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Abstract

Activated eukaryotic transcription requires the components of the Mediator complex, which can act as both a pos
negative regulator of transcription. This review of the yeastSaccharomyces cerevisiaeMediator complex describes the role
Mediator and its effects on transcriptional regulation. One focal point of the review is to summarize new information re
the negative effect of Mediator on transcription and suggest a possible mechanism that encompasses the latest resuTo cite
this article: R. Biddick, E.T. Young, C. R. Biologies 328 (2005).
 2005 Académie des sciences. Published by Elsevier SAS. All rights reserved.
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1. Introduction

Transcriptional regulation of mRNA-encodin
genes in eukaryotes requires additional proteins
yond activators and the RNA polymerase II (RN
pol II) transcriptional machinery. These addition
proteins, termed coactivators, are complex molec
machines composed of multiple subunits. The co
tivators fall into one of two classes. The first class
composed of enzymes that affect chromatin struct
either through covalent modification of the histones
by an ATP-dependent remodeling of chromatin arc
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1631-0691/$ – see front matter 2005 Académie des sciences. Publis
doi:10.1016/j.crvi.2005.03.004
tecture. The second class is defined principally by t
interactions with RNA pol II and its associated pr
teins, the general transcription factors (GTFs: TFI
TFIIB, etc.). The proteins of this second class ha
collectively been termed mediators or adaptors,
cause they serve as a bridge between the activato
the basal transcription machinery consisting of R
pol II and the general transcription factors. The TB
associated factors or TAFs constitute the first cl
of adaptors that was discovered. TAFs have esse
roles in activated but not in basal transcription. So
TAFs have been shown to contact GTFs and oth
contact activators. TAFs are generally thought to b
permanent association with TBP, forming TFIID, o
ten considered one of the GTFs. However, studie
several systems suggest that TAFs play more spe
hed by Elsevier SAS. All rights reserved.
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roles than those played by the other GTFs. The sec
class of adaptors that was discovered now bears
name Mediator and is the subject of this review. M
diator appears to have a unique role in transducing
signal from a transcription factor to the transcription
machinery.

The exact nature of the role of Mediator in RNA p
II-dependent transcription, however, is still uncle
The paradigm for Mediator function is that it recru
RNA pol II to the promoter, passively transmitting i
formation from the activator to the transcriptional m
chinery. Recent data suggest a more involved and c
plex role for Mediator in transcription. In this mod
Mediator plays an active role and is itself subject
regulation. For example, Mediator could be regula
through post-translational modifications like phosp
rylation. If so, then Mediator can be thought of
the ultimate regulator of transcription, combining i
formation from activators, promoter architecture, a
perhaps even directly from upstream regulatory s
nals. The sum of this regulatory information cou
then be modulated and communicated to the transc
tional machinery. In this capacity Mediator could ha
the ability to alter both the activation and the repr
sion of a gene. There is emerging evidence that th
the case, and one of the focal points of this review w
be a discussion of that evidence and how it supp
the idea that Mediator has a negative role in transc
tional regulation.

Mediator was first identified in the yeastSaccha-
romyces cerevisiae, an ideal model organism fo
studying transcriptional regulation because of
extensive genetic, molecular and biochemical
proaches that can be utilized in concert to study
ological problems. This review will be largely limite
to a discussion of the yeast Mediator complex and
role in both positive and negative regulation of tra
scription.

2. Mediator components

2.1. Identification of Mediator components

Mediator was first discovered in the yeastSaccha-
romyces cerevisiaein the early 1990s. The story of th
identification of Mediator, from the initial concept t
the final catalogue of subunits is an example of
powerful combination of genetics and biochemis
that illustrates the utility of yeast for tackling comple
biological problems.

The first indication of the requirement of a coac
vator came from in vitro transcription assays in wh
it was observed that the purified activators and tr
scription machinery were not sufficient for transcr
tion, even upon addition of excess quantities of ev
component known to be essential for basal transc
tion. Activator-dependent transcription required t
addition of a crude yeast fraction[1]. The unknown
component that provided activator-dependence
given the name Mediator. Further purification of M
diator based on the activator-dependent transcrip
assay allowed the identification of some of the co
ponents in this complex fraction. The biological s
nificance of the Mediator complex was revealed wh
it was found that several of the first polypeptides id
tified biochemically are encoded by genes associ
with defects in transcriptional regulation of gene e
pression.

The most important of these genetic studies, c
ried out independently of the biochemical identific
tion of Mediator, utilized a unique property of th
RNA pol II, its repetitive carboxyl terminal domai
(CTD). The CTD contains 26 or 27 repeats of a h
tapeptide sequence that is conserved in eukaryote[2].
The CTD is essential for viability, but the number
repeats can be reduced and viability is maintained.
truncation of the CTD to only 10 to 12 repeats
sults in a cold-sensitive growth phenotype[3]. Nonet
and Young[4] took advantage of this phenotype a
screened for suppressors that would restore gro
in the cold, due to a gain of function mutation of
component that interacted with the CTD. They fi
identified a dominant mutation in the non-essen
geneSRB2(suppressor of RNA polymerase Bsubunit
mutation). Further analysis of dominant suppress
yieldedSRB4, SRB5, andSRB6[5]. These component
have since been renamed, but for historical clar
they are referred to here by their original names.Ta-
ble 1 lists the old and new names for all Mediat
components, the protein module to which they belo
their approximate sizes, and summarizes some of
distinctive phenotypes.

Other Mediator components were identified by f
ther exploitation of the CTD mutations. Addition
work using the same cold-sensitive screen identi



R. Biddick, E.T. Young / C. R. Biologies 328 (2005) 773–782 775
Table 1
Nomenclature ofS. cerevisiaemediator components, after Bourbon et al.[15]

Gene Former designation(s) Module Size
(kD)

Deletion
phenotype

MED1 middle 64 viable
MED2 tail 48 viable
MED3 PGD1, HRS1 tail 43 viable
MED4 middle 32 inviable
MED5 NUT1 middle 129 viable
MED6 head 33 inviable
MED7 middle 26 inviable
MED8 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,

NUT8, SCA1, RYE3
CDK8/CycC 160 viable

MED14 RGR1 middle 123 inviable
MED15 GAL11, RAR3, SDS4,

SPT13, ABE1
tail 120 viable

MED16 SIN4, BEL2, GAL22, SDI3,
SSF5, SSN4, TSF3, RYE1

tail 111 viable (ts)

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, UME5,

GIG2, NUT7, RYE5
CDK8/CycC 63 viable

CycC SRB11, SSN8, UME3,
RYE2, NUT9, GIG3

CDK8/CycC 38 viable
n of
or
TD

nine

al,

e-

ated
g-
the
d in

e-
ver
of
the recessive suppressorsSRB7–SRB11[6,7]. A dif-
ferent screen made use of the fact that a substitutio
alanine or glutamate for the serine at position two
five in the heptapeptide repeat sequence of the C
is lethal. SRB9 (MED13)was also identified in this
screen as a suppressor of the substitution of ala
or glutamate at position two[8].

Of the nineSRBgenes, only three are essenti
SRB4 (MED17), SRB6 (MED22), andSRB7 (MED21).
Deletion of the otherSRBgenes leads to distinct ph
notypes which are described in detail elsewhere[9].
SRB10 (CDK8)and SRB11 (CycC)encode a cyclin-
dependent Ser/Thr protein kinase and its associ
cyclin, respectively, that are involved in negative re
ulation of gene expression. Their deletion leads to
up-regulation of a number of genes, as discusse
more detail later.

Other Mediator components were identified in g
netic screens of a different nature, carried out o
many years by investigators studying a wide variety
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gene regulatory networks. This accounts for the la
number of aliases by which the Mediator subunits
known, and is further confirmation of the general ro
that Mediator plays in the regulation of gene expr
sion.

The identification of yeast Mediator componen
was largely completed by the biochemical isolation
a 20-subunit complex that was purified to homoge
ity [10]. Many of the subunits identified in the compl
are products of genes that were identified previousl
screens for mutations affecting transcription. Seve
the purified subunits are encoded by novel genes
are namedMED (for Mediator). For a more thoroug
discussion of the discovery of yeast Mediator com
nents, the reviews by Myers and Kornberg[11] and
Carlson[9] are recommended.

The first human Mediator complexes were disc
ered concurrently using in vitro activator-depend
assays[12]. Later components of the mammalian M
diator complex were identified by immunopurificatio
assays based on homologues of yeast Med7, Me
and Cdk8[13]. The exact composition of mammalia
Mediator is less well defined, in part due to the lo
of subunits during the purification process. A rec
analysis of Med8-containing rat liver Mediator b
mass spectrometry attempted to clarify this issue
merging data obtained from six independent pur
cations, resulting in the identification of 30 distin
MED subunits[14]. Extensive analysis has shown th
nearly every component of the yeast Mediator ha
metazoan homolog[15]. Different components appea
to be conserved to varying degrees, however, giv
rise to the idea that those components which inte
with RNA pol II are more highly conserved than tho
components that interact with the various activato
allowing Mediator to adapt to the more rapid evo
tion of the various promoters while still maintaining
conserved mechanism[16].

2.2. Nomenclature

One of the results of the cumulative efforts
identify Mediator components and the discovery
the conservation of the subunits throughout euka
otes is a redundant and piecemeal nomenclature
tem. The yeast Mediator components are, for the m
part, named to reflect the type of screen conduc
to find the mutant (e.g., SSN, suppressor ofSnf1;
-

UME, unscheduled meiosis; NUT, negative regulation
of URS Two, etc.). This led to multiple names f
the same gene because many Mediator compon
have pleiotropic effects on transcription, especia
mutants affecting the subunits of the tail and the m
dle modules. Bourbon et al. recently proposed a u
fied nomenclature for Mediator subunits in which
components are named MED followed by a numb
The originally named MED subunits will retain the
numbers (MED1–MED11), and the other subunits w
be named starting with MED12, in order of decre
ing molecular weight. The only exceptions areSRB10
andSRB11, which will be renamedCDK8 andCycC,
respectively, due to the prevalence of this nomen
ture in the mammalian literature for this CDK-cycl
pair [15]. Table 1lists the original names along wit
the new names.

2.3. Organization and structure

A combination of biochemical, genetic and stru
tural data suggest that the yeast Mediator is co
posed of three functionally and physically distin
modules or subcomplexes (Fig. 1). The head module
composed of Med6, Med8, Med11, Med17, Med
Med19, Med20, and Med22, which can be isolated
tact biochemically, is thought to have a general r
in transcription and interacts with the CTD of RN
pol II [17].

The second module, the middle domain, wh
is composed of Med1, Med4, Med5, Med7, Med
Med10, Med14, and Med21 is believed to be a s

Fig. 1. Cartoon of Mediator after Guglielmi et al.[19] showing the
approximate sizes and positions of components. Positions ar
tended to reflect the current data regarding interactions of the
proteins.
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complex based on itsde novoreconstitution from re-
combinant proteins[18]. There is some debate abo
whether Med14 is part of the middle domain or p
of the tail due to its unique position, which conne
these two domains. In a recent paper describing
interactions of Mediator components, Guglielmi et
placed Med14 in the tail[19], whereas Dotson et al. re
fer to the middle domain as the Rgr1 (Med14) mod
in their structural work[20]. It is undisputed, howeve
that Med14 is the bridge from tail to middle. Like th
head, the middle interacts with the CTD of RNA pol
In addition, the general transcription factor TFIIE i
teracts with the middle module.

The evidence for the tail module, composed
Med2, Med3, Med15, and Med16 is largely gene
Deletion of any one of the members of this mod
leads to a similar phenotype[21,22]. This module is
presumably responsible for recognizing and bind
to activators[23].

There may be a fourth distinct subcomplex co
posed of the Med12, Med13, Cdk8, and CycC s
units. This presumed module contains the cyc
kinase pair Cdk8 and CycC which phosphoryla
the CTD at the serine 5 residue in the heptap
tide repeat[24]. Loss of function mutations in eithe
Cdk8 or CycC lead to the derepression of a subse
genes[25], suggesting a role for these subunits in
pression.

The best structural information available on ye
Mediator is a ∼35-Å resolution three-dimension
structure that was generated from electron-microsc
images[26]. These image reveal two conformation
states of Mediator: a compact arrangement see
the absence of RNA pol II, and a second elonga
structure consisting of three domains observed in
presence of RNA pol II. The three domains are nam
according to their position relative to RNA pol II: th
head makes contacts with RNA pol II, the middle, a
the tail, which makes contacts with activators.

This elongated structure is only seen in the pr
ence of RNA pol II. However, if the CTD is truncate
by removing the heptapeptide repeats, the Mediato
mains in the elongated structure[26]. This supports
the idea that Mediator is making contact with mo
than just the CTD of RNA pol II. This was the firs
evidence that Mediator makes multiple contacts w
RNA pol II, some of which involve the middle doma
of Mediator as well as the head domain. In contras
the structure seen in the presence of RNA pol II, M
diator maintains the compact form in the presence
the activator GAL4-VP16[26]. Binding to RNA pol II
or to the activator has different effects on the struct
of Mediator, suggesting that the order of binding m
influence function.

It is a natural suggestion that, given the myr
screens in which Mediator components were ide
fied, the individual components themselves may h
functions outside of their roles in the Mediator co
plex. To date, however, there is little evidence t
this is true. Extensive tap-tagging projects carried
by Greenblatt and co-workers failed to find Media
components in any other complexes (personal c
munication). It is possible, however, that under so
conditions subunits or modules of Mediator could
present independent of the intact complex[27].

In addition to yeast Mediator, structures have a
been generated for both murine and human Me
tor [20]. The structures of all three complexes app
to be conserved at the 30–40-Å resolution range. T
overall structural similarity fits well with the homo
ogy of the individual components observed betwe
yeast and higher eukaryotes and emphasizes the
versal nature of Mediator.

3. The role of Mediator

3.1. Global regulation

The widespread importance of Mediator is obvio
from genome-wide expression analysis. Holstege e
performed genome-wide expression assays with a
riety of Mediator and RNA pol II mutants. In an Rpb
ts mutant, they found that nearly all mRNAs decrea
in comparison to the wild type strain. They take t
level to be the baseline for RNA pol II dependent tra
scription and use that standard for comparison. A s
ilar analysis in a Med17 ts strain shows that the leve
expression of 93% of genes affected by a ts muta
in Rpb1 is also decreased by more than two-fold[28].
Loss of other components has a less dramatic ef
For example, the same microarray analysis sho
that a Med6 ts mutant affects only 10% of the ge
compared to the loss of Rpb1. A point mutation
Cdk8 that renders it catalytically inactive was a
used in this assay, and this Cdk8 mutant showed
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increase in expression of 173 genes (about 3% of
whole genome), indicating the repressive role of Cd
These results point to the fact that there are some g
or activator-specific aspects of Mediator’s role, but i
clear that nearly all activator-dependent transcript
requires at least some components of Mediator.

In addition to playing a role in activator-depende
transcription, there is also evidence that Mediator is
quired for basal transcription. It was found that ba
transcription in a crude yeast extract was depend
on Med20 and Med18, but that this requirement w
alleviated when purified components were used[5,10,
29]. A similar pattern of dependence was also fou
for RNA pol II CTD [30], suggesting that basal tra
scription is dependent on Mediator to overcome a n
specific repressor, and that Mediator acts on the C
in order to do so.

The role of Mediator as an interface between ge
specific regulatory factors and the general transc
tional machinery allows it to act as a global regula
of transcription. Mediator is essential for transcripti
at nearly every promoter in yeast, which supports
idea that it is Mediator rather than an activator tha
recognized by RNA pol II. In this sense, it could a
to mask individual promoters and present them al
a uniform manner to RNA pol II. This fits nicely wit
the above expression data to create a model in w
some components interact with RNA pol II, while ot
ers recognize activators.

Another way in which Mediator is a global reg
lator is in its dual ability to act as both a coactiv
tor and a corepressor. The majority of findings po
to Mediator’s role as a coactivator, but there is a
strong evidence, including the identification of som
Mediator components based on increased rather
decreased levels of transcription in their absence,
suggests a negative role for Mediator in transcript
as well, although that effect may be indirect, as d
cussed later.

3.2. Function and mechanism

An intriguing possibility explaining the mechanis
of Mediator is that it first serves as a repository for
formation from activators, promoter architecture, a
perhaps even up-stream regulatory signals acting
rectly on it, and then serves as a modulator of t
information, passing it on to RNA pol II in a controlle
-

manner. This could offer several advantages: first
RNA pol II is always receiving the signal from th
same complex, instead of from various activators,
secondly, it allows for many levels of control, inclu
ing negative regulation. Although the exact mec
nism of Mediator-dependent activated transcription
not yet clearly defined, there have been many s
ies that aim to elucidate the nature of its role in t
process.

Recruitment of RNA pol II to the preinitiation com
plex (PIC) was the earliest idea put forth to address
function of Mediator. In this model, the tail doma
would recognize and bind to activators, leading to
subsequent recruitment by the head domain of R
pol II. The recruitment model is supported by exp
iments in which the LexA DNA binding domain wa
fused to the Mediator components Med15, Med16
Med19 (Med 15 and 16 are both in the tail doma
Med19 is in the head domain). The protein fusio
strongly activated transcription from a reporter un
the control of a promoter containing LexA bindin
sites[31–33].

This simple idea, that Mediator recruits RNA pol
to the PIC, was complicated by the finding that ‘r
cruitment’ entails different things at different promo
ers, especially in regards to artificial activation[34].
The promoter architecture (position and number of
tivation domains, chromatin state) affects the ability
an activator to recruit RNA pol II to the PIC, sugge
ing that the involvement of Mediator is more than ju
a physical bridge spanning the gap between activ
and CTD. It implies that Mediator (or activators e
erting their effect through Mediator) has roles beyo
recruitment of RNA pol II.

A plausible manner in which Mediator could b
playing such a secondary role is through chromatin
modeling. Mediator contains histone–acetyltransfe
(HAT) activity [35]. HATs acetylate nucleosomes,
activity which is generally associated with a loose
ing of DNA and consequent increased access of
transcriptional machinery to the promoter. It has be
shown that Mediator can interact directly with nuc
osomes[35], and furthermore, that it contains Med
the subunit responsible for the HAT activity. Med5
non-essential, but it may be that Mediator-depend
chromatin remodeling is not needed at any esse
promoters, or another chromatin remodeling comp
could compensate for the loss of Med5. Yet anot
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possibility is that under some conditions, Mediator
cruits a separate chromatin remodeling complex s
as Gcn5 to the promoter.

It has been found that the role of Mediator e
tends beyond the formation of the PIC. Spurred on
the observation that actively transcribing polymer
lacks associated Mediator, Svejstrup et al.[36] pro-
posed that Mediator is involved in a cycle of asso
ation to form the PIC and then dissociation as R
pol II begins elongation, followed by reformation
the PIC for a second round of transcription. This cy
parallels the phosphorylation and dephosphoryla
cycle that the CTD undergoes. One of the compone
of the Mediator, Cdk8, stimulates CTD phosphory
tion by TFIIH [10]. It was later shown that Media
tor remains at the promoter after transcription init
tion [37]. Taken together, these results suggest a
for Mediator as a scaffold for PIC formation and a po
sible role in the CTD phosphorylation cycle.

Continuing along the same line of logic, that Med
ator ultimately exerts its effect directly on RNA pol I
Mediator is hypothesized to serve as a gateway
RNA pol II to access the promoter. The limiting fa
tor in the rate of transcription is the number of mo
cules of RNA pol II that can enter the transcripti
cycle in a given amount of time. Using this as a guid
line, Lewis and Reinberg[38] proposed a model in
which the ultimate function of Mediator is to pro
vide RNA pol II with varying levels of access to th
promoter, corresponding to the appropriate regula
environment. According to this model, the regulati
is achieved largely through promoter architecture. T
number and spacing of upstream regulatory elem
as well as the state of the chromatin would define
structure that Mediator assumed, which would in tu
define the rate of transcription.

3.3. Mediator as a corepressor

A paradoxical aspect of Mediator that remains u
resolved is its apparent ability to play both a posit
and a negative role. The first indication that Media
could act as a repressor came from a screen in w
a recessive mutation inMED16allowed expression o
HO in the absence of the Swi5 transcriptional acti
tor [39]. Since then, many other examples of the
pressive effect of Mediator have been found, but th
is no consensus mechanism for it. Indeed, it is not
clear if the effect is direct or indirect.

In the original identification of Mediator subunit
mutants ofMED15 were isolated that both activate
transcription inappropriately, or were partially defe
tive for transcription under the appropriate phys
logical conditions[9]. Immunoprecipitation experi
ments have shown that Med15 forms a subcomp
with Med16 and Med3 (tail module) as well as wi
Med14, the bridge between the tail and middle[17,40].
Nishizawa et al. tried to reconcile the fact that Med
has both a negative and a positive role in transcrip
by suggesting that Med15 acts as an activator whe
is unable to form that subcomplex, but assumes a n
tive role when the subcomplex is intact[41]. However,
since a deletion ofMED15has the same phenotype
theMED15-ts allele used by Nishizawa, an alternat
explanation is that the tail subcomplex lacking Med
acts in a negative manner. Med16 is known to hav
general repressive role[32] at many promoters. Th
mechanism by which its presence causes a switc
the role of Med15, however, is unclear.

In general, whenever the structure of the tail d
main of Mediator is disrupted by mutating one
its subunits, or when its association with the m
dle domain is altered by disrupting the function
Med14, repression of many genes is alleviated. T
the structural integrity of the tail domain appears
be important for appropriate gene expression. In p
ticular, an intact tail domain is necessary to prev
expression of genes that are in a non-expressed
because of the inactivity or absence of their activat
or because they lack a UAS sequence. However, g
expression in these circumstances still required an
propriate TATA sequence in the case of one artific
promoter tested[41]. In this model, the make-up of th
Mediator complex determines if it acts as a repres
or activator.

Post-translational modifications of specific Me
ator subunits have also been suggested to acc
for Mediator’s ability to switch between a positiv
and a negative regulator. Changes in gene exp
sion of the FLP genes on the yeast two micron p
mid result from Cdk8-dependent phosphorylation
the Med2 subunit[42]. No chromosomal genes we
detectably affected when the Med2 phosphorylat
sites were mutated to Ala. Nevertheless, this re
shows that Mediator function can be affected by po



780 R. Biddick, E.T. Young / C. R. Biologies 328 (2005) 773–782

b-
is

tor
n-

er
or

id
ub-
that
n.

in a
was
ter
p-
as

o-

of
re-
hat
ata
or
the

me-

r is
is

or,
di-
this
ch
IC
of
i-
a
al

e-

rect
ct

ipi-
d5,
in-
is
le,
tive
tly

that
d
hen
ase
ct.
the
he

trat-
-
on
cts

of
-
e
me
ere

reg-
ilar

ac-
se

m-
one
em-
hat
of

ch
rsal
A

the
ase
s of
translational modification of a single Mediator su
unit, suggesting the possibility that Mediator itself
regulated.

Yet another proposed mechanism is that Media
exerts its negative effect indirectly by recruiting a ge
eral corepressor, the Cyc8-Tup1 complex[43]. This
corepressor does not bind directly to DNA, but rath
is recruited to the promoter by DNA-binding repress
proteins such as Mig1, Rox1, Ume6 and Mcml/α2 and
al/α2. A physical interaction detected by two-hybr
and GST pull-down assays between the Mediator s
unit Med3 and this corepressor supports the idea
Mediator is acting indirectly to repress transcriptio
If this were the case, a mutation inCYC8or TUP1
should have the same phenotype as a mutation
Mediator component that relieves repression. This
shown not to be the case for one artificial promo
studied,[41] suggesting that this model does not a
ply universally. In a related set of experiments it w
shown that mutations in theMIG1 andMIG2 repressor
genes acted synergistically with mutations inMED16
and MED14, suggesting that these Mediator comp
nents do not act through the Cyc8-Tup1 complex[44].
Another possibility for an indirect repressive role
Mediator is its effect on the transcription of the co
pressor Cyc8-Tup1 and the DNA binding proteins t
recruit it. Genome-wide microarray expression d
show however that loss of Med17, Med18, Med6
Med10 does not lead to any obvious change in
transcription levels of those genes[28]. This evidence
suggests that Mediator’s repressive role may so
times by indirect, but that is not always the case.

As noted above, one of the functions of Mediato
to stimulate phosphorylation of the CTD. The CTD
initially unphosphorylated when bound by Mediat
and then hyperphosphorylated while free from Me
ator during elongation. It has been suggested that
activity is an avenue for negative regulation. In su
cases RNA pol II would be unable to form a stable P
because Mediator would stimulate phosphorylation
the CTD prematurely, causing RNA pol II to dissoc
ate [36]. This model implies that the formation of
stable PIC requires interactions following the arriv
of RNA pol II before the PIC is fully functional. By
causing premature phosphorylation of the CTD, M
diator could prevent stable PICs from forming.

There is some evidence that contradicts a di
role of Mediator in repression, or even an indire
role that acts though a corepressor. In a study ofGAL
genes, it was shown by chromatin immunoprec
tation that the Mediator components Med14, Me
Med7 and Med22 are not found at promoters of
active genes[45]. This would suggest that Mediator
only playing a negative role indirectly. It is possib
however, that Mediator was not detectable at inac
promoters because it is either weakly or transien
associated with inactive promoters. The evidence
Mediator plays a negative role atGAL genes is base
on the activity of these genes that is observed w
subunits of the tail module are absent. In this c
the effect of the Mediator mutations could be indire
For example, loss of Med15 function could reduce
level of the Mig1 repressor that is able to recruit t
Tup1 repressor complex to theGAL promoters. This
hypothesis is consistent with the evidence demons
ing that the same ts allele ofMED15 produces phe
notypes suggestive of both positive (failure to grow
galactose) and negative (relief from repression) affe
of Med15 on gene expression.

A similar explanation could explain the effect
mutations inMED14andMED16on chromatin struc
ture. Jiang and Stillman[21] demonstrated a chang
in linking number, and hence presumably nucleoso
density, on episomal plasmids when the plasmids w
present in strains with defects inMED14 or MED16.
They suggested that these genes might alter gene
ulation through effects on chromatin structure. Sim
arguments were advanced to explain the increased
cessibility of an episomal plasmid to dam methyla
expressed in yeast with defectiveMED15 or MED16
genes[41]. However, defects in these Mediator co
ponents could lead to reduced levels of a hist
chaperone activity necessary for nucleosome ass
bly. These experiments draw attention to the fact t
it is not known definitively if the repressive effect
Mediator is direct or indirect.

4. Current directions and perspectives

The emerging picture of human Mediator, whi
echoes that of yeast Mediator, proves the unive
nature of the coactivator as a regulator of all RN
pol II eukaryotic transcription. It also demonstrates
power of using yeast as a model organism to te
apart the details of a complex system. Regardles
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the system being used, however, there is still much
unknown, which precludes our understanding of
finer workings of this large, multi-functional comple

High-resolution structural information is still lack
ing, and it is likely to become available only in sma
pieces due to the limitations of current technology
resolve such large structures. New technology us
photo-crosslinking to map protein-protein interactio
could provide key information about the structure
Mediator.

The intriguing possibility of Mediator itself bein
regulated suggests that it may function as a ‘che
point’ for transcription initiation, preventing RNA
pol II from gaining access to the template under
appropriate conditions, or serving as a scaffold
facilitate RNA pol II binding and transcription ini
tiation. Promoter architecture, other coactivators
corepressors, as well as other upstream regulatory
nals would all influence whether RNA pol II woul
form a functional PIC, or whether it would dissocia
because Mediator was in a repressive state. This m
fits much of the experimental data, and also correla
with other examples of cellular checkpoints. It al
provides a rationale for such a large, complex mo
cular machine as the intermediary between activa
and RNA pol II because it would have to sense
only the activator but also the state of the chroma
and other regulatory factors.
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