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L-Triiodothyronine Binding to Serum Protein. I. Competition by 
Thyronine."t (29072) 
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Several investigations to determine the na- 
ture of the binding of L-triiodothyronine and 
L-thyroxine to serum proteins have been car- 
ried out with thyroxine analogs and other 
compounds which have been demonstrated to 
be competitors ( 1-3). The present work was 
undertaken in an attempt to study the prop- 
erties of the binding sites of human serum 
protein with respect to triiodothyronine and 
thyroxine. DL-thyronine was selected for this 
study because it has the carbon skeleton, the 
functional groups and many of the properties 
of thyroxine. While thyronine has not been 
detected in the thyroid gland and its utiliza- 
tion in direct iodinations seems unlikely (4) 
its appearance in extra-thyroidal tissue fol- 
lowing the de-iodination of L-thyroxine or 
L- triiodo thyronine has been subs tan tiated 

It will also be shown in this study that 
thyronine and some of its analogs do com- 
pete with triiodothyronine and, to a certain 
extent, with thyroxine for the binding sites 
on serum proteins. Monoiodo and diiodotyro- 
sine were tested; they exhibited no such ef- 
fects (6). 

Materials and methods. L-triiodothyronine 
labeled with 1-131 in a concentration of 
0.0065 mg per ml and a specific activity of 
33.1 millicuries per mg, and L-thyroxine la- 
beled with 1-131 in a concentration of 0.008 
mg per ml and a specific activity of 24.5 mil- 
licuries per mg were purchased from Abbott 
Laboratories. One-tenth ml of the stock (I- 
131-T-3) solution was diluted to 50 ml with 
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* Abbreviations used: T-3 = L-3,5,3'-triiodothyro- 
nine: T-4 = L-thyroxine; T-0 = DL-thyronine; 
3'-isopropyl-T-2 = DL-3'-isopropyl,3,5-diiodothy- 
ronine. 

t A grant-in-aid of Smith Kline & French Labora- 
tories is gratefully acknowledged. 

$ Rockefeller Fellow: Present address: School of 
Med. of El Salvador, Dept. of Biochemistry, San 
Salvador. 

~ J 1 5  phosphate buffer, pH 7.3. This work- 
ing dilution, used for all the experiments, 
contained 2 X moles of T-3 per 0.1 ml. 
L-thyroxine I- 13 1 labeled was dissolved and 
used in the same manner. The final dilution 
contained 2.06 x 10-l2 moles of L-thyroxine 
per 0.1 ml. DL-thyronine (T-0) ,  purchased 
from Mann Laboratories, was utilized in a 
solution of 1.092 mg dissolved in 10 ml of 
50% propylene-glycol in phosphate buffer 
~ / 1 5 .  From this stock solution working so- 
lutions of T-0 were prepared in concentra- 
tions of 4 x 8 x 12 x 10-l2, 
16 X and 20 x moles of DL- 
thyronine per 0.1 ml. Monoiodotyrosine and 
D iiodo tyrosine from Nutritional Biochemicals 
were treated in solutions of 4 X and 
8 X 

Sephadex-G-2 5 (filter gel) was obtained 
from the Pharmacia Corporation. Into each 
of five 10 ml Erlenmeyer flasks were added 
2 ml of normal human serum and 0.2 ml of 
DL-T-0 solution in a concentration that cor- 
responds to 2, 4, 6, 8 and 10 times the con- 
centration of the I-131-T-3 to be added later 
to the reference serum. The flasks were 
shaken in an incubator bath for 30 minutes 
at  37°C. Following this, 0.2 ml of the di- 
luted I-131-T-3 solution was added to each 
flask (0.1 ml per ml of serum), and the flasks 
were again iricubated for 30. minutes a t  37°C. 

At  the same time, the reference material 
without T-0 was prepared, which consisted 
of 2 ml of serum from the same individuals 
mixed with 0.2 ml of diluted I-131-T-3 solu- 
tion and 0.2 ml of ~ / 1 5  phosphate buffer 
solution (to give the same volume in all sam- 
ples) and this reference flask was incubated 
along with the other samples. 

After incubation, 1 ml of the reference 
serum was set apart for assay of total activ- 
ity. One ml of all samples including the ref- 
erence was then subjected to gel filtration 

molar in 0.1 ml. 
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through a column of Sephadex-25 in order to 
estimate the in vitro uptake of labeled L-tri- 
iodothyronine (or radio-L-thyroxine) , by the 
serum proteins as described previously (7,8). 
By these means it is possible to separate 3 
active fractions from each sample: radioac- 
tive T-3 or T-4 that remains in the column: 
protein-bound T-3 (I- 13 1 ) [or as protein- 
bound T-4 (I-131)] that is collected in the 
first ml of the eluate after the hold-up vol- 
ume; and free 1-131 that collects in the last 
6 ml portion of the eluate. The activity of 
the free iodide is subtracted from the total 
activity of the standard to obtain the activ- 
ity due to the radioactive T-3 or T-4 alone. 
The amount of radioactive T-3 or T-4 that 
is bound by the serum proteins is then com- 
pared to the corrected reference, and the per- 
centage of uptake of T-3 by the protein un- 
der assay is calculated as described. 

Results. The data (Fig. 1) obtained from 
5 patients (not under treatment for thyroid 

diseases) reveals that there is a significant 
depression in the I- 13 1-T-3 “uptake” (bind- 
ing to the protein) when increasing concen- 
trations of DL-thyronine are added to the 
serum. This competition lowered the “up- 
take” by 12-18p with an average of 15%. 
In the experiments performed using radio-l- 
thyroxine (I- 13 1 ) , DL-thyronine acted as a 
mild competitor (Fig. 2 ) ,  causing a depres- 
sion of the radio-L-thyroxine (1-131) “up- 
take” by the protein in the range of only 
4-7?,. In Fig. 3 are depicted the results ob- 
tained from the competition of 3,5-diiodo, 3‘- 
isopropyl-thyronine (9) (available from Smith 
Kline & French Laboratories) for the bind- 
ing sites of T-3. The lowered “uptake” was 
only 2-5c/o, indicating that this compound is 
a very mild competitor of T-3. While T-0 
and 3,5-diiodo, 3’-isopropyl-thyronine showed 
depression of “uptake,” monoiodo and di- 
iodotyrosine showed no effects. 

The curves in the 3 Figures indicate the 
upper and lower limits of the % of binding 
for each study. The baselines for Fig. 1 and 
2 were from the same group of patients. Each 
baseline was obtained from the average of 
15 determinations using the pooled serum of 
5 euthyroid patients. Baseline for Fig. 3 in- 
cluded 3 patients from the previous group 
and 2 other euthyroid patients. The % aver- 
age range from control was 3.6 with P<.OO1 
for each point. The curves for the competi- 
tive studies were obtained from averages of 
10 determinations for each concentration. In 
Fig. 1, a ‘/. average range from control of 
4.7 with P <.01 was obtained for each point. 
In Fig. 2,  4.8 with P<.Ol. In  Fig. 3, 5.1 
with P<.Ol. 

Discussion. The results depicted in Fig. 1 
indicate that DL-T-0 is capable of compet- 
ing with L-T-3 for some of the binding sites 
on the serum proteins of man. The results 
suggest that the binding of T-0 to the pro- 
tein may be in some respects similar to the 
one exercised by the hormone itself. This 
competition is not augmented by increased 
concentrations of T-0 after an initial Ievel 
of over 1% mole equivalents of T-0 was 
reached. Addition of a 5% solution of tri- 
chloracetic acid precipitates the serum pro- 
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tein still containing the T-0 bound to the 
protein, while with n-butanol it is possible to 
extract most of the “bound” T-0. I t  is also 
seen (Fig. 2) that the binding sites for thy- 
roxine may be of a slightly different type, 
perhaps of a more firm type than the ones 
of T-3; or that T-0 is more like T-3 than 
like T-4 in its binding properties, for T-0 
exhibits a much smaller effect in its competi- 
tion with T-4, occupying fewer of the bind- 
ing sites. This might be because the binding 
sites on serum protein are of a different type 
and have different degrees of retention or 
capacity in their holding of the diphenyl 
ether structures. Studies by others have indi- 
cated( 10) that the thyronine structure is re- 
quired for firm binding by human serum al- 
bumin. The type of binding of T-3 and of 
T-4 to human serum albumin has not been 
fully established (whether physical or chemi- 
cal) yet n-butanol extraction will remove 
these compounds from the protein; therefore 
there is sufficient evidence to suggest that the 
binding may be of a complex physical-chemi- 
cal nature. 

Current work with analogs of T-3 in which 
one of the iodines has been substituted by 
the isopropyl group has been shown to be in 
some physiological parameters more active 
than L-T-3(9). One of the more potent 
among these compounds, 3,5-diiodo-3’-isopro- 
pyl-thyronine, was tested and shown also to 
be a competitor of T-3 when studied in this 
system (Fig. 3) .  

By addition of fractions of mole equivalent 
of the competitor in both T-3 and T-4 “bind- 
ing” testing systems it was possible to obtain 
a slope-curve which was mildly suggestive of 
titration, indicating a possible stoichiometric 
ratio between T-0 and the binding sites ca- 
pable of being occupied by T-3 and T-4. 

The results obtained by comparing Fig. 1 
and 2 support the contention that T-4 might 
be more firmly bound to the serum proteins 

than T-3 ( 11,12,13). 
Summary. 1. It has been shown that DL- 

thyronine competes for the binding sites in 
human serum proteins of both T-3 and T-4 
to the extent of 12-18% for the former and 
4-770 for the latter. 2. I t  thus appears that 
thyroxine is more firmly held to these pro- 
teins than T-3; or that T-0 is more like T-3 
than like T-4 in its binding properties. 3. 
3,5-diiodo-3’-isopropyl-thyronine was also 
shown to be a competitor of T-3 for binding 
sites of serum proteins, although to a much 
lower extent (2-576). Monoiodo and Diiodo- 
tyrosine did not show competition for these 
binding sites. 
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