
α-Catenin is an inhibitor of transcription
Rebecca L. Daughertya,1, Leonid Serebryannyyb,1, Alex Yemelyanova,1, Annette S. Flozaka, Hui-Jun Yub,
Steven T. Kosakc, Primal deLanerolleb, and Cara J. Gottardia,c,2

aDepartment of Medicine, Feinberg School of Medicine, Northwestern University, Chicago, IL 60611; bDepartment of Physiology and Biophysics, University of
Illinois at Chicago, Chicago, IL 60612; and cDepartment of Cell and Molecular Biology, Feinberg School of Medicine, Northwestern University, Chicago, IL 60612

Edited by Roeland Nusse, Stanford University School of Medicine, Stanford, CA, and approved March 4, 2014 (received for review May 7, 2013)

α-Catenin (α-cat) is an actin-binding protein required for cell–cell
cohesion. Although this adhesive function for α-cat is well appreci-
ated, cells contain a substantial amount of nonjunctional α-cat that
may be used for other functions. We show that α-cat is a nuclear
protein that can interact with β-catenin (β-cat) and T-cell factor (TCF)
and that the nuclear accumulation of α-cat depends on β-cat. Using
overexpression, knockdown, and chromatin immunoprecipitation
approaches, we show that α-cat attenuates Wnt/β-cat–responsive
genes in a manner that is downstream of β-cat/TCF loading on pro-
moters. Both β-cat– and actin-binding domains of α-cat are required
to inhibit Wnt signaling. A nuclear-targeted form of α-cat induces
the formation of nuclear filamentous actin, whereas cells lacking
α-cat show altered nuclear actin properties. Formation of nuclear
actin filaments correlates with reduced RNA synthesis and altered
chromatin organization. Conversely, nuclear extracts made from
cells lacking α-cat show enhanced general transcription in vitro,
an activity that can be partially rescued by restoring the C-terminal
actin-binding region of α-cat. These data demonstrate that α-cat
may limit gene expression by affecting nuclear actin organization.

alpha-catenin | beta-catenin

An emerging theme in adhesion signaling is that proteins in-
tegral to the structure of adherent-type junctions and focal

adhesions are also found localized to the nucleus (1). β-Catenin
(β-cat) is the prototypical example of such dual-function adhe-
sion signaling proteins. At the cell surface, β-cat links the cyto-
plasmic domain of cadherin-type adhesion receptors to the actin-
binding protein, α-catenin (α-cat), effectively coordinating the
cortical actin networks of adjacent cells. In the nucleus, β-cat
interacts with TCF-type transcription factors and promotes
transcription at Wnt-regulated genes by recruiting chromatin-
remodeling proteins (2). Similarly, p120 catenin binds and sta-
bilizes cadherins at the cell surface, but also localizes to the
nucleus to displace the repressor protein, Kaiso, resulting in gene
activation (3). Although α-cat has been found to localize to the
nucleus (4, 5), contain nuclear export sequences (6), and inhibit
Wnt signaling (5, 7–9), the mechanism by which α-cat attenuates
transcription has remained unclear.
Roles for α-cat are best understood at cell junctions, where it

is essential for cell cohesion and tissue organization (10–12). As
a homodimer, α-cat directly interacts with filamentous (F) actin
(13) but α-cat can also indirectly associate with the cytoskeleton
through other actin-binding proteins, such as epithelial protein lost
in neoplasm (EPLIN) (14), vinculin (15), afadin (16), α-actinin (17),
and zonula occludens-1 (ZO-1) (18). In addition, α-cat can impact
F-actin remodeling by directly inhibiting Arp2/3-mediated actin
polymerization in vitro (13), lamellipodial dynamics in cells (19),
and by promoting F-actin bundling in vitro (20).
A substantial body of evidence indicates that nuclear actin

coordinates gene expression. Nuclear β-actin incorporates into
all three RNA polymerase complexes and is required for tran-
scription (21–24). Although cytosolic actin exists in both G- and
F-actin conformations, F actin is rarely detected in the nucleus.
However, nuclear actin filaments (NAFs) are detected in various
pathological conditions (25, 26), and fluorescence recovery after
photobleaching (FRAP) studies of GFP actin have identified

a slow recovering form of presumably polymeric actin as well as
a dynamic pool of monomeric actin in the nucleus (27). Poly-
meric actin appears to mediate RNA synthesis because depoly-
merization of actin inhibits RNA polymerase (Pol) I-mediated
transcription (28) and prevents reactivation of the pluripotency
gene Oct4 in Xenopus oocytes (29). Based on the role of nu-
clear actin in coordinating gene expression, we predicted that
the actin-binding function of α-cat might be conserved in the
nucleus and used to modulate transcription.

Results
Nuclear Accumulation of α-Cat Depends on β-Cat. In normal epi-
thelia, α-cat is enriched at sites of cell–cell contact, but roughly
a third of total α-cat is cytosolic by fractionation methods (19),
where it typically appears excluded from nuclei (SI Appendix,
Fig. S1). In colon cancer and cell lines from patients with familial
adenomatous polyposis, which manifest robust nuclear β-cat,
α-cat has been reported to colocalize with nuclear β-cat (4, 5).
We confirm this nuclear localization in two well-characterized
colon cancer cell lines (SW480 and DLD1) by both immuno-
fluorescence and nuclear fractionation methods (Fig. 1 and SI
Appendix, Fig. S2). Nuclear α-cat staining is specific, as the signal
is lost after siRNA-mediated knockdown of α-cat (Fig. 1). Nu-
clear α-cat also depends on β-cat, as siRNA-mediated knock-
down of β-cat promotes α-cat redistribution to the cytoplasm.
Conversely, forced expression of β-cat up-regulates and pro-
motes the nuclear accumulation of α-cat (see Fig. 6C), and in-
duction of cells with Wnt3a enhances α-cat nuclear accumulation
via its β-cat–binding domain (SI Appendix, Fig. S3). Altogether,
these data demonstrate that α-cat localizes to cell nuclei in a
manner that depends on β-cat, raising that possibility that α-cat
regulates an aspect of Wnt/β-cat signaling.

Significance

Recent studies have shown that actin-binding and -regulating
proteins, originally characterized in the context of cytoskeletal
events, can also modify gene expression through directly
impacting actin-dependent transcription. This study shows
α-catenin (α-cat), an actin-binding protein that is essential for
cell–cell adhesion and contact-dependent growth inhibition,
can antagonize Wnt/β-catenin–mediated transcription and im-
pact nuclear actin properties, suggesting that these events may
be related. These findings establish α-cat as one of a growing
list of actin-binding proteins that can modulate transcription,
possibly by controlling actin dynamics in the nucleus.
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α-Cat Inhibits Wnt/β-Cat–Dependent Transcription. As previously
observed (5, 7, 8), we find that overexpression of α-cat inHEK293T
cells inhibits Wnt/β-cat signaling using the β-cat/TCF–optimal
promoter luciferase reporter (TOPflash) (SI Appendix, Fig. S4).
Quantitative real-time PCR (qPCR) also shows that α-cat reduces
Wnt-mediated expression of C-MYC, a well-defined β-cat/TCF
target gene. Conversely, stable knockdown of α-cat in SW480 cells
reveals up-regulation of a number of established Wnt/β-cat re-
sponsive genes (Fig. 2 A and B). Importantly, α-cat knockdown in
normal human skin fibroblasts activated with recombinant Wnt3a
shows elevated expression of genes considered more selective to
Wnt activation, such as AXIN2, NKD1, and LEF1 (Fig. 2 C and D).
Despite evidence that α-cat inhibits the Hippo pathway effector,
Yap (30, 31), we find no evidence for up-regulation of its targets,
CTGF and ANKRD1 (Fig. 2 A and C) (32). Together these data
show that α-cat limits the expression of a number of Wnt/β-cat–
responsive genes across three different cell types.

α-Cat Interacts with β-Cat/TCF but Does Not Affect Promoter Loading.
A previous study found that α-cat can coprecipitate with β-cat
and TCF, but could not interact with a TCF promoter probe by
mobility shift assay (5), suggesting that α-cat may be unable to

exist in a complex with β-cat/TCF on DNA. We revisited this
question using chromatin immunoprecipitation (ChIP). We find
that α-cat, β-cat, and TCF can be significantly enriched at both
endogenous (C-MYC and LEF-1) and integrated 4xTOP pro-
moters (Fig. 2E). α-Cat also coprecipitates β-cat and TCF from
un–cross-linked nuclear extracts (SI Appendix, Fig. S5). Of in-
terest, α-cat silencing does not impact β-cat/TCF loading to these
three promoters. Together with evidence that α-cat binds β-cat in
a region that would not compete with β-cat/TCF binding (33),
these data suggest that α-cat can localize to β-cat/TCF–occupied
promoters and attenuate transcription in a manner that is down-
stream of β-cat/TCF–promoter binding.

Inhibition of Wnt-Dependent Transcription by α-Cat Requires Binding
to β-Cat.To determine if Wnt pathway regulation by α-cat depends
on binding to β-cat, we generated dimerization mutants of both α-
and β-cat and expressed them in HEK293T cells. Deletion of the
first 81 aa of α-cat (Δβ BD–α-cat) is sufficient to reduce binding to
β-cat, and an internal deletion of residues 118–146 from β-cat (Δα
BD-β-cat) effectively reduces binding to α-cat (SI Appendix, Fig.
S6). Whereas full-length α-cat inhibits Wnt-mediated induction of
TOPflash, the α-cat mutant that cannot bind to β-cat has no effect.
Likewise, β-cat stimulatedTOPflash activity can be inhibited by full-
length α-cat, but not the α-cat mutant that cannot bind to β-cat.

Wnt Inhibition by α-Cat Requires the C-Terminal Actin-Binding Domains.
To understand how α-cat inhibits β-cat signaling, we designed a
panel of truncation mutants that progressively removes sequences
from the C-terminal, F actin-binding region of α-cat (residues 697–
906) (15, 34, 35), as well as the middle (M) domain (residues 377–
633) (36), which interacts with a number of actin-binding proteins
(17, 34, 37, 38). When analyzed in the TOPflash assay, constructs
containing residues 279–500 and 864–906 showed the strongest
inhibitory activity of α-cat (SI Appendix, Fig. S7), suggesting that
the actin-binding functions of α-cat may be critical for transcription
inhibition. These mutants localize to nuclei similarly by frac-
tionation (SI Appendix, Fig. S8). A previous study indicated that
an N-terminal fragment of α-cat containing the β-cat–binding do-
main (residues 46–149) was sufficient to inhibit Wnt signaling (8).
However, we find that N-terminal fragments of α-cat encoding either
β-cat heterodimerization (residues 1–163) or α-cat homodimeriza-
tion domains (residues 82–279) enhance Wnt signaling, and their

Fig. 1. α-Cat nucleoplasmic localization depends on β-cat. Epifluorescence
images of SW480 cells transfected with control, α-cat, or β-cat siRNAs stained
with antibodies to α-cat (5B11 hybridoma) and β-cat or DNA (Hoechst). The
arrow denotes β-cat–silenced cells where α-cat is redistributed to the cyto-
plasm. (Scale bars: 10 μm.)

Fig. 2. α-Cat inhibits β-cat signaling. (A) qPCR of β-cat
target genes from SW480 cells stably transfected with
nonspecific (NS) and α-E-cat shRNAs and (B) the corre-
sponding immunoblot. (C) qPCR of β-cat target genes
fromhumandermal fibroblasts stably transfectedwith
NS and α-E-cat shRNAs and incubated ±Wnt3a. Genes
in A and C are normalized to 18S and fold induction
was calculated with the ΔΔCt method from three in-
dependent experiments. (D) Corresponding immuno-
blot. (E) ChIP analysis of α-cat, β-cat, TCF4, and actin
enrichment at three established β-cat/TCF–responsive
promoters in nonsilenced and α-cat–silenced SW480
cells: integrated 4xTOP promoter, LEF1, and C-MYC.
Asterisks denote significance by standard t test (*P <
0.05 and **P < 0.01). Those without brackets corre-
spond toboth silencedandnonsilenced cells compared
with the IgG control. Error bars represent SEM for 2–3
independent experiments.
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coexpression activates the reporter additively (SI Appendix, Fig. S7
C–E). Moreover, coexpression of the N-terminal fragments with
full-length α-cat also prevents inhibition mediated by the full-
length construct (SI Appendix, Fig. S7F), suggesting that α-cat
amino acids 1–279 dominantly displace endogenous α-cat. Alto-
gether, these data show that the entire full-length α-cat protein
participates in Wnt-signaling inhibition, as both N-terminal di-
merization and C-terminal actin-binding regions are required.

α-Cat Impacts Nuclear Actin. Because nuclear localized actin and
actin-binding proteins such as myosin I (39), N-WASP (40),
Arp2/3 (41), cofilin (42), profilin (43), afadin (44), and α-actinin
(25) have been documented, it is possible that the actin-binding/-
bundling function of α-cat is conserved in the nucleus. To test
this prediction, COS7 cells were transfected with either wild-type
(WT) or nuclear localization signal (NLS)-tagged α-cat and
subsequently stained with phalloidin to identify F-actin struc-
tures. Overexpression of WT α-cat enhances cytoplasmic F-actin
staining compared with adjacent untransfected cells (Fig. 3A).
Remarkably, expression of NLS-α-cat leads to the formation of
nuclear F-actin filaments in ∼25% of expressing cells. The F actin-
binding region of α-cat is required and sufficient for nuclear
F-actin staining (SI Appendix, Figs. S9 and S10). Confocal imaging
and correlation analysis reveal that NLS-α-cat partially colocalizes
with nuclear F actin (Fig. 3B and Movie S1). Importantly, no dif-
ference in actin abundance was observed in nuclear fractions of
WT and NLS-α-cat–transfected cells (SI Appendix, Fig. S11), sug-
gesting that α-cat may promote NAFs from a preexisting polymeric
pool. Confocal microscopy showed that formation of nuclear actin
bundles appears to affect DNA organization, as revealed by
Hoechst staining intensity (Fig. 3B and Movie S1), suggesting that
induced nuclear actin structures can impact chromatin organiza-
tion. Importantly, SW480 cells lacking α-cat show small but sig-
nificant differences in nuclear actin. α-Cat knockdown cells have
a higher mobile fraction of NLS-actin-YFP assessed by FRAP (Fig.
3C) and the pool of nuclear actin is more soluble by ultracentri-
fugation (SI Appendix, Fig. S12). α-Cat knockdown cells are also
less prone to forming NAFs using both a pathogenic V163M
skeletal muscle α-actin mutation that causes intrauclear rod my-
opathy (25) or by overexpression of NLS β-actin YFP (Fig. 3D
and SI Appendix, Fig. S12). Thus, α-cat has consequences for
nuclear actin using both gain- and loss-of-function approaches.

α-Cat Inhibits RNA Synthesis in Vivo and in Vitro. Nuclear actin is
required for RNA Pol I-, II-, and III-mediated transcription (21–
24). To determine whether α-cat–induced changes in nuclear actin
impact transcription, we investigated the effect of expressingNLS-
tagged α-cat in COS7 cells on bromouridine (BrU) incorporation
into newly synthesized RNA. Cells expressing phalloidin-positive
NAFs exhibited a pronounced reduction in BrU signal intensity
compared with cells expressing GFP or a myc-tagged NLS-α-cat
fragment (Fig. 4 A and B and SI Appendix, Fig. S13). To test the
contribution of α-cat to RNA synthesis using a loss-of-function
approach, we quantified BrU incorporation in SW480 cells where
α-cat protein levels were silenced using siRNAs.We found that the
fluorescence intensity of α-cat knockdown cells was ∼40% greater
than that of control knockdown cells (Fig. 4 C–E). Together, these
data indicate that α-cat can also limit RNA expression generally.
To ask whether α-cat is a proximal inhibitor of transcription,

we examined the effects of α-cat on RNA Pol II activity in
a standard in vitro transcription assay that uses the adenoviral
major late promoter. As this promoter lacks classic TCF-recog-
nition sites, this template allows one to quantify transcription
generally. Using nuclear extracts made from SW480 cells where
α-cat is stably knocked down by two independent shRNAs, we
find that α-cat silencing enhances transcript production by ∼10-
fold (Fig. 5 and SI Appendix, Fig. S14). Evidence that WT levels
of transcription activity can be partially restored by adding back

the C-terminal actin-binding region of α-cat suggests that α-cat
inhibits transcription directly, rather than indirectly through its
known effects on cell shape and cohesion. Given evidence that
actin is important for RNA Pol II activities in vitro (21–24), and
can be recruited to activated promoters under stimulated con-
ditions (21, 45), we asked whether α-cat can impact nuclear actin
in the vicinity of β-cat/TCF promoters. Of interest, α-cat silenc-
ing leads to a nearly significant increase in actin recruitment to
the C-MYC promoter (Fig. 2E), suggesting that α-cat binding to
β-cat/TCF may limit the recruitment of actin to some promoters.

β-Cat Attenuates Transcription via Its α-Cat–Binding Domain. To
reconcile how α-cat impacts both β-cat/TCF–dependent and general
transcription, we asked whether transcription rates are regulated in
a tissue with established Wnt signaling relationships. We injected
mice with a single bolus of a modified nucleotide 5′ ethnyl uridine
(EU) and followed bulk RNA synthesis by immunofluores-
cence detection. We confirm that the rates of general transcription
are quite different along the intestinal crypt (Fig. 6A) (46). Spe-
cifically, the transit-amplifying cells incorporate the most EU,
whereas the stem cell compartment (marked by nuclear β-cat, or X-
gal staining in the β-cat/TCF reporter mouse, BAT-gal) shows
substantially less incorporation. Of interest, fluorescence intensity
of nuclear β-cat is significantly reduced in EU+ versus EU− cells
(Fig. 6B), suggesting that general transcription may be antagonized
by β-cat signaling. To test this, we investigated EU uptake by
transfected COS7 cells. Although transcription rates of these
cells are quite variable, mean EU fluorescence intensity is sig-
nificantly reduced upon full-length β-cat transfection (Fig. 6 C
and D). Importantly, when we express a form of β-cat that lacks
the α-cat–binding domain (and which fails to up-regulate
and recruit α-cat to the nucleus; Fig. 6C), no significant difference in
EU incorporation is observed between transfected and adjacent

Fig. 3. α-Cat affects nuclear actin. (A) Epifluorescence images of COS7 cells
transfected with myc-WT or NLS-tagged α-cat and stained using an myc antibody
(green), phalloidin (red), and Hoescht (blue). (Scale bar: 20 μm.) Asterisks denote
untransfected cells. (B) Confocal microscopy of the nucleus from the cell shown in
E and stained as in A. (Scale bar: 5 μm.) Correlation analysis for myc and phal-
loidin (R = 0.73, overlap coefficient = 1.0) and phalloidin and Hoechst (R = 0.43,
overlap coefficient of 0.9). (C) FRAP analysis of control (NS) and α-cat–silenced
cells transiently transfected with YFP-NLS-β-actin. Mobile fraction = 81.41% ±
0.15 for control versus 85.62% ± 0.24 in α-cat knockdown cells (P < 0.001 by t
test). (D) Graph of the percentage of control (NS) and α-cat knockdown cells
exhibiting NAFs upon transfection with NLS-β-actin-EYFP or V163M α-actin-EGFP.
***P < 0.001, **P < 0.01. Error bars represent SEM of duplicate transfections.
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untransfected cells (Fig. 6D). Together, these data suggest that β-cat
signaling may also attenuate general transcription, and that α-cat
binding to β-cat is required for this inhibition.

Discussion
α-Cat is an F actin-binding protein and an essential component of
cadherin-based cell–cell adhesions (47). Curiously, cells contain
a substantial amount of nonjunctional α-cat, whose functions are just
emerging. Studies show that this pool of α-cat can limit the actin-
polymerizing activity of the Arp2/3 complex in vitro (13), and
lamellipodial dynamics in vivo (19). Given that a cadherin-free form
of β-cat is the major stoichiometric binding partner of cytosolic α-cat
(48), we sought to understand whether α-cat is a regulator of nuclear
β-cat. We show that α-cat can indeed localize to the nucleus and to
β-cat/TCF–occupied promoters, where its nucleoplasmic localiza-
tion depends on β-cat. α-Cat overexpression, silencing, and ChIP
experiments show that α-cat attenuates Wnt/β-cat–responsive genes
in a manner that is downstream of β-cat/TCF loading on promoters.
Thesedata indicate that β-cat, in addition to recruiting coactivators of
transcription (2), recruits α-cat as a negative regulator of gene
expression. We provide evidence that inhibition of Wnt/β-cat–
mediated transcription by α-cat requires not only its β-cat di-
merization domain but also its actin-binding domains, and that
α-cat impacts the organization of nuclear actin. Evidence that α-cat
silencing is associatedwith actin recruitment to theC-MYCpromoter
supports the possibility that the actin-binding function of α-cat
may be conserved in the nucleus to regulate transcription.
Our study builds on previous studies showing that α-cat over-

expression can attenuate β-cat/TCF transcriptional activity in

vivo (9) and in vitro (5, 7, 8). Using a α-cat knockdown approach,
we show that a number of established Wnt/β-cat–responsive
genes are elevated in cells with reduced α-cat protein, indicating
that α-cat normally serves to limit the expression of Wnt targets.
Although Lien et al. (10) found that targeted loss of α-E-cat in
the developing brain did not impact β-cat signaling in the TOP-
gal reporter mouse or by following canonical targets AXIN2,
C-MYC, and CYCLIND1, factors may contribute to this dis-
crepancy. For instance, presence of the neural isoform of α-N-cat
could compensate for the loss of α-E-cat; and AXIN2, C-MYC,
and CYCLIND1 can receive Wnt/β-cat–independent inputs (49,
50). Alternatively, expression differences may be underrepresented
in a tissue where only a subset of cells receive Wnt signals. In
contrast, our study assessed the contribution of α-cat to β-cat
target gene expression in a cancer cell line where β-cat sig-
naling is uniformly activated (and α-cat is robustly nuclear),
thus favoring detection of changes in gene expression.
Our domain mapping analysis reveals that each of the known

functional domains in α-cat contributes to β-cat/TCF reporter
inhibition, from the N-terminal β-cat–binding and α-cat
homodimerization domains to the M- and C-terminal F actin-
binding domains. Of interest, the M domain is known to bind to
a number of actin-binding proteins, including vinculin (51),
α-actinin (38), afadin (34), and formin-1 (17), which cooperate
with α-cat to bind actin at the cell membrane (52, 53). Most of
these proteins can localize to the nucleus or its substructures
(25, 54–56) and one variant can promote nuclear receptor
transcription through the coactivator GRIP1 (57). Therefore,
it is possible that these actin-binding proteins cooperate with
α-cat to attenuate β-cat–dependent transcription.
Whereas our data show that α-cat inhibits Wnt/β-cat–

dependent gene expression with apparent specificity (i.e., α-cat
reduces gene/reporter expression relative to an abundant house-
keeping gene/reporter control), BrU-labeling studies reveal that
α-cat also inhibits transcription more generally, which we reason
may be mediated through an ability of α-cat to affect nuclear actin.
First, α-cat knockdown significantly increases the rate of tran-
scription in vivo and in vitro, and this effect can be partially reversed
by adding back the actin-binding domain of α-cat. Second, NLS-
tagged α-cat can promote formation of NAFs that are strongly as-
sociated with cells that cannot incorporate BrU. Third, the C-MYC
promoter inα-cat–silenced cells shows enhanced recruitment of actin
compared with nonsilenced cells. Lastly, we find an increase in the
mobile fraction of nuclear actin in α-cat knockdown cells, as well as

Fig. 4. α-Cat inhibits RNA synthesis. (A) Epifluorescence image of COS7 cells
transfected with mycNLS-WT-α-cat, incubated with BrU, and stained as in-
dicated. Arrow indicates a cell without nuclear F actin that is BrU+; arrow-
head indicates a cell with nuclear F actin that is BrU−. (Scale bar: 20 μm.) (B)
Average BrU fluorescence intensities were quantified using Zeiss Axioplan
software and binned according to percent staining intensity (N = 300 cells).
Intensities were quantified from all cells expressing mycNLS-α-cat 1–163 and
mycNLS-WT-α-cat (total) and cells containing NAFs. The percentage of cells
with no BrU labeling is significantly different between NLS-α-cat 1–163 and
NLS-WTα-cat (total; P < 0.05) and NAFs (P < 0.001) by t test. (C) Image of
SW480 cells transfected with control or α-cat siRNAs, incubated with BrU for
10 min, and stained for RNA (red) and DNA (blue). Line scans of BrU and DNA
intensities are shown below. (Scale bar: 10 μm.) (D) BrU fluorescence in-
tensities were quantified in MetaMorph (Molecular Devices). Error bars
represent SEM of duplicate transfections. N = 250 cells. ***P < 0.001 by t
test. (E) Immunoblot of cells in C.

Fig. 5. α-Cat C-terminal actin-binding domain is sufficient to inhibit tran-
scription in an in vitro assay. (A) Graph of 32[P]-labeled RNA transcripts from
an adenovirus major late promoter cassette incubated with nuclear extracts
from NS hairpin and α-cat–silenced SW480 cells. Exposure from one experi-
ment is shown. Error bars represent SD of three independent experiments.
(**P < 0.01, *P < 0.05.) Identical findings are observed in cells silenced with
a second α-cat hairpin (SI Appendix, Fig. S14). (B) Immunoblot of SW480
whole-cell (45 μg) and nuclear (15 μg) extracts. (C) Coomassie-stained gel of
100 pmoles of recombinant GST-α-cat proteins added to the assay. Arrow
indicates full-length α-cat. Arrowhead shows N-terminally truncated α-cat.
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greater solubility in nuclear actin and a reduced capacity to form
NAFs upon overexpression of a pathogenic actin mutant. Together,
these data are consistent with a model where α-cat binding to β-cat/
TCF–occupied promoters antagonizes transcriptional activity by
limiting the recruitment of actin (SI Appendix, Fig. S16).
It was also interesting to find that bulk transcription rates along

intestinal crypts appear highest outside of the nuclear β-cat+ stem
cell region, and that β-cat expression itself can limit general tran-
scription in a manner that requires its α-cat–binding domain. To-
gether, these data support a model where α-cat binding to β-cat is
likely required for both Wnt-specific and general effects on tran-
scription. How can we reconcile a role for α-cat in both Wnt/
β-cat–dependent and general transcription? One way is to view
the role for α-cat in transcription through the lens of α-cat
functions at cell contacts, which can be divided into cadherin/
β-cat–associated and –free pools. Evidence indicates that the
cadherin/β-cat/α-cat complex can directly link to the F-actin cy-
toskeleton (58), whereas a cadherin-free pool of α-cat limits the
activity of Arp2/3 (19). Together, these complementary activities
promote cell cohesion. Perhaps analogously, nuclear α-cat is
present in both β-cat/TCF–bound and –unbound forms (e.g.,
monomer, homodimer, and α-/β-cat heterodimer), which contrib-
ute distinct but complementary activities to attenuate transcription.
For example, promoter-localized α-cat may inhibit Wnt target
genes, whereas nucleoplasmic α-cat may antagonize transcription

more generally via nuclear actin (SI Appendix, Fig. S16). Evidence
that Xenopus organizer genes are poised by β-cat/TCF, but not
transcriptionally active until the midblastula transition (59), may
present a system in which to address such distinct nuclear functions
of α-cat.
Evidence that the C-terminal actin-binding domain of α-cat is re-

quired and sufficient to promote nuclear staining by phalloidin may
allow inferences as to the normal structure of nuclear actin.Although
the nucleus contains all components necessary to drive actin poly-
merization in vitro (27), nuclear actin appears to be largely mono-
meric, where an association with the actin-depolymerizing protein,
cofilin, likely prevents the formation of NAFs (42). Because α-cat
promotes the formation of F-actin bundles in vitro (20) but has not
been shown to promote actin polymerization on its own, it is
likely that NLS-α-cat promotes phalloidin-stainable F actin
through direct association with preexisting polymeric actin.
How might α-cat limit transcription via nuclear actin? Sub-

stantial evidence indicates that nuclear actin participates in most
aspects of gene expression from chromatin remodeling to basic
RNA polymerase activity to mRNA processing (60–62). RNA Pol
II has recently been shown to associate with nuclear-localized
actin-polymerizing and -branching proteins, Arp2/3 and N-WASP
(40, 41), an association required for RNA synthesis. Others have
shown that α-cat reduces Arp2/3-mediated actin polymerization
in vitro by directly competing Arp3 binding to actin (13). In the
cell, this inhibition correlates with a transition from actin poly-
merization in lamellipodia to actin bundling during cell contact
maturation (19). It is possible that nuclear α-cat inhibits RNA Pol
II-associated Arp2/3 by competing for access to nuclear actin di-
rectly. Alternatively, α-cat–induced nuclear actin filamentation
might deplete actin from RNA Pol II, and thereby attenuate
transcription (SI Appendix, Fig. S16).
In summary, we demonstrate that α-cat limits expression of

both β-cat/TCF–dependent and –independent promoters in
a manner that depends on both dimerization and actin-binding
regions of α-cat. Future studies will be needed to understand
how endogenous levels of α-cat affect nuclear actin organization,
and how this organization impacts transcription.

Materials and Methods
Cell lines were obtained from American Type Culture Collection. Lentiviral
knock-down (shRNA) plasmids are provided by Open Biosystems (Waltham,
MA). All other reagents, transcription assays, fractionation and imaging
methods are detailed in SI Appendix.

Note Added in Proof. While this paper was under review, Choi et al. (63) also
reported that α-cat inhibits Wnt/β-cat signaling, apparently through a dis-
tinct mechanism that involves binding to the adenomatous polyposis coli
tumor suppressor protein.
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