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ABSTRACT

L-Triiodothyronine(T;) binding to purified plasma membrane and to isolated nuclei

from the same liver in obese(ob/ob) mice and their lean littermates was examined. The

maximal binding capacity(Bmax) for T3 receptor of liver nuclei, as compared to lean control,

was significantly lower in the obese mouse(obese 527+ 80fmol/mg DNA ; lean 883+ 62

fmol/mg DNA), without an apparent difference in dissociation constant(Kd). The finding

that obese mice have fewer liver nuclear Ts receptors confirms previous reports. The Bmax

and Kd of liver plasma membrane Ts receptor were not significantly different between obese

and lean mouse, which suggests no defect to be occurring in the function of the plasma

membrane T; receptor and reinforces the view that the peripherally impaired thyroid hormone

action in obese mice is a post plasma membrane receptor event. These results further support

the hypothesis that the major defect of thyroid hormone metabolism in genetic obesity occurs

at the level of the nuclear receptor.
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Introduction

Genetically obese(ob/ob) mice have been exte-
nsively studied as an animal model of obesity.
The ob/ob mouse has a reduced resting metabolic
rate and exhibits hypothermia in response to cold,
which can be observed as early as 12 days of age
and precedes the development of obesity!2). Ho-
wever, ob/ob mice are not hypothyroid. An abno-
rmality of the hypothalamic-pituitary-thyroid axis
was not found®*4 and the level of T; in the blood
of ob/ob mice is normal throughout most of their
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life cycle®®. Therefore, an impaired peripheral
thermogenic response to the thyroid hormone has
been suggested.

Although obese mice have low nonshivering
thermogenesis® and low diet induced thermoge-
nesis”, no inherent defect in the brown adipose
tissue (BAT) of obese mice was found®. Since
thyroid hormone has a permissive role in BAT
function”, the reduced adaptive thermogenesis
may be related to impaired thyroid hormone fun-
ction in obese mice. In fact, thyroid hormone
treatment improved the function of BAT in obese
mice!®. The activity and units of Na®, KT-AT-
Pase, a thyroid hormone sensitive enzyme, are
reduced in several tissues of obese mice!12), This
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also supports a partial resistance of ob/ob mice
to the normal level of T; in its blood. This hypo-
thesis is further supported by the finding of a
decreased concentration of nuclear Ty receptors
in the thyroid hormone sensitive tissues of obese
mice?'»19. Khan et al.? suggested that a decre-
ment in nuclear T3 receptor concentration may
be a primary cause of the development of obesity
by demonstrating a reduced Tj receptor concent-
ration in the liver of preobese(ob/ob) mice pups.

It had been thought that thyroid hormone en-
ters target cells by passive diffusion and initiates
biological effects by interacting with specific nuc-
lear receptors. However, recent reports strongly
suggest that T; enters into the cell by receptor
mediated endocytosis'>7, binds to different cel-
lular sites and then exerts its biological effect!®
20 The binding of T3 to plasma membrane recep-
tors enhances substrate availability, its binding
to mitochondrial receptors increases mitochond-
rial oxygen consumption and ATP synthesis, and
its binding to nuclear receptors increases specific
protein synthesis. All these effects!®?® of T; at
different cellular binding sites can be related to
the thermoregulatory role of thyroid hormone.
Therefore, it is apparent that the entry of thyroid
hormone from plasma into the cell has important
influences on the overall action of thyroid hor-
mone.

The ob/ob mice have an altered membrane fatty
acid composition and fluidity when compared
lean counterparts’”. Membrane composition and
membrane fluidity influence hormone receptor
interactions®®. Therefore, the peripherally impai-
red thermogenic action of thyroid hormone in
obese mice may begin at the level of the plasma
membrane and may limit its effect at all other
cellular parts. This study examined this possibility
in liver by contrastiong Tz binding in the plasma
membrane and the nucleus.

Methods and Materials

Genetically obese male mice, C57BL/6J-ob/ob.
and their lean counterparts were purchased from
Jackson Laboratory. Bar Harbor, Maine. The
mice were maintained at 22-25T, with controlled
humidity and a 12 hour light cycle. The 911A
diet which the mice are fed after weanling at Jack-
son Laboratory was purchased from Jackson La-
boratory and was provided with tap water ad libi-
tum. At 8-9 weeks of age. the mice were sacrificed
by cervical dislocation and their livers were exci-
sed. Each liver was halved. Half of the liver was
used for a plasma membrane T; receptor binding
assay and the other half was immediately frozen
at—80%T for a later assay of nuclear T3 receptor
binding. Khan® demonstrated that storing frozen
liver up to 30 days did not change the nuclear
T; receptor binding parameters.

Purified plasma membrane from fresh liver was
prepared from the 1000 X g pellet by the method
of Ray?? and washed according to Lesko et al.?®
Glucose-6-phosphatase was assayed?®’ as a mea-
sure of microsomal contamination. Succinic-INT-
reductase?” was used to determine mitochondrial
contamination. 5-nucleotidase®® was used as the
plasma membrane marker enzyme. Table 1 provi-
des details for liver plasma membrane purity.
DNA content of the purified plasma membrane
preparation was measured by the method of Bur-
ton?” and found to be negligible. Proteins were
estimated by the Lowry method modified by Mar-
kwell et al’® Prepared liver plasma membrane
(50-100mg protein) was incubated at 23T for 25
minutes with increasing concentrations of '2*I-L-
T3 (0.5nM to 4nM) in the buffer system described
by Pliam and Goldfine’?. In a preliminary study,
it was shown that at 237, specific binding reached
equilibrium in 20 minutes of incubation and the
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Table 1. Marker enzyme activities in homogenate and purified plasma membrane prepared from lean

and obese mice

Lean(n=10)

Obese(n=10)

Enzyme Specific Activity Purificatdon Specific Activity Purification
(mol/mg prot./min) (fold) (mol/mg prot./min) (fold)

5’-Nucleotidase :

Homogenate 0.006 ; 0.006

Plasma memb. 0.062 10.80 1.04 171
Succinic-INT-Reductase

Homogenate 0.022 0.018

Plasma memb. 0.006 0.27 0.001 0.27
Glucose-6-Phosphatase

Homogenate 0.122 0.170

Plasma memb. 0.049 0.40 0.063 0.37

steady state was stayed for up to 90 minutes. After
incubation, the samples were chilled on ice and
centrifuged at 1500 g for 8 min at 4C. The pelle-
ted membrane was washed once with ice-cold bu-
ffer and its radioactivity was measured(Tm Anal-
ytic gamma counter).

Crude nuclei from frozen tissue were prepared
as described by Samuels and Tsai’?. DNA con-
tent in isolated nuclei was determined by using
the method of Burton?. 125I-L-T; binding to iso-
lated nuclei was measured by incubating isolated
liver nuclei(50-100mg DNA) with increasing con-
centrations of '2’I-L-T3(0.1 to 5nM) under the
conditions described by Morishige and Guernsey
3, In a preliminary study, at 37, specific bin-
ding reached equilibrium in less than 20 minutes
of incubation and the equilibrium was maintai-
ned up to 90 minutes. The incubation reaction
was stopped by washing with buffer containing
polyethyleneglycol®®. The radioactivity of the nu-
clear pellet was measured (Tm Analytic gamma
counter).

All experimental procedures wers performed on
the paired tissues from obese and lean mice at
the same time, using identical reagents in order
to minimze external factors that might influence

interpretation of comparative results. The binding
parameters (Bmax and Kd) were determined by
analyzing the data by reverse Scatchard plot using
the program described by Zibin and Waud*®.

Results

Nuclear T3 Receptor Binding

The estimated T3 receptor maximum binding
capacity (Bmax) and equilibrium dissociation
constant (Kd) of isolated nuclei from the livers
of lean and obese mice are presented in Table
2. A representative analysis is depicted in Fig.
1. There was no significant difference in the affi-
nity (Kd) for T; between lean and obese hepatic
nuclei. However, the apparent binding capacity
(Bmax) of liver nuclei of obese mice was signifi-
cantly less than their lean littermates (p{0.001 ;
obese ; 883+ 62 fmol/mg DNA, lean : 527+ 80
fmol/mg DNA). These results are in agreement
with previous reports!2!3),

Plasma Membrane T3 Receptor Binding

Although two binding sites were detected on
the hepatic plasma membrane’V), only the first
binding site was compared between obese and
lean mice in this study, since only the high affinity
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Table 2. Characteristics of 12°I-L-T; binding to hepatic nuclear receptor and plasma membrane receptor

of obese and lean controls

Lean(n=10) Obese(n=10)
Bmax(fmol/mg DNA) 883+ 62 527+ 80*
Nuclei
Kd(nM) 0.70% 0.23 0.45+0.19
Bmax(pmol/mg Protein) 3.19+0.37 3.16+0.41
Plasma
Membrane Kd(nM) 576+ 1.15 4.59£0.78

Values are meanst S.E.

*p<0.001 compared to obese animals using t-test for paired data between obese and lean littermate controls.
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Fig. 1. Representative reverse Scatchard analysis from an experiment of '**I-L-T}3 binding to isolated nuclei
and plasma membrane from liver of lean and obese mice.

binding site has been considered to be a true pla-
sma membrane constituent®® and only the high
affinity system is energy dependent and is invol-
ved in the uptake of T3 into the cell¥®, Fig.
1 is a representative reverse Scatchard plot of the
high affinity binding site for T3 on the liver pla-
sma membrane. Table 2 provides the estimated
equilibrium dissociation constant (Kd) and ma-
ximum binding capacity (Bmax) values for the
liver plasma membrane of obese and lean mice.
It is evident that there are no significant differen-

ces in apparent Bmax and Kd between obese and

lean mice. Bmax values were 3.19 and 3.16
pmol/mg protein, and Kd were 5.76 and 4.59 nM
in lean and obese, respectively. The Bmax and
Kd values are in good agreement with previously
reported results for rat liver plasma membrane.
Pliam and Goldfine3! reported a Bmax of 2.5
pmol/mg protein and a Kd of 3.2 nM. Gharbi-
Chihi and Totresani’® reported a Bmax of 1.3
pmol/mg protein and a Kd of 9.7 nM.

The results do not support the hypothesis that
thyroid hormone binding at the level of the pla-

sma membrane is in any way limiting the thermo-

- 359 —



T; Receptor Binding in Obese Mice

genic activity of thyroid hormone.
Discussion

In this study, the binding of radiolabeled L-T;
to the liver plasma membrane and nuclei was
measured and compared between lean and obese
mice. Liver was used for this purpose, since liver
is metabolically active, a thyroid hormone sensi-
tive tissue, and all nuclear T3 appears to be deri-
ved from the plasma T; with little contribution
coming from local conversion of T4 to T53. Mo-
reover, Ma and Foster*” demonstrated that liver
is the major effector for diet induced thermogene-
sis in contrast to a general belief that BAT is the
major regulatory site of diet induced thermogene-
sis.

There are reports which support a hypothesis
of diminished Tj transport across the plasma me-
mbrane in the obese (ob/ob) mice. The subcuta-
neous injection of T3 at an amount that increases
serum T3 ten fold in lean mice increases serum
T; twenty fold in obese mice*D. A decreased tissue
to plasma T3 ratio in the liver of ob/ob mice as
compared to the lean controls was observed after
a tracer injection of Tj in vivo*?. The hypothesis
of diminished T transport was further supported
by the finding that nuclear T3 receptor coccupa-
ncy was decreased in livers of obese mice as com-
pared to lean®?.

In the present study, no significant differences
between ob/ob and lean mice were found in the
Bmax and Kd of the high affinity binding site
for T3 on the hepatic plasma membrane. This
result suggests that there is no defect in thyroid
hormone action at the liver plasma membrane
level of obese mice. However, this result does not
exclude the possibility of reduced uptake of T
into the cell in the obese mice, since T; uptake
is accomplished by receptor mediated endocytosis

via the coated pit-receptosome pathway'®. A de-
fect in the endocytosis process would prevent cel-
lular entry of T3 even though Tj binds to the pla-
sma membrane T receptors. Horiuchi et al'®)
demonstrated that accumulation of Ty into nuclei
could be decreased by blocking the endocytosis
process, possibly because of a decreased availabi-
lity of T3 in the cytoplasm. Since the endocytosis
process can be affected by membrane lipid com-
position??, it is possible that the endocytosis pro-
cess may be altered in obese mice which have
an abnormal membrane composition®!.

Another possible rationale for reduced uptake
of T; into the cell despite unaltered plasma mem-
brane receptor function is that lower ATP produ-
ction and lower Na®, K*-ATPase activity in the
liver of obese mice could inhibit T; uptake into
the cell. T3 uptake into rat hepatocytes is depen-
dent on cellular ATP concentration and a sodium
gradient is essential for T3 transport’’3%). It has
been suggested that obese mice have less Na*,
K*-ATPase activity because of impaired thyroid
hormone action, however, the relationship bet-
ween cause and result could be the inverse. In
other words, because of lowered Na*, K+-ATPase
activity, thyroid hormone transport has decreased.
In fact, Hughes and York® suggested that cha-
nges in membrane lipid composition might be
an important factor that regulates Nat, K*-AT-
Pase in ob/ob mice. Supportive evidence is that
“dietary” obese rats have a significantly lower
Na*t, K*-ATPase activity with altered liver pla-
sma membrane composition compared to lean
controls*>.

In addition to transport of T3 across plasma
membrane, transport of Tz from cytosol to nuclei
might be impaired in obese mice causing impai-
red thyroid hormone action at the nuclear level.
The findings of T; binding sites in cytosol*® and
in the nuclear envelope?’) suggest that these rece-
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ptors are involved in the transport of T; to the
nuclei. Oppenheimer and Schwartz*® demonstra-
ted the existence of an active transport system
from cytosol to nuclei for T3 in vivo. By using
antimycin A in vitro. Valdivielso and Bernal®®
could inhibit transport of T; into the nuclei resul-
ting in decreased affinity of nuclear T; receptors
without effect on the entry of Tz into the cell

In contrast to the equivocal finding in plasma
membrane Tj receptor binding. there was a signi-
ficant difference in Bmax of nuclear Tj receptor
binding between obese and lean mice in the same
animal liver, confirming previous reports!®. This
might imply that there is no direct relationship
in T; receptor concentration between plasma me-
mbrane and nuclei. Ortiz-Caro et al.®® suggested
that extranuclear T3 levels and nuclear T; recep-
tors are controlled separately. They reported that
short chain fatty acids increased nuclear T3 recep-
tor concentration by changing chromatin struc-
ture in vitro without changing extranuclear Tj le-
vel. It is known that phospholipids are associated
with chromatin *" If there is a change in the fatty
acid composition of chromatin in obese mice as
there is in other cellular membranes, it may affect
the nuclear T3 receptor concentrations of obese
mice. Wiersinga et al.’? demonstrated by in vitro
experiments that unsaturated fatty acid in the me-
dium inhibited nuclear T; receptor binding with
a resultant decreased affinity of nuclear T recep-
tors.

In our experiment, intact nuclei were incubated
for nuclear T3 receptor binding ; thus, one can
speculate that an active transport mechanism
from cytosol to nuclei might interfere in receptor
binding capacity. However. when the nuclei are
isolated and incubated in an in-vitro system, up-
take of T; by the nuclei is no longer dependent
on this energy requiring system and proceeds by
simple diffusion?”.

On the contrary. Hillgartner and Romsos* de-
monstrated no reduction of nuclear T; receptor
concentration but a reduction in T3 receptor oc-
cupancy in solublized nuclear T receptors from
livers of obese (ob/ob) mice. Anselmet et al.>¥
also detected no significant difference in Bmax
for nuclear Ty in differentiating preadipocytes.
However. preadipocytes T3 receptors were diffe-
rent from hepatic T; receptors as measured by
their reactivity to antibodies™. It is apparent that
different tissues may give different results. Hillga-
riner and Romsos used liver, however, the animals
were bred in their lab and more importantly a
different methodology was used ; they used solu-
ble nuclear extracts in lieu of intact nuclei. These
variables could account for the different findings
of various investigators. Even though Hillgartner
and Romsos could not detect decreased hepatic
nuclear Ty receptors, finding a reduced T; recep-
tor occupancy implies impaired thyroid hormone
action at the nuclear level.

In conclusion. obese (ob/ob) mice exhibit no
defect in T; receptor maximal binding capacity
and affinity at the level of the liver plasma memb-
rane whereas a significantly reduced nuclear T;
receptor binding capacity is apparent. Our equi-
vocal results for plasma membrane in the light
of nuclear changes indicates that peripheral im-
pairment of T; action in the obese mice is most
likely a post plasma membrane receptor event,
i.e. an alteration in the endocytosis process at the
membrane or at the nuclear and/or cytoplasm
level.
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