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ABSTRACT
Nicotinic acetylcholine receptors (nAChR’s) are nonspecific cation channels that play an essential role in
the nervous system. There are two classes of
subunits (alpha and beta) with several different
variations. No published structure for the α3 subunit
was found so we used Swissprot to model the amino
acid sequence based on the published α4 subunit
structure. We used a drug screening program called
AutoDock Vina to test thousands of compounds to see
if they would bind allosterically to α3β2 nAChR’s. The
goal in this research is to find positive allosteric
modulators (PAMs) that could be used to treat several
conditions, including Alzheimer’s. PAMs can
potentiate nAChR function by binding to sites that are
distinct from the acetylcholine binding site. PAMs
cause acetylcholine to elicit larger currents on
nAChR’s without activating the channel themselves.
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Because the α3 subunit structure was unknown, we
used the Swissprot modelling program with the known
α4 subunit structure as a template to predict a likely α3
structure.
The binding sites of the α4β2 and α3β4 nAChR
channels were compared to the α3β2 binding site to
determine the distinct differences among these similar
channels.
AutoDock Vina software was used to screen potential
allosteric modulators in silico to determine binding
affinity. Access to the Fulton Supercomputer allowed
us to screen over five hundred thousand compounds
that could potentially bind to the allosteric site of
nAChRs.
We first screened for allosteric modulators that had
high affinity in the α3β2 binding site. We then ran 20 of
the highest affinity, commercially available molecules
screening for binding affinity at the α4β2 binding site.
The data was used to select allosteric modulators that
had high affinity for the α3β2 binding site and relatively
low affinity for the α4β2binding site.
Compounds will be tested on nAChRs expressed in
Xenopus laevis oocytes using two electrode voltage
clamp electrophysiology to confirm predicted positive
allosteric modulation.

B

Fig. 1: q-RTPCR was done on individual hippocampal

interneurons revealing that α3 and β2 are the most commonly
co-expressed nAChR subunit mRNAs in CA1 hippocampal
interneurons. Also, the α3β2 receptor is a rarely expressed
combination which could indicate a selective pharmacological
target.
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3-[(R)-[4-(4fluorophenyl)piperazin-1-yl]phenyl-methyl]-4-hydroxy-6methyl-1-(3pyridylmethyl)pyridine

-10

-6.4

3.6

2-[[5-(1H-indol-3-yl)-4-methyl1,2,4-triazol-3-yl]sulfanyl]-N(1-naphthyl)acetamide

-9.9

-7.4

2.5

1-[4-[4-[(3R)-1-[2-[(1R)-1cyclopent-2-enyl]acetyl]-3piperidyl]-6-hydroxypyrimidin-2-yl]-1-piperidine

-9.7

-6.5

3.2

-10.5

-10.4

0.1

-4.6

N/A

N/A

3-methyl-2-[3-[4-(1naphthylmethyl)piperazin-1yl]-3-oxo-propyl]quinazolin-4one

C

2-[(3-amino-2,2-dimethylpropyl)-propyl-amino]-Nmethyl-acetamide

Fig. 5: A comparison of calculated binding affinities to

different subunit compositions. A lower score indicates higher
binding affinity. The fourth compound is an example of
indiscriminate binding. The fifth demonstrates poor binding to
all subunits.
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Figure 2. nAChRs activation on the soma or dendrites of a

neuron can result in EPSPs. As illustrated above, with two
different subunits, nAChRs could potentially form eight
different combinations of α(gray) and β (red) subunits. With
eleven known neuronal subunit genes to draw from, the
number of possible subunit combinations exponentially
increases.

E

➢
➢
➢

α3β2 nAChRs are highly expressed in the hippocampus.
α3β2 nAChRs are potential targets for treating
Alzheimer's Disease, Down Syndrome, and other forms
of dementia.
α3β2 PAM site appears unique enough to avoid
unwanted binding to α4 and β4 subunits.
Specificity of α3β2 binding sites holds potential for
successful drug treatments with minimal side effects
Several potential PAMs have been identified.

FUTURE RESEARCH
Fig. 4: A. Quaternary structure of a nAChR. The region

Fig. 3. An example of PAM activity on nAChRs: Left trace

shows α7 nAChR response to 50 µM ACh. Right trace shows
response after application of PAM. PAM application
dramatically increases α7 nAChR’s responsiveness to ACh.

composed of alpha helices is found within neuronal cell
membranes, while the regions composed of beta sheets are
found outside the cell membrane. B. Closer view of the
Alpha-beta interface. C, D, and E show interfaces that were
identified as potential allosteric binding sites between α3β2,
and α3β4respectively. α3β4 nAChRs are found in the
peripheral nervous system. Amino acids specific to these
interfaces are identified.
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Xenopus laevis oocytes will be used to express α3β2
nAChRs, and screen promising compounds using
electrophysiology.
➢ Current development of a mammalian α3β2-expressing
cell line is in progress for drug screening.
➢ Other potential α3β2 PAM sites may be identified and
screened in silico.
➢ Some compounds binding to this site might potentially
be negative allosteric modulators, the utility of such
compounds is also under investigation.

