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Abstract

Canine thyroglobulin (cTg) is one of the thyroid autoantigens associated with hypothyroidism
caused by autoimmune thyroiditis in dog. To identify canine-specific areas in cTg, we cloned, by
reverse transcriptase PCR, and sequenced the complete cDNA of ¢Tg. It revealed an open reading
frame of 8289 nucleotides, which encode a polypeptide of 2762 amino acids that is 78.9 and 78.1%
identical to bovine and human thyroglobulin, respectively. This complete cTg sequence may be useful
to promote the understanding of the primary structure of ¢Tg and, it will be informative data in the
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further search about antigenic epitopes associated with autoimmune thyroiditis and pathogenesis of
cTg-associated thyroid diseases in dog.
© 2006 Elsevier Inc. All rights reserved.

Keywords: Autoimmune thyroid diseases; cDNA; Thyroglobulin; RT-PCR; Dog

1. Introduction

In dog, hypothyroidism is a common endocrine disease and at least half of patients
have autoimmune thyroiditis (lymphocytic thyroiditis) [1,2], a condition analogous to
Hashimoto’s thyroiditis in human. In humans, autoantibodies to human thyroglobulin
(hTgAA) are found in high titers in the sera of patients with autoimmune thyroid dis-
eases, including Graves’ and Hashimoto’s diseases and other thyroid disorders such as
thyroid carcinoma [3-5]. Canine thyroglobulin (cTg) is one of the autoantigens impli-
cated in the pathogenesis of canine hypothyroidism caused by autoimmune thyroiditis. In
conjunction with clinical signs and clinicopathological abnormalities suggestive of thy-
roiditis, detection of circulating autoantibodies to cTg (cTgAA) has been considered useful
in supporting the diagnosis of hypothyroidism [6,7]. cTg is about 660 kDa glycoprotein
composed of two identical subunits and secreted by thyrocytes and constitutes most of the
follicular colloid as well as part of the cytosolic material. The biological function of cTg
is known to provide a matrix for the iodination of its tyrosine and thus the synthesis of
thyroid hormones [8]. Also, thyroglobulin (Tg) is known to contain many antigenic epi-
topes and capable of inducing thyroiditis in human and experimental animals [9—11]. In
a previous study, to localize the disease-associated epitopes of cTg, after degradation of
c¢Tg with trypsin, the tryptic peptides of ¢cTg were tested by Western immunoblotting for
their immunoreactivity to serum thyroglobulin autoantibodies from patients with TgAA-
positive hypothyroidism and normal individuals [12]. However, the search for unique cTg
epitopes has been hampered by the lack of the complete primary structure of ¢Tg [12].
Complete sequences of thyroglobulin gene have been reported for bovine, human, murine
and rat Tg [13-16]. The purposes of this study were to obtain cDNA sequence and com-
plete primary structure of c¢Tg, and compare it with Tg sequences of human and other
species.

2. Materials and methods
2.1. mRNA extraction and reverse transcriptase-polymerase chain reaction (RT-PCR)

mRNA was prepared from thyroid glands of healthy dogs using the FastTrack 2.0 mRNA
isolation kit (Invitrogen, Carlsbad, CA). Reverse transcriptase-polymerase chain reaction
(RT-PCR) was performed using RNA LA PCR kit (TaKaRa, Shiga, Kyoto).

cDNA synthesis was carried out for 30 min at 50 °C in a 20 pl reaction solution con-
taining 50 ng mRNA, 20 pmol downstream primer (Table 1) and 5 units AMV Reverse
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Transcriptase XL. Polymerase chain reaction (PCR) was performed in a 100 pl reaction
solution containing 5 units TaKaRa LA Taq for 40 cycles using synthetic primers, which
were designed using conserved regions in the coding sequence of the previously identi-
fied Tg sequences of four mammalian species, bovine, human, murine and rat, such that
nine overlapping regions of approximately 1-2kb in length were amplified (Table 1). The
amplification of cDNA was performed for 40 cycles of 30s at 94 °C, 30s at the specific
annealing temperature, and 2min at 72°C. The first cycle was preceded by a denatu-
ration of 2min at 94°C and the last cycle was followed by a final extension of 5 min
at 72°C.

2.2. Circular first-strand cDNA-mediated RACE method of the 5' end of cTg mRNA

The 5" end of cTg mRNA was identified by the modified cRACE method using 5’-Full
RACE core set (TaKaRa, Shiga, Kyoto). cDNA synthesis was performed as described above,
with a phosphorylated downstream gene-specific primer (LA-PCR3, Table 1), located
approximately 600 nucleotides from the putative transcription start. After hydrolysis of
the template mRNA at 37 °C for 1h, the cDNA was precipitated with ethanol and redis-
solved in 40 nl of RNA Ligation buffer containing 20% polyethylene glycol. After 40 units
T4 RNA ligase was added, this ligation mixture was incubated at 15 °C for 16 h and an
aliquot was directly used as a template for the amplification with gene-specific primers
(LA-PCR4 and LA-PCRS, Table 1). The reaction was carried out for 40 cycles of 30s
denaturation at 94 °C, 30 s annealing at 58 °C and 1 min extension at 72 °C. The first cycle
was preceded by a denaturation of 2 min at 94 °C and the last cycle was followed by a final
extension of 5 min at 72°C.

2.3. Cloning and sequencing

The PCR products were cloned into pT7Blue-2 plasmid vector (Novagen, Madison,
WI) and pGEM®-T Easy vector (Promega, Madison, WI), according to the manufacture’s
recommendations. The sequence of the plasmid inserts was determined by automated DNA

Table 1

Sequence (5' — 3') of the primers used for PCR cloning of canine thyroglobulin

Clones Tann (CC) Upstream primer Downstream primers

A 56 CTCACTAGGTGGTGAGGA GTTTTCCCAGTCACGAC +T tail

B 58 GAGTTCCATATGCTGCCCC GGATTTCCTGATCTGATGAAG

€ 60 GCAAACCTGTGGTGCCTTTC GCAGCTGGCCCTTGGCTT

D 62 TACCGAGCCAGCCAGAAGGAC TCTATCTTCCAGCACAACTTTC

E 55 GAGTGATCGTGTGTGAGC CCATAGAAATCACAGGAGAC

F 52 GAAGATCATGAGCTACAGA CGGGAGCAGGAGCTG

G 56 CTTCAGTCAGTTTTTTCCAGC GAGCGCTGAAGTCTGAGTA

H 56 GCAGCTACATTAACAGCA CATCCTCGTAGTCTCCTTC

LA-PCR CATACACCTCCATCCCTTC (LA3)
56 GAGCGGCTACCTTAACA (LAS) CTGCAGCTGACAGAATGACA (LA4)

Note: Ty is the annealing temperature used in PCR.
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sequencing using a BigDye® Terminator v1.1 Cycle Sequencing kit and a 3700 DNA
sequence analyzer (Applied Biosystems, Foster City, CA).

2.4. Sequencing analysis

The determined DNA sequences data were analyzed using the program of GENETY X-
Mac (Software Development, Sibuya, Tokyo) for sequence editing and analysis. The search
for functional motifs of the predicted polypeptides was performed at the Sequence Motif
Search website (http://motif.genome.jp).

3. Results

The nucleotide sequence of ¢cTg mRNA was deduced by RT-PCR, cloning, and sub-
sequent sequencing of nine overlapping plasmid cDNA clones. The nucleotide sequence
revealed an open reading frame of 8289 nucleotides, preceded by a 41-nucleotide 5’ end-
untranstated region, and followed by a 128-nucleotide 3’ end-untranslated region, containing
the canonical polyadenylation signal (AAUAA). The cTg nucleotide sequence predicted a
polypeptide of 2762 amino acids (Fig. 1). A leader peptide of 19 amino acids was fol-
lowed by a 2743-amino-acid polypeptide, corresponding to the monomeric cTg. The amino
acid composition indicated a rather high amount of leucine and serine residues (9.70 and
9.20%, respectively), and a small proportion of methionine (1.16%). Hydrophobic and
charged amino-acid residues were homogeneously distributed on the polypeptide, whereas
cysteine involved in the repetitive structures. The monomeric cTg polypeptide contained
66 tyrosine residues, representing 2.39% of total. The homology of cTg with the bovine,
human, murine and rat Tg was 78.9, 78.1, 70.2, and 69.5%, respectively, at the amino
acid level, and sequence databases searches confirmed that human acetylcholinesterase has
the strongest mach, with 31% identity with the cTg sequence. Analysis of the deduced
amino acid sequence revealed the existence of the repeated domain, thyroglobulin type-1.
This domain was exclusively present in the N-terminal portion of the molecule, and was
repeated nine times. It was composed of approximately 65 amino acids, in which the posi-
tion of cysteine, proline, and glycine residues were highly conserved. The proportion of
cysteine and tyrosine in the type-1 domain was high, as compared to the entire protomer.
With type-1 domain, the amino acid sequence of ¢Tg contained many functional motifs,
16 potential N-glycosylation sites, three cAMP- and cGMP-dependent protein kinase phos-
phorylation sites, 1 carboxylesterases type-B signature 2, 1 amidation site, 35 protein kinase
C phosphorylation sites, 3 tyrosine kinase phosphorylation sites, 49 N-myristoylation sites,
50 casein kinase II phosphorylation sites and 1 leucine zipper pattern (Fig. 2).

4. Discussion

The analysis of the amino acid sequence of cTg, as deduced from its mRNA, revealed
the polypeptide of 2762 amino acids. Homology analysis showed that cTg is closely related
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CTCAGCTCOCANGACTGTGABCAGACACCTEGCAACCTT TTTGTGECAGAGTACTCAGCAGAAGGAGACTACGABGATGTCCAGTGCT TTCTBOAGAGTGCTGRTGTGTGGATTCOCEE
LISSODCEOTPGENL[FVPOQCSAEGDYEDVOCFAGECWCVYDSR]
1930 1940 1950 1960 190 1980 1990 2000 2010 2020 2030 2040
GBOAAABAACTGGCTGACTCCAGGG T TAGAGG T GRAGGACOGOGATGOGCTACAGAGTGT GAGANGCAAMGBGECTCTCATGAGRAGCCTCTCGEGCAGCCTROCTGETGOGAC0AGCETG
EJK ELAGSRVYRGGRPRCPITECEXORALMWRSLSIGESLPAGASL
2050 2060 2070 2080 2090 2100 2000 2120 2130 2140 250 2160
TECGTCCCTTCT TGTACCAGCGAGGEGOATT TCCTACCOGT CCAGOECTTT MACTCAGAGTGLTACTGOGTGRACACCAATGGTCAGGCTATTCCTGRAACTCGAAGCCTGOCTEGAGAA
FvPscTsEGHFLPVGRFRNSEGYGVOTHNGIOAIPGTRSLPGE
2170 2180 2180 2200 2210 2220 2230 2240 2250 2260 2210 2280
GCGANGCAATGCCOCACGOCATGTCAGT TACAGGCCGAGCAAGCGT TCOTGOGGATAGTGEAAGT ACTOGGCTCTGAGTCCAGCATGCTGCOGAGCT TCTCCAGTAGG TACATCOGACAG
PKOCPTPCOLOAEOQAFLGI YOVYLIGSDSSHMLPTIFSSSYL!PO
2200 2300 2310 2320 2330 2340 2350 2360 2370 2360 2390 2400
TGCAGCACCACTGBGCAGTGBAGBOC0RTBLAATGOGATGA00000CTRAGCAGGCL T TTGAGTGGCATGAGAGATGGGAGGUCCAGAACAAGAGTGGCCASGAGCTGACCOCTACCRAG
¢CSTAGOWRPVQCDGPPEOAFEWHWERMNEAONNI 6GOELTPAE
2410 2420 2430 2440 2450 2460 2470 2480 2400 2500 2510 2520
CTGCTCATGAAGATCATGAGCTATAGAGAAGCTGCTTCTGAAAGCTTTOGCCTCTTTATTCAANGT CTGTATG0GGCTEGOCAACAGIGCATCTTCCOGGBACTGRCRAGATACCCATET
LLUK I W{S YREAASGSFRLFIOGSLYAAGOO[ IFPGLUARYPI
2530 2560 2550 2560 2570 2580 2590 2600 2610 2620 2630 2640
TTTGAAGATGTTCOGCTGACOGTGATGRAAGGCAACCRACCCAGDCTGRABGEAACATCETCCTGRAGCCCTACC TCT TTTGECABATCCTGAATGGOCAGCTCAGCCSATACCCAGEE
FEDVPLAVHNEGNRTOPGGEHN I LLEPYLFWO!LNGOLSRYPG
2650 2660 2670 ~ 2680 2690 2700 2710 2120 2730 2740 2750 2760
GOCTACTCAGACT TCAGCGCTCCTCTGGCACACT TOBACCTTCGGASCTGLTGGTGTGTCTCTGAAGCTGATCGAGAACT GRAAGGCACCOGGACAGAGOCGAGCAKGGTCOGAGCATET
AYSDFSAPLAHFOLRSGWCVSEAGRELEGITRTIEPSKVPAC

Fig. 1. Nucleotide sequence of canine thyroglobulin cDNA, and the deduced sequence of the protein. The last
three sequences, TGA (%) is stop codon: XXX, leader peptide; XXX , cAMP- and cGMP-dependent protein

amidation site; XXX | protein kinase C phosphorylation site; XXX , tyrosine kinase phosphorylation site; [XXX],

N-myristoylation site; {XXX}, casein kinase II phosphorylation site; @ , thyroglobulin type 1 repeat signature;
¥z, tyrosine residues A-D.



