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Effect of Thyroid Hormone on Cytosolic 3, 5, 3'-L-Triiodothyronine
Binding Activity : Evidence for the Presence of Intracellular
Negative Feedback Mechanism in Thyroid Hormone Target Tissues

Yutaka NISHII

Department of Gerontology, Endocrinology and Metabolism,
Shinshu University School of Medicine
(Director: Prof. Takashi YArmapa)

Treatment of rat kidney cytosol with charcoal decreased specific 3,5,3'-L-Triiodothyronine
(Ts) binding. Decreased T; binding in charcoal-treated cytosol could be restored by the addition
of boiled kidney cytosol. The results suggested that Ty binding protein in cytosol is present in
inactive and active forms, and that the active form is generated from the inactive form by an
activating factor which is present in boiled cytosol fraction.

The inactive form of cytosolic Ty binding protein did not modify nuclear T; binding, whe-
reas the active form inhibited it. The activating factor did not modify nuclear T3 binding. When
the active form of cytosolic T binding protein and nuclei were simultaneously added to the
incubation medium, it was observed that a large amount of T; could bind to cytosolic T; bind-
ing protein. The inactive form of cytosolic T; binding protein and activating factor were incre-
ased by T. administration to thyroidectomized rats. A mixture of the inactive form of cytosolic
T; binding protein and activating factor, both of which were prepared from T,-injected rat
kidney, strongly inhibited the nuclear T; binding.

The results suggested that the active form of cytosolic T; binding protein contributes to
determining the amount of free Ts that can be transferred to the nuclear receptor, and that
change in the cytosolic T3 binding protein and in the factor which activate cytosolic Ts binding
protein plays a role in the negative feedback regulation of thyroid hormone action in target
tissues. Shinshu Med.J., 86 : 281—244, 1988 :

(Received for publication November 13, 1987)

Key words : cytosolic Ts binding activity, cytosolic Ts binding activator, intracellular
negative feedback mechanism, nuclear T; receptor
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Fig.1 Inactivation of the Ty binding activity in rat kidney cytosol by charcoal
treatment and reactivation of chacoal-treated cytosolic Ty binding activity by
boiled cytosol.

(Left panel) Rat kidney cytosol was incubated with various concentrations of
charcoal at 4°C for 80 min. After incubation the mixture was centrifuged at
27,000% & for 30 min. Aliquots of the supernatant were assayed for total Ty
binding activity. The binding reaction was performed at 20°C for 15 min.
Duplicate tubes containing 107°M unlabeled Ts were included to determine
nonspecific binding of [**I]Ts. Specific Ts binding was calculated by subtracting
nonspecific binding from total binding. (Right panel) Rat kidney cytosol was
treated with 10% charcoal for 30 min at 4°C. Aliquots of the supernatant (125
pg protein) were incubated with various concentrations of boiled cytosol. The
binding reaction was performed at 20°C for 15 min.

Each point represents mean of duplicate determinations

Table 1 Effects of thyroidectomy or T, administration in thyroidectomized rats on body
weight, kidney weight, serum T, and Ts concentrations, and DNA contents in kidney

Treatment of rats Body weight Kidney weight Ty Ty DNA content
in Kidney
(g) (g) (2g/100m1)  (ng/100ml) {mg)
Sham-operated
+4-Saline ! 168,546, 1 1.60-+0. 16 5.5+1.3 96411 7.83+0. 26
Thyroidectomized

+8aline (1 day) (1)  106.145.8a 0.84+0.074a 0.6+0.1a 29+ 8a 6.16£0.21 a

+Saline (3days) (7) 104.446.66 0.85+0.080 0.5=0.10 26+ 7b 6,170,330

+Saline (5days) (7) 08.3+9.4¢c 0.8240.07¢ 0.5=0.1¢ 28+ 6¢ 6.0440.25¢
Thyroidectomized

+T; (1day) (7) 115.8%4.2d 0.86£0.08¢ 3.240.6d 94124 6.274+0.364d

+T, (3days) (7) 123.3+7.5¢ 1.02+0.06¢ 10.3:£3.2e 164:28¢ 7.1740.18 ¢

+T, (bdays) (1) 13L.7+2.4F 1.26:0.12f 10.8+2.5f 17628f  7.84=0. 40 f

P values of @ vs & in T, and Ts concentrations were <0.05. P values of @ vs & in body weight,
kidney weight, and DNA content were>0.5. P values of & »s ¢ and of ¢ vs S in body weight,
kidney weight, T, and Ty concentrations, and DNA contents in kidney were <0.05. Numbers
of animals in each group were in parentheses.
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Fig. 2 Effect of activating factor on cytosolic
T;s binding.

Charcoal-treated cytosol was prepared by
105,000 X g supernatant of rat kidney with 10
9% charcoal for 30 min at 4°C. Charcoal was
removed by centrifugation at 27,000 X g for
30 min at 4°C. Boiled kidney cytosol was
prepared by placing 105,000 X g supernatant
in a boiling water bath for 5 min and remo-
ving denatured protein by centrifugation at
27,000% g for 30 min., Fig. 2A and Fig. 2B
illustrate the time course of ['®*I]T; binding
to cytosol. Fig. 2A shows the hinding in
presence of 30xg DNA equivalence of activa-
ting factor and Fig. 2B shows the binding in
the absence of activating factor. Charcoal-
treated cytosol was adjusted to 8pg DNA
equivalence/tube. TFig. 2C and Fig. 2D
illustrate the effect of various concentra-
tions of charcoal-treated cytosol on T; bin-
ding. Fig.2C shows the binding in the pre-
sence of 30ug DNA equivalence of activating
factor and Fig. 2D shows the binding in the
absence of activating factor. Binding reac-
tion was carried out at 20°C for 15 min. in
the absence (—(O—) or presence (—&®—) of
10~°M unlabeled Ts.

Each point represents mean of duplicate determinations.
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#1 A BT LA Lk (Fig. 3B, C, D), MR
Ty bk TUFRIMAR S » bk Aol Ty BT
®T e b L DEBRE, EBEEETE, T a5
E LT otc, (Fig. 3A), i ZOfEEERE
FaatESO Ts BE (AEME Ts IRED X, FRIE
TERET, SRk S E, T« BH5BM1IE, 3 H,
5 AOERFRT, 1.1%1071M, 0.05%1071M, 0.7
x1071MM, 1.1%x10"MM, 1.6Xx10"UM THot, &
hWoolEe T, »AEME I 2 cBe, filE
[B]] Ty EEEEEE S Tieh ol FhiEiR
FrE&UTESORBENE T, BEW, ThZEh, 2.0x10
~100M, 0.5% 10710M, 1.4%1071%M, 2.4%107°M ¥ X
T2.9%X107 M THoto, odth Ty dAEMmZ
A MIaE o (] Ty OfeiiBisr ks IEs
Tetrot, RENTHEALLF v+ = — AR L HIEE
iy Ty Ty 2R TE R oTe, Fig. 4 TR
WEHEER2L B 1, RSBV L Ty & 3 HERE
LCEeEE R T X%, ARy » b XD BT
v 3 = VLENIRED [P Ty OfEEOELERH~
Ttz Scatchard analysis 12X h i O EELE
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DAYS AFTER THYROIDECTOMY

Fig, 3 Effect of T, administration to thyroi-
dectomized rats on kidney cytosolic acti-
vating factor, ‘

Twenty-one days after thyroidectomy,
rats were divided into two groups. One
was injected with saline (—@®—) and the
other was given Ty (—O—) as described
in Methods. Oune, 3, and 5 days after the
beginning of the injections, rats were killed
and activating factor was prepared. The
binding assay was performed in the abse-
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nce (Fig. 3A) or presence (Fig.3B, 3C. and
3D) of 2.0pg DNA equivalence of charcoal-
treated cytosol prepared from untreated
rat kidneys. The activating factor was adj-
usted to 8 (3A and 3B), 16 (3C), or 32 (3D)
#g DNA equivalence/tube. Each value
indicates the mean =+ SE of 7 animals, and
# indicates significant difference (p<C0.05)
between the two (saline-injected and Ti-
injected) groups.—a— :['#I] T binding
to cytosol in the presence of activating
factor prepared from untreated rat kidneys.
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Fig, 4 Effect of activaling factors prepared

from hypothyroid or hyperthyroid rat
kidney on Ts binding of charcoal-treated
cytosol ; analysis by Scatchard plots.
Charcoal-treated cytosol (2. 0pg DNA equ-
ivalence) was incubated with 50,000 cpm of
(I ]T; and with various concentrations
(0 to 107%M) of unlabeled T; in the absence
. {(—B—) or the presence of 16pg DNA equ-
ivalence of activating factor prepared from
3-day Ts-administered thyroidectomized rat
kidney (—O—) (Ka=1.7% 10°M"1), or the pr-
esence of 16ug DNA equivalence of activa-
ting factor prepared from 3-day  saline-
administered thyreidectomized rat kidney
(—®—) (Ka=1.8 x 108M™Y),

D HRBERE LU T HEICLDFrya—1aE
HED T: E&EH0EtL
W, F 43— MVLEHIREC BT, FIR R
KBIOCTFHEATRO T v b X0 FMUEELRETY
METT, 5l b Ts HEBEIELRTENY S
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T -~ Fig. 5 Sephadex G-50 column chro-
matography of activating factors.
Tq T 160pg of DNA' equivalent boiled

cytosol /3 ml prepared from unt-
Jorooee . reated rat.kidney.(I), .3-day.saline-
4 administered thyroidectomized rat
kidney (II) and from 3-day Ty-
administered thyroidectomized rat
N kidney (I) were separately applied
to a Sephadex G-50 column (2.0 X
60cm) equilibrated with 10 mM
Hepes pH 7.5, containing 0,5 mM
EDTA and 5% glycerol. Fractions
of 1,75ml were collected. ['®1]Ts
binding to charcoal-trea»ted’ cytosol
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(2pg DNA equivalence) was mea-
sured in the presence of 50l of
aliquot of each fraction.

Fig. 6 Changes in the cytosolic Ts binding activity

during T, or saline administration to thyroide-
ctomized rats.

Rats were treated as described in Fig, 3.- One, 3,
and 5 days after the beginning of the injections,
rats were killed and charcoal-treated cytosol was_}
prepared as described in Methods. ['®I]Ts bin-
ding to each charcoal-treated cytosol was mea-
sured in the absence (6A) or presence (6B,6C,
6D) of 32pg DNA equivalence of activating factor:
prepared from untreated rat kidney. One (6A
and 6B) 2.0 (6C) or 8. 0ug (6D) DNA equivalence
of cytosol was added to the incubation medium,
Incubation was performed at 20°C for 15 min.
—@— : ["I]T; binding to the cytosol prepared
from saline-administered animals, and —O—:
[12]] Ty binding to the cytosol prepared from
Tiadministered animals. Each value indicates
the mean &= SE of 7 animals, and % indicates
difference between two groups.
—a— : [1%]]T; binding to the cytosol prepared
from untreated rat kidneys.
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Table 2 Effect of hydrolytic enzymes or boiling on T; binding activity in charcoal-

treated cytosol

Group Treatment of cytosol

(1177, binding P values
(cpm/125ug protein)

Trypsin (500 pg/ml)
Protease (500 pg/ml)
RNase (330 pg/mi)
DNase (330 pg/ml)
Boiling for 5 min

HEOOoOWwe

None (incubated at 20°C for 20 min) 44,350+550

2,3804240 A vs B,<0.001
4,680+280 A vs C,<C0.001
44, 020+960 A vs D, N,S.
45,5601, 020 A vs E, N.S.
100440 A vs F,<0.001

Charcoal-treated cytosol (125 pg protein) was digested for 20 min at 20°C in the
absence (A) or the presence of the indicated concentrations of enzymes. After incu-
bation, ['#*I]Ts binding activity was determined in the presence of boiled cytosol
(20 g DNA equivalence). In the case of trypsin treatment, the reaction was termina-
ted by trypsin inhibitor after incubation of cytosol with trypsin.

Charcoal-treated cytosol and boiled cytosol used in the assay were prepared
from untreated rat kidneys. Each value represents the specific binding of ['%I]T,
(100,000 cpm added), and indicates the mean=*SE of five determinations. N.S. :

not significant.

0.16f

012

0.08

BOUND/FREE

004

02 04 06 08
T3 BOUND (x 13°M)

DT REEEMET Lice L L, = ORI 7
w VT, 2EE5T5 L, FOBERTEALL Fig.
6B, C, D). 0 EH oML, EECEFOHAL
Rieh, T, 53 B THODTHARERLOMTHE
BRI, FTREROHD 5, b b Bbhic
F 2 — MIIEHIEE D Ty OFEEEERLE Tk
FHETCRED bhirdofc (Fig. 6A), Scatchard
analysis ¥ L CHENT % &, ThZhoF 2 -1
MBMIIRE D Ts &k, EREAMDOT » + L0 E
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Fig. 7 Changes in T; binding activity of chrcoal-
treated cytosol during T, administration to
thyroidectomized rat in the presence of
activating factor ; analysis by Scatchard plots.

Charcoal-treated cytosol (2.0 zg DNA equ-
ivalence) prepared from untreated rat kidney
(—a—)Ka=1.8x108M™!), 3-day saline-treated
thyroidectomized rat kidney (—@—) (Ka=1,7
x 108M~Y), or 3-day Ts-administered thyroide-
ctomized rat kidney (—QO—) (Ka=17Xx105M™)
was incubated with 50,000 cpm of [*¥]] T3 and
with 16.0pxg DNA equivalence of activating
factor prepared from untreated rat kidney in
the presence of various concentrations of
unlabeled T; (0-10°M) for 15 min at 20°C.

Fe B B AL B 4 & 0 % T ST T, RIS
XvZzon MBC 2METL, T, 85k ERL,
Lol Te OREBRMECIIELAED bhigh -
(Fig. 7)o Sephacryl 8-200 I2 X % # LB TIL, &
DOFEDT » P ONIIEE Ts FBE&TEMEDL, 2F8&60,000
~70, 0000 [E]—HBALICIE I Iz,

EDHDT » b LIEHRE T, F&EEDL, +
VS vHBHENE T rT T - L ARTAMTETL
7z%%, DNase, RNase TILHEETIihoiz
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Fig. 8 Effect of cytosolic Ty binding protein on nuclear T; binding.

Nuclei, charcoal-treated cytosol, and activating factor were prepared
from untreated rat kidneys. Nuclei (30 xg DNA) were incubated with
various concentrations of charcoal-treated cytosol in the absence (—(QO—)
or presence (—@—) of 32.0 pg DNA epuivalence of activating factor for
30 min. at 20°C. After the reaction, ['»I]T; binding to cytosol (8A) and
to nuclei (8B) were measured. Each point represents mean of duplicate

determinations.

Fig. 9 Effect on nuclear Ty binding of cytosolic

Ts binding protein prepared from saline-

administered thyroidectomized or Ty-

administered thyroidectomized rat kidneys.

i H»—t—#—#i A — ] Rats were treated as described in Fig. 3,
and charcoal-treated cytosol was prepared.

AdF A Nuclear ['®¥I7T: binding assay was done in
the presence of 1.0 (9A and 9A'), 2.0 (9B and
L T s e 9B') or 8.0 (9C and 9C') ug DNA equivalence
.h —————— I S of charcoal-treated cytosol prepared from
WG?:(: ﬁHH’_H'_H'_H' untreated rat kidneys (—.a—), saline-injected-

¥ | thyroidectomized rat kidneys (—@—), or from

Ty-treated thyroidectomized rat kidneys

B B' (—O—). The assay was carried out in the

L — L ——— absence (9A', 9B’ and 9C') or presence (9A, 9B
i T rh e ———] and 9C) of 16.0p¢g DNA equivalence of activa-
ting factor prepared from untreated-rat kid-

Cqt (ol neys. Open bars indicate mean+SE of ['®I]-
H,/H(t::. T, binding to nuclei in the absence of cyto-
L P & B 8 8 P solic T; binding protein. Each value indicates

0 2022232%2526 0 21222324 25% the mean & SE of 7 animals, and * indica-

tes significant difference (p<{0.05) between

DAYS AFTER THYROIDECTOMY
two groups. (@ vs Q).

2, 1988



' A

2 [ =]

A !
I .
B

2_"}‘ i

[251] 1; BOUND (cpm x10°)
I { [

e e
0 L4f 1 1 b

0 212223225 26
DAYS AFTER THYROIDECTOMY

Fig. 10 Effect of activating factors prepared
from saline-adminislered or Ty-administ-
ered thyroldectomiztd rats on nuclear T;
binding.

Rats were treated as described in Fig.
3, and activating factor was prepared from
each animal. Nuclear [**1] T; binding assay
was carried out as described in Fig.8 in the
presence of 2.0 (10A), 8.0(10B), 16.0(10C)and
32.0 (10D) pg DNA equivalence of activat-
ing factors prepared from saline-injected
thyroidectomized rat kidneys (—@—), Ty-
administered thyroidectomized rat kidneys
(—0O—), or from untreated rat kidneys
(—a—). Charcoal-treated cytosol (2.0ug
DNA equivalence added) and nuclel (30pg
DNA equivalence) were prepared from
untreated rat kidneys. Each value indicates
mean+SE of 7 animals, and # indicates
significant difference (p<(0.05) between two
groups. (@ vs (O) Open bars indicate the
mean=SE of ['®] ]T3 binding to nuclei in
the absence of both cytosol and activating
factor.
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(Table 2), BEHALETFE, tYFvy, 7rT7—
+#, DNase, RNase W MORABIZX - Th %D
TERET Y 5 Rl o e,

E @l T. #H4Ees LU20FEEEFOR

Ty AL LETHE

M T #ATEEER X OFOEECE T T,
AT DL 5Tl 3 X3 in vitro DFRTH
Ll T FPBELIVEBRLE, Fva—a0HEL
fofilE, X UCHLENREORABRT (1] T,
LT, MEER IOEA~D Ty OfFAERA~,
Fig., 8 it 1) & BERETFEET T, MRE
ADOHEENR bR, EFET TR RS LM
Tehroto, —ARABRCIE LicBiAD Ts OFEILE
PALE FIRIFEE T CHTF ¢ 2 — AR E O PR A
LERELCLTD Bhes, B EETFHFET TR, ¥
w7 — ML OB R, B0 Ty Off
EOETHED bk,

AR s RO Ty 857 » F B BB TF + 2
— MEIREFIE T COEA~D Ty O LHET
3L, BRILETIFEET TR, YOHDT» 1 LD
BONHRELE T a8t FZdiche
7= (Fig.9 A',B',C"), Lo L, BECEFEET T
WETHE, T HEDT v b BB F v a4
EHRE, £AREOT » bbBleF v 2 -
B R N 2 7 BRI, HREeER L - T T,
EavmHLE (Fig.9 A, B, C)

—F5, FRIARSR S LON T, 5.5 » b & D 1Biadk
AT & N AEECE T L5 T e
BIETEHEYBETS L, WTFhoBRLRTLE
N BBITIIEAD Ty ORESITIIBELRE M-
7o LDL, F 4 2 — VABMBREFET ¢, £
BEH L D BN AEEEE TS, T B 5H LD
B EREETC, B0 Ts HEOETHED
bhi (Fig.10 A, B, C, D),

v % =

MR R v v REEIRALE, B, S hav F
V7, MM, 2 oRMIREREETD. Ty LA
Lok asthat DNA O—ficiEa L2, DNA
B mRNA ~OEFEIFE S 30—, 4T
BEAEEARIAHEER 2880, $tav Y7

b BRI L Y SRRV LIDID, BRI L

= v HIEEE ST A AHBOFESHEIRTHB A,
EDFRNMEVIZIB I P2V P Y 7TAOERE, TsL
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AEADIFRE I EHNTELD 2R LOTHD
THEME D B\ 303, Rt FRET B BRI L=
YREFEENE, Ts Ty HIIAANOER D ABBE 545 &
FibhTwd, BT, ke lmhofEeaBEc
BELTRYAThAEMEAE L DAL E v—BRIKE
BHOA Vv E—F ) E— s VLB S50
D step 5, EREA—hA 2 VvESEOLR
THbHEEZ BRTH BN,

=77, HURERRE S 2 v A ER O £ TR
OWTIE, FRBEA Lo Thriglyy DNA 235
RNA ~DOBEELXHRE L CIERT Mo e,

EZEATRA Vhvey, €23 v D REDBHE.
HFIMRECTFEL, Chbdisr e viESLTE

MM ET5 L, DNA OfF& L ks b
AREN, ThbORLE VOERBTER I THINE

BREAML, BELRUPRLL TS EELLRT

WB-18), UL, HIE T, SEEERFDO X 57
AT O transformation 4 Uirls, %7 DNA
ADEEERSHWEE LD, AF e Fhrzvdh
HWNLEF 3 v Dy R XOMREZEE LR, 27
DHREETHELDEE L bR B,

AWGETIE, MIRE T HeEmciy, JEEmR s
EHBNEET 2 2 %R Ui, M, MaErs
¢ 2= A L X DB R, BEIEELE
MEBEEZMAZLZ X - CEBRS, = OEEEH
BT REEENY, BELTOL AP EME L ik
LTl B LT 5 & Bbhbh b ERiE R e
BR TNV, —F = OEERSAEERL, BEE
fr~d Ty DFSEWH LTI R 2R T5 2 28
Bbhic, In vitro OFRTEETH L, EHEISE
f&& preincubation LiziEe =vir—n & LT
buffer % %\ LT L 7= GRS REE & preincu-
bation Lick:& OMT T FBACENED LRTL
R, Lk TEMEMRE T: AEA EER
BRI T B WAL K v & Bhbh 1o, &
MRTRLA L 5 CIEEERSAEREE, B0 T
DL LIFS T, BRASEEBATETT
DL, HA~D Ts FEEPIHIS Wiz, Rl iE L
HIRE Ty ZHEERC Ts ORSEIERIZAEDC
DL bhicz ek b, incubation WA
T BB TR R v v OB, EETH
JABZEEAC & - THAT 2 THES R S i,
OB, EEIMESAERY, B0 T O
BT LIRS RULELL L TW B bR L%
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