indicate that the segment « 183-200 is involved in the ACh
binding site but not the site which includes the main immunogenic region (MIR).




