
J. Biochem. 128, 575-584 (2000)

Genetic Characterization of rbt Mutants That Enhance Basal
Transcription from Core Promoters in Saccharomyces cerevisiae1

Tatsuki Kunoh, Takeshi Sakuno,1 Takakazu Furukawa, Yoshinobu Kaneko, and
Satoshi Harashima3

Department of Biotechnology, Graduate School of Engineering. Osaka University, 2-1 Yamadaoka, Suita, Osaka 565-
0871

Received June 6, 2000; accepted July 18, 2000

While this Saccharomyces cerevisiae SIN4 gene product is a component of a mediator
complex associated with RNA polymerase H, various studies suggest the involvement of
Sin4 in the alteration of higher-order chromatin structure. Our previous analysis of a
sin4 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 rbt for regulator of basal
transcription, can be classified into at least six complementation groups, Le., four single
(rbtl to rbt4) and two apparently double (rbt5 rbt€ and rbt? rbt8) 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 rbt 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 rbtl 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 rbt 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.

Key words basal transcription, general repressor Tupl-SsnG, mediator, Saccharomyces
cerevisiae, Sin4.

Transcriptional regulation requires the interactions of spe- RNA polymerase (RNAP II), general transcription factors
cific regulatory proteins with components of the transcrip- (GTFs) such as TFIIA, TFIIB, TFIID, TFIIE, TFIIF, and
tion machinery. The specific regulatory proteins tha t are TFIIH, and mediators that are associated with the C-tenni-
implicated in transcriptional activation and/or repression nal heptapeptide repeat domain (CTD) of RNAP II.
bind, directly or indirectly, to an upstream element contain- We have been interested in the role of mediators in the
ing UAS or upstream repression sequence (URS). The tran- regulation of the basal transcription of various promoters,
scription machinery binds to a core promoter region includ- Genetic and biochemical analyses in Saccharomyces cerevi-
ing a TATA box as an essential element. The basal tran- siae have revealed tha t mediators consist of a large protein
scription is dependent on the core-promoter and requires complex including proteins such as Nu t l , Nut2, Rox3,

G a l l l , Sin4, Rgrl , Pgdl , Srbs, and Meds, and tha t muta-
—— — :—— tions in the components of the media tor complexes lead to
1 This study was partially supported by a Grant-in-Aid for Scientific ,. i * j • r -j • * , < • / , m w

Research on Priority Areas (£o. 08250210 and No. 09277214) to disregulated expression of a wide vanetyof genes (1-9). We
S.H. from the Ministry of Education, Science, Sports and Culture of previously identified a mutation of SIN4, the product of
Japan and a grant to TK. from Foundation of Osaka University. The which is one of the most poorly understood mediator com-
first and second authors equally contributed to this work. ponents, as a suppressor mutation that suppresses a muta-
2 Present address: Department of Cellular Biologx Institute of tdon of the gene encoding the transcriptional activator
Molecular and Cellular Biosciences, The University of Tokyo. Qcn4 which activates the expression of the HIS5p-PH05
^ n

W £ ° m C ^ ^ e ^ i S £ ° U l d , b ! addIe8S!l?1K+81"^68Z9" reporter gene WIS5 promoter fused to the open reading7420, Fax; +81-6-6879-7421, E-mail: harashunaOgen.bio.eng.osaka- , *^ ,,cU-n\ r nrrXr- J- , , . , ,
u a c j frame (ORF) of PHO5 encoding repressible acid phos-

phatase; rAPase], and found that basal transcription is
© 2000 by The Japanese Biochemical Society. 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)-eensitivity 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 (17), whereas no effect
on nucleosome 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 is 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-^nediated repression has
been shown to be diminished in mutants of other compo-
nents of the mediator complex, such as Srb8, SrblO, and
Srbll (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 sin4, 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 (rbtl to rbt4) and two apparently double (rbt5
rbt6 and rbtl rbtS) mutations, rbtl to rbt4 mutants display
several phenotypes that are quite similar to but distinct
from those of the sin4 mutant. We suggest that RBT gene
produces) 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 Tupl-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
(IS). & 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 &galll-double mutant
(SH5512), a bgalll::LEU2 disruptant (SH5488) showing
an rAPase- phenotype was crossed with an rbtl-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 rbtl-1 mutation in
some meiotic segregants showing an rAPase"" Leu+ pheno-

type, and, therefore, having the supposed genotype of either
hgalll::LEU2 or rbtl-1 i^galll::LEU2, was tested by cross-
ing the segregants with the rbtl-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 rbtl-1 hgalll::LEU2 double mutation
since the resultant diploid exhibited the rAPase+ pheno-
type. The rbt2-l bgalll-double (SH5517), rbt3-l bgalll-
double (SH5711), and rbt4-l £igalll-donh\e (SH5682)
mutants were constructed and verified as described above
using rbt2-l mutants (SH5497 and SH5520), rbt3-l
mutants (SH5709 and SH5710), and rbt4-l mutants
(SH5681 and SH5680), respectively, and the bgalll::LEU2
disruptant (SH5487 and SH5513) (data not shown). E. coli
TGI (17) was used to manipulate the plasmid DNAs.

Plasmids—Construction of Yip-type plasmids, pAAV,
pAAV-A, and pAAV-B, harboring the A\JASPHO84p-PHO5,
IMElA-AUASPHO84p-PHO5, and IMElB-MSASPHO84p-
PHO5 reporter genes, respectively, was described previ-
ously (21). Construction of YCp-type plasmids harboring
the SUC2p-PHO5 fusion reporter gene (plO39), the AUAS-
PHO84p-PHO5 fusion reporter gene (p891) and the
&TATAPHO5p-PHO5 fusion reporter gene (pl319) was de-
scribed previously (10). Construction of control reporter
gene, containing only an ORF of the PHO5 gene (pSH39)
was described previously (22). To construct the AUAS-
PHO84p-PHO5 fusion reporter gene (pl244), a 2.1-kbp
Hindni-Sphl fragment containing the PHO5p-PHO5
fusion reporter gene from p714 (10) was inserted into the
Hindill-Sphl site of YIp33 (23), resulting in plasmid p813.
Then, a 0.3-kbp Hindlll-SamHI fragment containing the
AXJASPHO84 promoter from pAAV was cloned into the
Hindlll-SamHI gap of p813. To construct the AUAS-
PHO5pPHO5 fusion reporter gene (p890), a 3.3-kbp
fiamHI fragment from pPHO5 (24) was inserted into the
BamHl 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 oligonucleotddes designated
OLI184 and OLI142 (Table II) as the forward and reverse
primers, respectively. The amplified product was doubly
digested with HindlU and BamHl, and cloned into the
Hindlll-BamW gap of pSH39, resulting in plasmid p890.
To construct the YCp-type plasmid harboring the AUAS-
CYClp-PHO5 fusion reporter gene (pl762), a 0.3-kbp Hin-
dlll-BamHl fragment carrying the core promoter region of
the CYC1 gene from pllO8 (10) was inserted into the Hin-
dlll-fiamHI gap of p891. YCp-type plasmids carrying the
TUP1 (pll61) or SSN6 (pll62) 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 (pl854) 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 SallSmal fragment was inserted into
the SallSmal gap of pRS313 (25). To construct YCp-type
plasmid carrying the NCB2 (pl855) 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 I. S. cerevisiae strains used in this study.

Strain Genotype Source

8 H M
SH2t21
SHJ700
SH4TJ1
JH4M
IH44I3
SHOT7
tHMOO
SHSIM
SHSJW
•HS401
SHMd
SHM04
•HS403
SHSXIt
8W230

UATmunlurmltrpt >r*lpho3-1phoS-1
UATturm3-S2M*1tSbp1ptto3-1 pho6-1gcn4-lCOtb>4-10l
UATaunt42lmi2-3,112&hl*3trp1hm2phol-1pho3-1

y a i a ^ 1 1 2 h M l N a 1
UATa tmS42lmi2-3,112iMmitpi mill pttet-1 phoS-1
UATa urm3S2l*u2-3,11laMm3 trpt mttlpho3-1 prtoS-1 urm»«:.-l« HtOS*UHA3jp j
UATaar*3^2lmj2-X1MtMt3 trpi hm2 phot-1 phoS-1 rbti-1 un*4t=imE1irMHSFtlO$ti) WO3»WUJ1
UATa an3S2ltu2-3,112AflM trpi Ifmlpttot-I phoS-1 rbO-1 ir*3-B:iB*E1*-AUA%rtK»4f HIO6*UMJ[

UATamm3-aima2-J,11t&ttUllrp1 lymlphoj-1 phoS-1 rbtl-1
UAThttru342l*a-3.112tJ*»31rp1ly1phD3-1 phaB-irta-1
MA7aur*3-S2lmj2-3,112tJll*3trp1 lyrtptK>i-l phoS-1 rtM-1
UATa m»3-U 1*12-1,111 tJlUl trpi lymlpftot-t pho*-1 Btrt4-1B

Our bboratory
Our Wwratory
Our Moratory
Ourhboratory
Our tebontory
Our laboratory
TMsstudy
TMs study
TMs rtxfy
TMattudy
Thto «tudy

StOSM
SIQ222
•HS13J
SHS234
SH5X2S
8H5510
8H523S
HSYS-1A
SHS4W
9HSU7

^ p p 1 p )
MATaan342lmil-3.112M4a3trp1m)l2pha3-1pho6-1 rbO-1 ur*3S2:iait1*-&UASPHO*4p-PHOi*URA3l
t u r n ir*3-52ltu*-3,11*6J**3 trpi mlm2 pho3-1 phcS-1 rbO-t un>St:imS1t-&UA»PII0*4p PHOff+UftAJ)
sMTa ur»3-g tsu?-JiniArH»J trpT Jdsjpftoj-I pfto5-) rfag ftrt ursMfcCgti-AUMItKM^) WIQMJU3]
HAnm3-S2lmi24,112&hlM3 trpi mdmlpha3-1 pho6-1 ritiT rttt ur*3-52r[mK1+^JJA&rHOH(> mO6*UHA3j
UAraiMm3-t2hu2-t,11lAht*itrp1td*2pfia3-t pfiet-1rtH1-l
JH>Caira>a«Htf4'"AM*}ttpradUpA<»-tpfto5->f«0-f
tUTamMttouf-],f*2AMsI&p*adWpAo>-fpha5->rM»4
UATaurm3S2lmil-3,112tJ**3trp1m)ar>ho3-1ptxa-1rbtSrbl6
UATaurM3St)lu2S,112eMt3trpiKf2pHo3-1phoS-1rt>l7r1jt$
MATt arm! Itu2 trpi mdm1A^H1:±eV2
IKPi in3ltu2trp1 adt1a^H1:±Eia ursj..̂ fl

sUTa
9H94a

8HS494 UATt ur*341 Imu2-S,l 11 trpi Iy*2ptio3-1 pho6-1 ittl
SHS497
SH54W
1HM11 MAT* IXB3-52 tmil-3,112 trpi pho3-1 phot-1 itti

rHOi<URAJ\

SHSS1S
SH5S17
SHS51I
8HSSI0
•HS604
SHS906
8H550*
SHK07
SH3SC3
SH650S
8H6M0
SH9M1
SHB13
SHSM2
SHSM7
SHSMS
SKSBH
SHSTDt
SHS710

MATa un3S2 *u2-*,t12 N»* pttot-1 pflo5-> rtO-J Ag*11:±CU2 un&VAlASmOHp
iUA»PHC*^MOURAJ \

UAT»tn3-52lmj2-i,11ltJ<l*3lrp1lYtlpho3-1pho6-1 rtt2-1 un»42:iAUA&PHOMp*HOStURASI
UATa nt-62hu2S,111&hl*2 trpi lyl phot-1 phoB-1 Jfho»4:X§H>t3unH2:imm
HATnur*3-32ltu2-J,n2qhtBj trpily»2phot-1 phoS-1 raO-1 &pho»4=CgHUauni-SZiv j
HATaur*3-52)tu2-X112&tll*3 trpi Iyt2pho$-1 phoS-1 rtU-1 iphoM^CgMS3 {M»3-52:ilimU-AUA&rHO*4f> PHOttURASj
UATamt-aituI-t,112&hi*ltrp1 lymt pho3-1 phoB-1 tkyt-tO &phoH:^§Hnj urm3S2:iamiA-MlAtPHO»4p-PHC»*URAJi

UATa UTM3-52Hu2S,112bp1 I&24O1 rtM-1 phot-1 phoS-1 un342:\6U*aPHO64p PHOSlUHAJj
UAfttw*3&lmi2-X112&IWtrp1phat-1pha3-1&gri1::LmBurmt-S2:VAJAtPHOe4p*HO3*URAil
UATa*rw3-Sl>*a-3,l1lAtlim3trp1 ttt*-1 &g»t11:d£Utpho3-1 phoS-1 ursJ-ttf.foUAWO*^ mtO9*URA3j
UATa unt-62 N»1-29trp1 tf*2 &Mtn4::ThV1 phot-1 phoS-1 UT*J-i2:.-[MJMPHOH(>-PHC»tUftAJi
UAThun34ttrp1ly2 &tk>4::TftP1 phoSI phoS-1 yn3414M*APTtO»4p4>HO5t-UftA3i
UATa urm3-S2 Ima Nil-It tpt A*kt4xThTP16gmnixLEU2 phot-1 pltoS-1 umt4t:WlAarHO»4p PHOf*URAi\
UATaun3Sl*u2-3,112trp1 phol-1 phoS-1 rOO-I ors>C\(iUASPMO»*>-PHC»tUHAJl
UATtun3-52lmu2-3,11ltrpl tyUOlphot-1 phoS-1 rt*3-1 urm3-Sl:i&UAaPrK»4p-f>HOS*UrtAJ\

TMs study
Tht. ctudy
Thk ttjdy
Thto rtudy
Thla study
Till* study
Thsi study
This study
This study
Thkl study
This study
This study
U. MaMnwa
This study
Thisstudy
TMsstudy
Thisstudy
Thisstudy
Thisstudy
Thisstudy
Thisstudy
This skldy
Thlsskidy
Thisstudy
Thisstudy
Thisstudy
This study
Thisstudy
Thisstudy
TMsstudy
TMsstudy
TMsstudy
Thisstudy
Thisstudy
This study
TMsstudy
TMsstudy
TMs study
TMsstudy
TMsstudy
TMs study
TMsstudy
TMsstudy

TABLE II. Oligonucleotides used.

Oligonucteottdes Sequence

OUG21

0UG22

0UQ27

OUQ28

0UQ29

OLJO30

0LJG31

OUG32

PQD1c

OLJQ33
OUQ38

OUO39

OU1S4

OU142

51-
51-
51-
51-
51-
5"-
51-
51-
51-
51-
5'-
51-
51-
51-

' TaTaTCOACaXTCTATTACATTATOOaTOO -3'

TOTCCCOAlAaAATCCTCaAaCTAOCCCTTT -3'

' TOTCTCaAOTaTCTTTaATTTCaTAAaAAT -3'

TOTCCCOaaAAATAOTOQAAT<JTaATAQTT -3*

' TaTCTCQAaAOOTOTACCAOTAAACAAATA -3'

TQTCCCOQQQAAAAA4XJLTOCCTCTCTCAA-3'

CTCOOATCCOTCaAOTACOAaAACCTTTC -3'

TtHCTCaAaTATaTCCCTTTTTOaAOCAAT -3"

COCOaATCCTTTTAAAACAAAOAGTATAA -3'

COCOaATCCTTOAAAOaATTTTTTaAACA -3'

CTCAAOCTTTATCAAATTOOTCACCTTAC -31

iVrTU'ri'tflT -3'

oligonucleotides designated OLIG29 and OLIG30 (Table II)
as the forward and reverse primers, respectively. The
amplified product was cloned into the pT7blue(R) Vector. A

XholSmal fragment of about 1.6-kbp was inserted into
the SallSmal gap of pRS313. YCp-type plasmids carrying
the R0X3 (pl856) and PGD1 (pl857) genes were con-
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structed in the same way as pl855 using OLIG31 and
OLIG32 for the ROX3 gene, and PGDlc and OLIG33 for
the PGD1 gene. Tb 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 oligonucleotddes 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 BamUI fragment of
about 2.5-kbp was inserted into the BamHl site of pRS313.

Disruption of the PHO84 Gene—Disruption of the
PH084 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 Hindlll-BamiU 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 & 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 ui
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 IME1A-
AUASPHO84p-PHO5 (pAAV-A) and IMElB-MSASPHO84p-
PHO5 (pAAV-B) reporter genes since we previously re-
vealed that both IME1A and IME1B harbor a Tupl-Ssn6
complex-dependent URS (2D- Wild-type a-haploid strains
harboring the IMElA-MJASPHO84p-PHO5 (in SH4761) or

IMElB-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 matdng-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 tupl mutation as veri-
fied by suppression of the rAPase+ phenotype of transfor-
mants of these mutants with a YCp-type plasmid carrying
the TUP1 gene (pll61). Interestingly, 75 of 106 recessive
and mating-competent mutants were revealed to carry a
sin4 mutation because diploids constructed by crossing
these mutants with the MAT&-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 (pll62) 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-SSMJ gene and RGR1 gene, respectively,
indicating that these mutants harbored the ssn6 and rgrl
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 MJASPHO84p-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 IME1A and IME1B 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 Tupl-Ssn6-mediated repression.

TABLE III. Summay of screening for mutants that exhibited
enhanced transcription from \UASPHO84 promoter.

Reporter gene Mutation Number of mutants

IMElp-bVASPHO84p-PHO5
(Region A or Region B)

AVASPHO84p-PHO5
Total 175

TABLE IV. Classification of rbt mutants.
Complementation group Number of mutants

Nonmater
Dominant

tupl
ssn6
sin.4
rgrl
rbt

17
52

7
4

75
10
17

rbtl
rbt2
rbt3
rbt4
rbt5rbt6"
rbt7 rbtP

•In these mutIn these mutants, two or more genes are responsible for the rbt
phenotype.

J. Biochem.

 at Peking U
niversity on O

ctober 1, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/


rbt Mutants That Enhance Basal Transcription 579

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 ascd 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. Prom 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 rbtl to rbt4 (regula-
tor of basal transcription) for a single mutation and rbt5
rbt6 and rbtl 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

B
Wild-type

rbti-1

rbt4-1

rbt2-1

sin4

Wild-type

rbt1-2

rbt3-1

rbt2-2

rbtS rbt6

TbtT rbte

20 30
rAPase activity (mll/ml/ODesc)

300 10 20
rAPase activity (mU/ml/ODwo)

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 rbtl-1
(SH5397), rbt2-l (SH5400), and rbt4-l (SH5398) mutants harboring
the !MElA-PHO84p-PHO5 fusion reporter gene (pAAV-A) integrated
at the um3-52 locus. Lower panel: the wild-type strain (SH4433) and
rbtl-2 (SH5219), rbt3-l (SH5220), rbt2-2 (SH5221), rbt5 rbt6
(SH5509), and rbtl rbt8 (SH5222) mutants harboring the IME1B-
AUASPHO84p-PHO5 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.

caused at the level of transcription. As shown in Fig. 2, the
level of transcription of a reporter gene in the rbt 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 les8-SUC2 promoter is activated in an
ncbl mutant and that the Ncbl 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 srbll 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 rbtl-1, rbt2-l, rbt3-l, rbt4-l, and dou-
ble rbt5 rbt6 and rbt7 rbt8 mutants were transformed with
YCp-type plasmids carrying the NCB1 (pl854), NCB2
(pl855), PGD1 (P1856), R0X3 (pl857), or SRBll(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 rbt mutants is
not suppressed by plasmid-bome NCB1, NCB2, PGD1,
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 ura3 locus. The MJASPHO84p-PHO5
reporter gene (pl244) is integrated at the Ieu2-3,112 locus
of the rbt mutants. Separately, the YCp-plasmid borne
HJASPHO84p-PHO5 reporter gene was also introduced
into the rbt mutants. All transformants showed the
rAPase* phenotype, indicating that enhanced basal tran-
scription in the rbt mutants occurrs in the reporter gene

<V * - CM

£ 2

PHO5

ACT1

Fold
activation

IMEU-MASPHO84p-PHO5 IMEU-iUASPH084p-PH05

1.0 4.4 7.5 6.8 7.3 1.0 5.0 2.0 3.2 2.0 2.5

1 2 3 4 5 6 7 8 9 10 11
Fig. 2. Enhanced rAPase activity in rbt 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 OD^, of 1.0. The Northern blot
was hybridized with the PHO5 probe. A 1.8-kbp Sa/I-fragment from
pAAV (21) was used as a probe to detect the PH05 transcript and an
approximately 1.0-kbp BamW-HindlU fragment from plasmid
p448 was used as a probe to detect the ACT1 transcript. Fold activa-
tion compared with the wild-type strains was calculated using NIH
Image 1.62.
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integrated at the Ieu2 locus and on the plasmid (Table V
and data not shown).

We also examined whether rbt mutations result in en-
hanced transcription from the core promoter of genes other
than PHO84. Plasmid-borne A\JASCYClp-PHO5p (pl762)
and A\JASPHO5p-PHO5 (p890) reporter genes were intro-
duced into the rbt 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 AUASPHO84 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
PHO5, 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 rbt mutations display
similar characteristics to the sin.4 mutation. For this pur-
pose, we used the PHO5p-PHO5 reporter gene (p714). This
gene was integrated at the ura3-52 locus in the rbt mu-

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

Strains

Wild-type
rbtl-1
rbt2-l
rbt4-l
sin4

Wild-type
rbtl-2
rbt2-2
rbt3-l
rbt5 rbt6
rbt7 rbt8

rAPaae activity (mU/ml/OD,,,,)
CHP&PHOMp-

PHO5
4.3 ± 1.7 (—f

10.2 ± 4.3 (2.4)
21.1 ± 2.0 (4.9)
5.7 ± 1.4 (1.3)

11.8 ± 1.0 (2.8)

1.8 ± 0.2 (—)
2.4 ± 0.4 (1.4)
3.0 ± 0.2 (1.7)
3.3 ± 0.9 (1.8)

10.0 ± 0.5 (5.8)
4.3 ± 0.8 (2.5)

MJASCYClp-
PHO5

3.1 ± 0.1 (—Y
8.1 ± 0.3 (2.7)
5.9 ± 0.1 (1.9)

33.6 ± 1.5 (11.0)
14.4 ± 0.3 (4.7)

3.1 ± 0.1 (—)
5.0 ± 0.1 (1.6)
6.3 ± 0.6 (2.0)
7.1 ± 0.3 (2.3)
8.4 ± 0.2 (2.7)

12.3 ± 0.1 (4.0)

AUASPHO5p-
PHO5

2.5 ±0.1 (—f
4.5 ± 0.3 (1.8)
3.4 ± 0.3 (1.4)

14.8 ± 3.5 (6.0)
6.9 ± 2.6 (2.8)

1.6 ± 0.4 (—)
2.4 ± 0.2 (1.5)
5.6 ± 0.7 (3.5)
3.0 ± 0.6 (1.8)
3.5 ± 0.1 (2.1)
4.5 ±1.1 (2.8)

"Fold activation compared with the wild-type strain.

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-l
mutant that was less affected by the rbt4-l mutation, basal
transcription from the PHO5 promoter was enhanced (Fig.
3). Then, to examine whether the effect of the rbt mutations
is dependent on TATA-elements, the ATATAPHO5p-PHO5
reporter gene (pl319) 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 rbt mutations requires TATA ele-
ments.

rbt Mutations Display Genetic Interaction with the
Agalll Mutation—We have isolated a dominant ABE1-1
(Activator of Basal Expression) mutant that suppresses the
sin4 mutation, and found that the ABE 1 gene is identical to
the GAL11 gene (Mizuno et al., manuscript in preparation).
Gralll is known to be a component of the mediator complex
and is suggested to activate transcription by stimulating
CTD phosphorylation by TFIIH (34). We also noticed that
the sin4 mutant and the Agalll disruptant exhibited the
haplo-insufficiency phenotype: enhanced basal transcrip-
tion due to the sin4 mutation is partially suppressed in
sin4 Agalll Isin4 GALiJ-diploid cells, while the enhance-
ment is completely suppressed in sin4 Agall 1 -haploid cells
and sin4 Agalll ISIN4 GAL ii-diploid cells (Mizuno et al.,
manuscript in preparation). These observations motivated
us to determine whether the rbt mutations also show
genetic interaction with the Agalll mutation. We have con-
structed a haploid strain having the rbt Agalll genotype,
and diploid strains having the rbt Agalll I RBT GAL 11 and
rbt Agalll I rbt GAL11 genotypes, and examined the ex-
pression of the reporter gene As shown in Fig. 4, in all
cases of the rbt 1 to rbt4 mutants, the enhanced expression
of the reporter gene due to the rbt mutations was partially
suppressed in rbt Agalll I rbt GAL11 diploid cells, whereas
that due to rbt mutations was completely suppressed in the
rbt Agalll haploid cells and the rbt Agalll I RBT GAL11
diploid cells. These results indicate that all of the rbtl to

PHOSp-PHOSFig. 3. (A) In rbt mutants as in sin4 mu-
tants, rAPase activity of the PHO5p-
PHO5 reporter gene (p714) integrated
at the ura3-52 locus is enhanced. One
copy of the reporter gene was present in
rbt mutants (SH5401, SH5402, SH5404,
and SH5224), the sin4 mutant (SH5403),
and the isogenic wild-type strains (SH3700
and SH4358) as determined by Southern-
blot analysis. Methods for staining and the
measurement of rAPase activity were as
described in the legend to Fig. 1. (B) The
enhanced transcription in the rbt mu-
tants is dependent on the TATA-ele-
m e n t rbt mutants, sin4 mutant and the
isogenic wild-type strains described in (A)
were transformed with the ATATAP#O5p-
PHO5 reporter gene (pl319) 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
YPDA plates. rAPase activity was measured as described in the legend to Rg. 1.

PHOSO-PHOS

Wild-type

rbt1-1

rbtZ-1

rbt4-1

sin4

Wild-type

rbt3-1

O «J 40
(mU/ml/ODsso)

B
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Relevant genotype rAPase staining

&N4QAL11

SIM AgaM

Asln4GAL11

Asfn4 AgalH

Asln4/SIN4 \gal111 GAL 11

Aaln4lAsln4 Agali 1IQAL11

B

Relevant genotype rAPase staining

RBT1 GAL11

RBT1 Agal11

rbt1-1GAL11

rbt1-1 Again

rbt1-1IRBT1 Agal11/QAL11

rbt1-1/rbt1-1 Agal11IQAL11

RBT2QAL11

RBT2 Again

rbt2-1 GAL11

rb&-1 Again

rbt2-1IRBT2Agal11IGAL11

rM2-1lrbt2-1 AgaMIGAL11

RBT3QAL11

RBT3 Agal11

rbt3-1GAL11

rbt3-1 Again

rtot3-1IRBT3 Agali 1IQAL11

rbt3-1lrtJt3-1 Agali 1JGAL11

RBT4GAL11

RBT4 Again

rbt4-1 GAL11

rbt4-1 Again

rbt4-1IRBT4 Ageli 11QAL11

rbt4-1lrbt4-1 AgalHIGAU 1

Fig. 4. rbt I to rbt4 mutations show genetic interaction with
the Agalll mutation as in the case of the sin4 mutation. All
strains harbored the AVASPHO84p-PHO5 reporter gene (pAAV) inte-
grated at the ura3-52 locus. (A) Colonies of the wild-type strain (SH-
5489), Agalll::LEU2 mutant (SH5513), Asin4::TRPl mutant (SH-
5696), Agaill::LEU2 Asin4::TRPl-double mutant (SH5695), Asin4::
TRP1/SIN4 Agalll/GAL11-diplmd (SH5695 X SH5489), and Asin4::
TRPl/Asin4::TRPl Agalll IGALll-dip\o\d (SH5695 X SH5696) were
stained as described in the legend to Fig. 1. (B) The wild-type strain
(SH5491), Agalll::LEU2 mutant (SH5487), r6fi-i-single mutant
(SH494), rbtl-1 Agalll::LEU2-double mutant (SH5512), rbtl-ll
RBT1 Again/GALU-diploid (SH5512 X SH5515) and rbtl-llrbtl-1
Agalll IGAL1 i-diploid (SH5512 X SH5511) were stained on YPDA
plates. (C) Colonies of the wild-type strain (SH5491), Agalll::LEU2

rbt4 mutations interact genetically with the Agalll muta-
tion as sin4 mutation does. Since this behavior of the rbt
mutations is very similar to that of the sin4 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
nucleosomes is commonly used to monitor chromatin struc-

mutant (SH5487), r6*2-i-single mutant (SH6498), rbt2-l Agalll::
LEU2-donb\e mutant (SH5517), rbt2-l IRBT2 Agalll /GALii-diploid
(SH5517 X SH5518), and rbt2-ltrbt2-l 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),
r6«-i-single mutant (SH5709), rbt3-l Agalll::LEU2-doub\e mutant
(SH5711), rbt3-HRBT3 Agalll/GALll-dip\oid (SH5711 X SH5489),
and rbt3-llrbt3-l Agall 1IGAL1 i-diploid (SH5711 X SH5710) were
stained on YPDA plates. (E) The wild type-strain (SH5489), Agalll::
LEU2 mutant (SH5513), rbt4-l-Bin^e mutant (SH5680), rbt4-l
Agalll::LEU2-do\ib\e mutant (SH5682), rbt4-HRBT4 Agalll I
GAL72-diploid (SH5682 X SH5489), and rbt4-llrbt4-l Agalll I
GALii-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 M!ASPHO84p-PHO5 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 rbtl-2, rbt2-l, rbt4-l, and sin4 mu-
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Wild-type rbt1-2 Wild-type rbt4-1 rbt2-1 Wild-type sln4

B

M 1 2 3 4 5 6 7 8 910 11 12 1314 18 16171618 20 2122 23 24 25 » 27 28 28 30 3132 33 34 35

Wild-type rbt1-2 Wild-type rbt4-1 rbt2-1 Wild-type sln4

1 1

I

Fig. 5. (A) MNase sensitivity of
bulk chromatina is not altered in
the rbtl-2, rbt2-l, rbt4-l, and sin4
mutants. Methods for isolation and
digestion with MNase of bulk chrom-
atins are described in "MATERIALS
AND METHODa" The bulk chroma-
tin from the rbt 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-l
(SH5506) (lane 21 to 25), rbt4-l
(SH5508) (lane 16 to 20), and sin4
(SH5507) (lane 31 to 35) mutants,
and the isogenic wild-type strain for
these mutants (SH55O4) (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 units/ml (lanes 3, 8, 13, 18, 23, 28,
and 33); 10 unita/ml (lanes 4, 9, 14,
19, 24, 29, and 34); 40 units/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 rbtl-2, rbt2-l, and rbt4-l mu-
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-Hindlll fragment containing
the core promoter region of the
PH084 gene from pAAV was used as
a probe.

U 1 2 3 4 B 1 7 1 9 1 0 11 12 13 14 18 16 17 18 19 20 21 2223 24 25 2627262930 31 32333435

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 A\JASPHO84p-PHO5 reporter gene
integrated at the ura3-52 locus are not altered by the rbt
mutations. Therefore, we conclude that the enhancement of

basal transcription in the rbt 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
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least six complementation groups (Tables III and IV). It has
been reported that stn4-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 IME1A or IMElg,
both of which harbor URS that are subject to repression by
the Tupl-Ssn6 complex (21), was inserted upstream of the
core promoters, we conclude that the rbt 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 bgalll 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 AXJASCYClp reporter
(4.7-fold compared with that of the wild-type strain) than in
the case of the MJASPHO84p (2.8-fold) and the AUAS-
PHO5p (2.8-fold) reporters in sin4 mutants. Conversely, a
higher level of enhancement was observed in the case of
the MSASPHO84p reporter (4.9-fold) compared with the
MJASCYClp (1.9 fold) and MJASPHO5p (1.4 fold) report-
ers in the rbt2-l mutants (Table V). This differential effect
was also seen between the rbt4 and sin4 mutations for the
PHO5p-PHO5 and AUASPHO5p-PHO5 promoters, as the
rbt4 mutation results in a higher level of transcription from
the MJASPHO5p-PHO5 promoter than the PHO5p-PHO5
promoter, while the sin4 mutation has a stronger effect on
the PHO5p-PHO5 promoter than the MJA&PHO5p-PHO5
promoter (Fig. 3 and Table V). These observations suggest
that Rbt2 and Rbt4 harbor different functions from Sin4
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 rbt 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 rbt mutants (Fig. 5, A and B). In addition,
contradictory to a previous report (12), no clear alteration
of MNase accessibility was observed between the sin4 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
HXK1 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, 35-41). Some of these mutants

show pleiotropic phenotypes. For example, mutations of the
BUR6/NCB1 and BUR3IMOT1 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 SUD1/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, CYC1, CUP1, HIS3, PUT1, and PUT2 genes (41). In
contrast, the rbt 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, Le., the BUR
genes and several SPT genes, have been shown to suppress
defects in UAS or supposed activators) of the SUC2 gene,
we examined the transcription of the SUC2p-PHO5 repor-
ter gene integrated at the ura3-52 locus in the rbt mutants.
rAPase activity in the rbtl-1, rbt2-l, rbt3-l, and rbt4-l
mutants harboring this reporter gene was not significantly
increased in comparison with the wild-type strain (data not
shown), suggesting that the rbtl 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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