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in the nmmbrane or a fundamental  weakness in the membrane model. It  should be 
noted that  the use of Eqn. 2 to describe the membrane  resistance implies tha t  the 
total membrane  conductance is simply the sum of the K,  and Na ) conductances. 
This, however, need not be the case since recent experiments with Nitclla clavata" 
suggests tha t  it is the H ~ conductance which provides the major  contribution to the 
total conductance.  If this is also the case in ,\'ilclla lra~zsluccns then it follows that  
the values of t)~+ a n d  I )Na~ estimated from electrical experiments sueh as are de- 
scribed herein are grossly overestimated, 

lliolS/(vsics Section, 
DclSarhncnt of Natural PhilosolSky, 
~:nivcrsitv of Edi~tb.tt>'gk (Great Brilai~l) 

IL. J. WILLIAMS 
.l" HOG(; 

r .\. 13. l lopl , :  AXD N. A. \VALK),:I<, Aitstra/ialz ./. Biol. 5ci . ,  14 (1901) -'(). 
2 ]{. }1. SPANS\VICK, J.  STOLAREI-: AND l'.'. J .  \\ 'ILLIAMS, .]. ]Lvptl. I¢ota~ly, 18 (Ic)f~ 7) I. 
3 J.  Hoe;{:, 1 c. J. WILLIAMS AND l{. J .  JOHNS'rON, Biockim. t~iophys. :tcla, 15o (1008) (~4 o 
4 (;" p" P'INDL.XY AND A. H. HOPF-, ,-l*tstralia*z J.  Biol. Sci. ,  17 (1964) 62. 
.5 /{. ~l. SI>ANS\VICK AND J.  \~'. l:. (OSTERTON, .]. Cc/[ Ngl., 2 (1()()7) 45I .  
(~ H.  NITASAVO, ./. (;e~*. Phy.4~d., 5z (r068) ()o. 

Received Octol)er z6th, r960 

l~icJckim I'i(~phv~.Acta, 2o 3 (tO7 o) 17() 17 - 

l~ ~,,A 73095 

Separation of membrane components produced by anionic detergents and 
maintained after the latter's removal 

In a previous paper 1 it was rep()rted that  sodiuin dcoxycholate  and sodium 
dodecvl sulfate produced a high degree of separation of the proteins and the t)hospho - 
lipids of isolated rat-liver plasma membranes that  persisted after removal of the 
detergent by dialysis. This perlnanent separation was at variance with the re.suits 
obtained by T E R R Y  Cl a]. 2 and by ENGEI ,MAN AND MOROWITZ a on surface membranes 
of M3,col6lasma laidlawii. According to these authors, the proteins and 1)host)holipids 
of the nlycoplasma membranes,  dissociated by s()dium dodecvl sulfate, reaggregated 
to form a homogeneous particle by dialyzing the detergent out. 

Nat-liver plasma metal)raises are rich in cholesterol, whereas the mycot)lasma 
nlembranes are not ;  their molar ratios of cholesterol to t)hospholipid-P amount  to 
o.6 5 and o.z, respectively. In order to explain the aforementioned difference between 
the two membrane species, it was suggested ~ that  by dialyzing detergent-solubilized 
liver ineinbranes phospholipid cholesterol complexes might  be formed in preference 
to phospholipid protein complexes, whereas homogeneous complexes of the latter 
type might arise from detergent-solubilized membranes containing but little chole- 
sterol. 

In the present experiments, the first possi bility was studied by comparing the 
equilibrium distributions of cholesterol and phospholipid-P of isolated rat-liver mere- 
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b ranes ,  so lub i l i zed  b y  s o d i u m  d e o x y c h o l a t e  (I %) or s o d i u m  d o d e c y l  su l fa t e  (o.8°o),  

in a d e n s i t y  g r a d i e n t  c o n s i s t i n g  of t h r e e  l aye r s  (d 1.15, 1.17, I .I91,  b o t h  in t h e  p r e s e n c e  

of d e t e r g e n t  a n d  a f t e r  i ts  p r io r  r e m o v a l  b y  p r o l o n g e d  d ia lys i s  of t h e  p r e p a r a t i o n s .  

T h e  resu l t s  a re  i l l u s t r a t e d  in T a b l e  I. As  was  p r e v i o u s l y  o b s e r v e d  for  t h e  m e m b r a n e  

p r o t e i n s  a n d  p h o s p h o l i p i d s  (ref. 1 a n d  T a b l e  I), t h e  d i s t r i b u t i o n  of cho le s t e ro l  o v e r  

t he  t h r e e  g r a d i e n t  l aye r s  a f t e r  c e n t r i f u g a t i o n  was  d i f f e ren t  for  t h e  d e o x y c h o l a t e -  a n d  

d o d e c v l  su l f a t e - so lub i l i zed  m e m b r a n e  p r e p a r a t i o n s .  H o w e v e r ,  a f t e r  p r io r  r e m o v a l  of 

t h e  d e t e r g e n t s  b y  d ia lys is ,  t he se  d i f fe rences  were  m u c h  less p r o n o u n c e d .  U n d e r  all 

c o n d i t i o n s ,  t h e  g r a d i e n t  l aye r  of lowes t  d e n s i t y  (d 1.15) c o n t a i n e d  r e l a t i v e l y  less 

p h o s t ) h o l i p i d - P  t h a n  cho les te ro l ,  w h e r e a s  t h e  o p p o s i t e  was  t rue  for  t h e  two  o t h e r  

l aye r s  (if. also t h e  m o l a r  r a t i o s  in T a b l e  I). H o w e v e r ,  t he  p e r c e n t a g e  d i s t r i b u t i o n  of 

cho le s t e ro l  o v e r  t h e  t h r e e  g r a d i e n t  l avers  r e s e m b l e d  n m c h  m o r e  c losely  t h a t  of t h e  

TAI3I.I£ 1 

P E R C E N T A G E  D I S T R I B U T I O N  O F  C H O L E S T E R O L  A N D  O R G A N I C  P I N  A T H R E E - L A Y E R  G R A D I E N T  

F O L L O W I N G  D E N S I T Y - G R A D I E N T  C E N T R I F U G A T I O N  O F  1 S O L A T E D  R A T - L I V E R  P L A S M A  M E M B R A N E S  

S O L U B I L I Z E D  B Y  S O D I U M  D E O X ' ~ ' C H O L A T E  OR S O D I U M  D O D E C Y L  S U L F A T E ,  B E F O R E  A N D  A F T E R  

D I A L Y S I S  

The experimental procedures were similar to those described previously I and consisted of solu- 
bilizing freshly isolated rat-liver plasma nlenlbranes with either i % soilium deoxycholate or 
o.,~°o sodiunl dodecyl sulfate in 2H20 containing sucrose of d 1.17. Part  of each preparation 
was dialyzei1 at I2 '  for 48 60 h against "aH20, sucrose and io 111~1 NaHCO a of d 1.17 and then, 
concurrently with an undialyzed sample, subjected to density-gradient centrifugation. To this 
eni1 i nil of-each preparation, containing 1.2-1.9/niloles organic P, was "sandwiched"  (if. ref. 2) 
between two layers of d 1.15 and d 1.19 (2 nil each) nlade up of 2H20, detergent (present in the 
case of undialyzed, absent in that  of dialyzed samples), and the required amount of sucrose. 
The tubes were centrifuged for 48 h at 48ooo rev./min at I5- - I8  in the Spinco SW-5o rotor, 
and the three layers were separated, dialyzed to remove sucrose, and analyzed_ for cholesterol 4 
and organic pa. Since more than 9o°//o of the nlembrane-bounit P consists 6 of phospholipid-P, 
the values reported for organic P illustrate the phospholipid content of the materials. Two experi- 
nients are listed. The molar ratios of cholesterol to P present in the combined lavers of each 
experiment were calculated from the sum contents and atnounted to o.72 with dcoxycholate 
present, o.82 with deoxycholate dialyzed out, o.68 with dodecyl sulfate present, and o.8o with 
the latter dialyzed out, suggestiug that  some phospholipid had been lost by dialysis. 

('ondilio,~s Cholesterol and organic P i*~ gradient layers (%) 

d L r  5 d z'z7 d ±.l 9 

Deoxycholate (present) 
Cholesterol 
P 
Cholesterol/P (molar ratio) 

I)eoxycholate (dialyzed) 
Cholesterol 
P 
Cholesterol/P (nlolar ratio) 

Dodecyl sulfate (present) 
Cholesterol 
P 
Cholesterol/P (molar ratio) 

Dodecyl sulfate (dialyzed) 
Cholesterol 
P 
Cholesterol/P (nlolar ratio) 

31.1 i 0.8 44.1 _~- 3.1 24.8 E_ 2. 3 
23-0 ± 1-4 49.9 ~= 4.9 26-5 :L 3.4 

1.O 0.62 0.70 

60-5 ~ 1-4 13.9 ~_ 2.4 25.0 n: 0.9 
49.3 ± 2-3 12. 5 ~ o.i 38.2 _~ 1.8 

1.o 7 0.76 0.55 

72.6 i "2.2 19.I m 2-4 8. 3 ± 0.2 
54.1 =[ 2.0 30.7 i 2.6 15.2 -. 0.6 

o.92 0.44 0.35 

63. 9 ± 6.2 17. 9 5_ 4.6 18.2 :L 1.7 
4 o.i 2-: 3.8 21.2 - 2. 5 38.7 4- 1. 3 

1.27 0.56 o.35 
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p h o s p h o l i p i d - P  t h a n  ( l id t h e  d i s t r i b u t i o n  o f  t h e  l a t t e r  r e s e m b l e  t h a t  of  t h e  p r o t e i n s  

(as  i l l u s t r a t e d  p r e v i o u s l y l ) .  T h e s e  r e s u l t s  s u g g e s t  t h a t  p h o s p h o l i p i d s  a n d  c h o l e s t e r o l  

m a y  a s s o c i a t e  m u t u a l l y  in p r e f e r e n c e  t o  p r o t e i n  a n d  t h u s  a r e  n o t  a t  v a r i a n c e  w i t h  

t h e  f i r s t  p o s s i b i l i t y  m e n t i o n e d  a b o v e .  

T h e  s e c o n d  p o s s i b i l i t y ,  i.e. t h a t  a h o m o g e n e o u s  t y p e  of  t ) h o s t ) h o l i p i d  p r o t e i n  

c o m p l e x  m i g h t  a r i s e  b y  r e m o v a l  of  d e t e r g e n t  f r o m  s o l u b i l i z e d  m e m b r a n e s  c o n t a i n i n g  

b u t  l i t t l e  c h o l e s t e r o l ,  w a s  s t u d i e d  b y  t h e  s a m e  t e c h n i q u e  o n  m i c r o s o m a l  m e l n b r a n e s  

s t r i p p e d  of  r i b o s o m e s .  T h e s e  m e m b r a n e s  a r e  p o o r  in c h o l e s t e r o l ;  t h e  m o l a r  r a t i o  of  

c h o l e s t e r o l  t o  p h o s p h o l i p i d - P  o f  l i v e r  i n i c r o s o m e s  a m o u n t e d  t o  o . >  o . I  5. A s  s h o w l ]  

in T a b l e  I I ,  t h e  p r o t e i n s  a n d  p h o s p h o l i p i d - P  of  t h e  m i c r o s o m a l  m e m b r a n e s  w e r e  s e p a -  

r a t e d  t o  a l a r g e  e x t e n t  b y  d e o x v c h o l a t e  (I 0o), a n d  s e p a r a t i o n  w a s  m a i n t a i n e d ,  t h o u g h  

in  a l t e r e d  f o r m ,  a f t e r  d i a l y s i s .  T h e  d i s s o c i a t i o n ,  a s  j u d g e d  b y  t h e  e q u i l i b r i u n a  d i s -  

t r i b u t i o n s  of  t h e  n t i c r ~ ) s o m a l  m e m l ) r a n e  c o m p o n e n t s  o v e r  t h e  t h r e e  g r a d i e n t  l a y e r s ,  

w a s  s i l n i l a r  in p a t t e r n  b u t  q u a n t i t a t i v e l y  in()re p r ~ m o u n c e d  t h a n  t h a t  o b s e r v e d  fi~r 

t h e  p l a s m a  m e m b r a n e s .  

T\131.1- II 

p E I ~ C E N T A ( ; I ¢  I ) ISTRII3UTION OF PI¢OT}';[N \ N D  O R ( ; A N I C  P (OR P H O S p t l O L I P I D  1)) F O L L O \ V I N G  I ) I -NSITY 

G R A D I I ~ N T  C I £ N T R I F U G A T I O N  OF I S O L A T E I )  RAT LIVEIe. M I C R O S O M A L  MEMI~RANI,IS S O L U B I L I Z E D  HY 

S O D I U M  I ) E O X Y C I I O L A T E  BFFOIIIC A N D  AFTI';R I ) I A L Y S I S  

Liver  hon togcna t c  was p repared  in i lll~l NaHC()  a (w/v as for t ) lasma m e m b r a n e  isolation) and  
cent r i fuged  for 2o rain a t  20000 ".: g. The  resu l t ing  s u p e r n a t a n t  was sub jec ted  to *o5ooo >: ,~, 
for I h and  the  pellet washed  with alia() con ta in ing  i mM NaHC()  a. The suspens ion  was t rea ted  
wi th  t °" o s o d i u m  deoxycho la tc  in ~H.,(.) to a final concen t ra t ion  of 0.2 ° '  o de tergent ,  l¢ibosomcs 
were s cd imen ted  1)v ccn t r i fuga t ion  for 3 h a t  IO5OOO X g. l )c te rgent  in 21[a() and  sucrose was 
t h e n  added  to the  s u p e r n a t a n t  to a final concen t ra t ion  of i °  o de te rgen t  and  et 1.17. F u r t h e r  
condi t ions  as ill Table  [. Pro te in  was de t e rmined  by the  b iurc t  m e t h o d  and  phosphol ip id  1 ) in 
ch loroform - m e t h a n o l  (2 : i, v/v) ex t r ac t s  ~. R N A - P  was ca lcu la ted  from I¢Ns\ measu red  accordinR 
to M u x a o  .XND FLECK v, on the  basis  of a P con t en t  of 9.7'!'~. 

l'.rlSt. Co~dilio*zs Protei~ a~d P (pkospkoliflid P) in layers (°o) 

d 1.15 d f . l  7 d r.r 9 

la  Dcoxycho la tc  (present) 
Pro te in  I. _, o. r 92.7 
P I (~.2 ~ 3 - 9  r g . o  
I h 'o tc in /P  rat io  * o. ~ o o. 14 ~.~5 

Ib  1)eoxycholate  (dialyzed out) 
Prote in  1 9 . 2  5 .5  7 2 . 3  

P 03.o i -'.7 24'3 
Pro te in / I  ) ra t io"  0.44 0.97 4-3" 

2a Deoxycho la t e  (present) 
Protein ~. 2 5 . °  9 3 . 8  
Phosphol ip id  P 8.2 (,1.2 30.o 
P r o t e i n / p h o s p h o l i p i d - P  r a t i o  * o.  23 o.  t 4 .5' l 
Phosphol ip id-P / l~NA-I  ~ rat io  0.93 17.1~ 96.3 

2b i ) eoxycho la t e  (dialyzed out) 
Protein T 7. t 5.9 77 .o (-'4.8) * * 
Phosphol ip id-  P 76. I 0"5 ~ 7"'t (3. I) * * 
Pro te in /phosphol ip id-  1 ~ ratio* o.4o 1.6o 7.7 

* T h e  p ro te in  (mg) / l '  (or phosphol ip id-P ,  /mlole) rat io  is l is ted;  t h a t  of the  three  layers  
combined ,  as ca lcula ted  fronl tile s u m  con t en t s  was 1.43, 1.45, 1.64 and  1.76 for Exp ts .  la, ii), 
2a and  2b, respect ively.  

** Values indica te  the  percen tage  of mate r ia l  which became insoluble (cf. rcf. l). 
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Separation of the microsomal membrane components was also obtained with 
dodecyl sulfate (o.8 %). The separation which persisted after removal of this detergent 
by dialysis was not changed by addition of cholesterol (finely dispersed by ultrasonic 
oscillation in detergent solution and added in an amount corresponding to an ultimate 
cholesterol to phospholipid-P ratio of o.7o ) to the nmmbrane preparation before 
dialysis. 

The present and previous ~ results show that  detergent-solubilized liver plasma 
and microsomal membranes both before and after dialysis contain materials of varied 
buoyant  densities, materials which greatly differ in their protein, phospholipid and 
cholesterol contents as compared with the mean composition of the intact membranes. 
Since it seems very unlikely that  these results reflect a heterogeneously structured 
organization of the intact membranes, it follows that  under our experimental con- 
ditions (i) a pronounced dissociation between the membrane components had been 
induced by the detergents, (ii) dissociation was maintained after removal of detergent, 
and (iii) no homogeneous particles had arisen irrespective of the cholesterol content 
of the membranes. I t  might, however, appear that  divalent cations, such as Mg "-: 
or ( 'a 2 -, are required for plasma-nlembrane reconstitution (@ ref. 8). The appearance 
of sedimentable vesicles upon diluting deoxycholate (o.26 o0)_solubilized liver micro- 
so r t i e s  h a s  b e e n  r e p o r t e d  b y  ERNSTER cl al. 9. 
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