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While this Saccharomyces cerevisiae SIN4 gene product is a component of a mediator
complex associated with RNA polymerase I, various studies suggest the involvement of
Sin4 in the alteration of higher-order chromatin structure. Our previous analysis of a
sind mutant suggested that the mechanisms of transcriptional repression by Sin4 (medi-
ator) and the Tupl-Ssn6 complex (general repressor) are different. To elucidate the way
in which these two repression systems are interrelated, we isolated mutants that exhibit
enhanced transcription of a reporter gene harboring the upstream activation sequence
(UAS), but still are subject to Tupl-Ssn6-mediated repression. Besides sin4, rgrl, tupl,
and ssn6 mutants, we also obtained new mutants that enhance basal transcription even
from a core promoter without UAS. Such mutants, designated rb¢ for regulator of basal
transcription, can be classified into at least six complementation groups, i.e., four single
(rbtl1 to rbt4) and two apparently double (rbt5 rbt6 and rbt7 rbtS8) mutations. The pheno-
type of rbt mutants is dependent on the TATA box and not specific to the integration site
or kind of core promoter. No significant difference in micrococcal nuclease (MNase)
accessibility to the core promoter of test genes was observed between rbf mutants and
the wild-type strain, indicating that the higher-order chromatin structure of the core
promoter region is not significantly altered in these mutants. The rbt1 to rbt4 mutations
are suppressed by the Agalll mutation as in the case of the sin4 mutation, but give rise
to a different profile from the sin4 mutation with regard to the activity of some of the
promoters. From these observations, we suggest that RBT gene product(s) could be
novel mediators that act with or in close association with Sin4 but have a function dis-
tinct from that of Sin4. Moreover, the fact that rb¢ mutations nullify Tupl-Ssn6 general
repressor-mediated repression is consistent with the idea that the mechanisms of Rbt
(mediator)- and Tupl-Ssn6 (general repressor)-mediated repression are interconnected
but substantially different.
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Transcriptional regulation requires the interactions of spe-
cific regulatory proteins with components of the transcrip-
tion machinery. The specific regulatory proteins that are
implicated in transcriptional activation and/or repression
bind, directly or indirectly, to an upstream element contain-
ing UAS or upstream repression sequence (URS). The tran-
scription machinery binds to a core promoter region includ-
ing a TATA box as an essential element. The basal tran-
scription is dependent on the core-promoter and requires
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RNA polymerase (RNAP II), general transcription factors
(GTFs) such as TFIIA, TFIIB, TFIID, TFIIE, TFIIF, and
TFIIH, and mediators that are associated with the C-termi-
nal heptapeptide repeat domain (CTD) of RNAP II

We have been interested in the role of mediators in the
regulation of the basal transcription of various promoters.
Genetic and biochemical analyses in Saccharomyces cerevi-
siae have revealed that mediators consist of a large protein
complex including proteins such as Nutl, Nut2, Rox3,
Galll, Sin4, Rgrl, Pgdl, Srbs, and Meds, and that muta-
tions in the components of the mediator complexes lead to
disregulated expression of a wide variety of genes (1-9). We
previously identified a mutation of SIN4, the product of
which is one of the most poorly understood mediator com-
ponents, as a suppressor mutation that suppresses a muta-
tion of the gene encoding the transcriptional activator
Gcend, which activates the expression of the HIS5p-PHO5
reporter gene [HIS5 promoter fused to the open reading
frame (ORF) of PHOS5 encoding repressible acid phos-
phatase; rAPase], and found that basal transcription is
increased by the sin4 mutation in all core promoters tested
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to date (10). It has also been reported that the micrococcal
nuclease (MNase)sensitivity of bulk chromatin is in-
creased in the sin4 mutant relative to that in the wild-type
strain, and that the sin4 mutation alters the number of
nucleosomes in closed circular DNAs (11), whereas no effect
on nuclecsome positioning (12) was observed. Therefore, it
was assumed that the enhanced basal transcription in the
sin4 mutant is caused by the alteration of the higher-order
chromatin structure and not by nucleosome positioning. We
also reported that enhanced basal transcription in the sin4
mutant i8 not repressed by the Tupl-Ssn6 complex—medi-
ated repression system, which represses transcription
through the control of nucleosome positioning (10, 13). In
addition, Tupl-Ssn6 complex-mediated repression has
been shown to be diminished in mutants of other compo-
nents of the mediator complex, such as Srb8, Srb10, and
Srb11 (14, 15), suggesting that the two repression systems
operate through different pathways and therefore the
mechanisms of the repression of basal transcription by the
mediator complex and the Tupl-Ssn6 complex are differ-
ent.

To learn more about the interrelationships between the
two repression systems, we isolated mutants that exhibit
enhanced transcription of a reporter gene harboring UAS
and which is subject to Tupl-Ssn6-mediated repression.
Some of mutations identified occurr in sind, rgrl, tupl, and
ssn6 while others apparently occur in unidentified genes.
Mutants, designated as rbt for regulator of basal transcrip-
tion, were classified into six complementation groups, i.e.,
four single (rbt1 to rbt4) and two apparently double (rbt5
rbt6 and rbt7 rbt8) mutations. rbt1 to rbt4 mutants display
several phenotypes that are quite similar to but distinct
from those of the sin4 mutant. We suggest that RBT gene
product(s) could be novel mediators that act with or in close
association with Sin4 but harbor a function distinct from

that of Sin4. We also suggest that mutations such as rbt .

that lead to a defect in the repression of basal transcription
nullify Tup1-Ssn6 general repressor-mediated repression,
consistent with the idea that the mechanisms of Rbt (medi-
ator)- and Tupl-Ssn6 (general repressor)}-mediated repres-
sion are interconnected but substantially different.

MATERIALS AND METHODS

Media and Genetic Methods—The nutrient high-P,
(YPDA) and minimal (SD) media for S. cerevisiae (16) and
the LB medium for Escherichia coli (17) were prepared as
described previously. The minimal medium was supple-
mented with appropriate nutrients when necessary (16).
Solid media contained 20 g of agar per liter. The genetic
methods for S. cerevisiae have been as described previously
(18). S. cerevisiae was transformed by the lithium-acetate
method (19) and E. coli was transformed by the method of
Morrison (20).

Strains—The yeast strains used in this work are listed in
Table I. To construct the rbtl-1 Agalll-double mutant
(SH5512), a Agalll::LEU2 disruptant (SH5488) showing
an rAPase” phenotype was crossed with an rbtI-1 mutant
(SH5494) that displayed an rAPase* phenotype and the
resultant diploids were subjected to tetrad analysis. Since
the Agalll::LEU2 disruption mutation can be monitored by
the Leu* phenotype, the presence of an rbtI-1 mutation in
some meiotic segregants showing an rAPase” Leu* pheno-
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type, and, therefore, having the supposed genotype of either
Agall11:LEU2 or rbt1-1 Agall1::LEU2, was tested by cross-
ing the segregants with the rbtI1-1 mutant (SH5511) and
determining the rAPase activity of the colonies of the re-
sultant diploids. One among several segregants, designated
SH5512 and exhibiting the rAPase” Leu* phenotype, was
verified to have the rbt1-1 Agal11::LEU2 double mutation
since the resultant diploid exhibited the rAPase* pheno-
type. The rbt2-1 Agalll-double (SH5517), rbt3-1 Agalll-
double (SH5711), and rbt4-1 Agalll-double (SH5682)
mutants were constructed and verified as described above
using rbt2-1 mutants (SH5497 and SH5520), rbt3-1
mutants (SH5709 and SH5710), and rbt4-1 mutants
(SH5681 and SH5680), respectively, and the Agall1:LEU2
disruptant (SH5487 and SH5513) (data not shown). E. coli
TG1 (17) was used to manipulate the plasmid DNAs.
Plasmids—Construction of Ylp-type plasmids, pAAV,
pAAV-A, and pAAV-B, harboring the AUASPHO84p-PHO5,
IME1,-AUASPHO84p-PHOS5, and IME1,AUASPHOS84p-
PHOS5 reporter genes, respectively, was described previ-
ously (21). Construction of YCp-type plasmids harboring
the SUC2p-PHOS5 fusion reporter gene (p1039), the AUAS-
PHOQO84p-PHO5 fusion reporter gene (p891) and the
ATATAPHOSp-PHOS fusion reporter gene (p1319) was de-
scribed previously (10). Construction of control reporter
gene, containing only an ORF of the PHOS5 gene (pSH39)
was described previously (22). To construct the AUAS-
PHQO84p-PHOS5 fusion reporter gene (p1244), a 2.1-kbp
HindlII-Sphl fragment containing the PHO5p-PHO5
fusion reporter gene from p714 (10) was inserted into the
HindIII-Sphl site of YIp33 (23), resulting in plasmid p813.
Then, a 0.3-kbp HindlII-BamHI fragment containing the
AUASPHOQO84 promoter from pAAV was cloned into the
HindIlT-BamHI gap of p813. To construct the AUAS-
PHOS5p-PHOS5 fusion reporter gene (p890), a 3.3-kbp
BamHI fragment from pPHO5 (24) was inserted into the
BamHI site of YIp5 (23). Then, the core promoter region of
the PHO5 gene was amplified by PCR using the resultant
plasmid as the template and oligonucleotides designated
OLI184 and OLI142 (Table II) as the forward and reverse
primers, respectively. The amplified product was doubly
digested with HindIIl and BamHI, and cloned into the
HindIII-BamHI gap of pSH39, resulting in plasmid p830.
To construct the YCp-type plasmid harboring the AUAS-
CYCIp-PHO5 fusion reporter gene (p1762), a 0.3-kbp Hin-
dIII-BamHI fragment carrying the core promoter region of
the CYCI gene from pl108 (10) was inserted into the Hin-
dIII-BamHI gap of p891. YCp-type plasmids carrying the
TUPI1 (p1161) or SSN6 (p1162) gene were derived from
pRS315 (25). YEp-type plasmid carrying the RGR1 gene
(PSAKO34) (a generous gift from A. Sakai) was described
previously (26). To construct YCp-type plasmid carrying the
NCB1 (p1854) gene, an approximately 1.8-kbp fragment
was amplified by PCR using chromosomal DNAs of strain
MCY3605 (27) as templates and oligonucleotides desig-
nated as OLIG27 and OLIG28 (Table II) as the forward
and reverse primers, respectively. The amplified product
was cloned into the pT7blue(R) Vector (Novagen). An ap-
proximately 1.8-kbp Sall-Smal fragment was inserted into
the Sall-Smal gap of pRS313 (25). To construct YCp-type
plasmid carrying the NCB2 (pl1855) gene, an approxi-
mately 1.6-kbp fragment was amplified by PCR using chro-
mosomal DNAs of strain MCY3605 as templates and
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TABLE 1. S. cerevisiae strains used in this study.

Strain Genotype Source
SHESZ  MATa wra? a2 trp! yu2 phod-1 phosS-1 Our leboratory
SH2921  MATs wad-52 his1-29 trp1 pho3-1 phob-1 goné-103 sind-208 Our lsborstory
SHITOD MATa ure3-52 jeul-3,112 Ahis3 trp1 lye2 phod-1 phoS-1 Our laboratory
SHATST  MATa ure3-62 leut-3,112 Ahis3 trp1 tye2 phod-1 phoS-1 ure3-52: | IME 1a-SUASPHOBD-PHOS+ URAR Our laboratory
SHAISE  MATa ured-52 leu2-3,112 Ahis? pt sde? phod-1 phos-1 Our laboratory
SHAAIY  MATa wrR3-82 leu-1,112 ANSY trp1 8de2 pho3-1 phos-1 ured-52::| ME 18-AUAS PHOS4P-PHOS: URAS, Our laborstory
SHSIUT MATa ara3-82 leu2-3,112 ANsY tp1 lye2 phod-1 phoS-1 rit1-1 ure3-52={IMETxAUAS PHOBD-PHOS: URAS) This study
SHEA00 MATo ured-52 leud-3,112 ANS? rp1 lye2 pho3-1 phoB-1 rtd-1 ura3-62:1IME1a-AUAS PHOSMp-PHOS URAS) This study
SH5398  MATu Wwa3-82 leul-3,112 Ahis3 D1 fye2 phod-1 phaS-1 ritd- 1 ured-82:{ IME 1&~AUAS PHOOMP-PHOS URAS) This study
SHEI99  MATa wad-52 leu2-3,112 Ahis3 D1 lya2 pho3-1 phoS-1 sind-162 urad-52:{HEE 1--AUASPHOSD-PHOS+ URAN This study
SHEA01  MATa wad-62 eud-3,112 ANis3 D1 lye2 phod-1 phob-1 rbt1-1 This study
SHS402  MATa wra3-52 leud-3, 112 ANS3 trp1 lya2 pho3-1 phob-1 rbe2-1 This study
SHS404  MATa ursd-S2 leu2-3,112 Ahis3 p1 lye2 pho3-1 phoS-1 rbtd-1 This study
SHEA03  MAT wed-&2 leu2-3,112 ANis3 trp1 lya2 phod-1 phob-1 sind-162 This study
SHSXI9  MATa ured-52 leu2-3,112 ANis3 U1 ade2 pha3-1 phoS-1 rbr1-2 Wad-52:{HEE h-AUAS PHOSMD-PHOS+ URAY This study
BHS220  MATa ura3-52 keu?-3,112 ANSS trp1 8de2 pha3-1 phos-1 rixtd-1 urad-S2:IME Ta-AUASPHOSMD-PHOS URAR This study
SHEZN  MATa w352 jeul-3,112 Ahis3 trp1 aded pho3-1 phol-1 rdth-2 Urad-52-:{ HHE Ta-AUAS PHOMP-PHOS: URAR Thie study
SHESOD MATa ursd-52 leu2-3,112 Ahis3 trp1 sda? phoX-1 phoS-1 ristS rixt8 urs3-52: IME ta-AUAS PHOSAD-PHOS: URAS] This study
8HS5222 MATa urad-i2 jeul-3,112 Ahis3 op1 ade2 phod-1 phoS-1 rt7 rix8 urs3-52:{ IMEE fe-AUAS PHOS4p-PHOSURAS] This study
SHE2I3  MATa wad-52 leud-3,112 ANis3 trp1 aded phod-1 phos-1 rbt1-3 This study
SH3224 MATa wed-52 leu2-3,112 Ahis3 trp1 ade2 phod-1 phoS-1 ried-1 This study
SHEX2S MATa wred-52 leu?-3,112 Ahisd trp1 ada2 phod-1 phoS-1 rbe2-2 Thia study
SHES10  MATa wrad-52 keut-3,112 ANS3 trp1 adet pho3-1 phoS-1 rbtS 6 This study
SHE226  MATa wa3-82 jeu-3,112 Ahis3 trp1 ade2 pha3-1 phoS-1 rX7 rixs This study
HEYS-3A MATa urs) leu? trp1 sde! Ageit1::LEU2 M. Nishizawe
SHS480  MATE urad eu? trp1 ade! Agei11:1 EUZ ursd. {AUASPHOSMp-PHOS UMAS This study
SHS437  MATS ura3 kw2 trp1 phod-1 phoS5-1 Agal1 1::LEUZ ura3: {AUAS PHOSD-PHOS+URAS) This study
SHE408 MATa uad leu? trp1 phos-1 phoS-1 Agal!1=LEUR ura3:{AUAS PHOBMP-PHOS+ URAS) This study
BH5489  MATE ra3-12 leu2-3,112 trp1 hisd lys2 phod-1 phoS-1 ure3-52:{AUAS PHOBD-PHOS+ URAS] This study
SHEAG!  MATo urad-52 leud-2,112 trp1 a2 pho3-1 phoS-1 urad-52:{AUAS PHOBSp-PHOS: URAS) This study
SHE494  MATs wa3-82 jeu2-3,112 trp1 lye2 pho3-1 phob-1 rbt1-1 ures-53: {AUAS PHOS4p-PHOS+ URAS] Thie study
SHS4YT  MATa ure3-A2 leul-3,112 trp1 hind lys2 phaS-1 phaS-1 ridt?-1 wrad-52: {AUABPHOSMD-PHOS: URAS) This study
SH5408  MATo wrad-52 jeu2-3,712 hisd trp1 lys2 phod-1 phoS-1 rbi2-1 ure3-52 {AUAS PHOSMD-PHOS+URAS) This study
SHES11  MATS Ure3-52 loul-3,112 trp1 phod-1 phok-1 rbt1-1 wa3-52: {AUAS PHOS4p-PHOE: URAT] This study
BHS512  MATa ur3-62 leu2-3,112 Alis3 tp1 iya2 phod-1 pho3-1 rbt1-1 Agai11: L EU2 ura3-52: {AUAS PHOSMD-PHOS: URAT) This shudy
SHES16  MATS wra3-82 jeud-3,112 Alie3 &/0 his4 trp1 lya2 pho3-1 phob-1 urs3-52: {AUAS PHOS4p-PHOS: URAS) This study
SH5517  MATa ura3-82 leu2-3,112 hisd pho3-1 phoS-1 rixt2-1 AQeiT1: 1 EU2 ura3: {AUASPHOSMD-PHOS URAS] This study
SHSS18  MATs ra3-52 leu-3,112 trp1 phod-1 phos-1 urs3: {AUAS This study
SHE520  MATE urs3-52 leu2-3,112 ANs3 p1 lys2 phod-1 phoS-1 rbt2-1 ura3-52: {AUAS PHOBMD-PHOS: URAS) Thie study
SHE504  MATa und-52 lewu2-3,112 Ahis3 trp1 lye2 phod-1 phoB-1 Aphold: -CpHIS3 urad-52: { ME 1a-AUAS PHOS4D-PHOG URAS) This study
SH3508 MAT WB3-52 leu2-3,112 A3 D1 lye2 phod-1 phoS-1 rbtd-1 5 phoB4=CHISS Ura3-52: {10 1a-0UAS PHOSMD-PHOS: URA N This study
SHS508  MATa wa3-52 jeu-3,112 Ais3 trp1 lya2 pho3-1 phoS-1 rbtd-1 Apho84::COHISY ura3-52: {HME 1a-AUASPHOSMP-PHOS: URAS This study
SHEEUT MATa wa3-52 leu2-3,112 Ahie3 rp1 lya2 phod-1 phoS-1 eind-182 Apholde: :CPHNE3 urad-52: { IME 1a-AUAS PHOBMp-PHOS+ URAS]  This study
SHS503  MATu urad-52 leu2-3,112 Ahis3 D1 ade2 pho3-1 phoS-1 ADHoB4: :CQHESS wrad-£2: {MSE Te-AUAS PHOSSD-PHOS: URAS) This study
8HES0S  MATa ura3-52 jewu2-3,112 Ahis3 trp1 ade2 phod-1 phoS-1 rit1-2 A phold: :CoHISS uraS-82: { ME ts-AUAS PHOMD-PHOS+ URAS This study
SHE880 MATR ura3-52 lout-3,112 trp1 lyal-801 rbid-1 phad-1 phoB-1 urad-52: {AUAS PHOSMP-PHOS+ URAS) This study
SHSSET  MATu ura3-52 jeu2-3,112 tip1 iyed-801 rine-1 phod-1 phosS-1 urs3-52:{AUAS PHOB4p-PHOS: URAN This study
SHESTS  MATS ora3-82 leul-3, 112 ANa3 trp1 pha3-1 phoS-1 Agei11::LEUZ ura3-52: {AUAS PHOBMp-PHOS URAS This study
SHS6E2  MATa wad-52 leu-3,112 ANNs3 trp1 rb-1 A g1 1:LEUR phod-1 phos-1 ars3-82:{AUASPHOSMD-PHOS URAY This study
SH56M7 MATG wad-62 his1-29 trp1 fys2 Asind::TRPT pho3-1 phoS-1 urad-52: {AUAS PHOSLp-PHOS: URAT) This study
SHS6S  AMATa ura3-82 trp1 lya2 Asind::TRP1 pho3-1 phoS-1 ura3-52: {AUASPHOSD-PHOS URAS This study
BHSS85  MATG wrad-52 leu2 his1-29 trp1 Asind:: TRPT Aget11:LEU2 pho3-1 phoS-1 ursd-S2: A UAS PHOMP-PHOSURAJ) This etudy
SHETO® MATa urad-82 eul-3,112 trp1 pho¥-1 phoS-1 rix3-1 urad-52: {AUAS PHOSMD-PHOS URAY) Thie study
BHST10  MATS ura3-52 leu2-,112 trp1 lye2-801 phod-1 phosS-1 rbtd-1 urad-52:{AUAS PHOSMp-PHOS: URAS This study
SHST11  MATa ra3-52 keu2-3,112 Ahis3 trp1 lys2-801 pho3-1 phoS-1 rt3-1 Agsi11:: LEU2 ura3-52- {AUAS PHOMP-PHOS.URAS) This study

oligonucleotides designated OLIG29 and OLIG30 (Table II)

as the forward
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TABLE II. Oligonucleotides used.

Oligonucieotides Sequence

OLIG21 5'- AMATCAGTGAGATCGGTGCAGTTATGCACCAAATGTCITGCACAGGAAACAGCTATGACC 3
OLIG22 5'- CAATATGAGCAAAATCATTCAAATGOTTGTGGAAGGCCATGTTGTAAAACGACGGCCAGT -3'

OUG27 5'- TGTGTCGACGATCTATTACATTATOGGTGG -3'
OLIG28 5'- TOTCCCGOGAGAATCCTCGAGCTAGCCCTT -3
OLIG28 5'- TOTCTCGAGTGTCTTTGATTTCGTAAGAAT -3'
OLIG30 5'- TGTCCCGGGAAATAGTGGAATGTGATAGTT -3'
OLIG31 5'- TGTCTCGAGAGGTGTACCAGTAAACAAATA -3
OLIG32 5'- TQTCCCGGAGAAAAAGCATACCTGTCTCAA -3
PGD1c 5'- CTCOGATCCITCGAGTACGAGAACCTTTC -3
OLIG33 5'- TOTCTCAAGTATITCCCTTTTTGGAGCAAT -3
OLIG38 5'- CGCGGATCCTTTTAAAACAAAGAGTATAA -3'
OLIG39 5'- CGCGGATCCTTGAAAGGATTTTTTGAACA -3'
OLI184 5'- CTCAAGCTTTATCAAATTAGGTCACCTTAC -3'
OLI42 5'- CTCOGGRATCCTTGCTCTATTTGTTGTTGTT -3’

577

Xhol-Smal fragment of about 1.6-kbp was inserted into

and reverse primers, respectively The the Sall-Smal gap of pRS313. YCp-type plasmids carrying
amplified product was cloned into the pT7blue(R) Vector. A  the ROX3 (p1856) and PGDI (p1857) genes were con-
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structed in the same way as p1855 using OLIG31 and
OLIG32 for the ROX3 gene, and PGD1c and OLIG33 for
the PGDI1 gene. To construct a YCp-type plasmid carrying
the SRB11 (p2032) gene, an approximately 2.5-kbp frag-
ment was amplified by PCR using chromosomal DNAs of
strain MCY3605 as templates and oligonucleotides desig-
nated OLIG38 and OLIG39 (Table II) as the forward and
reverse primers, respectively. The amplified product was
cloned into the pT7blue(R) Vector. A BamHI fragment of
about 2.5-kbp was inserted into the BamHI site of pRS313.

Disruption of the PHO84 Gene—Disruption of the
PHOQOB84 gene was conducted by the method of PCR-medi-
ated gene disruption described by Sakumoto et al. (28)
using the plasmid pCgHIS3 carrying the Candida glabrata
HIS3 gene as the template and oligonucleotides designated
OLIG21 and OLIG22 (Table II) as the forward and reverse
primers, respectively. The disruption was verified by South-
ern blot analysis. A 0.9-kbp HindIII-BamHI fragment from
p602 (10) was used as a probe (data not shown).

Biochemical Methods—Methods to detect rAPase activity
in colonies and to assay rAPase activity using intact S. cere-
visiae cells were described previously (18). The preparation
of RNAs from S. cerevisiae cells for Northern blot analysis
was described previously (18). DNA manipulation was ac-
cording to procedures described previously (17). The meth-
od for Southern blot analysis was described previously (17).

Isolation and Analysis of Chromatin—Yeast nuclei were
isolated from exponentially growing (OD,, = 1.0) cells of
each strain cultured in YPDA medium as previously de-
scribed (29). Digestion with micrococcal nuclease (MNase)
and DNA purification were performed as previously de-
scribed (30) with the following modifications: (i) The
nuclear pellet (1.0 g) was gently suspended in 7.0 ml of
digestion buffer. (ii) The suspension was divided into 600 pl
aliquots and the nuclei digested at 37°C for 5 min using a
series of MNase dilutions (0, 1.25, 2.5, 5, 10, and 40 units/
ml) (Boehringer Mannheim). The DNA samples were
resolved by electrophoresis in a 1.2% agarose gel.

RESULTS

Isolation of Mutants That Enhance Transcription from a
Reporter Gene Subjected to Tupl-Ssn6 Mediated Repres-
sion—To isolate mutants that exhibit enhanced transcrip-
tion from a reporter gene that is subject to repression
mediated by the Tupl-Ssn6 complex, we used the IME],-
AUASPHO84p-PHOS5 (pAAV-A) and IME1,-AUASPHO84p-
PHOS5 (pAAV-B) reporter genes since we previously re-
vealed that both IME1, and IMEI, harbor a Tupl-Ssn6
complex—dependent URS (21). Wild-type a-haploid strains
harboring the IME1,-AUASPHO84p-PHO5 (in SH4761) or

TABLE I1I. Summay of sceening for mutants that exhibited
enhanced transcription from AUASPHOS84 promoter.

T. Kunoh et al.

IME1,-AUASPHO84p-PHO5 (in SH4433) reporter gene
integrated at the ura3-52 locus were mutagenized by EMS,
and mutants that enhanced the activity of the reporter
gene (rAPase’ phenotype) were screened by staining (see
“MATERIALS AND METHODS"). Of 140,000 colonies screened,
we found 175 showing the rAPase* phenotype (Table III).
To distinguish mutants exhibiting a dominant and non-
mater phenotype, all mutants were crossed with wild-type
a-cells (SH682). Of 175 mutants 158 were mating-compe-
tent, and colonies of the 158 resultant diploids were stained
for rAPase activity to monitor the expression of the reporter
gene. The number of dominant mutants was 52 because
diploids crossed with these mutants showed the rAPase”
phenotype. Analyses of these dominant mutants will be
conducted in a separate study. Sterile mutants also were
not analyzed in this study. However, seven of 17 sterile
mutants were shown to harbor the fupl mutation as veri-
fied by suppression of the rAPase’ phenotype of transfor-
mants of these mutants with a YCp-type plasmid carrying
the TUPI gene (p1161). Interestingly, 75 of 106 recessive
and mating-competent mutants were revealed to carry a
sind mutation because diploids constructed by crossing
these mutants with the MATa-sin4 mutant (SH2921)
showed the rAPase* phenotype. Since we knew from this
result that these mutations include those of the mediators
as well as tupl, we introduced a YCp-type plasmid carrying
the SSN6 gene (p1162) and a YEp-type plasmid carrying
the RGR1 gene (pSAKO34) into the 31 remaining mutants,
and colonies of the resultant transformants were stained to
determine rAPase activity. The rAPase* phenotypes of four
and ten mutants were suppressed by introduction of the
plasmid borne-SSN6 gene and RGRI gene, respectively,
indicating that these mutants harbored the ssn6 and rgri
mutations, respectively.

These results led to us to examine whether mutations
responsible for the rAPase” phenotype of the remaining
mutants are effective in enhancing basal transcription from
a core promoter. The AUASPHO84p-PHO5 (pAAV) reporter
gene was introduced into the 17 remaining mutants and
colonies of the resultant transformants were stained for
rAPase activity. All the transformants still showed the
rAPase’ phenotype, indicating that activation can occur
even for reporter genes with only a core promoter. It should
be noted that the rAPase* phenotype produced by these
mutations cannot be repressed by Tupl-Ssn6 complex—
mediated repression because the mutants were originally
screened to isolate those that enhance the transcription of
the IME1, and IME1, promoters harboring URS subject to
repression by the Tupl-Ssn6 complex. All these observa-
tions suggest that mutations that destroy repression of
basal transcription nullify Tup1-Ssn6-mediated repression.

TABLE IV. Classification of rb¢ mutants.

Reporter gene Mutation  Number of mutants Complementation group Number of mutants
IME 1p-AUASPHO84p-PHOS5 Nonmater 17 rbtl1 7
(Region A or Region B) Dominant 52 rbe2 2
tupl 7 rbt3 1
ssné 4 rbt4 5
sind 75 rbt5 rbt6* 1
rgrl 10 rbt7 rbts 1
AUASPHO84p-PHO5 rbt 17 *In these mutants, two or more genes are responsible for the rbt
Total 175 phenotype.

J. Biochem.
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Seventeen recessive mutants that showed increased basal
transcription from a core promoter were further analyzed
in this study.

Genetic Complementation of rbt Mutants—To classify the
17 mutants, we determined by tetrad analysis whether the
rAPase’ phenotype segregates through meiosis as a single-
gene trait. In 15 of 17 mutants, the rAPase* phenotype seg-
regated as a single-gene trait in more than eight asci exam-
ined. However, two or more genes were suggested to be
responsible for the rAPase* phenotype in the remaining
two mutants (data not shown). We next performed comple-
mentation tests. From these analyses, we defined at least
six complementation groups, two of which represent appar-
ently double mutations as described above (data not
shown). We designated these mutants rbtI to rbt4 (regula-
tor of basal transcription) for a single mutation and rbt5
rbt6 and rbt7 rbt8 for double mutations (Table IV). The
staining of colonies and measurements of rAPase activity in
representative mutants from each complementation group
are shown in Fig. 1. We also conducted Northern blot anal-
ysis to determine whether enhanced rAPase activity is

Wild-type

rbt1-1

1LY

rbt4-1
Gl rbt2-1
i sindg :

0 T 10 20 . 30
rAPase activity (mU/mI/O Dsso)
Wild-type

- rbt1-2 L

rbt3-1 _

2.9

B Dt2-2 —
o — rbt5 rbté y

rbt7 rbt8 1
- — + — + -~ -~ + 4+
10 20 30
rAPase activity  (mUW/m1/ODeso)
Fig. 1. Staining of colonies and measurement of rAPase activ-
ity in representative rbt mutants from each complementa-
tion group. Upper panel: wild-type strain (SH4761) and rbt1-1
(SH5397), rbt2-1 (SH5400), and rbt4-1 (SH5398) mutants harboring
the IME1,-PHO84p-PHOS fusion reporter gene (pAAV-A) integrated
at the ura3-52 locus. Lower panel: the wild-type strain (SH4433) and
rbt1-2 (SH5219), rbt3-1 (SHb6220), rbt2-2 (SH5221), rbt5 rbt6
(SH5509), and rbt7 rbt8 (SH5222) mutants harboring the IME1,-
AUASPHOB84p-PHOS fusion reporter gene (pAAV-B) integrated at
the ura3 locus. The copy numbers of the fusion reporter genes in
these strains were not determined. However, the wild-type and mu-
tant strains listed in each panel must have the same copy number
because each mutant strain was directly derived from the respective
wild-type strains by in vivo mutagenesis. (A) These strains were
grown on YPDA plates for one day and the colonies were stained us-
ing a staining method specific for rAPase activity (18). (B) For mea-
surement of rAPase activity, cells of these strains were grown at
30°C in YPDA medium to an OD,,, of 1.0, washed once with water
and resuspended in an equal volume of water. The measurement of
rAPase activity in cell suspensions has been described previously
(see “MATERIALS AND METHODS?”). The results are averages of at
least three independent experiments and standard deviations are in-
dicated.
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caused at the level of transcription. As shown in Fig. 2, the
level of transcription of a reporter gene in the rb¢ mutants
was higher than that in the wild-type strain, indicating
that the rAPase* phenotype in rbt mutants is caused at the
level of transcription.

rbt Mutations Do Not Occur in the NCB1, NCB2, PGD1,
ROX3, and SRB11 Genes—The rvx3 mutant has been
shown to enhance the basal transcription of a diverse set of
promoters (3, 7). It has been reported that basal transcrip-
tion from a UAS less-SUC2 promoter is activated in an
ncbl mutant and that the Ncb1 protein binds to TBP as a
heterodimer with Ncb2 (31, 32). The pgdl mutant shows
quite similar phenotypes to sin4 and rgrl mutants (2, 33).
The srb11 mutation was identified as a suppressor of the
mutation of SWI4, which is a transcriptional activator for
several genes (7). Therefore, we determined whether RBT
genes are identical to the NCB1, NCB2, PGD1, ROX3, or
SRB11 gene; single rbt1-1, rbt2-1, rbt3-1, rbt4-1, and dou-
ble rbt5 rbt6 and rbt7 rbt8 mutants were transformed with
YCp-type plasmids carrying the NCB1 (p1854), NCB2
(p18556), PGDI1 (p1856), ROX3 (p1857), or SRB11(p2032)
gene and colonies of the resultant transformants were
stained for rAPase activity. The levels of rAPase activity of
colonies of these transformants were higher than those of
transformants harboring the control plasmid pRS313, indi-
cating that enhanced transcription in the rb¢t mutants is
not suppressed by plasmid-borme NCB1, NCB2, PGDI,
ROX3, or SRB11 gene (data not shown), indicating that the
RBT genes are not identical to the NCB1, NCB2, PGD1,
ROX3, and SRB11 genes.

rbt Mutations Are Effective Irrespective of Chromosomal
Position and Kind of Core Promoter—We examined
whether the enhanced basal transcription in the rbt mu-
tants occurs only in reporter genes with a core promoter
integrated at the wra3 locus. The AUASPHO84p-PHOS5
reporter gene (pl244) is integrated at the leu2-3,112 locus
of the rbt mutants. Separately, the YCp-plasmid borne
AUASPHOS84p-PHOS5 reporter gene was also introduced
into the rbt mutants. All transformants showed the
rAPase” phenotype, indicating that enhanced basal tran-
scription in the rbf mutants occurrs in the reporter gene

Wild-type
rbt1-1
rbt4-1
rbt2-1
sing
Wild-type
rbt1-2
rbt3-1
rbt2-2
rbt5 rbté
rbt7 rbt8

IME14-AUAS PHOB84p-PHO5 IME 1a-AUAS PHO84p-PHOS5

PHOS5 — — - o G D — —

S D o e (D AP D CED S S emw =

10 44 75 68 73 10 50 20 32 20 25

1 2 3 4 5 8 7 8 ] 10 1

Fig. 2. Enhanced rAPase activity in 7b¢ mutants is caused at
the transcriptional level. RNA samples were prepared from cells
of the strains described in the legend to Fig. 1, which were grown at
30°C in 10 ml of YPDA medium to an ODjy, of 1.0. The Northern blot
was hybridized with the PHOS5 probe. A 1.8-kbp Sall-fragment from
pPAAV (21) was used as a probe to detect the PHOS transeript and an
approximately 1.0-kbp BamHI-HindIIl fragment from plasmid
p448 was used as a probe to detect the ACT'I transcript. Fold activa-
tion compared with the wild-type strains was calculated using NIH
Image 1.62.

2702 ‘T J8go100 uo Aiseniun Buppd e /6io'sfeuinolpioxoqly/:dny wouy pspeojumoq


http://jb.oxfordjournals.org/

580

integrated at the leu2 locus and on the plasmid (Table V
and data not shown).

We also examined whether rb¢t mutations result in en-
hanced transcription from the core promoter of genes other
than PHOS84. Plasmid-borne AUASCYCIp-PHOS5p (p1762)
and AUASPHOS5p-PHOS5 (p890) reporter genes were intro-
duced into the rb¢t mutants (Table V). The rAPase activity of
the rbt mutants carrying the reporter genes was higher
than that of the wild-type strain, indicating that the effects
of rbt mutations are not specific to the AUASPHOS84 pro-
moter. From these results, we suggest that the Rbt pheno-
type, i.e.,, enhanced transcription from core promoters, is
not specific to a particular chromosomal position of the re-
porter gene or to the kind of core promoter.

The Effect of rbt Mutations Requires a TATA-Element—
Transcription from some promoters, including, promoters of
PHOS5, IME1, and HIS5 genes integrated at the ura3-52
locus, is increased by the sin4 mutation even under repres-
sive conditions, and enhanced basal transcription due to
the sin4 mutation is dependent on the TATA-element (10).
Therefore, we investigated whether rb¢ mutations display
similar characteristics to the sin4 mutation. For this pur-
pose, we used the PHO5p-PHOS5 reporter gene (p714). This
gene was integrated at the ura3-52 locus in the rb¢ mu-

TABLE V. rAPase activity of plasmid-borne reporter genes
harboring several core promoters in rb¢ mutants.

rAPase activity (mU/mIAOD g,)

Strains AUASPHOB84p- AUASCYClp- AUASPHOS5p-
PHOS PHOS5 PHO5

Wild-type 4.3 = 1.7 (—)»® 31x01(— 25=x01(-)
rbtl-1 10.2 = 4.3 (2.4) 8.1*+03(2.7) 45 *03(.8)
rbt2-1 211 +20(49) 59=x01(1.9 34=x03(014
rbtd-1 57 +14(1.3) 33.6+15(11.0) 14.8 + 3.5 (6.0)
sind 118 +1.0(28) 144 *x03@4.7) 69 =*26(28)
Wild-type 1.8 0.2 (—) 31+01(—) 1.6 £ 0.4 (—)
rbt1-2 24 =04 (1.4 50=01(16) 24=*02(5
rbt2-2 30x02(1.7) 63x06(20) 56=0.7(3.5)
rbt3-1 3.3 £0.9(1.8) 71+03(23) 3.0=x06(18)
rbt5rbt6 100 £ 0.5(58) 84=02(27) 3.5=x01(2.1)
rbt7 rbt8 43 +08(25) 123+0.1(4.0)0 45*11(28)

*Fold activation compared with the wild-type strain.

T. Kunoh et al.

tants and rAPase staining of transformant colonies was
conducted on YPDA medium in which conditions are
repressive to the PHO5 gene (Fig. 3A). In all but the rbt4-1
mutant that was less affected by the rbt4-1 mutation, basal
transcription from the PHO5 promoter was enhanced (Fig.
3). Then, to examine whether the effect of the rb¢ mutations
is dependent on TATA-elements, the ATATAPHO5p-PHOS5
reporter gene (p1319) was integrated at the ura3-52 locus
in the rbt mutants (Fig. 3B). No stimulatory effect of the rbt
mutations was observed for the PHO5 promoter containing
a mutation in the TATA element (TATA to TGCA) (Fig. 3B
and Ref 10). These observations indicate that enhanced
basal transcription in the rb¢t mutations requires TATA ele-
ments.

rbt Mutations Display Genetic Interaction with the
Agalll Mutation—We have isolated a dominant ABEI-1
(Activator of Basal Expression) mutant that suppresses the
sin4 mutation, and found that the ABE gene is identical to
the GAL11 gene (Mizuno et al., manuscript in preparation).
Galll is known to be a component of the mediator complex
and is suggested to activate transcription by stimulating
CTD phosphorylation by TFITH (34). We also noticed that
the sin4 mutant and the Agalll disruptant exhibited the
haplo-insufficiency phenotype: enhanced basal transcrip-
tion due to the sind mutation is partially suppressed in
sind Agalll/sind GAL1I-diploid cells, while the enhance-
ment is completely suppressed in sin4 Agalll-haploid cells
and sind Agalll/SIN4 GAL11-diploid cells (Mizuno et al.,
manuscript in preparation). These observations motivated
us to determine whether the rbt mutations also show
genetic interaction with the Agal1l mutation. We have con-
structed a haploid strain having the rb¢ Agalll genotype,
and diploid strains having the rbt Agal11/RBT GAL11 and
rbt Agalll/rbt GALI11 genotypes, and examined the ex-
pression of the reporter gene. As shown in Fig. 4, in all
cases of the rbtl to rbt4 mutants, the enhanced expression
of the reporter gene due to the rbt mutations was partially
suppressed in rbt Agall1/rbt GAL11 diploid cells, whereas
that due to rbt mutations was completely suppressed in the
rbt Agalll haploid cells and the rbt Agall1/RBT GAL11
diploid cells. These results indicate that all of the rbtI to

Fig. 3. (A) In rb¢ mutants as in sind mu-
tants, rAPase activity of the PHO5p-
PHOS5 reporter gene (p714) integrated

at the ura3-52 locus is enhanced. One Wild-type
copy of the reporter gene was present in

rbt mutants (SH5401, SH5402, SH5404, rbt1-7
and SH5224), the sin4 mutant (SH5403),

and the isogenic wild-type strains (SH3700  rbt2-7

and SH4358) as determined by Southern-

blot analysis. Methods for staining and the  ,p44.¢
measurement of rAPase activity were as

described in the legend to Fig. 1. (B) The ind
enhanced transcription in the rb¢ mu- 8

tants is dependent on the TATA-ele-

ment. rb¢t mutants, sin4 mutant and the Wild-type
isogenic wild-type strains described in (A) ShiA

were transformed with the ATATAPHO5p-
PHOS5 reparter gene (p1319) integrated at
the ura3-52 locus. One copy of the reporter
gene was present in these transformants,
as determined by Southern-blot analysis.
These transformants were stained on

PHOSp-PHOS PHO&DA-Il’gos
e
$ I
E :
e £
H e
Tl i
i .
(1] 20 [0 0 20 40
(mU/ml/ODsso) {mU/mIODsso)
A B

YPDA plates. rAPase activity was measured as described in the legend to Fig. 1.
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Relevant genotype rAPase staining Relevant genotype rAPase stalning
A B
SIN4 GALT1 _J RBT1 GAL11 L .I"' - i
SIN4 Agall1 5 RBT1 Agalt1 _
Asind GAL11 rbt1-1 GAL11
Asind Agal1t rbt1-1 Agallt
ASIN4/SINA Agal11/GAL11 rbt1-1/RBT1 Agal11/GAL11 -
Asind/Asind Agal1 1/QALT1 rbt1-1/rbt1-1 Agal11/GAL 11 -
C D
RBT2 GAL11 RBT3 GAL11 L ]
RBT2 Agaitl ABT3 Agai11 [ a2t ]
rbt2-1 GAL11 rbt3-1 GALT1
rbt2-1 Agal11 rbt3-1 Agal11 [ |
rbt2-1/RBT2 Agal1 IGALT1 rbt3-1/RBT3 Agal11/GALT1 | ==
rbt2-1rbt2-1 Agal11/GAL11 rbt3-1/rbt3-1 Agal11/GAL 11 ¥
E .
ABT4 GAL11
RBT4 Agsi11 ]
rbt4-1 GAL11
rot4-1 Agalll
rbtd-1/ABT4 Agal1 1/GALT1
rbt4-1/rbta-1 Agal11/GALT1

Fig. 4. rbtl to rbt4 mutations show genetic interaction with
the Agalll mutation as in the case of the sin4 mutation. All
strains harbored the AUASPHOB84p-PHOS reporter gene (pAAV) inte-
grated at the ura3-52 locus. (A) Colonies of the wild-type strain (SH-
5489), Agall11::LEU2 mutant (SH5513), Asin4::TRPI mutant (SH-
5696), Agalll1::LEU2 Asin4.:TRPI-double mutant (SH5695), Asind::
TRP1/SIN4 Agall1/GAL11-diploid (SH5695 X SH5489), and Asind::
TRP1/Asin4::TRP1 Agall11/GAL11-diploid (SH5695 X SH5696) were
stained as described in the legend to Fig. 1. (B) The wild-type strain
(SH5491), Agalll:LEU2 mutant (SH5487), rbtl-1-single mutant
(SH494), rbt1-1 Agalll:LEU2-double mutant (SH5512), rbtl-1/
RBT1 Agalll/GAL11-diploid (SH5512 X SH5515) and rbt1-1/rbt1-1
Agalll/GAL11-diploid (SH5512 X SH5511) were stained on YPDA
plates. (C) Colonies of the wild-type strain (SH5491), Agal11::LEU2

rbt4 mutations interact genetically with the Agalll muta-
tion as sind mutation does. Since this behavior of the rbt
mutations is very similar to that of the sind mutation, we
conclude that Rbtl to Rbt4 function in close association
with Sin4 and Galll in the regulation of basal transcrip-
tion.

Chromatin Structure of the Core Promoter Region in rbt
Mutants—MNase that cleaves linker DNA located between
nuclecsomes is commonly used to monitor chromatin struc-

Vol. 128, No. 4, 2000

mutant (SH5487), rbt2-1-single mutant (SH5498), rbt2-1 Agalll:
LEU2-double mutant (SH5517), rbt2-1/RBT2 Agall1/GAL11-dipleid
(SH5517 X SH5518), and rbt2-1/rbt2-1 Agalll/GAL11-diploid (SH-
5517 X SH5520) were stained as described in the legend to Fig. 1. (D)
The wild type-strain (SH5489), Agalll:LEU2 mutant (SH5513),
rbt3-1-single mutant (SH5709), rbt3-1 Agalll:LEU2-double mutant
(SH5711), rbt3-1/RBT3 Agalll/GAL11-diploid (SH5711 X SH5489),
and rbt3-1/rbt3-1 Agalll/GALI11-dipleid (SH5711 X SH5710) were
stained on YPDA plates. (E) The wild type-strain (SH5489), Agall1::
LEU2 mutant (SH5513), rbt4-1-single mutant (SH5680), rbt4-1
8gall1:LEU2double mutant (SH5682), rbt4-1/RBT4 Agallll
GAL11-diploid (SH5682 X SH5489), and rbt4-1/rbt4-1 Agalll/
GAL11-diploid (SH5682 X SH5680) were stained as described in the
legend to Fig. 1.

ture. Macatee et al. (12) have reported that MNase accessi-
bility is altered at histone loci (H3 and H4) and at the
HMLa locus as a result of the loss of the SIN4 gene. There-
fore, we examined whether the chromatin structure in the
core promoter region of the AUASPHO84p-PHOS5 reporter
gene integrated at the ura3-52 locus is altered in the rbt
mutants. The MNase digestion pattern, determined by
staining with EtBr, of bulk chromatin isolated from the
wild-type strain, and rbt1-2, rbt2-1, rbt4-1, and sin4 mu-
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Fig. 5. (A) MNase sensitivity of
bulk chromatins is not altered in
the rbt1-2, rbt2-1, rbt4-1, and sind
mutants. Methods for isolation and
digestion with MNase of bulk chrom-

A

Wild-type rbt1-2 Wild-type rbtd-1 rbt2-1 Wild-type sind

> . .

M12345 678010 1112131418 16171819020 2122232425 26027202030 313233435
B

Wild-type mt1-2 Wild-type rbt4-1 rbt2-1 Wild-type sing

atins are described in “MATERIALS
AND METHODS.” The bulk chroma-
tin from the rb¢1-2 mutant (SH5505)
(lane 6 to 10), the isogenic wild-type
strain for the rbtl-2 mutant
(SH5503) (lane 1 to 5), the rbt2-1
(SH5506) (lane 21 to 25), rbt4-1
(SH5508) (lane 16 to 20), and sind
(SH5507) (lane 31 to 35) mutants,
and the isogenic wild-type strain for
these mutants (SH5504) (lane 11 to
15 and 26 to 30) was digested with
MNase. The concentrations of
MNase used to digest the chromatins
were as follows: no treatment (lanes
1, 6, 11, 16, 21, 26, and 31); 2.5 units/
ml (lanes 2, 7, 12, 17, 22, 27, and 32);
5 unita/ml (lanes 3, 8, 13, 18, 23, 28,
and 33); 10 units/ml (lanes 4, 9, 14,
19, 24, 29, and 34); 40 unita/ml (lanes
5, 10, 15, 20, 25, 30, and 35). After
resolution by electrophoresis, aga-
rose gels were stained with ethidium
bromide. (B) The digestion pat-
terns using MNase around the
core-promoter region of the re-
porter gene are not altered in
the rbt1-2, rbt2-1, and rbt4-1 mu-

M12346

tants was almost identical (Fig. 5A). Southern blot analysis
was subsequently performed using the core promoter
region of the PHO84 gene as a probe. Since the chromo-
somal PHO84 gene was deleted in all these strains, the
probe was expected to detect the core promoter region of
the PHO84 gene integrated at the ura3-52 locus. As shown
in Fig. 5B, the MNase digestion patterns of these mutants
were also the same as that of the wild-type strain. These
observations indicate that the global aspect of chromatin
accessibility and the chromatin structure of the core pro-
moter region of the AUASPHOS84p-PHOS5 reporter gene
integrated at the ura3-52 locus are not altered by the rbt
mutations. Therefore, we conclude that the enhancement of

tants. After taking photographs of
the agarose gels described in (A), the
DNA was transferred to nitrocellu-
lose membranes and Southern blot
analysis was conducted. A 0.2-kbp
BamHI-HindIIl fragment containing
the core promoter region of the
PHOB84 gene from pAAV was used as
a probe.

6780810 1112131415 1617181920 2122232425 2627262030 3132333435

basal transcription in the rb¢ mutants is not caused by
alterations in higher-order chromatin structure.

DISCUSSION

In this study, we isolated mutants that abolished Tupl-
Ssn6-mediated repression and found them to contain mu-
tations of mediators such as sin4 and rgrl that enhance the
basal transcription of core promoters.'Such mutations also
include seventeen recessive mutations that appear to be
unidentified novel mediator mutations, and these were
analyzed further. Genetic complementation analysis reveal-
ed that the seventeen mutants can be classified into at

J. Biochem.
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least six complementation groups (Tables III and IV). It has
been reported that sin4-mediated activation is repressed by
the Rmel- but not by the Tupl-Ssn6 complex—mediated
repression system (10). Since enhanced transcription from
core promoters was observed even when IME1, or IMEI,,
both of which harbor URS that are subject to repression by
the Tup1-Ssn6 complex (21), was inserted upstream of the
core promoters, we conclude that the rb¢ mutations some-
how overcome or weaken the Tupl-Ssn6-complex mediated
repression as seen in the sin4 mutant (Table III, Fig. 1, and
data not shown). Similarities between the rbt mutation and
the sin4 mutation were also noted in that the enhancement
of core-promoter activity by rbt mutations require TATA
elements and is not specific to any particular chromosomal
locus or kind of core-promoter (Fig. 3 and Table V). In addi-
tion, rbt mutations, as well as the sin4 mutation, display
genetic interaction with the Agalll mutation (Fig. 4).
Based upon these observations, we propose that Rbt pro-
teins are factors, possibly mediators, that act in conjugation
or in close association with Sin4 and Galll.

Interestingly, the effect of the rbt and sin4 mutations on
the enhancement of transcription from individual core-pro-
moters differs (Table V). For example, the level of enhance-
ment is higher in the case of the AUASCYClIp reporter
(4.7-fold compared with that of the wild-type strain) than in
the case of the AUASPHO84p (2.8-fold) and the AUAS-
PHO5p (2.8-fold) reporters in sind mutants. Conversely, a
higher level of enhancement was observed in the case of
the AUASPHOS84p reporter (4.9-fold) compared with the
AUASCYC1p (1.9 fold) and AUASPHOS5p (1.4 fold) report-
ers in the rbt2-1 mutants (Table V). This differential effect
was also seen between the rot4 and sind mutations for the
PHOS5p-PHOS5 and AUASPHOS5p-PHOS5 promoters, as the
rbt4 mutation results in a higher level of transcription from
the AUASPHOS5p-PHOS promoter than the PHO5p-PHOS
promoter, while the sind mutation has a stronger effect on
the PHO5p-PHOS5 promoter than the AUASPHOSp-PHOS
promoter (Fig. 3 and Table V). These observations suggest
that Rbt2 and Rbt4 harbor different functions from Sind
even though all of the rbt2, rbt4, and sin4 mutations cause
enhanced basal transcription from all tested core-promot-
ers.

There are several lines of evidence showing that Sin4
plays a role in the maintenance of higher-order chromatin
structure (11, 12). Therefore, we determined whether the
enhancement in basal transcription in rb¢ mutants is also
caused by alterations of higher-order chromatin structure.
However, the chromatin structure of the core-promoter
region of the PHO84 gene integrated at the ura3-52 locus is
not altered in the rb¢t mutants (Fig. 5, A and B). In addition,
contradictory to a previous report (12), no clear alteration
of MNase accessibility was observed between the sind mu-
tant and the wild-type strain (Fig. 5, A and B). However,
since we have successfully shown, using the same protocol
as employed in this study, that MNase accessibility to the
telomere region and promoter regions of the HSP12 and
HXK]1 genes is increased as a result of the loss of the SIR3
gene (lida et al., manuscript submitted), we assume that
the enhancement of transcription from core promoters in
the rbt mutants occurs through mechanisms other than the
alteration of higher-order chromatin structure.

Mutations in many genes have been reported to enhance
basal transcription (2, 15, 3541). Some of these mutants
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show pleiotropic phenotypes. For example, mutations of the
BURG6/NCBI1 and BUR3/MOT1I genes result in the Gal"
phenotype in addition to increased basal transcription from
core promoters of the SUC2 and CYC1 genes (32). Muta-
tions of SUDI1/SPT10 gene cause temperature-sensitive
(TS) growth, reduced sporulation efficiency, and sensitivity
to heat shock and nitrogen starvation, in addition to in-
creased basal transcription from core promoters of the
STA1, CYCI1, CUPL, HIS3, PUT1, and PUTZ2 genes (41). In
contrast, the rb¢ mutants isolated in this study display no
such pleiotropic phenotypes. Therefore, we suggest that the
RBT genes are not identical to the above-mentioned genes.
Since some of the above-mentioned genes, ie., the BUR
genes and several SPT genes, have been shown to suppress
defects in UAS or supposed activator(s) of the SUC2 gene,
we examined the transcription of the SUC2p-PHOS5 repor-
ter gene integrated at the ura3-52 locus in the rb¢ mutants.
rAPase activity in the rbt1-1, rbt2-1, rbt3-1, and rbt4-1
mutants harboring this reporter gene was not significantly
increased in comparison with the wild-type strain (data not
shown), suggesting that the rbt1 to rbt4 mutations are not
present in those genes. From these observations, we sug-
gest that Rbt proteins are novel factors that act in conjunc-
tion with or in close association with Sin4 and have similar
but distinct functions from that of Sin4. We also suggest
that mutations, such as rbt, that lead to the defect in the
repression of basal transcription nullify Tupl-Ssn6 general
repressor-mediated repression, consistent with the idea
that the mechanisms of Rbt (mediator)- and Tupl-Ssn6
(general repressor)}-mediated repression are interconnected
but substantially different.

We thank A. Sakai and M. Nishizawa for providing the plasmid
and the cell strain. We also thank Y. Mukai, N. Ogawa, and T.
Mizuno for helpful discussions.
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