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Abstract. Mediator is a multiprotein complex that 
connects regulation mediated by transcription fac-
tors with RNA polymerase II transcriptional machin-
ery and integrates signals from the cell regulatory 
cascades with gene expression. One of the Mediator 
subunits, Mediator complex subunit 28 (MED28), 
has a dual nuclear and cytoplasmic localization and 
function. In the nucleus, MED28 functions as part of 
Mediator and in the cytoplasm, it interacts with cy-
toskeletal proteins and is part of the regulatory cas-
cades including that of Grb2. MED28 thus has the 
potential to bring cytoplasmic regulatory interac-
tions towards the centre of gene expression regula-
tion. In this study, we identified MDT-28, the nema-
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tode orthologue of MED28, as a likely target of lysine 
acetylation using bioinformatic prediction of post-
translational modifications. Lysine acetylation was 
experimentally confirmed using anti-acetyl lysine 
antibody on immunoprecipitated GFP::MDT-28 ex-
pressed in synchronized C. elegans. Valproic acid 
(VPA), a known inhibitor of lysine deacetylases, en-
hanced the lysine acetylation of GFP::MDT-28. At 
the subcellular level, VPA decreased the nuclear lo-
calization of GFP::MDT-28 detected by fluorescence- 
lifetime imaging microscopy (FLIM). This indicates 
that the nuclear pool of MDT-28 is regulated by a 
mechanism sensitive to VPA and provides an indirect 
support for a variable relative proportion of MED28 
orthologues with other Mediator subunits.

Introduction 
Cell- and tissue-specific regulation of gene expression 

depends on transcription factors (TFs) (Reinke et al., 2013) 
and transcription cofactors that are expressed in a cell- 
and tissue-specific way (e.g. as exemplified on the min-
eralocorticoid receptor-dependent gene expression (Ful
ler et al., 2017)). TFs interact with RNA polymerase II 
(Pol II) basal transcriptional machinery through inter-
action with a multiprotein complex called Mediator com-
plex or Mediator (Poss et al., 2013; Grants et al., 2015). 

The overall structure of the Mediator complex can be 
divided into four modules named head, middle, tail, and 
the CDK8 module (Yin and Wang, 2014). Displacement 
of the CDK8 module forms a more transcriptionally ac-
tive Mediator (Tsai et al., 2013). 

The modules of Mediator consist of approximately 26 
subunits in mammals, 29 subunits in Caenorhabditis el-
egans and 21 subunits in Sacharomyces cerevisiae (Allen 
and Taatjes, 2015; Grants et al., 2015). The subunit 
composition, arrangement and localization in the com-
plex as well as the conformational shape of Mediator can 
be variable (Poss et al., 2013; Allen and Taatjes, 2015). 
Quantitative proteomic analysis identified under- or over-
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representation of selected subunits in several human cell 
lines, yeast cultures and in numerous cancers (Kulak et 
al., 2014; Allen and Taatjes, 2015; Syring et al., 2016). 

While orthologues of approximately 18 subunits can 
be identified both in yeast and Metazoa, some Mediator 
subunits are found only in yeast or only in higher meta-
zoans. Mediator subunits that are found only in Metazoa 
include Med23, Med25, Med26, Med28, and Med30 
(Harper and Taatjes, 2017). Mediator complex subunit 
28 (MED28) is especially interesting because it not only 
has a nuclear, but also a cytoplasmic localization and 
function. In some cells and tissues MED28 is detected 
by specific antibodies predominantly in cytoplasmic ter-
ritories, while in other cell types and tissue cultures it is 
detected predominantly in the nuclei, as can be seen 
from the data available in the Human Protein Atlas 
(https://www.proteinatlas.org/, access on January 23, 
2018) (Uhlen et al., 2005, 2015, 2017; Thul et al., 2017). 
This protein was originally identified as a gene expressed 
in endothelial cells and named EG-1 (Endothelial-
derived Gene-1) (Liu et al., 2002), but was later shown 
to be part of the Mediator complex and renamed MED28 
(Sato et al., 2004; Beyer et al., 2007). MED28 (a.k.a. 
Magicin) also interacts with Growth factor receptor-
bound protein 2 (Grb2) and Merlin and membrane-cy-
toskeleton scaffolding proteins at the plasma membrane 
(Wiederhold et al., 2004; McClatchey and Giovannini, 
2005; McClatchey and Fehon, 2009) and was shown to 
associate with several Src-family kinases and to be their 
phosphorylation target (Lee et al., 2006). Overexpression 
of MED28 inhibits differentiation of smooth muscle 
cells in cell culture (Wiederhold et al., 2004).

In C. elegans the MED28 orthologue, MDT-28 (edit-
ed in the form expressing GFP/green fluorescent protein 
tagged at its N-terminus), also has a dual nuclear and 
cytoplasmic localization, suggesting that the capacity of 
transmitting cytoplasmic signals towards regulation of 
gene expression is evolutionarily conserved (Kostrou
chova et al., 2017). 

In this study we attempted to further characterize 
MDT-28. Bioinformatic analysis of the protein primary 
sequence of MDT-28 indicated that MDT-28 as well as 
numerous other MED28 orthologues from various phyla 
are likely targets of lysine acetylation. This hypothesis 
was supported by a positive signal of immunoprecipi-
tated GFP::MDT-28 expressed in C. elegans with 
CRISPR/Cas-9-edited mdt-28 that was augmented by 
treatment with valproic acid (VPA), a known inhibitor 
of lysine deacetylases. At the subcellular level, VPA treat-
ment decreases the nuclear localization of GFP::MDT-28. 
The results show that the nuclear localization of MDT-
28 is regulated by a mechanism sensitive to VPA, most 
likely by acetylation of lysines present in MDT-28 itself 
or in nuclear proteins interacting with MDT-28. 

Material and Methods

Bioinformatics and identification of lysine 
acetylation

For prediction of lysine acetylation, the online predic-
tor for protein acetylation PAIL (prediction of acetyla-
tion on internal lysines) was used (available at http://
pail.biocuckoo.org/online.php) with threshold accuracy 
set at 85.13 %, 87.97 % and 89.21 % for low, medium 
and high thresholds, respectively (Li et al., 2006). 
Sequences of experimentally proven MDT-28 or of pre-
dicted orthologues were retrieved from GenBank (https://
www.ncbi.nlm.nih.gov/genbank/) (Benson et al., 2013, 
2017) (Table 1).

Strains, transgenic lines and genome editing 
The C. elegans strain KV4 was used in which the gene 

for MDT-28 (F28F8.5b) was modified to gfp::mdt-28 in 
its normal genomic position (PF28F8.5(V:15573749)::gfp:
:mdt-28) on both alleles. The expressed GFP::MDT-28 
was used for pull-down and fluorescence microscopy 
experiments. For details see Kostrouchova et al. (2017). 
A strain expressing GFP only from extrachromosomal 
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Table 1. Predicted acetylation sites of MED28 orthologues

Species ID Position Peptide HAT Score Cutoff Stringency
C. elegans H9G301.1 mdt-28 198 EAHPNAGKHFTT*** CREBBP 1.548 1.348 M
T. spiralis tr|E5RZQ1|E5RZQ1_TRISP 163 KLTCSDWKIALES** CREBBP 1.355 1.348 M
W. bancrofti EJW84794.1 160 LSDLGAEKNSQGFE* CREBBP 1.851 1.785 H
D. melanogaster Q9VBQ9.1 189 ISRQMPPK******* CREBBP 2.161 1.785 H
H. sapiens Q9H204.1 176 ANIPAPLKPT***** CREBBP 2.165 1.785 H
M. musculus Q920D3.2 176 ANIPAPLKQT***** CREBBP 2.532 1.785 H
T. rubripes XP_003972471.1 178 NLPPAPLKPS***** CREBBP 2.698 1.785 H
X. tropicalis AAI55039.1 med28 167 ANIPAPMKPT***** CREBBP 2.165 1.785 H
C. intestinalis XP_002124297.1 141 GAGSQQMKK****** CREBBP 3.391 1.785 H
C. intestinalis XP_002124297.1 28-like 142 AGSQQMKK******* CREBBP 3.048 1.785 H
T. adhaerens XM_002117398.1 105 QQDLTKWKE****** CREBBP 2.992 1.785 H
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To dissociate immunocomplexes from the beads, 95 °C 
heat was applied for 10 min followed by centrifugation 
at around 13,000 × g for 5 min at RT, and samples were 
stored at 4 °C.

For Western blotting, 10 μl or 20 μl of each superna-
tant was loaded on two SDS-gels, separated by electro-
phoresis and then blotted onto two BioTraceTM PVDF 
transfer membranes using the Mini-PROTEAN Tetra 
Cell (Bio-Rad, Hercules, CA). Blocking was done in ei-
ther 0.3 % (for detection of acetylated lysine) or 5 % (for 
detection of GFP) non-fat milk in T-PBS for 30 min at 
RT. Incubation with primary antibodies was done with 
shaking overnight at 4 °C. Primary antibodies used were 
mouse acetyl-lysine monoclonal antibody 1C6 (at a di-
lution of 1 : 1000) (Abcam, Cambridge, MA) and mouse 
GFP antibody B-2 (at a dilution of 1 : 222) (sc-9996, 
Santa Cruz Biotechnology, Santa Cruz, CA). Secondary 
antibody used was goat anti-mouse antibody (H+L)-HRP 
conjugate (1 : 10,000) (Bio-Rad). 

Fluorescence-lifetime imaging microscopy (FLIM)

FLIM acquisition was done as described (Kostrou
chova et al., 2017). Briefly, the single photon counting 
signal from the internal hybrid detectors in Leica TC 
SP8 SMD FLIM (Leica, Wetzlar, Germany), acquired 
during confocal acquisitions, was simultaneously pro-
cessed by HydraHarp400 TCSPC electronics (PicoQuant, 
Berlin, Germany). General data structure, the demo pro-
gram description and user instructions are accessible at 
https://github.com/PicoQuant/PicoQuant-Time-
Tagged-File-Format-Demos/blob/master/PTU/Matlab/
Read_PTU.m). We used our own implementation of 
TTTR data analysis, written in LabVIEW, which allows 
proper handling of the bidirectional harmonic scan with 
line accumulation and/or sequential excitation. The 
emission signal upon 488 nm excitation was spectrally 
split into two hybrid detectors with similar intensity at 
each of them to lower the detector saturation at bright 
pixels. The signal from both time synchronized chan-
nels was added up. The false colour scale (1 to 3 ns) is 
based on the average photon arrival time.

Densitometric analysis of FLIM images
FLIM data of the C. elegans KV4 strain were record-

ed at identical settings in one microscopic session and 
exported as false colour scale images in TIFF format in 
two assembled files for 4 h and 24 h incubation with or 
without VPA. Experiments after 4 h incubation included 
controls (exposed to vehicle only) and animals exposed 
to 1 mM or 5 mM VPA. Experiments after 24 h incuba-
tion included controls and animals treated with 1 mM 
VPA. To remove the contribution of autofluorescence 
from the quantification of overall densities, the GFP sig-
nal amplitude in each pixel was estimated from the aver-
age arrival time of photons in that pixel, assuming a 
two-component model consisting of GFP and the auto-
fluorescence signal. The amplitude of the GFP signal 
was encoded as the red channel in the exported false 
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arrays under the regulation of the promoter of nhr-180 
(nuclear hormone receptor 180) was used as control for 
GFP::MDT28 pull-down experiments. 

Valproic acid (VPA) treatment	 
These experiments were done on either nematode 

growth medium (NGM) plates or in liquid cultures con-
taining a final concentration of 0 or 1 mM or 5 mM val-
proate (valproic acid sodium salt, Sigma-Aldrich, St. 
Louis, MO). OP50 bacteria also containing valproate at 
a final concentration of 0 or 1 mM or 5 mM covered the 
entire area of the respective plates. Synchronization of 
animals of the C. elegans strain KV4 was done using the 
bleach method overnight. The next day the L1 larvae were 
incubated with one of the three concentrations of val-
proate for 4 h or 24 h at room temperature (RT, 22 °C). 

For FLIM experiments, control and VPA-treated 
nematodes were then placed in a 10 μl drop of PBS 1x 
on a glass microscopic slide (Waldemar Knittel Glas
bearbeitungs-GmbH, Braunschweig, Germany) con-
taining a layer of 2% agarose, immobilized with 1 mM 
levamisole (Sigma-Aldrich) and covered with a cover 
glass of thickness 0.13–0.17 mm with a refraction index 
of 1.523 (Hirschmann Laborgeräte GmbH & Co, Eber
stadt, Germany). 

For GFP-Trap experiments, after incubation with or 
without valproate the nematodes were washed with wa-
ter followed by PBS 1x from plates, rocked for 10 min 
at room temperature, and pelleted 2 times by centrifuga-
tion at 250 × g for 3 min at 4 °C in 13 ml tubes, then in 
Eppendorf tubes (2 min at 330 × g, 4 °C). The worm 
pellets were immediately resuspended in 320 μl of ice-
cold lysis buffer (10 mM Tris/Cl pH 7.5, 150 mM NaCl, 
0.5 mM EDTA, 0.5% NP-40) with added protease in-
hibitors (Halt Protease and Phosphatase Inhibitor Cock
tail (100x), Thermo Fisher Scientific, Waltham, MA) 
and vortexed with interruptions on ice for 10 min, fol-
lowed by sonication (3 × 10 s). The lysed samples were 
spun down by centrifugation at 19,000 × g for 5 min at 
4 °C and the supernatant was stored at –80 °C before 
performing GFP-Trap experiments.

GFP-Trap and proteomic analysis of MDT-28 
acetylation

GFP-Trap experiments were done using GFP-Trap® 
MA (ChromoTek Inc., Hauppauge, NY) according to 
manufacturer’s instructions with modifications. Expe
riments were done at constant excess of active beads 
(10 μl of bead slurry) that were incubated with the same 
amount of one of the three types of lysed samples ob-
tained from animals treated with vehicle (deionized 
sterile water) or 1 mM or 5 mM VPA for 1 h at 4 °C. 
Beads with bound GFP or GFP::MDT-28 were magneti-
cally separated and washed three times with Dilution/
Wash buffer (10 mM Tris/Cl pH 7.5, 150 mM NaCl, 
0.5 mM EDTA). The purified beads were then resus-
pended in 70 μl of 2× Tris-glycin SDS sample buffer 
(Thermo Fisher Scientific) and 2 µl of β-mercaptoethanol. 
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colour images. Exported TIFF images were analysed us-
ing the ImageJ program. The images were split to indi-
vidual channels and all clearly defined intestinal nuclei 
in the red channel recordings were densitometrically 
analysed (using the rectangle selection tool). The rec-
tangles were set as the minimum possible rectangles that 
could be drawn around the nuclei, touching the nuclei 
on four sides.

Results 

Bioinformatic analyses of MED28 orthologues 
reveal a high probability of lysine acetylation 

The 202 amino acid sequence of MDT-28/F28F8.5b 
(WormBase ID: WP:CE47319, www.wormbase.org/
species/c_elegans/protein/WP:CE47319#06-10K) con-
tains four lysines: K107, K120, K128 and K198. For the 
prediction of possible lysine acetylation we used the on-
line bioinformatic tool PAIL (http://bdmpail.biocuckoo.
org). Under medium stringency settings all four lysines 
in the primary amino acid sequence were identified as 
targets of acetylation. Under high stringency settings, 
lysines 128 and 198 were identified with a score of 1.20 
and 2.13, respectively against a threshold of 0.5. 

We then used the GPS-PAIL program (http://pail.bio-
cuckoo.org/online.php) for the prediction of substrates 
and sites of seven histone acetyltransferases that identi-
fied K198 as the likely target of CREB-binding protein 
(CBP, CREBBP), also under medium stringency set-
tings (with a score of 1.548 at 1.348 cutoff) (Table 1). 
The same prediction tool identified a high probability of 
lysine acetylation in all selected protein sequences of 
the known Mediator subunit 28 orthologues across the 
animal kingdom (Table 1). 

The sequence analysis for targets of defined acetyl-
tranferases (NP_079481.2) identified the most C-termi
nal lysine (K176) of human MED28 as the likely target 
of CBP-mediated acetylation (with the score of 2.165) 
(Table 1). In both the human MED28 and the C. elegans 
orthologue, the lysines recognized as the likely targets 
of CBP-dependent acetylation are the most C-terminal 
lysines located in the regions that are not classified by 
homology searches as conserved. These C-terminally 
positioned lysines are conserved within the metazoan 
classes. While in nematodes the lysines identified as 
CBP targets are the 5th, 6th or 7th amino acid from the 
C-terminal end in C. elegans, T. spiralis and W. ban-
crofti, respectively, in Drosophila it is the last C-terminal 
amino acid, in vertebrates it is the 3rd terminal amino 
acid, the second to last or last in Ciona intestinalis, and 
in the sequence retrieved from the T. adhaerens genome 
using the Blast program as the closest sequence to hu-
man MED28, there is a lysine recognized as a likely 
CBP target also in the second to last amino acid (Table 
1). In several insect species, the prediction of acetylated 
lysines is not found in the most C-terminal part of pre-
dicted proteins, but several other lysines are identified 
as likely targets of acetylation under high stringency set-

tings (e.g., in XP_011140830.1, the predicted mediator 
of RNA polymerase II transcription subunit 28 isoform 
X2 of Harpegnathos saltator). The prediction was also 
done using the GPS-PAIL computer program (http://
pail.biocuckoo.org/online.php).

C. elegans GFP::MDT-28 is dynamically 
acetylated 

To test whether or not MDT-28 is acetylated, we used 
the C. elegans strain KV4 expressing GFP::MDT-28 
from both edited alleles containing the edited gene 
gfp::mdt-28. The GFP::MDT-28 fusion protein was im-
munoprecipitated using the GFP-Trap system (in excess 
of beads with single-chain anti-GFP antibody) from 
synchronized animals, and acetylated lysines were de-
tected on Western blot using an anti-acetylated lysine 
monoclonal antibody. The anti-acetylated lysine anti-
body yielded a positive signal on the fusion protein but 
not on GFP alone, supporting the presence of acetylated 
lysines in MDT-28. The signal obtained with the anti-
acetyl lysine antibody was considerably weaker com-
pared to that obtained with the anti-GFP antibody. We 
therefore treated synchronized cultures of C. elegans 
larvae with VPA, a known inhibitor of histone deacety-
lases. In keeping with the prediction, VPA increased the 
signal detected by anti-lysine antibody more than the 
expression of GFP::MDT-28 detected by the anti-GFP 
antibody (Fig. 1).

Valproic acid decreases the intranuclear 
localization of GFP::MDT-28

To visualize GFP::MDT-28 localization we used FLIM, 
which is able to detect and resolve from the autofluores-
cence background the weak signal of GFP::MDT-28 ex-
pressed from its two edited alleles, and we compared the 
basal state of its expression with that after the treatment 
with 1 mM and 5 mM VPA. While under basal condi-
tions GFP::MDT-28 was localized predominantly in the 
nuclei with a prominent dotted pattern, treatment with 1 
mM and 5 mM VPA for 4 h decreased the gross nuclear 
expression of GFP::MDT-28 and its dotted character 
(Fig. 2). Densitometric analysis of the values exported 
in the red channel confirmed the overall decrease of 
GFP::MDT-28 nuclear presence in C. elegans incubated 
with 1 and 5 mM VPA (Fig. 3). This effect of VPA was 
even more apparent in animals treated with VPA for 
24 h (Fig. 4). The strong FLIM signal visible in the nu-
clei in a dotted pattern decreased after 24 h treatment 
with 1 mM VPA. Densitometric analysis of the values 
exported in the red channel taken after 24 h also con-
firmed a strong decrease of GFP::MDT-28 intranuclear 
localization after the treatment with VPA (Fig. 5).

Discussion
While most Mediator complex subunits have charac-

teristics of predominantly or exclusively nuclear proteins, 
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Fig. 1. Detection of acetylated lysines of MDT-28 in fed or starved synchronized L1 larvae and incubated for 4 h with 1 
mM VPA or 5 mM VPA or without VPA. Panels A and B show Western blots of immunoprecipitated GFP::MDT-28 
pulled-down by the GFP-Trap system and probed with anti-GFP antibody (panel A) and anti-acetylated lysine antibody 
(panel B). Panel C shows the densitometric analysis of the levels of immunodetected lysine-acetylated GFP::MDT-28 
shown in panel B normalized for the expression of GFP::MDT-28 with subtracted background staining and adjusted for 
loading volumes (10 µl in the first three lanes in panel A representing fed cultures and 20 µl in all the remaining lanes). 
The Western blot and its analysis is one of two independent experiments with similar results. The densitometric analysis 
indicates elevated lysine acetylation in larvae cultured in the presence of VPA. The background staining observed in 
Western blots with anti-acetyl lysine antibody reflects the necessity for long time exposures for the visualization of acety-
lated lysine, likely indicating that the acetylated GFP::MDT-28 constitutes a minor proportion of the total GFP::MDT-28. 
The animals were synchronized by starvation after hatching and incubated for 4 hours with or without addition of bacte-
rial food.

Fig. 2. The effect of short-term (4 h) exposure to VPA on the intracellular distribution of GFP::MDT-28 in synchronized 
C. elegans L1 larvae. Panels A and B show a control L1 larva (no VPA), panels C and D an L1 larva after treatment with 
1 mM VPA, and panels E and F a larva treated with 5 mM VPA. Panels A, C and E show computed false colour FLIM 
images. The reference table of average photon arrival time in FLIM images is shown in panel G. Panels B, D and F are 
the red channel images corresponding to the signal from GFP only and show a visible decrease of GFP signal in the larvae 
incubated with 1 and 5 mM VPA. Bars represent 25 µm.

Valproic Acid and the Nuclear Localization of MDT-28
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Fig. 3. Densitometric analysis of GFP::MDT-28 FLIM sig-
nal in the nuclei of enterocytes of a control larva and larvae 
incubated with 1 mM and 5 mM VPA for 4 h. The GFP 
only signal, exported as red channel data obtained for indi-
vidual nuclei, was analysed densitometrically using the 
ImageJ program. All clearly defined enterocyte nuclei (N = 
35, N = 29 and N = 22, for control nuclei, nuclei of a larva 
incubated with 1 mM VPA and nuclei of a larva incubated 
with 5 mM VPA, respectively) were analysed. The values 
represent total pixel intensity. The P values of the t-test of 
paired sets, for which the null hypothesis is considered as 
no statistical difference between the two evaluated sets, are 
as follows: P = 1.61 × 10–8 for control versus 1 mM VPA, P = 
3.67096 × 10–6 for control versus 5 mM VPA , P = 0.031745 
for 1 mM VPA versus 5 mM VPA. The results show a sta-
tistically significant decrease of GFP::MDT-28 in the nu-
clei of enterocytes treated with 1 and 5 mM VPA versus 
control nuclei (* < 0.05, ** < 0.00001).

Fig. 4. The effect of 24-h exposure of synchronized C. elegans starting from the L1 stage to valproic acid on the intracel-
lular distribution of GFP::MDT-28. Panels A and B show a control larva and panels C and D a larva incubated with 1 mM 
VPA. Panels A and C show computed false colour FLIM images of the overall signal. The reference table of average 
photon arrival time in FLIM images is shown in panel E. Panels B and D, derived from the red channel of false colour 
FLIM images, display intracellular distribution of GFP::MDT-28 and show a visible decrease of the GFP signal in the 
larva incubated with 1 mM VPA. Bars represent 25 µm.

Fig. 5. Densitometric analysis of GFP::MDT-28 FLIM sig-
nal in clearly defined enterocyte nuclei of a control larva 
and a larva incubated with 1 mM VPA for 24 h. The values 
represent total pixel intensity. The P value of the t-test, for 
which the null hypothesis is considered as no statistical dif-
ference between the two evaluated sets, is P = 4.566 × 10–5. 
The result shows a significant decrease of the GFP::MDT-28 
signal in the nuclei of enterocytes after 1 mM VPA treat-
ment (** < 0.0001). N = 26 for control nuclei and N = 20 
for nuclei of a larva treated with 1 mM VPA for 24 h.

M. Kostrouchová et al.
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MED28 has a proven nuclear as well as cytoplasmic lo-
calization and functions as a cytoskeleton-associated 
protein interacting with Grb2 (Wiederhold et al., 2004) 
and a Mediator subunit in the nucleus (Sato et al., 2004; 
Beyer et al., 2007). This suggests the possibility that 
MED28 may bring cytoplasmic regulatory signals to-
wards the regulation of gene expression when its inter-
acting proteins co-localize with MED28 in the nucleus 
as well. In such a case, translocations of MED28 and its 
interacting proteins may be part of the regulatory cir-
cuits and may have the potential of mediating cell struc-
tural signals towards the regulation of gene expression. 

In this work we attempted to further characterize 
MDT-28 that we previously identified in the C. elegans 
genome (Kostrouchova et al., 2017). Analysis of the 
MDT-28 sequence using bionformatic tools identified 
MDT-28 along with several other MED28 orthologues 
as likely targets of lysine acetylation. To test this possi-
bility, we used the GFP-Trap system for immunopre-
cipitation of GFP::MDT-28 expressed in a transgenic 
line containing the edited mdt-28 gene, probed it with a 
commercially available antibody raised against peptides 
containing acetylated lysines and confirmed the pres-
ence of acetylated lysines in GFP::MDT-28. Treatment 
with VPA, a known inhibitor of histone deacetylases, 
increased the proportion of acetylated GFP::MDT-28, 
indicating that the acetylation of GFP::MDT-28 may be 
dynamic and is subjected to deacetylation by HDACs 
sensitive to VPA. We then wanted to know whether ex-
posure of nematodes to VPA affects GFP::MDT-28 in 
vivo. In line with this possibility we detected changes of 
GFP::MDT-28 intranuclear localization visualized as 
decreased presence of GFP::MDT-28 in the nuclei and a 
change of the signal pattern. While under control condi-
tions GFP::MDT-28 was detected in a punctuate intra-
nuclear pattern, treatment with VPA decreased the pres-
ence in the punctate centres as well as the overall sum of 
the GFP signal in the nuclei. 

Studies focused on the localization and function(s) of 
MED28 identified separately its cytoplasmic and nucle-
ar localizations, but rarely reported both localizations. 
Wiederhold et al. (2004) recognized MED28 (Magicin) 
cytoplasmic function and interaction with cytoplasmic 
Grb2 and NF2 tumour-associated protein Merlin and 
observed MED28 in the cytoplasm associated with ac-
tin-containing cytoskeleton. In contrast, studies that iden-
tified the nuclear function of MED28 as a component of 
the Mediator complex proved its localization in the nu-
clear fractions (Paoletti et al., 2006; Beyer et al., 2007). 
Our previous work exploited transgenic lines of C. ele-
gans carrying MDT-28 fused with GFP under the regu-
lation of the endogenous internal promoter (expressed 
as MDT-28::GFP from extrachromosomal arrays) and 
C. elegans lines with edited mdt-28 gene (expressing 
GFP::MDT-28 from its genomic locus). Both experi-
mental settings proved the dual nuclear and cytoplasmic 
localization of MDT-28 (Kostrouchova et al., 2017).

Additional data concerning the nuclear and cytoplas-
mic localization of MED-28 can be found in The Hu

man Protein Atlas. Interestingly, the two antibodies 
(HPA035900 and HPA035901, produced by Sigma-
Aldrich) that were used identified MED28 only rarely 
(presumably) in the same localization and in the same 
cell types. The protein species recognized by the two 
antibodies have sizes of approximately 21, 29, 42, 47 
and 63 kDa in the case of HPA035900 and 32, 36 kDa in 
the case of HPA 035901 (the data was accessed in The 
Human Protein Atlas on Jan 7, 2018) (Uhlen et al., 2005, 
2015, 2017; Thul et al. 2017). Another antibody, 
MABC1143, anti-MED28 antibody, clone 7E1 availa-
ble from Merck (Merck & Co, Kenilworth, NJ) recog-
nizes a protein with an approximate size of 20 kDa and 
gives clear positive signal in both the nuclei and cyto-
plasm in the mouse blastocyst (Li et al., 2015). These 
results may reflect extensive posttranslational modifica-
tion of MDT-28 and selective affinities of antibodies 
binding to different epitopes on the MDT-28 molecule.

In our experiments, edited MDT-28 (GFP::MDT-28) 
was expressed as protein species with two close sizes in 
the expected size range (approximately 56 kDa: GFP 
29.6 kDa and MDT-28 22.5 kDa, plus the linker) de-
tected using anti-GFP antibody. The two sizes are likely 
to reflect posttranslational modifications of MDT-28. 
Immunodetection of acetylated lysines in GFP::MDT-28 
immunoprecipitated by anti-GFP single-chain antibody 
(using the GFP Trap system) is relatively weak com-
pared to detection obtained by anti-GFP antibody (that 
differed from the single-chain antibody used in the GFP 
Trap system). It is possible that the affinity of the anti-
body raised against acetylated lysines in human H3 his-
tone is relatively low for interaction with acetylated 
lysines in C. elegans MDT-28, but it cannot be ruled out 
that the proportion of MDT-28 with acetylated lysines 
may be small and the acetylation of lysines in MDT-28 
may be transient and quickly removed. Bioinformatic 
and experimental studies of Mediator subunits (Nagu
lapalli et al., 2016) indicated that intrinsically disor-
dered regions and the likelihood for posttranslational 
modifications are partially conserved, but show tenden-
cy to become more complex during evolution in both 
protein-protein interactions and their modulation by 
posttranslational modifications. Bioinformatic analysis 
of lysine acetylation in MDT-28 presented in this study 
and the presence of intrinsically disordered regions that 
can be detected by GlobPlot (http://globplot.embl.de/
cgiDict.py, accessed on January 7, 2018) (Linding et al., 
2003) is well in keeping with the data shown for human 
MED28 (Nagulapalli et al., 2016) (Fig. 6).

It is still debated whether Mediator complex subunits 
are in all cells in equimolar stoichiometric ratios, or may 
be present in different ratios in different cell types or 
physiological states. The observation of the decrease in 
the nuclear pool of MDT-28 in response to the treatment 
with VPA strongly supports variable representation of 
MDT-28 in the nuclei with ongoing tissue-specific gene 
expression. 

Our results clearly show that MDT-28 nuclear locali-
zation is regulated by a mechanism sensitive to VPA. 
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VPA was shown to both increase and decrease expres-
sion of distinct sets of genes in leukaemia (Stamatopoulos 
et al., 2009) as well as in non-tumorous cells (Jergil et 
al., 2011) and was shown to be connected to elevated 
levels of acetylated histones (reviewed in (Kostrouchova 
et al., 2007)) and repeatedly reported in many studies 
(Fukuchi et al., 2009). Increased acetylation in the pro-
moters of histones may well explain the elevated expres-
sion of repressed genes, but is unlikely to explain the 
down-regulation of sets of genes after the treatment with 
VPA. Our data may indirectly support the existence of 

Mediator complexes with and without MED28 and the 
effect of VPA on the composition and function of the 
Mediator complex. Our results support the possibility that 
VPA interferes with a mechanism that is involved in the 
regulation of the intracellular localization of MDT-28.
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