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Abstract
Mitosis and homeostasis depend on proper cellular morphological transformation and plasma
membrane structure during interphase. PTEN is a tumor suppressor protein involved in cellular
homeostasis and genomic stability. We have previously shown that loss of PTEN leads to impairment of
mitotic spindle architecture and cytokinesis. Here we report a potential relationship between PTEN and
actin in controlling cellular morphology. PTEN depletion results in disorganization of the actin
cytoskeleton. This is manifested by decreased parallel alignment of actin �laments, increased F-actin at
the membrane, and cells appeared rounder. We also found that Moesin (Moe), an actin-binding ERM
protein involved in membrane morphology, exhibits greater level in the phosphorylated Moe (pMoe) form
and dislocation of pMoe from the cell cortex. Using an inhibitor of actin polymerization in PTEN-de�cient
cells, our data show a reduced quantity of pMoe and the recovery of its membrane enrichment. Moreover,
inhibition of actin polymerization also reduces F-actin at the membrane and the frequency of cells with
round shape. These data suggest that PTEN may regulate cortical actin polymerization to maintain
cellular morphology and membrane dynamics.

Introduction
Phosphatase and tensin homologue deleted on chromosome 10 (PTEN) encodes a protein that
negatively regulates the phosphoinositide 3-kinase (PI3K)/AKT signaling pathway for cell survival and
proliferation.1–3 In addition, it regulates cell metabolism4,5, cell cycle progression6,7, cell motility8,9, stem
cell self-renewal10,11, the structural integrity of chromosomes12,13, DNA replication14, repair15,
decatenation16, mitosis17–19, and chromatin remodeling20,21.

PTEN has been reported to control multicell morphological coordination by maintaining membrane
localization of protein complexes22. It regulates mitotic cell shape transformation, cell elongation, and
cytokinesis by recruitment of moesin (Moe), a crosslinker between the plasma membrane and
�lamentous actin (F-actin)23, to the cell cortex24. Moe is a member of the ERM protein family that
organizes specialized membrane domains by interacting with phospholipids and the cytoskeleton24–27.
Moe is activated via phosphorylation that causes rigidi�cation and rounding of the plasma membrane
during mitosis24. Once cells are ready to divide, Moe is dephosphorylated and detached from PIP2 at the
plasma membrane, and the membrane relaxes26.

Aberrant Moe signaling results in mitotic defects. For example, inhibition of Moe phosphorylation causes
detachment from PIP2, disrupting membrane structure during early mitosis24. Another study reports that
Moe deletion results in aberrant asymmetric mitotic spindles and chromosome misalignment27. Precise
control of cell morphogenesis is critical for both mitosis and interphase, despite that aberrant Moe
signaling is less studied among interphase cells.

Actin �laments, binding partners of Moe, are among the major components of the cytoskeleton that
support cell structure28. Notably, PTEN is an important regulator of actin polymerization. One study
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reports cellular phagocytosis of opportunistic fungi29 depends on the interaction of PTEN and co�lin-1,
an actin depolymerizing factor. Loss of PTEN diphosphatase activity disrupts actin polymerization
necessary for phagocytosis and cell motility29.

In this study, we aim to assess how Pten loss impacts interphase cellular morphogenesis and cortical
actin architecture using a combined qualitative and quantitative analysis of immuno�uorescence images
at the single-cell level. Our data revealed the absence of PTEN corresponds with cortical enrichment of F-
actin, increased levels of pMoe away from the membrane, and prominent non-mitotic cell rounding.
These alterations reverse when actin polymerization is blocked with an inhibitor. This may suggest that
abnormal actin polymerization phenotypes in Pten null cells may drive aberrant cell shape and surface
architecture. These results have signi�cant implications for understanding the role of PTEN in guarding
the membrane dynamics and integrity against cytoskeleton deregulation and cell cortical aberrations.

Results
Cellular morphological changes and cytoskeletal actin disorganization in the absence of Pten.

Throughout the years of studying PTEN and culturing adherent mammalian cells with and without PTEN,
we have noticed a morphological feature associated with PTEN loss, i.e., cell rounding and detaching
from culture plates or surrounding cells. To investigate and document morphological alterations
following PTEN depletion, we traced single cell cytoskeletal architecture by immuno�uorescence of F-
actin using an isogenic pair of mouse embryonic �broblast cells derived from PtenWT and PtenKO mice.

The cell shape is visibly rounder in cells depleted of PTEN (Fig. 1a). We measured the cell length and
width and found decreased cell length but increased cell width in PtenKO cells. The length-to-width (L:W)
ratio in PtenKO cells is decreased signi�cantly (Fig. 1b). There is also a signi�cantly higher number of
round cells in PtenKO compared to PtenWT cells (Fig. 1c). We excluded mitotic cells that would more likely
be round using the DAPI stain.

Additionally, we report higher frequency of poorly aligning actin �laments pointing in different directions
in cells depleted of PTEN. This is contrasted with PtenWT cells, which we found have more well-aligned F-
actin bundles (Fig. 1d). Furthermore, there is more F-actin accumulated at the cell cortex in PtenKO cells
compared to PtenWT cells (Fig. 1a and 1e). There appears to be a correlation between loss of Pten and
enhanced enrichment of F-actin along the plasma membrane. These results suggest that PTEN is
required for proper formation and distribution of actin cytoskeleton to support normal cell morphology.

Higher levels of pMoe and increased formation of pMoe aggregates in PtenKO cells. F-actin is crosslinked
to the plasma membrane through the adapter protein Moe23. PTEN has been reported to regulate Moe
during mitosis24. However, the interaction between PTEN and Moe during interphase is not well studied.
The crosslinking activity of Moe is dependent on its phosphorylation of a conserved threonine residue
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T558 that induces a conformational change to an “active” state30. We thus examined the activation
status of Moe in PtenWT and PtenKO MEFs by focusing on pMoe levels.

The level of pMoe is signi�cantly different between PtenWT and PtenKO MEFs cells (Fig. 2a). We used
immuno�uorescence to assess quantity of pMoe and F-actin expression. Figure 2b shows both increased
F-actin membrane enrichment and increased overall pMoe levels to the naked eye in cells depleted of
Pten. An overlay of the two targets shows visibly different morphological phenotypes in PtenKO cells as
compared to PtenWT cells. However, we were unable to document a visible difference in Moe after Pten
loss (Fig. 2c).

We measured the quantity of pMoe levels and found signi�cantly higher intensity of pMoe in PtenKO cells,
which agrees with our visual assessment (Fig. 2d). In addition to higher pMoe intensity, there is a higher
number of cells with prominent, compact, and punctate pattern of pMoe deposition in PtenKO cells
(Fig. 2e). We called these “aggregates,” or highly concentrated collections of pMoe which was also
visually deciphered (Fig. 2b). These results support that Pten deletion may alter F-actin-binding protein
Moe, manifested both biochemically (i.e., increased pMoe levels) and morphologically (pMoe
aggregates). Thus, it is likely that Moe is a signaling target of PTEN.

Higher pMoe expression found near the nucleus as opposed to membrane in PtenKO cells. In addition to
altered activity of Moe, it is possible that Pten loss changes the localization of pMoe in the cell. We
performed cellular fractionation experiments to measure pMoe levels in the cytoplasm and membrane
(Fig. 3a). In PtenWT cells, a non-uniform pattern of Moe and pMoe was found. More pMoe is present at
the membrane. However, in PtenKO cells, the opposite trend was found. A lower level of pMoe was found
at the membrane compared to the cytoplasm. No signi�cant difference between Moe levels near the
membrane and cytoplasm was found between PtenWT and PtenKO cells (Fig. 3a).

We further categorized the distribution of Moe and pMoe into two speci�c regions: near the plasma
membrane (juxtamembrane region) and near the nucleus (perinuclear region, Fig. 3b). Lower levels of
pMoe in the juxtamembrane region and higher levels in the perinuclear region were found in PtenKO cells
(Fig. 3c and 3d). We further partitioned the cytoplasm to investigate the cellular distribution of pMoe and
Moe in PtenKO cells (Fig. 3e). The two areas are the peripheral area (P) and the central area (C). We found
signi�cantly higher levels of pMoe in the central area in PtenKO cells compared to PtenWT cells (Fig. 3f).
This corresponds with an increased pMoe C:P ratio in PtenKO cells (Fig. 3g).

Additionally, we measured the levels F-actin in the central and peripheral areas as well to determine if
there might be correlation with the signi�cant changes in pMoe localization we found between PtenKO

and PtenWT cells. Indeed, we found a signi�cant decrease in the F-actin C:P ratio in PtenKO cells (Fig. 3h).
In other words, more actin �laments accumulate in the peripheral area after Pten loss, which is in
agreement with greater F-actin enrichment at the membrane (Fig. 1e). The inverse redistribution of pMoe
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and F-actin suggests that their cross-linking may be hampered in the absence of Pten, which may lead to
the impairment of cell cortical architecture.

Reversible F-actin cortical enrichment and greater cell rounding in PtenKO cells. Given previous �ndings of
increased actin �laments at the cortex in PtenKO cells, we hypothesize that loss of Pten may affect actin
polymerization. To test this hypothesis, we treated PtenKO cells with cytochalasin D, an inhibitor of actin
polymerization, to determine whether it can reverse the morphological and F-actin distribution aberrations
in PtenKO cells.

Both PtenWT and PtenKO cells were treated with cytochalasin D for assessment of F-actin expression at
the membrane and cytoplasm. We found visible differences in both cell shape and F-actin signals after
treatment between PtenKO and PtenWT cells (Fig. 4a). Quantitative imaging analysis shows a nearly
complete reverse of F-actin membrane enrichment in PtenKO cells treated with cytochalasin D (Fig. 4b).
There is also a signi�cant increase in the F-actin C:P ratio after cytochalasin D treatment (Fig. 4c),
indicating that inhibition of actin polymerization in PtenKO cells displaces F-actin from the membrane and
that more F-actin becomes present in the cytoplasm.

Despite the correction of aberrant cortical enrichment and subcellular distribution of F-actin by inhibition
of actin polymerization (Fig. 4a-4c), the organization of F-actin �bers (i.e., how well �bers aligned with
each other and homogeneity of direction) remains poorly aligned in PtenKO cells even after cytochalasin
D treatment (Fig. 4d). Interestingly, there is a signi�cantly lower number of round cells in PtenKO treated
with cytochalasin D compared to PtenKO without treatment (Fig. 4e). These data suggest that impairment
of actin �lament alignment per se may not be responsible for the cell shape deregulation in PtenKO cells.

Reversible Moe phosphorylation and subcellular localization in PtenKO cells in response to inhibition of
actin polymerization. Finally, we strived to determine if correcting aberrant actin polymerization can
ameliorate the abnormal pMoe mislocalization in PtenKO cells. We used cytochalasin D to inhibit actin
polymerization and compared pMoe levels and distribution in PtenKO and PtenWT cells. First, we found a
time-dependent reduction of pMoe in PtenKO cells following cytochalasin D (Fig. 5a). We also found
visibly decrease size and intensity of compact and punctate pMoe deposition after cytochalasin D in both
PtenKO cells (Fig. 5b). There is a signi�cant reduction of measured pMoe levels in PtenKO cells after
cytochalasin D, which is in agreement with our visual impression (Fig. 5c).

The cellular localization of pMoe was also categorized into central (C), peripheral (P), perinuclear, and
juxtamembrane. We found signi�cantly decreased levels of pMoe in the central area (lower C:P ratio),
decreased levels in the perinuclear region, and increased levels in the juxtamembrane region after
cytochalasin D in PtenKO cells (Fig. 5d-5f). Following inhibition of actin polymerization, the reversed
elevation of pMoe levels and membrane dissociation of Moe (Fig. 5) co-occur with the reverse of F-actin
cortical enrichment and cell rounding (Fig. 4). These data collectively suggest that Moe deregulation and
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corresponding aberrant cell morphology may be associated with dysfunction of cortical actin
cytoskeleton in cells lacking Pten.

Discussion
PTEN is a guardian of the genome31–33. In addition to maintaining structural integrity of the
chromosome12 and architecture of the mitotic spindle17, PTEN has been reported to regulate multiple
morphological characteristics of the cell, including cell size34 and focal adhesion35. Our data in this study
reveal a novel PTEN function of controlling cell shape and cortical architecture. Deletion of the Pten gene
causes marked cell rounding and cortical accumulation of F-actin. The crosslinker between F-actin and
plasma membrane, Moe, becomes phosphorylated and dissociated from cortical F-actin, which is
reversible by inhibition of actin polymerization. These data demonstrate the essential role of PTEN in
maintaining the structural integrity and molecular composition of the cell cortex and highlight the
importance of proper formation and distribution of actin �laments in such regulation.

F-actin and Moe interact to orchestrate the cell cortex, a thin actin network underlying the plasma
membrane28. We found higher levels of pMoe in the cytoplasm in PtenKO cells. The fact that inhibition of
actin polymerization reduces phosphorylation of Moe and rescues its aberrant subcellular distribution
indicates that regulation of Moe resides downstream of actin depolymerization by PTEN. Likewise,
treating Pten null cells with the inhibitor of actin polymerization completely reverses the phenotype of cell
rounding. These results place actin �lament assembly at the center of the cell shape and cortical
morphology regulation by PTEN.

PTEN is a lipid phosphatase, and its canonical function is to dephosphorylate PIP3 to PIP2, which is an
essential lipid for Moe binding at the plasma membrane. Moe is activated by phosphorylation to link F-
actin and PIP2, while unphosphorylated Moe is dormant and localized in the cytoplasm36. In the absence
of Pten, Moe is aberrantly activated as evident by increased pMoe levels. This activated form of Moe,
however, is mainly found in the cytoplasm and displaced from the plasma membrane where it normally
should be. These con�icting manifestations could be the result of defective membrane tra�cking in the
absence of Pten. Previous reports suggest that PTEN regulates endocytic tra�cking37 and that PTEN
interacts with cytoplasmic membrane structures (i.e., cytoplasmic vesicles and endosomes)38,39. It is thus
plausible that PTEN loss induces Moe phosphorylation and pMoe translocation from the plasma
membrane to cytoplasmic membrane structures, re�ective of enhanced endocytic tra�cking.

We found increased levels of F-actin at the cell membrane and increased levels of pMoe in the cytoplasm
in PtenKO cells. Whereas F-actin and pMoe are normally associated at the membrane to regulate the cell
cortex, we found they were likely spatially separated in PtenKO cells. Proper localization of F-actin and
pMoe is important for their interaction. It may be inferred that PTEN loss may disrupt localization of these
proteins, impacting cell morphology.
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It is uncertain if defects of PTEN’s lipid phosphatase function may be directly responsible for the
increased F-actin levels at the membrane. It is, however, possible that increased F-actin at the membrane
in the absence of PTEN may increase roundness and stiffness of cells. The interplay of PTEN and actin
may be important for cell morphology. Based on these observations and hypotheses, we further explored
the potential interaction between PTEN and actin by using cytochalasin D, which inhibits actin
polymerization. We found decreased F-actin levels at the membrane and increased levels in the
cytoplasm in PtenKO cells. We also found fewer round cells after inducing actin depolymerization. It
seems that actin depolymerization reversed the phenotypic changes caused by loss of PTEN (i.e., actin
depolymerization corresponded with lower F-actin levels at the membrane and fewer round cells). It
remains uncertain if the activity of actin in PtenKO cells are a compensatory reaction to disruption in
homeostasis or aberrant presentation of uncontrolled cell proliferation/migration.

Methods
Cells, antibodies and reagents. Mouse embryonic �broblasts (MEFs) derived from Pten wild type (PtenWT)
and Pten knock-out (PtenKO) mice have been reported on previously13,17 and were cultured in MEM
(Gibco) supplemented with 10% fetal bovine serum. The primary antibodies used were: PTEN (A2B1, sc-
7974) and actin (I-19, sc-1616) from Santa Cruz, and Moesin (ab151542) and p-Moesin (ab177943) from
Abcam. The Phalloidin-iFluor™ 488 conjugate (#20549) and cytochalasin-D (#11330) were from the
Cayman Chemical Company.

Protein extraction, fractionation, and Western blotting. Cells harvested and suspended in PBS containing
protease inhibitors were subjected to sonication using multiple on and off cycles in a Qsonica Q500
sonicator to obtain total cell lysates. For cellular fractionation, 10% of the harvested cells were aliquoted
for whole cell lysates. The remaining cells were centrifuged and resuspended with a hypotonic lysis
buffer (HLB) containing Digitonin and protease inhibitors for the cytoplasmic fraction (10mM Tris, pH 7.5,
10mM NaCl, 3mM MgCl2, 10% glycerol, H2O, 50ug/mL Digitonin), and subsequently with HLB containing
IGEPAL and protease inhibitors for the membrane fraction (10mM Tris, pH 7.5, 10mM NaCl, 3mM MgCl2,
10% glycerol, H2O, 0.3% IGEPAL-C630). Protein samples were subjected to standard a Western blotting
protocol to determine the levels of Pten, Moe, and pMoe. Brie�y, protein samples were loaded in a 10%
polyacrylamide gel for electrophoresis and subsequently transferred to a PVDF membrane. Targeted
proteins were probed by speci�c primary antibodies followed by HRP-conjugated secondary antibodies
for signal development using ECL reagents (Pierce PI32209).

Immuno�uorescence microscopy. Cells were cultured on glass slides overnight, �xed in 4%
paraformaldehyde diluted in PBS for 15 min, then underwent permeabilization with 0.1% Triton X-100 for
10 min. Cells were washed carefully with PBS, followed by incubation with a blocking solution (1% BSA in
PBS and 0.1% tween20) and a 0.1% Triton X-100 solution for membrane permeabilization. The cells were
stained with a primary antibody (pMoe or Moe) for 2 hours at room temperature, and then with a
�uorochrome-conjugated secondary antibody for 1 hour at 37ºC in a dark incubator. Stained cells were
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imaged using a Nikon Eclipse TiE microscope. Phalloidin was used for F-actin staining, following the
manufacturer’s protocol. Images were acquired at 20- and 40-times magni�cations and as z-stacks with
0.2 to 0.4 µm spacing to generate maximum-intensity projection of the entire cell. Imaging data were
analyzed with NIS-Elements AR 4.11, Fiji, and ImageJ software.

Qualitative imaging analysis. We categorized the shape of cells using F-actin as the approximate
membrane marker. Cells that appeared circular, not spreading out, and contoured were classi�ed as
“round.” All other cells were listed as “not round.” Then, we studied Moe and pMoe expression by
classifying the size, density, and distribution of foci. “Aggregates” were discrete or aggregated signals of
Moe or pMoe. Diffuse signals that appeared scattered were “not aggregates”. Lastly, F-actin activity was
also studied. We focused on the distribution of the F-actin signal (i.e., close to membrane or in
cytoplasm). We F-actin �laments and assess whether they are aligning or not aligning.

Quantitative imaging analysis. Stained cells acquired from immuno�uorescence were �rst analyzed for
their cellular and nuclear area, lengths, and widths. The areas of the cell and nuclei were measured in µm2

with the loop function in Fiji/ImageJ using the mono (DIC) and blue-�uorescent (DAPI) channels,
respectively. The line segment function was used to measure the width and length of cells in µm40. The
�uorescence intensity levels of Moe, pMoe, and F-actin were measured using Fiji/ImageJ41. Given the
measured area of the selected cell, the mean �uorescence of background readings, and its integrated
density, the corrected total cell �uorescence (CTCF) is calculated. CTCF is a measure of the �uorescence
intensity that accounts for subtracting out the background signal. An additional corrected mean cell
�uorescence (CMCF) was calculated by dividing CTCF with the cellular area to determine the �uorescence
intensity per µm2. Only CMCF data are shown in this paper. At least three different background readings
were measured to calibrate the CTCF calculation. Statistical tests were performed to identify data
signi�cance. The localized intensity of Moe, pMoe, and F-actin near the nucleus (“perinuclear”) and
(membrane “juxtamembrane”) were also distinguished using the loop function in Fiji/ImageJ. Our
research approximated the near-nucleus region by �nding the midpoint of the cytoplasmic region
between the plasma membrane and the nuclear membrane. The near-nucleus region quanti�ed the Moe,
pMoe, and F-actin intensity within the mid-area closer to the nucleus that is stained blue (DAPI). The
intensity near the membrane was quanti�ed using the area closer to the plasma membrane. Statistical
tests were also applied to these data.

Statistical analysis. The collected quantitative data were analyzed by either unpaired t test (when group
number = 2) or one way ANOVA followed by Tukey’s multiple comparisons test (when group number > 2).
For qualitative data analysis, raw data were �rst converted to a frequency distribution table, then
subjected to unpaired t test or one-way ANOVA followed by Sidak’s multiple comparison test. The
statistical signi�cances between data sets were expressed as p values, where ns means not signi�cant, *
for p < 0.05, ** for p < 0.01, *** for p < 0.001, and **** for p < 0.0001.
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Figures

Figure 1

Pten knockout (PtenKO) cells correlate with morphological changes and cytoskeleton disorganization.
Mouse embryonic �broblast cells (MEFs) derived from PtenWT and PtenKO mice were labeled by
phalloidin and subjected to �uorescent microscopy examination of actin �laments. a. Representative
�uorescence images of PtenWT and PtenKO MEFs labeled with phalloidin. b. Cell length and width were
measured (n≥100), and the ratio of length:width (L:W) was calculated for each cell and summarized in
the histogram. c. Cell shape is categorized into “round” and “not round” and presented as the percentage
of round cells. d. Cells are categorized into “having” or “not having” well organized (prominent and
aligning) actin cytoskeletal �bers”. The percentage of cells with well-organized �bers were assessed. e.
The percentage of cells with F-actin enriched at the cell membrane were reported.
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Figure 2

Higher levels of pMoe with an imaging manifestation of increased pMoe aggregates in PtenKO cells. a.
Western blotting of PtenWT and PtenKO MEFs depicting levels of pMoe, Moe and actin. b. Representative
�uorescence images of PtenWT and PtenKO MEFs, showing pMoe and F-actin signals individually and
overlayed. Selected regions are magni�ed for visual enhancement. c. Representative �uorescence images
of Moe and F-actin co-staining. d. Mean intensity of Moe and pMoe in PtenWT and PtenKOe. MEFs (n≥100
for each line) were measured and summarized in the scatterplot. The percentage of cells with pMoe
aggregates are presented. Aggregates are concentrated and punctate signals of pMoe, as illustrated in
1b.

Figure 3

Greater subcellular dislocation of pMoe towards the cytoplasm and perinuclear region in PtenKO cells. a.
Western blotting of PtenWT and PtenKO MEFs following a cellular fractionation procedure, depicting the
expression levels of pMoe, Moe, and actin in the cytoplasmic and membrane fractions. b. Schematic
indicating the boundaries used to assess regions near the nuclear membrane (periN) or plasma
membrane (M). c. pMoe localization is characterized based on vicinity to the membrane, or
“juxtamembrane” if next to the cell membrane. The percentage of cells with juxtamembrane
accumulation of pMoe is presented. d. pMoe localization is characterized based on vicinity to the
nucleus, or “perinuclear” if close to the nuclear membrane. The percentage of cells with perinuclear
accumulation of pMoe is reported. e. Schematic indicating the boundaries used to assess
peripheral/membrane (P) and central/cytoplasmic (C) regions. f. The distribution of Moe and pMoe in the
peripheral and central areas was quanti�ed (n≥100 for each cell line). g. The ratio of central to peripheral
(C:P) pMoe levels was calculated for each cell and summarized in the histogram. h. The ratio of F-actin
present in the cytoplasm and membrane are reported as a C:P ratio.
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Figure 4

Inhibition of F-actin polymerization decreases membrane enrichment and reduces cell rounding in PtenKO

cells. a. Representative �uorescence images of PtenWT and PtenKO MEFs labeled with phalloidin before
(U) and after (T) cytochalasin D treatment (200nM, 4h). b. The percentage of cells with F-actin enriched at
the cell membrane before and after cytochalasin D treatment is reported. c. The ratio of F-actin presented
in the cytoplasm and membrane before and after cytochalasin D treatment are reported as a C:P ratio. d.
The percentage of cells with prominent and aligning actin �bers before and after cytochalasin D
treatment was assessed. e. Cell shape is categorized into “round” and “not round” and presented as the
percentage of round cells.

Figure 5

F-actin depolymerization correlates with decreased pMoe levels and  altered pMoe localization in PtenKO

cells. a. Western blotting of PtenWT and PtenKO MEFs following cytochalasin D treatment for different
time periods as indicated, depicting the expression levels of pMoe, Moe, and actin. b. Representative
�uorescence images of pMoe (red) in PtenWT and PtenKO MEFs before (U) and after (T) cytochalasin D



Page 15/15

treatment (200nM, 4h). Nuclei were stained by DAPI and cells were outlined by dotted lines. c. Mean
intensity of pMoe signals was quanti�ed before and after cytochalasin D treatment (n≥100 for each
condition). d. The ratio of central to peripheral (C:P) was calculated for each cell and summarized in the
histogram. e. pMoe localization is characterized based on vicinity to the membrane. The percentage of
cells with juxtamembrane accumulation of pMoe before and after cytochalasin D treatment is reported. f.
pMoe localization is characterized based on vicinity to the nucleus. The percentage of cells with
perinuclear accumulation of pMoe before and after cytochalasin D treatment is presented.
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