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The Mediator complex consists of more than 20 sub-
units. This is composed of four modules: head,
middle, tail and CDK/Cyclin. Importantly, Mediator
complex is known to play pivotal roles in transcrip-
tional regulation, but its molecular mechanisms are
still elusive. Many studies, including our own, have
revealed that CDK8, a kinase subunit of the CDK/
Cyclin module, is one of the key subunits involved in
these roles. Additionally, we previously demonstrated
that a novel CDK component, CDK19, played similar
roles. It is assumed that various factors that directly
affect transcriptional regulation target these two
CDKs; thus, we conducted yeast two-hybrid screen-
ings to isolate the CDK19-interacting proteins. From
a screening of 40 million colonies, we obtained 287
clones that provided positive results encoded mRNAs,
and it turned out that 59 clones of them encoded
nuclear proteins. We checked the reading frames of
the candidate clones and obtained three positive
clones, all of which encoded the transcriptional cofac-
tors, Brahma-related gene 1, B-cell CLL/lymphoma 6
and suppressor of zeste 12 homolog. Intriguingly,
these three cofactors are also related to chromatin
regulation. Further studies demonstrated that those
could bind not only to CDK19 but also to CDK8.
These results help elucidate the functional mechanism
for the mutual regulations between transcription and
chromatin.

Keywords: CDK-interacting proteins/chromatin
regulation/Mediator/transcriptional cofactors/
transcriptional regulation.

Abbreviations: BCL6, B-cell CLL/lymphoma 6;
BRG1, Brahma-related gene 1; CBB, Coomassie
brilliant blue; CDK, cyclin-dependent kinase; DRB,
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glutathione-S-transferase; hCDK8, human CDK8;
PMSF, phenyl methyl sulphonyl fluoride; Pol II,
RNA polymerase II; SWI/SNF, switching/sucrose
non-fermenting.

In eukaryotes, transcription is elaborately tuned in
conjunction with chromatin regulation (1, 2). Precise
spatio-temporal regulation of protein-coding gene
transcription is conducted by RNA polymerase II
(Pol II) together with five general transcription factors
(TFIIB, TFIID, TFIIE, TFIIF and TFIIH) for the
execution of sophisticated gene expression pro-
grammes in vertebrates in response to various signals
(3). The Mediator complex (Mediator) is one of the
key players in this regulation. This complex consists
of more than 20 subunits, most of which are conserved
among eukaryotes. Mediator has been shown to be
involved in both activation and repression of transcrip-
tion (4, 5). However, the molecular mechanisms of its
pivotal roles in transcription are still elusive.

On the basis of biochemical and genetic studies,
Mediator has been widely recognized as a target for
multiple transcriptional regulators, including coactiva-
tors and co-repressors (6, 7). These studies revealed
that Mediator consists of multiple functionally distinct
forms (6, 8). Recent progresses have further demon-
strated that, in addition to transcription factors,
various protein factors that function other than tran-
scription also targets the Mediator complexes (1, 5).
These protein factors include the chromatin re-
modelling complex switching/sucrose non-fermenting
(SWI/SNF); Pol II-associated factor (PAF); tumour
suppressor protein p53 and various transcription
elongation factors, such as TFIIS, positive transcription
elongation factor b (P-TEFb), DRB sensitivity-
inducing factor (DSIF) and negative elongation
factor (NELF). These results clearly indicate that the
Mediator complexes function not only in pre-initiation
regulatory steps but also in post-initiation steps (9).

The canonical Mediator consists of four modules:
head, middle, tail and CDK/Cyclin (6, 7). The CDK/
Cyclin module differs from the others because of its
kinase activity, whereby it phosphorylates the
C-terminal domain of the largest subunit of Pol II,
and because of its propensity to dissociate on receiving
stimuli from several transcriptional regulators. This
module is reported to be composed of four Mediator
subunits, namely, CDK8 (formerly known as Srb10),
Cyclin C (formerly Srb11), MED12 and MED13 (5,
10). CDK8 is a serine/threonine kinase that was
believed to function as a negative regulatory compo-
nent in Mediator, and various repressive functions
have been demonstrated to date (11�13). However,
we demonstrated for the first time that human
CDK8 (hCDK8) plays a positive role in transcrip-
tional regulation by Mediator (8). Recently, human
CDK19 (hCDK19, formerly called as CDK11 or
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CDC2L6) was discovered in the human Mediator frac-
tions by Conaway and colleagues (14). Our previous
studies of hCDK19 demonstrated that two CDKs,
hCDK8 and hCDK19, were mutually exclusive in the
Mediator, and each CDK formed a holo-Mediator
complex (4, 15). Intriguingly, reporter assays demon-
strated that hCDK8 and hCDK19 play opposite roles
in viral protein VP16-mediated transcriptional activa-
tion. Specifically, hCDK8 supports activation, whereas
hCDK19 represses it. Since then, there have been many
reports concerning various functions of CDK8 in tran-
scriptional regulation and the physiological conse-
quences of these functions (16, 17). In addition,
recent studies have revealed that CDK8 also phos-
phorylates histone H3 at serine 10 in conjunction
with acetylation (18). Collectively, these data have
allowed us to identify CDK-interacting proteins that
might collaboratively regulate transcriptional activa-
tion with Mediator complexes.

To isolate hCDK19-interacting proteins, we per-
formed a yeast two-hybrid screening using hCDK19
as a bait (19). Consequently, three positive clones
that encode proteins, that is, BRG1 (Brahma-related
gene 1), BCL6 (B-cell CLL/lymphoma 6) and SUZ12
(suppressor of zeste 12 homolog) known to regulate
both transcription and chromatin (20�22), were ob-
tained. In vitro biochemical studies demonstrated that
three protein fragments identified in positive clones
bound not only to hCDK19 but also to hCDK8 via
their N-terminal serine/threonine kinase domains (S/T
kinase). This clearly indicates that further clues are
necessary to elucidate the functional mechanisms of
these two CDKs, CDK8 and CDK19. Our present re-
sults might be a clue for the functional approaches by
showing the mutual regulation between transcription
and chromatin status through the Mediator kinases.

Experimental Procedures

DNA constructs
For bacterial expression, hCDK8 and hCDK19 were subcloned be-
tween the NdeI and XhoI sites of the pGEX-6P-2L(þ) vector (the
multicloning sites NcoI, NdeI, HindIII, AflI, BglII and BamHI were
inserted in pGEX-6P (GE Healthcare) between the BamHI and
EcoRI sites) and 6HT-pET11d (Novagen). Deletion mutants of
each CDKs were generated by PCR and subcloned between the
NdeI and XhoI sites of pGEX-6P-2L(þ) and 6HT-pET11d. The
yeast two-hybrid positive clones in the prey vector pACT2 were di-
gested with NdeI and XhoI and subcloned between the NdeI and
XhoI sites of the bacterial expression vectors 6HT-pET11d and
pGEX-6P-2L(þ) (15). All the subcloned regions were confirmed by
DNA sequencing.

Yeast two-hybrid screening
The Saccharomyces cerevisiae strain Mav� (MAT�, ura3-52,
leu2-3,112, trp1-901, his3-200, gal4� gal80�, SPAL10::URA3,
LYS2::KanMX-LexAop-His, GAL1::lacZ) was used for this yeast
two-hybrid screening (23, 24). This screening was performed using
a human fetal brain cDNA library in pACT2 with a selectable
marker Leu and a GAL4-activation domain (Clontech). To prepare
the bait constructs for the yeast two-hybrid assay, the coding se-
quences of full-length hCDK19 was subcloned into the pHLZ
vector containing a LexA binding domain (LexA) (19). The vector
was subcloned by two steps. First, hCDK19 cDNA was amplified by
PCR such that the PCR product contained an XbaI site at the 50-end
and an MfeI site at the 30-end. This flagment was subcloned into the
pBluescript SK(-) vector (Agilent Technologies) between SmaI sites
to proof read its sequence. Next, the amplified region was cut

out with XbaI and MfeI restriction enzymes and subcloned into
the corresponding sites of the pHLZ vector. The bait construct
pHLZ-hCDK19, containing the full-length hCDK19 and zeocin as
a selection marker, were transformed according to one-step trans-
formation protocol. After confirming the expression of the
LexA-hCDK19 proteins by western blotting using anti-LexA (Bio
Academia), yeast cells were further transformed with the prey vector
pACT2 encoding a human fetal brain cDNA library (Life
Technologies, ProQuest Two-Hybrid cDNA Library) using the
standard lithium acetate transformation protocol. The cells were
plated on selective medium SC-Leu�His to screen the interacting
partners. Hisþ colonies appeared from 3 to 5 days after plating
and were restreaked. These positive colonies were picked up, and
direct colony check PCR was performed; subsequently, PCR prod-
ucts were sequenced. A BLAST search was carried out to identify the
putative binding partners isolated in this screening. Based on PCR
and sequence results, the plasmids containing putative CDK19 inter-
acting polypeptides were recovered from yeast. The screening result
was reconfirmed individually by transforming recovered plasmids
into Mav� expressing LexA-CDK19.

Expression of recombinant proteins
Escherichia coli BL21(DE3) pLysS cells were transformed with bac-
terial expression vectors containing the cDNAs for N-terminally
hexa histidine (6H)-tagged BRG1 and BCL6, N-terminally
glutathione-S-transferase (GST)-tagged SUZ12 deletion mutants,
CDK8, CDK19 and their CDK deletion mutants. The cells were
grown in TBGM9 medium with carbenicillin as described previously
(25). When the cell culture reached a density of A595¼ 0.3�0.5, the
expression of the 6H-tagged fusion proteins was induced with
0.4mM isopropyl b-D-thiogalactopyranoside for 3 h at 30�C.
Harvested bacterial pellets were sonicated in buffer B [20 mM
Tris�HCl (pH 7.9 at 4�C), 10% (v/v) glycerol, 0.2mM PMSF (phe-
nylmethylsulphonyl fluoride), 0.1% (v/v) NP40 and 1�protease in-
hibitor (PI)] containing 500mM NaCl (BB500). The extracts were
cleared by centrifugation at 15,000 rpm for 20min and incubated
with Ni-NTA agarose (QIAGEN). The expression and the solubility
of the recombinant proteins were determined by SDS�PAGE fol-
lowed by staining with Coomassie blue.

GST pull down and immunoblotting
GST-fusion proteins were used for protein�protein interaction
assays. A 500 ng sample of each GST-tagged protein to be tested
or GST alone was mixed with 500 ng of each purified 6H-tagged
protein, and incubated with 10 ml of Glutathione-SepharoseTM 4B
(GE Healthcare) for 4 h at 4�C in 400 ml of buffer C [20 mM
Tris�HCl (pH 7.9 at 4�C), 10% (v/v) glycerol, 0.2mM PMSF,
0.05% (v/v) NP40, 0.5mM EDTA (pH 8.0) and 1�PI)] containing
100mMKCl [BC(0.1)]. Samples were washed twice with BC(0.1) and
then incubated with equal amounts of purified 6H-tagged BCL6 or
BRG1 overnight at 4�C in BC(0.1). The resin was washed with
BC(0.2) twice and BC(0.1) one time to remove non-specifically
bound proteins, and then boiled in SDS sample buffer. The proteins
eluted from the beads were separated by SDS�PAGE. The proteins
were transferred to an Immobilon P membrane (Millipore) using a
semi-dry transfer system at 15V for 30min and incubated with an
anti-His-tag antibody (MBL). Chemiluminescent signals were de-
tected using the ECL western blotting signal detection kit (GE
Healthcare) and LAS-4000 mini (Fuji film).

Results

Identification of human CDK19-interacting proteins
Two human CDK subunits (hCDK8 and hCDK19)
have been identified in the Mediator complexes and
shown to play roles in transcription (4, 10, 14, 15).
These CDKs are kinase subunits and are highly similar
to each other. Recently, several reports concerning the
functions of CDK8 have been published, whereas
the functions of CDK19 remain to be elucidated.
Although CDK8 is widely conserved among eukary-
otes, CDK19 exists only in vertebrates. Therefore, we
planned to isolate the specific hCDK19-interacting
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proteins to study the functions of hCDK19 in the
nuclear signaling pathways. To elucidate the
hCDK19-interacting proteins so that we could distin-
guish the roles of these two CDKs, we performed a
yeast two-hybrid screening system using a human
fetal brain cDNA library (Fig. 1).

From 40 million yeast colonies tested, 538 clones
were obtained as putative positive clones; thereafter,
all the 538 clones were sequenced. As a result, 287
clones possessed mRNA sequences. Among them, it
was found that 59 clones encoded mRNA sequences
of nuclear protein genes. After confirmation of the
proper reading frames, three clones were finally identi-
fied as confirmed positive-interacting proteins, and
their proteins were partial sequences of BRG1, BCL6
and SUZ12 (Fig. 1B). These interactions were con-
firmed by using three partial sequences as preys for
yeast two-hybrid assay system (Fig. 1C). BRG1 is a
common ATPase subunit of various chromatin re-
modelling complexes (20, 26). BCL6 plays essential
roles in T and B lymphocyte differentiation and, there-
fore, B cell lymphoma, it has also been reported to be
involved in transcriptional repression and chromatin
regulation (21, 27, 28). SUZ12 is a subunit of PRC2
(Polycomb repressive complex 2) known to repress
transcription through tri-methylation of histone H3
Lys27 (H3K27me3) (22, 29).

Interactions of three candidate proteins with
hCDK8 and hCDK19
To test the interactions of these three factors identified
earlier with the human CDK subunits, we first tried to
express isolated regions of BRG1 and BCL6. BRG1
(residues 1522�1647) and BCL6 (residues 164�706)

were N-terminally 6H tagged, expressed in bacteria
and purified with Ni NTA-agarose (Qiagen)
(Fig. 2A, lanes 2 and 3, respectively). Then, the GST
pull-down assays of BRG1 and BCL6 were conducted
using bacterially expressed isolated regions of these
proteins (Fig. 2B). Our data clearly demonstrated
that both BRG1 and BCL6 could bind to both
hCDK8 and hCDK19 (Fig. 2B, lanes 3 and 4).

We then studied on SUZ12. Since the identified
region of SUZ12 could not be expressed in bacteria,
four deletion mutant expression clones (D1�D4) with
N-terminal GST tag were constructed (Fig. 3A), ex-
pressed in bacteria and purified with glutathione-
Sepharose (GE Healthcare) (Fig. 3B). Then, the GST
pull-down assays of 6H-hCDK8 and 6H-hCDK19
were conducted with these deletion mutant proteins
(Fig. 3C). It turned out that SUZ12 also bound
to both hCDK8 and hCDK19, especially at its
N-terminal half (residues 1�447) (Fig. 3C, lanes 3
and 4). These results indicate that the interactions
with hCDK19 were properly identified during this
screening.

BRG1, BCL6 and SUZ12 bind to the N-terminal
Ser/Thr kinase domains of both CDKs
To map the regions where BRG1 and BCL6 bind,
GST-tagged deletion mutants of both CDKs were con-
structed as shown in Fig. 4A. Since the N-terminal 335
amino acids of both CDKs are similar (490% identi-
cal), two mutants of each CDK were designed; one set
of mutants (hCDK8K and hCDK19K) consists of
these 335 amino acids, which contain a S/T kinase
(residues 20�335), and the other mutants (hCDK8C
and hCDK19C) consist of the remainder of the

Fig. 1 Identification of the hCDK19-interacting proteins. (A) A scheme of the yeast two-hybrid screening. Once a protein with Gal4-activation
domain at the C-terminus binds to hCDK19, the marker gene, HIS3, is expressed. Histidine is required for yeast cell growth and, therefore, the
activator protein binding to hCDK19 is essential. (B) Schematic representation of the protein motifs and domains of BRG1, BCL6 and SUZ12.
BRG1 contains a glutamine�leucine�glutamine motif (QLQ), a helicase/SANT-associated domain, a BRK domain, an ATP-dependent helicase
domain DEXHc, an RNA helicase domain near the C terminus (HELICc) and an acetylated lysine recognition domain (Bromo). BCL6 contains
a BTB domain (BTB) at the N-terminus and six stretch of zinc finger motifs at the C-terminus. SUZ12 contains a zinc finger and a
VRN2-EMF2-FIS2-SUZ12 box (VEFS-Box). Positive clone-coding regions were indicated by light blue lines. (C) Confirmation yeast two-hybrid
assay. To confirm that three isolated protein fragments possess hCDK19 interacting abilities, yeast two-hybrid assay was carried out.
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C-terminal region. All CDK constructs, including the
full-length wild-type, were bacterially expressed and
purified with glutathione-Sepharose (GE Healthcare)
(Fig. 4B). The interaction domains of BRG1 and

BCL6 were then mapped for both CDKs using a
GST pull-down assay. As shown in Fig. 5A, both
BRG1 and BCL6 specifically bound to the GST-
tagged S/T kinase domain-containing N-terminal

Fig. 3 Binding study of the CDK-interacting fragments of SUZ12. (A) Schematic representation of SUZ12 deletion mutants. Since full length
SUZ12 and its yeast two-hybrid positive sequence (Y2H) were difficult to express in bacteria, four deletion constructs were designed. D1: SUZ12
(1�639), D2: SUZ12 (1�447), D3: SUZ12 (448�639) and D4: (472�739). (B) Purification of GST-tagged SUZ12 deletion mutants. The SUZ12
deletion cDNA regions were subcloned into the bacterial expression vector 6HT-pET11d, and were transformed and expressed in bacteria.
N-terminally GST-tagged each protein was purified through glutathione-Sepharose (GE Healthcare) and was subjected to SDS�PAGE (10%
acrylamide) followed by CBB staining. Lane 1, 10 kDa-ladder protein marker (BioRad); lane 2, GST-D1; lane 3, GST-D2; lane 4, GST-D3 and
lane 5, GST-D4. An asterisk indicates a non-specific band. (C) GST pull-down assay of SUZ12 deletion mutants with either 6H-hCDK8 or
6H-hCDK19. Also, 400 ng of each CDK was incubated with 300 ng of GST-tagged SUZ12 deletion mutants and pulled down with
glutathione-Sepharose (GE Healthcare). Bound CDKs were separated by SDS�PAGE and were detected by anti-hexa histidine antibody
(MBL). Lane 1, 5% input; lane 2, GST alone; lane 3, GST-D1; lane 4, GST-D2; lane 5, GST-D3 and lane 6, GST-D4.

Fig. 2 Binding studies of the CDK-interacting fragments of BRG1 and BCL6. (A) Purification of partial fragments of BRG1 and BCL6.
The partial cDNA regions of two-hybrid positive BRG1 and BCL6 were subcloned into the bacterial expression vector 6HT-pET11d, and
were transformed and expressed in bacteria. N-terminally hexa histidine (6H)-tagged each protein was purified through Ni-NTA agarose
(Qiagen) and was subjected to SDS�PAGE (12.5% acrylamide) followed by Coomassie brilliant blue (CBB) staining. Lane 1, 10 kDa-ladder
protein marker (BioRad); lane 2, 6H-BRG1 (1522�1647) fraction; lane 3, 6H-BCL6 (164�706) fraction. Arrows indicate the positions of purified
6H-BRG1 and 6H-BCL6. Asterisks indicate non-specific bands. (B) GST pull-down assay of Mediator CDKs with BRG1 and BCL6 fragments.
Also, 400 ng of each fragment was incubated with 300 ng of GST-tagged hCDK8 or hCDK19 and was pulled down with glutathione-Sepharose
(GE Healthcare). Bound BRG1 and BCL6 were separated by SDS�PAGE (12.5 and 7.5% acrylamide, respectively) and were detected by
anti-penta histidine antibody (Qiagen). Lane 1, 5% input; lane 2, GST alone; lane 3, GST-hCDK8 and lane 4, GST-hCDK19.
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regions (hCDK8K and hCDK19K) (Fig. 5A, lanes 4
and 7). In Fig. 5B, the binding specificities of SUZ12
D1 (residues 1�639) to the two CDK deletion mutants
were studied. Similarly to other two proteins, SUZ12
D1 also bound to the N-terminal kinase regions of
both two CDKs (Fig. 5B, lanes 2 and 5). These results
clearly explain why the yeast two-hybrid positive pro-
teins, BRG1, BCL6 and SUZ12, bound equally well to
both CDKs.

BRG1, BCL6 and SUZ12 bind to CDK-containing
intact Mediator complexes
Because the binding of BRG1, BCL6 and SUZ12
to two different recombinant CDKs was observed,

the interactions of these three proteins with the intact
Mediator complexes were also studied (Fig. 6). A 4 mg
sample of HeLa nuclear extract was mixed with 500 ng
of either GST-tagged hCDK8 or hCDK19 and pulled
down using glutathione-Sepharose (GE Healthcare).
After washing with buffer C containing 200mM
KCl, column-bound proteins were separated by
SDS�PAGE and detected by western blotting.
As shown in Fig. 6, BRG1, BCL6 and SUZ12 bound
to the intact Mediator complexes (Fig. 6 all 4 columns,
lanes 3, 4 and 5). It has become more and more ap-
parent that transcription is tightly regulated in com-
bination with chromatin regulation and is intimately
related to epigenetic regulation. From results presented

Fig. 4 Deletion mutants of two Mediator CDKs. (A) Schematic representation of deletion mutants. Since hCDK8 and hCDK19 have higher
identity in the N-terminal 335 residues that contain the S/T Kinase, two mutants of this N-terminal region (hCDK8K and hCDK19K) and two
mutants of the C-terminal rest (hCDK8C and hCDK19C) were constructed. WT means full-length wild-type. (B) Purification of CDK mutants.
GST-tagged mutants were bacterially expressed, purified through Glutathione-Sepharose, and each purified proteins were subjected to
SDS�PAGE (10% acrylamide) and detected by CBB staining. Arrows indicate the positions of purified GST-tagged hCDK8 and hCDK19
proteins. Asterisks indicate nonspecific bands.

Fig. 5 Binding study of CDK mutants with three interacting proteins. (A) Binding study of CDK mutants with BRG1 and BCL6. GST pull-down
assay was performed for CDK mutants and bound 6H-BRG1 or 6H-BCL6 fragment was detected by western blotting after SDS�PAGE. Also,
400 ng of each fragment was incubated with 300 ng of GST-tagged CDK mutants. After blotting, each bound fragment was detected by anti-hexa
histidine antibody (MBL). Lane 1, 5% input; lane 2, GST alone; lane 3, GST-hCDK8 wild type (WT); lane 4, GST-hCDK8 K; lane 5,
GST-hCDK8 C; lane 6, GST-hCDK19 wild-type (WT); lane 7, GST-hCDK19 K and lane 8, GST-hCDK19 C. (B) Binding study of CDK
mutants with SUZ12. GST pull-down assay was performed for CDK mutants, and bound 6H-CDK proteins were detected by western blotting
after SDS�PAGE. Also, 400 ng of each 6H-CDK mutant was incubated with 300 ng of GST-tagged SUZ12 D1. After blotting, each bound
mutant was detected by anti-hexa histidine antibody (MBL). Lane 1, 6H-hCDK8 WT; lane 2, 6H-hCDK8 K; lane 3, 6H-hCDK8 C; lane 4,
6H-hCDK19 WT; lane 5, 6H-hCDK19 K and lane 6, 6H-hCDK19 C.
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herein concerning interactions between Mediator and
both SWI/SNF and histone deacetylase (HDAC)
co-repressor complexes, direct relationships between
the aforementioned types of regulations were suggested
(Fig. 7). These results further elucidate the mechanisms
of both transcriptional activation and repression via
the Mediator complexes.

Discussion

The manner in which transcriptional regulation
switches between activation, and repression has re-
mained unknown for some time (3, 29). Previously,
we used short inhibitory RNA treatment to study
hCDK8 and hCDK19 (formerly hCDK11 or
CDC2L6) and demonstrated that these two CDKs
are mutually exclusive, individually form the
Mediator complexes, and distinctly regulate transcrip-
tion (4, 10, 15). Using the luciferase reporter assay
under a Gal4-VP16-dependent transcription activation
condition in combination with siRNA treatment,
hCDK8 was observed to have a positive effect on tran-
scriptional activation, whereas hCDK19 was observed
to have a negative effect (10). These results suggest that
CDKs are the molecular switches for transcriptional
regulation and, subsequently, many studies have con-
firmed our results, especially those for hCDK8 (5, 16,
17, 30, 31). Although the hCDK8-containing Mediator
has been widely recognized as a negative effector in
transcriptional activation; the roles and its functional
mechanisms of the newly identified Mediator kin-
ase subunit, hCDK19, are yet to be elucidated.
Therefore, in this study, we have attempted to identify
hCDK19-specific interaction proteins by using a yeast
two-hybrid system.

Mediators recruit co-factors via the kinase domain
of two CDK subunits
In the end of our two-hybrid assay, three transcrip-
tional co-factor proteins, BRG1, BCL6 and SUZ12,

were identified to bind directly to both CDKs
(Figs 2B and 3C). When the amino acid sequences of
both CDKs were compared, their N-terminal regions
of 335 amino acids containing the S/T Kinase are
490% identical, but the C-terminal regions are
diverged with 49% identity (Fig. 4A). Further bio-
chemical analysis using CDK deletion mutants lacking
their N-terminal regions (hCDK8C and hCDK19C)
and C-terminal regions (hCDK8K and hCDK19K)
clearly demonstrated that they both bound to the
N-terminal regions (Fig. 5). Judging from the sequence
identity, it can be judged that the biochemical binding
results are reasonable. It would be less possible for
them to bind to the diverged C-terminal sequences.
Finally, those co-factor binding to the intact
Mediator complexes were studied (Fig. 6). Further pre-
cise studies for their interactions with CDKs are inev-
itable for elucidation of the switching mechanisms of
transcriptional regulations. However, from these data,
it was suggested that the S/T kinase and its surround-
ing region of Mediator CDK subunits, hCDK8 and
hCDK19, might be important as platforms for com-
munication of transcriptional regulation with chroma-
tin regulations and their intimately related epigenetic
events.

Functional meaning of transcriptional co-factor/
chromatin regulator binding to Mediators
BRG1, BCL6 and SUZ12 are transcriptional co-
factors and, at the same time, chromatin regulators
as well. The name of BRG1 comes from Brahma-
related gene 1, and therefore this homologue Brm
(Brahma) and BRG1 are two of the ATP-dependent
catalytic subunits for chromatin remodelling. They are
now widely known to be mutually exclusive to form
three different SWI/SNF-type ATP-dependent chro-
matin re-modelling complexes; BRG1/BAF, Brm/
BAF and PBAF complexes and target distinct genes
(20, 32). Among them, BRG1 is a component of
BRG1/BAF and PBAF complexes. These two com-
plexes share most of the subunits but differ in the as-
sociation of BAF180, BAF200 and BAF250. In
addition, BRG1 is also known to form subset com-
plexes with HDACs (33). Although their precise roles
are yet to be elucidated, they definitely play important
roles in transcriptional regulation both positively and
negatively in conjunction with chromatin regulation.

In contrast, BCL6 is highly expressed in the ger-
minal centre B cells undergoing affinity maturation
of immunoglobulin (34, 35). BCL6 is a sequence-
specific transcriptional repressor with six zinc finger
motifs at the C-terminus and a BTB domain at the
N-terminus (Fig. 2B) (21, 36). The transcriptional
co-repressors NCoR, SMRT and BCOR were reported
to bind competitively to the BTB domain of BCL6 (36,
37). In the context of these binding, BCL6 also recruits
HDACs. In this case, Mediators will work negatively
in transcription together with histone deacetylation. It
is also intriguing that the binding amounts of BCL6
and Brg1 to hCDK8 and hCDK19 were almost equal,
but those to MED17 and MED6 were not (Fig. 6). It is
possible that different subtypes of Mediators (some

Fig. 6 Binding study of three protein fragments with intact Mediator

complexes. GST pull-down assay was performed for GST-tagged
CDK-binding fragments of BRG1 (GST-BRG1 Y2H), BCL6
(GST-BCL6 Y2H) and SUZ12 (GST-SUZ12 D1) with Mediator
complexes. Also, 30mg of HeLa nuclear extracts were incubated
each GST-tagged protein. After incubation at 4�C for 4 h, bound
proteins were detected by western blotting after SDS�PAGE.
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Mediators may lack head and/or middle submodules)
play different roles by binding to BCL6 and BRG1.

The other CDK-interacting protein SUZ12 is known
to be a component of the PRC2 (22, 38). PRC2 is
thought to inhibit transcription by tri-methylation
of histone H3 at lysine 27 through either EZH1 or
EZH2 subunit. Therefore, it is easily speculated that
CDKs, when bind to SUZ12, play negative roles in
transcription.

As mentioned earlier in the text, the trials to identify
the Mediator CDK target genes by using siRNA
knockdown, and DNA microarray studies unveiled
that the regulatory mechanisms of transcription by
Mediators are not such simple but possibly are context
dependent (15). It is most likely that Mediators regu-
late transcription by interacting with co-activators or
co-repressors in tight association with chromatin regu-
latory factors (chromatin remodellers and histone
modifiers) dependent on their context. Our present
results suggested the direct relationships between tran-
scription and chromatin regulation and may become
clues to elucidate the molecular mechanisms of tran-
scriptional regulation (Fig. 7). Here, we suggest a new
concept on the transcriptional regulation by the
Mediator via kinase subunit, which offer as ‘transition
model’. We previously showed that hCDK8 and
hCDK19 function oppositely, hCDK8 is involved in
activation of transcription and hCDK19 is involved
in repression of that (4). At the repressive state,
co-repressor PRC2 associates with one of the

Mediator CDK subunit (possibly CDK19) via
SUZ12, trimethylates histone H3K27 and finally
causes to repress transcription (upper panel). Also, at
the active state, SWI/SNF complex associates with the
other Mediator CDK (possibly CDK8) via BRG1,
helps to remodel chromatin in collaboration with tran-
scription machinery and cause to stimulate transcrip-
tion (lower panel). These two states may be reversibly
changed on various signals. We are currently studying
their biological activities of isolated Mediator fractions
in chromatin remodelling and histone modification
and are trying to identify their bound locus on the
human whole genome by isolating DNA fragments
using chromatin immunoprecipitation (ChIP) followed
by nucleotide sequencing (ChIP-seq).
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