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loning and functional expression of the nicotinic acetylcholine
eceptor chaperone RIC-3 from Xenopus laevis

ndrew Jones

MRC Functional Genomics Unit, Department of Physiology Anatomy
nd Genetics, University of Oxford, South Parks Road, Oxford OX1 3QX,
nited Kingdom

Xenopus laevis oocytes provide a heterologous expression
ystem convenient for the functional analysis of recombinant
igand-gated ion channels such as nicotinic acetylcholine recep-
ors (nAChRs) [1]. RIC-3, first identified in Caenorhabditis elegans,
s a chaperone protein which enhances the expression of certain
AChR subtypes. A recent study examining Drosophila and human
ell lines showed host-cell specific effects of RIC-3 [2]. To facili-
ate the study of nAChR function in Xenopus oocytes, we cloned
he full length Xenopus laevis ric-3 (Xric-3). As with the human ric-
, Xric-3 possesses two membrane spanning regions and a coiled
oil domain. We found that Xric-3 increased the current ampli-
ude of the human �7 nAChRs and its C. elegans homolog, ACR-16,
hen co-expressed with receptor RNA in Xenopus oocytes with-

ut affecting agonist potency. Our findings suggest that the host
ell specificity of RIC-3 enhancement of �7-like nAChRs, although
feature of differentiated cells is less apparent in oocytes.

eferences

1] Buckingham, et al. Methods Mol Biol 2006;322:331–45.
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unctional expression of an �5�2 nicotinic acetylcholine
eceptor

anguy Araud 1,∗, Mario Wanischeck 2, Roberta Benfante 3, Ortrud
teinlein 2, Diego Fornasari 3, Daniel Bertrand 1, Jean-Charles
oda 1

Department of Neurosciences, Medical Faculty, University of Geneva,
eneva, Switzerland
Institute of Human Genetics, University Hospital, Ludwig Maximil-

ans University, Munich, Germany
Department of Pharmacology, School of Medicine, University of
ilan, CNR-Institute of Neurosciences, Milan, Italy

The �5 subunit belongs to the family of nicotinic acetylcholine
eceptors (nAChRs), which are ligand-gated, cation selective chan-
els. The �5 is predominantly expressed in limbic and autonomic
egions [1–3]. Although �5 subunits are apparently associated with
2 or �4 subunits in neurons [1], no functional expression has
een reported to date. It has, therefore, been suggested that these
ubunits merely act as accessory subunits [4]. Here. we report for

he first time expression of functional nAChRs with only �5 com-
ined with �2 or �4 subunits. Functionality of the human �5 was
bserved only when the cDNA encoding for this subunit contained
ts adjacent untranslated region (UTR). When expressed in Xenopus
ocytes �5 containing receptors (�5�2 or �5�4) displayed robust
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urrents in response to ACh and were typically in the �A range. The
5�2 nAChR displayed a high sensitivity to ACh with an EC50 of
.63 ± 0.15 �M which is about 10-fold more sensitive than the major
rain �4�2 receptors. These receptors also displayed a high sensi-
ivity to nicotine with an EC50 of 0.58 ± 0.17 �M. Altogether these
ata demonstrate that functional receptors can be obtained with a
inary combination of �5 with a � subunit and that these receptors
ay play an important physiological role both in the central and

eripheral nervous system. The high degree of correlation between
moking and cancer in human with �5 and its non-synonymous
ingle nucleotide polymorphism further calls for a better under-
tanding of the functional role of this subunit. These data open
ew avenues for the screening of the physiological properties of
5 containing nAChRs.

Acknowledgements: This work was supported by the Swiss
ational Science Foundation to D.B., by the Deutsche Forschungs-
emeinschaft to O.K. & D.B. and J.C.H. was awarded a Pfizer grant.
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ain of function mutants in human or mouse nAChR �3
ubunits interchangeably activate either human or mouse
6�4*-nAChR, but not human or mouse �6�2*-nAChR

hagirathi Dash 1,∗, Minoti Bhakta 1, Paul Whiteaker 1, Jerry A.
tizel 2, Yongchang Chang 1, Ronald J. Lukas 1

Division of Neurobiology, Barrow Neurological Institute, Phoenix, AZ,
nited States
Department of Integrative Physiology, Institute for Behavioral Genet-

cs, University of Colorado, Boulder, CO, United States

It has been difficult to demonstrate function of heterologously
xpressed nAChR containing �6 and �3 subunits. Recently Dash et
l. [1] confirmed that wild type, human nAChR �3 subunits have
dominant-negative effect on the function of �6�4*-nAChR sub-

ypes but also found that �3 subunit gain of function mutant(s)
otentiate function of human �6�4*-nAChR. Function of human
6�2*-nAChR was absent in the presence of either wild type or
ain of function �3 subunits. This is puzzling, because there is
unction of �6�3*-nAChR containing wild type �3 subunits in
odents. In order to better understand �6�3*-nAChR, we inter-
hangeably expressed mouse or human wild type or gain of
unction �3 subunits with human or mouse �6 and �2 or �4 sub-
nits and determined functional features of expressed receptors.
ain of function mutants (M2 second transmembrane domain 9’
r 13’ positions) in either human or mouse �3 subunits potenti-

te function of either human or mouse �6�4*-nAChR but not of
uman or mouse �6�2*-nAChR. However, there was no function

n oocytes expressing human �6 and either �2 or �4 subunits
long with wild type, mouse �3 subunits. Similarly, wild type,
uman �3 subunits failed to produce functional receptors when
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derivative of �-bungarotoxin and showed the presence of �7 nAChR
in the dorsal root ganglia and spinal cord of mice, additional evi-
02 Poster abstracts / Biochemical

o-expressed with mouse �6 and �2 subunits. Nevertheless wild-
ype, human �3 subunits allowed for function when integrated
nto mouse �6�4*-nAChR. These findings indicate that gain of
unction mutants in human or mouse �3 subunits are only rel-
vant in the context of �6�4*- but not �6�2*-nAChR. Moreover,
he few differences in sequences between human and mouse �3
ubunits are key to effects on function of mouse �6�4*-nAChR
nd are targets of further investigation. Overall, the ramifications
f expression of dominantly negative, wild-type �3 subunits in
6*-nAChR remain to be determined. These studies are important
ecause of the probable roles of �6*-nAChR in reward and nicotine
ependence and toward discovery of therapeutic drugs selective for
6*-nAChR.

Acknowledgements: Supported by Philip Morris USA and Philip
orris International through the external research program.
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haracterization of insect nicotinic receptors by heterologous
xpression: Insecticide selectivity and the influence of molecu-
ar chaperones

oby Collins ∗, Stuart J. Lansdell, Neil S. Millar

Department of Neuroscience, Physiology and Pharmacology, Univer-
ity College London, London WC1E 6BT, United Kingdom

Nicotinic acetylcholine receptors (nAChRs) are important excita-
ory neurotransmitter receptors in both vertebrate and invertebrate
pecies. In insects, nAChRs are the target site for commercially
mportant insecticides such as neonicotinoids and spinosad [1].
en nAChR subunits (D�1-D�7 and D�1-D�3) have been iden-
ified in the model insect species Drosophila melanogaster and a
imilar number have been identified in other species. Whereas
arly cloning and expression studies of insect nAChRs focused pri-
arily on Drosophila, more recent studies have been extended to

nclude economically important pest species such as the aphid
yzus persicae, the cat flea Ctenocephalides felis and the rice brown

lanthopper Nilaparvata lugens. Past studies have included the
dentification of nAChR point mutations associated with insecticide
esistance insect populations, for example [2]. Unfortunately, how-
ver, considerable difficulties have been encountered in attempts
o characterize insect nAChRs by heterologous expression studies.
n almost all cases, successful heterologous expression of insect
AChRs has required approaches such as the expression of hybrid
AChRs (i.e. the co-expression of insect nAChR subunits with non-

nsect partner subunits) or the expression of artificial subunit
himeras. In addition to expression studies with several insect pest
pecies, we have previously reported expression studies with 9 of
he 10 identified Drosophila nAChR subunits. We have now iso-
ated a full-length expressible clone of an additional Drosophila

AChR subunit (D�5). As has been reported previously [3], D�5
as an unusual structure, containing an N-terminal domain that is
pproximately 300 amino acids longer than that of other previously
haracterized nAChR subunits. Heterologous expression studies
ave revealed that, despite its atypical N-terminal domain, D�5

d

d

acology 78 (2009) 899–925

an contribute to the formation of a high affinity nicotinic binding
ite. The pharmacological properties of insect nAChRs, including
heir sensitivity to insecticides will be discussed, as will be our
ttempts to achieve functional expression of insect nAChRs. A fur-
her strategy that we are examining is the role of nAChR-associated
haperone proteins such as RIC-3 [4]. We have reported the cloning
f 11 alternatively spliced isoforms of the molecular chaperone
IC-3 from Drosophila [5]. The ability of these RIC-3 isoforms to

nfluence of maturation of insect (and non-insect) recombinant
AChRs is being investigated.
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abeled peptide and protein neurotoxins for basic study on nico-
inic acetylcholine receptors and for practical applications

gor Kasheverov ∗, Maxim Zhmak, Alexey Khrushchov, Irina
helukhina, Elena Kryukova, Victor Tsetlin

Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, Russian
cademy of Sciences, Moscow, Russia

Different types of nicotinic acetylcholine receptors (nAChRs)
ere found in various organs and tissues of different systems

muscle, neuronal, immune and others). Malfunctioning of the
efinite nAChR subtypes is proved to be associated with muscle
ystrophies, psychiatric diseases and neurodegeneration, therefore
heir detection and quantification at normal state and patholo-
ies is an important task. The promising tools for solving this
ask would be peptide and polypeptide neurotoxins selectively tar-
eting distinct nAChR subtypes. Among them are �-conotoxins
from Conus mollusks) that effectively discriminate between the
ifferent nAChR subtypes. We synthesized numerous analogs of
arious �-conotoxins (with single and multiple amino acid substi-
utions) specific either for muscle- or neuronal nAChRs. Some of
hem (SIA[D12K], PnIA[A10L,D14K]) were found to be more potent
han the native peptides. The PnIA[A10L,D14K] analog (the first �-
onotoxin crystallized with acetylcholine-binding protein, AChBP)
as radioiodinated and retained its high potency (KD 0.2-1.0 nM)

n binding to AChBPs. Another radioiodinated derivative of the �-
onotoxin ImII analog, namely [125I]-ImII[W10Y] was bound (KD
.5-6.1 �M) to muscle-type nAChR from Torpedo californica but did
ot compete with �-cobratoxin (classical snake venom polypeptide
ntagonist of muscle-type and �7 nAChRs) suggesting interaction
ith an alternative binding site on this receptor. For detecting
7 nAChRs in tissues, we used Alexa Fluor488-labeled fluorescent
ence of specificity being the lack of staining in �7 knock-out mice.
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