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ABSTRACT. The a9 anda10 nicotinic acetylcholine receptor (NnAChR) subunits assemble to form3a0

NAChHR subtype. This receptor is believed to mediate cholinergic synaptic transmission between efferent
olivocochlear fibers and the hair cells of the cochlea. In additi®@nand/oro10 expression has been
described in dorsal root ganglion neurons, lymphocytes, skin keratinocytes, and the pars tuberalis of the
pituitary. Specific antagonists that selectively block @010 channel could be valuable tools for
elucidating its role in these diverse tissues. This study describes a ma@iotoxin from the Western
Atlantic speciesConus regiuso-conotoxin RglA ¢-RglA), that is a subtype specific blocker of the
09010 nAChR.o-RglA belongs to thex4/3 subfamily of thex-conotoxin family; sequence and subtype
specificity comparisons betweenRgIA and previously characterized!/3 toxins indicate that the amino

acids in the C-terminal half af-RgIA are responsible for its preferential inhibition of ta@a10 nAChR
subtype.

Predatory marine snails in the gerfdenushave venoms A
that are rich in neuropharmacologically active peptides (
6). There are approximately 500 specie€onus and among ¢c
those that have been examined so far, a conserved feature is !
the presence oti-conotoxins in their venom. These are
highly disulfide cross-linked peptides with the disulfide
Scaffo_ld shown in F'gure :.I-; due to high sequence variability  rcranTaarAGGAAGAATGCCGCAATGCTTGACATGATCGCTCARCACGCCATA
of their non-cysteine residues-conotoxins are extremely § N KX R KX N AAMTILDMTIAGQHAI
diverse and eaclonusspecies has a unique complement
Of a_conotoxinS.a_COnotoxins are Synthesized as |arge AGGGGTTGCTGTTCCGATCCTCGCTGTAGATATAGATGTCGTTGAAGACGCTGC

.. . R G ¢ ¢ s D P R CRY R C R *
precursors, and the mature toxin is generated by a proteolytic A
cleavage toward the C-terminus of the precursor. In contrast
. . . . TGCTGCTCCAGGACCCTCTGAACCACGACGT

to the variable inter-cysteine sequences of the mature toxms,FIGURE 1. Primary structure and disulfide scaffold @fRgIA. A
the precursors and the genes encoding them are qultE"I’he characteristic disulfide scaffold of tleconotoxins. B. The

conserved both among-conotoxins in a giveilConusspecies cloned fragment of the:-RglA precursor gene and the predicted
and from species to specias-Conotoxins have generally translation product. The putative mature toxin (underlined) is
been shown to be nicotinic acetylcoline receptor (NnAChR) assumed to be defined by a proteolytic processing site (indicated
antagonists§—9) by the arrow) to the C-terminal side of an arginine residue and the

) stop codon (represented by the asterisk) at the C-terminal of the
precursor.
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o3 andf2 subunits. NAChRs that are composed of omly mM MgCl,, 5 mM HEPES, pH 7.5, uM atropine). The
subunits are thet7 anda9 subtypes (homopentamers) and perfusion medium could be switched to one composed of
the 9010 subtype (an allt heteropentamer). Phylogenetic ND96A plus ACh using a series of three-way solenoid valves
analysis shows that the7, 09, anda10 subunits are more  as described previous|y26).
closely related to each other than they are to other NnAChR Oocytes were voltage clamped-a70 mV using a two-
subunits 12, 13. electrode voltage clamp. Details of the voltage clamp
Theo9 anda10 nAChR subunits are expressed in diverse apparatus have been described previou2h).(Electrical
tissues. In the inner ear9a10 NAChRs mediate synaptic  currents were gated by 1-s applications of ACh at 1-min
transmission between efferent olivocochlear fibers and co- intervals. The ACh concentration was close to the EC50 for
chlear hair cells13—15). Thea9 anda10 subunits are also  each subtype (20@M ACh for o7 receptors, 1M for
found in dorsal root ganglion neuronsg, 17, lymphocytes 09010 receptors, and 10@M ACh for all the other
(18), skin keratinocytes1©—21), and the pars tuberalis of  subtypes). The currents were digitally recorded as described
the pituitary (3—15). Specific antagonists of the9010 before @6). Only oocytes that gave consistent currents in
nNAChR could be useful tools for elucidating the receptor’'s response to the sequential ACh applications were used in
role in these various locations. This study describes the experiments. Becauso10 receptors have been shown to

discovery and initial characterization of a nowe®al0 conduct large amounts of €a(15) and thus activate large

subtype specific antagonisi-conotoxin RglA (-RgIA%). Ca&" gated CI currents in oocytes, the inhibition of ACh
gated currents bgi-RglA were measured as described above

MATERIALS AND METHODS and using oocytes that had been placed in ND96 containing

Cloning of the Mature Toxin Region af-RglA. The BAPTA-AM (100 uM) overnight prior to use. Recordings
hepatopancreas was isolated from a specimeCafus  Were made at room temperature {22 °C). _
regius and was stored at-70 °C. Genomic DNA was To measure inhibition by conotoxins ND96A perfusion
extracted from the tissue using Puregene reagents and th&nd ACh pulses were stopped. Peptide dissolved in ND96A
marine invertebrates protocol provided by the manufacturer Was then manually applied to the static buffer in the recording
(Gentra). As described previousB2, 23 the DNA was used chamber, and after 5 min ND96A flow was restarted at the
as the template in PCR reactions where the primers anneaf@me time as an ACh pulse was applied. For each application
to conserved regions of-conotoxin genes and thus amplify ~ Of conotoxin the peak current gated by the first ACh pulse
o-conotoxin gene fragments that include the mature toxin &fter toxin application was expressed as a percentage (%
region. The resulting mixed pool of PCR products (corre- response) of the_ correspondm_g peak in cor_ltrol experiments
sponding to differentC. regius a-conotoxins) was gel ~ Where ND96A (instead of toxin) was applied. Toxin was
purified and used as the insert DNA for the CloneAmp MOt included in the ACh pulses because of the brief time
system (Life Technologies/GibcoBRL). Resulting pAMP1 (=2 S) that it took for the ACh gated currents to peak; it
based plasmids were transformed into competent®@ldfd was thus assumed that only minimal ampunts of receptor
plasmid DNA was purified from multiple clones. The bound toxin could dissociate prior to the first peak current
sequence of the inserts in these plasmids was obtained at &fter toxin application. Also, in the recording chamber the
University of Utah core facility. bolus of ACh does not directly project onto the oocyte;

Preparation of Synthetie-Conotoxins.Linear a-RglA instead it enters tangentially and then swirls and mixes with
was synthesized by standard Fmoc chemistry using an ABIthe bath solution; given the flow rate of liquid through the
430A peptide synthesizer at a University of Utah core facility. recording C_hamber this results _|n_the toxin concentration in
The peptide was oxidized to give the correct disulfide con- the recording chamber remaining high50% of the
nectivity (first cysteine to third cysteine and second cysteine concentration originally in the bath) until after the ACh
to fourth cysteine) using orthogonal cysteine protection. The 'eéSpPonse has peaked. . _
first and third cysteine residues were incorporated with acid ~ Recordings from Inner Hair CellsApical turns of the
labile Strityl protection whereas the second and fourth Organ of Corti were excised from Spragt@awley rats at
cysteine residues had statSecetamidomethyl protection. ~Postnatal ages of 8 to 10 days. Cochlear preparations were
This allowed a previously described scher@d) o be used ~ mounted under an Axioskope microscope (Zeiss, Oberkochem,
to sequentially close the first cysteine to third cysteine and G€rmany) and viewed with differential interference contrast
then the second cysteine to fourth cysteine disulfide bridges.USing @ 63 water immersion objective and a camera with
Synthetica-Iml was prepared as described befo2é)( contrast enhancement (Hamamatsu C2400-07, Hamamatsu

Xenopus oocyte Electrophysiologgreviously described Corporation, Bndg_ewater, NJ). Methods_forwhole_cell patch
(14, 15, 26, 2¥ clones of rat NAChR subunits were used to clamp of inner hair cells were as described previoug8, (
prepare the corresponding cRNAs as described bef8e ( 30). Briefly, inner hair cells were identified visually, by the
Functional nAChRs were expressedX@nopuocytes by size of their capacitance and by their characteristic voltage
injection of the appropriate cRNAs as described previously dependent Naand K* currents, including at older ages a
(14, 15, 26, 2J. Oocytes were maintained in a 3@ fast activating K-conductance. Some cells were removed
cylindrical recording chamber made from Sylgard and were [0 access inner hair cells, but mostly the pipet moved through
gravity perfused at a rate of approximately 1 mL/min with the tissue with positive fluid flow used to clear the tip. The
ND96A (96.0 mM NaCl, 2.0 mM KCI, 1.8 mM Cag|l1.0 extracellular solution was 155 mM NacCl, 5.8 mM KCI, 1.3

mM CaCh, 0.9 mM MgCh, 0.7 mM NaHPO,, 5.6 mM
o . p-glucose, and 10 mM HEPES, pH 7.4. The pipet solution

! Abbreviations: a-Iml, alpha-conotoxin Imlp-RglA, alpha-cono-
toxin RglA; BAPTA-AM, 1,2-bis(2-aminophenoxy)ethaméN,N',N'- was 150 mM KCl, 3.5 mM MgGCl 0.1 mM CaC}, 10 mM
tetraacetic acid-acetoxymethyl estaH, Hill slope. BAPTA, 5 mM HEPES, 2.5 mM N&ATP, pH 7.2. Glass
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pipets (1.2-mm inner diameter) had resistances-df@M<Q. toxin. Cleavage at this position is supported by the example
Cells were maintained at a holding potential 690 mV. of a-conotoxina-Iml; the a-Iml precursor has an arginine
Postsynaptic currents caused by the spontaneous release @it the same relative position as the putative cleavage site
ACh from efferent synaptic terminals contacting inner hair arginine ofa-RglA (22), and in this case the cleavage site
cells were occasionally observed. Therefore, to study the has been confirmed by sequencingefml peptide isolated
effect of the toxin on synaptic currents in these cells, from venom 25).
transmitter release from efferent endings was accelerated by o-RgIA Is a Specific Inhibitor of Xenopus Oocyte Ex-
depolarization using 25 mM or 40 mM external potassium pressed Rat90.10 nAChRsThe ability ofa-RglA to inhibit
saline. In this case, the pipet solution was 150 mM KCI, 3.5 ACh gated currents through oocyte-expressed nAChRs was
mM MgCl,, 0.1 mM CaC}, 5 mM EGTA, 5 mM HEPES, measuredo-RglA was tested on the rat7, a2(2, 02434,
2.5 mM NaATP, pH 7.2. 60uM ACh (the EC50 in this o362, a3p4, a4p2, 044, ando9al0 subtypes. It was also
preparation). Elevated potassium, plus or miatRglA, or tested on a model for the65253 subtype, i.e., the previously
60uM ACh (the EGy in this preparation), also plus or minus  described 27) rat a6/033233 receptor that contains a
toxin, or a-RglA alone, were applied by a gravity-fed chimeric a6/a3 subunit in which the extracellular ACh
multichannel glass pipet (150m tip diameter) positioned  binding domain is from thet6 subunit and the rest of the
about 300um from the recorded inner hair cell. All toxin  molecule is from thex3 subunit. This model receptor was
solutions also contained 0.1 mg/mL bovine serum albumin used because it is functionally expressed in oocytes much
to reduce nonspecific adsorption of peptide. The extracellular better than nativet63233 channels.
solution in these experiments was similar to that described As can be seen in Figure 2 and TablexRglA inhibited
above, except that Mgglwas omitted, and the Cafl theo9a10 nAChR subtype with an lgof approximately 5
concentration was lowered to 0.5 mM to optimize the nM. a9010 receptors conduct large amounts ofCand
experimental conditions for measuring currents flowing thus activate significant Ga gated Ct currents in oocytes
through then9a10 receptors39). To minimize the contribu-  (15). Thus, the block o910 currents bya-RglA was
tion of SK channel currents, 1 nM apamin, a specific SK measured using both oocytes that had been equilibrated with
channel blocker, was added to the external working solutions.a C&* chelator and also, to ensure consistency with the non-
Currents in inner hair cells were recorded in the whole-cell 09010 data, untreated oocytes. As can be seen in Table 1,
patch clamp mode using an Axopatch 200B amplifier low C&* chelation caused no difference in the blockdsRglA,
pass filtered at 210 kHz and digitized at520 kHz with a therefore then9010 inhibition curve in Figure 2 includes
Digidata 1200 board (Axon Instruments, Union City, CA). both sets of data (i.e. with and without chelatar}RgIA
Recordings were made at room temperature—22 °C). showed about 1000-fold greater potency on tid@x10
Voltages were not corrected for the voltage drop across thereceptor than on the closely related receptora-RglA was
uncompensated series resistance. To determine the conceralso at least 2000-fold more potent @8010 channels than
tration dependence of-RglA block of ACh gated currents, onoa2(2, 0284, o384 , 0352, 0452, 044 andob/a35253,
different concentrations of the toxin were preapplied to the channels. The high degree@fRglA discrimination between
preparation for 10 min prior to coapplication of the same the a9a10 ando352 subtypes is in contrast to the minimal
concentration of drug and ACh. The average peak amplitude (3-fold) difference in potency observed with the previously
of three control responses just prior to toxin exposure was characterized9010 antagonisti-conotoxin PelA 23).
used to normalize the amplitude of each test response elicited o-RglA Inhibits Natie 09010 ReceptorsCochlear hair
by ACh in the presence of the toxin. cells are the main targets of descending cholinergic olivo-
Data Analysis.To generate concentration dependence cochlear efferent fibers, and the efferent fiber-hair cell
curves for inhibition by conotoxins the percent responses to synapse is most likely mediated by postsynapt@nl0
ACh measured at a range of [toxin] were fit, using Prism nAChRs (13—15). As shown in Figure 3¢-RglA potently
software (GraphPad), to the below equation whétes the blocked currents evoked by exogenous application of ACh
Hill coefficient and Gy is the toxin concentration causing to inner hair cells. The I§ value obtained (6.6 nM with a

half-maximal block. 95% confidence interval of 4.20 nM to 10.4 nM) matches
that obtained on oocyte expresse@tr10 channels confirm-
% reponse= 100/(1+ [toxin]/IC )™ ing the presence af9010 nAChRs on the hair cells and
o o indicating that oocyte expressemPal0 receptors are a
Statistical significance was evaluated by Studerest (two- reliable model for the native channels.
tailed, unpaired samples). p < 0.05 was considered ACh mediated synaptic transmission is very different from
significant. experimental application of ACh to oocytes or excised pieces

of the organ of Corti. At synapses transmitter is released
RESULTS . . . I .
into the synaptic cleft in very close proximity to postsynaptic
PCR-Based Disaeery ofa-RgIA.PCR amplification with receptors and reaches millimolar concentratidry. (There-
C. regiusDNA as template was used to generate a fragment fore the effect otx-RglA in a more physiologically relevant
of the a-RgIA gene that includes the region encoding the model was studied by promoting synaptic ACh release in
mature toxin. The gene fragment and theoretical translationisolated organs of Corti using high KCI concentrations. As
product are shown in Figure 1. The putative sequence of shown in Figure 4, 30 nMx-RglA blocked responses to
maturea-RgIA was deduced by the presence of the stop synaptically released ACh, indicating that the toxin is a
codon at the C-terminal of the toxin precursor and the valuable tool for inhibition of in vivo responses mediated
arginine residue indicated in Figure 1, which is assumed to by a90.10 nAChRs. Figure 4A shows Kevoked synaptic
define the proteolytic cleavage site that releases the maturecurrents either in the absence or presence-&glA. The
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FiGuRE 2: o-RgIA is a subtype specific inhibitor of oocyte expresssiix10 nAChRs. A. Inhibition curves were obtained by static bath
applications of various concentrations @fRgIA to voltage clampeenopusoocytes expressing various nAChR subtypeg, (white
triangles;a9a10, black trianglesq2/32, black squares1234, white squaresy332, black circlesp34, white circlesp432, black diamonds;

a4p4, white diamondsp6/0.33233, asterisks). The data points are the meanti{e SEM for at least 3 repetitions). B. Representative
examples of the effects of-RgIA on ACh-evoked currents of oocytes expressed nAChRs. The arrows point to the first ACh gated current
obtained following application of the indicatedRglA concentrations to the indicted NAChR subtypes. Toxin application is represented by
the black bars. As can be seen, 100 oNRglA will cause almost complete block of the @010 subtype but has no effect on the closely
relateda7 subtype or the332 subtype. As illustrated for th@9a.10 receptor, on all subtypes where antagonisnadglA was seen the
inhibition was fully reversed 1 min after toxin washout.

Table 1: 1Go Values and Hill SlopesnH) for Inhibition of Rat number of Ce”S_' 5). This result confirms the postsynapti_c
NAChRs bya-RgIA effect of the toxin on the nAChRs present in cochlear hair
I1Cs0 (95% confidence interval); cells. . .

nAChR subtype nH (95% confidence interval) Th?. Q'Term'nal Portion Ofa'Rg|A_ Confers (19(110.
w22 >10M: ot determined Specificity.Residues 1 to 8 of the previously characterized
02p4 >10M: not determined (25) 04/3 conotoxino-Iml are identical to those in-RglA,;
a3p2 >10uM; not determined however, there are a number of differences (highlighted in
o3p4 >10uM; not determined Table 2) in the rest of the molecule. To explore the
zigi iig/’jmi not 32:3??5233 significance of these differencesIml was tested on the
a7 4.66/4M'(3.66—5.94MM); 1.2 (0.84-1.6) 09010 subtype and was found to block this subtype with
a6/035283 >10uM; not determined much less potency tharRgIA. The |Gy was only about 2

9010 (plus BAPTA) ~5.19 nM (4.14 nM-6.50 nM); 1.2 (0.94.5) uM as opposed to about 5 nM for-RglA (Figure 5). Thus
gggig EQ;’;‘;SAPTA) i'gg ERA/I %%‘S"Zg gmg 2'51’8(0(09';%15) the amino acid sequence in the C-terminal portion-6tglA
: — S contributes significantly to its high affinity block @f9a10

. . NAChRs.
observed block was rapidly reversed after toxin was washed

out of the preparationo-RglA caused a reductionp(< DISCUSSION

0.0001) in the amplitude of the synaptic currents (Figure 4B) By using conserved sequence found within the genes that
from 54.2 pA (95% confidence interval, 51.5 to 56.9 pA; encodex-conotoxin precursors, a PCR based technique was
number of events, 363; number of cells, 5) to 33.4 pA (95% used to identify a novel peptide from the worm hunting
confidence interval, 29.5 to 33.2 pA; number of events, 107; ConusspeciesConus regiusBecause the peptide was not
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FiGURe 4: Effect of a-RglA on inner hair cell synaptic currents.
Ficure 3: Effect ofa-RglA on ACh-evoked currents of inner hair A, Representative example of the effect of 30 ivRglA on
cells. A. Representative currents evoked by#0ACh alone, in postsynaptic currents evoked by 40 mM KCI. The insets show
the presence of 3 and 30 ndtRglA following preapplication of  postsynaptic currents on an expanded time scale. B. Left: Super-
the same concentration of peptide, and after peptide washout (right-imposed averages of synaptic currents evoked by 25 mM KCl either
hand trace). B. The concentration dependenae BfjlA inhibition alone (black) or in the presence of 30 rMRgIA (gray). Right:

of ACh evoked currents. The peak currents recorded after coap-Bar diagram showing the effect of 30 né#RglA on the amplitude
plication of ACh and toxin, following 10 min preapplication of  of postsynaptic currents evoked by 25 mM KCI. The recordings
the same concentration of toxin, are expressed as percentages dre from 5 independent inner hair cells, and the number of analyzed
peak currents recorded in the absence of toxin. Each data point isevents was 363 and 107, in the absence and presemc®RgfA,

the mean £ the standard error of the mean) of recordings from respectively. The star denotes a significant differepce,0.0001.

four to six cells. The |G obtained was 6.6 nM (95% confidence  The reduction of the amplitude of the synaptic currents was from
interval: 4.20 nM to 10.4 nM), and the Hill slope was 1.0 (95% —54.2 pA (95% confidence interval: 51.5 to 56.9 pA)-®3.4
confidence interval: 0.6 to 1.4). pA (95% confidence interval: 29.5 to 33.2 pA).

isolated from snail venom, it is not possible to rule out the
possibility that the native molecule has posttranslational
modifications that were not incorporated in the synthetic
a-RglA used in this study. Nevertheless, the synthetic

Table 2: Properties of Characterized/3 Conotoxins

species subtype
conotoxin sequence (prey) specificity ref

o-Iml GCCSDPRCAWRCH# C.imperialis a352,a7 34

molecule was found to be a potent and specific inhibitor of (worm)

the a9a10 nAChR subtype. The ability o&-RglA to a-RgIA  GCCSDPRCRYRCR C. (regius) 9010 this study

discriminate between9a10 anda332 receptors is unique worm)

given that the only other describedconotoxin inhibitor of ocimil - ACCSDRRCRWRCE C. {@85,2;”‘"5 of, o1f1oe 22,34

thea9a10 subtyped-PelA) is also a potent blocker o352 aThe symbol “#” represents C-terminal amidation. Residues|iml

Cha_nnels 23). S anda-Imll that differ from the residue at the corresponding position
Since a-PelA does not discriminate betweer352 and in a-RglA are underlined.

090110 NAChRs 23) buta-RgIA does, it could be a valuable

probe of NAChR function in tissues where both ti@x10 a-RglA blocks currents mediated by hair celPal0

anda332 receptors potentially occur. For example in neurons nAChRs gated with exogenously applied ACh as well as
of the dorsal root ganglion3, 52, a9, andal0 mRNAs synaptically released ACh (Figures 3 and 4). This confirms
have been detected by RT PCR and in situ hybridization that a-RgIA is a valuable tool for antagonism ©f9c10
(17, 3). Extraneuronal locations whe9al0 anda352 receptors in vivo and in biological preparations containing
NAChR expression may overlap have also been describedthe a9a10 receptor.

a3 and 2 subunit mMRNAs have been detected in two  The inter-cysteine spacing afRglA places it in thex4/3
lymphocyte models (peripheral mononuclear leukocytes and subfamily of conotoxins (i.e. in a family of peptides with
leukemic cell lines) §2), and 9 ando.10 expression has  four amino acids in the first loop and three in the second
been also detected in purified lymphocyte populatid&. loop). Thus, to our knowledgey-RgIA is the third a4/3
Additionally, in skin keratinocytes from knockout mice peptide in the literature (see Table 2): all are from worm
lacking thea7 subunit,a9010 nAChRs were up-regulated hunting snails, and na4/3 peptides have been reported in
along witha3 containing channels that lack thé& subunit, fish or mollusk hunting cones. An intriguing possibility is
i.e., potentiallyoa.352 channels 19). thato4/3 toxins are a specialization of worm hunting snails
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Ficure 5: Comparison of block 069010 channels byr-RgIA 5
anda-Iml. Inhibition curves were obtained by static bath applica-
tions of various concentrations of-RglA (black triangles) and 6
o-Iml (white squares) to voltage clamp&gnopusocytes express-

ing 09010 nAChRs. The data points are the meartlie SEM for

T
10°

at least 3 repetitions). The data imRglA is the same as in Figure 7.

2. The inhibition byo-Iml has an 1G of 1.91uM (95% confidence
interval: 1.47uM to 2.47 uM) and a Hill slope of 1.2 (95%

confidence interval: 0.80 to 1.6). As with-RglA (see Figure 2), 8.

o-Iml block of theo9a10 channel was fully reversed 1 min after
washout of toxin.

9.

and evolved to target receptors specific to the prey, predators, 1
and/or competitors of these snails.

An additional common feature of the thre/3 toxins
characterized to date is that they all potently inhiont or
9010 receptors, thus the native targets of these peptides
may be related t@7 and/oro9010 receptors from verte-
brates. Identification and characterization of members of this
subfamily of toxins could therefore be a particularly valuable
way to identify antagonists of NAChRs containing only alpha
subunits.

Comparison of thet-Iml sequence with the sequences of
two previously characterized4/3 toxins (Table 2) reveals
thata-Imll and a-RglA differ along their entire lengths but
a-Iml and a-RglA diverge only in their C-terminal halves.
To investigate the significance of the C-terminal halves of
a4/3 conotoxins orm9a10 potency,a-Iml was tested on
the a9a10 subtype and was found to be a much less potent
antagonist of this receptor thaRgIA (Figure 5). Thus
features of the R9, Y10, R13 triad ef-RglA contribute
significantly to its high affinity block ofa9a10 nAChRs.

In addition, a-Iml is a more potent inhibitor of the352
ando.7 nAChRs thar-RglA (the respective 165 values of
o-Iml and a-RglA on the rat o332 subtype are ap-
proximately 165 nM (unpublished observation) anti0 uM
(Table 1), and on ra&x7 channels they are approximately
200 nM @2) and 5uM (Table 1)). Thus the residues in the
C-terminal portion ofa-RglA are also responsible for the
specificity as well as potency of thea10 block (i.e. the
lack of potency against the332 anda7 subtypes as well
as the high potency for th@90.10 subtype). The observed
block of the rata32 subtype byo-Iml is at odds with a
previous report33) that described no inhibition of rat352
channels by this toxin (in this case nAChRs were gated by
20 s pulses of 50@M ACh), but is consistent with a report
describing potent block of currents gated by short (1 s) ACh
pulses applied to the humarB52 channel 34).

In conclusion,a-RglA is a potent and specific inhibitor
of oocyte expressed and natit®010 nAChRs. Comparison
of the a-RgIA sequence with that of the similed/3 peptide

N

2.

11.

12.

13.

19.

1.

Ellison et al.

a-lml reveals that the amino acids toward the C-terminal of
o-RgIA are important determinants of its preferentib10
] receptor antagonism.
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