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Abstract

Juvenile neuronal ceroid lipofuscinosis (JNCL) is a pediatric lysosomal storage disorder
characterized by accumulation of autofluorescent storage material and neurodegeneration, which
result from mutations in CLN3. The function of CLN3, a lysosomal membrane protein, is
currently unknown. We report CLN3 interacts with cytoskeleton-associated nonmuscle myosin-
I1B. Both CLN3 and myosin-11B are ubiquitously expressed, yet mutations in either produce
dramatic consequences in the CNS such as neurodegeneration in JNCL patients and CIn3~/~
mouse models, or developmental deficiencies in Myh10~/~ mice, respectively. A scratch assay
revealed a migration defect associated with CIn3~/~ cells. Inhibition of nonmuscle myosin-I1 with
blebbistatin in WT cells resulted in a phenotype that mimics the CIn3~/~ migration defect.
Moreover, inhibiting lysosome function by treating cells with chloroquine exacerbated the
migration defect in CIn37~. CIn3~/~ cells traversing a transwell filter under gradient trophic factor
conditions displayed altered migration, further linking lysosomal function and cell migration. The
myosin-11B distribution in CIn3~/~ cells is elongated, indicating a cytoskeleton defect caused by
the loss of CLN3. In summary, cells lacking CLN3 have defects that suggest altered myosin-11B
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activity, supporting a functional and physical interaction between CLN3 and myosin-11B. We
propose the migration defect in CIn3~/~ results, in part, from the loss of the CLN3-myosin-11B
interaction.
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INTRODUCTION

Juvenile neuronal ceroid lipofuscinosis (JNCL) is a lysosomal storage disorder resulting in
early-onset neurodegeneration in children. Patients present with blindness between ages 5-9
preceding progressive seizures, cognitive and motor decline, schizophrenic and Parkinsonian
symptoms, and eventual premature death in the second or third decade of life [1]. NCL’s are
the most common pediatric neurodegenerative diseases in the world (1:12,500 live births),
and JNCL is the most prevalent, resulting from autosomal recessively inherited mutations in
CLN3 [2-3]. Characteristic accumulation of autofluorescent storage material in all tissues
occurs; however, pathology affects the central nervous system. Studies in CIn3~/~ mice have
revealed that neuronal cell death, astrocytosis and gliosis are all evident [1, 4-7]. Defining
the primary function of the CLN3 protein is fundamental to developing treatments for JNCL
patients.

Numerous studies have examined consequences of the loss of CLN3. In patient cells,
disruptions in pH homeostasis, amino acid transport and endocytosis have been described
[8-9]. CLN3 is a transmembrane protein thought to reside in the lysosome [10], but has been
localized to Golgi, endosomes, and synaptic compartments [11]. In order to determine the
primary function of CLN3, identifying protein interactors is crucial. Several proteins
associated with the cell periphery physically interact with CLN3 including: calsenilin, a
neuronal calcium-binding protein [12], the fodrin-Na*-K*-ATPase complex [13], and
transient interactions with Hook1, a microtubule-associated protein [8]. Additionally, CLN3
interacts with SBDS [14], a protein involved in ribosomal biogenesis and maturation.
Therefore, CLN3 has multiple interacting partners; clues to the function of CLN3 may be
elucidated by fully understanding the complex CLN3 interaction network.

To further identify interactions of CLN3 in the brain, where JNCL patients are severely
affected, peptide fragments of CLN3 were screened against a human fetal brain library using
a cytoplasmic yeast-2-hybrid technique (Stratagene’s Cytotrap). The C-terminal fragment of
CLN3 was found to interact with non-muscle myosin-11B, an actin-binding motor protein.
Myosin-11B has important functions in cytokinesis, maintenance of cell polarity, and
formation of focal contacts [15-19]. A myosin-I1B interaction with an NCL protein is not
the first association of a nonmuscle myosin-I1 with disease. Nonmuscle myosin-11A (MYH9)
mutations cause a family of autosomal-dominant macrothrombocytopenias: May-Hegglin
anomaly, Sebastian syndrome, Fechtner syndrome, and Epstein syndrome [20]. Ablation of
myosin-11B in mice is embryonic lethal, and myosin-11B (MYH10) mutations are thought to
be embryonic lethal in humans, as well; however, myosin-11B function has been associated
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with the pathogenesis of spinocerebellar ataxia type 6 (SCA6) through associations of
myosin-11B and Cav2.1 calcium channel polyglutamate tracts [21]. In the central nervous
system (CNS), myosin-11B function has been associated with dendritic spine morphology
[22], cell guidance [16], growth cone motility in neurites [23], presynaptic vesicle
trafficking [24], among others (reviewed, [25]). We have shown previously that inhibition of
nonmuscle myosin-11 by blebbistatin treatment accelerated accumulation autofluorescent
storage material in lymphoblasts [26], implicating alterations in nonmuscle myosin-II
function in NCL pathways. Therefore, the function of the myosin-11B-CLN3 interaction may
have consequences for CLN3 loss in the cell, and offer clues as to the primary function of
CLNa.

In myosin-11B-ablated cells, there is a marked defect in cell migration over a poly-d-lysine
coated substrate [16]. The loss of myosin-11B causes changes in polarized cell morphology
to transient, disorganized lamellipodia, which are thought to contribute to improper cell
guidance and polarity [16, 18]. In this study, a traditional cell migration scratch assay was
performed in CIn3~/~ mouse embryonic fibroblasts and revealed a deficiency in migration,
which may be in part due to the loss of the myosin-11B-CLN3 interaction in these cells. We
did not detect a defect in proliferation or cell viability in CIn3~/~; thus, it seems the myosin-
I1B-CLN3 interaction may be important for cell migration and morphology. The loss of the
myosin-11B-CLN3 interaction may be contributing to cellular defects that manifest in JNCL.

Material and methods

Yeast Two Hybrid

Antibodies

Stratagene’s Cytotrap Yeast 2-Hybrid (Y2H) system (Stratagene, La Jolla, CA) was used to
screen for CLN3 interactions. The C-terminus of CLN3 (amino acids 387-438; Genbank
accession number NM_001042432) was cloned into the pSos vector, which will produce a
fusion protein of the CLN3 peptide with the human Sos protein (amino acids 1-1067). The
hSos-CLN3 C-terminus fusion protein was screened against a human fetal brain cDNA
library expressed by the pMyr vector, which adds a myristylation moiety to library proteins.
The Y2H screen was performed as previously published, assaying for suppression of the
cdc25h yeast strain temperature-sensitive phenotype at 37°C in the presence of galactose
[14, 27-29]. Potential interactors were re-screened to validate positive candidates, and
interactors were sequenced using primers specific for the pMyr vector. Non-muscle myosin-
1B (GenBank accession: NM_005964 XM_290747; Swiss-Prot accession number
P35580.3) sequence (amino acids 585-1010) was identified to interact with the C-terminus
of CLN3.

The following antibodies were used for immunohistochemistry, immunocytochemistry,
immunoprecipitation, and immunoblotting experiments: anti-myosin-11B (CMI123, lowa
Developmental Studies Hybridoma Bank), anti-myosin-11A (Covance, Emeryville, CA),
anti-Myc (Cell Signaling, Danvers, MA), LAMP1 (1D4B, lowa Hybridoma Bank), anti-f3-
Actin (Sigma, St. Louis MO), anti-calbindin (Sigma, St Louis, MO), and anti-B-catenin (BD
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Biosciences, San Jose, CA). Cell and tissue samples were subsequently incubated with
appropriate AlexaFluor secondary antibodies (Molecular Probes, Inc, Eugene, OR).

Generation of primary mouse embryonic fibroblast (MEF) cultures

All animals were housed under identical conditions and all procedures followed the
guidelines of both the NIH and the University of Rochester Animal Care and Use
Committee. Timed pregnant WT (129Sv/J) and CIn3~/~ (on 129Sv/J background) [30-31]
mice were euthanized and embryos were harvested at embryonic day 17.5 (E17.5).
Fibroblasts were prepared as described previously [16] using standard techniques. Cells
were maintained in complete DMEM media, which includes 10% FBS, non-essential amino
acids, penicillin/streptomycin, and L-glutamine (Gibco, Invitrogen, Grand Island, NY). No
MEF cultures were used for migration experiments after 5 passages, or approximately 2
weeks in culture.

Immunoprecipitation and Immunoblotting

CLN3 was subcloned into the pCMV multiple cloning site of the pBudCEA4.0 vector
(Invitrogen Carlsbad, CA), which expresses the protein with a small C-terminal myc tag.
The CLN3-pBudCE4.0 construct or empty pBudCE4.0 was transfected into NIH/3T3
fibroblasts using Lipofectamine 2000 (Invitrogen, Carlsbad, CA). The protein was expressed
for 36 hours, and extracted using non-denaturing lysis buffer (50 mM Tris-Cl, pH 7.5, 300
mM NaCl, 5 mM EDTA, 1% Triton X-100). Anti-myc antibody was added to equal amounts
(~1 mg cell lysate protein) of CLN3 or empty vector transfected pre-cleared cell lysate
followed by incubation with protein A-agarose beads (Sigma, St Louis, MO). Beads were
washed with a non-denaturing wash buffer (50 mM Tris-Cl, pH 7.5, 300 mM NaCl, 5 mM
EDTA, 0.01% Triton X-100). The final pellet was resuspended in Laemmli loading buffer
and boiled. Samples from the immunoprecipitation and lysate (~30 pg) were analyzed by
Western blot for myosin-11B and LAMP1. Densitometry analysis was performed using an
Alphalmager v5.5 (Imgen Technologies, Alexandria, VA) and the mean pixel density of
each protein of interest was normalized to the mean pixel density of -actin.

Immunofluorescence

Colocalization in NIH/3T3 fibroblasts expressing CLN3-Myc was prepared as previously
described [14] and images were acquired at 100x using an inverted Olympus 1X81 and
Olympus FluoView™ FV1000 confocal microscope (Olympus America, Inc; Center Valley,
PA) and the Olympus FluoView™ Ver. 1.7c software. MEF scratches were processed
similarly and images were acquired using an Olympus BX61 microscope (Olympus
America, Inc; Center Valley, PA) and images were captured at 20x or 40x with a
CoolSNAP HQ camera (Roper Scientific GmbH, Germany) and IP-Lab4 software (BD
Biosciences, San Jose, CA) or a Nikon Eclipse 90i microscope (Nikon instruments, Inc.,
Melville, NY) with a CoolSNAP HQ camera (Roper Scientific GmbH, Germany) and NIS-
Elements. For immunological examination of WT and CIn3~/~ mouse cerebellum, sections
and protein homogenates were prepared as previously described [7, 32-33]. Measurements
of myosin-11B area, length, and width were performed using NIS-Elements Software (Nikon
Instruments Inc., Melville, NY). At least 5 randomly selected fields of view from each of at

Exp Cell Res. Author manuscript; available in PMC 2014 August 07.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Page 5

least 5 scratch assays were acquired for morphology measurements, with a total number of
cells measured between 100-120 cells per genotype.

Cell Migration Assays

Scratch Assay—MEF cells were placed on poly-D-lysine coated 12-well plates (Costar
Corning, Inc, Corning, NY) at a cell density of 2x10° cells/well in complete media. At time
0, a 200-pL pipette tip was used to perform scratches in the confluent monolayer. The media
was replaced with complete media or complete media including the following treatments:
10ug/mL chloroquine (Sigma), or 10uM or 50uM blebbistatin (Sigma). At specified time
points, images were acquired of scratches, using the marked plate bottom for orientation,
with an Olympus 1X71 microscope and Olympus DP72 camera and DPController Software
(Olympus America, Inc; Center Valley, PA). Measurements of scratch distance were
completed using ImageJ (NIH, http://rsh.info.nih.gov/ij/, version 1997-2009) by measuring
the difference between the length of the initial scratch and the length of the scratch at the
specified time point, divided by 2 to account for two sides of the scratch closing
simultaneously. Eight measurements were completed for each scratch at each time point.
Four scratches were used for each treatment condition and experiment, and the experiments
were repeated with three separate MEF preparations. Rates of scratch closure were
calculated as the distance (um) MEFs traveled relative to the initial scratch, divided by the
time.

Transwell Assay—MEFs were washed three times with serum-free media and seeded on
a 3.0 um Fluoroblok™ transfilter (BD Biosciences, Falcon, San Jose, CA) in 500 pL of
serum-free media and then placed within complete medium and incubated for 24 hours. The
transfilter was then prepared for immunofluorescence using DAPI to stain nuclei. The
number of fluorescent nuclei per 20x field of 5 views on the bottom of a transfilter was
counted. All experiments were completed in triplicate both in technical and biological
replicates.

Statistical significance was determined by 2-way ANOVA, Bonferroni’s Post-Hoc tests, and
Student’s T-test using GraphPad Prism (San Diego, CA).

Cell Viability and Proliferation Assays

BrdU incorporation was performed as previously described [7]; however in brief, cells
grown on coverslips and subjected to the scratch assay were pulsed for two hours with 10uM
BrdU (Sigma), then washed with ice cold TBS followed by fixation with 4%
paraformaldehyde/4% sucrose phosphate buffer (pH 7.5). Cells were washed with TBS with
0.1% Triton X-100 and incubated with 1M HCI, followed by two washes with 0.1M borate
buffer (pH 8.5). Cells were then treated with Blotto (4% nonfat dried milk, TBS, 0.1%
Triton X100). The anti-BrdU antibody (BD Pharmingen) was incubated overnight and
secondary AlexaFluor antibodies and DAPI nuclear stain (both from Invitrogen) were used
for visualization. Coverslips were mounted with ProLong Anti-Fade mounting medium
(Molecular Probes, Invitrogen). Five randomly selected fields of view, using the DAPI (405)
channel only, were acquired for each coverslip examined, with at least 3 coverslips used per
condition, and at least two different MEF culture preparations, for a total N = 5-8 per
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condition. BrdU incorporation measured prior to the scratch assay was performed
approximately 16 hours after plating. MTT assay was performed as previously described
[34]. Statistical significance was determined by Student’s T-test, 2-way ANOVA and
Bonferroni’s Post-Hoc tests using GraphPad Prism (San Diego, CA).

RESULTS and DISCUSSION

CLN3 interacts with the cytoskeleton associated protein: non-muscle myosin-11B

Yeast-2-hyrid (Y2H) has been used previously to identify interactions with CLN3 [12-14,
29]. The CytoTrap Y2H method (Stratagene) uses a cdc25h yeast strain that is temperature
sensitive at 37°C due to a mutation in the CDC25 gene, which is homologous to human Sos
protein. hSos/cdc25 is a guanine nucleotide exchange factor (GEF) that is responsible for
activation of the Ras pathway [35]. Ras is located at the plasma membrane, and
translocation of hSos/cdc25 to the plasma membrane facilitates GDP-GTP exchange,
promoting active Ras-GTP to propagate the MAPK/ERK pathway. Activation of this
pathway suppresses the temperature sensitivity of the cdc25h strain at 37°C. The advantage
of this system is that interactions occur in the cytoplasm, associated with membranes, rather
than in the nucleus as in traditional Y2H assays, which ensures a more native environment
for cytosolic membrane proteins, such as CLN3. The predicted less hydrophobic fragments
of CLN3, based on the six-membrane domain topology predicted by [36-37] (Supplemental
Figure 1a,c), were fused with hSos and co-transformed into the cdc25h yeast strain with a
human fetal brain library that was expressed with an added myristylation moiety to anchor
library proteins in membranes; both genes were driven by a galactose-inducible promoter, as
has been previously described [14]. A positive interaction between the C-terminus of CLN3
and the myristylated library protein at the membrane would allow for Ras activation and
suppression of the temperature-sensitive phenotype at 37°C in the presence of galactose.

Using the Cytotrap Y2H system, the hydrophilic peptides of CLN3 were screened against a
human fetal brain cDNA library. This assay revealed several potential interactors with
CLN3, including an interaction with Shwachman-Bodian-Diamond (SBDS) protein [14] and
a novel interaction between the C-terminus of CLN3 (amino acids 387-438) and non-muscle
myosin heavy chain-11B (amino acids 585-1010; Myh10, hereafter referred to as myosin-
[1B) (Figure 1a). Myosin-I1B is an actin-binding cytoskeletal protein that is involved in cell
shape, cell motility and cytokinesis [16-18, 25, 38]. The region of myosin-I1B that was
identified in the Y2H screen spans the motor region, the regulatory myosin light chain
binding region, and part of the coiled-coil domain of the protein (Supplemental figure 1b, d).

Suitable CLN3 antibodies for detecting endogenous CLN3 are unavailable, so a small myc
tag was added to CLN3 for subsequent experiments. Co-immunoprecipitation using the
myc-tagged CLN3 showed an interaction with endogenous myosin-11B (Figure 1b). Protein
expression in NIH/3T3 fibroblasts was confirmed by immunoblotting protein lysates (Figure
1c). CLN3 did not interact with the myosin-l11A isoform by co-immunoprecipitation (Figure
1d), which is further supported by the lack of detection of myosin-11A in the Y2H screen.
The fragment of myosin-11B that was found by Y2H contains several unique amino acid
sequences (for example in the tail region of myosin-11B amino acids 865-895), and such
patches may provide isoform-specificity of this interaction. To further validate this myosin-
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I1B-CLN3 interaction, we immunoprecipitated and assayed for LAMPL1, a lysosomal
membrane protein in the same compartment with CLN3, and LAMP1 did not co-
immunoprecipitate with CLN3 (Figure 1e) or myosin-11B (data not shown). Transfected
NIH/3T3 cells stained with anti-myc and anti-myosin-11B antibodies confirmed that the two
proteins co-localized in distinct puncta indicating that these proteins have the opportunity to
interact in cells (Figure 1f). Due to the relative high abundance of myosin-11B to CLN3 in
the cell, it makes sense that vesicular CLN3 interacts with a portion of the myosin-11B pool
either within myosin-11B oligmeric structures, or inactive dimmers [39]. Taken together,
these data demonstrate that myosin-11B interacts with CLN3.

CIn3~~ mouse embryonic fibroblasts exhibit a cell migration defect

A fibroblast scratch assay is a classic measure for cell migration and myosin-I1 function [16,
40]. The scratch assay involves mechanically disrupting a confluent monolayer and
observing “closure of the scratch” as cells migrate. A defect in CIn3~/~ fibroblast migration
could provide a functional link between these two proteins. Cultures of primary mouse
embryonic fibroblasts (MEF) were prepared from WT and CIn3~/~ mice and subjected to a
scratch assay (Figure 2a). Following disruption of the confluent monolayer, WT cells
migrated into the scratch and closed the gap within 24 hours; however, CIn3~/~ cells
exhibited a delay in migration and did not close the scratch until approximately 36 hours
(Figure 2b). The rate of scratch closure is significantly decreased in the absence of CLN3
(Figure 2c). A migration defect phenotype, as seen here in CIn3~/~ cells, also exists in
myosin-11B siRNA-treated cells [40]. Myosin-11B depleted fibroblasts close the scratch
despite significant delays in migration [16], and CIn3~/~ fibroblasts also close the scratch at
a delayed rate relative to WT. There are several explanations for the mechanism of this
migratory defect resulting from CLN3 deficiency, and these include: defects in cellular
proliferation or metabolic status, altered protein localization, insufficient cell adhesion, or
deficient cell motility, all could potentially link myosin-11B function with CLN3.

One factor that could contribute to deficient CIn3~/~ fibroblast migration could be a decrease
in cell proliferation into the scratch [41]. In order to determine the viability of CIn37/~ cells
to ensure the cell motility defect was not simply due to deficiency in cell integrity, the
proliferative status of MEFs was examined by incorporation of 5-bromo-2-deoxyuridine
(BrdU). BrdU is a thymidine analog that is inserted into newly synthesized DNA, which can
then be labeled with BrdU-specific antibodies to highlight actively proliferating cells [42].
The number of DAPI nuclei, representative of the number of cells (Figure 3a), and the ratio
of BrdU™ cells to the total number of cells was measured at the leading edge of the scratch
(Figure 3b; Supplemental Figure 2e). The ratio of BrdU* CIn3~/~ cells is significantly higher
than WT. If a difference in proliferation was contributing to the scratch assay phenotype,
then WT cells would likely have a higher ratio of BrdU™ cells, but this is not the case.

In order to determine if the difference between BrdU* incorporation in WT and CIn3~/~ cells
is specific to the leading edge of the scratch, confluent areas were examined away from the
scratch (Supplemental Figure 2a,b). There is a higher ratio of BrdU* CIn3~/~ cells than WT,
indicating that in these primary MEF cultures, there are more proliferating CIn3~/~ cells.
Both genotypes are plated at the same density and are confluent before the scratch;
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additionally, BrdU incorporation prior to the scratch assay indicates no difference between
the genotypes (Supplemental Fig. 2c,d). Therefore, proliferation rate of CIn3~/~ cells must
increase during the course of the scratch assay, throughout the entire confluent culture.

Secondarily, the MTT assay provides a measure of cell viability by determining the level of
succinate dehydrogenase activity within respiring cells. By MTT assay, there was no
difference in cell viability between WT and CIn3~/~ fibroblasts at the plating densities used
for the scratch assay before (Supplemental Figure 3a) or following the scratch assay
(Supplemental Figure 3c). In summary, the migration defect of CIn3~/~ cells is not due to
differences in viability or cellular metabolism in CIn3~~ MEF cells, as measured by MTT
assay. It is not likely that a difference in cellular proliferation between WT and CIn3~/~, as
indicated by BrdU incorporation, contributes to the scratch assay phenotype that we observe.

In order to determine the contribution of the loss of the CLN3-myosin-1IB interaction to the
scratch assay phenotype, we treated MEF cells with a small molecule inhibitor of the
ATPase activity of non-muscle myosin-I1, blebbistatin [43] (Figure 4a,c). Blebbistatin will
inhibit all three isoforms of nonmuscle myosin-I1, with ICsq of 5.1 pM for myosin-I1A and
1.8 pM for myosin-11B [43]; however, only the myosin-11B isoform has been shown to
interact with CLN3. Any differences in phenotypes between WT and CIn3~/~ cells
associated to myosin-11 function, for instance, due to myosin-1I inhibition with blebbistatin,
may be due to a loss of this functional interaction in CIn3™/~ cells. As expected, blebbistatin
inhibits the distance and rate of WT MEF cell migration into the scratch (Figure 4d).
Treating MEF cells with blebbistatin delayed WT MEF cell movement into the scratch in a
manner that mimics the CIn3~/~ MEF cell phenotype (Figure 4c,d), which suggests that the
defect in CIn3~/~ involves myosin-11B function. Most strikingly, the phenotype in CIn3~/~
cells was unchanged by myosin-11B inhibition using blebbistatin treatment (Figure 4e),
indicating that the defect in migration was already present in cells with CLN3 deficiency.
Thus, the rate of scratch closure in WT MEF cells is decreased by blebbistatin treatment, but
CIn3~/~ cells remain unchanged (Figure 4f). Combined with previous observations that
blebbistatin treatment increases accumulation of autofluorescent storage material in
lymphoblasts [26], myosin-11B appears to be involved in CLN3 pathways, which will also
be disrupted in INCL cells.

JNCL is characterized as a lysosomal storage disorder due to the distinctive accumulation of
autofluorescent storage material in the lysosomes of INCL cells. CLN3 has been found to
localize to the lysosomes, endosomes, and acidic vesicles of the synaptic compartment [11],
and alterations in lysosomal function have been found with CLN3 loss [44-46]. Since
lysosomal function has not previously been implicated in cell migration phenotypes, we
disrupted lysosomal function with chloroquine to determine the effect on cell motility.
Chloroquine is a small molecule that is sequestered into lysosome and endosomes, where its
presence increases the pH of these vesicles. The increase in pH disrupts the integrity of the
lysosomal compartment and thus prevents resident proteases and enzymes function [47-48].
If CLN3 is a resident lysosomal protein that is involved in acidic vesicle homeostasis, then
in its absence a further insult to the lysosome may be unrecoverable for the cell. During
chloroquine treatment, the distance of WT and CIn3~/~ MEF migration was decreased
(Figure 5), and the difference in migration rate between WT and CIn3~/~ was maintained
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(Figure 5e). WT MEF cells overcame the delay in their migration, and eventually close the
scratch (Figure 5b); however, CIn3~/~ cells were incapable of overcoming this insult, and
did not close the scratch (Figure 5a,c). The insult of CLN3 loss in the lysosome causes
alterations in pH homeostasis [49-53], vesicle trafficking [45], endocytosis [8], and
autophagy defects [54]. Chloroquine treatment further assaults the lysosome-endosome
integrity by affecting many processes in the cell that involve acidic vesicle trafficking and
lysosomal function [48]. Treatment of fibroblasts with chloroquine halts cell movement, but
only when CLN3 dysfunction is also present. This significantly links the aforementioned
functions of CLN3 to cell motility.

Incorporation of BrdU in cells treated with chloroquine or blebbistatin during the scratch
assay was measured to determine the effect either of these drugs has on cell proliferation
(Figure 6). Though the concentrations used for the scratch assay were optimized to minimize
cell death (data not shown), decreases in BrdU incorporation were seen for chloroquine and
blebbistatin treatments. Inhibition of nonmuscle myosin-11 will cause a decrease in
cytokinesis, and therefore a decrease in BrdU incorporation during myosin-I1 inhibition is
not surprising [15]. Chloroguine treatment (at higher doses) has also been shown to decrease
DNA synthesis indirectly [55]. Again, it is not likely that these changes in proliferation
contribute to the scratch assay migration phenotype, but CIn3~/~ cells are more sensitive to
both chloroquine and blebbistatin treatments, as the number of BrdU™ cells decreases further
in this genotype than WT.

CIn3~~ cell migration through a Boyden Chamber—The scratch assay measures
migration is over a two-dimensional (2D) poly-d-lysine coated substrate, where cells are
bathed in trophic factors and only seek to gain confluence. The movement of these cells is
directed by different signals and stimuli than under gradient conditions that drive
chemotaxis. It was shown previously that in a CNS-derived glioma cell line, myosin-I11B was
involved in cell migration specifically during chemotaxis within a 3D substrate, such as in a
matrigel invasion assay, but not in a traditional scratch assay [40]. This suggests a specific
function of myosin-11B under different kinds of migration and perhaps in different cell
types. Therefore, we examined if the same migration defect seen in the fibroblast scratch
assay exists in CIn3~/~ MEF cells during 3-D migration assay. In the Boyden chamber assay,
cells are plated above a barrier and sense a gradient of rich trophic factor support supplied in
a lower chamber. The migratory signals that drive cells to seek these pores, contort cell
bodies to drive processes through the pore and then to pull the nucleus through the pore, all
require a more complicated set of signals and movements than over a 2D substrate [25, 40].
Therefore, WT and CIn3~/~ cell migration was assayed through a 3.0pm porous filter under
a gradient of fetal bovine serum (FBS). It was expected that due to the migration defect
revealed by scratch assay, that CIn3~/~ cells would have a similar defect in their ability to
traverse a transfilter.

Surprisingly, after 24 hours of incubation, CIn3~/~ cells traversed the filter more than WT
cells (Figure 7a). A small pore size was required for selectivity between the genotypes
(3.0um), as a larger pore (8.0um) filter did not prevent WT from traversing the filter (Figure
7b). This could indicate a difference cell morphology or size between WT and CIn3~/~ cells
that results from cytoskeletal abnormalities. The transwell assay was repeated with
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chloroquine (Figure 7c), which abolished the movement of CIn3™/~ cells, neither traversed
the filter. This suggests that lysosome and acidic vesicle integrity is required for chemotaxis.
Blebbistatin treatment also increased the movement of CIn3~/~ cells through the filter, and
also increased WT cells movement, as well (Figure 7d), which could reflect the elongated
morphology that occurs when blebbistatin treatment causes collapse of the myosin-I|
associated cytoskeleton (Figure 4a). Taken together, the rates of WT and CIn3~/~ migration
into a scratched-2D substrate and the increased migration of CIn3~/~ MEF chemotaxis in a
gradient of trophic factors, suggests the involvement of lysosomes in cell motility.

CIn3~/~ MEF cells are either particularly sensitive to the serum deprivation within the
plating upper chamber, or to the trophic factor source signals within the lower chamber.
Previous studies show no difference in INCL patient fibroblasts in the uptake of biotin-
transferrin; however when cells were preloaded with biotin-transferrin in the endosomes,
transferrin recycling was slightly increased in JNCL fibroblasts [8]. Our results in fibroblasts
could reflect a similar defect in endosomal trafficking or vesicle fusion post-endocytosis.
There is evidence that CLN3 has been implicated in endocytosis defects in yeast [56], and
CIn3~'~ cells may require a higher concentration of growth factors in order to overcome the
endocytosis defect. The CIn3~/~ cell response to the gradient does not appear to be caused
by alterations in cellular metabolism, as there was no difference by MTT assay
(Supplemental Figure 3); however there may be a defect in CIn3~/~ cell surface receptors
recycling that affects their migratory behavior in a gradient of trophic factors. Myosin-11B
has been shown to have functions in exocytosis-based membrane repair and vesicle
trafficking to the plasma membrane [57], and this could involve CLN3 through associations
with the cytoskeleton and vesicle recycling at the plasma membrane.

CIn3~/~ cells are elongated and have reduced cell area—In fibroblasts, non-muscle
myosin-11 is involved in lamellipodia extension at the leading edge, as well as focal adhesion
localization and formation, nucleus movement towards the leading edge, and tail retraction
for concerted movement [17-18]. If lysosomes or endosomes are involved in recycling of
adherens junctions and focal adhesion complexes during cell movement, it is possible that
the myosin-11B-CLN3 interaction is involved in the direction and coordination of this
process, which would be deregulated in its absence. Therefore, migrating fibroblasts were
stained with an anti-myosin-11B. There are alterations in myosin-I1B staining, towards the
leading cortical side of CIn3~/~ cells (Figure 8). Strikingly, CIn3~/~ cells have an elongated
morphology in which the lagging tail seems to be deficient in retraction (Figure 8).

In order to quantify change in fibroblast morphology in CIn3~/ cells, fibroblasts migrating
into the scratch were stained with anti-myosin-11B antibodies and measured for area, length
and width (for representative images, Supplemental Figure 5). The area of myosin-11B
staining in each cell is used here as a measure of cell area, though it is possible that the cell
area extends beyond the actin-myosin cytoskeleton. These measurements revealed that
CIn3~/~ cells are longer (Figure 9a) and narrower (Figure 9b) than WT, and the ratio of the
length to width indicates that CIn3~/~ cells have a quantifiable elongated morphology
(Figure 9c). Further, the area of myosin-11B distribution in CIn3~~ cells is significantly
smaller (Figure 9d). If a “skinny cell” is defined as a cell with a high ratio of length to width
(greater than 3.0) and a small area (less than 1000um?), then in a 20x field of view there is a
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greater number of “skinny cells” in CIn3~/~ fibroblasts at the leading edge of a scratch than
WT (Figure 9e,f). Therefore, the loss of CLN3 affects the myosin-11B distribution or the
myosin-associated cytoskeleton architecture in these cells. This effect could be directly
related to CLN3 function, or could be a result of lysosomal dysfunction that is caused by
CLN3 loss.

Alternatively, the elongated appearance of CIn3~/~ fibroblasts could be explained by
changes in adherens junction distribution within cells, which could affect cell adhesion and
organization in the confluent monolayer. In WT cells, adherens junction complexes,
illustrated by punctate B-catenin distribution, are concentrated at the cell periphery; whereas
in CIn3~/~ cells there seems to be a more random distribution of these complexes, which
may indicate a disordered distribution of important adhesions and signaling (Figure 10). In
aortic endothelial cells there is an asymmetric distribution of isoforms of nonmuscle
myosin-11, with myosin-11B concentrated at the tailing edge [58]; also myosin-11B
knockdown during myoblast fusion decreased tail retraction [38]. Therefore, the cell
morphology changes that are seen in CIn3~~ MEF cells mimic morphology changes when
myosin-11B function is altered.

The cell morphology of WT fibroblasts during chloroquine treatment was observed to be
markedly elongated and contracted (Figure 5, 11), and quantification of the myosin-1IB area,
length, and width during this treatment (Figure 11a—d) indicated that there was in fact a
decrease in WT cell width and area with chloroquine treatment. In fact, chloroquine
treatment caused an increase in the number of skinny cells observed at the leading edge,
similar to CIn3~/~ cells (Figure 11e). Myosin-11B distribution within the elongated cells
during chloroquine treatment in WT and CIn3~/~ fibroblasts looks very similar (Figure 11f).
However, the adherens junctions or -catenin punctate staining is no longer at the cell
periphery, but mostly perinuclear and throughout the cells of both genotypes (Figure 11f).
Normally, a decrease in cell-cell adhesion would predict increased migration as cells are
liberated towards the open surface; however, a decrease in migration was seen in the scratch
assay during chloroquine treatment. This suggests the lysosomal/endosomal network, and
CLNS3, are important in the integrity of adherens junctions and cell motility.

Blebbistatin causes dramatic and reversible changes in cell morphology, as previously
described in other cell types [59], and observed here for myosin-11B and adhesion
complexes (B-catenin) (Figure 12 b, c, h, i). Inhibition of nonmuscle myosin-11 causes a loss
of organized adhesion complex formation, loss of cell polarity and directionality, and
disorganization of protrusions [39]. If CIn3~/~ fibroblasts exhibited differences in myosin-
I1B distribution or cell morphology during blebbistatin treatment, it could highlight a
specific function for CLN3 in one of these particular functions of myosin-11B. However,
both genotypes changed similarly under blebbistatin treated-conditions (Figure 12). Overall,
there did not seem to be any gross difference in the distribution of adherens junctions,
indicated by B-catenin, or actin-myosin associated cytoskeleton by myosin-11B staining,
between WT and CIn3~/~ fibroblasts under high (50uM) or low (10uM) blebbistatin
conditions. However, while WT MEF cells, stained with myosin-I1B antibodies, are totally
collapsed under low (10uM) blebbistatin (Figure 12b), the myosin-11B staining in CIn3~/~
MEF cells does not fully collapse until higher (50uM) blebbistatin concentrations (Figure

Exp Cell Res. Author manuscript; available in PMC 2014 August 07.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Getty et al.

Page 12

12h and 12i). All of the punctate B-catenin staining is diffuse with blebbistatin treatment
(Figure 12d—f; j—I). Individual cell morphology quantification measurements were not
possible during the blebbistatin treatment as the cell boundaries are indistinguishable in the
contracted cell morphology that results from myosin-I1 inhibition.

In summary, the actin-myosin cytoskeleton and cellular morphology of CIn3~/~ fibroblasts is
altered. This further supports an interaction between lysosomal function and the
cytoskeleton, perhaps mediated in part through a direct physical interaction between
myosin-11B and CLN3, which is lost in CIn37/~ cells. It is most likely that these alterations
in the cytoskeleton, that cause CIn3™/~ cells to take on an elongated shape, permit the
accelerated movement through the porous filter, and could in fact be the cause of the
Boyden chamber assay phenotype.

Myosin-1IB expression and distribution in CIn3~/~ mouse cerebellum

Ultimately, mutations in CLN3 cause JNCL, a disease that affects the central nervous
system. Myosin-11B has been shown to be particularly important in the brain, where it is the
major non-muscle myosin-11 isoform expressed [60-63]. A mutation within the motor
domain of myosin-11B in mice showed abnormal cerebellar foliation and layer formation,
along with ataxia and motor coordination defects [64], motor coordination deficits are also
observed in CIn3~/~ mice by accelerating rotorod [7]. Therefore, the cerebellum may be a
tissue where the CLN3-myosin-1IB interaction could be important. Therefore, Myosin-11B
distribution and expression was examined in the cerebellum of CIn3~/~ mice. In situ
hybridization shows both CIn3 and Myh10 (myosin-11B) transcripts present in multiple
classes of cells within the adult cerebellum, including granule cells, Purkinje cells, and
interneurons within the molecular cell layer (http://www.brain-map.org). Total myosin-11B
protein (Figure 13a) and mRNA levels (data not shown) were not different between the
genotypes in any region of the cerebellum. Immunolabeling for calbindin, a marker of
Purkinje cells and for myosin-11B showed no major difference in the cellular distribution of
myosin-11B (Figure 13b); although, a subpopulation of Purkinje neurons displayed abnormal
punctate myosin-11B staining in CIn3~/~. It is possible that alterations in myosin-11B
distribution due to loss of the myosin-11B-CLN3 interaction occur at levels below the
detection limit of this assay, or occur under specific time points of development not
examined here. However, our previous observations in the cerebellum of CIn3~/~ mice could
indicate deficiencies in neuronal migration or morpohology.

We recently reported that CIn3~~ mice have a decreased number of cells found in the deep
cerebellar nuclei, Bergmann glia activation, misorientation of Purkinje cells, and an
increased Purkinje cell spine number [7]. As myosin-II1B is required for cell polarity,
adhesion, and migration, which are all vital for neuronal cell function and integrity [39], it is
possible that loss of the interaction with CLN3 in these cells contributes to the dysfunction
that causes these phenotypes. An increase in Purkinje cell spine number is opposite of what
is observed in the B2-ablated myosin-11B mice, where a decrease in Purkinje cell spine
number is found [7, 65]. Alterations in spine morphology and number have been linked with
myosin-11B [22] and separately with ESCRT complexes, proteins involved in endosomal
trafficking and membrane fusion events, [66] it is possible that the differences in dendritic
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spine number in CIn3~/~ Purkinje cells could be due to a loss of the interaction of CLN3 and
myosin-11B indirectly. There is biochemical evidence that myosin-11B [67] and CLN3 [68]
have been found associated with detergent-resistant membranes, and that these structures are
required for dendritic spine morphology [69]. One might speculate that CLN3 functions in
the recycling or down-regulation of myosin-I1B at distinct microdomains in neurons, such
that a loss of CLN3 would appear to lead to an increased activity of myosin-11B or an
increase number of spines. Ablation of a myosin-11B splice variant, which is expressed
exclusively in the Purkinje cells and Bergmann glia of the cerebellum, results in abnormal
Purkinje cell spine number, misshapen and misplaced Purkinje cells, thinning of the internal
granule cell layer and impaired balance on the rotarod [65]. The loss of the CLN3-myosin-
I1B interaction in CIn3~~ mice could contribute to the similar phenotypes or cellular
disruptions seen in myosin-11B mutant mice, since it is likely that the CLN3-myosin-11B
interaction is disrupted in both mice. What is clear, is that CIn3~~ mice show alterations in
cell morphology in the cerebellum in Purkinje neurons, which may be analogous to changes
we see in fibroblasts, but manifest differently due to the different cell types. Subsequent
publications will examine the neuronal phenotypes directly.

CONCLUSIONS

Here, we have demonstrated a migration defect in CIn37/~ cells associated with a novel
interaction of myosin-11B and CLN3. The migration defect is not likely due to differences in
proliferation or viability of CIn3~/~ cells. Localization of myosin-11B seems changed in
CIn3/~ cells, as CIn3~/~ fibroblasts exhibit an elongated morphology and collapsed myosin-
11B architecture. This elongated morphology could explain why more CIn3~/~ cells traversed
the Boyden chamber in a gradient of trophic factors, as “skinnier” CIn3~/~ cells would be
able to squeeze through pores in the transfilter easier than WT. Chloroquine treatment
decreased the movement of CIn3~/~ cells in the Boyden transwell assay, however, again
reflecting the interdependence of lysosomal function and cell motility. The loss of the
lysosomal protein, CLN3, causes a accumulation of autofluorescent storage material
resulting in a lysosomal storage disorder and perturbations in lysosomal enzymes [70-71],
such as reduction in cathepsin B activity [45]. Therefore it is possible that in CIn3™/~
fibroblasts, the integrity of lysosomes is fragile and an additional insult, such as chloroquine
treatment, causes dysfunction that cannot be compensated for in order for cells to be motile
and maintain normal morphology. So, CIn3~/~ cells are elongated and traverse the filter
under trophic factor deprivation conditions. However, when chloroquine treatment
challenges the cells beyond their capability to compensate, they are unable to traverse the
filter, and probably are unable to respond to the gradient of trophic factors due to the loss of
the acidic vesicle integrity. In a recent report, CLN3 was shown to be osmoregulated and
highly expressed in the renal inner medulla, as well as other epithelial cell types, and
evidence suggests a role for CLN3 in maintenance of cell volume [72]. Our observations of
elongated CIn3~/~ fibroblast morphology support this study. Finally, if cell adhesion defects
played a role in either migration assay, then changes in adherens junction distribution would
be expected, however adherens junctions (B-catenin staining) were not grossly altered by the
absence of CLN3. Thus, it seems likely that the defect seen in CIn3~/~ cell migration into the
scratch assay is directly due to defects in cell motility and cytoskeleton.
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Defining the function of CLN3 in cells is critical to the development of treatments for
JNCL. Currently, several functions for CLN3 have been proposed based on phenotypes
observed during the loss of CLN3, including this study. Disruptions in lipid metabolism or
trafficking of lipids [73-74] or vesicles and endocytosis recycling [8], amino acid transport
[75-76], and pH homeostasis [77-78], as well as resistance to apoptosis [79-80], have all
been associated to the loss of CLN3 (or its ortholog Btnlp). A new phenotype, the cell
motility defect described here, could indicate further cell migration phenotypes in other cell
types during development, which will be the focus of future studies, and could reveal
specific cell populations where the previously described phenotypes of CIn3~~ may be
particularly important. Through interactions with several proteins [8, 12-14], CLN3 appears
to have functions in the cell periphery, possibly through unique vesicular structures or
lysosomes associated to specific cell regions, such as the neuronal synapse, or in recycling
endocytosis. The present study contributes a novel interaction to an evolving interactome of
CLN3 with nonmuscle myosin-11B.

Myosin-11B has been shown to play a role in the migration of granule cells in the developing
cerebellum [81]. Normally, cerebellum granule cells undergo proliferation in the external
granule cell layer, differentiate, and migrate radially to their final residence in the internal
granule cell layer. Molecular motors play a crucial role in this process. It has been shown
that when a point mutation is introduced into an evolutionarily conserved residue in the
motor domain of myosin-11B, the migration of a number of cell types including cerebellar
granule cells is retarded in these mutant mice [64]. This thinning of the internal granule cell
layer may precipitate the ataxia and cerebellar-specific motor abnormalities seen in these
mice. Clinical studies indicate motor coordination defects in JNCL patients similar to
phenotypes seen in transgenic mice by latency to fall from accelerating rotarod in both
CIn3~/~ mice [7], and also in Myh10~/~ mice [65]. This common deficit in motor
coordination could indicate that the cerebellum is a possible brain region where the myosin-
I1B-CLN3 interaction may impact functional phenotypes in vivo, and future experiments
examining this interaction in the cerebellum directly will be completed. Because myosin-I11B
has been implicated in so many neuronal-specific functions, and is the exclusive non-muscle
myosin-11 expressed at certain stages of brain development, it is tempting to assign a
significant consequence to these associations of myosin-11B, CLN3, neurodevelopment and
neurodegenerative disease. At this time, it would be premature to make conclusions;
however, as we further our studies on this interaction, we will focus on identifying not only
the specific physiological and functional requirements for this interaction, but also how the
loss of this interaction contributes to the pathogenesis of JINCL.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. CLN3 interacts with myosin-11B
The Cytotrap yeast two hybrid (Y2H) method was used to identify novel interacting partners

of CLN3. pSos-CLN3.5 indicates the C-terminus CLN3 fusion with human Sos protein and
pMyr-MyolIB indicates a myristylated fragment of myosin-11B that was identified in Y2H
library screen. A positive interaction is identified when the transformed cdc25H yeast grow
on galactoseat the permissive temperature of 37°C, which reveals suppression of the
temperature sensitivity of this strain, only in the presence of both interacting proteins (a).
We identified myosin-11B as a protein that interacts with the C-terminus of CLN3.
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Validation of this Y2H finding was performed using protein isolates from NIH/3T3
fibroblasts transfected with either empty vector (pBud) or myc-tagged CLN3 and
immunoprecipitated with an anti-myc antibody. Immunoprecipitated proteins (b, lanes 1 and
2) and total lysates (b, lanes 3 and 4) were probed with anti-myosin-11B antibody,
confirming the interaction between CLN3 and endogenous myosin-11B (b, lane 2). Myosin-
I1B did not precipitate in the absence of CLN3 (b, lane 1). Lysates were probed with anti-
myc antibody to confirm CLN3 expression (c). The interaction is specific to the myosin-11B
isoform, as myosin-11A does not co-immunopreicipate with CLN3 (d). LAMP1, a lysosomal
membrane protein that has not been shown to interact with CLN3, did not
immunoprecipitate with CLN3 nonspecifically (e, lane 2). Merged images (yellow) reveal
punctate specific co-localization of endogenous myosin-11B (red) and transfected CLN3-
myc (green) in NIH/3T3 fibroblasts (f). Images were acquired by confocal microscopy at
100x, scale is 25 pym.
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Figure 2. Fibroblast scratch assay reveals a migration defect in CIn3™~ cells
CIn3~~ MEF cells showed a delay in migration into the open substrate, beginning at 8 hours

post-scratch (a). The distance each edge of cells traverses was calculated relative to the
initial scratch distance (b). The rate of the scratch closure over 24 hours demonstrates that
CIn3~/~ MEFs exhibit a defect in migration (c) (*** p<0.001; **p<0.01, 2-way ANOVA,
Bonferroni Post-Hoc test). Data shown are mean + SEM.
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Figure 3. There are more actively proliferating CIn3™/~ cells at the leading edge of the scratch
BrdU incorporation was observed following 8 hours MEF migration into the scratch. There

was no difference in the total number of DAPI-stained nuclei at the leading edge of the
scratch (a). However, the ratio of BrdU* to total DAPI nuclei indicated a significant
difference between CIn3~/~ and WT cells (b). There are more BrdU* CIn3™/~ cells at the
scratch leading edge. (** p<0.001, Student’s t-test). Data shown are mean + SEM.
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Figure 4. Inhibition of myosin-11B with blebbistatin in wild type cells mimics the CIn3™~
phenotype
Following a scratch disruption to the confluent monolayer (0h), complete media was

replaced with media containing 50 um blebbistatin (a). Bright field representative images for
WT (left panels) and CIn3~/~ (right panels) (a) demonstrate the change in morphology with
blebbistatin treatment for both genotypes. The distance each leading edge of cells traverses
into the scratched surface was calculated relative to the initial scratch distance in vehicle
control (b) and 50 pm blebbistatin (c) treatment for WT (d) and CIn3~/~ (e) cells. CIn3~/~
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MEF cells showed a delay in migration into the open substrate, beginning at 8 hours post-
scratch, which does not change with blebbistatin treatment (c). WT MEF migration rate is
delayed by blebbistatin treatment over 24 hours (f). (2-way ANOVA; Bonferroni Post-Hoc
test, *** p<0.001; **p<0.01). Data shown are mean + SEM.
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Figure 5. Treatment with chloroquine exacerbates the migration defect
During chloroquine treatment, WT cell migration is slowed (a,b). CIn3~/~ MEF migration is

further slowed by treatment with chloroquine (a,c). The WT MEF cells do close the scratch
surface following a delay; however, CIn3~~ MEF cells are never able to overcome the effect
of the chloroquine treatment and do not close the scratch, indicating that the difference
between the genotypes is maintained (d). The rate of closure of both genotypes is reduced by
chloroquine treatment (e). (*** p<0.001; **p<0.01, 2-way ANOVA; Bonferroni Post-Hoc
test). Data shown are mean + SEM.
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Figure 6. Chloroquine and blebbistatin treatment decrease the ratio of CIn3™~ BrdU* cells
BrdU incorporation was observed following 8 hours MEF migration into the scratch under

treatment conditions used in the scratch assay. By 2-way ANOVA and Bonferroni Post-Hoc
tests, the ratio of BrdU+ to total DAPI nuclei is significantly greater without treatments (No
Tx) and in DMSO-vehicle controls, but not significantly different during chloroquine or
blebbistatin treatments (* p<0.05, ** p<0.01). Data shown are mean + SEM.
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Figure 7. MEF chemotaxis through a gradient of trophic factors reveals a CIn3™'~ phenotype
CIn3~/~ cells migrate towards the source of rich media more than WT, indicating a particular

sensitivity to these conditions (a) (p<0.001, Student’s T-test). This phenotype requires a
3.0um pore filter to provide selectivity, as an 8.0um filter does not produce selection
between the genotypes (b). Treatment with chloroquine prevents this movement of CIn3/~
cells (c). Blebbistatin treatment causes an increase of WT and CIn3™/~ cells movement
through the filter, however CIn3~/~ cells continue to move more readily through the filter
(d). No gradient (serum-rich media in both chambers) was used as a negative control for all
experiments. (*** p<0.001; **p<0.01, 2-way ANOVA; Bonferroni Post-Hoc test). Data
shown are mean + SEM.
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100um

Figure 8. The morphology of CIn3™/~ fibroblasts is elongated
MEF’s after 8h of migration, stained with a monoclonal anti-myosin-11B antibody. The

arrow indicates the direction of cell migration. WT MEF cultures have a filamentous and
even distribution of myosin-11B as cells migrate (left panel). CIn3~/~ cells have a subtly
different morphology, with an elongated tail and clusters of myosin-11B at the leading edge
of migrating cells (right panel). Scale is 100 um, images were acquired at 40x.
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Figure 9. CIn3™~ MEF’s are longer and skinnier than WT
The elongated morphology of CIn3~/~ MEFs can be quantified. Cells migrating into the

scratch were stained with anti-myosin-11B antibodies. CIn3~/~ MEF cells are significantly
longer in length (a) and shorter in width (b), and are significantly elongated by the ratio of
length to width (c). CIn3~/~ MEF cells have significantly smaller area of myosin-11B
staining than WT cells (d). Finally, the incidence of skinny cells per 20x field of view, is
significantly higher for CIn3~/~ MEFs (e). Representative images of WT and CIn3~/~ MEF
cells stained for myosin-11B (red) and DAPI (blue) are shown with yellow lines indicating
the area of myosin-11B staining measured, and green lines indicating the length and width
(f). At least 100 cells were examined for each genotype, from 5 randomly selected fields of
view each at 20x. The representative image (f) scale is 50 um. (**p<0.01, ***p<0.001,
Student’s T-test). Data shown are mean = SEM.
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Figure 10. Adherens junction distribution in migrating MEF cells
Adherens junctions in migrating CIn3~~ MEFs do not appear altered. WT (left panels) and

CIn3~/~ (right panels) MEF cells were stained with a monoclonal anti-B-catenin antibody as
a marker for adherens junctions. Though there seems to be a subtle disorganization of 3-
catenin staining in CIn37/~ cells, there does not appear to be a gross difference in adherens
junction distribution between genotypes. Images are 20x, the scale is 100 pm.
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Figure 11. Myosin-11B & adherens junctions distribution in migrating MEF cells treated with
chloroquine
The length, width, and area of myosin-11B distribution of cells migrating into the scratch

during chloroquine treatment were measured. CIn3~/~ MEF cells are significantly longer
than WT during chloroquine treatment (abbreviated “Chlor”) (a), but the width of WT MEF
cells decreases with chloroquine treatment (b). The ratio of length to width is significantly
greater in CIn3~/~ without, but not with, chloroquine treatment (c). Chloroquine treatment
reduces the area of WT cells (d). Finally, the number of WT skinny cells per 20x field of
view significantly increases with chloroquine treatment for WT MEFs (e). Myosin-11B
distribution is collapsed slightly and adherens junction puncta (B-catenin staining) shift from
the periphery of cells to perinuclear in both genotypes during chloroquine treatment (f). At
least 120 cells were examined for each genotype, from 5 randomly selected fields of view
each at 20x. Scale is 100 pm. (**p<0.01, ***p<0.001, 1-way ANOVA, Bonferroni Post-Hoc
tests). Data shown are mean + SEM.
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Figure 12. Myosin-11B & adherens junctions distribution in migrating MEF cells treated with
blebbistatin
Blebbistatin treatment of migrating MEFs causes changes in the myosin-11B associated

cytoskeleton and cell morphology. There is no difference in adherens junction distribution
between genotypes following treatment with blebbistatin. WT (a—f) and CIn3~/~ (g-1) MEF
cells were grown on coverslips, subjected to a scratch, and 8 hours after the scratch were
fixed and stained for myosin-11B (a—c; g—i) and -catenin (d—f; j-I). Myosin-1IB staining
indicates intact cytoskeleton in migrating MEFs in both genotypes without blebbistatin
treatment (a and g). Blebbistatin treatment causes the cells to elongate and “bleb” as the
myosin-11B associated cytoskeleton collapses (b, c, h, i). While WT cells constrict even with
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low (10uM) blebbistatin (b), CIn3~/~ cells exhibit some regions that are not completely
collapsed with myosin-II inhibition (h). At higher concentrations of blebbistatin (50uM),
CIn3~" cells are completely collapsed as WT (i). p-catenin staining indicates the placement
of adherens junctions in WT (d—f) and CIn3~/~ (j-I). Both genotypes exhibit diffuse staining
of p-catenin with blebbistatin treatment (e, f; k, I). Images are representative of morphology
and staining typically observed in numerous cultures treated similarly. Scale is 100 pm.
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Figure 13. Myosin-11B expression and differential localization in CIn3™~ mouse cerebellum
Examination of the relative expression levels of myosin-11B in the cerebellum by Western

blotting, anatomically separated into four regions [left and right lateral hemispheres and
vermis], revealed no obvious changes in the abundance of this protein in the CIn3~/~
cerebellum (). In some Purkinje cells (anti-calbindin, green) within the CIn3~/~ cerebellum,
there was an abnormal punctate myosin-11B staining (red) not observed in WT Purkinje
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cells, indicating a partial mislocalization of this protein in the null mice (white arrows, b).
Scale is 100 um. Data shown are mean + SEM.

Exp Cell Res. Author manuscript; available in PMC 2014 August 07.



