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Regulation of organellar fusion and fission by Ca?* has
emerged as a central paradigm in intracellular membrane
traffic. Originally formulated for Ca?*-driven SNARE-mediated
exocytosis in the presynaptic terminals, it was later expanded
to explain membrane traffic in other exocytic events within
the endo-lysosomal system. The list of processes and
conditions that depend on the intracellular membrane traffic
includes aging, antigen and lipid processing, growth factor
signaling and enzyme secretion. Characterization of the ion
channels that regulate intracellular membrane fusion and
fission promises novel pharmacological approaches in these
processes when their function becomes aberrant. The recent
identification of Ca?* permeability through the intracellular
ion channels comprising the mucolipin (TRPMLs) and the two-
pore channels (TPCs) families pinpoints the candidates for the
Ca* channel that drive intracellular membrane traffic. The
present review summarizes the recent developments and the
current questions relevant to this topic.

Intracellular Membrane Fusion

The exquisite timing of neurotransmitter release is a key deter-
minant of neuronal function. It is an excellent example of a
signal-centric paradigm involving interpretation and amplifica-
tion of an incoming signal. As in all signaling systems, amplifi-
cation in this model improves fidelity and timing of signaling.
The Ca?*-dependence of synaptic vesicle release is a necessary
requirement for translating action potentials into a release of
neuromediators. The flooding of SNARE docking complexes
by Ca?* entering the cell through voltage-gated Ca?* chan-
nels, followed by conformational changes that ultimately drive
membrane fusion, is responsible for the incredibly robust and
rapid neurotransmitter release in response to electrical stimu-
lation.! This signal-interpretation-response paradigm however
remains largely unresolved in critical cellular processes involv-
ing other intracellular membrane organelles such as endosomes
and lysosomes. However, several recent developments, primar-
ily stemming from identification and characterization of new
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intracellular Ca?*-permeable channels, promise better under-
standing of these key processes.

The importance of membrane traffic within the endo-lyso-
somal system cannot be overstated. The endocytic pathway is
responsible for lipid and protein uptake,> membrane remodel-
ing,’ regulation of receptor signaling, metal uptake,” growth
factor signaling,® antigen presentation”® and likely a multitude
of other functions. The various forms of autophagy, a critical
housekeeping function for eliminating dysfunctional organelles
and misfolded proteins, are driven by the lysosomal compo-
nents.” Melanosome formation is yet another instance of endo-
cytic involvement."’ Such a wide repertoire of roles means that
the endo-lysosomal system is likely involved in a plethora of
diseases and conditions. Indeed, endo-lysosomal and autophagic
dysfunction have been implicated in Parkinson" and Alzheimer
diseases, 213 14,15
cer'® and metal and drug toxicity.” It is clear that better under-

over two dozen of lysosomal storage diseases,'* can-
standing of the molecules that regulate the endocytic pathway
promises novel interventions into these diseases.

The endocytic pathway begins with the plasma membrane
and consists of a series of compartments, each with its own role in
the membrane targeting process. The movement of endocytosed
material is mediated by fusion/fission and maturation processes,
occurring in parallel with acidification of the lumen, in a cen-
tripetal direction: from nearly neutral early endosomes to highly
acidic lysosomes.”® Acidification controls ionic flow between
cytoplasm and the lysosomes, helps activation of lysosomal
digestive enzymes and establishes a vector for transport processes
driven by cargo receptors, such as those mediating growth fac-
tor and LDL processing.”” The specificity of membrane fusion
is a function of the membrane recognition system driven by the
Rab GTPases, their guanine nucleotide exchange factors (GEFs),
their effectors and their associated inositol lipids.?® Each pair of
interacting membrane types appears to have a specific Rab and is
enriched in a specific inositol lipid. An excellent example of the
role of Rabs in endocytic membrane formation and interaction
has been recently presented as Rab5 requirement for early endo-
somal biogenesis. Rab5 deletion appears to completely eliminate
early endosomes in rat liver cells.”!

In presynaptic terminals, the docking of vesicles at the plasma
membrane via SNARE complexes enables extremely fast release
of their content in response to Ca?* influx. SNARE proteins are
also found on and appear to be specific to all types of endocytic
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compartments.”? Their identification is the first clue to Ca*'-
dependence of the endocytic fusion events, likely mediated by the
lysosomal SNARE complexes.?® Such Ca**-dependence has been
demonstrated directly. First, the buffering of Ca?* in live cells
using membrane-permeable Ca?* chelators, such as the AM ester
of BAPTA, halt the progression of endocytosed material through
the endocytic pathway.* Second, isolated endocytic organelles
require Ca?* for fusion, as shown by the content-mixing assay.”
The Ca*-dependence of the endocytic function raises three
important questions: (1) What are the sources of Ca** that drive
the fusion within the endo-lysosomal system? (2) What are the
ion channels that drive Ca?* release? And (3) What are the sig-
nals that that regulate these elusive calcium release events? The
remainder of the present review is focused on these questions.

The Sources of Ca? for Intracellular Membrane
Fusion

Multiple evidence points to the acidic organelles in the endo-
cytic pathway as the source of Ca?* that drives their fusion. Ca**
content of the lysosomes is currently estimated to be ~500 uM,
based on direct measurements using endocytosed calcium indi-

cators.?¢

7 Calcium within lysosomes and other acidic organ-
elles can also be monitored indirectly with cytoplasmic Ca**
dyes when lysosomal Ca?* is released into the cytoplasm by the
lysosome-lytic agent glycyl-l-phenylalanine 2-naphthylamide
(GPN),® or by the vacuolar H* pump inhibitor Bafilomycin
A1?% which prevents calcium uptake and initiates lysosomal
Ca?* leak. Accordingly, the lysosomes alkalinize upon release of
their Ca?*.?' Indeed, Bafilomycin Al is well known to halt mem-
brane traffic in the endocytic pathway, by arresting membrane
fusion.” In another experimental system, heterotypic fusion of
isolated endocytic vesicles was facilitated by addition of Ca** and
halted by addition of a Ca?* chelator to the reaction buffer.”” The
fusion was also halted by depleting lysosomal Ca*, which was
interpreted to support the lysosomal origin of Ca?* that fuses the
endocytic vesicles.?”

An independent series of experiments, performed several
years before the aforementioned assays, lends an additional sup-
port for lysosomes as a significant intracellular source of Ca*".
Two separate pools of intracellular Ca** were identified, one
filled by a Ca?* pump that is inhibited by low concentrations of
Thapsigargin (TG), but is largely insensitive to tert-Butylhydro-
quinone (TBHQ), and another, which is insensitive to TG, but
very sensitive to TBHQ.* Subsequently, the TBHQ-sensitive
pool was identified as the thapsigargin-insensitive, acidic Ca**
pool that is likely filled by SERCA3 and accumulates the lyso-
somal dye lysotracker.** The high acidification of these organelles
suggests that the TBHQ-insensitive pool is lysosomes, or that it
comprises lysosomes as its subset.

It should be noted, however, that although the fusion events in
the proximal endocytic pathway (formation of endocytic vesicles
and early and recycling endosomes) drives the capture and sort-
ing of the endocytosed material, neither the Ca?* requirement,
nor the source of Ca?* for these events have been established.
The TBHQ experiments discussed above suggest existence of

www.landesbioscience.com

REVIEW

a Ca?* ATPase that pumps Ca** into the endocytic organelles.
Candidates for such pumps are SERCA3*3% and the secretory
pathway Ca?** pumps (SPCA),* although their existence has been
firmly established largely in the Golgi.*>* Alternatively, these
organelles may receive Ca?* from the extracellular medium, or
from the ER, in the process of organellar maturation.

In summary, these findings establish the functional context
and the biochemical identification of the organelles that provide
the Ca?* necessary for the fusion of vesicles in the endocytic path-
way. The recent identification of Ca** permeable channels resid-
ing in the endocytic pathway suggests candidates responsible for
Ca?* release from these organelles that mediate the fusion/fission
events.

Endo-Lysosomal Ca?-Permeable lon Channels

TRPML and TPCs are two Ca?*-permeable ion channel fami-
lies that have been localized on the basis of immunestaining
and functional evidence to the acidic organelles in the endocytic
pathway. This is illustrated in part in Figure 1. TRPMLI (Fig.
1A and ref. 37) and TPC2 are found mostly in late endosomes
and lysosomes, TRPML3 is found in multiple intracellular com-
partments (Fig. 1B and ref. 38), similar to TPCI, in addition
to the plasma membrane. TRPMLI and TPC2 show strong
colocalization, and accordingly co-immunoprecipitate, while
TRPML3 and TPC1 show weak localization with each other and
with TRPMLI and TPC1, although some interaction among the
channels can be demonstrated by coimmunoprecipitation (Figs.
1C-E and ref. 39). TRPMLs and TPCs are, currently, the best
candidates for the role of endocytic Ca?* release channels, albeit
neither one appear to fit that role completely. Another Ca** per-
meable channel that is expressed in and mediates Ca?* release
from intracellular organelles of B cells* and Macrophages,*** is
the ADPR-activated TRPM2. Since TRPM2 appears to function
as intracellular Ca** release channels in specific cells, it will not
be discussed here; however, this topic was reviewed recently in
references 43—46.

TRPMLs. The TRPML family was established with the iden-
tification of TRPML1.94 TRPMLI, the first member of the
mucolipins, was cloned in 1999, as a result of genetic analyses of
patient tissues with a genetic disease called Mucolipidosis type
IV (MLIV).#>° MLIV is a lysosomal storage disease linked to
buildup of poorly characterized material throughout the patient’s
tissue in the form of storage bodies.’™? TRPMLI localizes
in lysosomes due to the presence of two N- and a C-terminal
lysosomal targeting signals.”® Since then, two more members of
this family, TRPML2 and TRPML3, have been found in mam-
mals. A number of excellent review articles on TRPML channels
published recently provide comprehensive analysis of TRPML
localization, traffic and possible function.”4#>3%> In the present
review, we will focus on their Ca** transport function and the
evidence for its role in membrane fusion.

TRPMLI permeability was analyzed by patch clamping of
lysosomes and by recording the currents through the “activated”
mutant form of TRPML, which carries the gain-of-function
varitint-waddler mutation of TRPML3.°® It is of note that this
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Figure 1. Distribution of the TRPMLs and TPCs in intracellular organelles. Panel (A) shows the localization of TRPMLI relative to the organellar markers
LAMP1, MRP and EEA.1. The images were taken from.*” Panel (B) shows the localization of TRPML3 relative to the organellar markers LAMP1, lysotrack-
er and EEA.1. The images were taken from.*® Panel (C) shows the localization of TRPML1 and TRPMLS3 relative to the localization of TPC1 and TPC2 and
panel (D) shows the Co-IP of the TRPMLs and TPCs. The results in (C and D) were taken from.”®

mutation changes the selectivity of TRPML channels.”” The
recent studies with a lysosome-targeted Ca?* probe showed that
TRPMLI is required for Ca®* release from the lysosomes.®® All
TRPML channels function as strong inward rectifiers’®® which
means that, under normal conditions, the predominant direc-
tion of ion flow is from the organellar lumen into the cytoplasm.
TRPMLs are permeable to monovalent cations and to Ca®*
among other divalent cations.””*®¢¢2 Their current is regulated
by luminal pH. This was best analyzed for TRPML3, in which
the pH regulation is mediated by a series of histidine residues in
the loop connecting the 1st and 2nd TM regions that forms a H*
relay pathway.® Hence, Ca?* release through TRPMLS3 is likely
controlled by the organellar pH and is facilitated by organellar
alkalinization.

The impact of the TRPML permeability on the endo-
cytic Ca**
TRPMLI impact on the lysosomal Ca** using the lysomotropic
agent GPN yielded no effect of TRPMLI expression or dele-
tion on the lysosomal Ca?*.” Thus, expression of channel-dead

content has not been completely settled. Analysis of
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TRPMLI1% or knockout of TRPMLI in mice® did not affect the
global cytoplasmic Ca** increase evoked by GPN. However, with
Ca?* sensors targeted to the surface of lysosomes, it was possible
to detect a small Ca** signal by activation of TRPML1.%° This
suggests that Ca** released from lysosomes mostly regulates Ca?*
in the vicinity of the lysosomes. This is ideal for regulation of
local fusion events.

Although a role for organellar Ca?* in membrane trafficking
is firmly established, the exact role and mechanism by which
the TRPML impact on membrane traffic remains unsettled.
The effect of TRPMLI1 on membrane traffic has been analyzed
using human fibroblasts from MLIV patients. Limitations of
these approaches have been discussed before.®*” siRNA-driven
TRPML1 knockdown (KD) models***® yielded pre-lysosomal
membrane traffic delays in one model®® and post-lysosomal delays
with no pre-lysosomal delays in another study.? Localization of
TRPML3 is broader than that of TRPMLI and it is expressed
in all compartments of the endocytic pathway® (see also Fig. 1).
Knockdown of TRPML3 led to an increase in the fusion of
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Figure 2. Independent function of TRPML1 and the TPCs. Panels (A-C) show cytosolic Ca?* responses of individual Fura-2 loaded SKBR3 cells stimu-
lated with NAADP. In (A) the cells were transfected with TRPML1 and injected with 10 nM NAADP. The insert shows typical response of cells transfected
with TPC2 as a control. In (B and C) the native TPCs were activated by injection of 10 wM NAADP in control cells and cell transfected with the dominant
negative TRPML1(D471K). In panels (D and E), acinar cells isolated from the pancreas of wild type (D) or TRPML1”- mice (E) were used to record the
Ca*-activated CI- current in response to infusion with 50 nM NAADP through the patch pipette. As controls, the cells were stimulated with 100 .M
carbachol. Note that deletion of TRPML1 has no effect on the response to NAADP. The results were taken from.>

vesicles in the proximal portion of the endocytic pathway, which
is consistent with TRPML3 localization.*® Conversely, overex-
pression of TRPML3 caused autophagy and TRPML3 is mas-
sively recruited to autophagosomes when autophagy was induced
by several stressors.?*

TPCs. TPCs were cloned from a rat kidney library long
before their function was revealed.”” In a search for the intra-
cellular channels activated by the potent second messenger
NAADP,! two recent independent studies’®’? identified the
TPCs as the channels activated by NAADP to mediate Ca**
release from acidic organelles. Subsequent work showed that
overexpression of TPC17> and TPC27°7*7 potentiates NAADP-
mediated Ca?* release whereas knockdown of TPCs*7? or
expression of the channel-dead pore mutants TPCI(L273P)"
and TPC2(L265P)”>7° inhibits NAADP-mediated Ca?* release.
NAADP-dependent Ca?* release is ubiquitous and in a subset
of cells is a prerequisite for secretion, most prominently in sea
urchin eggs, the original model for studying NAADP signal-
ing.”! In other cells, such as pancreatic acini,”” it serves as a trig-
ger to facilitate Ca?* release from the ER when stimulated with
agonists such as CCK. The TPCs are coded by three genes in
most animals; however the gene coding for TPC3 is degenerate
in certain mammals including humans.” To the extent exam-
ined, the level of TPCI transcripts is about 10 times higher
than TPC2.7%%7 TPCs have a unique structure comprising two
repeated domains each containing six transmembrane (TM)

spans where the 5th and 6th TM spans of each repeat likely
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form the pore, and TM4 and TM10 act as voltage sensors.® This
contrasts to TRPMLs, whose structure largely reproduces the
blueprint for voltage-gated K* channels comprising a single 6
TM domain.

Ca?* mobilization by NAADP, which activates the TPCs, has
been linked to several key physiological functions that include
regulated exocytosis, fertilization, glucose sensing and neuronal
growth.®! Fusion and fission events of intracellular organelles
mediate many aspects of these functions, suggesting a role for
the TPCs in membrane trafficking. This suggestion is supported
by a lysosomal storage disease-like phenotype observed in cells
overexpressing TPC2 and swelling of the endocytic pathway
loaded with fluid phase markers in cells opverexpressing TPC1.%
Although knockout of TPC2 eliminates the NAADP responses

70

in pancreatic 3 cells,”® no trafficking phenotype has been reported

in these mice yet.
Regulation of TRPMLs and TPCs

The real puzzle of Ca** signaling in endocytic membrane fusion
is the nature of the cue(s) initiating Ca** release. Although bio-
chemical and electrophysiological studies have clearly identified
TRPML and TPC activation mechanisms, their significance
in the context of membrane fusion is not known. Moreover,
although present in the same organelles (Fig. 1), the TRPML
and TPC appear to function independently of each other. This
is most clearly illustrated for TRPMLI and TPC2, which show
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almost perfect co-localizations and strong co-pre-
cipitation (Fig. 1). However, as shown in Figure
2, TRPMLI is not activated by NAADP (Fig.
2A) and the dominant negative channel-dead
TRPML1 does not affect NAADP-mediated
Ca? release (Fig. 2B and 2C). Furthermore, the
response to NAADP is unaltered in cells deficient
with TRPMLI (Fig. 2D and E). Returning to the
presynaptic fusion paradigm, it involves the arrival
of a defined signal (depolarization), which is then
immediately translated into membrane fusion. Are
there corresponding signals for membrane fusion
within the endo-lysosomal system or is fusion
truly constitutive? Perhaps by understanding regu-
lation of the Ca** release channels we can obtain
information to address these questions, at least
in part. The main regulatory modalities of the
TRPMLs and TPCs and the principals of synaptic
and endo/lysosomal fusion/fission are illustrated
in Figure 3.

An interesting and likely important regula-

Endo/lysosome

Ca2+

Cay TRPML
P(3.5)P,

Synaptic vesicle Endo/lysosome

Figure 3. A schematic representation of the role of TPC and TRPML channels in mem-
brane fusion. Left panel: The classic scheme of membrane fusion in presynaptic termi-
nals: Ca* influx through the voltage-regulated L-type CaV channels (orange) triggers
conformational change in SNARE complexes (not shown) and membrane fusion (green).
This influx it triggered by a change in the membrane potential (red). Right panel: Mem-
brane fusion in the endocytic pathway. Ca?* efflux out of the H*- and Ca?*- rich endo/
lysosomes (orange) through TPC and TRPML channels triggers conformational change
in SNARE complexes (not shown) and membrane fusion (green). Ca?* efflux through TPC
channels is triggered by NAADP and modulated by membrane potential (red) and Ca*".
TRPML Ca** fluxes are activated by PI(3,5)P, and TRPMLI activity is terminated by

cleavage.

tor of TRPMLI, and perhaps other organellar

Ca?* release channels, is Phosphatidylinositol
3,5-bisphosphate [PI(3,5)P2].°*% PI(3,5)P2 is the only physi-
ological signal that has been shown to date to activate TRPMLLI.
PI(3,5)P2 localization is restricted to the late endocytic pathway,
limiting the functional range of TRPMLI. Perhaps this is also
true for TPCs. This notion is supported by the recent finding
that PI(4,5)P2 and sphingomyelin (SM), which are predominant
in the plasma membrane, inhibit TRPML1,%*% possibly ensuring
that this channel is not active in the plasma membrane. Inhibition
by SM may be even more significant for TRPML3 that traffics
between the plasma membrane and intracellular organelles.®
PI(3,5)P2 is not known to undergo dramatic changes in response
to cell signaling or during cell stress. Models of the functional
consequences of its effect on TRPMLI and membrane traffic
have been discussed before.”” In brief, the PI(3,5)P2-TRPMLI
interaction may be a priming mechanism for newly delivered
TRPMLI into lysosomes, or it may serve as a proximity sensor
for organelles in the endocytic pathway. According to this model,
the interacting membranes are matched by Rab and SNARE
proteins, followed by PI(3,5)P2 binding to the C-termini of
TRPMLI, Ca?* release and conformational changes in SNARE
proteins which drive membrane fusion.

Another very important form of TRPMLI regulation is pro-
teolytic cleavage. The majority of native and expressed TRPMLL1
is cleaved at R202 in the large extracellular loop between TM
regions 1 and 2. The cleavage is mediated by Cathepsin B
and results in inactivation of the channel.?” It appears that the
TRPMLI channels remain active for a short time and inac-
tivate shortly after arriving at the lysosomes by cleavage. How
this cleavage is regulated or whether the cleavage is regulated by
PI(3,5)P2 is not known at present. It seems to be important to
follow this mode of regulation of TRPMLI that is likely to have a
prominent cellular role. Unlike TRPMLI, neither TRPML3 nor
the TPCs appear to be cleaved.
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The kinetic and regulatory properties of the TPCs and how
they are activated by NAADP is still in its infancy. NAADP is
a second messenger that rises in the cytoplasm in response to
cell activation albeit through a poorly defined pathway and
enzyme(s). Until recently, studying TPC activation by NAADP
was limited to recording Ca** signals induced by NAADP deliv-
ery into the cytoplasm. The adoption of bilayer technique to
TPC research and targeting the TPCs to the plasma membrane
enabled testing the kinetics and regulation of TPC activation by
NAADP through biophysical means. Additional information
that is relevant in part to the mammalian TPCs, are the prop-
erties of the plant TPCI homolog AtTPC1 that has been more
extensively studied although likely NAADP-insensitive.*

What we have learned over the last few years is that when
activated by NAADP, human TPC2 behaved as a channel with a
conductance of 100-120 pS in symmetrical Cs*,”> or a 300 pS in
symmetrical K* and with 1:3 K*:Ca?* selectivity.** Both, TPC1
and TPC2 are regulated by lysosomal lumen pH and Ca?".7>#%
The Arabidopsis AcIPC1 that mediates the slow vacuolar cur-
rent,® is also regulated by luminal Ca**.%® Ca?* and pH affect the
apparent affinity of TPC2 to NAADP with higher Ca?* increas-
ing the apparent affinity for NAADP and lower pH reducing
channel open probability.** However, this topic is still not settled
as TPC2 analysis in a planar patch clamp system suggested that
TPC2 is active only at acidic luminal pH.* Recently, we char-
acterized several features of human TPCI and reported that it is
regulated by luminal Ca** and pH, with both high luminal H*
and Ca** activating the channel.”” The molecular basis for this
regulation is not known at present but in the Arabidopsis chan-
nel, a putative regulatory calcium binding site has been identi-
fied between the first and second TM region of domain II (S7
and S8).* Another interesting feature of TPCI is that it exists
in two strictly coupled conductances of 50 and 200 pS, both of
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Figure 4. The apparent affinity for activation of TPC1 by NAADP is
determined by the membrane potential. Shown in (A) is the NAADP
dependence of TPC1 open probability (NPo) at holding potentials of
0,-20, -40 and -60 mV. Fitting parameters for Apparent Km and the Hill
coefficient are shown next to the traces. (B) Plots the voltage depen-
dence of the apparent affinity for NAADP obtained for panel (A). Results
were taken from.”

which are activated by NAADP. The large conductance has short
openings but once open it markedly increases the open time of
the small conductance.”” This unique mode of regulation may
serve as a guard to control the duration of endo-lysosomal Ca**
permeability.

An interesting mode of regulation of TPC1 is by the mem-
brane potential. Shifting the membrane potential from 0 to -60
mV increased linearly both the small and the large conductances
and the mean open probability.”” Notably, the mammalian TPCs
have two putative voltage sensors in fourth TM regions of each
domain.®® The voltage sensors are likely to mediate the voltage
dependence of TPCl as they do in A(TPCL.5° But perhaps the
most intriguing aspect of regulation of TPC1 by voltage is the
crosstalk between the lysosomal lumen, membrane potential

and NAADP binding on the cytoplasmic side of TPCl. We
have shown recently,” (illustrated in Fig. 4), that the membrane
potential regulates the apparent affinity for NAADP activation
of TPC1 by 10 nM/mV. Dynamic affinity for NAADP that is
regulated by membrane potential provides a plausible mecha-
nism for Ca?* oscillations generated by intracellular organelles.
NAADP is known to induce oscillatory changes in cytoplasmic
Ca?* involving both acidic organelles and the ER (Fig. 2 and refs.
78, 88, 89). The lysosomal and endosomal membrane poten-
tials are about 20 mV lumen-positive,”®*! at which the apparent
affinity for activation of TPC1 by NAADP is relatively low such
that the channel is expected to be in a closed state. Generation
of NAADP in response to receptor stimulation activates TPCl
to cause Ca?* release and perhaps membrane depolarization by
counter ion flow of CI through CIC7°* and/or K* influx.”® The
depolarization reduces the apparent affinity for NAADP, while
the reduction in organellar Ca** reduces channel NP , to termi-
nate Ca?* release. Ca** reloading of the organelles and repolariza-

tion of the membrane potential restore responsiveness of TPC1 to
NAADP to evoke the next Ca** spike.

Outlook

It is clear the endo-lysosomal system undergoes Ca**-dependent
membrane trafficking and that it is endowed with at least two
distinct families of Ca?*-permeable channels that are capable
of mediating Ca?* release from acidic organelles. It is puzzling
why lysosomes and endosomes express multiple Ca?* release
channels (Fig. 1) that appear to function independently’®
(Fig. 2). One possibility is that they respond to different stimuli
to mediate selective organellar functions. A recent study provided
direct evidence for Ca?* release from lysosomes evoked by phar-
macological activation of TRPMLL.®® But how the TRPMLs
are activated physiologically is not known. We know that TPCs
are physiologically activated by NAADP to generate local sig-
nals that are subsequently amplified by the ER to generate global
Ca?* signals. What we don’t know is whether local signals can
be generated independently to regulate trafficking. Finding the
mechanisms that activate endo-lysosomal Ca** channels is thus
paramount. Addressing this puzzle and the possible specific roles
of the TRPMLs and TPCs in organellar functions deserve fur-
ther investigation, and is a central challenge in this field. This is
necessary, if the role of Ca?* in membrane trafficking and organ-
ellar fusion/fission is to be fully understood.
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