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Scientific summary

Voltage-gated calcium channel α1 subunits are the pore-forming ion conducting subunits and consist of four domains (I – IV), each with six transmembrane segments, linked by intracellular loops.  They are associated with β and α2δ auxiliary subunits.  Mutations in the calcium channel gene CACNA1A, which encodes the α1 subunit CaV2.1, can lead to familial hemiplegic migraine, which may be associated with cerebellar signs, and also to spinocerebellar ataxia-6 and episodic ataxia-2 (EA2). The EA2 mutations often, but not always, involve frame shifts and the introduction of premature stop codons.

We found that expression both of the calcium channel CaV2.1 protein and of functional calcium currents is markedly suppressed by co-expression with a construct of CaV2.1 mimicking an EA2 mutation causing a truncation just after Domain II (1).  We have now determined the specificity of this effect, identified a potential mechanism and shown that such constructs also inhibit endogenous calcium currents when transfected into neuronal cell lines (1).  The mechanism involves activation of a component of the endoplasmic reticulum (ER) stress response, which occurs in response to unfolded membrane or secreted proteins that are synthesised in the ER. It results in activation of the ER resident RNA-dependent kinase (PERK) (2), since it is inhibited by expression of dominant-negative constructs of this kinase (1).  Activation of PERK has been shown previously to cause translational arrest by phosphorylating eukaryotic initiation factor EIF2α, which has the potential to result in a generalized effect on protein synthesis (2).  We propose that voltage-gated calcium channels represent a class of difficult-to-fold transmembrane proteins, in this case mis-folding is induced by interaction with a truncated cognate CaV channel.  This might represent an additional mechanism of pathology in EA2, compounding the fact that only one functional allele is present.
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Lay summary by Ataxia UK’s Research Projects Manager
Professor Dolphin heads a large research team within the Pharmacology Department of University College London. She is a leading expert in the field of channelopathies, an umbrella term for conditions that arise due to a dysfunction of channels that are found in all cells of the body. She is particularly interested in the channels that allow calcium to enter cells, which are therefore termed calcium channels. These channels are very important in enabling nerve cells to function correctly. Calcium channelopathies include some ataxias such as episodic ataxia type 2 and SCA6. As an expert on this subject, we were pleased that Professor Dolphin was able to attend our conference. Her talk mainly focused on the research her team has been doing on episodic ataxia type 2 (EA2). 

EA2 results from mutations found on specific calcium channels that are particularly important in the cells of the cerebellum. Calcium channels are made up of a number of different proteins. Mutations in one of these proteins cause EA2. 

EA2 is a dominantly inherited condition, which means that of the two copies of the gene, one is normal and one is mutated. So you get some normal protein and you may get some truncated protein produced, depending on the specific mutation. The question this research team asked is whether the truncated protein actually interferes with the normal protein leading to loss of function of the channel, or whether you actually need both copies of the gene for normal function. Her research suggests that the former theory may be correct. 
The researchers used mutated calcium channels made in the laboratory and introduced them into cells. They showed that if they used equal amounts of DNA encoding the truncated channel and the normal channel, the calcium channels showed very low ability to allow calcium into the cell. So what is the mechanism for this? It is well known that these calcium channels are difficult to fold into their correct functional conformations.  The researchers’ hypothesis is that when you have a truncated protein as well as a normal one, the truncated one is produced more rapidly (being smaller), and it then interferes with the folding of the normal one, by binding to exposed regions of the normal channel as it is synthesised.  This accumulation of misfolded proteins then activates a system within cells (a stress pathway), that removes excess unfolded proteins. This in turn leads to a safety device in the cells, leading to a suppression of protein production. So the truncated protein essentially leads to a decrease in the production of the normal protein and that is why the production of functional channels is reduced.

