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Abstract

Alpha(α)6-containing nicotinic acetylcholine receptors (nAChRs) have been implicated in 

nicotine reward and reinforcement. To date, a commercially available, validated α6 nAChR 

subunit antibody has not been reported. To evaluate a commercially available neuronal α6 nAChR 

subunit antibody we performed quantitative western blots on protein from the ventral tegmental 

area of wild type Sprague Dawley rats. As a first approach to determine the specificity of the 

antibody, we used a control antigen to block the α6 antibody from binding. Next, we tested the 

antibody in brain tissue of wild type and α6 knockout (KO) C57BL/6J mice. The α6 antibody was 

present at a higher than expected molecular weight (63 versus 57 kDa) and the control antigen 

blocked the α6 antibody, suggesting specificity. However, when we genetically validated the 

antibody, bands were present in both α6 KO mice and C57BL/6J samples. Taken together, our 

study highlights the necessity to genetically validate antibodies when possible and we report that a 

commercially available α6 nAChR subunit antibody is non-specific.
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Neuronal nicotinic acetylcholine receptors (nAChRs) interact with the brain’s endogenous 

ligand, acetylcholine, and the exogenous ligand, nicotine. Neuronal nAChRs regulate mood, 

memory, cognition, and reward. A subset of nAChRs contain the alpha(α)6 subunit (encoded 
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by the CHRNA6 gene). α6-containing nAChRs have restricted expression patterns within 

the central nervous system and make up pentameric nAChR populations of varying 

compositions (α4α6β2*, α6β2β3* and α4α6β2β3*, *denotes possible other subunits)(Gotti 

et al. 2009). α6* nicotinic receptors are expressed on the terminals of dopaminergic neurons 

in the striatum, and reach peak mRNA expression in dopaminergic cell bodies in the ventral 

tegmental area (VTA) and substantia nigra during adolescence (Azam et al. 2007; 

Champtiaux et al. 2002; Le Novere et al. 1996; Quik et al. 2011; Yang et al. 2009). 

Localization of the α6 nAChR subunit to the mesocorticolimibic and nigrostriatal pathways 

implicates a role of α6* nAChRs role in nicotine reinforcement and reward as well as motor 

control (Bruijnzeel and Markou 2004; Exley et al. 2008; Gotti et al. 2010; Jackson et al. 

2009; Laviolette and van der Kooy 2003; Pons et al. 2008). As research begins to further 

elucidate α6* nAChR pharmacology, function, and its behavioral role in learning, memory, 

and addiction, we are limited in our tools to study the receptor complexes at a protein level. 

α6 nAChR expression has previously been detected via in situ hybridization (mRNA), 

genetic approaches or by labeled selective antagonists, α-conotoxinMII (α-CtxMII) and PIA 

(Drenan et al., 2008; Yang et al. 2009). However, a general, validated antibody, selective for 

α6 nAChR subunits would be a powerful tool to study receptor expression and function.

To date, a commercially available and validated α6 nAChR subunit antibody has not been 

reported. Previous studies assessing the specificity of α3, α4 and α7 nAChR subunit 

antibodies have challenged the specificity of these antibodies. Data highlights that the 

immunoreactivity for the antibody binding of these nAChR subunits is equivalent in wild-

type and nAChR subunit knock-out (KO) animals (Moser et al. 2007). Thus, the purpose of 

this study is to validate the specificity of the commercially available polyclonal α6 nAChR 

subunit antibody from Alomone Labs (cat. #: ANC-006, Jerusalem, Israel). In order to detect 

whether we can quantify α6 nAChR subunit protein expression in wild type (WT) Sprague 

Dawley rats and C57BL/6J mice we used quantitative western blot. The α6 nAChR subunit 

antibody used in this study is from a rabbit source, with rat and mouse reactivity, and was 

shown to bind to α6 nAChR subunit protein in rat PC12 pheochromocytoma cells as well as 

rodent brain lysates (Alomone). Although, a control antigen (Alomone) blocks the α6 

nAChR subunit antibody from binding in the PC12 pheochromocytoma cells, a more 

standard form of validation is necessary (Uhlen et al. 2016). Thus, the aim of our current 

studies is to use a genetic approach, to assess α6 nAChR subunit protein expression with the 

α6 nAChR subunit antibody in wildtype versus α6 KO C57BL/6J mice.

As a first approach, we initially set out to develop a protocol to quantify α6 nAChR subunits 

within the VTA of male Sprague Dawley rats. The VTA is an important structure within the 

mesolimbic pathway that plays a role in mediating reward, motivation, and attention 

(Spanagel and Weiss 1999). This pathway is composed of dopaminergic neurons that 

originate in the VTA and innervate the limbic system including the nucleus accumbens (Di 

Chiara and Imperato 1988). Although the VTA is rich in α6* nAChRs, quantifying protein 

expression of α6 nAChR subunits in the VTA is particularly challenging, given the α6 

nAChR subunit is expressed in very low quantities in the brain. Despite lower levels of 

expression, we observed protein expression at 63 kDa, a higher molecular weight (MW) than 

the expected 57 kDa (Consortium 2018)(Figure 1A). The slightly higher observed MW (63 

versus 57 kDa) found in our studies may be due to post-translational modifications. The α6 
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nAChR subunit has multiple sites for post-transcriptional modifications such as 

glycosylation (Asparagine-55) and phosphorylation (Serine-401), which mediate subunit 

folding, assembly and trafficking (Alexander et al. 2010; Consortium 2018). We also found 

that the control antigen blocked the α6 nAChR antibody reactivity in our quantitative 

western blots, illustrated by an absence of an observed band in the presence of the α6 

nAChR subunit antibody suggesting that our antibody was detecting α6 nAChR subunits 

(Figure 1).

We then tested the α6 nAChR subunit antibody on brain tissue from α6 KO mice on a 

C57BL/6J background (Champtiaux et al. 2002). These mice were generated by the deletion 

of the first two exons of the Chrna6 gene which encode the ATG initiator codon, the signal 

peptide, and the N-terminal extracellular domain of the subunit (Champtiaux et al. 2002). 

Since the α6 nAChR antibody targets the extracellular N-terminus (amino acid residues 35–

47) of the α6 nAChR subunit, we hypothesized that the α6 nAChR subunit band will be 

absent in α6 KO mice. Contrary to our prediction, we observed bands in α6 KO mice at the 

previously observed 63 kDa MW (Figure 2A). The control antigen blocked the α6 nAChR 

subunit antibody in α6 KO and C57BL/5J mice (Figure 2A–B). No between main effect was 

observed for genotype. We observed a within effect for antigen (F1,6=172.34; p<0.0001). 

Post-hoc comparisons illustrate a significant decrease in protein expression in the presence 

of the antigen for WT (p=0.0007) and α6 KO mice (p=0.004) (Figure 2B).Taken together, 

our results support the conclusion that the commercially available α6 antibody in our study 

is nonspecific for α6 nAChR subunits.

The limited availability of highly specific antibodies for α6 nAChR subunit makes it 

necessary to test in the apporpriate tissue and validate them prior to conducting further 

experiments. By using a genetic control, we found that this antibody is nonspecific for α6 

nAChR subunits. These issues are likely persistent across vendors and with other 

commercially available nAChR subunit antibodies (Moser et al. 2007). A review of available 

rodent α6 nAChR antibodies (Supplementary Table 1) suggest that a large majority target 

the N-terminus or an unspecified portion of the human CHRNA6 protein. Commercially 

available α6 nAChR subunit- and species-specific antibodies may need to be developed to 

target alternative regions such as the COOH terminal or the CYT loop of the α6 nAChR 

subunit (Vailati et al. 1999). Ultimately, the development of validated α6 nAChR antibodies 

is necessary to assist in better understanding α6* nAChR disorders, such as nicotine/tobacco 

addiction and Parkinson’s disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements:

We would like to thank Professor M. Imad Damaj and Bryan McKiver for their assistance in providing us with the 
alpha6 nAChR knockout mice brain tissue used in our current studies.

Funding: This work was supported by the Institute for Clinical and Translational Science Pilot Studies Program, 
National Center for the Advancement of Clinical Science (SL); UCI School of Medicine start up fund (SL); and by 

Cardenas et al. Page 3

Psychopharmacology (Berl). Author manuscript; available in PMC 2021 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the 2018–2019 Undergraduate Research Opportunities Program Fellowship from the University of California, 
Irvine [96052s1] (ME, SL). AC is supported by the Ford Foundation Predoctoral Fellowship.

References

Alexander JK, Govind AP, Drisdel RC, Blanton MP, Vallejo Y, Lam TT, Green WN (2010) 
Palmitoylation of nicotinic acetylcholine receptors. J Mol Neurosci 40: 12–20. [PubMed: 19693711] 

Alomone, https://www.alomone.com/p/anti-nicotinic-acetylcholine-receptor-6-extracellular/ANC-006

Azam L, Chen Y, Leslie FM (2007) Developmental regulation of nicotinic acetylcholine receptors 
within midbrain dopamine neurons. Neuroscience 144: 1347–60. [PubMed: 17197101] 

Bruijnzeel AW, Markou A (2004) Adaptations in cholinergic transmission in the ventral tegmental area 
associated with the affective signs of nicotine withdrawal in rats. Neuropharmacology 47: 572–9. 
[PubMed: 15380374] 

Champtiaux N, Han ZY, Bessis A, Rossi FM, Zoli M, Marubio L, McIntosh JM, Changeux JP (2002) 
Distribution and pharmacology of alpha 6-containing nicotinic acetylcholine receptors analyzed 
with mutant mice. J Neurosci 22: 1208–17. [PubMed: 11850448] 

Consortium U (2018) UniProt: the universal protein knoledgebase, Nucelic acids research, pp 2699

Di Chiara G, Imperato A (1988) Drugs abused by humans preferentially increase synaptic dopamine 
concentrations in the mesolimbic system of freely moving rats. Proc Natl Acad Sci U S A 85: 5274–
8. [PubMed: 2899326] 

Drenan RM, Nashmi R, Imoukhuede P, Just H, McKinney S, Lester HA (2008) Subcellular trafficking, 
pentameric assembly, and subunit stoichiometry of neuronal nicotinic acetylcholine receptors 
containing fluorescently labeled alpha6 and beta3 subunits. Mol Pharmacol 73: 27–41. [PubMed: 
17932221] 

Exley R, Clements MA, Hartung H, McIntosh JM, Cragg SJ (2008) Alpha6-containing nicotinic 
acetylcholine receptors dominate the nicotine control of dopamine neurotransmission in nucleus 
accumbens. Neuropsychopharmacology 33: 2158–66. [PubMed: 18033235] 

Gotti C, Clementi F, Fornari A, Gaimarri A, Guiducci S, Manfredi I, Moretti M, Pedrazzi P, Pucci L, 
Zoli M (2009) Structural and functional diversity of native brain neuronal nicotinic receptors. 
Biochem Pharmacol 78: 703–11. [PubMed: 19481063] 

Gotti C, Guiducci S, Tedesco V, Corbioli S, Zanetti L, Moretti M, Zanardi A, Rimondini R, Mugnaini 
M, Clementi F, Chiamulera C, Zoli M (2010) Nicotinic acetylcholine receptors in the mesolimbic 
pathway: primary role of ventral tegmental area alpha6beta2* receptors in mediating systemic 
nicotine effects on dopamine release, locomotion, and reinforcement. J Neurosci 30: 5311–25. 
[PubMed: 20392953] 

Jackson KJ, McIntosh JM, Brunzell DH, Sanjakdar SS, Damaj MI (2009) The role of alpha6-
containing nicotinic acetylcholine receptors in nicotine reward and withdrawal. J Pharmacol Exp 
Ther 331: 547–54. [PubMed: 19644040] 

Laviolette SR, van der Kooy D (2003) Blockade of mesolimbic dopamine transmission dramatically 
increases sensitivity to the rewarding effects of nicotine in the ventral tegmental area. Mol 
Psychiatry 8: 50–9, 9. [PubMed: 12556908] 

Le Novere N, Zoli M, Changeux JP (1996) Neuronal nicotinic receptor alpha 6 subunit mRNA is 
selectively concentrated in catecholaminergic nuclei of the rat brain. Eur J Neurosci 8: 2428–39. 
[PubMed: 8950106] 

Moser N, Mechawar N, Jones I, Gochberg-Sarver A, Orr-Urtreger A, Plomann M, Salas R, Molles B, 
Marubio L, Roth U, Maskos U, Winzer-Serhan U, Bourgeois JP, Le Sourd AM, De Biasi M, 
Schroder H, Lindstrom J, Maelicke A, Changeux JP, Wevers A (2007) Evaluating the suitability of 
nicotinic acetylcholine receptor antibodies for standard immunodetection procedures. J 
Neurochem 102: 479–92. [PubMed: 17419810] 

Pons S, Fattore L, Cossu G, Tolu S, Porcu E, McIntosh JM, Changeux JP, Maskos U, Fratta W (2008) 
Crucial role of alpha4 and alpha6 nicotinic acetylcholine receptor subunits from ventral tegmental 
area in systemic nicotine self-administration. J Neurosci 28: 12318–27. [PubMed: 19020025] 

Cardenas et al. Page 4

Psychopharmacology (Berl). Author manuscript; available in PMC 2021 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.alomone.com/p/anti-nicotinic-acetylcholine-receptor-6-extracellular/ANC-006


Quik M, Perez XA, Grady SR (2011) Role of alpha6 nicotinic receptors in CNS dopaminergic 
function: relevance to addiction and neurological disorders. Biochem Pharmacol 82: 873–82. 
[PubMed: 21684266] 

Spanagel R, Weiss F (1999) The dopamine hypothesis of reward: past and current status. Trends 
Neurosci 22: 521–7. [PubMed: 10529820] 

Uhlen M, Bandrowski A, Carr S, Edwards A, Ellenberg J, Lundberg E, Rimm DL, Rodriguez H, 
Hiltke T, Snyder M, Yamamoto T (2016) A proposal for validation of antibodies. Nat Methods 13: 
823–7. [PubMed: 27595404] 

Vailati S, Hanke W, Bejan A, Barabino B, Longhi R, Balestra B, Moretti M, Clementi F, Gotti C 
(1999) Functional alpha6-containing nicotinic receptors are present in chick retina. Mol Pharmacol 
56: 11–9. [PubMed: 10385679] 

Yang KC, Jin GZ, Wu J (2009) Mysterious alpha6-containing nAChRs: function, pharmacology, and 
pathophysiology. Acta Phasrmacol Sin 30sssss: 740–51.

Cardenas et al. Page 5

Psychopharmacology (Berl). Author manuscript; available in PMC 2021 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1: 
Evaluation of an alpha(α)6 nicotinic acetylcholine receptor subunit antibody. A western blot 

of α6 nAChR subunit expression and antigen block in bilateral ventral tegmental tissue 

punches collected from male Sprague Dawley rats. n=2 animals total. GAPDH is used as a 

loading control.
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Figure 2: 
Genetic validation of an alpha(α)6 nicotinic acetylcholine receptor subunit antibody. A.) 

Western blot and B.) relative band intensity quantification of α6 nAChR subunit expression 

and antigen block from whole brain tissue collected from male and female WT and α6 KO 

C57BL/6J mice, n=4 animals/genotype; **p< 0.01 and ***p< 0.001 α6 antibody vs. α6 

antibody + antigen normalized signal. GAPDH is used as a loading control.
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