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ABSTRACT: Compromised lysosome function is implicated in the pathology of many neurodegenerative diseases,
including Alzheimer’s disease (AD). Familial Alzheimer’s disease (fAD) is caused primarily by mutations in the
presenilin encoding genes, but the underlying mechanism remains obscure. Loss of the conserved C. elegans presenilin
orthologue SEL-12 results in increased mitochondrial calcium, which promotes neurodegeneration. Here, we find that
sel-12 mutant lysosomes, independent of SEL-12 proteolytic activity, are significantly enlarged and more alkaline due
to increased ER-to-mitochondrial calcium signaling and concomitant mitochondrial oxidative stress. These defects
and their dependence on mitochondrial calcium are recapitulated in human fAD fibroblasts, demonstrating a
conserved role for mitochondrial calcium in presenilin-mediated lysosome dysfunction. sel-/2 mutants also have
increased contact surface area between the ER, mitochondria, and lysosomes, suggesting se/-12 has an additional role
in modulating organelle contact and communication. Overall, we demonstrate that SEL-12 maintains lysosome acidity

and lysosome health by controlling ER-to-mitochondrial calcium signaling.
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INTRODUCTION

The autophagy-lysosome system is a major pathway for
degrading and recycling misfolded proteins and damaged
organelles. Neurons rely on the autophagy-lysosome
system for the preservation of protein homeostasis
(proteostasis) [1, 2]. In fact, most neurodegenerative
diseases are characterized by protein misfolding and
aggregation indicative of a loss of proteostasis and defects
in proteostasis machinery. Many studies in Alzheimer’s
disease (AD) neurons and AD models show disrupted
autophagy, either due to deficient autophagy induction or
in defective clearance of autophagosomes by the
lysosomes [3, 4]. Failure to successfully clear degradative
contents has severe consequences, including Ap and tau
aggregation and cell death [5-7].

Familial Alzheimer’s disease (fAD) is predominantly
caused by mutations in the presenilin-encoding genes.
Presenilins are ubiquitously expressed proteins that are
phylogenetically conserved and are found in multicellular
organisms, including plants, invertebrates and mammals.
Additionally, presenilins are largely found on
endomembrane structures and form the catalytic core of
the gamma secretase complex. Presenilin is linked to AD
through its ability to cleave the amyloid precursor protein
to generate Abeta peptides. However, presenilin also
plays important roles independent of its protease activity,
including in intracellular calcium flux, lipid metabolism,
and autophagy [8-15]. Indeed, fAD presenilin mutations
are associated with autophagy defects at multiple stages
in the process including initiation, autophagosome
maturation, autophagosome fusion with lysosomes, and
cargo degradation by the lysosomes [16]. Consistently,
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we have reported that loss of the C. elegans presenilin 1
orthologue SEL-12 results in a loss of proteostasis [17]
and disrupts autophagy [18]. In addition, we found that
the proteostasis defects observed in sel-12 mutants were
dependent upon an aberrant elevation in mitochondrial
calcium levels [17, 18]. There is also evidence that
presenilin is necessary for proper lysosome function [10,
11, 19-22]. Lysosome morphological abnormalities are
present both in presenilin fAD models and in biopsy
specimens taken from AD patients [20, 23-25], suggesting
lysosome dysfunction is a common feature of AD and a
central aspect of AD pathology requiring further study.

Here, due to its genetic amenability and optical
clarity, we use the simple in vivo model organism C.
elegans to identify lysosomal defects in sel-12 mutants
and implicate se/-/2-mediated calcium mitochondrial
homeostasis in lysosome function. We find that the
lysosomes in sel-12 null mutants are significantly
enlarged and more alkaline compared to wild type
animals. Furthermore, in both sel-/2 mutants and fAD
patient cells, lysosomal defects arise from elevated ER-to-
mitochondria calcium signaling. Additionally, we report
that loss of SEL-12 results in increased inter-organelle
contacts between the ER, mitochondria, and the lysosome,
suggesting that SEL-12 plays a role in regulating inter-
organelle communication. Overall, these data highlight
the interdependent nature of organelles and the critical
role of presenilin in regulating inter-organelle contact and
communication that is important for mitochondrial
calcium homeostasis and lysosome function.

MATERIALS AND METHODS
C. elegans maintenance

All C. elegans strains were grown at 20°C on nematode
growth media (NGM) plates seeded with E. coli OP50
unless otherwise indicated. All animals were age
synchronized by bleaching gravid worms to obtain the
eggs, which were then incubated in M9 for 24—48 h before
being allowed to hatch. Afterward, L1 larvae were grown
to adulthood on NGM plates for further experiments. Day
1 adults were analyzed for all experiments unless
otherwise indicated. Genotypes were determined by PCR
and DNA sequencing. The following strains were used in
the study: N2 Bristol wild type, sel-12(ari31, 0k2078,
tak-10, ty1l) X, mcu-1(tm6026) 1V, jsls609 [mec-
4p::MLS::GFP], juSi271 1 (col-19p::mito::dendra2),
pwSi82 (phyp-7-VITss::0xGFP-KDEL), ¢gxIs257 (ced-
Ip::nuc-1::Cherry), gxIs750 (hsp::nuc-1::pHTomato),
takEx541  (sel-12p::sel-12::GFP), takEx699 (mec-
7p::dmp-1.-wrmScarlet), takEx767 (semo-1p::2xMLS::
GCaMPof::SL2::wrmScarlet), takEx770 (semo-Ip::hsp-

4ss::wrmScarlet::KDEL), hpEx2216 (rgef-1p::mCherry::
SP12), and zdIs5 [mec-4p::GFP].

Cell lines

FAD (AG06840 and AG08170) and control (AG07621)
human skin fibroblast cell lines were obtained from NIA
Aging Cell Culture Repository (Coriell, Camden, NJ).
AmpFLSTR Indentifiler Plus PCR Amplification Kit
(ThermoFisher Scientific Cat#4427368) was used to
authenticate the cell lines and MycoSEQ Mycoplasm
Detection System (Life Technologies Cat#NC1980761)
by Coriell Cell Repositories was used to test absence of
mycoplasma. Cell culture media and reagents were
purchased from Invitrogen (Waltham, MA) and Corning
(Cellgro, Manassas, VA). All cell lines were grown in
Dulbecco’s modified Eagle’s medium (DMEM)(Cat#
11965092) at 37°C under humidified air containing 5%
CO2. The DMEM (4.5 mg/L glucose, 110 mg/L sodium
pyruvate) was supplemented with penicillin (100 U/ml)
(Cat#15240062), streptomycin (100 pg/ml), and 15%
fetal bovine serum. Cells were cultured according to the
protocol provided by the cell supplier.

DNA constructs and transgenesis

To create the semo-Ip::secretory sequence (ss):
:wrmScarlet::KDEL (takEx770) construct, 3 kb of the 5’
untranslated region of semo-1 and ss::wrmScarlet:: KDEL
were synthesized by GenScript and combined using
Gibson assembly (NEB Cat# E5510). For takEx767
(semo-1p::2xMLS::GCaMP6f::SL2::wrmScarlet), the
semo-1 promoter and wrmScarlet were combined with
2xMLS::GCaMP6f::SL2 (amplified from pJL73) using
Gibson Assembly (NEB). For takEx699 (mec-7p::Imp-
I::wrmScarlet), the /mp-1 cDNA and wrmScarlet were
synthesized by GenScript and the mec-7 promoter was
obtained from pPD46.41 (Fire Lab Vector Kit) and were
combined using Gibson Assembly (NEB).

In brief, primers were designed to amplify the 5’ end
containing the adjacent DNA fragment and the fragment
at the 3° end that will anneal to the target sequence. This
creates overlapped regions at the 5” end of the primers.
The Gibson Assembly reaction contains an exonuclease
that creates single-strand overhang regions that will then
anneal with the adjacent DNA fragment. After ligation,
the product was transformed in MAX Efficiency DH5
alpha competent cells (Invitrogen), and the final construct
was verified by DNA sequencing. The constructs were
injected into N2 wild-type worms using standard
procedures [26], along with a #x-3p::GFP co-injection
fluorescent marker that labels the bilaterally symmetrical
AIY neurons (gift from O. Hobert, Columbia University).
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Fluorescent microscopy was used to confirm the correct
subcellular localization of all constructs.

RNAI treatments

RNAIi was delivered by feeding as described [27]. L1
animals were grown to day 1 of adulthood on NGM plates
seeded with HT115 E. coli bacteria that produced either
empty feeding vector, or itr-1 or unc-68 double-stranded
RNA. These bacteria were obtained from the Ahringer
library [28] and production of itr-1 and unc-68 was
verified by PCR. Day 1 adult animals were analyzed.

Calcium imaging

Mitochondrial calcium concentration was measured in the
C. elegans hypodermis in animals expressing semo-
1p::2xMLS::GCaMP6{::SL2::wrmScarlet. Animals were
first immobilized on slides using 500mM levamisole on
2% agarose pads. Images of the animals were captured
using a 63x objective lens on a Zeiss Axio Observer
microscope equipped with an Andor Clara CCD camera.
The ratio of GCamP6f::SL2::wrmScarlet fluorescence
intensity was quantified so that GCaMP6f fluorescence
was normalized to wrmScarlet intensity. Metamorph
software was used to compile images.

Drug treatments

N-acetyl cysteine (NAC) (Sigma-Aldrich, Cat#A7250)
was prepared in DMSO and added to NGM plate media at
9 mM, and animals were moved to NAC plates as L4
animals until adulthood, as previously described [17]. For
mitoTEMPO experiments, either 500 uM of (2-(2,2,6,6-
tetramethylpiperidin-1-oxyl-4-ylamino) —2-oxoethyl)
triphenylphosphonium chloride (mitoTEMPO) (Sigma-
Aldrich Cat# SML0737) or 500 pM triphenyl-
phosphonium chloride (TPP) (Sigma-Aldrich Cat#
11726LE) was added to NGM plates. Animals were
moved to mitoTEMPO or TPP plates as L1 larvae.

Quantification of lysosome volume and acidity

Lysosomes were imaged in transgenic animals expressing
NUC-1::CHERRY driven by the ubiquitous ced-1
promoter (gxIs257). These animals were co-expressing
mec-4p::GFP (zdls5) to mark the touch receptor neurons;
lysosomes present within the GFP signal were identified
as touch receptor neuron lysosomes. All images were
captured at 60x magnification using a Nikon laser-
scanning confocal microscope with NIS Elements
software, with z-stacks acquired at 0.25 pm slice
intervals. For hypodermis lysosomes, a selection of
lysosomes at the midbody of the worm was analyzed and

lysosome volume was averaged for each worm. Volume
was quantified using Imaris 9.0 software. 20 animals per
strain were analyzed.

To compare the relative pH between strains, we
examined animals expressing NUC-1::pHTomato, where
pHTomato is a pH-sensitive fluorescent protein. This
construct is driven under the heat shock promoter. To
induce expression, animals were heat shocked at 37°C for
30 minutes, then incubated at 20°C for 24 hours so that
the transgenic protein could enter the lysosome [29].
Images of the lysosomes in the hypodermis were taken at
60x magnification using a Nikon laser-scanning confocal
microscope with NIS Elements software, with z stacks
acquired at 0.25 um slice intervals. All settings for
pinhole size and laser power were identical for all images
taken. Imaris 9.0 software was used to quantify the mean
fluorescent intensity of each lysosome. 20 animals per
strain were analyzed.

Lysosome volume measurements in FAD fibroblasts

To image fibroblast lysosomes, live cells were plated onto
35mm glass bottom dishes (MatTek Corp) and left to
attach overnight. The following day, the cells were either
incubated for 1 hour with 100nM LysoTracker red
DND99 dye (Invitrogen Cat# L7528) or labeled with
Celllight™ Lysosomes RFP BacMam 2.0 (Invitrogen
Cat# C10597) overnight at 37°C. Cells were imaged
immediately following incubation using confocal
microscopy. For Ru265 treatment, fibroblasts were
treated with 10 uM Ru265 (Calbiochem) for 48 hr. Imaris
9.0 software was used to quantify lysosome volume, and
at least 20 cells were imaged per line.

Inter-organelle contact surface area

To measure mitochondria-lysosome contacts within the
hypodermis, transgenic animals were generated co-
expressing gxIs257 (ced-1p::NUC-1::Cherry) to mark the
lysosomes and juSi271 1 (col-19p::mito::dendra2) to mark
the mitochondria. Similarly, lysosome-ER contacts were
measured in animals co-expressing an ER marker
[pwSi82 (phyp-7-VITss::oxGFP-KDEL)] and lysosome
marker (gxIs257), and ER-mitochondria contacts were
measured in animals co-expressing juSi271 and takEx770
(semo-1p::wrmScarlet::KDEL). Animals were
immobilized on slides using 500mM levamisole on 2%
agarose pads. All images were captured at 60x
magnification using a Nikon laser-scanning confocal
microscope with NIS Elements software, with z-stacks
acquired at 0.25 pm slice intervals through the depth of
the hypodermis. Images were taken at the midbody of
each animal. Colocalization analysis was performed on
Imaris 9.0 using the XTension “Surface Contact Area”

Aging and Disease * Volume 16, Number 5, October 2025

3024



Ryan KC., et al.

Role of presenilin in lysosome function

Imaris  plugin  (https://imaris.oxinst.com/open/view/
surface-surfacecontact-area), as described previously
[30], with the “surface” module used to create a 3D
rendering of organelle surfaces, and background
subtraction held constant within an experiment. The ratio
of contact surface area: total surface area was determined
by summing the contact area within the field of view and
dividing by the area of the hypodermis within the field of
view. 20 animals per strain were analyzed.

Quantification and statistical analysis

2000

Statistical difference comparing two treatment groups was
determined using a Student's t test, and for parametric
data, a one-way analysis of variance with a Tukey post
hoc analysis was used for multiple comparisons. Normal
distribution of these data was determined using the
Shapiro-Wilk test. For non-parametric data, Kruskal-
Wallis test with Dunn’s post hoc analysis was used. For
the coelomocyte morphology analysis, a chi-square test
was used to determine statistical difference between
genotypes. A p value of less than 0.05 was considered
significant. Graph Pad Prism software was used for all
statistical analyses.
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Figure 1. sel-12 mutant lysosomes are enlarged and more alkaline. (A) Representative images of wild type and sel-
12(ty11) lysosomes within the ALM soma in animals co-expressing nuc-1::mCherry as a marker for lysosomes (arrows) and
mec-4p::GFP to mark the TRNs (scale bar = 5 pum). (B) Quantification of average lysosome volume within the ALM TRN
soma in wild type and sel/-12 animals (n > 18 animals). (C and D) Representative images of wild type and sel-12(ty11)
lysosomes in the ALM soma in animals expressing mec-7p::Imp-1::wrmScarlet (C) (scale bar = 5 um), and quantification
of average lysosome volume (D) (n > 18 animals). (E) Quantification of the number of lysosomes per soma in animals
expressing mec-7p::Imp-1::wrmScarlet (n > 14 animals). (F and G) Representative images of wild type and sel-12
lysosomes (arrows) in the axons of animals expressing mec-7p::Imp-1::wrmScarlet (scale bar = 5 pm) (F) and quantification
of the number of /mp-1::wrmScarlet puncta per ALM axon (G) (n > 13). (H and I) Representative images of hypodermal
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lysosomes in animals expressing nuc-I:mCherry as a marker for the lysosomal lumen (scale bar = 10 pm) (H) and
quantification of average hypodermal lysosome volume (I) (n > 18 animals). (J) Lysosome volume (nuc-1::mCherry) in L4
wild type and sel-12 animals (n > 19 animals). (K and L) Representative images (K) and quantification of the average
pHTomato fluorescence intensity per lysosome in animals expressing nuc-I::pHTomato controlled by the heat-shock
promoter (L) (scale bar = 10 um) (n > 21 animals). Increased pHTomato fluorescence intensity indicates increased pH. (M)
Linear regression for pHTomato fluorescence volume and intensity in sel-12(¢y11) mutants (p < 0.001). ns p > 0.05, * p <
0.05, ** p <0.01, *** p <0.001, **** p <0.0001. For D, G, 1, J, and L, a two-tailed Student’s t test was used. For B and E,
Kruskal-Wallis test was used. Error bars indicate mean + SEM.

RESULTS

sel-12  mutants display abnormal lysosome
morphology and impaired lysosomal function

There is evidence that presenilin plays an important role
in lysosome function [22] [4, 12], but the underlying
mechanism is unclear. The lysosomes in C. elegans sel-
12 mutants have not yet been characterized. Therefore, we
first examined lysosome morphology and distribution in
the touch receptor neurons (TRNs). The TRNs undergo
stereotyped age-associated neurodegeneration [31, 32]
and this occurs prematurely in se/-/2 mutants [13]. We
utilized transgenic animals expressing TRN-specific
soluble GFP [33] and mCherry tagged NUC-1 [29], a
lysosomal nuclease and a marker for the lysosomal lumen
[34]. TRN lysosomes, visualized as small puncta in day 1
adult animals, were distinguished by the colocalization of
GFP and mCherry markers in neuronal cell bodies (Fig.
1A). We introduced these markers into three sel-12
mutants: sel-12(ty11), which contains a premature stop
codon in sel-12 that leads to a predicted truncated protein
and null mutant [35]; sel-12(ari31), which contains a
missense mutation that is conserved with an fAD-linked
presenilin mutation [36]; and sel-12(0k2078), a deletion
mutant [17]. We found a significant increase in lysosome
volume in the sel-/2 mutant TRNs (Fig. 1A, B, S1A). As
an additional strategy for visualizing TRN lysosomes, we
expressed wrmScarlet [37] tagged to the lysosome-
associated membrane protein 1 (LAMP1) driven under a
TRN-specific promoter. Similarly, we found that while
wild type animals showed small evenly sized lysosomes,
the lysosomes in the se/-/2 mutants were significantly
enlarged (Fig. 1C, D). We also found that se/-/2 mutants
had a significant reduction in the number of lysosomes
within their ALM soma (Fig. 1E) and axons (Fig. 1F, G).
To examine lysosome characteristics in more detail, we
looked at the lysosomes in the hypodermis; since the
hypodermis is one of the largest tissues in C. elegans,
lysosomes are easily visualized. In addition, the
hypodermis, like most C. elegans tissues, is post-mitotic
so it recapitulates the reliance of neurons upon the
autophagy-lysosome system. Examining the C. elegans
hypodermis therefore allows more detailed analyses of
lysosomes in a cell that shares a sensitivity to lysosome
dysfunction. To examine lysosomes in the hypodermis,

we introduced a NUC-1::mCherry transgene driven under
a ubiquitous promoter into the sel-/2 mutant background
[29]. Consistent with our analyses of the TRNs, we found
that sel-72 animals also had enlarged lysosomes in the
hypodermis (Fig. 1H, I, Supplementary Fig. 1B).

We previously found that neuronal and behavioral
defects in se/-12 mutants do not appear prior to adulthood.
Indeed, sel-12 mutants at the L4 larval stage, the stage
prior to adulthood, are phenotypically wild type [13]. We
examined whether the abnormal lysosome morphology
precedes neuronal dysfunction and found that L4 sel-12
mutants have enlarged lysosomes compared to L4 wild
type animals (Fig. 1J). This indicates that aberrant
lysosome morphology occurs prior to major signs of
neurodegeneration and may indicate a causal relationship
between lysosome defects and neurodegeneration.
Notably, enlarged hypodermal lysosomes have been
observed in aged animals [29], suggesting premature
lysosomal dysfunction in sel-12 mutants.

Next, we asked whether the lysosome morphological
abnormalities indicated lysosome dysfunction. To
accomplish this, we measured relative lysosome pH by
examining animals transiently expressing NUC-1 fused
with the pH sensitive fluorescent protein pHTomato using
a heat shock inducible promoter [29]. pHTomato’s
emission intensity is highly pH-dependent, and increases
with higher pH [38]. By comparing pHTomato
fluorescence intensity between wild type and sel-12
mutants, we found that se/-/2 mutants had a significantly
higher pHTomato fluorescence intensity, indicating that
sel-12 mutant lysosomes are more alkaline, demonstrating
lysosomal dysfunction (Fig. 1K, L, S1C). Lysosome
volume also correlated with pHTomato fluorescence
intensity, suggesting that lysosomal enlargement is
associated with impaired lysosome function (Fig. 1M).
Overall, we found that sel-/2 mutants have significant
lysosome morphological and functional defects,
consistent with other studies on lysosomal biology in
other AD and presenilin fAD models [20, 22-24, 39].

Abnormal lysosome morphology is independent of
gamma-secretase proteolytic activity in se/-12 mutants

To explore causes of lysosome enlargement, we examined
whether lysosome morphology defects in sel-12 mutants
are the result of SEL-12’s proteolytic function. SEL-12,
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like mammalian presenilin, is the proteolytic subunit of
the gamma secretase complex, which is responsible for
cleaving the Notch receptor and other type I integral
membrane proteins. Presenilin/gamma secretase is
associated with fAD via its role in processing Abeta
peptides, but there is also evidence that presenilin
additionally contributes to fAD pathology through
alternate gamma-secretase-independent mechanisms [8-
13, 15]. To determine whether the lysosome morphology
in sel-12 mutants is impacted by sel-12 protease activity,
we examined the lysosomes in a sel-12 CRISPR/Cas9

engineered mutant that contains a D to A mutation within
the endogenous sel-/2 gene that codes for a residue
necessary for its aspartyl-protease activity, D226A, and
which we have previously verified abolishes gamma
secretase function [17]. Hypodermal lysosome volume in
sel-12(D2264) mutants was not significantly different
from wild type animals, while it was significantly smaller
compared to sel-/2 mutant lysosomes (Supplementary
Fig. 1D), indicating that SEL-12’s impact on the lysosome
is gamma-secretase independent.
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Figure 2. sel-12-mediated lysosome dysfunction is ameliorated by blocking mitochondrial calcium uptake. (A and B)
Fluorescence intensity of mitochondrial-targeted GCaMP6, a genetically encoded calcium indicator, in the hypodermis of animals also
expressing cytosolic wrmScarlet as an internal expression control (semo-1p::2xMLS::GCaMP6f::SL2::wrmScarlet). (C) Quantification
of hypodermal lysosome volume in wild type, sel-12, and mcu-1; sel-12 animals expressing nuc-1::mCherry as a marker for the
lysosomal lumen (n > 18 animals). (D) Lysosome volume within the ALM soma in animals co-expressing nuc-1::mCherry to mark the
lysosomes and mec-4p::GFP to mark the TRNs (n > 18 animals). (E and F) Representative images of lysotracker-labeled lysosomes in
fibroblasts isolated from control and fAD patients (scale bar = 15 pm) and (F) quantification of lysosome volume (+/- ru265) (n = 20
cells). (G and H) Representative images of lysosomes in control and fAD patient fibroblasts transfected with Lamp1-RFP (Celllight
BacMam 2.0, Invitrogen) (scale bar = 20 um), and (H) quantification of lysosome volume (+/- ru265) (n = 20 animals). ns p > 0.05, *
p <0.05, ** p <0.01, *** p <0.001, **** p <0.0001. For B, C, F, and H, one-way ANOVA with Tukey’s multiple comparisons test
was used. For A and D, Kruskal-Wallis test with Dunn’s multiple comparison test was used. Error bars indicate mean = SEM.

Comparisons are made to wild type unless otherwise indicated.

Lysosome abnormalities are suppressed by reducing
mitochondrial calcium uptake

We previously determined that aberrant mitochondrial
calcium homeostasis contributes to neurodegeneration in
sel-12 mutants [13, 17]. Therefore, we wished to establish

the connection between mitochondrial calcium, lysosome
dysfunction, and neurodegeneration. To determine
whether mitochondrial calcium causes lysosome
enlargement and dysfunction, we first asked whether
mitochondrial calcium is elevated in the sel-12
hypodermis as it is in the neurons [13]. We expressed a
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mitochondrial targeted GCaMP calcium sensor, driven
under a hypodermal-specific promoter, co-expressing a
wrmScarlet marker as an expression control. We found
calcium levels were elevated in hypodermal mitochondria
in sel-12 mutants (Fig. 2A). Additionally, using a
mitochondrial-targeted GFP driven by a hypodermis-
specific promoter, we found the hypodermal
mitochondrial network is disorganized and fractured
(Supplementary Fig. 2). These data are consistent with
previous results in sel-12 neurons, where elevated calcium
levels correlated with mitochondrial morphological
defects [13]. To confirm whether increased mitochondrial
calcium uptake in the hypodermis is responsible for the
fractured mitochondrial network, we suppressed
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mitochondrial calcium uniporter (mcu-1) null mutation,
which we and others have shown reduces mitochondrial
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the increased mitochondrial calcium levels (Fig. 2A) and
mitochondrial network fragmentation (Supplementary
Fig. 2), indicating elevated mitochondrial calcium uptake
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mitochondrial  disorganization and morphological
changes (Supplementary Fig. 2). This also provides
evidence that the hypodermis mimics the aberrant calcium
signaling present in se/-/2 mutant neurons and the
resulting mitochondrial abnormalities [13].
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Figure 3. Aberrant ER-to-mitochondrial calcium transfer results in enlarged, more alkaline lysosomes. (A and B)
Representative images of lysosomes (nuc-1::mCherry) in wild type and sel-12(ty11) animals grown on either control empty vector
(EV) or itr-1 RNAI (A) (scale bar = 10 um), and quantification of lysosome volume (B) (n > 19 animals). (C) Quantification of
lysosome volume (nuc-1::mCherry) in animals grown on either EV or unc-68 RNAi (n > 18 animals). (D and E) Fluorescence
intensity of hypodermal mitochondrial-targeted GCaMP6, a genetically encoded calcium indicator, normalized to cytosolic
wrmScarlet, used as an internal expression control (n > 19 animals). (F) Quantification of the average pHTomato fluorescence
intensity per lysosome in animals expressing nuc-1::pHTomato controlled by the heat-shock promoter, with increased pHTomato
fluorescence intensity indicating increased pH (n > 21 animals). (G) nuc-1::pHTomato fluorescence in wild type and sel-12(ty11)
animals grown on either EV or itr-7 RNAIi (n > 19 animals). ns p > 0.05, * p < 0.05, *** p <0.001, **** p <0.0001. For C and G,
one-way ANOVA with Tukey’s multiple comparisons test was used. For B, D, E, and F, Kruskal-Wallis test with Dunn’s multiple
comparison test was used. Error bars indicate mean = SEM. Comparisons are made to wild type unless otherwise indicated.

To determine whether this increase in mitochondrial
calcium also contributes to lysosomal enlargement, we
compared sel-12 mutants with mcu-1; sel-12 double
mutants expressing the transgenic NUC-1 lysosomal
marker. We found that mcu-1; sel-12 mutants had reduced

lysosome volume in both the hypodermis (Fig. 2C) and in
the TRNs (Fig. 2D) and resembled wild type lysosomes,
implicating increased mitochondrial calcium uptake in
altered lysosome morphology.
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We next asked whether the effect of mitochondrial
calcium on lysosomes is conserved in human cells.
Studies examining cell lines from patients that harbor fAD
presenilin mutations have found enlarged lysosomes [10,
20, 24] but the cause of the enlargement remains unclear.
Therefore, we first determined lysosome size in
fibroblasts isolated from patients with PSEN1 fAD
mutations. We have previously found evidence that the
fAD fibroblasts have elevated mitochondrial calcium
[13]. Using lysotracker to label live fibroblast lysosomes,
we found that, like previous studies and similar to the sel-
12 mutants, fAD fibroblasts had enlarged lysosomes (Fig.
2E, F). Importantly, fAD cells treated with the
mitochondrial calcium uniporter inhibitor, ruthenium 265
(ru265), showed significantly lower lysosome volume
compared to untreated fAD fibroblast (Fig. 2F).
Alternatively, we labeled the lysosomes by transfecting
fibroblast cells with a Lamp1-RFP fusion vector. Using
this method, we also found ru265 treatment rescued
increased lysosome volume in fAD cells (Fig. 2G, H).
Considering that previous data show mitochondrial
calcium is elevated in these fAD cells [13], this suggests
that this potential pathogenic mechanism is conserved in
human cells.

Altered ER-to-mitochondrial calcium signaling
mediates lysosomal morphology and functional defects

Elevated ER calcium release has been implicated in
neuronal dysfunction in fAD models [42-44].
Additionally, we have previously demonstrated that
impairing calcium release from the ER reduces
mitochondrial calcium and prevents neuronal dysfunction
in sel-12 mutants [13]. There is also evidence of increased
ER-mitochondrial contacts in fAD presenilin patient cell
lines [8, 45]. Therefore, we asked whether ER calcium
release contributes to the lysosomal enlargement and
alkalization observed in sel-12 mutants. To inhibit ER
calcium release, we treated sel-7/2 mutants with RNAi
knockdown of itr-1, which encodes the C. elegans inositol
1, 4, S5-trisphosphate receptor (IP3R) orthologue.
Compared to sel-12 mutants grown on control empty
vector (EV) RNAI, itr-1(RNAi); sel-12 animals had
significantly reduced lysosome volume indistinguishable
from those of wild type animals (Fig. 3A, B). As an
alternative strategy to inhibit ER calcium release, we
treated sel-12 mutants with RNAi knockdown of unc-68,
which encodes the C. elegans orthologue of the ryanodine
receptor. Although not as robust as ifr-/ depletion, we
found that unc-68 RNAI treatment also reduced lysosome
volume (Fig. 3C). Furthermore, both itr-1(RNAi) and unc-
68(RNAi) knockdown reversed the elevation of
mitochondrial calcium levels in sel-/2 mutants (Fig. 3D
and E), demonstrating that blocking ER calcium release

prevents excessive mitochondrial calcium uptake.
Together with the reduced lysosome volume data
observed in mcu-1; sel-12 animals (Fig. 2C), these data
show that calcium transfer from the ER into the
mitochondria impacts lysosome morphology.

Next, we also wished to determine whether ER-to-
mitochondrial calcium signaling is responsible for
acidification defects found in sel/-/2 mutant lysosomes.
We examined nuc-I::pHTomato fluorescence intensity
after blocking ER calcium release or mitochondrial
calcium uptake in sel-/2 mutants. Either ifrr-1 RNAi
depletion or mcu-I knockout in the sel-12 mutant
background improved lysosome acidity as measured by a
reduction in pHTomato fluorescence (Fig. 3F, G).

Overall, these data show that altered calcium
signaling between the ER and mitochondria has
morphological and functional consequences on the
lysosome, an organelle critical for protein and organelle
homeostasis. The data demonstrates that a defect in inter-
organelle communication between the ER and
mitochondrial impacts the morphology and function of
the lysosome, signifying the interdependent nature of
organelles and highlights that organelles do not act as
solitary compartments.

sel-12 mutants have increased mitochondria and ER
contact that is dependent on inositol 1,4,5-
trisphosphate receptor (ITR-1) function

fAD presenilin mutations have previously been linked
with increased contact sites between the ER and the
mitochondria, which increased signaling and exchange of
materials between the two organelles [8, 46]. Presenilin
predominantly localizes to the ER and is enriched at the
region of ER membrane that is in direct contact with
mitochondria [47]. In line with this, presenilin can affect
ER-mitochondria calcium and lipid signaling by
regulating the level of physical contact between the ER
and mitochondria [8, 13, 45, 47]. It has therefore been
speculated that presenilin mediates ER-mitochondrial
communication, and that AD at least partially results from
dysregulated inter-organelle signaling [48]. Therefore, we
asked whether loss of SEL-12 recapitulated this
potentially pathogenic mechanism in se/-/2 null mutants,
and whether altering ER-mitochondrial calcium exchange
would disrupt ER-mitochondrial contact. To first
determine if SEL-12, like mammalian presenilin,
localizes to the ER, we examined animals co-expressing a
functional SEL-12::GFP fusion protein [13] and an ER
reporter (mCherry::SP12) [49]. Similar to previous
studies [50], SEL-12 showed perinuclear expression and
colocalized with the ER marker, indicating SEL-12
localizes to the ER (Supplementary Fig. 3).
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Figure 4. sel-12 mutants have increased mitochondria and endoplasmic reticulum contact points dependent upon
itr-1 function but not mcu-1. (A) Representative confocal z-stack images of hypodermal mitochondria (green) and
endoplasmic reticulum (red) and rendering of 3D images (bottom panels) with white indicating ER-mitochondrial
contact points (scale bar = 4 um). (B) Quantification of the ratio of mitochondria-ER contact surface area to total area
of visible hypodermis in wild type, sel-12(ty11), and mcu-1; sel-12(ty11) animals (n > 20 animals). (C) Mitochondrial-
ER contact surface to total surface area ratio in animals treated with either empty vector (EV) or itr-1 RNAi (n > 15
animals). ns p > 0.05, *p < 0.05, ****p < 0.0001 using Kruskal-Wallis with Dunn’s post-hoc test. Error bars indicate
mean + SEM. Comparisons are made to wild type unless otherwise indicated.

To examine contacts between the ER and
mitochondria, we generated transgenic animals co-
expressing an ER marker (wrmScarlet::KDEL) and a
mitochondrial marker (mito::dendra2) [51]. We imaged
ER-mitochondrial contacts in the hypodermis at a defined
region of interest at the center of the animal, and
quantified organelle contacts following a previously
established methodology for 3D rendering and surface
contact analysis [30]. Consistent with previous studies in

presenilin fAD cell models [8, 45-47], we found that the
ER-mitochondrial contact area was increased in sel-12
mutants (Fig. 4A, B). However, inhibition of
mitochondrial calcium uptake via the mcu- I null mutation
did not alter the level of mitochondria-ER contact in sel-
12 mutants (Fig. 4A, B). This suggests that increased
mitochondrial calcium is a consequence of increased ER-
mitochondria contact rather than a cause. It also proposes
that SEL-12 acts at the ER to influence ER-mitochondrial
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connections, which promotes ER-mitochondrial calcium
exchange. In contrast, depleting itr-1 via RNA1 prevented
the increase in ER-mitochondrial contacts in sel-12

mitochondria connections and/or the ITR-1 protein itself
acts to mediate ER-mitochondrial contacts. Indeed,
evidence in the literature shows inositol 1,4,5-
trisphosphate receptor is critical for mediating ER-

mutants (Fig. 4A, C). This may indicate that either itr-1

function in ER calcium release promotes ER- mitochondrial contact [52-54].
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Figure 5. sel-12 mutants have increased mitochondria and lysosome contact points. (A) Representative confocal z-stack images
of hypodermal mitochondria (green) and lysosomes (red) (scale bar = 4 pm) and rendering of 3D images (bottom panels) with white
indicating mitochondria-lysosome contact points (scale bar = 4 um). (B) Quantification of the ratio of mitochondria-lysosome contact
surface area to total area of visible hypodermis in wild type, sel-12(ty11), and mcu-1; sel-12(ty11) animals (n > 17 animals). (C)
Mitochondrial-lysosome contact surface to total surface area ratio in animals treated with either empty vector or ifr-/ RNAi (n > 15
animals). (D) Representative images of confocal z-stack (upper panel) and 3D rendered (lower panel) images of ALM soma in animals
co-expressing a mitochondrial marker driven under a TRN-specific promoter and a lysosome marker, with arrows indicating contact
sites between lysosomes and neuronal mitochondria (scale bar = 5 pm). (E) Quantification of mitochondria-lysosome contact surface
area per ALM soma (n > 16 animals). ns p > 0.05, *p < 0.05, ** p <0.01, ***p < 0.001. For B and C, one-way ANOVA with Tukey’s
multiple comparisons test was used. For E, Kruskal-Wallis test with Dunn’s multiple comparison test was used. Comparisons are to
wild type unless otherwise indicated. Error bars indicate mean + SEM.

Inter-organelle contacts between mitochondria-
lysosomes and lysosomes-ER are increased in sel-12
mutants

Presenilin has also been found to localize to lysosomal
membranes [10, 47, 55, 56]. Therefore, loss of presenilin

may additionally influence communication between
lysosomes and other organelles. Since we observed
increased contacts between the mitochondria and ER, we
asked whether other inter-organelle contacts were altered
in sel-12 mutants.
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Figure 6. sel-12 mutants have increased endoplasmic reticulum and lysosome contact points dependent upon ER-to-
mitochondria calcium signaling. (A) Representative confocal z-stack images of hypodermal endoplasmic reticulum (green) and
lysosomes (red) and rendering of 3D images (bottom panels) with white indicating ER-lysosome contact points (scale bar =4 pm).
(B) Quantification of the ratio of mitochondria-ER contact surface area to total area of visible hypodermis in wild type, sel-12(ty11),
and mcu-1, sel-12(ty11) animals (n > 17 animals). (C) Mitochondrial-ER contact surface to total surface area ratio in animals treated
with either empty vector or itr-1 RNAI (n > 15 animals). ns p > 0.05, *p < 0.05, **p < 0.01 using one-way ANOVA with Tukey’s
multiple comparison test. Comparisons are made to wild type unless otherwise indicated. Error bars indicate mean + SEM.

First, to determine whether there is evidence of
increased inter-organelle contacts between the lysosomes
and mitochondria, we quantified the area of contact
between these two organelles. We utilized mito-Dendra2,
to label mitochondria [51] and NUC-1::mCherry, to label

lysosomes [57] in the hypodermis. We found that the
mitochondria and lysosomes had an increased ratio of
contact surface area to total surface area of the
hypodermis in the sel-/2 mutants versus wild type
animals (Fig. 5A, B), indicating a greater total area of
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mitochondria-lysosome contacts within the hypodermis.
However, this increase was not dependent on
mitochondrial calcium uptake. Indeed, the mitochondria-
lysosome contact area of mcu-1,; sel-12 mutants was
indistinguishable from sel-/2 mutants and larger than
wild type animals (Fig. 5A, B). Additionally, itr-1 RNAi
depletion was also unable to rescue the increase in
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mitochondria-lysosome contact surface area in sel-12
mutants (Fig. 5A, C). These data indicate that, despite the
impact loss of mcu-1 or itr-1 has on lysosome size in sel-
12 mutants, the increased mitochondria-lysosome
contacts are not impacted by mitochondria-ER calcium
signaling.
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Figure 7. Lysosome defects are alleviated by
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We  also mitochondria-lysosome
colocalization in the TRNs by introducing a TRN-specific
marker for mitochondria along with the ubiquitous NUC-
1::mCherry lysosome reporter. As in the hypodermis, we
found increased lysosome-mitochondria contact area in
sel-12 mutants compared to wild type animals (Fig. 5D,
E). However, this increase was not affected by inhibiting
mitochondrial calcium uptake. Indeed, introduction of the
mcu-1 null mutation into the sel-/2 mutant background
did not show a decrease in TRN mitochondria-lysosome
contacts (Fig. 5D, E). Altogether, these data suggest that
loss of SEL-12 results in increased contact between the

lysosome in animals expressing nuc-
I::pHTomato controlled by the heat-shock
promoter, with  increased = pHTomato
fluorescence intensity indicating increased pH
(n> 19 animals). ns p > 0.05, *p < 0.05, ****p
<0.0001. For A and C, one-way ANOVA with
Tukey’s multiple comparisons test was used.
For B, Kruskal-Wallis test with Dunn’s
multiple comparison test was used. Error bars
indicate mean £ SEM. Comparisons are made
to wild type unless otherwise indicated.

mitochondria and lysosomes, but this is neither influenced
by mitochondrial calcium nor ER calcium release, but
through an alternate mechanism.

Next, to determine the level of contacts between the
ER and the lysosomes, we co-expressed the NUC-
1::mCherry lysosomal marker with an ER marker driven
under a hypodermal-specific promoter. Similarly, we
quantified the contact surface area between the
hypodermal ER and lysosomes at a region of interest at
the midbody. Like the other inter-organelle interactions,
we found increased contact area between the ER and
lysosomes in sel-12 mutants compared to wild type
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animals (Fig. 6A, B). Markedly, we found that inhibiting
mitochondrial calcium uptake using the mcu-/ null
mutation prevented this increase in contact area between
the ER and lysosomes in sel-12 mutants (Fig. 6A, B).
Similarly, inhibiting ER calcium release via itr-1 RNAi
also reduced ER-lysosome contact surface area to wild
type levels (Fig. 6A, C). These data indicate that ER
calcium release as well as mitochondrial calcium uptake
influences ER-lysosome contacts, which may alter ER-
lysosome communication and impact lysosome function.

Lysosome defects are alleviated by mitochondrial-
targeted antioxidant treatment

To help wunderstand the mechanism connecting
mitochondrial calcium dyshomeostasis and lysosome
function in sel-/2 mutants, we explored the impact
mitochondrial reactive oxygen species (ROS) have on
lysosome function. Previously, we demonstrated that sel-
12 mutants show evidence of elevated oxidative stress
[13, 18]. In sel-I12 mutants, increased mitochondrial
calcium accumulation disrupts mitochondrial activity and
results in increased mitochondrial ROS generation. In
agreement with this role of calcium, the elevated ROS in
sel-12 mutants is relieved by inhibiting mitochondrial
calcium uptake [13, 18]. Increased mitochondrial ROS
may increase the misfolded protein load and put a strain
upon the lysosome system and may also explain the
connection between mitochondrial calcium and lysosomal
defects. Indeed, reducing mitochondrial calcium uptake or
ROS production was found to improve proteostasis
defects in sel-12 mutants [17]. To determine the role of
oxidative stress in aberrant lysosome morphology, we
treated sel-/2 mutants with the antioxidant n-
acetylcysteine (NAC). However, there was no reduction
of lysosome volume with NAC treatment (Fig. 7A). To
determine whether specifically targeting mitochondrial
ROS would improve lysosome morphology, we treated
sel-12 animals with either MitoTEMPO, which targets the
antioxidant piperidine nitroxide (TEMPO) to the
mitochondria, or triphenylphosphonium (TPP), the
vehicle control. se/-12 mutants treated with MitoTEMPO
showed a significant reduction in lysosome volume
compared to sel-12 mutants treated with TPP (Fig. 7B).
Similarly, MitoTEMPO treatment restored sel/-/2 mutant
lysosome acidity as measured by pHTomato fluorescence
intensity (7C). This suggests that mitochondrial ROS,
generated by altered ER-to-mitochondria calcium
signaling, is responsible for lysosome dysfunction in sel-
12 mutants.

Collectively, these data show that loss of SEL-12 not
only promotes interactions between the ER and
mitochondria but with the lysosomes as well, which
suggests that sel-/2 function is important for regulating

interactions between these three types of organelles.
These data may also indicate altered signaling between
these organelles in sel-/2 mutants, which in turn impacts
their function. Furthermore, we have identified aberrant
ER-to-mitochondrial calcium signaling in sel/-/2 mutants
leads to lysosome morphological and acidification defects
by increasing mitochondrial ROS, implicating ER-
mitochondrial calcium homeostasis as a factor in
lysosome health.

DISCUSSION

Lysosomal function is necessary for maintaining
proteostasis, and its dysfunction is associated with
Alzheimer’s disease [58, 59]. The phylogenetically
conserved protein, presenilin, has been shown to
influence lysosome health, but the underlying mechanism
is still unclear [10, 14, 20, 22, 24]. In this study, we found
that loss of the C. elegans presenilin orthologue encoded
by the sel-12 gene disrupts lysosome morphology and
function as a result of elevated ER-to-mitochondria
calcium signaling. We have identified a novel link
between mitochondrial calcium and lysosome health in
the context of presenilin function, which may have
functional implications into the mechanism underlying
fAD. Additionally, this effect is independent of SEL-12’s
gamma secretase activity, consistent with other studies
showing that presenilin loss impacts lysosome function in
a gamma secretase-independent manner [10, 11]. Since
the activation of lysosomal proteases requires strict
maintenance of acidic pH, the morphological changes and
increased pH we observed in se/-/2 null mutants likely
undermines lysosome overall function and neuronal
fitness.

Presenilin’s best understood role is acting as the
proteolytic subunit of gamma secretase. The gamma
secretase complex is required for the proteolytic
processing of numerous type I transmembrane domain
proteins. Recently, it has been demonstrated that the
proteolytic activity of presenilin containing gamma
secretase is in acidic compartments, including lysosomes
[60]. Thus, the lysosomal morphological changes and
functional defects we observe in sel-12 mutants may arise
due to the accumulation of unprocessed membrane
proteins. However, this notion is unlikely since we did not
observe lysosomal morphology defects in se/-12 mutants
that harbor a mutation that abolishes its proteolytic
activity (Supplementary Fig. 1D).

The autophagy-lysosome system is particularly
important for neurons, which are mostly post-mitotic and
rely on this system to clear intracellular waste and
maintain proteome integrity. Indeed, neurons are highly
sensitive to insults to lysosome function, as this, for
example, will compromise autophagy and lead to a
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buildup of damaged, aggregated material. Morphological
changes in the lysosome such as enlargement may
indicate dysfunction and the accumulation of undigested
materials. Lysosomes display significant variation in size
to accommodate the contents delivered to them [61].
Enlarged lysosomes might also result from increased
lysosome fusion events [16]. Regardless, indicators of
morphological and functional lysosome abnormalities
presage neuronal damage. Our findings in sel-/2 mutants
agree with those in human fAD models which showed
enlarged lysosomes [20, 24] and lysosome acidification
defects [10, 21, 22], suggesting this important function of
presenilin is highly conserved. Indeed, loss of presenilin
in Dictyostelium also shows defects in lysosome
acidification [14]. Considering that se/-/2 mutants show
loss of proteostasis [17], it is likely that lysosome
dysfunction contributes to proteostatic collapse.
Additionally, since lysosome morphological
abnormalities occur in L4 animals (the larval stage before
adulthood), whereas neuronal defects are first observed in
day 1 adults, this suggests that lysosomal defects precede
neuronal dysfunction in se/-/2 mutants [13]. Moreover,
our data demonstrate the interdependent nature of
organelles, as we show that lysosome dysfunction can
stem from dysregulated signaling between the ER and
mitochondria. Our findings align with a recent study
showing that elevated ER calcium release in an AD model
resulted in lysosome alkalization and protein aggregation
[62]. Furthermore, another recent study found evidence
that elevated ER calcium release in an AD mouse model
also inhibits autophagy [63]. However, the mechanism
underlying these observations is not clear. Here, we
implicate mitochondrial calcium and ER-mitochondrial
calcium signaling in defective lysosome acidification.
The effect of mitochondrial calcium on lysosome
function is unclear. There are studies that demonstrate that
ER-mitochondrial  calcium  dysregulation impacts
mitochondrial ROS production and that lysosome calcium
levels are affected by increasing mitochondrial ROS,
which is generated as a byproduct of increased calcium-
mediated mitochondrial activity [64-66]. Mitochondrial
dysfunction can alter lysosomal morphology by
generating ROS [67]. Presenilin has been shown to
interfere with a lysosomal calcium efflux channel,
mucolipin transient receptor potential channel subfamily
(TRPML1) [22]. Interestingly, TRPMLI1’s function has
also been shown to be highly ROS-dependent [68]. In
general, lysosomes are susceptible to oxidative stress, and
lysosome damage by oxidants sensitizes neurons to
apoptosis and necrosis [69]. We have previously
demonstrated that ROS generation in sel-/2 mutants
results from increased mitochondrial calcium uptake,
which triggers neurodegeneration [17, 70]. Here, in sel-12
mutants, we found that mitochondrial ROS plays a role in

lysosome enlargement and alkalization (Fig. 7B, C).
Furthermore, alkalization of lysosomes, which are
calcium harboring stores, has been shown to promote
calcium efflux [22]. Thus, the lysosome alkalization we
observe in sel-12 mutants likely leads to further defects in
calcium homeostasis.

To better understand the relationship between the ER,
mitochondria, and lysosomes and how they might
influence each other in absence of SEL-12 function, we
quantified inter-organelle contact and found increased
contact area between all these organelles in sel-12 null
mutants. This suggests that presenilin has an additional
role in preventing inappropriate interactions between
organelles, perhaps acting as a gatekeeper for inter-
organelle communication and signaling in order to
maintain cellular homeostasis. Without SEL-12, these
interactions are increased, likely resulting in excessive
inter-organelle communication. This altered signaling can
in turn have downstream consequences on organelle
function and impact cellular fitness. There is previous
evidence that null or fAD associated presenilin mutations
increase ER-mitochondria contact, upregulate membrane
protein function at contact sites, and alter lipid and
calcium exchange between the ER and mitochondria [8,
46]. Our data show that loss of SEL-12 function also
increases contact between the ER and mitochondria in C.
elegans, which occurs upstream of elevated mitochondrial
calcium, as inhibiting mitochondrial calcium uptake was
unable to rescue the increase in ER-mitochondrial contact
area (Fig. 4A, B). However, we found that knockdown of
the ER inositol 1,4,5-trisphosphate receptors suppressed
the increased mitochondrial Ca2+ and ER-mitochondrial
contacts observed in sel-/2 mutants (Fig. 4A, C).
Importantly, inositol 1,4,5-trisphosphate receptors have
been shown to be critical for mediating ER-mitochondrial
contact [49-51].

Less is understood about communication between the
mitochondria and lysosomes and may be an important
understudied relationship influencing neuronal function.
Although we found that se/-12 mutants had increased
mitochondrial-lysosome contacts (Fig. 5), the mechanism
underlying this aberrant interaction is unclear. There have
been studies in other neurodegenerative disease models
showing aberrant mitochondria-lysosome contact
dynamics that suggest altered communication is involved
in disease pathology [71, 72]. Other studies show a close
proximity between mitochondria and lysosomes as well as
significant crosstalk, especially in regulating calcium
homeostasis [73, 74]. Both mitochondria and lysosomes
regulate intracellular calcium signaling and are
simultaneously influenced by calcium Ilevels [75].
Changes in contact surface arca may therefore alter
calcium signaling between these two organelles and in
turn affect their function. ER-lysosome communication
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has been even less studied, although there is data
indicating that altering ER-lysosome contact affects
neuronal health [76, 77]. It is therefore interesting that our
findings demonstrate sel-/2 mutants have increased ER-
lysosome contact dependent upon ER-to-mitochondrial
calcium signaling (Fig. 6), suggesting another avenue by
which altered calcium signaling may influence other
organelles and ultimately neuronal health.

Altogether, our study demonstrates a role for ER-to-
mitochondrial calcium signaling in lysosome dysfunction
caused by loss of SEL-12. SEL-12 loss increases ER-
mitochondrial contacts, likely promoting ER-to-
mitochondrial calcium exchange, which affects the health
of not only the mitochondria but the lysosomes, which in
turn likely contributes to proteostatic collapse and
neurodegeneration in sel-/2 mutants [13, 17]. The
influence of mitochondrial calcium on the lysosomes is
also conserved in cells isolated from fAD patients, as we
found that inhibiting mitochondrial calcium uptake
reduced the enlarged lysosomes observed in fibroblasts
isolated from patients harboring fAD mutant presenilin.
Additionally, our results indicate that SEL-12 may also be
important for regulating inter-organelle contacts and
communication between not only the ER and
mitochondria but with the lysosome as well. Our data
therefore show the importance of inter-organelle crosstalk
and how intracellular ER-mitochondrial calcium
signaling dysregulates lysosome function in C. elegans,
providing novel insight into the pathology that may
underlie Alzheimer’s disease.
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