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A DIVERSE PALETTE OF 

POTASSIUM (K+) 

CHANNELS ALLOWS US 

TO THINK, WORK AND 

PLAY. HOW DO WE 

GENERATE SUCH 

DIVERSITY AND FINE 

TUNE CHANNELS TO 

CONTROL  BODY 

FUNCTIONS? 

EXAMININING THE 

INTERPLAY OF POST-

TRANSCRIPTIONAL 

MECHANISMS SUCH AS 

SPLICING AND 

PHOSPHORYLATION IS 

REVEALING NOVEL 

MECHANISMS TO 

CONTROL K+ CHANNEL 

DIVERSITY AND 

PROPERTIES IN HEALTH 

AND DISEASES SUCH AS 

EPILEPSY, 

HYPERTENSION AND 

OBESITY.  

K+ CHANNELS & PHYSIOLOGY 

You and I are built from only ~ 25K genes, 

not much more than a worm, so how are 

the complex array of physiological 

processes controlled from such a limited 

genome?  To tackle such fundamental 

questions we investigate the regulation of 

potassium channels found in the plasma 

membrane of all cells. K+ channels are 

essential for normal body function and 

disruption (channelopathies) leads to 

major human disorders ranging from 

hypertension to diabetes, obesity, 

incontinence and cancer. The human 

genome already encodes more than 70 

genes for K+ channel pores however this 

physiological diversity is considerably 

expanded  by alternative splicing – a 

postranscriptional mechanism that occurs 

in >70% of all human genes. 

 

ALTERNATIVE SPLICING 

For genes to encode protein the 

transcribed RNA needs to be processed to 

fuse protein encoding exons together to  

 

generate mRNA that is translated to 

protein. Importantly each cell can 

make a decision, as to whether a 

particular exon is included or 

excluded from an mRNA – 

alternative splicing 

(Fig. 1a). This allows enormous 

diversity by generating multiple, 

distinct protein variants from a 

single gene – a little like how basic 

‘lego’ blocks can be put together to 

generate very complex and diverse 

structures (Fig. 1b). This 

posttranscriptional mechanism is 

highly regulated allowing cells to 

dynamically change ‘splice variant’ 

expression during development or 

disease. This mechanism is 

beautifully illustrated in Big K+ 

channels (BK) that are encoded by 

a single gene, KCNMA1 [1]. Many 

different ‘flavours’ of BK channels 

exist that play distinct roles in 

diverse physiological processes. 

Alternative splicing confers eclectic 

NatureÕs rules: LEGO splicing toolbox 

Physiological diversity & complexity 

Alternative pre mRNA splicing

Figure1: Generating diversity by alternative splici ng
a) b)

 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

properties on the BK channel – for 

example inclusion of the Stress 

Regulated EXon (STREX) dramatically 

changes channel regulation by calcium, 

voltage and phosphorylation [2,3,4]. 

 

PHOSPHORYLATION & 

PALMITOYLATION 

Although splicing is extremely powerful 

BK channels are also potently regulated 

post-translationally by modification of 

amino acids in the protein, mechanisms 

exploited by many hormones and drugs 

to regulate body function.For example, 

protein kinases add a phosphate group, 

from ATP, to specific amino acids (S, T 

or Y) while phosphatases remove them.  

Protein palmitoylation, that is also 

reversible, adds a fatty side chain to 

cysteine (C) residues in proteins. Both 

phosphorylation and palmitoylation can 

dramatically alter channel properties.  

 

CROSS-TALK BETWEEN SPLICING, 

PHOSPHORYLATION & 

PALMITOYLATION 

We recently identified a novel mode of 

posttranscriptional crosstalk between 

these major regulatory pathways [5].   

BK channel regulation by protein kinase 

A (PKA) is determined by the splice 

variant expressed – if STREX is present 

channels are inhibited, if it is absent 

channels are activated i.e. splicing acts 

as a molecular switch to specify  

regulation by PKA [3,4] (Fig. 2). The 

STREX insert itself is phosphorylated by 

PKA but how doe this result in channel 

inhibition? 

We found that the STREX insert is also 

palmitoylated [5] allowing it to interact 

with the plasma membrane (Fig. 3). 

Intriguingly the phosphorylated residue 

is adjacent to the palmitoylated 

cysteines and phosphorylation caused 

the STREX domain to dissociate from the 

membrane.  Furthermore, preventing 

channel palmitoylation prevented 

channel regulation by PKA. Thus 

palmitoylation is also acting as a switch 

to determine channel regulation by PKA 

[5].  

 

SO WHAT, AND WHERE NEXT? 

Clearly the convergence of multiple 

pathways allows for dynamic and 

context specific regulation of BK 

channels and we aim to understand how 

these processes are used in normal body 

function as well as how they may be 

perturbed in disease states.  

More broadly we have identified a 

‘signature sequence’ of amino acids that 

we predict, using a bioinformatics 

approach, will confer cross-talk 

regulation on numerous other channels 

and signalling proteins. This provides a 

platform for understanding the 

mechanisms and physiological 

consequence of cross-talk. 
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Figure 2: Phosphorylation oppositely regulates BK  
channel splice variants
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Figure 3: Palmitoylation targets STREX insert to pl asma
membrane

Cysteine residues C12 and
C13 in the STREX insert are
palmitoylated, mutation of C12
or C13 abolishes membrane
association whereas other
cysteines in STREX have no
effect

 


