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RESTORATION OF CHINESE HAMSTER CELL RADIATION RESISTANCE
BY THE HUMAN REPAIR] GENE ERCC-5 AND PR?GRESS
IN MOLECULAKR CLONING OF THIS GENE

G.F. Strniste, D.J.-C. Chen, D. deBruin, J.A. Luke,
L.S. McCoy, J.S. Mudgett, J.W. Nickols, R.T. Okinaka,
J.G. Tesmer, and M.A. Maclnnes

Genetics Group, Life Sciences Division,
Tns Alamos National Laboratory, Los Alamos, NM 87545

ABSTRACT The UV-sensitive Chinese hamster cell
UV-135 is being used to identify and isolate the
human gene, ERCC-5, which corrects nucleotide ex-
cision repair in this incision-defective mutant. A
cosmid library, constiucted from a 3° transformant
of UV-135, has been screened for transfected gpt
and human Alu family sequences. An ordered physi-
cal map of overlapping positive cosmids has been
determined. Molecular evidence suggests a region
of this map of <40 Kbp contains the ERCC-5 gene.

INTRODUCTION

A fundamental issue of human genetics and molecular
biology concerns the mechanisms by which cells prevent the
accunulation of deletcrious DNA alterations induced by
vari~us environmental chemicals and radiation. Recently,
transformatior of repair-deficient rodent cell lines with
human DNA has provided a useful technique for the isolation
of two genes, ERCC-1 ard ERCC-2, which are involved in
ultraviolet light (UV) excision repair (1,2). This report
will update progress in our laboratory on the isolation and
characterization of a third human .xcisicn repair gene,
ERCC-5.

"Ihis research program is supported hy the U.S.
Department of Energv under contract W-7405-ENG-36,



RESULTS AND DISCUSSION

Thompson and colleagues hase identified six complementa-
tion groups or UV repair-deficient mutants of Chinese ham-
ster ovary (CHO) cells (3,4). UvV-135, a CHO UV-sensitive
mutant of cumplementation group 5, has been reported to be
correctea in cell-cell hybrid studies by human chromosome 13
(4). We have transfected UV-135 with calcium phospnate-
precipitated, high molecular weight human fibroblast DNA
that had been ligated with an excess of restriction enzyme-
linearized pSV2gpt vector DNA. Selection of transformants
was based on their resistance to MAX (mycophenolic acid/-
adenine/xa: thine) indicating the presence of functional gpt
DNA, and r=sistance to sequential UV treatment (5) indicat-
ing the presence of human DNA complementing the repair
defect in UV-135. Our selection strategy also included a
sibling enrichment procedure in which resulting MAX"
colonies were dispersed before exposure to UV in order to
suppress revertant colony formation induced by the
Uv-selection protocol (5).

Table 1 lists the serial co-transformation frequencies
in the construction of 1°, 2°, and 3° MAX', UV’ co-trans-
formants of UV-135. 1In all transfection experiments, MAX'
colonies were first selected ard wr-2n approximately 500
cells in size, dispersed into new dishes and subjected to a
multi-dose UV selection protocol in addition to MAX. Forma-
tion of positive colony pooled samples (>20 colonies/dish)
indicated the putative transformant was produced prior to UV
selection, but presumably coincident with MAX" transformant
selection. Mock genomic transfection controls with {V-135
DNA did not yield any MAX', UV’ co-transfo mants in over
20,000 MAX" transformants tested.

TABLE 1
SERIAL CO-TRANSFORMATION FREQUENCIES

Transformant MAX' ,UV' @ MAX'
1° 3 : 13,500
2° 1 ¢ 120

3° 3 : 80



DNAs from 1°, 2°, and 3° MAX', UV’ co-transformants were
digested with various restriction enzymes, electrophoresed
in 0.8% agarose gels, transferred to nitrocellulose accord-
ing to the methods of Southern (6) and hybridized with nick
translated, °°p-labeled gpt sequence isolated from the
pSV2gpt vector (for specifics on experimental protocols see
references 5,7). Analysis of these blots indicated a
dramatic dilution of the number of copies of pSv2gpt incor-
porated in the genomic DNAs from an estimated >100 copies in
the 1° transformant DNA to only 3 copies in the 3° trans-
formant DNA.

Southern blot of DNAs from UV-135 cells and 2° and 3°

MAX' , UV' co-transformants, which had been digested with
HlndIII restriction enzyme, was hybridized with a nick
translated, ’°P-labeled pBLUR 8 human Alu famlly sequence
(8). The autoradiograph of this blot is shown in Figure 1.
Several distinct human DNA fragments ranging in size from
1.7 to 15 Kbp are inherited concordantly with the UV’
phenotype One or more of these distinct fragments is lost
in all MAX", UV' scgregants tested to date (data not shown).

High molecular weight DNA was isolated from the
tertiary MAX', UV’ co-transformant 40.2, partially digested
with Sau3a enzyme and uced in the construction of a complete
genome library using BamHl linearized ccsmid cloning vector

Cotransformanta
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FIGURE 1 Autoradiograph of a blot cf DNA from 2° and
5 MAX', UV' co-transformants of UV-135 cells indicating the
presence of human DNA hybridizing sequences,



PHC79. The resulting library of ~250,000 colonies wes
screened for the presence of both gpt and human repetitive
seguences. An unusually low yi=ld of only 15 hybridizing
clones was isolated. Each clone was amplified in mini-
preparations and its DNA was used in transfection experi-
ments with Uv-135 cells. No significant numbers of MAX',
UV' co-transformants were observed indicating that a
functional copy of the putative ERCC-5 gene did not exist in
any of the 15 tested cosmids.

Eighc of the cosmid clones were ordered into a linear
map using double restriction enzyme (HindIII and BglII)
digests and Southern blot analysis using either gpt sequence
or human repetitive DNA probes. A low resolution, physical
map is shown in Figure 2 for four of these overlapping cos-
mids. The approximate positions of the three integrated
pSV2gpt sequences and the location of DNA containing both
human repetitive and other unique (presumably CHO in origin)
sequences in this ~100 Kbp region of the 3° transformant’s
DNA are indicated. Additional orderirg information has been
obtained from similar analysis of other restriction enzyme
digests and using other related cosmids (data not shown).
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FIGURE 2. Physical map of four cosmids (Cos 6.2, 9.2,
11.1 and 13.5) overlapping the pSV2gpt region of DNA from
the MAX', WW' 3° co-transformant 40.2. The symbol (*)
denovtes ioration:. of CoG islands.



Recently, it has been shown that all housekeeping genes
and many tissue-specific genes in vertebrates contain CpG
sequence clusters (islands) at their 5’ ends or 3° ends, cr
both (9). These islands contain a high density of non-
methylated CpG and can be detected in chromoscmal DNA by the
use of rare-cutting (C-G) restriction enzymes (10). Using
SacIi, BssHII, and Eagl restriction enzymes, we have located
at least 3 putative CpG islands to the right of the pSv2gpt
sequences on the physical map shown in Figure 2. One
CpG-rich region is located in a region of CHO DNA whereas
the other two are located in human-specific segments.

Unique sequence probes from these latter two regions and
other human sequence regions of the map a2re being subcloned
using vector pUCl19. We suspect that one or more of these
probe fragments will show concordant inheritance buth in
MAX®, UV' co-transformant DNA as well as in the DNA of UV
human-CHO hybrids (used for the mapping of the ERCC-5 gene).
Such probes will also be used to screen for unique mRNA
transcripts by RNA sliot blot and Northern analysis.
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