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A systematic scanning of nucleic acid databases for
DNA elements made of combinations of RGGTCA nu-
clear receptor half sites, has revealed that identical
19 nucleotide-long motifs composed of two inverted
RGGTCA sites with a spacing of 7 nucleotides (IR7),
are present upstream of the regions coding for the
human TR2 and of the sea urchin SpSHR2 orphan re-
ceptors. We have developed an experimental strategy
based on PCR, to check if this IR7 could correspond
to an unusually long cis-element, conserved along
evolution and regulating the TR2 genes. We found
that indeed IR7 is present in the 5’ untranslated re-
gion of TR2 genes from all species tested, including
Xenopus, rainbow trout, zebrafish and mouse. The ex-
act conservation throughout the animal kingdom of
such a long, non repetitive and non coding genomic
region, highly suggests that it should ensure im-
portant biological functions. In addition, this work
has allowed the identification of a new, non coding,
upstream exon in the mouse TR2 gene present in tes-
ticular TR2 mMRNAS. © 1998 Academic Press

In striking contrast with the large size of the nuclear
receptor superfamily, the DNA targets of these tran-
scription factors appear poorly varied. For example, the
major subfamily of nuclear receptors, whose most NH2-
terminal zinc-finger contains a P box of the D/E cate-
gory, recognises RGKTCA hexamers (where R= A or
G; K= G or T), which are more frequently RGGTCA.
This limited number of DNA targets for nuclear recep-
tors raises the question of their specificity of action. In
fact, most nuclear receptors bind to DNA as dimers,
and their binding specificity is based on the relative
orientation and spacing the two half sites (1). They can
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be arranged as direct (DR), inverted (IR) or everted
(ER) repeats (2), spaced by nucleotide gaps of variable
length. Some of these composite sites have already
been unambiguously assigned to specific homo- or het-
erodimers of nuclear receptors (2), but many others
remain orphan, whether the corresponding binding fac-
tors do not exist, or are not yet identified.

One possible approach to identify new targets for
nuclear receptors is to screen gene regulatory regions
for the presence of combinations of half sites. We have
undertaken such a screening and found that inverted
RGGTCA sites, separated by 7 nucleotides (IR7), are
present in two related genes encoding nuclear recep-
tors: the human TR2 and the sea urchin SpSHR2 or-
phan receptors. Surprisingly, in addition to the
RGGTCA half sites, the 7 central bases are also identi-
cal between human and sea urchin. This unexpected
observation prompted us to check for the possible bio-
logical relevance of the IR7 motifs.

MATERIALS AND METHODS

RT-PCR analyses. Testes from rainbow trout (Oncorhynchus
mykiss), mouse (Mus musculus) and frog (Xenopus laevis), and total
adult zebrafishes (Danio rerio) were roughly crushed under liquid
nitrogen and immediately dissolved in the Trizol reagent (Gibco
BRL) for RNA extraction. 2 ug of each total RNA were reverse-tran-
scribed using random hexamers as primers and the MMLYV reverse
transcriptase (Gibco BRL). 1/20 of reverse-transcription reactions
were used as templates for all PCR. The PCR primers used in this
study were: acidic ribosomal phosphoprotein (PO): 5'-AAYGTGGGC-
TCCAAGCAGATG-3’ (sense) and CTGCTGAACATGCTGAAC-
ATCTC-3’ (antisense); TR2 primers: IR7, 5'-GGTCACGAACTC-
TGAC-3’ (sense, putative exon 1); mIR7, 5'-GGTCAatccggaTGAC-
3’. The names of primers defined in coding regions correspond to the
tripeptides encoded by their 3’ ends: NRC, 5'-GCAGWACTGGCA-
GCGGTT-3' (antisense, exon 5); VTA: 5'-ATCCAGATCGTGACA-
GCAC-3’ (sense, exon 3); GDK: 5'-CCTGATGCTTTGTCTCCAC-3’
(antisense, exon 4). Hybridization temperatures were: 55°C for RT-
PCR using the IR7 primer, and 59 °C for all others. Single amplifica-
tions of 30 cycles and RT-minus controls were done for all the PCRs
presented in this study.
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PCR fragment cloning. The zebrafish TR2 PCR fragment was
blunted by the Klenow fragment and then inserted into the dephos-
phorylated EcoRV site of pBSK. For all other amplification products,
2 ul aliquots of PCR reactions were directly ligated to the pGEM-T
vector (Promega Biotech.) according to the supplier protocol. DNA
sequences were determined using the dideoxy method kit from Phar-
macia.

RESULTS

Two orphan nuclear receptor genes are endowed with
the same IR7 element. Search for nuclear receptor
sites in the Genbank DNA database, by using the Lip-
man-Pearson alignment program (3), has revealed that
7 nucleotides-spaced inverted RGGTCA motifs are
present in the proximal promoter region of the human
TR2 gene (accession U19026) and in the 5'UTR of a
splice variant of the sea urchin Strongylocentrotus pur-
puratus orphan steroid hormone orphan receptor
SpSHR2 (accession U38281), which is precisely related
to the mammalian TR2 (4). In addition, the 7 interven-
ing nucleotides located between the two RGGTCA re-
peats are identical in the human and the sea urchin
sequences, so that the region of complete nucleotide
identity is 17 bp-long. Since, theoretically, there is no
chance that a given DNA sequence longer than 14 nu-
cleotides occurs in a vertebrate genome-sized random
DNA, we postulated that the exact identity of the IR7
sequence, between very distantly related animal spe-
cies, should not result from a mere coincidence, but
from a selection mechanism. This hypothesis was all
the more likely that the IR7 sequences are located in
the vicinity of closely related genes, and in untrans-
lated regions which are free from coding constraints.

Strategy used to check for the presence IR7 in TR2
genes from other species. To determine if the IR7 ele-
ment does represent an important, evolutionary stable,
cis-element of TR2 genes, we decided to look for its
presence in other animal species. To this end, we have
developed an experimental strategy based on the addi-
tional assumption that, as in sea urchin SpSHR2, IR7
may be located downstream of a transcription start site
and then be present in the leader regions of the derived
mMRNAs. In such a case, it would be possible to detect
TR2 messengers by RT-PCR, using as an upstream
primer an oligonucleotide corresponding to the IR7 se-
guence and a downstream primer defined in the TR2
coding region (Figure 1A). This last primer has been
deliberately chosen in a DNA-binding domain-coding
region well conserved among many nuclear receptors,
so that this primer can hybridize to a wide variety of
nuclear receptor cDNAs (Figure 1B). It has been called
NRC (“Nuclear Receptor Conserved region”) since its
sequence corresponds to a region encoding tripeptide
NRC. RT-PCR with the IR7-NRC primer tandem have
been performed using testis mRNA from adult Xeno-
pus, rainbow trout and mouse, and mRNA from total
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FIG. 1. Scheme of the strategy used to determine the status of
the IR7 motif in nuclear receptor genes from evolutionary distant
vertebrate classes. (A) RT-PCR amplifications were done using as a
downstream primer an oligonucleotide to a sequence widely con-
served among receptors and species (see panel 1B), and as an up-
stream primer, an oligonucleotide of IR7 sequence. (B) Sequence
conservation, among various nuclear receptors, of the cDNA region
used to define the NRC primer used in the present study.

adult zebrafishes. As shown in figure 2, lanes IR7/NRC,
they vyielded clearly visible amplification products,
about 600 nucleotide-long. Two bands were obtained
from fishes, the larger one more intense for the zebra-
fish. When the IR7 oligonucleotide is replaced by an-
other one, containing the two half sites with identical
spacing and orientation but with different central
bases, these PCR products are no longer obtained (Fig-
ure 2, lanes mIR7/NRC), indicating that the nature of
the central bases is also conserved between all the
tested species.

To confirm their precise relationships with TR2
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FIG. 2. The DNA fragments amplified by the IR7-NRC PCR ap-
peared of comparable size in ethidium bromide-stained agarose gel,
with the exception of fishes, where bands of higher molecular weight
were obtained, of particularly strong intensity in zebrafish. After
insertion into plasmid, all cloned fragments turned out to correspond
to TR2 cDNAs. When changing the IR7 primer to an oligonucleotide
still containing the inverted half-sites, but separated by 7 different
nucleotides, PCRs performed under the same conditions failed to
amplify any fragment.

genes, the exact content of the PCR products was then
determined. After cloning and sequencing, all these
amplified DNA fragments turned out to correspond to

IR7 primer
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TR2 cDNAs. Although no fish TR2 gene sequences were
so far available in genetic databases, the PCR frag-
ments obtained from zebrafish and rainbow trout are
obviously analogous to TR2 cDNAs, as unambiguously
demonstrated by sequence comparison of the coding
region (data not shown). Besides, the coding region of
the mouse PCR fragment is 100% identical to the
mouse TR2 cDNA sequences previously reported (5).
The 5’ sequences are less well conserved (Figure 3),
probably because they are non-coding, or coding for the
NH2 termini of nuclear receptor that are generally not
well conserved. However, the fact that these cDNA
fragments were primed at their 5’ end by the IR7
primer, indicates that an IR7 motif is present in all of
them and in the same orientation. Although we cannot
exclude that the actual cDNA sequence may slightly
differ from that of the IR7 primer, the fact that PCR
hybridization steps were done at temperatures higher
than the melting temperature of the IR7 oligonucleo-
tide, indicates that this possibility of differences should
be very limited. In the case of the mouse TR2 cDNA,
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FIG. 3. Sequence alignment of the IR7-NRC fragments with the 5’ upstream region of the human TR2 gene (accession U19026).
Sequences are well conserved in the coding region but not in the 5'UTR, except at the level of the IR7 element, as demonstrated by the
common feature of all cDNAs to have been primed by an oligonucleotide defined in the IR7 sequence. Although a few base substitutions
cannot be excluded at the level of the IR7 primer, this possibility should be very limited considering the low melting temperature of the
16-mer IR7 oligonucleotide used. In addition, one must notice that the most 3’ two bases of the IR7 domains of cloned cDNAs are C and
Y (C/T), in accordance with the expected structure of nuclear receptor half-sites, though they were not included in the primer sequence
(see Materials and Methods). In the case of the mouse, the IR7 sequence was confirmed by direct genomic sequencing. The initiation codons

are underlined.
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FIG. 4. Tissue distribution of IR7-containing TR2 mRNAs in the
adult mouse. The same reverse-transcriptions mixtures were used
as templates for PCR amplification of TR2-containing TR2 mRNAs
or of total TR2 mRNAs, by using an upstream primer corresponding
to the IR7 sequence or defined in the constitutive exon 3 (VTA) re-
spectively. These two primers were coupled to the same downstream
primers, chosen in exon 4 (GDK) or 5 (NRC). This comparative RT-
PCR analysis shows that IR7-containing TR2 mRNAs are more re-
stricted to the testis than total TR2 mRNAs, that are well detectable
in other tissues. The ubiquitous acidic ribosomal phosphoprotein
(PO) mRNA was used as an internal control.

the exact conservation of the IR7 motif has been con-
firmed by genomic sequencing (data not shown).

Although the NRC primer can theoretically prime
the synthesis of various nuclear receptor cDNAs (Fig-
ure 1B), all the amplified fragments that we obtained
correspond exclusively to TR2. This result, reproduced
for all the tested species, strongly suggests that IR7 is
specific of the TR2 mRNA.

Presence of IR7-NRC RT-PCR amplifiable mRNA in
the adult mouse testis. The great power of amplifica-
tion of RT-PCR approaches often leads to the detection
of very low abundance mRNA species without biologi-
cal relevance. To exclude such a possibility in this
study, we wanted to estimate the relative abundance
of IR7-containing TR2 mRNAs. For this purpose, we
have tested mRNAs extracted from various mouse tis-
sues previously analysed for their content in TR2 by
either northern blot or in situ hybridization, by RT-
PCR using as an upstream primer an oligonucleotide
corresponding to the IR7 sequence. We have also mea-
sured total TR2 mRNAs from the same amounts of
input cDNA templates, by using couples of primers de-
fined in coding exons. Figure 4 shows that the TR2
MRNA species amplifiable by IR7-NRC (IR7-exon 5)
or IR7-GDK (IR7-exon 4) RT-PCR, is abundant in the
testis. After the same number of cycles, starting from
the same templates and using the same downstream
primers, amplifications with an upstream primer de-
fined in exon 3 (VTA) yielded detectable amplification
products in all tissues with the exception of the uterus,
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and with a higher level in the testis, in agreement with
the TR2 mRNA tissue distribution previously reported
(6). This result does not prove definitely that all testicu-
lar TR2 mRNA molecules contain the IR7 domain, but
indicates that the IR7-containing TR2 mRNASs repre-
sent an important part of total TR2 mRNAs in the
testis.

The IR7-NRC strategy has allowed to identify an ad-
ditional exon in the mouse TR2 gene. Sequence com-
parison of the mouse IR7-NRC fragment with the TR2
gene sequence previously reported (5) (accession
U28269) pointed to a striking discrepancy at the level
of the 5’UTR region. As shown in figure 5A, while the
coding regions are completely identical, a sharp bound-
ary is observed 20 nucleotides upstream of the transla-
tion initiation codon. Our interpretation is that the
DNA region upstream of this point, and carrying the
IR7 element, may correspond to an additional non-cod-
ing exon, perhaps optional. Alternatively, the most 5’
cDNA sequence previously proposed may correspond to
intronic sequences. The latter possibility is supported
by the fact that the DNA sequence precisely located
at the limit of homology closely relates to the 3’ cis-
elements of major introns, with a terminal YAG tri-
nucleotide, preceded by a polypyrimidine stretch (7).
Our attempts at amplifying RT-PCR products by using
an upstream primer defined in the 5’ region specific of
the TR2 cDNA previously reported (5) have so far
failed, starting from all the mouse tissues tested in
Figure 4 (data not shown).

DISCUSSION

The present work started from the initial hypothesis
that the presence of identical IR7 elements in the hu-
man TR2 and sea urchin SpSHR2 genes is not fortu-
itous. Experiences show that this assumption was valid
and more useful than expected, since in addition to
reveal that the presence of IR7 elements in TR2 genes
is generalized among metazoan species, this work has
allowed the identification of a new exon in the mouse
TR2 gene. Since a TR2 mouse mRNA lacking this IR7-
containing exon has been described, the exact propor-
tion of the IR7-containing mMRNA species remains to be
determined. However, our comparative RT-PCR exper-
iments already allow to conclude that TR2 mRNAs con-
taining IR7 are relatively abundant in the testis.

Contrary to most cis-elements, whose length rarely
exceeds 8-9 nucleotides and can tolerate certain base
changes, IR7 is very long and with apparently stringent
sequence requirements. To our knowledge, the conser-
vation degree of the IR7 motif is higher than those of
all cis-elements so far known. When we began this
work, the IR7 element was absent from nucleotide se-
guence databases, with the exception of the human
TR2 and sea urchin SpSHR2 genes. Very recently, a
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FIG. 5. Organisation of the upstream region of the mouse TR2 gene. (A) Sequence comparison between the mouse IR7-NRC fragment
(upper line) with the mouse TR2 cDNA previously reported (accession U28269)(bottom line). The PCR fragment sequence is in perfect
agreement with that of Lee et al. (6) all along the coding region, but not in the 5’"UTR. The TR2 gene may be regulated by alternative
promoters, one upstream of the IR7-containing exon, and another upstream of the first coding exon (arrow). An alternative explanation
would be that the bottom sequence corresponds to an intron, since typical intronic 3’ cis-element (underlined) are present in 3’ of the non
homologous region. Our RT-PCR analyses suggest that this intron separates a non coding exon carrying the IR7 element and a second exon
carrying the translation initiation codon (boxed). Besides, the mouse cDNA sequence obtained by IR7-NRC RT-PCR is more closely related
to that of the 5’ end of the human TR2 gene (accession U19026). (B) 5’ region of the mouse TR2 cDNA obtained by IR7-NRC PCR and
genomic sequencing. The exon boundaries are deduced from sequence comparison with the TR2 genomic sequences and indicated with

arrows.

novel cDNA sequence carrying the same IR7 sequence
has been introduced in databases. This DNA sequence
(accession AF008302) corresponds to a mRNA from the
salamander axolotl, named developmental orphan re-
ceptor-1, and obviously related to the mammalian TR2
genes. Once again, in this case, the IR7 element is pres-
ent in the 5’"UTR. This additional report confirms that
IR7 is astonishingly conserved along animal evolution
and further emphasises the close association of this
motif with TR2 genes. Generally, cis-elements are not
restricted to particular genes, but widely distributed,
and the pattern of expression of each gene is specified
by a combination of cis-elements rather than by a single
one. By contrast, the association of IR7 with a single
gene, namely TR2, and its unusual high sequence strin-
gency, are very atypical features.

An important point would be to identify IR7-specific
factors. In fact, widely spaced inverted half-sites have
already been identified as alternative targets for reti-
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noic acid and estrogen receptors. This is the case for
palindromic half-sites separated by 9 nucleotides (IR9)
(8) or longer spacers (9), or, for everted half-sites, 6
nucleotides apart (ER6) (10). Besides, widely spaced
half sites in direct (9) or inverted (11) orientations,
have also been shown to act as a complex element for
estrogen receptors (ERE). But in all these cases, the
only function attributed to the central nucleotides of
dimer nuclear receptor sites is the regulation of half-
site spacing. The striking conservation of the 7 central
nucleotides in the TR2 IR7 element suggests that they
may play additional, sequence-dependent functions, as
already shown for the RXR-RLD1 heterodimer (12).
Whether or not IR7 belongs to a novel class of cis ele-
ment, related or not to classical nuclear receptor sites,
remains to be established, as is its possible involvement
in the TR2 gene regulation. Although the precise func-
tion of TR2 orphan receptors remains to be determined,
one may anticipate that this very ancient nuclear re-
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