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Monoclonal Anti-Acetylcholine-Receptor Antibodies Directed against the 
Cholinergic Binding Site? 
Daria Mochly-Rosen and Sara Fuchs* 

ABSTRACT: We have isolated 32 hybridoma cell lines producing 
monoclonal antibodies against the acetylcholine receptor from 
Torpedo californica. One of these lines, designated 5.5.G. 12, 
secretes antibodies which are directed against the cholinergic 
binding site of the acetylcholine receptor. This specific an- 
tibody blocked the binding of a-bungarotoxin to the acetyl- 
choline receptor. The binding of monoclonal antibody 5.5.G.12 
to acetylcholine receptor was inhibited by a-neurotoxins and 
by other cholinergic ligands in accordance with their affinities 

Antibodies  elicited in animals against purified acetylcholine 
receptor (AChR)’ from electric organs of electric fish inhibit 
the physiological activity of AChR as well as the binding of 
a-bungarotoxin (a-Bgt) to the receptor (Sugiyama et al., 1973; 
Patrick et al., 1973; Green et al., 1975; Aharonov et al., 1977). 
Sera from patients with myasthenia gravis, which contain 
antibodies against self-AChR, were also demonstrated to block 
the binding of a-Bgt to AChR (Bender et al., 1976; Almon 
& Appel, 1976). However, these data are not a direct indi- 
cation for the presence of antibodies against the cholinergic 
binding site. Moreover, there are many reports which dem- 
onstrate that the binding of a-Bgt or other cholinergic ligands 
to AChR does not interfere with the binding of antibodies to 
the AChR (Lindstrom, 1976; Aharonov et al., 1977). It was 
thus suggested that the binding site of the AChR is not im- 
munogenic and that the blocking of a-Bgt binding by anti- 
AChR antibodies is due to a steric hindrance by antibodies 
which are not necessarily directed against the cholinergic 
binding site (Aharonov et al., 1977). However, antibodies 
against the cholinergic binding site of AChR might be present 
in low amounts in sera of immunized animals and myasthenic 
patients, but the experimental procedures employed were not 
appropriate to detect this specificity. 

The question of whether antibodies to the cholinergic 
binding site of AChR are elicited by immunization or by 
spontaneous autosensitization is of crucial interest both for 
evolutionary and immunological aspects. If the binding site 
is structurally conserved through evolution, it can be expected 
not to be immunogenic. However, if antibodies against this 
site are obtained, they may be involved in the pathogenesis 
of myasthenia gravis and experimental autoimmune 
myasthenia gravis. As mentioned above, studies on sera 
containing heterogeneous populations of antibodies have not 
led to conclusive results concerning this point. We have chosen 
to produce monoclonal antibodies (mcAbs) to the AChR since 
this technique, in which a single antibody specificity, even a 
minor one, can be augmented and analyzed separately, is very 
helpful in such a case. Using this technique, we have isolated 
a cell line which produces monoclonal antibodies specifically 
directed against the cholinergic binding site of the AChR. In 
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to the nicotinic acetylcholine receptor. None of the other 
monoclonal antibodies obtained inhibited the binding of a- 
bungarotoxin to acetylcholine receptor, nor was their binding 
to the acetylcholine receptor inhibited by cholinergic ligands. 
The monoclonal antibody elicited against the binding site of 
Torpedo acetylcholine receptor bound also to acetylcholine 
receptors of various species and organs, demonstrating the wide 
structural homology between the cholinergic sites of various 
acetylcholine receptors. 

this report we describe the preparation and characterization 
of these mcAbs. We found that these antibodies have binding 
properties similar to cholinergic nicotinic ligands. A prelim- 
inary report of this research has been previously published 
(Mochly-Rosen et al., 1980). 

Materials and Methods 
AChR was solubilized by Triton X-100 from’the electric 

organ of Torpedo californica (Pacific Bio-Marine, Venice, 
CA) and was purified as described by Aharonov et al. (1977). 
AChR-enriched membrane fragments were purified following 
the method of Cohen et al. (1972), with some modifications 
described by TarrabHazdai et al. (1980). Reduced carbox- 
ymethylated AChR (RCM-AChR) was prepared by reduction 
and carboxymethylation of AChR in 6 M guanidine hydro- 
chloride (Bartfeld & Fuchs, 1977); trypsin-digested AChR 
(T-AChR) was prepared as described by Bartfeld & Fuchs 
(1979). 

Chicken (Prives et al., 1976), mouse, and rat (Yaffe, 1973) 
primary muscle cultures were used for the preparation of 
muscle cell membranes. The cells in the cultures were collected 
with a rubber policeman in 0.01 M Tris-HC1 buffer, pH 7.4, 
containing lo-’ M EDTA and M PMSF. The cells were 
then homogenized, and the homogenate was centrifuged 
(1OOOg) at 4 OC for 10 min. The supernatant was centrifuged 
at lOOOOOg at 4 OC for 1 h. This pellet was resuspended and 
is referred to as “muscle cell membranes”. An enriched 
membrane fraction of mouse whole brain was prepared ac- 
cording to the following procedure. Mouse brain was homo- 
genized in phosphate-buffered saline (PBS) containing 
M PMSF at 100 mg wet weight/mL. The homogenate was 
centrifuged at lOOOg for 10 min and 4 OC, and the supernatant 
was layered on a discontinuous sucrose gradient of 42%, 37%, 
and 30% sucrose, respectively, and centrifuged overnight at 
20 000 rpm in a Beckman ultracentrifuge SW-50 rotor. The 
37% sucrose layer was used for further assays. 

a-Bungarotoxin (a-Bgt) was prepared according to Clark 
et al. (1972). Iodination of proteins with lZ5I was performed 
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by the chloramine-T method (Hunter, 1978). 
Monoclonal antibodies with anti-AChR activity were formed 

as described previously (Mochly-Rosen et al., 1979) by using 
the cell hybridization technique of Kohler & Milstein (1975). 
In principle, C57BL/6 mice were injected twice each with 10 
pg of purified AChR. Spleen cells of these mice were subjected 
to adoptive transfer (Eshhar et al., 1979) in order to enrich 
the specific antibody-forming cells. The spleens of the recipient 
mice were fused with P3-NSI/l-Ag4-1 (NS1) nonsecreting 
plasmacytoma cells in the presence of poly(ethy1ene glycol). 
The hybrid lines having anti-AChR activity (tested by ra- 
dioimmunoassay with [ 1251]AChR) were cloned on agar and 
further propagated in vitro and in vivo as ascitic tumors. 

For radioimmunoassay, 25-pL aliquots of the 12SI-labeled 
antigen containing 2.5 ng of [12SI]AChR, [12SI]RCM-AChR, 
or [lBI]T-AChR or 50 ng of [12SI]Bgt-AChR complex in 0.01 
M Tris-HC1 buffer, pH 7.4, and 0.1% Triton X-100, containing 
bovine serum albumin (BSA) (1 mg/mL), were incubated for 
30 min at 37 OC with 25 pL of the test antibody, diluted in 
PBS containing 5% normal mouse serum. Goat anti-mouse 
immunoglobulin (GaMIg) (100 pL) was added, and the test 
tubes were incubated for 30 min at 37 "C and then overnight 
at 4 OC. The precipitates formed were centrifuged, washed 
twice, and counted. For inhibition of the radioimmunoassay, 
[ 12SI]AChR was incubated with increasing concentrations of 
different cholinergic ligands for 40 rnin at room temperature, 
before the addition of the test antibodies (in a dilution that 
bound -30% of the antigen), and the assay was continued as 
described above. The binding of anti-AChR antibodies to 
membrane preparations was measured by solid-phase radio- 
immunoassay (Klinman et al., 1976). Wells of microtiter 
plates were coated with 100 pL of either Torpedo membranes 
containing 20 pg of protein/mL and 2 nmol of a-Bgt sites/mg 
of protein or muscle membranes containing 500 pg of pro- 
tein/mL and 2 pmol of a-Bgt sites/mg of protein and incu- 
bated for 2 h at room temperature or overnight at 4 OC. 
Unbound antigen was removed and the plates were washed 
3 times with PBS containing 1% BSA (diluent) and incubated 
for an additional 1 h at room temperature with this solution 
in order to saturate free sites in the plastic wells. The solution 
was flicked out, and 50 pL of the test antibody was added and 
incubated for 2 h at room temperature. This solution was 
flicked out, and then the wells were washed 4 times with the 
diluent. Radiolabeled goat anti-mouse immunoglobulin (25 
pL, [12sI]GaMIg, 50000-100000 cpm, 5-10 ng of protein) 
was added to each well and the plates were incubated overnight 
a t  4 OC. After 5 washes with PBS, the plates were dried, and 
each well was cut out and counted in the y counter. For 
inhibition of solid phase radioimmunoassay, increasing 
amounts of the inhibitor were added to the membrane-coated 
wells for 40 rnin at room temperature before the addition of 
the antibodies. 

Biosynthetic labeling of mcAb 5.5.G.12 was carried out by 
the addition of [7sSe]methionine (Amersham, 100 pCi) to the 
hybridoma cell culture [ (5- 10) X 1 O6 cells in 5 mL of me- 
thionine-free Dulbecco modified Eagle's medium containing 
15% horse serum] and incubation for 5-7 h. The cells were 
pelleted and discarded, and the supernatant was dialyzed 
against PBS to remove unbound radiolabeled methionine. 
Aliquots of [75Se]Met-mcAb 5.5.G.12 (15000 cpm, -300 ng 
of mcAb 5.5.G.12) were incubated with different amounts of 
membranes for 30 min at 37 OC in Eppendorf test tubes. The 
tubes were centrifuged for 15 min at 4 "C and washed once 
with cold PBS, and the pellets were counted in a y counter. 
Specificity of the binding was verified by the ability of unla- 

beled mcAb 5.5.G.12 to compete with the labeled antibodies. 
For inhibition of the binding of [75Se]Met-mcAb 5.5.G.12, 
various unlabeled anti-AChR antibodies were added to the 
membrane preparations and incubated with them for 30 rnin 
at 37 OC before the addition of the labeled antibodies. In 
experiments of inhibition by cholinergic ligands, the ligand was 
incubated with the membranes for 40 min at room temperature 
prior to the addition of the labeled antibodies. 
a- [ 12sI] Bungarotoxin binding was determined as described 

by Aharonov et al. (1975) and by Olsen et al. (1972). In- 
hibition of the binding of a-[12sI]Bgt by different cholinergic 
ligands was performed according to Aharonov et al. (1977). 
Inhibition of a-Bgt binding by mouse anti-AChR antibodies 
or mcAbs was done in a similar procedure described elsewhere 
for rabbit anti-AChR antibodies (Bartfeld & Fuchs, 1977): 
AChR was incubated with increasing amounts of the test 
antibodies for 15 rnin at room temperature. a-[1251]Bgt ( - 
50000 cpm, 5 ng of a-Bgt) was then added, and the reaction 
mixtures were further incubated for 15 min at room tem- 
perature for binding at equilibrium or for 30 s at 4 OC for 
initial rate studies. The degree of inhibition of toxin binding 
by antibodies was determined relative to the 0% inhibition 
measured by the addition of a-['251]Bgt to AChR before the 
addition of antibody. 

Results 
Production of Anti-AChR mcAb and Their Antigenic 

Characterization. Hybridization of spleen cells from AChR- 
immunized C57BL/6 mice with NS1 plasmacytoma cells and 
the preparation of monoclonal antibodies were performed as 
described under Materials and Methods. Specific antibody 
producing lines were determined by radioimmunoassay with 
radiolabeled Torpedo AChR ([ 12SI]AChR). The antigenic 
specificity of the various anti-AChR antibody lines was as- 
sessed by radioimmunoassays with various preparations of 
Torpedo AChR such as membraneous AChR, Triton-solu- 
bilized AChR, the a-Bgt-AChR complex, denatured AChR 
(RCM-AChR), and trypsinated AChR (T-AChR). The 
monoclonal antibodies were also assayed for their binding 
capacity to various muscle AChR preparations of different 
species. As we have observed in previous hybridizations 
(Mochly-Rosen et al., 1979), some anti-AChR monoclonal 
antibodies bound trypsinated AChR and did not bind dena- 
tured AChR, whereas other monoclonal antibodies bound 
denatured AChR and not trypsinated AChR. The former 
group represents antibodies directed against conformational 
antigenic determinants of AChR, and the latter represents 
antibodies directed against nonstructural antigenic determi- 
nants of AChR, which are present also on the denatured re- 
ceptor. It is of interest to point out that we also found that 
all the mcAbs bound to membraneous Torpedo AChR at 
higher antibody dilutions when compared to the Triton-solu- 
bilized AChR. Some of the mcAbs cross-reacted also with 
membrane preparations of rat, mouse, and chick primary 
muscle cultures (Souroujon et al., 1981). 

All but one of the mcAbs bound equally to [lZSI]AChR and 
to a-['2sI]Bgt-AChR. The mcAB designated 5.5.G.12, which 
did not bind to the a-Bgt-AChR complex, belongs to the 
family of mcAbs directed against conformational antigenic 
determinants; it bound selectively T-AChR and did not bind 
RCM-AChR (Table I). 

Similar to the other mcAbs obtained, mcAb 5.5.G.12 bound 
to Torpedo AChR-enriched membranes (Table 11). This 
binding was inhibited by unlabeled a-Bgt and other cholinergic 
ligands (see Table IV), indicating that the antibodies bound 
specifically to the AChR in the membranes. For these ex- 
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Table I: Smcificitv of 5.5.G.12 Monoclonal Antibodv 

I 1 1 I 

antibody titer (M) towarda 

a-Bgt- 
antibody AChR T-AChR RCM-AChR AChR 

5.5.G.12 6 . 4 ~  10-9 4 . 9 ~  10-9 - - 
mouse anti-AChR 1.9 X 1.9 x loe7 4.1 X lo-' 3.2 X lo-' 

a Antibody titers were determined by radioimmunoassay using 
goat anti-mouse Ig for the precipitation of the Ag-Ab complex. 
Titers are expressed as moles of antigen precipitated per liter of 
serum. 

Table 11: Binding of mcAb 5.5.G.12 to Membraneous AChR 
(Solid-Phase Radioimmunoassay) 

antibody binding 

membrane preparation dilution 5.5.G.12 URS" 

Torpedo AChR-enriched l/lOO 3697 1076 
membranes 1/1000 3751 244 

l / l O O O O  2976 136 
membranes from chick 1/10 2553 1043 

primary muscle cell 1/20 1917 1005 
culture 

membranes from rat 1/50 5077 1257 
primary muscle culture 

mouse brain membranes l / 2  5363 1871 
1/5 4975 882 
1/10 3753 582 

antibody (cpm) 

a URS, monoclonal antibody with an unrelated specificity. 

periments the solid-phase radioimmunoassay was used, uti- 
lizing '251-labeled goat anti-mouse Ig to quantitate the binding 
of the antibodies to the membraneous AChR (see Materials 
and Methods). 

As shown in Table I11 the binding of [75Se]Met-mcAb 
5.5.G.12 was inhibited by the unlabeled mcAb 5.5.G.12 and 
by mouse anti-AChR antibodies. Only limited inhibition was 
obtained with other anti-AChR mcAbs suggesting that they 
are directed against different antigenic sites in AChR, suf- 
ficiently remote from the site to which mcAb 5.5.G.12 is 
bound. Moreover, it is possible that the inhibition obtained 
by mouse anti-AChR serum is due to an antibody population 
with a specificity similar to that of mcAb 5.5.G.12. In addition 
to the binding of mcAb 5.5.G.12 to membraneous Torpedo 
AChR, it also bound membrane preparations of rat, mouse, 
and chicken muscle when tested by the solid-phase radioim- 
munoassay (Table 11). Specific binding was also observed with 
membranes of mouse brain (Table 11). 

Inhibition of Binding of a-Bgt to AChR by mcAb 5.5.G.12. 
Mouse anti-AChR serum, like rabbit anti-AChR serum 
(Aharonov et al., 1977), inhibited the binding of a-Bgt to 
AChR. Since mcAb 5.5.G.12 appeared to be directed to the 
a-Bgt binding site of AChR and since it bound specifically 
only to AChR preparations which retained their a-Bgt binding 
activity (AChR and T-AChR, Table I), it was of interest to 
test the effect of this mcAb on the binding of a-Bgt. As shown 
in Figure 1 mcAb 5.5.G.12 inhibited the binding of a-Bgt to 
AChR at least as effectively as mouse anti-AChR serum did. 
Similar inhibition of the binding of a-Bgt to T-AChR and to 
chicken and rat primary muscle cultures was also obtained. 
It should be noted that the titer of anti-AChR antibodies as 
measured by radioimmunoassay with ['251]AChR was at least 
10 times higher in anti-AChR serum than in mcAb 5.5.G.12. 
None of the other mcAb with anti-AChR activity had a sig- 
nificant inhibitory effect (data not shown) on the binding of 
a-Bgt to AChR, nor did a mixture of 10 of such antibodies 
(Figure 1 ) .  The inhibition of the binding of a-Bgt to AChR 

Table 111: Inhibition of the Binding of [7SSe]Methionine mcAb 
5.5.G.12 to Torpedo AChR-Rich Membranes by Various 
Anti-AChR Antibodies 

antibody inhibition of 
antibody dilution binding" (%) 

mouse anti-AChR serum 

normal mouse serum 

5.5.G.12 ascitic fluid 

5.14 ascitic fluid 

5.33 ascitic fluid 

5.34 ascitic fluid 

1.17-K ascitic fluid 

URSb ascitic fluid 

1/10 8 4 t  3 
1/100 5 9 t 6  
1/10 2 2 t  1.5 
1/100 3 2 t  12 
1/10 98 t 3 
1/100 8 3 t  11 
1/10 35 + 6 
1/100 38 t 22 
1/10 6 t  10 
1/100 2 t  1 
1/10 19 * 5 
1/100 17 t 18 
1/10 23 * 10 
1/100 1 + 8  
1/10 1 7 + 6  
1/100 6 t 7  

a Average of three experiments. URS, mcAb with an 
unrelated specificity. 
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FIGURE 2: Inhibition of binding of a- [ 1251] Bgt to AChR by mcAb 
5.5.G.12 (0) and by normal mouse immunoglobulins (0). ~-[ '*~1]Bgt  
was incubated with the AChR for 30 s at 4 OC following preincubation 
with the immunoglobulins. 
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FIGURE 3: Inhibition of binding of [lZSI]AChR to mcAb 5.5.G.12 
by a-bungarotoxin (O), N .  nuju siumensis a-neurotoxin (A), d- 
tubocurarine (V), decamethonium (A), carbamoylcholine (m), ace- 
tylcholine (o), and atropine (0). 

concentrations required for 50% inhibition of the binding of 
a-[1251]Bgt to AChR (Table IV). Similar effects of the 
cholinergic ligands were observed also on the binding of mcAb 
5.5.G.12 to Torpedo AChR-rich membranes (Table IV). 
Atropine, a muscarinic cholinergic agonist, did not inhibit 
significantly the binding of mcAb 5.5.G.12 to AChR, nor did 
the two local anasthetics, procaine, or tetracaine. 

Discussion 

Monoclonal antibodies which do not bind to AChR in the 
presence of a-Bgt were described by Gomez et al. (1 979) and 
by James et al. (1980). Whereas the binding of the mcAb 
described by Gomez et al. was not inhibited by ligands other 
than a-Bgt, the binding of one of the mcAbs described by 
James et al. was also inhibited by d-tubocurarine and carba- 
moylcholine. In this report we describe the properties of a 
monoclonal antibody (5.5.G. 12) directed against the choli- 
nergic binding site of AChR. The binding of this antibody 
to AChR is inhibited by cholinergic ligands, in accordance with 
their binding affinities to the receptor. Moreover, this antibody 
binds to the AChR in primary cultures of rat, chick, and mouse 
muscle and to mouse brain. This is to be expected from an 
evolutionarily conserved site. 

The cholinergic binding site of AChR is conformation de- 
pendent, and denaturation of the receptor abolishes its binding 

Table IV: Inhibition of the Binding of mcAb S.S.G.12 and of 
a-Bunearotoxin to AChR bv Cholinereic Ligands 

ligand concn (M) at 50% inhibition for 
inhibition of 

mcAb 
mcAb 5.5.G. 12 

a-bungarotoxin 5 .S .G. 12 binding to 
binding to binding to membranal 

ligand AChRa AChR AChR 

wbungarotoxin 1.5 X lo-'" 3.0 x lo-'" 4.0 x 
N.  naja siarnensis 1.0 x 1.3 X lo-' 9.0 x 10-9 

decamethonium 3.0 X 3.3 x 10-4 2.0 x 10-4 
carbamoylcholine 1.7 X 5.0 x 10-4 2.8 x 10-5 

atropine 1.2 x 10- >lo+ 

toxin 
5.0 x 10-6 d-tubocurarine 9.0 X 6.2 X 

acetylcholine 1.0 x 10-5 6.1 x 10-4 NDC 

a Triton X-100 solubilized AChR. AChR-enriched mem- 
branes. ND, not determined. 

capacity (Bartfeld & Fuchs, 1977). This is compatible with 
the finding that mcAb 5.5.G.12, which is directed against the 
cholinergic binding site, did not bind to denatured AChR 
(Table I) or to any of the isolated denatured subunits (M. 
Souroujon, D. Mochly-Rosen, and S. Fuchs, unpublished ex- 
periments). Other monoclonal antibodies which were shown 
to be directed against nonstructural antigenic determinants, 
reacted with denatured receptor and with the isolated subunits 
(M. Souroujon, D. Mochly-Rosen, and S .  Fuchs, unpublished 
experiments). 

The specificity of mcAb 5.5.G.12 was verified by two kinds 
of inhibition experiments: (a) inhibition of a-Bgt binding to 
AChR by the antibodies and (b) inhibition of the binding of 
the antibodies to AChR by a-neurotoxins and by cholinergic 
ligands. Both these assays demonstrated that mcAb 5.5.G.12 
is directed against the cholinergic binding site or at least 
against a site very closely associated with it. The Is,, values 
obtained for the various cholinergic ligands for inhibition of 
5.5.G.12 binding to AChR are similar to those for inhibition 
of a-Bgt binding to the AChR [ N .  naja siamensis toxin > 
d-tubocurarine > carbamoylcholine >> atropine (Table IV)] . 
Anti-AChR sera inhibited the binding of a-Bgt to AChR as 
did mcAb 5.5.G.12, but the binding of anti-AChR sera to 
AChR was not affected significantly by a-Bgt or other cho- 
linergic ligands. Since we were able to isolate a clone pro- 
ducing antibodies specifically directed against the acetylcholine 
binding site, anti-AChR sera must also contain antibodies of 
this specificity. The failure to observe inhibition of antiserum 
binding to AChR by cholinergic ligands could be explained 
if relatively small amounts of antibodies of this particular 
specificity are present. Out of the 32 anti-AChR mcAbs 
tested, only mcAb 5.5.G.12 inhibited a-Bgt binding to AChR. 
When the other mcAbs were tested for their ability to inhibit 
the binding of mcAb 5.5.G.12 to AChR, only one clone, 5.14, 
showed any significant inhibition (Table 111). This antibody, 
which is specific for the denatured form of the a subunit of 
the AChR (M. Souroujon, D. Mochly-Rosen, and S .  Fuchs, 
unpublished experiments), did not affect the binding of a-Bgt 
to the receptor. The differential response to mcAb 5.14 in 
inhibiting a-Bgt binding as compared to mcAb 5.5.G.12 
binding to AChR is probably due to the difference in the 
molecular weights of antibodies (1 50 000) and a-Bgt (8000). 
Thus, the binding of mcAb 5.5.G.12 (anti-binding-site anti- 
bodies) to the cholinergic site can also be inhibited by anti- 
bodies not directed against the same site, provided that they 
are against a site which is in close proximity to the cholinergic 
site (e.g., on the same polypeptide chain). 
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In the light of our results, the role and involvement of an- 
tibodies against the cholinergic binding site in the pathology 
of anti-AChR antibodies should be considered. Anti-AChR 
antibodies are detected in the sera of most myasthenic patients, 
but there is no good correlation between antibody titer and 
clinical state. The assay of anti-AChR antibodies in 
myasthenic patients is based on the use of human AChR 
complexed with labeled a-Bgt. This assay cannot detect an- 
tibodies against the cholinergic binding site although they may 
be present and relevant to the disease. Therefore, testing for 
blocking antibodies and for antibodies which affect the turn- 
over of AChR may be more significant. It is possible that 
antibodies of several defined specificities may be involved in 
the pathogenesis of the disease and that antibodies to the 
binding site are just one of them. Reports from two other 
groups (Lemon & Lambert, 1980; Richman et al., 1980) have 
demonstrated that experimental myasthenia was passively 
transferred by mcAb directed against determinants not asso- 
ciated with the cholinergic binding site. 

Monoclonal antibodies provide a powerful tool for studies 
of the structure and function of the AChR. The ability to 
select for one particular antibody specificity, even a minor one, 
is one of the advantages offered by cell hybridization and 
monoclonal antibodies. The availability of a particular mcAb 
directed against the cholinergic binding site enables us to 
compare the binding sites of the AChR from different species 
and different tissues. Moreover, these antibodies may be used 
to evaluate the biological importance of such a site-directed 
antibody in experimental and spontaneous autosensitization 
against AChR. 
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