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Myocardin-related transcription factors (MRTFs) are robust coactivators of serum response factor (SRF).
MRTFs contain three copies of the RPEL motif at their N-terminus, and they bind to monomeric globular
actin (G-actin). Previous studies illustrate that G-actin binding inhibits MRTF activity by preventing the
MRTFs nuclear accumulation. In the living cells, the majority of G-actin is sequestered by G-actin binding
proteins that prevent spontaneous actin polymerization. Here, we demonstrate that the most abundant
G-actin sequestering protein thymosin-b4 (Tb4) was involved in the regulation of subcellular localization
and activity of MRTF-A. Tb4 competed with MRTF-A for G-actin binding; thus, interfering with G-actin–
MRTF-A complex formation. Tb4 overexpression induced the MRTF-A nuclear accumulation and activa-
tion of MRTF–SRF signaling. The activation rate of MRTF-A by the Tb4 mutant L17A, whose affinity for
G-actin is very low, was lower than that by wild-type Tb4. In contrast, the b-actin mutant 3DA, which
has a lower affinity for Tb4, more effectively suppressed MRTF-A activity than wild-type b-actin. Further-
more, ectopic Tb4 increased the endogenous expression of SRF-dependent actin cytoskeletal genes. Thus,
Tb4 is an important MRTF regulator that controls the G-actin–MRTFs interaction.

� 2013 Elsevier Inc. All rights reserved.
1. Introduction

MAL/MKL1/Myocd-related transcription factor-A (MRTF-A) and
MAL16/MKL2/MRTF-B are robust coactivators of the serum re-
sponse factor (SRF) [1]. They regulate various biological processes
such as the rearrangement of the actin cytoskeleton [2,3], develop-
ment of mammary myoepithelial cells [4], epithelial–mesenchy-
mal transition [5,6], and cell motility [7,8]. MRTFs have three
tandem RPEL repeats, which are monomeric globular actin (G-ac-
tin) binding motifs, at their N-terminus, and their activities are reg-
ulated by G-actin binding [1]. G-actin-binding MRTFs are found in
the cytoplasm in an inactive state. MRTFs interact with the nuclear
transport receptor importin a/b via their basic domains that over-
lap with the RPEL repeats [9,10]. G-actin interferes with the MRTF–
importin interaction; thus, inhibiting the MRTFs nuclear transloca-
tion. The stimuli that induce actin polymerization lead to a deple-
tion of the cytoplasmic G-actin pool, resulting in the nuclear
translocation and transcriptional activation of G-actin-free MRTFs.
Thus, a change in the amount of cytoplasmic G-actin pool as a re-
sult of actin polymerization/depolymerization is a critical event for
the regulation of MRTF activity, although post-translational modi-
fications also contribute to it [11–13].

Under physiological conditions, free G-actin spontaneously
polymerizes to form microfilaments in vitro. However, in the living
cells, several types of actin binding proteins such as thymosin b4
(Tb4), profilin, DNAse I, and capping proteins sequester free G-ac-
tin, thereby prevening spontaneous actin polymerization [14]. Tb4
is a small peptide comprising 43 amino acids that strongly binds to
G-actin but very weakly to filamentous actin (F-actin) [15–17]. Tb4
prevents actin polymerization by inhibiting the exchange of the G-
actin-bound nucleotide [18]. Because Tb4 is abundantly expressed
in a wide variety of cell types, it is believed that >80% G-actin is
sequestered by Tb4 and that free G-actin is scarce in the cytoplasm
[14,19]. Previous studies demonstrate that DNAse I is present in
the G-actin-MRTF-A complex [20], whereas profilin-binding G-ac-
tin cannot bind to MRTF-A [21]. In contrast to Tb4, profilin facili-
tates actin polymerization by enhancing the exchange of actin-
binding nucleotides [18], leading to the activation of MRTFs
[1,22]. Although Tb4 is the most abundant G-actin sequestering
protein, its role in the regulation of MRTF activity remains un-
known. Here, we demonstrate that Tb4 competed with MRTF-A
for G-actin binding, and that it induced the nuclear accumulation
and transcriptional activation of MRTF-A. To the best of our knowl-
edge, this is the first report of Tb4 as a regulatory factor of MRTF
activity.
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Fig. 1. Activation of MRTF–SRF signaling by Tb4. (A) The HeLa cells were
transfected with the Tb4–myc expression plasmid. On the following day, the cells
were fixed and stained with an anti-myc antibody (green) and phalloidin (red).
Bar = 50 lm. (B) The HeLa cells were transfected with the SRF reporter 3� CArG-Luc
and increasing amounts [15 (+), 80 (++), and 250 ng (+++)] of the Tb4 expression
plasmid, together with the MRTF-A expression plasmid and pSV-bGal. Luciferase
and b-galactosidase activities were measured 2 days after transfection. Data
represent the mean ± SEM of three independent experiments. (C) The HeLa cells
were transfected with 3� CArG-Luc, the Tb4 expression plasmid, the MRTF-A
expression plasmid [wild-type (WT) or 123-1A], and pSV-bGal. Luciferase and
b-galactosidase activities were measured 2 days after transfection. Statistical
analysis was performed by paired Student’s t-test. Data represent the mean ± SEM
of three independent experiments.
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2. Materials and methods

2.1. Cell culture and transfection

The NIH 3T3, HeLa, and HEK293T cells were cultured in Dul-
becco’s modified Eagle’s medium supplemented with 10% fetal calf
serum. The cultured cells were transfected for 24–48 h using Lipo-
fectamine LTX and Plus Reagent (Invitrogen).

2.2. Construction of expression plasmids

The coding regions for human Tb4 and b-actin and mouse
MRTF-A were amplified by PCR and subcloned into the highly effi-
cient mammalian expression plasmid pCAGGS. A FLAG- or myc-tag
sequence was fused to the 50- or 30-end of each coding sequence.
Expression plasmids for Tb4 (L17A) and b-actin (3DA) were con-
structed by site-directed mutagenesis using PrimeSTAR Max DNA
Polymerase (Takara Bio, Inc.). MRTF-A (123-1A) was constructed
by site-directed mutagenesis as described previously [20].

2.3. Luciferase reporter assay

The 3� CArG-Luc vector was used to measure the MRTF-A tran-
scriptional activity [6]. 3� CArG-Luc and the indicated expression
plasmids were cotransfected into HeLa cells along with pSV-bGal
(Promega) that was used to normalize the transfection efficiency.
Two days after transfection, luciferase and b-galactosidase activi-
ties were measured using the Luciferase Assay System (Promega)
and Luminescent b-Galactosidase Detection Kit II (Clontech Labo-
ratories, Inc.), respectively.

2.4. Coimmunoprecipitation

The HEK293T cells transfected with the expression plasmids
were lysed with an NP-40 buffer [0.5% NP-40, 5 mM MgCl2,
1 mM ATP, and protease inhibitor cocktail for use with mammalian
cell and tissue extracts (Nacalai Tesque) in 1� PBS (Nacalai Tes-
que)]. The cell lysates were briefly sonicated and centrifuged to re-
move cell debris. The resultant supernatants were incubated with
FLAG Affinity Gel (Sigma) for 3 h at 4 �C with gentle rotation. Sub-
sequenctly, the beads were washed with NP-40 buffer and boiled
in SDS sample buffer to elute the immunocomplexes.

2.5. Immunocytochemistry

The NIH 3T3 cells were cultured on coverslips and transfected
with the expression plasmids. On the following day, the cells were
fixed using 4% paraformaldehyde and then incubated with a block-
ing solution (0.1% Triton X-100, 0.2% BSA, 10% normal goat serum
in 1� PBS). The cells were incubated with anti-FLAG (Sigma) and/
or anti-myc (Santa Cruz Biotechnology) antibodies diluted in the
Can Get Signal immunostain reagent (TOYOBO). After washing
with 1� PBS, the cells were incubated with Alexa Fluor-conjugated
secondary antibodies (Invitrogen) diluted in the blocking solution.
To label the nuclei and F-actin, Hoechst 33342 (Invitrogen) and
Alexa Fluor 568 phalloidin (Invitrogen) were added to the second-
ary antibody solution, respectively. The stained cells were
mounted with Fluoromount (Diagnostic BioSystems) and observed
using a BZ-9000 model fluorescence microscope (Keyence).

2.6. RT-PCR

Total RNA was extracted from the cells using RNAiso Plus (Taka-
ra Bio, Inc.), and reverse transcribed with SuperScript III Reverse
Transcriptase (Invitrogen) and a random hexamer primer. cDNA
was amplified using gene-specific PCR primer pairs. Primer se-
quences are based on a previous report [2].
3. Results and discussion

3.1. Tb4 induces the activation of MRTF–SRF signaling

According to a previous in vitro study, Tb4 prevents the ex-
change of the G-actin-bound nucleotide, resulting in the inhibition
of actin polymerization [18]. In the living cells overexpressing
exogenous Tb4, G-actin dissociated from actin filaments is seques-
tered by excess Tb4; thus, Tb4-binding G-actin remains in the cyto-
plasmic G-actin pool [23,24]. We confirmed that Tb4
overexpression induced disassembly of F-actin bundles in the HeLa
cells (Fig. 1A). To determine whether Tb4 contributes to the
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regulation of MRTF activity, we performed a luciferase reporter as-
say using 3� CArG-Luc vector containing three copies of the SRF
binding cis-element CArG box. Ectopic Tb4 unexpectedly induced
the activation of MRTF–SRF signaling in a dose-dependent manner
(Fig. 1B).

In addition, Tb4 has been reported to be secreted and function
as a multi-functional trophic factor [25]. The secreted Tb4 appears
to function via an extracellular receptor in a different way from
G-actin sequestering [26]. Point mutation of Tb4 at position 17
leucine to alanine [Tb4 (L17A)] significantly reduces its affinity
for G-actin [27,28]. Tb4 (L17A) more weakly activated the MRTF–
SRF signaling pathway compared with wild-type Tb4 (Fig 1B), indi-
cating that G-actin binding is important for Tb4-induced MRTF-A
activation. MRTF-A (123-1A) mutant reportedly has no ability to
bind to G-actin because the critical arginine sites in all three RPEL
motifs are replaced with alanine [20]. MRTF-A (123-1A) functioned
as a constitutively active form and was not additively activated
by ectopic Tb4 (Fig. 1C). These results suggested that Tb4 bound
to G-actin and modulated MRTF-A activity by regulating the
G-actin–RPEL interaction within MRTF-A.
3.2. Tb4 prevents the G-actin–MRTF-A interaction

Posern et al. report that profilin-binding G-actin cannot interact
with MRTF-A [21], raising the possibility that Tb4 also disrupts the
G-actin–MRTF-A interaction. A coimmunoprecipitation assay
clearly demonstrated that Tb4 prevented the G-actin–MRTF-A
binding in a dose-dependent manner (Fig. 2A). Furthermore, Tb4
did not coimmunoprecipitate with the G-actin–MRTF-A complex,
indicating that Tb4 competed with MRTF-A for G-actin binding.
In the NIH 3T3 cells, exogenous MRTF-A was predominantly local-
ized in the cytoplasm, and excess Tb4 induced the MRTF-A nuclear
accumulation (Fig. 2B). Taken together, these results illustrated
that Tb4 dissociated the G-actin–MRTF-A complex by competing
Fig. 2. Interference of the G-actin–MRTF-A complex formation by Tb4. (A) The HEK293T
the Tb4–myc expression plasmid, together with FLAG–MRTF-A and myc–b-actin expres
gels, followed by a Western blot analysis with anti-FLAG and anti-myc antibodies. (B)
plasmids. On the following day, the cells were fixed and stained with anti-FLAG (green)
The subcellular localization of MRTF-A was scored as predominantly nuclear (N > C), co
cytoplasmic (N < C) in >100 transfected cells. Data represent the mean ± SEM of three in
with MRTF-A for G-actin binding, resulting in the nuclear accumu-
lation and transcriptional activation of G-actin-free MRTF-A.

3.3. Tb4-low-affinity mutant of b-actin 3DA more effectively inhibits
MRTF-A activity

Safer et al. report that lysine 18 of Tb4 makes contact with
N-terminal acidic residues of the skeletal muscle actin [29]. We
constructed the b-actin mutant 3DA, in which three aspartic acid
residues at the N-terminus were replaced with alanine. This mu-
tant actin exhibited lower affinity for Tb4 than wild-type b-actin
(Fig. 3A). A previous study indicates that excessive expression of
ectopic b-actin suppresses MRTF-A activity caused by an increase
in the cytoplasmic G-actin pool; thus, non-polymerized mutants
of b-actin more effectively suppress MRTF–SRF activity [30]. When
3DA actin was expressed in the NIH 3T3 cells, it polymerized and
co-localized with F-actin in the same manner as wild-type b-actin
(Fig. 3B). However, 3DA actin more effectively suppressed MRTF-A
activity compared with wild-type b-actin (Fig. 3C). These results
suggest that ectopic wild-type b-actin was partially sequestered
from MRTF-A by binding to endogenous Tb4, whereas 3DA actin
was unable to do so. Considering that the majority of G-actin binds
to Tb4 and profilin, MRTF-A activity is likely to be regulated by the
remaining free G-actin.

3.4. Tb4-overexpression increases the expression levels of SRF-
dependent cytoskeletal genes

We previously reported that MRTFs are critical regulators of ac-
tin cytoskeleton organization [2,3,6]. Overexpression of MRTFs
markedly facilitates the formation of thick stress fibers with in-
creased expression of SRF-dependent actin cytoskeletal genes,
whereas knockdown of MRTFs results in the disappearance of
stress fibers [2]. To examine whether excess Tb4 enhances the
cells were transfected with increasing amounts [0.3 (+), 0.6 (++), and 1.2 lg (+++)] of
sion plasmids. A coimmunoprecipitation assay was performed using FLAG-affinity
The NIH 3T3 cells were transfected with FLAG–MRTF-A and Tb4–myc expression

and anti-myc (red) antibodies. The nuclei were visualized by Hoechst 33342 (blue).
mparable intensity between the nucleus and cytoplasm (N = C), or predominantly
dependent experiments.



Fig. 3. Suppression of MRTF-A activity by b-actin mutant 3DA. (A) The HEK293T cells were transfected with Tb4–FLAG and myc–b-actin [wild type (WT) or 3DA] expression
plasmids. A coimmunoprecipitation assay was performed using FLAG-affinity gels, followed by a Western blot analysis with anti-FLAG and anti-myc antibodies. (B) The NIH
3T3 cells were transfected with myc–b-actin [wild-type (WT) or 3DA] expression plasmids. On the following day, the cells were fixed and stained with an anti-myc antibody
(green) and phalloidin (red). Bar = 50 lm. (C) The HeLa cells were transfected with the SRF reporter 3� CArG-Luc and increasing amounts [30 (+), 60 (++), 120 (+++), and
250 ng (++++)] of the b-actin (WT or 3DA) expression plasmid, together with the MRTF-A expression plasmid and pSV-bGal. Luciferase and b-galactosidase activities were
measured 2 days after transfection. Data represent the mean ± SEM of three independent experiments.

Fig. 4. Increased expression of the SRF-dependent actin cytoskeletal genes by Tb4 overexpression. The NIH 3T3 cells were transfected with mock control plasmid (�Tb4) or
the Tb4 expression plasmid (+Tb4). On the following day, total RNAs were extracted from the cells and RT-PCR was performed using the indicated gene-specific primers. PCR
products were quantified by densitometry, values were normalized to GAPDH mRNA, and results were statistically analyzed. Data represent the mean ± SEM of three
independent experiments. ⁄p < 0.03 by paired Student’s t-test.
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activity of endogenous MRTFs, we investigated the effect of Tb4
overexpression on the expression levels of the actin cytoskeletal
genes. The NIH 3T3 cells overexpressing Tb4 showed increased
expression of SRF-dependent actin cytoskeletal genes (Fig. 4), sup-
porting the notion that ectopic Tb4 induces the activation of
endogenous MRTFs. These results are consistent with a previous
report that illustrates a twofold increase in the expression of myo-
sin IIA, a-actinin, and tropomyosin proteins in cell lines over-
expressing ectopic Tb4 [31].

In summary, Tb4 and MRTF-A compete for G-actin binding, and
Tb4 prevents the G-actin–MRTF-A interaction, resulting in the nu-
clear accumulation and transcriptional activation of MRTF-A. Thus,
MRTF activity would be regulated by a small portion of the cyto-
plasmic G-actin pool that is free from Tb4 and profilin. To the best
of our knowledge, this is the first report to clarify the contribution
of Tb4 to the regulation of MRTF activity, and our results provide
new insights into the function of Tb4 and the regulatory mecha-
nism of MRTFs.

Acknowledgments

The authors would like to thank Enago (www.enago.jp) for the
English language review. This work was supported by Grants-in-
Aid for Scientific Research from the Ministry of Education, Science,
Sports and Culture of Japan (23770225 to T. M.).

References

[1] F. Miralles, G. Posern, A.I. Zaromytidou, R. Treisman, Actin dynamics control
SRF activity by regulation of its coactivator MAL, Cell 113 (2003) 329–342.

http://www.enago.jp
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0005
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0005


T. Morita, K. Hayashi / Biochemical and Biophysical Research Communications 437 (2013) 331–335 335
[2] T. Morita, T. Mayanagi, K. Sobue, Reorganization of the actin cytoskeleton via
transcriptional regulation of cytoskeletal/focal adhesion genes by myocardin-
related transcription factors (MRTFs/MAL/MKLs), Exp. Cell Res. 313 (2007)
3432–3445.

[3] T. Yoshio, T. Morita, M. Tsujii, N. Hayashi, K. Sobue, MRTF-A/B suppress the
oncogenic properties of v-ras- and v-src-mediated transformants,
Carcinogenesis 31 (2010) 1185–1193.

[4] S. Li, S. Chang, X. Qi, J.A. Richardson, E.N. Olson, Requirement of a myocardin-
related transcription factor for development of mammary myoepithelial cells,
Mol. Cell. Biol. 26 (2006) 5797–5808.

[5] L. Fan, A. Sebe, Z. Péterfi, A. Masszi, A.C. Thirone, O.D. Rotstein, H. Nakano, C.A.
McCulloch, K. Szászi, I. Mucsi, A. Kapus, Cell contact-dependent regulation of
epithelial-myofibroblast transition via the rho-rho kinase-phospho-myosin
pathway, Mol. Biol. Cell 18 (2007) 1083–1097.

[6] T. Morita, T. Mayanagi, K. Sobue, Dual roles of myocardin-related transcription
factors in epithelial mesenchymal transition via slug induction and actin
remodeling, J. Cell Biol. 179 (2007) 1027–1042.

[7] Z. Han, X. Li, J. Wu, E.N. Olson, A myocardin-related transcription factor
regulates activity of serum response factor in Drosophila, Proc. Natl. Acad. Sci.
USA 101 (2004) 12567–12572.

[8] S. Medjkane, C. Perez-Sanchez, C. Gaggioli, E. Sahai, R. Treisman, Myocardin-
related transcription factors and SRF are required for cytoskeletal dynamics
and experimental metastasis, Nat. Cell Biol. 11 (2009) 257–268.

[9] R. Pawłowski, E.K. Rajakylä, M.K. Vartiainen, R. Treisman, An actin-regulated
importin a/b-dependent extended bipartite NLS directs nuclear import of
MRTF-A, EMBO J. 29 (2010) 3448–3458.

[10] S. Nakamura, K. Hayashi, K. Iwasaki, T. Fujioka, H. Egusa, H. Yatani, K. Sobue,
Nuclear import mechanism for myocardin family members and their
correlation with vascular smooth muscle cell phenotype, J. Biol. Chem. 285
(2010) 37314–37323.

[11] K. Nakagawa, N. Kuzumaki, Transcriptional activity of megakaryoblastic
leukemia 1 (MKL1) is repressed by SUMO modification, Genes Cells 10
(2005) 835–850.

[12] S. Muehlich, R. Wang, S.M. Lee, T.C. Lewis, C. Dai, R. Prywes, Serum-induced
phosphorylation of the serum response factor coactivator MKL1 by the
extracellular signal-regulated kinase 1/2 pathway inhibits its nuclear
localization, Mol. Cell. Biol. 28 (2008) 6302–6313.

[13] E. Charbonney, P. Speight, A. Masszi, H. Nakano, A. Kapus, b-catenin and Smad3
regulate the activity and stability of myocardin-related transcription factor
during epithelial-myofibroblast transition, Mol. Biol. Cell 22 (2011) 4472–
4485.

[14] C.G. dos Remedios, D. Chhabra, M. Kekic, I.V. Dedova, M. Tsubakihara, D.A.
Berry, N.J. Nosworthy, Actin binding proteins: regulation of cytoskeletal
microfilaments, Physiol. Rev. 83 (2003) 433–473.

[15] D. Safer, M. Elzinga, V.T. Nachmias, Thymosin beta 4 and Fx, an actin-
sequestering peptide, are indistinguishable, J. Biol. Chem. 266 (1991) 4029–
4032.

[16] H.Q. Sun, K. Kwiatkowska, H.L. Yin, Beta-thymosins are not simple actin
monomer buffering proteins. Insights from overexpression studies, J. Biol.
Chem. 271 (1996) 9223–9230.
[17] M.F. Carlier, D. Didry, I. Erk, J. Lepault, M.L. Van Troys, J. Vandekerckhove, I.
Perelroizen, H. Yin, Y. Doi, D. Pantaloni, Tbeta 4 is not a simple G-actin
sequestering protein and interacts with F-actin at high concentration, J. Biol.
Chem. 271 (1996) 9231–9239.

[18] P.J. Goldschmidt-Clermont, M.I. Furman, D. Wachsstock, D. Safer, V.T.
Nachmias, T.D. Pollard, The control of actin nucleotide exchange by
thymosin beta 4 and profilin. A potential regulatory mechanism for actin
polymerization in cells, Mol. Biol. Cell 3 (1992) 1015–1024.

[19] T. Kiuchi, T. Nagai, K. Ohashi, K. Mizuno, Measurements of spatiotemporal
changes in G-actin concentration reveal its effect on stimulus-induced actin
assembly and lamellipodium extension, J. Cell Biol. 193 (2011) 365–380.

[20] M.K. Vartiainen, S. Guettler, B. Larijani, R. Treisman, Nuclear actin regulates
dynamic subcellular localization and activity of the SRF cofactor MAL, Science
316 (2007) 1749–1752.

[21] G. Posern, F. Miralles, S. Guettler, R. Treisman, Mutant actins that stabilise F-
actin use distinct mechanisms to activate the SRF coactivator MAL, EMBO J. 23
(2004) 3973–3983.

[22] A. Sotiropoulos, D. Gineitis, J. Copeland, R. Treisman, Signal- regulated
activation of serum response factor is mediated by changes in actin
dynamics, Cell 98 (1999) 159–169.

[23] M.C. Sanders, A.L. Goldstein, Y. Wang, Thymosin b4 is a potent regulator of
actin polymerization in living cells, Proc. Natl. Acad. Sci. USA 89 (1992) 4678–
4692.

[24] F.X. Yu, S.C. Lind, M. Morrison Bogorad, H.L. Yin, Effects of thymosinb4 and
thymosin b10 on actin structures in living cells, Cell Motil. Cytoskeleton 27
(1994) 13–25.

[25] A.L. Goldstein, E. Hannappel, G. Sosne, H.K. Kleinman, Thymosin b4: a multi-
functional regenerative peptide. Basic properties and clinical applications,
Expert. Opin. Biol. Ther. 12 (2012) 37–51.

[26] R. Bednarek, J. Boncela, K. Smolarczyk, A. Cierniewska-Cieslak, E. Wyroba, C.S.
Cierniewski, Ku80 as a novel receptor for thymosin beta4 that mediates its
intracellular activity different from G-actin sequestering, J. Biol. Chem. 283
(2008) 1534–1544.

[27] M. Van Troys’, D. Dewitte, M. Goethals, M.F. Carlier, J. Vandekerckhove, C.
Ampe, The actin binding site of thymosin,4 mapped by mutational analysis,
EMBO J. 15 (1996) 201–210.

[28] Y. Fan, Y. Gong, P.K. Ghosh, L.M. Graham, P.L. Fox, Spatial coordination of actin
polymerization and ilk–akt2 activity during Endothelial cell migration dev,
Cell 16 (2009) 661–674.

[29] D. Safer, T.R. Sosnick, M. Elzinga, Thymosin beta 4 binds actin in an extended
conformation and contacts both the barbed and pointed ends, Biochemistry 36
(1997) 5806–5816.

[30] G. Posern, A. Sotiropoulos, R. Treisman, Mutant actins demonstrate a role for
unpolymerized actin in control of transcription by serum response factor, Mol.
Biol. Cell 13 (2002) 4167–4178.

[31] R. Golla, N. Philp, D. Safer, J. Chintapalli, R. Hoffman, L. Collins, V.T. Nachmias,
Co-ordinate regulation of the cytoskeleton in 3T3 cells overexpressing
thymosin-beta4, Cell Motil. Cytoskeleton. 38 (1997) 187–200.

http://refhub.elsevier.com/S0006-291X(13)01067-X/h0010
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0010
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0010
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0010
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0015
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0015
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0015
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0020
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0020
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0020
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0025
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0025
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0025
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0025
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0030
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0030
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0030
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0035
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0035
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0035
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0040
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0040
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0040
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0045
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0045
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0045
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0050
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0050
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0050
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0050
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0055
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0055
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0055
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0060
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0060
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0060
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0060
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0065
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0065
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0065
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0065
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0070
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0070
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0070
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0075
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0075
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0075
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0080
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0080
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0080
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0085
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0085
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0085
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0085
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0090
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0090
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0090
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0090
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0095
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0095
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0095
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0100
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0100
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0100
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0105
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0105
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0105
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0110
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0110
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0110
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0115
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0115
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0115
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0120
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0120
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0120
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0125
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0125
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0125
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0130
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0130
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0130
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0130
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0135
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0135
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0135
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0140
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0140
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0140
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0145
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0145
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0145
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0150
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0150
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0150
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0155
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0155
http://refhub.elsevier.com/S0006-291X(13)01067-X/h0155

	G-actin sequestering protein thymosin-β4 regulat
	1 Introduction
	2 Materials and methods
	2.1 Cell culture and transfection
	2.2 Construction of expression plasmids
	2.3 Luciferase reporter assay
	2.4 Coimmunoprecipitation
	2.5 Immunocytochemistry
	2.6 RT-PCR

	3 Results and discussion
	3.1 Tβ4 induces the activation of MRTF–SRF signa
	3.2 Tβ4 prevents the G-actin–MRTF-A interaction
	3.3 Tβ4-low-affinity mutant of β-actin 3DA more 
	3.4 Tβ4-overexpression increases the expression 

	Acknowledgments
	References


