
RADIATION MODULATION OF ACTIVITY OF SOME 

SYSTEMS OF ISOLATED PLASMA MEMBRANES 

DURING EARLY ONTOGENY 

L. V. Slozhenikina, T. E. Ushakova, 
L. P. Mikhailets, and A. M. Kuzin 

ENZYME 

UDC 612.65,577,491 : 577,1 

Activi ty of adenylate cye lase  (ADCase), cycl ic  AMP phosphodies te rase  (PDE), and 5 ' -nuc leo t idase  
was invest igated in p l a s m a  m e m b r a n e s  f r o m  the l ive r  of 20-day r a t  embryos ,  e i ther  normal  or  
exposed to ionizing radiat ion.  I r rad ia t ion  of the p l a s m a  m e m b r a n e s  with g a m m a - r a y s  in doses  
of between 0.1 and 100 kR was shown to reduce ADCase act ivi ty,  and to have a more  marked  ef-  
fect,  in the ease  of l a r g e r  doses ,  when accompanied  by s t imulat ion by i sopro te reno l .  The 5 ' -  
nueleot idase  and PDE act ivi ty  was unchanged under the influence of doses  up to 100 kR. 
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nucleot idase,  r a t  l iver ,  ontogeny. 

An impor tan t  role  in the development  and format ion  of the radia t ion effect  is a sc r ibed  to dis turbance 
of the regu la to ry  p r o p e r t i e s  of enzymes  of cell m e m b r a n e s .  A specia l  place among biological  m e m b r a n e s  is 
occupied by the p l a s m a  m e m b r a n e .  Because of the p r e sence  of an adenylate cye lase  complex,  this m e m b r a n e  
is respons ib le  for  the fo rmat ion  of cycl ic  AMP, the universa l  r egu la to r  of a wide va r i e ty  of p r o c e s s e s .  The 
p r e s e n c e  of the enzyme cyclic AMP phosphod ies te rase  (PDE), which hydro lyzes  cyclic  AMP [5], has also been 
demons t ra ted  in the p l a s m a  m e m b r a n e ,  Recent ly inc reased  in te res t  has been shown in t h e  study of the act ion of 
ionizing radia t ion in p l a s m a  m e m b r a n e s  and, in pa r t i cu la r ,  of the ac t iv i ty  of enzymes  of cyclic  AMP m e t a b o l i s m  
[8, 10]. However,  no informat ion  of this s o r t  is avai lable  fo r  the ea r ly  per iod of development  of the o rgan i sm,  
when rad iosens i t iv i ty  is inc reased .  

This pape r  gives  data on the effect  of g a m m a - i r r a d i a t i o n  of p l a s m a  m e m b r a n e s  f r o m  the ra t  l iver  in the 
prena ta l  per iod of development  of adenylate cyc lase  (ADCase), PDE, and 5 ' -nue leo t idase  act ivi ty.  

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

The p l a s m a  m e m b r a n e s  were  isolated f r o m  the l iver  of 20-day Wis t a r  r a t  embryos  [91. The m e m b r a n e s  
were  i r r ad ia ted  in doses  of 100 to 1000 R on the GUPOS 137Cs appara tus  (dose ra te  365 R/rain) and in doses of 
10 to 100 kR, on the RKH appara tus  (6~ dose ra te  7.8 kR/min) .  The incubation med ium for  de te rmina t ion  
of ADCase act ivi ty  contained (in raM): g lycyl -g lye ine  buffer ,  pB 7.5, 50; theophylline 10, MgC12 5, ATP 1, 
e rea t ine  phosphate 25, and e rea t ine  kinase (300 #g/mt) ,  and when n e c e s s a r y  it a lso contained 0.2 mM iso-  
p ro te reno l .  The cycl ic  AMP thus fo rmed was de te rmined  by the method descr ibed  prev ious ly  [4], in the rood- 
if ieation of Tovey et al., [11]. Cyclic AMP-binding pro te in  was isolated f r o m  rabbi t  musc les  [11]. BDE ac-  
t ivity was de te rmined  [1] in the p re sence  of 0.2 #M cyclic  AMP. To de te rmine  5 ' -nue leo t idase  act ivi ty  medium 
of the following composi t ion was used (in raM): T r i s - a e e t a t e  buffer ,  pH 7.6, 100, 5 ' -AMP 4, MgC12 4. [nor-  
ganic phosphorus [2] and prote in  [7] were  de te rmined .  Radioact ivi ty  was measu red  by the SL-30 liquid sc in t i l la -  
tion counter  ([ntertechnique, France) .  

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

The re su l t s  showed (Fig. 1) that i r rad ia t ion  of the p l a sma  m e m b r a n e s  f r o m  the l i ve r  of 20-day r a t  e m -  
bryos  with g a m m a - r a y s  leads to changes in ACDase act ivi ty .  For  instance,  the basa l  (in the absence  of s t imu-  
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Fig. 1. Effect  of g a m m a - r a y  i r rad ia t ion  on enzyme act ivi ty 
of p l a s m a  m e m b r a n e s .  Absc issa ,  dose of i r rad ia t ion  (in 
kR); ordinate ,  enzyme act ivi ty,  gn % of control);  1 and 2) 
ADCase in absence  and p r e sence  of i sopro te reno l  (0.2 raM) 
respec t ive ly ;  3) 5 ' -nuc leo t idase ;  4) PDE. Specific act iv i t ies  
(per m i l l i g r a m  protein)  of enzymes  of uni r rad ia ted  m e m -  
branes ;  1) 27.81• pmoles  cycl ic  AMP/min ;  2) 197.45 * 
11.87 pmoles  cycl ic  AMP/rain;  3) 34 #moles  Pinorg/h;  4) 
33.45 pmoles  5 ' - A M P / m i n .  

ula tors )  act ivi ty  fell  somewhat  (by 15%) a f t e r  a dose of 250 R. A cons iderable  fall  (by 35~) occur red  a f te r  
i r r ad ia t ion  of the m e m b r a n e s  in a dose of 10 kR. A fu r the r  i nc rease  in the dose of i r rad ia t ion  to 100 kR led 
to no s ignif icant  changes .  I sop ro t e r eno l - s t imu la t ed  ADCase act ivi ty  showed exponential  type of dose depen- 
dence, and amounted to 20% of the control  with a dose of 100 kR. The high level  of inhibition of hormone-  
s t imulated ADCase act ivi ty compared  with the basa l  level  at high doses  of i r rad ia t ion  (50-100 kR) is note-  
wor thy.  It is evidence of the g r e a t e r  vulnerabi l i ty  to i r rad ia t ion  e i ther  of the coupling e lement  of the adenylate 
cyc lase  complex or  of its r egu la to ry  subunit of the f l - ad renorecep to r .  Inhibition of ADCase act ivi ty has been 
demons t r a t ed  [8] during i r rad ia t ion  of p l a s m a  m e m b r a n e s  f r o m  the l i ve r  of adult an imals  with high doses .  
However,  these  data do not c lea r  the m a t t e r  up completely ,  for  we know that ADCase activity is inhibited dur-  
ing keeping of the p repa ra t ion  of 0~ [3]. Under the exper imenta l  Conditions used by the authors  cited, how- 
ever ,  because  of the low dose r a t e  (429 R/min) ,  i r rad ia t ion  continued for  a long t ime.  It is the re fo re  quite 
poss ib le  to sugges t  that  the inhibition obse rved  may  not have been a t t r ibutable  to the act ion of ionizing rad i -  
ation. Since the i r rad ia t ion  in the p r e s e n t  expe r imen t s  was shor t  in dura t ion  (in a dose of 100 kR it  did not 
l a s t  m o r e  than 13 min), the t ime  fac to r  of inact ivat ion can be ruled out and it mus t  be assumed  that the effect  
in this case  was a t t r ibutable  to i r rad ia t ion .  When the p r e s e n t  r e su l t s  a re  compared  with those descr ibed  in 
the l i t e r a t u r e  [10], the h igher  rad iosens i t iv t ty  of ADCase f r o m  embryonic  l i ve r  compared  with adults will be 
noted. For  instance,  a dose of 10 kR inhibited basa l  act iv i ty  of ADCase by 35% (Fig. 1), whereas  approx imate ly  
the same  inhibition in the adult r a t  l ive r  was obse rved  a f t e r  a dose of 36 kR. 

The r e su l t s  of inves t igat ion of PDE and 5 ' -nuc leo t idase  act ivi ty of p l a sma  m e m b r a n e s  f r o m  the l ive r  
of 20-day r a t  embryos  a re  also shown in Fig. 1. I r rad ia t ion  of isolated m e m b r a n e s  in doses  of up to 100 kR 
caused no deviat ion in the act ivi ty  of the enzymes  studied. I r rad ia t ion  of p l a s m a  m e m b r a n e s  f r o m  the adult 
r a t  l ive r  with high doses ,  incidentally,  l ikewise did not change 5 ' -nuc leo t idase  act ivi ty  [8, 10]. 

Enzyme s y s t e m s  bound with the p l a s m a  m e m b r a n e s  thus r eac t  dif ferent ly  to ionizing radiat ion.  Data 
which would explain this d i f ference  in rad iosens i t iv i ty  a re  not yet  avai lable .  Since the p rob l em of the role  of 
l ipids in the  function of 5 ' -nuc leo t idase  has not yet  been  set t led [6], it can be tentat ively suggested that  i r -  
radia t ion affects  the lipid component  of the p l a s m a  m e m b r a n e s ,  and this is accompanied by changes in l ipid-  
dependent enzymes ,  a group to which ADCase belongs.  
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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  

UDC 612.35.014.2-06 : 

612.453.018 

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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