
Raft-partitioning of calcium channels 
regulates their function 
Article 

Accepted Version 

Ronzitti, G., Bucci, G., Stephens, G. ORCID: 
https://orcid.org/0000-0002-8966-4238 and Chieregatti, E. 
(2015) Raft-partitioning of calcium channels regulates their 
function. Channels, 9 (4). pp. 169-170. ISSN 1933-6969 doi: 
https://doi.org/10.1080/19336950.2015.1063285 Available at 
https://centaur.reading.ac.uk/40584/ 

It is advisable to refer to the publisher’s version if you intend to cite from the 
work.  See Guidance on citing  .

To link to this article DOI: http://dx.doi.org/10.1080/19336950.2015.1063285 

Publisher: Taylor & Francis 

All outputs in CentAUR are protected by Intellectual Property Rights law, 
including copyright law. Copyright and IPR is retained by the creators or other 
copyright holders. Terms and conditions for use of this material are defined in 
the End User Agreement  . 

www.reading.ac.uk/centaur   

CentAUR 

Central Archive at the University of Reading 

http://centaur.reading.ac.uk/71187/10/CentAUR%20citing%20guide.pdf
http://www.reading.ac.uk/centaur
http://centaur.reading.ac.uk/licence


Reading’s research outputs online



This article was downloaded by: [University of Reading]
On: 24 June 2015, At: 02:34
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Click for updates

Channels
Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/kchl20

Raft-partitioning of calcium channels regulates their
function
Giuseppe Ronzittia, Giovanna Buccib, Gary Stephensc & Evelina Chieregattid
a Genethon; Evry, France
b Department of Physics; University of Oxford; Oxford, UK
c School of Pharmacy; University of Reading; Whiteknights, Reading, UK
d Department of Neuroscience and Brain Technologies; Istituto Italiano di Tecnologia; Genoa,
Italy
Accepted author version posted online: 23 Jun 2015.

To cite this article: Giuseppe Ronzitti, Giovanna Bucci, Gary Stephens & Evelina Chieregatti (2015): Raft-partitioning of
calcium channels regulates their function, Channels, DOI: 10.1080/19336950.2015.1063285

To link to this article:  http://dx.doi.org/10.1080/19336950.2015.1063285

Disclaimer: This is a version of an unedited manuscript that has been accepted for publication. As a service
to authors and researchers we are providing this version of the accepted manuscript (AM). Copyediting,
typesetting, and review of the resulting proof will be undertaken on this manuscript before final publication of
the Version of Record (VoR). During production and pre-press, errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal relate to this version also.

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the “Content”) contained
in the publications on our platform. However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness, or suitability for any purpose of the
Content. Any opinions and views expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the Content should not be relied upon and
should be independently verified with primary sources of information. Taylor and Francis shall not be liable for
any losses, actions, claims, proceedings, demands, costs, expenses, damages, and other liabilities whatsoever
or howsoever caused arising directly or indirectly in connection with, in relation to or arising out of the use of
the Content.

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any
form to anyone is expressly forbidden. Terms & Conditions of access and use can be found at http://
www.tandfonline.com/page/terms-and-conditions

http://crossmark.crossref.org/dialog/?doi=10.1080/19336950.2015.1063285&domain=pdf&date_stamp=2015-06-23
http://www.tandfonline.com/loi/kchl20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/19336950.2015.1063285
http://dx.doi.org/10.1080/19336950.2015.1063285
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


 

1 
 

Raft-partitioning of calcium channels regulates their function  

Giuseppe Ronzitti
1
, Giovanna Bucci

2
, Gary Stephens

3
 and Evelina Chieregatti

4
 

1
Genethon; Evry, France, 

2
Department of Physics; University of Oxford; Oxford, UK, 

3
School of 

Pharmacy; University of Reading; Whiteknights, Reading, UK, 
4
Department of Neuroscience 

and Brain Technologies; Istituto Italiano di Tecnologia; Genoa, Italy 

 

Keywords: alpha-synuclein, lipid rafts, calcium channels, plasma membrane 

 

Commentary to: Ronzitti G, et al. Exogenous α-Synuclein Decreases Raft Partitioning of 

Cav2.2 Channels Inducing Dopamine Release. J Neurosci 2014; 34(32):10603-15; 

http://dx.doi.org/10.1523/JNEUROSCI.0608-14.2014 

 

Alpha-synuclein (Syn) is a cytosolic, soluble, and unstructured protein, which may also associate 

with membranes by acquiring an alpha-helical conformation. High Syn concentrations are 

present in genetic Parkinson’s disease (PD) due to duplication/triplication of SNCA gene, and are 

also associated with polymorphisms found in idiopathic PD cases
1
. Syn has been shown to act on 

several intracellular targets, and to alter synaptic function. The discovery of the presence of Syn 

in cerebrospinal fluid and of its release from neurons, as demonstrated by numerous studies
2
, 

suggests that Syn-driven pathology may spread in the brain, although the mechanism of Syn 

release is still unclear. There is evidence that Syn overexpression modifies the structure of the 

cellular membrane, however a possible effect of excess Syn on the pre- or post-synaptic terminal 

from the extracellular milieu has yet to be fully analyzed.  
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In our recent paper
3
, we show that treatment of isolated rat cortical neurons with recombinant, 

highly purified, monomeric Syn leads to an increase in KCl-stimulated calcium influx through 

Cav2.2 (N-type) calcium channels. The increase in calcium entry is evident at the presynaptic 

compartment, as shown by the use of the synaptic vesicles-targeted calcium dye SyGCaMP3, 

suggesting that Syn may profoundly affect synaptic neurotransmitter release. 

The activating effect on calcium channels has been confirmed in primary cultures of superior 

cervical ganglion neurons (SCGN), a model used to study the biophysical properties of Cav2.2 in 

a physiological context. Syn pre-treatment significantly increases both calcium conductance and 

voltage sensitivity of the channels. Accordingly, augmented cholinergic transmission has been 

observed in long-term cultured SCGN after acute Syn application. Cav2.2 channels play a 

fundamental role in the release of dopamine in the striatum, where dopaminergic innervations 

target and control function. Our study shows that Syn perfusion of striatal brain slices induces a 

significant increase of dopamine release, an effect confirmed in vivo by microdialysis of Syn in 

rat striatum. 

Cav2.2 channels are multimeric protein complexes that allow functional coupling between action 

potentials and calcium entry into nerve terminals, thus controlling neurotransmitter release. 

Cav2.2 regulation occurs by the integration of different pathways involving G protein subunits, 

synaptic proteins such as syntaxin, and kinases such as PKC. However, we show that Syn does 

not affect any of these targets; rather, analysis of channel biophysical parameters favours that 

Syn facilitates Cav2.2 transition from a closed to an open state by allowing movement of channel 

gating charge. This effect can be related to changes occurring in the stiffness of the plasma 

membrane where the channel is inserted, as dictated by lipid composition and organization of the 
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membrane. In this regard, the level of cholesterol in the membrane affects its structure, as 

demonstrated by the use of reagents that either decrease or increase cellular cholesterol content. 

Our study shows that, although Syn treatment leaves the total cellular cholesterol content 

unchanged, it decreases the level of the lipid in the plasma membrane. Interestingly, this effect is 

accompanied by a translocation of Cav2.2 from high to low cholesterol compartments. Lipid rafts 

are patches in the membrane with high cholesterol content that constitute ordered lipid domains, 

compared to the disordered bilayer. We propose that the demonstrated shift of Cav2.2 channels 

into non-raft domains, where lower energy is required for membrane deformation, favours 

channel transition to the open state. The net activity of the channel will then derive from a 

balance between its localization in the membrane and the relative localization of its regulatory 

proteins.  

Reports in the literature show that cholesterol depletion by methyl-β-cyclodextrin induces an 

increase in calcium current, as we observe with Syn treatment. Moreover cholesterol loading of 

neurons causes a clear decrease in calcium current
4
. We show that methyl-β-cyclodextrin causes 

an increase in calcium entry, but it also decreases synaptic vesicles release by altering membrane 

curvature 
5
; we further show that extracellular Syn, acting only at the plasma membrane level, is 

able to couple the increase in Cav2.2 activity and intracellular calcium levels with an increase in 

neurotransmitter release. Conversely, cholesterol loading causes a concentration-dependent 

decrease in excitatory postsynaptic potential amplitude in SCGN synapses, consistent with a 

reduction in calcium current (Figure 1).  

The effect of Syn on cholesterol is still unknown, whether inducing an internalization of 

cholesterol-rich domains, or a change in size/number of lipid rafts; however, the effect of Syn 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
R

ea
di

ng
] 

at
 0

2:
34

 2
4 

Ju
ne

 2
01

5 



 

4 
 

appears selective for Cav2.2 over the other major presynaptic calcium channel, Cav2.1. This may 

suggest that insertion and re-localization pathways differ for these channels. Evidence suggests 

that Cav2.2 and Cav2.1 insert into different ‘slots’ in central synapses
6
, this difference may 

extend to re-localization by Syn. 

Syn-mediated enhancement of Cav2.2 activity may explain the increase in DA release that 

precedes degeneration of dopaminergic terminals observed in animal models of PD
7
, and 

recently it was shown that mutant Syn increases the firing rate of substantia nigra neurons, a 

subtype of dopaminergic neurons selectively vulnerable to degeneration
8
. The increased 

concentration of DA may therefore account for the toxicity observed in dopaminergic neurons at 

later stages of disease.  
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Figure 1. Cartoon showing the effect of cholesterol-loaded methyl-β-cyclodextrin (Chol-

MβCD), methyl-β-cyclodextrin (MβCD), and Syn on the plasma membrane cholesterol content 

and on the activity of Cav2.2.  
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