9. Steroid Biochem. Molec. Biol. Vol. 55, No. 2, pp. 159-162, 1995
Copyright © 1995 Elsevier Science Ltd
0960-0760(95)00162-X

Printed in Great Britain. All rights reserved
0960-0760/95 $9.50 + 0.00

Identification of a Splice Variant of the
Rat and Human Mineralocorticoid
Receptor Genes

Laura J. Bloem,* Chunlu Guo and J. Howard Pratt

Department of Medicine, Indiana University School of Medicine and the V.A. Hospital, Indianapolis,
IN 46202-5111, U.S.A.

The sequence of a splice variant of the rat mineralocorticoid receptor (MR) gene is presented.
A cDNA clone corresponding to rat MR was isolated from a rat brain ¢cDNA library. Sequence
analysis of the region corresponding to the DNA binding domain revealed the presence of a 12 base
pair (bp) insertion. Analysis of mRNA from several rat tissues suggests that the variant is less
abundant than the wild type in most tissues. The insertion variant is also a product of the human
MR gene, the identical splice variant was also observed in human white blood cell mRNA. Unlike
other splice variants reported for the MR, this variant alters the encoded protein by the addition
of four amino acid residues in the DNA binding domain. The altered protein may influence the

affinity of the MR for mineralocorticoid or glucocorticoid response elements.

¥ Steroid Biochem. Molec. Biol., Vol. 55, No. 2, pp. 159-162, 1995

INTRODUCTION

Mineralocorticoids such as aldosterone increase ion
transport in specialized epithelial cells resulting in
sodium conservation and potassium excretion [1].
Aldosterone initiates this response by its interaction
with the intracellular mineralocorticoid receptor (MR)
that regulates the transcription of a specific set of
genes [2]. The cDNA for the human kidney MR has
been identified by low stringency hybridization to
the closely related glucocorticoid receptor (GR) [3].
The DNA binding domain of the MR is nearly
identical to that of the GR and both seem to activate
similar sequences in nuclear DNA. The ligand binding
domains of both receptors also show high sequence
homology with each other and the cloned MR has
equal affinity for cortisol, which circulates at much
higher concentrations than aldosterone [3]. However,
in peripheral target tissues the enzyme 11f-hydroxy-
steroid dehydrogenase converts cortisol to the
MR-inactive cortisone and thus protects the MR from
activation by glucocorticoids [4-7].

The rat hippocampal brain MR ¢DNA has also
been cloned and shows high homology to the human
kidney MR in the coding and 3’ untranslated region,
although it diverges considerably in the 5’ untranslated
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region [8]. It was subsequently shown that there are
three MR mRNA subtypes which are identical in the
coding regions but differ in the 5 untranslated regions.
One of the subtypes is identical to the human kidney
homolog [9]. The MR gene is present as a single copy
gene in both rats and humans and analysis of the rat
MR gene revealed that all three subtypes result from
alternative usage of exons in the 5’ untranslated regions
[10]. Because they are in the untranslated regions, none
of these alternative splicing variants change the protein
sequence of the receptors. We describe here a splice
variant found both in rat and human MR mRNA.
Unlike previous alternative splice variants described,
this new variant exists within a coding region and
results in the insertion of four amino acid residues in
the DNA binding domain of the encoded protein.

MATERIALS AND METHODS

Cloning and characterization of the MR splice variant

Rat brain RNA was isolated by the guanidinium-
HCl precipitation method [11] and then reverse
transcribed in a 20 ul reaction using random hexamers
and M-MLV reverse transcriptase according to the
manufacturers instruction (Gibco-BRL, Gaithersburg,
MD, U.S.A)). The ¢DNA corresponding to rat
MR DNA binding domain was then amplified by the
polymerase chain reaction (PCR) using the primers
5-TCCTCAAGACCTTCCAAGATCTGT-3" and
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S’CAGCTTCTTTGACTTTCGAGCTCC-3'. The
PCR product was radiolabeled with 3P-dATP using
DECAprime II Labeling Kit (Ambion, Austin, TX,
U.S.A)) and subsequently used to screen a rat brain
cDNA library in the Lambda ZAP vector (Staratagene
Cloning Systems, La Jolla, CA, U.S.A.) using standard
techniques [12]. A single phage was identified and
the plasmid rescued. Alkali-denatured DNA was
sequenced using the oligonucleotide primers described
above and Sequenase Version 2.0 DNA sequencing kit
(US Biochemicals, U.S.A.).

Isolation, reverse tranmscription, and amplification of
RNA

Total RNA was isolated from the indicated rat
tissues and reverse transcribed using random hexamers
and M-MLV reverse transcriptase (Gibco-BRL,
Gaithersburg, MD, U.S.A.). The rat cDNA was am-
plified using the synthetic oligonucleotide primers indi-
cated above and the human ¢cDNA was amplified using
the primers SSCTGGATCTTCAAGACCTTCAA-3
and 5'-TCCTAAATTCATTCCAGCTTG-3 in a
standard PCR cocktail containing 5.0 uCi P-dATP
(3000 Ci/mmol). The radiolabeled products were
spearated on a 6% denaturing polyacrylamide gel
along with a sequence ladder and then visualized by
autoradiography.

RESULTS
Isolation of a splice variant of the rat MR mRNA

A probe corresponding to the DNA binding domain
of the rat MR was generated by reverse transciption
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of rat brain mRNA followed by amplification of
the cDNA using the PCR. The PCR-generated probe
was used to screen a rat brain cDNA library, resulting
in the isolation of a single clone (MR260) with a
restriction map similar to that of the published rat
MR sequence [8]. However, sequencing of the region
corresponding to the DNA binding domain revealed
that the isolated clone contained a 12bp insertion
between codons for aa residues 634 and 635 of the
published sequence (Fig. 1). This insertion results in
the translation of an additional four aa residues in the
DNA binding domain of the protein encoded by
MR260 (Fig. 1).

Distribution of the splice variant in rar tissues

To determine the prevalence and distribution of
this variant, RNA was isolated from the rat tissues
indicated in Fig. 2. The mRNA was reverse transcribed
and then amplified by PCR in the presence of a radio-
labeled deoxynucleotide triphosphate. The products
were separated by denaturing polyacrylamide gel elec-
trophoresis and visulaized by autoradiography (Fig. 2).
Both the shorter form of the MR message which gives
the lower 248 bp band and the insertion variant which
results in a 260 bp product were present in all the
tissues analyzed. The MR260 was less abundant in all
tissues with the exception of liver, where the two
products seem to be present at similar abundance.

Identification of an identical splice variant of the human
MR mRNA

Human white blood cell mRNA was analyzed to
determine if this variant is also a product of the human
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Fig. 1. Partial nt and deduced aa sequence of MR260. The sequence encoding the DNA binding domain of

MR260 is shown along with the deduced aa sequence. Regions which vary from the published sequence,

including the 12 bp insertion as well as the deduced aa encoded by the insertion are indicated in bold print.

The numbers before the insertion correspond to aa residue of the published sequence. After the insertion, the

numbers are shifted by 4 relative to the published sequence due to the insertion. The underlined regions

indicate binding sites for sequence specific oligonucleotide primers and the starred residues are the cystienes
thought to be involved in Zn?* coordination for zinc finger formation.
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MR gene. The mRNA was reverse transcribed and
amplified by PCR using the primers indicated in Fig. 3.
Again, two products were identified, one with a size of
234 bp as predicted from the published human MR
cDNA [3] and the 12 bp longer 246 bp product. The
larger fragment was extracted from the gel, reamplified
by PCR, subcloned, and the nucleotide sequence deter-
mined. The sequence was identical to the published
cDNA with the exception of the insertion of the
same 12 bases as identified in the rat MR260. The
insertion was due to the use of an alternative splice site
between exon 3 and intron C of the MR gene having
the sequence ..... GTGGAAG A gtaaatgttcat A gtggg.....
The two splice sites are indicated by the arrows and
demonstrate that the consensus acceptor site is con-
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Fig. 2. Amplification of MR248 and MR260 in rat tissues. RNA
isolated from the rat tissues indicated was reverse tran-
scribed and then PCR amplified in the presence of ¥?P-dCTP
using the primers flanking the DNA binding domain. The
radiolabeled products along with a sequence ladder were
separated on a 6% denaturing polyacrylamide gel and visual-
ized by autoradiography. The size of the products are indi-
cated, 234 bp for the product corresponding to the published
sequence and 246 bp for the splice variant. The size of the
products in bp is indicated to the left of the figure.
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Fig. 3. Amplification of human MR mRNA. Whole blood was
collected in EDTA containing vacutainers. Samples were
centrifuged, nucleated cells collected and RNA was extracted
[11]. Total RNA was reverse transcribed and then amplified
by PCR using the primers flanking the human MR DNA
binding domain in a standard mixture along with 5uCi
32P.dATP (3000 Ci/mmol). The radiolabeled products along
with a sequence ladder were separated on a 6% denaturing
polyacrylamide gel and visualized by autoradiography. The
gsize of the products are indicated, 234 bp for the product
corresponding to the published sequence and 246 bp for the
splice variant.

served for both splice variants (Dr Maria-Christina
Zennaro, personal communication). Use of the second
splice site results in the in-frame insertion described
here. The ratio of the two products in this tissue
appears to be of similar abundance, with the insertion
variant having a slightly higher abundance. However,
a systematic quantitation of the two forms has not been
attempted, and the PCR conditions used here may not
adequately reflect the abundance ratio at the mRNA
level.

DISCUSSION

The target DNA specificity of nuclear hormone
receptors has been shown to be entirely encoded in
the DNA binding domain, a region that displays con-
siderable homology between members of the steriod
hormone receptor super-family. Several residues
within the DNA binding domain are highly conserved
throughout the steriod receptor family, including
two sets of four cysteine residues that in the case of the
GR, have been shown to be tetrahedrally coordinated
to Zn®* ions to form two “‘zinc fingers” {13, 14]. MR
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has been shown to bind efficiently to glucocorticoid
response elements (GRE), the consensus sequence
of which consists of two palindromic half sites separ-
ated by three bases which can be any nucleotide
(5'-AGAACAnnnTGTTCT-3") [14]. It has been
shown with the GR that specificity is conferred by
the first zinc finger, although both fingers are necessary
for DNA binding [14]. In addition, when the GR
monomer binds DNA, the domain dimerizes with
a second GR which interacts with the second half site
of the palindromic GRE [15]. The 12bp insertion
identified here would add 4 aa residues between these
two domains in the MR. Increasing the spacing
between the two zinc fingers may sufficiently distort
the orientation of the second finger such that the
DNA binding affinity is reduced and/or dimerization
is not favored. The possibility also exists that
transcriptional activation by the variant MR may be
altered.

Splice variants of GR and MR have been described
previously [9, 10]. This has been shown to be due to
multiple promoters which control both the rat MR
gene and the mouse GR gene resulting in alternative
splicing of three 5’ untranslated exons to one common
second exon which encodes the translation initiation
site [9, 10]. The retinoic acid receptor and progesterone
receptor genes, both members of the steroid receptor
superfamily, also demonstrate alternative usage of pro-
moter and 5’ untranslated exons [16—20]. In contrast to
the GR and MR genes, specific receptor isoforms are
encoded by each splice variant through alternative use
of initiation codons. The different isoforms of the
retinoic and progesterone receptors are thought to be
functionally distinct and each may play a specific role
during different developmental stages. Whether or not
the splice variant described here for MR is associated
with a specific 5° untranslated sequence is not clear.
It also remains to be determined if this product is
developmentally regulated and perhaps is the more
predominant transcript at specific stages of
development.

The presence of the additional four aa residues in the
DNA binding domain of the MR could appreciably
alter the binding for a GRE. It remains to be deter-
mined if the K, for the GRE is the same for the two
forms and if they activate transcription in an equivalent
manner. In addition, the affinity of the two forms for
a putative mineralocorticoid response element (MRE)
may not be the same, although to date, no specific MRE
has been identified.
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