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The outer  nuc lear  m e m b r a n e  was studied by t rea t ing  isola ted nuclei f rom the r a t  l iver  with 
0.5% Tr i t on  X-100 solution followed by centr i fugat ion in a suc rose  density gradient .  E lec -  
t ron  m i c r o s c o p y  showed that the outer  l ayer  of the nuclear  m e m b r a n e  has  the cha rac t e r i s t i c  
s t ruc tu re  of  m e m b r a n e s  of the endoplasmic  re t i cu lum,  with c lu s t e r s  of r i b o s o m e s  at tached 
to them.  The f rac t ion  of the nuclear  m e m b r a n e  contains 55~0 prote in ,  34% phospholipids,  
6.8% RNA, and about 1% DNA (calculated pe r  dry  weight) and has  no g luaose -6 -phospha tase  
tivity.  P r e p a r a t i o n s  of the nuclear  m e m b r a n e  p o s s e s s  r ibonuclease  act ivi ty with pH opt imum 
of 7.8. Activi ty of  the enzyme in the m e m b r a n e  f rac t ion  was 2.6 t imes  higher  than in the 
i so la ted  nuclei.  T r e a t m e n t  with p - e h l o r o m e r c u r i b e n z o a t e  and u r e a  i nc rea sed  the r ibonuc lease  
act ivi ty by  2.0 and 2.2 t imes  r e spec t ive ly ,  indicating the la tent  s tate of m o s t  of the enzyme in 
the m e m b r a n e .  Cytoplasmic  inhibitor comple te ly  supp re s se s  the r ibonuclease  act ivi ty  of the 
outer  l a y e r  of the r a t  l iver  nuclear  m e m b r a n e .  

In fo rmat ion  is  avai lable  on RNA-spl i t t ing enzymes  in cell  nuclei and nuclear  s t ruc tu re s .  However ,  
there  is no informat ion  in the l i t e ra tu re  on the r ibonuclease  act ivi ty  of the nuclear  m e m b r a n e  of animal  
cel ls .  However ,  inves t igat ion of nuclear  m e m b r a n e s  and, in pa r t i cu la r ,  of the outer  m e m b r a n e ,  has  now 
become poss ib le  with the development  of methods for  the i r  isolat ion [1, 3, 4]. 

In the invest igat ion desc r ibed  below, r ibonuelease  was demons t ra ted  in the i so la ted  outer  nuclear  m e m -  
brane  of the r a t  l iver  and some of its p rope r t i e s  were  studied. 

EXPERIMENTAL METHOD 

Nuclei were isolated from the liver of albino rats weighing 170-200 g by the sucrose method [5]. The 
purity of the nuclear preparations was verified by phase-contrast and electron microscopy and by biochem- 
ical tests. The isolated nuclei had a double membrane with attached ribosomes and were not contaminated 

with mi tochondr ia  or  cel l  f r agment s .  The g lucose -6 -phos -  
TABLE 1. Action of p -CMB and U r e a  on 
Ribonuclease  Act iv i ty  of P r e p a r a t i o n s  of 
Outer  Nuclear  M e m b r a n e  and Nuclei of 
Rat  L ive r  (in AE260/mg pro te in  in 30 rain 
at 37~C; n = 5) 

p-ClviB Urea 
Fraction Control (3., 0--, M) {4M) 

I 
Nuc le i . . .  ] 0,72--0,07 
Nuclear t membrane t ,80-----0,22 

1,02-----0,10 

3,60~0,32 

0,96~-0,15 

4,0---0,52 

phatase  and 5 ' -nucleot idase  act ivi ty  was 0.13 and 0.27% r e -  
spect ive ly  of the total  activiW of the enzymes  in the homog-  
enase;  the RNA/DNA ra t io  was 0.19. 

T h e ' o u t e r  nuclear  m e m b r a n e  was obtained by t rea t ing  
the i so la ted  nuclei with 0.5% T r i t o n  X-100 solution [4] and sub- 
sequent  centr i fugat ion in a suc rose  densi ty gradient  [1]. 

E l e c t r o n - m i c r o s c o p i c  analys is  showed that the p r e p a r a -  
t ions had the cha r ac t e r i s t i c  s t ruc tu re  of m e m b r a n e s  of the 
endoplasmic  r e t i cu lum,  with c lu s t e r s  of r i b o s o m e s  at tached 
to them (Figs.  1 and 2). 
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Fig. 2. E lec t ron  m i c r o g r a p h  of isolated 
outer  nuclear  m e m b r a n e  f rom r a t  l iver .  
Fixat ion and staining as in Fig. 1 
(54,000• nuclear  m e m b r a n e  with a t -  
tached r i b o s o m e s  can be seen. 

Fig. 1. E lec t ron  m i c r o g r a p h  of isola ted cel l  nuclei f rom r a t  l iver .  
A) Nucleus before  t r e a t m e n t  with 5% Tr i ton  X-100 solution (1200• 
B) nucleus a f te r  such t r e a t m e n t  (40,000• detached l ayer  of outer  
nuclear  m e m b r a n e  with r i b o s o m e s  can be seen. Fixat ion with 2% 
glutaraldehyde and 1% osmic  acid solution, staining with 1% uranyl  
aceta te  and lead hydroxide by Watson ' s  method.  

The m e m b r a n e  m a t e r i a l  contained 55% prote in ,  34% 
phospholipids,  6.8% RNA, and about 1% DNA calcula ted  per  dry  
weight. The RNA of the m e m b r a n e  f rac t ion  const i tuted 7% of 
the total  RNA of the or iginal  nuclei.  The t e s t  m a t e r i a l  did not 
p o s s e s s  g lucose -6 -phospha tase  act ivi ty.  

Ribonuclease  act ivi ty in the p repa ra t ions  was de te rmined  
by the s tandard  method [2]. The pro te in  content in the sample  
was 0.4-0.6 mg. Ribonuclease  act ivi ty  was e x p r e s s e d  in 
AE2G0/mg prote in  in 30 rain at 37~ Cytoplasmic  r ibonuclease  
inhibitor was i so la ted  f rom r a t  l iver  [2]; one unit ac t iv i ty  of the 
inhibitor co r responded  to 50% inhibition of 0.05 ~g c rys ta l l ine  
r ibonuc lease  f rom bovine panc reas  (Reanal,  Hungary).  

EXPERIMENTAL RESULTS 

The experiments showed that the preparations of outer 
nuclear membrane possessed ribonuclease activity with pH 
optimum of 7.8. At pH 5.6 and 8.4 50% of the maximal enzyme 

activity remained. Until 60rain the quantity of acid-soluble hydrolysis products of RNA was directly depen- 
dent on the incubation time of the samples. Monovalent cations (K +, Na +) in concentrations of I • I0 -i and 
1 • 10 -2 activated, while bivalent cations (Ca ++, Mg++), in the same concentration, slightly inhibited ribo- 
nuclease  act ivi ty .  

The action of p - c h l o r o m e r c u r i b e n z o a t e  (p-CMB) and u rea  on the r ibonuc lease  act ivi ty  of the nuclear  
m e m b r a n e  and nuclei was  studied (Table 1). 

The act ivi ty  of the enzyme in the m e m b r a n e  f rac t ion  was 2.6 t imes  higher  than in the i so la ted  nuclei .  
The m e m b r a n e  r ibonuclease  was ac t ivated by 2.0 and 2.2 t imes  r e s p e c t i v e l y  by p-CMB (3 x 10-~M) and 
u rea  (4 M). Ribonuclease  act ivi ty  in the i so la ted  nuclei,  however ,  was  i nc rea sed  by only 40% and 30% r e -  
spec t ive ly  in the p r e sence  of p-CMB and urea .  This  shows that  m o s t  of the r ibonuc lease  in the nuc lear  
m e m b r a n e  is in the la tent  state and is evidently blocked by the natura l  inhibitor.  

Accordingly  expe r imen t s  were  c a r r i e d  out to t i t ra te  the r ibonuc lease  of the nuc lear  m e m b r a n e  (0.5 
m g  protein) with pur i f ied inhibitor.  As Fig. 3 shows, the pe rcen tage  inhibition of r ibonuc lease  was d i rec t ly  
dependent on the quantity of inhibitor.  Act ivi ty  of the enzyme was comple te ly  s u p p r e s s e d  by the addition of 
th ree  units of inhibitor.  
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Fig. 3. Effect  of inhibitor on r ibo-  
nuclease act ivi ty of isolated outer  
nuclear  membrane  of r a t  l iver  (in- 
cubation mixture  contained 0.5 mg 
membrane  prote in  and 0-3 units of 
inhibitor).  Abscissa ,  content of in- 
hibi tor  (in units); ordinate, inhibit ion 
of r ibonuclease  act ivi ty (in %). 

The resu l t s  of these exper iments  thus showed that the 
isolated outer  nuclear  membrane  of the r a t  l iver  contains r ibo ~ 
nuclease,  much of it  bound with inhibitor and p resen t  in the latent  
form.  
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