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A number of protein fractions were detected by electrophoresis in acid polyacrylamide gel in nuclear 
membranes, some of them closely resembling histones in their mobility. The electrophoretie pattern of 
the two fractions of nuclear membranes was not identical. Hepatoma nuclear membranes differ in their 
e!ectrophoretic pattern from those of normal liver. 

E a r l i e r  paper s  [1, 3] descr ibed  the p repa ra t ion  of isolated nuclear  m e m b r a n e s  of ce r t a in  no rma l  
and neoplas t ic  animal  cel ls .  Two f rac t ions  of nuclear  m e m b r a n e s  f r o m  r a t  l iver  with floating densi t ies  of 
1.19 and 1.16, r espec t ive ly ,  differed both f r o m  each other  and f r o m  other  cell  m e m b r a n e s ,  not only in the i r  
composi t ion,  but also in thei r  enzymic  act ivi ty  [2, 4]. One dif ference was that the "heavy" f rac t ion  con- 
tained twice as much prote in  pe r  d ry  weight (about 54%) and the "light" f rac t ion  (about 27%). It was pos tu-  
lated on the bas i s  of these  r e s u l t s  that the "heavy" f rac t ion  (p 1.19) co r r e sponds  to the inner (true) nuclear  
m e m b r a n e s ,  while the "light" f rac t ion  (p 1.16) is der ived f r o m  the outer  nuclear  m e m b r a n e  [3]. 

In the p resen t  invest igat ion pro te ins  of both f rac t ions  of nuclear  m e m b r a n e s  of the r a t  l iver  and 
hepa toma  were  subjected to e l e c t ropho re s i s  on po lyac ry lamide  gel pa ra l l e l  with total  nuclear  p ro te ins  of 
r a t  l iver  and total  h is tones  of calf  thymus.  

EXPERIMENTAL METHOD 

Nuclei were obtained from the rat liver by Hiatt's method [6], and from tumor cells by Harris's 
method [7]. Nuclear membranes were isolated by a method developed by ourselves. 

Electrophoresis of the proteins was carried out by the usual method at pH 8.3 [5], and by the same 
method in Nevi l le ' s  modif icat ion [8] suggested fo r  e l e c t ropho re s i s  of the prote ins  of p l a s m a  m e m b r a n e s ,  
at pH 4.0 and 2.7. The sample  of m e m b r a n e s  containing 200-300 #g prote in  was t rea ted  with (in final con- 
centrat ion)  K2CO 3 (0.05 M), u r e a  (8 M), mercap toe thano l  (10%), suc rose  (20%), and a few c r y s t a l s  of 
methy l  green.  Pa r t  of the prote in ,  probably  cor responding  to s t ruc tu ra l  prote ins  of the m e m b r a n e s ,  r e -  
mained at the s ta r t ing  line. 

The spec imen  thus obtained was applied to 2.3% ac ry t amide  gel (Cyanog~mn-41, pH 5.9), containing 
6 M u r e a  solution. In the top buffer  (pH 4.0) the final u r ea  concent ra t ion  was 6 M. No u rea  was added to 
the lower buffer ,  pH 2.7. The c u r r e n t  applied to each tube was 0.75 mA. On the a r r i v a l  of prote in  in the 
lower gel the cu r r en t  was increased  to 1.5 mA per  tube. E l e c t r o p h o r e s i s  continued for 2-3 h. After  its 
end the gel was stained with 0.5% amido black,  the excess  of which was washed off with 7% acet ic  acid so-  
lution in the usual  manner .  

EXPERIMENTAL RESULTS 

It will be clear from Fig. Ib that liver nuclear proteins were separated into 21 fractions. Depending 
on their mobility, the protein fractions could be placed in four groups (starting with the least mobile): 
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group 1, s lowly moving components ;  groups 2 and 3, f rac t ions  with increas ing  mobil i ty;  and group 4, p ro -  
tein f rac t ions  moving rap id ly  toward the cathode. 

C o m p a r i s o n  of the e l ec t rophe re t i c  behavior  of total  nuclear  pro te ins  and his tones  (Fig. la)  showed 
that in the i r  mobi l i ty  the nuclear  p ro te ins  of group 3 co r responded  to the m o s t  s t rongly  s ta ined,  r ap id ly  
moving his tone f rac t ions .  

E l ec t ropho re s i s  of p ro te ins  of the "heavy" m e m b r a n e  f rac t ion  (p 1.19) of nuclear  m e m b r a n e s  of the 
l iver  cel ls  r evea led  15 f rac t ions  (Fig. lc ) ,  and like the pro te ins  of total  nuclei ,  these could be divided also 
into four  groups.  However ,  in the case  of the nuclear  m e m b r a n e s  these groups differed not only in the 
number  of thei r  components ,  but also in the re la t ive  intensi ty  of the i r  staining. The components  of group 
3, co r responding  to the m o s t  s t rongly  stained f rac t ions  of histone f r o m  calf  thymus,  were  m o s t  c l e a r l y  r e -  
vealed by  e l ec t ropho re s i s .  

During e l ec t ropho re s i s  of prote ins  of the "light" nuclear  m e m b r a n e s  of the l iver  the quantity of p ro -  
tein applied did not exceed 100 #g. Never the less ,  even with this smal l  amount of prote in  applied to the 
s t a r t ing  line, 11 f rac t ions  were  d i scovered  (Fig. ld). Only one of these f rac t ions  co r responded  to the h i s -  
tone f rac t ions .  Total  hepa toma  nuclear  prote ins  separa ted  during e l ec t ropho re s i s  into 23 f rac t ions  (Fig. 
le) .  Conventionally these  could also be divided into 4 groups ,  s i m i l a r  to those of the r a t  l iver  nuclei.  

P ro te ins  of the "heavy" f rac t ion  of hepa toma nuclear  m e m b r a n e s  sepa ra ted  into 14 f rac t ions  (Fig. 
lf) ,  and prote ins  of the "light" f rac t ion  into 12 components  (Fig. lg)o There  was c o m p a r a t i v e l y  litt le dif- 
f e rence  between the e l ec t rophore t i c  behavior  of prote ins  of the "light" and "heavy" f rac t ions  of the h e p a -  
t oma  nuclear  m e m b r a n e s .  

Hence,  by e l ec t ropho re s i s  of pro te ins  f r o m  nuclei and nuclear  m e m b r a n e s  in acid po lyac ry lamide  
gel between 21 and 23 f rac t ions  were  d i scovered  for  the nuclear  p ro te ins  and f r o m  11 to 15 components  
for  the "l ight" and "heavy" f rac t ions  of the nuc lear  m e m b r a n e s .  During e l ec t ropho re s i s  in alkaline poly- 
ac ry l amlde  gel, separa t ion  of the m e m b r a n e  pro te ins  into f rac t ions  was less  successful :  in the case  of 
pro te ins  of "heavy" nuclear  m e m b r a n e s  of the l iver  only 7 f rac t ions  could be obtained. 

During e l e c t r o p h o r e s i s  in acid gel (pH 2.7, pH 4.0) not only he te rogene i ty  of the nuclear  m e m b r a n e  
prote ins  ~p 1.19 and p 1.16) of the r a t  l iver  was demons t ra t ed ,  but d i f fe rences  were  also found in the mo-  
bi l i ty and intensi ty  of staining of the prote in  f rac t ions .  

It is a genera l  rule  that nuclear  m e m b r a n e s  contain components  which co r re spond  in the i r  mobi l i ty  
to the pr inc ipa t  f rac t ions  of total  htstone.  Whereas  no sharp  d i f fe rences  were  fom~d between the e l e c t r o -  
phoret ic  mobi l i t i es  of pro te ins  of tumor  and normal  nuclei ,  the pro te ins  of the nuclear  m e m b r a n e s  f r o m  
no rma l  and t umor  cel ls  d i f fered in thei r  behavior .  

Qual i ta t ive and quanti tat ive d i f fe rences  in the pro te in  composi t ion of the two f rac t ions  (p 1.19 and 
p 1o16) of the l iver  nuc lear  m e m b r a n e s  a re  in a g r e e m e n t  with r e su l t s  showing d i f fe rences  in the i r  enzyme 
s y s t e m s  [3, 4]. 
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