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Abstract

Activated eukaryotic transcription requires the components of the Mediator complex, which can act as both a positive and
negative regulator of transcription. This review of the ye@smtcharomyces cerevisidediator complex describes the role of
Mediator and its effects on transcriptional regulation. One focal point of the review is to summarize new information regarding
the negative effect of Mediator on transcription and suggest a possible mechanism that encompasses the lat@staesults.
thisarticle: R. Biddick, E.T. Young, C. R. Biologies 328 (2005).
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1. Introduction tecture. The second class is defined principally by their
interactions with RNA pol Il and its associated pro-

Transcriptional regulation of MRNA-encoding teins, the general transcription factors (GTFs: TFIIA,

genes in eukaryotes requires additional proteins be- TFIIB, etc.). The proteins of this second class have

yond activators and the RNA polymerase Il (RNA collectively been termed mediators or adaptors, be-
pol 1) transcriptional machinery. These additional cause they serve as a bridge between the activator and

proteins, termed coactivators, are complex molecular the basal transcription machl'ne'ry consisting of RNA
machines composed of multiple subunits. The coac- pol Il and the general transcription factors. The TBP-
tivators fall into one of two classes. The first class is associated factors or TAFs constitute the first class
composed of enzymes that affect chromatin structure, of adaptors that was discovered. TAFs have essential

either through covalent modification of the histones, or ;_(Xis 'E acta;)ated btﬁt not Itn basztil trtags_lf:lilpnor:j. S;Lme
by an ATP-dependent remodeling of chromatin archi- S have been shown to contac S and ofhers

contact activators. TAFs are generally thought to be in

permanent association with TBP, forming TFIID, of-
* Corresponding author. ten considered one of the GTFs. However, studies.i.n
E-mail addressety@u.washington.ed.T. Young). several systems suggest that TAFs play more specific
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roles than those played by the other GTFs. The secondpowerful combination of genetics and biochemistry
class of adaptors that was discovered now bears thethat illustrates the utility of yeast for tackling complex

name Mediator and is the subject of this review. Me-
diator appears to have a unique role in transducing the
signal from a transcription factor to the transcriptional
machinery.

The exact nature of the role of Mediator in RNA pol
lI-dependent transcription, however, is still unclear.
The paradigm for Mediator function is that it recruits
RNA pol Il to the promoter, passively transmitting in-
formation from the activator to the transcriptional ma-

biological problems.

The first indication of the requirement of a coacti-
vator came from in vitro transcription assays in which
it was observed that the purified activators and tran-
scription machinery were not sufficient for transcrip-
tion, even upon addition of excess quantities of every
component known to be essential for basal transcrip-
tion. Activator-dependent transcription required the
addition of a crude yeast fractigi]. The unknown

chinery. Recent data suggest a more involved and com-component that provided activator-dependence was
plex role for Mediator in transcription. In this model given the name Mediator. Further purification of Me-

Mediator plays an active role and is itself subject to diator based on the activator-dependent transcription
regulation. For example, Mediator could be regulated assay allowed the identification of some of the com-
through post-translational modifications like phospho- ponents in this complex fraction. The biological sig-

rylation. If so, then Mediator can be thought of as nificance of the Mediator complex was revealed when
the ultimate regulator of transcription, combining in- it was found that several of the first polypeptides iden-
formation from activators, promoter architecture, and tified biochemically are encoded by genes associated

perhaps even directly from upstream regulatory sig-
nals. The sum of this regulatory information could
then be modulated and communicated to the transcrip-
tional machinery. In this capacity Mediator could have
the ability to alter both the activation and the repres-
sion of a gene. There is emerging evidence that this is
the case, and one of the focal points of this review will
be a discussion of that evidence and how it supports
the idea that Mediator has a negative role in transcrip-
tional regulation.

Mediator was first identified in the yeaStccha-
romyces cerevisigean ideal model organism for
studying transcriptional regulation because of the
extensive genetic, molecular and biochemical ap-
proaches that can be utilized in concert to study bi-
ological problems. This review will be largely limited
to a discussion of the yeast Mediator complex and its
role in both positive and negative regulation of tran-
scription.

2. Mediator components

2.1. Identification of Mediator components
Mediator was first discovered in the ye&stccha-

romyces cerevisiai@ the early 1990s. The story of the

identification of Mediator, from the initial concept to
the final catalogue of subunits is an example of the

with defects in transcriptional regulation of gene ex-
pression.

The most important of these genetic studies, car-
ried out independently of the biochemical identifica-
tion of Mediator, utilized a unique property of the
RNA pol Il, its repetitive carboxyl terminal domain
(CTD). The CTD contains 26 or 27 repeats of a hep-
tapeptide sequence that is conserved in eukary@}es
The CTD is essential for viability, but the number of
repeats can be reduced and viability is maintained. The
truncation of the CTD to only 10 to 12 repeats re-
sults in a cold-sensitive growth phenotyj3. Nonet
and Young[4] took advantage of this phenotype and
screened for suppressors that would restore growth
in the cold, due to a gain of function mutation of a
component that interacted with the CTD. They first
identified a dominant mutation in the non-essential
geneSRB2(suppressor of RA polymerase Bsubunit
mutation). Further analysis of dominant suppressors
yieldedSRB4 SRB5andSRBg5]. These components
have since been renamed, but for historical clarity,
they are referred to here by their original names-.
ble 1 lists the old and new names for all Mediator
components, the protein module to which they belong,
their approximate sizes, and summarizes some of their
distinctive phenotypes.

Other Mediator components were identified by fur-
ther exploitation of the CTD mutations. Additional
work using the same cold-sensitive screen identified
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Table 1
Nomenclature o8. cerevisiaenediator components, after Bourbon ef{ab]
Gene Former designation(s) Module Size Deletion
(kD) phenotype
MED1 middle 64 viable
MED2 tail 48 viable
MED3 PGD1, HRS1 tail 43 viable
MEDA4 middle 32 inviable
MED5 NUT1 middle 129 viable
MED®6 head 33 inviable
MED7 middle 26 inviable
MEDS8 head 25 inviable
MED9 CSE middle 17 viable
MED10 NUT2 middle 18 inviable
MED11 head 15 inviable
MED12 SRB8, GIG1, SSN5, NUT6 CDK8/CycC 167 viable
MED13 SSN2, SRB9, UME2, CDK8/CycC 160 viable
NUT8, SCA1, RYE3
MED14 RGR1 middle 123 inviable
MED15 GAL11, RARS3, SDS4, tail 120 viable
SPT13, ABE1
MED16 SIN4, BEL2, GAL22, SDI3, tail 111 viable (ts)
SSF5, SSN4, TSF3, RYEL
MED17 SRB4 head 78 inviable
MED18 SRB5 head 34 viable
MED19 SSN7, NUT3, ROX3 head 25 viable
MED20 SRB2, HRS2 head 23 viable
MED21 SRB7 middle 14 inviable
MED22 SRB6 head 14 inviable
MED23
MED24
MED25
MED26
MED27
MED28
MED29
MED30
MED31 SOH1 middle 14 viable
CDK8 SRB10, SSN3, UMES5, CDKS8/CycC 63 viable
GIG2, NUT7, RYES
CycC SRB11, SSN8, UME3, CDKS8/CycC 38 viable
RYE2, NUT9, GIG3
the recessive suppress@f&B7-SRB1[6,7]. A dif- notypes which are described in detail elsewh@&je

ferent screen made use of the fact that a substitution of SRB10 (CDK8and SRB11 (CycCgncode a cyclin-
alanine or glutamate for the serine at position two or dependent Ser/Thr protein kinase and its associated
five in the heptapeptide repeat sequence of the CTD cyclin, respectively, that are involved in negative reg-
is lethal. SRB9 (MED13)was also identified in this  ulation of gene expression. Their deletion leads to the
screen as a suppressor of the substitution of alanineup-regulation of a number of genes, as discussed in
or glutamate at position twi8]. more detail later.

Of the nineSRBgenes, only three are essential, Other Mediator components were identified in ge-
SRB4 (MED17), SRB6 (MED23ndSRB7 (MED21) netic screens of a different nature, carried out over
Deletion of the otheERBgenes leads to distinct phe- many years by investigators studying a wide variety of
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gene regulatory networks. This accounts for the large UME, unscheduled nmesis; NUT, regative regulation
number of aliases by which the Mediator subunits are of URS Two, etc.). This led to multiple names for
known, and is further confirmation of the general role the same gene because many Mediator components
that Mediator plays in the regulation of gene expres- have pleiotropic effects on transcription, especially
sion. mutants affecting the subunits of the tail and the mid-
The identification of yeast Mediator components dle modules. Bourbon et al. recently proposed a uni-
was largely completed by the biochemical isolation of fied nomenclature for Mediator subunits in which all
a 20-subunit complex that was purified to homogene- components are named MED followed by a number.
ity [10]. Many of the subunits identified in the complex The originally named MED subunits will retain their
are products of genes that were identified previously in numbers (MED1-MED11), and the other subunits will
screens for mutations affecting transcription. Seven of be named starting with MED12, in order of decreas-
the purified subunits are encoded by novel genes thating molecular weight. The only exceptions &BB10
are namedED (for Mediator). For a more thorough andSRB1]1which will be renamedDK8 andCycC
discussion of the discovery of yeast Mediator compo- respectively, due to the prevalence of this nomencla-
nents, the reviews by Myers and Kornbdfd] and ture in the mammalian literature for this CDK-cyclin
Carlson[9] are recommended. pair [15]. Table 1lists the original names along with
The first human Mediator complexes were discov- the new names.
ered concurrently using in vitro activator-dependent
assay$12]. Later components of the mammalian Me- 2.3. Organization and structure
diator complex were identified by immunopurification
assays based on homologues of yeast Med7, Med21 A combination of biochemical, genetic and struc-
and Cdk8[13]. The exact composition of mammalian tural data suggest that the yeast Mediator is com-
Mediator is less well defined, in part due to the loss posed of three functionally and physically distinct
of subunits during the purification process. A recent modules or subcomplexeBi¢. 1). The head module,
analysis of Med8-containing rat liver Mediator by composed of Med6, Med8, Med11, Med17, Med18,
mass spectrometry attempted to clarify this issue by Med19, Med20, and Med22, which can be isolated in-
merging data obtained from six independent purifi- tact biochemically, is thought to have a general role
cations, resulting in the identification of 30 distinct in transcription and interacts with the CTD of RNA
MED subunitg14]. Extensive analysis has shown that pol Il [17].
nearly every component of the yeast Mediator has a The second module, the middle domain, which
metazoan homolofi5]. Different components appear is composed of Med1, Med4, Med5, Med7, Med9,
to be conserved to varying degrees, however, giving Med10, Med14, and Med21 is believed to be a sub-
rise to the idea that those components which interact
with RNA pol Il are more highly conserved than those
components that interact with the various activators,
allowing Mediator to adapt to the more rapid evolu- Med12 Med21
tion of the various promoters while still maintaining a d Sty y  Medzz
conserved mechanisfh6]. R

2.2. Nomenclature NS SR Means

One of the results of the cumulative efforts to
identify Mediator components and the discovery of
the conservation of the subunits throughout eukary- Tail
otes Is a redundant_and plecemeal nomenclature Sys_Fig. 1. Cartoon of Mediator after Guglielmi et §1.9] showing the
tem. The yeast Mediator components are, for the most approximate sizes and positions of components. Positions are in-
part, named to reflect the type of screen conducted tended to reflect the current data regarding interactions of the Med

to find the mutant (e.g., SSNuppressor ofSrfl; proteins.

Middle

Head
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complex based on itde novoreconstitution from re-  the structure seen in the presence of RNA pol Il, Me-
combinant proteingl8]. There is some debate about diator maintains the compact form in the presence of
whether Med14 is part of the middle domain or part the activator GAL4-VP1626]. Binding to RNA pol Il

of the tail due to its unique position, which connects or to the activator has different effects on the structure
these two domains. In a recent paper describing the of Mediator, suggesting that the order of binding may

interactions of Mediator components, Guglielmi et al.
placed Med14 in the tajlL9], whereas Dotson et al. re-
fer to the middle domain as the Rgrl (Med14) module
in their structural wor20]. It is undisputed, however,
that Med14 is the bridge from tail to middle. Like the
head, the middle interacts with the CTD of RNA pol Il.
In addition, the general transcription factor TFIIE in-
teracts with the middle module.

The evidence for the tail module, composed of
Med2, Med3, Med15, and Med16 is largely genetic.
Deletion of any one of the members of this module
leads to a similar phenotyd@1,22] This module is
presumably responsible for recognizing and binding
to activatorg23].

There may be a fourth distinct subcomplex com-
posed of the Med12, Med13, Cdk8, and CycC sub-
units. This presumed module contains the cyclin-
kinase pair Cdk8 and CycC which phosphorylates

the CTD at the serine 5 residue in the heptapep-

tide repeaf24]. Loss of function mutations in either

Cdk8 or CycC lead to the derepression of a subset of

geneg?25], suggesting a role for these subunits in re-
pression.

The best structural information available on yeast
Mediator is a~35-A resolution three-dimensional

influence function.

It is a natural suggestion that, given the myriad
screens in which Mediator components were identi-
fied, the individual components themselves may have
functions outside of their roles in the Mediator com-
plex. To date, however, there is little evidence that
this is true. Extensive tap-tagging projects carried out
by Greenblatt and co-workers failed to find Mediator
components in any other complexes (personal com-
munication). It is possible, however, that under some
conditions subunits or modules of Mediator could be
present independent of the intact comp2¥].

In addition to yeast Mediator, structures have also
been generated for both murine and human Media-
tor [20]. The structures of all three complexes appear
to be conserved at the 30—40-A resolution range. This
overall structural similarity fits well with the homol-
ogy of the individual components observed between
yeast and higher eukaryotes and emphasizes the uni-
versal nature of Mediator.

3. Therole of Mediator

3.1. Global regulation

structure that was generated from electron-microscope
images[26]. These image reveal two conformational The widespread importance of Mediator is obvious
states of Mediator: a compact arrangement seen infrom genome-wide expression analysis. Holstege et al.
the absence of RNA pol Il, and a second elongated performed genome-wide expression assays with a va-
structure consisting of three domains observed in the riety of Mediator and RNA pol Il mutants. In an Rpb1
presence of RNA pol Il. The three domains are named ts mutant, they found that nearly all nRNAs decreased
according to their position relative to RNA pol II: the in comparison to the wild type strain. They take this
head makes contacts with RNA pol I, the middle, and level to be the baseline for RNA pol Il dependent tran-
the tail, which makes contacts with activators. scription and use that standard for comparison. A sim-
This elongated structure is only seen in the pres- ilar analysisin a Med17 ts strain shows that the level of
ence of RNA pol Il. However, if the CTD is truncated expression of 93% of genes affected by a ts mutation
by removing the heptapeptide repeats, the Mediator re- in Rpb1 is also decreased by more than two-{&i8l.
mains in the elongated structuf26]. This supports Loss of other components has a less dramatic effect.
the idea that Mediator is making contact with more For example, the same microarray analysis showed
than just the CTD of RNA pol Il. This was the first that a Med6 ts mutant affects only 10% of the genes
evidence that Mediator makes multiple contacts with compared to the loss of Rpbl. A point mutation in
RNA pol I, some of which involve the middle domain  Cdk8 that renders it catalytically inactive was also
of Mediator as well as the head domain. In contrast to used in this assay, and this Cdk8 mutant showed an
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increase in expression of 173 genes (about 3% of the manner. This could offer several advantages: first that
whole genome), indicating the repressive role of Cdk8. RNA pol Il is always receiving the signal from the
These results point to the fact that there are some gene-same complex, instead of from various activators, and
or activator-specific aspects of Mediator's role, butitis secondly, it allows for many levels of control, includ-
clear that nearly all activator-dependent transcription ing negative regulation. Although the exact mecha-
requires at least some components of Mediator. nism of Mediator-dependent activated transcription is
In addition to playing a role in activator-dependent not yet clearly defined, there have been many stud-
transcription, there is also evidence that Mediator is re- ies that aim to elucidate the nature of its role in this
quired for basal transcription. It was found that basal process.
transcription in a crude yeast extract was dependent Recruitment of RNA pol Il to the preinitiation com-
on Med20 and Med18, but that this requirement was plex (PIC) was the earliest idea put forth to address the
alleviated when purified components were ugdo, function of Mediator. In this model, the tail domain
29]. A similar pattern of dependence was also found would recognize and bind to activators, leading to the
for RNA pol Il CTD [30], suggesting that basal tran- subsequent recruitment by the head domain of RNA
scription is dependent on Mediator to overcome a non- pol Il. The recruitment model is supported by exper-
specific repressor, and that Mediator acts on the CTD iments in which the LexA DNA binding domain was
in order to do so. fused to the Mediator components Med15, Med16 and
The role of Mediator as an interface between gene- Med19 (Med 15 and 16 are both in the tail domain;
specific regulatory factors and the general transcrip- Med19 is in the head domain). The protein fusions
tional machinery allows it to act as a global regulator strongly activated transcription from a reporter under
of transcription. Mediator is essential for transcription the control of a promoter containing LexA binding
at nearly every promoter in yeast, which supports the sites[31-33]
idea that it is Mediator rather than an activator that is This simple idea, that Mediator recruits RNA pol Il
recognized by RNA pol Il. In this sense, it could act to the PIC, was complicated by the finding that ‘re-
to mask individual promoters and present them all in cruitment’ entails different things at different promot-
a uniform manner to RNA pol Il. This fits nicely with  ers, especially in regards to artificial activatifg#].
the above expression data to create a model in which The promoter architecture (position and number of ac-
some components interact with RNA pol I, while oth-  tivation domains, chromatin state) affects the ability of
ers recognize activators. an activator to recruit RNA pol Il to the PIC, suggest-
Another way in which Mediator is a global regu- ing that the involvement of Mediator is more than just
lator is in its dual ability to act as both a coactiva- a physical bridge spanning the gap between activator

tor and a corepressor. The majority of findings point
to Mediator’s role as a coactivator, but there is also
strong evidence, including the identification of some

Mediator components based on increased rather than

and CTD. It implies that Mediator (or activators ex-
erting their effect through Mediator) has roles beyond
recruitment of RNA pol II.

A plausible manner in which Mediator could be

decreased levels of transcription in their absence, thatplaying such a secondary role is through chromatin re-

suggests a negative role for Mediator in transcription
as well, although that effect may be indirect, as dis-
cussed later.

3.2. Function and mechanism
An intriguing possibility explaining the mechanism

of Mediator is that it first serves as a repository for in-
formation from activators, promoter architecture, and

modeling. Mediator contains histone—acetyltransferase
(HAT) activity [35]. HATs acetylate nucleosomes, an
activity which is generally associated with a loosen-
ing of DNA and consequent increased access of the
transcriptional machinery to the promoter. It has been
shown that Mediator can interact directly with nucle-
osomeq35], and furthermore, that it contains Med5,
the subunit responsible for the HAT activity. Med5 is
non-essential, but it may be that Mediator-dependent

perhaps even up-stream regulatory signals acting di- chromatin remodeling is not needed at any essential
rectly on it, and then serves as a modulator of that promoters, or another chromatin remodeling complex
information, passing it on to RNA pol Il in a controlled could compensate for the loss of Med5. Yet another
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possibility is that under some conditions, Mediator re- is ho consensus mechanism for it. Indeed, it is not yet
cruits a separate chromatin remodeling complex such clear if the effect is direct or indirect.
as Gcenb to the promoter. In the original identification of Mediator subunits,

It has been found that the role of Mediator ex- mutants ofMED15 were isolated that both activated
tends beyond the formation of the PIC. Spurred on by transcription inappropriately, or were partially defec-
the observation that actively transcribing polymerase tive for transcription under the appropriate physio-
lacks associated Mediator, Svejstrup et[@b] pro- logical conditions[9]. Immunoprecipitation experi-
posed that Mediator is involved in a cycle of associ- ments have shown that Med15 forms a subcomplex
ation to form the PIC and then dissociation as RNA with Med16 and Med3 (tail module) as well as with
pol 1l begins elongation, followed by reformation of Med14, the bridge between the tail and midd!é,40]
the PIC for a second round of transcription. This cycle Nishizawa et al. tried to reconcile the fact that Med15
parallels the phosphorylation and dephosphorylation has both a negative and a positive role in transcription
cycle that the CTD undergoes. One of the components by suggesting that Med15 acts as an activator when it
of the Mediator, Cdk8, stimulates CTD phosphoryla- is unable to form that subcomplex, but assumes a nega-
tion by TFIIH [10]. It was later shown that Media- tive role when the subcomplex s intdét]. However,
tor remains at the promoter after transcription initia- Since a deletion dMED15has the same phenotype as
tion [37]. Taken together, these results suggest a role theMED15ts allele used by Nishizawa, an alternative
for Mediator as a scaffold for PIC formation and a pos- €xplanation is that the tail subcomplex lacking Med15

sible role in the CTD phosphorylation cycle. acts in a negative manner. Med16 is known to have a
Continuing along the same line of logic, that Medi- general repressive rol@2] at many promoters. The
ator ultimately exerts its effect directly on RNA pol II, ~Mechanism by which its presence causes a switch in

Mediator is hypothesized to serve as a gateway for the role of Med15, however, is unclear.
RNA pol Il to access the promoter. The limiting fac- N general, whenever the structure of the tail do-

tor in the rate of transcription is the number of mole- Ma&in of Mediator is disrupted by mutating one of
cules of RNA pol Il that can enter the transcription 1S Subunits, or when its association with the mid-
cycle in a given amount of time. Using this as a guide- dl& domain is altered by disrupting the function of
line, Lewis and Reinberg38] proposed a model in Med14, repression (_)f many genes is aI_Iewated. Thus
which the ultimate function of Mediator is to pro- the structural integrity of the tail domain appears to
vide RNA pol Il with varying levels of access to the be important for appropriate gene expression. In par-

promoter, corresponding to the appropriate regulatory ticular, gn intact tail domain |§ necessary to prevent
environment. According to this model, the regulation EXPression of genes that are in a non-expressed state

is achieved largely through promoter architecture. The because of the inactivity or absence of their activators,
number and spacing of upstream regulatory elements©" Pecause they lack a UAS sequence. However, gene

as well as the state of the chromatin would define the expre;sion in these circumstances still required gp .ap—
structure that Mediator assumed, which would in turn propriate TATA sequence in the case of one artificial
define the rate of transcription promoter testefi1]. In this model, the make-up of the

Mediator complex determines if it acts as a repressor
or activator.

Post-translational modifications of specific Medi-
ator subunits have also been suggested to account

A paradoxical aspect of Mediator that remains un- for Mediator's ability to switch between a positive
resolved is its apparent ability to play both a positive and a negative regulator. Changes in gene expres-
and a negative role. The first indication that Mediator sion of the FLP genes on the yeast two micron plas-
could act as a repressor came from a screen in whichmid result from Cdk8-dependent phosphorylation of
a recessive mutation MED16 allowed expression of  the Med2 subunif42]. No chromosomal genes were
HO in the absence of the Swi5 transcriptional activa- detectably affected when the Med2 phosphorylation
tor [39]. Since then, many other examples of the re- sites were mutated to Ala. Nevertheless, this result
pressive effect of Mediator have been found, but there shows that Mediator function can be affected by post-

3.3. Mediator as a corepressor
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translational modification of a single Mediator sub- role that acts though a corepressor. In a studgAt
unit, suggesting the possibility that Mediator itself is genes, it was shown by chromatin immunoprecipi-
regulated. tation that the Mediator components Med14, Med5,

Yet another proposed mechanism is that Mediator Med7 and Med22 are not found at promoters of in-
exerts its negative effect indirectly by recruiting a gen- active gene$5]. This would suggest that Mediator is
eral corepressor, the Cyc8-Tupl comp[d8]. This only playing a negative role indirectly. It is possible,
corepressor does not bind directly to DNA, but rather however, that Mediator was not detectable at inactive
is recruited to the promoter by DNA-binding repressor promoters because it is either weakly or transiently
proteins such as Migl, Rox1, Ume6 and Man@/and associated with inactive promoters. The evidence that
alla2. A physical interaction detected by two-hybrid Mediator plays a negative role &AL genes is based
and GST pull-down assays between the Mediator sub- on the activity of these genes that is observed when
unit Med3 and this corepressor supports the idea that subunits of the tail module are absent. In this case
Mediator is acting indirectly to repress transcription. the effect of the Mediator mutations could be indirect.
If this were the case, a mutation @YC8or TUP1 For example, loss of Med15 function could reduce the
should have the same phenotype as a mutation in alevel of the Migl repressor that is able to recruit the
Mediator component that relieves repression. This was Tupl repressor complex to tl@AL promoters. This
shown not to be the case for one artificial promoter hypothesis is consistent with the evidence demonstrat-
studied,[41] suggesting that this model does not ap- ing that the same ts allele ®MED15 produces phe-
ply universally. In a related set of experiments it was notypes suggestive of both positive (failure to grow on
shown that mutations in thdIG1 andMIG2 repressor galactose) and negative (relief from repression) affects
genes acted synergistically with mutationdMiED16 of Med15 on gene expression.
and MED14, suggesting that these Mediator compo- A similar explanation could explain the effect of
nents do not act through the Cyc8-Tupl compteX. mutations inMED14andMED16 on chromatin struc-
Another possibility for an indirect repressive role of ture. Jiang and Stillmaf21] demonstrated a change
Mediator is its effect on the transcription of the core- in linking number, and hence presumably nucleosome
pressor Cyc8-Tupl and the DNA binding proteins that density, on episomal plasmids when the plasmids were
recruit it. Genome-wide microarray expression data present in strains with defects MED14 or MED16
show however that loss of Med17, Med18, Med6 or They suggested that these genes might alter gene reg-
Med10 does not lead to any obvious change in the ulation through effects on chromatin structure. Similar
transcription levels of those geng8]. This evidence  arguments were advanced to explain the increased ac-
suggests that Mediator’'s repressive role may some- cessibility of an episomal plasmid to dam methylase
times by indirect, but that is not always the case. expressed in yeast with defectiddED15 or MED16

As noted above, one of the functions of Mediatoris geneg41]. However, defects in these Mediator com-
to stimulate phosphorylation of the CTD. The CTD is ponents could lead to reduced levels of a histone
initially unphosphorylated when bound by Mediator, chaperone activity necessary for nucleosome assem-
and then hyperphosphorylated while free from Medi- bly. These experiments draw attention to the fact that
ator during elongation. It has been suggested that thisit is not known definitively if the repressive effect of
activity is an avenue for negative regulation. In such Mediator is direct or indirect.
cases RNA pol Il would be unable to form a stable PIC
because Mediator would stimulate phosphorylation of

the CTD prematurely, causing RNA pol Il to dissoci-
ate[36]. This model implies that the formation of a
stable PIC requires interactions following the arrival
of RNA pol Il before the PIC is fully functional. By

causing premature phosphorylation of the CTD, Me-

diator could prevent stable PICs from forming.

4. Current directionsand per spectives

The emerging picture of human Mediator, which
echoes that of yeast Mediator, proves the universal
nature of the coactivator as a regulator of all RNA
pol Il eukaryotic transcription. It also demonstrates the

There is some evidence that contradicts a direct power of using yeast as a model organism to tease

role of Mediator in repression, or even an indirect

apart the details of a complex system. Regardless of
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the system being used, however, there is still much left

unknown, which precludes our understanding of the
finer workings of this large, multi-functional complex.
High-resolution structural information is still lack-
ing, and it is likely to become available only in small
pieces due to the limitations of current technology to

resolve such large structures. New technology using

photo-crosslinking to map protein-protein interactions
could provide key information about the structure of
Mediator.

The intriguing possibility of Mediator itself being

regulated suggests that it may function as a ‘check-

point’ for transcription initiation, preventing RNA
pol 1l from gaining access to the template under in-
appropriate conditions, or serving as a scaffold to
facilitate RNA pol Il binding and transcription ini-
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an activator with an RNA polymerase Il holoenzyme, Genes
Dev. 9 (1995) 897-910.

[7] S.M. Liao, J. Zhang, D.A. Jeffery, A.J. Koleske, C.M. Thomp-
son, D.M. Chao, M. Viljoen, H.J. van Vuuren, R.A. Young,
A kinase-cyclin pair in the RNA polymerase Il holoenzyme,
Nature 374 (1995) 193-196.

[8] A. Yuryev, J.L. Corden, Suppression analysis reveals a func-
tional difference between the serines in positions two and five
in the consensus sequence of the C-terminal domain of yeast
RNA polymerase I, Genetics 143 (1996) 661-671.

[9] M. Carlson, Genetics of transcriptional regulation in yeast:
connections to the RNA polymerase || CTD, Annu. Rev. Cell
Dev. Biol. 13 (1997) 1-23.

[10] Y.J. Kim, S. Bjorklund, Y. Li, M.H. Sayre, R.D. Kornberg,
A multiprotein mediator of transcriptional activation and its
interaction with the C-terminal repeat domain of RNA poly-
merase I, Cell 77 (1994) 599-608.

L.C. Myers, R.D. Kornberg, Mediator of transcriptional regu-
lation, Annu. Rev. Biochem. 69 (2000) 729—749.

(11]

tiation. Promoter architecture, other coactivators and [12] J.D. Fondell, H. Ge, R.G. Roeder, Ligand induction of a tran-

corepressors, as well as other upstream regulatory sig-

nals would all influence whether RNA pol Il would
form a functional PIC, or whether it would dissociate

because Mediator was in a repressive state. This model
fits much of the experimental data, and also correlates

with other examples of cellular checkpoints. It also
provides a rationale for such a large, complex mole-

cular machine as the intermediary between activators

and RNA pol Il because it would have to sense not
only the activator but also the state of the chromatin
and other regulatory factors.
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