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Primary structure of rabbit lung uteroglobin as deduced
from the nucleotide sequence of a cDNA
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Double-stranded cDNA was synthesized from partially purified uteroglobin mRNA from rabbit lung. A

¢DNA coding for lung uteroglobin was then cloned in the plasmid pUC18 and both the nucleotide sequence

and the derived amino acid sequence were determined. This allowed us to demonstrate unequivocally that
uteroglobins from lung and uterus are identical proteins.

Uteroglobin Steroid-induced protein

1. INTRODUCTION

The hormonal regulation of the synthesis of the
protein uteroglobin in the rabbit endometrium is
being currently studied as a suitable model for the
mechanism of progesterone action [1]. Besides the
endometrium, uteroglobin is also synthesized in
important amounts in the lung, although in this
organ the synthesis of the protein is under the con-
trol of glucocorticoids [2,3].

The function of uteroglobin remains to be
established, although in the uterus it has been
related, in some way, to the facilitation of
blastocyst implantation [4,5]. Nevertheless, the
presence of uteroglobin in lung suggests that this
protein may have other functions. Although
several types of indirect evidence suggest that
uteroglobins from lung and uterus are identical
[6,7], a demonstration is so far lacking. Therefore,
it appears important to establish whether both
uteroglobins are the same protein. Here, we report
the amino acid sequence of rabbit lung
uteroglobin, as deduced from the nucleotide se-
quence of a cloned c¢DNA, unequivocally
demonstrating that it is identical to the uterine
protein.
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2. MATERIALS AND METHODS

Enzymes were obtained either from Bio-Labs,
USA or from Boehringer Mannheim. Nitro-
cellulose filters were from Schleicher and Schuell.
Low-gelling-temperature agarose (type VII) was
from Sigma, USA. [o-*?P]- and [y->*P]dATP were
obtained from the Radiochemical Centre,
Amersham.

2.1, Isolation of RNA

Poly(A)-containing RNA was obtained from
rabbit lung as described [8]. The RNA was cen-
trifuged through 5—-20% sucrose gradients [9] and
the fractions assayed for uteroglobin mRNA con-
tent by dot-blot hybridization to labelled pUGI0
DNA, a uterine ¢cDNA probe {2]. The fractions
containing uteroglobin mRNA were pooled and
precipitated with ethanol.

2.2. Synthesis and cloning of ¢cDNA
Double-stranded ¢DNA was synthesized as
described [10] and cloned at the Pstl site of
pBR322 by dG/dC tailing. Recombinants were
screened with the labelled pUG10 probe by colony
hybridization [11]. The inserts containing
uteroglobin sequences were obtained .after Pstl
digestion of plasmid DNA and electrophoresis on
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low-melting agarose {12]. The recovered
uteroglobin cDNA was then subcloned at the PsrI
site of pUCI18.

2.3. DNA sequencing

Plasmid DNA was digested with the appropriate
restriction enzyme (see section 3) and labelled at
the 5'-ends with polynucleotide kinase [13]. After
secondary digestion, the labelled fragments were
isolated by agarose gel electrophoresis as described
above and sequenced according to Maxam and
Gilbert [14]. Both the sense and antisense strands
were sequenced and each strand was read at least
twice.

3. RESULTS AND DISCUSSION

Double-stranded ¢cDNA synthesized from lung
poly(A)* RNA enriched in uteroglobin sequences
was inserted into the PszI site of pBR322 and
bacterial transformants were screened by
hybridization with the pUGI10 probe. Five, out of
1300 transformants, gave positive signals. Taking
into account that uteroglobin mRNA accounts for
about 0.1% of the lung mRNA population [15],
this number of transformants would be expected
from our enriched fraction of mRNA. After
analysis of the size of the inserted cDNAs, a clone,
designated pUG119 and which contained an insert
of about 300 bp, was selected for further studies.
To facilitate sequencing, this insert was subcloned
into the Pstl site of the pUCI18. The sequence of
the clone was then obtained after labelling at the
5'-ends of either the BamHI or HindIII sites of the
pUCI18, secondary cleavage with HindIII or
BamHI, respectively (fig.1), and isolation of the
labelled fragments.

The nucleotide sequence of clone pUG119 and
the derived amino acid sequence are shown in
fig.1. The 5'-end begins just at the codon cor-
responding to glycine, the N-terminal amino acid
of lung uteroglobin [6]. This should be expected as
the uteroglobin gene contains an internal Pstl
recognition sequence at this site [16] and we
subcloned the cDNA after digestion with this en-
zyme. The clone includes both the sequence coding
for the mature protein and part of the
3'-untranslated tract of the uteroglobin mRNA. A
comparison of this sequence with those previously
reported for uterine uteroglobin ¢cDNA and the
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GGC ATC TGC CCG AGA TTT GCC CAC GTC ATT GAA AAC CTC CIC CTG

Gly Ile Cys Pro Arg Phe Ala His Val Ile Glu Asn Leu Leu Leu
1 10

GGC ACG CCC TCC AGT TAC GAG ACA TCC CTG AAG GAA TTT GAA CCT

Gly Thr Pro Ser Ser Tyr Glu Thr Ser Leu Lys Glu Phe Glu Pro
20 30

GAT GAC ACC ATG AAA GAT GCA GGG ATG CAG ATG AAG AAG GTG TTG

Asp Asp Thr Met Lys Asp Ala Gly Met Gln Met Lys Lys Val Leu
40

GAC TCC CTG CCC CAG ACG ACC AGA GAG AAC ATC ATG AAG CTC ACG

Asp Ser Leu Pro Gln Thr Thr Arg Glu Asn Ile Met Lys Leu Thr
50 60

GAA AAA ATA GTG AAG AGC CCA CTG TGT ATG TAGGATGGAGGAATCCGA

Glu Lys Ile Val Lys Ser Pro Leu Cys Met
70

GGTCCTGCGGACTGAGAAGCCGAAGATTTCCACCTGCTGAAGCCCCTGCTGCTGCCCCTG
GGCCCTTGG

Fig.1. Schematic structure, nucleotide sequence and
derived amino acid sequence of clone pUGI119. Dashed
lines indicate pUC18 DNA. Only the restriction sites
used in subcloning or end-labelling are shown. Arrows
indicate the sequence strategy. The codons and their
corresponding amino acids are numbered starting with
the N-terminal glycine. The termination codon is
underlined.

chromosomal gene [16—18] indicates complete
homology both in the coding and the untranslated
regions. Previous studies have reported evidence
that uteroglobins from lung and uterus might be
identical. Such evidence, coming from im-
munological studies [7], amino acid analysis [6]
and so on, is indirect and not conclusive. On the
other hand, the fact that the uteroglobin gene ap-
pears to be present as a single copy does not ex-
clude the possibility of differential expression in
diverse tissues. Thus, different fibronectins with
slightly different properties are expressed in liver
and fibroblasts by alternative splicing of the
primary transcript of the unique fibronectin gene
[19]. It is conceivable that uteroglobin might have
different functions in lung and uterus taking into
account, among other considerations, its different
hormonal regulation and different temporal ex-
pression. Then, it could be possible that slight dif-
ferences exist between both uteroglobins. The
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results reported here unequivocally demonstrate
that lung and uterine uteroglobins are identical
proteins encoded by the same gene.
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