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The sequence of 370 bases at the 5 ‘-end of bovine thyroglobulin mRNA has been determined. A41 base 
untranslated segment was found preceeding the ATG initiator codon. It is followed by an open reading 
frame providing the first data on thyroglobulin primary structure. Analysis of the amino acid sequence 
demonstrated the presence of an 18 residue hydrophobic segment representing a putative signal peptide. 
Comparison of the amino terminal sequence of thyroglobulin with that of peptides known to contain 
thyroid hormones [7,8] demonstrated that the first tyrosine in native thyroglobulin is mainly found as 
thyroxine in the mature iodinated protein [8]. Our results clearly identify the amino-terminal region of 

thyroglobulin as an important hormonogenic domain of the protein. 

Thyroid hormone Protein sequence cDNA cloning 

1. INTRODUCTION 

Thyroid hormones belong to a specific class of 
amino acids, the iodothyronines, the biosynthesis 
of which involves an iodinated protein precursor, 
thyroglobulin (Tg). Tg is a dimeric glycoprotein 
(Mr 2 x 330000) synthesized in large amount by the 
thyroid gland from the translation of an 8 kilobase 
mRNA [l]. Amongst the 120 tyrosine residues of 
Tg, about 40 become iodinated and a maximum of 
8-12 [2,3] of the resulting iodotyrosines may cou- 
ple into thyroxine (T4) or triiodothyronine (T3) 
which remain part of the polypeptide backbone of 
the protein. It is only after the complete lysosomal 
hydrolysis of Tg that active thyroid hormones are 
released from the gland. In terms of overall yield, 
thyroid hormone biosynthesis presents as a waste- 
ful phenomenon. However, the spatial require- 
ments for the efficient coupling of iodotyrosines 
must be particularly well met in specific domains 
of Tg, since thyroid hormone formation occurs 
even on molecules containing as few as 5 atoms of 
iodine [4]. In agreement with this view, thyroxine- 
rich peptides have been isolated from Tg [3,5,6] 
and some have been sequenced [7,8]. 

In two instances [5,6] these peptides were only 
found to be attached to Tg by disulfide bonds. This 
opened the possibilities that either they could be 
encoded by a separate mRNA [6] or that thyroid 
hormone formation would involve the rupture of 
peptide bonds [5]. Here, we have determined the 
sequence of 350 nucleotides at the 5’-end of bovine 
Tg mRNA. One of the hormogenic peptides [6] 
was readily identified within the single open 
reading frame of the mRNA. 

2. MATERIALS AND METHODS 

2.1. cDNA sequencing 

A recombinant plasmid [9] containing a 2.6 
kilobasepair (kb) insert corresponding to the 
5 ‘-end region of Tg structural gene was used as 
starting material. 

The 2.6 kb clone was restricted by a 5-fold excess 
of restriction endonuclease. The fragments were 
either 3 ‘-labeled by filling-in their extremities with 
the adequate deoxy[32P]ribonucleotide in presence 
of reverse transcriptase, or by cordycepin in 
presence of terminal transferase. The labeled 
fragments were then cut with suitable restriction 
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endonucleases or strand separated by polyacryl- 
amide gel electrophoresis. The fragments were 
chemically degraded as in [lo]. 

The 2.6 kb clone was restricted by PstI and the 
fragments were inserted in the PstI site of Ml3 
mp2Am4/Pst (kindly provided by Dr G. Winter). 
Sequencing was then performed by the chain ter- 
minator method [ 111. 

2.2. mRNA sequencing 
A 60 basepair &I-A/u1 fragment was prepared 

from the 2.6 kb clone. About long were hybridized 
to 5pg bovine thyroglobulin mRNA [ 121 and 
elongated as in [13]. 

3. RESULTS AND DISCUSSION 

Except for -60 bases corresponding to the 
5 ’ -end of the mRNA, the complete structural gene 
of bovine Tg has been cloned into overlapping 
recombinant plasmids [9]. To determine the amino 
terminal portion of Tg, we have partially sequenc- 
ed our 5 ’ -end clone. As no initiator codon could be 
found within the first 300 nucleotides of the single 
open reading frame, we have sequenced the un- 
cloned portion of the mRNA by the primer exten- 
sion method [ 131. The sequencing strategy is 
described in fig. 1. 
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Fig. 1. Strategy for the sequencing of the 5 ‘-end of Tg 
structural gene. Restriction map of the 5 ‘-end portion of 
the gene (A) and of the 2.6 kb clone (B) used as substrate 
for sequencing. The arrows in (C) and (D) represent se- 
quences obtained by the chemical degradation and the 
chain termination methods, respectively. The uncloned 
portion of the mRNA was sequenced by a primer 

extension method (E) as in section 2. 
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Fig. 2. Primary structure of the amino-terminal portion 
of bovine thyroglobulin as deduced from the sequence of 
its structural gene. Amino acids are numbered from the 
first ATG codon. Correspondence is shown between the 
sequence from residue 19-37 and that of the hor- 

monogenic peptide identified in [8]. 

The major characteristics of the resulting se- 
quence are depicted in fig. 2. The first initiator 
ATG is found -40 nucleotides downstream from 
the 5 ’ -terminus. This untranslated sequence con- 
tains a triplet of nucleotides which could not be 
identified by Sanger’s method [lo], probably 
because of the secondary structure of the mRNA. 
It is followed by a stretch of 16 codons specifying 
a relatively hydrophobic sequence which could 
represent the signal peptide for secretion [14]. It is 
noteworthy that a second ATG is found in phase at 
position 5. According to the current concepts on 
initiation of translation [ 151, we favour the first 
ATG as the true initiator. 

Rawitch et al. [8] have determined the sequence 
of a thyroxine-rich peptide of 19 amino acids 
isolated from bovine Tg. The peptide was obtained 
by trypsin digestion of a Mr 10000 polypeptide 
linked to Tg by disulfide bonds. It contains -30% 
of the thyroxine present in mature Tg [6]. An 
almost identical peptide was found between posi- 
tion 19 and 37 of the sequence deduced from the 
cloned cDNA (fig. 2). It is difficult to determine 
whether the minor discrepancy (Gln instead of 
Glu) is due to imprecision of the protein sequence 
or represents a true genetic difference between 
bovine stocks. A glutamine is read without am- 
biguity at position 36 which corresponds to an in- 
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determination in Rawitch’s peptide. From the 
comparison of the two sequences, a hormonogenic 
function may thus be assigned to the first tyrosine 
residue of Tg at position 23 of the polypeptide 
chain. Another tyrosine residue is found at posi- 
tion 47. Further protein sequence data will deter- 
mine whether this is involved in the hormonogenic 
coupling reaction. 

Our results clearly identify the amino-terminal 
portion of native Tg as one of the important hor- 
monogenic domains of the molecule. Interestingly, 
this sequence shares no detectable homology with 
the hormonogenic peptides isolated in [7]. 
Although these were obtained from a different 
species, this suggests that the various hormone for- 
ming sites along the Tg molecule do not consist of 
the plain repetition of a single domain. It is 
noteworthy that the thyroxine residue correspon- 
ding to the hormonogenic tyrosine identified in the 
present study is contained in a structure sharing no 
peptide bond with the mature iodinated protein 
[6]. This finding gives support to the concept that 
thyroid hormone formation could involve the 
cleavage of peptide bonds [ 161. 
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