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The human XPBC/ERCC-3 DNA repair gene specifically
corrects the repair defect of xeroderma pigmentosum (XP)
complementation group B and rodent repair mutant cell lines

of group 3. The gene encodes a presumed DNA- and
chromatin-binding helicase involved in early steps of the

excision repair pathway. To study the evolution of this gene,
its expression in different tissues and stages of development
and to permit the generation of a mouse model of XP by
targeted gene replacement in mouse embryonal stem cells,
we have isolated the mouse XPBC/ERCC-3 homolog.
Sequence comparison of the predicted protein revealed a 96%
amino acid identity with the human gene product. Notably,
all postulated functional domains were strictly conserved. The
mouse XPBC/ERCC-3 promoter is—like its human counter-
part—devoid of classical promoter elements such as TATA
and CAAT boxes and contains several conserved segments
with unknown function. One of these conserved regions,
consisting in part of a polypyrimidine track, is also present
in the ERCC-1 promoter. The mouse XPBC/ERCC-3 gene is
expressed constitutively at low levels in all tissues examined
except for testis, where its expression is significantly enhanced.

Introduction

DNA repair pathways play an important role in protecting genetic
material from deleterious effects of DNA damaging agents such
as environmental radiation (e.g. UV light, ionizing radiation) and
numerous chemicals (see ref. 1 for a comprehensive review).
An intensively studied repair process is that of nucleotide-excision
repair. In Escherichia coli this process constitutes part of the SOS
response and includes the concerted action of at least six proteins
for which the individual roles have been elucidated in great detail
(for review see refs 2—4). However, the mechanism of this
pathway in eukaryotic cells is poorly understood. In
Saccharomyces cerevisiae mutant analysis and gene cloning have
revealed the existence of at least 10 genetic loci implicated in
excision repair (5,6). In mammals two classes of excision repair
mutants can be discerned: at least eight complementation groups
within the class of laboratory-induced rodent mutant cells (7,8).
and within the category of human excision repair disorder, and
seven complementation groups in cells from excision-deficient

*Abbreviations: XP, xeroderma pigmentosum; CS, Cockayne’s syndrome; MPA .
mycophenolic acid; NLS, nuclear location signal.

TThe sole patient until recently comprising the XP-H complementation group
belongs to group D (9—12).

xeroderma pigmentosum (XP*) patients (designated XP-A to
XP-G)T and three groups in the repair disorder Cockayne’s
syndrome (CS) (13). The autosomal, recessive cancer-prone
disease XP is clinically characterized by extreme sensitivity of
the skin to sunlight (UV), pigmentation abnormalities and,

frequently, mental retardation (see ref. 14 for a review).
Cells from XP patients exhibit extreme photosensitivity and

at the biochemical level display a defect in the incision step of
the excision-repair pathway (14). CS patients, who have only
a subtle defect in excision repair (15), display skeletal deforma-
tion, severe mental retardation and photosensitivity but—in
contrast to XP—not a dramatic increase of skin cancer. The single
patient of the XP group B and a patient recently reassigned to
XP group D (formerly thought to comprise a distinct group H—
see rets 9—12) display the clinical hallmarks of XP as well as
CS. Complementation tests between rodent and XP mutants—
although far from complete—until recently have not revealed any
overlap between these classes of repair-deficient cell lines
(16—18). These findings suggest a considerable biochemical
complexity underlying the nucleotide excision repair pathway.
Recently, we have cloned the human ERCC-3 gene (Excision
repair cross complementing rodent repair deficiency) by virtue
of its ability to correct CHO mutants belonging to complementa-
tion group 3 (19). ERCC-3 appeared to be the gene defective
iIn XP complementation group B, which at the same time
represents CS group C (20). One of the interesting features
emerging from the analysis of the human repair genes cloned

thus far is striking amino acid sequence conservation of the
encoded proteins. The ERCC-1 gene product was found to be

homologous to the S.cerevisiae excision-repair protein RAD10
(21). In addition, ERCC-2 is the homolog of the S.cerevisiae
excision-repair gene RAD3 (22), which encodes a DNA-
dependent ATPase and helicase (23,24). The human XPBC/
ERCC-3 gene is also thought to specify a DNA- and chromatin-
binding helicase (20). Sequence comparison with cloned yeast
excision-repair genes has revealed no striking overall homology.
To establish further the significance of the putative functional
domains in the XPBC/ERCC-3 protein, to investigate its degree
of sequence conservation within mammals and to permit the study
of the function of XPBC/ERCC-3 by reverse genetics in a mouse
model system, we have isolated and partially characterized the
mouse XPBC/ERCC-3 gene.

Materials and methods

General procedures

Purification of nucleic acids, restriction digestions, gel electrophoresis, nick transla-
tion and filter hybridization were performed according to established procedures
(25).

Cell lines and transfection

The UV-sensitive CHO 27-1 cells (26) were cultured in F-10/Dulbecco’s minimal
essential medium (DMEM) supplemented with 5% newborn calf and 5% fetal
calf serum (Gibco), 100 pg/ml streptomycin and 100 units/ml penicillin.
Transtormed cell lines harboring the E. coli gpt dominant marker gene were selected
and cultured in XGPT medium as described previously (27). The selection medium

was changed every 3—35 days.
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UV survival

For UV-survival determinations, exponentially growing cultures were trypsinized
and 107 —10* cells were plated onto 6 cm dishes and left to attach for ~ 12 h.
Subsequently, cells were rinsed with PBS and exposed to UV light (254 nm,
peak) from a germicidal UV lamp at a fluence rate of 0.5 J/m?. After cultiva-
tion in non-selective medium for 7 days, clones were fixed and stained with
Coomassie brilliant blue.

Southern blot analysis

Restriction-endonuclease digestions were carried out as recommended by the
manufacturer (Pharmacia). Chromosomal DNA fragments (15 pg) were size-
fractionated by gel electrophoresis on a 0.8 % agarose gel. After treatment with
alkali. the DNA was blotted onto nylon filters (Biotrace) according to the supplier’s
instruction. Probes were labeled by nick-translation.

RNA preparation and Northern blotting

Total RNA was isolated from adult (BALB/c) mice using the LiCl/urea method
(28). RNA was size-fractionated on a 1% agarose —formaldehyde gel, transterred
onto nitrocellulose filters and h‘ybridized to a mouse XPBC/ERCC-3 cDNA probe.
The cDNA was labeled by °“P nick-translation (25).

Gene cloning

A mouse brain cDNA library prepared in vector lambda gt10 (29) was screened
with a human XPBC/ERCC-3 ¢cDNA fragment isolated from pCDI (19). The
filters were washed with 1 x SSC (1 x SSC consists of 0.15 M NaCl plus
0.015 M sodium citrate)—0.1% SDS at 65°C. A mouse genomic library cloned
into vector EMBL-3 was kindly provided by Dr G.Grosveld, Rotterdam. More

than 2 x 10° independent clones were screened with a mouse XPBC/ERCC-3
cDNA probe.

Plasmid construction and sequencing

¢DNA and genomic inserts were subcloned into M13mpl8, M13mpl9 or in
pTZ19r (Pharmacia) for sequence analysis by the dideoxy-chain termination method
(30), with Sequenase (United States Biochemicals) and M 13 or sequence-specific
primers. Oligonucleotides were made by an Applied Biosystems DNA synthesiser.
The EcoRlI inserts of the lambda gt10 mouse XPBC/ERCC-3 cDNA were subcloned
into the expression vector pSVL (Pharmacia), yielding plasmid pSM3-1.
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Fig. 1. Southern blot analysis of DNA isolated from various eukaryotic
species for the presence of XPBC/ERCC-3 cross-hybridizing sequences.
High mol. wt DNA (15 pg) was digested with EcoRI. The DNA was
electrophoresed on a 0.8% agarose gel, blotted and hybridized with a
32p_labeled. nick-translated human XPBC/ERCC-3 cDNA probe (isolated
from ¢cDNA clone, pCDI1) at 65°C. The filter was washed with

I % SSC/0:1%: SDS at 63°C.

2362

Results

Assessment of the sequence conservation of the XPBC/ERCC-3
gene

To determine whether the XPBC/ERCC-3 gene is conserved 1n
evolution. Southern blot hybridization with DNA digests of
various eukaryotic species was performed. The Southern Zoo-
blot presented in Figure 1 shows that under moderately stringent
hybridization and washing conditions (1 X SSC, 65°C) specific
hybridization was found with DNA of various vertebrates, such
as mammals, reptiles, birds, fish and even with invertebrates like
Drosophila melanogaster. This observation indicates that the
XPBC/ERCC-3 gene is present in many eukaryotes, and that it
is strongly conserved.

Isolation and characterization of the mouse XPBC/ERCC-3 ¢cDNA

To isolate the mouse cognate of the XPBC/ERCC-3, a mouse
brain cDNA library was screened with a human cDNA probe
under similar hybridization conditions as used for the Southern
blot analysis. Several cDNA clones (designated pM3L-1, pM3L-2
and pM3L-3) were isolated. To establish whether one of these
clones encodes a functional XPBC/ERCC-3 protein, the longest
¢cDNA (pM3L-1, ~2.7 kb) was subcloned in a SV40-based
mammalian expression cartridge yielding pSM3-1 (see Materials
and methods for details) and transfected into the UV-sensitive,
ERCC-3-deficient CHO mutant 27-1 together with dominant
marker pSV3gptH. The total mycophenolic acid (MPA)-resistant
population of 27-1 transformants was tested for its UV resistance.
Figure 2 presents the UV survival of wild-type CHO-9, mutant
27-1 and the pooled MPA transformants transfected either with
the mouse (pSM3-1) or the human (pSH-1) XPBC/ERCC-3
cDNA. Clearly, the mouse XPBC/ERCC-3 cDNA transformants
have largely (though not completely) regained wild-type UV
resistance, indicating that the isolated mouse ¢cDNA harbors a
functional XPBC/ERCC-3 gene. The mouse ¢cDNA induces a
higher level of UV resistance than the human XPBC/ERCC-3
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Fig. 2. UV survival of the wild-type parental cell line CHO-9, the
UV-sensitive CHO mutant 27-1 and mouse (pSM3-1) and human (pSH-1)
XPBC/ERCC-3 transformants. The curves show the average of two
experiments.




Characterization of the mouse homolog of XPBC/ERCC(C-3

cDNA determined in parallel (percentage correction at D37 is first ATG (position 64) starts an open reading frame of 2346 bp.
38% for mouse and 40% for human cDNA). The mouse XPBC/ERCC-3 ¢cDNA encodes a protein of 783 amino

T'he complete nucleotide sequence of cDNA clone pM3-1 and acids (one amino acid longer than the human protein) and a
the predicted amino acid sequence are shown in Figure 3. The deduced peptide mass of ~89 kd. The alignment of the
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Fig. 3. Nucleotide and deduced amino acid sequence (in one letter code) of mouse XPBC/ERCC-3 cDNA. Nucleotides are numbered. The asterisk denotes the
translation stopcodon. The putative polyadenylation signal is indicated by underlining.
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XPBC/ERCC-3 protein with its human homolog, and the
postulated functional domains are presented in Figure 4(A). The
positions of the conserved and non-conserved amino acid substitu-
tions between the mouse and human protein are schematically
depicted in Figure 4(B). The overall degree of identity and
similarity between the two proteins is 96 and 98 % respectively.
It is striking that the majority of the amino acid and nucleotide
substitutions are concentrated in three regions: the N- and
C-terminal parts of the protein, and between the postulated
‘helix —turn—helix’™ DNA binding motif and the putative
nucleotide binding domain, which is the first of a series ot seven
helicase motifs. It is worth noting that the presumed DNA-binding
region and particularly the central part of the protein with the
seven consecutive helicase domains are unchanged. At position
224 the mouse XPBC/ERCC-3 protein harbors an extra alanine
residue. One conservative amino acid change (R — K) was found
in the postulated nuclear location signal (NLS) at a position which
has been shown not to affect the nuclear-targetting function 1n

the SV40 T-antigen NLS (31) which renders the sequence

completely consistent with the consensus K K/RxK/R (32). The
high degree of sequence conservation in the postulated domains

is in agreement with their presumed function. In the 248 bp 3
non-coding region, the heptanucleotide ATATAAA starting at
position 2649, might function as poly(A) addition signal (33).
However, as we have not identified a poly(A) tail it 1s not
excluded that the cDNA clones presented in this study lack 3’
sequences carrying additional poly(A) signals.

Cloning of the mouse XPBC/ERCC-3 gene region

The mouse XPBC/ERCC-3 gene region was isolated trom a
genomic EMBL-3 library using the full-length mouse cDNA
probe. Five partially overlapping EMBL-3 recombinants were
isolated from 2 X 10° independent clones (i.e. seven haploid
genome equivalents). Figure 5 shows their physical maps. The
hybridization and mapping data indicate that ~25 kb of the mouse
gene has been cloned but that the 3’ part of the gene is still
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Characterization of the mouse homolog of XPBC/ERCC-3
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Fig. 4. Comparison of the human and mouse XPBC/ERCC-3 proteins. (A) Alignment of human (upper) and mouse (lower lines) amino acid sequences (in
one-letter code). Only differences of the mouse protein from human XPBC/ERCC-3 have been printed. The mouse sequence is one residue longer than the
human which is 782. *Denotes amino acid residue that is absent in the human protein. Non-conservative amino acid changes are boxed with solid lines. and
physicochemically related residues (A, S. T. P and G: N. D. E and Q: M, L, I'and V: F, Y and W) are indicated by stippled boxes. Previously postulated
domains are underlined. NLS, nuclear location signal; DNA-BD, DNA-binding domain; I—VI, helicase domains. (B) Schematic presentation of conserved and
non-conserved amino acid changes in the mouse and human XPBC/ERCC-3 protein. Conserved amino acids are grouped as above. The postulated NLS,
DNA-BD, acidic domains and helicase domains are depicted as boxes. The site of the XP-B mutation (20). which has previously been determined, is indicated

with an arrow.

lacking. This resembles the situation with the human gene, where
this part is also strongly underrepresented in all genomic libraries
screened (19).

Partial characterization of the mouse XPBC/ERCC-3 promoter

region

In order to characterize the mouse XPBC/ERCC-3 promoter
region a 369 bp Xbal/Smal fragment hybridizing with a 5’
oligonucleotide primer was subcloned in M13mp8, yielding
PM3P-1. Sequence analysis revealed that the genomic sequences
were completely identical to the corresponding mouse cDNA
sequence (Figure 3). A comparison of the mouse 5’ genomic and
untranslated cDNA sequence with the corresponding human
region is presented in Figure 6(A). A long stretch of homologous
nucleotides is found around the putative transcriptional start site
of the human gene (Figure 6A, box B) which makes it likely
that transcription of the mouse XPBC/ERCC-3 gene initiates at
the corresponding position in box B. In addition there is a segment

around position +40 (box A) which is strongly conserved. For
the remaining the 5’ UTR sequences are quite different. This

suggests that mainly nucleotide substitutions have contributed to
the divergence of the mouse and human 5’ untranslated regions.
We have previously shown that the human XPBC/ERCC-3
promoter 1s located within 259 bp upstream of the putative
transcriptional start site (G.Weeda, L.Ma, A.J.van der Eb and
J.H.J.Hoeljmakers, submitted for publication). Like the human

XPBC/ERCC-3 promoter, the corresponding mouse region lacks
clearly recognizable CAAT and TATA boxes, as well as SP-1

boxes (Figure 6A). However, at 21—33 bp upstream of the
possible mouse ‘cap site’, one segment (Figure 6A, box C) has
retained a high level of sequence homology with the human
promoter. Furthermore, at position —231 to —242 a homologous
region (Figure 6A, box I) was found that previously has been
shown to be present also in the promoter of another human repair

gene ERCC-I (Figure 6B). The polypyrimidine stretch
downstream to the domain conserved in the XPBC/ERCC-3 gene

Is present but covers a region of only 8 bp in the mouse promoter.
The conservation of these regions, especially the region noted
as box I, suggests that they have a regulatory function in the
transcription of XPBC/ERCC-3. Nucleotide sequence comparison
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Fig. 5. Isolation of a part of the mouse XPBC/ERCC-3 gene. Physical maps
are shown of five overlapping clones, isolated from a genomic lambda
EMBL-3 library. The position of the EXPC/ERCC-3 gene (hatched bar) was
deduced from hybridization experiments with oligonucleotides and cDNA
probes. The 5" 369 bp Xbal/Smal fragment was studied in detail and
sequenced. Exon 1 1s indicated as a black box. Abbreviations: B, BamHI:
E, EcoRI: H, HindIll; S, Smal; X, Xbal. Not all BamHI and Xbal
restriction sites are shown.

of these conserved motifs with the EMBL sequence database did
not reveal detectable homology to other promoter elements.

Expression of XPBC/ERCC-3 in mouse organs

The expression of XPBC/ERCC-3 was investigated by Northern
blot analysis of various mouse organs and tissues. As a control
for differences in the amount of RNA in each lane the blot was
rehybridized with a probe for the human elongation factor I
(hEF-1a) (34), which is considered to be present in approximately
constant amounts in many tissues (unpublished results). In addi-
tion, the Northern blot was rehybridized to probes of two other

‘housekeeping’ genes with relatively constant amounts of mRNA/
cell: GAPDH and Y-actin. Results similar to the hEF-l«
hybridization were obtained (data not shown). As shown in Figure
7, XPBC/ERCC-3 transcripts could be detected in all organs
investigated. Most differences in hybridization signal correlate
with variations in the amount of RNA on the filter. The

XPBC/ERCC-3 expression levels in testis are, however,
significantly increased. Furthermore, similar low levels of the
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Fig. 6. Comparison of the human and mouse XPBC/ERCC-3 promoter regions. (A) Alignment of 5" mouse and human XPBC/ERCC-3 sequences upstream of
the translation start site (ATG). The human sequence is from G.Weeda, L.Ma. A.J.van der Eb and J.H.J.Hoeijmakers (submitted). Box A, B, C and |
represent conserved regions in the XPBC/ERCC-3 promoter region. Nucleotide numbering is based on the putative transcriptional start site of the human gene.
Gaps have been introduced to improve alignment of the sequences. (B) Alignment of a part of the 5" mouse and human XPBC/ERCC-3 and human ERCC-]

sequences. The human ERCC-/ sequence 1s from ref. (38).

transcript were detected at various states of embryonal develop-
ment (10—19 days) (data not shown). XPBC/ERCC-3 expres-
sion was also studied in the mouse embryonal carcinoma cell
line pl9, which can be induced in virro to differentiate to
ectodermal, mesodermal and epidermal lineages. A similar basal
low level of expression was found 1n the various cell types,

reflecting different directions of early differentiation (data not
shown). The XPBC/ERCC-3 promoter may thus be a member

of a class of promoters causing a basal low level of transcription
IN MOost tissues.

Discussion

The human XPBC/ERCC-3 gene is absolutely required for
excision of UV-induced dimers and bulky adducts from DNA.
[t complements the defective incision of UV-irradiated DNA ot
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CHO mutant 27-1 and other members of rodent complementa-
tion group 3, and in addition the excision defect in the complex
human syndrome XP-B. The predicted amino acid sequence
suggests that it encodes a presumed ATP-dependent helicase,
which could locally unwind DNA or chromatin structure in the
direct vicinity of DNA lesions and thereby facilitate the access
of excision repair enzymes to sites of base damage. Alternatively.
or in addition, the protein could be involved in releasing a
damage-containing oligonucleotide from the DNA by local
unwinding of the duplex region after incision. The evolutionary
sequence conservation of other excision repair genes, notably
ERCC-]1 and ERCC-2 (21,22), has prompted us to study
XPBC/ERCC-3 1n other species.

Transfection of the mouse XPBC/ERCC-3 cDNA inserted 1nto

a mammalian expression vector conferred substantial but not
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Fig. 7. Northern blot analysis of mouse organs for XPBC/ERCC-3 RNA
expression. Total RNA was size- lrstu}ndlLd on a | % agarose gel and, after
transfer to nitrocellulose, hybridized to **P-labeled mouse XPBC/ERCC-3

cDNA. The blot was rehybridized with a 1.4 kb Pstl fragment from
pICHEF kindly provided by I.Laird (Leiden) carrying the a-subunit of
elongation factor 1 (34). The relatively strong hybridization of the hEF-1«
probe to the HeLa mRNA is due to the fact that a human hEF-la probe
was used.

complete UV resistance of 27-1 cells to a level intermediate
between that of CHO-9 wild-type and 27-1 transfected with the
human XPBC/ERCC-3 cDNA or gene. The incomplete correc-

tion by the mouse XPBC/ERCC-3 gene may be explained by the

fact that a heterologous (mouse or human) protein has to func-
tion 1n the context of a Chinese hamster repair machinery. Similar

results have been obtained earlier in the case of mutant 43-3B
belonging to rodent group 1, after transfection with the human
ERCC-1 gene (27) and in XP-A cells transfected with the mouse
XPAC gene (35,36). In contrast, complete correction was
achieved after transfection of the human ERCC-2 gene in CHO
group 2 mutants (37). Our finding that the mouse XPBC/ERCC-3
cDNA seems to complement the hamster defect better than the
human counterpart i1s compatible with the i1dea that the mouse
protein fits better in the hamster system than the human gene
product.

The human XPBC/ERCC-3 gene 1s driven by an exceptional
promoter devoid of classical promoter elements (G.Weeda et al.,
submitted). Comparison of the mouse and human XPBC/ERCC-3
promoter regions reveal several segments of homologous

sequences: one around the putative cap site of the mouse gene
and a region at 23 —34 bp and at 231 —242 bp upstream of the

putative cap site. The specific sequence conservation of these

fragments suggests that they are implicated in regulation of

XPBC/ERCC-3 expression, e.g. through interaction with
transcription factors. However, additional experiments including
DNA ‘footprinting’ and band-shift gel-retardation assays are
required to verify this assumption. Comparison of the 5" tlanking
sequence of ERCC-1 and ERCC-2 with that of the mouse and
human XPBC/ERCC-3 revealed the presence of a pyrimidine-
rich stretch in each case: in ERCC-/ between position —97 to
—85 (38) and in ERCC-2 between position —201 to —168 (22).
In the human XPBC/ERCC-3 gene this pyrimidine-rich region

Characterization of the mouse homolog of XPBC/ERCC-3

1S at position —243 to —225. It is also present but much shorter
in the mouse 5" flanking region at position —230 to —223.
Interestingly, a cosmid clone of the ERCC-2 gene conferring only
transient UV resistance to CHO mutant UVS5 cells was found
to start at position —153. Apparently it lacks some 5’ sequences
necessary for stable ERCC-2 expression, notably the pyrimidine-
rich stretch. This suggests a role for the missing sequence in
ERCC-2 expression (22). Similar pyrimidine-rich regions in other
genes have been identified as DNasel-sensitive sites and are
present in promoters of active or inducible genes (39). Therefore
they might be important in promoter function.

Neither the expression of XPBC/ERCC-3 nor that of ERCC-1
(38) 1s significantly induced by UV irradiation, at least in HeLa
cells. Both genes are constitutively expressed in several cell lines
(G.Weeda er al., submitted) and tissues. XPBC/ERCC-3 is
probably not only operative in repair of environmentally induced
DNA damage (e.g. UV photoproducts) but, perhaps more
importantly, in the constitutive removal of DNA injuries induced
by various intracellular processes in all cells and tissues.
Therefore, it 1s remarkable that in testis tissue the expression is
higher than in the other tissues tested. Interestingly, expression
levels of XPBC/ERCC-3 are induced during the course of
spermatogenesis (data not shown). This suggests an additional
role for the XPBC/ERCC-3 gene apart from nucleotide excision
repair or an increased requirement for repair functions during
spermatogenesis.

The sequence analysis of the mouse XPBC/ERCC-3 gene is
consistent with our tentative identification of functional domains
in the human protein: the postulated NLS, DNA, nucleotide and
chromatin binding domains and helicase motifs. Particularly, the
central 396 amino acid region (from residue 303 to 699), which
harbors all seven helicase motifs, is very strongly conserved,
since 1t contains only one conservative lysine to arginine amino
acid substitution between man and mouse, underlining the func-
tional significance of this segment of the protein. It is worth noting

that the C-terminal part, a region to which as yet no specific
functional domain 1s assigned and which is altered by a frameshift

mutation in XP-B (20), 1s one of the three areas where evolu-
tionary changes occur more frequently than elsewhere. The fact
that replacing the C-terminal 41 amino acids by a nonsense
sequence completely nactivates excision repair in XP-B strongly
suggests that this segment nevertheless has an important role 1n
repair. Apparently, a relatively high level of amino acid substitu-
tions 1s tolerated in this area without compromising this repair

function.
Finally, the overall homology between the mouse and human

XPBC/ERCC-3 gene products is very high; considerably higher
than between the human and murine homologs of ERCC-1 (86 %
identity, 92 % homology; 40) and also higher than the similarity
between the corresponding XPAC polypeptides (85 % identity,
94 % homology; 36). This suggests that the XPBC/ERCC-3 gene
1s more strongly conserved in eukaryotic evolution than these
two repair proteins and that a (not yet characterized) yeast
equivalent must exist. Indeed we have recently 1dentified cross-
hybridizing sequences in genomic DNA digests and libraries from
Drosophila, S.pombe and §.cerevisiae. Analysis of these more
distant versions of the XPBC/ERCC-3 will reveal which regions
and postulated functional domains are conserved. The cloning
of the mouse XPBC/ERCC-3 homolog should permit the genera-

tion of a mouse model of XP and CS by targetted gene replace-
ment in mouse embryonal stem cells to study the function of

XPBC/ERCC-3 in vivo. These experiments are currently
underway.
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