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Localization and Ontogenesis of NADPH-dependent High
Affinity Cytosolic 3, 5, 3’~Triiodo-L-Thyronine-Binding
Protein (CTBP) in Rats : Possible Role of CTBP
in the Development of the Central Nervous System
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Department of Geriatrics, Endocrinology and Metabolism,
Shinshu Universily School of Medicine
(Divector : Prof. Takashi YAMADA)

It is well known that the development of several tissues is dependent on thyroid hormone. Especially, the
thyroid-hormone-dependent growth of the central nervous system is believed to take place before birth.
However, the precise mechanism of the hormone-dependent growth is uncertain.

Studies were undertaken to determine the concentration of the high affinity NADPH-dependent cytosolic
3, b, 3'-triiodo-L-thyronine (T,)-binding protein (CTBP) in various tissues in adult and developing rats. The
affinity constant (K,) and maximal binding capacity (MBC) for T; binding were calculated from the data
obtained by Scatchard analysis. There were no significant differences in the K, among various tissues. The
MBC differed among tissues in adult rats, and was highest in kidney. When the levels of MBC were expressed
by moles/DNA concentration, the order was as follows ; kidney >heart =cerebrum = liver > >testis > cerebel-
lum>spleen. CTBP was not detected before birth in liver, heart and spleen, but appeared 4 days after birth,
and gradually increased until 6 weeks. The CTBP in kidney was also not detected before birth, but was
observed at the time of birth, and gradually increased until 3 weeks. In contrast, CTBP was detected 5 days
before birth, and increased temporarily around the time of birth, in cerebrum and cerebellum. The MBC in
cerebrum, but not in cerebellum, began to increase again 2 weeks after birth. These results suggest that the
target tissues of thyroid hormone are enriched with CTBP, and it was postulated that the CTBP plays an
important role in the regulation of thyroid-hormone-dependent development of the central nervous system.
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Fig. 2 Scatchard plots of NADPH-dependent ['*I]T, binding to charcoal-treated cytosol
prepared from various tissues in rat
Data obtained from the competition-inhibition curve plotted were replotted by the method
of Scatchard {19, These curves were analyzed according to a two-site model of receptor
binding. The values of K, and mad maximal binding capacity in each high affinity component
are presented. Numbers in parentheses indicate times of dilutions of cytosol of each original
tissue.
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Table 1 Affinity constants for T, binding in the
NADPH-dependent high affinity cytosolic
T, binding protein in various tissues in adult

rats
Tissues K,(X10°M~)
Cerebrum 1.13%0.25 (6)
Cerebellum 1.11£0.23 6
Heart 1.13+0.21 (6)

Liver 1.21+0.15 (6)

Kidney 1.53+0.35 (6)
Testis 1.27+0.17 5
Spleen 0.61+0.22 (D

The affinity constants were calculated from
Scatchard plots of ['*I]T,; binding to charcoal-
treated cytosol of various tissues in adult rats. Each
value indicates the mean=®SD. The number in par-
entheses is the number of animals studied.
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Fig. 3 Maximal binding capacity for T, in
NADPH-dependent high affinity CTBP in
various tissues

Each maximal binding capacity was deter-
mined by Scatchard analysis as described in
methods and Fig. 2. The upper and lower panels
show the maximal binding capacity of NADPH-
dependent CTBP expressed per g tissue and per ug

DNA, respectively. Each value indicates the

mean+SD. Numbers in parentheses represented

numbers of animals studied. Statistical significance
of differences was determined by one way analysis

of variance and was shown in Table 2.

Table 2 Comparison of the content of NADPH-dependent high affinity cytosolic Ty binding-

protein among various tissues in rats

Tissues moles/g tissue
Tl Cx Ce H L K T S
Cerebrum (Cx) B * NS * * NS *
Cerebellum (Ce) NS T * * * NS NS
Heart (H) NS * ek * NS *
Liver (L) NS NS NS o * *
Kidney (K) * ' NS T * *
Testis (T) NS NS * NS ¢ .. NS
Spleen (8) NS NS * NS * NS . A
Cx Ce H L K T e
Tissues moles/ug DNA

Statistically significant differences were determined by one way analysis of variance.
Twenty one combinations between each different tissue are presented, Area A shows statistical
differences between the concentrations normalized per g tissue of NADPH-dependent CTBP.
Area B shows statistical differences between those normalized per xg DNA. (Cx ; cerebrum,

Ce; cerebellum, H : heart, L; liver, K ; kidney T; testis, S; spleen)

different. *; p<0.05.
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NS; Not significantly
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Fig. 4 Changes in the level of maximal binding capacity in NADPH-dependent
CTBP in rat brain during development

Each datum was obtained from Scatchard plot of [**I]T, binding to the
charcoal-treated cytosol in whole brain {(--), cerebrum (-@-) and cerebellum (- 4-).
The upper and lower panels show the changes in the maximal binding capacity of
NADPH-dependent CTBP expressed per g tissue and per ug DNA, respectively. For
comparison, changes in concentration of NADPH-dependent CTBP in liver (-[1-) are
also illustrated in the lower panel. The error bars indicate the standard deviations of
the data determined for triplicate or quadricate determinations. Statistical
significance of differences were determined by one way analysis of variance. Each
value indicates the mean = SD.
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Fig. 5 Changes in the level of maximal binding capacity in NADPH-dependent
CTBP in rat liver, kidney, heart and testis during development in rats.

Data were obtained from Scatchard plots of [**I]T, binding to the charcoal-
treated cytosol in heart (-@-), liver (-[1-), kidney (-A-) and testis (- X-). The upper
and lower panels show the changes in the maximal binding capacity of NADPH-
dependent CTBP expressed per g tissue and per ug DNA, respectively. The error bars
indicate the standard deviations of the data defermined for triplicate determinations,
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Table 3 DNA contents of various tissues in adult and developing rats

Tissues DNA (ng/g tissue)
age (days)

—5 -3 —1 0 1 2 3 6 21 28 adult

(2 @ W GYRE )] (5) 6)) 6 6)) (5) 6
Whole brain 9.1 1.5 1.8 2.8
Cerebrum 2.0 1.8 1.7 1.9 1.6 1.5 1.3 1.4 1.2 1.1 0.39+0.20
Cerebellum 0.3 0.9 1.0 1.1 1.4 1.5 1.2 3.2 2.8 1.814:0.43
Heart 0.4 0.4 1.9 1.5 0.40%0.18
Live 9.3 5.1 3.3 1.7 3.2 2.4 2.4040.15
Kidney 7.6 5.5 4.3 4.4 2.40+1.03
Testis 7.7 4.7 2.16+0.21
Spleen 10.95+0.33

DNA in the homogenate of tissues were measured by the method of Burton (15). Values in adult rats 6
animals) are expressed as mean=®SD, and values in developing rats are mean of 2 to 5 animals. The number in

parentheses indicates the number of animals studied.

Table 4 Weight of various tissues in adult and developing rats

Tissues Weight (g)
age (days)
-3 -1 +2 +5 +21 +28 adult
Cerebrum 0.11 0.12 0.18 0.28 1.06 1.11 1.16+£0.13
Cerebellum 0.05 0.09 0.09 0.11 0.23 0.37 0.344+0.04
Heart 0.02 0.03 0.04 0.04 0.24 0.35 0.57%0.03
Liver 0.18 0.25 0,27 0.25 1.77 3.66 4.744+0.76
Kidneys 0.02 0.04 0.06 0.09 0.55 0.79 1.16+0,14
Testis 0.33 0.87 1.26%0.25
Spleen 0.37+0.07

Values in adult animals are expressed
are mean of 2 to 5 animals.
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as mean * SD, and values in developing rats

Too KRB, LI, B HBO®1/6 DBTH -
7o (Table 3), FERB BT 2 8 EBOHNE R
Hich © DNA BBEEHClIBEi0 £ h & T
FOIFEETHE <, BRI Lioalis TR 5 HHfA Mt
@ bt (Table 3),
BEBMOBERIIEEORS & & L SN L =3k,
NERAEREI T o AT S v r 0BERIC D %
D DM S AL ted - o (Table 4),

v % £

HRE AR A v v RS T 2 BEAEET 3
ZERMFT L VIRE IR TRD, FOREH B 118
HIEM: s & 5B Pyruvate kinase (EC 2. 7. 1. 40)
(M,)'®, L-thyroxine 5-deiodinase!® 7 & & $&ELL T
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