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Palmitate-mediated disruption of the endoplasmic
reticulum decreases intracellular vesicle motility
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ABSTRACT Essential cellular processes such as metabolism, protein synthesis, and autophagy require the intracellular trans-
port of membrane-bound vesicles. The importance of the cytoskeleton and associated molecular motors for transport is well
documented. Recent research has suggested that the endoplasmic reticulum (ER) may also play a role in vesicle transport
through a tethering of vesicles to the ER. We use single-particle tracking fluorescence microscopy and a Bayesian change-point
algorithm to characterize vesicle motility in response to the disruption of the ER, actin, and microtubules. This high-throughput
change-point algorithm allows us to efficiently analyze thousands of trajectory segments. We find that palmitate-mediated
disruption of the ER leads to a significant decrease in vesicle motility. A comparison with the disruption of actin and microtubules
shows that disruption of the ER has a significant impact on vesicle motility, greater than the disruption of actin. Vesicle motility
was dependent on cellular region, with greater motility in the cell periphery than the perinuclear region, possibly due to regional
differences in actin and the ER. Overall, these results suggest that the ER is an important factor in vesicle transport.

SIGNIFICANCE Cells require intracellular transport of vesicles to function. We have used fluorescence microscopy to
track the motion of vesicles and a new Bayesian change-point algorithm to analyze the motion. While much previous

research has investigated the actin and microtubule cytoskeleton, this work provides the first experiments measuring the
motility of vesicles as a function of palmitate-mediated ER disruption. Surprisingly, we find that structural changes to the

understanding of intracellular transport.

ER significantly decrease vesicle motility. This indicates that the ER is an important organelle to consider in our

INTRODUCTION

Cells require vesicle-mediated intracellular transport for a
wide range of functions (1-4). These functions include
metabolism (5-7), protein synthesis (8-10), cell division
(11-13), neuron activity (14—17), autophagy (18-20), and
wound healing (21-23). Diseases such as Alzheimer’s,
Huntington’s, and cystinosis are associated with disrupted
intracellular transport (24-32). Vesicle transport includes
microtubule-dependent motion with kinesin and dynein
motor proteins moving vesicles along microtubules and
myosin motors moving cargo along actin filaments
(33-42). Beyond the well-studied role of molecular motors
and cytoskeletal transport, vesicle size (43—45), macromo-
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lecular crowding (46-49), and endoplasmic reticulum
(ER)-vesicle interactions (50-55) have been investigated
as factors in intracellular transport.

Intracellular transport in live cells is measured using
fluorescence microscopy and single-particle tracking.
Single-particle tracking analysis, including our own (44),
has relied on fitting of mean-square displacement (MSD)
curves to classify vesicle motion as subdiffusive, diffusive,
or active (56-61). Recent work has demonstrated that
MSDs are limited both by measurement error and appro-
priate maximum lag (62-64). To address these concerns,
numerous inferential particle tracking analysis approaches
have been implemented (65-72). Among these, we recently
described a Bayesian change-point analysis for single-parti-
cle tracking in live cells (45). The advantage of this method
is the segmentation of trajectories into individual states
defined by their speed. For vesicle trafficking, we can
directly export data from TrackMate (73), use change-point
analysis to segment trajectories, and perform rigorous
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statistical inference of motion states across experiments
for high-throughput characterization of thousands of
trajectories.

We now use this high-throughput change-point analysis
method to address the underlying biophysics of vesicle-
mediated transport using ~7000-30,000 trajectory seg-
ments for each experimental condition. We use fluorescently
labeled dextran, a polysaccharide internalized into vesicles
by pinocytosis, to label vesicles (74-76). We first demon-
strate the use of our method by measuring transport
following disruption of actin filaments and microtubules.
As expected, intracellular transport is decreased. We then
measure the effect of two cellular structures that have
recently been proposed to affect intracellular transport: the
ER and ribosomes (50-55,77).

The ER has been shown to be important for the posi-
tioning of endolysosomal vesicles (50,51). ER structure
can be disrupted through cisternal expansion induced by
high concentrations of palmitate, a fatty acid (78-82). We
use palmitate to disrupt the ER and investigate how this
structural change influences vesicle transport. Recent work
from Delarue et al. has shown that ribosomes serve as
cytosolic crowding agents by contributing ~20% of the
cytosolic volume (77). We use a similar approach,
decreasing ribosomal concentration with rapamycin, and
then measure vesicle motility.

These experiments led to an interesting new result.
Vesicle motility is significantly reduced in response to
palmitate-mediated ER disruption. The ER was found to
be significantly more important than actin filaments in
maintaining vesicle motility. Microtubules, as expected,
were found to be the most important component for vesicle
motility. We saw no effect of decreased ribosomal concen-
tration on vesicle transport. The increased lysosomal
motility in the cell periphery, observed in our previous
work (45), is also observed with these dextran-labeled ves-
icles and discussed in terms of actin and ER localization.
Overall, this work, enabled by a high-throughput Bayesian
change-point analysis, shows that the structure of the ER
is a key factor in vesicle motility.

MATERIALS AND METHODS
Cell culture and fluorescent labeling of vesicles

Monkey kidney epithelial cells (BS-C-1, obtained from the Duke University
Cell Culture Facility) were cultured in Dulbecco’s modified Eagle medium
(#12100046, Thermo Fisher Scientific, Waltham, MA, USA). Cell culture
media were supplemented with 10% fetal bovine serum (#10437028,
Thermo Fisher Scientific). Cells were incubated at 37°C with 5% carbon di-
oxide. Cells were passaged with trypsin (#25200072, Thermo Fisher Scien-
tific) every 2-3 days. For imaging experiments, 35 mm optical dishes were
used (#150682, Thermo Fisher Scientific).

Vesicles were labeled with tetramethylrhodamine-dextran, (10 kDa,
0.25 mg/mL, 18-24 h incubation, #D1817, Thermo Fisher Scientific).
Dextran is intemmalized pinocytically, labeling vesicles nonspecifically
(74-76). In comparison, our previous work was limited to lysosomes
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(45). Colocalization measurements with emerald green fluorescent protein
(GFP)-lysosome associated membrane protein 1 were carried out to charac-
terize the dextran-containing vesicles (Fig. S1). Cells were transduced with
CellLight Lysosomes-GFP (1:200, BacMam 2.0, #C10596; Thermo Fisher
Scientific) according to the supplier’s instructions. 3 h after the start of the
BacMam incubation, dextran (0.25 mg/mL) was added to the cell culture
media. 18 h later, the cells were washed with phosphate-buffered saline
(PBS; #21300-025, Thermo Fisher Scientific) and imaged in PBS using
the GFP and red fluorescent protein channels, as described below. For static
images that included nuclear staining, 4’,6-diamidino-2-phenylindole was
used (50 uM in PBS, room temperature [RT] for 30 min, #10236276001,
Sigma-Aldrich).

Drug treatments to disrupt actin, microtubules,
ER, and ribosomes

Cytochalasin D (cytoD; 2 uM, 30 min, #C8273, Sigma-Aldrich) was used
to inhibit actin filament polymerization (83,84). Disruption of actin fila-
ments was confirmed using fluorescently labeled phalloidin (ActinRed
rhodamine phalloidin, #R37112, Thermo Fisher Scientific). Cells were
fixed with 4% paraformaldehyde (#15710, Electron Microscopy Services,
Hatfield, PA, USA) in PBS for 10 min at RT. Cells were then washed
with PBS and permeabilized (10% fetal bovine serum, 3% bovine serum al-
bumin [BSA] (#A2153, Sigma-Aldrich), 0.00005% Triton-X 100 (#T8787,
Sigma-Aldrich)) in PBS for 3-5 min at RT. Cells were then incubated with
phalloidin (1:1500) at RT for 15 min before washing three times and imag-
ing in PBS.

Nocodazole (2.2 uM, 30 min, #M1404-10MG, Sigma-Aldrich) was used
to inhibit microtubule polymerization (85-87). Disruption of microtubules
was confirmed using immunofluorescence, as described below.

The ER was disrupted using palmitate (0.5 mM, 4 h) as shown in
previous work (78-82). Palmitate (#P9767, Sigma-Aldrich) was solubi-
lized through complexation with fatty acid-free BSA (#A6003, Sigma-
Aldrich) in an NaCl (#87653, Sigma-Aldrich) solution (88). The only
modification to this protocol was an increased concentration of palmitate
to make 5 mM palmitate-BSA aliquots, maintaining the ratio of palmita-
te:albumin. To visualize ER disruption, ER-Tracker Red (0.66 uM,
#E34250, Thermo Fisher Scientific) was applied to live cells following
supplier’s instructions.

Ribosomal concentration was decreased using rapamycin (1.5 uM, 3 h,
#R8781-200uL, Sigma-Aldrich) as shown previously (77). Rapamycin
blocks mammalian target of rapamycin (89,90). Mammalian target of
rapamycin signaling results in the phosphorylation of ribosomal protein
S6 producing phospho-S6 (P-S6) (91,92). Immunofluorescence of P-S6
was used to confirm rapamycin activity, as described below.

Cell health following drug treatments was confirmed with the 3-(4,5-
dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (MTT) assay
(#V 13154, Thermo Fisher Scientific) according to the supplier’s instruc-
tions. Cytoskeleton- and ribosome-disrupting drugs caused no change
in cell viability (Fig. S2 A). In addition, no decrease in viability
was observed following palmitate treatment (Fig. S2 B). The intracel-
lular distribution of vesicles was unchanged with drug treatments
(Fig. S3).

Cellular ATP concentration was quantified using a firefly luciferase
assay (#SCT149, Sigma-Aldrich) following the supplier’s instructions.
None of the treatments resulted in a significant decrease of ATP
(Fig. S4).

Immunofluorescence of microtubules and P-S6

Immunofluorescence was used to image microtubules and the P-S6 ribo-
somal protein to confirm disruption by nocodazole and rapamycin, respec-
tively. Fixation and permeabilization are described above for phalloidin
staining. Following permeabilization, cells were washed with PBS and



blocked (10% goat serum [#16210064, Thermo Fisher Scientific], 3% BSA
in PBS) for 1 h at RT. The blocking buffer was then removed and replaced
with fresh blocking buffer and the primary antibody (1:1000). The cells
were stained for 3—18 h at RT and washed with PBS. The secondary anti-
body was added to fresh blocking buffer (318 h, RT).

For visualization of microtubules, mouse anti-a-tubulin (1:1000,
#ab7291, Abcam, Cambridge, UK) was used as the primary antibody
and goat anti-mouse (1:1000, Alexa Fluor 568, #ab175473, Abcam)
as the secondary antibody. For P-S6, rabbit anti-P-S6 (1:1000,
#MAS-15140, Thermo Fisher Scientific) was used as the primary antibody
and goat anti-rabbit (1:1000, Alexa Fluor 488, #ab150077, Abcam) as the
secondary antibody.

Live-cell imaging and single-particle tracking

Live-cell imaging and single-particle tracking were used to observe and
characterize lysosome motion. Live-cell imaging was carried out using a
spinning disk confocal microscope (IX-81 [Olympus], CSU-X1 confocal
scanning unit [Yokogawa, Tokyo, Japan], iXon X3 camera [Andor], and
MetaMorph v.7.8.2.0 software [Molecular Devices, San Jose, CA, USA]).
Images were collected using the red fluorescent protein excitation filter,
with the stream function (MetaMorph) used to control exposure time,
field-of-view area, and gain for the desired frame rate. Vesicle transport
in these thin (~5 um) epithelial cells is approximately two-dimensional
(93). Motion in the z-dimension would cause vesicles to move in and out
of the focal plane during tracking. This was not observed. Time-lapse im-
ages were exported to FIJT (v.2.0.0-rc-69./1.52p), noise was removed with
the despeckling filter, and vesicles were tracked with the TrackMate plugin
(73). To remove selection bias, a random number generator was used to
select 100 trajectories from each cell. The perinuclear region was defined
by identifying the nucleus in bright-field images and defining a border be-
tween the densely packed vesicles and the sparser population in the

periphery.

Analysis of motility

Using our previously developed Bayesian change-point segmentation
model (45), vesicle trajectories were segmented into individual trajectory
segments using the bep package in R (94) to select the most common num-
ber of predicted change points estimated per trajectory, to connect those
change points linearly, and then to minimize the variation between the re-
constructed and original trajectories. If a segment contained more than
five steps and had a speed >100 nm/s, that segment was characterized as
motile. Slower segments were labeled stationary. Unlike with MSD curve
fitting, motile is a descriptive label of inferred speed and not a specific
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type of motion. As such, the term motile can encompass both directed trans-
port and fast diffusion of vesicles. For comparison across drug treatments,
average motility was normalized to control values from untreated cells.
Average motility estimates of trajectory segments are presented along
with unnormalized data from individual cells.

RESULTS AND DISCUSSION

Disruption of actin and microtubules decreases
vesicle motility

The importance of actin and microtubules for intracellular
transport is well understood (33-42). To provide a compar-
ison to ER disruption, we used cytoD and nocodazole to
inhibit actin and microtubule polymerization, respectively.
For each condition, we report both averaged values for
all trajectory segments (n = 20,000) and results from indi-
vidual cells (n = 70), showing similar effects. Confidence
intervals (CIs, 95%) for each estimate are included in square
brackets. Comparisons are considered significant if Cls do
not overlap.

CytoD (2 uM, 30 min) prevents polymerization of actin
subunits into filaments (Fig. 1, A and B) (83,84). Esti-
mating from trajectory segments, we observed a small,
significant reduction of vesicle motility compared with un-
treated control cells (Fig. 1 C; control = 100% [96.6
103.6], normalized; cytoD treated = 79.3% [76.2 82.3];
[95% ClIs]). A similar reduction of motility (15.3%-—
12.3%, unnormalized) was also observed averaging over
individual cells (Fig. 1 D).

Nocodazole (2.2 pM, 30 min) prevents polymerization of
tubulin subunits to form microtubules (Fig. 2, A and B)
(85-87). Estimating from trajectory segments, we found a
large reduction of vesicle motility compared with untreated
control cells (Fig. 2 C; control = 100% [96.6103.6], nocoda-
zole treated = 45.8% [43.6 48.1]; [95% CIs]). A similar
reduction of motility (15.6%—7.2%, unnormalized) was also
observed when averaging over individual cells (Fig. 2 D).

As expected, both cytoD and nocodazole significantly
reduced motility through cytoskeletal disruptions.

FIGURE 1 Inhibition of actin polymerization
d decreases vesicle motility. (A) Untreated control
cells. Actin is labeled with phalloidin (yellow)
and nuclei with 4'6-diamidino-2-phenylindole
(DAPIL; biue). (B) CytoD-treated cells (2 uM,
30 min). (C) Vesicle motility in control (n =
26,038 segments from 7000 trajectories) and cy-
toD-treated (n = 23,776 segments from 7491 tra-
jectories) cells. The average (normalized)
estimated segment motility is shown. Error bars
show 95% ClIs. Significance is determined by Cls
that do not overlap. (D) Vesicle motility for individ-
ual cells (n = 70 control cells and 75 cytoD-treated

0 T T 0
] 2

[CytoD] (uM)

cells from 15 experiments). Horizontal lines show
means. The significance comparison is taken
directly from population-level 95% Cls in (C). To
see this figure in color, go online.

[CytoD] (M)

Biophysical Journal 122, 1355-1363, April 4, 2023 1357



Rayens et al.

D

a-tubulin g 1504 501 FIGURE 2 Disruption of microtubules decreases
motility. (A) Untreated control cells. «-Tubulin
. 404 (green) is labeled by immunofluorescence and
%‘ . nuclei with DAPI (blue) (B) Nocodazole-treated
N o0 s cells (2.2 uM, 30 min). (C) Vesicle motility in con-
E a‘é‘ 304 . trol (n = 26,038 segments from 7000 trajectories,
o E eSege control data are replotted from Fig. 1) and nocoda-
£ g ‘S:-' . zole-treated (n = 19,823 segments from 7390
I 201 .:;8_ % trajectories) cells. The average (normalized) of
3 L] sl - estimated segment motility is shown. Error bars
= sl l - show 95% Cls. Significance is determined by
i;; . ClIs that do not overlap. (D) Vesicle motility for in-
"ee $ dividual cells (n = 70 control and 74 nocodazole-
0 s . 0 3 3‘3— treated cells from 15 experiments). Horizontal lines
0 2.2 0 e show means. The significance comparison is taken

[Nocodazole] (uM) [Nocodazole] (UM)

Following the inhibition of actin polymerization with
cytoD, the remaining 79.3% motility is likely a combina-
tion of fast diffusion, remaining actin-based transport,
and microtubule-based motion, which is not affected by
cytoD. Similarly, when microtubules are disrupted, the
remaining 45.8% motility could be attributed to fast diffu-
sion, nocodazole-resistant microtubules (95), and unaltered
actin-based transport. Although nocodazole can result in
the fragmentation of the Golgi (95), the observed decrease
in motility is in agreement with previous work showing
that microtubule disruption leads to decreased vesicle
transport (33,35,36,38).

Disruption of ER decreases motility

The ER plays a key role in the positioning of vesicles
(50-52). To determine the influence of ER-vesicle interac-
tions on vesicle motility, we disrupted the ER using palmitate
(78-82,88). Palmitate-induced lipid saturation causes
cisternal ER expansion (81). The ER expansion is visible in
fluorescently labeled cells (Fig. 3, A and B). We found that

&

disruption of the ER with palmitate (0.5 mM) led to a reduc-
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directly from population-level 95% Cls in (C). To
see this figure in color, go online.

tion of motility (Fig. 3 C, control = 100% [96.7 103.3],
palmitate treated = 69.3% [66.4 72.3]; [95% ClIs]). This
decrease in motility was also seen when averaging over indi-
vidual cells (Fig. 3 D, 19.7% and 13.4%, unnormalized).

In addition to expansion of the ER, palmitate leads to ER
stress associated with mitochondrial dysfunction (96-98),
ATP depletion (99-101), and increased apoptosis
(78,97,102). We confirmed that there was no significant
loss of cell viability with an MTT assay and no significant
decrease in ATP using a luminescence assay (Figs. S2 and
54). This suggests that the decreased motility is due to the
cisternal expansion of the ER.

Reduced ribosomal concentration does not alter
motility

Ribosomes are the macromolecular cellular structures
responsible for protein synthesis (1,103). Recent work has
demonstrated that ribosomes serve as crowding agents in
the cytosol and that rapamycin decreases ribosomal concen-
tration (77), in addition to a host of metabolic and catabolic
effects (104,105). As macromolecular crowding can limit

FIGURE 3 ER disruption decreases vesicle
motility. (A) Untreated control cells. The ER is
. labeled with ER-Tracker dye (red) and nuclei
with DAPI (biue). (B) Palmitate-treated cells
(0.5 mM, 4 h). (C) Vesicle motility in control
(n = 26,257 segments from 7300 trajectories)
and 0.5 mM (n = 19,797 segments from 7000 tra-
jectories) palmitate-treated cells. The average
o (normalized) of estimated segment motility is
. shown. Ermor bars show 95% ClIs. Significance
is determined by ClIs that do not overlap. (D)
Vesicle motility for individual cells (n = 73 control
and 70 0.5 mM palmitate-treated cells from 15
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.
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experiments). Horizontal lines show means. The
significance comparison is taken directly from
population-level 95% ClIs in (C). To see this figure
in color, go online.
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FIGURE 4 Decreased ribosomal concentration
does not alter vesicle motility. (A) Untreated control
cells with P-S6 (green) labeled by immunofluores-
cence and nuclei labeled with DAPI (blue). (B) Rapa-
2 mycin-treated cells (1.5 uM, 3 h). (C) Vesicle motility
in control (n = 12,591 segments from 3000 trajec-
tories) and rapamycin-treated (n = 11,543 segments
from 2900 trajectories) cells. The average (normal-
ized) of estimated segment motility is shown. Error
: bars show 95% CIs. Significance is determined by

CIs that do not overlap. (D) Vesicle motility for
: each imaging location (n = 30 control and 29

rapamycin-treated cells total from 6 experiments).
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diffusion in the cytosol (46-49), we measured vesicle
motility following treatment of cells with rapamycin to
decrease the concentration of ribosomes. Using immunoflu-
orescence, we confirmed that rapamycin decreases P-S6
(Fig. 4, A and B), a ribosomal protein that serves as a
marker for rapamycin activity and decreased concentration
of ribosomes (77). We found that there was no significant
change to vesicle motility with reduced ribosomal
concentration (Fig. 4 C). Similarly, no change was observed
when averaging over multiple cells (Fig. 4 D). In compari-
son, Delarue et al. observed a significant increase to the
effective diffusion coefficients of particles >20 nm in
diameter. This difference may be due to differences in the
specific type of particle tracked. Our experiments measure
the intracellular transport of endogenous vesicles, mostly
lysosomes (Fig. S1), rather than the diffusion of genetically
introduced protein particles tracked by Delarue et al. The
endogenous vesicles, compared with the protein particles,
are transported by motor proteins along the cytoskeleton,
while the protein particles are limited to passive diffusion
within the cell.

It should be noted that in addition to regulating ribo-
some concentration, rapamycin has broad effects on cell
metabolism and has been shown to significantly decrease
cell viability (106,107). We used an MTT assay to
confirm that rapamycin did not decrease cell viability
(Fig. S2). Additionally, we confirmed that the rapamycin
treatment did not deplete cellular ATP (Fig. 54).

ER and microtubules have the greatest impact on
vesicle motility

Using the normalized change in motility, we can examine
the relative impact of the disruption of actin, microtubules,
the ER, and ribosomal concentration on overall vesicle
motility (Fig. 5). Loss of actin and microtubules reduces
motility by 20.7% [17.7 23.8] and 54.2% [51.9 56.4],
respectively (Figs. 1 and 2). Disruption of the ER reduces
motility by 30.7% [27.7 33.6] (Fig. 3). Decreasing ribo-

0 15
[Rapamycin] (M)

Horizontal lines show means. The significance
comparison is taken directly from population-level
95% CIs in (C). To see this figure in color, go online.

somal concentration caused a 7% reduction [2.1 11.7]
(Fig. 4), although this was not statistically significant. These
contributions are not additive, as different types of motion
contribute to motility. For example, fast diffusion and actin
comet motion (108-110), independent of microtubules,
would be classified as motile. Interestingly, these results
show that palmitate-mediated disruption of the ER has the
second most significant impact on vesicle motility.

Comparison of perinuclear and peripheral vesicle
motility

Our previous work identified a regional difference in lyso-
somal transport with greater motility of lysosomes in the pe-
riphery of the cell compared with the perinuclear region. The
same trend is observed here with tracking of dextran-labeled
vesicles rather than specifically tracking lysosomes (Fig. 6 A;
periphery = 100% [97.3 102.7], perinuclear = 77.1% [74.6
79.71; [95% CI]). This regional dependence was also observed
for individual cells (20.6%—14.9%, unnormalized). Although
not probed directly, the regional differences in motility may
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FIGURE 5 Comparison of decrease in vesicle motility due to disrup-

tion of the cytoskeleton, ER, and ribosomes. Error bars show normalized
95% Cls. Significance is determined by ClIs that do not overlap. Disrup-
tion of microtubules and ER have the greatest impact on vesicle motility.
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FIGURE 6 Vesicles in the cell periphery are more motile than in the peri-
nuclear region. (A) Average motility of periphery (n = 37,106 segments
from 9316 trajectories) and perinuclear (n = 27,780 segments from 7984
trajectories) regions, normalized to cell periphery. Error bars show 95%
CIs. Significance is determined by Cls that do not overlap. (B) Vesicle
motility for each region (n = 173 cells for both regions). Horizontal lines
are means. The significance comparison is taken directly from popula-
tion-level 95% Cls in (A).

be due to regional differences in the function and organization
of actin (111-113) and the ER (114).

CONCLUSION

Using single-particle tracking fluorescence microscopy and
our previously described Bayesian change-point method
(45), we explored how disruption of transport-related
cellular structures affects vesicle motility. We found that in-
hibition of actin and microtubule polymerization resulted in
significant decreases in motility (Figs. 1 and 2), as expected.
Surprisingly, we found that palmitate-mediated cisternal
expansion of the ER resulted in a significant decrease in
motility (Fig. 3). We observed no significant change to
motility as a result of decreasing ribosome concentration
(Fig. 4). In addition, we found that vesicles in the cell pe-
riphery were more motile than those in the perinuclear re-
gion (Fig. 6), in agreement with our previous results (45).
Overall, our observation that ER disruption results in a large
perturbation to vesicle motility suggests that the ER is impor-
tant in understanding the dynamics of intracellular transport
(Fig. 5). Previous work has shown that the ER is important
for the positioning of endolysosomal vesicles through a
tethering mechanism (50,51). It is possible that the palmi-
tate-mediated disruption of the ER alters this tethering. In
addition, palmitate leads to significant cellular stresses, such
as mitochondrial dysfunction (96,97) and calcium dysregula-
tion (98,99), which may cause changes in vesicle motility,
although MTT and ATP levels were not altered (Figs. S2 and
54). In future work, it will be important to consider the impli-
cations for human health and disease. The concentration of
fatty acids is elevated in the blood of people with type 2 dia-
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betes mellitus (T2DM) (115-118), and T2DM is associated
with ER stress (119,120). Further, primary mouse neuronal
models of T2DM have been shown to have decreased axonal
transport (121,122), and primary adipocytes from type 2
diabetics showed decreased GLUT4 vesicle trafficking
(123). These observations all suggest the possibility that ER
disruption may be a factor in the transport-mediated effects
of T2DM.

SUPPORTING MATERIAL

Supporting material can be found online at https:/doi.org/10.1016/j.bpj.
2023.03.001.
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