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C H A R A C T E R I S T I C S  O F  S T E R O I D  H O R M O N E  B I N D I N G  

S Y S T E M S  I N  H E P A T O C Y T E  P L A S M A  M E M B R A N E S  

Y u .  P .  D e n i s o v ,  P .  V .  S e r g e e v ,  
N. P .  S a k s o n o v ,  a n d  G .  V.  S h u t k o  
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P a r a m e t e r s  of binding of cor t i sone  and es t rad io l  to p l a s m a  m e m b r a n e s  of r a t  hepatocytes  were  
studied by the method of liquid scint i l la t ion r ad iome t ry .  The p r e s e n c e  of two s y s t e m s  for  the 
binding of these ho rmones  in the m e m b r a n e s  was demons t ra ted .  One s y s t e m  is specif ic  (sa tur-  
able) and binds hormones  in physiological  concent ra t ions .  The capaci ty  and affinity of this s y s -  
t em for  cor t i sone  a re  s ignif icant ly h igher  than for  es t rad io l .  The binding p a r a m e t e r s  within 
the t e m p e r a t u r e  range f r o m  4 to 37~ for  cor t i sone and es t rad io l  r e spec t ive ly  a r e :  Dissoc i -  
ation constant  2.1-3 and 2.7-4.5 riM, number  of binding s i tes  2-2.4 and 0.14-0.18 n m o l e s / m g  
prote in .  Exper imen t s  with p - e h l o r o m e r c u r i b e n z o a t e  demons t r a t e  the role  of p ro te ins  in the 
working of this sys t em.  The second (unsaturable) s y s t e m  is nonspeeifie and its function is 
de te rmined  by the lipid component  of the m e m b r a n e s .  The affinity of co r t i cos t e ro ids  for  
hepatoeytes  is probably  due to the act ivi ty  of the (saturable) specif ic  s y s t e m  of the plasIna 
m e m b r a n e s  of these cei ls .  

KEY WORDS: p l a s m a  m e m b r a n e s ;  s te ro id  hormones ;  binding sy s t ems ;  binding p a r a m e t e r s .  

An impor tan t  role  in the rea l iza t ion  of the action of s teroid  hormones  on the cell is a sc r ibed  to its m e m -  
branous  s t r u c t u r e s  and, in pa r t i cu la r ,  the m e m b r a n e s  of the in t r ace l lu la r  o rgane l l es .  Meanwhile one of the 
fac to r s  l imit ing the en t ry  of s t e ro ids  into the cell, t r a n s p o r t  through the p l a s m a  m e m b r a n e ,  st i l l  r ema in s  
v i r tua l ly  unknown. Only recen t ly  has evidence been obtained that  the act ion of s teroid  hormones  is mediated 
through the i r  speci f ic  binding to the p l a s m a  m e m b r a n e s  [1, 5-7]. In the p r e sen t  w r i t e r s '  opinion, this binding 
in hepatoeyte m e m b r a n e s  is due to the functioning of a m e m b r a n e  s y s t e m  which has been called the " s y s t e m  
of p r e f e r e n c e  fo r  co r t i eos t e ro ids  ~ [2]. 

The invest igat ion descr ibed  below was devoted to a study of ce r t a in  p a r a m e t e r s  of the functioning of 
this sy s t em.  

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

P l a s m a  m e m b r a n e s  were  isolated by the method of Dorling and Le Page [3] f r o m  the l i ve r  of female  
albino ra t s  weighing 150-200 g. The pur i ty  of the m e m b r a n e  f rac t ion  was ver i f ied by de te rmin ing  act ivi ty  of 
the m a r k e r  enzyme 5 ' -nue leo t idase  [4] and e l e c t r o n - m i c r o s c o p i c a l l y .  Steroid hormones  (eor t i sone- l ,2 -3H 
and es t radio l -6 ,7-3H,  f r o m  IRA) were  incubated with a suspension of m e m b r a n e s  (protein concentra t ion 200 
#g/ml) for  1 h. Af ter  sedimenta t ion  of the m e m b r a n e s  on the VAC-601 centr i fuge the superna tant  was sampled  
in doses  of 0.1 mi  for  scint[I lat[on ana lys i s  on the Inter technique (France) appara tus .  The SH-groups of the 
m e m b r a n e  pro te ins  we re  blocked by p - e h l o r o m e r e u r i b e n z o a t e  (PCMB). The resu l t s  were  subjected to s t a t i s -  
t ical  ana lys is  by Student 's  method. 
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Fig. 1. Binding of cor t t sone- l ,2 -3H and es t rad io l -6 ,7-  
3H by plasma membranes  (PM) Of hepatocytes and role 
of saturable and unsaturable components in this p rocess :  
a) binding of eor t i sone- l ,2-3H and estradiol-6,7-3H by 
PM as a function of concentrat ion of free hormones .  In- 
cubation tempera ture  t ~ = 20~ MC 0) total quan- 
tity of bound hormone, Ch) its free concentration, b) 
Graphic analysts  of binding of cor t i sone- l ,2-3H by PM. 
1) as in Fig. la; 2) quantity of cort isone bound 
by unsaturable sys tem (MC1); 3) quantity of cort isone 
bound by saturable sys t em (MC2). 

TABLE 1. Effect of Tempera ture  on P a r a m ,  
e ters  of Hormone Binding by Hepatoeyte Plasma 
Membranes 

Hormone 

US -4  
Zemp.,l bo 10 10 -~ M0 
C liter/mg M mole/rag 

I 
Cortisone 270 0,75 2, [ 2,0 

1,60 2,4 2, I 
37 2,50 3,0 2,4 

Estradiol 4 0,70 2,7 0,14 
20 1,70 3,6 O, 16 
.~ 2,50 4.5 0,18 

K us~ Binding constant of unsaturable Legend. bc I 
system,  KS. s ) dissociat ion constant of saturable 

f l  I S 
system,  M 0) number of binding sites of saturable 
sys tem.  

E X P E R I M E N T A L  R E S U L T S  

The study of binding of cort isone and estradiol  by hepatocyte membranes  showed that its eha rac te rd i f fe r s  
for  these two hormones  (Fig. la). Compared with estradtol ,  cort isone is bound more  abundantly, especial ly in 
the region of low concentrat ions,  The binding curves were nonlinear up to a concentrat ion of 2 • 10 -8 M. With 
an increase  in the concentrat ion of cort isone and estrad[ol  in the medium the ratio of the quantity of the fo rmer  
to that of the la t ter  absorbed fell and approached 1. Analysis of the curves shows that each of them can be rep-  
resented by two components,  one of which (a straight  line) charac te r i zes  the process  of f ree  diffusion of the 
hormone into the lipid phase of the membrane ,  while the other  charac te r izes  specific binding of the hormone.  
This analysis  was car r ied  out graphical ly  and is indicated in Fig. lb for cor t isone,  The continuation of the 
l inear  par t  of the curve,  charac ter iz ing  dependence of the quantity of bound and free hormone, to the ordinate 
gives the number of binding sites of the specific (saturable) system.  The tangent of the angle of slope of this 
straight  line charac te r i zes  the "binding constant" of the unsaturable system, which is in fact  the part i t ion co- 
efficient of the hormone in a l i p i d - w a t e r  sys t em in the assigned concentrat ion of membranes  (as protein). This 
constant  for cor t isone was 1.6• 10 -4 l i te r / rag  prote in  and for  estradiol  1.7 • 10 -4 l i t e r /mg .  The difference be- 
tween the total quantity of bound hormone and the quantity taken up by the unsaturable sys tem gives the quantity 
of hormone accumulated by the specific (saturable) binding sys tem.  The resul ts  of this analysis are  given in 
Fig. 2a. Clear ly  the saturable sys tem of the p lasma membranes  of the hepatoeytes had more  than 10 t imes 
the affinity for cort isone than for estradiol .  Analysis by Scatchard plots (Fig. 2b) gave values of the binding 
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Fig. 2. Binding of eor t i sone- l ,2-3H and estradiol-6,7-3H by saturable sys-  
tem of hepatocyte PM. a) Binding of cor t i sone- l ,2-3H and es t rad io l -6 ,7-  
3H by saturable sys tem as a function of concentrat ion of free hormones;  
t o = 20~ Legend as in Fig. lb. b) Values f rom Fig. 2a t ransformed to 
Scatchard plot. Legend as in Fig. lb; M0) number of binding sites for co r -  
responding hormone.  

Fig. 3. Charac te r  of binding of labeled cort isone (1) and estradiol  (4) in 
presence  of unlabeled cort isone and estradiol  (100 x 10 -9 M of each). 2, 3) 
Binding of labeled cort isone in presence  of unlabeled estradiol  and cort isone 
respect ively;  5, 6) binding of labeled estradiol  in presence  of unlabeled co r -  
tisone and estradiol  respect ively .  Legend as in Figs. 1 and 2. t0=20~ 

pa rame te r s  for cor t isone and est radiol :  The dissociat ion constant and the number of binding sites for the 
f o r m e r  were 2.4 • 10-SM and 2.12 x 10 -9 mole / rag  protein, and for  the lat ter  3.5 x 10-gM and 0.16 x 10 -9 mole /  
nag respect ively .  

The process  of binding of estradiol  and cort isone is tempera ture  dependent; as Table 1 shows, both sys-  
tems of hormone binding, especial ly the unsaturable system, are  sensitive to changes of tempera ture .  

To detect the specif ici ty of hormone binding by the p lasma membranes  (by their  saturable systems)  ex- 
per iments  were ca r r i ed  out with unlabeIed analogs of cort isone and estradiol .  It witI be c lear  f rom Fig. 3a 
that in the presence  of I x 10 -7 M cort isone the quantity of labeled cort isone bound with the saturable sys tem 
fell sharply;  a s imi la r  relationship was observed during incubation of labeled estradiol  with membranes  in the 
presence  of unlabeled estradiol .  In the case of crossed incubation (eort isone-l ,2-3H +estradiol  and es t radiol -  
6,7-3H +cort isone) only a very small  change in binding was found. Analysi~ of the cha rac t e r  of interaction be- 
tween the hormones (plotting the resul ts  between modified L i n e w e a v e r - B u r k  coordinates) showed that labeled 
and unlabeled forms of hormones compete for binding sites in the membrane;  interaction between a pair  of 
analogs is competit ive in character ,  whereas  interaction between a pair  of "c rossed"  hormones is of the non- 
competitive inhibition type. 

Binding of the test  hormones was considerably reduced also by t rea tment  of the membranes  with PCMB, 
which blocks SH groups.  For  instance, the number of binding sites of the saturable sys tem was changed by the 
action of this compound in a concentrat ion of 1 mM (at 20~ f rom 2.1 x 10 -9 to 1.1 x 10 -9 mole /g  (cortisone) 
and f rom 0.16x 10 -~ to 0.10x 10 -9 mole /g  (estradiol), i.e., it was reduced by a lmost  half. Since P C ~ B  inter-  
acts specif ical ly only with SH-containlng proteins,  it can be tentatively suggested that it is these proteins which 
a re  components of the saturable sys tem for binding of steroid hormones to hepatocyte plasma membranes .  
It is instruct ive that t rea tment  of the membranes  with PCMB did not change binding of hormones by the un- 
saturable sys tem.  This fact, together with the charac te r i s t i cs  of function of that sys t em already examined, 
suggests that its s t ruc ture  is determined by lipids, and that proteins (at least  SH-containing proteins) are  not 
represented in it. It is also very  important  that the role of the two sys tems for  specific accumulation of hor-  
mones inthe p lasma membranes  is different. In fact, most  of the cort isone (and what is important,  especial ly 
in physiological concentrations) is bound by the specific saturable system, whereas pract ical ly  all the estrad[ol  
interacts  with the unsaturable binding sys tem,  

On the basis  of these charac te r i s t i c s  of the binding sys tems  of hormones  it can thus be concluded that at 
the p lasma membrane  level separat ion of the functions of these sys tems  takes place for selective aeeumula-  
tion of cort isone,  for which there is specific affinity, and the re la t ively indifferent estradiol .  Because of this 
separat ion the saturable sys t em can be distinguished as the " s y s t e m o f p r e f e r e n c e "  for eor t ieos teroids .  
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C H A N G E S  I N  C O N T E N T  O F  C Y T O C H R O M E S  c a n d  a (a 3) 

IN  L I V E R  M I T O C H O N D R I A  O F  H Y P E R T H Y R O I D  R A T S  

V.  V .  L e m e s h k o  a n d  P .  A.  K a l i m a n  UDC 577.7 : 577.17 +577.15.158 

Male Wis t a r  r a t s  aged 1, 3, 12, and 24 months were  given thyroxine in a dose of 250 #g/100 g 
body weight daily.  After  9 days the content of cy tochromes  c and a (a 3) was cons iderably  in- 
c r ea sed .  An apprec iab le  i nc rea se  in the cy tochrome e content was observed  as ea r l y  as a f te r  
24 h, whereas  the content of cy tochromes  a (a3) did not exceed normal  even a f te r  2 days.  The 
content of cy tochromes  a (a3) in r a t s  aged 3, 12, and 24 months was litt le lower  a f t e r24  h than 
normal ly .  A signif icant  t e m p o r a r y  i nc rea se  in the ra t io  c / a  (a3) a f t e r  1-2 days was observed  
only in r a t s  aged 12 and 24 months .  An inc rease  in the ra t io  c / a  (a3) with age a lso  was demon-  
s t ra ted .  The p rospec t s  for  the use of thyroid hormones  in the study of regulat ion of biogenesis  
of the mi tochondr ia  a re  suggested.  

KEY WORDS: thyroxine;  cy toehromes ;  b iogenesis  of mitochondria;  age. 

In hype r thy ro id i sm  and thyro toxicos is  an i nc rea se  is observed  in the content of individual cy tochromes  
of the r e s p i r a t o r y  chain in the l ive r  mi tochondr ia  [3, 5, 9]. The cy tochrome content is low in thyroidectomized 
an imals  [10]. Synthesis of mi tochondr ia l  cy tochromes  is effected by mitochondr ia l  and cy top lasmic  s y s t e m s  
or  p ro te in  synthes is ,  and the contr ibution of these two s y s t e m s  to the synthesis  of different  cy tochromes  differs  
[7]. Fo r  instance,  cy tochromes  a and a 3 a re  synthesized with the par t ic ipa t ion  of both sys t ems ,  whereas  cyto-  
chrome c is synthesized by the cy top lasmic  s y s t e m  only. The r egu la to ry  mechan i sms  in both p r o t e i n - s y n -  
thes iz ing s y s t e m s  a re  sens i t ive  to thyroid ho rmones  [2], but the t e m p o r a l  c h a r a c t e r i s t i c s  of induction of syn-  
thes is  of individual mi tochondr ia l  ey toehromes  under these c i r cums t ances  have rece ived  li t t le study. The 
object  of this inves t iga t ion  was to study changes in the content of cy tochromes  c and a (a 3) in the l i ve r  mi to-  
ehondria of r a t s  of different  ages in the ea r ly  stage a f t e r  admin is t ra t ion  of thyroxine.  

EXPERIMENTAL METHOD 

Experiments were carried out on male Wistar albino rats of four age groups: i, 3, 12, and 24 months. 
The animals were given a daily intraperitoneal injection of L-thyroxine in a dose of 250 pg/100 g body weight. 
The animals were killed I, 2, and 9 days after the first injection (after i, 2, and 9 injections respectively). 
Mitochondria were isolated by differential centrifugation in medium with final concentrations of: sucrose 
0.3 M, Trilon B 1 raM, pH 7.2; they were washed and suspended in medium without Trilon B. The protein 
concentration in the mitochondrial suspensions was determined by Lowry's method in Miller's modification 
[13]. The ADP/O coefficient and the respiratory control in the experimental series were indistinguishable 
from normal during oxidation of succinate, except for a marked decrease in ADP/O in the 24-month~old rats 
and of the respiratory control in rats aged 3, 12, and 24 months receiving nine injections of the hormone. 

The differential spectrum of the cytochromes was recorded as described in [I0], with very slight changes. 
To a test tube containing 3.6 ml of i00 mM K-phosphate buffer, pH 7.4, were added 0.3 ml of mitochondrial 
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