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Introduction
Nicotinic acetylcholine receptors (nAChRs) in mammals exist 
as a diverse family of molecules composed of different com-
binations of subunits derived from at least sixteen genes[1-3].  

expressed in the brain, but they are prevalent in midbrain dopa-

mood control[4, 5]

roles in nicotine dependence and in modulating mood and emo-
tion attributed to nicotine exposure . The functional and phar-

subunits (eg
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-

status. Lindstrom’s laboratory first reported heterologous 

variable function[7]. Kuryatov et al observed functional expres-

[8]

has proven extremely difficult. Grinevich et al succeeded in 

the expressed receptor[9]

[8]

complexes in mammalian cells and impacting expression in 
Xenopus oocytes[10, 11] -
aging results for heterologous receptor expression levels have 
been achieved: by introducing a single point mutation in the 

subunit (V9'S), a conserved hydrophobic valine residue in the 

to a hydrophilic serine . This evidence supports the idea 
V9'S 

a high-throughput Ca ) assay based on a 
V9’S con-

[14]. Studies 

-
. Using 

electrophysiological approaches, the native and functional 

reported -
[18, 19].

-

-
-

nAChRs.

EP1 cells

et al
subunit composed of the extracellular, ligand-binding domain 

-
-

[8]

-
-

(Qiagen, Valencia, CA, USA). nAChR subunit genes optimized 

-

-

Diego, CA, USA). The polyclonal pool of survivors from this 

3H]epibatidine 
binding and for function using Rb . A clone 

-
-

L

-
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described

-

-

potential (VH) of –40 mV (unless specifically mentioned), and 
ionic currents in response to the application of nicotinic ligands 

-

p s) using 
p s) e s, or to its 

current and the termination of the typical 1-s period of agonist 

-

t-test (paired or inde-

Left,
Right
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-

D

-

CaCl
 to prevent nAChR recep-

-

 solution containing 
4

-

delivered to the recorded cell using a computer-controlled 'U-tube' 
application system. The applied drug completely surrounded the 

-

The selections of pipette solutions used in most of the studies 

-

[30].

(Accelrys, San Diego, CA, USA).

Data analysis and statistics

parentheses (n P

t

Jolla, CA, USA).

recorded using Tris  electrodes at a holding potential (VH) of 

-

50 values 

nAChR (n
(n t-test analyses revealed that the difference 

50

significant (P<0.01).  These results demonstrated a higher 
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the EC50

A
relationship curves and normalized them to the maximal 

-

-
-

C), it became evident that the EC50 
and Hill coefficient values of ACh, epibatidine, and cytisine 

n
n n

-
-

-

-

50

-

-

50

(n n -

properties.
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50 concentration) 
50 con-

decay constant, ie . We examined 

-

-

nAChR. 
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current

-

ms (n vs P

Whole-cell current traces recorded using a K  electrode solu-

H -
tion at positive VH

-

1,14 P

-

at VH P<0.05), 0 mV (P
(P

-

Discussion 
The present study systematically evaluated and compared the 
pharmacology and physiology of heterologously expressed 

-

 
-

that this type of nAChR may play a special role in choliner-
gic modulations in midbrain dopamine-associated signaling, 

 

P
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behavior and diseases.

but their functions remain poorly understood[31]. Thus far, 
there have been three experimental approaches for evaluating 

ie, the transgenic 

been successfully demonstrated in Xenopus

-

[7]. Studies from Clementi’s 
and Gotti’s laboratories reported interesting properties of natu-

-

-
in vivo

eg
in oocytes does not express high levels of functional receptors. 

eg V9’S) 

V9’S subunits produced approximately 10-fold enhanced 
nicotine efficacy[10, 33]

-

V9’S, resulting in enhanced 
 in transiently expressed HEK 

[34] [35].

recording demonstrated robust sensitivity to nicotinic ago-
-

-

V9’S 
[34]. These data suggested 

high concentrations. The EC50 for a nicotine-induced current 

-

V9’S
50

[34], 

affinity V9’S) 

V9’S, our 
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-

on agonist property. Collectively, these results indicated that 

exhibited some agonist properties that differed from those of 
V9’S

cells[34].

[31]

-

antagonists prior to agonist challenge.  The pretreatment time 

50
V9’S

50
[34]

-
-

50 

50 

-

expressed in midbrain dopamine neurons, its detailed func-
tion in the modulation of the mesolimbic DA system activity 

-

-

accumbens play a critical role in the modulation of DA release, 

+ electrodes at a H

H

P P
vs
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-

been produced in a Xenopus

-
. 

-
sary to heterologously express more physiological (full-length) 

-

by Targacept.
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