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ABSTRACT. Suberyldicholine, a bisquaternary compound, is a potent nicotinic acetylcholine receptor agonist.
Previously, we suggested that at least some of the unusual binding properties of this ligand may be a
consequence of its ability to cross-link two binding “subsites” within each of the high-affinity agonist
binding domains [Dunn, S. M. J., and Raftery, M. A. (198ipchemistry 363846-3853]. Tryptophan

86 of thea. subunit has previously been implicated in the binding of agonist to this receptor. However,
on the basis of the crystal structure of a homologous acetylcholine binding protein, this residue is predicted
to lie 15-20 A from the high-affinity site, i.e., a distance that approximates the interonium distance of
suberyldicholine. Tryptophan 86 was mutated to either an alanine or a phenylalanine, and the mutated
subunit was coexpressed with wild-tygey, andd subunits inXenopusoocytes. Although the alanine
mutation resulted in a loss of receptor expression,d86F mutant receptor was expressed on the
oocyte surface, albeit with a much reduced efficiency. Acetylcholine-evoked currentscdMB@F receptor

were not significantly different from those of the wild type with respect to the concentration dependence
of channel activation, receptor desensitizationpeubocurarine inhibition. In contrast, the Effor
suberyldicholine-mediated activation of th&/86F receptor was increased $¥p00-fold. Furthermore,
suberyldicholine-evoked currents in the mutant receptor did not desensitize and were insensitive to block
by p-tubocurarine. Thus, tryptophan 86 of tlierpedoreceptoro. subunit may be part of a subsite for
recognition of suberyldicholine and other bisquaternary ligands.

The peripheral nicotinic acetylcholine receptor (NAChR) reality with the crystallization of a related protein, the
is the prototypical member of the Cys-loop ligand-gated ion acetylcholine binding protein (AChBPL®). This protein,
channel (LGIC) family that includes the GABA5HT;, and which is secreted by glial cells of the snajimnaea stagnalis
glycine receptorsl). The TorpedonAChR is a transmem-  (13), is a soluble homopentamer that is homologous to the
brane pentameric protein comple&,fyd) in which the extracellular amino-terminal domains of the nAChR and
subunits are arranged pseudosymmetrically around a centrabther members of the LGIC family. Its structure confirms
cation-selective ion channe?,(3). Biochemical and muta-  that the stretches of amino acids that have been implicated
tional studies have revealed that high-affinity binding sites in ligand binding within the LGIC family lie at subunit
for agonists and competitive antagonists are formed by atsubunit interfaces. Thus, the AChBP is a valuable template
least six discontiguous “loops” of amino acids (loopsR) on which to model these binding sites.

that lie at theoa—y and a—o subunit interfacesl{ 4, 5). Suberyldicholine (SbCh) is a potent agonist of the NnAChR
Within the a. subunits, several key amino acids have been (14 15) ‘\We previously investigated differences in binding
implicated in ligand binding. These include Y93 (loop A), ¢ [3H]ACh and PH]SbCh to the membrane-boufidrpedo
W149 (loop B), and Y190, C192, C193, and Y198 (loop C) eceptor {6, 17). Under equilibrium conditions, each ligand
(6—9). Loops D-F are contributed by the neighborigor — hings to two receptor sites with similarly high affinitiKq
o subunit, and at least for some antagonists, the distinct. 15 nM). However, the kinetics of binding of the two
recognition properties of these subunits confer nonequiva-“gands are significantly different. In dissociation experi-
lence to the binding sited@ 11). ments, micromolar concentrations of unlabeled ligands
Although the location of high-affinity binding sites al accelerated the rate of dissociation®{JACh from the high-
subunit-subunit interfaces had been predicted from a wealth affinity sites to which it had previously been bourith),
of experimental data, only recently was this given a physical petajjed studies of this phenomenon led to a model in which

: : : each of the two high-affinity sites is made up of two
TThis work was supported by the Canadian Institutes of Health physically distinct “subsites” which, for the sake of simplic-
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Ficure 1: Suberyldicholine and possible involvement of residue
oW86 in binding. (A) Structures of ACh and SbCh showing their
relative size in their extended conformations and the estimated
interonium distance of SbCh. (B) Side view of fherpedonAChR

o—y (or 9) interface based on the crystal structure of AChBP. The
figure shows the predicted locations of Y93 and W86 in the
subunit and also the predicted orientation of carbamylcholine within
the binding site (shown as a stick orientation) based on the crystal
structure of the AChBPcarbamylcholine complex (see ré&B).

resistant to any accelerating effects of unlabeled ligands. It

Kapur et al.

(in the SP64 plasmid), andl subunit (in the SP65 plasmid)
cDNA clones of theTorpedonAChR were kindly provided
by H. A. Lester (California Institute of Technology, Pasa-
dena, CA), and thes subunit cDNA (in the SP64-based
plasmid, pMXT) was a generous gift from J. B. Cohen
(Harvard Medical School, Boston, MA).

In Vitro Transcription and Site-Directed MutageneSibe
plasmid cDNAs were linearized by digestion wiHtadRl
(wild-type and mutandt subunits)Fsp (5 subunit), orXbd
(y and 0 subunits). In vitro cRNA transcription was per-
formed using the methods described by Goldin and Sumi-
kawa (19). Briefly, the linearized cDNA (5ug) templates
were transcribed in vitro by SP6 RNA polymerase (Promega)
in the presence of ribonucleotide triphosphates (NTP mix,
Invitrogen) and RNA capping analogue (New England
Biolabs). The RNA transcripts were extracted using a 25:
24:1 (v/v) phenol/chloroform/isoamyl alcohol mixture. The
final RNA pellets were resuspended in diethyl pyrocarbonate-
treated water at a concentration ofi@/uL and were stored
at —86 °C prior to use. Thex subunit mutants (W86F and
W86A) were constructed using Stratagene’s QuikChange
site-directed mutagenesis protocol. Synthetic oligonucleo-

was, therefore, suggested that this large bisquaternary ligandide mutagenic primers were typically 285 bp long (with

(see Figure 1A) may be able to bridge the two subsités (
Further examination of the association kinetics for ACh and

1015 bp on either side of the mismatch region). Restriction
endonuclease digestion and DNA sequencing subsequently

a series of hisquaternary suberyldicholine analogues placedverified the presence of the mutation. .
physical constraints on the distance between these putative EXpression in Xenopus Oocytes and Electrophysiology.

subsites. It was determined that pimelyldicholine, which is
one methylene group shorter than SbCh, is of sufficient
length to display SbCh-like binding behavidr7j.

Clues about the location of the putative secondary site for
SbCh have come from the results of photoaffinity labeling
of TorpedonAChR by the competitive antagonipt[*H]-
dimethylaminobenzene diazonium fluoroborate. Tyrosine 9
lying in loop A of thea subunit ((Y93) was the major site
of labeling 8). However,aW86 was also labeled, albeit to
a low extent, and this led to its inconclusive identification
as a binding site residue. Examination of the crystal structure
of the AChBP (2; see Figure 1B) shows that the residue in
the homologous position (W82) lies approximately 18 A
from Y93 and the other residues that have been identified
as being important in high-affinity agonist and antagonist
binding (18).

In the study presented here, we investigated W86 of the
TorpedonAChR a subunit for its possible contributions to
formation of a binding subsite for SbCh and related bisqua-
ternary agonists. The results reveal that this residue is very
important for activation of the receptor by SbCh but has
minimal influence on ACh-induced responses.

3

EXPERIMENTAL PROCEDURES

Materials. ACh, SbCh,a-bungarotoxin ¢-BgTx), and
p-tubocurarine (dTC) were obtained from Sigma-RBA (Nat-
ick, MA). [*?9]-a-BgTx (2000 Ci/mmol) was from Amer-
sham Life Science (Arlington Heights, IL). Restriction
enzymes and cRNA transcript preparation materials were
purchased from Invitrogen (Burlington, ON), Promega
(Madison, WI), or New England Biolabs (Pickering, ON).
Pfu Turbo DNA polymerase for mutagenesis experiments
was from Stratagene (La Jolla, CA). All other chemicals were
obtained from Sigma or other standard sources. @hg

Isolated, follicle-free oocytes were microinjected with 50 ng
of total subunit cRNAs in am:f:y:6 ratio of 2:1:1:1.
Oocytes were maintained in ND96 buffer [96 mM NacCl, 2
mM KCI, 1.8 mM CaC}, 1 mM MgCl, and 5 mM HEPES
(pH 7.6)] supplemented with 5@8g/mL gentamicin at 14

°C for at least 48 h prior to recording. Currents elicited by
bath application of ACh or SbCh were measured by standard
two-electrode voltage clamp techniques using a GeneClamp
500 amplifier (Axon Instruments, Foster City, CA) and a
holding potential of~60 mV. Electrodes were filled with 3

M KCI, and those with resistances of 68:83.0 MQ were
used. The recording chamber was perfused continuously (at
a flow rate of~5 mL/min) with low-calcium ND96 buffer

(as described above but with the concentration of gacCl
reduced to 0.1 mM) supplemented with«8 atropine (pH
7.6). Atropine was included in the perfusion buffer to block
endogenous muscarinic receptors present in the oo@ags (
and a low level of C& was used to reduce the extent of
receptor desensitizatio21). Agonist-evoked responses were
measured by applying drug via the perfusion system for
15-20 s or longer as indicated in the text. A 15 min wash-
out period between applications was used to ensure recovery
from desensitization. To measure the concentration depen-
dence ofp-tubocurarine (dTC) effects, oocytes were pre-
perfused with varying concentrations of dTC for 2 min before
the response was initiated by application of a solution
containing ACh or SbCh, at concentrations eliciting 50%
(EGsg) or 90% (EGg) of the maximum response, and
including the same concentration of dTC that was used for
preincubation.

Radioligand Binding of 3]- a-BgTx to Intact Oocytes
Binding assays were performed on individual oocytes that
had previously been used for electrophysiological recording.
To measure the density of-BgTx sites expressed on the
surface, oocytes were incubated with 5 nhlJ-o-BgTx
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in a final volume of 100uL of low-Ca" ND96 buffer 125
(supplemented with 5 mg/mL bovine serum albumin) for 2

h (22, 23). Excess unbound toxin was removed by washing
the oocytes three times with 1 mL of ice-cold low#Ca
ND96 buffer. Nonspecific binding was assessed by incubat-
ing uninjected oocytes with'{]-a-BgTx. Nonspecific
binding assessed in the presence of excess cold ACh was
comparable to that estimated using uninjected oocytes (data &

not shown). Using these data, the maximum curreipts)(

measured for wild-type and mutant receptors were normal- & 5 4 3 9
ized to the concentration of binding sites in terms of log [ACh] (M)
nanoamperes per femtomole.

Data and Statistical Analysi€ompetition and concentra- 12 (B)
tion—effect curves for both electrophysiological and radio- 100- o
ligand binding experiments were analyzed by nonlinear
regression techniques using Prism version 3.0 (GraphPad,
San Diego, CA). Data from individual oocytes were normal-
ized to thelmax value obtained for that oocyte.

For receptor activation, concentratioeaffect curves for 254
agonist activation were analyzed using the following equa- g
tion: 04 . . . .

- 5 43 2
| =1.,IL] (ECgo + [L]) " log [SbCh] (M)
FIGURE 2: Activation of wild-type andxW86F mutant receptors.
wherel is the measured agonist-evoked current, [L] is the (A) ACh concentratioreffect curves obtained from oocytes

agonist concentration, Egis the agonist concentration that ~€xpressing the WTH) and aW86F (J) nAChR. (B) SbCh
concentratior-effect curves obtained from oocytes expressing WT
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evok_es_ half the maX|maI_ currenkfy), andn is the Hill (®) andaW86F (©). Data are normalized tig,ax for each individual
coefficient. In each experiment, the currehtWas normal-  point, The data represent the meahsSEM from at least three
ized to thelmax and the normalized data are presented as theoocytes. The data obtained from curve fitting are summarized in
percent response to plot concentrati@ifect curves. Table 1.

The 1G5 was determined from competitiefinhibition
curves by fitting to the following equation: Table 1: ConcentrationEffect Data for Acetylcholine and

Suberyldicholine Activation of Wild-Type and Mutant Receptors
Expressed irKenopusOocytes

|0g EGso ECso Ny EC{)()MUI/
+ SEM (M) (uM)  £SEM  ECsoWT

f = 100/[1+ ([X]/IC 5o)"]

where f is the fractional (%) response remaining in the

presence of inhibitor at concentration [X],s43s the inhibitor AC\;‘VT _461+£004(9) 243 1601 1
concentration that reduced the amplitude of the ACh-evoked  ows6F —4.28+0.08(4) 525 0.9:0.1° 2.2

current by 50%, and is the Hill coefficient. ACh inhibition suk\J,srTyldicholine 5,474 0.08 (3) 338 148004 L
?r]:ethezlljrgt:glnrgit\?eﬁfa[b?vg BgTx binding was also fit by aW86F —2.7740.16 (5 680  0.7£0.0# —500

The K (apparent) value was calculated using the Cheng ~__° Data represent the meanSEM. Values for the log E& and Hil
coefficient f) were determined from concentratioaffect curves

Prusoff equationZ4): using Prism. The log E4 and Hill coefficient values from individual
oocytes were averaged to generate final mean estimates. The value in
K = |C50/(1 + [L]/EC50) parentheses is the number of oocytes used for each receptor type.

Statistical analysis was performed by comparing the logoB@d ny _
where [L] is the agonist concentration used in the experiment values of the mutant receptors to thos? of the wild-type nAChR using
and EG is the agonist concentration that evokes half the 2"e-Way ANOVA followed by Dunnett's post testp < 0.001.

maximal current. _ _ (ny = 1.4), respectively (see Table 1). Thus, in this
Statistical analysis was performed using one-way analysis expression system, ShCh is approximately 8-fold more potent
of variance (ANOVA,) followed by Dunnett's post test to  han ACh. However, as described below, the maximum
determine the level of significance. amplitude of the SbCh-evoked currents was significantly
RESULTS lower than that for ACh, suggesting that it acts as a partial
agonist of theTorpedo nAChR. Receptors carrying the
Functional Effects ot W86 Mutations on Agonist Re- oW86A mutation failed to respond to ACh, even at
sponsesThe functional responses of wild-type and mutant concentrations as high as 10 mM. In contrast, dWVe86F
receptors expressed Xenopusoocytes were studied using mutant receptors were functional, although the maximum
two-electrode voltage clamp techniques. Figure 2 shows observed currents were much lower than those mediated by
concentratior-effect curves for ACh and ShCh activation the wild-type receptor. This is likely to be a consequence of
of receptor subtypes. In the wild-type nAChR, both ACh reduced levels of receptor expression (see below). Although
and ShCh evoked a concentration-dependent current charthe aW86F mutation resulted in an only small and insig-
acterized by Eg values of~24 uM (ny = 1.6) and~3 uM nificant (~2-fold) shift in the EG, for ACh-evoked channel
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Ficure 3: Representative current traces showing ACh and SbCh .
activation ofXenopusocytes expressing wild-type WT andV86F 2 100
mutant NAChRs. The concentrations of agonists that were used were ‘g
those that elicited a maximal response at each subtype except for o 754
the effects of SbCh on the mutant receptor where the maximum =
practical concentration (10 mM) was used. The traces show the £ 504
activation of the WT receptor by (A) ACh and (B) SbCh and (o
activation of the W86F mutant receptor by (C) ACh and (D) SbCh. § 254
The bar above the current trace represents agonist application.
04

activation (to~53 xM), this mutation caused a dramatic T r r £ T

(>500-fold) decrease in ShCh sensitivity (see Figure 2 and loa [dTCT (M

Table 1). It should be noted that the estimates of the ) gl ](_ )_ N )
parameters for SbCh activation of the mutant receptor (Table Ficure 4: Concentration-dependent inhibition of agonist-evoked

. - currents by dTC in oocytes expressing the wild-type aNd36F
1) are subject to large errors due to the low amplitude of the mutant receptors. (A) Effect of dTC on the ACh-evoked current in

current responses and limitations on the highest concentra\wT (m) andxW86F (). (B) Effect of dTC on the SbCh-evoked
tions of ShCh that could be used. The very high concentra- currentin WT @) andaW86F (O). The ACh and suberyldicholine
tions of ShCh required to activate the mutant receptor raise concentrations used in these experiments corresponded to thgir EC
the question of whether the observed responses are receptop/2lues for activation (Table 1) except in the case of ACh activation
! ; ; of aW86F, where an E§ was used to elicit higher-amplitude
mediated or are an artifact of t@nopuocyte expression ¢, irents for better estimation of parameters for dTC inhibition. Each
system. However, such high concentrations of SbCh failed curve was generated from at least three independent oocytes.
to evoke conductance changes in uninjected oocytes, sug-
gesting that the responses are indeed a property of the mutantable 2: Apparenk; Values for dTC Inhibition of ACh- and
nAChRs. The Hill coefficients for both ACh- and SbCh- Suberyldicholine-Evoked Currents in Wild-Type and Mutant

induced activation of thexW86F mutant receptor were Receptors Expressed KenopusOocytes

significantly reduced (to 0.9 and 0.7, respectively) compared log ICso £+ SEM (M) ICso (nM) appareni; (nM)

to the wild-type nAChR value (Table 1), suggesting a ach

reduced cooperativity of the responses. WT —7.074+0.11 (4) 85 415
Currents mediated by the wild-type receptor showed rapid Sugg\r’ﬁgiholme —7.06+0.23(3) 88 4.5

desensmza_ltlon during exposure to ACh or SbCh (Flgure 3). Wt 6.924+ 0.05 (3) 120 58.3

However, in the receptor carrying th@W86F mutation, aWS86E no inhibition

although the ACh_.e“CIted cu_rrgnt dese.nSItlzed’ the. _Sth- aLog ICso values from individual oocytes were averaged to generate
evoked currents failed to exhibit appreciable desensitization final mean estimates. The value in paréntheses is the number of oocytes
after reaching their peak amplitude (see Figure 3D). Also used for each receptor type.
shown in this figure is the very slow activation of this mutant
receptor by SbCh. Peak currents in response to SbCh werex W86F mutation was the low amplitude of agonist-evoked
reached only after an at least 30 s exposure to SbCh incurrents (see above). We, therefore, investigated whether this
contrast to the very rapid activation of the wild-type nAChR was due to a reduced level of receptor expression or a
(Figure 3B). property of a reduced conductance through the mutant
Effects of thexWW86F Mutation orp-Tubocurarine Inhibi- receptor channel. Table 3 compares the density?&-[o-
tion. We further examined the ability of the competitive BgTx binding sites expressed on the oocyte surface to the
antagonist, dTC, to inhibit agonist-evoked currents in wild- maximum currents evoked by saturating concentrations of
type and mutant receptors (Figure 4). Pre-perfusion of both ACh and SbCh. Injection of 50 ng of wild-type subunit
the wild-type andxW86F mutant nAChR with dTC resulted cRNAs resulted in a robust expression level ef2fmol of
in a complete concentration-dependent inhibition of ACh- [*?9]-a-BgTx binding sites per oocyte. However, receptors
evoked currentsi; ~ 43 nM; see Table 2). In the case of carrying theaW86F mutation exhibited a greater than 10-
the wild-type receptor, dTC inhibition of SbCh-induced fold decrease in the level of surface expression*#f]fa-
currents K, ~ 58 nM) had similar characteristics. In marked BgTx binding sites. When the maximum currents are
contrast, SbCh-evoked currents in the mutant receptor werenormalized to the levels of expression, it appears that the
insensitive to dTC inhibition (Figure 4 and Table 2). lower currents seen for the mutant receptor can be attributed
Effects of thex W86F Mutation on Receptor Expression. mainly to reduced levels of expression. Similar experiments
A major problem in studying the receptor carrying the were carried out using theW86A mutant receptor. No
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Table 3: Surface Expression and Normalized Maximum Current Seen in Wild-Type and Mutant Receptors ExpréssegugOocytes

surface bindingt SEM normalized peak % normalized
(fmol/oocyte) Imax = SEM (nA) current (nA/fmol) peak currentlgaMut/I maWT)

ACh

WT 2.9+ 0.7 (14) 3030t 440 1045 100

oW86F 0.2+ 0.05(7) 117+ 32 585.0 56
suberyldicholine

WT 2.4+ 0.5 (3) 1310+ 230 545.8 100

oW86F 0.17+ 0.01 (3) 100+ 20 588.2 107

a All oocytes were injected with 50 ng of total cRNA. The value in parentheses is the number of oocytes used for each receptor type.

detectable PH]-a-BgTx binding was measured, thus ex- site residues (Figure 1B). This residue was therefore targeted
plaining the lack of detectable current responses with this for mutagenesis in our study of recept@uberyldicholine
mutant (see above). interactions.

The tryptophan in the position homologousd®Vaeé is
conserved in all subunits of the LGIC family, suggesting
that this residue may have a crucial structural and/or
functional role. There is considerable evidence to suggest
that it is involved in receptor assembly. Mutations of the
homologous Trp121 residue in the homopentameric 4HT

DISCUSSION

The complex effects of bisquaternary compounds acting
at the neuromuscular junction and autonomic ganglia have
long been recognized (see 28). Early on, it became clear
that the distance between the two quaternary ammonium .
groups of the compound (the interor?ium dista};ce) was an "€ceptor (W121’_S and W121Y) resulted in a '0?’5 .Of cel
important factor in determining the pharmacological activity surfa_ce expression fe"ea'e_d by a lack of both binding and
of the ligand 26). In the study presented here, we have used functlc_)nal respon_seQQ): S|m|I_arIy, in the GAB.A“ receptor,
site-directed mutagenesis to explore structural features of theMutations of this residue in thel subunit prevented

TorpedonAChR that may be involved in the recognition of pentameric assembl_y O_f the recept80) Consis_tent with
suberyldicholine, a large bisfunctional ligand. Early work these results is the finding that théV86A mutation led to

on the frog neuromuscular junction revealed SbCh to be an2 completg loss of receptor e>_<pression. Functional receptors
unusually potent agonistl4, 15). Consistent with these incorporating thex\WW86F mutation were, howeyer, expressed
results, we report here that SbCh is approximately 8-fold on the oocytt_a surface. Although its expression levels were
more potent than ACh in activating the wild-tyferpedo  |O0W: the maximum ACh-evoked current (in terms of nano-
NAChR expressed inXenopusoocytes (see Table 1). 2&MmPperes per femtomole) of the mutant was not §|gn|f|cantly
However, in terms of current amplitudes, high concentrations différent from that of the wild-type receptor. This suggests
of SbCh evoked only~50% of the maximum current of that, apart from a rgductlon in the efﬂ_mency of assembly,
ACh: i.e., SbCh acts as a partial agonist. We have previouslyN° 9lobal changes in receptor properties had occurred as a
obtained similar data for agonist-induced flux responses for cOnsequence of the mutation.
the TorpedonAChR in native membrane vesicles (S. M. J.  Previously, the role of NnAChR\W86 was investigated
Dunn and M. A. Raftery, unpublished observations), sug- by substituting unnatural amino acids at this positif) (
gesting that the partial agonism observed here is not anlt was concluded that this residue does not contribute to a
artifact of the expression system. strong cationr-sr interaction with ACh since the incorporation
As discussed in the introductory section, we previously of W86 analogues with different electron-withdrawing groups

suggested that differences in the kinetics of binding of ShCh had a <2-fold effect on the E€; value for ACh-induced
and ACh to theTorpedonAChR may be at least partially activation. In agreement Wlt'h this earlier report, our results
attributed to the ability of SbCh to cross-link two subsites Show that thexW86F mutation has an only modest effect
existing within each of the two high-affinity binding domains ©n ACh-induced activation.

(16, 17). Studies of the association of a series of bisfunctional ~ The most significant finding of this study is the dramatic
agonists having different interonium distances led to the increase in the E£ for SbCh-induced currents-600-fold)
suggestion that these subsites may be locaté8 A apart. resulting from thexWW86F mutation. Furthermore, unlike the
Since the ligands that were used were flexible and their responses to ACh, currents evoked by SbCh failed to
bound conformations are unknown, this was an upper desensitize and were not blocked by the classical competitive
estimate based on their extended structures. In the absencantagonist-tubocurarine. ThusgW86 appears to play a

of a high-resolution three-dimensional structure of the crucial role in both SbCh-induced activation and desensitiza-
nNAChR, it was impossible to predict the location of this tion. Our initial hypothesis was thaf\W86 may contribute
putative secondary subsite for SbCh. More recently, however,to the formation of a subsite for stabilizing the second
the crystal structure of the related protein, the AChBP, has quaternary ammonium group of bisquaternary ligands such
become a valuable template on which to model extracellular as SbCh. The simple prediction was, therefore, that mutation
structural features of the nAChR&, 27, 28). The structure  of this residue might have a substantial effect on SbhCh
of the AChBP (Figure 1B) reveals that a residue that had activation and a weaker effect on activation by ACh and
previously been implicated in ligand recognition by photo- other small monoquaternary agonists. While the results
affinity labeling experiments§], i.e., W82 in a position  presented above show that this was indeed the case, the lack
homologous to that of W86 of th&orpedo nAChR a of either desensitization or dTC inhibition of the SbCh-
subunit, lies approximately 18 A from other putative binding induced currents is less easily explained. Since the ability
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of dTC to inhibit ACh-evoked currents in the mutant receptor 2.

was apparently unaltered compared to that of the wild-type
receptor, it appears that the mutation does not have a
deleterious effect on dTC binding. Assuming that dTC is
still able to bind to the well-characterized sites at they

and o.—¢ subunit interfaces, its lack of ability to inhibit
SbCh-evoked responses in tldV86F mutant receptor 5
requires that, in this case, the binding sites for dTC inhibition

and ShCh activation are physically distinct. One possibility 6.

is that by modifying the secondary binding subsite for SbCh,
this ligand can no longer have a high-affinity interaction with
the “classical” binding site. Further analysis of this possibility

requires a direct determination of whether high-affinity 7.

binding sites for SbCh still exist in the mutant receptors.
Unfortunately, thus far, the low levels of receptor expression
in the oocytes have prevented characterization of the binding

of radiolabeled ligands or reliable estimates from the 8.

inhibition of [*29]-a-BgTx binding.

If, as a result of the W86F mutation, SbCh can now
activate the receptor via a binding site(s) that is distinct from
those that bind dTC, the question of the location of this site-
(s) arises. In previous studies of the nafi@pedonAChR,
we made use of covalently bound fluorescent probes to
monitor agonist binding. One probe, IANBD (46odo-
acetoxy)ethyllmethylaminje 7-nitro-2,1,3-benzoxadiazole)
(32—34), appears to monitor binding to low-affinity sites that
we have correlated with channel activati®5,(36). Curi-
ously, unlike all other agonists that have been examined, the
binding of SbCh to fluorescently labeled nAChR was

biphasic, suggesting the presence of two classes of binding 12,

sites with dissociation constants-e2 uM and~2 mM (35).

The higher-affinity one of the two sites seemed to be
correlated with receptor activation, but we were unable to ;5
assign a role to the very low affinity site(s). While it is
attractive to correlate the latter sites with the activating sites
in the mutant receptor discussed here, this remains specula-
tive. Previous results of rapid flux experiments usliaypedo
membranes have also implicated a low-affinity g€ 500

uM) regulatory site for SbCh (but not ACh) in inhibiting
ion flux responses3y). Similarly, a low-affinity site Kgq ~

3 mM) for ShCh-mediated self-inhibition of efflux 8fRb"

from Torpedomembrane vesicles has been reporta).(
Together, these findings suggest that the nAChR may carry
a specific low-affinity site(s) for SbCh, although its role(s)

in receptor function remains unclear.

In summary, the results presented above demonstrate that
W86 of the nAChRa. subunit is an important determinant
for receptor activation by the bisquaternary agonist SbCh.
We suggest that, in the native receptor, this residue contrib-

utes to the formation of a secondary site for binding of 19
20.

bisfunctional ligands.
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