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Abstract

Proper regulation of organelle dynamics and inter-organelle contacts is critical for cellular health and function.
Both the endoplasmic reticulum (ER) and actin cytoskeleton are known to regulate organelle dynamics, but
how, when, and where these two subcellular components are coordinated to control organelle dynamics
remains unclear. Here, we show that ER-associated actin consistently marks mitochondrial, endosomal, and
lysosomal fission sites. We also show that actin polymerization by the ER-anchored isoform of the formin
protein INF2 is a key regulator of the morphology and mobility of these organelles. Together, our findings
establish a mechanism by which INF2-mediated polymerization of ER-associated actin at ER-organelle
contacts regulates organelle dynamics.

Results and Discussion

Alterations in organelle dynamics, such as organelle fission, mobility, and changes in inter-organelle contacts,
are implicated in multiple human diseases, particularly various neuropathies'’. The ER (endoplasmic reticulum)
makes extensive contacts with organelles throughout the cell. Extensively-studied ER-mitochondria contacts
play roles in important cellular processes, including organelle dynamics® °. ER tubules mark mitochondrial fission
sites by wrapping and constricting mitochondria until division'® . Additional reports have demonstrated ER
tubules marking fission events of other organelles as well'? '3,

Organelle dynamics are also regulated by the cytoskeleton. Nearly all organelles move throughout the cell along
microtubules and/or actin filaments. Actin also plays a key role in regulating mitochondrial dynamics. Prior to
fission, actin accumulates on mitochondria which provides the force necessary to constrict the mitochondrion
and ultimately cause fission'*'®. Proper coordination of this process is essential for overall cellular health, as
mitochondrial dynamics directly impact important functions including lipid synthesis, energy production, calcium
signaling, and mitochondrial turnover. Like mitochondria, organelles of the endolysosomal pathway are highly
dynamic and their size, fission, fusion, and positioning must remain balanced to maintain proper function'” '8,
However, the regulation of endolysosome dynamics, particularly the involvement of inter-organelle contacts and
actin, has so far not been extensively studied.

Given that organelle fission has been associated with both the ER and the actin cytoskeleton, we hypothesized
that ER-associated actin (“‘ER-actin”) may be responsible for organelle fission. To test this hypothesis, U20S
cells were co-transfected with plasmids directing expression of a fluorescently-tagged organelle marker and an
ER-targeted actin nanobody previously shown to label ER-associated actin (“AC-ER”)". Prior work showed
that this probe accumulates at ER-mitochondria contacts during mitochondrial fission events'®, and we
hypothesized that we should be able to observe similar results for other organelles if ER-actin is involved in
their fission. Following transfection, cells were imaged via time-lapse Airyscan confocal microscopy. Fission
events in the time-lapses were manually identified in a blinded fashion by visualizing the organelle marker
alone, then later scored for the presence or absence of AC-ER enrichment (Fig. 1). To image endosomes,
cells were co-transfected with the early endosome marker Rab5-mCherry (magenta) and AC-ER GFP (green).
Lysosomes were imaged by transfecting LAMP1-mCherry, and mitochondria were imaged with the MitoTracker
Deep Red dye. Enrichment of the AC-ER signal was evident in 96-100% of the 70 fission events scored, far
greater than the amount expected by chance. This enrichment was evident during organelle constriction prior
to fission, consistent with the model that actin promotes organelle constriction and eventual fission.
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Figure 1: ER-associated actin accumulates at endosomal, lysosomal, and mitochondrial fission sites prior to organelle division.
U20S cells were co-transfected with plasmids directing expression of fluorescently-tagged organelle markers and fluorescently-tagged,
ER-targeted actin nanobodies (“AC-ER”) and timelapse videos were collected. A. Endosomes are labeled with Rab5-mCherry, lysosomes
were labeled with LAMP1-mCherry, and mitochondria were labeled with MitoTracker Deep Red (magenta). AC-ER GFP is shown in
green. Example organelles are shown at different time points prior to and immediately after the fission event. Arrowheads indicate the
fission sites. White dotted lines have been drawn around the “daughter organelles” resulting from the fission event in the bottom panel
for clarity. To aid visualization, line scans were drawn over the fission sites and the surrounding regions. The resulting pixel intensities
associated with the line scans are shown. Yellow lines indicate the region where the line scan was drawn (shifted so as not to block
visualization of the organelle). Scale bars are 1um. B. Graph comparing the frequency of observed presence/absence of AC-ER at
organelle fission events (green bars) versus the possibility of AC-ER being at fission events by chance (purple bars). Actual observed
AC-ER at fission events was determined by manually scoring fission events in a blinded fashion, followed by looking for AC-ER signal at
the identified fission events. By chance values were determined by calculating the percent of organelle signal overlapped by AC-ER signal
(described in greater detail Supp. Fig 1D and Methods). Observed versus by chance values were statistically compared via Fisher's exact
test. C. Tabular breakdown of the n-values and p-values associated with AC-ER fission event analysis. For each organelle + AC-ER
combination the n-values corresponding to the number of cells analyzed as well as the number of fission events scored are displayed.
The calculated percent overlap (corresponding to the purple bars in B) are shown in the second column. These values were used to
calculate the “expected” percentage of fission events where AC-ER would be present if due to chance. The observed and expected
percentages were compared via Fisher’'s exact test and the resulting p-values are displayed in the last column (corresponding to the p-
values in B). All experiments were performed with N=3 biological replicates.

Although AC-ER hotspots are associated with ER-actin, the AC-ER probe is targeted to the entirety of the ER
membrane. Thus, there is a possibility that AC-ER signal may be present at an organelle fission event simply
due to the extensive overlap between the ER and other organelles in the cell. To rule out this possibility, masks
of the organelle and AC-ER channels were overlaid to determine the percentage of overlap between the
organelle and AC-ER. The fraction of the organelle overlapped by AC-ER is our estimation of the probability
that AC-ER is present at a fission event “by chance” (purple bars in the graph, Fig. 1B, Supp. Fig. 1D). We
also checked every identified organelle fission event for the presence or absence of thresholded AC-ER signal
(green bars in the graph). AC-ER was present at nearly 100% of fission events, significantly higher than the
values calculated by chance. Thus, the observed presence of AC-ER at organelle fission events is unlikely to
be coincidental. Fig. 1C shows the tabular breakdown of the n-values and p-values associated with AC-ER
fission event analysis.

To distinguish general ER from AC-ER accumulation at fission events, cells were co-transfected with BFP-
KDEL as a general ER marker. BFP-KDEL did not display the same degree of accumulation as AC-ER at
fission sites (Supp. Fig. 1A-C, Supp. Videos 1-3). Additionally, mitotracker-labeled cells were also co-
transfected with DRP1-mCherry, which labels mitochondrial fission sites. We observed DRP1-mCherry and
AC-ER at each mitochondrial fission site, providing further evidence that the events being scored are true
mitochondrial fission events. Together, our results suggest a general cellular mechanism by which ER-actin
promotes the fission of not just mitochondria, but also lysosomes and endosomes.
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It has been shown that inhibition of actin polymerization leads to reduced mitochondrial fission events and
increased mitochondrial elongation' 222, Given that ER-actin is consistently present at other organelle fission
sites, we posited that actin is playing a role in the regulation of organelle fission and, more broadly, organelle
shape. We thus hypothesized that a loss of actin would directly impact organelle fission rates and, as a result,
organelle morphology. To test this hypothesis, we transfected U20S cells with fluorescent organelle markers
and imaged the cells live following addition of Latrunculin B or vehicle control. Latrunculin B (LatB) leads to a
dramatic loss of filamentous actin throughout the cell. Because this is acutely toxic to cells, a low dose (200nM)
was used to allow cells to survive long enough (60-90 minutes) to observe changes in organelle morphology.
Consistent with previous reports, we observed that mitochondria appear elongated following LatB treatment. In
support of our hypothesis of a more general mechanism, endosomes and lysosomes also appeared larger in
size and trended towards a less spherical shape following treatment with LatB (Supp. Fig 2). Quantification
revealed a significant increase (~80%) in the area of individual organelles following treatment with LatB for all
three organelles tested (Supp. Fig 2B). Because we hypothesized that the increase in organelle size is a
result of a change in the organellar fission rate, we manually scored the number of fission events occurring in
timelapses following vehicle control or LatB treatment. Scoring of fission events revealed a significant decrease
(40-52%, Supp. Fig 2C) in both endosomal and lysosomal fission rates following LatB treatment. Together, our
results are consistent with a model in which actin filaments play a key role in promoting organelle fission.

Because there are various factors that may increase mitochondrial area (i.e. length, interconnectivity), we
further investigated mitochondrial morphology. We found that mitochondrial length is significantly increased
(27%, Supp. Fig 2D) following LatB treatment, while the number of branches per mitochondrion is decreased
(34%, Supp. Fig 2D) after normalizing to mitochondrial length. Thus, the increase in mitochondrial area is
primarily driven by an increase in mitochondrial length. In addition to the increased area of endosomes and
lysosomes, a significant decrease (9-12%, Supp. Fig 2E) in circularity for both endosomes and lysosomes was
observed following LatB treatment. Together, these results support the hypothesis that actin filaments are
important for regulating organelle morphology.

Given that ER-actin appears to promote organellar fission, we pursued the ER-anchored splice isoform of INF2
(Inverted Formin 2) as a potential regulator of this process. INF2 is a formin protein with two splice isoforms
which localize to either the cytosol (“INF2-CYTQO”) or the ER (“INF2-ER”). Furthermore, INF2-ER has
previously been shown to play a role in the promotion of mitochondrial fission via its actin polymerizing
activity'®. Experiments were carried out in wild-type U20S cells (“Control”), U20S cells where INF2-ER has
been knocked-out (“INF2-ER KO”), and U20S cells where all isoforms of INF2 have been knocked-out
(“Complete INF2 KO”). Cells were imaged live following transfection with either Rab5-mCherry to label
endosomes or LAMP1-mCherry to label lysosomes, or staining with MitoTracker Deep Red to label
mitochondria. We observed cells lacking INF2-ER had elongated mitochondria, as previously reported (Fig. 2).
We also observed that endosomes in INF2-ER KO cells were also significantly enlarged and often tubular in
shape. INF2-ER KO lysosomes were also significantly enlarged and appeared less spherical than their WT
counterparts.

To control for off-target effects, INF2-ER KO cells were rescued via exogenous expression of GFP-INF2-ER. In
this condition, endosomes, lysosomes, and mitochondria were restored to a morphology indistinguishable from
WT cells. This indicates that the organelle morphology phenotypes observed in INF2-ER KO cells was indeed
a result of loss of INF2-ER rather than an off-target effect. To test the hypothesis that INF2-ER impacts
organelle morphology via its actin polymerizing activity, we transfected INF2-ER KO cells with GFP-INF2-
ER[K792A]. K792A is a point mutation that disrupts INF2’s ability to effectively polymerize actin?®. Expression
of GFP-INF2-ER[K792A] did not reverse the phenotype observed in INF2-ER KO cells, supporting the
hypothesis that INF2-mediated regulation of organelle shape is dependent on its actin polymerizing activity.
We also compared the contributions of INF2-CYTO vs INF2-ER. To this end, we attempted rescue by
exogenous expression of GFP-INF2-CYTO. Expression of GFP-INF2-CYTO also did not reverse the
phenotype observed in INF2-ER KO cells, which supports the model that the regulation of organelle shape is
predominantly modulated by the ER-anchored isoform of INF2.
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Quantification of organelle area supports the conclusion that loss of INF2-ER causes organelle enlargement
and elongation. INF2-ER KO cells showed an average increase of 96-148% (Fig. 2) in individual organelle
area compared to control. This increase is largely maintained in both GFP-INF2-ER[K792A] and GFP-INF2-
CYTO rescue conditions. In contrast, the GFP-INF2-ER rescue condition resulted in organelles with an area
very similar to control with a maximum increase of only 9% (Fig. 2). In addition to area, individual mitochondrial
length and the number of branches per mitochondria were also quantified (Supp. Fig 3). Similar to the results
with LatB, mitochondrial length was significantly increased (62% Supp. Fig 3) in INF2-ER KO cells, but
branching was not increased. The circularity of endosomes and lysosomes was also measured for all
conditions. In agreement with the observed tubulation phenotypes, endosome circularity was significantly
reduced (20%, Supp. Fig 3) in INF2-ER KO conditions. Lysosome circularity was also reduced to a more
modest but still statistically significant degree (8%, Supp. Fig 3). These alterations were reversed upon
expression of GFP-INF2-ER but not GFP-INF2-ER[K792A] or GFP-INF2-CYTO expression.

INF2-ER KO + INF2-ER KO +
GFP-INF2-ER GFP'NFZ'CYTO Area (um2)
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Figure 2: Loss of INF2 causes organelle enlargement and elongation. Experiments were carried out in wild-type U20S cells
(“Control’) and U20S cells where the ER-anchored isoform of INF2 has been knocked-out (“INF2-ER KO”). Cells were imaged live
following transfection with Rab5-mCherry to label endosomes, LAMP1-mCherry to label lysosomes, or staining with MitoTracker Deep
Red to label mitochondria. The leftmost column displays representative images of each organelle in Control U20S cells. The following
column shows each organelle in INF2-ER KO cells. The following column displays INF2-ER KO cells that have been co-transfected with
INF2-ER GFP. The following column displays INF2-ER KO cells co-transfected with INF2-ER[K792A] GFP. The following column displays
INF2-ER KO cells co-transfected with INF2-Cyto GFP. The last column displays quantification of individual organelle area for each
condition. Black dots show the average per cell and bars indicate the average per condition. Error bars show standard deviation. N = 12
cells per condition for endosomes and lysosomes and 24 cells per condition for mitochondria. For all graphs, the magnitude of the change
and p-value compared to control is shown. An up arrow indicates an increase and a down arrow indicates a decrease. For statistical
comparisons **** indicates p-value<0.0001, *** indicates p-values<0.001, ** indicates p-value<0.01, * indicates p-value<0.05, and ns
indicates p-value>0.05. Conditions were compared via ordinary one-way ANOVA. All experiments were performed with N=3 biological
replicates.

Because we suspect that the alterations in organelle morphology are a result of changes in fission rate in the
INF2-ER KO conditions, endosome and lysosome fission rates were also measured. Although results were not
statistically significant compared to control, there was a trend towards a reduction in fission rate (41-43%,
Supp. Fig 3) in the INF2-ER KO line which was reversed upon expression of GFP-INF2-ER but not GFP-INF2-
ER[K792A] for both endosomes and lysosomes.

All the imaging experiments and quantification described thus far for INF2-ER KO cells were also conducted
using Complete INF2 KO cells in which neither the cytosolic or ER-anchored splice isoform of INF2 was
present. When comparing equivalent INF2-ER KO and Complete INF2 KO conditions, we observed nearly
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identical KO and rescue phenotypes (Supp. Fig. 3). This further supports the model that modulation of
organelle fission rate and morphology is primarily regulated by INF2-ER, as exogenous expression of GFP-
INF2-ER resulted in an almost complete reversal of the organelle phenotypes in Complete INF2 KO cells, while
expression of GFP-INF2-CYTO failed to rescue a WT phenotype.

Given that loss of INF2 causes a dramatic change in organelle morphology, we sought to test the effect(s) of
increased INF2 activity on organelle morphologies. The A149D point mutation prevents the autoinhibition of
INF2, resulting in an excess of actin polymerizing activity and mitochondrial fragmentation®. In WT U20S cells
transfected with GFP-INF2-ER[A149D], mitochondria were noticeably fragmented, in agreement with
previously published results' (Supp. Fig 4A-B). This is unlikely to be an artifact of overexpression as
transfection of wild-type GFP-INF2-ER did not significantly alter mitochondrial morphology. Mitochondrial
fragmentation was not observed in GFP-INF2-ER[A149D] expressing cells after 15-30min treatment with 1uM
LatB, indicating that the mitochondrial fragmentation observed was actin-dependent. In agreement with the
observed mitochondrial fragmentation, mitochondrial quantification revealed significantly shorter (47%, Supp.
Fig 4C) mitochondria following expression of GFP-INF2-ER[A149D] but not wild-type GFP-INF2-ER.
Treatment with LatB restored and even increased (26%, Supp. Fig 4C) mitochondrial length, similar to what
was observed in WT cells treated with LatB. Mitochondrial branching was unchanged following expression of
wild-type GFP-INF2-ER and decreased (45%, Supp. Fig 4C) when normalizing to mitochondrial length in the
LatB condition, also similar to WT cells treated with LatB. Expression of GFP-INF2-ER[A149D] caused a
reduction in mitochondrial branching (26%, Supp. Fig 4C), even after normalizing to the shorter mitochondrial
length.

Unlike mitochondria, expression of GFP-INF2-ER[A149D] did not significantly reduce endosome or lysosome
size, possibly because these organelles rarely tubulate during normal conditions and thus have already
reached a “floor” in fission-induced size reduction. The GFP-INF2-ER[A149D] + LatB condition resulted in
enlargement (55-78%, Supp. Fig. 4B) of both organelles, similar to the results obtained in WT cells treated
with LatB (Supp. Fig. 2). Similarly, expression of GFP-INF2-ER[A149D] did not further increase the circularity
of endosomes or lysosomes, though when combined with LatB treatment we did observe reduced endosome
and lysosome circularity (7-11%, Supp. Fig 4D), similar to results in WT cells treated with LatB (Supp. Fig. 2).

While imaging organelles in live INF2 KO cells, we noted apparent differences in their movement when
compared to control cells. To further investigate this, we labeled organelles as described previously in wild-
type, INF2-ER KO, and Complete INF2 KO U20S cells and tracked the movement of organelles during 5-
minute time-lapse windows. Organelle tracking was performed with commercial Imaris software. To aid in
visualization of organelle movement, tracks marking the trajectories of each organelle in representative cells
are shown in Fig. 3. Videos corresponding to these tracks are in Supp. Videos 4-6. These tracks are color-
coded according to the measured distance between the organelle’s location at the beginning and end of the
time-lapse. Thus, more red tracks indicate organelles that cover more distance, and therefore, move more,
while more blue tracks indicate organelles that move less. In the INF2 KO conditions, endosomes, lysosomes,
and mitochondria all move more compared to control as indicated by longer, higher displacement distance
tracks. In INF2 KO + GFP-INF2-ER conditions, organelle movement was similar to control, indicating that,
similar to the morphological phenotypes (Fig. 2), the organelle mobility phenotype was not due to an off-target
effect. Tracks from the INF2 KO + GFP-INF2-ER[K792A] conditions were similar to those from the INF2 KO
conditions, indicating INF2’s actin polymerizing activity was necessary to mediate its regulation of organelle
movement. In the INF2 KO + GFP-INF2-CYTO conditions, track displacement appeared intermediate between
the tracks typically observed in control versus INF2 KO conditions. This indicates that, although the ER-
anchored isoform of INF2 clearly contributes to regulation of organelle mobility, overexpressing the cytosolic
isoform may also have an impact.

To account for tracks that do not last the entire duration of the time-lapse due to organelles leaving/entering
the frame or going in/out of focus, the “Mean Straight Velocity” of each organelle was also calculated by
dividing the track displacement distance by the track duration. Quantification reveals values that are consistent
with the observed tracks for each condition, showing a 31-51% increase in organelle mean straight velocity in
the INF2-KO conditions compared to control (Fig 3, Supp. Fig 5). For expression of GFP-INF2-CYTO, the
mean value was not statistically different from control, but there remains a slight trend towards increased
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organelle movement (3-37% Fig. 3, Supp. Fig 5), particularly for lysosomes. This is consistent with INF2-
CYTO rescuing the organelle mobility phenotype though not to the same degree as INF2-ER.
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Figure 3: Loss of INF2 increases organelle mobility. Organelles were labeled in wild-type U20S cells (control) and INF2-ER KO U20S
cells using Rab5-mCherry (endosomes), LAMP1-mCherry (lysosomes), or MitoTracker Deep Red (mitochondria) and their movement
was tracked during 5-minute timelapses using Imaris software. To aid in visualization of organelle movement, tracks marking the
trajectories of each organelle in representative cells are shown. These tracks are color-coded according to Imaris’ calculated “track
displacement distance”. This is the measured distance between the organelle’s location at the beginning and its location at the end of the
timelapse. Thus, more red tracks indicate organelles that cover more distance, and therefore, move more, while more blue tracks indicate
organelles that move less. The first column shows tracks generated from endosome, lysosome, and mitochondrial movement in the
Control condition. The following column displays organelle tracks from the INF2-ER KO condition. The following column displays tracks
from INF2-ER KO cells co-transfected with INF2-ER GFP. The following column displays tracks from INF2-ER KO cells co-transfected
with INF2-ER[K792A] GFP. The following column shows tracks from INF2-ER KO cells co-transfected with INF2-Cyto GFP. The last
column shows quantification of organelle movement based on Imaris organelle tracking. To correct for tracks that do not last the entire
duration of the timelapse due to organelles leaving/entering the frame or going in/out of focus, the “Mean Straight Velocity” of each
organelle was calculated by dividing the track displacement distance by the track duration. N = 12 cells per condition for endosomes and
lysosomes and 24 cells per condition for mitochondria. For all graphs, black dots show the average per cell and bars indicate the average
per condition. Error bars show standard deviation. The magnitude of the change and p-value compared to control is shown. An up arrow
indicates an increase and a down arrow indicates a decrease. For statistical comparisons **** indicates p-value<0.0001, *** indicates p-
values<0.001, ** indicates p-value<0.01, * indicates p-value<0.05, and ns indicates p-value>0.05. Conditions were compared via ordinary
one-way ANOVA. All experiments were performed with N=3 biological replicates.

In addition to the Imaris quantification, organelle movement was measured via a complementary
“autocorrelation” method which measures the correlation coefficient when comparing the first frame of the time-
lapse to all consecutive frames of the same timelapse (Supp. Fig 5)**. As the time-lapse progressed and
organelles moved, the correlation when comparing to the first frame decreases at a rate inversely proportional
to the rate of organelle movement. When applying this method to the timelapse data, a drop in the correlation
coefficient over time was observed for all conditions but was significantly more pronounced for the INF2 KO as
well as the INF2 KO + GFP-INF2-ER[K792A] conditions. This agrees with the Imaris organelle tracking results
showing a significant increase in organelle movement in these conditions compared to control. Also similar to
the object tracking results, the INF2 KO + GFP-INF2-ER conditions generated curves nearly identical to the
control curve, further indicating that restoration of the ER-anchored isoform of INF2 was sufficient to
completely reverse the organelle mobility phenotype. Correlation values for the INF2 KO + GFP-INF2-CYTO
conditions were more similar to the control curve than the INF2 KO curves but not identical to the control curve,
suggesting that expression of the cytosolic isoform of INF2 partially rescued the organelle mobility phenotype.
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Because INF2’s modulation of organelle movement depends on its actin polymerizing activity, we tested
whether generalized inhibition of actin polymerization would alter organelle movement by treating wild-type
U20S cells with LatB (Supp. Fig 6, Supp. Video 7). Cells were transfected to label organelles as described
previously, treated with 200nM LatB or vehicle control for 60-90 minutes, then imaged over time for an
additional 5 minutes. Organelle movement was measured using both Imaris object tracking and the
autocorrelation method. Both object tracking and autocorrelation results indicated a significant increase (33-
52%, Supp. Fig 6) in organelle mobility following LatB treatment, suggesting that actin not only modulates
organelle morphology but also organelle movement. This is consistent with the model that reduction of
filamentous actin results in less hindrance of organellar movement.

Given the effect of INF2 KO on organelle mobility, we tested the effect of dominant active INF2 expression on
organelle movement. These experiments were also motivated by previously published work showing that
expression of INF2[A149D] caused a marked reduction in mitochondrial mobility'®. Organelles were labeled as
previously described and co-transfected with GFP (control), wild-type GFP-INF2-ER, or GFP-INF2-ER[A149D].
The GFP-INF2-ER[A149D] condition was also compared with and without 15-30 minute treatment with 1uM
LatB (Supp. Fig 7, Supp. Videos 8-10). While control and wild-type GFP-INF2-ER tracks were similar, tracks
from the GFP-INF2-ER[A149D] condition were noticeably shorter, indicating a reduction in organelle
movement following expression of GFP-INF2-ER[A149D] but not wild-type GFP-INF2-ER. Thus, the reduction
in organelle mobility is unlikely to be an artifact of overexpression but rather an effect specifically caused by
expression of the dominant active mutant. Importantly, although GFP-INF2-ER[A149D] expression had
differential results on organelle morphology depending on the organelle analyzed (only altering mitochondrial
size), it consistently caused reduction of organelle movement (23-41%, Supp. Fig 7) for all three organelles
studied. Conversely, tracks were longer (32-49%, Supp. Fig 7) in the GFP-INF2-ER[A149D] + LatB condition,
consistent with LatB causing an increase in organelle movement and the decrease in organelle movement
being actin-dependent. Autocorrelation analysis was consistent with the object tracking results, showing a
faster decrease in autocorrelation for the GFP-INF2-ER[A149D] + LatB condition and a slower decrease for the
GFP-INF2-ER[A149D] condition compared to control.

Taking all these results into account, we posit a model in which ER-actin accumulates on organelles, resulting
in their constriction and eventual fission. The force necessary to constrict the organelles may be generated by
actin polymerization, actin-associated myosin motor proteins, or other potential mechanisms. In addition to
force generation, actin may also play an important role in recruiting and stimulating additional fission factors,
such as dynamin-family proteins'* 2> 2 |t is important to note that ER-actin is transient and represents a very
small fraction of the overall cellular actin, so it may be difficult or even impossible to clearly observe its
localization using traditional actin labeling methods as opposed to the ER-targeted actin chromobody AC-ER
probes used in this study.

Analogous to its role in promoting mitochondrial fission, INF2 also promotes endosome and lysosome fission
via its actin polymerizing activity. Regulation of organelle fission is mediated by the ER-anchored isoform of
INF2 but not the cytosolic isoform. One possibility is that the close interaction between the ER and other
organelles at precise locations prior to their fission allows the ER-anchored INF2 to be properly positioned to
mediate actin polymerization, which promotes organelle constriction. Actin also facilitates recruitment of DRP1
(for mitochondria) and possibly other dynamin-related proteins to assemble and complete organelle fission. Of
note, loss of INF2 reduces organelle fission rates but does not completely abolish fission. Thus, there are likely
other actin-regulatory proteins involved in this process, an important topic for future studies.

We also propose that INF2’s actin polymerizing activity regulates organelle movement since organelle
displacement is impacted both by loss of INF2 (increased movement) or expression of dominant active INF2
(decreased movement). In this instance, both INF2 isoforms contribute, but the ER-anchored isoform exerts
the strongest influence. There are various mechanisms by which ER-actin accumulation may impede organelle
movement including steric hindrance, alterations in availability of motor protein binding sites, alterations in
microtubule post-translational modifications, or changes to other proteins that regulate organelle mobility,
though this would require further study to determine. Together, our findings position INF2 and ER-actin at ER-
organelle contacts as important regulatory factors for both organelle morphology and transport, key features
that must be dynamically modulated to maintain proper organelle and cellular function. We speculate these
effects may be important for the pathophysiology of Charcot-Marie-Tooth disease mutations in INF2?7.
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Materials and Methods

Cell culture, transfection, labeling, and drug treatments. U20S cells were purchased from the American
Type Culture Collection (ATCC Cat. # HTB-96). Complete INF2 KO U20S cells were a generous gift from the
Higgs lab and are described in Chakrabarti et al.?®. INF2-ER KO U20S cells were generated via CRISPR-
mediated knock-out of the ER-anchored splice isoform of INF2. To generate INF2-ER KO U20S cells, two
gRNAs were used to delete exon 22: 5 gRNA: GCAGCCACTTGCCTGGGACC and 3’ gRNA:
TGGGGGCTAACAGCAGCTGC. gRNA sequences were cloned into gRNA_Cloning vector (Addgene plasmid
#41824, a gift from George Church) and co-transfected with pEYFP-C1 into U20S cells. GFP-positive cells
were FACS sorted and plated into 96-well plates. Single colonies were screened with PCR using the following
primer set (Fwd: GGAGAGGTGACTTGGGTGCG, Rev: GACACCAGACAGGAGCAACC). WT clones produce
a 757 bp band whereas KO clones produce a band 257 bp shorter?®. Cells were maintained in DMEM
supplemented with 10% FBS at 37°C with 5% CO.. Cells were transfected using Lipofectamine 2000 (Thermo
Fisher) according to the manufacturer’s instructions. Cells were plated onto 8-well no.1.5 imaging chambers
(Cellvis) that were coated with 10 pg/mL fibronectin in PBS at 37°C for 30 min before plating. MitoTracker
Deep Red (50 nM; Thermo Fisher) was added to cells for 30 min, and then cells were washed and allowed to
recover for at least 30 min before imaging in FluoroBrite (Thermo Fisher) medium. After plating, for some
experiments, cells were treated with Latrunculin B (Abcam) at a final concentration of 1uM for 15-30min or
200nM for 60-90min prior to imaging. Control conditions from the same experiments were treated with an equal
volume of ethanol as a vehicle control.

Airyscan confocal imaging. Cells were imaged with a Plan-Apochromat x63/1.4 NA oil objective on an
inverted Zeiss 880 LSM Airyscan confocal microscope with the environmental control system supplying 37°C,
5% CO2 and humidity for live-cell imaging. The GFP channels were imaged with a 488-nm laser line at ~50-yW
laser power. The mCherry channels were imaged with a 561-nm laser at ~200-uW laser power. The
MitoTracker Deep Red channel was imaged with ~20-pW laser power. The BFP channel was imaged with a
405-nm laser line at ~10-uW laser power. For time-lapse imaging, the zoom factor was set between 3x and 6x
to increase the frame rate. In all cases, the maximum pixel-dwell time (~0.684 us per pixel) and 2x Nyquist
optimal pixel size (~40 nm per pixel) were used.

Image processing and analysis. After acquisition, images were Airyscan processed
using the auto-filter 2D-SR settings in Zen Blue (ZEISS). All images were
post-processed and analyzed using Imaris (BITPLANE) and Fiji software.

Plasmids. Rab5-mCherry (#27679), LAMP1-mCherry (#55073), DRP1-mCherry (#49152), and BFP-KDEL
(#49150) plasmids were obtained from Addgene. AC-ER GFP was generated starting from the commercial
vector of AC-tagGFP (ChromoTek) and cloned via the Bglll and Notl restriction sites. The following amino acid
sequence, derived from the C-terminal membrane binding region of cytochrome b5, was attached to the C-
terminal portion of the AC probe to target the protein to the ER:
IDSSSSWWTNWVIPAISAVAVALMYRLYMAED. The AC-ER GFP construct is described in more detail in
Schiavon et al.”®. The original INF2-ER GFP, INF2-ER[A149D] GFP, and INF2-CYTO GFP plasmids were a
generous gift from the Higgs laboratory' 2%, All INF2 ORFs were cloned into the lentiviral pSIN vector. The
INF2-ER[K792A] GFP construct was generated via site-directed mutagenesis using the QuikChange Il Site-
Directed Mutagenesis Kit (Agilent Technologies). All constructs were sequenced completely across their
coding region.

Data quantification and statistics. All graphs were generated using GraphPad Prism 10 software. All bar
graphs display bars marking average values per condition and dots marking average values per cell analyzed.
For all bar graphs, error bars indicate standard deviation. For all line graphs, thicker horizontal curves mark
average values per condition and thin vertical lines indicate standard error of the mean. For all statistical
comparisons, **** indicates p-values<0.0001, *** indicates p-values<0.001, ** indicates p-values<0.01, *
indicates p-values<0.05, and ns indicates p-values>0.05. All t-test and ANOVA statistical analyses were done
using GraphPad Prism 10 software. Fisher's exact test for comparison of observed versus expected values
and the modified Chi-squared method for comparing curves were calculated using Microsoft Excel. The
modified Chi-squared method has been previously described. All line scans from Figure 1A and
Supplementary Figure 1A-C were normalized and plotted in Microsoft Excel.
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Organelle fission scoring. Organelle fission events were scored manually by visualizing the organelle channel
in Fiji*" for each 5-minute time-lapse. To reduce the possibility of false positives caused by organelle crossover
events or “kiss and run” events, fission events were classified as instances in which the organelle exists as a
single organelle for at least 30 seconds prior to splitting into two or more organelles, which then remain
separate for at least 30 seconds. For mitochondria, the presence of DRP1-mCherry at the site prior to fission
was also checked. For quantifying presence or absence of AC-ER GFP at fission events, scorers were blinded
to the AC-ER channel until after identification of the fission events.

Area of overlap and “by chance” estimations. Masks of AC-ER channels and organelle channels were
generated in Fiji. For AC-ER, thresholding was set to mask only the top 25% of signal based on maximum pixel
intensity. These settings match the thresholding settings used to visualize AC-ER when scoring its presence or
absence at organelle fission events. All other masks were generated using default thresholding settings in Fiji,
which uses the IsoData algorithm*? The integrated density of each mask was calculated. Areas of overlap
between masks were generated using the image calculator tool in Fiji, and the integrated density of these
areas was also measured. These values were used to calculate the percentage overlap (that is, integrated
density for area of overlap between AC-ER and the organelle divided by integrated density for the organelle
area yields the percentage of organelle area overlapped by AC-ER). This percentage was interpreted as the
probability of AC-ER localizing to fission sites by chance. An example of this method is shown in
Supplementary Figure 1D.

Quantification of organelle morphology. Fiji was used to quantify all readouts of organelle morphology. All
analysis related to mitochondrial morphology (area, length, branching) was performed using the “Mitochondria
Analyzer” plugin which uses a combination of image pre-processing, thresholding, particle analysis, and
skeletonization to provide quantitative readouts of mitochondrial morphology®. Identical settings were used for
all mitochondria images. For endosome and lysosome morphology measurements, a custom Fiji macro was
written and applied identically to all images. This macro relies on the “MorphoLibJ” Fiji plugin®**. The macro first
pre-processed the image via Fiji’s “Subtract Background”, “Despeckle”, “Enhance Contrast”, and “Median
Filter” tools to improve organelle signal and reduce noise. The image was then thresholded using Fiji’s default
“Moments” algorithm® to create a binary mask. The “Analyze Particles” function was then used to return a
mask excluding all objects with a size less than 0.06 to further remove noise. To split touching objects,
MorphoLibJ’s “Marker-controlled Watershed” tool was then used. Fiji’s “Find Maxima” function was used on the
original (prior to binarization) image to create a point output which was used as the markers. Finally,

MorphoLibJ’s “Analyze Regions” function was used to quantify the size and shape of each segmented object.

Quantification of organelle mobility via Imaris. For each organelle, all conditions were batch processed using
identical settings. First, surfaces were created to segment individual organelles using Imaris’ Local Contrast
threshold option. For tracking, Imaris’ autoregressive motion algorithm was used. Tracks with a duration less
than 10 seconds were considered noise and filtered out. The “Track Displacement Distance” and “Track
Duration” values calculated by Imaris were matched on a per organelle basis and used to calculate the “Mean
Straight Velocity” (Track Displacement Distance divided by Track Duration) for each organelle. This calculation
was done in Microsoft Excel.

Quantification of organelle mobility via autocorrelation analysis. As a supplement to the object tracking method
used via Imaris software, we sought an additional method of measuring organelle movement which does not
rely on organelle segmentation and can be performed using freely available software. Forgoing individual
organelle segmentation eliminates most of the parameters that need to be carefully optimized for accurate
object tracking. This simplifies analysis and may be more appropriate for measuring movement of organelles
with complex morphologies, with the trade-off of missing potential details such as subpopulations and
directionality. To this end, we wrote a custom Fiji macro which measures the correlation between the first
frame of a time-lapse and all consecutive frames of the same time-lapse. The correlation values were
measured using Fiji’'s “Colocalization Threshold” function. Because correlation is a measure of the similarity
between two images, the more organelles move, the more their positions differ compared to the first frame of
the time-lapse, the less similar consecutive frames will be compared to the first frame, and the lower the
correlation values will be. Put simply, the correlation values over time are inversely proportional to the degree
of organelle movement. Thus, an increase in organelle movement should result in a faster decrease in the
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correlation coefficient over time and vice versa for a decrease in organelle movement. The macro saved a .csv
file with the correlation values from each frame listed from the beginning to the end of the time-lapse. These
values were then plotted to generate a curve of the decrease of the correlation values over time. The
“Colocalization Threshold” function returns multiple types of correlation values. Here, we made comparisons
using Manders’ Correlation Coefficient since, compared to the other readouts, it is less likely to be altered by
factors unrelated to organelle movement such as bleaching of the organelle signal over time.
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Figures & Legends
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Figure 1: ER-associated actin accumulates at endosomal, lysosomal, and mitochondrial fission sites
prior to organelle division. U20S cells were co-transfected with plasmids directing expression of
fluorescently-tagged organelle markers and fluorescently-tagged, ER-targeted actin nanobodies (“AC-ER”) and
timelapse videos were collected. A. Endosomes are labeled with Rab5-mCherry, lysosomes were labeled with
LAMP1-mCherry, and mitochondria were labeled with MitoTracker Deep Red (magenta). AC-ER GFP is shown
in green. Example organelles are shown at different time points prior to and immediately after the fission event.
Arrowheads indicate the fission sites. White dotted lines have been drawn around the “daughter organelles”
resulting from the fission event in the bottom panel for clarity. To aid visualization, line scans were drawn over
the fission sites and the surrounding regions. The resulting pixel intensities associated with the line scans are
shown. Yellow lines indicate the region where the line scan was drawn (shifted so as not to block visualization
of the organelle). Scale bars are 1um. B. Graph comparing the frequency of observed presence/absence of
AC-ER at organelle fission events (green bars) versus the possibility of AC-ER being at fission events by
chance (purple bars). Actual observed AC-ER at fission events was determined by manually scoring fission
events in a blinded fashion, followed by looking for AC-ER signal at the identified fission events. By chance
values were determined by calculating the percent of organelle signal overlapped by AC-ER signal (described
in greater detail Supp. Fig 1D and Methods). Observed versus by chance values were statistically compared
via Fisher’s exact test. C. Tabular breakdown of the n-values and p-values associated with AC-ER fission
event analysis. For each organelle + AC-ER combination the n-values corresponding to the number of cells
analyzed as well as the number of fission events scored are displayed. The calculated percent overlap
(corresponding to the purple bars in B) are shown in the second column. These values were used to calculate
the “expected” percentage of fission events where AC-ER would be present if due to chance. The observed
and expected percentages were compared via Fisher’s exact test and the resulting p-values are displayed in
the last column (corresponding to the p-values in B). All experiments were performed with N=3 biological
replicates.
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Supp Fig 1: Organelle fission examples displaying all channels and example of masks used to
generate “by chance” values. A. The same endosome example from Figure 1A is shown. Like Figure 1,
arrowheads denote fission sites, and the yellow line denotes the location where the line scan was drawn. In
order from left to right are single channel grayscale images, the merge of all channels (endosomes in magenta,
AC-ER in yellow, and ER in cyan), the plot of pixel intensities corresponding to the line scan, and two-channel
merges. Scale bar is 1um. B. Same as A but displaying the lysosome example from Figure 1A in the magenta
channel. C. Similar to A and B but displaying the mitochondria example from Figure 1A in the magenta
channel. Additionally, the DRP1 channel is shown in blue. D. In the leftmost panel, an example of a typical cell
used for analysis of area of overlap between organelles and AC-ER is shown. The organelles used in this
example are mitochondria. Mitochondria are labeled in magenta and AC-ER is labeled in green. The
appearance of the masks generated by the mitochondrial and AC-ER signals are shown in the center panels.
The rightmost panel shows the area of overlap between the mitochondrial mask and AC-ER mask (white),
overlaid with the mitochondrial mask (magenta). This area of overlap was used to determine the “by chance”
values shown in Figure 1B and C.
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Supp Fig 2: Inhibition of actin polymerization causes organelle enlargement. Organelles in U20S cells
were labeled with Rab5-mCherry (endosomes), LAMP1-mCherry (lysosomes), or MitoTracker Deep Red
(mitochondria) and imaged live following addition of 200nM LatB or vehicle control for 60-90 minutes. A.
Representative images of mitochondria, endosomes, and lysosomes after treatment with vehicle control or
LatB are shown. Insets show magnified views of the boxed regions. B. Quantification of individual organelle
area following treatment with LatB or vehicle control. Mitochondrial morphology was measured using the
“Mitochondria Analyzer” Fiji plugin®®. Endosome and lysosome morphology were measured using a custom Fiji
macro which uses a combination of thresholding and marker-controlled watershed to split clustered organelles
by using local maxima as seed points, allowing for segmentation of individual organelles. The areas of each
individual organelle were measured and the average per cell is shown as black dots on the graphs. Bars show
the average across all cells for each condition. Standard deviation is denoted by error bars. Conditions were
compared via Welch’s t-test. N = 14 cells per condition for mitochondria and 12 per condition for endosomes
and lysosomes. C. Quantification of manually scored fission rates in endosomes and lysosomes following LatB
or vehicle control treatment. N = 8 cells per condition. D. Quantification of mitochondrial length and number of
mitochondrial branches following LatB or vehicle control treatment. N = 14 cells per condition. E. Quantification
of endosome and lysosome circularity following LatB or vehicle control treatment. N = 12 cells per condition.
For all graphs, the magnitude of the change compared to control is shown. An up arrow indicates an increase
and a down arrow indicates a decrease. For statistical comparisons **** indicates p-value<0.0001, *** indicates
p-values<0.001, ** indicates p-value<0.01, and * indicates p-value<0.05. All conditions were compared via
Welch’s t-test. All experiments were performed with N=3 biological replicates.
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Figure 2: Loss of INF2 causes organelle enlargement and elongation. Experiments were carried out in
wild-type U20S cells (“Control”) and U20S cells where the ER-anchored isoform of INF2 has been knocked-
out (“INF2-ER KQO”). Cells were imaged live following transfection with Rab5-mCherry to label endosomes,
LAMP1-mCherry to label lysosomes, or staining with MitoTracker Deep Red to label mitochondria. The leftmost
column displays representative images of each organelle in Control U20S cells. The following column shows
each organelle in INF2-ER KO cells. The following column displays INF2-ER KO cells that have been co-
transfected with INF2-ER GFP. The following column displays INF2-ER KO cells co-transfected with INF2-
ER[K792A] GFP. The following column displays INF2-ER KO cells co-transfected with INF2-Cyto GFP. The
last column displays quantification of individual organelle area for each condition. Black dots show the average
per cell and bars indicate the average per condition. Error bars show standard deviation. N = 12 cells per
condition for endosomes and lysosomes and 24 cells per condition for mitochondria. For all graphs, the
magnitude of the change and p-value compared to control is shown. An up arrow indicates an increase and a
down arrow indicates a decrease. For statistical comparisons **** indicates p-value<0.0001, *** indicates p-
values<0.001, ** indicates p-value<0.01, * indicates p-value<0.05, and ns indicates p-value>0.05. Conditions
were compared via ordinary one-way ANOVA. All experiments were performed with N=3 biological replicates.
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Supp Fig 3: Further quantification of the effect of INF2 knock-out on organelle morphology. Additional
quantification results related to the experiments described in Figure 2 are shown. The top row of graphs shows
the same individual organelle area quantification results from Figure 2 with the addition of results from
experiments carried out with U20S cells where all isoforms of INF2 have been knocked-out (“Complete INF2
KO”). In addition to area, individual mitochondrial length, the number of branches per mitochondria, and
circularity of endosomes and lysosomes are also shown. Endosome and lysosome fission rates are shown in
the bottom right graphs. N = 8 cells per condition for fission rate results. For all other results, N = 12 cells per
condition for endosomes and lysosomes and 24 cells per condition for mitochondria. For all graphs, black dots
show the average per cell and bars indicate the average per condition. Error bars show standard deviation.
The magnitude of the change and p-value compared to control is shown. An up arrow indicates an increase
and a down arrow indicates a decrease. For statistical comparisons **** indicates p-value<0.0001, *** indicates
p-values<0.001, ** indicates p-value<0.01, * indicates p-value<0.05, and ns indicates p-value>0.05. Conditions
were compared via ordinary one-way ANOVA. All experiments were performed with N=3 biological replicates.
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Supp Fig 4: Expression of dominant active INF2 causes mitochondrial fragmentation but does not alter
endosome or lysosome shape. Wild-type U20S cells were imaged live following co-transfection with
organelle labels and various INF2-ER constructs. A. Representative images of mitochondria labeled with
MitoTracker Deep Red in wild-type U20S cells expressing GFP (control), wild-type INF2-ER GFP, or INF2-
ER[A149D] GFP are shown. A representative image of mitochondria from the INF2-ER[A149D] GFP condition
following treatment with 1uM LatB for 15-30 minutes is also shown. B. Quantification of individual organelle
area for each condition and organelle. C. Quantification of mitochondrial length and branching for each
condition. D. Quantification of endosome and lysosome circularity for all conditions. For all graphs, black dots
show the average per cell and bars indicate the average per condition. Error bars show standard deviation.
The magnitude of the change and p-value compared to control is shown. An up arrow indicates an increase
and a down arrow indicates a decrease. For statistical comparisons **** indicates p-value<0.0001, *** indicates
p-values<0.001, ** indicates p-value<0.01, * indicates p-value<0.05, and ns indicates p-value>0.05. Conditions
were compared via ordinary one-way ANOVA. N = 10 cells per condition for endosomes and lysosomes and
12 cells per condition for mitochondria. All experiments were performed with N=3 biological replicates.
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Figure 3: Loss of INF2 increases organelle mobility. Organelles were labeled in wild-type U20S cells
(control) and INF2-ER KO U20S cells using Rab5-mCherry (endosomes), LAMP1-mCherry (lysosomes), or
MitoTracker Deep Red (mitochondria) and their movement was tracked during 5-minute timelapses using
Imaris software. To aid in visualization of organelle movement, tracks marking the trajectories of each
organelle in representative cells are shown. These tracks are color-coded according to Imaris’ calculated “track
displacement distance”. This is the measured distance between the organelle’s location at the beginning and
its location at the end of the timelapse. Thus, more red tracks indicate organelles that cover more distance,
and therefore, move more, while more blue tracks indicate organelles that move less. The first column shows
tracks generated from endosome, lysosome, and mitochondrial movement in the Control condition. The
following column displays organelle tracks from the INF2-ER KO condition. The following column displays
tracks from INF2-ER KO cells co-transfected with INF2-ER GFP. The following column displays tracks from
INF2-ER KO cells co-transfected with INF2-ER[K792A] GFP. The following column shows tracks from INF2-ER
KO cells co-transfected with INF2-Cyto GFP. The last column shows quantification of organelle movement
based on Imaris organelle tracking. To correct for tracks that do not last the entire duration of the timelapse
due to organelles leaving/entering the frame or going in/out of focus, the “Mean Straight Velocity” of each
organelle was calculated by dividing the track displacement distance by the track duration. N = 12 cells per
condition for endosomes and lysosomes and 24 cells per condition for mitochondria. For all graphs, black dots
show the average per cell and bars indicate the average per condition. Error bars show standard deviation.
The magnitude of the change and p-value compared to control is shown. An up arrow indicates an increase
and a down arrow indicates a decrease. For statistical comparisons **** indicates p-value<0.0001, *** indicates
p-values<0.001, ** indicates p-value<0.01, * indicates p-value<0.05, and ns indicates p-value>0.05. Conditions
were compared via ordinary one-way ANOVA. All experiments were performed with N=3 biological replicates.
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Supp Fig 5: Further quantification of the effect of INF2 KO on organelle mobility. Additional quantification
results related to the experiments described in Figure 3 are shown. The top row of graphs shows the same
mean straight velocity values from Figure 3 with the addition of values from experiments carried out in
Complete INF2 KO cells. Black dots show the average per cell and bars indicate the average per condition.
Error bars show standard deviation. The magnitude of the change and p-value compared to control is shown.
An up arrow indicates an increase and a down arrow indicates a decrease. For statistical comparisons ****
indicates p-value<0.0001, *** indicates p-values<0.001, ** indicates p-value<0.01, * indicates p-value<0.05,
and ns indicates p-value>0.05. Conditions were compared via ordinary one-way ANOVA. The second row of
graphs shows the autocorrelation values of the organelle channel over time for each condition calculated using
a custom Fiji macro described in Methods. The thick lines mark the average correlation value over time and the
thin vertical lines show the standard error. Tables below the graphs show the p-value results of comparing
each curve to the control curve. Curves were compared using a modified Chi-squared method®. For all
graphs, N = 12 cells per condition for endosomes and lysosomes and 24 cells per condition for mitochondria.
All experiments were performed with N=3 biological replicates.
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Supp Fig 6: Inhibition of actin polymerization increases organelle mobility. Wild-type U20S cells were
labeled with Rab5-mCherry (endosomes), LAMP1-mCherry (lysosomes), or MitoTracker Deep Red
(mitochondria), treated with 200nM LatB or vehicle control for 60-90 minutes, then imaged over time for an
additional 5 minutes. Organelle movement was measured using both Imaris tracking and our autocorrelation
method. Panels display tracks of individual organelle trajectories color-coded based on distance traveled as
described in Figure 3. Graphs of organelle tracking results are also displayed. Black dots show the average per
cell and bars indicate the average per condition. Error bars show standard deviation. The magnitude of the
change and p-value compared to control is shown. An up arrow indicates an increase and a down arrow
indicates a decrease. For statistical comparisons **** indicates p-value<0.0001, *** indicates p-values<0.001,
** indicates p-value<0.01, * indicates p-value<0.05, and ns indicates p-value>0.05. Conditions were compared
via Welch’s t-test. Graphs of the autocorrelation values over time are also shown. The thick lines mark the
average correlation value over time and the thin vertical lines show the standard error. The table displays the
p-values resulting from comparing the control and LatB curves. For all graphs, N = 12 cells per condition for
endosomes and lysosomes and 14 cells per condition for mitochondria. All experiments were performed with
N=3 biological replicates.
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Supp Fig 7: Expression of dominant active INF2 reduces organelle mobility. In wild-type U20S cells
organelles were labeled using Rab5-mCherry (endosomes), LAMP1-mCherry (lysosomes), or MitoTracker
Deep Red (mitochondria) and co-transfected with GFP (control), wild-type INF2-ER GFP, or INF2-ER[A149D]
GFP. The INF2-ER[A149D] GFP condition was also compared with and without 15-30 minute treatment with
1uM LatB. Tracks displaying individual organelle trajectories color-coded by distance traveled are shown for
representative cells from each condition. Quantification of these results via organelle tracking in Imaris is
shown in the bar graphs. For all bar graphs, black dots show the average per cell and bars indicate the
average per condition. Error bars show standard deviation. The magnitude of the change and p-value
compared to control are shown. An up arrow indicates an increase and a down arrow indicates a decrease. For
statistical comparisons, **** indicates p-value<0.0001, *** indicates p-values<0.001, ** indicates p-value<0.01,
* indicates p-value<0.05, and ns indicates p-value>0.05. Conditions were compared via ordinary one-way
ANOVA. In addition to object tracking in Imaris, organelle movement was also quantified using our
autocorrelation method, displayed in the line graphs. The thick lines mark the average correlation value over
time and the thin vertical lines show the standard error. The tables display the p-values resulting from
comparing each curve with the control curve. N = 10 cells per condition for endosomes and lysosomes and 12
cells per condition for mitochondria. All experiments were performed with N=3 biological replicates.
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Supp Video 1: ER-associated actin accumulates at endosomal fission sites prior to endosome division.
Timelapse video corresponding to the endosome example from Figure 1A and Supplemental Figure 1A. The
top row shows single channel grayscale videos of the endosome (Rab5-mCherry), AC-ER (AC-ER GFP), and
ER (BFP-KDEL) channels followed by a merge of all channels with endosomes in magenta, AC-ER in yellow,
and ER in cyan. The bottom row shows two-color merges following the same color-scheme. White arrowheads
indicate the location of endosome fission events. Scale bar = 1um.

Supp Video 2: ER-associated actin accumulates at lysosomal fission sites prior to lysosome division.
Timelapse video corresponding to the lysosome example from Figure 1A and Supplemental Figure 1B. The top
row shows single channel grayscale videos of the lysosome (LAMP1-mCherry), AC-ER (AC-ER GFP), and ER
(BFP-KDEL) channels followed by a merge of all channels with lysosomes in magenta, AC-ER in yellow, and
ER in cyan. The bottom row shows two-color merges following the same color-scheme. White arrowheads
indicate the location of lysosome fission events. Scale bar = 1um.

Supp Video 3: ER-associated actin accumulates at mitochondrial fission sites prior to mitochondrial
division. Timelapse video corresponding to the mitochondria example from Figure 1A and Supplemental
Figure 1C. The top row shows single channel grayscale videos of the mitochondria (MitoTracker Deep Red),
DRP1 (DRP1-mCherry), AC-ER (AC-ER GFP), and ER (BFP-KDEL) channels followed by a merge of all
channels with mitochondria in magenta, DRP1 in blue, AC-ER in yellow, and ER in cyan. The bottom row
shows two-color merges following the same color-scheme. White arrowheads indicate the location of
mitochondrial fission events. Scale bar = 1um.

Supp Video 4: Loss of INF2 increases endosome mobility. Timelapse video corresponding to the
endosome examples from Figure 3. The endosome channel (Rab5-mCherry) is shown for the indicated
conditions. Scale bar = 10um.

Supp Video 5: Loss of INF2 increases lysosome mobility. Timelapse video corresponding to the lysosome
examples from Figure 3. The lysosome channel (LAMP1-mCherry) is shown for the indicated conditions. Scale
bar = 10um.

Supp Video 6: Loss of INF2 increases mitochondrial mobility. Timelapse video corresponding to the
mitochondria examples from Figure 3. The mitochondria channel (MitoTracker Deep Red) is shown for the
indicated conditions. Scale bar = 10um.

Supp Video 7: Inhibition of actin polymerization increases organelle mobility. Timelapse video
corresponding to Supplementary Figure 6. The first column shows the organelle channel from U20S cells
treated with vehicle control and the second column shows the organelle channel from U20S cells treated with
200nM LatB for 60-90 minutes prior to timelapse acquisition. The top row shows endosomes (Rab5-mCherry),
the middle row shows lysosomes (LAMP1-mCherry), and the bottom row shows mitochondria (MitoTracker
Deep Red). Scale bar = 10um.

Supp Video 8: Expression of dominant active INF2 reduces endosome mobility. Timelapse video
corresponding to the endosome example from Supplementary Figure 7. The endosome channel (Rab5-
mCherry) is shown for the indicated conditions. The LatB-treated condition (+LatB) was treated with 1uM LatB
for 15-30 minutes prior to timelapse acquisition. Scale bar = 10um.

Supp Video 9: Expression of dominant active INF2 reduces lysosome mobility. Timelapse video
corresponding to the lysosome example from Supplementary Figure 7. The lysosome channel (LAMP1-
mCherry) is shown for the indicated conditions. The LatB-treated condition (+LatB) was treated with 1uM LatB
for 15-30 minutes prior to timelapse acquisition. Scale bar = 10um.

Supp Video 10: Expression of dominant active INF2 reduces mitochondrial mobility. Timelapse video
corresponding to the mitochondria example from Supplementary Figure 7. The mitochondria channel
(MitoTracker Deep Red) is shown for the indicated conditions. The LatB-treated condition (+LatB) was treated
with 1uM LatB for 15-30 minutes prior to timelapse acquisition. Scale bar = 10um.
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