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The effect  of hepar in ,  spermid ine ,  and Be 2+ ions on adenosine t r iphospha tase  (ATPase) ,  fl- 
g lycerophospha tase ,  and r ibonuc lease  (RNase) act ivi ty  of r a t  l iver  cel l  nuclei was  invest igated 
in vi t ro .  Be 2+ ions were  shown to inhibit  A T P a s e  and f l -g lycerophosphate  act ivi ty,  the f o r m e r  
m o r e  effect ively.  Hepar in  and spermid ine ,  in physiological  concentra t ions ,  a l so  inhibited the 
act ivi ty  of both phosphatases .  Hepar in  and spermid ine  had a s im i l a r  act ion on nuclear  RNase  
act ivi ty.  The inhibi tory effect  of these  agents  on endonucleases  was revealed .  
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Invest igat ion of the function of the nuclear  m e m b r a n e  is of g r e a t  impor tance  to the elucidation of the 
m e c h a n i s m s  of nuc leo-cy top lasmic  re la t ions ,  the components  of which include matura t ion  of RNA and its t r a n s -  
por t  f r o m  nucleus into cy toplasm.  

Invest igat ions  conducted in the w r i t e r s '  l abora to ry  for  s e v e r a l  y e a r s  have shown that the nuclear  m e m -  
brane  p o s s e s s e s  a wide s p e c t r u m  of enzymes ,  including adenosine t r iphospha tase  (ATPase)  [1-3] and cer ta in  
other phospha tases  [3], and also r ibonuc lease  (RNase) [5]. The p r e sence  of a nonspecif ic phosphatase in the 
nuclear  po res  has r ecen t ly  been demons t ra t ed  [7, 8]. 

On the other  hand, there  is  evidence in the l i t e ra tu re  that ce r ta in  e f fec tors  of phosphatases  and r i bo -  
nuc leases  can influence the outflow of RNA f r o m  isola ted  cel l  nuclei. I t  has been shown, for instance,  that 
Be 2+ ions,  inhibi tors  of alkaline phosphatase  [14], inhibit the outflow of RNA f r o m  nuclei in v i t ro  [6]. I t  has 
a lso  been demons t ra t ed  that spe rmid ine ,  which can p ro tec t  endor ibonucleases  against  inhibition by polynucleo-  
t ides [12], a lso  inhibits the outflow of RNA [18]. 

These findings indicate that enzymes  of the nuclear  m e m b r a n e  and nuclear  pores  a r e  involved in nucleo-  
cy top lasmic  RNA t ranspor t .  However ,  informat ion on the effect  of agents  modifying RNA tran~3ort  on phos-  
phatase  and RNase  act ivi ty  of the nucleus and nuclear  m e m b r a n e  in the l i t e ra tu re ,  if  p r e sen t  at all,  is  only 
f r a g m e n t a r y  in cha rac t e r .  

Accordingly ,  in the invest igat ion desc r ibed  below, the effect  of heparin,  spermidine ,  and Be 2+ was studied 
on ATPase ,  f l -g lycerophosphatase ,  and RNase  act ivi ty of i so la ted  r a t  l iver cel l  nuclei.  

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

The l iver of noninbred male  albino r a t s  weighing 150-200 g was used in the exper imen t s .  Isolat ion and 
purif icat ion of the nuclei we re  c a r r i e d  out as  in [15] in  med ium containing MgCl~ ins tead of CaCI 2. The puri ty 
of the sample  of nuclei and their  in tegr i ty  were  ver i f i ed  under the l ight-opt ical  and e lec t ron  mic roscopes .  
High-po lymer  cy top lasmic  RNA was i so la ted  f r o m  the r a t  l iver  by the phenol method [9]. RNase inhibitor 
was i so la ted  f r o m  r a t  l iver  cytosol  [17]. Nuclear  RNase  act ivi ty  was de te rmined  by the method descr ibed  by 
~ r i d o n e n k o  et al .  [5]. H igh-po lymer  cy toplasmic  RNA was used as the subs t r a t e .  A T P a s e  ac t iv i tywas  de te rmined  
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T A B L E  1. Ef fec t  of Be z+ , H e p a r i n ,  and  S p e r m i d i n e  on A T P a s e  and fl-Glycerophosphatase 
A c t i v i t y  of  R a t  L i v e r  Nucle i  (mean  r e s u l t s  of 3 o r  4 e x p e r i m e n t s )  

Concentra- 
Agent tion 

Be +2, MM 

Heparin. #g/ml 

Spermidtne, mM 

0,1 
1,0 
3,0 
5,0 
150 
500 
0,5 
1,0 
2,0 
3,0 
5,0 

ATPase activity 
Pi / gg protein- 
rain 

control lexperiment 

12,59 
14,25 6,7 0,0 

0,0 

15,4 10,76 
10,17 
11,92 
11.76 

13.84 11,12 
I1,90 
10,11 

degree of 
inhibition, 

12 
53 

100 
!00 
30 
34 
14 
15 
20 
14 
23 

/3-glycerophosphatase activity 
P~/#g protein' min 

control I experiment 

0,600 
1,056 0,575 

0,040 

0,810 0,646 
0,510 

0,538 
0,810 

0,505 
0,544 

degree of 
inhibition, % 

46 
97 
2O 
37 

as 

* Pi: inorganic phosphorus. 

T A B L E  2. A c t i o n  of  N a t u r a l  R N a s e  I n h i b i t o r ,  
H e p a r i n ,  and  8 p e r m i d i n e  on R N a s e  A c t i v i t y  
of R a t  L i v e r  Nuc le i  (mean  r e s u l t s  of  3 o r  4 
e x p e r i m e n t s )  

Agent 

Natural RNase in- 
hibitor, ml 

Heparin. #g/ml 

Spermidine. mM 

Activity, op~icat density, 
Concen- units/rag protein" h 
tration - -  

con- ]expert intiibition. 
troi lment % 

0,1" 
0,27 
20 
5O 

150 
5O0 
0,05 
0,5 

5 

1,39 34 
2,10 0,99 63 

1,96 8 
1,70 19 

2,12 1,68 2O 
1,77 17 
2,00 0 

2,07 0,50 76 
0,36 81 

* E q u i v a l e n t  to 6 m g  c y t o s o l .  
E q u i v a l e n t  to 12 m g  cy toso l .  

a s  in  [10] a n d / 3 - g l y c e r o p h o s p h a t a s e  a c t i v i t y  a t  pH 6.4 a s  in  [14]. P r o t e i n  w a s  d e t e r m i n e d  by L o w r y ' s  

m e t h o d  [13]. 

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

The r e s u l t s  of  i n v e s t i g a t i o n  of the  e f f ec t  of Be 2+ , h e p a r i n ,  and  s p e r m i d i n e  on A T P a s e  a n d / 3 - g l y c e r o -  
p h o s p h a t a s e  a c t i v i t y  of the  i s o l a t e d  nuc l e i  a r e  g iven  in  T a b l e  1. I t  w i l l  be c l e a r  f r o m  T a b l e  1 tha t  Be 2+ ions  
i nh ib i t  the  a c t i v i t y  of both e n z y m e s .  In a c o n c e n t r a t i o n  of i mM,  Be z+ gave  50% inh ib i t i on  of  ATl>ase ,  and in  
a c o n c e n t r a t i o n  of 3 m M  i t  c a u s e d  t o t a l  inh ib i t ion  of  a c t i v i t y .  By c o n t r a s t ,  t o t a l  i nh ib i t i on  of f l - g l y c e r o p h o s -  
p h a t a s e  a c t i v i t y  r e q u i r e d  a c o n c e n t r a t i o n  of 5 mM of Be z+ . The  s e n s i t i v i t y  of  the  n u c l e a r  A T P a s e  a n d / 3 -  
g l y c e r o p h o s p h a t a s e  to the  i n h i b i t o r y  e f f ec t  of Be 2+ thus  d i f f e r e d .  

Unl ike  Be 2+ , h e p a r i n p r o v e d t o  be  an e q u a l l y e f f e e t i v e  i n h i b i t o r  of  A T P a s e  a n d / 3 - g l y c e r o p h o s p h a t a s e .  
H e p a r i n ,  in  c o n c e n t r a t i o n s  of 1 5 0 - 5 0 0 / ~ g / m l ,  d e p r e s s e d  the  a c t i v i t y  of both e n z y m e s  by 30-40%. A d d i t i o n  of 
s p e r m i d i n e  to the  i ncuba t i on  m i x t u r e  a l s o  r e s u l t e d  in  s o m e  d e g r e e  of  i nh ib i t i on  of a c t i v i t y  of t h e s e  p h o s p h a -  

t a s e s .  

N e i t h e r  h e p a r i n  nor  s p e r m i d i n e  c a u s e d  c o m p l e t e  s u p p r e s s i o n  of  A T P a s e  a n d / 3 - g l y c e r o p h o s p h a t a s e  
a c t i v i t y ,  and  the  d e g r e e  of t h e i r  i nh ib i t i on  was  p r a c t i c a l l y  i n d e p e n d e n t  of the  c o n c e n t r a t i o n  of the  i n h i b i t o r s  
wi th in  wide  l i m i t s .  T h i s  m a y  i n d i c a t e  tha t  the  a c t i o n  of h e p a r i n  and  s p e r m i d i n e  on n u c l e a r  p h o s p h a t a s e s ,  
un l ike  the  a c t i o n  of  Be 9+ i ons  on t h e m ,  i s  i n d i r e c t .  
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Fig. 1. Sedimentation prof i le  of RNA hydro lys i s  
products  in a 5-2070 suc rose  concentra t ion gradient .  
Absc i s sa ,  f rac t ions ;  ordinate,  optical  densi ty a t  
260 nm. 1) Original  RNA; 2) RNA af ter  incubation 
with nuclei; 3) RNA after  incubation with nuclei 
in the p re sence  of 0.5 mM spermidine ;  4) RNA 
af te r  incubation with nuclei in the p r e s e n c e  of 
150 # g / m l  heparin.  

Data showing the effect  of hepar in ,  spermidine ,  and the natura l  RNase  inhibitor i sola ted f r o m  liver 
cytosol  on nuclear  RNase  act ivi ty a r e  given in Table 2. As Table 2 shows, al l  three  agents  inhibited RNase 
act ivi ty,  and the inhibi tory effect  i n c r e a s e d  with an i nc rea se  in the concentra t ion of the inhibi tors .  Appreciable  
inhibition of nuclear  RNase  act ivi ty  was obse rved  under the influence of hepar in  and spe rmid ine  in concen t ra -  
tions comparab le  with physiological .  

The sed imenta t ion  prof i le  of hydro lys i s  products  of cy top lasmic  RNA in a suc rose  concentrat ion gradient  
af ter  incubation with nuclei for 30 rain a t  3TC is shown in Fig. 1. I t  follows f r o m  the sedimenta t ion prof i le  
that hepar in  and, to a l e s s e r  degree ,  spe rmid ine  p ro tec t  RNA main ly  aga ins t  endonuclease action. 

The r e s u l t s  thus indicate that the act ivi ty of the phosphatases  and r ibonuc leases  of l iver  cel l  nuclei can 
be control led in v i t ro  by a number  of physiological  agents  that a r e  p re sen t  in the cy top lasm of var ious  t i s sues  
and, in pa r t i cu la r ,  by hepar in  and spermidine .  The p re sence  of RNase  and phosphatase  act ivi ty  in the nuclear  
m e m b r a n e  and the poss ib i l i ty  of i ts  regula t ion by cytoplasmic  f ac to r s  may  be of g rea t  impor tance  in the light 
of data  in the l i t e ra tu re  [4, 11, 16, 18] showing that cy toplasmic  f ac to r s  have a r egu la to ry  influence on the 
nuclear  m e c h a n i s m s  of RNA t ranspor t .  

I t  was accordingly  decided to inves t igate  the influence of ef fec ts  of RNase  and phosphatase  on t r anspo r t  
of newly synthes ized  RNA f r o m  l iver  cel l  nuclei in vi tro.  These expe r imen t s  showed that  hepar in  s t imula tes ,  
whe reas  spe rmid ine  inhibits the outflow of RNA f r o m  the nuclei. 
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C H A N G E S  I N  A C T I V I T Y  O F  K E Y  E N Z Y M E S  

O F  G L Y C O N E O G E N E S I S  I N  T H E  L I V E R  

A N D  K I D N E Y  O F  R A T S  E X P O S E D  T O  S U B E X T R E M A L  

A N D  E X T R E M A L  F A C T O R S  
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Activi ty of the key enzymes  of g lyconeogenes is  - phosphoeno lypy ruva t e  carboxykinase  (PEPCK), 
f r u c t o s e - l , 6 - d i p h o s p h a t a s e  (FDPase) ,  andg lucose -6 -phospha tase  (G6Pase) - in the l iver  and kidneys 
of r a t s  was inves t iga ted  during s imul taneous  exposure  of the an imals  to subex t r ema l  and e x t r e m a l  
fac tors .  The low init ial  PEPCK act ivi ty  in the l iver  and i ts  high var iabi l i ty  under the influence 
of e x t r e m a l  s t imul i  a r e  evidence that  this enzyme plays the ro le  of l imiting s tage of glyconeo-  
genes is .  PEPCK act ivi ty  in the kidneys was comparab le  with FDPase  act ivi ty  and significantly 
higher than G6Pase  act ivi ty,  PEPCK act ivi ty in the kidneys was 5-6 t imes  higher than in the 
l iver .  Under the influence of e x t r e m a l  fac to rs ,  PEPCK and G6Pase  act ivi ty  in the kidneys r o s e  
whereas  FDPase  act ivi ty was p rac t ica l ly  unchanged. The absence  of any dist inct ly synchronized 
changes in the act ivi ty of the key enzymes  of glyconeogenesis  in the l iver  and kidneys indicates  
that the re  is no single operon in the ce l l s  of these organs  for  PEPCK, FDPase ,  and G6Pase with 
a common m e c h a n i s m  of regulat ion.  

KEY WORDS: glyconeogenesis ;  phosphoenolpyruvate  earboxykinase;  f r uc to se - l , 6 -d iphospha t a se ;  
g lucose -6 -phospha tase ;  subex t r ema l  and e x t r e m a l  fac tors .  

Glyconeogenesis  plays and e x t r e m e l y  impor tan t  ro le  in the maintenance of ca rbohydra te  h o m e o s t a s i s  in 
the body when in a s ta te  of prolonged functional s t r e s s .  For example ,  in s ta tes  such as s t a rva t ion  this p ro ce s s  
is  the only sou rce  of glucose.  The e f fec t iveness  of glyeoneogenesis  in vivo depends p r i m a r i l y  on the combined 
operat ion of th ree  key enzymes ,  which can r e v e r s e  the p r o c e s s e s  of g lycolys is  in the t i s sues :  phosphoenol-  
pyruvate  ca rboxykinase  (PEPCK), f r u c t o s e - l , 6 - d i p h o s p h a t a s e  (FDPase) ,  and g lucose -6 -phospha t a se  (G6Pase). 
Some w o r k e r s  r e g a r d  these  enzymes  as a single genet ical ly de te rmined  enzyme ensemble  with common mech -  
an i sms  of regula t ion [1, 11]. Glyeoneogenesis  is  known to take place in only two organs ,  the l iver  and kidneys. 
This is  because the act ivi ty of enzymes  such as  PEPCK is absent  in the other  organs  [6, 10]. Invest igat ions 
to study the coordination of functions of the key enzymes  on which the ef fec t iveness  of operat ion of the c o r r e -  
sponding ~metabolic conveyors"  depends have vi r tual ly  not been undertaken.  

In this study an a t tempt  was made to examine coordination of the function of PEPCK, FDPase ,  and 
G6Pase s imul taneous ly  in the l iver  and kidneys during exposure  of an imals  to subex t rema l  and e x t r e m a l  
fac tors .  Within the f r a m e w o r k  of this p rob l em the r e su l t s  of a compara t ive  evaluation of act ivi ty  of the 
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