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Abstract
Differentiation of skeletal myoblast cells to functional myotubes involves highly regulated
transcriptional dynamics. The myocyte enhancer factor 2 (MEF2) transcription factors are critical
to this process, synergizing with the master regulator MyoD to promote muscle specific gene
transcription. MEF2 is extensively regulated by myogenic stimuli, both transcriptionally and post-
translationally, but to date there has been little progress in understanding how signals upstream of
MEF2 are coordinated to produce a coherent response. In this study, we define a novel interaction
between the muscle A-kinase anchoring protein (mAKAP) and MEF2 in skeletal muscle. Discrete
domains of MEF2 and mAKAP bind directly. Their interaction was exploited to probe the
function of mAKAP-tethered MEF2 during myogenic differentiation. Dominant interference of
MEF2/mAKAP binding was sufficient to block MEF2 activation during the early stages of
differentiation. Furthermore, extended expression of this disrupting domain effectively blocked
myogenic differentiation, halting the formation of myotubes and decreasing expression of several
differentiation markers. This study expands our understanding of the regulation of MEF2 in
skeletal muscle and identifies the mAKAP scaffold as a facilitator of MEF2 transcription and
myogenic differentiation.
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1. Introduction
Skeletal myogenic differentiation involves morphological and transcriptional dynamics that
turn a disorganized population of mononucleated myoblasts into multinucleated striated
muscle fibers known as myotubes that are capable of doing mechanical work[1]. An
important myogenic transcription factor is myocyte enhancer factor 2 (MEF2), a MADS box
transcription factor with four known isoforms (MEF2A-D)[2–4]. Loss of function studies in
Drosophila, where there is a single MEF2 gene, result in embryos with appropriately
positioned myoblasts that cannot undergo differentiation, which suggests that MEF2 is
required for muscle differentiation[5, 6]. Later studies found that MEF2 works in concert
with MyoD, synergistically promoting myofiber differentiation after activation of MyoD has
committed the cells to a muscle lineage[7]. Additionally, dominant negative forms of MEF2
potently inhibit myogenic differentiation[8].

The cellular regulation of the transcriptional activity of MEF2 is complex. Multiple kinases,
phosphatases, sumoylases, acetylases, and deacetylases have been reported to influence
MEF2 activity[9–18]. For example, in the hippocampus, sumoylation inhibits MEF2
activation while a calcineurin-dependent acetylation promotes MEF2 transcriptional
activity[19]. What remains to be understood is how the myogenic signals are coordinated in
order to achieve proper activation of MEF2 in a dynamic developmental environment.

Coordination of convergent signaling pathways is achieved partly through the binding of
signaling molecules to scaffold proteins, thereby bringing regulatory and effector proteins in
proximity to facilitate crosstalk[20]. One such scaffold is muscle A-kinase anchoring protein
(mAKAP), a ~250 kDa scaffolding protein that is expressed in skeletal and cardiac
myocytes, as well as neurons[21, 22]. mAKAP is localized to the nuclear envelope via an
interaction with nesprin-1α, an integral nuclear membrane structural protein[23]. There,
mAKAP organizes a large protein complex consisting of several signaling enzymes
including protein kinase A (PKA), the phosphodiesterase PDE4D3, adenylyl cyclase V,
calcineurin, protein phosphatase 2A and the big mitogen-activated protein kinase ERK5[21,
24–28]. Importantly, binding of many of these signaling enzymes to mAKAP is required for
adrenergic stimulation of cardiac hypertrophy and the associated changes in gene
expression[24, 26, 28].

While many studies have investigated the role of mAKAP in the regulation of cardiac gene
transcription, if this regulation was common to other striated muscle was unknown. In
particular, as mAKAP is known to associate with many of the effectors of MEF2 activity, it
seemed plausible that the AKAP could regulate MEF2-dependent gene transcription in this
muscle type. Here we show that mAKAP co-precipitates MEF2 from the well-characterized
C2C12 skeletal muscle cell line. Biochemical mapping experiments show that MEF2
directly binds to amino acids 300–575 of mAKAP, a domain not previously defined to
participate in any protein/protein interactions. Ectopic expression of this domain was
sufficient to prevent association of MEF2 with mAKAP both in vitro and in vivo. MEF2
luciferase reporter assays show that differentiation-induced MEF2 activity is sharply
reduced after disruption of the interaction. Importantly, long-term displacement of MEF2
from mAKAP significantly attenuated the formation of myotubes, suggesting that this
interaction is necessary for efficient myogenic differentiation.

2. Experimental Methods
2.1 Cell Culture and Transfection

C2C12 cells were obtained from ATCC (CRL-1722) and passaged at low density in Growth
Medium (DMEM (Invitrogen) supplemented with 10% fetal bovine serum and 1%
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penicillin/streptomycin (Invitrogen). Cells were carefully monitored to prevent spontaneous
differentiation as a result of overgrowth. To induce differentiation, cells at approximately
80% confluence were washed four times with PBS to remove all growth factors and media
was replaced with Differentiation Medium (DMEM supplemented with 2% horse serum and
1% penicillin/streptomycin).

Two days prior to transfection, cells were plated at 40% confluence in Growth Medium.
Cells were washed twice with PBS, trypsinized, counted, and pelleted. Approximately
2×106 cells per transfection were resuspended in supplemented Solution V from the Lonza
Cell Electroporation kit (Lonza, Walkersville, MD). These were transferred to a cuvette with
2μg DNA in TE buffer, electroporated using Program T-017 of the Lonza electroporation
unit, and transferred immediately to pre-warmed growth medium and allowed to rest for 8
hours. Cells were plated on 24 well plates for luciferase analysis, 60 mm dishes for
biochemical experiments, and glass coverslips for microscopy.

Human embryonic kidney (HEK293) cells were transfected using the calcium phosphate
method for mapping experiments. Five micrograms of DNA were transfected with 20 mM
CaCl2, 2X BBS, and water. These were plated 24 hours prior to transfection and analyzed
one day after transfection.

2.2 Antibodies and Plasmids Utilized
MEF2 (Santa Cruz) and mAKAP (Covance) rabbit and mouse antibodies were used for
immunofluorescence, immunoprecipitation, and immunoblotting. MyoD, actin, myogenin,
and GFP antibodies (Santa Cruz) and the myosin heavy chain (clone MF-20) antibody were
used for immunoblotting as noted. The MF-20 antibody developed by Donald A. Fischman,
M.D. was obtained from the Developmental Studies Hybridoma Bank developed under the
auspices of the NICHD and maintained by The University of Iowa, Department of Biology,
Iowa City, IA 52242.

For mapping studies, amino acids 301-510 of mAKAP and full length MEF2D were
expressed using pGEX-4T2 vector (Amersham). These were expressed in the T7 strain of E.
coli (NEB) and induced with IPTG (1 mM) when the culture reached an optical density of
0.5. The induced culture was allowed to grow an additional 12–18 hours before protein
harvesting. Cells were lysed in GST lysis buffer (5% glycerol, 1% NP40, 50 mM Tris, pH
8.0, 50 mM NaCl, and 5 mM EDTA) and, following centrifugation, the soluble lysate was
incubated with glutathione-agarose beads overnight at 4° C with rotation. Beads were
washed three times with GST lysis buffer and aliquots subjected to electrophoresis and
coomassie staining to verify protein expression and pull-down.

For purification of His-tagged recombinant mAKAP amino acids 1-585, pet30c-mAKAP
1-585 was transformed expressed in the T7 strain of E. coli (NEB) and induced with IPTG
(1 mM) when the culture reached an optical density of 0.5. The induced culture was allowed
to grow an additional 12–18 hours before protein harvesting. Cells were lysed in a buffer
containing 20 mM HEPES, pH 7.4, 50 mM NaCl, 5 M imidazole, and protease inhibitors.
The lysate was rocked at 4° C for two hours, followed by centrifugation. The pellet was
resuspended in a buffer containing 20 mM HEPES, pH 7.4, 50 mM NaCl, 5 M imidazole, 6
M urea, and protease inhibitors. After an overnight incubation at 4° C, purification of the
protein was achieved by incubating the supernatant with nickel resin, and elution of the
bound protein was achieved using 300 mM imidazole.

2.3 Luciferase Vectors and Assay
One day after splitting cells 1:6 as described above, adenoviral stocks were added to the
culture medium. MEF2-Luciferase (Seven Hills Bioreagents), which contains three copies of
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the MEF2 consensus E-box sequence upstream of the firefly luciferase gene and control β-
galactosidase adenoviruses were added at an MOI of 225 and 0.2, respectively. These cells
were then returned to the incubator until transfection the following day as described above.
Eight to ten hours post-transfection, cells were examined by phase contrast microscopy to
ensure adherence, and transfection efficiency was determined by visualizing GFP or RFP
fluorescence, where applicable. Cells were then washed once with PBS and incubated for 10
minutes at room temperature with 80 μL 1X Reporter Lysis Buffer from the Luciferase
Assay System (Promega). Twenty and 50 microliters cell lysate were use for luciferase and
β-galactosidase measurement, respectively, and the remaining lysate was saved for Western
blot analysis. Samples were assayed according to the manufacturer’s instructions in an
injecting luminometer (Biotek Synergy 2). Normalized luciferase values were obtained by
dividing luciferase by β-galactosidase. Statistical significance was determined using a two-
tailed Student’s t-test p values are as reported.

2.4 Immunoprecipitation and Immunoblotting
Cells from 10 cm dishes were washed twice with PBS and then lysed with 1 ml HSE buffer
(20 mM HEPES, pH 7.4, 150 mM NaCl, 5 mM EDTA, 1% Triton X-100) supplemented
with protease inhibitors (AEBSF, benzamidine, leupeptin/pepstatin). Following
centrifugation at 13.2K rpm at 4° C, soluble cell lysates were precleared with 40 μL Protein-
G agarose beads (Millipore) for 1 hour at 4° C with rotation. These beads were removed by
centrifugation and the cleared lysate was incubated with 15 μL Protein-G beads and 2 μg
MEF2 or mAKAP antibody overnight at 4° C. Beads were pelleted and washed three times
with HSE buffer and boiled in 25 μL of 2X SDS loading buffer.

Samples were separated on either 7.5% or 10% agarose gels with SDS and transferred to
nitrocellulose membranes. Blots blocked in 5% milk for one hour, followed by incubation in
primary antibody overnight at 4° C. Following washes, secondary antibodies (rabbit or
mouse IgG conjugated to HRP, Santa Cruz) were incubated with the membranes (1:5000)
for one hour and signals were visualized with an enhanced chemiluminescence reagent
(Pierce) and exposed to either X-ray film or a ImageQuant LAS 4000 (General Electric)
imager.

2.5 Immunofluorescence
C2C12 cells, after transfection as described above, were plated on glass coverslips. These
were washed twice with PBS and fixed with 4% paraformaldehyde for 10 minutes at room
temperature. Cells were permeabilized in 0.5% Triton X-100 for 10 minutes at room
temperature. Following three washes in PBS, coverslips were inverted onto parafilm spotted
with 100 μL of 3% normal goat serum for one hour at room temperature. Coverslips were
washed thrice in PBS and inverted onto parafilm spotted with 100 μL primary antibody to
MEF2 (1:500 in 3% normal goat serum; SantaCruz) for one hour. Following washes in PBS,
coverslips were inverted onto parafilm spotted with 100 μL AlexaFluor 647 (1:2000 in 3%
normal goat serum; Invitrogen) for one hour in the dark. Coverslips were then washed with
PBS and inverted onto glass slides with Prolong Gold Antifade reagent (Invitrogen), allowed
to dry, sealed, and fluorescently visualized on a Zeiss LSM 510 Meta confocal microscope.
For studies measuring the number of nuclei per MHC positive cell, cells were prepared as
detailed above. After the cells were fixed and permeabilized, cover slips were incubated in
MF-20 (1:500 in 3% BSA) for two hours, washed extensively and then incubated with
donkey anti-mouse-FITC (1:500, Santa Cruz) for 2 hours. Cover slips were extensively
washed before the addition of Hoechst (10 μg/ml) for two minutes and mounted as above.
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2.6 mAKAP Adenoviral Expression and Analysis
C2C12 cells were incubated with either control adenovirus (AdenoTetR, Clontech) or
mAKAP 245-585-Myc (Clontech), described previously, for two days in growth media prior
to the induction of differentiation. Fresh differentiation media was then added without
adenovirus[26]. Phase contrast images and cell lysates prepared as described above were
taken at 1 day intervals.

3. Results
3.1 mAKAP and MEF2 Expression Show a Parallel Increase During Myogenic
Differentiation

The dynamics of mAKAP expression during myogenic differentiation have not been fully
investigated. To address this question, soluble lysates of C2C12 cells taken at 0, 12, and 24
hours post-induction of differentiation were immunoblotted with antibodies to mAKAP,
MEF2, and MyoD. Both mAKAP and MEF2 protein increased within the first 24 hours after
induction of differentiation (Figure 1A). Quantification of this result is shown in Figure 1B.
This increase in protein corresponded with an increase in MEF2 activity over the same time.
Utilizing a MEF2 reporter adenovirus to monitor MEF2 activity, we detected a three-fold
increase in reporter activity within the first 12 hours of differentiation (Figure 1B). These
results show that mAKAP and MEF2 expression are upregulated during differentiation, and
that this increase in protein expression correlates with an increase in MEF2 activity.

3.2 mAKAP/MEF2 Interact in Differentiating C2C12 Myoblasts and Differentiated Myotubes
Since both MEF2 and mAKAP protein expression increased in parallel during
differentiation, and our previous work found mAKAP complexes regulate the activity of
several transcription factors in cardiac muscle, we asked if MEF2 could also be associated
with the scaffold[26, 28, 31]. Interestingly, mAKAP was found in MEF2
immunoprecipitates isolated from undifferentiated C2C12 myoblasts cultured in Growth
Media, but not with control IgG (Figure 2A). The converse experiment with a mAKAP
antibody confirmed these two proteins are located in the same signaling complex (Figure
2B). As expected, increased MEF2/mAKAP association was detected by co-
immunoprecipitation using cells cultured in Differentiation Media (Figures 2C & D),
consistent with the increased expression of these proteins in the cells. Taken together, these
results show that the mAKAP scaffold forms a complex with MEF2 and that this interaction
occurs in both proliferative and differentiating C2C12 cells.

3.3 MEF2 Binds Directly to mAKAP
Next, we mapped the domain on mAKAP that governs the binding to MEF2. Constructs
encoding four mAKAP fragments were expressed in HEK293 cells. A schematic of
truncations and fragments used for these experiments is shown (Figure 3A). Lysates from
these cells were incubated with MEF2D-GST bound to agarose beads, and binding was
visualized by immunoblot. As shown in Figure 3B, binding was exclusive to the first 585
amino acids of mAKAP. The relevant region on mAKAP was further specified using
smaller fragments of mAKAP. Amino acids 1-300 and 300-575 of mAKAP were transfected
into HEK293 cells and lysates incubated with MEF2D-GST beads, revealing that amino
acids 300-575 of mAKAP mediate the binding between the scaffolding protein and MEF2
(Figure 3C).

Given that AKAPs exert their effects on signaling through both direct and indirect protein
interactions, it was important to know whether MEF2 and mAKAP associated directly or
through an adapter protein. Purified MEF2D-GST was incubated with His-tagged
mAKAP-1-585 purified from bacteria and analysis of binding was shown by immunoblot.
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Figure 3D illustrates the direct association between mAKAP and MEF2D. Taken together,
these experiments show that MEF2D binds mAKAP directly via an N-terminal domain on
the scaffold.

3.4 mAKAP Binds the Conserved DNA Binding Domain of MEF2
MEF2 contains a DNA-binding domain (amino acids 1-91) that is common among MEF2
isoforms, and a non-conserved transactivation domain comprising the remainder of the
protein. It has been shown that protein phosphatase 1 binds to both the DNA-binding
domain as well as the C-terminal region of MEF2[15]. In contrast, HDAC/MEF2
interactions are achieved via a short sequence spanning the DNA-binding domain of MEF2
[29]. In order to map the mAKAP binding region on MEF2, lysates from HEK293 cells
expressing GFP-tagged fusion proteins containing full-length MEF2D, the DNA-binding
domain of MEF2D (amino acids 1-91), or the transactivation domain of MEF2D were
incubated with a GST-tagged mAKAP/MEF2 binding peptide (GST-mAKAP-301-510).
Analysis of the pulldowns by immunoblot revealed that full-length MEF2D as well as the
DNA-binding domain of MEF2 both associate with mAKAP (Figure 4B, C), while the
transactivation domain did not (Figure 4D). Because this domain is 95% conserved among
the four MEF2 proteins, it is likely that other MEF2 isoforms should bind mAKAP as
well[30]. Accordingly, we found that both endogenous MEF2A (Figure 4E) and MEF2D
(Figure 4F) co-immunoprecipitate with mAKAP from C2C12 cells.

3.5 Disruption of the mAKAP/MEF2 interaction
Having detected mAKAP/MEF2 complexes during C2C12 differentiation, we considered
that the association might regulate MEF2 activity. To test this hypothesis, we conducted
experiments to disrupt binding between the two proteins both in vitro and in vivo. We first
determined that a GST-fusion protein consisting of the MEF2 binding domain on the AKAP
(amino acids 301-510) would serve as a competitive inhibitor of mAKAP/MEF2 binding in
vitro. Addition of the bacterial-expressed mAKAP fragment to cell lysates containing
mAKAP and MEF2 significantly inhibited the co-immunoprecipitation of the endogenous
proteins (Figure 5A). Importantly, ectopic expression of GFP-mAKAP-1-585 in C2C12
cells was sufficient to prevent co-immunoprecipitation of mAKAP with MEF2 (Figure 5B).
Furthermore, we detected no change in MEF2 localization under these conditions (Figure
5C). These results suggest that the mAKAP/MEF2 interaction can be disrupted using this
competing fragment and disruption does not alter MEF2 localization.

3.6 MEF2 Anchoring to mAKAP is Critical for Transcriptional Activity
Expression of the MEF2 binding domain on mAKAP to disrupt mAKAP/MEF2 binding
allowed us to ask whether MEF2 anchoring to the AKAP was important for MEF2
transcriptional activity. C2C12 cells were infected with the MEF2-luciferase and control
adenoviruses 18 hours prior to transfection of GFP-mAKAP-1-585 or GFP control
expression plasmids. Luciferase assays were performed before and after the induction of
differentiation. As shown in Figure 6, displacement of MEF2 from mAKAP prevented the
increase in MEF2 activity seen after 12 hours of differentiation. This result suggests that
association of MEF2 with the anchoring protein is required for efficient activation of gene
transcription during myogenic differentiation.

3.7 MEF2 Anchoring to mAKAP is Necessary for Differentiation
Having demonstrated that mAKAP/MEF2 association was critical for MEF2 luciferase
reporter activity, we next asked whether dissociating MEF2 from mAKAP would affect
myogenic differentiation. We employed adenoviral expression of the disrupting fragment
(Myc-mAKAP-245-585), since transient transfection did not allow persistent expression
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over the full course of differentiation, and monitored myobloast differentiation by the
elongation of the myoblasts, formation of multinucleated myotubes and accumulation of
markers for skeletal muscle differentiation. Using phase-contrast imaging, we found that
continuous disruption of MEF2/mAKAP interactions during myogenic differentiation was
sufficient to significantly attenuate the elongation of C2C12 cells that occurs 3–4 days after
the induction of differentiation (Figure 7A, lower panels). As a more quantitative
measurement of differentiation, we counted the formation of multinucleated myotubes. Cells
were incubated in differentiation media for three days, and then stained for the
differentiation marker β-myosin heavy chain (β-MHC) as well as Hoechst to counterstain
the nuclei. The number of mono-nucleated, bi-nucleated and multinucleated cells was
determined. Appropriately, only 11% of the β-MHC positive cells were bi-nucleated or
multinucleated in cells expressing the 245-585 adenovirus compared to 60% of the cells
treated with control adenovirus (Figure 7B). This reduction of cell fusion was also
associated with reduced the expression of several markers for skeletal muscle
differentiation. Disruption of the MEF2-mAKAP interaction prevented expression of a
MEF2 target, the contractile protein β-myosin heavy chain (Figure 7C)[31–33]. Expression
of myogenin, a later muscle-specific transcription factor, was also delayed (Figure 7C).
Finally, as MEF2 is autoregulated and promotes its own increase in protein expression,
overall expression of MEF2 was decreased as well. The data presented show that when
MEF2 is disrupted from the mAKAP complex, the overall commitment to myogenic
differentiation is attenuated.

4. Discussion
As a key element in the induction of skeletal muscle differentiation, MEF2 is regulated by
several signaling networks, extensive post-translational modification, and direct protein-
protein interactions[10–12, 15–19, 34]. Here we reveal a novel regulatory factor for MEF2,
the A-kinase anchoring protein mAKAP. Amino acids 300-575 of mAKAP bind the
transcription factor, and over-expression of this domain is sufficient to disrupt the
interaction. Importantly, blocking mAKAP/MEF2 interaction abrogated the differentiation-
induced increase in MEF2-luciferase activity and the concomitant increase in MEF2-
regulated skeletal muscle genes as well as the morphologic changes associated with
differentiation (Figure 7A, B). Thus, this work demonstrates the importance of the AKAP
scaffold for the regulation of MEF2 activity and shows that mAKAP association with MEF2
is required for the differentiation of skeletal muscle precursor cells.

Previous work on the mAKAP complex has demonstrated that it serves to scaffold several
signaling proteins at the nuclear envelope including PKA, PDE4D3, ERK5, PP2B, and
PP2A[21, 24, 25, 27, 28]. Of these, PKA, ERK5, and PP2B are known regulators of MEF2
activity as well as myogenic differentiation[11, 12, 14]. Therefore it is conceivable that the
anchoring protein is functioning to integrate the upstream regulators with the downstream
effector, MEF2. Given that targeted disruption of the mAKAP/MEF2 complex blunted
MEF2 transcriptional activity, we hypothesize that this prevented these signaling enzymes
from directly regulating MEF2. However, further studies are needed to determine what post-
translational modifications are mediated by mAKAP/MEF2 binding.

MEF2 is the third transcription factor reported to bind mAKAP; NFATc3 and HIF1-α are
also regulated by the scaffold[28, 31]. These studies found that NFATc3 and HIF1-α
conditionally associate with the mAKAP complex, are modified by mAKAP-bound effector
molecules, and are subsequently released in active form to shuttle into the nucleus.
Accordingly, MEF2/mAKAP association was also increased during myocyte differentiation,
suggesting a similar mechanism may play a role in the regulation of MEF2 during skeletal
muscle differentiation.
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The transition from proliferating myoblasts to terminally differentiated muscle fibers
requires the sequential modification of MEF2 beginning with the disruption of a MEF2/
HDAC inhibitory complex, and ending with the formation of a transcriptional complex
composed of MyoD, MEF2, and pRb[35–37]. Importantly, sustained disruption of MEF2
from the mAKAP scaffold was sufficient to block myogenic differentiation, resulting in
cells that failed to elongate and fuse, as demonstrated by cellular morphology and
percentage of multinucleated cells. At present, exactly what point of this process is affected
by complex disruption is unknown, but given the observed changes to the MEF2
transcriptional response within the first day of differentiation, we hypothesize that it
involves the early mechanisms of MEF2 activation. Additionally, it follows that genetic
targets of MEF2 would be either delayed or absent since we observed blunted MEF2
transcriptional activity. Specifically, β-MHC, a component of the contractile apparatus, was
reduced during differentiation. This is most likely attributed to less transcription at the β-
MHC gene, since it is a known target of MEF2 transcription[31–33].

In summary, we have identified a novel interaction between the transcription factor MEF2
and the scaffolding protein mAKAP. Importantly, this interaction is required for proper
stimulation of MEF2 transcription, as well as the efficient differentiation of skeletal
myoblasts into myotubes. This work not only increases our understanding of MEF2
regulation, but also has implications for a broader understanding of MEF2 transcriptional
activity. For example, both MEF2 and mAKAP play pivotal roles in the induction of cardiac
hypertrophy, suggesting the scaffolding protein may regulate MEF2 activity in this system
as well, and that alteration of this association might be useful for preventing hypertrophy[24,
28, 41]. Furthermore, the MEF2/mAKAP interaction may also occur in hippocampal
neurons, where MEF2 is important for post-synaptic gene transcription[19].
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ERK5 big mitogen-activated protein kinase

GFP green fluorescent protein

NFAT nuclear factor of activated T-cells
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Highlights

• MEF2 and mAKAP interact directly in C2C12 cells during myogenic
differentiation

• This interaction is required for transcriptional activity of MEF2

• Disruption of the interaction halts myogenic differentiation

• Disruption of the interaction blunts expression of MEF2 target genes
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Figure 1. mAKAP and MEF2 expression show a parallel increase during myogenic
differentiation
(A) C2C12 myoblasts were washed with PBS extensively before the addition of
differentiation media. Cell lysate was collected at the time points indicated and proteins
were analyzed by immunoblot. n=3. (B) Quantification of the western blots shown in A,
normalizing the actin. n=3. (C) C2C12 myoblasts were infected with an adenoviral MEF2
luciferase reporter and β-galactosidase. The resulting transcriptional activity was read at the
times indicated. Normalized luciferase values were obtained by dividing the luciferase value
by the β-galactosidase control value. n=3. Data shown are mean SEM from three
representative experiments.
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Figure 2. mAKAP binds MEF2 in proliferating and differentiating C2C12 cells
(A) MEF2 was immunoprecipitated from C2C12 myoblast cell lysates using an antibody
that recognizes all the known isoforms of the transcription factor. mAKAP binding was
demonstrated by immunoblot. n=3 (B) The mAKAP complex was immunoprecipitated from
C2C12 myoblast cells using an antibody specific for the AKAP. MEF2 association was
determined using an antibody that recognizes all isoforms of MEF2. n=3. (C &D) MEF2
was immunoprecipitated during a short (C) and long (D) time course of C2C12
differentiation using an antibody that recognizes all isoforms of MEF2. Differentiation of
C2C12 cells was induced by incubating the cells in differentiation media for the indicated
period of time. MEF2 was immunoprecipitated and mAKAP association was determined by
immunoblot. (n=3).
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Figure 3. MEF2 directly binds amino acids 300-375 on mAKAP
(A) Schematic diagram of the mAKAP fragments used for pulldown assays. (B) MEF2D-
GST beads were incubated with HEK293 cell lysates transfected with the indicated mAKAP
fragments. After extensive washing, association of the mAKAP fragments was visualized by
immunoblot using a GFP antibody. Total protein expression is shown in the middle panel
while protein stains of the MEF2D-GST fusion protein is shown in the lower panel. n=3. (C)
HEK293 cells were transfected with myc-tagged mAKAP fragments encompassing amino
acids 1-300, or 300-575. Cell lysate was isolated and subjected to pulldown assay using
GST beads charged with MEF2D. Association of the mAKAP fragment was demonstrated
by immunoblot using a myc antibody. Total protein expression is shown in the lower panel.
n=3. (D) Bacterially purified His-tagged mAKAP-1-585 was incubated with either MEF2D-
GST beads or GST control, and association of mAKAP was visualized by immunoblot using
an antibody that recognized the His tag on the mAKAP fragment. The lower panel is a
western blot of the GST-fusion proteins used. n=4.
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Figure 4. mAKAP binds the first 91 amino acids of MEF2
(A) Schematic diagram depicting the MEF2 expression fragments used for this study. (B)
The MEF2 binding fragment of mAKAP (301-510) was expressed as a GST fusion protein.
Beads charged with either the mAKAP fragment or control protein were incubated with
HEK293 cell lysates transfected with either GFP-tagged full length MEF2 (B), amino acids
1-91 of MEF2 (C), or amino acids 91-410 (D). Association was visualized by immunoblot
using an antibody that recognized the GFP tag on the fragments. Total protein expression is
shown in the middle bands while a protein stain of the GST fragments used is shown in the
lower panel. n=3. (E) MEF2A was immunoprecipitated from C2C12 cells and association of
mAKAP was demonstrated by western blot. (F)
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Figure 5. MEF2 is displaced from mAKAP in vitro and in vivo after disruption of the complex
(A) GST-mAKAP-301-510 or GST-control fusion proteins were incubated with extract
isolated from C2C12 cells cultured in differentiation media for 24 hours prior to
immunoprecipitation of endogenous MEF2/mAKAP complexes using a MEF2 antibody that
recognizes all isoforms of the transcription factor. The amount of mAKAP in the
immunoprecipitate was normalized to MEF2. n=3. (B) C2C12 cells were transfected with
GFP-tagged mAKAP-1-585 or GFP alone. MEF2 was immunoprecipitated and association
of mAKAP was determined by immunoblot. Input (middle panel) represents 20% of total
extract used for immunoprecipitation. Lower panel illustrates expression of the GFP
fragments. n=3. (C) Expression patterns of GFP and MEF2 after transfection with either
GFP-tagged mAKAP-1-585 (lower panels) or GFP alone (upper panels) in C2C12
myoblasts. n=3.
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Figure 6. MEF2 tethering to mAKAP is required for transcriptional activity
C2C12 cells were infected with an adenoviral MEF2 luciferase reporter and β-galactosidase,
and then transfected with either GFP alone or GFP-tagged mAKAP-1-585 as described in
the Methods section. The resulting transcriptional activity was read before and 12 hours
after induction of differentiation. Normalized luciferase values were obtained by dividing
the luciferase value by the β-galactosidase value. Data shown are mean ± SEM from three
experiments, p-values as noted.
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Figure 7. MEF2 tethering to mAKAP is required for efficient myogenic differentiation
(A) C2C12 cells infected with either a control adenovirus (top row) or adenovirus
expressing myc-tagged mAKAP-245-585 were imaged over four days to monitor the
development of myotubes. Scale bar = 20 μm. n=3. (B) C2C12 cells were treated as
describe in A. After three days in differention media, the cells were stained with MHC and
Hoechst. The number of nuclei per β-MHC positive cell was determined from three separate
experiments. A total of 304 cells were counted from the 245-585 expressing cells while 367
cells were counted from the control. (C) Immunoblot analysis of differentiation markers
from lysates prepared from C2C12 cells infected with either control adenovirus or
adenovirus expressing myc-mAKAP-245-585 over the four days of imaging described in
(A). n=3.
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