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Abstract. Transcription factors exert their regulato-
ry potential on RNA polymerase Il machinery through
a multiprotein complex called Mediator complex or
Mediator. The Mediator complex integrates regula-
tory signals from cell regulatory cascades with the
regulation by transcription factors. The Mediator
complex consists of 25 subunits in Saccharomyces cer-
evisiae and 30 or more subunits in multicellular eu-
karyotes. Mediator subunit 28 (MED28), along with
MED30, MED23, MED25 and MED26, belong to
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presumably evolutionarily new subunits that seem to
be absent in unicellular eukaryotes and are likely to
have evolved together with multicellularity and cell
differentiation. Previously, we have shown that an
originally uncharacterized predicted gene, F28F8.5,
is the true MED28 orthologue in Caenorhabditis ele-
gans (mdt-28) and showed that it is involved in a
spectrum of developmental processes. Here, we stud-
ied the proteomic interactome of MDT-28 edited as
GFP::MDT-28 using Crispr/Cas9 technology or
MDT-28::GFP expressed from extrachromosomal
arrays in transgenic C. elegans exploiting the GFP-
TRAP system and mass spectrometry. The results
show that MDT-28 associates with the Head module
subunits MDT-6, MDT-8, MDT-11, MDT-17, MDT-
20, MDT-22, and MDT-30 and the Middle module
subunit MDT-14. The analyses also identified addi-
tional proteins as preferential MDT-28 interactants,
including chromatin-organizing proteins, structural
proteins and enzymes. The results provide evidence
for MDT-28 engagement in the Mediator Head mod-
ule and support the possibility of physical (direct or
indirect) interaction of MDT-28 with additional pro-
teins, reflecting the transcription-regulating poten-
tial of primarily structural and enzymatic proteins at
the level of the Mediator complex.

Introduction

The Mediator complex, also called Mediator, is a
large multiprotein complex that connects regulation by
transcription factors (TFs) with the basal transcription
machinery. This complex serves as a hub for integration
of diverse regulatory signals such as kinase cascades
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with the regulation of gene expression (Asturias et al.,
1999; Allen and Taatjes, 2015; Soutourina 2018).
Mediator can be divided into four structural modules,
Middle module, Head module, Tail module, and Kinase
module and this modular arrangement can be recog-
nized from yeast to mammals (Bourbon, 2008; Jiang et
al., 1998; Dotson et al., 2000; Tsai et al., 2014; Harper
and Taatjes, 2017). The Mediator complex in Saccharo-
myces cerevisiae contains fewer subunits than its mam-
malian or plant equivalents (Soutourina, 2018). Four
subunits seem to be specific for multicellular organisms
and are absent in S. cerevisiae: MED23, MED25,
MED26, MED?2S8. Structural studies revealed the rela-
tive position of most core Mediator subunits (Asturias et
al., 1999; Dotson et al., 2000; Mathur et al., 2011; Robin-
son et al., 2012, 2015, 2016; Verger et al., 2019), but also
several distinct steric conformations of Mediator de-
pendent on its interaction with specific transcription fac-
tors (SREBP, VP16, TR, VDR of p53AD) (Poss et al.,
2013). The exact position of MED28 and MED30 has
not yet been sufficiently elucidated (Soutourina, 2018).

The Mediator complex exists in two main forms, a
larger complex probably containing most or all subunits
of all four modules and a smaller complex lacking the
Kinase module. Mediator that lacks the Kinase module
is often linked to the formation of a more transcription-
ally active Mediator. Some subunits have paralogues
whose incorporation into Mediator have sub-specializa-
tion functions for transcription regulation (Allen and
Taatjes, 2015). Besides that, the existence of complexes
lacking one or more subunits was reported in the yeast
that yield strains viable under laboratory conditions de-
spite the lack of some subunits. While Med17 and Med21
were indispensable for wide transcription (Holstege et
al., 1998; Thompson and Young, 1995), others including
Medl, Med2, Med3, Med5, Med9, Medl5, Medl6,
Med18, Med19, Med20, Med31, and CDK module sub-
units Med12 (srb8), Med13 (srb9), stb10 (CDKS), and
srb11 were found non-essential as single mutants could
have been maintained under laboratory conditions
(Dettmann et al., 2010). Although under special condi-
tions (in the yeast (Robinson et al., 2016) and in HeLa
cells (Paoletti et al., 2006; Tsai et al., 2014)) most subu-
nits were found in equimolar ratios, suggesting a fixed
number of main Mediator subunits, some subunits im-
munoprecipitated at higher amounts (Paoletti et al.,
2006). In tumours, numerous studies report up-regula-
tion or down-regulation of individual subunits with links
to the biological behaviour of cancer cells (Bragelmann
et al., 2016; Syring et al., 2016).

MED28 has a special position in-between Mediator
subunit proteins for its early discovered dual regulatory
role, one as a Mediator subunit (Sato et al., 2004; Beyer
et al., 2007) and the other, which is cytoplasmic, at the
level of the cytoskeleton (Gonzalez-Agosti et al., 1996;
Wiederhold et al., 2004; Lee et al., 2006; Lu et al., 2006;
Huang et al., 2012).

In this study, we explored the protein interactome of
C. elegans MDT-28 using its edited form GFP::MDT-28

or a transgenic form MDT-28::GFP and the GFP-Trap
system. The data show predominant association of
MDT-28 with the core Mediator subunits and support
the engagement of MDT-28 in the Head module of the
Mediator complex.

Material and Methods

Strains and transgenic lines

Two Caenorhabditis elegans lines expressing MDT-

28 tagged with GFP were used:

1. The KV4 (8419) line with edited F28F8.5 in the form
gfp::F28F8.5 in its normal genomic position P, -
(V:15573749)::gfp::F28F8.5 on both alleles (Kostrou-
chova et al., 2017) expressing edited GFP::MDT-28;

2. The C. elegans line 7949 with PF28F8.5(400 bp)::
F28F8.5::gfp carrying extrachromosomal arrays with
a construct containing the 400 bp internal promoter of
F28F8.5, the genomic sequence of F28F8.5 fused
with the sequence coding for GFP with artificial in-
trons (amplified from the pPD95.75 vector together
with the 3’ UTR originally from unc-54) and the pRF4
selection marker (Kostrouchova et al., 2017).

For control, a C. elegans line carrying extrachromo-
somal arrays with the promoter of nhr-180 regulating
the expression of gfp alone (Kostrouchova et al., 2018)
was used (Fig.1).

Laboratory cultures for large-scale nematode
preparations

For immunoprecipitation experiments, the C. elegans
lines were cultured on Petri dishes (diameter 60 mm)
containing Nematode growth medium agar covered with
OP50 E. coli as described (Brenner, 1974). C. elegans
cultures were incubated in an air-conditioned laboratory
with dim illumination (tempered to 22.5 °C) until the
cultures reached visually similar population density and
contained similar representation of individual larval
stages, adults, and laid embryos; this was usually reached
in four days. The mixed stage nematodes were controlled

Peogea s(VI15573749)gfp::F28F8.5 (KV4, 8419) - edited gene

Prndr.2s afe mdt-28
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Fig. 1. Schematic representation of the edited alleles and
constructs used in this study
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for the expression of GFP-tagged MDT-28 in the line
7949 and showed the tendency to gradually lose GFP-
tagged MDT-28, and were therefore checked for the pro-
portion of nematodes positive for GFP fluorescence.
Only cultures with more than 60 % of GFP-positive ani-
mals were used for further experiments. The nematodes
were washed with deionized water, pelleted by centrifu-
gation in 12 ml tubes (1,400 rpm, in Hettich Universal
32 R centrifuge, r, = 120 mm, approximate maximal
centrifugal force 176 x g, 4 °C, 2 min) (Hettich states
150 x g in these conditions in the swing-out rotor).
Nematodes were resuspended in deionized water and
pelleted to final samples that were stored at —80 °C until
further processing.

GFP-Trap pull-down experiments

The GFP-Trap system available from Chromotek
(https://www.chromotek.com/products/nano-traps/gfp-
trap/) was used for pull-down of GFP-tagged MDT-28
and of GFP alone used as a control as described (Kos-
trouchova et al., 2018) with modifications regarding the
scale of individual precipitations and the amount of
lysate from mixed cultures of nematodes. Briefly, the C.
elegans line 8419 with the mdt-28 gene edited in the
form of P, . (V:15573749)::gfp::F28F8.5 on both al-
leles (Kostrouchova et al., 2017), the transgenic line
carrying extrachromosomal arrays P, ... (400 bp):
F28F8.5::gfp and the control line carrying extrachromo-
somal arrays containing P (1361bp)::.gfp were cul-
tured on agar Petri dishes. The expression of GFP alone
or GFP-tagged proteins was checked under an Olympus
SZX12 microscope (Olympus, Tokyo, Japan). The
mixed stage nematodes were washed with Dilution —
Wash buffer (50 mM HEPES pH 7.4, 1 mM EGTA,
1 mM MgCl,, 100 mM KCI). The nematodes were pel-
leted by centrifugation in ice-cold lysis buffer (50 mM
HEPES pH 7.4, 1 mM EGTA, I mM MgCl,, 100 mM
KCl, 10% glycerol (v/v), 0.5% NP-40 (v/v)); all pur-
chased from Sigma-Aldrich (St. Louis, MO). The maxi-
mum obtainable amount of packed nematodes (ranging
from 1 to 2.6 ml) was used for each individual GFP-
Trap preparation. Samples were resuspended in an equal
volume of lysis buffer with protease and phosphatase
inhibitors (Halt™ Protease and Phosphatase Inhibitor
Cocktail (100x), Thermo Fisher Scientific, Waltham,
MA) to obtain a final 1x solution of inhibitors.

Nematodes were sonicated 10 times for 15 s (with 45 s
pauses) on ice (UP50H Ultrasonic Processor, Hielscher
Ultrasound Technology, Teltow, Germany). Aliquots
were controlled for complete lysis under the micro-
scope. The samples were centrifuged for 25 min at
18,600 x g and 4 °C. The supernatant was transferred to
a pre-cooled tube and 500 pl of Dilution — Wash buffer
supplemented with 1x Protease inhibitors was added.
GFP-Trap magnetic beads (GFP-Trap® MA); purchased
from ChromoTek, Planegg-Martinsried, Germany) were
prepared according to the manufacturer’s recommenda-
tions. Fifty microliters of bead slurry was resuspended
in 500 pl of ice-cold dilution buffer, the beads were

pulled-down using the magnetic separator and this step
was repeated two more times. The diluted lysate was
mixed with the equilibrated beads and the cleared super-
natant was incubated at 4 °C for 12 h. Beads with bound
proteins were pulled-down using the magnetic separator
and washed three times using Dilution — Wash buffer.

Elution

Proteins bound to the beads were eluted by 50 ul 0.2 M
glycine (pH 2.5) during 30 s under constant stirring fol-
lowed by magnetic separation. The supernatant was
transferred to a new tube and 5 pul 1 M Tris base (pH
10.4) was used for sample neutralization. The remaining
beads were stored in wash buffer and also analysed by
mass spectrometry.

Mass spectrometry

For mass spectrometry, the eluates and in some cases
also the remaining beads were acetone precipitated and
resuspended in 100 mM triethylammonium bicarbonate
(TEAB) containing 1% sodium deoxycholate (SDC).
Cysteines were reduced with 5 mM (final) Tris(2-car-
boxyethyl)phosphine (TCEP) (60 °C, 60 min) and
blocked with 10 mM (final) methyl methanethiosulpho-
nate (MMTS) (all Thermo Fisher Scientific) (10 min,
22 °C).

Proteins were cleaved with 1 pg of trypsin at 37 °C
overnight, centrifuged, supernatants collected and acidi-
fied with TFA (1% final concentration). SDC was re-
moved by extraction with ethyl acetate. Peptides were
desalted on a Peptide Optitrap column (Optimize Tech-
nologies, Oregon City, OR). A nano reversed phase col-
umn (EASY-Spray column, 50 cm x 75 um ID, PepMap
C18, 2 um particles, 100 A pore size) (Thermo Fisher
Scientific) was used for LC/MS/MS analysis. The mo-
bile phase buffers were: A — water and 0.1% formic acid,
B —acetonitrile and 0.1% formic acid. The samples were
loaded onto the trap column (Acclaim PepMap300,
C18, 5 um, 300 A Wide Pore, 300 um x 5 mm, 5 Car-
tridges) for 4 min at 15 pl/min. The loading buffer was
composed of water, 2% acetonitrile and 0.1% trifluoro-
acetic acid. Peptides were eluted with the mobile phase
B gradient from 4% to 35% B in 60 min. Eluted peptide
cations were converted to gas-phase ions by electro-
spray ionization and analysed in Thermo Orbitrap Fu-
sion (Q-OT- qIT, Thermo Fisher Scientific).

Survey scans of peptide precursors from 400 to
1600 m/z were performed at 120K resolution (at 200 m/z)
with a 5 x 10° ion count target. Tandem MS was per-
formed by isolation at 1.5 Th with the quadrupole, high-
er-energy collisional dissociation (HCD) fragmentation
with normalized collision energy of 30, and rapid scan
MS analysis in the ion trap. The MS 2 ion count target
was set to 10* and the max injection time was 35 ms.
Only those precursors with charge states 2—6 were sam-
pled for MS 2. The dynamic exclusion duration was set
to 45 s with a 10 ppm tolerance around the selected pre-
cursor and its isotopes. Monoisotopic precursor selec-
tion was turned on. The instrument was run in top speed
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mode with 2 s cycles. All data were analysed and quanti-
fied with the MaxQuant software (version 1.5.3.8) (Cox
et al., 2014). The false discovery rate (FDR) was set to
1 % for both proteins and peptides and a minimum
length of seven amino acids. The Andromeda search en-
gine was used for the MS/MS spectra search against the
C. elegans database (downloaded from Uniprot in April
2015, containing 25,527 entries) and further updates.
Enzyme specificity was set as C-terminal to Arg and
Lys, also allowing cleavage at proline bonds and a max-
imum of two missed cleavages. Dithiomethylation of
cysteine was selected as fixed modification, and N-ter-
minal protein acetylation and methionine oxidation as
variable modifications. The “match between runs” fea-
ture of MaxQuant was used to transfer identifications to
other LC-MS/MS runs based on their masses and reten-
tion time (maximum deviation 0.7 min) and used in
quantification experiments. Quantifications were per-
formed with the label-free algorithms and data analysis
was performed using the Perseus 1.5.2.4 software (Ma-
suda et al., 2008; Cox et al., 2014; Hebert et al., 2014;
Tyanova et al., 2016).

The raw data were deposited to an open database
https://www.ebi.ac.uk/pride/archive/ with accession num-
ber PXD015552 (Project DOI: 10.6019/PXD015552;
Username: reviewer73133@ebi.ac.uk; Password:
212cgHCZ). The raw data concerning relevant proteins
are also provided in four Excel files that list the raw data
analysed by the Perseus program (http://coxdocs.org/
doku.php?id=perseus:start version Perseus 1.6.1.3) and
are accessible at the Folia Biologica Website as Supp-
lementary data:

20180226 Yilma C1_EI1,E6.0ds

20180504 Yilma C2 E2.ods

20180829 Yilma C3_E3,E4.ods

20190224 Yilma C4 ES.ods

The experiments are marked as in Table 1 and Table 2:
C1 to C4 are control samples and E1 to E6 are experi-
mental samples.

Results

Identification of Mediator complex subunits
associating with MDT-28 from mixed stage C.
elegans cultures

The detection of proteins preferentially interacting
with MDT-28 in vivo was performed using two C. ele-
gans strains expressing MDT-28 tagged by GFP and a
commercially available system GFP-Trap for isolating
GFP-tagged proteins. Four control experiments were
performed in order to exclude proteins binding non-spe-
cifically to GFP or the beads containing the anti-GFP
single-chain antibody. Proteins identified in extracts pre-
pared from animals expressing MDT-28 tagged with
GFP on their N- or C-terminus were compared with the
controls. As a positive result for protein detection, the
intensity threshold of 18 and identification of at least
two peptides were set as the criteria for reliable identifi-
cation. To classify the detected protein as an MDT-28
interactor, only proteins falling under the threshold and
classified as undetected by the Perseus program in all
four control experiments but identified in lysates from
lines with tagged MDT-28 were taken into account.

Prominently, a set of proteins classified as Mediator
subunits were identified as MDT-28 interactants (Table 1).
They mostly included subunits of the Head module:
MDT-6, MDT-8, MDT-11, MDT-17, MDT-20, MDT-22,
and MDT-30. The set of MDT-28 interactants further in-
cluded MDT-14 of the Middle module. The other Middle
module subunits, Tail module subunits, or Kinase module
subunits were not identified in our screens as MDT-28

Table 1. Mediator complex subunits identified in MDT-28 pull-down experiments

Ctrl 1 Ctrl 2 Ctrl 3 Ctrl 4 Exp 1 Exp 2 Exp 3 Exp 4 Exp 5 Exp 6
GFP GFP GFP GFP C-term C-term C-term
(7949) (7949) (7949)
MDT-6 - - - - 4 — -
MDT-8 - - - — 3 — =
MDT-11 - - - - + — =
MDT-14 - - - - - - -
MDT-17 - - - — 4 + +
MDT-20 - - - - - - -
MDT-22 - - - - - - -
MDT-28 - - - - +* 3 +
MDT-30 - - - - a = =

Legend to Table 1. Detection of predicted Mediator subunits in immunoprecipitated samples from control experiments (marked as Ctrl
1 to 4) based on C. elegans expressing GFP alone, C-terminally tagged MDT-28::GFP expressed from extrachromosomal arrays
(marked as Exp 1 to 3 in yellow table cells) and N-terminally tagged GFP::MDT-28 expressed from C. elegans line with edited mdt-28
(marked as Exp 4 to 6 in green table cells). While control experiments did not show the presence of any known Mediator subunit, lines
with GFP-tagged MDT-28 contained interacting Mediator complex subunits.



Vol. 65

Proteomic Interactome of MDT-28

207

interactants under the experimental conditions and giv-
en selection criteria. MDT-18 was identified in two out
of four experiments; however, this identification is sta-
tistically less significant since it is based only on one
unique peptide.

MDT-28 associates with additional structural
and enzymatic proteins

Comparison of the data from all experiments yielded
a relatively small number of proteins that could have
been classified as MDT-28 interactants under the chosen
selection criteria (Table 1). The set of MDT-28 interact-
ing proteins included proteins falling under the category
of proteins likely to be involved in the regulation of
transcription or other nuclear events and proteins that
are not classified as primarily transcription-regulating
proteins. Some identified MDT-28 interactants belong
to the category of structural or enzymatic proteins or pro-
teins with contemporarily unknown functions (Table 2).
This set of potential MDT-28 interactants includes chro-
matin-organizing proteins, known nuclear transporters,
nucleolar proteins and enzymes. Two proteins classified
as RPL proteins, RPL-24.2 and RPL-29, were identified
as strong binders in the immunoprecipitated samples.

Table 2. Additional MDT-28 interactants

Additionally, a set of mitochondrial ribosomal pro-
teins of the small subunit were detected as potential in-
teractants of MDT-28. This set included MRPS-2,
MRPS-5, MRPS-6, MRPS-7, MRPS-15, and MRPS-26.
The set of proteins immunoprecipitated with MDT-28
also included components of the Ubiquinol-cytochro-
me C oxidoreductase complex (UCR-1.1, UCR-2.1,
UCR-2.2, and UCR-2.3) and UCR-11, which is also pre-
dicted to be a component of this complex.

Discussion

MDT-28 has tight interactions with selected
Mediator Head subunits and Middle module
subunit MDT-14 (and Middle module subunit
MDT-9 in some experiments)

Our experiments show that MDT-28 associates with a
set of core Mediator complex subunits mainly consist-
ing of Head module subunits and Middle module subu-
nit MDT-14. MDT-28 is a small protein comprising only
200 or 202 amino acids, and it is therefore likely that the
identified proteins are extracted from the cellular mate-
rial as a protein complex or multiple versions of smaller

Ctrl1 [Ctrl2 | Ctrl 3| Ctrl4| Expl Exp 2 Exp 3 Exp 4 Exp S Exp6 |GO/
GFP | GFP | GFP | GFP | C-(7949) | C- (7949) | C- (7949)

ARX-1 - - - - < + Actin binding

DHC-1 - - - - - - - Enzyme
Cytoskeleton

EKL-4 - - - - - - aF Corepressor

GLY-7 - - - - - +* N/C enzyme
Golgi

HECD-1 - - - - — 4 - E3 ligase
Nuclear

HRP-2 - - - - + - + Ribonucleo-
protein

IMA-3 - - - - - + + Nuclear import
signal receptor
activity

LET-716 - - - - - + + Nucleic acid
binding

NGP-1 - - - - - + + Enzyme

GNL2 GTPase,

homol.

RPL-24.2 - - - - 3 e =

RPL-29 - - - - 3 +

SWAN-1 - - - - - 3 +* N/C enzyme
GTPase

VBH-1 - - - - + + + Helicase

Legend to Table 2. Detection of MDT-28 interactants in immunoprecipitated samples from control experiments (marked as Ctrl 1 to 4)
based on C. elegans expressing GFP alone, C-terminally tagged MDT-28::GFP expressed from extrachromosomal arrays (marked as
Exp 1 to 3 in yellow table cells) and N-terminally tagged GFP::MDT-28 expressed from C. elegans line with edited mdt-28 (marked as
Exp 4 to 6 in green table cells). GO — gene ontology related to possible nuclear and cytoplasmic functions.
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complexes. Our results further support the classification
of MDT-28 as the orthologue of MED28, which is known
to form contacts with the Head module subunits in pro-
teomic studies (Tsai et al., 2014). Our results thus sup-
port the classification of MDT-28 and MED28 ortho-
logues as a Head module subunit. The interactions of two
subunits, MDT-30 and MDT-6, were reported earlier
based on in vitro methods. The interaction with MDT-30
is likely to be direct since it was observed earlier on iso-
lated proteins made in bacteria (Kostrouchova et al.,
2017). The results support the prediction of MDT-30 as
an MED30 orthologue. In contrast to other orthologues
of Mediator subunits in C. elegans that have a similar
size as the yeast and vertebrate counterparts, MDT-30 is
substantially larger than its mammalian orthologues.
MDT-30 contains 466 amino acids compared to human
and mouse MED30, which contain only 143 and 178
amino acids, respectively. The Clustal analysis indicates
arelatively high degree of conservation of the C-terminal
half of MDT-30 with the almost entire sequence of hu-
man MED30 (isoform 1) (E Value 6 e-04, 26.83 % iden-
tity over the conserved region spanning 218 amino acids
and three gaps for the total of eight amino acids). While
the conserved region has a globular character in both
nematode and human proteins, the N-terminal region
present in the nematode MED30 orthologue has a char-
acter of intrinsically disordered protein.

The superposition of Mediator subunits identified as
MDT-28 preferential interactants suggests the possibili-
ty of a complex that may be prevalent in lysates obtained
from mixed stage C. elegans. The starting material that
was used in our experiments is likely to contain a large
proportion of tissues forming the majority of C. elegans
bodies, such as gut, muscles and gonads.

It can be expected that the binding proteins may differ
for N-terminally and C-terminally tagged MDT-28 for
two reasons; first due to the steric blocking of interacting
domains of MDT-28, and secondly because of the relati-
vely higher cytoplasmic expression of C-terminally tagg-
ed MDT-28 expressed from extrachromosomal arrays.

The C-terminal globular domain of MDT-28 is likely
to be important for interactions with other Mediator
subunits. The N-terminal IDR is likely to mediate inter-
actions with multiple proteins and assume its actual con-
formation during MED-28 assembly in the protein com-
plex. The two variants of GFP-tagged MDT-28 are also
expressed differently. The edited N-terminally tagged
protein is expressed ubiquitously in a pattern that is like-
ly to represent the natural expression of untagged MDT-
28 including expression in gonads, while the C-teminal-
ly tagged MDT-28 is expressed strongly in the cytoplasm
and in the nuclei of gut and epidermal cells but not in
gonads, where the expression from extrachromosomal
arrays is silenced. Nevertheless, the interaction with Me-
diator subunits was detected in both arrangements.

Since the Mediator subunits immunoprecipitated with
MDT-28 are more likely to be precipitated in our experi-
ments as a protein complex rather than proteins associ-
ated with MDT-28 individually, the immunoprecipitated

Head module -

Middle module (Med14)

Fig. 2. Schematic representation of MDT-28 core Mediator
A hypothetical MDT-28-containing core Mediator based
on the known structure of the yeast core Mediator (Nozawa
et al., 2017) and Mediator subunits immunoprecipitated
with MDT-28. The domains occupied by individual pro-
teins are indicated with colours corresponding to indicated
Mediator subunits. MDT-28 tagged by GFP and MDT-30
are positioned arbitrarily to the central region of the yeast
Mediator complex that is less densely filled by Mediator
subunits in the core Mediator complex determined by No-
zava et al. (2017).

complex is likely to represent a core MDT-28-containing
Mediator complex (Fig. 2). Although some components
of the MDT-28-containing Mediator complex may be
removed from the complex during purification steps, the
remaining complex is likely to reflect the most resistant
and thus preferential protein complex that contains
MDT-28.

Nuclear and cytoplasmic proteins of diverse
nature interact with MDT-28

While the validity of the Mediator complex subunits
that were identified as MDT-28 interactors is supported
by numerous proteomic and functional studies, the pos-
sibility of functional relevance of additional MDT-28
interactors is supported only indirectly. Since MDT-28
as well as MED28 are both nuclear and cytoplasmic
proteins (Wiederhold et al., 2004; Lee et al., 2006;
Kostrouchova et al., 2017, 2018), they are likely to in-
teract with proteins mediating their actual subcellular
localization in both main cellular compartments.

Our screens were performed at relatively very strin-
gent conditions that were necessary for disintegration of
nematodes prior to the immunoprecipitation steps. This
is in keeping with the fact that only a part of the core Me-
diator subunits were immunoprecipitated with MDT-28.
This also gives presumption that possible cytoplasmic
proteins identified in our screens may be directly in-
volved in protein interactions at the cytoskeleton, which
is well documented, but the proteins directly binding
MED?28 to the cytoskeleton are not known (Wiederhold
et al., 2004).



Vol. 65

Proteomic Interactome of MDT-28

209

A candidate protein identified in our screens that can
mediate interaction with actin cytoskeleton is ARX-1,
the orthologue of human ACTR3 (Actin-related protein 3),
which is a constituent of the Arp2/3 complex. This com-
plex is located at the cell surface and regulates cell shape
and motility together with F-actin and Cortactin (Weed
et al., 2000). ARP2/3 is also localized in the nuclei and
has a known function in the regulation of actin polym-
erization linked to gene expression and DNA break clus-
tering in homology-directed DNA repair (Schrank et al.,
2018), an event that involves the presence of the Me-
diator complex (Soutourina and Werner, 2014).

Another primarily cytoplasmic protein that was iden-
tified in our screens as an MDT-28 interactor is dynein
heavy chain DHC-1. It was identified in two out of three
experiments exploiting N-terminally tagged MDT-28
with high intensities and 22 identified unique peptides.
Dynein is involved in numerous protein interactions
both in the cytoplasm and in the nucleus. It has been
shown to interact with P53 protein and the glucocorti-
coid receptor (Harrell et al., 2004)

Additional MDT-28 interactors including EKL-4,
GLY-7, HECD-1, HRP-2, IMA-3, LET-716, NGP-1,
VBH-1, DHC-1, RPL-24.2, and RPL-29 may also be
functionally relevant, since their nuclear and often tran-
scription-regulating functions are listed in molecular
biology databases. The two proteins classified as riboso-
mal proteins, RPL-24.2 and RPL-29, are not classical
ribosomal proteins, but are related based on sequence
similarity. Both RPL-29 and RPL-24.2 may have tran-
scription regulation functions. RPL-29 is homologous
to HIP/RPL29, which was shown to be present in the
cytoplasm as well as in the nucleus and to play more
than one role during adult mammary gland development
(Kirn-Safran et al., 2002). RPL-24.2 is an orthologue of
RSL24D1, which has a known primary nuclear locali-
zation, but at the present with unknown function (The
Human Protein Atlas, https://www.proteinatlas.org/
ENSG00000137876-RSL24D1/cell).

Our experiments identified a set of mitochondrial ri-
bosomal proteins of the small ribosomal subunit as like-
ly interactants with MDT-28 or MDT-28-containing
Mediator complex. This subset was identified in experi-
ments exploiting both forms of the MDT-28 GFP-tagged
protein. It seems more likely that these proteins form a
protein complex rather than being bound individually,
since small subunit components are represented more
than other mitochondrial ribosomal proteins. It is a
question whether the identified proteins are kept togeth-
er by another protein or some other factor, e.g., mito-
chondrial rRNA or other molecules of similar nature. It
is unlikely that the complex be in fact a complete small
mitochondrial ribosomal subunit, since other proteins of
the complete small mitochondrial ribosomal subunit are
missing in our screens. It is possible that mitochondrial
ribosomal proteins interacted with the immunoprecipi-
tated MDT-28 during our experimental procedures at
the steps of cell disintegration. The observed situation
may, however, reflect a physiologically relevant process,

the mitochondrial stress response (Hill et al., 2018). The
interaction of mitochondrial ribosomal proteins with
proteins central to the regulation of transcription may
have functional consequences, which is supported by
the concept of the regulation of plant development by
ribosomal proteins (Robles and Quesada, 2017). It may
be compatible with the proposed concept of “the ribo-
some filter redux” or “the ribosome filter hypothesis”
(Mauro and Edelman, 2002, 2007).
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