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SUMMARY 

When  hydrochloric acid is added to an isoelectric solution of ovalbumin in a dilatometer an 
expansion of about  i i ml per bound proton is observed. The expansion is caused by  the neutrali-  
zation of carboxylate ions by protons (WEBER AND NACHMANSOHN). A similar experiment with  
bovine serum albumin yields much smaller expansions when the pH is below 4, where the optical 
ro ta t ion and the  viscosity also undergo anomalous changes. Evident ly  the molecular changes 
t h a t  occur below pH 4, bring about  a decrease in the  part ial  specific volume, ~, similar to tha t  
observed in protein denaturat ion,  and this  decrease ill ~ is superimposed on the increase in ~ tha t  
normally occurs when carboxylate ions are discharged by protons. I t  is significant, however, 
t ha t  whereas o. 15 M potassium chloride almost completely eliminates the  optical rota t ion change 
below pH 4, i t  is much less effective in prevent ing the anomalous contr ibut ion to ~. This fact 
raises questions about  the  hypothesis of protein s tructure recently made by WANG AND IDoTY. 

REFERENCES 

1 K. LINDERSTROM-LANG AND C. F. JACOBSEN, Compt. rend. tray. lab. Carlsberg, Sdr. chim., 24 
(1941) I. 

2 L. KORSGAARI) CHRISTENSEN, Compt. rend. tray. lab. Carlsberg, S~r. chim., 28 (1952) 37. 
a R. B. SIMPSON AND W. KAUZMANN, J. Am. Chem. Soc., 75 (1953) 5143 . 
4 p. A. CHARLWOOD, J. Am.  Chem. Soc., 79 (1957) 776. 
5 H. H. WEBER AND D. NACHMANSOHN, Biochem. Z., 204 (1929) 215. 
6 H. H. WEBER, Biochem. Z., 218 (193 o) i .  
7 K. LINDERSTROM-LANG, in K. MYRB.X, CK AND E. BAUMAN, Methoden der Enzym/orschung, 

Leipzig, 194 o, p. 97 o. 
s A. JOHANSEN AND J. E. THYGESEN, Compt. rend. tray. lab. Carlsberg, S~r. chim., 26 (1948) 369. 
a G. JOHANSEN, Compt. rend. tray. lab. Carlsberg, S~r. chim., 26 (1948) 399. 

10 j .  T. WANG AND J. F. FOSTER, J. Am. Chem. Soc., 76 (1954) 1588. 
11 M. E. REICHMAN AND P. A. CHARLWOOD, Can. ].  Chem., 32 (1954) lO92. 
12 C. TANFORD, S. A. SWANSON AND W. S. SNORE, J.  Am.  Chem. Soc., 77 (1955) 6453. 
la R. J. GIBBS, M. BIER AND F. F. NORD, Arch. Biochem. Biophys., 35 (1952) 216. 
14 B. LEVEDAHL, H. K. FRENSDORFF AND W. KAUZMANN, in prepara t ion .  
15 j .  T. WANG AND P. DOTY, J. Am. Chem. Soc., 79 (1957) 761. 

Received August 2Ist, 1957 

A C E L L U L A R  T H Y R O X I N E - B I N D I N G  P R O T E I N  F R A C T I O N  

JAMSHED R. TATA* 

NationalInst i tute  /or Medical Research, Mil l  Hill, London (England) 

T h e  o b s e r v a t i o n  of GORDON, GROSS, O'CONNOR AND PiTT-RIVERS 1 t h a t  t h y r o x i n e  is 

b o u n d  to  a spec i f ic  s e r u m  p r o t e i n  f r a c t i o n  i n  m a n ,  h a s  b e e n  fo l l owed  b y  e x t e n s i v e  

w o r k  o n  d i v e r s e  a s p e c t s  of  t h i s  b i n d i n g  s, a. T h e  speci f ic  p r o t e i n  f r a c t i o n  h a s  a lso  b e e n  

d e t e c t e d  i n  t h e  b l o o d  of  v a r i o u s  m a m m a l s  a n d  r e p t i l e s  a n d  i n  o t h e r  h u m a n  e x t r a -  

ce l lu l a r  f lu ids  *, 4. I t  is  c o m m o n l y  r e f e r r e d  t o  as  t h y r o x i n e - b i n d i n g  p r o t e i n  o r  T B P .  

T h i s  p r o t e i n  f r a c t i o n  h a s  t h e  s a m e  e l e c t r o p h o r e t i c  m o b i l i t y  as  s e r u m  a - g l o b u l i n  a n d  

is a lso  c a p a b l e  of  b i n d i n g  3 : 5 : 3 ' - t r i i o d o - L - t h y r o n i n e  a n d  s t r u c t u r a l l y  r e l a t e d  s u b -  
s t a n c e s  to  a l esse r  degree .  W h e n  t h e  t h y r o i d  h o r m o n e s  a re  a d d e d  in  l a r g e r  a m o u n t s  

t h e y  a r e  t h e n  " s p i l l e d  o v e r "  a n d  b o u n d  t o  s e r u m  a l b u m i n .  B u t ,  o n  t h e  o t h e r  h a n d ,  

e x c e p t  for  t h e  p r e c i p i t a t i o n  of  t i s s u e  i o d i n e  w i t h  p r o t e i n s ,  o n l y  v e r y  l i t t l e  is k n o w n  
as y e t  a b o u t  t h e  i n t e r a c t i o n  b e t w e e n  t h y r o i d  h o r m o n e s  a n d  t i s s u e  p r o t e i n s  4, ~. T h i s  
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repor t  is concerned wi th  present ing  evidence for the  presence of a specific t issue 
prote in  (different from serum TBP)  t ha t  is capable, of b inding  thyroxine .  R a t  and  
rabb i t  skeletal  muscle, l iver,  k idney ,  and  bra in  were examined ;  more  de ta i led  exper i -  
men t s  per formed with ra t  muscle  ex t rac t s  are descr ibed below. 

F r a g m e n t s  of ra t  skele ta l  muscle,  washed to remove adher ing  blood,  were 
homogenized in a med ium of low ionic s t reng th  (o.I M phospha te  buffer, p H  6.8) 
using I g tissue/3 ml  buffer. Af te r  cent r i fugat ion  of the  cell-free suspension a t  
2o,ooo ,. g for 3o min, the  s u p e r n a t a n t  fluid was d ia lyzed  agains t  o.o5 M phospha te  
buffer (pH 6.8) for 2 4 h at  o -2  °. The  d ia lysa te ,  af ter  r emova l  of the  sediment ,  
conta ined 7-IO mg pro te in /ml  and  cons t i tu ted  the  e x t r a c t . u s e d  for e lec t rophoret ic  
and o ther  studies.  

Prote ins  of the  muscle ex t rac t  were f rac t iona ted  b y  paper  ( W h a t m a n  No. 3) 
eh 'ctroptmresis  following the add i t ion  of small  amoun t s  of t - t h y r o x i n e  labe l led .wi th  
~:~1. ()f many  butters t r ied  for this  f rac t iona t ion  the most  sui table  was the  v e r o n a l -  
ace ta te  KCI buffer descr ibed b y  I{OTTER, LENz aND PRANDL 5. Recordings  of 
d i s t r ibu t ion  on paper  s t r ips  of r ad ioac t i v i t y  from thyrox ine  are shown in Fig.  I,  
where the condi t ions  of e lectrophoresis  are also described.  

Thyrox ine  alone, which shows no apprec iab le  e lec t rophore t ic  mob i l i t y  (Fig. IA),  
is found to migra te  towards  the anode in the  presence of muscle ex t rac t  (Figs. I B  
and C). The posi t ion of the f ract ion of mobile  thy rox ine  on the  s t r ip  corresponds to 
a posi t ion in t e rmed ia te  to tha t  of f ract ions ' T '  and " m "  of Group  I of the  g lobular  
muscle prote ins  ~,7,a. The r a d i o a c t i v i t y  remain ing  immobi le  in the  presence of muscle 
ex t rac t  is considered to represent  " f ree"  or non-p ro te in -bound  thyroxine .  The amoun t  
of thyrox ine  accompanying  the muscle protein(s) in Fig, I,  B and C is de te rmined  
by  the concent ra t ion  of this hormone.  A high sens i t iv i ty  of p ro te in -b ind ing  to the  
concent ra t ion  of the subs tance  bound  is here observed.  The difference between the 
ce lhdar  and ex t race l lu la r  t hy rox ine -b ind ing  prote ins  is appa ren t  from a compar ison 
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Fig. i. Radioactivity distribution in electropherograms 
of 131I-labelled L-thyroxine added to rat skeletal-muscle 
extract and rat serum. Electrophoresis with veronal 
acetate KC1 buffer, /~ = o.I, pH 7.4; 7V/cm for 7.5 h. 
Horizontal strip at top of the figure shows distribution 
of rat serum al-, a2-, fl- and y-globulins, and albumin 
under these conditions of electrophoresis. Vertical arrows 
indicate the points of application of samples. 

A : L-tbyroxine alone; 
B: Muscle extract + L-thyroxine (3.5' IO-S l~i) ; 
C : Muscle extract q- L-thyroxine (7.o" IO -s M) ; 
D: Rat serum + L-thyroxine (6.o' io -s M). 
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be tween  s t r ips  B and  C and  s t r ip  D, the  lalI  peak  in the  l a t t e r  ind ica t ing  the  m o b i l i t y  
of r a t  serum TBP .  I n  m a n y  ex t rac t s  bo th  t hy rox ine -b ind ing  p ro te in  f ract ions were 
present  in the  same sample  owing to i nadequa t e  washing  of the  t issue pr ior  to ex- 
t rac t ion .  Chromatograph ic  analys is  p roved  t h a t  all  the  r ad ioac t ive  peaks  seen in 
Fig .  I r epresen ted  thyroxine .  

T h e  effect of an  increase  in the  concen t ra t ion  of a d d e d  thy rox ine  on i ts  dis tr i -  
bu t i on  be tween  the  p ro t e in -bound  and  " f ree"  forms became even more  obvious when 
dia lys is  and  t r ich lorace t ic  ac id  (TCA) p rec ip i t a t ion  of p ro te ins  were carr ied out.  The  
agreement  in resul ts  o b t a i n e d  b y  the  three  different  me thods  can be seen in Table  I. 

TABLE I 
C A P A C I T Y  F O R  P R O T E I N - B I N D I N G  OF 1 8 1 I - L A B E L L E D  L - T H Y R O X I N E  

IN RAT SKELETAL-MUSCLE EXTRACT (8.2 rng PROTEIN/ml) 

Comentration % 13~I protein-bound alter 
ol L-tkyroxine 

X zo -7 M Electropkomsis Dialysis TCA precipitation 

0.25 84.4 89.7 94.1 
0.40 8o.1 87.6 95-3 
0.80 57.8 66.5 70.0 
1.5o 31.3 4 °.6 38.5 
2.50 12.o 19.9 23.4 
5.00 6.6 12. 5 16.o 

The  fact  t h a t  an increase in t hy rox ine  concent ra t ion  from 5" 10-8 ~ r  to 2 .10 _7 M 
resul ted  in the  s a tu ra t i on  of the  b ind ing  protein(s)  indica tes  e i ther  (a) a re la t ive ly  
low aff ini ty  of cel lular  T B P  for thyrox ine ,  or (b) a feeble concen t ra t ion  of this  pro te in  
f rac t ion in the  ex t rac t .  (The amoun t  of t hy rox ine  b o u n d / m g  pro te in  was, however,  
h igher  in the  ex t r ac t  t han  in the  crude homogenate . )  The concen t ra t ion  of non- 
r ad ioac t ive  t hy rox ine  a l r eady  present  in muscle is not  known,  bu t  from o ther  s tudies  5 
i t  could be assumed  to be in the  order  of 10-9-10 - l°  M.  B y  compar ison,  in ra t  serum 
thy rox ine  was found to be p ro t e in -bound  (either to serum T B P  or a lbumin)  up to 
a concen t ra t ion  of 5" 10-8 M. In  Table  I, the  higher  values  for p ro te in -bound  thy rox ine  
found b y  dia lys is  and  TCA prec ip i t a t ion  seem to ind ica te  tha t  a small  f ract ion of 
wha t  a p p e a r e d  to be " f ree"  thy rox ine  could have  been bound  to ano ther  muscle 
p ro te in  f rac t ion t h a t  is e lec t rophore t ica l ly  immobile .  

The  add i t i on  of increas ing amount s  of ra t  serum to samples  of muscle  ex t rac t s  
conta in ing  a t race  a m o u n t  of r ad io thy rox ine  fur ther  i l lus t ra ted  the  re la t ive ly  feeble 
t hy rox ine -b ind ing  power  of cel lular  T B P  (Table I I ) .  

TABLE II 
E F F E C T  OF A D D I N G  I N C R E A S I N G  A M O U N T S  OF R A T  S E R U M  TO M U S C L E  E X T R A C T S  C O N T A I N I N G  A D D E D  

l a l I - L A B E L L E D  L - T H Y R O X I N E  ( 4 . 0 "  I O  8 ,~J) ,  AS M E A S U R E D  B Y  P A P E R  E L E C T R O P H O R E S I S  

Final diln. % o] 131I distributed in/factions 

ol serum "Free" Tissue T B P  Serum T B P  

- -  21.o 79.0 - -  
I : 2  5 1 4 . o  6 3 . 2  I 4 . 8  

I : 1 5  8 .  7 5 1 . 1  4 0 . 2  
I : I O  3 . 2  3 6 . 0  6 1 . 8  

i : 5 0.8 2.6 96.6 
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A transfer  of thyroxine  from cellular T B P  to the serum T B P  is thus brought  
about .  This t ransfer  is almost total,  even at  a final serum di lut ion of 1: 7, a di lut ion 
at which serum and muscle-protein concentra t ions  are almost equal. This  difference 
in  b ind ing  power or capaci ty  between the specific protein fractions could be an 
impor t an t  reason for the low concentra t ion  of iodine found in skeletal muscle. I t  
would also explain fur ther  the recent ly  observed inh ib i t ion  of up take  of thyroxine  
and t r i iodothyronine  by  tissue slices in the presence of serum, serum TBP,  or serum 
a lbumin  4, 5. 

As with serum proteins, t r i iodothyronine  was much  less firmly bound  to cellular 
proteins than  was t h y r o x i n e - - a n  impor t an t  fact in considering the more rapid dis- 
appearance i n  vivo of t r i iodothyronine  from both  serum and  tissues. A similar cellular 
T B P  was found in rabbi t  skeletal-muscle extract ,  bu t  the presence of blood in liver, 
kidney,  and  bra in  rendered its detect ion difficult in these tissues. I t  was possible to 
isolate small  quant i t ies  of ra t  and  rabbi t  muscle T B P  by  electrophoresis of extracts 
on cellulose columns. None of the experiments  here described gives any  indicat ion 
of the homogenei ty  of the T B P  fraction in muscle. 

Studies of a more quan t i t a t i ve  'nature are necessary for de termining  a more 
precise physiological significance of cellular thyrox ine-b ind ing  protein.  In  this respect, 
the effect of this protein  fraction on thyroxine  "deiodinase" is of interest.  Enzyme  
ac t iv i ty  of rat  muscle "deiodinase" preparat ions  was non-compet i t ive ly  inhibi ted by  
the addi t ion  of electrophoretically isolated rat-muscle  TBP,  the inhibi t ion  being 
directly proport ional  to the fraction of thyroxine  bound  to cellular T B P  9. This inter-  
action suggests a role for cellular thyrox ine-b ind ing  protein  in  the regulat ion of the 
intracel lular  level of thyroid  hormones by  control l ing their  avai labi l i ty  to enzymes 
in the cell. 

SUMMARY 

Evidence is presented of the existence of a protein fraction in rat skeletal muscle that is capable 
of binding L-thyroxine and 3 : 5 : 3'-triiodo-L-thyronine in physiological concentrations. As revealed 
by electrophoretic analysis, the specific protein fraction has a mobility intermediate between 
those of fractions ' T '  and "m" of globular muscle proteins. The cellular thyroxine-binding protein 
has both lower affinity and lower capacity for binding of thyroid hormones than that of serum 
thyroxine-binding protein or of serum albumin. 
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