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The effect  of t r i - iodothyronine  (T3) and IG L on the intensity of incorpora t ion  of L-[14CJtyrosine 
and on the ra te  of p ro te in  synthes is  in the l iver  mi tochondr ia  of thyro idec tomized  ra t s  and on 
the radioact iv i ty  of the amino-ac id  pool in the  l iver  was invest igated.  The intensity of incorpo-  
ra t ion  of L-[14C]tyrosine into pro te ins  in the l iver  mi tochondr ia  of thyro idec tomized  animals  
and the ra te  of p ro te in  synthes is  in them were  found to be only half of the i r  values  in an imals  
undergoing mock  opera t ions .  Adminis t ra t ion  of T 3 or  IGL to thyro idec tomized  ra t s  r e s t o r e d  
pro te in  synthes is  in the l iver  mi tochondr ia  to normal .  IGL had a s i m i l a r  effect  to T 3 on all  
b iochemica l  indices studied. The absence  of thyroid  ho rmones  c i rcula t ing in thyro idec tomized  
an imals  or  admin i s t r a t ion  of T 3 or  IGL to them did not change the radioact iv i ty  of the f r ee  ty-  
ros ine  pool in the l ive r  t i ssue .  KEY WORDS: thyroid  hormones ;  thyroidectomy;  pro te in  syn- 
thes i s  in mitochondria;  amino-ac id  pool; IGL. 

The metabol ica l ly  act ive f o r m  of the molecule  of thyroid  ho rmones  is not yet  known. According to one 
hypothes is  of the m e c h a n i s m  of action of thyroid ho rmones  it is suggested that  these  ho rmones  probably  exer t  
t he i r  action a f t e r  deiodination by means  of iodine ions [1, 4, 5]. This hypothesis  is conf i rmed by exper imenta l  
data  showing that in some cases  iodine ions exhibit  ef fects  cha r ac t e r i s t i c  of thyroid ho rmones  [2, 6, 7]. 

In the invest igat ion desc r ibed  below the effect  of tr i- iodot.hyronine (T 3) and IGL on incorporat ion of 
L-[14C]tyrosine into prote in ,  changes in the in t r ace l lu la r  pool of f r ee  ty ros ine ,  and the r a t e  of prote in  synthe-  
s is  in the mi tochondr ia  of thyro idec tomized  r a t s  was  studied. 

E X P E R I M E N T A L  M A T E R I A L  AND M E T H O D  

Male albino ra t s  25 days old were  thyro idec tomized  surg ica l ly  (To). Control  an imals  underwent a mock 
operat ion.  Exper imen t s  we re  c a r r i e d  out 10 days a f t e r  the operat ion.  An in t raper i tonea l  injection of T 3 (25 
~g /100  g body weight) of IGL in the s ame  dose was given to the an imals  24 h before  the exper iment .  L-[14C] - 
ty ros ine  (20 ~Ci /100  g body weight, specif ic  act ivi ty 125 ~ C i / m m o l e )  was injected in t raper i tonea l ly  5, 15, 30, 
o r  60 rain be fo re  decapi ta t ion of the an imals .  The l iver  of the control  and exper imenta l  r a t s  was homogenized 
in medium consis t ing of 0.25 M sucrose ,  0.05 M KC1, 0.01 M MgC12, and 0.005 M T r i s - H C l  (pH 7.6). The 
nuclei  we re  i so la ted  f r o m  the homogenate  by centrffugat ion fo r  10 rain at 600g. The mi tochondr ia  we re  iso-  
lated at 8500 g by centrffugat ion for  10 rain and washed th ree  t imes  in the i so la t ionmedium.  

The radioact iv i ty  of the mi tochondr ia l  p ro te in  was de te rmined  by the method of Mans and Novelli [8] and 
p ro te in  was de te rmined  by the method of Lowry et  al. [9]. The radioact iv i ty  of the samples  was m e a s u r e d  on 
a P a c k a r d  T r i c a r b  S p e c t r o m e t e r  Model 3320 scint i l la t ion counter ,  using a scint i l la t ion fluid containing PPO 
(2,5-diphenyloxazole),  POPOP (1 ,4-di -5-phenyloxazolyl ) -benzene,  dioxan, and naphthalene. 

The ty ros ine  pool was analyzed by a combined method: to begin with the radioact iv i ty  of f r ee  L-[14C] - 
t y ros ine  contained in the l iver  t i s sue  was de te rmined ,  a f te r  which the total  quantity of f r ee  ty ros ine  in the 
l ive r  was es t imated .  The ana lyses  were  c a r r i e d  out as follows: 1 g l i v e r  was homogenized in 1 ml  water .  
The homogenate  was t r ea t ed  with 1 ml  of 10% HCIO 4 and centr i fuged at 10,000g for  10 rain. The prec ip i ta te  
was ex t rac ted  twice with 5% HC104. All the cell  ex t r ac t s  were  pooled and then used for  analys is .  The total  
volume of the s am p l e s  was made up to 4 ml. The p rec ip i t a te  was used to de te rmine  the pro te in  content by the 
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Fig. I. Kinetics of incorporation of L-[14C]tyrosine into mitochondrial proteins of rat liver 
in vivo. Here and in Figs. 2 and 3:17 animals undergoing mock operation (control}; 27 thy- 
roidectomized (T 0) animals; 31 T o + Ts; 47 T o + IGL. 

Fig. 2. Changes in radioactivity of free tyrosine pool in rat liver. 
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Fig. 3. Kinetics of prote in  synthesis  in vivo 
in l iver  mitochondria  of ra t s  of different  ex- 
per imenta l  groups.  

method of Lowry et aL [9]. The radioact ivi ty  of f r ee  L.[14C]tyrosine was measured  by the method of Mans and 
Novelli  [8] and calculated in c p m / m g  pro te in  of total l iver  t issue.  The total quantity of tyros ine  (labeled and 
nonradioactive7 in the t i s sue  was de te rmined  chromatographica l ly  [3] and expressed  in /~g/rng protein.  The 
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radioactivity of the f ree  tyrosine pool was character ized by the specific activity (SA) of this amino acid and ex- 
pressed in c pm/~g  f ree  tyrosine present  in the tissue. All values were expressed relative to 1 mg liver 
protein. 

The rate of protein synthesis was estimated from the relative specific radioactivity (RSA), calculated 
from the ratio between SA of the protein after  incorporation of L-[14C]tyrosine (in c p m / m g  protein) and the ra-  
dioactivity of the f ree  tyrosine P0ol (SA of tyrosine): 

RSA = SA of protein x 100 
SA of tyrosine " 

The results reflecting the kinetics of incorporation of L-[14C]tyrosine after 5, 15, 30, and 60 min into mi- 
tochondrial proteins of the control and thyroidectomized animals (untreated, or after receiving injections of T 3 
or  IGL) are  given in Fig. 1. Kinetic curves of incorporation of the p recursor  into mitochondrial proteins in all 
experimental groups were parabolic in character .  The radioactivity of proteins in the liver mitochondria of ani- 
mals undergoing the mock operation and of the thyroidectomized rats reached a maximum 30 min after injec- 
tion of L-[14C]tyrosine. In thyroidectomized animals treated with T 3 or IGL incorporation reached a maximum 
after only 15 rain. The rate of incorporation of the p recu r so r  into liver mitochondrial proteins of the thyroidec- 
tomized rats  was reduced by almost half compared with the rate in animals undergoing the mock operation. 
Administration of T 3 or  IGL to the thyroidectomized animals res tored the normal rate of incorporation of 
L-[14C]tyrosine in these animals. 

Action of T 3 and IGL on Amino-Acid Pool in Liver  Cells. Graphs reflecting the effect of thyroidectomy 
and injection of T 3 or IGL on the radioactivity of the tyrosine pool in the liver are illustrated in Fig. 2. The re -  
sults show that SA of f ree  tyrosine in the liver of animals undergoing the mock operation and thyroidectomized 
rats reached a maximum 30 min after  injection of labeled tyrosine. Meanwhile, in the animals receiving T3 or 
IGL, SA of tyrosine reached amaximum at the f i r s t  t ime of investigation, namely 15 min after injection of the 
p recursor ,  and its value was a little lower after  30 min. 

The maximum of incorporation of L-[14C]tyrosine into mitochondrial proteins of the liver and the maxi- 
mum of radioactivity of the free  tyrosine pool of the liver thus coincided (compare Figs. 1 and 2). These cor-  
relations were almost unchanged ei ther  by thyroidectomy or  by administration of T 3 or  IGL to the thyroidec- 
tomized animals. Consequently, the difference in the rate of incorporation of the radioactive p recursor  into 
protein was due not to changes in the radioactivity of the f ree  tyrosine pool, but to disturbances in the activity 
of the protein-synthesizing system of the cell. 

Effect of T~ and IGL on Protein Synthesis. After determination of SA of the mitochondrial proteins of the 
l iver during incorporation of L-[~4C ]tyros ine and also the radioactivity of the free tyros ine pool in the liver 
cells, it was then possible to calculate the rate of protein synthesis in the subcellular particles of the l iver of 
the thyroidectomized animals and the effects of thyroid hormones and iodine ions on this process.  The results 
reflecting the kinetics of protein synthesis in the liver mitochondria of the rats are  given in Fig. 3. The graphs 
show that the rate of the protein synthesis in the mitochondria of the thyroidectomized rats was about half that 
in the subcellular part ic les  of the liver of animals undergoing the mock operation. Administration of T3, like 
that of IGL, stimulated protein synthesis in the liver mitochondria of the thyroidectomized rats.  It is interest-  
ing to note that, as reflected in all the biochemical indices studied, the mechanism of action of iodine ions was 
analogous to that of tri-iodothyronine. The mechanism of the thyroxine-like effect of iodine ions is not clear.  
Nor is the molecular mechanism of action of T 3 on intracellular protein synthesis clear.  

Iodination of aromatic amino acids assumes part icular  importance in the light of data in the l i terature 
showing that peptides rich in tyrosine and other  aromatic amino acids can interact actively with bases in the 
DNA molecule, intruding between them and stabilizing the s tructure of the DNA [10-12]. Interaction between 
tyros ine-r ich  peptides and DNA and their  stabilizing effect are perhaps due to conjugation of the 7r-electron 
system and the presence of atoms acting as electron donors. The introduction of an electron-acceptor  atom 
such as iodine into this system, and iodination of tyrosyl  residues completely abolish the stabilizing effect of 
these peptides [12 ]. It can thus be tentatively suggested that the iodination of residues of aromatic amino acids 
in the proteins bound with DNA may lead to events directly influencing its transcription activity. 
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Reserp ine- l ike  substances were  found to be synthesized in homogenates,  mic rosomes ,  and 
cytosol  f rom var ious  human and animal t i ssues  with the util ization of acetate,  methyl groups of 
S-adenosylmethionine,  tryptophan, r e se rp ine ,  etc. ,  as p r e c u r s o r s .  It is suggested that endo- 
genous r e se rp ine - l i ke  substances par t ic ipa te  in the autoregulat ion of the levels of f ree  and 
bbund biogenic amines.  KEY WORDS: endogenous r e se rp ine - l ike  substances; biosynthesis;  
biogenic amines.  

Cer ta in  pharmacologica l  agents are  known to be able to reduce the r e s e r v e s  of biogenic amines in neuron 
t e rmina l s .  These  substances include, fo r  example,  guanethidine, 6-hydroxydopamine,  and re se rp ine  [3]. The 
last  of the th ree  has been well  studied and is an alkaloid of indole type produced by cer ta in  species  of t ropica l  
plants.  Reserpine  induces exhaustion of catecholamine depots as a resul t  of blockade of the Mg-ATP-ac t iva ted  
sys tem responsib le  for  the i r  uptake at the level  of adrenerg ic  r e s e r v e  granules  [4, 6]. Exogenous rese rp ine ,  
adminis te red  to an animal,  has been shown [5] tobind with specif ic  r ecep to r s  on the membranes  of catechol-  
amine-containing granules  in nerve  endings and in the adrenals .  

The wr i t e r s  showed previous ly  that the human and animal myocard ium contains endogenous substances 
s imi l a r  to but not identical with r e se rp ine  [1]. 

The object of this investigation was to continue the study of the pathways of biosynthesis  of resp ine- l ike  
substances of animal origin, to which the name "enderpines, ,  o r  ', RP-fract ion' ,  was given. 

E X P E R I M E N T A L  M E T H O D  

The substances to be studied were  isolated f rom animal t i ssues  by the method descr ibed  previously  [1]. 
The intensity of f luorescence  of the enderpines  was measu red  on the Aminco-  Bowman (USA) ins t ruments .  
Tissue  homogenates  (ground with quartz  sand for  5 min) and also f resh ly  isolated cytosol  and m i c r o s o m e s  
the r a t  l i ve r  were  used as the enzyme sys tems .  F o r  the cytosol  and m i c r o s o m e s  the incubation sys tem [7] 
suggested prev ious ly  was used;  i ts  composit ion was as follows (2 ml): 6 #M ATP,  0.4 /~M coenzyme A, 4 #M 
MgC12, 2 #M NaF, 0.4 /~M dithiothrei tol  in 0.2 M Tris-HC1 buffer ,  pH 7.2, prote in  concentrat ion 0.5 m g / m l .  
The control led enzyme reac t ion  was s ta r ted  by the addition of 200 #1 of the given labeled subs t ra tes  and in-  

Department of Human Cardiovascular Pathology, All-Union Cardiological Scientific Center, Academy of 
Medical Sciences of the USSR, Moscow. (Presented by Academician of the Academy of Medical Sciences of the 
USSR E. I. Chazov.) Trans la ted  f rom Byulleten'  ]~ksperimental 'noi Biologii i Meditsiny, Vol. 86, No. 8, pp. 
170-172, August, 1978. Original a r t ic le  submitted January 6, 1978. 

0007-4888/78/8608-1023 $07.50 �9 1979 Plenum Publishing Corporat ion 1023 


