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Pro te ins  of nuc lear  m e m b r a n e s  and of m e m b r a n e s  of e r y t h r o e y t e s  and l ive r  m i t o -  
chondria  of r a t s  we re  subjected to e lec t rophore t i c  f ract ionat ion by molecu la r  weight 
in 5% po lyac ry lamide  gel (PAG) in the p r e s e n c e  of low (0.1%) and high (1%) concen t ra -  
tions of sodium dodecylsulfa te  (DDS). In the p r e sence  of 0.1% DDS, bes ides  high- 
mo lecu la r -we igh t  f rac t ions ,  the p ro t e in s  of all the m e m b r a n e s  invest igated contained 
a prote in  f rac t ion  with low molecu la r  weight (about 6000). The low-molecu la r -we igh t  
f rac t ion  was absent  in the m e m b r a n e  prote ins  on e l ec t ropho re s i s  in PAG with 1% DDS. 
The poss ib i l i ty  of pro teoly t ic  degradat ion  of m e m b r a n e  pro te ins  in the p r e s e n c e  of low 
DDS concentra t ions  is d i scussed .  

Besides  the i r  c h a r a c t e r i s t i c  d i f fe rences ,  the va r ious  cell  m e m b r a n e s  also sha re  a number  of common 
f ea tu re s  concerning the i r  s t r u c t u r e  and composi t ion  [1, 3, 10]. For  example ,  the p r e sence  of s t ruc tu ra l  
p ro te ins  with evidently s i m i l a r  s t ruc tu re  and p rope r t i e s  has f requent ly  been repor ted .  The r e su l t s  o f e l e c -  
t r opho re s i s  of m e m b r a n e s  of the mi tochondr ia ,  e r y t h r o c y t e s ,  and outer  segments  of the re t inal  rods  of the 
bovine eye,  t rea ted  with sodium dodecylsul fa te ,  in po lyac ry lamide  gel (PAG) have recent ly  been desc r ibed  
[7], and analogous components  we re  found in all  these  three  types of m e m b r a n e s .  This  method s e p a r a t e s  
pro te ins  by the i r  molecu la r  weight  and r e c o r d s  them in the m o n o m e r  s tate  [9]. In all m e m b r a n e s  inves t i -  
gated,  bes ides  cer ta in  c h a r a c t e r i s t i c  components  with a high m o l e c u l a r  weight,  a number  of ve ry  s i m i l a r  
l ow-molecu l a r -we igh t  pro te ins  were  found; these  p ro te ins  we re  evidently cycl ic  in s t ruc tu re  and showed 
a w e l l - m a r k e d  capaci ty  for  aggregat ion .  The w o r k e r s  cited a s s u m e  that  these "min ipro te ins"  with a m o -  
l ecu la r  weight of about 6000 f o r m  the  s t ruc tu ra l  bas i s  of d i f ferent  types of m e m b r a n e s  [7l. Invest igat ion 
of min ipro te ins  in other  types  of m e m b r a n e s  is impor tan t  both to ve r i fy  this concept  and a lso  to study d i f -  
fe ren t  types of biological  m e m b r a n e s ,  espec ia l ly  nuc lear  m e m b r a n e s .  An e a r l i e r  e l ec t rophore t i c  study 
of the pro te ins  of isola ted nuclear  m e m b r a n e s  in PAG in an acid med ium [8] r evea led  the heterogenei ty  of 
the i r  p ro te ins  and showed that  they contain prote in  components  cor responding  in the i r  mobil i ty  to histone [2]. 

This  pape r  de sc r ibe s  the e l ec t rophore t i c  f rac t ionat ion of pro te ins  of nuc lear  m e m b r a n e s  and also 
of l ive r  mi tochondr ia  and e r y t h r o c y t e s  of r a t s  in PAG. 

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

Rat l i ve r  nuc lear  m e m b r a n e s  were  obtained by a modif icat ion of the w r i t e r s '  e a r l i e r  method [4]. Rat  
e ry th rocy te  m e m b r a n e s  were  isola ted by osmot ic  shock [6l. Rat  l i ve r  mi tochondr ia l  m e m b r a n e s  were  ob-  
tained by P a r s o n s '  method [11]. 

L a b o r a t o r y  of B iochemis t ry ,  Inst i tute of Biology of Development,  Academy of Sciences of the USSR, 
Moscow. (P resen ted  by Academic ian  of the Academy of Medical Sciences of the USSR S. S. Debov.) T r a n s -  
la ted f r o m  Byulleten '  ]~ksper imenta l 'no i  Biologil i Meditsiny,  Vol. 75, No. 2, pp. 34-37, Februa ry ,  1973. 
Original  a r t i c l e  submit ted Apri l  10, 1972. 

�9 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

124 



- 

| 

[] 
[] 

I I 

m 

a r c a b c a ~ c 

Fig. i Fig. 2 

Fig. 1. Scheme of e lec t rophore t ic  f rac t ion-  
ation of membrane  proteins in polyacrylamide 
gel in the presence  of 0.1% sodium dodecyl-  
sulfate; a) s e rum albumin; b) insulin; c) mixture 
of proteins (a, b); d) e ry throcyte  membranes ;  
e) mitochondrial  membranes ;  f) nuclear  m e m -  
branes.  Here and in Fig. 2, dark shading r ep -  
resen ts  intensely stained fract ions;  light shading 
cor responds  to weakly stained fract ion.  

Fig. 2. Scheme of e lec t rophoret ic  fractionation 
of membrane  proteins in polyacrytamide gel in 
the presence  of 1% sodium dodecylsulfate (by 
Fa i rbanks '  method)." a) nuclear  membranes ;  
b) mitochondrial  membranes ;  c) insulin. 

Electrophoresis was carried out initially by the original method of Shapiro and Maizel [9]. Before 
the specimen was prepared for electrophoresis the isolated nuclear membranes were incubated in 0.i M 
phosphate buffer, pH 7.2, with 2.5% DDS and 2.5% mercaptoethanol for 3 h at 37~ 

The specimen was then dialyzed for 16 h against 0.01 IV[ phosphate buffer, pH 7.2, containing 0.1% 
DDS and applied to a gel consisting of 5% acrylamide (England) and 0.i M phosphate buffer, pH 7.2, with 
0.1% DDS. Polymerization was catalyzed with 0.05% NNN'N'-tetramethylenediamine and 0.075% ammonium 
persulfate .  

Elec t rophores is  was ca r r i ed  out to the anode at 30~ with the tube placed in 0.1 M phosphate buffer 
(pH 7.2) containing 0.1% DDS with a cu r r en t  of 1 mA applied to the tube for 4 h. The gel was then expressed  
f rom the tube, fixed for 36 h in 20% sulfosalicylic acid, and stained for 5 h with 0.5% Coomassie  dye dis-  
solved in 7% acetic acid. The excess  of dye was removed with 7% acetic acid. 

In the second par t  of the work e lec t rophores i s  was ca r r i ed  out by Fai rbanks '  method [5] at r o o m t e m -  
pera ture  in 5% polyacrylamide in the presence  of 1% DDS to the anode with a cur rent  of 8 mA applied to the 
tube. The top and bottom elec t rophore t ic  chambers  contained 0.1 M tris-HC1 (pH 7.4) with 1% DDS. During 
preparat ion of the specimen for e lec t rophores is ,  the membranes  were t reated with the following substances 
in the concentrat ions specified: DDS 1% sucrose  5-10%, 10 mM tris-HC1 (pH 8.0), 1 mM EDTA (pH 8.0), 
40 mM dithiotritol,  and pyronine as re fe rence  substance.  The specimen was incubated for 15-30 rain at 
37~ and then applied to the tubes. In the case of the marke r  protein, which was insulin, the specimen was 
incubated under the same conditions at 45-50~ for  20 rain. After e lec t rophores is  the gel was fixed for 
18 h in a mixture of 15% t r icb loroace t ic  acid and 25% isopropanol.  Staining was then ca r r i ed  out with 0.025% 
Coomassie  blue dye. 

EXPERIMENTAL RESULTS AND DISCUSSION 

To begin with, the electrophoretic mobility of proteins whose molecular weight was known, and which 
could be used as the standard for estimating the mobility of the test nuclear membrane proteins, was in- 
vestigated. The proteins used were bovine serum albumin (England) and insulin (Holland). 
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During eleetrophoresis of the albumin two bands (light and heavy fractions) with different intensities 
of staining were discovered. The molecular weight of the clearly distinguishable, faster moving albumin 
fraction was 50,000; the single insulin fraction corresponded to a molecular weight of 5800. 

Electrophoresis of the erythrocyte membrane proteins showed that the greater part of them consisted 
of a fraction with the mobility equal to that of insulin. The remaining four fractions were less marked and 
the mobility of two of them coincided with that of the serum albumin fractions (Fig. 1). During investigation 
of the mitochondrial membranes a low-molecular-weight fraction with mobility similar to that of insulin 
also was found. In addition, five other fractions were detected, of which the fourth was present in a greater 
amount than the rest (Fig. i). During eleetrophoresis of the nuclear membrane proteins after fixation with 
20~o sulfosalycilic acid, a low-molecular-weight protein fraction was discovered similar to that observed 
during electrophoresis of insulin. Besides the low-molecular-weight fraction,a further four fractions with 
lower electrical mobility, i.e., with higher molecular weight, were found, one of which corresponded to 
serum albumin in its molecular weight. 

During eleetrophoresis by the method of Shapiro and Maizel, besides high-molecular-weight fractions 
a protein fraction with low molecular weight (about 6000), corresponding to insulin, was found in all the 
membranes investigated (erythrocytes, mitochondria, and nuclei of the rat liver). 

After this investigation of the fractions of the various membrane proteins had been completed a paper 
[5] was published which described electrophoresis of erythroeyte membrane proteins in the presence of 
1~o DDS, a concentration 10 times higher than that used by Laico [7] and ourselves. During electrophoresis 
under these conditions no peptides with low molecular weight (about 6000) could be detected in the erythro- 
cyte membrane protein s, After comparing his own experimental observations with those reported in the 
literature, the ~author of the paper cited concludes that proteolytic degradation of erythrocyte membrane 
proteins may take place in the presence of low concentrations of DDS. 

In connection with these observations, electrophoretic fractionation of mitochondrial and nuclear 
membranes from rat l~ver was later carried out by Fairbanks' method. Insulin was used as the protein 
with known molecular weight. The results obtained are shown schematically in Fig. 2. The mitochondrial 
membrane proteins were separated into five fractions by molecular weight. No fraction with a low mo- 
lecular weight, corresponding to insulin, was found. During electrophoresis of the rat liver nuclear mem- 
brane proteins eight fractions were obtained (Fig. 2). Just as in the case of the mitochondrla, no proteins 
with a molecular weight of about 6000 were found in the nuclear membranes. 

Under these conditions of electrophoresis no low-molecular-weight proteins with the mobility of in- 
sulin could thus be found in the nuclear and mitochondrial membranes of rat liver. Under the same con- 
ditions Fairbanks found no such proteins in erythrocyte membranes either. After a full analysis of the con- 
ditions of radial electrophoresis with DDS Falrbanks considers that treatment of the specimen of mem- 
brane proteins in the presence of DDS produces denaturation, with an increase in the sensitivity of the pep- 
tide bends to the action of DDS-resistant proteinase. In that case the cleavage products formed dissociate 
and migrate more rapidly during electrophoresis than the original polypeptides, and for this reason to pre- 
vent proteolytic degradation of proteins during electrophoresis in the presence of DDS by Fairbanks' method 
it is necessary to use high concentrations of DDS (1~0), both during preparation of the specimen and during 
electrophoresis, and to include EDTA both in the specimen and in the electrophoretic buffer. If these con- 
ditions are observed, proteolytic degradation of the proteins of the erythrocyte membranes is excluded. 
In the present experiment by Fairbanks' method, no fraction with molecular weight of about 6000 likewise 
was detected. However, the question of whether proteolytic degradation takes place in the case of the pro- 
teins of nuclear or mitoehondrial membranes during preparation of the specimens and electrophoresis is 
not yet finally solved and requires special investigation. 
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