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Abstract The RADJ pene of Saccharemyces cerevisiue
is essential for the incision step of UV-induced excision
repair. A yeast RAD4 gene has been previously isolated by
functional complementation. In order 1o identfy the RAD4
homologous gene from fungus Coprinus cinereus, we have
constructed cosmid libraries from electrophoretically separated
chromosomes of the C. cinereus. The 13 C. cinereus chro-
mosemes were Tesolved by pulse-field gel electrophoresis,
hybridized with 8. cerevisine RAD4 DNA, and then isolated
homologous C. cinereus chromosome. Here, we report the
cloning and characterization of fungus C. cinereus homolog
of yeast RAD4 gene. Southern blol analysis confirmed that
C. cinereus contains the sequence homologons DNA 10
RAD4 gene and this gene exists ag a single copy in C.
cinereus genome. When total RNA isolated from C, cinereus
cells was hybridized with the 3.4 kb Belll DNA fragment
of the S. cerevisiage RADA gene, a 2.5 kb of transcript was
detected. The isolated gene encedes a protein of 810 amino
acids.

Key words: RAD4 homoelog, pulse-field gel electropho-
resis, C.. cinereus

Introdaction

Excision repair of ultraviolet light damaged DNA in cu-
karyotes is a complex process involving a large number
of genes. Iu the veast Saccharomyces cerevisiae, six genes,
RADI, RADZ, RAD3, RADH, RADIO, and RAD]4, are known
to be required for the incision step in excision repair of
UV damaged DNA, whereas several others, such as RAD7,
RADI6, RAD23, and MMSI9, affect the proficiency of
excision repair [1-3]. In humans, seven xeroderma pigmen-
tosum (XP} complementation groups, XPA through XPG,
have been identified [4]. XP cells are defective in the in-
cision of UV damaged DNA and as a conseguence, XP
patients are highly sensitive to sun light and suffer from
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a high incidence of skin cancers. Five human excision repair
genes, ERCC!, ERCC2, ERCC3, ERCCS, and FRCC6 have
been cloned by complementing the UV sensitivity of rodent
cell lines, and all genes show holmology 1o S. cerevisiae
genes [5-8). The comservation of excision repair gemes
between veast and human implies that information gleaned
from yeast system would be applicable (o higher eukaryotes,
including humans.

The 8. cerevisiae RAD4 gene is of particular inierest
because of its requirement in excision repair. This gene
have bheen isolated by phenotypic complementation with
rad mutant. In our previous report, we have demonstrated
that the RAD4 gene confaing 2190 nucleotides encoding
730 amino acids [9-11]. The BAD4 gene is not essential
for viability of the haploids under normal growth condition
and that it is not UV-inducible [12]. In an attempt to gain
insight into the extent of conservation in structure and fonc-
fion of RAD4, we have characterized the R4D4 homolog
from the fungus Coprimes cinereus. The basidiomycetes C.
cinerens is an attractive model system for studies of meiosis
and DNA repair, because it is & genetically tractable organ-
ism in which the process of meiosis is naturally synchronous.

To make more efficient recovery of C. cikereus genes,
we decided o ake advantage of recent advances in electro-
phoresis technology. The methods of pulse field gel electro-
phoresis(PPGE) have enabled the separation of chromosome-
sized DNA molecules from a variety ol fungi [13]. Fungi
posses small genomes and have clwromosames that can be
separated by pulse-field gel electrophoreses [14]. Most
fungi contain low amount of repetitive DNA, almost all
of which consist of tDNA occuring as a leng fandemly
repeated array of elements [15). The remainder of the reit-
erated DNA. consists mainly of short, low capy, interspersed
repeats. Based on these observations, we coold anticipate
to order existing genomic DNA libraries according (o chro-
mosome with using PFGE-isolated chromosomes by hybrid-
ization probes. Here, 1 repott a key step toward defining
this system at the molecular level by the anatysis of a gene
implicated in the preferential repair pathway.



Materials and Methods

Strains, plasmids, and genetic methods

S. cerevisiae wild type strain LP2693-21B was used for trans-
formation. Fungi MZC3 strain was used for chromosome
preparation, The cosmid vector was used for construction
of chromosome library. Standard genetic techniques and
growth media for §. cerevisize were used [12]. Genetic
technigques and media for C. cinerens were as described
[16]. Yeast transformations were performed according to
Tto et al. [17], and C. cinereus transformations were carried
out according to Binninger et al [18].

Preparation of C. cinereus chromosomes

C. cinereus chromosoines were prepared by a modification
of a procedure developed by Zolan er al [19]. Protoplasts
were prepared from oidia as described except that the en-
zymes used to degrade the oidial cell walls were NovoZyme
al 10 mg/ml. Washed protoplasts were resuspended in MM
(0.5 M mannitol; 0.05M maleate, pH 5.5) at a concentration
of 6 X 10% cells/ml. A 2% solution of low melting point
agarose was prepated in MM, and held at 50°C. Aliquots
of protoplasts were mixed with an equal volune of agarose,
and the soluion was immediately used to fil a BioRad
CHEF plug mold.

Gel Electrophoresis, transfer, and hybridization
CHEF gels were made in molds sold by the manufacturer.
Gels were run at 60V, for about 6 days with a 22 minute
pulse time, in 0.5X TBE, which is maintained at about 14°C
by circulation through a 4°C water bath. We change the
buffer 2-6 times during a 6 day run. CHEF gels were blotted
to membranes as described [20]. Hybridizations were carried
out for 18 hr at 68°C in 0.5 M NaCl/0.1 M Na-phosphate,
pH7.0/6 mM Na-EDTA, pH8.0/1% SDS/denatured salmon
sperm DNA at a probe concentration of 1 x 10° dpmy/ml.
Blots were washed at 638°C twice for 20 min in 2X SSC/
1% SDS, twice for 20 min in 0.5X SSC, and subjected
to auntoradiography.

Construction of cosmid libraries

The costmid vector was cut with Bglll and dephosphorylated.
The chromosomal DNAs of C. cinereus were electroeluted
in 0.5X TRE for 13 houts at 70 volts. We used about 200
ng of chromosomal DNA with an average size of 40 kb.
The DNA was ligated to 2 ug of cosmid vector, packaged
in vitro (Stralagene), and the phage was used to infect
bacterial strain NM554. We followed the manufacturer’s in-
structions for packaging, bacterial preparation, and infection.
We estimated that we recovered abow 3 X 107 clonesfug
insert DNA, Individual colonies were picked inio 96-well
microtiter dishes, each of which contained 200 ul freezing
mediwon. Plates were incubated at 37°C overnight, and stored
at -BOC.
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Southern blot analysis

Chromosomal DNA from C. cinereus was digested to com-
pletion by various resiriction enzymes, electrophoresed on
a 0.7% agarose gel and transferred onto S&S Nytran mem-
brane. The membrane was hybridized with p_labelled RAD4
DNA at 42°C for 16 hours under 50% formamide condition.

Northern blot analysis

Total RNA was prepared according to Zolan ef al. (19). RNA
was denatured, fractionated on 1.2% agarose gel containing
0.66 M formaldehyde, and transferred onto S&S Nytran
membrane. The probe and the filter hybridization/washing
conditions were as described in the instruction manwal [20].

Nucleotide sequence analysis

All sequencing reactions were performed by the double-
stranded dideoxy method (Sanger et al., 21) using kits from
Pharmacia LKB or US Biochemicals. Homology searches
comparing the amino acid sequence were performed using
FASTA [22].

Results and Discussion

Mapping of RAD4 homologous gene in C. cinereus
Comparision of DNA repair mechanisms among the eukar-
yotic cells shows that a number of gemes required for a
nucleotide exciston repair pathway are highly conserved
among organisms [23,24). However, it remains unclear
whether a similar mechanism exists in fungus C. cintereus.

In order to confirm that C. cinerens chromosome contains
a RAD4 gene, Southern analysis was performed (Fig. 1).
This results indicate that the C, cinereus chromosome con-
tained the RAD4 homalogous gene and also suggest that
two organisms have highly homologous R4D4 gene and that
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Fig. 1. Southern blot analysis of C. cinereus chromosomal DNA.
Chromosomal DNA was isolaied and digested with various re-
striction enzymes, electrophoresed, transferred ro nitrocellulose
filter and subsequently hybridized with the radiolabelled DNA
probe, Lane |, BamHI; 2, Belll, 3, EcoRlL; 4, HindlIlL; 5, Puall
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these genes are conserved during evolution. As a corollary,
human ERCC1 and ERCC2 genes have been shown to share
considerable structural similarity with §. cerevisinge RADIO
and RAD3 penes, respectively [25]. In addition, antisera raised
against RAD3 protein appeared to react with two uniden-
tified polypeptides extracted from human Hela cells [26].
In view of such reporis, it is not surprising that RAD4 gene
in 8. cerevisiae is conserved in the fungus C. cinereus..

In order to confirm that C. cirereus. chromosome con-
tains the S. cerevisiae RAD4 gene, total RNA isolated from
C. cinereus cells were hybridized with the RAD4 clone
(pPC100), Northern hybridization anatysis showed that C.
cinereus RNA strongly cross-hybridized with the 3.4kb
Bglll DNA fragment of pPC100 (Fig. 2B). This result indi-
cales the presence of a RAD4 homologous transcript in C.
cinereus. From this result, we estimated that the size of
transcript was 2.5 kb (Fig. 2A).

Construction of chromosome specific libraries

Ta construct chromosome specific libraries of C. cinerens,
we achieved separation of a specific chromosome (Fig. 3A).
The C. cinereus has 13 chromosomes, whose sizes vary from
about L to 5 megabases. These chromosomes fractionated
were hybridized with RAD4 DNA. This result indicated that
the RAD4 homologous gene is located on chromesome 6
of C. cinereus (Fig. 3B). The chromosome 6 was electro-

(A)

xn B
IE H PVWH 8 Xxn lBgH B
| 1 1,] 1 11 L1 ]

.
<
L T
L

Bg Bg

| [

3.4 kb

Fig. 2. Northern blot analysis of RAD4 homolog mRNA. in C.
cinerens. (A) Total RNA was isolated, electrophoresed, transferred
onto nitrocellulose filters, and then hybridized with the radiola-
belled RAD4 probe. The 2.5 kb transcript is indicated. (B} The
3.4 kb Bg/ll DNA fragment of the internal sequence of the cloned
RAD4 gene was used as the DNA probe. Various restriction en-
zyme sites of RAD4 gene are indicated.
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Fig. 3. Seperation of intact chromosomes of C. cinereus. (A) Gel
was tun at 60V for 6 days. The position of each chromosome
was observed belween marker fragment size and distance
traveled. (B) The seperated chromosomes were hybridized with
RAD4 DNA probe (Fig. 1B). The RAD4 DNA was hybridized
with C. cinereus chromosome 6 aud the hybridized chromosome
was electroeluted from gels.

eluted, digested with Mbol, and ligated with Bgill-cut cosmid
vectors. We estimated that we had recovered 3 X 107 col-
onies per microgram of ligated DNA. To isolate the homo-
logous DNA, the chromosome specific libraries were hybrid-
ized with 8. cerevisine RAD4 DNA (Fig. 2B). Approximately
10,000 colonies were screened, and seven positive clones
were selected, all of which contained the identical 3.2 kb
HindIIl DNA insert. These colonies were subcultured and
their DNAs were isolated. To confirm that these DNAs
contained the homologous DNA with 8. cerevisiae RAD4,
we will determnined the nucleotide sequence of the inserts.

Nucleotide and amino acid sequence of RAD4 ho-
mology gene

The nuclectide sequence of the RAD4 homology gene in
C. cinereus was shown in Fig. 4. The first ATG codon starts
an open reading frame {ORF) of +44 bp. The purine found
at the important -3 position before a start codon is present.
All other ORFs present encode much smaller polypeptides.
Therefore, we conclude that the ORF of 3345 bp, deficted
in figure 4, defines the RAD4 homologous protein. The
deduced amino acid sequence specifies a protein of 1115
amino acids. Although a systematic computer search did
not identify any protein with overall homology to RAD4
homoelogous gene.
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aagal pacpacgi ppagagopcapaggcogagcigtcaggagalggtaci pactalgage
MV LTHKS
1gaaocctgtgugcaauggcguqaaacggcaoaagaaautqccagtgcaggagattgatg
SLWARAGNGHAHREKCOQCRALMH
atgactiittceceaagl 1c1goggaagaagetgaageiget tetotappagaaggegoag
MTFSQVYLRXKLIEKLLTL-EHKTEETE
opaaogagotoggaaaatogoaagalaccgagatgatagagaigaagattallalaagea
CRASEMNGEK I PHR-WR-RLL - A
gcggl taaggaga tggaalaaaci gagact poaggacaaagagaaacgtcigaagelgga
AVKENE-TETAGQARETSEAG
ggacgallc!uaggaaaatgatqctoaaittqacaaauoltttaaautqccaggtlilut
G R F GK-C-1-RRF-85ARFC
glicaaaaagct ttlaagtaccagoagacagatat taggtngototgogast tncaciog
vV OKAFEKY QQTGVYHRWL WETLHW
cageagocaggagcazl lctgggagalgazalggpat toggeaagaceatccagalaalt
00 AGGE& T LG DEMNMSGLGYRK T PO LI
geotleltggoagnictgaactacageaagalcaggaclcatget teaaal tacagat tl
AFLAGLHNYSKIHRTHRGSNTYRTF
pagoed! ipogiccaaciglaatigiciptlocaacaacapigatpeateactgtgggtoa
EGLGPT VY I VGCPTTVYMHHCIG -
aggaattlcacacgtpotagectcogt loagagtggoaat totacatgaaaccgot toct
RNFTHRHGGLRSEWQRQFYMXPVP
alacccacaasaapgagaaactaallcgagatgligelcal lgtcalggaaltltgaica
] PTKRRARN-FEMLIL I VYVMETF -
catglraclcoetacatacgat tgatgeaggatgacat lagcapplatgactogeactaty
HL TPTYD-GCRMNMTLAGMHMTOGTNM
tgatictaggacgaaggacacaaaaticgaaatccaaalgetgetatgacect tget lgga
- 5SRTKOTHKFEI! &TNLL-PLLG
aagacag! t tcgoaccectcatoggateat telgtciggeteacegatgeaaaataacct
K TVYVSHPSSDHSVYWLTDAK-F
cegagagelgtogtcaclelt tgacticatet tegoggoaaagl taggeacpt tgoatat
PRA VY VAL ~-LHLRGKVYRHEYATC
gt Hatggageagt tptccgteengat caccatggagggatat i gadaage! tocecagl
VYGAYVRPDHHGG I LKSFPS
agagglcaaaactgel tacaagtglgeatptgtct tacgagataccataaatcealacet
RGORNCLOGYCMOGCLTHYHEKSI!®P
agtgceogagazlgaapicapalgteaagalgageel ttet t tgocagalaaaaalgaaca
S AENEVRCQOCEPFFAR-K-T
potctlattligecgiotlacagatgageageataaagiclaceaaaatitegtipatic
GLI!ILPSYR-AA-SLPKFR-F
caaagaagtttacaggat tctcaatggagagatgeagat tttetecgoactiatagesot
QR SLAOCDSAOWRDODADFLAETYSP
aagaaaaat t1gcaaccacgctpatctetttictpgagateccaagaal cteaaagataet
KKNLQFPR-SLFWRSQQESIGHS
loctgalgaigaact agaagaapatcagt tigoplactpoasacgticapguaaatpat
S -~--TRRERSVWVLETTFREWMW]
gttgtlogagtelligtlgaaaatalggeacaageagogtcagegagtat lgolattitet
¥V Y ES L LK I WHYEGEORYLLTFS
cagtcaaggeagatpetgoacatact tgaagtatteot tagagepcasaagtatacctat
QS ROCMLOC I LEYFLRAGOKYTY
cicaagaaggalogiaccactacaalagel lcaagacagctaclgallacgagalagaat
LKKDGTTTIASRKRQPL I TH-
gaggacacatccatalitglgltlettclgaccacgeagatgggepgct tagolgtocaac
EDI1TS I FVFLLTTRYGEGLGVN
clgacoagggcadacagagt tpicaletatgaccoagacigpaaccraageacggacacy
L TGANRY VY I YDPDWNPSTDOT
caggoocggoagcgageal pgagaal apgecagaagasgoaaglgactggtacaggele
QA BERAWRI GOQKEKIQVTVY¥YRIL
clgaclgopogeaceatagaagaaaagatclaccaccgacadate! teaagoaglt titg
LTAGT I EEKI!IYHAROI FKGFL
acaaatagagloctasaagacccaaaacaaangeggt [t teaaatecazlgaletelat
THARYLEKDPEKGRRBRFEFESNIDLY
gagclagttactelgactagtcolgatgeateccagageacigaaacaagtgcaal titt
ELVYTLTSPDASQSTETSAIF

Fig. 4. Nucleotide sequence of RADY homolog gene and the

in part by Basic Science Research grant from Ministry of
Korea (2000).

References

1. Fenech, M., Cart, A. M., Murray, I, Watts, F. Z., and
Lehmann., A R. 1991, Cloning and characterization of the
RAD4 gene of Schizosaccharomyces pombe; a gene showing
short regions of sequence similarity to the human XRCCI

Characterization of UV-gamaged repair genes in cells 53

geaggaactpgatcagalgt lcagacacccaaatgecalctggoaagaagaat traanca
AGT GSOVOAQTPKCHLGRRIDQEP
geoli tggageagaccatgatglicecaaaacgeaagaact toegtgeltctaacatatel
AFGADHDVEKRKNFEPASNILS
plaaatpatgcoacatceatctpaagagaaatcigapgct aaagpagetpaagtazatyea
V NDATSSEEKSEAKGAEVNA
gtaactictaatcgaagloalect ttgaaagatpacescacalgantaglastgtzac
VTSNRSDPLKDDPHMSSHNYVYT
agcaatpalaggeligoagaagagacaaatgeagtalctpoaccagaagag! tgteagly
SHNOUORUGEETNAY SGPEELSVY
altagtggaaatggagaatglicaaatict | capgaacaggeanaact totatgecalcl
I G NGEGDGSNSSGTGEGKTZSHPS
ugipatgazagealipatgraaagtiagtctiici tacaaaagapaaagaccecapeeag
GDES I DEKILGLSYKRBRERTPSAQQ
gclcazacagaagel t b ligpgagaataaacaaatygaaaataal tlt tataageacaag
AGTEAFWENKIOGMENNTFYKHK
lcaaaaacaaaacatcataglytpgeagaagaagagacceetggagaaacatclgagacea
S KTHKHHKBSVAEELETLEIEKHLRBP
aagcaaaagcctaagaaclctaageat tgcagagacgocaaqt t tgaagnaactcgaatt
KGKPHKNSKHKHTCRDAEKTFETGTHR
ccacaceigdtgaagaaaaggegt taccagaageaagacad tgaaaacaagagtgaggee
PHLVYKKRRBY QKOQDISEHNIEKSEA-A
aaggaacapageaalgacgattalglittpgaaaagel it tcaaazaateagtiogegla
KE QS NDOY VY LEKLFEKIHKSWVYIGV
cacagtglecatgaaccacgatgecatealggatogagecageccagatiatglactggto
HSVMHNHDAI MDGASPDY VLYV
gaggcagaagecaaceqagtoaeccaggalocceigasageact gaggetetctogicag
EAEANHRYAOQDALKALGBABLTSR RDG G
coatgtolggoageagtotetogtol teccacet pgactpgecacaggggeatiteloct
RCLABAVSGVYVPETWTGHRGIL S A
geaccagcaggaaaaaagaglagal t lgalaagdaaaggaatictaacttclctolacay
APAGKKSRFGLGKKRBMNSNTFSVIDQ
calcclicatcaacatctecaacagagaagtpocapgat pocat calgaaaaagyannga
HPSSTSPTEEKGCQOQDOG! MKIKTET G
aaapataalgicccigapcal t L 1agioggaapagcagaagatgeagactet tealceggg
KO NY PEHFSGERAED ADSSSGE
ceocctogettcetectoactcltggotaaaatgagagetagaaaccacctgaticlgeea
FPLASSSLLAKMNMEAGARNHLI!LP
gagept i tapaaagipaaapegcecact i peapgaapst LL1 0CCL1DC I gLCoRtLata
ERLESESAHLQEASALLPTT
gaacacpatgaccltctpgtagagatgagaaact trategetltecaggeecacactpat
EHWODDLLYEMNMBNTFEFIAFQAHNTTED
ggceaggecageaccagggagat actgeaggagt L tgaatecaagttateigeatcacag
G QASTREILQEFESHKLSASAQ
agcteegaggagagogocagecelget geacat cpaccgacaicagal ceaggoagtagag
EGQPCCTSTOIARSRAZQ-
clagepoeoaggoeot tpagetgeangal ttoggtolggasgtclatgacoaggacgly.

deduced sequence of protein.

gene. Nucleic Acids Res. 19-24, 6737-6741.

2. Miller, R. D., Prakash, L. and Prakash, S. 1982. Genetic
control of excision of Saccharomyces cerevisiae interstrand
DNA cross-links induced by psoralen plus near-UV light.
Mol Gen. Genet. 188, 235-239,

3. Reynolds, P. R., Biggar, 5., Prakash, L., and Prakash, S.
1992, The Shizosaccharomyces pombe thp3+ gene required
For DNA repair and cell viability is functionally interchange-
able with the RAD3 gene of Saccharomyces cerevisiae.



54

10.

1.

12.

13.

4.

In Soon Chai

Nucleic Acids Res. 2009), 2327-2334.

. Hoeijmakers, J. H. J. and Bootsma, D. 1990, Muolecular

genetics of eukaryotic DNA excision repair. Cancer Cells
2, 311-320

. Reynolds, R. J. and PFriedgerg, E. C. 1981. Molecular mech-

anisms of pyrimidine dimer excision of ultraviolet-irradiated
deoxyribonucleic acid, J. Bacteriol. 146, 692-704,

. Van Duin, M., De Wit, 1., Odijk, H., Westerveld, A., Yasui,

A., Koken, M. H. M., Hoeijmakers, I. H. 1. and Bootsma,
D. 1586. Molecular characterization of the human excision
repait gene ERCCI: c¢DNA cloning and amino acid
homology with the yeast DNA repair gene RADI0. Cell 44,
913-923,

. Weber, C. A, Salazar, E. P., Stewart, S, A., and Thompson,

L. H. 1980. ERCCZ: ¢cDNA cioning and molecular charac-
terization of a human nucleotide excision repair gene with
high homology to yeast RAD3. EMBQ J. 9, 1437-1447,

. Weeda, G., Van Ham, R. C. A., Vermeulen, W., Bootsma,

D., Van Der Eb, A. ), and Hoeijmakers, J. H, I. 1990, Mo-
lecular cloning and biological characterization of the human
excision repair gene ERCC3. Cell 62, 6160-6171.

. Choi, I 5§, Kim, J. B. and Park, S. D. 1990. Nucleotide

sequence of RAD4 gene of Saccharomyces cerevisine that
can be propagated in Escherichia coli without inactivation.
Nuclewc Acids Res. 18, 7137.

Choi, 1. 5., Kim, J. B., Jeon, S. H. and park, 5. D, 1993,
Expression of RAD4 gene of Saccharomyces cerevisiae that
can be propagated in Escherichia coli without inactivation.
Biochem. Biophy. Res. Commu. 193(1), 91-197.

Kim, I. B., Jeon, S. H., Choi, I. 5. and Park, S. D. 1994.
Overexpressed RAD4 protein required for excision repair of
Saccharomyces cerevisine is toxic to the host Escherichia
coli. In Vitre Toxicology T(3), 269-273.

Choi, I S, Kim, I. B., Hong, §. H. and Park, S. D. 1991.
A gene in Schizosaccharomyces pombe analogous to the
RAD4 gene of Saccharomyces cerevisize. FEMS Microbiol.
Lett. 77, 97-100.

Staden, R. 1984. Graphic method, to determine the function
of nucleic acid sequence. Mucleic Acid Res. 12, 521-538,
Baker, 8. M., Margison, G. P, and Striker, P. 1992. Inducible
alkytransferase DNA repair proteins in the filamenious fun-
gus nidulans, Nucleic Acids. Res. 20 (4), 645-651.

15,

16.

17.

18,

19,

20.

21.

23.

24,

23,

Brody, H. Griffith, J. Cuticchia, A. J. Amold, J. and Timberlake,
W. E. 1991, Chromoscme specific recombinant DNA li-
braries from the fungns Aspergillus nidulans. Nucleic Acids.
Res. 19(11), 3105-3109.

Guha, §., and Guschlbauver, w., 1992, Expression of Esch-
erichio coli dam gene in Bacillus subiilis provokes DNA
damage response: N-methyadenine is removed by two
Tepair pathways. Nucleic Actds Res. 20(14), 3607-3615.
To, H. Fukuda, Y., Murata, K., and Kimmura, A. 1983
Transformation of intact yeast cells treated with alkali
cations. J. Bacteriol. 153, 163-168.

Hanaban D. 1985. Technique for transformation in E. coli.
In: Glover DM(de) DNA clonning, Vol 1. IRS press, Wash-
ington, DC, pp 109-135.

Zalan, M. E., Crittenden, I, Heyler, N. K.., and Seitz, L.
C. 1992, Efficient isolation and mapping of rad genes of
the fungus Coprinus cinereus using chromosome specific
libraries. Nucfleic Acids Res. 20(15), 3993-3999,
Sambrook, ., Fritsch, E. F. and Maniaris, T. 1989. Molecular
Cloning: A Laboratory Mannua!l (2rnd). Cold Spring Harbor
Laboratory Press, New york.

Sanger, F., Nicklen, 3. and Caoulson, A. R. 1977. DNA se-
guencing with chain-terminating inhibitors. Proc. Natl. Acad.
Sci. USA 764, 5463-5467.

22. Pearson, W. R., and Lipman, D J. 1988. Tmproved tools for

biclogical sequence comparison. Proc. Natl. Acad. Sci. USA
85, 2444-2448,

Thompson, L. H., Mitchell, D. L., Regan, 1. D., Bouffler,
S. D, Stewart, 8. A., Carrier, W. L., Naimn, R. §., and Johnson,
R. T, (1988): CHO mutant UV6I removes photoproducts
but not cyclobutane dimers. Mutagenesis 4, 140-146,
Murray, J. M., Camr, A. M., Lehmann, A. R. and Watts,
F. Z. 199]. Cloning and characterization of the radlS gene,
a homologue to the 8. cerevisice RAD3 and human ERCC2
gene. Nucleic Acids Res. 19, 3525-3531.

McCready, S. I., Burkill, H., Evans, 5., and Cox, B. 5, 1989.
The Sgccharomyces cerevisice RAD2 gene complements a
Schizosaccharomyces pombe repair mmtation. Curr. Genet.
15, 27-30.

. Friedberg, E. C. 1988. Deoxyribonucleic acid repair in the

yeast Saccharomyces cerevisiae. Microbiol. Rev. 52, 70-102.



