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ABSTRACT

Several proteins, including Rad3 and Rad25(Ssl2), are
essential for nucleotide excision repair (NER) and
function in the RNA polymerase Il transcription initi-
ation complex TFIIH. Mutations in genes encoding two
other subunits of TFIIH, TFB1 and SSL1, result in UV
sensitivity and have been shown to take partin NER in

an invitro system. However, a deficiency in global NER
does not exclude the possibility that such repair-defi-
cient mutants can perform transcription-coupled
repair (TCR), as shown for xeroderma pigmentosum
group C. To date, temperature-sensitive C-terminal
truncations of Tfb1l are the only TFIIH mutations that
result in intermediate UV sensitivity, which might
indicate a deficiency in either the global NER or TCR
pathways. We have directly analyzed both TCR and
global NER in these mutants. We found that  ss/1, rad3
and tfbl mutants, like rad25(ssl2-xp) mutants, are
deficient in both the global NER and TCR pathways.
Our results support the view that the mutations in any
one of the genes encoding subunits of TFIIH result in
deficiencies in both global and TCR pathways of NER.
We suggest that when subunits of TFIIH are in limiting
amounts, TCR may preclude global NER.

INTRODUCTION

Nucleotide excision repair (NER) is a multistep process
initiated by the recognition of DNA damage. Dual single-strand
incisions 3 and 5 to the damage in the strand containing the
damage are then introduced and the damage is excised as part o
an oligonucleotide. DNA polymerases, DNA ligase, and addi-
tional proteins fill in the resulting gap to regenerate intact duplex
DNA. NER has been reconstituiadiitro usingescherichia coli
human, and yeast cell-free systems. NER occurs via similar
biochemical mechanisms in all three systednd.(

There are at least two classes of NER: a global repair pathway
that deals with lesions throughout the genome and a repair
pathway specific for the transcribed strands of active genes
termed transcription-coupled repair (TCR). The consequence of
TCRin vivois a preferential repair of the transcribed strands of
active genes over the non-transcribed strands and the genome
overall.Escherichia coli mfdmutants ), yeastad26A mutants
(6) and Cockayne’s syndrome cell§,(exhibit a deficiency of
TCR that results in a reduction of the rate of repair of the
transcribed strands of active genes to the same rate as that of the
non-transcribed strands and the overall genome. The converse
situation exists in xeroderma pigmentosum group C cells and
yeastrad7A andrad16A mutants. UV-induced DNA damage in
these cells is not repaired in the genome overall but the
transcribed strands of active genes are repaired very rah@jly (
These two classes of NER have been demonstratéatah,
Saccharomyces cerevisiard mammalian cell<.().

Several yeast proteins required for NER have been shown to be
components of the transcription initiation factor TFIIH,{2).

DNA damage sensitive mutants of yeast have been assignedA® has been demonstrated for their mammalian homologs
three epistasis groups by complementation analyses which wét&-15), these repair proteins are either integral parts of the
originally based upon survival studies of cells responding to UYFIIH protein complex or are accessory factors which co-purify
light or ionizing radiation,2). The classification of mutants into with TFIIH through multiple chromatographic steps. Currently,
epistasis groups has been largely supported by biochemitiaére are five proteins which associate to make up the heart of the
evidence from investigations into the repair of one or more DNAFIIH complex, which is often referred to as core TFIIH. Core
lesions. These three epistasis groups contain mutants with deféd&®lH consists of the Rad3 (89 kDa), Ssl1 (62 kDa), Tfbl
in three generally non-overlapping biochemical pathways: nucle¢?3 kDa) and two additional proteins (p55 and p38). In addition,
tide excision repaiRAD3group), spontaneous and DNA-damageSsI2(Rad25) (85 kDa) co-purifies with TFIIH1j. Association
induced mutagenesRAD6group), and recombinogenic mechan-of additional proteins with core TFIIH/SsI2 results in formation

isms for damage tolerand®@AD52group).

of holo-TFIIH. Holo-TFIIH possesses protein kinase activity and
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is the transcriptionally active form of TFIII3®). Yeast strains allele ofTFB1on a centromeriaRSplasmid. The level of protein
harboring mutations in either of two gemesil3andrad25ssld,  expression in these temperature-sensitive strains relative to
exhibit a complete lack of nucleotide excision repair throughowxpression from the chromosomal locus is not yet known.
the genome as well as within expressed genes under controEsfpression o FB1on the plasmid may be higher or lower than
class Il promotersl6-20, this report). Furthermore, temperaturethe expression afFB1at its chromosomal locus. We found that
sensitiverad3 and rad25 mutants are completely deficient in TCR and NER are deficient in these temperature-sensitive
RNA polymerase Il transcription at the non-permissive temperaiutants at the non-permissive temperature. Furthermore, the
ture @1,22). The similarities in the repair and transcription‘parent’ strain containing a plasmid-boiffeB1* gene displayed
deficiencies in thead3 andrad25 mutants suggested that their little repair of the non-transcribed strand but retained good repair
protein products are required both in repair and in transcriptioaf the transcribed strand of RPB2 at the non-permissive
Protein—protein interactions between Rad3 and Rad25, as parteshperature.
transcription initiation factor TFIIH, have been demonstrated
vivo using the two-hybrid systeri3) andin vitro (11,12). MATERIALS AND METHODS

It appears that core TFIIH/SsI2 functions as an intact complex ) )
in repair and in transcription. Therefore, it is possible thd¥ledia, plasmids and strains

mutations in genes encoding each of the remaining subunits\@bp medium is 1% yeast extract/2% Bacto-peptone (Difco)/2%
TFIIH might be deficient in either TCR or global NER (or both),q,cose ?9). Synthetic glucose medium (SD) is 2% glu-
as inrad3 andrad25mutants. Ssi1 and Tfb1 proteins have beeflyse/0.6796 bacto-yeast nitrogen base without vitamins (Difco)
showr) to .be integral components of TFIIH. Strains W'trkupplemented with the appropriate amino acids and H28es (
mutations in the genes encoding Ssl1 and Tfbl are very UNgar (1.5%) was added to media for plates. Yeast strains used in
sensitive and the proteins they encode are requiredinvéro  njs study are listed in Table Plasmid pKS212 is a Bluescript
repair system 24-27). While cell-free systems have been,ecior (Stratagene) which contains the internal 1.EddRI—
developed for both transcription and NERitro, there is as yet  ynq from RPB2(29). Strand-specific RNA probes f&PB2

no eukaryotian vitro system capable of TCR. Thus, investigation,ere synthesized by cleaving pKS212 withd or EccRl and

of the role of TFIIH and its subunits in TCR requires determinq—ncubating the linearized plasmid with INTPs and T7 RNA

tion of DNA repair deficienciesm viva. We therefore examined polymerase or T3 RNA polymerase, respectively, under condi-
the fine structure of DNA repair in yeastl], tfbl andrad3  jons recommended by the manufacturer.

mutants. We found that mutations sell and rad3, like the
ssl2-xpmutation 20), result in severe deficiency in NER, both in
global and transcription-coupled pathways.

Varioustfb1 mutants have been used to study the role of TfbAll strains were grown and irradiated as described previously
in transcription initiation 6). The mutants are temperature-(20). Briefly, cells were grown to log phase in YPD or minimal
sensitive for growth due to their inability to transcribe at th&&D media supplemented with the appropriate amino acids. Cells
non-permissive temperature. At the permissive temperatussere collected by centrifugation and resuspended in ice-cold
these temperature-sensitive mutants also exhibit a UV sensitiviijiosphate-buffered saline (PBS) ax 10’ cells/ml. The cell
intermediate between that of repair-proficient strains and that sfispensions were transferred to Pyrex dishes (Z5x 4 cn?)
rad3andss|2-xpmutants26). Thetfb1mutants produce different such that the depth of the suspension Ma& cm to ensure a
truncated versions of the protein, and the extent of the truncatiamsiform UV dose to all cells. Shaking cell suspensions were
correlated well with the degree of the UV sensitivity, i.e., théradiated with 30 J/for 40 J/m of predominantly 254nm UV
greater the truncation the more UV sensitive the strain. Tfb1 wight at 0.33 J/rffs using a Westinghouse L782-30 germicidal
recently demonstrated to be essential for nucleotide excisitamp. Initial dimer frequencies were 0¥®.08 or 0.9% 0.17
repair in arin vitro system 27). We found that these truncations per fragment following exposure to 30 or 402)/raspectively.
of Tfb1 also correlate well with the DNA repair deficiencies of th&he cells were collected by centrifugation after irradiation and
resultant mutant strains at the permissive temperature. either lysed immediately or resuspended in their original growth

The temperature-sensitivifbl strains used in this study media. Cells were incubated for various times to allow DNA
(mentioned above) all contain a disrupted chromsarR81  repair and then lysed. All manipulations were performed under
gene. Each strain, including the parent strain, carries a singlellow light to preclude photoreactivation.

Growth and UV irradiation of yeast cells

Table 1.Strains used in this study

Strain Genotype Source

JJ565 MATa, ura3-52, his4-316, inol-1, SSI.ESLY T. Donahue

JJ636 MATa, ura3-52, his4-316, inol-1, SS1 2sl1-1 T. Donahue

JJ638 MATa, ura3-52, his4-316, inol-1, SS1, 2sl1-3 T. Donahue

802-7A MATa, ura3-52, his4-316, inol-1, ssl2-1, ssl1-1 T. Donahue

LP2649-1A MATa, rad3-2, leu2-3,112, ura3-52, canl Yeast Genetic Stock Center
YSB207 MATa, ura3-52, leu2-3,112, hia200, tfbA::LEU2*/pRS316-TFB1L S. Buratowski

YSB251 MATa, ura3-52, leu2-3,112, hia200, ttbA::LEU2*/pRS313-tfh1-6 S. Buratowski

YSB151 MATa, ura3-52, leu2-3,112, hia200, tfbA::LEU2*/pRS313-tfb1-1 S. Buratowski

YSB260 MATa, ura3-52, leu2-3,112, hia00, tfbA::LEU2*/pRS313-tfb1-101[tthSal] S. Buratowski
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Isolation of yeast DNA [1:2000 dilution of TDM-2 in PBS35)] for 4 h at 24C.

. . . Membranes were washed several times in PBS-T and incubated
Cells were digested with Zymolyase 100T as descriB8H ( yith the secondary goat anti-mouse monoclonal antibody

After digestion, spheroplasts were collected by cgntrifugation ang-3000 dilution in PBS) radioactively labelled wHiS (Amer-
resuspended in 0.2 ml of Zymolyase buffer lacking ZymOIVaSC%/ham) for 4 h at 24, then washed several times in PBS-T and

Spheroplasts were then diluted with 2.8 ml of 0.05 M Tris—HC] 5 ; : o
o, pped in Saran wrap. Radioactivity was detected by exposure
(pH 8.5)/0.05 M EDTA and lysed by the addition of 0.2 ml of 20%¢ x_ray film or phophor screen to the membranes. The amount

Sarkosyl 80). The mixture was incubated atTfor 10 minand ¢ pNA bound to the membranes was then determined by

then chilled oniice. Cellular debris and Sarkosyl were precipitatef,rigization with radioactive RNA or DNA probes specific for
by the addition of 0.64 ml of 5 M potassium acetate. Mixture, P P

X ! the RPB2 gene. Antibody binding was then corrected for the
were incubated at°€ overnight and centrifuged at 6000 r.p.m. © gen y 9

. > amount of DNA bound to the membrane.
in a Sorvall HS-4 rotor at°€ for 20 min. Supernatants

containing chromosomal DNA were transferred to fresh tubngE SULTS
and precipitated by the addition of 2 vol ice-cold ethadd). (

Pellets were washed once with ice-cold 70% ethanol. If necessaty,nnressor mutationsssl1-1and ssl1-3result in

samples were incubated in the presence of RNaseA (fingmplete deficiency in removal of CPDs

concentration 5Qug/ml) to digest RNA and the DNA was

precipitated with ethanol and washed as before. Purified DNWe measured removal of CPDs from REB2gene in yeast
was resuspended in 10 mM Tris—HCI (pH 7.5)/1 mM EDTA (TEptrains which possess the wild ty@SL1gene (JJ565) or

and stored atAC. suppressor alleles|1-XJJ636) andsl1-3JJ638). Exponentially
growing cultures at 30 were irradiated with 30 JAWV. Cells

were either harvested and lysed immediately or returned to their
original medium and allowed to repair their DNA before lysis.
DNA was isolated as described in Materials and Methods and
The incidence of CPDs in a particular restriction fragment wagigested with the appropriate restriction endonucleases. DNA
determined by methods developed in this laboraté®38).  samples were divided into halves, one of which was digested with
Briefly, 1 pg of purified and restricted DNA in 10 mM Tris—HCI the CPD-specific enzyme T4 endonuclease V while the other was
(pH 7.5)/0.1 M NaCl/10 mM EDTA/1 mg/ml BSA was digestedmock-treated. The DNA was then denatured and electrophoresed
with T4 endonuclease V, a CPD-specific DNA glycosylase/ARhrough alkaline agarose gels, transferred to nylon membranes
lyase, in 4Qul for 30 min at 37C. The specific activity of the T4 and hybridized with radioactive RNA probes specific for either
endonuclease V, prepared by B. Donahue from an overproduciihg transcribed or non-transcribed strand of RfRB2 gene.

E.coli strain, wagB x 101 U/ug of protein on irradiated DNA and Membranes that were hybridized with probes for the transcribed
[11.4x 101 U/ug of protein on unirradiated DNA (A. Ganesan andstrand ofRPB2in SSLT and ssl1-1are shown in Figurd.

P. Hanawalt, unpublished observation). One unit (U) is defined Restoration of hybridization signal at the size corresponding to
1 nick/min on 250 ng of pSV2gpt DNA irradiated with 3220~ the full-length restriction fragment in the T4 endonuclease-
CPD/plasmid). T4 endonuclease V digestion of yeast DNAreated lanes is indicative of repair. It is apparent (Bighat
samples was stopped by the addition gfillTR.5% Ficoll/'5 mM  repair of the transcribed strand RPB2was very rapid in the
EDTA/ 0.125% bromophenol blue/0.25 M NaOH. Samples wergepair-proficient parent straiSSL*. By 5 min after UV
immediately loaded into 1.0% alkaline agarose gels under 30 mikadiation [30% of the CPDs had been removed from the
NaOH/1 mM EDTA and electrophoresed at 1.7 V/cm overnighttanscribed strand and within 30 min, 70% of CPDs had been
with recirculating buffer. DNA was transferred to Hybontd N removed. In contrast, repair of the transcribed straR&BRwas
membrane (Amersham). Membranes were prehybridized for @mpletely absent in thesl1-1strain. There was no restoration
least 2 h, then hybridized with strand-specific RNA probes mads full length restriction fragments which hybridize to the RNA
from pKS212. Autoradiographic signal intensities were quantifiedrobe for the transcribed strand (Fij.

Strand-specific analysis of frequency of cyclobutane
pyrimidine dimers (CPDs)

using a Helena Quick Scan R & D Densitometer. These membranes were deprobed and hybridized with radioac-
tive RNA probes specific for the non-transcribed strafmRB2
Genomic analysis of frequency of CPDs Quantitative analyses of repair levels were obtained by densito-

metric scanning of autoradiographs (FR). Repair of the
Monoclonal antibodies against CPDs were used to determine thén-transcribed strand in the repair-proficient parent strain was
frequency of CPDs in genomic DNA in a modification of thesimilar to that of several other repair-proficient strains reported
technique of Stapletast al (34). Antibodies were generated by previously £0,29). Yeast strains containing suppressor mutations
a mouse immunized with UV-irradiated DNA5). Denatured in SSL1] ssl1-1and ssl1-3 showed little or no repair of the
genomic DNA (D.5pg) in 10< SSPE was applied to Hybond N+ non-transcribed strand. Thus, the repair deficiency observed for

membranes using a slot blot apparatus after which the wells weggt1 suppressor mutants is similar to that previously reported for
rinsed with 26 SSPE. DNA was fixed to the Hybond N+ ss|2-xpmutants (Fig2; 20).

membranes with 0.4 N NaOH as per the manufacturer’s
instructions and .the me_mbraneslwer.e rinsed for 1 minxin epair-deficiency associated with a&ad3 mutant

SSPE. Non-specific binding of antibodies to the membranes was

prevented by incubation of the membranes in 5% dried non-fahe Rad3 protein, as part of TFIIH, is essential for both
milk in PBS-Tween20 (PBS-T) for atleast 1 h &t@4fter which  transcription initiation Z2) and nucleotide excision repair
the membranes were washed several times in PBS-T afib-18). Therad3-2allele contains a missense mutation leading
incubated with the primary mouse monoclonal antibody to CPDe incorporation of arginine instead of glycine at position 461.
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Turwer {miint]) observed for thead3-2 mutant is similar to that adsll and
ssl2-xpmutants (Fig2; 20).

i L 15 af &d

& s * - + L] & = L Ta epde W
Effect of mutations in the TFB1 subunit of TFIIH on

DNA repair
JISES e S ——— — TFB1 is another protein essential for the transcription initiation
iwit) L function by TFIIH. Although originally isolated as a factor

associated with a kinase activity which phosphorylated the
C-terminal domain (CTD) of RNA polymerase Il, it has since
been demonstrated that Tfb1 itself does not possess this kinase
activity (36).
IG5 - -th-. Mutations which result in truncations of Tfbl protein at the
{£517-7) -' C-terminus vyield strains that display both UV sensitivity and
temperature-sensitivity for growth. The extent of the truncations
correlates well with the UV sensitivity of the mutant strains at the
permissive temperature. At the permissive temperature, the UV
Figure 1. Removal of CPDs from the transcribed strand oRR82gene is .SenSItIVIty observed in these tenjperat'ur'e-sensn]ve mutants is
absent in assl1-Lmutant. Exponentially growing cultures of JI585(1) intermediate between that of repair-proficient strains and that of
and JJ636s611-) at 30°C were irradiated with 30 JAof UV and incubated ~ rad3andssl2-xpmutants 26). We found that these truncations of
in minimal medium supplemented with the appropriate amino acids for theTfb1 also correlate well with the DNA repair deficiencies of the
T Ao o o ot e aphreons st Soulan mutant tains al he permissive lemperature.
with RNA probes specific for the transcribed st}and oﬂ?pﬁBZQene. The d\Ne examined _the removal of CPDs from RieB2 g_ene In
autoradiograms show the 5.3 Ruu—Puul restriction fragment.4) JJ565  these yeast strains and observed decreased repair of the tran
(SSLY); (B) JI636 $sl1-). scribed strand at the permissive temperatur@qp4The least
UV sensitive mutantfb1-6 exhibited a substantial decrease in
the rate of removal of CPDs from the transcribed strand when
B R AL A A compared with repair observed for th€B1* parent strain
i ' ] (Fig. 3). Thetfb1-6strain removedb0% of the CPDs within the
80 y first 15 min after UV irradiation while the parent strain removed
i 80-90% of the CPDs in this period. The rapid repair of the
transcribed strand observed for the parent strain, relative to repair
observed for repair-proficient JJ565 grown in supplemented
minimal medium, may be due to the rapid growth (and
transcription) that occurs when strains are grown in rich medium.
[ ] Within 30 min after UV irradiatiortfb1-6 removed 65% of the
20 T . — ] CPDs whileTFB1* removed 80-90% of the CPDs in this period.
' 1 Yeast straingfb1-1 andtfb1-101 containing greater truncations

% CPD Removed

= i o —— P of the Tfb1 protein, were correspondingly more deficient in repair
0 10 20 a0 40 50 60 70 of the transcribed strand RPB2(Fig. 3). In summary, we found
Time (min} that at the permissive temperature the deficiencies in NER for the
temperature-sensitive truncation mutants reflected the degree of
UV sensitivity.
Fsigslﬁ 2'}3%1;602;?3fOJrJrgr;%O%/;IlogCaPr%s Egg’égﬁ;‘:ggﬁ%g J;If%? Repair of the non-transcribed strand was also determined for
Eranscr)i'bed strands w’as determined from the measured incidencgs of CPDs ] etfbl.mUtams (Fig3). Incre_as!ngly gr_eater truncations of the.
the Pvu—Pvul restriction fragments fronRPB2 Each point represents the C-terminus of Tfbl resulted in increasingly greater DNA repair
average of two experimental determinations with the exception of JJe3gleficiencies. For examplh1-6 exhibited reduced repair of the
(ssl1-3. JJ565$SLI) transcribed strand,), non-transcribed strarill; JJ636 non-transcribed strand of RPB2 compared with the parental strain
(ssl1-) transcribed strand.), non-transcribed strand®; JJ638 $s11-3  TEBR1* This is similar to the reduction in repair observed for the
transcrlbed strand, non-trar_]scrlbed strand®, ; LP2649-1A (ad3-2 tran- ibed d ifb1-6 d with theFB1T+. Th h
scribed strand), non-transcribed strand,. trans_cr' ed stran C_Ompafe with t - us, the
repair of both the transcribed and non-transcribed strands was
greatly reduced itib1-6compared witifFB1*. The strains with
Glycine at postion 461 is conserved among the Rad3 homologube largest C-terminus truncations of Tfth1-1andtfb1-101
of fission yeast and humans. A repair deficiadB-2mutant is  exhibited the greatest reduction in repair of both the transcribed
completely deficient in global NER. However, the capacity oétrand and non-transcribed strands of RPB2, 90 and 100%,
rad3-2mutants for TCR had not previously been determined. respectively.

We measured removal of CPDs from RiéB2gene in yeast  Repair assays wittfbbl mutants were repeated at the non-per-
rad3-2 mutants. These mutants displayed almost no repair ofissive temperature (3C), at which transcription is abolished
either the transcribed strand or the non-transcribed strang)(Fig.(26,27). We observed a decrease in repair of the transcribed strand
The small amount of repair observed in these experiments is wBtRPB2in all tfb1 mutants at 37C (Fig.4) compared with the
significantly different from thesllmutants. The repair deficiency repair observed in these same strains &C2¢ig. 3). The

&
W
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Figure 3. TFBL1 is essential for nucleotide excision rejpaiiva Time course for Figure 4. Time course for removal of CPDs frdRiPB2at 37C in YSB207
removal of CPDs from the transcribed strandRBB2at 24C in YSB207 (TFBIY), YSB251 fb1-6), YSB151 fbl-1) and YSB260tfb1-103. Expo-
(TFBIT'), YSB251 {fbl-§, YSB151 fbl-) and YSB260 tfbl-10). Expo- nentially growing cultures were irradiated with 4026HUV and incubated
nentially growing cultures were irradiated with 402)6hUV and incubated in  in rich medium (YPD) for the times indicated. Each point represents one
rich medium (YPD) for the times indicated. Each point represents one experimental determination. YSB20/FB1) transcribed strand, non-tran-
experimental determination. YSB20VFBL) transcribed strand), non-tran- scribed strand; YSB251 {fb1-6) transcribed strar@®, non-transcribed strand
scribed stranda ; YSB251 {fb1-6) transcribed strand), non-transcribed strand, O:; YSB151 {fb1-1) transcribed strarill, non-transcribed strarid; YSB260
@; YSB151 {fbl-]) transcribed strand,], non-transcribed stranill; YSB260 (tfb1-10) transcribed stran#t , non-transcribed strarid
(tfh1-10) transcribed strané, non-transcribed strand,.

100 LI DAL L LA B BN B B L
repair-proficient parent straiffB1") also showed a significant 80 ]
decrease in repair of the transcribed strari@RB2(Figs3 and B L 1
4). At the non-permissive temperaturgFB1t removed 2 ok ]
[B0-40% of CPDs from the transcribed stran&BB2during £ - 1
the first 15 min following UV irradiation. In contrastFB1* E ]
strain removed 80-90% of CPDs by 15 min following UV & 4o .
irradiation at the permissive temperature. Repair of the non-tran- ] ]
scribed strand dRPB2was completely deficient at the nonper- o0 | ]
missive temperature in @bl strains as well as the parent strain. L ]

As shown in Figurd, all strains examined showed no significant T

repair of the non-transcribed strand of RPB2 in the 60 min 0 S Ly e "
following UV irradiation. This repair deficiency is in marked o 1 20 30 40 50 €0 70
contrast to the repair of the non-transcribed strand observed in Time (min)

TFB1* andtfbl-6 at the permissive temperature (F&). For
example, TFB1* removed 40-50% of the CPDs from the

non-transcribed strand of RPB2 during the first 15 min followingFigure 5. Time course for removal of CPDs from genomic DNA. Monoclonal

UV irradiation at the permissive temperature. antibodies against CPDs were used to determine the presence of CPDs in genomic
DNA affixed to Hybond N+ membranes. Radioactively-labelled secondary

antibodies were used to detect the primary antibodies. Membranes were exposed

to X-ray film and autoradiographic signal intensities were quantified using a

Repair deficiencies in genomic DNA Hewlett-Packard ScanJet llp with DeskScan Il and Image 1.44 applications. Each
point represents the average of two experimental determinations. YSB207

We analyzed the rates and extent of removal of CPDs fro@'ggégé{? Ji?ﬁlz gg;:?AD(;d\g_SaBl.ﬂ (fo1-) 0; 802-7A gsll-1ssi2LA;

genomic DNA intfbl, ssllandrad3 mutants using an assay that

utilizes monoclonal antibodies against CPBS).(We observed

repair of CPDs in genomic DNA of the repair-proficient strains

TFBI" andSSL1 (Fig.5). This genomic DNA repair was similar bgcussioN

to the repair observed for the non-transcribed straRiPBRin

these same mutants (Figsand 3). Genomic repair was also Previously, we examined the DNA repair deficiency of a yeast
proficient in the least UV sensititfbl mutanttfb1-6 (Fig.5).  strain harboring a mutation in thAD25(SSL2jene, which
Strains containing larger deletions of TFBbI-1, Fig.5, and  encodes for a subunit of the transcription initiation factor TFIIH
tfb1-101 data not shown) exhibited little or no repair of genomig¢11,20). This mutation resulted in a total lack of repair throughout
DNA. Strains containingsl1-1 (Fig. 5) andssl1-3(data not the genome regardless of the transcriptional status of the DNA.
shown) alleles also exhibited little or no repair of genomic DNAWe concluded that TFIIH, including Ssl2, must not function
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solely in the recognition of DNA damage in the transcribeglasmid-borndFBlgene. If expression @FB1on the plasmid
strand, i.e., transcription-coupled repair. Rather, we proposgre lower than the expressioM&B1lat its chromosomal locus,
TFIIH forms an integral part of the DNA incision complexthen levels of Tfbl protein in the cell would be in limiting
responsible for DNA cleavage at the site of DNAdama@&(). amounts. Following exposure to UV radiation, a competition

In the present study, we examined DNA repair in yeast straibetween TCR and global NER (i. e., two subpathways of NER)
with mutations irRAD3 SSL1andTFB1, genes encoding other is established and TCR is favored. On the other hand, if
subunits of core TFIIH. Our expectation was that the repa@xpression ofTFB1 on the plasmid were higher than the
deficiencies imad3 andsslimutants would be similar to those in expression oT FB1at its chromosomal locus, then an excess of
ssl2-xpmutants. We found that the mutations inB#&D3and  Tfb1l protein might lead to the formation of incomplete TFIIH
SSL1genes resulted in strains with a complete deficiency in thmplexes by titrating out the remaining available constituents of
removal of CPDs from the entire genome, not just frongore TFIIH (i. e., Rad3, Ssl2, Rad25 and Ssl1 proteins). To test our
transcriptionally active regions of the genome. Our results apgoposal, the expression of Tfb1 in the strains we examined can
consistent with the lack of global repair reported for yemt@ be determined at both the permissive and non-permissive
mutants {6,17) and a yeast cell-free repair system made frortemperatures.
rad3orsslimutants 6). We extend those results by demonstrat-
ing thatrad3andsslimutants are defective for preferential repairaACKNOWLEDGEMENTS
of the transcribed strand BPB2
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