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1. Introduction

Acetylcholine receptor (AChR) is a major auto-
antigen involved in the neuromuscular disease
myasthenia gravis (MG). Injection of experimental
animals with purified AChR from electric fish leads
to the elicitation of an immune response to this
immunogen accompanied by a neuromuscular weak-
ness, designated experimental autoimmune myasthenia
gravis (EAMG) (reviewed [1-—3]). Antibodies to
AChR were shown to block the physiological activity
of AChR [4—6] and to inhibit the binding of
a-bungarotoxin to the receptor [7). However, it is
still not known which parts or immunogenic
determinants in the AChR molecule are responsible
for its myasthenic activity and whether or not these
overlap with sites involved in the physiological func-
tion of the receptor. Detailed immunochemical
analysis of AChR should shed light on these questions.

We have demonstrated that a denatured prepara-
tion of AChR (RCM-AChR, i.e., reduced and carboxy-
methylated AChR) cross reacts partially with anti-
AChR antibodies by reacting with antibodies directed
against only part of the antigenic determinants present
in the intact receptor [8]. Moreover, RCM-AChR by
itself elicits an immune response which is not
associated with any myasthenic symptoms, and is
capable of specifically suppressing EAMG [9].
Analysis of the specificity of the immune response
elicited by AChR and RCM-AChR led us to propose
that the denaturation of AChR destroys some
structural antigenic determinants which are important
for the induction of EAMG, and which may be
located close to the toxin binding site [8,9]. AChR
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elicits antibodies against both myasthenic deter-
minants in the AChR molecule which are involved in
the disease and other antigenic determinants which
are not involved in the disease. RCM-AChR cross
reacts only with antibodies of the latter specificity
and by itself elicits an immune response only to
determinants other than the myasthenic ones.

Here we describe the fractionation of two antibody
populations different in their immunological and
physiological specificity from rabbit anti-AChR
serum. The fractionation was achieved by using an
immunoadsorbent of RCM-AChR bound to Sepharose.
Both the adsorbed and unadsorbed subpopulations of
antibodies bind to intact AChR, whereas only the
subpopulation which does not bind to RCM-AChR
blocks the in vitro binding of a-bungarotoxin to
AChR.

2. Materials and methods

AChR was isolated from the electric organ of
Torpedo californica (Pacific Bio-Marine, Venice,
CA) and was purified as in [7]. Reduced carboxy-
methylated AChR (RCM-AChR) was prepared by
reduction and carboxymethylation of AChR in 6 M
guanidine—HCl [8], a-bungarotoxin (a-Bgt) was
prepared according to [10]. Todination with 21 of
these three proteins was performed by the
chloramine-T method [11].

2.1. Preparation of RCM-AChR—Sepharose immuno-
adsorbent and fractionation of antibodies
RCM-AChR was bound to Sepharose 2B which
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had been activated with CNBr [12]. CNBr-activated
Sepharose (10 g) was added to a solution of RCM-
AChR (8 mg) in 0.1 M NaHCO; (25 ml). The mixture
was kept overnight at 4°C with gentle stirring and was
then washed with PBS. The RCM-AChR—Sepharose
immunoadsorbent was packed into a column and
anti-AChR serum (2 ml) was chromatographed through
it at room temperature. The unadsorbed antibody
fraction which came through the column was
designated effluent. Antibodies which were immuno-
specifically adsorbed to the column were eluted with
0.2 M NH,OH and dialyzed against several changes of
PBS (eluate). Both antibody fractions were adjusted
with PBS to 10 times the original volume of the
serum applied to the column.

2.2. Immunization

Rabbits (2—3 kg) were injected in the footpads
and intradermally in 3—4 spots, each with 100 ug
AChR emulsified with complete Freund’s adjuvant.
The animals were bled when myasthenic symptoms
were observed (~30 days following immunization).

2.3. Immunological assays

For radioimmunoassay, the anti-AChR serum, or
fractionated antibodies (0.1 ml in 10% normal rabbit
serum) was incubated with the radioactive antigen
(***I-labelled AChR, '*I-labelled RCM-AChR or
1251 ]abelled a-Bgt-AChR) for 30 min at 37°C. Goat-
anti rabbit immunoglobulin serum (0.1 ml) was added
and the tubes were incubated for an additional 30 min
at 37°C. The centrifuged precipitates were washed
twice and counted in an autogamma scintillation
counter. For inhibition experiments the antiserum
(at a dilution that binds 20-40% of the radioactive
antigen) was preincubated with different amounts of
inhibitor for 30 min at 37°C and the assay was
continued as above for binding,.

2.4. Effect of antibodies on the binding of '** Ilabelled
o-bungarotoxin to AChR

The assay of "**Llabelled a-Bgt binding to AChR
was performed as in [7]. The inhibition of the binding
of toxin to AChR by specific antisera was measured
by preincubation of AChR with increasing amounts
of serum for 30 min at 37°C before the addition of
125 1abelled a-Bgt. The degree of toxin-binding was
determined relative to the binding obtained when
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1251 Jabelled o-Bgt was reacted with AChR before the
incubation with the serum.

3. Results

3.1. Fractionation and immunological analysis of
two different anti-AChR antibody populations
Antibody fractionation was performed on sera
from rabbits which were immunized with AChR
and had clinical signs of EAMG. Serum fractionation
was performed as in section 2. Direct binding of the
fractionated antibodies with labeled antigens was
determined by a radioimmunoassay. As can be seen
in fig.1 A unfractionated anti-AChR serum binds
to intact AChR (**I-labeled AChR or '**[-labeled
a-Bgt-AChR) as well as to denatured receptor
("*3I-labeled RCM-AChR). After this serum was
chromatographed on RCM-AChR—Sepharose, the
effluent does not bind RCM-AChR anymore, but
binds to intact AChR (fig.1B). In contrast, the
second antibody fraction eluted from the adsorbent
(eluate) binds to both AChR and RCM-AChR (fig.1C).
A similar pattern of specificity was obtained in
experiments in which inhibition of the binding of
1251 labeled AChR to the different antibody fractions
was studied. RCM-AChR is a weaker inhibitor than
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Fig.1. Binding of '**I-labeled AChR (e o), 1*5L.labeled
RCM-AChR (s— — — —#) and **I-labeled «-Bgt-AChR

(e- - -e) To: (A), unfractionated anti-AChR serum; (B)
effluent serum which did not bind to RCM-AChR —Sepharose;
(C) eluted antibody fraction. The first dilution for the
antibody samples (10~ ) is: for (A), a 1/10 dilution of the
unfractionated serum; for (B) and (C), the respective antibody
fraction after its total volume has been adjusted to 10-times
the original volume of the serum applied to the column (see
section 2).
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Fig.2. Inhibition of the binding of '**I-labeled AChR to: (A)
unfractionated anti-AChR serum; (B) effluent serum; (C)
eluted antibody fraction, by unlabelled AChR ( ) and
RCM-AChR (————— ).

AChHR of the binding of '*Ilabeled AChR to
unfractionated anti-AChR and inhibits only part of
the binding (fig.2A) [8,9]. However, there is no
inhibition at all by RCM-AChR of the binding of
1251.]abeled AChR to the effluent serum whereas
AChR is a good inhibitor (fig.2B). There is no dif-
ference in the extent of inhibition by AChR and
RCM-AChHR of the binding of **I1abeled AChR to
the eluted antibodies (fig.2C). This latter population
of antibodies (eluate) is the one which is common
to the intact and denatured receptor, whereas the
subpopuiation of antibodies in the effluent
recognizes only the intact receptor and does not
cross react with the denatured recentor
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3.2. Effect of the fractionated antibodies on the
binding of bungarotoxin to AChR
Antibodies to AChR were shown to block the
physiologicai activity of AChR and this reaction is
possibly associated with the pathogenesis of auto-
immune myasthenia gravis M. 6] These antibodies

also inhibit the in vitro blndlng of a-bungarotoxin
to AChR [7,8,13].

Comparison of the effect of anti-AChR serum
with that of the fractionated antibodies, on the
binding of **I-labeled a-Bgt to AChR shows that the
effluent antibodies which do not bind to RCM-AChR

are those which block the hmdmg of rv.hlmoarn'rnvlq

alt 11060 WILCI DIOOK e il (45400030 122:3 L0 400 D416

to AChR (fig.3).
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Fig.3. Inhibition of the binding of '**I-labeled o-Bgt to AChR
by: unfractionated anti-AChR serum, (o 0); effluent
serum (e e); eluted antibody fraction (a 4), and
normal rabbit serum (———-).

4. Discussion

Acetylcholine receptor is a multisubunit high
molecular weight protein [7,14—16] containing a
variety of immunopotent determinants. Thus,
immunization with such an immunogen leads to the
production of antibodies of ]ﬂefprnopnpmlc antigenic

specificities. It is likely that antibodies of only
limited defined specificities are involved in the
pathogenesis of EAMG. Zurn and Fulpius [13] have
shown that in an AChR-immunized rabbit there was a
relative increase in the levei of antibodies which biock
toxin binding to the receptor concomitantly with the
onset of EAMG, and Imnlmd that this antibody sub-

population might play a role in the appearance of the
paralysis observed in this disease.

Here we have fractionated two antibody sub-
populations from sera of AChR-injected rabbits, by.
using a RCM-AChR—Sepharose immunoadsorbent,
Antibodies which were not adsorbed by the immuno-
adsorbent (effluent) were directed to determinants
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which are present only on the intact AChR (fig.1,2).

305



Volume 105, number 2

Only this antibody population blocks toxin binding
to the receptor (fig.3) and it is possible that it
represents the antibodies which are relevant in
causing the neuromuscular damage in animals with
myasthenia gravis [13]. If so it may be possible to
transfer EAMG to normal rabbits by this antibody
subpopulation. The antibody subpopulation which is
bound to the immunoadsorbent, binds equally AChR
and RCM—ACHR (fig.1,2) and does not block the
binding of toxin to the receptor (fig.3). Such a
specificity was observed in rabbits immunized with
RCM-AChR [8] and was predominant also in rabbits
in which EAMG was prevented or reversed by RCM-
AChR injection [9]. These antibodies are probably
directed exclusively against sequentional antigenic
determinants [17] in AChR. Transfer of this sub-
population of antibodies to myasthenic rabbits may
lead to suppression of the disease. We have not
succeeded in transferring myasthenia to rabbits by
unfractionated rabbit anti-AChR serum (Tarrab-
Hazdai and S.F., unpublished data}, but this may
result from the fact that in unfractionated serum
antibodies of physiologically opposite functions
(blocking and non-blocking) are present.

Further immunochemical analysis of AChR,
isolation of the different antigenic determinants and
the respective specific antibodies may help for a
detailed structural analysis of AChR and for
characterizing the exact specificity of antibody
involved in the pathogenesis of both experimental
and human myasthenia.

Acknowledgements

This study was supported by grants from the
Muscular Dystrophy Association of America, by
the United States-Israel Binational Science Founda-
tion (BSF) and the Los Angeles Chapter of the
Myasthenia Gravis Foundation.

306

FEBS LETTERS

September 1979

References

[1] Fuchs, S., Tarrab-Hazdai, R., Nevo, D. and Bartfeld, D.
(1978) in: The Biochemistry of Myasthenia Gravis and
Muscular Dystrophy (Lunt, G. G. and Marchbanks,
R. M. eds) pp. 189-216, Academic Press, London,
New York.

[2] Fuchs, S. (1979) Curr. Top. Microbiol. Immunol. in
press.

[3] Lindstrom, J. (1977) in: Receptors and Recognition
(Cuatrecases, P. and Greaves, M. J. eds) vol. 3,
pp. 3~44, Chapman and Hall, London.

[4] Sugiyama, H., Benda, P., Meunier, J. C. and Changeux,
J.-P. (1973) FEBS Lett. 35, 124—128.

[5] Patrick, J., Lindstrom, J., Culp, B. and McMillan, J.
(1973) Proc. Natl. Acad. Sci. USA 70, 3334—-3338.

[6] Green, D. P. L., Miledi, R. and Vincent, A. (1975)
Proc. Roy. Soc. Lond. 189, 57—68.

[7] Aharonov, A., Tarrab-Hazdai, R., Silman, I. and
Fuchs, S. (1977) Immunochemistry 14, 129—-137.

[8] Bartfeld, D. and Fuchs, S. (1977) FEBS Lett. 77.
214-218.

[9] Bartfeld, D. and Fuchs, S. (1978) Proc. Natl. Acad.
Sci. USA 75, 4006--4010.

[10] Clark, D. G., McMurchie, D. D., Elliot, E., Wolcott,
R. G., Landel, A. M. and Raftery, M. A. (1972)
Biochemistry 11, 1663—1668.

[11] Hunter, W. M. (1978) in: Handbook of Experimental
Immunology (Weir, D. M. ed) pp. 14.1-14 .40,
Blackwell, Oxford.

[12] Fuchs, S. and Sela, M. (1978) in: Handbook of
Experimental Immunology (Weir, D. M. ed)
pp- 10.1-10.6, Blackwell, Oxford.

[13] Zurn, A. D. and Fulpius, B. W. (1977) Eur. J.
Immunol. 8, 529-532.

[14] Raftery, M. A., Vandlen, R. L., Reed, K. L. and Lee, T.
(1975) Cold Spring Harbor Symp. Quant. Biol. 40,
193-202.

[15] Karlin, A., Weill, C. L., McNamee, M. and
Valderamma, R. (1975) Cold Spring Harbor Symp.
Quant. Biol. 40, 203--210.

[16] Changeux, J.-P., Benedetti, L., Bourgeois, J.-P.,
Brisson, A., Cantaud, J., Deraux, P., Grunhagen, H.,
Moreau, M., Popot, J.-L., Sobel, A. and Weber, M.
(1975) Cold Spring Harbor Symp. Quant. Biol. 40,
211-230.

{17] Sela, M., Schechter, B., Schechter, 1. and Borek, F.
(1967) Cold Spring Harbor Symp. Quant. Biol. 32,
537-545.



