
The unique transcription programmes of protein-
coding genes are dependent on regulatory sequences 
that are bound by a wide range of gene- and tissue-
specific transcriptional factors, which respond to 
developmental and environmental signals. However, 
the programme is interpreted largely through the 
precisely orchestrated recruitment of co-activators 
by these specific transcription factors1. To take effect, 
the regulatory signals must be properly relayed to the 
general RNA polymerase II (Pol II) machinery that is 
responsible for transcribing protein-coding genes. This 
machinery is involved in the formation and function 
of a pre-initiation complex (PIC), which — in addition 
to Pol II — consists of the general transcription fac-
tors (GTFs) TFIIA, TFIIB, TFIID, TFIIE, TFIIF and 
TFIIH. Consistent with a broad two-step mechanism 
for transcription (FIG. 1), studies over the past two 
decades have identified numerous co-activators that 
facilitate the initial penetration of the chromatin bar-
rier to allow the transcriptional machinery access to 
the regulatory sequences or directly target PIC compo-
nents. Of the limited number of co-activators that are 
known to directly target Pol II, the 30-subunit Mediator 
complex has emerged as potentially the most crucial by 
virtue of its widespread and multifaceted role across the 
transcriptome (Box 1).

Following its biochemical isolation from yeast and 
metazoan cells2,3, characterization of the Mediator has 

mostly focused on understanding how it relays signals 
from site-specific factors to the PIC. Specific interactions 
occur both between individual Mediator subunits and  
transcriptional activators and between the Mediator 
and Pol II. These findings led to the general model that 
regulatory signals are processed through the ability of 
the Mediator to interface between the two machineries 
and thereby promote the stable formation of the PIC. 
However, consistent with the structural complexity 
of the Mediator, it is becoming increasingly apparent 
that its role in transcription is not simply restricted 
to such a passive function. Thus, the simple adaptor 
function of the Mediator in transcription needs to be 
reappraised in favour of a model in which Mediator can 
sense and assimilate a multitude of signals and then 
deliver a properly calibrated output to the transcription 
machinery. In this updated view, Mediator is more of 
an integrative hub than a device for just maximizing 
transcription levels.

Focusing primarily on the metazoan complex, and 
also drawing on studies in yeast as warranted, this 
Review discusses the many activities that have recently 
been ascribed to the Mediator. We first highlight the 
means by which these Mediator activities, which reside 
in distinct modules, are brought into play as a result 
of interactions with diverse factors. We then discuss 
well-studied examples of Mediator interactions, outlin-
ing some of the emerging general principles that might 
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Abstract | The Mediator is an evolutionarily conserved, multiprotein complex that is a 
key regulator of protein-coding genes. In metazoan cells, multiple pathways that are 
responsible for homeostasis, cell growth and differentiation converge on the Mediator 
through transcriptional activators and repressors that target one or more of the almost 
30 subunits of this complex. Besides interacting directly with RNA polymerase II, 
Mediator has multiple functions and can interact with and coordinate the action of 
numerous other co-activators and co-repressors, including those acting at the level  
of chromatin. These interactions ultimately allow the Mediator to deliver outputs  
that range from maximal activation of genes to modulation of basal transcription to 
long-term epigenetic silencing.
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Figure 1 | involvement of Mediator in multiple steps 
of transcription. Current models of transcriptional 
activation involve multiple steps. a | An idealized 
pathway is shown that begins with chromatin, in which 
nucleosomes exist in a characteristic beads-on-a-string 
array. This contrasts to transcriptionally inert 
chromatin, a highly compacted structure in which 
DNA is tightly packaged not just through wrapping 
around nucleosomes but through additional 
higher-order structures that entail linker histones and 
other proteins such as heterochromatin protein 1  
(not shown). b | The activation pathway is initiated by 
one or more transcriptional activators that bind to 
their cognate sites in the regulatory region of the  
gene. These factors recruit a series of chromatin 
co-activators that can covalently modify nucleosomes 
at specific histone residues (not identified) and 
mobilize nucleosomes through ATP-requiring 
reactions. c | The resulting intermediate contains 
chromatin that is characterized by distinct covalent 
modifications, such as acetylation (Ac) and methylation 
(Me), and by a relative dearth of nucleosomes.  
The activators then recruit Mediator. In some cases, the  
intact Mediator that consists of the core and  
the kinase module might be recruited at this stage.  
d | Pre-initiation complex (PIC) assembly, entailing  
the various general transcription factors (TFIIA, TFIIB, 
TFIID, TFIIE, TFIIF and TFIIH) and RNA polymerase II 
(Pol II), and transcription initiation then ensue with 
concomitant restructuring of the Mediator that results 
from loss of the kinase module. e | After Pol II clears 
the promoter, there are two possible outcomes. As 
shown on the right, the process can proceed directly 
to the elongation phase at which it is associated with 
elongation factors that include DSIF and P-TEFb, 
whose entry into the transcription elongation complex 
(TEC) may coincide with capping (7-methyl-guanosine; 
7MeG) of the nascent RNA. The RPB1 carboxy-terminal 
domain (CTD) also undergoes substantial 
phosphorylation at Ser2 and Ser5 (Pol IIO) through the 
sequential actions of TFIIH and P-TEFb. Importantly,  
a scaffold containing a vestigial subset of general 
transcription factors and Mediator remains at the 
promoter to potentially facilitate subsequent rounds  
of transcription. Alternatively, as shown on the left, at 
many loci, Pol II may be subject to promoter-proximal 
pausing (at approximately nucleotide +50). This Pol II 
would be associated with DSIF but phosphorylated 
only at Ser 5 (Pol IIA). Under appropriate conditions, 
the paused Pol II complex can also mature into an 
elongation complex. Although depicted linearly, the 
intermediates are not likely to be as clear-cut as shown. 
Indeed, as discussed in the text, Mediator couples 
many of the steps. Moreover, some aspects of the 
reaction are reversible, again this occurs under  
the control of Mediator.

Structure of Mediator
The initial discovery and description of the Mediator as 
a crucial eukaryotic co-activator represented a remark-
able convergence of diverse lines of investigation in the 
transcription field. Thus, numerous studies in yeast 
and metazoan systems that aimed to identify the co-
factors which enable the functions of diverse transcrip-
tional activators identified Mediator as a Pol II- and  

underpin Mediator action. Besides facilitating activator  
function, Mediator can also stimulate activator- 
independent basal transcription, act at steps subsequent 
to PIC assembly and repress transcription in specific 
contexts that include effects at the chromatin level. 
We argue that these characteristics enable Mediator to 
function as a signal-processing centre for numerous 
genetic programmes.

R E V I E W S

762 | NOvEMBER 2010 | vOluME 11  www.nature.com/reviews/genetics

© 20  Macmillan Publishers Limited. All rights reserved10



 Box 1 | Generality of Mediator action

A long-standing issue concerns whether Mediator is required for expression of all genes in a  genome. The earliest 
data from genome-wide analyses in yeast indicated that inactivation of the core MED17 subunit affects transcription 
of the majority of genes in yeast cells; indeed, the phenotype of these mutants was found to be essentially 
indistinguishable from that of cells bearing mutations in the RNA polymerase II (Pol II) RPB1 subunit114. This led to the 
working hypothesis that Mediator is required for the transcriptional regulation of all genes. However, subsequent 
studies yielded conflicting results115–118. On balance, the evidence favours the idea that Mediator is recruited to the 
promoters of essentially all genes in yeast; however, the relative steady-state distribution of Mediator versus Pol II 
might not be the same for all genes. The variable Mediator/Pol II ratio on genes might also reflect a further role for 
Mediator that does not necessarily entail close coupling between Mediator and Pol II activity. For example, a relatively 
low Mediator/Pol II ratio at a gene might indicate a Mediator requirement in the first and not subsequent rounds of 
transcription. Thus, as Mediator acts at all (or nearly all) genes in yeast and by extrapolation (with some qualifications) 
also in metazoan cells, it might even be viewed as a general transcription factor (GTF). Such a concept of Mediator as a 
GTF is directly supported by in vitro studies, in yeast and mammalian systems, which revealed a Mediator requirement 
for basal (activator-independent) transcription29,119–121. Indeed, as discussed in the main text, a major part of Mediator 
function is through its direct effects on the general transcription machinery. Even so, recent studies in metazoan 
systems point to the possibility of Mediator-independent activation mechanisms and, hence, an apparently 
conditional requirement for Mediator. These include the identification of Gdown1, which was initially isolated as a 
polypeptide that strongly associates with the 12-subunit Pol II122 and also of the transcription elongation factor DSIF94 
as factors contributing to an increased degree of dependence on Mediator for activated transcription. Although the 
precise mechanisms by which these factors elicit Mediator requirements are presently unclear, the results could 
reflect checkpoint-type mechanisms that restrict gene transcription to situations in which the relevant activators 
responding to their particular signals deliver Mediator to the promoters of the target genes.

It also is emerging that some components of the general transcription machinery might not be invariant, at least in 
higher metazoans. For example, in a cultured cell model for skeletal muscle differentiation in which myotubes can be 
distinguished from myoblasts, but evidently not in bulk skeletal tissue from mice123, TFIID is seemingly lost in the 
myotubes and replaced by an alternative and much pared down version of TFIID that contains the TBP-related factor, 
TRF3 as the TATA-recognizing component and just one additional TAF

II
, TAF3 (REF. 124). Concomitantly, expression of 

some Mediator subunits in myotubes is much reduced relative to levels in precursor cells. The possibility has been 
raised that in at least some highly specialized cases, such as in terminally differentiated, non-dividing cells, the 
transcription of some genes in these cells might be Mediator-independent. Thus, overall, although there is evidence 
for widespread requirement for Mediator — indeed even as a quasi-GTF — there may be occasions when the 
transcription machinery operates independently of the Mediator. Nonetheless, this might not necessarily imply  
that genes subject to such control are entirely Mediator-independent throughout their transcriptional history.

Chromatin
The nucleoprotein structure 
that packages DNA in the 
nucleus of eukaryotic cells.  
The basic unit of chromatin  
is the nucleosome, a protein 
core made up of two molecules 
each of histones H2A, H2B, H3 
and H4, around which 146 bp 
of DNA is wrapped. Different 
chromatin states are defined 
by a range of post-translational 
modifications of core histones 
and by the incorporation of 
various histone isoforms.

Basal transcription
Low levels of transcription 
that can occur in the absence 
of an activator, especially in 
in vitro systems.

activator-interacting multiprotein complex4–6. It has 
since become apparent through bioinformatics analyses 
that most of the subunits that comprise Mediator com-
plexes contain discrete domains that have been con-
served throughout eukaryotic evolution7,8. Illustrating 
the idea that genes found to encode putative Mediator 
subunits in diverse eukaryotic organisms give rise to 
corresponding functional complexes, a homology-
based approach led to the isolation of a bona fide 
Mediator complex from Arabidopsis thaliana, a plant 
species9. Consistent with a major role in transcriptional 
regulation, the newly isolated plant complex was also 
found to contain factors that had previously been impli-
cated in the expression of several key developmental 
programmes by genetic studies.

Primarily through studies of the yeast Mediator, com-
bined genetic, biochemical and structural approaches 
have indicated that individual subunits reside in one of 
four distinct modules designated ‘head’, ‘middle’, ‘tail and 
‘kinase’ (REFS 7,10–12)(FIG. 2). Thus, despite its structural 
complexity, Mediator possesses an underlying modular 
architecture that reflects a division of labour at the func-
tional level. Whereas the head, middle and tail mod-
ules form a relatively stable ‘core’ structure, the kinase 
module — which consists of cyclin-dependent kinase 8 
(CDK8), cyclin C and the MED12 and MED13 subu-
nits — associates reversibly with the Mediator complex. 

Indeed, the two main variants of the human Mediator, 
exemplified by the PC2 form (which was isolated solely 
on the basis of its ability to mediate activator-dependent  
transcription in vitro) and by the larger thyroid receptor- 
associated protein (TRAP) form (which was isolated 
following its ligand-dependent association with the 
thyroid hormone receptor13), differed mainly with 
respect to the absence of the kinase module in the PC2 
complex14,15. It has been suggested that the biochemical 
isolation of these variant forms might reflect a natural 
interconversion process that takes place at target genes 
as part of the transition from an inactive (or repressive) 
form of the Mediator to a more active form3,15. Broadly, 
and consistent with the core (PC2) complex being the 
active form of the Mediator, the head and middle mod-
ules are believed to be involved in interactions with the 
core Pol II machinery, whereas the tail subunits interact 
with various activators. The kinase module may bind, 
in part, the same general surface of the core Mediator 
complex as does Pol II, and this module might therefore 
occlude Pol II from the complex to exert a repressive 
function16,17.

In addition to variability that arises directly from an 
intrinsic modularity of the complex, other sources of 
heterogeneity have been identified, especially in mam-
malian systems. These include preferential incorpora-
tion into the core complex of one of two paralogues of 
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Figure 2 | Modular structure of Mediator and interactions with diverse factors.  
A composite depiction of the subunit structure of the human Mediator complex  
is shown. Note that although the relative placement of the subunits in the 
subcomplexes is based on published binary interaction and partial structural 
data10,52,125,126, it is primarily for illustration; the precise locations have yet to be 
mapped. The MED1 and MED26 subunits, which are not present in all isolates, are 
likely to be located at the junction of the middle and tail modules. MED28 and 
MED30 have been provisionally placed in the middle module. Transcription factors 
selected for discussion in the main text and their target subunits in Mediator are also 
indicated. The unified nomenclature proposed by Bourbon et al.127 has been used 
here. However, very recent bioinformatic analyses strongly suggest that MED27  
and MED29, which were earlier considered to be metazoan-specific, are related to 
yeast MED3 and MED2, respectively. Here they are referred to as MED3 (also known 
as MED27) and MED2 (also known as MED29)7. Similarly, MED5 and MED24 may be 
related and referred to as MED5 (also known as MED24). ER, oestrogen receptor;  
GR, glucocorticoid receptor; HNF4, hepatocyte nuclear factor; NHR49, nuclear 
hormone receptor 49; PPARγ, peroxisome proliferator-activated receptor-γ;  
SREBP1, sterol regulatory element-binding protein 1; TGFβ, transforming growth 
factor-β; VDR, vitamin D3 receptor.

the individual subunits (for example, MED13 versus 
MED13l or CDK8 versus CDK11)8,18. Additional vari-
ation arises from substoichiometric or tissue-specific 
expression of a given subunit (for example, MED1)  
relative to other Mediator subunits19,20.

Despite evidence of strong evolutionary pressure on 
the complex — which has led not only to preservation 
across eukaryotes of genes encoding many of the subunits 
(as mentioned above) but also of the gross architecture of 
the complex11 — individual subunits of the mammalian 
complex have diverged considerably from their yeast 
orthologues. In fact, there is only patchy homology in 
the subunits7. A potentially important observation is that 

these regions of homology are interspersed in intrinsically  
disordered regions that can acquire structural features on 
interactions with other proteins. This is consistent with 
developing ideas on the malleability of the transcrip-
tion machinery21. As the metazoan Mediator subunits 
display a much higher prevalence of such homologous 
regions, this argues in favour of the greater range of 
potential interactions for these Mediator subunits, in 
accord with the higher degree of complexity associated 
with metazoans. In addition, there are a few bona fide 
Mediator subunits that seem to be exclusive either to 
yeast or to metazoans. Most notably, MED26, which 
is greatly enriched in the PC2 and CRSP forms of the 
mammalian Mediator3,22, as well as MED23 and MED25, 
which are targeted by some transcription factors,  
are not found in yeast (FIG. 2).

An end point of diverse signalling pathways
The functional versatility of the metazoan Mediator has 
become increasingly evident through its implication in a 
wide range of physiological processes and through dem-
onstrations of physical interactions between numerous 
site-specific DNA-binding activators and discrete tar-
gets in the Mediator23. The relatively well-characterized 
examples below have been selected to illustrate some 
major molecular strategies that the Mediator seems to 
use to absorb the physiological signals borne by these 
regulators.

Targeting of MED1 by ligand-inducible nuclear recep-
tors. The initial isolation of the metazoan Mediator com-
plex as a TRAP complex established the paradigm that 
Mediator function entails interfacing between a given 
activator and the transcriptional machinery13. Nuclear 
receptors have since continued to provide important 
mechanistic insights into Mediator function. These tran-
scription factors constitute a special class of activators  
whose individual members are important regulators of 
diverse aspects of animal physiology. They are typically 
regulated by small-molecule ligands that, on associa-
tion with the cognate receptor, induce discrete con-
formational changes that in turn unleash a cascade of 
events, culminating in the activation of the target gene 
promoter24,25. In general, the activation function 2 (AF2) 
domain of receptors is predominantly responsible for 
interactions with diverse co-activators that contain 
NR boxes, which are characterized by the signature 
amino-acid sequence motif lXXll. Beginning with the 
identification of the Mediator MED1 subunit (which 
contains two such NR boxes) as a target of the ligand-
bound thyroid hormone receptor, many diverse recep-
tors that include (but are not limited to) the vitamin D 
receptor26, peroxisome proliferator-activated receptor-γ 
(PPARγ)27,28, hepatocyte nuclear factor 4α (HNF4α)29, 
the glucocorticoid receptor30 and the oestrogen recep-
tor31 have been shown to directly interact with this 
subunit. Furthermore, the AF2–NR box interaction 
was found to be necessary and sufficient for anchor-
ing the entire Mediator complex to the receptor32. The 
physiological implications of the high degree of specifi-
city underlying this interaction became clear through 
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genetic ablation of Med1 in mice33. Fibroblasts isolated 
from Med1–/– embryos (which survive until 11.5 days 
postcoitum and display many normal activation path-
ways) showed a selective loss of some nuclear receptor-
mediated pathways, consistent with the demonstration 
that, except for the MED1 subunit, the residual com-
plex is mostly intact. The affected pathways included 
PPARγ-dependent differentiation of fibroblasts to 
adipocytes27.

Alternative or redundant mechanisms might also 
exist for receptor-dependent Mediator recruitment in a 
cellular context28. These could involve (weaker) interac-
tions of other Mediator subunits such as MED14, which 
has been found to interact with nuclear receptors29,30,34. 
Alternatively, concurrent or conditional interactions of 
Mediator with other receptor-bound co-factors might 
contribute to its recruitment. MED1 can also serve as a 
target for non-receptor type factors such as GATA1 (also 
known as ERYF1)35.

Channelling of MAPK signalling through MED23. 
MED23, which was originally identified as a target of 
the viral oncoprotein E1A36, is an example of a Mediator 
subunit that responds to a highly specialized signalling 
pathway. It is required for Mediator recruitment to a 
small subset of genes that are mostly under the con-
trol of the MAPK-regulated factor ElK1 (REF. 37). In 
mouse embryonic stem (ES) cells and fibroblasts, these 
ElK1-regulated genes include early growth response 2 
(Egr2, also known as Krox20), which encodes one of the 
first transcription factors to be induced in an insulin- 
triggered adipogenesis cascade38. Consequently, like 
Med1–/– fibroblasts, Med23–/– fibroblasts also fail to 
undergo adipogenesis in culture after the appropriate 
treatment. Thus, the MED23 subunit is also one of the 
end points of the insulin-signalling pathway, which 
induces RAS–MAPK-dependent activation of ElK1.

MED15 as a regulatory node in lipid metabolism. 
MED15 provides an interesting paradigm for  Mediator 
subunits that may have evolved to process transcrip-
tional signals for regulating distinct cellular processes. 
MED15 was originally identified as the Mediator subu-
nit that is targeted by mammalian sterol regulatory ele-
ment-binding protein 1α (SREBP1α)39, which is a sensor 
of cellular cholesterol and plays a part in lipid homeos-
tasis by activating crucial genes that regulate the proc-
ess. More recent evidence suggests that MED15 may be 
thought of as a master regulator of lipid homeostasis. 
like the chromatin-modifying co-activators p300 and 
CBP, MED15 contains a KIX domain fold that mediates 
its interaction with SREBP1α. This domain is conserved 
in the Caenorhabditis elegans orthologue (MDT-15) of 
MED15 and is similarly used by the worm counterpart 
of SREBP1 to target the Mediator39. Further suggesting 
that MED15 is a node for diverse pathways relevant to 
lipid metabolism in C. elegans, the orphan nuclear hor-
mone receptor 49 (NHR49) — an activator that is unre-
lated to SREBP1 but nonetheless regulates other genes 
involved in lipid metabolism — was also found to inter-
act with MED15 (REF. 40). Remarkably, even the yeast 

orthologue of MED15, which was identified genetically 
in screens for selective sugar use and originally called 
GAl11, serves as the target for a zinc finger-containing  
activator that senses fatty acid levels in this simple 
organism41. At the same time, it should be noted that 
MED15 has also been implicated as the target subunit 
for certain developmental pathways that involve signal-
ling by transforming growth factor-β (TGFβ), activin 
and nodal42. Together, these observations point to the 
potential of the Mediator for integration of these cellular 
processes just as the demonstration of direct roles for 
MED1, MED15 and MED23 subunits in some aspect 
of lipid metabolism control is also consistent with the 
potential function of Mediator as a processing centre.

The tail module as a major locus for signal transduc-
tion. Although the precise location in the Mediator of 
many of the metazoan-specific subunits has yet to be 
determined, MED16, MED23 and MED24 form a tight-
knit submodule in the Mediator complex43,44. Based 
on further yeast studies7,10, MED15 and the MED16–
MED23–MED24 triad might constitute part of the tail 
in metazoans (FIG. 2). Even the nuclear receptor target 
MED1, which at first seems to be an exception by virtue 
of its location in the middle region of Mediator, might 
be localized relatively close to the junction with the tail 
subunits10. Thus, many of the above-described path-
ways terminate in the Mediator tail. This concentra-
tion of activator targets to a relatively restricted locus 
on the metazoan Mediator (FIG. 2) is highly reminiscent  
of the yeast Mediator, whose tail subunits were initially 
implicated through genetic analyses as co-factors for 
gene activation pathways involved in cellular processes 
as diverse as mating type switching and selective sugar 
use45. The evolutionary selection for a general architec-
ture of a signal processor, in which even the location of 
the primary ‘receiving end’ has been maintained, sug-
gests that the underlying mechanisms whereby appro-
priate transduction of the signals from the activator 
to the ‘business end’ takes place have also likely been 
conserved.

Nonetheless, it should also be noted that other activa-
tors seem to directly target subunits in the head, middle 
and kinase modules. For the head and middle module 
interactions, examples include the tumour suppressor 
p53 (REF. 46), the viral activator vP16 (REF. 46) and the 
Drosophila melanogaster heat shock factor (HSF)47, each 
of which interacts with MED17 in the head module 
and at least one additional target. Thus, p53 potentially 
also interacts with MED1 (REF. 48), vP16 with MED25 
(REFS 49,50) and HSF with MED23 (REF. 51). Indeed, the 
targeting by vP16 of MED25 — which is one of a few 
metazoan subunits with no clear orthologues in the 
yeast complex — illustrates an alternative model for 
Mediator interaction, in which association of an oth-
erwise labile Mediator subunit with the bulk complex 
might potentially take place only in the presence of the 
interacting activator. Further, interactions of vP16 with 
both MED25 and MED17 seem to increase the fractional 
content of MED25 in the bulk Mediator complex, which 
constitutively occupies the target gene promoter that 
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Initiation
The step in the transcription 
cycle in which Pol II in the  
PIC synthesizes the first 
phophodiester bond. It  
takes place subsequent to 
promoter melting or open 
complex formation.

was investigated49. Most simply, this could reflect direct 
activator-facilitated recruitment of only the MED25 
polypeptide to the PIC. However, an alternative possi-
bility is that the activator facilitates a complete replace-
ment of a MED25-free Mediator complex with one that 
contains this polypeptide. In fact, nuclear receptor-
interacting MED1 is also present at substoichiometric 
levels in the bulk complex and its content is relatively 
enriched at Mediator complexes in PICs that are formed 
following receptor activation and binding to the tar-
get genes19. Perhaps this might occur partly as a result  
of concomitant MAPK-dependent phosphorylation of 
MED1 (REF. 52).

Involvement of the kinase module in developmental 
pathways. Many developmental pathways, especially 
in C. elegans, D. melanogaster and zebrafish models, 
have been shown to be under the control of the several 
subunits (CDK8, cyclin C, MED12 and MED13) that 
make up the kinase module. Intriguingly, a screen for  
C. elegans genes that might be involved in diverse signal-
ling pathways revealed that the gene encoding MED12 is 
one of six genes (all encoding subunits of factors impli-
cated in transcription control) that are pivotal for mul-
tiple pathways and were thus postulated to constitute 
major regulatory hubs53. Consistent with this hypoth-
esis, screens for eye development in D. melanogaster  
had earlier revealed MED12 and MED13 as crucial end 
points of the Wnt signalling pathway in which interac-
tions are finally established with the promoter-bound 
transcription factors β-catenin and pygopus54. Direct 
interactions of Mediator with mammalian β-catenin, 
leading to activation of target genes, have also been 
demonstrated55. Further, MED12 is required for neu-
ronal development in zebrafish56 and, relevant to the 
regulation of neuronal gene expression in mammals, 
was also shown to be targeted by the negatively act-
ing transcription factor REST57. Overall, and from the 
standpoint of the Mediator as a signal-sorting centre, 
it is interesting that so many signalling pathways that 
are crucial for development and functioning of neural 
systems have targets in the kinase module. It should 
also be noted that in the kinase module, MED12  
and MED13 have distinct overall effects from  CDK8 and  
cyclin C on D. melanogaster eye, leg and wing devel-
opment58, suggesting further functional bifurcation in 
the kinase module. Just as other subunits that respond 
predominantly to signals from related pathways can also 
respond to heterologous signals, pathways unrelated to 
development might potentially also be controlled by the 
Mediator kinase module59,60.

Effector functions of Mediator
The near ubiquity of Mediator involvement across the 
transcriptome and its targeting by a wide range of tran-
scription factors with highly specific outcomes raise the 
issue of how Mediator tailors input information into 
the right output for a given gene. As described below, 
Mediator possesses multiple functions that transcrip-
tion factors can selectively exploit to bring about the 
desired effects.

Mediator interactions with Pol II and the general tran-
scription machinery. At the simplest level, diversity in 
outputs may be achieved through the induction of acti-
vator-specific conformational states of the Mediator that, 
in turn, might have different effects on Pol II function61. 
Electron microscopy analyses of the yeast complex have 
shown that Mediator makes extensive contacts with  
Pol II11. Among the many prominent patches of these 
interactions are contacts with the RPB3 and RPB11 sub-
units, which — intriguingly — are the eukaryotic ortho-
logues of the bacterial RNA polymerase α-subunit, the 
main target of transcriptional activators62. Furthermore, 
overall similarities are evident between the thyroid 
hormone receptor-bound human Mediator and Pol II- 
bound yeast Mediator11,63. As each of these complexes 
presumably reflects an activated form of the Mediator, 
the structures indicate an evolutionarily conserved abil-
ity of the complex to acquire discrete conformational  
states in response to specific signals.

The ability of Mediator to recruit Pol II is likely 
mechanistically linked to an ability to directly regulate 
assembly and function of the PIC as a whole (Box 1). 
Potentially revealing in this regard is the demonstra-
tion that excess amounts of TFIIB, a GTF that is closely 
associated with the Pol II active site where it is well 
positioned to directly affect the initiation process, can 
partially bypass a  requirement for Mediator in in vitro 
systems64. Further, TFIIH, the GTF that plays an impor-
tant part in promoter melting and promoter clearance, 
is also regulated by Mediator at the level of its recruit-
ment to the PIC65,66 and through modulation of its 
kinase activity67,68. Note also that the kinase module 
has been associated primarily with negative (repressive) 
functions of the Mediator. various mechanisms rang-
ing from physical occlusion of Pol II binding to core 
Mediator16,17 to CDK8-mediated phosphorylation of the 
Pol II RPB1 carboxy-terminal domain (CTD)69 and of 
the cyclin H subunit of TFIIH68 have been proposed pre-
viously to account for this activity. However, consistent 
with substantial evidence from unrelated systems60,70,71, 
it is also likely that the CDK8 module might even have a 
positive role through as yet unknown mechanisms.

Although recruitment of Pol II to the PIC is undoubt-
edly a key Mediator function, theoretical considerations 
alone dictate that, to achieve the level of customiza-
tion that exists for the expression programme of each 
gene, other mechanisms must also contribute. This is 
most dramatically evident from the divergent outputs 
elicited, for example, when Mediator is targeted by a 
nuclear receptor or by REST, with one factor leading to 
gene activation and the other leading to silencing. Recent 
demonstrations of Mediator interplay with other diverse 
co-activators, especially those that work at the level  
of chromatin and in steps that transpire after Pol II has 
been recruited (so-called post-recruitment effects),  
have been particularly informative in explaining how 
Mediator can deliver such a broad repertoire of outputs.

Mediator and regulation through chromatin. Recent 
evidence strongly suggests that despite the earlier dem-
onstrated ability of Mediator to efficiently function 

R E V I E W S

766 | NOvEMBER 2010 | vOluME 11  www.nature.com/reviews/genetics

© 20  Macmillan Publishers Limited. All rights reserved10



Nature Reviews | Genetics

AcAc

AcAc

Pol II

IIA IID

p300
p300

TR–RXRα

IIB
IIF
IIE IIH

MED1
MED1

PGC1α
PGC1αPGC1α

Figure 3 | Modulation of Mediator function by ancillary factors: coordination of chromatin remodelling and Pic 
formation. Although it plays a crucial part in assembling the pre-initiation complex (PIC), which is formed on 
nucleosome-free templates, Mediator also contributes to chromatin remodelling through functional interactions  
with chromatin co-factors. A potential activation pathway is shown that follows the binding of ligand-bound thyroid 
hormone receptor (TR) in association with its heterodimerization partner retinoic acid receptor-α (RXRα) to their 
cognate site embedded in chromatin. In the first step, the histone acetyltransferase p300, is recruited. On some 
genes, this interaction is stimulated by peroxisome proliferator-activated receptor-γ co-activator 1α (PGC1α); other 
contributors (for example, p160 co-activators) are not shown. As both chromatin co-activators and Mediator bind to 
the activation function 2 (AF2) domains of nuclear receptors, it was previously suggested that their binding would be 
mutually exclusive and that Mediator-driven PIC formation would provide the driving force for co-factor exchange on 
the receptor. More recent evidence suggests that Mediator and p300 can co-exist in a transient ternary intermediate 
(shown in the second step in the figure) that could facilitate transitions resulting in functional PICs74 (shown in the 
third step in the figure). Given further that PGC1α dynamically interacts with the Mediator through the Mediator 
complex subunit 1 (MED1) (structural rearrangements are depicted as an altered orientation of PGC1α), it might 
further modulate this coordination role of the Mediator77,78. Any potential role of the kinase module in this particular 
scenario remains unaddressed and has been omitted for clarity.

Chromatin remodelling
Typically an ATP-dependent 
enzymatic process that alters 
histone–DNA interactions  
or regulates the position  
of nucleosomes.

on naked DNA templates in in vitro assays, which is  
consistent with its known effects on PIC formation and 
function, Mediator can also deal with constraints aris-
ing from the chromatin environment inside the cell. 
Broadly, the chromatin state is regulated by nucleosome 
mobility through the action of ATP-requiring remodel-
ling factors and through alterations in the distribution 
of characteristic covalent marks on distinct residues 
(for example, acetylation and methylation on lysines) 
in the amino-terminal tails of histones that make up  
nucleosomes72. Among these modifications, acetyla-
tion by the histone acetyltransferases (HATs) p300, 
CBP and GCN5 (a subunit of the SAGA complex) 
has been strongly correlated with gene activation in 
various pathways that include ligand-induced nuclear  
receptor pathways.

In line with models in which chromatin remodelling 
and PIC formation proceed sequentially1, evidence 
is emerging that Mediator might directly coordinate 
transitions between the chromatin machinery and the 
nascent PIC (FIG. 3). Initial studies showed that activator- 
recruited Mediator and p300 functionally synergize in 
activating chromatin templates29,73. More recent studies 
have further elaborated a detailed mechanism in which 
Mediator can direct the orderly exchange of chromatin 
co-activators and PIC components owing to its ability 
to sequentially interact with both p300 and TFIID74. In 
this model, the activator, p300 and Mediator initially 
form a ternary complex on the chromatin template. 
Subsequent histone acetylation and p300 autoacetyla-
tion lead to p300 ejection and formation of a new 
TFIID-containing complex that in turn leads to PIC 

formation. However, in other contexts, Mediator and  
the chromatin factor may be competing for the same 
site on the activator, as would be expected when 
lXXll-containing chromatin co-activators (for exam-
ple, p160 family members that recruit p300 and other 
histone-modifying factors) and Mediator (through 
MED1) compete for AF2 domains of promoter-bound 
nuclear receptors. In these cases, sequential co-activator  
exchange is more likely to occur75,76.

Importantly, this role of Mediator in coupling 
chromatin remodelling and PIC formation might be 
further facilitated, or perhaps fine-tuned, by other 
gene- and tissue-specific co-activators. Most notably, 
these include PPAR-γ co-activator 1α (PGC1α) —  
a co-activator for several nuclear receptors — which 
displays multipartite interactions with nuclear recep-
tors, p300 and Mediator, and stimulates activation from 
both chromatin and DNA templates77. Consistent with 
the fact that PGC1α, like Mediator, also binds nuclear 
receptors through its lXXll domain, it is further pro-
posed that the receptor–Mediator–PGC1α interactions 
are dynamic and that the corresponding ternary com-
plex undergoes structural rearrangements as it sequen-
tially adjusts from a chromatin-remodelling mode to a 
PIC-supporting mode78. Thus, by acting like a chap-
erone, PGC1α seems to facilitate transitions between 
one Mediator-anchored transcriptional intermediate 
to another (FIG. 3).

In a slight variation of the mechanism described 
above, Mediator function also has been found to be 
closely associated with that of the evolutionarily con-
served SAGA co-activator complex, whose subunits 
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Chromatin modification
Includes covalent modification 
(acetylation, phosphorylation, 
methylation and ubiquitylation) 
of histones on discrete residues.

include various TAFIIs and components that have HAT, 
kinase and deubiquitylase activities79. Studies in yeast 
have already provided strong genetic evidence for 
the convergence of Mediator and SAGA functions at 
some genes80. In metazoan cells, cooperative physical 
interactions between Mediator, SAGA and the MYC 
oncoprotein have been reported to lead to the activa-
tion of a target gene (telomerase reverse transcriptase)81. 
In this case, precisely how Mediator and SAGA work 
together to bring about activation is not clear, as the 
ternary complex is recruited to a pre-acetylated chro-
matin environment and TFIID and Pol II are already 
present at the promoter. However, it is likely that the 
cooperative interactions reflect close coupling of SAGA 
and Mediator functions at the chromatin and PIC lev-
els along the lines discussed above. Other activators 
might also co-recruit SAGA and Mediator, as indicated 
by the fact that GCN5 is also detectable in mamma-
lian Mediator preparations isolated following affinity 
purification on vP16 (REF. 82). Furthermore, a variant 
GCN5-containing complex (ATAC) is also found in 
tight association with the Mediator through a bridg-
ing factor that might be especially (but not exclusively) 
enriched in mouse ES cells83.

unlike the acetylation of histones effected by p300 
and GCN5, some chromatin modifications are more closely 
associated with longer-term and potentially heritable 
epigenetic states that have important consequences 
for developmental and tissue-restricted regulation  
of genes84. In the broadest terms, transcriptionally active 
genes that constitute euchromatin are primarily charac-
terized by the presence of domains containing nucleo-
somes enriched with histone H3 methylated at lysine 4 
(H3K4). At the other extreme, transcriptionally silent 
loci such as those in heterochromatin primarily consist 
of domains bearing methylated H3K9 and H3K27.

Recent studies have revealed that at least one  
epigenetic pathway is directly under Mediator control57  
(FIG. 4). The repressed state of neuronal genes in 
extraneuronal cells is achieved through formation 
of a MED12-anchored ternary complex between the 
silencing factor REST85, Mediator and the methyltrans-
ferase G9a, which methylates H3K9 at target genes57. 
Dimethylated H3K9 can in turn serve as a platform for 
repressive, heterochromatin protein 1, which recruits 
DNA methyltransferase 1. These events are accompa-
nied by REST-mediated recruitment of histone deacety-
lase 1 and lysine-specific demethylase 1, an H3K4 
demethylase, which together lead to selective long-term 
epigenetic silencing of neuronal genes. Thus, consistent 
with early yeast genetic studies showing that CDK8 can 
also recruit a histone deacetylase through interactions 
with TuP1 (REF. 86), the kinase module of the Mediator 
may have an additional general repressive role at the 
epigenetic level.

Epigenetic regulation is also believed to underlie 
the remarkable ability of ES cells to both self-renew 
and maintain pluripotency. Many loci in these cells are 
characterized by bivalent chromatin domains that con-
tain both methylated H3K4 and H3K27 marks, thereby 
contributing to the poised status of these cells87. As ES 
cells are induced to differentiate, these domains are 
appropriately resolved depending on whether a given 
gene is epigenetically activated or silenced. Intriguingly, 
MED12 is also targeted by NANOG88. NANOG is one of 
the key transcription factors required for maintenance 
of the ES state (others include OCT4 and SOX2) and 
controls the expression of its own gene89. Global expres-
sion profiling following Nanog- or Med12-knockdown 
further revealed common sets of genes that are activated 
or repressed by these factors, indicative of substantial 
functional overlap88. Thus, it is tempting to suggest that 
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Figure 4 | Modulation of Mediator function by ancillary factors: epigenetic silencing. In concert with 
additional negatively acting factors, Mediator can contribute to long-term silencing of certain developmentally 
regulated loci. Starting with an active pre-initiation complex (PIC; which would likely contain the PC2 form of the 
Mediator), REST binding to the cognate site commits the gene to a heterochromatin fate as development proceeds.  
A ternary complex containing REST, the histone methyltransferase G9a and the intact Mediator is first assembled.  
The multipartite interactions are anchored through the MED12 subunit of the kinase module. Following G9a  
action and dimethylation of histone H3 lysine 9 (H3K9) to H3K9me2, heterochromatin protein 1 (HP1) and DNA 
methyltransferase 1 (DNMT1) are recruited to the site. Ultimately, the gene is embedded in transcriptionally inert 
heterochromatin marked by H3K9me2 and methylated DNA (CH

3
). Other factors (for example, histone deacetylase 1 

and lysine-specific demethylase 1) that contribute to silencing are not shown. The figure is based on the findings 
described in REF. 57.
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Elongation
Refers to the phase in the 
transcription cycle in which  
the polymerase that has 
escaped the promoter extends 
oligomeric RNA chains into 
full-length products.

Promoter escape
The events in the transcription 
cycle that lead to relinquishing 
of multiple interactions holding 
the PIC together and entry  
of Pol II into the elongation 
phase of transcription.

Capping
The process by which 
eukaryotic mRNA is  
modified by the addition  
of an m7G(5’)ppp(5’)N 
structure at the 5′ terminus. 
Capping is essential for several 
important steps of gene 
expression, including mRNA 
stabilization, splicing,  
mRNA export from the 
nucleus and initiation  
of translation.

MED12 (and hence the Mediator as a whole) might be 
directly involved in maintaining the poised state of ES 
cells through manipulation of the epigenetic landscape. 
By analogy with how REST effects H3K9 methylation, 
a mechanism entailing the G9a methyltransferase may 
also be expected to operate in this context. However, 
other as yet unelaborated Mediator mechanisms could 
also contribute, especially in cases in which the target 
gene is activated rather than repressed.

Post-recruitment roles of Mediator. Beyond its effects 
on chromatin and the coupling of chromatin remodel-
ling and modification to PIC formation, Mediator exerts 
direct effects on the PIC. Indeed, in certain contexts, 
PICs may actually be assembled on nucleosome-free 
promoter regions90 so that Mediator effects at the PIC 
level would dominate. In principle, these effects could 
be both at the level of promoting efficient formation 
of the PIC, especially through the well-characterized 
ability of Mediator to interact with Pol II, and at the 
level of modulating the function of a preformed PIC. 
Whereas cumulative evidence to date suggests that both 
mechanisms operate, the additional ability to function 
at a post-recruitment level would expand the  potential 
of Mediator to function as a signal transducer that fine-
tunes transcription levels rather than as a binary switch 
that merely turns the system on and off.

That Mediator might also modulate the activity of 
the PIC even after Pol II incorporation became evident 
from observations in in vitro and cell-based experi-
mental systems15,29,37. More generally, numerous kinetic 
chromatin immunoprecipitation (ChIP) experiments 
in a range of metazoan systems indicate the existence of 
complete PICs without concurrent expression on many 
genes, and together are consistent with the possibility 
that in these cases Mediator is likely to be acting on 
a preformed PIC in response to a specific signal (for 
example, serum-stimulated phosphorylation of ElK1 
and subsequent contact with Mediator through MED23 
(REF. 37)). Mechanistically, these effects could take place 
at the level of initiation (defined as the synthesis of 
the first phosphodiester bond) or, as phosphodiester 
bond formation is not generally rate limiting, more 
likely at the level of transition of the initiating Pol II 
complex to one that is fully competent for transcrip-
tion elongation91. The latter level may not be restricted 
to promoter escape but might perhaps also encom-
pass more downstream events that take place as the  
Pol II encounters additional checkpoints (for example,  
capping (FIG. 1)).

Transcriptional regulation at steps subsequent to 
PIC assembly is a major regulatory feature, at least in 
metazoan systems, and has come to attention most dra-
matically through the discovery of the so-called paused 
Pol II molecules that can be detected at the majority of 
transcription units regardless of whether or not a full-
length RNA is transcribed from them92,93. Based on the 
original heat-shock model91, these are likely to reflect 
Pol II molecules that have initiated but are stalled at 
a promoter-proximal location (approximately +50 
relative to the transcription start site (TSS)) and are 

awaiting a stimulatory signal to allow them to transition  
to a productive transcription elongation complex 
(TEC). Although definitive evidence is currently lack-
ing, it would not be surprising if Mediator proves to be 
a major conduit for the transmission of such a signal. 
Several known functions of Mediator already predispose 
it for such a role. A functional link between Mediator 
and elongation factor DSIF94 (Box 1), whose associa-
tion with Pol II as it escapes from the promoter marks 
it as an elongating Pol II91, likely reflects an extension 
of Mediator function well beyond PIC formation and 
into steps occurring at or close to its maturation to a 
TEC. Indeed, physical associations (possibly indirect) 
between Mediator and the positive elongation factor 
P-TEFb, which is recruited to the TEC and promotes 
elongation, have also been observed59,95. This property 
also correlates with the ability of certain serum-induci-
ble genes to be fully transcribed only when the CTD of 
the Pol II subunit RPB1 is properly phosphorylated in a 
CDK8-dependent fashion59. Furthermore, genetic anal-
yses in yeast provide compelling evidence for common 
roles of the MED31 subunit of Mediator and transcrip-
tion elongation factor SII96,97, which in turn functions 
in close association with DSIF98. Synthetic gene array 
analyses in yeast have revealed further links between 
Med31 and the Set2 H3K36 methyl transferase, which 
also functions as an elongation factor99.

However, it is unlikely that Mediator travels with 
the Pol II as it transcribes the gene body. On the con-
trary, there is evidence from in vitro studies in yeast 
systems that following Pol II escape from the pro-
moter, Mediator, likely anchored by activators, is actu-
ally retained as part of a scaffold complex (FIG. 1) from 
which it can facilitate subsequent rounds of transcrip-
tion100. Thus, in addition to helping initially to establish 
a functional PIC, Mediator could contribute by ‘hold-
ing the place’ for recycling Pol II molecules that enter  
the PIC later on. It previously has been suggested that the  
subunit composition of the scaffold resembles that of  
PC2, which might reflect an in situ-generated form  
of the Mediator that has lost the kinase module as part of  
the remodelling process that accompanies the initiation 
to elongation transition3,15. Correspondingly, it has been 
suggested that re-incorporation of the module into the 
scaffold-bound Mediator may serve as a device to turn 
off ongoing transcription after an appropriate number 
of rounds of transcription17.

It also is possible that post-recruitment alterations in 
Mediator composition are subject to further control by 
gene-specific factors. For example, at the retinoic acid 
receptor-β gene, ligand-bound retinoic acid recep-
tor functions to recruit another regulatory molecule, 
poly(ADP- ribose) polymerase 1, which promotes dis-
placement of the kinase module from a pre-assembled, 
but inactive, Mediator- and Pol II-containing partial 
PIC. Entry of TFIIH completes the PIC and is correlated 
with gene activity65. This is in accord with the known 
functions of TFIIH in promoter escape and the initia-
tion to elongation transition, as well as indications that 
recruitment of TFIIH to the PIC and regulation of its 
enzymatic activities are under Mediator control.
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Enhancer
A regulatory DNA element  
that usually binds several 
transcription factors and can 
activate transcription from a 
promoter at relatively large 
distances and in an orientation-
independent manner.

Core promoter
The regulatory region of a gene 
that specifies the transcription 
start site and on to which Pol II 
and the general transcription 
factors assemble to initiate 
transcription. Depending on 
the promoter, core promoter 
sequence elements vary  
and may extend from 
approximately 40 bp upstream 
(for example, the TATA box) to 
more than 40 bp downstream 
of the transcription start site.

Mediator and transcriptional enhancers
Although Mediator recruitment is often viewed in the 
context of the promoter region — defined as DNA 
sequences that lie in relative close proximity to the TSS 
— transcription activators, which are responsible for 
recruiting Mediator, may bind to far distal sites located 
in enhancer elements. This thus raises the issue not just 
of the precise location of the Mediator in the context of  
the target gene101 but also of the temporal sequence 
whereby Mediator-related events unfold, especially in 
relation to the post-recruitment scenarios discussed 
above. Whereas no generalities have emerged as to 
which of the two (Mediator or Pol II) is recruited first 
at these distant locations, close spatial juxtaposition 
of these factors at some point is obviously a prerequi-
site for transcription, at least for activated transcrip-
tion. Indeed, thyroid hormone-dependent induction 
of the cellular retinoic acid binding protein 1 gene is 
accompanied by gross changes in the chromatin envi-
ronment that ensue when the distal thyroid hormone 
receptor-binding element located in the enhancer is 
brought into close proximity with the promoter region 
in a MED1-dependent manner102. More recent evidence 
further indicates that on many active genes, especially in 
mouse ES cells, Mediator plays a direct part in the for-
mation of a DNA loop that links enhancers and promot-
ers. This is effected through direct interactions between 
Mediator and components of the cohesin complex and 
the related loading factor NIPBl, previously implicated 
in chromosome dynamics103. It is therefore apparent that 
Mediator might itself contribute to enhancer–promoter 
communication, which is fast emerging as an important 
aspect of gene regulation104,105. There also seems to be 
close mechanistic coupling between enhancers and core 
promoters106. Thus, potential Mediator-nucleated higher-
order structures formed as a result of these interactions 
might be particularly favourable with regard to receiving 
and integrating inputs from diverse transcription factors 
that typically bind to enhancers and transmitting them 
to the corresponding core promoter-specific PIC.

Conclusions and future directions
In more than a decade since the discovery of Mediator 
and its emergence as a fundamental component of the 
machinery that regulates the transcription of protein-
coding genes, extensive work has reinforced how its 
modular architecture and broad dynamic range of func-
tions allow it to fulfil this central role. underscoring how 
various gene networks are tightly controlled and the role 
of the Mediator therein, reports linking various Mediator 

subunits to human disease (ranging from congenital 
malformations107 to mental retardation108 to cancer109–111) 
have also begun to appear.

Yet, in some ways, we are still in the early stages of 
understanding all the interactions and activities of which 
the Mediator is potentially capable. As highlighted here, 
many regulatory pathways in metazoan systems have 
now been shown to be channelled through the Mediator. 
In each case, the Mediator can function to translate 
the received input into a specific transcriptional out-
put, which characterizes the particular pathway. But  
the complete transduction mechanism for any given  
signal remains to be elucidated and other important 
aspects remain to be fully developed. As an example, 
one of the earliest known facts about the Mediator was 
its functional interaction with the CTD of the RPB1 sub-
unit of Pol II112. However, subsequent conflicting data 
about how relevant this domain is for physical interac-
tions with the Mediator or its function have not yet been 
resolved113. With the realization that the CTD is mainly a 
device for coupling transcription to post-transcriptional 
processes and that many genes might be regulated at the 
level of the paused Pol II, a resolution of this issue would 
provide important insights.

It is almost certain that many more Mediator inter-
actions with transcriptional activators and repressors 
responsible for various cellular pathways will continue 
to be described in the coming years. But for a deeper 
understanding of how Mediator processes the signals that 
these factors relay and translates the physical interaction 
into a transcriptional response, future directions must 
also include systematic analyses at least at three levels.  
First, high-resolution structural analyses of the various 
modules (which are already underway for the yeast com-
plex but not discussed here owing to the focus of this 
Review), and ultimately of the entire Mediator, would 
significantly illuminate the function of this complex  
as such studies have done for other multiprotein assem-
blies such as Pol II and the ribosome. Second, genome-
wide analyses should be supplemented with detailed 
snapshots of selected model gene systems using modern 
cell-based approaches (for example, high-resolution ChIP 
coupled with RNAi-mediated knockdown) with a view 
to describing the full range of changes in the composition 
and interactions of the Mediator as the transcriptional 
programme of a gene of interest is executed. Finally, 
as a crucial test for any hypotheses that emerge from 
these analyses, it will be necessary to recapitulate and 
dissect these pathways in cell-free systems reconstituted  
from pure factors.
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	Abstract | The Mediator is an evolutionarily conserved, multiprotein complex that is a key regulator of protein-coding genes. In metazoan cells, multiple pathways that are responsible for homeostasis, cell growth and differentiation converge on the Mediator through transcriptional activators and repressors that target one or more of the almost 30 subunits of this complex. Besides interacting directly with RNA polymerase II, Mediator has multiple functions and can interact with and coordinate the action of numerous other co-activators and co-repressors, including those acting at the level of chromatin. These interactions ultimately allow the Mediator to deliver outputs that range from maximal activation of genes to modulation of basal transcription to long-term epigenetic silencing.
	Figure 1 | Involvement of Mediator in multiple steps of transcription. Current models of transcriptional activation involve multiple steps. a | An idealized pathway is shown that begins with chromatin, in which nucleosomes exist in a characteristic beads-on‑a-string array. This contrasts to transcriptionally inert chromatin, a highly compacted structure in which DNA is tightly packaged not just through wrapping around nucleosomes but through additional higher-order structures that entail linker histones and other proteins such as heterochromatin protein 1 (not shown). b | The activation pathway is initiated by one or more transcriptional activators that bind to their cognate sites in the regulatory region of the gene. These factors recruit a series of chromatin co-activators that can covalently modify nucleosomes at specific histone residues (not identified) and mobilize nucleosomes through ATP-requiring reactions. c | The resulting intermediate contains chromatin that is characterized by distinct covalent modifications, such as acetylation (Ac) and methylation (Me), and by a relative dearth of nucleosomes. The activators then recruit Mediator. In some cases, the intact Mediator that consists of the core and the kinase module might be recruited at this stage. d | Pre-initiation complex (PIC) assembly, entailing the various general transcription factors (TFIIA, TFIIB, TFIID, TFIIE, TFIIF and TFIIH) and RNA polymerase II (Pol II), and transcription initiation then ensue with concomitant restructuring of the Mediator that results from loss of the kinase module. e | After Pol II clears the promoter, there are two possible outcomes. As shown on the right, the process can proceed directly to the elongation phase at which it is associated with elongation factors that include DSIF and P‑TEFb, whose entry into the transcription elongation complex (TEC) may coincide with capping (7‑methyl-guanosine; 7MeG) of the nascent RNA. The RPB1 carboxy-terminal domain (CTD) also undergoes substantial phosphorylation at Ser2 and Ser5 (Pol IIO) through the sequential actions of TFIIH and P‑TEFb. Importantly, a scaffold containing a vestigial subset of general transcription factors and Mediator remains at the promoter to potentially facilitate subsequent rounds of transcription. Alternatively, as shown on the left, at many loci, Pol II may be subject to promoter-proximal pausing (at approximately nucleotide +50). This Pol II would be associated with DSIF but phosphorylated only at Ser 5 (Pol IIA). Under appropriate conditions, the paused Pol II complex can also mature into an elongation complex. Although depicted linearly, the intermediates are not likely to be as clear-cut as shown. Indeed, as discussed in the text, Mediator couples many of the steps. Moreover, some aspects of the reaction are reversible, again this occurs under the control of Mediator.
	Structure of Mediator
	Box 1 | Generality of Mediator action
	Figure 2 | Modular structure of Mediator and interactions with diverse factors. A composite depiction of the subunit structure of the human Mediator complex is shown. Note that although the relative placement of the subunits in the subcomplexes is based on published binary interaction and partial structural data10,52,125,126, it is primarily for illustration; the precise locations have yet to be mapped. The MED1 and MED26 subunits, which are not present in all isolates, are likely to be located at the junction of the middle and tail modules. MED28 and MED30 have been provisionally placed in the middle module. Transcription factors selected for discussion in the main text and their target subunits in Mediator are also indicated. The unified nomenclature proposed by Bourbon et al.127 has been used here. However, very recent bioinformatic analyses strongly suggest that MED27 and MED29, which were earlier considered to be metazoan-specific, are related to yeast MED3 and MED2, respectively. Here they are referred to as MED3 (also known as MED27) and MED2 (also known as MED29)7. Similarly, MED5 and MED24 may be related and referred to as MED5 (also known as MED24). ER, oestrogen receptor; GR, glucocorticoid receptor; HNF4, hepatocyte nuclear factor; NHR49, nuclear hormone receptor 49; PPARγ, peroxisome proliferator-activated receptor-γ; SREBP1, sterol regulatory element-binding protein 1; TGFβ, transforming growth factor-β; VDR, vitamin D3 receptor.
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