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 Tobacco use is the leading cause of preventable death worldwide

Nicotine binds to and activates nicotinic acetylcholine receptors 
(nAChRs)   

 Primary reinforcing properties of nicotine are mediated by α4β2* 
nAChRs

Molecular mechanisms underlying regulation and downstream signaling 
of α4β2* nAChRs are not completely understood  

CaMKIIα, a highly expressed brain kinase with well-established roles in 
synaptic plasticity, was recently identified as a protein interactor of 
α4β2* nAChRs in mouse and human brain

 In this study, we aimed to elucidate the role of CaMKIIα in nicotinic 
receptor function, focusing on receptor phosphorylation and localization
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α4β2* Nicotinic Acetylcholine Receptors (nAChRs)

Background

Pentameric, ligand-gated ion channels 
High-affinity for nicotine and acetylcholine
Highly expressed in the brain
Required for reinforcing properties of 

nicotine
• Nicotine-mediated increases in DA 

firing/ release (Picciotto et al, Nature 
1998)

• Expression in VTA is necessary and 
sufficient for nicotine self-administration 
and CPP (Maskos et al. Nature 2005)

Receptor regulation and downstream 
signaling are not well understood 
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The α4β2* nAChR Protein Interactome

Immunoprecepitation from WT, β2 KO or 
heterozygous mouse brain
Quantitative LC MS/MS for protein ID
17 proteins correlated significantly with β2 nAChR

gene dose, including CaMKII isoforms
CaMKII isoforms also found in nAChR interactome

in human cortical tissue (McClure-Begley, eNeuro
2016)
CaMKIIα co-IP confirmed using lysates from 

α4-YFP transgenic mice

Aim 1: Characterize the interaction between CaMKIIα and 
α4β2* nAChRs

 Does CaMKIIα phosphorylate α4β2 nAChRs?
 Does CaMKIIα affect localization of α4β2 nAChRs? 

Aim 2: Evaluate relevance of the CaMKII-α4β2* 
interaction to nicotine-mediated physiology and behavior

 Where is CaMKIIα expressed in the VTA? 

CaMKIIα may promote surface localization of α4β2 nAChRs

α4-YFP CaMKIIα-mCherry Merge

α4-YFP 

α4
-Y

FP
 +

 W
T 

β2
 

+ 
Ca

M
KI

Iα
-m

Ch
er

ry
α4

-Y
FP

 +
 W

T 
β2

Baseline Phosphatase
only CaMKIIα 

α4 β2 α4 β2 α4 β2

S46 T79

S69 S200

S362 S325 S325

Y573 T327 Y573 T327 T327

T583 T328 T328 T583

A B C

In vitro phosphorylation of α4β2* nAChRs with CaMKIIα

Evaluating CaMKIIα expression in the VTA 
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nAChR subunits were expressed in HEK cells then 
isolated by immunoprecipitation on GFP resin 
Bound fractions were treated as indicated in panel B 
nAChR subunits were eluted, separated by SDS 

PAGE, silver stained then cut from the gel and 
analyzed by LC MS/MS for phosphorylation status 
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S325
T327 CaMKIIα-Cre mice 

injected with floxed
hChR2-EYFP (AAV) 
into the VTA  
Immunostained for 

Tyrosine Hydroxylase 
(TH, dopamine 
neurons) and GFP 
(CaMKII+ cells) 
Imaged using Olympus 

FluoView confocal 
microscope and 60X 
objective

Both DA (asterisks) 
and non-DA (arrow 
heads) cells in  the 
mouse VTA express 
CaMKIIα

D.  nAChR Phosphorylation

Conclusions 
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CaMKIIα co-IPs with α4β2* receptors from mouse brain
CaMKIIα is capable of phosphorylating α4 and α4-YFP at T583 in vitro
α4β2* receptors are differentially phosphorylated in the mouse brain at baseline
CaMKIIα-mRuby promotes surface expression of α4β2 nAChRs in HEK cells
CaMKIIα is expressed in the VTA, where it is present in both DA and non-DA cells

Evaluate α4β2* receptor phosphorylation in mouse brain after nicotine exposure 
and/or withdrawal 
Evaluate the role of the CaMKIIα-α4β2* interaction on nicotine-mediated 
physiology and behavior 

Future Directions
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HEK cells:  Transiently transfected with 
nAChR subunits with or without CaMKIIα-
mRuby
Cells were fixed 24hrs after transfection 

and imaged for changes in receptor 
localization
α4-YFP* nAChRs display increased 

surface localization when co-expressed 
with CaMKIIα-mRuby

Subunit % Coverage 
(total/loop) site Predicted

CaMKII site?
Conserved 
in Human? 

α4 30/45 T417 No No

S563 No Yes

β2 21/30 T345 Yes No
β2

...LPTLL…
T345

Baseline Phosphorylation of α4β2* nAChRs in Mouse Forebrain

α4

T417

…MDTAVET…LPLSPAL

S563

S365...KRPSVV… PKA site covered but not phosphorylated 
S470 …SLSVQ… predicted CaMKII site, observed PKA site; 
covered but not phosphorylated 
S489 ...SRSIQ… observed PKA site, not covered
T583 …EDTDF… site IDed in alpha4 from HEK lysates; covered 
but not phosphorylated here
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