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SUMMARY: We have obtained a clone containing two pepsinogen A
genes 1in a single insert by screening a recombinant cosmid
library for human genomic DNA. Restriction endonuclease mappings
of this cloned DNA showed that these two genes are very similar,
but distinct in structure, and that they are closely linked to
one another in the human chromosome DNA. The close arrangement of
the genes with very similar structures could facilitate the
homologous recombination or the wunequal crossing-over which
accounts for high frequency of haplotype variation in copy number
of pepsinogen A genes as reported by Taggart et al. o198 academic Press, Inc.

Pepsinogen, the inactive precursor of pepsin which belongs
to the group of aspartic proteinase, is synthesized in <chief
cells of gastric glands and is secreted into gastric lumen. It is
demonstrated that seven electrophoretically separate pepsinogens
exist in human gastric mucosa and that they are classified into
two groups (1). One group of the zymogens, designated pepsinogen
A ( PGA ), consists of Pg1-Pg5 which are characterized by their
electrophoretically faster migration and their localization in
the fundus and the body of the stomach, while the other group,
termed pepsinogen C ( PGC ), is composed of Pgé and Pg7 which are
localized in the whole stomach.

Previous studies suggested that the heterogeneity of
pepsinogens was derived from their multiple genes as well as
post-translational modifications (2) and that the polymorphism of
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the individual isozymogens is derived from multigenic or allelic
variation (3). These suggestions have recently been verified in
part by the study of Taggart et al.(4) indicating that at least
three PGA genes are located in their different combination in the
centromeric region o0f individual human chromosome 11. On the
basis o©of these observations, they explained gquantitative and
qualitative differences of individual isozymogen patterns.

In the present study, we screened a cosmid human genomic
library in order to investigate how these multiple PGA genes are
arranged in chromosomal DNA. Our results revealed that at least
two PGA genes, with very similar structures, are closely linked
to each other. These data strongly suggest that variant PGA genes
are clustering in the limited region of human chromosomal DNA and
that different haplotypes of PGA genes 1in individuals are
products o0f homologous recombination or unequal crossing-over

facilitated by their close arrangement.

MATERIALS AND METHODS

Materials: Restriction enzymes, T4 DNA ligase, and alkaline
phosphatase were purchased from Takara Shuzo Co. ( Kyoto, Japan )

or Bethesda Research Laborarory ( Gaithersburg, MD ). {a-32?P}dCTP
( z 3000 Ci/mmol ) was from the Radiochemical Centre, Amersham,
England.

Preparation and screening of the recombinant cosmid library:
Human genomic fragments generated by partial Sau3AIl digestion
were cloned into the BamHI site of cosmid vector, pHC79, as
described previously (5). The cosmid library was transfected into
Escherichia coli strain, ED8767, by in vitro packaging method and
screened for human PGA genes with the nick-translated rat PGC
CDNA, pRPC1 ( Ichihara et al., to be published ), as a probe. The
hybridization was performed overnight at 65°C in 50mM Tris-HCI
buffer, pH 7.5, containing 1M NaCl, 10mM EDTA, 0.1% SDSa ( sodium
dodecyl sarcosinate ), 0.2% polyvinylpyrrolidone, 0.2% Ficol and
0.2% Dbovine serum albumin. Following the hybridization, the
filters were washed in 2XSSC ( 1XSSC is 0.15M NaCl, 0.015M sodium
citrate, pH 7.0 }, 0.1% SDSa at 65°C. Autoradiography was carried
out at -70°C in the presence of an intensifying screen.

Restriction endonuclease analysis and Southern blot analysis:
High-molecular-weight nuclear DNA from human placenta was
isolated as previously described (6). MDNA and cosmid DNA were
purified as described previously (7-9). High-molecular-weight DNA
was digested with restriction endonucleases according to the
procedures recommended by the vendors. The digests were subjected
to electrophoresis on 0.8% agarose gel and transferred to
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nitrocellulose filters as described (10). The filters were probed
with a nick-translated human PGA cDNa, pTM003g-35. The
hybridization was performed as described above. After the
hybridization, the filters were washed in 0.1XSSC, 0.1% SDSa at
65°C.
RESULTS

Approximately 200,000 recombinant cosmid clones for human
genomic DNA fragments were screened at low stringency as

described in MATERIALS AND METHODS, probed with the radiolabeled

rat PGC c¢DNA, pRPC1. Thus we obtained eight positive clones.
Judging from the strength of their hybridization to human PGA
cDNA or rat PGC cDNA, we classified six of them into PGA clones
and the rest into PGC ones.

Figure 1 shows restriction and hybridization analysis for
one of the PGA clones, designated cosHPGA12-1, and AHPGA1
isolated previously by Sogawa et gl. (11). As can be seen, there
are common restriction fragments between them ; that is, 3.4 kb
EcORI fragment, 2.9 kb and 1.9 kb BamHI ones, 12.4 kb HindIII one

and 7.1 kb XhoI one. Further, for each digestion, cosHPGA12-1

-y -
Fig.1 Restriction endonuclease and Southern blot analysis of
cosHPGA12-1 and AHPGA1
Cosmid DNA ( cosHPGA12-1 ) and ADNA ( AHPGA1 ) digested with

restriction endonucleases were subjected to electrophoresis on a
0.8% agarose gel and they were transferred to a nitrocellulose
filter, followed by hybridization to the *°P-labeled human PGA
cDNA as described in MATERIALS AND METHODS. A. A photograph of
the ethidium bromide-stained agarose gel. Lanes 1, 3, 5, and 7,
CcosHPGA12-1 DNA digested with EcoRI, BamHI, HindIII and XhoT,
respectively. Lanes 2, 4, 6, and 8, AHPGA1 DNA digested with
EcoRI, BamHI, HindIII and XhoI, respectively. B. An autoradiogram
of the filter hybridized to the probe. Lanes 1, 3, 5, and 7,
cosHPGA12-1 DNA digested with restriction endonucleases described
above, respectively. Lanes 2, 4, 6, and 8, XHPGA1 DNA digested
with restriction endonucleases above, respectively. The origin
and the size markers are indicated.
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Fig.2 Restriction endonuclease maps of MHPGA1 and cosHPGA12-1

A, Restriction endonuclease maps of AHPGA1 ( wupper )} and
cosHPGA12-1 ( lower ). Closed blocks show the exons of human PGA
gene and artificial EcoRI sites ( E* ) are indicated in the map
of AHPGA1. Open boxes, shaded ones and cross-hatched ones

indicate the fragments hybridized to 5'-, middle, and 3'-
portions of the rat PGC cDNA, respectively, in the map of
cosHPGA12-1. B, Restriction endonuclease maps of 4.2 kb

XhoI/HindIII fragments which were independently isolated from 5'-
portion of the three PGA genes ( the one isolated by Sogawa et
al. and two putative ones contained in cosHPGA12-1 ). 1, 2, and 3

show the restriction maps of the 4.2 kb XhoI/HindIII fragments
isolated from AHPGA1, the upstream gene, and the downstream one
in the cosHPGA12-1, respectively. E, EcoRI; B, BamHI; H, HindIII;

X, XhoI; P, PvulIl; A, Avall; G, BglII; S, SstI.

contains additional other restriction fragments hybridized to the
probe than those found with AHPGA1 ( Fig.1 ). We constructed
precise restriction cleavage maps of this 1insert fragment by
single and double digestions with the restriction enzymes
described above, followed by hybridization to the 5'-, middle and
3'- portions of the rat PGC cDNA, pRPC1. These results are
summarized in Fig.2~A, together with the structure of one of the
PGA genes previously determined by our group (11 . From
comparison with the previously reported structure of a PGA gene,
it is <c¢learly demonstrated that cosHPGA12-1 contains two PGA
genes which are tandemly arranged 1in a short stretch of
chromosomal DNA. As far as cleavage maps of the four restriction

enzymes are concerned, no difference was observed between these
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two tandemly arranged genes. This c¢lose homology was also
exXtended to the structure of a PGA gene reported by Sogawa et
al.

In order to clarify the identity among these three PGA
genes, 4.2 kb XhoI/HindIII fragments which are commonly present
in these genes were separately isolated and further analyzed with
four other restriction endonucleases, Avall, PvulIl, BglII, and
SstI. As can be seen in Fig.2-B, any one of the three DNA
fragments can be distinguished from the two others by digestion
with Avall and PvulIl, although BglII and SstI yielded the same
digests from the three DNA fragments. Taken together, these
results indicate that these three PGA genes are very similar in
structure but not identical with one another.

To detect genomic DNA fragments carrying PGA gene sequence,
high-molecular-weight DNA from human placenta digested with some
restriction enzymes was subjected to Southern blot analysis with

radiolabeled human PGA cDNA, pTM003g-35, as a probe ( Fig.3 ).
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Fig.3 Southern blot analysis of restriction endonuclease
digested high-molecular-weight DNA

10 ug of high-molecular-weight DNA isolated from human placenta
was digested with EcoRI, BamHI, and HindIII, respectively,
electrophoresed, blotted and hybridized to°?P-labeled human PGA
cDNA as described in MATERIALS AND METHODS. The origin and the
size markers of the electrophoresis are indicated. Lane 1, EcoRI
digested DNA; 2, BamHI one; 3, HindIII one.
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The following genomic DNA fragments which hybridized to the
probe, were included in cosHPGA12-1. ( Fig.1-A and 2 ); 12.2 kb
and 3.4 kb EcoRI fragments, 11.5 kb and 2.9 kb BamHI ones and
12.4 kb and 6.6 kb HindIII ones. Other fragments detected, namely

16 kb EcoRI one, 8.6 kb and 4.6 kb HindIII ones allow us to

suspect the existence of other PGA-related DNA sequence which
failed to be obtained by the screening. It could be that all the
PGA genes oOr PGA gene-related sequences are clustered in the
limited region of the chromosomal DNA. Precise chromosomal
arrangement of all these DNA sequences will be a next target to

be elucidated.

DISCUSSION

“This study presents direct evidence for close linkage of the
two human PGA genes within a single haplotype. Of three or more
PGA genes that <could be detected by genomic Southern blot
analysis, two were arranged in a head-to-tail orientation,
separated by approximately 16 kb of intergenic DNA. Detailed
comparison of the restriction maps of these genes and the one
isolated by Sogawa et al. reveals that they are structurally
very similar but distinct from one another.

Taggart et al. (4) and Banke et al. (12) reported that human
PGA genes are located 1in the centromeric region of human
chromosome 11. Taggart et al. (4) also reported that differences
in the copy number of three PGA genes are the primary determinant
of PGA polymorphism that occurs at high frequency in the United
States. The close association of the genes with very similar
structures could facilitate the homologous recombination or the
unequal crossing-over, resulting in the high frequency of
haplotype variation of PGA genes.

The examples of the linkage have already been reported with

other eukaryotic genes (13-15). They have been characterized by
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their developmental or tissue sSpecific regulations of gene
expression, In the case of the pepsinogen family, prochymosin is
known as a neonatal form. It is rarely observed except for in
bovine. However, recent studies reported its existence in some
other mammals (16,17), allowing us to presume the developmentally
regulated expression of pepsinogen and its related genes.
Furthermore, it is demonstrated that PGCs are found in prostate
and seminal fluid while PGAs are not (18,19), suggesting some
differences with tissue specificity between them. Therefore, it
would be of interest to clarify how the PGA and its related genes
are localized in the chromosone, in view of comparative
biochemistry of multigene families such as globin, a-amylase and
SO on. This paper presents the first step toward the
characterization of the chromosomal organization of human

pepsinogen gene family.
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