
ABBREVIATIONS: nAChR, nicotinic acetylcholine receptor; ACh, acetylcholine; LBTXN, a-bungarotoxin; EGTA, ethylene glycol bis(fl-aminoethyl
ether)-N,N,N’,N’-tetraacetic acid; HEPES, 4-(2-hydroxyethyl)-1 -piperazineethanesulfonic acid; dTC, d-tubocurarine; DMPP, 1 ,1-dimethyl-4-phenyl-
piperazinium; CNS, central nervous system; DHBE, dihydro-fl-erythroidine.

931

0026-895X/92/050931.06$03.00/0

Copyright © by The American Society for Pharmacology and Experimental Therapeutics

All rights of reproduction in any form reserved.

MOLECULAR PHARMACOLOGY, 41:931-936

Nicotinic Acetyicholine Currents in Cultured Postnatal Rat
Hippocampal Neurons

CHARLES F. ZORUMSKI, LIU LIN THIO, KEITH E. ISENBERG, and DAVID B. CLIFFORD

Departments of Psychiatry (C.F.Z., L.L. T., K.E.!.), Anatomy and Neurobiology (C.F.Z., L.L. T.), and Neurology (D.B.C.), Washington University School
of Medicine, St. Louis, Missouri 63110

Received November 19, 1991 ; Accepted February 13, 1992

SUMMARY
Nicotinic acetylcholine (ACh) currents were studied in cultured
postnatal rat hippocampal neurons, using whole-cell voltage-
clamp techniques. In most cells, ACh produces one of two types
of response. One class of ACh currents exhibits rapid and
profound desensitization and is sensitive to inhibition by a-

bungarotoxin (aBTXN). The second class activates slowly and
exhibits no desensitization during prolonged agonist applica-
tions. This slow current is insensitive to LtBTXN. Both the fast

and slow responses exhibit inwardly rectifying current-voltage
relationships and pass little current at positive membrane poten-
tials. Both currents can be recorded in the presence of 1 �M

atropine but are blocked by 0.1-1 .0 m� d-tubocurarine and 0.1-
1 .0 mM mecamylamine. These observations suggest heteroge-
neity of nicotinic ACh receptors in rat hippocampal neurons and
provide support for functional aBTXN-sensitive nicotinic recep-
tors in this region.

nAChRs are found in a variety of regions of the vertebrate

CNS. These receptors can be divided into two distinct classes,

based on affinity for nicotinic ligands. Nicotine and ACh, in

the presence of the muscarinic receptor antagonist atropine,

appear to label the same high affinity site. In contrast, aBTXN

binds to a distinct and differentially distributed population of

receptors (1). In most regions of the CNS, reported physiolog-

ical responses to nicotinic agonists are insensitive to OBTXN

(2, 3), suggesting that the toxin binding sites may not be

functional receptors. In contrast, nicotine-labeled sites appear

to constitute ligand-gated ion channels and participate in syn-

aptic responses in certain regions (3).
Both classes of nicotinic sites are present in the rodent

hippocampus, with the density of aBTXN binding sites greatly

exceeding that of high affinity nicotine binding sites (1). Fur-

thermore, in situ hybridization studies indicate that the hip-

pocampus contains mRNA for multiple nAChR subunits (4-6)

and an aBTXN-binding protein (7). The physiology of hippo-

campal nAChRs is less clear. Disinhibitory responses have been

reported, suggesting that the hippocampal nicotinic binding

sites mediate physiological effects. In vivo recordings have

demonstrated that nicotinic agonists augment extracellularly

recorded excitatory postsynaptic potentials and population

spikes and depress paired pulse inhibition (8, 9). These actions
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typically have a slow onset and are inhibited by curare and

DHBE but not by CBTXN. In hippocampal slices, nicotinic

agonists increase the number and amplitude of CAl population

spikes (10). These effects are inhibited by mecamylamine but

not by hexamethonium, dTC, or aBTXN (10). Other evidence,

although less direct, suggests a physiological role for the hip-

pocampal aBTXN binding site. In slice preparations, aBTXN

produces a transient excitation followed by inhibition, leading

to an eventual loss of field potentials (10). Additionally, nic-

otine produces seizures in certain strains of mice (11), and the

sensitivity to these seizures is correlated with hippocampal

aBTXN binding.

To date, little information is available about the cellular

physiology of hippocampal nAChRs. Macroscopic currents (12)

and single-channel events (13) evoked by nicotinic agonists

have been recorded in cultured embryonic rat hippocampal

neurons. These responses are inhibited by dTC, mecamylamine,

and DHBE but not by atropine, suggesting that they are

mediated by nAChRs. Additionally, the macroscopic currents

are inhibited by an a-neurotoxin from Naja naja kauothia (12).

To develop a better understanding of the physiological signifi-

cance of nAChRs in the hippocampus, we have characterized

nicotinic responses of cultured postnatal rat hippocampal neu-

rons, using whole-cell voltage-clamp techniques and rapid ag-

onist administrations.
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Materials and Methods Results

Hippocampal cell culture. Hippocampal cell cultures were pre-
pared using established methods (14). Hippocampi were dissected from
1-2-day-old albino rat pups, sliced transversely into approximately

400-Mm thick sections, and placed in oxygenated Leibovitz L-15 me-
dium containing 0.2 mg/ml fatty acid-free bovine serum albumin and

1 mg/ml papain (type IV; Sigma Chemical Co.), at 35’. After 30 mm
in the papain solution, neurons were dissociated by gentle trituration

in Eagle’s minimal essential medium containing 5% (v/v) fetal calf
serum, 5% (v/v) horse serum, 400 MM glutamine, 50 jig/mI streptomycin,

50 units/ml penicillin, and 17 mM glucose. The cell suspension, which
contains a mixture of CAl and CA3 pyramidal neurons, interneurons,

and glia, was plated in collagen-coated tissue culture dishes, at a density
of 300,000 cells/dish, and incubated at 36’ in a humidified 5% CO2

atmosphere. Cytosine arabinoside (10 MM) was added 48 hr after plating,
to inhibit glial proliferation. All media, sera, and antibiotics were

purchased from GIBCO (Grand Island NY).
Electrophysiology. Voltage-clamp recordings were obtained using

the whole-cell patch-clamp technique (15). For recording purposes, the

growth medium was exchanged for a solution containing (in mM) 140

NaCl, 5 KC1, 2 CaC1,, 1 MgCl2, 10 glucose, 10 HEPES, and 0.001

tetrodotoxin (pH 7.3). Tetrodotoxin was used to diminish spontaneous

synaptic activity and to improve the spatial voltage-clamp. Recording
electrodes were pulled from fiber-filled borosilicate glass capillaries on

a Brown-Flaming P-87 pipette puller (Sutter Instruments). These

pipettes were fire-polished to obtain 5-8 Wi recording electrodes.

Pipette solutions routinely contained (in mM) 140 cesium methanesul-

fonate, 4 NaCl, 5 EGTA, 0.5 CaCl,, and 10 HEPES (pH 7.3). In some
experiments, the cesium methanesulfonate was substituted with 140

mM CsCl, 140 mM cesium acetate, or 140 mM sodium isethionate.
Similar results were obtained with all intracellular solutions. All re-

cordings were done at room temperature (22’). Cesium methanesulfon-

ate was purchased from Aldrich Chemical Co.; other salts were obtained

from Sigma Chemical Co.
Cholinergic agonists and antagonists were dissolved in the recording

solution and were applied to neurons using one of two drug delivery

systems. In most experiments, drugs were administered from flow tubes
with 300-Mm openings, positioned about 250 �m from the recorded
neuron by using a Narishige hydraulic micromanipulator (16). This

system allows complete solution exchange in the vicinity of neurons in

6 ± 2 msec, as judged by the time constant of the rising phase of

currents induced by the nondesensitizing glutamate analogue kainate

(n = 22). In all experiments using flow-tube drug administrations, the

bath was continuously perfused with extracellular solution at a rate of

2 ml/min. In other experiments, drugs were administered by close-
range pressure ejection (15-20 psi) from glass pipettes (l-2-Mm tip

openings) positioned <5 �m from the cell soma (17). Similar results

were obtained using either drug delivery system, although the rates of

desensitization reported were faster using the flow-tube system, reflect-
ing the more rapid and complete solution exchange in the vicinity of
neurons.

Data acquisition and analysis. Whole-cell currents were recorded
using a List EPC-7 or Axopatch-1D patch-clamp amplifier. Signals

were filtered at 2 kHz and recorded on a Gould 220 chart recorder. In
addition, currents were digitized using pCLAMP, version 5.5 (Axon

Instruments), and were stored on disk for off-line analysis. In some
analyses, the current decay was fit to an exponential function using a

least-squares minimization or Gauss-Newton algorithm. Desensitiza-

tion was measured as percentage of decline:

% Decline = I�maz 1,� �

where jo is the base-line current at the holding potential, ‘max � the

peak observed current, and I,, is the observed steady state current
measured at the end of an agonist application. All values reported are

mean ± standard error.

ACh activates two classes of responses in hippocampal

neurons. Rapid flow-tube applications of ACh or other nico-

tinic agonists to voltage-clamped postnatal rat hippocampal

neurons elicited inward currents in 75% (n = 175) of neurons

studied between days 5 and 20 after plating. Evoked currents

ranged from <100 to 2000 pA, with most cells exhibiting
responses in the range of 50-500 pA. The presence or absence

of nicotinic responses and the magnitude of the responses did

not appear to correlate with either cell morphology or time in

culture. The responses were usually one of two types (Fig. 1).

In 63% of neurons (62 of 98 cells studied), 100-500-msec

applications of 1 mM ACh evoked a rapidly desensitizing cur-

rent. At -70 mV, these currents decayed monoexponentially,

by 91 ± 2%, with a time constant of 8 ± 2 msec (n = 13). Both

the rate and degree of desensitization increased with increasing
ACh concentration, but neither was dependent on membrane

voltage over the range of -90 to -20 mV (Table 1).

In some neurons a distinctly different response to 1 mM ACh

was seen (Fig. 1B). These currents activated slowly and showed

no evidence of desensitization during agonist applications as

long as 10 sec. Slow ACh responses occurred in 23% of neurons

(23 of 98 cells studied). In a small number of cells (4 of 98), 1

mM ACh elicited both a rapidly desensitizing response and a

more slowly rising, persistent response (Fig. 1C). The amplitude

A

B

C

lOOpA

lOOms

Fig. 1. ACh gates two types of current in cultured hippocampal neurons.
The traces depict the responses of three neurons, voltage-clamped at
-70 mV, to 1OO-msec flow-tube applications of 1 m�i ACh. The traces
show neurons exhibiting the fast desensitizing current (A), the slow
response (B), and both responses (C). In this and all subsequent figures,
the bars above the data traces denote the period of drug application.
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Fig. 2. ACh activates currents in a dose-dependent manner. Neurons exhibiting either the fast (rapidly desensitizing) current (A) or the slow current
(B) were voltage-clamped at -70 mV and exposed to 100-500-msec applications of ACh. Each neuron was exposed to three ACh concentrations,
and results were normalized with respect to the response at 1 m�. The points represent the mean ± standard error of three to seven cells/
concentration. The curves represent the fit of the experimental data to a dose-response equation:

[ACH]”
Response = response� x [ACHy + EC�”

using a least squares minimization routine. Response,,� is the maximal agonist response, ECse is the half-maximal effective concentration, and n is
the Hill coefficient. For the data in A, response� = 99 ± 6%, EC�, = 129 ± 28 MM, and n = 1 .3 ± 0.2. For the data in B, response,,,�5 = 100 ± 3%,
EC80=65±7MM,andn= 1.5±0.2.
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TABLE 1
Nicotinic agonists and desensitization
Neurons were voltage-clamped at various membrane potentials and exposed to
100-200-msec flow-tube applications of agonists at the concentrations specified.
� was measured from exponential fits to the decaying phase of currents
during the application of agonists. Percentage of decline was measured as de-
scribed in Materials and Methods. VH is the membrane holding potential. Results
are mean ± standard error.

Agonist Concentration n VH DedK1�

mM mV msec %

ACh
ACh

ACh
ACh
ACh
ACh

DMPP

Nicotine
Cytisine

1
1

1
0.5
0.1

1 0

1

1
1

8
13

7
8
5
5

14

7
1 1

-90
-70

-20
-70
-70
-70

-70

-70
-70

8±1
8 ± 2

8±1
12 ± 1
41 ± 10
7 ± 1

8 ± 1

9 ± 1
6 ± 1

93±1
91 ± 2

84±6
76 ± 6
49 ± 10
94 ± 2

95 ± 2

96 ± 2
96 ± 2

of the fast and slow currents varied from cell to cell, with some

neurons exhibiting large (>300 pA) responses and others, in
the same culture, exhibiting small (<100 pA) or no responses

of either type.

Both the rapidly desensitizing and the slowly activating

current were evoked in a dose-dependent fashion, requiring
micromolar concentrations of ACh. The EC50 was 129 ± 28 �tM

for the fast current, whereas it was 65 ± 7 �M for the slow

response (Fig. 2). The Hill coefficients for the fast and slow
currents were 1.3 and 1.5, respectively, suggesting that more

than one molecule of agonist is required to evoke either re-

sponse.

Current-voltage (I-V) plots for both currents revealed strong

inward rectification. Over the range of negative membrane
potentials, both I-V curves were nearly linear. However, neither

current showed a clear outward component at membrane po-

LI
U)
z
0
a-
U)
LI

E

I-
z
LI

C.)

LI
a-

tentials up to +80 mV, making it difficult to measure a true
reversal potential for these currents (Fig. 3). In some cells, the

fast current exhibited a small outward response at potentials

greater than +10 mV, suggesting a reversal potential near 0
mV (Fig. 3A). However, the slow current showed small inward

responses in some neurons even at +50 mV. The shape of the

I-v curves was not altered by changes in the chloride reversal

potential, exchange of internal cesium for sodium, or the inclu-
sion or removal of magnesium from the intracellular or extra-

cellular solution.
nAChRs mediate the ACh responses. The inwardly rec-

tifying I-V relationships are similar to neuronal nicotinic re-

sponses in a number of other cells (18-21). Consistent with

this observation, both the fast and slow ACh responses were

recorded in the presence of 1 zM atropine, a muscarinic receptor
antagonist. However, as reported for nicotinic responses in

other preparations (22), concentrations of atropine of >10 �zM

diminished these currents in a reversible fashion. The addition

of 1 �zM atropine to the extracellular solution did not change

the shape of the I-V curves.

Both the fast and slow ACh responses were inhibited by dTC

and mecamylamine. dTC (100 �zM) blocked rapidly desensitiz-

ing currents evoked by 1 mM ACh by 81 ± 2% (n = 4) and

inhibited nondesensitizing currents by 56 ± 6% (n = 5) (Fig.

4). At 1 mM, dTC inhibited both currents completely (fast

current, n = 3; slow current, n = 6). Mecamylamine (100 MM)

inhibited the fast and slow responses produced by 1 mM ACh
by 69 ± 14% (n = 3) and 67 ± 8% (n = 7), respectively. At 1

mM, mecamylamine inhibited fast currents by 89 ± 5% (n = 5)

and slow currents completely (n = 2).

Responses similar to those produced by ACh were elicited by

the nicotinic agonists nicotine, DMPP, and cytisine (Fig. 5, A,

B, and C). Currents induced by these agonists also exhibited I-
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Fig. 4. dTC inhibits ACh currents. Two neurons were voltage-clamped
at -70 mV and exposed to 500-msec applications of 1 m� ACh, in the
absence and presence of 100 �M dTC. A, Response of a cell with a
desensitizing current; B, response of a neuron exhibiting the slow ACh
current. The data in this figure were obtained using pressure-ejection
drug delivery.

V curves that, like ACh-gated responses, strongly rectified. The

rate and degree of desensitization produced by 1 mM ACh,
nicotine, DMPP, and cytisine were similar (Table 1). In 17 of

44 neurons studied, 1 mM nicotine elicited slow currents,
whereas 8 of 49 cells exhibited slow currents in response to 1

mM DMPP. Interestingly, 1 mM cytisine induced either a

rapidly desensitizing current (n = 14) or no response (n = 17)

in 31 neurons. In 26 of these neurons, the effects of 1 mM

nicotine and 1 mM cytisine were compared. Three of the 26

neurons exhibited both desensitizing and slow responses to 1

mM nicotine, whereas 1 mM cytisine evoked only rapidly desen-

400 -
200 -

Fig. 3. ACh-gated currents have nonlinear I-V
curves. Single neurons were voltage-clamped
at various membrane potentials and exposed
to 100-msec applications of 1 m� ACh. The
graph shows the peak response at various
membrane potentials over the range of -90 to
+50 mV. Insets, raw data used in constructing
the I-V curves. For clarity, the -85 and +50
traces are omitted from the inset in A, whereas
the -70, +1 0, and +50 traces are omitted
from the inset in B.

�

Fig. 5. Nicotine, DMPP, and cytisine gate rapidly desensitizing currents.
The traces show the response of single neurons to 100-msec flow-tube
applications of 1 mM nicotine (A), 1 m� DMPP (B), and 1 m� cytisine (C).
D, In a single neuron, a 10O-msec application of 1 m� nicotine and 1 m�
cytisine evoked markedly different responses. The response to nicotine
shows both the rapidly desensitizing and the slow response. In contrast,
cytisine induced only a rapidly desensitizing current. Similar results were
seen in two other cells. The holding potential for all traces in this figure
was -70 mV.

sitizing currents (Fig. 5D). Thus, cytisine may be a more

selective agonist for the nAChRs mediating the fast current.

aBTXN inhibits rapidly desensitizing currents. In the

hippocampus, the majority of presumed nAChRs bind aBTXN

(1). We found that 1-2 MM aBTXN, applied by local perfusion,

selectively blocked the rapidly desensitizing currents produced

by 1 mM ACh, 1 mM DMPP, or 1 mM nicotine, while having

little effect on slow currents (Fig. 6). After treatment with

aBTXN, fast desensitizing currents were 8 ± 3% (n = 16) of

control, whereas slow currents were 95 ± 3% (n = 7) of control.

Consistent with binding studies indicating a slow off-rate for

aBTXN binding (23), we found that the effects of the toxin
were not reversible over a 0.5-1-hr period.

Because the irreversible block of currents makes it uncertain
whether the decline in response is a pharmacological effect of

aBTXN or the result of a nonspecific change in the response,
we also examined whether a 15-30-mm bath application of 1
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MM aBTXN altered the percentage of neurons exhibiting rap-
idly desensitizing responses. DMPP (1 mM) evoked rapidly

desensitizing currents in 75% of neurons (15 of 20) from three

separate cultures before exposure to the toxin. After OtBTXN

treatment, only 11% (2 of 18) displayed any desensitizing

current in response to 1 mM DMPP, and the responses seen

were of low amplitude, compared with control currents elicited

by the same concentration administered before cSBTXN. Before

ctBTXN fast desensitizing currents averaged 236 ± 26 pA (n =

15), whereas after CtBTXN the average response of neurons

showing a desensitizing response was 30 pA (n = 2).

Discussion

These results indicate that nicotinic agonists activate two

types of current in cultured postnatal rat hippocampal neurons.

The more prevalent response desensitized by >90%, with a

time constant of <10 msec, in response to saturating ACh

concentrations and was inhibited by tBTXN. The second class
of responses activated more slowly and was insensitive to

aBTXN. The reasons for the differences in apparent activation
kinetics of the two currents are uncertain. It is possible that

the activation reflects differences in receptor binding and/or

channel opening rates. Additionally, differences in receptor

localization on dendrites or soma could contribute. However,

the finding of a slow onset of one class of response during flow-

tube agonist applications, which achieve a rapid and fairly

uniform solution exchange, suggests that receptor localization

is not a major factor. Similarly, it is unlikely that the differences

in kinetics are related to electrotonic coupling of neurons, given

the differences in pharmacology and the fact that <3% of

neurons in our cultures exhibit either electrical or dye coupling.1

The fast and slow nicotinic responses also appear to differ with

respect to their associated membrane noise. This may reflect

differences in the primary single-channel conductances or

channel open probabilities underlying the two responses (24).
The two currents are similar in a number of respects. As is

true of neuronal nicotinic responses in other preparations, both

have Hill coefficients of >1, suggesting that two agonist mole-

cules are required to gate responses. Additionally, both re-

sponses are mediated by relatively low affinity receptors, which

have EC50 values for ACh of >50 MM, and are sensitive to

inhibition by dTC and mecamylamine. Our results suggest that

the fast desensitizing current is more sensitive to block by 100

MM dTC, whereas both currents are equally sensitive to 100 MM

mecamylamine. Previous studies have shown that nicotinic

responses in different CNS regions have varying sensitivity to

Fig. 6. aBTXN inhibits rapidly desensitizing nico-
tinic currents. A, The neuron was voltage-clamped
at -70 mV, and 1 mM DMPP was applied by flow
tube for 100 msec before and after exposure to 1

MM aBTXN for 60 sec by local perfusion. B, The
neuron was voltage-clamped at -70 mV and ex-
posed to 100-msec flow-tube applications of 1 m�

I nicotine before and after 1 �tM CSBTXN. In this cell,
100pA � aBTXN was administered by bath perfusion for 15

L__ mm.

inhibition by these antagonists (10, 20, 25), consistent with the

differences found in hippocampal neurons.

Both classes of nicotinic currents exhibit nonlinear I-V

curves, with marked inward rectification. The channels me-

diating these currents are most likely cation selective, because

changes in the chloride equilibrium potential had no effect on

I-V curves. A true reversal potential could not be measured for

either the fast or the slow current because of the failure to

record clear outward currents at potentials up to +80 mV. The
mechanisms underlying the nonlinear I-V relationships ob-

served for hippocampal nicotinic responses are uncertain. In

PC12 cells, blockade of nicotinic channels by intracellular
magnesium contributes to the inward rectification (19). How-

ever, in hippocampal neurons, the presence or nominal absence

of magnesium in intracellular or extracellular solutions had no

effect on the shape of the I-V curves. In cultured midbrain

neurons, nicotinic currents also inwardly rectify. The rectifi-

cation in these cells is removed when responses are recorded in

the presence of atropine, suggesting that a muscarinic receptor-

mediated response masks the nicotinic component at positive

membrane potentials (18). However, nicotinic channels in hip-

pocampal neurons did not pass outward current in the presence

of 1 MM atropine. Other possible reasons for the shape of the I-
V curves include channel block by intracellular cesium ions

(26) or other ions in solution. In our experiments, substituting

sodium for cesium in the intracellular solution did not alter the

inward rectification. Attempts to use potassium as the predom-

inant intracellular cation were unsuccessful, due to large in-

creases in base-line membrane noise at positive holding poten-

tials. An alternative possibility is that voltage-dependent gating

properties of the nicotinic ion channels may determine the

shape of the I-V curves (19, 21).

Our results indicate that one class of hippocampal ACh
responses desensitizes in <10 msec in the presence of saturating

agonist concentrations. Rapidly desensitizing nicotinic re-

sponses have been described in several other preparations. In

cultured midbrain neurons, ACh responses decay rapidly (18),

although estimates of the rate of desensitization were not

presented. Interestingly, a minority of midbrain neurons also

exhibit slow, nondesensitizing, ACh responses, like the hippo-

campal neurons. Studies using rapid drug-application tech-

niques have also found desensitization rates of <100 msec for

nAChRs in bovine adrenal chromaffin cells (27), BC3H-1 cells

(28), and adult mouse and frog interossal muscle cells (29).

Muscle nAChR channels are also subject to ion channel block

by high concentrations of agonists. This channel block could

contribute to the decay of responses at high agonist concentra-

tions (30). Our data do not permit a determination of the

relative contribution of desensitization and agonist-induced
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channel block to the decline in hippocampal nicotinic currents.

Consistent with either desensitization or open channel block,

both the rate and degree of desensitization increased with

increasing ACh concentration. However, the lack of voltage

dependence over the range of -90 to -20 mV would suggest
that a simple open channel block mechanism cannot explain

the results, because the ACh molecule is positively charged at

physiological pH and might be expected to act at a site that is
sensitive to the transmembrane electrical field.

An interesting feature of the fast desensitizing ACh current
in hippocampal neurons is its sensitivity to cEBTXN. a-Cob-

ratoxin binding sites are present in the rodent hippocampus
but have an unknown physiological function. Our data and

those of Alkondon and Albuquerque (13) indicate that these

receptors gate cationic currents. The apparent rapid activation

and decay of these responses, similar to responses mediated by
glutamate at ionotropic quisqualate receptors (17), would be
consistent with a fast postsynaptic receptor. However, a fast

nicotinic synaptic response has not been reported in hippocam-

pal preparations.
Although the subunit composition of specific neuronal

nAChRs is uncertain, several cloned receptor subunits, includ-

ing aBTXN binding subunits, are expressed in the hippocam-

pus (4-7). Among the neuronal nAChR subunits cloned to date,

the rapidly desensitizing hippocampal current most closely
resembles responses produced by expression of an aBTXN-

binding protein, designated a7, isolated from chicken brain

(31). This subunit encodes a protein sequence nearly identical

to the protein sequence reported for an aBTXN-binding pro-

tein isolated from chick optic lobe (32). When expressed in
Xenopus oocytes, the a7 subunit forms a homo-oligomeric ion

channel that exhibits low affinity for ACh (EC50 = 115 MM),

rapid and nearly complete desensitization, an inwardly recti-
fying I-V curve, and blockade by aBTXN. These properties are

all seen with the fast hippocampal current. This aBTXN-

binding protein is expressed in rat brain, and preliminary
results suggest a distribution similar to that of ‘251-aBTXN

binding (7). Our results suggest that aBTXN-sensitive recep-
tors form ion channels in vertebrate neurons but that these

channels are subject to rapid desensitization, making them

difficult to study in experiments using slower drug-delivery

methods.
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