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SUMMARY

In situ hybridization of a recombinant cDNA probe containing the
human a1-antitrypsin gene to metaphase chromosomes demonstrated
significant hybridization to chromosomal segment 14q31-32. A high
percentage of cells analyzed (31%) displayed labeling on chromosome
14. Of all labeled sites on chromosome 14, 60% were found on seg-
ment 14q31-32. These results refine the previous assignment of the
human a1-antitrypsin gene to segment 14q24.1-32.1.

INTRODUCTION

ct1-Antitrypsin is a major protease inhibitor in human serum synthesized in the
liver. The major physiological role of this protein is to protect the lungs from
destruction by polymorphonuclear leukocyte elastase [1]. An imbalance be-
tween elastase and a,-antitrypsin due to an inborn deficiency of a,-antitrypsin
may lead to the development of chronic obstructive pulmonary emphysema [2,
3]. In addition a,-antitrypsin deficiency may also be manifested in some af-
fected individuals by the development of infantile liver cirrhosis [4].

Previous studies utilizing somatic cell hybrids [5] or genetic linkage analysis
among family members [6] have localized the cx,-antitrypsin gene to chromo-
some segment 14q24. 1-32.1. In this study, a recombinant plasmid containing a
1.43-kilobase (kb) cDNA insert specific for the human a,-antitrypsin gene [7]
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was 3H-labeled and hybridized directly to human metaphase chromosome prep-
arations. Significant labeling of segment 14q31-32 was observed, allowing for
finer mapping of the human ao-antitrypsin gene to this chromosomal segment.

MATERIALS AND METHODS

Preparation of Plasmid DNA

The recombinant plasmid pAT83, containing a 1.43-kb human al-antitrypsin cDNA
sequence inserted in the PstI site of pBR322, was constructed as described [7]. Plasmid
DNA was isolated from transformed Escherichia coli strain RRI by standard procedures
[8].

Radiolabeling ofDNA

pAT83 was 3H-labeled by nick-translation using [3H]dATP (51.1 Ci/mmol) and
[3H]dTTP (87.5 Ci/mmol) (New England Nuclear, Boston, Mass.) to a specific activity
of 1.87 x 107 cpm/ptg according to described procedures [9]. The reaction mixture was
then fractionated on a Sephadex G-75 column. Labeled plasmid DNA was denatured
and fractionated by electrophoresis in a 1% agarose gel to determine the size of single-
stranded DNA fragments. The majority of single-stranded DNA lengths were found to
be greater than 0.5 kb (data not shown). Single-strand fragments larger than 0.5 kb have
been shown to result in higher efficiency of specific hybridization [10].

Preparation of Human Mitotic Chromosomes

Human metaphase chromosomes were prepared from whole blood cultures by stan-
dard techniques [11]. Chromosome preparations were stored for I week at room temper-
ature and subsequently used within 14 days for in situ hybridization experiments.

In Situ Hybridization

In situ hybridization was performed by the method of Harper and Saunders [12].
Chromosome preparations were treated with pancreatic ribonuclease A (Sigma, St.
Louis, Mo.) and denatured in 70% formamide (Eastman, Rochester, N.Y.) in 2 x SSC
(1 x SSC = 0.15 M NaCl, 0.015 M Na3 citrate), pH 7.0., at 70°C for 2 min. Chromo-
somes were hybridized with 3H-labeled pAT83 at 33-100 ng/ml in 50% formamide, 2 x
SSC, 10% dextran sulfate (Pharmacia, Piscataway, N.J.), pH 7.0, for 12 hrs at 37°C.
Following hybridization, slides were thoroughly rinsed in 50% formamide, 2 x SSC at
39°C, exposed to Kodak NTB2 nuclear track emulsion for 6-11 days at -80°C, and
developed with Kodak Dektol at 15°C. Chromosomes were G-banded with 0.25%
Wright stain for analysis [11].

RESULTS

In situ hybridization of a human oti-antitrypsin cDNA probe to human
metaphase chromosomes demonstrated significant labeling of segment 14q31-
32. Hybridization of 3H-labeled probe at concentrations of 33-100 ng/ml re-
sulted in an average of 2.4 labeled sites per cell consisting of single silver
grains. A total of 65 cells were analyzed and scored for the position of each
labeled site (fig. 1). The distribution of labeled sites was visualized by plotting
the data on a histogram. The abscissa is composed of an idiogram representing
all human chromosomes placed head-to-tail and divided into 65 equal seg-
ments. The number of labeled sites was plotted along the ordinate in the middle
of each segment. As shown in figure 1, the distal portion of chromosome 14 was
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FIG. 1.-Distribution of 156 labeled sites from 65 hybridized cells illustrating significant labeling
on the distal portion of the long arm of chromosome 14.

significantly labeled. Out of 65 cells, 31% (20/65) displayed labeling of chromo-
some 14. Distribution of all labeled sites on chromosomes 14 is displayed in
figure 2. Chromosomal segment 14q31-32 contained 60% of labeled sites on
chromosome 14 and 8% of all labeled sites. Figure 3 shows a typical cell with
labeling of segment q31-32 on chromosome 14. Therefore, the human ax1-
antitrypsin gene was assigned to chromosomal segment 14q31-32.

DISCUSSION

cxi-Antitrypsin plays an important role in the maintenance of good health.
Deficiency of the a,-antitrypsin protein predisposes individuals to infantile liver
cirrhosis and chronic obstructive pulmonary emphysema [3, 4]. The human aLI-
antitrypsin gene has previously been isolated [131 and shown to include three
introns [14]. Sequencing of this gene demonstrated that a,-antitrypsin deficien-

112

12
13

-21 20
22

2 23 *
24

-31 00000 0

14
FIG. 2.-Idiogram of chromosome 14 displaying 60% of label on segment l4q3 1-32
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FIG. 3.-Representative metaphase cell hybridized with the 'H-a,-antitrypsin probe demonstrat-
ing typical labeling of 14q31-32.

cy was due to a single point mutation resulting in a substitution of lysine for
glutamic acid at amino acid residue 342 in the protein [14].

Hybridization of the a1-antitrypsin gene fragment to EcoRI-digested human
genomic DNA has been shown to display hybridizing fragments of 9.6 kb and
8.5 kb [13]. Hybridization with a segment ofDNA from one of the introns of the
a1-antitrypsin gene demonstrates that the authentic a1-antitrypsin gene is
located within the 9.6-kb band. Therefore, the 8.5-kb band contains a sequence
that is closely related but not identical to the ac-antitrypsin gene. Both se-
quences have been assigned to human chromosome 14 by Southern hybridiza-
tion using DNA isolated from a panel of rodent/human cell hybrids [5].
Mapping of human genes is important in the study of disease and in under-

standing how groups of genes are regulated. Family linkage studies have lo-
calized the human aoI-antitrypsin gene to a large chromosomal segment 14q24. 1-
32.1 [6]. By annealing a 3H-labeled cDNA probe to human metaphase chro-
mosomes by in situ hybridization, we were able to further assign the ax-anti-
trypsin gene to a smaller segment of the human genome, namely, 14q31-32.
Since no other significantly labeled sites were observed, the data would suggest
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that the al-antitrypsin-like gene present in an 8.5-kb EcoRI fragment may also
be present in the chromosomal segment 14q31-32. Indeed, recent analysis of
the human aI-antitrypsin locus by cosmid cloning has demonstrated that the aI-
antitrypsin-related sequence is physically linked to the authentic gene (V. J.
Kidd and S. L. C. Woo, manuscript in preparation).

Finally, using the 4.6-kb EcoRI fragment containing the 5' end of the a1-
antitrypsin gene as a hybridization probe, extensive restriction fragment length
polymorphism has been detected in the corresponding locus of the human
genome [15]. Since the gene has been mapped to the 14q31-32 region, the a,-
antitrypsin gene can also serve as a valuable polymorphic marker for linkage
analysis with other genetic loci in that region of human chromosome 14.
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