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P repa ra t ions  of the nuclear  m e m b r a n e s  were  obtained f rom purif ied nuclei of ra t  l iver  and 
hepa toma-27  ce l l s ,  and f rom them enzyme-conta in ing  ex t rac t s  of ac id-soluble  prote ins  were  
then p repa red .  The prote in  ex t rac t s  were  subjected to disk e l ec t rophores i s  in 15% poly-  
a c ry l amide  gel. Ribonucleases  (RNases) which a r e  const i tuents  of the ac id-so lub le  prote ins  
of the nuclear  m e m b r a n e s  of normal  l iver  were  found to be p resen t  as s e v e r a l  different  
components  which differed in the i r  e lec t rophore t ic  mobil i ty  and in s e v e r a l  phys icochemica l  
p rope r t i e s  f r o m  c rys t a l l i ne  bovine RNase  and the RNase  of nuclear  chromat in .  
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Besides  the many r ibonuc lesses  (RNases) contained inthe cy top lasm ~nd its  organoids ,  a high propor t ion  
of RNase  act ivi ty  is also contained in the cel l  nuclei [8, 16]. Despi te  the compara t ive ly  low re la t ive  propor t ion 
of the nuclear  d e p o l y m e r a s e s ,  the i r  ro le  in the me tabo l i sm of the ce l lu lar  RNA is evidently ve ry  important  [17]. 
By now seve ra l  RNases  hydrolyzing dif ferent  types of RNA have been found in the prote in  composi t ion of the 
cell  nuclei ,  and in thei r  p rope r t i e s  these  enzymes  differ  significantly f r o m  the cy toplasmic  enzymes  [13]. Since 
polyr ibonucleot ide t r anspo r t  f r o m  nucleus into cy top lasm probably takes  place through the nuclear  pores  [1, 2], 
the nuclear  m e m b r a n e s  must  play an impor tan t  ro le  in the enzymic  degradat ion of RNA. 

It has been shown [6, 7] that the l aye r s  of the nuclear  m e m b r a n e s  possess  high RNase  activity.  There  is 
some  evidence that  the nuc lear  m e m b r a n e s  contain not one, but s e v e r a l  enzymes  degrading RNA [7]. The study 
of this p r o b l e m  could be impor tant  for a detailed explanation of the mechan i sm of t r a n s p o r t  and the rea l iza t ion  
of the genetic potent ia ls  of the cell  nucleus.  Af ter  f rac t ionat ion in po lyac ry lamide  gel (PAG) the act ivi ty of the 
RNases  is s t i l l  p r e s e r v e d  and can be detected by e l ec t rophores i s  [9, 18]. 

The object  of the p r e s en t  invest igat ion was an e lec t rophore t ic  study of RNases  found in the cei l  m e m -  
branes  of r a t  l iver  and hepatoma-27.  
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Fig. 1. RNase f rom 
purified l iver cell  
nuclei, direct  iden- 
tification of enzyme 
activity in blocks of 
gel. 

EXPERIMENTAL METHOD 

Noninbred male rats weighing 150-200 g were used. Cell nuclei were isolated from rat liver in con- 

centrated sucrose [ii]. In individual experiments ehromatin preparations were obtained from purified nuclei 

[I0]. The nuclear membranes were isolated by the flotation method [3] or by layering after osmotic shock in 

0.02 M phosphate buffer, pH 7.2 [5]. Membranes washed to remove sucrose were extracted with 0.25 N H2SO 4 

at 4~ for 1 h. Sucrose was added to the acid-soluble proteins to a final concentration of 5% and urea to a final 

concentration of 4 M. After determination of the protein concentration by Lowry's method [12], samples (20-40 

pl) were applied to PAG. 

Nuclei and nuclear membranes from the tissue of a subcutaneously transplanted rat hepatoma-27 were 

obtained by the method described above. In this case, however, longer homogenization was needed [4]. 

A modified system of Reisfeld et al. [14] was used for electrophoretic fractionation of the proteins. The 
15% fractionating gel contained 0.5% methylenebisacrylamide and 2.5 M urea. The 5% concentrating gel con- 
tained 5% N,N'-bisacrylamide. The pH of fractionation was 4.5 and the duration of electrophoresis 1.5-2 h. 

Fractionation was carried out in rectangular blocks of gel with dividing partitions, enabling several samples to 

be applied and analyzed simultaneously. After the end of electrophoresis some of the blocks were treated with 

0.1% Amido black or Coomassie brilliant blue solution. To detect RNase activity the blocks were incubated in 
buffer solutions containing 0.5% RNA (a commercial preparation of tRNA from Sigma, USA) for 1 h at 37~ [18]. 

The blocks of gel were then washed with cold 0.01 N acetic acid and stained with 0.1% toluidine blue solution in 

1 N acetic acid. The stained blocks were decolorized in the same solution not containing the dye. 

EXPERIMENTA L RESULTS 

During electrophoretie fractionation of the acid extracts from the liver cell nuclei followed by detection 

of the protein components with Arnido black examination of the blocks showed the characteristic picture of 
nuclear histones; removal of the membranes by osmotic shock caused virtually no change in the content of 

histone proteins. If RNase activity was revealed by electrophoresis, a large number (up to I0) of zones of 
enzyme activity was observed (Fig. i). 
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Fig. 2 Fig. 3 

Fig. 2. Elect rophoret ic  fractionation of acid-soluble  nuclear  membrane  proteins ob- 
tained by var ious  methods, a, b) Method of layering above a gradient;  c) floatation 
method. 

Fig. 3. Elec t rophores is  of RNases in a common gel block, a) Crystal l ine RNase f rom 
bovine pancreas  (Merck, West Germany);  b) RNases f rom nuclear  membranes  of 
hepatoma cel ls ;  c) the same  f rom l iver  cells of healthy animals ;  d) total preparat ion of 
acid-soluble  ehromatin proteins f rom rat l iver cell nuclei; 1-5) zones of enzyme 
activity along run "c ". 

During electrophoret ie  fractionation of acid extracts  f rom the nuclear  membranes  the pat tern of d is t r ibu-  
tion of the proteins differed considerably f rom preparat ions  of acid-soluble  chromatin proteins (Fig. 2). In 
this case  12 o r  i3 protein components,  containing about equal amounts of protein in each component and migra t -  
ing in PAG at about equal distances apart ,  were found. These proteins had much lower mobility than histones 
and no histone proteins were found in them. The assor tment  of proteins in membrane  preparat ions  obtained by 
different methods (floatation [3] or  layer ing [5]) were vir tual ly indistinguishable. The method of direct  detec-  
tion of RNases in the PAG blocks revealed that the RNases of the nuclear  membranes  were represented by 
severa l  enzymes differing in their mobility in PAG. Under normal  conditions (Fig. 3a, c) two groups of bands 
with enzyme activity were found. The group of bands 1 and 2, consist ing of 2 or  3 components,  had relat ively 
high e lect rophoret ic  mobility; it was followed by component 3 with low activity and, finally, by two components 
4 and 5, with re ta t ivelylow electrophoret ic  mobility. The two last components were absent or were present  in 
only very" small  amounts in preparat ions from the nuclear  membranes  of the tumor  cells (Fig. 3b). 

Compar ison showed that the e lect rophoret ic  mobility of the RNases f rom nuclear  membranes  and of the 
enzyme extracts  obtained f rom nuclei or  f rom washed chromat in  (Fig. 3c, d) differed substantially. The RNases 
f rom the nuclear  membranes  migrated fas ter  (zones 1 and 2) or much slower (zones 3 and 4) than the enzymes 
associa ted with the acid-soluble chromatin proteins.  The electrophoret ic  mobility of crys ta l l ine  bovine pan- 
c rea t ic  RNase was appreciably higher than the mobility of enzymes f rom the nuclei and nuclear  membranes .  
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All three types of enzymes thus differ significantly in their  behavior in PAG, as is manifested by differences in 
the electrophoret ic  mobility of the enzymes of this type and their  heterogeneity.  Pancreat ic  RNase moved in 
the chosen sys tem as a single homogeneous band; this suggests that the heterogeneity of the other enzyme 
preparat ions  was not an  artefact .  

The next step was accordingly to study some other proper t ies  of the acid-soluble RNases f rom nuclear 
membranes .  On incubation of fragments of the blocks in buffer solutions with different pH, the highest enzyme 
activity in all zones of the blocks was found in the region of pH 7.2-7.5 ; however, considerable  enzyme activity 
still remained at pH 5.5 also. 

Trea tment  of the blocks before incubation with 0.3 mM p-ch loromercur ibenzoa te  (PCMB) did not change 
activity in any zone. Enzyme activity was preserved  after pre l iminary  heating of the blocks to 95~ for 10 min. 
No enzyme activity was found if the RNA was replaced by DNA as substrate.  P re l iminary  t rea tment  of the 
blocks in 0.15 M monoiodoacetate,  whether at 56~ or  at 20~ for 1 h led to total loss of enzyme activity. By 
contras t  with the pancreat ic  enzyme, nuclear membrane  RNases did not show any significant change in their  
activity after p re l iminary  reduction with mercaptoethanol  (1% mercaptoethanol,  8 M urea,  8-12 h at 37~ 
before application to the gel). 

Another difference was that enzymes of the nuclear  membranes  showed considerable  res is tance  to the 
action of ions of the heavy metals.  Cu 2+ ions in a concentrat ion of 2 mM completely inhibited the pancreat ic  
enzyme but had no significant effect on the activity of the nuclear  membrane RNases.  The proper t ies  of the 
nuclear  membrane  RNases f rom hepatoma-27 cells agreed completely with the proper t ies  of the enzymes f rom 
normal  l iver cells.  

It can thus be concluded f rom these resul ts  that RNA-degrading enzymes f rom nuclear  membranes  con- 
stitute a special  group of enzymes which differ in cer ta in  proper t ies  and in their  e lect rophoret ic  mobility in 
PAG both from bovine pancreat ic  RNase and f rom other nuclear  RNases par t ly  bound with histones and, in 
par t icular ,  f rom other acid-soluble proteins of nuclear chromatin.  

In these investigations no change was found in the RNase activity under the influence of PCMB, although 
this does not rule  out the possibil i ty of an inhibitor in the original nuclear  membranes  and its destruct ion during 
extraction or  e lectrophoret ic  fractionation. The fact must also be borne in mind that nuclear  membranes  may 
also include other types of RNases which are  not extracted by acid o r  which lose their  activity during acid 
extraction. 

These differences in the activity of individual enzymes found in the composit ion of the nuclear  membranes  
of normal  and malignantly changed hepatoeytes may reflect  differences in the metabol ism of cer ta in  types of 
RNA ar is ing as a result  of malignant t ransformation.  
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