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Separation by density gradient centrifugation of two types of membranes 
from spheroplast membrane of Escherichia coli K12 

The surface layer of Gram-negative bacteria has been known to consist mainly 
of three layers, that  is, a cytoplasmic membrane,  a mucocomplex layer and an outer 
membrane of cell walP. Spheroplasts, which were formed by  the action of lysozyme 
(EC 3.2.I.I7), still have double membranes which correspond to the outer and cyto- 
plasmic membranes of their envelope ~. Spheroplast membranes obtained by osmotic 
shock of the spheroplasts, have been thought to be a mixture of outer and cytoplasmic 
membranes. We have shown that  membrane preparations of Bacillus megaterium 
could be separated into their three subfractions by the sucrose-density gradient cen- 
trifugation3, 4. The procedure was applied to Escherichia coli. In this report, a sepa- 
ration of outer membrane from cytoplasmic membrane in E. coli is presented. 

The cells of E. coli KI2 were grown in FRASER AND JERREL'S  5 medium, har- 
vested at the middle of exponential phase and washed with distilled water. The 
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Fig. I. Schemat ic  r ep re sen t a t i on  of separa t ion  of m e m b r a n e s  by  sucrose-dens i ty  g rad i en t  cen- 
t r i fuga t ion .  Sucrose so lu t ions  of the  fol lowing l inear  dens i ty  g rad ien t s  were p repared  in 6-ml 
cel lulose tubes ;  (I) 4.4 ml  of 0-30 % sucrose on o.2 ml of 5o°//o sucrose (SDG-I) (2) 4.6 ml  of 
35-5 ° % sucrose (SDG-2), (3) 4 .6 ml  of 30-45 % sucrose (SDG-3), (4) 4 .6 ml  of 40-55 % sucrose 
(SDG-4). The m e m b r a n e  f rac t ions  ob ta ined  by  an osmot ic  shock of spheroplas t s  were homogenized.  
The m e m b r a n o u s  p r e p a r a t i o n  (3.6 ml con ta in ing  abou t  12o mg  membranes)  was layered  onto  
SDG-I  in 3 tubes.  Af ter  cen t r i fuga t ion  in an RPS  4 ° to te r  (swinging type)  of H i t ach i  4op Ul t ra -  
cent r i fuge  a t  140oo0 x g for 2 h, m e m b r a n o u s  f rac t ions  were recovered  as prec ip i ta tes .  The 
p rec ip i t a t e  was  d i lu ted  wi th  wa te r  to  m a k e  the  sucrose concen t ra t ion  less t h a n  35 % and  l aye red  
onto  SDG-2 in  6 tubes.  Cen t r i fuga t ion  a t  140000 x g for 4 h y ie lded  vis ible  bands  A1, B 1 and  C v 
These th ree  bands  were col lected by  means  of a J - shaped  p ipet te .  The f rac t ions  were d i lu ted  
w i t h  d is t i l led  w a t e r  and  cen t r i fuged  a t  14o000 x g for i h. The  p rec ip i t a t e s  were homogenized  
in dis t i l led  water .  The  homogena t e  f rom band  B 1 was  then  layered  onto  SDG-2 in 3 tubes  and 
cent r i fuged a t  14o000 X g for 4 h. 13ands A 2, 132 and C~ were obta ined .  Then A z was m i x e d  
wi th  A 1 and  C 2 was m i x e d  wi th  C 1. The m i x t u r e  of A 1 and A s was layered  onto  SDG- 3 (3 tubes)  
and  the  m i x t u r e  of C 1 and C 2 onto  SDG- 4 (3 tubes) .  These tubes  were cent r i fuged a t  14oo0o x g 
for 4 h. F r o m  the  m i x t u r e  of A 1 and  A~, a s ingle band,  A a, was  ob t a ined  and  a s ingle band,  C 3, 
was  ob ta ined  from the  m i x t u r e  of C 1 and  C2. D e ns i t y  equ i l ib r ium was reached wi th in  4 h in 
a l l  cases and  the  g r a d i e n t  p a t t e r n  was  not  a l te red  af ter  a 7-h cent r i fugat ion .  These purif ied b a n d s  
Aa, ]32 and  C a were col lected by  means  of a J - shaped  p ipe t t e  and  used for chemical ,  b iochemica l  
and  e lec t ron-microscopic  observa t ions .  
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spheroplasts were prepared by the method of REPASKE 6. The spheroplasts were col- 
lected by centrifugation, burst at 4 ° in a 5 mM MgC12 solution containing a trace 
amount of deoxyribonuclease (EC 2.7.7.16) and washed twice with cold 5 mM MgC12 
solution. The crude membrane was collected by centrifugation at 25ooo )< g for 
2o min, suspended in 3 mM EDTA (pH 7.o) and dialysed against 3 mM EDTA (pH 7.o) 
at 4 ° overnight. Dialysed preparations were centrifuged at 6oooo ~, g for 1 h. The 
precipitates were suspended in distilled water and applied to sucrose for density 
gradient centrifugation. The procedure and results of subfractionation of dialysed 
membranes by the density gradient centrifugation are shown in Fig. I. Thus bands 
Aa, B 2 and C a were obtained. The chemical composition of bands A a, B~ and C a is 
shown in Table I. Proteins were equally distributed in these fractions. However, lipid 
content was much higher in band A a and lower in band C a than in band B 2. On the 
other hand, carbohydrate was concentrated in band C a. A ratio of carbohydrate to 
protein in band C a was 4-5 times that in band A a. Table I I  shows the distribution 
of enzymes and cytochromes in these fractions. ATPase (EC 3.6.1.3) and the com- 
ponents of the electron-transport chain were concentrated in band A a. 

T A B L E  I 

CHEMICAL COMPOSITION OF FRACTIONATED MEMBRANES 

D a t a  r e p r e s e n t  m g / g  w h o l e  cel ls .  

M a t e r i a l *  B a n d  A s B a n d  B 2 B a n d  C a 

P r o t e i n  18.3 ± o. 4 18.9 ± 2 .9  17.8 :~ 0 .5  
P h o s p h o l i p i d * *  9.1 ~ o. 4 8. 3 - -  o .8  3.4 2 0 .2  
C a r b o h y d r a t e  o .2  4 ± o.o~ o . 6  7 ?-  o . I 3  1 .19 -:~ o .12  
R N A  0 .82  ± o . o i  1 .2o  :i: o . 16  0 .58  - o . o i  

* E a c h  w a s  d e t e r n l i n e d  a s  d e s c r i b e d  p r e v i o u s l y  a. 
* *  P h o s p h o l i p i d  = l i p i d - p h o s p h o r u s  × 25. 5. 

T A B L E  I I  

DISTRIBUTION OF ENZYMES 

A T P a s e  * * 
N A D H  d e h y d r o g e n a s e  
S u c c i n a t e  d e h y d r o g e n a s e  
C y t o c h r o m e  a 
C y t o c h r o m e  b * ** 

AND CYTOCHROMES* AMONG FRACTIONATED MEMBRANES 

A c t i v i t y  (/,moles~rag prote in  per  h, 2o °) 

B a n d  A 3 B a n d  B 2 B a n d  C a 

2.7  ~ o . 3  1.5 ! o - 6  < 0 . 3  
1 .o9 - o , o t  0 ,88  ~ 0 .40  0 .50  j : o . o  4 
0 .38  • o . o i  0 .37  - -  o .o8  < 0 , 0 2  
0 . 0  7 ~ O,OI 0.03  ~ O.OI < O . O I  

o .18  ::!: o , o i  0 .09  ~_ o . o i  < 0 . 0 3  

* E a c h  w a s  d e t e r m i n e d  as  d e s c r i b e d  p r e v i o u s l y  a. 
** A s s a y  w a s  a t  35 °. 

*** A m o u n t s  of  c y t o c h r o m e s  a a n d  b w e r e  d e t e r m i n e d  f r o m  t h e  d i f f e r e n c e  s p e c t r a  ( r e d u c e d  
w i t h  d i t h i o n i t e  m i n u s  u n t r e a t e d )  a t  444  m/* a n d  4 2 6  m/~ w h i c h  c o r r e s p o n d  t o  t h e  S o r e t  b a n d s  
of  c y t o c h r o m e s  a a n d  b in  E.  coli K 12, r e s p e c t i v e l y ,  a n d  a r e  e x p r e s s e d  a s  t h e  a b s o r b a n c e  a t  444  m/z 
a n d  426  in/* p e r  m g  p r o t e i n ,  r e s p e c t i v e l y .  
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Typical electron micrographs of each thin section of these fractions are shown 
in Fig. 2. Band A 3 was comprised largely of vesicles with a width of about 75 A unit 
membrane. Band Ca, which also showed a unit membrane structure of a width almost 
equal to band A3, gave features very different from those of band A 3, that  is, a 
somewhat complex coiled structure which was easily stained by alkaline lead hydr- 
oxide. Recently BIRDSELL AND COTA-ROBLES 2 have shown that  outer membrane of 
E. coli could be broken by  EDTA and formed the complex coiled structure during 
spheroplast formation. Results of chemical, enzymatic and electron-microscopic obser- 
vations presented in this paper suggest that  band C 3, which is comprised of complex 
coiled membranes, is mainly composed of the components derived from the outer 

Flg. 2. E lec t ron  mic rographs  of f r ac t iona ted  membranes .  A. B a n d  A 3. B. B a n d  B 2. C. Band  C 3. 
Elec t ron-microscopic  s tudies  were performed as descr ibed p rev ious ly  3. 

membrane of the cell wall. On the other hand, cytoplasmic membranes of spheroplasts 
of E. coli seemed to be separated from outer membranes into band A 3 by the density 
gradient centrifugation. Band B 2 might be a mixture of outer and cytoplasmic mem- 
branes and non-membranous materials. 
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