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TRPML1 as lysosomal fusion guard
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TRP channels show remarkable diversity and influ-
ence many physiological functions.1 Most TRP
channels are Ca2C permeable, reside in the plasma
membrane and mediate Ca2C influx in response to
various stimuli. However, members of the TRPML
(mucolipins) subfamily reside in organelles and func-
tion as organellar channels. The subfamily includes
three members and was established with the identifi-
cation of TRPML1 as the protein mutated in the lyso-
somal storage disease (LSD) Mucolipidosis type IV
(MLIV). All TRPML channels function as inward rec-
tifying, Ca2C permeable cation channels and are acti-
vated by the organellar lipid PI(3,5)P2. TRPML1 is
largely a lysosomal channel and is cleaved by lyso-
somal cathepsins, probably as an inactivation mecha-
nism. TRPML3 is expressed mostly in early and late
endosomes, while TRPML2 is found mainly in recy-
cling endosomes.2

All TRPML channels function in organellar traf-
ficking; nevertheless based on the knockout mouse
phenotype, it appears that the roles of TRPML2
and TRPML3 are modest compared to TRPML1.
TRPML3, a pH and NaC sensitive channel, has a
role in autophagy,3 although knockout of TRPML3
has no obvious phenotype. The cellular role of
TRPML2 is not well understood, but deletion
results in a compromised immune response.4 Inac-
tivating mutations of TRPML1 in humans and
deletion of TRPML1 in mice5 result in LSD,
indicating critical role of TRPML1 in lysosomal
functions.

Early studies demonstrated a role for TRPML1
in trafficking of early and late endosomes to and
from the lysosomes, and in fusion of lysosomes
with autophagosomes.6 Subsequent studies estab-
lished TRPML1 as a lysosomal Ca2C release chan-
nel with a role in several lysosomal functions,
including large particle phagocytosis, membrane
repair and lysosomal trafficking to organelles and
molecules designated for degradation.6,7

All the forms of lysosomal trafficking discussed
above involve the constitutive trafficking pathway.
Another important form of membrane trafficking is
that associated with regulated exocytosis, such as
secretion by acinar cells within exocrine glands,
secretion by endocrine cells, and neurotransmitter
release. Surprisingly, the role of the TRPML1 and
the effect of any LSDs in regulated exocytosis have
not been addressed before, although neurodegener-
ation is a common feature in all LSDs. In a recent
study, we examined the role of TRPML1 in several
forms of regulated exocytosis: Ca2C-dependent pan-
creatic exocytosis, cAMP-dependent salivary gland
exocytosis, and neuronal exocytosis of glutamate.8

These studies showed that a major function of
TRPML1 is to guard against uncontrolled fusion of
the lysosomes with other intracellular organelles.
The lysosome enlargement and increased lysosomal
undigested content observed in LSDs indicate that
the lysosomes do not lose their fusogenic potential
in these diseases. This was revealed to be of major
consequence in secretory cells containing fusogenic
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secretory granules and synaptosomes. As illustrated
in Figure. 1, lysosomes and secretory granules both
reside within the apical pole of secretory cells but
do not intermix. Deletion of TRPML1 causes path-
ological fusion of lysosomes with secretory granules
to form highly fusogenic hybrid organelles, result-
ing in uncontrolled exocytosis.8 This leads to pre-
mature activation of digestive enzymes within the
pancreatic acinar cells causing chronic pancreatitis.
In the neuronal system, excessive exocytosis results
in tonic elevation of glutamate, which may contrib-
ute to the neurotoxicity in LSDs.8 These findings
reveal an unexpected role of TRPML1 in lysosomal
function and raise the possibility of using glutamate
receptor antagonists, which are widely used for
Alzheimer’s disease, in the treatment of the neuro-
degeneration of MLIV.

Disclosure of potential conflicts of interest
No potential conflicts of interest were disclosed.

References

[1] Gees M, et al. TRP channels. Comprehensive Physiol 2012;
2:563-608

[2] Xu H, Ren D. Lysosomal physiology. Annual Rev Physiol
2015; 77:57-80; PMID:25668017; http://dx.doi.org/10.1146/
annurev-physiol-021014-071649

[3] Kim HJ, et al. The Ca(2C) channel TRPML3 regulates
membrane trafficking and autophagy. Traffic 2009;
10:1157-67; PMID:19522758; http://dx.doi.org/
10.1111/j.1600-0854.2009.00924.x

[4] Sun L, et al. Novel role of TRPML2 in the regulation of the
innate immune response. J Immunol 2015; 195:4922-32;
PMID:26432893; http://dx.doi.org/10.4049/jimmunol.1500163

[5] Chandra M, et al. A role for the Ca2C channel TRPML1 in
gastric acid secretion, based on analysis of knockout mice.

Figure 1. Runaway exocytosis in secretory Trpml1¡/¡ cells. Left panel: in normal cells, the fusogenic secretory granules localize in dis-
tinct cellular domains, such as the apical pole in acinar cells, which are also enriched in lysosomes. The pathological fusion between the
two organelles is prevented by TRPML1, which controls lysosomal Ca2C signaling. Right panel: in the absence of TRPML1 or mutations
that inhibit TRPML1 function as in MLIV, the lysosomes interact with and fuse with secretory granules to form hybrid organelles.
Enhanced fusion of the fusogenic hybrid organelles with the apical membrane results in runaway exocytosis. Part of the hybrid organ-
elles mislocalize and fuse with the basolateral membrane. In addition, the lysosomal proteases cleave the pro-digestive enzymes to pre-
maturely activate them in the hybrid organelles while still in the cells. The combined effects results in pathological cell death as occur
in pancreatitis and neurodegeneration.
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