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Data availability

Source data are provided with this paper. The data that support the findings are available in the data repository of University of Debrecen at  https://
doi.org/10.48428/ADATTAR/3RFQRC. ChIP-seq sequencing data can be accessed in the SRA database of NCBI project number PRJNA887931 (ncbi.nlm.nih.gov/sra/?
term=%20PRJNA887931), and GEO accession code (GSE224053). Transcription factors binding to the creatine kinase gene (Mck) enhancer region used for ChIP-seq
data analysis were derived from the ChIPSummitDB database (https://summit.med.unideb.hu/summitdb/). Mef2D sequence was derived from the UniProt database
(https://www.uniprot.org/) Q14814 (main isoform). Q14814 (main isoform). NMR assignments have been deposited in BMRB database with the codes BMR51840
(wt), BMR51841 (var3), BMR51842 (var4), BMR51843 (var8). Molecular dynamics trajectories were deposited as https://doi.org/10.5281/zenodo.7657119.

https://doi.org/10.13018/BMR51840 (wt)

https://doi.org/10.13018/BMR51841 (var3)

https://doi.org/10.13018/BMR51842 (var4)

https://doi.org/10.13018/BMR51843 (var8)

Code availability

The scripts used to process the trajectories and the results generated by MDTraj Software version 1.9.7 and GetContacts (https://getcontacts.github.io/ commit:
b0777f7) as well as to produce the plots used in the article are available:

 https://drive.google.com/drive/folders/1IDFZwTUmoCPy4T_B_AGRKCL2OQq_rZOC

The link also contains the MD trajectories used for analysis. The underlying libraries are: Python, Numpy (https://numpy.org) and matplotlib (https://pypi.org).
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Luciferase activity was measured in four biologically independent experiments, using three technical replicates in each with the same samples
(n=12 samples in 4 independent experiments) (Figure 2). Representative fluorescent and transmitted images represent randomly selected
visual fields and were used to determine the fusion index of the appropriate cultures. Each experiment was independently repeated two times
with similar results, at least 15 randomly selected visual fields were analysed. (Figure 3). Number of nuclear foci analyzed: wt (3); var3 (3); var4
(3); var8 (3). (d) number of cytoplasmic aggregates analyzed: wt (11); var3 (10); var4 (10); var8 (9). (Figure 4). Conformational analysis was
performed using the 70-100 ns trajectory of each replica and the three independent trajectories were merged (9000 snapshots), based on the
analysis of RMSD from averaged structure (Figure 5). Transient overexpression of MEF2D variants and its effect on MEF2D-KO C2C12 cultures.
Each experiment was repeated independently three times with similar results (Figure S2). Myotube development on day 3 based on n=2
biologically independent experiments with at least 5 randomly selected visual fields were performed in each experiment (Figure S3). FRAP
experiments: number of nuclear foci wt (3); var3 (3); var4 (3); var8 (3) (Figure 4c) number of cytoplasmic aggregates wt (11); var3 (10); var4
(10); var8 (9) (Figure 4d) in the nucleoplasm: wt (11); var3 (10); var4 (10); var8 (11) (Figure S4) . Dynamics of Mef2D higher-order assemblies
in U2OS cells number of nuclear condensates analyzed: var4 (12); var8 (8) (Figure S5).
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Data exclusions

Replication

Randomization

Blinding
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All data were included for transcription activity measurements (Figure 2), myotube development (Figure 3, S3), FRAP analysis (Figure 4, S4, S5)
and NMR measurements (Figure S6). In MD trajectories the 0-70 ns part of each replica was excluded from the conformational analysis (Figure
5, S7), as these have not reached equilibrium.

Luciferase activity was measured in four biologically independent experiments, using three technical replicates in each (Figure 2). Fusion index
determination experiments were independently repeated two times (Figure3, S3). FRAP experiments: number of nuclear foci wt (3); var3 (3);
var4 (3); var8 (3) (Figure 4c) number of cytoplasmic aggregates wt (11); var3 (10); var4 (10); var8 (9) (Figure 4d) in the nucleoplasm: wt (11);
var3 (10); var4 (10); var8 (11) (Figure S4) . FRAP in U2OS cells var4 (12); var8 (8) (Figure S5). The DOSY measurements (Figure S6) were
repeated two times. The number of transients (replication numbers / number of scans) used for specific experiments providing sufficient
signal-to-noise ratios for reliable measurement of signal intensities are given in NMR section of Methods. Molecular dynamics was carried out
using three independent replicates.

This study was based on computational design, which classified the samples as shown in all analysis by different colors based on the dynamical
properties of the beta domain. Apart from this classification, all experimental data , samples and conditions for each variant were varied
randomly.

We used two kinds of blind reference, the b- variant lacking the b domain (Figure 2, Figure 3, Figure S3). We have also used Mef2D KO cell
lines lacking the endogeneous protein, so we could study the variants without the endogeneous background (Figure S2, Figure 2d). Blinding
does not apply to NMR since no manual counting or scoring was used to obtain the data.

mouse monoclonal anti-MEF2D clone 9/MEF2D (BD Biosciences, #610775; Lot:6182887 and 3025570); rabbit polyclonal anti-MEF2D
antibody (Novus Biologicals, #NBP-1-80567); mouse monoclonal anti-MyoD (Novus Biologicals, #NB-100-56511 (5.8A)); mouse
monoclonal anti-desmin (BD Biosciences, #550626, clone RD301); goat polyclonal anti-actin (Santa Cruz Biotechnology, #sc-1616
(I-19), lot:K1714); HRP-conjugated anti-goat and anti-mouse IgG (Bio-Rad, #1721034 and #1706516); biotinylated rat anti-mouse IgG
(Thermo Scientific, #13-4013-85); Alexa Fluor 488 conjugated streptavidin (Thermo Scientific, #S32354, lot: 1719656); MEF2D rabbit
polyclonal antibody (Proteintech 14353-1-AP; Highly cross-absorbed secondary antibody Alexa Fluor® 488 (Thermo Scientific, A
21202)

Specificity of each primary antibodies during the immunofluorescent staining (mouse monoclonal anti-desmin; MEF2D rabbit
polyclonal antibody) was tested in negative control staining, where no primary antibody, but only secondary antibody was used. In
the Western blot experiments specificity of the antibodies (mouse monoclonal anti-MyoD; mouse monoclonal anti-desmin; goat
polyclonal anti-actin) was tested by using protein samples from non-transfected HEK293 cell (which does not express MEF2D and
other myogenic factors), and using protein samples from non-transfected C2C12 cells (which express myogenic factors and MEF2D
endogenously).

HEK293 (ATCC #CRL-1573), C2C12 cell lines (ATCC #CRL-1772), U-2 OS - HTB-96 | ATCC

The original C2C12 cell line authentication procedure included the differentiation protocol, where exchange of culturing
media induced the generation of multinucleated myotubes. MEF2D KO C2C12 cell lines were authenticated for the lack of
MEF2D continously, at different passage numbers (Figure S2). For HEK293 cells no specific authentication protocol was used,
however, the lack of endogenous MEF2D expression in the original cell line, and appropriate overexpression of different
MEF2D variants were checked and proven. U2OS was authenticated as described Kedersha N, et al. J Cell Biol. 2020. PMID:
31851327.

Here we confirm that the original C2C12 and HEK293 cell line, and also the MEF2D knockout cell line tested negative for
mycoplasma contamination.




