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Abstract
Gonadotropin releasing hormone (GnRH) regulates the
reproductive system through a specific G-protein-coupled
receptor (GPCR) in pituitary gonadotropes. The existence
of two (or more) forms of GnRH in most vertebrates
suggested the existence of GnRH receptor subtypes (I and
II). Using sequence information for extracellular loop 3 of
a putative Type II GnRH receptor from a reptile species,
we have looked for a Type II GnRH receptor gene in the
human genome EST (expressed sequence tag) database. A
homolog was identified which has 45% and 41% amino
acid identity with exons 2 and 3 of the known human
GnRH pituitary receptor (designated Type I) and much
lower homology with all other GPCRs. A total of 27
contiguous ESTs was found and comprised a continuous
sequence of 1642 nucleotides. The EST sequences were
confirmed in the cloned human gene and in PCR
products of cDNA from several tissues. All EST transcripts
detected were in the antisense orientation with respect to
the novel GnRH receptor sequence and were highly
expressed in a wide range of human brain and peripheral

Introduction
The hypothalamic peptide, gonadotropin releasing hormone (GnRH) is the central regulator of the reproductive
system in vertebrates. The demonstration of GnRH structural variants in vertebrates (King & Millar 1979) has led
to the identification of eleven different structures (Millar &
King 1988, Sherwood et al. 1993, King & Millar 1997,
Millar et al. 1997, Sealfon et al. 1997). A striking feature of
the comparative evolution of the structures was the
presence of two or more forms of GnRHs in most
vertebrate species, suggesting an early gene duplication
(Millar & King 1988). A particularly intriguing observation was the almost universal occurrence of a form of

tissues. PCR of cDNA from a wide range of tissues
revealed that intronic sequence equivalent to intron 2 of
the Type I GnRH receptor was retained. The failure to
splice out putative intron sequences in transcripts which
spanned exon–intron boundaries is expected in antisense
transcripts, as candidate donor and acceptor sites were only
present in the gene when transcribed in the orientation
encoding the GnRH receptor homolog. No transcripts
extended 5 to the sequence corresponding to intron 2 of
the Type I GnRH as the antisense transcripts terminated
in poly A due to the presence of a polyadenylation signal
sequence in the putative intron 2 when transcribed in the
antisense orientation. These findings suggest that a Type II
GnRH receptor gene has arisen during vertebrate evolution and is also present in the human. However, the
receptor may have become vestigial in the human, possibly
due to the abundant and universal tissue transcription of
the opposite DNA strand to produce antisense RNA.
Journal of Endocrinology (1999) 162, 117–126

GnRH first found in chicken brain and designated
chicken GnRH II (Millar & King 1988). Since this form
is present in most vertebrate species ranging from teleost
fish to mammals (Millar & King 1988, Sherwood et al.
1993, King & Millar 1997, Millar et al. 1997, Sealfon et al.
1997) it has clearly been structurally conserved over many
millions of years and was postulated to have an important
function, possibly as a neuromodulator in the central and
peripheral nervous systems (Millar & King 1988). As the
terminology ‘chicken GnRH II’ for a GnRH structure
present in most vertebrates is likely to lead to confusion,
we proposed that it be referred to as ‘Type II GnRH’ or
‘GnRH II’ (Millar et al. 1997, Sealfon et al. 1997). The
existence of several forms of the GnRH ligand within a
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single species suggested that there may also be more than
one form of receptor. To date only one form of GnRH
receptor (designated here as Type I) has been cloned from
mammals (Eidne et al. 1992, Kaiser et al. 1992, Kakar et al.
1992, Reinhart et al. 1992, Tsutsumi et al. 1992, Brooks et
al. 1993, Chi et al. 1993, Illing et al. 1993, Kakar et al.
1993, Perrin et al. 1993, Troskie et al. 1998). We therefore
designed a series of pairs of degenerate oligonucleotides
to the mammalian GnRH receptor and cloned short
sequences encoding the extracellular (EC) loop 3 domain
(EC3) which suggested the presence of three different
GnRH receptor genes in species of fish, amphibian, reptile
and bird (Troskie et al. 1998). Two of these are most like
the mammalian GnRH pituitary receptors (Type I) and
were therefore designated Type Ia and Type Ib (Troskie
et al. 1998). The third was more different and was
designated Type II.
Taken together, these observations suggested that the
early gene duplication of GnRH into a Type I and Type
II ligand was accompanied by a gene duplication of the
cognate receptors into a Type I and Type II receptor. We
therefore searched the public human genome EST
(expressed sequence tag) databases for a Type II homolog
of the known pituitary GnRH receptor (Type I) and
report here DNA sequences which encode protein
sequence with about 42% amino acid identity with the
pituitary Type I GnRH receptor in the region encompassing the extracellular loop 2 domain (EC2) through to the
end of the transmembrane (TM) 7 domain.

Materials and Methods
Search for GnRH receptor homologs
A series of degenerate oligomer pairs had been designed for
use in the PCR amplification of GnRH receptors in
non-mammalian DNA. One pair was designed to amplify
EC3 which is the domain shown to determine ligand
specificity (Flanagan et al. 1994). With this pair we
succeeded in obtaining the sequence of EC3 from fish,
amphibian, reptile and bird species (Troskie et al. 1998).
All of these species had a sequence homologous to the
cloned mammalian GnRH receptors. However, in the
amphibian and reptilian DNA distinctly different second
putative GnRH receptors (designated Type II) with the
EC3 sequences PEMLTEEKVPPVLSHI and PEMLTR
GQVPPSLSHI respectively, were found. The tblastn
program (Altschul et al. 1990) was used to query the
Merck-WashU EST database for homology to the reptile
EC3 sequence and EST200 816 was identified (Troskie
et al. 1998). The same approach was employed using the
complete sequence of the human Type I GnRH receptor.
Overlapping EST contigs were gathered and assembled
using the Rex program which automatically gathers
and assembles overlapping ESTs into longer ‘virtual’

cDNA sequences (Yee & Conklin 1998). The blastx
(Heywood 1986) and tfasta (Pearson et al. 1997) programs
were used to further explore ESTs resulting from the
above search.

PCR and sequence analysis of cDNA and genomic clones
Oligonucleotide primers 10 063 (5 -CTGACCTTCAT
CCTCTGCTGGACACC-3 ), and 10 071 (5 -GGAGA
GCAGGAGTAGAAGTGAG-3 ) were designed from
the sequences of the two ESTs. Analysis of the EST
sequences suggested that they represented a sequence
corresponding to the EC3 of the Type I GnRH receptor
through to the putative stop codon, and a 3 untranslated
region of a putative human Type II GnRH receptor. The
primers were used to obtain a 415 bp fragment that spans
the region from the putative sixth transmembrane domain
(TM6) through to the C-terminus of the Type I GnRH
receptor. A panel of ‘marathon ready’ cDNA templates
was prepared from human lymph node, placenta, uterus,
liver, kidney, spleen, heart, skeletal muscle, ovary, testis,
retina, thyroid, MCF 7 cell line, whole brain, cerebellum,
hypothalamus, and fetal brain poly A RNA using a
Marathon cDNA amplification kit (Clontech, Palo Alto,
CA, USA) and oligo dt priming according to the protocol
provided by the manufacturer. These templates were used
in polymerase chain reactions to generate DNA encoding
the human GnRH II receptor.
PCR amplification was carried out according to the
manufacturer’s instructions. Thirty picomoles of each
primer were used in the reactions. Each PCR template
was amplified for 35 cycles (94 C, 20 s; 68 C, 1 min)
followed by a 10 min extension at 72 C. PCR products
were separated on 1·5% agarose gels. A 415 bp fragment
was found in all cDNAs tested, with the strongest signal
found in placenta, uterus and liver. The identity of the
415 bp fragment was confirmed by DNA sequencing.
The 415 bp fragment and primers 10 063 and 10 071
were used to screen a P1 genomic library (Genome
Systems, St Louis, MO, USA). Three P1 clones, average
size 80–100 kb, were identified: 9792, 9793 and 9794.
PCR of 9792 using a series of primer pairs was conducted
to confirm the sequence from oligonucleotide 10 070 to
the site of polyadenylation (Fig. 2).
Placenta, uterus, and liver ‘marathon ready’ cDNA
templates were used for 5 RACE (rapid amplification of
cDNA ends) to obtain upstream sequence information.
Twenty picomoles primer 10 070 and AP1, supplied with
the 5 RACE amplification kit (Clontech), were used and
the 5 RACE was carried out according to the manufacturer’s instructions. The reactions were initially incubated
at 94 C for 1 min, followed by 35 cycles (94 C, 20 s;
68 C, 5 min) followed by a 10 min extension at 72 C.
The 5 RACE reaction resulted in a band of about 1·4 kb
in all tissues.
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Northern blots
Northern blot analysis was performed using human brain,
human fetal tissues and human multiple tissue Northern
blots of poly A RNA from Clontech. The 415 bp DNA
fragment was electrophoresed on a 1% agarose gel, the
fragment was electroeluted, and then radioactively labeled
using a random priming MEGAPRIME DNA labeling
system (Amersham, Arlington Heights, IL, USA) according to the manufacturer’s specifications. The probe was
purified using NUCTRAP push column (Stratagene
Cloning Systems, La Jolla, CA, USA). EXPRESSHYB
(Clontech) solution was used for prehybridization and as a
hybridizing solution for the Northern blots. Hybridization
took place overnight at 68 C, and the blots were then
washed in 2SSC and 0·05% SDS at room temperature,
followed by a wash in 0·1SSC and 0·1% SDS at 50 C.
The blots were also probed with an antisense riboprobe.
The 415 bp PCR product created using primers 10 063
and 10 071 was subcloned into the p-GEM-T vector
(Promega, Madison, WI, USA) according to the manufacturer’s specifications. Orientation was determined to be
in the sense direction under the Sp6 promoter. Riboprobe
was synthesized using Sp6 RNA polymerase from the
above plasmid. Human multiple tissue Northern blots I
and II (Clontech) were prehybridized for 3 h at 55 C.
Radiolabeled Sp6 riboprobe was added to fresh hybridization solution at 3106 c.p.m./ml and incubated for
36 h at 55 C. The blots were then washed in 0·1SSC
and 0·1% SDS at 60 C and exposed to film.
Results and Discussion
EST homologs
One EST (EST200 816) was identified as having acceptable homology to the putative Type II reptile EC3
(Troskie et al. 1998) and also to the region of TM6 to the
end of TM7 of the Type I GnRH receptor. Another EST
(EST157 566) was found with homology to the EC2 and
TM5 regions. Surprisingly, although they are both annotated in dbEST as being 5 ESTs, they matched the Type
I receptor in a reverse orientation (Figs 1 and 2). To
explore this further, a longer virtual cDNA was created
using the Rex program (see Materials and Methods) and
EST157 566 as an anchor sequence. This revealed several
more contiguous ESTs which contained coding and noncoding sequences, corresponding to regions of exons 2 and
3, and introns 1 and 2 of the Type I GnRH receptor gene
(Kakar 1997) (Figs 1 and 2). All of these contiguous ESTs
matched the assembled sequence in a frame opposite to
their annotated direction, i.e. 5 ESTs matched in the
reverse orientation, 3 ESTs matched in the forward orientation (see Fig. 1). In addition to the alignment of EST
contigs shown in Fig. 1 we have found that the assembly
can be extended, using EST data, by about 600 bases in
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the 5 direction and about 200 bases in the 3 direction.
These sequences appear to be intronic and 3 untranslated
sequences respectively. These extending ESTs also
matched the antisense transcript in a direction consistent
with their clone annotation (data not shown). This supports the observation that all contiguous ESTs in the EST
databases were derived from the antisense transcript.

Gene structure, cDNA sequence and amino acid sequence
The EST sequences were used to design a series of
oligonucleotides spanning the sequence extracted from the
database and used for PCR amplification of cDNA prepared from mRNA from a range of human tissues.
Selected PCR products, ESTs and the genomic clone
(9792) were sequenced in both directions to confirm the
entire 1642 bp sequence. The consensus sequence from
the ESTs and our own sequencing (Fig. 2) reveals a
nucleotide sequence which would encode a protein with
homology to exon 2 (EC2 to intracellular loop domain 3
(IC3)) and exon 3 (IC3 to end of TM7) of the Type I
GnRH receptor (Fig. 2). The overall amino acid identity
in this region was 42% with greatest homology in the
carboxyl terminal halves of EC2, IC3, TM6 and TM7,
and the amino terminal half of TM5. This homology was
much higher than with all other G-protein-coupled
receptors (GPCRs) and similar to that of non-mammalian
GnRH receptors (Troskie et al. 1998). Thus the homology
with the GPCRs most closely related to the GnRH
receptors (vasopressin, oxytocin and somatostatin 4 receptors) was 22–27% compared with 42–46% for GnRH
receptors. The homology of EC3 of the human Type II
GnRH receptor homolog to the EC3 of the lizard and
Xenopus Type II GnRH receptors was 80% and 73%
respectively (Troskie et al. 1998).
An interesting feature of the Type II GnRH receptor
homolog is the presence of a carboxyl terminal tail which
is absent in all of the mammalian Type I GnRH receptors
(Eidne et al. 1992, Kaiser et al. 1992, Kakar et al. 1992,
Reinhart et al. 1992, Tsutsumi et al. 1992, Brooks et al.
1993, Chi et al. 1993, Illing et al. 1993, Kakar et al. 1993,
Perrin et al. 1993) but which is a universal feature in all
other GPCRs and in non-mammalian GnRH receptors
(Millar et al. 1997, Troskie et al. 1997a). The carboxyl
terminal tail has been shown to play a role in homologous
and heterologous desensitization of many GPCRs and its
absence in the Type I GnRH receptor may be associated
with a lack of rapid desensitization of ligand-stimulated
inositol phosphate production (Davidson et al. 1994,
McArdle et al. 1995, Heding et al. 1998). The presence of
the carboxyl terminal tail in the Type II GnRH receptor
homolog probably reflects the more ancient form of the
receptor. This is supported by the recent demonstration of
the presence of carboxyl terminal tails in GnRH receptors
cloned from catfish (Tensen et al. 1997) and Xenopus,
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Figure 1 A contig map showing the location of different expressed sequence tags (EST prefix) and
oligonucleotides (ZC prefix) on an anchor sequence which is the reverse complement of the antisense
transcript. pid denotes the percentage identity of the EST to the anchor sequence; + refers to ESTs which
have right or left overhang on the contig map. Arrowheads on the lines refer to the orientation of the EST
with respect to the anchor. The numbers denote the range of match on the anchor sequence. In brackets
are the names of the clone partners, (where available), derived from the dbEST annotations. An asterisk
beside the EST name means that its clone partner is contained within the contig map. The tissues and cell
line sources of the ESTs are indicated below.
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Figure 2 Nucleotide sequences of the antisense transcript represented in the 3’ to 5’
orientation to reveal the encoded amino acid sequence of the putative Type II GnRH
receptor and its similarity to the human Type I GnRH receptor. The alignment demonstrates
the substantial amino acid identity in the presumed extracellular loop domains 2 and 3,
intracellular loop 3 and transmembrane domains 5, 6 and 7 (underlined). In addition a
COOH-terminal tail (C) is present in the Type II GnRH receptor. The polyadenylation
consensus sequence (PA) and polyadenylation site (TTTT) are also indicated. The untranslated sequences correspond approximately to the positions of introns 1 and 2 of the
Type I receptor genes. Putative exon 2 acceptor sites, the predicted intron 2 donor site,
and putative exon 3 acceptor sites which would maintain the correct frame are shown in
bold. Below are diagramatic presentations of the structure of the human Type I GnRH
receptor gene (Kakar 1997) and the putative Type II GnRH receptor gene. The positions of
the extracellular (EC) and intracellular (IC) loop domains, transmembrane (TM) domains
(dark blocks) and carboxyl terminal tail (C) are indicated.
Journal of Endocrinology (1999) 162, 117–126
Downloaded from Bioscientifica.com at 05/29/2020 12:57:30AM
via free access

122

R MILLAR

and others

· GnRH receptor homolog gene

chicken and goldfish (Millar et al. 1997, Troskie et al.
1997a, Illing et al. 1999).
The Type II GnRH receptor homolog does, however,
have the DP motif in TM7 which is important functionally in the Type I GnRH receptor (Zhou et al. 1994) and
which is more commonly NP in GPCRs (Millar et al.
1997, Sealfon et al. 1997). It also has the identical motif
QCVT containing the cysteine residue in EC2 which
forms a critical disulfide bridge in the Type I receptor
(Cook & Eidne 1997, Davidson et al. 1997). The sequence
PRARL in the carboxyl terminal portion of IC3 is also
retained but the alanine which is important for coupling
(Myburgh et al. 1998) has been substituted by valine.
Substitution of alanine with bulky and charged amino
acids results in uncoupling of the Type I human GnRH
receptor but a valine residue is acceptable and substitution
only partially uncouples inositol phosphate production in
the Type I receptor (Myburgh et al. 1998).
Between the putative exons 2 and 3 of the Type II
GnRH receptor homolog is 430 bp of sequence which
corresponds in position to intron 2 of the Type I GnRH
receptor (Kakar 1997) (Fig. 2). When read in the orientation encoding the putative Type II GnRH receptor (Fig.
2), there is only one possible donor site (the GT at position
717). There are four possible acceptor sites which retain
the correct reading frame as indicated in Fig. 2. The last of
these at position 1164 is closest to the analogous acceptor
site of the Type I receptor gene and is a good candidate for
processing if a transcript is indeed produced. Upstream of
the putative exon 2 in the putative Type II GnRH
receptor, the sequence is not homologous to exon 1 of the
Type I receptor and encodes a stop (Fig. 2). It appears to
be a non-coding sequence which corresponds approximately to the position of intron 1 of the Type I GnRH
receptor (Kakar 1997). The 5 sequence of most of the
PCR-generated cDNA comprised a poly T sequence.
This, therefore, appeared to correspond to the poly A tail
of the antisense transcript. This is confirmed by the
presence of a polyadenylation signal sequence upstream of
the poly A tail in the antisense transcript (Fig. 2). In some
of the antisense transcripts a poly A tail is not incorporated
in this position and a further 600 base extension is present
which is not open reading frame in either orientation.
This, therefore, appears to correspond to intron l of the
Type I GnRH receptor (Kakar 1997), and to the 3
untranslated end of the antisense transcript (see later).
Thus the putative intron 1 of the Type II GnRH receptor
contains a polyadenylation signal for the antisense transcript. Sequencing of the genomic clones confirmed the
polyadenylation signal sequence, an absence of the poly A
and the 600 base extension. Extensive 5 RACE
studies using a series of oligonucleotides complementary to
the putative exon 2 of the Type II GnRH receptor and
cDNA from a wide range of tissues failed to reveal any
sequence homologous to exon 1 of the GnRH Type I
receptor.

Figure 3 PCR products of cDNA from various human tissues using
oligonucleotide primers specific to the human putative Type II
GnRH receptor. PCR was performed using the pairs of primers
indicated and whose sequence is indicated from the position in
Fig. 1. The human tissue cDNAs in the upper gel were: (1) lymph
node, (2) fetal brain, (3) placenta, (4) uterus, (5) liver, (6) kidney,
(7) spleen, (8) heart, (9) molecular weight markers and in the
lower three gels: (1) ovary, (2) lymph node, (3) heart, (4) retina,
(5) uterus, (6) placenta, (7) fetal brain I, (8) adult brain I, (9)
molecular weight markers, (a) thyroid, (b) MCF 7 breast carcinoma
cell line, (c) spinal cord, (d) fetal brain II, (e) blank, (f) hypothalamus, (g) adult brain II, (h) skeletal muscle. Similar bands were
obtained with cerebellum, testis, insulinoma and pancreas in other
experiments.

PCR and Northern blot analyses
cDNA from a range of human tissues and cell lines was
subjected to PCR amplification using sets of oligonucleotide primers designed from the EST sequences. The
majority of tissues gave intense single bands of the correct
size (Fig. 3) whose identity was confirmed by sequencing
and nested PCR or by Southern blotting and hybridization
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with a labeled internal oligonucleotide (data not shown).
This expression in many tissues accords with the wide
range of tissues and cell lines in which the ESTs were
found (Fig. 1). Since only antisense EST transcripts were
found, donor and acceptor sites for sense RNA processing
would not be recognized and intron sequences would fail
to be spliced out. We confirmed this by demonstrating
that PCR on various tissue cDNAs using primer pairs from
putative exons 2 and exon 3 resulted in the production of
the expected size products containing an additional 0·4 kb
corresponding to intron 2 of the Type 1 GnRH receptor.
These PCR products were not due to genomic
DNA contamination as shown by control PCR reactions
on ‘cDNA’ synthesized in the absence of reverse transcriptase as well as on DNase I-treated cDNA (data not
shown).
Northern blot analysis confirmed these findings (Fig. 4).
A strong signal was observed in all human tissues when the
32
P-labeled double-stranded 415 bp probe (see Materials
and Methods) was used. Three transcript sizes were
detected. Two transcript sizes were observed in all areas of
the brain tested, at approximately 3 kb and 6 kb (Fig. 4).
Signal intensity was highest for the 6 kb transcript. A third
transcript size of 7·5 kb was present at varying intensity,
with highest expression in cerebral cortex, medulla, spinal
cord and corpus callosum. On the fetal blot, the highest
level of expression of all three transcripts was in fetal
kidney. In the multiple tissue blots expression of the 3 and
6 kb transcripts was highest in skeletal muscle, ovary,
thyroid and spinal cord. The 7·5 kb transcript was more
intense in spinal cord, brain, ovary, skeletal muscle and
testis. A more stringent wash at 65 C did not alter the
banding patterns described above. However, when a
single-stranded labeled riboprobe was used to detect a
transcript for the Type II GnRH receptor no clear signal
was detectable. The strong and universal signal obtained
with the double stranded 415 bp probe therefore probably
represents the antisense transcript. Its abundance and
widespread occurrence in tissues is in keeping with
encoding a ribonucleoprotein (see below).
These findings demonstrate that sequence encoding a
Type II GnRH receptor homolog of the pituitary Type I
GnRH receptor exists in the human genome. The gene is
highly expressed in a wide range of neural and non-neural
adult and fetal tissues but the principle product is a
transcript of the antisense DNA strand. The transcripts
contained the equivalent of intron 2 of the GnRH
Type I receptor (Kakar 1997) as potential donor and
acceptor sites for splicing are only present in the sense
orientation. These data also show that as transcription
proceeds in the antisense direction into the equivalent of
intron 1 of the Type I GnRH receptor, a polyadenylation
signal is encountered which results in polyadenylation
and the failure to transcribe the equivalent of the
Type 1 GnRH receptor exon 1 if in fact it is present in
the gene.
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Significance of the antisense transcript
Since the antisense transcripts are produced in abundance
in all tissues examined, it was of interest to determine
if they encoded a protein. However, none of the
sequence revealed any significant open-reading frame and
suggested that a functional protein is not translated. As this
is unusual for a widely and abundantly expressed transcript, we undertook further exploration of the antisense
transcript. Using the map in Fig. 1 we discovered that
there are two 3 ESTs, EST882 444 and EST157 465,
the 5 ends of which are not contained within this
contig map or in the 3 -extended contig map. A Rex
analysis of EST882 443 (the annotated 5 clone partner
to EST882 444) revealed a transcript with homology
to a C. elegans ribonucleoprotein. The Rex analysis
of EST157 567 (the annotated 5 clone partner to
EST157 465) produced a long virtual transcript of 3·5 kb.
However, we have not explored this connection further, as
based on annotated clone insert sizes, we believe that
EST157 567 is incorrectly annotated as the clone partner
to EST157 465, and that the correct clone partner to
EST157 465 is EST157 566 which is within the contig
map of our consensus sequence.
Our failure to detect a processed sense transcript coding
for a full-length Type II GnRH receptor in a wide range
of adult and fetal tissues and the absence of such a sense
transcript in the EST database raises the possibility that the
Type II GnRH receptor which we have demonstrated by
binding studies in a non-mammal (Troskie et al. 1997b) is
no longer expressed in eutherian mammals. If a functional
Type II GnRH receptor gene is expressed, the very high
expression of the antisense transcript is likely to inhibit
translation due to RNA hybrid formation, and this feature
would require mechanisms to counteract this. Alternatively, it is possible that our findings are explained by an
extremely low abundance, a high degree of instability, or
transient expression during limited stages of development.
Another possibility is that this human putative Type II
GnRH receptor may have been duplicated in the genome
and we have been studying the duplicated version inserted
behind the highly expressed ribonucleoprotein gene.
However, chromosomal studies did not reveal a dual
localization but only a single banding to 1q12-q21 (data
not shown).
Transcription from the opposite DNA strand of a
functional gene is a frequent feature in prokaryotes and can
encode another functional protein or serve a regulatory
role (Simons 1993). This phenomenon was initially
thought not to occur in eukaryotes, but has recently been
demonstrated in a number of genes (Knee & Murphy
1997). Antisense transcription has been implicated in
regulating eukaryotic gene expression by inhibiting
N-myc RNA elongation (Krystal et al. 1988), RNA
editing for the glutamate receptor (Higuchi et al. 1993),
mRNA splicing for the thyroid hormone receptor
Journal of Endocrinology (1999) 162, 117–126
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Figure 4 Northern blots of mRNA from human tissues. Blots were hybridized with the 32P-labeled 415 bp
double stranded probe. Major 6 kb and 3 kb bands were present in all tissues while an additional 7·5 kb band
was visible in cerebral cortex, medulla, spinal cord, corpus callosum, ovary, skeletal (sk) muscle, thyroid and
testis. No clear signal was obtained on these blots when using a riboprobe to detect sense transcript. Small
(sm) intestine; PBL, peripheral blood lymphocytes.

(Munroe & Lazar 1991), mRNA transport in the myelin
deficient mouse gene (Tosic et al. 1990), mRNA half life
for basic fibroblast growth factor (Kinelman & Kirschner
1987), and mRNA translation for the myosin heavy chain
(Heywood 1986). The complementary pattern of expression of antisense and sense transcripts for the HoxaII
(Hsieh-Li 1995) and basic fibroblast growth factor (Li et al.
1996) also suggest a regulatory role.

In other examples such as Drosophila melanogaster, cuticle
protein (Henikoff et al. 1986) and decarboxylase (Spencer
et al. 1986) genes, mouse tissue culture antisense transcripts (Williams & Fried 1986), cytochrome oxidase
subunit III of Trypanosoma brucei (Volloch et al. 1991), the
mouse globin gene (Volloch et al. 1996) and insulin-like
growth factor-II (Sussenbach 1989), the role of antisense
RNA transcription is unknown.
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For some eukaryotic genes the antisense transcript
encodes an open reading frame as in prokaryotes. Xenopus
basic fibroblast growth factor (Li et al. 1996), c-erbA (Lazar
et al. 1989, Miyajima et al. 1989) and GnRH (Adelman
et al. 1987) fall into this category. Interestingly, the open
reading frame antisense transcript of the GnRH gene is
expressed in the heart (Adelman et al. 1987) but a
translated protein has not been described. It has been
suggested that the localization of GnRH antisense RNA in
the nucleus may indicate a role in GnRH mRNA
processing (Knee & Murphy 1997).
The present demonstration of the transcription of the
opposite strand to a putative novel GnRH receptor
homolog gene adds to the expanding series of examples of
antisense transcriptions. Although a full length sense transcript which would encode a Type II GnRH receptor in
human tissue was not found, the presence of this sequence
in the human genome demonstrates that at least this
receptor existed at some stage of vertebrate evolution.
Binding studies demonstrating a second type of GnRH
receptor with distinctly different pharmacology in Xenopus
sympathetic ganglion membranes (Troskie et al. 1997b)
supports this concept. We have sequenced a partial clone
of a GnRH receptor in the Xenopus sympathetic ganglion
whose sequence differs from the Xenopus pituitary receptor
(B E Troskie, T R Ott, C A Flanagan, J P Hapgood, R P
Millar and N Illing, unpublished data), and which is
identical to the genomic EC3 sequence of the designated
Type II GnRH receptor (Troskie et al. 1998). This clone
has 54% overall amino acid identity with the human
sequence described here and 73% identity in the ligandselective EC3 domain. The cloning of the Xenopus and
other non-mammalian receptors will assist in determining
the phylogenetic origins, expression and functions of this
intriguing putative Type II GnRH receptor. It should also
provide the key to a Type II GnRH receptor which might
exist in mammals or establish that the current gene we
have identified is a vestigial version of the non-mammalian
Type II receptor.
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