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The modif icat ion of the technique for  isola t ing nuc lear  m e m b r a n e s  is based  on dis in tegra t ion  
of the nuclei  by incubation in 0.02 M phosphate  buffer ,  pH 7.2, and separa t ion  of the nuclear  
m e m b r a n e s  by u l t racent r i fug ing  the unpurif ied m e m b r a n e  f rac t ion  l ayered  above a s tepwise  
s u c r o s e  densi ty  gradient .  The yield of  nuc lear  m e m b r a n e s  sed imented  in suc rose  l a y e r s  
with d 1.14-1.18 and d 1.18-1.19 was 0.8% of the nuclear  ni trogen.  Composi t ion of  the m e m -  
b r anes :  52% prote in ,  39.2% l ipids,  0.61% DNA, 3.4% RNA. The amino-ac id  composi t ion of  
the m e m b r a n e  prote in  was invest igated.  

Pure  nuc lear  m e m b r a n e s  can be obtained by isolat ing ra t  l iver  nuc lea r  m e m b r a n e s  by d is in tegra t ing  
isola ted nuclei by ul t rasound or  osmot i c  shock,  as the w r i t e r s  have suggested p rev ious ly  [2]. However ,  the 
yield of m e m b r a n e  m a t e r i a l  is  low and often insufficient  for  the study of the chemica l  composi t ion of  the 
nuc l ea r  m e m b r a n e s .  

It was  t he re fo re  decided to a t tempt  to modify the method in o rde r  to i nc rea se  the yield o f the  m e m b r a n e  
f rac t ion  of the nuclei .  Since t he r e  is no informat ion  on the  prote in  composi t ion  of isola ted nuclear  m e m b r a n e s  
in the l i t e r a t u r e ,  the i r  amino-ac id  composi t ion  a lso  was studied. 

EXPERIMENTAL METHOD 

The proposed modification of the method is based on techniques used previously: disintegration of the 
nuclei isolated by the method of Digirolamo et al. [4] by incubating them in 0.02 M phosphate buffer, pH 7.2, 
and separation of the nuclear membranes by ultracentrifuging the unpurified membrane material in a step- 
wise sucrose density gradient [2]. However, unlike in the method proposed earlier, before the suspension 
of membrane material is ultracentrifuged it is layered above sucrose solutions of increasing density (d) : 
1.09, 1.14, 1.18, 1.19, 1.20, 1.22, made up in 0.02 M phosphate buffer, pH 7.2 (at 20~ Centrifugation was 
c a r r i e d  out at  50,000 g for  1 h in the SW-25 bucket ro to r  of the Spinco L-50 u l t racent r i fuge .  After  c e n t r i -  
fugation dense whi te i sh -co lo red  l a y e r s  we re  found between suc rose  l aye r s  with d = 1.14 and 1.18 and be -  
tween l aye r s  d = 1.18 and 1.19; l e s s  dense  whit ish l aye r s  we re  found between suc rose  l aye r s  d -- 1.19 and 
1.20 and between l a y e r s  d = 1.20 and 1.22 (Fig. 1). 

Elect ron m i c r o s c o p y  showed that  the m a t e r i a l  obtained at  the boundary between suc rose  l aye r s  with 
d = 1.18 and 1.19 and with d = 1.18 and 1.14 consis ted  of m e m b r a n e s  uncontaminated with nuclear  and cy to -  
p l a smic  impur i t i e s  (Fig. 2). The m e m b r a n e  f rac t ion  col lected f r o m  suc rose  l aye r s  with d = 1.20 and 1.22 
(Fig. 3) consis ted of m e m b r a n e s  with granules  m e a s u r i n g  200-300 A at tached.  E l ec t ron -mic ro scop i c  in-  
ves t igat ion of p repa ra t ions  s ta ined by B e r n a r d ' s  method [5] showed that these  granules  were  r i b o s o m e s .  

Insti tute of  Biology of Development ,  Academy of Sciences of the USSR., N. I. P i rogov Second Moscow 
Medical Insti tute.  (Presented  by Academic ian  of the Academy of Medical Sciences of the USSR S. S. Debov.) 
Trans la ted  f r o m  Byulleten '  Ekspe r imen ta l ' no i  Biologii i Meditsiny,  Vol. 77, No. 4, pp. 54-57, Apri l ,  1974. 
Original a r t i c l e  submit ted  May 18, 1973. 

�9 1974 Consultants Bureau, a division o f  Plenum Publishing Corporatio n, 227 West ]7th Street, New York, N. Y. 10011. 
No part of  this publication may be reproduced, stored in a re~rieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of  the publisher. A 
copy of  this article is available from the publisher for $15.00. 

396 



0 ~ 

I 
r 

0 

~0 

g: 

0 
~0 

q~ 

r 

o~ 
O) 

r 
0 

0 

L) 

! 

~ 

< 

utg~sA~ ~ ~ 

I I 

r t~O 

z 

I I 

oo r 

or~=dtse ~ 

tO 

O ~ r d  

r ,.~ r 

Suspension of 
membranes 

d f,OS 

d U4 [ 
7 G  I 

I 
A 

C e n t r i f u g a t i o n  a t  
72 ,  0 0 0  g fo r  1 h 

d ~ , o 9  

d 518 

d l,18 

, d 5 2 0  

B 

Fig .  1 Fig. 2 

Fig. 1. Scheme of sedimentation of  nuclear  membranes  by ul t racentr i fuging in 
a suc rose  densi ty gradient :  a) before~ b) af ter  centrifuging at 50,000 g for 1 h. 

Fig. 2. Isolated nuclear  membranes  f rom sucrose  layers  with d = 1.14 and 1.18 
and d = 1.18 and 1.19. Epon 812, 48,000• 

Fig. 3 Fig. 4 

Fig. 3. Membrane fract ion from sucrose  layers  with d = 1.20 and 1.22: n u m e r -  
ous granules measur ing  200-300 ~ can be seen. Epon 812, 48,000 X. 

Fig. 4. Materials  of membrane  fract ion f rom sucrose  layers  with d = 1.20-1.22, 
t rea ted  with r ibonuclease (1 m g / m I ,  incubation for 1 h at 37~ Epon 812, 
60,000 • 

E lec t ron-mic roscop ic  examination of ultrathin sections of the mater ia l  af ter  
t rea tment  with r ibonuclease showed absence of these granular  s t ruc tures  on 
the m e m b r a n e s ,  fur ther  confirmation of their  r ibosomal  origin (Fig. 4). Mem- 
branes with r ibosomes  attached to them, possibly f rom the outer  layer  of the 
nuclear  membranes ,  were  perhaps concentrated between suc rose  layers  with 
d = 1.20 and 1.22. 

The y i e l d  of  m e m b r a n e  m a t e r i a l  f r o m  s u c r o s e  l a y e r s  with  d = 1.14 and 
1.18 and d = 1.18 and 1 .19 ,  e x p r e s s e d  as  n i t r o g e n ,  amounted  to 0.8% of  the nu-  
c l e a r  n i t r o g e n  (mean o f  5 d e t e r m i n a t i o n s ) .  

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

TO study the composit ion of  the nuclear  membranes  a mixture of m e m -  
brane fract ions isolated f rom layers  with d = 1.14 and 1.18 and with d= 1.18 and 
1.19, washed to remove suc rose ,  was dried to constant weight at a t empera tu re  
not exceeding 40~ Lipids were determined by the use of orglanic solvents:  
m e t h a n o l - c h l o r o f o r m  (1:1) and e t h a n o l - e t h e r  (3:1). Protein was determined 
by Lowry ' s  method [6]. 

DNA and RNA were determined spec t rophotometr icaI ly  by Spirin's me th -  
od [3] af ter  hydrolysis  of the membrane  mater ia l  by the Schmid t -Thannbause r  
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method in 0.5 N KOH solution for  18 h at  37~ The nuclear  m e m b r a n e s  contained (as d ry  weight) 52.07o 
prote in ,  39.2% l ipids,  0.61% DNA, and 3.4% RNA (mean of 4 de terminat ions) .  In the i r  composi t ion the total  
nuc lear  m e m b r a n e s  were  c lose  to the heavy f rac t ion  of nuc lear  m e m b r a n e s  [2]. 

To study the p rope r t i e s  of the p ro t e i n s  of  the nuclear  m e m b r a n e s  the i r  amino-ac id  composi t ion was 
de te rmined .  A l ip id - f r ee  spec imen  of nuclear  m e m b r a n e s  (2-3 rag) was hydrolyzed in 6 N I-IC1 solution at 
105-120~ for 24 h. The digest  was t r ea t ed  in the usual  way. Quantitat ive ana lys i s  of the amino acids was 
c a r r i e d  out with the KLA-3B (Hitachi) au tomat ic  amino-ac id  ana lyze r  by the method of Moore and Speckman 
[71. 

The amino-ac id  content was de te rmined  in the total  prote in  of  the nuclear  m e m b r a n e s  and in the m e m -  
brane  f ract ion obtained by ex t rac t ion  with 0.1 N BC1 solution. The resu l t s  a r e  given in Table 1. They in-  
dicate  ce r ta in  cha r ac t e r i s t i c  d i f fe rences  between the m e m b r a n e  pro te ins .  The prote ins  of the nuclear  m e m -  
b ranes  contained re la t ive ly  m o r e  a spa r t i c  and glutamic ac ids ,  glycine,  leucine,  and valine.  Small quanti t ies 
of  methionine,  t y r o s i n e ,  and cys te ine  were  found. The prol ine  content was higher  than in other  cell  p ro te ins .  
Compar i son  of the amino-ac id  composi t ion  of  the HCI ex t rac t  of the nuclear  m e m b r a n e s  with that of total  
pro te ins  showed that  the lysine content was a lmos t  twice as high but the content of  val ine and phenylalanine 
somewhat  lower in the f o r m e r .  

Compar i son  of the amino-ac id  composi t ion of total  prote in  of the nuc lear  m e m b r a n e s  obtained in these  
expe r imen t s  with the amino-ac id  composi t ion  of the res idual  prote in  der ived  f r o m  nuclear  m e m b r a n e s  ob-  
tained by o ther  w o r k e r s  [1, 8] shows that  in the p resen t  expe r imen t s  a higher  content of a spa r t i c  and g lu t am-  
ic acids ,  isoleucine,  leucine, and phenylalanine but a lower  content of prol ine and glycine were  obtained. 
These  d i f fe rences ,  however ,  we re  sl ight  and could be the r e su l t  of  d i f fe rences  in the methods used to i so la te  
the nuc lea r  m e m b r a n e s  and in the method used to de t e rmine  the amino -ac id  composi t ion.  
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