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ABSTRACT We have defined the molecular environment
of a snake neurotoxin interacting with the high- and low-
affinity binding sites of the nicotinic acetylcholine receptor
(AcChoR). This was done by photocoupling reactions using
three toxin derivatives with photoactivatable moieties on Lys-
15, Lys-47, and Lys-51. Competition data showed that Lys47
belongs to the toxin-AcChoR interacting domain whereas the
other two residues are excluded from it. We first tentatively
determined the threshold of covalent coupling, indicative of the
proximity between the photoactivatable probes and subunits,
by quantifying the coupling occurring between the same de-
rivatives and a model compound (i.e., a toxin-specific mono-
clonal antibody). We then (i) quantified the coupling yields
occurring when both binding sites ofAcChoR were occupied by
the toxin derivatives, (ii) discriminately quantified the coupling
yields at the high-affinity binding site, and (iii) deduced the
coupling yields at the low-affinity binding site. In the high-
affinity site, the probes on Lys-15 and Lys47 predominantly
reacted with the high-affinity site of the AcChoR a subunit
whereas the probe on Lys-51 reacted with the 8 subunit. In the
low-affinity site, the probe on Lys-47 predominantly reacted
with the low-affinity site of the a chain and the I8 chain whereas
those on Lys-15 and Lys-51 reacted with the y and 8 chains,
respectively. A three-dimensional model showing a unique
organization of AcChoR bound to two toxin molecules is
presented.

Determination of protein-protein interactions is one of the
most challenging issues in biology. Interacting domains can
be identified by chemical modifications of selected residues.
Such techniques have proven suitable for delineating func-
tionally critical residues of curaremimetic toxins from snake
venoms (1-11). The domain by which toxin-a, a neurotoxin
present in venom of the spitting cobra Naja nigricollis (12),
interacts with the nicotinic acetylcholine receptor (AcChoR)
was first predicted from comparison of analogous sequences.
This prediction was supported by chemical modification
studies (2). Understanding of the molecular mechanisms
associated with the postsynaptic blocking ability of toxin-a
now requires identification of the AcChoR subunits that
directly interact with or are in proximity to the bound toxin.

It is well documented that one AcChoR oligomer is com-
posed of five subunits (2a, P3, y, and 8) and has two toxin
binding sites (13). We discriminately quantified the yield of
light-induced coupling occurring at the low- and high-affinity
binding sites, between each of the five subunits of the
receptor and three radioactive toxin derivatives bearing a
photoactivatable arylazido probe on a single lysine residue.
To facilitate interpretation of our results, we performed, in
parallel, a similar experiment using a model compound [i.e.,
a toxin-specific monoclonal antibody (8, 14)] that displays a

high affinity for the toxin but has only a single class of toxin
binding site and two different subunits. Data obtained with
the monoclonal antibody proved of great help in interpreting
our results obtained with the more complex pentameric
AcChoR (13). The toxin derivatives chosen for this study had
their probes located at Lys-15 and Lys-47 because they
belong, respectively, to the region interacting with the anti-
body and AcChoR and at Lys-51 because it is excluded from
both interacting domains (2, 8, 10). The data obtained led us
to propose a model depicting the environment of the toxin
complexed to the high-affinity and low-affinity binding sites
of AcChoR.

MATERIALS AND METHODS

HPLC columns C18 p.Bondapak were purchased from Wa-
ters. Toxin-a from N. nigricollis was prepared from venom as
described (12). Torpedo marmorata AcChoR-rich mem-
branes were purified according to Saitoh et al. (15). The
monoclonal antibody (Mal) was prepared and purified ac-
cording to Boulain et al. (8). The concentration of toxin-a
binding sites was determined using [3H]toxin-a as a radioac-
tive tracer. All other chemicals were of the purest grade
commercially available.
The preparation and characterization of photoactivatable

derivatives will be published in detail elsewhere. Briefly, 1

tmol of [3H]toxin-a (3 Ci/mmol; 1 Ci = 37 GBq) in 0.5 ml of
0.05 M sodium phosphate (pH 7) was incubated with 3 Amol
of p-azidobenzoyl N-hydroxysuccinimide ester in 0.5 ml of
acetonitrile for 3 hr at room temperature (10). The toxin
derivatives were separated from excess reagent by filtration
through Bio-Gel P-2 (1 cm x 18 cm) equilibrated in 10%6
(vol/vol) acetic acid and fractionated on a C18 reversed-phase
HPLC column. Four major radioactive fractions were re-
solved. Their molar extinction coefficient determined at 280
nm indicated that 1 mol of reagent was incorporated per mol
of toxin. The modified amino acid residue was identified by
tryptic mapping of the carboxymethylated toxin derivatives.
The three derivatives modified on Lys-15, Lys-47, and Lys-
51 were used in the present study.

Binding affinities of the derivatized toxins for AcChoR (3.2
nM) and Mal (7 nM) were determined by competition against
[3H]toxin-a (1.25-13 nM; 15-37 Ci/mmol), according to
Faure et al. (2). Apparent equilibrium dissociation constants
were calculated according to Ishikawa et al. (16). For toxin-
antibody cross-linking studies, a 0.2-ml quartz cell and 1-mm
optical path was used with a 200-W Hg lamp (OSRAM-HBO).
Mal (200 pmol) was incubated in the dark with 300 pmol of
3H-labeled monomodified derivative in a final volume of 0.09
ml of 0.05 M sodium phosphate (pH 7.2) containing 0.077 M
NaCl, for 1 hr at room temperature. Under these conditions,
75% of the toxin binding sites were occupied in Mal. The
sample was then irradiated for 30 min at 40C. In a control

Abbreviation: AcChoR, acetylcholine receptor.
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experiment, a 100-fold molar excess of native toxin was
preincubated for 1 hr with the antibody prior to addition ofthe
photoactivatable tritiated toxin. The mixture was then
treated as described below. The same results were obtained
using the irradiation conditions described below for AcChoR.
The AcChoR-toxin complexes were irradiated at 100C, in

a 1-ml UV cell (1-cm optical path). Routinely, 100 pmol of
AcChoR binding sites was incubated with 150 pmol of
monomodified toxin-a in a 0.5 ml of 50 mM sodium phos-
phate, pH 7.2/0.15 M NaCi. After a 2-hr incubation in the
dark at room temperature, the sample was irradiated at 305
nm for 30 min.
We prepared the complex having its high-affinity binding

site preferentially occupied by the photoactivatable deriva-
tive by (i) incubating AcChoR-rich membranes containing
450 pmol of toxin-a binding sites with 350 pmol of modified
toxin-a for 2 hr at room temperature in a final volume of 1.5
ml and then (ih) adding 4.5 nmol of native toxin-a (13-fold
excess) at 40C in the presence of EDTA (2 mM) for 72 hr.
Under these conditions, =45% of toxin-a binding sites re-
mained occupied by the modified toxin.
NaDodSO4/PAGE was performed by the method of

Laemmli using slab gels with a thickness of 1 mm or 1.6 mm
(17).

After irradiation, the antibody-toxin complexes were im-
mediately heated at 100'C for 3 min in 0.1 M dithiothreitol.
The running and stacking gels contained 0.1 M dithiothreitol
and 11% and 6% acrylamide, respectively. Protein staining
was performed using 0.15% Coomassie brillant blue in 45%
(vol/vol) methanol/10% (vol/vol) acetic acid for 1 hr. For
quantitative determination of radioactivity, the gel was cut
into 1-mm slices and each slice was placed in a glass scintil-
lation vial containing 90% (vol/vol) Lipoluma, 8% (vol/vol)
Lumasolve, and 2% (vol/vol) water and was heated for 3 hr
at 60°C before radioactivity was measured.

After irradiation, the suspension of AcChoR-rich mem-
branes was either dialyzed against four 1-liter changes of 10
mM sodium phosphate, pH 7.2/2 mM EDTA or used di-
rectly. Samples of 50-100 ,ug of protein were incubated for 2
hr at room temperature with 2% (wt/vol) NaDodSO4/1.2mM
dithiothreitol before electrophoresis. The running and stack-
ing gels contained 10% and 5% polyacrylamide, respectively.
Protein staining and quantitative determination of radioac-
tivity in the gel were performed as above.

RESULTS

Binding Affinities of Photoactivatable Toxin-a Derivatives.
Table 1 shows the dissociation constants of the complexes
formed between Mal or AcChoR and toxin derivatives
modified on Lys-15, Lys-47, or Lys-51. In agreement with
previous data (2, 6, 8, 10), we observed that (i) modification
of Lys-15 decreased the affinity of toxin-a for Mal, (ii)
modification of Lys-47 induced a decrease in affinity for

Table 1. Equilibrium dissociation constants of complexes formed
between three photoactivatable toxin-a derivatives and AcChoR
or monoclonal antibody Mal

Modified Kd, nM
residue AcChoR Mal

None 0.02 ± 0.01 0.4 ± 0.1
Lys-15 0.02 ± 0.01 2.5 ± 0.2
Lys-47 0.12 ± 0.02 0.4 ± 0.1
Lys-Si 0.02 ± 0.01 0.5 ± 0.1

AcChoR, and (iii) modification of Lys-51 did not alter the
toxin affinity for either target.

Specific Cross-Linking Between Photoactivatable Toxin-ca
Derivatives and Mcd. The free [3H]toxin (7 kDa) and the light
(20 kDa) and heavy (52 kDa) chains of Mal can be readily
separated by NaDodSO4/PAGE (18). Upon irradiation of the
photoactivatable [3H]toxin-Mal complexes, we found a sin-
gle new radioactive band migrating with an apparent molec-
ular mass of 59 kDa, as expected for the heavy chain-toxin
complex. This irreversible coupling was specific since it
vanished after preincubation of Mal with an excess of
unlabeled toxin-a whereas it was unaffected with an excess
of the homologous but non-cross-reacting (8) erabutoxin b.
Quantification of specific cross-linking between Mal and
modified toxins is shown in Table 2. Irrespective of the
position of the probe, coupling occurred exclusively at the
Mal heavy chain and the highest reaction yield was obtained
with the Lys-15-modified toxin derivative.

Specific Cross-Linking Between Photoactivatable Toxin De-
rivatives and AcChoR from T. marmorata. NaDodSO4/PAGE
profiles of radioactivity obtained after light-induced coupling
between 3H-labeled toxin derivatives and AcChoR are pre-
sented in Fig. 1. We found three or four radioactive bands
migrating with apparent molecular masses of 47 kDa, 57 kDa,
67 kDa, and 74 kDa. They correspond to complexes between
[3H]toxin derivatives and the a, A, y, and 8 subunits, respec-
tively, assuming that each receptor subunit-toxin adduct has
an apparent molecular mass equal to the sum of the apparent
masses of a (40 kDa), 83 (50 kDa), y (60 kDa), or 8 (67 kDa)
chains and toxin-a (7 kDa). Similar radioactive patterns were
obtained using gel electrophoresis under reducing and nonre-
ducing conditions (data not shown). Under nonreducing
conditions, only the apparent molecular mass value of 8
chain-toxin complex changed, migrating as a dimer (140
kDa). The irreversible coupling to AcChoR was specific since
(i) no labeling was detected in the dark, (ii) no radioactivity
was incorporated upon irradiation using nonderivatized [3H]-
toxin-a, and (iii) preincubation with a 10-fold molar excess
unlabeled toxin-a abolished the coupling (Fig. ID).
Upon irradiation, 5%, 11%, and 9o of the receptor-toxin

complexes obtained, respectively, with derivatives modified
at Lys-15, Lys47, and Lys-51 were found to form a covalent
bond between the toxin and the receptor. The three patterns
of radioactivity bound to AcChoR subunits were different
(Table 3). These data are analyzed in the Discussion.

Dissociation kinetics of the AcChoR-derivatized toxin
complexes were biphasic, indicating that despite the pres-
ence of the probe, each derivative could distinguish between
the high- and low-affinity binding sites (19-22). The two
toxin-binding sites were discriminated by treating the fully
saturated receptor-derivative complexes with a 10-fold molar
excess of unlabeled native toxin for 72 hr. The high-affinity
binding site was thus predominantly occupied by 3H-labeled
photoactivatable toxin derivative whereas the other site was
occupied by native toxin. Table 4 shows the extent of

Table 2. Yield of cross-linking between lysine-modified
photoactivatable [3H]toxin-a and Mal

Modified % radioactivity
residue Heavy chain Light chain

None 0 0
Lys-15 10 ± 0.5 0
Lys-47 2 ± 0.5 0
Lys-51 1 ± 0.1 0

A derivative (300 pmol) was irradiated for 30 min with 200 pmol of
Mal. The sample was submitted to NaDodSO4/PAGE. Radioactiv-
ity was measured in 1-mm gel slices. The ratio of radioactivity
incorporated in the heavy and light chains to the radioactivity layered
on the gel was expressed as percent.

Values are deduced from competition experiments between
[3H]toxin-a (9 nM to 13 nM) and various concentrations of each
derivative toward AcChoR (3.2 nM toxin-a binding site) or Mal (7
nM) according to Ishikawa et al. (16).
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FIG. 1. NaDodSO4/PAGE radioactive
profile of T. marmorata AcChoR-rich
membranes (100 pmol of toxin-a binding
sites) irradiated in the presence of [3H]-
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1-mm gel slices was measured. (A and B)
Four radioactive bands migrating at 47
kDa, 57 kDa, 67 kDa, and 74 kDa are
shown. (C) We only observed three radio-
active bands at 57 kDa, 67 kDa, and 74
kDa, indicating the absence of labeling
between the a subunit of the AcChoR and
the monomodified toxin-a at Lys-51. (D)
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radioactivity incorporated into each subunit, after irradia-
tion, in the high-affinity binding site. Differences between
these results and those in Table 3 reflected the extent of
coupling at the low-affinity binding site (Table 4). Analysis of
these data is presented in the Discussion.

DISCUSSION

We have probed the molecular environment of a cobra
neurotoxin bound to a monoclonal immunoglobulin (Mal)
and to the high- and low-affinity toxin binding sites of the
AcChoR. This was achieved using three toxin derivatives
bearing a photoactivatable moiety on a single identified lysine
residue, located at position 15, 47, or 51. As inferred from
crystallographic data of analogous proteins (for review, see

refs. 1, 3, and 4), the polypeptide chain of toxin-a from N.
nigricollis is folded in three adjacent loops forming a large
aB-sheet surface to --500 A2. Lys-15 and Lys-47 belong,
respectively, to the first and third loops and are on the
concave side of the sheet, both side chains pointing in the
same direction. In contrast, Lys-51, which belongs to the

third loop, is located on the convex face and points in the
opposite direction. Previous works showed that modification
of Lys47 and Lys-15 resulted in a decrease in affinity for
AcChoR and Mal, respectively, whereas modification of
Lys-51 had no effect toward either complex formation (2, 6,
8, 10). The present data agreed with these findings, further
confirming that Lys-15 and Lys47 belong, respectively, to
the binding domain with Mal and AcChoR whereas Lys-51
is excluded from both sites.
Formation of covalent bonds using photoactivatable

probes required both low chemical selectivity ofthe activated
probe and spatial proximity between the probe and residues
ofMal or AcChoR. From simple geometrical considerations,
we estimated that a p-azidobenzoyl group, linked to a lysine
side chain, probed a dome emerging above the toxin surface
with a radius of -6 A. Cross-linking occurred only when
complexes were formed since (i) it vanished when Mal or

AcChoR were preincubated with an excess of nonderivatized
toxin; (ii) estimated rates of covalent bond formation with
nitrene (k = 103-106 M-1s-1) or with their rearranged aza-

cycloheptatetraenes (k > 103 M-1-s-1 with amino groups) are

Table 3. Overall cross-linking between derivatized toxin-a and AcChoR

Modified % toxin-a receptor Distribution of radioactivity among receptor subunits, %
toxin-a complex covalently
residue linked after irradiation a ( fy .

Lys-15 5 1.3 ± 0.1 0.8 ± 0.1 2.2 ± 0.2 0.9 ± 0.2
Lys-47 11 4.4 ± 0.5 2.0 ± 0.6 1.7 ± 0.4 2.9 ± 0.7
Lys-51 9 0 3.1 ± 0.4 1.7 ± 0.3 4.1 ± 0.5

Radioactive complex (mixture of covalent and noncovalent complexes) was treated as in Fig. 1. All
the radioactivity incorporated in the gel (bound to the four subunits) was measured. The percentage of
covalent complex formation was expressed as the ratio of incorporated radioactivity to the total
radioactivity layered on the gel (column 2). Columns 3, 4, 5, and 6 show the percentage of the
radioactivity distributed on subunits a, (3, y, and 8, respectively (n = 5).
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Table 4. Distribution of cross-linking on the different subunits at the high- and low-affinity binding sites of AcChoR

Modified Toxin-a binding % toxin-a receptor
toxin-a site on AcChoR complex covalently Distribution of radioactivity among receptor subunits, %
residue occupied linked after irradiation a (3 y 8

Lys-15 HA 5 2.8 ± 0.3 0.7 ± 0.1 0.7 ± 0.2 0.9 ± 0.2
LA 0 0.9 3.6 0.9

Lys-47 HA 11 5.8 ± 0.2 1.2 ± 0.4 1.3 ± 0.4 3.0 ± 0.6
LA 3.0 2.7 2.3 2.8

Lys-51 HA 9 0 1.6 ± 0.1 1.7 ± 0.1 5.7 ± 0.1
LA 0 4.7 1.7 2.4

Values were calculated from data obtained by NaDodSO4/PAGE (Fig. 1). HA, high affinity; LA, low affinity. Column
3 indicates the yield of total radioactivity specifically bound to all four subunits. Columns 4, 5, 6, and 7 indicate the
percentage of the total radioactivity specifically incorporated on a, (3, y, and 8 subunits. The values of the low-affinity
binding site cross-linking were deduced from (HA + LA) and (HA) experimental results.

several orders ofmagnitude higher than the dissociation rates
of the toxin-AcChoR (k < 1 x 10-5 M-1) and toxin-Mal (k
< 1 x 10-2 M-1) complexes. However, the experiments did
not provide information about events occurring in the milli-
second time scale, including rapid conformational changes
within complexes or intramolecular reactions within the
toxin. Cross-linking patterns may reflect all these phenom-
ena.
We first met difficulties in interpretating the coupling data

resulting from reactions between derivatized toxins and the
pentameric AcChoR (see Table 4). To clarify this situation,
we examined the data for the light-induced coupling between
the same photoactivatable derivatives and a model com-
pound-i.e., a monoclonal antibody (Mal). This compound
was chosen because (i) it has a high affinity for the toxin (8),
(ii) it possesses a single class of toxin binding sites (8), (iii) it
has only two different subunits, and (iv) like other antigen-
antibody complexes (23), it interacts with the toxin by
well-defined contacts (8). Moreover, upon irradiation, the
toxin-Mal and toxin-AcChoR complexes have similar low-
coupling yields (<11%), which might reflect, in both cases,
nitrene reactivity, toxin intramolecular reactions, or both, as
suggested in other instances (24). Strikingly, coupling to Mal
exclusively occurred with the heavy subunit. The probe on
Lys-15 displayed the highest coupling yield further confirm-
ing the antigenic role of this residue (8) and indicating that the
loop 1 of toxin-a is in proximity to the Mal heavy chain.
Previous data have shown that neither the adjacent loop 2
[i.e., Tyr-25, Lys-27, and Trp-29 (8, 10)] nor the still more
remote loop 3 (i.e., Lys-47 and Lys-51) belong to the epitope
recognized by Mal (refs. 8 and 10 and this work). Never-
theless, the photoactivatable probes at Lys-47 and Lys-51
showed a slight (i.e., 1 ± 0.5% and 2 ± 0.5%, respectively)
but reproducible coupling. We, therefore, concluded that
under these experimental conditions any coupling yield equal
to or lower than 2.5% may not necessarily reflect a close
proximity between the probe and an interacting macromol-
ecule. This value was then taken as a reasonable threshold in
the analysis of the toxin-AcChoR covalent complexes.

Electron microscopy studies indicated that the two struc-
turally nonequivalent (19-22) toxin binding sites of AcChoR
are oriented at about 1400 to one another (25), and biochem-
ical data showed that they encompass, at least partially, the
two a subunits (26, 27). Previous cross-linking studies estab-
lished that AcChoR was composed of a, /3, y, and 8 subunits
(28-33) and also depicted an organization of the subunits
within the receptor alone (32) or bound to a toxin (33). We
have now described the environment of a toxin molecule
bound at the high- and low-affinity binding sites and deduced
a unique organization of the five subunits of AcChoR.
Two series of coupling experiments were undertaken. (i)

Both sites were simultaneously occupied by a photoactivat-
able derivative. (ii) The high-affinity binding site was pref-
erentially occupied by a photoactivatable derivative whereas

the other site was predominantly occupied by native toxin.
Since the procedure used to favor this differential occupancy
was based on competition experiments using an excess of
native toxin, the two populations were not completely ho-
mogeneous and the resulting data were contaminated by a
slight contribution of labeling at the low-affinity binding site.
The covalent coupling pattern occurring at the low-affinity
site was deduced by substracting the coupling data resulting
from experiments performed when only the high-affinity site
was occupied by the derivatized toxin, from data obtained
when both the high- and low-affinity sites were occupied by
the same derivative. Our data were analyzed by considering
that (i) only one a chain is implicated in each binding site (13),
(ii) the two a chains are not adjacent (13), (iii) only the highest
coupling yields above 2.5% are of significance (see above),
(iv) a derivative bound to an AcChoR molecule does not react
with another receptor molecule since the same cross-linking
pattern was found using solubilized or membrane receptor,
treated or not at pH 11 (data not shown), and (v) like other
analogous toxins (1, 3, 4), toxin a has two sides, the concave
side being probed by the derivatives modified at Lys-15 and
Lys-47, at the edges of loop 1 and loop 3, respectively, and
the convex side being probed by Lys-51 on loop 3.
When both sites were simultaneously occupied by deriv-

atives, the highest coupling yields occurred with probes at
Lys-47 (11%) and Lys-51 (9%), suggesting that loop 3 is
embedded in the complex, probably in the central pit of the
receptor (34). Also, the probe at Lys-51 did not react with
either a chain, indicating that the convex side of the toxin is
remote from these subunits, in both the high- and low-affinity
binding sites. Since each a chain bears a toxin binding site
(13), our data support the view that the convex face of the
toxin is not implicated in recognition with the receptor (1, 3,
4). In contrast, the probe at Lys-51 reacted with the ,8 (3.1%)
and 8 (4.1%) chains, suggesting that the convex side faces
them, at least at one site. The situation became clearer when
the two sites were discriminated. In the high-affinity site the
probes on Lys-47 (5.8% coupling) and Lys-15 (2.8% coupling)
both reacted with the high-affinity sites on the a chain
whereas the probe at Lys-51 (5.7% coupling) reacted with the
8 chain. In its high affinity site, most of the concave side of
the toxin is facing the a chain whereas its convex side, at least
at the level of loop 3, is facing the 8 chain. This implies that
the 8 chain is on the right of the high-affinity site of the a
chain. The situation at the low-affinity binding site was
somewhat different. The probes on Lys-15 and Lys-51 re-
acted, respectively, with the y (3.6% coupling) and 83 (4.7%
coupling) chains. These data indicated that (i) the convex side
at loop 3 is facing the ,8 chain, implying that this subunit is on
the right ofthe low-affinity site ofthe a chain; (ii) the concave
site on loop 1 is in proximity to the y chain, i.e., on the left
of the bound toxin and hence on the left of the a chain bearing
the low-affinity site. Results obtained with Lys-47-modified
toxin were more difficult to interpret since the four subunits

Biochemistry: Chatrenet et al.
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FIG. 2. Tentative represention of nicotinic AcChoR complexed
with two snake toxin molecules. The receptor part was redrawn from
data of Brisson and Unwin (34) and the envelope of the toxin was

deduced from the crystallographic structure of the homologous
erabutoxin b (11). The toxin bound to the high-affinity binding site is
seen from the back, with loops 1, 2, and 3 from right to left in front
ofthe viewer, whereas the toxin bound to the low-affinity binding site
is seen from the edge of loop 1. Each toxin molecule binds to one of
the two a subunits. The subunit is flanked by the two a subunits
and the y subunit is located to the front with the 8 chain on the left.
Although the two toxin molecules bind to the receptor with different
affinities, no difference in their respective representation has been
made. The two molecules are assumed to occupy a symmetrical
position with the loop 3 being embedded into the central pit and the
loop 1 emerging at the surface of the receptor and, therefore, an

inclination of about 200 was given to toxin molecules.

were nearly equally labeled. This can be the consequence of
the intertwining of the subunits and/or of the mobility of the
toxin bound to the low-affinity site (10). Thus, the five
subunits have been independently probed at both the high-
and low-affinity binding sites, favoring a unique arrangement
around the receptor pseudoaxis of symmetry and depicting a

different environment of this toxin bound at the two sites
(Fig. 2). In this model, the two molecules were assumed to
occupy a symmetrical position, with the most highly reacting
loop 3 being embedded into the central pit and the less-
reacting loop 1 emerging at the surface of the receptor. Since
both loops 1 and 3 are facing the high-affinity site of the a

chain, an inclination of about 200 was given to the molecule.
As a result, loop 2 is also mostly in contact with this subunit,
in agreement with chemical (1-5) and genetic (unpublished)
work, which demonstrated that most residues that belong to
the concave side ofloop 2 are implicated in the toxin-receptor
complex. Hence, it appears that loop 1 remains accessible
from outside, in agreement with several arguments based on

chemical modifications (2-5) or accessibility to large mole-
cules (5, 14). In particular, there might still be enough space

for the heavy chain of the Mal to bind to the loop 1 of the
complexed toxin-a and then to destabilize the toxin-AcChoR
complex, as postulated (9).
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