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Abstract The human thyroxine-binding globulin (TBG)
gene has been localized to X chromosome (Xq22.2) by in
situ hybridization using a biotinylated gDNA probe. This
is consistent with previous mapping of the TBG gene to
chromosome Xq21—q22.

Introduction

Thyroxine-binding globulin (TBG), a 54-kDa glycopro-
tein synthesized by the liver, is the principal thyroid hor-
mone transport protein in human serum (Refetoff 1979).
Cloning and sequencing of human TBG cDNA have re-
vealed homology to serine protease inhibitors (Flink et al.
1986). The TBG gene has been localized to the X chro-
mosome (Trent et al. 1987), and thus genetic abnormali-
ties are transmitted in an X-linked fashion. To date, three
complete and seven partial deficiencies have been ana-
lyzed, and a nucleotide deletion or substitution has been
discovered in the coding region of the relevant TBG genes
(Mori et al. 1989, 1990; Refetoff 1989). Here, we have
precisely localized the human TBG gene by fluorescence
in situ hybridization (FISH) with a previously cloned ge-
nomic TBG clone (Mori et al. 1989; Hayashi et al. 1993).

Y. Mori (&<)

4th Dpt. of Internal Medicine, Aichi Medical University,
21 Karamata, Yazako, Nagakute-cho,

Aichi-Gun, Aichi-Ken 480-11, Japan

Y. Miura - Y. Qiso

The First Department of Internal Medicine,

Nagoya University School of Medicine, 65 Tsurumai-cho,
Showa-ku, Nagoya 466, Japan

S. Hisao

Department of Endocrinology and Metabolism,
Research Institute of Environmental Medicine,
Nagoya University, Nagoya 464-01, Japan

K. Takazumi

Center for Molecular Biology

and Cytogenetics Genetic Research Division Diagnosis Group,
SRL, Inc., Tokyo 192, Japan

Materials and methods

Chromosome preparation

Prometaphases were obtained from phytohemagglutinin-stimulated
blood lymphocytes from a normal male and female, after thymi-
dine synchronization and 5-bromodeoxyuridine incorporation dur-
ing the last 7 h of culture, according to a method described previ-
ously (Viegas-Pequignot and Dutrillaux 1978; Takahashi et al.
1990, 1991).

DNA probe

The EMBL4 phage insert of the 14-kb EcoRI genomic fragment,
which contained five exons and the 8-kb 5" and 3-kb 3” flanking
regions of the human TBG gene, was isolated (Mori et al. 1989;
Hayashi et al. 1993) and used as a probe.

In situ hybridization

Labeling and hybridization were performed according to the meth-
ods reported previously with minor modifications (Hori et al.
1990; Takahashi et al. 1990, 1991). Briefly, the DNA probe was
labeled using a nick translation kit (BRL) with biotin-14-dATP.
Hybridization was detected by incubation with fluorescein isothio-
cyanate (FITC)-avidin and the signal was amplified by further in-
cubations with biotinylated anti-avidin followed by a second
avidin-FITC. For R-banding, chromosomes were counterstained
with propidium iodide and observed using a Nikon Microphoto
epifluorescence microscope (B-2A filter).

Results and discussion

Twenty prometaphase chromosome cells from a male
were analyzed. Sixteen of the cells had paired spots on the
X chromosome (Xq22.2) (Fig. 1). Four showed a single
spot in the same region or no signal on this chromosome.
Similar results were obtained in cells from a female. Ten
out of 20 cells had paired spots on both X chromosomes.
No signal was observed as paired spots on other chromo-
somes in either the male or female. These experiments
support the assignment of the TBG gene to Xq22.2. Thus,
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Fig.1 Human male R-banded prometaphase after FISH with the
human TBG gDNA. Arrows indicate signals on the X chromo-
some. The precise localization (Xq22.2) of the TBG locus is
shown right

the locus for the human TBG, Xq21-q22, previously lo-
calized using an 3H-labeled ¢cDNA probe (Trent et al.
1987), has been precisely determined in the present study.

References

Flink IL, Bailey TJ, Gustafson TA, Markham BE, Morkin E
(1986) Complete amino acid sequence of human thyroxine-
binding globulin deduced from cloned DNA: close homology
to the serine antiproteases. Proc Natl Acad Sci USA &3:
7708-7712

Hayashi Y, Mori Y, Janssen O, Sunthornthepvarakul T, Weiss RE,
Takeda K, Weinberg M, Seo H, Bell GI, Refetoff S (1993) Hu-
man thyroxine-binding globulin gene: complete sequence and
transcriptional regulation. Mol Endocrinol 7:1049-1060

Hori T, Takahashi E, Ayusawa D, Takeishi H, Kaneda S, Seno T
(1990) Regional assignment of the human thymidine synthase
(TS) gene to chromosome band 18p11.32 by nonisotopic in situ
hybridization. Hum Genet 85:576-580

Mori Y, Seino S, Takeda K, Flink IL, Murata Y, Bell GI, Refetoff
S (1989) A mutation causing reduced biological activity and
stability of thyroxine-binding globulin probably as a result of
abnormal glycosylation of the molecule. Mol Endocrinol 3:
575-579

q13.1

q13.2
q13.3

q22.1
q22.2
q22.3

q24

q26.1
q26.2
q26.3

q28

Mori Y, Takeda K, Charbonneau M, Refetoff S (1990) Replace-
ment of Leu227 by Pro in thyroxine-binding globulin (TBG) is
associated with complete TBG deficiency in three of eight fam-
ilies with this inherited defect. J Clin Endocrinol Metab 70:
804-809

Refetoff S (1979) Thyroid hormone transport. In: DeGroot LJ (ed)
Endocrinology. Grune and Stratton, New York, pp347-356

Refetoff S (1989) Inherited thyroxine-binding globulin abnormali-
ties in man. Endocrinol Rev 10:275-293

Takahashi E, Hori T, O’Connell P, Leppert M, White R (1990) R-
banding and nonisotopic in situ hybridization: precise localiza-
tion of the human type 11 collagen gene (COL2AT1). Hum Genet
86:14-16

Takahashi E, Hori T, O’Connell P, Leppert M, White R (1991)
Mapping of the MYC gene to band 8q24.12—q24.13 by R-
banding and distal to FRA(8)(q24.11), FRAS8E, by fluores-
cence in situ hybridization. Cytogenet Cell Genet 57: 109-111

Trent JM, Flink IL, Morkin E, Van Tuinen P, Ledbetter DH (1987)
Localization of the human thyroxine-binding globulin gene to
the long arm of the X chromosome (Xq21-22). Am J Hum
Genet 41:428-435

Viegas-Pequignot E, Dutrillaux B (1978) Une methode simple
pour obtenir des prophases et des prometaphases. Ann Génét
(Paris) 21:122-125



