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ABSTRACT 
________________________________________________________________ 

 
Studies of Functional Interactions within Yeast Mediator and a Proposed 
Novel Mechanism for Regulation of Gene Expression 
The yeast Mediator complex is required for transcriptional regulation both in vivo and in vitro 
and the identification of similar complexes from metazoans indicates that its function is 
conserved through evolution. Mediator subunit composition and structure is well characterized 
both by biochemical, genetic and biophysical methods. In contrast, little is known about the 
mechanisms by which Mediator operates and how the complex is regulated. The aim of my 
thesis was to elucidate how Mediator functions at the molecular level and to investigate 
functional interactions within Mediator.  

It is possible to recruit RNA polymerase II to a target promoter and thus to activate 
transcription by fusing Mediator subunits to a DNA binding domain. In order to investigate 
functional interactions within Mediator, we made such fusion proteins where different Mediator 
subunits were fused to the DNA binding domain of lexA. The expression of a reporter gene 
containing binding sites for lexA was subsequently measured in both a wild type strain and in 
strains where genes encoding specific Mediator subunits had been disrupted. We found that 
lexA-Med2 and lexA-Gal11 are strong activators that function independently of all Mediator 
subunits tested. On the other hand, lexA-Srb10 is a weak activator that depends on Srb8 and 
Srb11 and lexA-Med1 and lexA-Srb7 are both cryptic activators that become active in the 
absence of Srb8, Srb10, Srb11, or Sin4. Both lexA-Med1 and lexA-Srb7 proteins showed a 
stable association with the Mediator subunits Med4 and Med8 in wild type cells and in all 
deletion strains tested, indicating that they were functionally incorporated into the Mediator 
complex. We also showed that both Med4 and Med8 exist in two forms that differed in 
electrophoretic mobility and that these forms differed in their ability to associate with Mediator 
immuno-purified from the LEXA-SRB7 and LEXA-MED1 strains. Dephosphorylation assays of 
purified Mediator indicated that the two mobility forms of Med4 corresponded to the 
phosphorylated and unphosphorylated forms of the Med4 protein respectively. 

Some of the data presented in this study as well as previous genetic and biochemical data 
obtained in our lab suggested a functional link between the Med1, Med2, Srb10 and Srb11 
proteins. We extended these findings by showing that the Srb10 kinase phosphorylates the 
Med2 protein at residue serine 208, both in vitro and in vivo. We also showed that a point 
mutation of the single phosphorylation site to an alanine or to an aspartic acid residue altered 
the gene expression of a specific set of genes. Taken together, these data indicate that 
posttranslational modification of Mediator subunits is a so far uncharacterized mechanism for 
regulation of gene expression. 

In order to study the function of the Srb7 subunit of Mediator, we isolated a temperature 
sensitive strain where the amino acids 2 to 8 of srb7 were deleted. The Mediator subunits Nut2 
and Med7 were isolated as high copy suppressor of srb7-∆(2-8) and we were also able to show 
that Srb7 interacted with Nut2 and Med7 both in a 2-hybrid system and in co-immuno 
precipitation experiments using recombinantly expressed proteins. Interestingly, a deletion of 
amino acids 2 to 8 of Srb7 abolishes its interaction with both Med7 and Nut2 in vitro. Med4 
also interacted with Srb7 in the 2-hybrid system and surprisingly, the first eight amino acids of 
Srb7 were shown to be sufficient for this interaction.  
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TBP   TATA box-binding protein 
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I INTRODUCTION 
________________________________________________________________ 
 
 

I.I Transcriptional studies and yeast as a model system 
Transcription is of great importance for almost all biological processes in the 

eukaryotic cell. It is the end point for many signal transduction pathways, and it 

is crucial for cellular processes such as development and differentiation as well 

as for the ability of the cell to respond to metabolic needs and to environmental 

signals. To fully understand these processes, research on the factors and the 

molecular mechanisms that control transcription is critically important. Since 

the basal transcription machinery is so highly conserved among all eukaryotic 

cells, studies of transcription in unicellular organisms, such as yeast has a high 

significance also for the understanding of the processes in human cells. To 

exemplify the highly conserved function of the eukaryotic transcription 

machinery, it could be mentioned that nuclear hormone receptors such as the 

glucocorticoid receptor are functional as transcriptional regulators in the 

budding yeast Saccharomyces cerevisiae, despite that they are only found in 

higher organisms and lack homologues in yeast (1). However, the different 

activators, repressors and several important signal transduction pathways differ 

considerably between yeast and man. The work in this thesis is focused on the 

Mediator complex (see below), which is a cofactor that operates in between the 

highly conserved general transcription machinery (see below) and the 

comparably less conserved transcriptional activators and repressors. The 

function of this 20-subunit protein complex is to convey transcriptional signals 

from activators and repressors to the general transcription machinery, a function 

 10



that is completely conserved from yeast to human cells (2). Despite functional 

conservation, only six of the yeast subunits were originally identified as 

obvious homologous counterparts in human cells (2). However, more recent 

studies have identified mammalian homologues to nearly all yeast mediator 

subunits. It is tempting to speculate that the conserved subunits are important 

for interaction with RNA polymerase II and the general transcription 

machinery, whereas the less conserved subunits are more important for 

interactions with species-specific activators and repressors. Recent structural 

data also supports this idea (see below). Therefore, yeast is a very good model 

for studying the principles of how transcriptional signals in eukaryotes are 

transferred from promoter-bound transcriptional activators and repressors, 

through Mediator to finally impinge on the general transcription machinery. 

 

I.II Transcription 
Transcription is the process where DNA is copied into RNA. In eukaryotes, the 

task of transcribing nuclear genes is divided among three highly similar 

enzymes, RNA polymerase I (RNA pol I), RNA pol II, and RNA pol III, 

consisting of 14, 12 and 17 polypeptides respectively. Five subunits are shared 

between all three enzymes and several subunits are homologous to subunits in 

the two other polymerases (3). Each of the three enzymes is responsible for 

transcription of a specific set of genes, and there are now overlapping functions 

between them. Both RNA pol I and III transcribe genes encoding structural or 

catalytic RNAs. More specifically, RNA pol I transcribes ribosomal RNA 

genes whereas RNA pol III mainly transcribes genes that encode RNA 

molecules involved in the protein synthesis apparatus and in the splicing and 

tRNA processing apparatuses. RNA pol II on the other hand, is devoted to the 
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transcription of all protein encoding genes and some small nuclear RNA genes. 

This thesis will focus on the RNA pol II catalyzed transcription.  

 

A typical RNA pol II promoter is composed of a core promoter and regulatory 

regions. The core promoter includes the transcription start site and typically 

extends about 35 nucleotides upstream or downstream of the start site (4). The 

first identified eukaryotic core promoter element was the TATA-box which has 

the consensus sequence TATAa/tAa/t and is bound by the TATA box-binding 

protein (TBP) subunit of the TFIID complex (se below). Later, a less 

characterized initiator element (INR) that can function independently or 

together with the TATA-box was identified (5-7). More recently, the 

downstream core promoter element (DPE) was identified in a study of binding 

of TFIID to TATA-less promoters. The DPE element is typically located 

between 28 and 32 nucleotides downstream of the transcription start site and it 

has been shown that TFIID binds cooperatively to the INR and DPE motifs (8). 

Even though the TATA element is the far most studied core promoter element, 

the DPE motif is almost as common. In an analysis of 205 core promoters in 

Drosophila, 33% contained a TATA box and 30% contained a DPE motif. 14% 

of the genes contained both the DPE and the TATA element. Interestingly, as 

many as 31% of the promoters lacked either of the elements (9). 

 

Even though RNA pol II is a very complex enzyme, consisting of 12 subunits 

with a total molecular weight of more than 0.5 MD, it is not by it self able to 

recognize a promoter or to transcribe protein encoding genes. To do so it also 

needs additional general transcription factors (GTFs) (10). The GTFs are well 

conserved from yeast to man (11-13) and in vitro, the minimum set of GTFs are 
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represented by TFIIB, TFIIE, TFIIF, TFIIH and the small DNA-binding subunit 

of TFIID called TBP (14-15). TFIID is a complex that besides TBP comprises 

several TBP-associated factors (TAFs.) (see below).  

 

Eukaryotic transcription can be divided in distinct phases: pre-initiation 

complex (PIC) assembly, PIC activation (DNA melting), initiation, promoter 

clearance, elongation and termination (16). At least pre-initiation, initiation and 

elongation have been shown to be important steps for regulation of gene 

expression (17-20). It is generally accepted that the PIC assembly is nucleated 

by the binding of TBP to the TATA sequence, but it is debated how the rest of 

the GTFs and the RNA pol II join the PIC. Results obtained in vitro indicate 

that the GTFs can assemble at the promoter in a sequential order (15-16). This 

has been challenged by in vivo experiments which suggest that RNA pol II can 

exist in a pre-assembled complex containing several GTFs prior to binding to a 

promoter. Depending on the purification method, this megadalton-sized 

holoenzyme complex includes different combinations of TFIIE, TFIIF, and 

TFIIH and components of different cofactor complexes such as Mediator and 

SWI/SNF (discussed below) (21-23). Since the holoenzyme is capable of 

responding to transcriptional activators, it has been proposed to be responsible 

for initiation of transcription in vivo by one-step recruitment to the promoter 

(23-24). However, more recent studies where the components of the 

holoenzyme were quantified in vivo showed considerable differences between 

the different components. The levels of RNA pol II, TFIIF and TFIIE were 

comparable but the levels of TBP and TFIIB were substantially lower. In 

particular, the levels of Mediator and TFIIH were much lower than all other 

components. These findings thus argue against the idea that most GTFs are 
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recruited as a single large complex to RNA polymerase II promoters and hence 

favor the model of stepwise recruitment (25). 

 

I.III The model of stepwise PIC assembly 

As discussed above, the first step of PIC assembly on a TATA containing 

promoter with minimal set of GTFs, is binding of the saddle shaped protein 

TBP to the minor groove of the TATA-box. This binding result in a 90 degree 

bend of the DNA that brings DNA sequences located immediately upstream 

and downstream of the TATA sequence closer to each other (16 and references 

therein). According to the stepwise PIC assembly hypothesis (see figure 1), the 

next factor binding to the PIC is TFIIB which consists of a single polypeptide. 

It binds through interactions both with TBP and with DNA sequences up- and 

downstream of the TATA box. TFIIB stabilizes the TBP-DNA interaction and 

is also crucial for the subsequent recruitment of pre-formed RNA pol II and 

TFIIF complex. Thereby, TFIIB directs the positioning of the active site of 

RNA pol II close to the transcription start site, which is located approximately 

30 bp downstream from the TATA box. TFIIF appears to be the closest to a 

eukaryotic homolog of the prokaryotic transcription factor sigma (σ). The σ-

factor is important for promoter recognition and has the capacity to disrupt 

nonspecific RNA polymerase-DNA complexes in bacteria. The latter function 

is conserved in TFIIF (26). TFIIF also plays an important role in transcriptional 

elongation and it is the only GTF that remains attached to RNA pol II after 

promoter clearance. 

  

As mentioned above, RNA polymerase II is a 12 subunit protein complex. Its 

largest subunit has a unique carboxyl-terminal domain (CTD) consisting of a 
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heptapeptide repeat (YSPTSPS) that is conserved among all eukaryotic 

organisms and is repeated 26 times in yeast and 52 times in man (27-28). The 

resulting TBP-TFIIB-pol II-TFIIF- complex is sufficient to form stable, 

functional initiation complexes on both linear and supercoiled templates and to 

form dinucleotide-primed abortive initiation products (29). However, promoter 

clearance and hence the synthesis of longer transcripts also require addition of 

the GTFs TFIIE and TFIIH. TFIIE is a heterodimer in yeast and its main 

function is to complete the PIC assembly by recruitment of TFIIH, but also to 

stimulate several of the enzymatic activities of TFIIH (16 and references 

therein). TFIIH itself consists of nine subunits and in contrast to the other GTFs 

it possesses several different enzymatic activities. First, it contains the kinase 

activity that is responsible for the phosphorylation of CTD, an event that is 

essential for promoter clearance. Furthermore it includes two ATP-dependent 

DNA helicases with opposite polarity. They are needed for the local unwinding 

of the promoter DNA about 10 base pairs upstream of transcription start site, an 

event which is essential for formation of the first phosphodiester bond and for 

promoter clearance (16 and references therein). TFIIH has also been shown to 

be involved in nucleotide excision repair and in human cells mutations in any of 

the two helicases have been shown to be associated with three different genetic 

disorders: Xeroderma pigmentosum, Cockayne´s syndrome, and 

Trichothiodystrophy (30-39). 
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Figure 1.Model of a stepwise PIC assembly. 

 

 

I.IV Cofactors 
Even though the GTFs and RNA pol II are sufficient to recognize a promoter 

and to transcribe protein encoding genes in vitro, they are not competent to 

respond to regulatory signals from transcriptional activators or repressors, or to 
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overcome chromatin mediated repression of transcription (see below). In 

addition, regulated transcription of chromatin templates requires several 

different cofactors. These cofactors can be divided in two classes: (i) those 

which exercise their effect by remodeling the chromatin structure or (ii) those 

which target the general transcription machinery (i.e. the RNA pol II or the 

GTFs). However, these classes overlap considerably because of the 

multifunctional nature of these typically large protein complexes (40). 

 

Chromatin remodeling  

The DNA in eukaryotic nuclei is highly organized into a chromatin structure 

that has a general negative effect on basal transcription and relief of this 

repression is fundamental for regulation of gene expression. The basic unit of 

chromatin is the nucleosome, which comprises 147 bp of DNA wrapped twice 

around an octamer composed of two of each of the core histones (H2A, H2B, 

H3 and H4). Nucleosomes are in turn folded into progressively higher-order 

structures. There are two basic mechanisms to alter this structure and thereby to 

access the DNA for regulatory proteins that activates transcription; (i) through 

nucleosome structure alteration and (ii) through covalent modification of 

histones.  

 

Chromatin remodeling through nucleosome structure alteration  

The energy needed for the majority of the activities involved in nucleosome 

structure alteration comes from the hydrolysis of ATP and hence the involved 

enzymes are called ATP-dependent chromatin remodeling factors. Most of 

these factors are composed of multisubunit complexes with an ATPase as the 

catalytic center (41). There are three types of ATPases that can be grouped into 
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different subfamilies depending on whether they contain either a bromodomain 

(SWI2/SNF2 subfamily), two copies of a chromodomain (Mi-2/CHD 

subfamily), or lack both domains (ISWI subfamily) (42). 

  

The yeast SWI/SNF complex was the first ATP-dependent chromatin 

remodeling complex to be identified and SWI/SNF homologues have now been 

identified in several eukaryotes, including human cells. ISWI containing 

chromatin remodeling complexes have also been found in a wide variety of 

eukaryotes i.e. the ISW1 and 2 complexes in yeast and in the CHRAC complex 

in human and drosophila (41). The outcome of DNA-dependent chromatin 

remodeling can be relocation of the histone octamers to adjacent DNA 

segments (nucleosome sliding), (43, 46, 47) and may even lead to displacement 

of a histone octamer to a different DNA segment (48, 49). Besides opening the 

chromatin structure, which makes activation of transcription possible, ATP-

dependent chromatin remodeling is also involved in repression of gene 

expression, chromatin assembly and in the maintenance of higher order 

chromosome structures (41 and references therein). 

 

Chromatin remodeling through covalent modification of histones 

The amino terminal tails of the histones are largely unstructured and contain 

several conserved, positively charged lysine and arginine residues. These parts 

of the histones are identified as targets for several posttranslational 

modifications including acetylation, phosphorylation, methylation, 

ubiquitination and ADP-ribosylation (50-55). Of these modifications, 

acetylation is the he far most studied (56). Acetylation occurs on lysine residues 

of the histone tails and neutralizes their positive charge. This change in charge 
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of the histone tails is hypothesized to weaken the contact between histones and 

the DNA (57). However, acetylation may also alter interactions between 

neighboring nucleosomes, which are necessary for higher-order folding, (58) 

and for interactions between histones and regulatory proteins. For example the 

yeast global repressor TUP1 interacts directly with histones H3 and H4 and this 

interaction is negatively influenced by high levels of histone acetylation (59). 

Furthermore, the bromodomains of several histone acetyl transferases (see 

below) and other chromatin-associated proteins specifically targets acetylated 

histones (60). The histone acetylation also changes the structure of individual 

nucleosomes as well as the higher-order folding, and thus leads to a less 

condensed chromatin environment which is a prerequisite for activation of 

transcription.  

 

The enzymes responsible fore acetylation of histones are referred to as Histone 

Acetyl Transferases (HATs) and several HAT-containing protein complexes 

have been identified in most eukaryotes from yeast to man, i.e. the yeast Gcn5-

containing complexes SAGA and ADA or the highly related mammalian PCAF 

complex (61). Acetylation of histones is a dynamic process determined both by 

the action of acetylating HATs, and of deacetylating histone deacetylases 

(HDACs) (62). Some regulated activation events thus function by exchanging 

complexes containing HDACs for those containing HATs. For example the 

thyroid hormone receptor, and some other nuclear receptors, interact with 

HDACs to repress transcription in the unliganded state, but interact with HATs 

in the presence of ligand to activate their target genes (63). 
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Cofactors targeting the GTFs 

Experiments using in vitro transcription systems, reconstituted from 

recombinant or highly purified GTFs and RNA pol II showed that the general 

transcription machinery is insufficient to respond to activators also on naked 

DNA-templates. This lead to the identification of cofactors which are essential 

for the transduction of signals from promoter-bound activator and repressor 

proteins to the RNA pol II and the GTFs (64-66). 

 

TFIID  

TFIID was originally described as an activity in fractionated mammalian cell 

extracts that was necessary for accurate initiation of RNA pol II transcription in 

vitro, and it was later shown to bind specifically to the TATA sequence of core 

promoters (67-69). The TATA-binding protein (TBP) was subsequently 

identified, first from yeast but later also from metazoan cell extracts. It was 

found that TBP could functionally substitute for the TFIID-fraction in pre-

initiation complex formation and also in supporting unregulated transcription in 

a reconstituted in vitro transcription system (70, 71). 

 

Immunopurification of TFIID using antibodies specific for TBP identified a set 

of polypeptides which associated with TBP in a multisubunit complex. These 

additional polypeptides were referred to as TBP-associated factors (TAFs) (72). 

Studies on these partially purified TFIID fractions suggested that TAFs were 

essential for the response to transcriptional regulatory proteins but not for basal, 

unregulated transcription in vitro (73, 74). 
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Today it is well established that TFIID in all eukaryotes, is composed of TBP 

and at least 10 additional TAFs, depending on the organism. Furthermore, 

different TFIID complexes are formed in different cell-types within the same 

organism (75, 76). It is also clear that different activators can contact specific 

TAFs and that certain TAFs are required for the transcription of specific sets of 

genes (77-80). TAFs are also involved in stabilizing TFIID-binding to 

promoters by making specific contacts to DNA at the INR and DPE elements, 

mentioned above (6, 81, 82). These interactions seem to be especially important 

at promoters lacking a canonical TATA sequence. However, even on some 

TATA-containing promoters, TAFs have been shown to be important for the 

correct binding of TBP, suggesting that TAF-DNA interactions could be 

important also on TATA-containing promoters (83).  

 

Interestingly, several TAFs have been found to harbor different enzymatic 

activities suggesting other ways of TAF-mediated transcriptional activation 

(40). For example, the largest TFIID subunit TAF250 possesses protein kinase 

and histone acetyltransferase (HAT) activities (84-86) as well as an ubiquitin-

activating and -conjugating activity that is required for full transcriptional 

activation by certain activators in Drosophila embryos (87). 

  

Most of the initial information about the function of TAFs discussed above was 

obtained from in vitro studies on partially purified fractions from mammalian 

and Drosophila cell extracts. These results suggested that TAFs could play a 

general role in global transcription by transferring signals from activators to the 

GTFs. However more recent data from experiments in yeast cells which were 

depleted of individual TAFs have shown that TAFs are dispensable for 
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transcriptional activation of numerous genes in vivo (88). Since most of the 

TAF-deletions are lethal, several approaches were used to generate conditional 

mutants to study their effect on transcription: (i) temperature-sensitive strains 

assayed under non-permissive temperature conditions (89, 90), (ii) strains 

containing Gal1-TAF fusion proteins assayed under repressive conditions by 

using glucose containing media and (iii) conditional TAF alleles, assayed after 

copper induced repression and ubiquitin-mediated degradation of the protein 

(91). Taken together these data showed that expression of 12 of the 14 genes 

investigated was unaffected by the conditional TAF mutation, clearly showing 

that TAFs can not play a general role in global regulation of transcription. 

However, inactivation of yTAF145 and yTAF19 repressed two of the 

investigated genes, TRP3 and HIS3+1, whose promoters both contains non-

canonical TATA sequences suggesting that transcription from certain 

promoters is dependent of the presence of particular TAFs (91). These findings 

are supported by recent experiments where the expression profiles of yeast 

strains bearing temperature sensitive mutations in the 13 essential TAFs have 

been studied using microarray technique. The study showed that no TAF is 

universally required for transcription. Rather, each TAF is required for the 

expression of a subset of genes ranging from 3% to 59-61% of the yeast 

genome. Collectively, 84% of the yeast genes require at least one of the 13 

essential TAFs (92, 93). 

 

The Mediator complex 

The yeast Mediator was originally identified as a co-activator activity in an in 

vitro transcription-squelching assay. In this assay, the activity of one activator 

could be inhibited by the addition of another activator which lacked binding site 
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in the promoter of the reporter gene. This indicated that the two activators 

competed for a common target/co-activator. Furthermore, addition of an 

increasing concentration of the activator that had a binding site in the promoter 

of the reporter gene, at first resulted in a linear increase of transcription up to a 

peak. At higher concentrations of the activator, the transcription level 

decreased, indicating that the co-activator was saturated with non-DNA bound 

activator (self-squelching). Squelching could be relieved by addition of a semi-

purified fraction from yeast whole cell extracts, but not by addition of any of 

the general transcription factors. These results established that transcription 

activation requires an intermediary factor that transfers signals from activators 

to the basal transcription machinery (64, 94). This intermediary factor was 

therefore named Mediator. Opposite to TAFs, Mediator is required for global 

transcriptional regulation also in vivo (see below).  

 

Mediator was purified to homogeneity using a reconstituted in vitro 

transcription assay. Two different fractions containing Mediator activity were 

identified and it was found that one corresponded to free Mediator complex 

consisting of 20 different protein subunits, and the other corresponded to 

Mediator in complex with RNA pol II (95-96). The latter form was referred to 

as the RNA pol II –holoenzyme and it was shown to exhibit the same activities 

as pure Mediator and pure RNA pol II added separately. Thus, besides its 

ability to support activated transcription, Mediator also caused a 10-fold 

stimulation of basal transcription and a 50-fold stimulation of the TFIIH-

dependent phosphorylation of the RNA pol II CTD (95). Later the Mediator 

subunit Nut1 has been found to possess a histone acetyl transferase activity, 

suggesting a role for mediator also in chromatin remodeling (97). 
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Subunit composition of yeast Mediator  

Biochemical identification of the Mediator subunits showed that several of 

them had previously been implicated in regulated transcription or CTD 

interaction by genetic methods (2, 98-100). One class of these proteins is 

encoded by the so-called SRB (Suppressors of RNA polymerase B) genes (see 

figure 2) They were originally identified in a genetic screen for suppressors of 

the cold sensitive phenotype that results from a truncation of the yeast pol II 

CTD from 26 to 11 heptapeptide repeats (101). Nine different complementation 

groups were identified. Five of the corresponding genes, SRB2, SRB4, SRB5, 

SRB6 and SRB7, were shown to encode core subunits of Mediator present in all 

different Mediator preparations (95, 96). SRB4, SRB6 and SRB7 are all essential 

genes and a ts-mutation in the SRB4 gene shuts down almost all RNA pol II 

dependent transcription in the cell at the non-permissive temperature, indicating 

that its function is crucial for regulation of global gene expression (102, 103). 

In contrast, the Srb8, Srb9, Srb10 and Srb11 proteins were clearly absent in 

Mediator and holo-RNA pol II preparations reported by Kornberg and 

coworkers (95-96). Instead, Srb8-11 have been isolated as a discrete complex 

(104). Other groups have reported different results concerning Srb8-11. Rick 

Young and colleagues purified a large Mediator containing complex called 

holoenzyme that included the Srb8-11 proteins. Notably, this preparation also 

contained TFIIB, TFIIF, TFIIH, and SWI/SNF proteins (105).  
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Figure 2. Schematic picture of the Saccharomyces cerevisiae Mediator in complex with RNA 

pol II. The different classes of Mediator subunits are indicated with different colors as shown in 

the figure. 

 

 

The SRB11 and SRB10 genes encode homologues to the human cyclin C and 

the cyclin C-dependent kinase (Cdk8) and have been proposed to regulate 

transcription negatively by phosphorylation of the pol II CTD prior to PIC 

formation (106). Furthermore SRB8-11 have been identified in several genetic 

screens for genes involved in transcriptional repression (107 and references 

therein). Since the genes encoding the global corepressor complex subunits 

TUP1 and CYC8 appeared in the same genetic screens, it has been suggested 

that Srb8-11 may be involved in transmitting repressive signals from the Cyc8-

Tup1 co-repressor complex to pol II. However, other Mediator subunits such as 

Pgd1 and Srb7 have also been proposed to be targets of Cyc8-Tup1 (108, 109). 
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Furthermore SRB8-11 alleles have been isolated as ssn (suppressors of snf1) 

mutations. The Snf1 kinase is a homolog to the mammalian AMP-activated 

kinase and it is inactivated in the presence of glucose. In the absence of glucose, 

Snf1 functions by phosphorylating the Mig1 repressor and prevents its binding 

to target promoters including GAL1, GAL4, SUC2 and MAL62. These genes 

encode proteins that are required for metabolism of galactose, sucrose, and 

maltose and yeast snf1 cells are thus unable to grow on all carbon sources 

except glucose (110). Yeast cells lacking both Snf1 and Mig1 can also grow on 

galactose and sucrose but are still unable to grow on gluconeogenic carbon 

sources such as glycerol, lactate, ethanol, or acetate. Thus some genes that are 

required for gluconeogenic growth are also repressed by a Mig1-independent 

mechanism acting downstream of Snf1 (see figure 3). Since SRB8, SRB10 and 

SRB11 have been identified as spontaneous mutations that allow snf1/mig1 cells 

to grow on gluconeogenic carbon sources, the Srb8-11 module was suggested 

to play a role in this Mig1 independent repression (111). The mechanisms for 

this repression and the possible target for the Srb10 kinase in this pathway is 

however still unknown. Since subunits of the Mediator also suppress some of 

the snf1 phenotypes and makes snf1/mig1 cells to grow on gluconeogenic 

carbon sources (se below), a tempting hypothesis is that Srb8-11 affects 

Mediator directly. More recent findings have shown that the Srb10/Srb11 

complex also operates through mechanisms acting directly on DNA-bound 

transcriptional activators. Thus, phosphorylation of Gal4, Ste12, Sip4, Gcn4, 

and Msn2 by Srb10 suggests that modulation of specific activator proteins in 

response to physiological signals is a mechanism for regulation of gene 

expression (112-115). 
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Figure 3. Schematic representation of the glucose repression pathways in yeast. In the 

presence of glucose the Snf1 kinase is inactivated but in the absence of glucose, Snf1 functions 

by phosphorylating the Mig1 repressor and prevents its binding to target promoters. A less 

characterized Mig1 independent pathway also exists (dotted line). 

 

Another group of Mediator components is encoded by the CSE2, GAL11, 

NUT1, NUT2, PGD1, RGR1, ROX3 and SIN4 genes, which were all discovered 

in genetic screens for mutations affecting transcription both positively and 

negatively (see figure 2)(2). CSE2 was originally identified in a genetic screen 

for mutations that affect chromosome segregation (116). However, this is now 

believed to be a secondary effect resulting from defects in transcriptional 

regulation (99). Interestingly Cse2 is also required for Bas1/Bas2 activated 
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transcription of genes encoding proteins involved in amino acid biosynthesis, 

but not for transcription activated by Gcn4 or Gal4 (117).  

 

GAL11 was first identified as an auxiliary transcription activator of genes 

encoding galactose-metabolizing enzymes (118), but it has also been isolated in 

screens for negative transcriptional regulators (107, 119). Together with Med2, 

Pgd1, Sin4 and possibly Nut1, Gal11 forms a separate module in Mediator 

which is responsible for interaction with different activators. This module is 

therefore referred to as the Gal11 module, the Sin4 module or the activator 

binding module (101, 120, 121). The Gal11 module is anchored to the rest of 

Mediator via the C-terminus of the Rgr1 subunit (122). NUT1 and NUT2 were 

both identified in a genetic screen for mutations affecting the negative 

regulation of a Swi4-dependent reporter gene (123). Nut2 has also been 

reported as necessary for induction of histidine biosynthesis genes by the 

transcriptional activators Gcn4 and Bas1 (115) whereas Nut1, as already 

discussed, has been found to possess a histone acetyl transferase activity (97).  

 

A third subgroup of Mediator proteins is encoded by genes that had not been 

previously characterized genetically, and which products were identified 

through peptide sequencing. These proteins were named Med-proteins and were 

given numbers according to their molecular weight, such that the largest 

subunit was named Med1 and the smallest Med11 (see figure 2). Some of these 

were later shown to correspond to previously identified genes, i.e. MED3 is 

identical to PGD1; MED9 to CSE2; and MED10 is identical to NUT2 (95, 96, 

124).  
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Med1 is a non-essential Mediator subunit and med1 cells show a phenotype that 

resembles deletions of SRB10 or SRB11. Thus, a disruption of MED1 causes 

both a partial defect in GAL gene induction and an increased expression of GAL 

genes under repressing or non-induced conditions. Similar to deletions of SRB8, 

SRB10 or SRB11, a deletion of MED1 also suppresses some of the snf1 

phenotypes and makes snf1/mig1 cells able to grow on gluconeogenic carbon 

sources (111, 125). Furthermore, Med2 is less tightly associated with the rest of 

the Mediator complex in med1 cells, indicating a physical interaction between 

Med1 and subunits within the Gal11 module (125). 

 

Similar to MED1, SRB10 and SRB11, the MED2 gene is important for 

regulation of GAL genes (118, 123). Furthermore, Mediator lacking Med2 fails 

to respond to activating signals from the VP16 activator (123). The other MED-

genes (MED4, MED6, MED7, MED8 and MED11) are all essential genes that 

have not been extensively studied yet. Med8 differs from the rest of the 

Mediator subunits since it has been reported to directly bind to certain 

regulatory DNA elements (126). Whether this reflects binding of Mediator or of 

free Med8 protein to these sequences is still unknown.  

 

Different Mediator complexes in Saccharomyces cerevisiae  

As mentioned above, several groups have reported Mediator fractions purified 

from yeast whole cell extracts. However, the subunit composition of these 

different complexes differed considerably. In an attempt to explain the 

differences in subunit composition, Hahn and coworkers purified Mediator 

using only affinity purification and gel filtration. Thus the high salt conditions 

and multiple ion-exchange chromatographic steps used in the original protocols 
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that could have caused dissociation of subunits during isolation were avoided. 

Using this method, two major yeast Mediator-containing complexes were 

identified and they were found to be distinct from the previously identified 

complexes. One complex was similar to the holoenzyme isolated by Kornberg 

and colleagues, but it also contained the Srb8-11 module and was referred to as 

pol II·Med by the authors. The other complex consisted of 13 different 

Mediator components and was named Mediator core (Medc)(see figure 4) 

(127). This complex lacked pol II subunits, the Gal11 module (Pgd1, Med2, 

Gal11, Sin4 and Nut1), and the Rox3, Rgr1, Srb8, Srb9, Srb10, and Srb11 

subunits. The two complexes were apparently pre-existing in the extract, 

because high salt buffers, which dissociate pol II from the holoenzyme, did not 

increase the relative amount of Medc. The Medc subunits include most of the 

essential subunits (see figure 4 and table 1) and have been reported to have a 

global function in transcription. The Medc complex promoted transcription to a 

much lower extent than the larger complex and was therefore suggested to 

function on a subset of genes in vivo or to function specifically in repression of 

certain genes, similarly to the mammalian NAT complex (se below) (127, 128). 
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Figure 4. Schematic picture of two coexisting Mediator complexes purified from 

Saccharomyces cerevisiae; pol II·Med (A) and Medc (B). (Picture obtained from reference 

127). 

 

 

Mammalian Mediators 

The first indication of a Mediator complex in higher eukaryotes came with the 

identification of the thyroid hormone receptor associated protein (TRAP) 

complex. It was identified as a protein complex that was associated specifically 

with the ligand-bound thyroid hormone receptor α (TR) α in HeLa cell extracts. 

TRAP was shown to significantly enhance the transcriptional activator function 

of TRα in transcription systems reconstituted in vitro with purified human 

GTFs and DNA templates containing TR-responsive elements (129). Similar 

complexes have later been isolated using several different approaches. These 

include: SMCC (SRB/MED Cofactor Complex), which was purified from HeLa 

cells that expressed epitope-tagged hSrb7, hSrb10 (CDK8) and hSrb11 (Cyclin 

C) (130); the DRIP (Vitamin D3 receptor interacting proteins) complex which 

was purified from Namalwa B-cell nuclear extracts using a Vitamin D receptor 

(VDR) ligand–binding domain affinity matrix (131); the ARC (activator-
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recruited cofactor) complex which was isolated from HeLa cell nuclear extract 

by its interaction with the activation domains of the activator proteins SREBP-

1a, VP16 and the NFкB p65 subunit (132); and the NAT (negative regulator of 

activated transcription) complex that was purified from HeLa cell nuclear 

extracts based on its content of CDK8. As already discussed, NAT differs from 

other Mediator complexes in the sense that it was shown to have a negative 

effect on transcription (128). All the above mentioned complexes are around 2 

MDa in size. 

 

In addition, smaller (500-700 kDa) Mediator-like complexes that contain 

Srb/Med homologues have also been identified in higher eukaryotic cells. These 

group of complexes include the murine Mediator (133), CRSP (cofactor 

required for Sp1 activation) (134), and the PC2 (positive cofactor 2) complexes 

(135). It is still unclear if the differences in size and subunit composition 

between these complexes reflects that diverse Mediator complexes are present 

in mammalian cells or if it is simply a consequence of different purification 

methods. However, the subunit composition of the larger complexes ARC, 

DRIP, SMCC and TRAP are almost identical and therefore probably represents 

the same complex (99, 131). 

 

Conserved overall structure of Mediator 

Despite the functional conservation of Mediator, only six out of 20 

Saccharomyces cerevisiae Mediator subunit genes have obvious homologues in 

the mammalian genome (2) (see table 1). Conversely, the overall structure of 

Mediator seams to be highly conserved. In both human, yeast and mouse, 

single-particle analysis by electron microscopy has revealed that Mediator is 
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composed of three modules referred to as the head, middle, and tail domains 

(see figure 5)(136). It has been shown that the tail domain of Mediator from 

Saccharomyces cerevisiae corresponds to the Gal11 module described above, 

and that it is anchored to the rest of Mediator via the C-terminal domain of the 

Rgr1 subunit of the middle domain (122, 137). A combination of the data 

revealed from electron microscopy and the reported subunit-subunit 

interactions suggests that the middle domain is composed of Cse2, Med1, 

Med4, Med7, Med8, Srb7 and Nut2 (101, 136-139). Based on the same results, 

the head domain is composed of the remaining subunits namely: Med6, Med11, 

Srb2, Srb4, Srb5 and Srb6. Strikingly, all the conserved Mediator subunits are 

encoded by essential genes and they are all located in the head or in the middle 

domain which, according to the electron microscopy data, are the domains that 

interact with the RNA pol II (see figure 5 and table 1) (136, 137). In contrast, 

all the subunits of the tail domain are encoded by non-essential genes and 

deletion of this module results in a holoenzyme that is competent in basal 

transcription but unresponsive to activators such as Gal4-VP16 or Gcn4 

(120,121). Accordingly, the electron microscopy observations indicate 

extremely high structural similarities in the head and middle domains but rather 

substantial structural differences in the tail domain. It has therefore been 

proposed that this might reflect that the head and middle domains interact with 

the RNA pol II subunits (which are conserved between species) while the tail 

domain is involved in interactions with the less conserved or species-specific 

activator and repressor proteins (99, 136, 137). 
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Figure 5 A) Electron microscopy projection of holoenzyme formed by yeast Mediator and RNA 

polymerase II with the Mediator domains indicated as, head (h), middle (m) and tail (t) (Picture 

adopted from reference 136). B) Suggested location of Mediator subunits in the electron 

microscopy projection. The combined mass of the subunits assigned to each Mediator domain, 

shown in parenthesis along with the respective percentage of the total mass of the complex, 

appears consistent with the apparent relative size of the different domains (Picture adopted 

from reference 137).  
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Table 1. The Mediator subunits in Saccharomyces cerevisiae and their homologs in 

Schizosaccharomyces pombe and human cells. Most of the essential genes are conserved 

between Saccharomyces cerevisiae and human cells. 

 

A new Mediator nomenclature 

As discussed above, initial studies could only identify six Mediator subunits 

that are conserved from yeast to humans (2) (see table 1). However, extensive 

cross-species comparisons have recently revealed metazoan counterparts for 

nearly all yeast Mediator subunits (140, 141). Furthermore the vast majority of 

scientists in the field have now acknowledged that the Mediator-related 

complexes from higher eukaryotes are evolutionary conserved homologs to the 

originally identified yeast Mediator. A new Mediator nomenclature to facilitate 

cross-species comparisons and enhance understanding of the scientific literature 
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has therefore been suggested. The names of the different Mediator subunits 

according to the new nomenclature are listed in table 2 (141). 

 

I.V Activation-by-recruitment and non-classical activators 
It has been shown that fusions between GTFs and the DNA binding domains 

(DBD) of transcriptional regulatory proteins such as lexA or Gal4 can activate 

transcription from promoters containing lexA binding sites. An activation-by-

recruitment model, which suggests that physical recruitment of the basal 

transcription machinery (i.e. GTFs or RNA pol II) to a promoter might be 

sufficient to activate transcription, has therefore been proposed (142-144). A 

fusion protein where the DBD of an activator is fused to parts of a GTF or a 

holoenzyme subunit has been called a non-classical activator, as opposite to 

classical activators with conventional activation domains (145). It has been 

found that the Mediator subunits Med6, Gal11, and Sin4, can function as non-

classical activators. (121, 145,146). Srb2, Srb4, Srb5, and Srb6 can also activate 

transcription as lexA fusion proteins but are dependent on the promoter context 

for their ability to do so (145). A lexA-Srb11 fusion activates transcription 

(147), whereas a lexA-Srb10 fusion requires either overexpression of Srb11 or a 

mutation in the kinase active site to function as a non-classical activator (106). 

Interestingly, a lexA-Med1 fusion protein only activates transcription in the 

absence of Srb11 or if the lexA-Med1 fusion protein is overexpressed. The 

activation of lexA-Med1 is also dependent on the presence of the Med2 subunit 

in the complex (125). 

 

 

 36



I.VI Mechanisms for Mediator-dependent regulation of transcription 
Even though the subunit composition and the overall structure of Mediator are 

known, it is still unclear how Mediator works mechanistically. As already 

mentioned, an activation-by-recruitment model has been proposed which 

suggests that physical recruitment of the basal RNA pol II machinery to a 

promoter may be sufficient to activate transcription (142-144). According to 

this model, the function of Mediator would be to interact with DNA-bound 

activator proteins, to thereby be recruited to target promoters. Mediator would 

subsequently recruit RNA pol II and the GTFs which in turn would initiate 

transcription. However, numerous results indicate that Mediator is also 

important for repression (119, 141,148) and several of the Mediator subunits 

were originally identified as involved in repression of transcription. 

Furthermore, results showing that the yeast Srb7 protein is a physical and 

functional target for the global corepressor complex Cyc8-Tup1 strongly 

supports that Mediator is directly involved also in repression (109). This would 

indicate that repressors also function by recruiting Mediator but in this case it 

would lead to down-regulation of transcription. Thus the activation-by-

recruitment model is incomplete. A complement to this model might be that 

recruitment is required for both activation and repression, but still unknown 

mechanisms may influence the outcome of the recruitment. Recent reports 

suggest that recruitment of holoenzyme is not needed for each round of 

transcription. Rather, the mediator-pol II interaction is dynamic, and both 

Mediator and several general transcription factors remain at the promoter after 

release of pol II where they function as a scaffold for reinitiation of 

transcription. This scaffold is reported to be stabilized by the presence of 

certain activators such as Gal4-VP16 (149). 
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II SUMMARY OF THE PRESENT STUDY 
________________________________________________________________ 
 
 

The following part is a summary of the main results and conclusions from the 

four papers (numbered I-IV) that constitute this thesis. 

 
II.I Functional interactions within yeast mediator and evidence of 

differential subunit modifications (paper I) 
Previous experiments have shown that a fusion protein between Mediator 

subunits and DNA-binding domains of activators can recruit RNA polymerase 

II to a target promoter and thus activate transcription (121, 145, 146). 

 
In this study we made fusion proteins where the DNA-binding domain of the 

repressor protein lexA was fused to several different Mediator subunits and 

studied to which extent such fusions activated transcription. In order to study 

functional interactions between different Mediator subunits we also 

investigated the dependencies on other Mediator subunits for the activation. We 

found that the Mediator subunits included in our study fall into three distinct 

groups with respect to their functional interactions. The first group comprises 

Med2 and Gal11, both of which are part of the Gal11 module. The lexA fusions 

of these proteins are strong activators that do not depend on any other Mediator 

subunits tested (Med1, Med2, Gal11, Sin4, Srb8, Srb10 and Srb11).  

 
The second kind of result obtained with our fusion proteins is represented by 

Srb10 which was found to be a weak activator in wild type cells. However, 

lexA-Srb10 is dependent on Srb11 and Srb8 for its activity.  
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The third kind of results was obtained from the lexA-Med1 and lexA-Srb7 

fusions. Previous results from our laboratory have shown that lexA-Med1 lacks 

activity in wild type cells but becomes a strong activator in an srb11 deletion 

strain (125). Here we extended this finding by demonstrating that lexA-Med1 is 

also a strong activator in cells lacking either Sin4 or other subunits of the Srb8-

11 module, namely Srb8 and Srb10. Interestingly, we found that a lexA-Srb7 

fusion protein function almost identically to lexA-Med1. Thus, lexA-Srb7 is 

inactive in wild type (WT) cells but becomes active in the absence of Srb8, 

Srb10, Srb11, or Sin4. Additionally lexA-Srb7 is also an activator in MED1 

deletion cells. This discrepancy between lexA-Med1 and lexA-Srb7 is most 

likely explained by the fact that lexA-Med1 can never be studied in a true 

MED1 deletion, since the ectopically expressed lexA-Med1 fusion protein is 

always present in those experiments. 

med1 cells have a mild phenotype that is very similar to that of srb10 or srb11. 

Similar to srb10 and srb11 mutations, med1 mutations can also partially 

suppress the constitutive glucose repression phenotype of snf1 cells (111, 125). 

Taken together with the results we present here, this suggests a possible link 

between Med1 and the Srb8-11 complex. Srb7 in encoded by an essential gene 

and has been shown to be a physical and functional target of the general co-

repressor Tup1 (109). Interestingly, Srb8-11 has also been proposed to be 

involved in repression mediated by Tup1 (107 and references therein) which 

would provide a possible functional link between Srb8-11, Med1, and Srb7. 

 

To learn more about the artificial activators lexA-Med1 and lexA-Srb7, we 

investigated to what extent they are associated with other Mediator proteins in 
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wild type and mutant cells. We found that both fusion proteins are stably 

associated with the Mediator subunits Med4 and Med8 in wild type cells and in 

all deletion strains tested, indicating that they are built in to the Mediator 

complex. Accordingly, we also found that lexA-Med1 and lexA-Srb7 can 

complement deletions of the corresponding wild type genes. Furthermore, we 

found that both Med4 and Med8 exist in two different mobility forms and that 

these forms differ in their ability to associate with Mediator immuno-purified 

from the LEXA-SRB7 and LEXA-MED1 strains. Dephosphorylation assays of 

purified Mediator indicated that the two mobility forms of Med4 corresponded 

to the phosphorylated and unphosphorylated form of Med4 protein respectively. 

This is of particular interest since it is the first reported posttranslational 

modification of a Mediator subunit.  

 

 

II.II Site-specific Srb10-dependent phosphorylation of the yeast 

Mediator subunit Med2 regulates gene expression from the 2-

microm plasmid (paper II) 
We have previously shown that a lexA-Med1 fusion only activates transcription 

in the absence of Srb8-11 or Sin4 and that the activation is dependent on the 

presence of the Med2 subunit in the Mediator (125 and paper I). Furthermore, 

Med1 is important for the stable association of Med2 with the rest of the 

complex and Med1, Med2 and the Srb8-11 module are all important for the 

regulation of genes involved in galactose metabolism (125). In this paper we 

continue to investigate the functional interactions between the Srb8-11 module, 

Med1 and Med2. 
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We present data showing that the Srb10-kinase interacts with and 

phosphorylates Med2 both in vitro and in vivo. Furthermore we map the single 

phosphorylation site to serine 208 in Med2 and substitute it for an alanine to 

study the phenotype of cells when Med2 can not be phosphorylated. We next 

performed several experiments searching for a specific growth phenotype of the 

med2S208A strain under different growth conditions. However the mutant 

behaved similar to the congenic wild type strain under all conditions tested, and 

therefore we proceeded with whole genome expression studies where we 

compared the expression profiles of the wild type and the med2S208A strains 

using Affymetrix microarrays. In total, we found 19 genes that were affected 

>1.4-fold. Most of these genes were only mildly affected, but transcription of 

four genes was dramatically decreased in the med2S208A strain. The REP1, 

REP2, FLP1 and RAF1 genes, all located on the endogenous 2-microm (2-µm) 

plasmid, were highly expressed in the wild type strain but their expression was 

essentially quenched in the mutated strain. These results were confirmed by 

quantitative reverse transcriptase (RT)-PCR assays. As a control, we also 

determined the relative levels of the 2-µm plasmid in the strains using both 

quantitative PCR and quantitative Southern blotting. The results showed that 

the levels of the 2-µm plasmid were indistinguishable between the two strains. 

Apparently, a mutation of the single Srb10-dependent phosphorylation site in 

Med2 inhibits gene expression from the 2-µm plasmid. Based on these data we 

suggest that posttranslational modifications of Mediator subunits is a so far 

uncharacterized mechanism for regulation of gene expression. 
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II.III Phosphorylation of Serine 208 in the yeast Mediator subunit 

Med2 is important for proper expression of genes required for 

anaerobic growth and purine metabolism (Paper III) 
To further elucidate the function of the Srb10 dependent phosphorylation of 

Med2, we investigated the less affected genes in the Affymetrix microarray in 

more detail. Most of the genes that were up regulated in the med2S208A mutant 

were involved in histidine, purine, and pyrimidine biosynthetic pathways and 

contained binding sites for the transcriptional activator Bas1 (TAGCTC) in 

their promoters (150). We also show that the altered expression of these genes 

is dependent on the presence of Bas1 and that the altered gene expression in the 

med2S208A mutant strain is not a consequence of changes in recruitment of 

Mediator to the affected promoters. 

 

In order to analyze the phenotype of a constant phosphorylation of Med2 at 

position 208, we substituted the serine with an aspartic acid (D) and a glutamic 

acid (E) respectively. Subsequent RT-PCR analysis revealed that the expression 

of most of the genes affected in the med2S208A mutant (GLC7, ADE2, ADE17 

and SPL2) was similar to the expression in the congenic wild type. Since we 

had hypothesized that the global gene expression pattern in the med2S208A and 

med2S208D mutants would be opposite to each other, we next analyzed the 

whole genome expression pattern of the med2S208D mutant. We found only 

one gene that was significantly up regulated whereas 21 were down regulated. 

Interestingly, twenty of the down regulated genes have previously been shown 

to be induced under anaerobic conditions and we could identify a conserved 

AR1 element (151) in 19 of the 21 downregulated genes. The AR1 element has 

 43



previously been shown be sufficient for anaerobic activation of a reporter gene 

driven by promoter segments that contain AR1 sites (151). The fact that a 

specific set of genes is upregulated in the med2S208A strain and another 

specific set of genes is downregulated in the med2S208D strain might indicate 

that the Srb10-dependent phosphorylation of the Med2 serine 208 acts as a 

negative transcriptional signal at specific promoters. Some genes are however 

downregulated in the med2S208A strain and one gene is also upregulated in the 

med2S208D strain. It is not clear whether this is a consequence of secondary 

effects or if the phosphorylation might have opposite effect at different 

promoters. The mechanisms for the altered transcription mediated by the 

phosphorylation are also unknown. Our findings that the same amount of 

Mediator is present at the SPL2 promoter even though its expression is 

upregulated indicates that the phosphorylation does not affects recruitment but 

rather acts as a transcriptional signal on the promoters.  

 

II.IV Functional and Physical Interactions of the Yeast RNA 

Polymerase II Mediator Subunit Srb7/Med21 with Med4, Med7 and 

Nut2/Med10 (Paper IV) 
The Mediator subunit Srb7 has been shown to be both a physical and a 

functional target for the global co-repressor Tup1 and it has been suggested that 

also Srb8-11 may be involved in transmitting repressive signals from the co-

repressor (107, 109 and paper III). The fact that the lexA-Srb7 fusion activated 

transcription in similar genetic backgrounds as lexA-Med1 (srb8, srb10, srb11 

and sin4) therefore indicates a possible functional link between Tup1, Srb8-11, 

Med1, Sin4 and Srb7 (paper I). 
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As a first step to learn more about the essential gene SRB7 and its role in 

transcriptional regulation, we tried to identify temperature sensitive mutations 

in the gene. One of our objectives was to use the temperature sensitive, mutated 

strain in a high copy number suppressor screen. We thus preferentially searched 

for mutations that confer a temperature sensitive phenotype when expressed 

from a single copy centromeric plasmid. The only temperature sensitive srb7 

alleles we obtained that were viable with a single copy of the plasmid were both 

truncated from the N-terminus and corresponded to srb7-∆(2-8) and srb7-∆(1-

14).. We therefore made yeast strains with integrated copies of these two 

deletions using the pop-in/pop-out method (152). However, the srb7-∆(1-14) 

strain was so sick that it was difficult to work with.  

 

We next made a screen for high copy number suppressors of the temperature 

sensitive phenotype of srb7-∆(2-8) and identified totally 20 clones. Of those, 11 

contained plasmids encoding the Mediator subunit Nut2 and two clones each 

contained plasmids encoding the Mediator subunit Med7 and the repressor 

Ash1 respectively. The rest of the suppressors were only obtained in one single 

clone and corresponded to: ERP6, RTA1, STE24, POP2 and YML030w. 

 

Since high copy suppression usually reflects physical interaction between the 

encoded proteins, our results indicated that Srb7 interacts with Med7 and Nut2 

in the Mediator complex. In agreement with this we also found that both Med7 

and Nut2 interact with Srb7 both in a yeast 2-hybrid system and in co-immuno 

precipitation experiments in vitro. Furthermore, a deletion of the amino acids 2-

8 of Srb7 was shown to abolish its interactions with both Med7 and Nut2 in 
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vitro. The Mediator subunit Med4 also interacted with Srb7 in the 2-hybrid 

system, however not as strong as the Nut2 and Srb7 subunits. We also tested a 

2-hybrid bait comprising only the first 8 amino acids of Srb7 fused to the lexA 

DNA-binding domain. We found that the two strongest interactors, Med7 and 

Nut2, were unable to interact with this short bait. Interestingly, the weak 

interaction with Med4 was still observed with the short bait.  

 

Previous work has also shown that Srb7 interacts with Tup1 and Med6, and that 

the N-terminal 8 amino acids also are required for both these interactions (109). 

Based on these results it has been suggested that Tup1 might mediate repression 

by interfering with the interaction between the N-terminus of Srb7 with Med6 

by competing for the same target (109). Our finding that Nut2, Med7 and Med4 

also interact with the N-terminus of Srb7 shows that the situation is even more 

complex and that several Mediator subunits may compete in vivo for binding to 

the N-terminus of Srb7. It is therefore tempting to speculate that Srb7 functions 

as a molecular switchboard where competing regulatory signals from different 

activators, repressors and other Mediator subunits are integrated before they 

reach the core polymerase. 
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III CONCLUDING REMARKS 

________________________________________________________________ 
 
 
The general transcription machinery was discovered more than 25 years ago 

and 10 years have past since the Mediator originally was purified. Still, little is 

known about how regulated transcription works in detail and which role 

Mediator plays in this process. For a long time, the dominating theory in the 

field has been the recruitment hypothesis, stating that activators interact with 

Mediator and thereby recruit RNA pol II and GTFs to target promoters which 

thus activate transcription. However, Mediator has also been proven to interact 

with repressors and to play an important role in transcriptional repression. This 

indicates that some repressors also function by recruiting Mediator but in this 

case it would lead to down-regulation of transcription and thus the recruitment 

hypothesis is incomplete.  

 

Our findings that the lexA-Med1 and lexA-Srb7 fusion proteins are unable to 

activate transcription in wild type cells, but become strong activators when 

proteins of the Srb8-11 module are absent also indicate that recruitment is not 

sufficient for activation (paper I). Hence, subsequent signal transduction within 

Mediator might be a required for activation of transcription, at least on some 

promoters. This is in line with our results in paper II and paper III where we 

show that an Srb10 dependent phosphorylation of Med2 alters the gene 

expression from a specific set of genes and that the altered expression is not a 

consequence of recruitment of Mediator to the target promoters. I believe that 

posttranslational modifications of Mediator subunits represent a so far 
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uncharacterized mechanism for regulation of gene expression, and that such 

modifications might alter the ability of Mediator to act as either a corepressor or 

a coactivator in transcription.  
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