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Both bacterial and mammalian cells contain multiple forms of
apurinic endonucleases, including both class II AP endonucleases
and AP lyases. The cDNAs for the major Mg2+-dependent
apurinic endonuclease of bovine (1), mouse (2) and human cells
(3-5) have all recently been cloned and sequenced. The human
cDNA has been variously designated HAPI (3) or APE (4). The
deduced amino acid sequences of the bovine and human cDNAs
are nearly identical and have homology to exonuclease HI of
E. coli, exoA of S.pneumoniae and the Drosophila Rrpl protein.
The HAPI protein is likely to be important in protection of cells
against both spontaneous and induced DNA damages and
mutagenesis and the gene coding for this protein could be involved
in human diseases of DNA repair deficiency. We have cloned
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and sequenced the human gene for HAPI and identified its
chromosomal location.
PCR primers TGGTCGAAGACGCGGAAGAG (forward)

and TCTTCTTAATCCAGGCTCG (reverse) from the published
sequence of BAPI cDNA (1) were used to amplify a 463 bp
segment of bovine genomic DNA which was subcloned into the
SmaI site ofpTZ18U (6) to yield pBZ2 and sequenced to confirm
the presence of BAP1 sequences. Radiolabelled pBZ2 insert was
used to screen a human lymohocyte genomic library in EMBL-3
(HLI006d, Clontech) by filter hybridization. 1.8 x 105 plaques
were screened and 16 positives were obtained. Adjacent PstI
fragments from one of these, lambdaHAP-8, were subcloned into
pTZ18U to yield pBZ68 and pBZ60 that contain the 5' and 3'
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Figure 1. Nucleotide sequence of HAPI and deduced amino acid sequence. The open triangle indicates the mapped position of the transcription initiation site. The
filled triangle indicates the polyadenylation site (3). The polyadenylation signal is underlined. Arrows flank the intron sequences.
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Figure 2. Metaphase chromosomes from a normal male hybridized with HAPI-derived clones pBZ60 and pBZ68. Sequentially stained hybridized metaphase cells,
stained first with propidium iodide to show fluorescent signals (left) and then with chromomycinA3/distamycin A to produce R-banding for chromosome identification (right).

regions of the human HAPI gene, respectively. The sequence
of HAPI was obtained by dideoxy sequencing both strands of
the DNA from an upstream PstI site to a downstream HinclI site
and is shown in Figure 1 (GenBank accession no. M92444). By
reference to the published cDNA sequences (3-5) the HAPI
cDNA can be divided into 5 exons and 4 introns. The exons of
this sequence match exactly the cDNA sequence reported by
Cheng et al. (5).
The site for initiation of transcription in the HAP1 gene was

determined by the technique of primer extension. A primer
complementary to nucleotides 526 to 550 of the genomic sequence
was 5' end-labelled with 32P and extended by reverse
transcriptase on cytoplasmic RNA extracted from the human
lymphoblastoid cell line WIL2-NS. The results of this analysis
indicated that the major site for initiation of transcription is located
at nucleotide position 439. The sequence upstream from the
transcription initiation site has several of the characteristics of
'housekeeping' genes, with no canonical TATA box or CAAT
box and a highly GC rich region. The 5' region contains a 'CpG
island' (7). The analysis also identified a cluster of five
uteroglobin transcription factor binding sites (8) near the
transcription initiation site at positions 516, 507, 456, 447 and
437.
The human gene HAP1 was assigned to chromosome 14 by

two independent methods. A primer pair (GGAATGCCGAA-
GCGTGG forward and TCTTCTTAATCCAGGCTCG reverse)
was selected that amplified a 437 bp DNA product from human
DNA but which did not amplify a similarly-sized product when
mouse or hamster DNAs were used as the target. This PCR
product was confirmed to contain the expected portions of the
HAPI gene exon 2, intron 2 and exon 3 sequence by multiple
restriction digestions. Polymerase chain reactions were then
performed with 10 ng of DNA from each of the 18 DNAs from
the NIGMS human/rodent somatic cell hybrid mapping panel no.
1. None of the hybrids that lacked chromosome 14 were positive
in the PCR analysis and all but one (GM/NA09934) of the hybrids
that contained chromosome 14 were positive. Afthough hybrid
culture GM/NA09934 contained human chromosome 14, it was
present in only 2 % of the metaphases. All other chromosomes
showed at least three PCR reactions that were discordant. The
HAP1 gene was therefore tentatively assigned to chromosome 14.
Two contiguous HAP1 genomic clones were used as probes

for in situ hybridization, pBZ68 and pBZ60 with inserts of 2.5

kb and 2.0 kb, respectively. Metaphases from normal human
lymphocytes were probed with both biotin-labelled plasmids
simultaneously and detected by fluorescence microscopy as
previously described (9). A total of 42 metaphase cells were
examined: all of these had 'double' fluorescent signals, one on
each chromatid, towards the centromere of at least one acrocentric
D-sized chromosome. Of the 42 metaphases, 5 cells had double
fluorescent signals on two acrocentrics, 25 cells had one double
and one single signal on acrocentrics and 12 had a double signal
on only one of the acrocentrics. No cells had double signals on
chromosomes other than a D-sized acrocentric and the low
background of other fluorescent signals was never observed more
than once for any other location. The same cells were then R-
banded and examination revealed that, in all cases, the double
signals were from hybridization to chromosome 14 and that the
band hybridized was consistently q12, very near to the junction
of bands ql 1.2 and q12 (Figure 2). Together the PCR and in
situ hybridization results indicate that the HAP1 gene is located
on chromosome 14 band q12.
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