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ABSTRACT Labeling studies of Torpedo marmorata nico-
tinic acetylcholine receptor with the noncompetitive channel
blocker [*H]chlorpromazine have led to the initial identifica-
tion of amino acids plausibly participating to the walls of the ion
channel on the «, B, and & subunits. We report here results
obtained with the y subunit, which bring additional informa-
tion on the structure of the channel. After photolabeling of the
membrane-bound receptor under equilibrium conditions in the
presence of agonist and with or without phencyclidine (a
specific ligand for the high-affinity site for noncompetitive
blockers), the purified labeled y subunit was digested with
trypsin, and the resulting fragments were fractionated by
HPLC. Sequence analysis of peptide mixtures containing var-
ious amounts of highly hydrophobic fragments showed that
three amino acids are labeled by [*H]chlorpromazine in a
phencyclidine-sensitive manner: Thr-253, Ser-257, and Leu-
260. These residues all belong to the hydrophobic and putative
transmembrane region MII of the y subunit. Their distribution
along the sequence is consistent with an a-helical organization
of this segment. The [*H]chlorpromazine-labeled amino acids
are conserved at homologous positions in the known sequences
of other ligand-gated ion channels and may, thus, play a critical
role in ion-transport mechanisms.

Reconstitution of the ionic-permeability response to acetyl-
choline from the purified nicotinic acetylcholine receptor
protein (AcChoR) (1) or from its subunits mRNAs (2) showed
that this membrane-bound allosteric protein contains the ion
channel, the acetylcholine-binding sites, as well as all the
structural elements required for their interaction (for review,
see refs. 1 and 3). The identification of the ion channel carried
by this a,Byd pentamer has benefited from labeling studies
with a distinct category of pharmacological agents, the non-
competitive blockers (NCBs), which inhibit the ionic re-
sponse to acetylcholine without significantly binding to the
agonist sites. Equilibrium binding experiments on AcChoR-
rich membranes from Torpedo marmorata electric organ
revealed that these NCBs interact with a high-affinity site,
present at a single copy per a;Byd oligomer and which
selectively binds the hallucinogen phencyclidine (PCP) (ref.
4 and the references therein). When bound to this site, the
NCB [*H]chlorpromazine ([*H]CPZ) photolabels all T. mar-
morata AcChoR subunits (4, 5), suggesting that this unique
high-affinity site is located along the axis of pseudosymmetry
of the receptor molecule (4). Rapid-mixing photolabeling
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experiments (6) further showed that when the channel is
opened by agonists, [P H]CPZ labels its site according to a
simple bimolecular mechanism almost diffusion-limited, sup-
porting the notion initially proposed from electrophysiolog-
ical data (for review, see refs. 7 and 8) that this site lies within
the ion channel (see also ref. 9).

To elucidate the structure of the AcChoR ion channel, we
have undertaken the identification of the amino acids labeled
by PHICPZ under equilibrium in a PCP-sensitive manner.
We have previously reported the identification of serines-262
of the & chain (Ser-6262), -254 of the B chain (Ser-8254), -248
of the a chain (Ser-a248), and leucine -257 of the B chain
(Leu-B257) (10-12), which all belong to the second hydro-
phobic segment of each subunit, MII. Studies using another
photolabile NCB, [*Hltriphenylmethylphosphonium, have
suggested that this compound labels the same serine residues
as [*HICPZ on the a, B, and 8 subunits (13, 14). Finally,
site-directed mutagenesis (15-17, 32) has brought comple-
mentary information and additional evidence in favor of the
notion that segment MII and neighboring amino acids con-
tribute to the regulation of ion transport through the channel.

In the present paper, we demonstrate that on the y subunit
of T. marmorata AcChoR, three residues belonging to the
MII segment are labeled by [PH]JCPZ in a PCP-sensitive
manner under equilibrium conditions. The implications of
these results in terms of a plausible structural model of the
AcChoR ion channel are discussed.

MATERIALS AND METHODS

Live T. marmorata were obtained from the Station de
Biologie Marine (Arcachon, France). [PHJCPZ was pur-
chased from NEN (20-25 Ci/mmol; 1 Ci = 37 GBq); unla-
beled CPZ, carbamoylcholine, and vinylpyridine were from
Sigma; L-1-tosylamido-2-phenylethylchloromethyl ketone
(TPCK)-trypsin was from Merck, cyanogen bromide was
from Kodak. PCP was a gift from A. Jaganathen (Université
Louis Pasteur, Strasbourg, France).

Purification and covalent labeling of the AcChoR by
[PHICPZ were performed as described (10). [PHICPZ was
isotopically diluted to 2-3 Ci/mmol for preparation 1 and to
12-14 Ci/mmol for preparation 2. The purified vy subunit (10)
was carboxymethylated (10) or pyridylethylated (18) and
finally precipitated twice with acetone after desalting.

Information concerning tryptic cleavage, peptide fraction-
ation, and sequencing are given in figure legends.

Abbreviations: AcChoR, nicotinic acetylcholine receptor; NCB,
noncompetitive blocker; CPZ, chlorpromazine; PCP, phencyclidine;
PTH, phenylthiohydantoin.
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RESULTS

Labeling of the y Subunit by [*H]JCPZ. Large batches of
alkali-treated AcChoR-rich membrane fragments (=200 nmol
of a-toxin binding sites) were photolabeled by [*’H]CPZ in the
presence of 1 mM carbamoylcholine under equilibrium con-
ditions. All AcChoR subunits were labeled, and a 200 uM
concentration of PCP reduced the radioactivity incorporation
in all subunits (60-65% for the y subunit). The subunits
derived from labeled membranes were purified by prepara-
tive SDS/PAGE without detectable loss of covalently bound
[PHICPZ. Analysis of the radioactivity in the purified material
showed that ~2% of the y subunits were labeled by [P'H]CPZ
in a PCP-sensitive manner.

Analysis of the Carboxymethylated y Subunit Tryptic Frag-
ments. The purified carboxymethylated y subunit from prep-
aration 1 (specific radioactivity, 87,000 dpm/nmol of y sub-
unit vs. 30,100 dpm/nmol for the PCP-protected batch) was
cleaved with trypsin, and the digest was fractionated by
reversed-phase HPLC (Fig. 1). Approximately 20% of the
injected radioactive material eluted with the unbound spe-
cies. The radioactivity in the corresponding fractions of the
PCP-protected sample did not decrease; these fractions were
not further analyzed. ;

Sixty-five percent of the injected radioactivity was recov-
ered associated with a broad A,z peak, eluting between 38%
and 77% solvent B (see Fig. 1 legend). This material was
subdivided into two pools, I and II, corresponding to peptides
eluting respectively between 38-48% and 48-78% solvent B.
The radioactivity of pool I was reduced by 35% in the
PCP-protected batch, whereas it was reduced by 70% in pool
II (Fig. 1). The corresponding fractions in the PCP-protected
batch were mixed into a single pool, (I+II)*.

The material contained in pools I, II, and (I+II)* was
individually submitted to automated sequence analysis. The
three pools contained multiple overlapping sequences, indi-
cating partial cleavage and incomplete separation, as has
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FiG. 1. Fractionation of the tryptic peptides from the carboxy-
methylated [3H]CPZ-labeled y chain. Purified labeled and carboxy-
methylated y chain (30 nmol) from preparation 1 was suspended (1-2
mg of protein per ml) in 2 M urea/0.1 mM CaCl,/50 mM NH,HCO;,
pH 8.2, and trypsin was periodically added to a final 1:10 enzyme/
substrate ratio over a 24-hr period at 37°C. The dried digest was
dissolved in formic acid and injected on a C, Brownlee Labs
Aquapore Butyl (7-um, 220 X 4.6 mm) reversed-phase column
equilibrated in 30% solvent B [solvent A: 0.1% trifluoroacetic acid;
solvent B: 0.1% trifluoroacetic acid/90% (vol/vol) 1-propanol].
Elution was at 0.5 ml/min; the linear gradient is indicated by the
broken line. The eluate was monitored by absorbance at 230 nm (—).
Aliquots (S ul) of the fractions collected every minute were subjected
to liquid scintillation counting (e@). Parallel treatment of the same
amount of y chain labeled by [3H]JCPZ in the presence of PCP
produced a similar A, profile (data not shown) and the radioactivity
profile shown here (0). Horizontal bars indicate the fractions mixed
to form pools I and II. '

Proc. Natl. Acad. Sci. USA 87 (1990)

been observed with the other subunits (10-14). This pattern
most probably arose from the hydrophobic character of the
peptides studied. In each analysis, the same eight amino-
terminal sequences could be identified, assigned on homol-
ogy with the known sequence of the T. californica y subunit
(19) (Table 1). A significant background, already at cycle 1,
suggested the presence of several minor cleavages giving rise
to additional sequences, unidentifiable because of their low
amount. The identified sequences extended, respectively,
from Ser-126 (fragment Ty, see Fig. 2), Asn-194 (T}), Asp-202
(T,), Lys-218 (Ts, containing hydrophobic segment MI),
Cys-252 (T4, containing segment MII), Tyr-286 (Ts containing
segment MIII), Glu-429 (T¢), and Val-446 (T; containing
segment MIV). Radioactivity was released at cycles 2, 6, 9,
and 16 (Fig. 3). This release was decreased in the PCP-
protected batch at cycles 2, 6, and 9, but not at cycle 16 (Fig.
3). Thus, only the labeled amino acids released at cycles 2, 6,
and 9, which represented site(s) of PCP-sensitive incorpo-
ration of [P H]JCPZ, were considered further.

As calculated from the specific radioactivity of the un-
cleaved vy subunit, the amount of radioactivity recovered at
cycles 2, 6, and 9 in pool II corresponded to labeled amino
acid amounts of at least 100, 30, and 40 pmol, respectively.
These minimal values stand above PTH detection limit for
identifiable sequences, indicating that the labeled residues
belong to the sequences identified in pool II and, by exten-
sion, in pool I.

Fragments T, and T, display overlapping sequences, T,
beginning eight residues after the amino terminus of T;. Thus,
the labeled amino acids cannot belong to peptide T, because,
in that case, radioactivity release would also have been
detected at cycles 10, 14, and 17. Similarly, no radioactive
residue is located on T; (overlapping T,), on T; (overlapping
Te), or at position 9 of T;.

Moreover, the relative amounts of amino-terminal se-
quences and the amounts of radioactivity released were not
similar in pools I and II. Radioactivity release at cycles 2, 6,
and 9 increased =~2-fold from pool I to pool II (Fig. 3),
whereas the amounts of Ty, Ts, and T, respectively, de-
creased =3-, 7-, and 4-fold (Table 2). The labeled residues,
thus, cannot belong to any of these three peptides.

In conclusion, the analysis of the tryptic digest of the
carboxymethylated y chain shows that three residues of this
subunit incorporate [PH]JCPZ in a PCP-sensitive manner and

Table 1. Yields of phenylthiohydantoin (PTH)-amino acids upon
automated sequence analysis of pool II-

PTH-amino acids, pmol X 1071
Cycle To Tl T2 T3 T4 T5 T5 T7
1 S+ NS6 D183 K184 C Y 56 E8 V 150

2 TI155 YS9 D134 P 9 T155 L 61 Q45 I 55
3 C N42 T L100 L100 I 77 N4 D S8
4 P35 W D9 F 9 S+ F9% D9 K 32
5 1 63 Q13 F132 Y 8 I 63 V40 S + A 67
6 A L15 Q6 I 4 S+ MI18 G16 C

7 V5T T9EZS8 1 5 V57T F65 S+ F 65
8 T 25 K11 I 8 N 3 L 37 V4 E18 W

9 Y1 D31 91 93 L2 S+ N171 93
10 F 57 D12 F 57 1 50 A 60 M E S5 A &
1 P 8 T F117 A 66 Q 20 L 9 N6 L 9
12 F 3 D21 L 68 P 25 T 35 1 22 W L 68

The twelve first cycles of degradation over thirty cycles are shown
(see Figs. 1-3). The amounts of PTH-derivatized amino acids (in
one-letter code) obtained were calculated by constructing a plot of
cycle vs. pmol released for each amino acid; the background was
estimated by drawing a straight line through the low points. Due to
lack of reliable standards, PTH-Ser groups could not be quantified
and are indicated by + when detected. No value is indicated when
residues expected according to the sequence could not be identified.
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F1G. 2. Schematic drawing of the vy subunit, indicating the
location of the sequenced peptides along the primary structure. Black
boxes indicate the four hydrophobic segments (MI-MIV). Numbers
indicate residue position within the T. californica sequence. Labeled
amino acids (in one-letter code) are marked with an asterisk.

belong to the following set: Tyr-195, Trp-199 (residues 2 and
6 of T;), Thr-253, Ser-257, Leu-260 (residues 2, 6, 9 of T, in
segment MII), Leu-287, Met-291, Ser-294 (residues 2, 6, 9 of
Ts, in segment MIII).

Analysis of the Pyridylethylated y Subunit Tryptic Frag-
ments. To distinguish among the possibilities for the labeling
by [*H]CPZ of peptides T;, T4, or Ts, we tried to modulate the
efficiency of tryptic cleavage of the Lys-251-Cys-252 bond
(beginning of T,4) by modifying the chemical treatment of the
cysteine residues (pyridylethylation vs. carboxymethyla-
tion). The pyridylethylated y subunit purified from prepara-
tion 2 (specific radioactivity, 1,200,000 dpm/nmol vs. 470,000
dpm/nmol for the PCP-protected batch) was cleaved with
trypsin, and the digest was chromatographed under the same
conditions as the carboxymethylated sample. Forty-five per-
cent of the injected radioactivity was recovered associated
with a broad A,;o peak eluting between 38 and 75% solvent
B (data not shown). The corresponding material was pooled
and submitted to automated sequence analysis. Among the
several amino-terminal sequences present, Ts could be unam-
biguously identified over at least eight cycles; in particular,
PTH-Tyr, -Leu, -lle, -Val, and -Met appearing, respectively,
atcycles 1, 2, 3, 5, and 6 cannot be attributed to any other of
the detected hydrophobic sequences. Similarly T; could be
identified over at least 7 cycles (Table 3). T4 (containing MII)
was, however, no more detectable. Thus, in this pyridyleth-

5 _
‘I POOL I
3L

dpm x 1073

o 10 20 30
Cycle

FiG. 3. Radioactivity released upon sequence analysis of tryptic
peptides contained in pool I and pool II. The material contained in
pools I and 1I was subjected to automated sequence analysis on a
Beckman 890 C spinning cup sequencer for, respectively, 20 and 30
cycles, as described (11, 12). The loaded samples contained, respec-
tively, 177,000 dpm (I) and 661,000 dpm (II). ®, Amount of radio-
activity associated with each PTH released; o, radioactivity released
upon sequencing of the PCP-protected material (I+1II)*, in peptide
amounts equivalent to that contained in pool II.
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Table 2. Comparative distribution of y-subunit tryptic fragments
in pool I and pool 11

Peptide Pool I, pmol Pool II, pmol
To 960 (87) 340 (94)
T, NQ 255 (95)
T, 620 (94) 1710 (92)
T3 285 (98) 1010 (92)
T4 630 (90) 800 (92)
Ts NQ 570 (92)
Te 3135 (89) 410 (92)
T, 3690 (89) 885 (92)

Initial amounts of degraded peptides in pmol and the repetitive
yield (in parenthesis) were calculated by linear-regression analysis,
excluding the residues shared by multiple sequences. As it is difficult
to correct for overlaps in a sample with multiple sequences, calcu-
lated repetitive yields are probably overestimated, and errors of
20-30% are expected for initial amount values. Although the PTH-
amino acids corresponding to T; and Ts could be clearly identified
upon degradation of pool I, their yields could not be fitted by
linear-regression analysis, and these are thus indicated as not quan-
tified (NQ).

ylated batch, cleavage of the Lys-251-Cys-252 bond oc-
curred with a much lower yield than in the carboxy-
methylated batch. This change in cleavage efficiency could
be due either to the different covalent modification of Cys-
252 or to the low reproducibility of enzymatic cleavage of
highly hydrophobic regions of the protein.

As in the carboxymethylated batch, radioactivity was
released at cycles 2, 6, and 9, but also at cycle 1 (Table 3). As
seen by us and others (11-14), radioactivity release at cycle
1 upon sequencing takes place in an irreproducible fashion
and is considered as artifactual. Furthermore, considering
the different specific radioactivity of the two preparations,
the amounts of labeled amino acid released at cycles 2, 6, and
9 dramatically decreased (80-, 15-, and 30-fold, respectively)
from the carboxymethylated pool II to the pyridylethylated
sample (Table 3 and Fig. 3) and likely fell under PTH-
detection limit for identifiable sequences. As a consequence,
T, and Ts cannot be labeled by [*’HICPZ because from the
carboxymethylated pool II to the pyridylethylated sample

Table 3. Yields of PTH-amino acids corresponding to peptides
T; and Ts upon automated sequence analysis of tryptic
fragments of the pyridylethylated y subunit

PTH-amino acids,

pmol
Cycle T, Ts dpm released
1 N 240 Y 384 3070
2 Y 130 L 338 2950
3 N 108 I 288 1725
4 w F 806 1430
5 Q 38 V 316 1435
6 L 72 M 98 4020
7 T 10 F 37 2975
8 K VvV 35 2570
9 D S 3010
10 D 32 M 2530
Initial amount 215 890
Repetitive yield 76% 72%

Purified labeled and pyridylethylated y chain (4 nmol) of prepa-
ration 2 was treated with trypsin (see Fig. 1). The digest was purified
by reversed-phase HPLC (see text), and a sample of the eluate
(1,950,000 dpm) was subjected to automated sequence analysis on an
Applied Biosystems 470 A sequencer coupled on-line to a 120A PTH
analyzer. Asparagine (cycle 3) and phenylalanine (cycle 7) being
shared by multiple sequences (data not shown) were not taken into
account for quantification. Peptides T,, T3, Ts, and T; were also
detected during this sequence (between 300 and 700 pmol).
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their amount increased (=1.5-fold for Ts, Tables 2 and 3) or
remained constant (T;).

In summary, analysis of the tryptic peptides generated after
carboxymethylation of the y subunit showed that the [*H]-
CPZ labeling is located on either fragment T;, T4, or Ts.
Comparison with the pyridylethylated batch rules out the
labeling of T; and Ts. The only remaining possibility is, thus,
labeling of T4; this fragment was not identified at the PTH level
upon sequencing of the pyridylethylated batch, which agrees
with the fact that the low level of label released during this
degradation corresponds to a peptide amount standing under
PTH-detection limit for identifiable sequences.

In conclusion, sequence analysis of the y-subunit tryptic
peptides demonstrates that three amino acids from T, incor-
porate [*'HJCPZ in a PCP-sensitive manner and are Thr-253
(cycle 2), Ser-257 (cycle 6), and Leu-260 (cycle 9) in the MII
hydrophobic segment.

DISCUSSION

Tryptic cleavage under different conditions of the [PH]CPZ-
labeled y subunit generated distinct sets of partially resolved
hydrophobic peptides and led to the identification of three
residues labeled in a PCP-sensitive manner, Thr-253, Ser-
257, and Leu-260, all belonging to the hydrophobic segment
MII.

Structure of the High-Affinity Site for NCBs. On the other
subunits of the AcChoR, [*'HICPZ was already shown to label
MII at positions homologous to that of Ser-y257—namely,
serines-a248, -B254, and -6262 (10-12). Additional labeling
was also demonstrated for Leu-8257 homologous to Leu-
v260 (11). The present results confirm that homologous
regions from the different subunits contribute to the unique
high-affinity site for NCBs (4). Interestingly, however, al-
though homologous Leu-B257 and -y260 are labeled by
[*HICPZ, no labeling was detected on the leucines at the
corresponding position on the MII segment of the « and &
subunits (10, 12). Similarly, although Thr-y253 incorporated
[*H]CPZ, the homologous residues on the other subunits
were not labeled (10-12). This difference in labeling pattern
between subunits may reflect the existence of a discrete local
asymmetry at the level of the [BH]CPZ multi-subunit site.
Such deviation from perfect symmetry, already suggested by
the only partial sequence identity of AcChoR subunits, may
also account for the different labeling patterns seen with
other photoactivatable NCBs (5) or different Torpedo species
(20).

The respective position on the MII sequence of the three
[*H]CPZ-labeled amino acids is consistent with the organi-
zation of MII into an a-helix (see also refs. 11 and 32). Indeed,
in such a configuration the a carbons of Ser-y257 and
Leu-y260 are predicted to lie, respectively, at 1.1 and 1.9
helix turn from the a carbon of Thr-y253, and, as a conse-
quence, the three labeled residues would be aligned on
adjacent turns of the a-helix. The distance between the «
carbons of Thr-y253 and Leu-y260 would then be 10.7 A a
distance compatible with the dimensions of CPZ deduced
from its crystal structure (21). The labeling of amino acids
probably distributed over a 360° angle and neighboring a-
helical turns may also reflect multiple binding modes of
[3H]CPZ to its site and/or different photoactivation pathways
of the CPZ molecule (22).

Role of the y Subunit in Desensitization. In the present
study, the labeling by [*H]JCPZ was performed in the pres-
ence of 1 mM carbamoyicholine, which stabilizes the Ac-
ChoR in its desensitized state. The distinct labeling pattern of
the v subunit compared with that of the other chains may be
related to its particular behavior in the permeability response
of the AcChoR. Indeed, upon [PH]CPZ labeling of the de-
sensitized AcChoR, the vy subunit is among all subunits the
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one that incorporates the lowest amounts of radioactivity (4),
whereas it incorporates more radioactivity than the other
subunits upon labeling of the AcChoR in the open-channel
state (6). Such a differential labeling of the open and desen-
sitized states is not seen with the other subunits. It might
reflect the displacement of the y subunit slightly away from
the receptor axis upon desensitization, noticed with tubular
crystals of AcChoR (23), which could render the y subunit
less accessible to [*HJCPZ. Furthermore, electrophysiolog-
ical studies of hybrid Torpedo-cat AcChoR expressed in
Xenopus oocytes (24) reveal a definite role of the y subunit
in the desensitization process.

Organization of the AcChoR Ion Channel. From electro-
physiological recordings, some NCBs (for review, see refs. 7
and 8), including CPZ and PCP (25), were suggested to
sterically block ion flux by plugging the ionic channel. This
hypothesis is reinforced by rapid-mixing and photolabeling
experiments in the millisecond time range (6) and by the
demonstration that channel-permeant cations competitively
block binding of ethidium to the high-affinity site for NCBs
).

Since the initial demonstration of the participation of the
MII segment to the high-affinity site for NCBs (10), additional
evidence, mainly from mutagenesis experiments, has pro-
vided further support to the proposal (10) that this segment is,
indeed, part of the ion channel: (i) exchange of a region of the
& subunit comprising MII and a portion located between MII
and MIII alters the rate of regulation of ion transport through
the open channel (15); (ii) mutation of the rings of negatively
charged amino acids framing MII changes ionic channel
conductance (16); and finally (iii) mutation in mouse AcChoR
of serine residues homologous to those labeled by [*'HJCPZ
creates a change of affinity of the open-channel blocker
QX-222(17), and, when three of them are mutated, decreases
outward currents (see also ref. 32).

The simplest model accounting for this set of results is that
the MII segments, organized in a-helices, are pseudosym-
metrically arranged around the AcChoR axis and compose
the walls of the ion channel (Fig. 4). Accordingly, in such a
configuration, on each subunit the residues labeled by [*H]-
CPZ and the negatively charged amino acids framing MII
would be aligned along one face of the a-helix (26) and thus
would all point toward the channel lumen.

If one assumes, as a working hypothesis, that CPZ can
reach its site from the extracellular part of the channel, the
MII helices should be tilted with respect to the central axis
(26), forming a truncated cone with its tightest end towards
the cytoplasm. This narrow part, sufficient for ions passage,
would constitute the NCB high-affinity site to which [*'H]CPZ
binds. Length of the narrowest cross section of the ion
channel—i.e., the main cation-binding site, has been esti-
mated by measurements of streaming potential, to be =3-6
A (27) and corresponds approximately to one a-helix turn.
Here we show that on the y subunit, the site for [HICPZ
extends over two a-helix turns, thus covering more than
strictly the length of the narrowest part of the channel.

The studies with photoactivatable NCBs (10-14 and this
study) and mutagenesis experiments (17) have singled out
three “‘rings’’ of amino acids as plausibly participating in the
cation-binding site within the channel (Fig. 4): the ring of
serines homologous to Ser-y257, another polar ring of amino
acids at positions homologous to Thr-y253, and one ‘‘hydro-
phobic’’ leucine ring at a position homologous to Leu-y260.
Residues from these rings are conserved at the same position
(or replaced by another polar amino acid for threonine or
serine) in all but a few AcChoR subunits cloned, and even in
the y-aminobutyric acid type A and glycine receptors for
Leu-y260 and Ser-y257 (for review, see ref. 28). These rings
may, thus, be of general importance for ion transport. In
particular, a possibility to consider (29) is that the serine and
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FiG. 4. A model of the high-affinity site for CPZ within the
AcChoR ion channel. The MII segments, arranged as transmem-
brane a-helices are quasisymmetrically organized around the central
axis of the molecule and are tilted with respect to this axis (26).
Subunits are tentatively ordered as in ref. 31; Segments MII of the
B and vy subunits are depicted in more detail. The scheme displays the
a carbons of the considered amino acids. The amino acids (in
one-letter code) labeled by [P’H]CPZ in a PCP-sensitive manner are
circled in black. Mutagenesis experiments (16) show that the ‘‘neg-
atively charged rings’’ (QED) framing MII may also play a role in ion
transport. No hypothesis is advanced concerning the configuration of
CPZ in its site, which is represented as a sphere.

threonine rings contribute to dehydration of permeating ions
by substituting for some of the water molecules of their
hydration shell (30). Future experiments, in particular by
site-directed mutagenesis, may help define the role of the
three rings in cation transport through the AcChoR channel.
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