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Abstract

A mouse thyroid-specific enhancer-binding protein (T/EBP) gene and its flanking regions have been cloned and completely
sequenced. The gene consists of 2 exons and exhibits high similarity (83-97%) to the rat sequence throughout the coding region and
including an intron and up to 1.3 kbp upstream to the ATG initiation codon. A cDNA clone encoding human T/EBP has been also
isolated and sequenced. Comparison of the deduced amino acid sequence of T/EBP revealed an extensive identity of 98% between

mouse and the human protein.
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The thyroid-specific enhancer-binding protein (T /EBP)
controls thyroid-specific transcription of the human thyroid
peroxidase gene through binding to an enhancer element
located 5.5 kilobase pairs (kbp) upstream of the gene’s
transcription start site [1,2]. T/EBP is also known as
thyroid-specific transcription factor-1 which binds to a
specific sequence within promoter of the rat thyroglobulin
gene and confers thyroid specificity to the expression of
the gene [3]. It appears that T/EBP is a common DNA-bi-
nding protein that governs the expression of thyroid-
specific genes [4—6). This is further suggested by recent
reports that the thyroid-specific expression of rat thy-
rotropin (TSH) receptor gene is also controlled by T/EBP
[7,8]. T/EBP is a homeodomain-containing DNA-binding
protein [9] and is expressed in thyroid and lung [2,9]. In
situ hybridization and immunohistochemical analyses have
shown that during rat embryogenesis, T /EBP is expressed
in the thyroid and lung rudiments and in restricted area of
the brain, suggesting that T /EBP may play an important
role in the development of these organs [10]. Further, it has
been recently reported that T/EBP is involved in lung-
specific surfactant protein B gene expression [11]. In order
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to understand the mechanism of regulation of T /EBP gene
expression, characterization of the gene structure seems to
be inevitable. To this end, we isolated a gene encoding
mouse T/EBP. We also cloned a human T/EBP cDNA
and present here an extensive identity in amino acid
sequence between mouse T/EBP and the human protein.

A mouse genomic library in the vector AFix II (Strata-
gene Cloning Systems) was screened by using rat T/EBP
cDNA coding sequence as a probe [2]. A positive phage
clone was isolated and the DNA purified. An 11 kbp
BamHI fragment which gave a positive hybridization sig-
nal with the probe, was subcloned into pUC 9 and se-
quenced using fluorescent-tagged dideoxynucleotides on
an Applied Biosystems 373A DNA sequencer. A human
lung cDNA library was constructed in AZIPLOX (Life
Technologies) using poly(A) RNA isolated from human
lung H441 cells (ATCC HTB 174). Positive clones that
hybridized to the rat T /EBP cDNA coding sequence were
subcloned into pUC 9 which were then subjected to se-
quencing. The nucleotide sequences of the mouse T /EBP
gene and its flanking region and the human T /EBP cDNA
coding region have been submitted to the EMBL /GenBank
databases under accession numbers U19755 and U19756,
respectively.

The 11 kbp BamHI mouse genomic fragment was
completely sequenced and was found to contain a se-
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Fig. 1. Schematical diagram of the mouse T /EBP gene. The gene consists of 2 exons. The T/EBP coding sequence and the 3' untranslated region are
shown by closed and hatched boxes, respectively. Location of the homeodomain is indicated by an open box. Unique restriction enzyme sites are shown.

quence corresponding to an entire rat T/EBP cDNA se-
quence [2,9] (Fig. 1). The mouse T/EBP gene sequence
consists of 2 exons by comparison with the rat cDNA
sequence and a 907 bp intron. Location of the exon-intron
splice junction is identical to the predicted one based on
the T/EBP-3 cDNA sequence in our previous report [2]
which appeared to be a product of incomplete pre-mRNA
processing or alternative splicing of the rat T/EBP gene’s
primary transcript. The presence of two exons has also
been recently reported in the rat T/EBP gene [12]. Se-
quence of the splice junction in the mouse T/EBP gene
confirmed the ‘GT-AG’ rule [13]. Nucleotide sequence of
the mouse T/EBP ¢cDNA coding and the 3' untranslated
region has 97% and 83% similarities to those of rat
T /EBP, respectively. The nucleotide sequence similarity
between mouse and rat is further extended to approx. 1.3
kbp upstream to the ATG initiation codon and the 907 bp
intron where 94 and 84% similarities were respectively
obtained [12]. The similarities were calculated based on the
mouse sequence since the total number of nucleotides is

different between mouse and rat. There is no consensus
TATA sequence found in this region and the T/EBP
transcriptional start site remains unknown.

The deduced amino acid sequence derived from the
mouse T/EBP cDNA coding region was compared with
those of rat [9], human, and dog [14] (Fig. 2). Mouse and
rat T/EBP protein consists of 372 amino acids whereas
human and dog have one amino acid less (371 residues).
The difference is seen within the 9 glycine repeat at
residue 234 through 242 in mouse and rat where only 8
repeats are observed in human and dog. The T/EBP
amino acid sequence is extremely conserved among four
species. Between mouse and rat, only 2 residues differ
(99% similarity). Human and dog exhibit only 6 and 5
amino acid residues which differ from mouse (98% simi-
larity). The position and pattern of amino acid substitutions
seem to be also conserved among them. Especially of
interest is that the rat sequence appears to be more similar
to those of human and dog than mouse. This can be seen at
amino acid residues 285 and 340. All four contain the
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Fig. 2. Alignment of T /EBP amino acid sequences from rat, mouse, human, and dog. Complete mouse T /EBP amino acid sequence is presented and only
amino acid residues in rat, human, and dog which are different from mouse are shown in shaded areas. One glycine residue within the glycine repeat that is
not present in the human and dog sequences is also indicated by ‘-’ in a shade (residue 242). The homeodomain sequence is boxed. Sequence alignment
was carried out by using MacVector™ program (International Biotechnologies). Rat and dog T/EBP amino acid sequences are taken from Refs. [9] and

[14], respectively.
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identical homeodomain sequence. This level of homology
throughout a protein, however, does not seem to be ex-
traordinary for homeobox genes. For instance, Hox-D3 and
D-10 protein sequences are 95% and 97% identical be-
tween mouse and human [15]. This high level of homology
between different species further suggests an important
role that T/EBP may have in maintenance and possibly
development of these mammals.

We thank Dr. Frank Gonzalez for advice and discus-
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