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ABSTRACT

A complementary DNA encoding DNA-dependent
ATPase Q1 possessing DNA helicase activity, which is
the major DNA-dependent ATPase in human cell
extracts, was cloned from a cDNA library of human KB
cells. The predicted amino acid sequence has seven
consecutive motifs conserved in the RNA and DNA
helicase super family and DNA helicase Q1 belongs to
DEXH helicase family. A homology search indicated
that helicase Q1 had 47% homology in the seven
conserved regions with Escherichia coli RecQ protein.
Three RNA bands of 4.0, 3.3, and 2.2 kilobases were
detected in HeLa cells by Northern blotting. Analysis
of the genomic DNA indicated the presence of a
homologous gene in mouse cells. The DNA helicase
Q1 gene was localized on the short arm of human
chromosome 12 at 12p12.

INTRODUCTION

Enzymes having DNA-dependent ATPase and DNA helicase
activities in prokaryotic cell systems play important roles in DNA
repair (1). In the case of mammalian cells, human genes
designated excision repair cross-complementing rodent repair
deficiency (ERCC!) have been cloned, and the sequences of
ERCC-2 and ERCC-3 have been shown to contain DNA/RNA
helicase motifs (2,3). These gene products have DNA helicase
activity and hence DNA-dependent ATPase activity (4,5).

Mutants of mammalian cells defective in DNA repair will serve
as useful tools for the identification of enzymes and proteins
involved in DNA repair and for the analysis of the molecular
mechanism of the process. Cells from patients with xeroderma
pigmentosum (XP) are defective in the incision step of nucleotide
excision repair. XP is now categorized into seven complement-
ation groups, A to G, and a variant (6). The defect in
complementation group B cells has been corrected by
microinjecting the complementary DNA of the ERCC-3 gene (3).
The ERCC-2 gene corrected the nucleotide excision repair defect
in XP group D cells (7).

Thus, we studied DNA-dependent ATPases in XP cells.
Human cells contain at least five DNA-dependent ATPase
activities that are separable by means of fast protein liquid
chromatography (FPLC) Mono Q column chromatography. We
found that the elution profile of one of the five DNA-dependent
ATPases, ATPase Q1, from XP group C cells (XP-C) was altered
compared with those of ATPase Q1 from human cells normal
in repair and XP cells of complementation groups A to G except
C. The elution profile of DNA-dependent ATPase Q1 was also
altered in five cell lines derived from five patients belonging to
complementation group C, indicating that the defect of XP-C cells
in DNA repair is due to an alteration of DNA-dependent ATPase
Q1 (8). We therefore purified DNA-dependent ATPase Q1 from
HeLa cells (9). The microinjection of the purified ATPase Ql,
however, neither restored unscheduled DNA synthesis in XP-C
cells nor complemented extracts from XP-C cells for cell-free
DNA repair synthesis. A cDNA clone that restores the ultraviolet
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sensitivity and unscheduled DNA synthesis of XP-C cells to
normal levels, has no DNA helicase motif (10). These results
indicate that ATPase Q1 itself is not the corresponding protein
for the defect in DNA repair in XP-C cells.

In this study, we cloned the cDNA encoding DNA-dependent
ATPase Q1 as the first step to understand the role of ATPase
Q1 in DNA repair and to determine why ATPase QI is altered
in XP-C cells.

MATERIALS AND METHODS
Materials

All restriction enzymes, T4 DNA ligase, T4 polynucleotide
kinase, Klenow fragment, and unlabeled deoxyribonucleoside
triphosphates were purchased from Takara Shuzo Co. Ltd (Kyoto,
Japan). Enzyme reactions were performed as recommended by
the suppliers.

Purification of DNA-dependent ATPase Q1 from HeLa cells

DNA-dependent ATPase Q1 was purified from 3 X100 HeLa
cells as described (9).

Determination of partial amino acid sequences of purified
ATPase Q1

Purified DNA-dependent ATPase Q1 (80 ug) was resolved by
preparative SDS—PAGE, and the appropriate protein band in
the gel slices was digested with 20 ug/ml lysylendopeptidase in
50 mM Tris—HCI, pH 9.0 and the digests were loaded onto a
reverse phase HPLC column equilibrated with 5% acetonitrile
and 0.1% trifluoroacetic acid. The peptide fragments were eluted
with a linear gradient of acetonitrile from 5% to 30%. The amino
acid sequences of the fractionated peptides were analyzed with
an Applied Biosystems Model 470A automated gas-phase protein
sequencer.

Synthesis of oligodeoxyribonucleotide probes

The oligodeoxyribonucleotides, GGI GTI GTI GCI CCI ACI CTI
CCI (A/C)GI GAI GAT CTI GAI AA (41-mer) for probes was
synthesized with an Applied Biosystems Model 391 DNA
synthesizer. The primers for DNA sequencing were also
synthesized, based on the sequences derived from cDNAs.

c¢DNA library and screening of cDNAs

A Mgt10 cDNA library from human KB cells was prepared as
described (11). More than 7.2 X 105 recombinant phage plaques
transferred to duplicate nitrocellulose membrane were screened
by plaque-hybridization. Prehybridization proceeded at 68°C for
5 h in a solution containing 6 XSSC (1XxSSC; 0.15 M NaCl,
0.015 M Na-citrate), 2XDenhardt’s solution (1XDenhardt’s
solution; 0.02% Ficoll, 0.02% bovine serum albumin, 0.02%
polyvinylpyrolidone), and 50 ug/ml of heat-denatured salmon
sperm DNA. Hybridization was performed overnight at 42°C
in 3 XDenhardt’s solution containing 50 pg/ml of heat denatured
salmon sperm DNA, the 41-mer probe labeled with 32P by using
T4 polynucleotide kinase, 4XSSC and 35% formamide. The
membranes were washed once at room temperature and once at
68°C with 4 Xblot-wash buffer (1 Xblot-wash buffer; 1 XSSC,
10 mM sodium phosphate, 0.025% SDS), once with 2 Xblot-
wash buffer and once with 1 Xblot-wash buffer at 68°C for 10
min per wash, air-dried, and visualized by autoradiography using
Kodak XAR film (Eastman Kodak, Rochester, NY). Positive
plaques were further purified.
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Subcloning and sequencing of the cDNA inserts

The cDNA inserts of positive clones were inserted into the pUC19
vector. Based upon restriction maps of the cDNA inserts, several
restriction-endonuclease fragments were isolated and subcloned
into the appropriate multicloning sites of pUC19. The inserts were
automatically analyzed by a DNA sequencer (ABI 373A ). The
DNA sequences and protein structures were analyzed using the
software Gene Works by IntelliGenetics, Inc. (CA, USA).

Northern blotting

Total RNA fractions were prepared from human HeLa cells or
mouse FM3A cells by homogenization with guanidine thiocyanate
followed by centrifugation through a cesium chloride cushion.
Poly (A)* RNA was purified using a batch oligo (dT)-latex bead
procedure. RNA samples were fractionated by electrophoresis
in 1.2% agarose gels containing formaldehyde and blotted onto
nylon membranes (Hybond-N, Amersham) by capillary blotting.
Prehybridization proceeded as described under ‘cDNA library
and screening of cDNAs’. Hybridization was performed
overnight at 42°C in 4 X SSC containing 2 X Denhardt’s solution,
50 pg/ml heat-denatured salmon sperm DNA, 50% formamide,
and 32P-labeled probe (probe 1 in Fig. 2.). The membrane was
washed once at room temperature, twice at 68°C with 2 Xblot-
wash buffer, once at 68°C with 1 Xblot-wash buffer, once with
0.5 X blot-wash buffer, and once with 0.2 Xblot-wash buffer for
5 min per wash, air-dried and autoradiographed.

Genomic Southern analysis

Human genomic DNA and mouse genomic DNA was isolated
from HeLa cells and FM3A cells, respectively, digested to
completion with EcoRI, BamHI, or Hindlll, fractionated by
electrophoresis and transferred to a nylon membrane.
Prehybridization was carried out as described under ‘cDNA
library and screening of cDNAs’. Hybridization was performed
at 42°C overnight under conditions of high or low stringency.
The medium for high stringency consisted of 4XSSC,
2 XDenhardt’s solution, 50 ug/ml heat-denatured salmon sperm
DNA, 50% formamide , and the 32P-labeled probe (probe 1, 2,
or 3 in Fig. 2). That for low stringency was 6XSSC,
2 XDenhardt’s, 50 pg/ml heat-denatured salmon sperm DNA,
20% formamide, and the 3?P-labeled probe. The membranes
were washed as described under ‘Northern Blotting’.

Assay of DNA-dependent ATPase and DNA helicase activities

DNA-dependent ATPase and DNA helicase activities were
assayed as described previously (12,13).

Isolation of human genomic cosmid clones

A cosmid library was constructed from the genomic DNA of the
human B-lymphoblastoid cell line, AKIBA, which was partially
digested with Sau3Al and then ligated to the cosmid vector
pWEIS5 [a gift from Dr H.Inoko (14)]. The library was screened
using 32P-labeled 2.0 kb Smal —EcoRV fragment of the cDNA
(probe 1 in Fig. 2) as the probe by colony hybridization, as
described (15). The probe was prepared by random primer
labeling (16). Two independent clones, cHQIl-#16 and
cHQI1- # 17, were isolated and characterized by Southern blotting.
These clones shared the 9.4 and 3.8 kb EcoRI fragments, and
the 9.4 kb contains part of the ATPase Q1 gene judging from
the result of hybridization with probe 1 of the cDNA (Fig. 5A,
lane 1).
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Polymerase chain reaction (PCR)

PCR was performed to chromosome map the human ATPase Q1
gene using a DNA panel of human/rodent somatic cell hybrid
cells as described (17). A pair of oligonucleotide primers were
constructed from the 3'-untranslated sequence of the cDNA using
a 394 DNA/RNA synthesizer (Applied Biosystems, Inc.). The
sequences of the primers used were as follows: 5'-AAA TAT
TTG AGA ATA AGT TCA TAC-3' and 5'-AAA GAT TGG
ACA TCC CTG ATC TAC-3'. These sequences correspond to
nucleotide numbers 2196 —2219 and 2343 —2366 of the cDNA.
The size of amplified DNA is 171 bp. These primers were used
as expressed sequence tags [EST, (18)] for human ATPase Q1
gene.

The panels of human/rodent somatic cell hybrid (NIGMS
Human/Rodent Somatic Cell Hybrid Mapping Panel #2 and
BIOSMAP™ Somatic Cell Hybrid PCRable™ DNAs) were
purchased from Coriell Cell Repositories (Camden, NJ) and BIOS
Co.(New Haven, CT), respectively.

Fluorescence in situ hybridization (FISH)

R-banding for direct mapping (19) and a cooled CCD digital
imaging system were used to chromosome map the human
ATPase Q1 gene. Probe labeling and in situ hybridization were
done as described (20). R- or G-banded metaphase chromosomes
were prepared according to Takahashi et al. (21). The results
of the FISH experiments were imaged using a Zeiss Axioskop
epifluorescence microscope equipped with a CCD camera
(Photometrics PXL 1400). The microscope was equipped with
precision filters specific for each fluorophore. Images were saved
as grayscale data files for acquisition, using the software
IPLab™ (Signal Analytics Co.). Merging and pseudocoloring
was accomplished using Adobe Photoshop™ 2.5J (Adobe
Systems Inc.) on a Macintosh Quadra 840AV computer. Hoechst,
FITC, and propidium iodide images are shown in blue, green,
and red, respectively. The images were then printed
" (Pictrography, Fuji film Co.).

RESULTS

Purification of DNA-dependent ATPase Q1 and determination
of the peptide sequences

DNA-dependent ATPase Q1 was purified from HeLa cells to
nearly homogeneity as described (9). The purified ATPase Q1
has DNA helicase activity as we reported previously (9). Figure
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Figure 1. Time course of DNA helicase activity of DNA-dependent ATPase Q1.
Nine units of DNA-dependent ATPase Q1 was incubated at 37°C for 0 (lane
1), 5 (lane 2), 10 (lane 3), 30 (lane 4), 60 (lane 5), and 120 (lane 6) min. p (positive
control), heated in boiling water for 2 min without enzyme;n (negative control),
incubated at 37°C without enzyme.

1 shows the release of 32P-labeled oligodeoxyribonucleotides
from single-stranded circular M13mp19 DNA as a function of
incubation time. Thus we designated this DNA-dependent
ATPase DNA helicase Q1. The purified helicase Q1 analyzed
by SDS —PAGE revealed a single band at 73 kDa. To determine
the partial amino acid sequence, the purified DNA helicase Q1
was resolved by preparative SDS—PAGE, and the resulting
protein bands in the gel slices were digested with
lysylendopeptidase. The peptides in the digest were separated by
YMC reverse phase HPLC, and the peptides were sequenced.
We determined six partial amino acid sequences.

Cloning of cDNA of human DNA helicase Q1

One of the determined amino acid sequence, Gly-Val-Val-Ala-
Pro-Thr-Leu-Pro-Arg-Glu-Asp-Leu-Glu-Lys, was used to
synthesize an oligonucleotide probe. A mixture of 41-mer
oligonucleotides, 5'-GGI GTI GTI GCI CCI ACI CTI CCI
A/CGI GAI GAT CTI GAI AA-3’, was synthesized according
to the amino acid sequence. These were used to screen a human
KB cell cDNA library integrated into Agt10. The screening of
7.2x10° plaques yielded 10 positive plaques, which were
classified as two independent clones (¢A and ¢B in Fig. 2). The
cDNA inserts from these clones were subcloned into the pUC19
plasmid. Figure 2 shows a schematic representation of the isolated
cDNAs, the restriction endonuclease map, and the strategy used
to determine the nucleotide sequence.

The nucleotide sequence determined contained an open reading
frame that encodes 649 amino acid residues, and the predicted
molecular weight was 73329. A consensus AATAAA
polyadenylation signal was not present at the 3’ non-translated
region. However, the closely related sequences, ATTAAA and
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Figure 2. Restriction endonuclease map and sequencing strategy for cDNA of
DNA helicase Q1. The scale at the top designates the nucleotide positions (in
bases). The unfilled box represents the 649 amino acid coding region, and the
3'-nontranslated region is represented by a thick line. Under the restriction map,
two overlapping cDNA clones, ¢A and ¢B are shown. The arrows indicate the
direction and extent of sequenced fragments. Both strands of the cDNA were
sequenced by dideoxy chain termination as described under ‘Materials and
Methods’. Probes for Southern (Fig. SA) and Northern (Fig. 5B.) blots are shown
at the bottom.



CATAAA, were located at positions 1973—1979 and
24122417 of the cDNA insert, respectively. Thus, differential
polyadenylation occurs at the positions which correspond to
termini of ¢A and ¢B inserts. The amino acid sequences
determined by direct protein sequencing were contained in the
open reading frame.

Homology between DNA helicase Q1 and E.coli RecQ

A search of the Swiss-Prot database indicated that the amino acid
sequence of helicase Q1 has high similarity to the E.coli DNA
recombination protein, RecQ (22). The deduced amino acid
sequence of helicase Q1 was compared with E. coli RecQ protein.
Alignment of the helicase Q1 and E.coli Rec Q amino acid
sequences revealed that the two proteins contain seven consecutive
motifs, I, Ia, II, III, IV, V, and VI (23), which are conserved
in two superfamilies of DNA and RNA helicases (Fig. 3). The
amino acid sequences of the two proteins are 42% identical (47 %
homology) in the region that contains 329 amino acids (amino
acid 79—408 of helicase Q1) including seven conserved helicase
motifs. Regions I, Ia, II, III, IV, V, and VI of the two proteins
are 80, 57, 46, 42, 50, 68, and 69% identical, respectively.
Figure 4 shows homology in seven conserved regions of helicase
Q1 and other DNA and RNA helicases (23,24).

Genomic Southern and Northern blots

The total genomic DNA of HeLa and mouse FM3A cells were
digested with restriction endonuclease and the resulting DNA
fragments were hybridized with probe 1 (Fig. 2) under conditions
of low stringency . As shown in Figure 5A, HeLa and mouse
genomic DNA showed several and one hybridization band,
respectively, indicating the presence of a homologous gene in
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the mouse cells. Hybridization under conditions of high stringency
revealed the same bands as shown in Figure SA (data not shown).
The size and abundance of helicase Q1 transcripts in HeLa and
mouse FM3A cells were examined by Northern blotting using
probe 1. Three bands of 4.0, 3.3, and 2.2 kb were detected in
HeLa cells, and the 3.3 kb band was the most abundant (Fig.
5B, lane 1 and 3). We could not detect helicase Q1 transcript
in mouse FM3A cells under conditions either high (Fig. 5B, lane
2) or low (data not shown) stringency, although the genomic
Southern analysis gave positive signal as described above. In
addition, we could not detect DNA-dependent ATPase activity
of DNA helicase Q1 in FM3A cell extracts (data not shown).

Localization of the DNA helicase Q1 gene

PCR was performed to assign the chromosomal location for the
human helicase Q1 gene using a DNA panel of human/rodent
somatic cell hybrid cells. The sequences of used primers
corresponded to the nucleotide numbers 2196—2219 and
2343—-2366 of the cDNA. Thus the size of DNA that will be
amplified is 171 base pairs. As shown in Figure 6, only the DNA
from hybrid cell line containing the human chromosome 12
exhibited the 171 bp band, indicating that the helicase Q1 gene
is localized in chromosome 12.

We next attempted to confirm the above chromosomal
assignment and to determine the physical location of the helicase
Q1 gene on the human chromosomes by FISH. The genomic
DNA (cosmid cHQ1- # 16) and cDNA were biotinylated by nick
translation and hybridized with human metaphase chromosome
spreads. A set of symmetric double spots appeared in the short
arms of chromosome 12 with the genomic DNA (Fig. 7A) and
cDNA (Fig. 7B) probes. The G and R band patterns of the
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Figure 3. The similarity of human DNA helicase Q1 and E.coli RecQ protein. Identical and conserved substituted amino acids (A=S, D=N=E, S=N, V=I]) are
boxed. Conserved helicase domains (identified by roman numerals) are thickly underlined according to Gorbalenya et al. (23).
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chromosomes indicated that the physical location of the helicase
Q1 gene is 12p12. Consistent fluorescence signals were not
evident on other chromosomes using these probes.

DISCUSSION

In this study we cloned a cDNA encoding DNA helicase Q1
prepared from a human KB cell cDNA library, and several issues
were revealed as follows.

Firstly, the helicase Q1 cDNA contains a 1947 bp open reading
frame encoding a 649 amino acid protein with a molecular weight
of 73 329. Although the N terminal region of the cDNA does
not contain the initiation codon, the predicted molecular weight
is very close to the molecular mass of the purified helicase Q1
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estimated by SDS—PAGE at 73 kDa. In addition, sequencing
of a cDNA clone from another human cDNA library indicated
that the first three nucleotides are ATG and not TCG. Thus this
cDNA contains almost the entire coding sequence for helicase Q1.

Secondly, the predicted amino acid sequence of helicase Q1
has homology with the E. coli recombination protein, RecQ (Fig.
3). E.coli RecQ protein has both DNA-dependent ATPase and
DNA helicase activities, translocating in the 3’ to 5’ direction
on the DNA to which it binds (22,25). DNA helicase Q1 also
translocates in the 3’ to 5’ direction (9). Thus both helicase Q1
and RecQ protein have similar biochemical activity as well as
similar amino acid sequences.

Thirdly, the seven motifs conserved in DNA and RNA helicase
super family (23,24,26) are also conserved in both DNA helicase

II III
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Figure 4. A Comparison of DNA/RNA helicase motifs. UvrD (45), rep (46), recB (47), recD (48), and PIF (49) were aligned by Hodgman (24). UvrB (50), recQ
(22), ERCC2 , ERCC3 , RAD3 (51) and eIF4A (52) were aligned by Gorbalenya et al., (23), Weber, et al. (2), and Weeda et al. (3). RecG (53), RADH (54),
and helicase Q1 were aligned according to the method of Hodgman (24) and Gorbalenya et al. (23). Identical amino acids or conserved substitutions are boxed.
Hydrophobic or hydrophilic amino acids conserved in all helicases are represented as O or ®, respectively. The amino acid positions of characterized missense
mutations in rad3 alleles are indicated (1) and the replaced amino acids are printed in bold characters. The amino acid positions of mutagenized eIF4A are indicated

(4), and the replaced amino acids are represented by bold characters.



QI and RecQ. The importance of those motifs have been studied
in detail with the mammalian translation initiation factor eIF-4A
and the yeast repair protein RAD3 by mutational analysis
(27-30).

The sequence of GXGKS/T in motif I may be responsible for
ATP binding, because replacement of Lys with Asn in
XXXXGKT of eIF-4A abolished ATP binding activity (27).
Motif II is classified into three families, DEXX (24), DEAD (26),
and the DEXH (23,31). Both RecQ and helicase Q1 belong to
DEXH family. This motif is a variant of the Walker ATPase
B motif (32), and an X-ray crystallographic study has shown that
the first aspartate residue is in close proximity to the ATPase
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Figure 5. Genomic Southern and Northern blots. A: Human (HeLa cells) or mouse
(FM3A cells) genomic DNA (10 ug) was digested with EcoRI, BamHI, or HindIll,
and the digests were size fractionated on a 1 % agarose gel. Southern transfer
and hybridization with probe 1 (Fig. 2) proceeded according to ‘Materials and
Methods’. Lane 1, EcoRI digests of HeLa genomic DNA; lane 2, HeLa digested
with BamHI; lane 3, HeLa digested with HindlIIl; lane 4, FM3A digested with
EcoRlI; lane 5, FM3A digested with BamHI; and lane 6, FM3A digested with
Hindlll. The bands of lane 1 hybridized with probe 2 or 3 are indicated as or,
respectively. B: RNA was size fractionated on a 1.2 % agarose gel containing
formaldehyde. Hybridization with probe 1 (Fig. 2) proceeded under conditions
of high stringency according to ‘Materials and Methods’. Lane 1, 2 ug of HeLa
poly(A)*RNA; lane 2, 2 ug of mouse FM3A poly(A) *RNA and lane 3, 10 pg
of HeLa total RNA.

S
-

human

Figure 6. Chromosome assignment of the human DNA helicase Q1 gene by PCR.
PCR proceeded under the conditions described under ‘Materials and Methods’
to assign the human chromosome bearing the helicase Q1 gene. The DNAs from
the human/rodent somatic cell hybrid lines (NIGMS Somatic Cell Hybrid Mapping
Panel #2) were used as a panel. Each reaction contained DNA from mouse 3T6
cells (‘mouse’ on top of the lane as a negative control), Chinese hamster RJK88
cells (hamster as a negative control), human IMR91 cells (human as a positive
control), and the number of human chromosome contained in the human/rodent
hybrid cell lines is indicated on top of the lane. The product (171 bp) was only
amplified in the reactions containing genomic DNA from human chromosome
12. Haelll-digested $X174 DNA was used as a size marker.

Nucleic Acids Research, 1994, Vol. 22, No. 22 4571

A motif (motif I) and that it binds Mg2* ions through a water
molecule (33,34).

Motif III, TAT for helicase Q1 and RecQ, SAT for eIF-4A,
or SGT for RAD3, may be essential for helicase activity because
the eIF-4A replaced SAT with AAA has both ATP binding and
ATPase activities but no RNA helicase activity (27). Replacement
of SGT with SGI or SRI in RAD3 protein resulted in a deficiency
of the DNA repair function in vivo (29).

The function of motif IV is unknown. However, replacing Ser
with Leu in RAD3 protein abolishes DNA repair activity in vivo
(29). Serine or threonine is conserved in most helicases (Fig. 4).

Motif V of RAD?3 protein is essential for both DNA repair
and the viability of cells in vivo (29), and S/T and G/S are
conserved in all helicases, indicating that these amino acids are
essential for enzyme function. The replacement of Gly with Arg

Figure 7. Fluorescence in situ hybridization of the DNA helicase Q1 gene to
human metaphase chromosomes. Fluorescence in situ hybridization was performed
using the cosmid cHQI- # 16 (A) and cDNA (B) as a probe as described under
‘Materials and Methods’. The digital images were pseudocolored to distinguish
the different fluorochromes. Photographs were printed by Fuji Pictrography. Both
the cosmid (A) and cDNA (B) clones were localized on chromosome band 12p12
by G- and R-banding, respectively. The arrow heads indicate fluorescence signals.
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in VARGEGI of RAD3 protein resulted in a deficiency in the
DNA repair function in vivo (29).

The motif VI of helicase Q1, QXXGRXXR, is highly
conserved in the RNA/DNA helicase family. The signature of
DEAD family is ‘HXXGRXXR’ and that of DEXH family is
‘QXXGRXXR’ (23) as shown in Figure 4, indicating a sort of
compensation. Mutational analysis of eIF-4A suggests that the
His residue in HRIGRGGR of eIF-4A is important for both
ATPase and RNA helicase activity (27).

Fourthly, we confirmed the existence of a mouse homologue
of human helicase Q1 gene by genomic Southern blotting (Fig.
SA, lanes 5 and 6). We therefore speculate that there is a RecQ
related gene in a wide range of species from prokaryotes to higher
eukaryotic cells. Both the mRNA and DNA-dependent ATPase
activity of helicase Q1 were detected in human HeLa cells (Fig.
5B, lanes 1 and 3) and DNA-dependent ATPase activity of Q1
was also detected in human fibroblasts and lymphoblasts (8).
However, we could not detect DNA-dependent ATPase activity
of DNA helicase Q1 in mouse FM3A cells and Swiss 3T3 cells
(data not shown). These results indicate that the level of
expression of DNA helicase Q1 message is variable in different
species.

Fifthly, we mapped the human helicase Q1 gene to
chromosome 12q12 by both PCR assay using DNAs from
human/rodent hybrid cell panels and FISH (Figs.6 and 7). The
result from FISH analysis with a cDNA clone confirmed that
helicase Q1 is transcribed from a single gene. Several reports
have suggested that some types of human cancer are caused by
a dysfunction of the gene products functioning in DNA
metabolism, especially in DNA repair (reviewed in 35). Since
human helicase Q1 may be involved in DNA repair or
recombination, it is possible that a genetic loss or alteration of
the helicase Q1 gene causes human hereditary diseases associated
with aberrant cell proliferation. Among current reports of clinical
disorders, such as chromosome aberrations and uniparental

-disomy (36), chromosome changes (37) or gene loss (38) in
human neoplasia, there are no descriptions of genetic aberrations
at the 12q12 region associated with disorders or neoplasia.

The question remains as to the function of DNA helicase Q1.
Because of its homology with E.coli RecQ protein, studies of
the processes involving RecQ protein should shed some light on
the functions of helicase Q1. In E.coli , there are three distinct
homologous recombination pathways, recBCD, recE, and recF
(39, 40). The Rec E pathway requires the gene products of RecA,
E, F,J, O, and Q whereas that of RecF requires those of RecA,
F,J, N, O, Q, and Ruv. Thus RecQ protein is required for both
the RecE and RecF pathways. The recF and rec] mutants were
reduced or abolished in the activity to repair single-stranded gaps
in post replicational repair (41). Furthermore, plasmid
recombination is markedly reduced by recF, rec), or recQ
mutations (40). Thus, DNA without double stranded ends or
having single stranded gaps may follow the Rec F pathway. It
could be considered that helicase Q1 is involved in processes
similar to those described above.

We found that the elution profile of DNA-dependent ATPase
activity of helicase Q1 on a FPLC Mono Q column is altered
in all cell lines belonging to the XP complementation group C
tested (8). However, purified helicase Q1 did not complement
XP-C cells for DNA repair activity tested by microinjection and
cell-free repair assay (unpublished data). In addition, a complex
consisting of 125 and 58 kDa proteins which complement XP-C

cell extracts has been purified from HeLa cells, and the cDNAs
coding these proteins have also been cloned (42). The 125 kDa
subunit was identified as a N-terminally extended version of the
XPCC gene product reported by Legerski and Peterson (10).
These proteins have no homology with helicase Q1. Thus,
helicase Q1 is not the corresponding protein responsible for the
defect in XP-C cells. We are now attempting to isolate the genes
encoding the proteins that interact with helicase Q1, using the
two hybrid system. This will allow us to investigate the processes
in which helicase Q1 is involved and to clarify why the elution
profile of helicase Q1 is altered in XP-C cells.
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