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Our experimental, often 

anomalous, observations have 

led to the development of two 

distinct but related working 

hypotheses:   

(1)  That AMP-activated 

protein kinase, an enzyme 

which monitors the cellular 

AMP / ATP ratio as an index of 

metabolic stress, initiates 

calcium signals in highly 

specialised cells that serve to 

modulate respiratory function 

in order to regulate oxygen 

and therefore energy (ATP) 

supply to the body.  

(2) That a novel family of 

endolysosome targeted 

calcium release channels, two 

pore channels, confer highly 

compartmentalised 

intracellular calcium signalling 

mechanisms that may 

differentially regulate of both 

microscopic (e.g. protein 

trafficking) and macroscopic 

(e.g. muscle contraction) cell 

functions. 

The regulation by AMP-activated 

protein kinase of oxygen supply to the 

body 

AMP-activated protein kinase (AMPK) is a 

heterotrimer comprising catalytic α and 

regulatory β and γ subunits, the genes for 

which are highly conserved in all 

eukaryotic species including vertebrates, 

invertebrates, plants, fungi and protazoa. 

AMPK is ubiquitously expressed and 

mediates cellular responses that maintain 

metabolic homesostasis in response to an 

increase in the cellular AMP / ATP ratio 

triggered by a variety of metabolic 

stresses that either accelerate ATP 

consumption (e.g. muscle contraction) or 

inhibit ATP production (e.g. glucose 

deprivation or ischemia).  

 

 
 
Figure 1: AMP-activated protein kinase 
AMPK may regulate O2 and thereby energy (ATP) supply at the whole body 
level. Schematic diagram shows inhibition of mitochondrial oxidative 
phosphorylation by hypoxia, AMPK activation consequent to an increase in 
the AMP / ATP ratio and the induction, via cell-specific Ca2+ processes, of (1) 
hypoxic pulmonary vasoconstriction, which aids ventilation perfusion 
matching in the lung and  (2) carotid body activation which leads to 
corrective changes in breathing patterns.  

 

The regulation of intracellular 

signalling via sarco / endoplasmic 

reticulum and endolysosome 

calcium stores 

A growing body of evidence now 

supports the view that different Ca2+ 

storing organelles may be selected by 

the discrete or co-ordinated actions of 

multiple Ca2+ mobilising messengers, 

now that inositol 1,4,5 trisphosphate 

(IP3) has been joined by cyclic 

adenosine diphosphate-ribose (cADPR) 

and nicotinic acid adenine dinucleotide 

phosphate (NAADP). Thus, the 

spatiotemporal pattern of Ca2+ signals 

may be determined by the nature of the 

Ca2+ mobilising messenger(s) recruited 

by a given stimulus. Like IP3, cADPR  

 



 

 

 

induces Ca2+ release from the sarco / 

endoplasmic reticulum. However, cADPR 

modulates ryanodine receptor function; by 

direct activation, lowering the threshold for 

Ca2+-induced Ca2+ release and / or determining 

the degree of amplification of “trigger” Ca2+ 

signals by Ca2+-induced Ca2+ release. In 

vascular smooth muscle the situation is more 

complex still given that all three ryanodine 

receptor subtypes are highly co-expressed and 

each may exhibit different sensitivities to both 

Ca2+ and cADPR.  Therefore, the receptor 

subtype targeted by a given stimulus could 

affect markedly the characteristics of any 

subsequent amplification process. This fact 

may be of particular importance to the 

regulation by NAADP of cellular Ca2+ signalling 

patterns. This is clear from the fact that NAADP 

triggers bursts of Ca2+ release from lysosome-

related acidic stores that may be abortive, or 

subsequently amplified into global waves by 

Ca2+-induced Ca2+ release from the sarco / 

endoplasmic reticulum.  The versatility of this 

system has now been expanded even further 

by our recent identification Two Pore Channels 

(TPCs, TPCN for gene name) as a novel family 

of endolysosome targeted calcium release 

channels that are gated by NAADP. 

Significantly, three subtypes of TPC have been  

identified, TPC1-3, with each being 
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Fig. 5    Figure 2: Two pore channels 

Schematic representation of the targeting 
of TPC1 and TPC3 to different endosome 
populations and of TPC2 to lysosomes and 
their potential functions. SOC and ROC: 
store- and receptor-operated channel 
(Adapted from Luzio et al. 2000(62)).  

 

targeted to discrete acidic calcium stores, 

namely endosomes, couples by Ca2+-

induced Ca2+lysosomes (TPC2) and 

endosomes (TPC1 and TPC3). However, it 

would appear that Ca2+ release from 

lysosomes, but not from endosomes, 

couples by Ca2+-induced Ca2+ release to 

the endoplasmic reticulum. Thus, cells 

may “filter” calcium signals via junctional 

complexes to determine whether a given 

signal remains local or is converted into a 

propagating global signal.  

That endosomes and lysosomes represent 

mobile Ca2+ stores with discrete functions 

ranging from protein trafficking to 

autophagy, serves to highlight just how 

much we have yet to learn about the ways 

in which cells may generate Ca2+ signals 

and of the cellular processes that may be 

regulated by calcium.  

 

 

Fig. 3  Schematic diagram depicts Partial 
Family Trees from the animal kingdom 
and identifies key examples of species in 
which the genes encoding TPC1, TPC2 
and TPC3, respectively, are absent or 
present 


