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Rat l i v e r  nuclear thyroid hormone receptor was pur i f ied to 700-1600 
pmol T 3 binding capacity/mg protein by sequent ia l ly  using hydroxylapat i te 
column, ammonium sul fate p rec ip i ta t ion ,  Sephadex G-!50 gel f i l t r a t i o n ,  DNA- 
cel lu lose column, DEAE-Sephadex A-50 column, and heparin-Sepharose column. 
Serum from a mouse immunized using th is  pur i f ied receptor preparation caused a 
s h i f t  of [1251]T3-receptor peak on glycerol density gradient sedimentation from 
3.4 S to approximately 7 S. [1251]T3-receptor complex was immunoprecipitated 
using th is  serum and goat anti-mouse IgG. The serum showed reduced a b i l i t y  ~o 
immunoprecipitate the globular T 3 b inding fragment with Stokes radius of 22 A 
produced by t rypsin digest ion,  a receptor fragment which has core histone and 
hormone binding but not DNA binding a c t i v i t y .  These data indicate the produc- 
t ion of ant i -nuc lear  thyroid hormone receptor antibody which mainly recognized 
epitopes unrelated to hormone and core histone binding domain. ® 1987 Academic Press, 
Inc. 

Radioactive thyroid hormone has been the only marker for  studying the 

nuclear thyroid hormone receptor protein,  which is considered to mediate most 

of the b io logical  responses of thyroid hormone ( I ,  2). Production of an an t i -  

body to the protein would allow new approaches to the study of the receptor. 

The major problem in ra is ing antibodies to the receptor has been the extreme 

d i f f i c u l t y  in pu r i f i ca t i on  of the protein. 

Recently we reported pur i f i ca t ion  of nuclear thyroid hormone receptor 

y ie ld ing  preparations having 0.2 nmol 3 , 5 , 3 ' - t r i i o d o - L - t h y r o n i n e ( T  3) binding 

capacity in a single pu r i f i ca t i on ,  with a f ina l  pur i t y  of 904 pmol T 3 binding 

capacity/mg protein (3). Puri f ied receptor showed high a f f i n i t y  binding for 

T 3, re la t i ve  a f f i n i t y  for  iodothyronine analogues ident ica l  to those seen 

* Supported by United States Public Health Service Grant DK13377 and the 
David Wiener Research Fund. 

0006-291X/87 $1.50 
Copyright © 1987 by Academic Press, Inc. 
All rights of reproduction in any form reserved. 178 



Vol. 144, No. 1, 1987 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

using crude nuclear extracts,  estimated molecular weight of 49,000 by the 

hydrodynamic method and NaDodSO4-polyacrylamide gel electrophoresis,  and a 

change in molecular size a f te r  par t ia l  proteolysis identical to crude 

receptor, a l l  of which suggest that we have pur i f ied the classical nuclear 

thyroid hormone receptor without changing i t s  character is t ics .  

We now describe the produc t iono f  antisera from a mouse immunized using 

pur i f ied nuclear thyroid hormone receptor. 

METHODS 

L-T 3 and soybean t rypsin i nh ib i t o r  were purchased from Sigma. Di th io-  
th re i to l  (DTT) was from Bethesda Research Laboratory.[1251]T 3 (3400 ~Ci/ ug) 
was from New England Nuclear. Goat antiserum against mouse ~gG (heavy chain 
and l i gh t  chain speci f ic)  was from Calbiochem-Behring. 

Pur i f i ca t ion of Nuclear Thyroid Hormone Reoeptor 

Rat 1 
described 
(0.2 ~g/ml 
crude nucl 
Sepharose 
phosphate 
procedure 

iver nuclear thyroid hormone receptor was pur i f ied as previously 
(3) with minor modif ications as fol lows. Soybean t rypsin i nh ib i t o r  
) was added at the time of t issue homogenization and treatment of 
ei with Tr i ton X-IO0. Elution of receptor from the f inal  Heparin- 
column was performed using 0.7 M NaCI, 2 mM EDTA, and 20 mM potassium 
buffer,  pH 8.0. T3 binding capacity was determined af ter  each column 
as previously described (3). 

Immunization Method 

Receptor eluted from Heparin-Sepharose column was lyophi l ized.  A minimal 
amount of double d i s t i l l e d  water was added to dissolve protein and sa l t .  
Protein was precipi tated by 60% saturat ion of ammonium sul fate and the pe l le t  
was dissolved in phosphate buffered sal ine,  pH 7.4 (PBS). Female mice at 5 
weeks of age were injected with f reshly  prepared receptor in Freund's complete 
adjuvant ( i n i t i a l  two in ject ions)  or in Freund's incomplete adjuvant, sub- 
cutaneously at mul t ip le si tes (more than I0 s i tes)  on the back. 

Glycerol Density Gradient Sedimentation 

Ten to seventy ~I of serum from immunized mice or non-immunized mice 
were incubated with 0.08 pmol [1251]T3-receptor complex deprived of free 
[1251]T 3 by Dowex resin treatment (4) in 0.3 M KCI, 1 mM MgCI2, and I0 mM 
potassium phosphate buf fer ,  pH 8.0, in a total  volume of I00 ~I at 0-4 C for  3h. 
At the end of incubation, 1 mg ovalbumin was added and samples were analyzed 
by glycerol density gradient sedimentation as described previously (5). 

Immunopreci pi tat ion Assay 

Three ~I of serum from immunized mice or non-immunized mice and 0.01 
pmol [1251]T3-receptor deprived of free hormone in a f ina l  volume of I00 ~I 
of PBS were incubated overnight at 0-4 C. Twenty ~I of properly d i lu ted goat 
antiserum to mouse IgG was added and incubation was continued for  an addit ional 
4 h. The d i lu t ion  of the second antibody, required to prec ip i ta te a l l  mouse 
immunoglobulins, was determined in advance. Af ter  incubation, the samples 
were centri fuged. The pel lets were washed twice with PBS and rad ioac t i v i t i es  
were counted. During the incubation period, 87 m 7% (mean ± SD of s ix  
determinations) of [1251]T 3 remained bound to the receptor. 
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Protein content was estimated by a Coomassie blue method (6) using a 
bovine serum albumin standard. Protein determinations of receptor prepara 
t ions using a modif ied Lowry method (7) or a Biuret  react ion (8) gave s im i la r  
resu l ts .  

RESULTS 

Pur i f i ca t i on  of  Receptor and Immunization 

The typ ica l  resu l t  of receptor p u r i f i c a t i o n  is shown in Table I .  

0.24 - 0.53 nmol T 3 binding capacity was recovered in 0.33 - 0.55 mg t o t a l  

prote in .  Table 2 shows the immunization protocol fo r  a mouse which developed 

a pos i t i ve  an t i -nuc lear  thyroid hormone receptor antibody. In to ta l  1.07 

nmol of receptor was in jected during an immunization period of 42 days 

(4 in jec t ions  at 2 week i n te rva l s ) .  Serum was obtained I0 days and 20 days 

a f t e r  the f i na l  i n jec t i on  and used in th is  study. 

Sedimentation of Ant ibodY-receptor Complex 

The formation of ant ibody-receptor complex was analyzed by glycerol  

densi ty  gradient  sedimentation. As shown in Fig. I ,  serum from an immunized 

mouse caused par t ia l  s h i f t  of the [125i ]T3-receptor  peak from 3.4 S to 

approximately 7 S. Formation of the 7 S peak was more prominent using 30 ~I 

immune serum than using I0 ~I serum. Up to  70 ~I serum from a control mouse 

did not cause any change in the 3.4 S [1251]T3-receptor peak. 

TABLE 1 

PURIFICATION OF NUCLEAR THYROID HORMONE RECEPTOR 

Purity Recovery of T 3 Total protein 
(pmol T3/mg protein) binding capacity 

(nmol) (mg) 

NE 1.7 5,71 3420 
HAP 8.1 4.81 594 
Seph G-150 43,8 2.18 49.8 
DNA-Cell 524 0.91 1.74 
DEAE-Seph 768 0.83 1.08 
Hep-Seph 870 0.37 0.43 

NE; nuclear extract. HAP; hydroxylapatite column. Seph G-150; Sephadex 
G-!50 column. DNA-celI; DNA-cellulose column. DEAE-Seph; DEAE-Sephadex 
A-50 column. Hep-Seph; Heparin-Sepharose column. 
T 3 binding capacity was determined by incubating receptor preparations with 
5 nM [1251]T~ in the absence (total T 3 binding) and presence (nonspecific T 3 
binding) of 300 nmol unlabeled T3. 
Specific T 3 binding was calculated by subtracting nonspecific T 3 binding from 
total T 3 binding. 
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TABLE 2 

IMMUNIZATION PROTOCOL 

Immunization Days Receptor injected Protein Adjuvant 
(nmol T 3 binding) (mg) 

1 0 0.31 0.38 FCA 
2 II  0.22 0.26 FCA 
3 28 0.25 0.24 FIA 
4 42 0.29 0.34 FIA 

FCA; Freund's complete adjuvant FIA; Freund's incomplete adjuvant 

Immunoprec i ]~ i ta t iogAssa~ 

Results in Table 3 shows tha t  the [1251]T3- receptor  complex was preci ' -  

p i t a t ed  using immune serum and goat ant iserum to mouse IgG (heavy and l i g h t  

S i g n i f i c a n t l y  more [1251]T3- receptor  complex was p r e c i p i -  chain s p e c i f i c ) .  

using immune serum (17.7% of  t o ta l  [1251]T3- receptor  complex added) ta ted 

than using cont ro l  serum. Several cont ro l  serum from non-immunized mice and 

immunized mice w i t hou t  a n t i - r e c e p t o r  ant ibody showed 1.5 - 2.8% of  t o ta l  
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Figure I. Glycerol density gradient sedimentation. 0.08 pmol [1251]T~- 
receptor incubated with 50 ~l control serum (e =), lO ~ (0 . . . . . .  0 °) 
or 30 ~l ( [~] . . . . . . . .  [ ]  ) of immune serum was analyzed by glycerol density 
gradient sedimentation. + ; ovalbumin. 
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TABLE 3 

IMMUNOPRECIPITATION OF [1251]T3-RECEPTOR COMPLEX 

Immunoprecipitated [1251]T3-Receptor (fmol) 

Control serum Immune serum 

Native [1251]T3-receptor 

22 A-[1251]T3-receptor 

0.22 • 0.05 t 1.77 _+ 0.05 * 

0.19 ± 0.06 t 0.40 ± 0.02 * 

Immunoprecipitable [1251]T~-receptor complex was determined using control 
serum or immune serum and ~0 fmol of native [1251]T3-receptor complex or 22 A- 
tryptic [1251]T3-receptor fragment as described in Methods. 
T Mean ~ SD o{ results from 9 mice (4 non-immunized mice and 5 immunized 
mice, which were negative for anti-receptor antibody by density gradient 
sedimentation analysis) 
* Mean ± range of duplicate determinations. 

° 125 • • 125 22 A-[ l]T3-receptor was produced by dlgestlng [ I]T~ labeled nuclear 
extract with 5 ~g trypsin/mg protein as previously reported (9). 

[1251]T3-receptor recovery in the immunoglobulin pe l le t .  Immune serum did 

not react with free [1251]T 3. In order to determine epitopes recognized by 

immune serum, [1251]T3-receptor complex was subjected to par t ia l  t r yp t i c  

digest ion, which produced a [1251]T3-receptor complex with Stokes radius of 

22 A measured by Sephadex G-150 gel f i l t r a t i o n .  Previous studies showed that 

th is  t r yp t i c  T 3 binding fragment is a globular protein with molecular weight 

of 26,000 - 27,000 (3, 9) which showed core histone and hormone binding 

a c t i v i t y  ident ical  to native receptor but which los t  DNA binding a c t i v i t y  

completely (9).  The immune serum had decreased reac t i v i t y  with the t r yp t i c  

[1251]T3-receptor fragment, but showed s i gn i f i can t l y  higher r eac t i v i t y  than 

did a control serum. 

DISCUSSION 

This paper presents the f i r s t  demonstration of ant i -nuclear thyroid 

hormone receptor antibody in serum from a mouse immunized with highly pur i f ied 

rat  l i ve r  receptor. Antibody-receptor complex was demonstrated by the s h i f t  

of [1251]T3-receptor peak to a heavier sedimenting uni t  on density gradient 

sedimentation, and by immunoprecipitation of the [1251]T3-receptor complex. 

° [1251]T3_recepto r Decreased react iv i ty of antiserum with the 22 A-tryptic 

fragment (Table 3) indicates that most of the antibodies present in the immune 
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serum recognize epitopes unrelated to hormone and core histone binding domain 

° [1251]T3_recepto r of receptor, since the 22 A- t ryp t i  c fragment has no DNA 

binding a c t i v i t i e s  but retains hormone and core histone binding (9). However, 

the fact  that the immune serum showed s ign i f i can t  immunoprecipitation of 22 A- 

[1251]T3-receptor fragment suggests that some subset of antibodies recognized 

the 22 - A-[1251]T3-receptor fragment because of po lyc lona l i t y  of ant i - receptor  

antibodies present in the immune serum. I t  is in teres t ing  to note that  most 

of the antibodies raised against g lucocort icoid hormone receptor also react 

with an epitope which is los t  when examined using hormone receptor complex 

a f ter  removal of the DNA binding domain of receptor by proteolysis ( I0,  I I ) .  

Carlstedt-Duke et al ( I I )  suggested there is a th i rd  domain in the g lucocor t i -  

coid receptor, d i s t i n c t  from hormone binding domain and DNA binding domain 

using antibodies. In order to fu r ther  demonstrate the epitopes d i s t i n c t  from 

hormone and core histone binding domain of thyroid hormone receptor, epitope 

mapping study using monospecific antibody is required. Such a study would 

c lear ly  discr iminate th is  p o s s i b i l i t y  from the theoret ical  p o s s i b i l i t y  that 

° 125 reduced recognit ion of 22 A-[ l ]T3-receptor complex by antiserum is merely 

due to conformational change in the receptor molecule created by t rypsin 

cleavage so that most of the epitopes present in the hormone and core histone 

binding domain are not capable of binding antibodies. Since protein samples 

used for immunization are extremely heterogeneous, the ant isera obtained are 

c lear ly  polyspeci f ic .  To obtain antibodies useful for  various studies, 

inc luding epitope mapping, immunoaffinity pu r i f i ca t i on  of receptor, and 

l igand independent immunological assay of receptor, the appl icat ion of mono- 

clonal antibody technique is useful to obtain monospecific antibodies 

uncontaminated with other immunoglobulins. 

The present study c lear ly  shows that the receptor protein i t s e l f  is 

immunogenic, and our pur i f ied receptor can be u t i l i zed  to e l i c i t  a speci f ic  

immune response, therefore demonstrating the f e a s i b i l i t y  of obtaining mono- 

clonal antibodies against nuclear thyroid hormone receptor. 
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