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Solubility of mitochondrial membrane proteins in acidic organic solvents 

The DANIELLI-DAvsON 1 model for biological membranes does not provide a 
suitable explanation for the role played by non-enzymatic protein. There is consider- 
able evidence ~-4 that  there are largely hydrophobic, rather than electrostatic, inter- 
actions between the proteins and phospholipids of membranes. One might then expect 
non-enzymatic membrane protein to show some affinity for non-polar solvents. Thus, 
myelin membranes will dissolve in chloroform-methanol ~ and 2-chloroethanol-water 
(9 :i, v/v) will dissolve plasma membranes of Ehrlich's ascites carcinom#. In addition, 
GREEN et al. 7 noted that the core protein fraction from beef heart mitochondria dis- 
solved in acidic organic solvents. I t  is, in fact, possible to dissolve all the protein 
from rat liver mitochondrial membranes in acidic organic solvents if the phospholipids 
of the membrane are removed carefully. The necessity of acid in an organic solvent 
for dissolving membrane proteins would seem to indicate that the most important 
protein-protein interactions in a hydrophobic environment are ionic bonds. 

Rat  liver mitochondria were obtained by the method of SCHNEIDER 8, and mem- 
branes from the mitochondria were prepared by osmotic disruption in distilled water, 
followed by two washes with distilled water of the pellet obtained by centrifugation 
at 3o000 × g for 30 rain. Two procedures were used to remove phospholipids. One 
utilised chloroform-methanol. I vol. mitochondrial membrane suspension in distilled 
water was rapidly dispersed into 50 vol. ice-cold chloroform-methanol (2:1, v/v). 
The bulk of the protein was collected by centrifugation at iooo × g for io rain and 
washed with 20 vol. ice-cold chloroform-methanol, giving the low speed pellet 
(Table I). Centrifugation of the supernatant and the washing at 30 ooo × g for 30 rain 
yielded more protein (high speed pellet), while 5 % of the total protein still remained 
in the supernatant fraction. The low speed pellet could be dissolved completely by 
suspending the protein in a small volume of chloroform-methanol followed by the 
stepwise addition of hydrochloric acid in chloroform-methanol until a clear solution 
was obtained (approx. I ~mole H + per mg of protein) (Table II). The high speed 
pellet only partially dissolved under these conditions. Methanol could similarly be 

TABLE I 

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

Protein estimated by the biuret procedureg; phospholipid by a modified method of Fiske and 
SubbaRow 1°. 

% Totalprotein % Totalphospholipid 

Acetone 

Pellet 97 15.8 
Supernatant o 84.o 

Chloroform-methanol 

Pellet (low speed) 85 6.2 
Pellet (high speed) 15 2.2 
Supernatant 5 92.0 
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used  to  d issolve  the  low speed  pellet .  T h e  a l t e r n a t i v e  p rocedure  r e q u i r e d  t h a t  9 vol.  

a ce tone  a t  r o o m  t e m p e r a t u r e  were  m i x e d  w i t h  I vol.  m i t o c h o n d r i a l  m e m b r a n e  sus- 

pens ion  fo l lowed b y  low speed  c e n t r i f u g a t i o n  at  r o o m  t e m p e r a t u r e  in a bench  cen- 

t r i fuge.  The  pel le t  d i s so lved  r ead i ly  in m e t h a n o l  w h e n  hyd roch lo r i c  ac id  was a d d e d  

s tepwise  un t i l  a c lear  so lu t ion  was o b t a i n e d  (approx.  I / ~ m o l e  H + per  m g  prote in) .  

The  pel le t  d i s so lved  in w a t e r  if i t  was suspended ,  a f t e r  ex t r ac t i on ,  r a p i d l y  in a smal l  

v o l u m e  of w a t e r  c o n t a i n i n g  ac id  or  a lkal i  a t  a c o n c e n t r a t i o n  of I / ~ m o l e  H or O H -  
per  m g  p ro te in .  

TABLE 11 

T I T R A T I O N  OF E X T R A C T E D  P R O T E I N  W I T H  A C I D  

1.5 nlg extracted protein (by chloroform-methanol) suspended in 2 ml methanol; o.i ml methanol 
containing increasing concentration of HC1 added, suspension centrifuged at iooo × g for io min 
and protein estimated in the supernatant liquid. 

H* (/~moles) o 0.5 I.O i. 5 2.0 3.0 io,o 
Soluble protein (nig) o 0. 5 i . i  5 1.3o 1.47 1.55 1.55 

TABLE l l I  

O P T I C A L  R O T A T O R Y  D I S P E R S I O N  OF T H E  S O L U B L E  M E M B R A N E  P R O T E I N S  

Measurements made on a Bendix polarimeter in a io-mnl cell at protein concentrations of 1-2 
mg/ml at 22 °. (a) Phospholipid extracted with acetone, pellet dissolved in water containing HC1 
at i /~mole H + per mg protein, and the solution dialyse(t against distilled water overnight. 
(b) Phospholipid extracted with chloroform-nlethanol ; the low speed pellet dissolved in nlethanol 
containing HC1 at i /~mole H + per mg protein. (c) As (b) but with chloroform-inethanol in place 
of methanol. 

Solven t  a o b o °/o H e l i x  

(a) Water -- 157 -- 27.5 4.4 
(b) Methanol -F 21 --330 52 
(c) ChlorofornI methanol + i zo -- 336 53 

A so lu t ion  of m i t o c h o n d r i a l  m e m b r a n e  p ro t e in  in an o rgan ic  so lven t  r e m a i n e d  

op t i ca l l y  c lear  i nde f in i t e ly  if k e p t  a t  o - 4  ° , t h o u g h  in w a t e r  t he  so lu t ion  n o r m a l l y  

b e c a m e  m o r e  o p a q u e  a f t e r  i day ,  b u t  n e v e r  w i t h  obv ious  p rec ip i t a t ion .  N e u t r a l i s a t i o n  

of t he  ac id  in t he  n o n - p o l a r  so lu t ion  r e su l t ed  in a p r e c i p i t a t e  which,  however ,  r e ad i l y  

d i s so lved  on a d d i t i o n  of m o r e  acid. 

Op t i ca l  r o t a r y  d i spers ion  (ORD)  s tudies  on the  m i t o c h o n d r i a l  m e m b r a n e  

p ro te ins  in o rgan ic  so lven t s  a n d  w a t e r  showed  t h a t  t h e y  possessed m o r e  ~-hel ix in 
c h l o r o f o r m - m e t h a n o l  t h a n  in w a t e r  (Table  I I I ) .  O R D  m e a s u r e m e n t s  were  m a d e  in 

t he  vis ib le  reg ion  (6oo-30o nl/,) a n d  were  t r e a t e d  acco rd ing  to  t he  p r o c e d u r e  of 
~OFFITT AND YANG 11 to  g ive  a 0, b0, a n d  p e r c e n t a g e  hel ic i ty .  20 was a s s u m e d  to  be 

212 m/~, and  b 0 as - - 6 3 o  for IOO % helix.  Cell m e m b r a n e s  showed  a s imi la r  a m o u n t  

of he l i c i ty  in 2 - c h l o r o e t h a n o l - w a t e r ,  bu t  as an  aqueous  suspens ion ,  t he  O R D  showed  
s ignif icant  differences3, ~. The  differences,  however ,  m a y  be due  to  t he  inf luence  of 
t he  phospho l ip ids  12 o r  the  p resence  of s t ruc tu re s  o the r  t h a n  the  a-hel ix-coi l  s t ruc tu re s  a, 
i n s t e ad  of s i m p l y  an increase  of he l i c i ty  due  to a t r ans fe r  f rom an aqueous  to a non-  
po la r  so lvent .  
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Comments on recent efforts t o  estimate the molecular weight of the 
( N a  + + K+)-ATPase 

A recent paper from the laboratory of M. Nakao reports on efforts to approxi- 
mate  the molecular weight of the (Na + +K+)-ATPase  (ATP phosphohydrolase, EC 
3.6.1.3) using an enzyme fraction sohibilized from pig brain microsomes 1. No a t tempt  
was made to place this estimate in perspective with prior work. There are a number 
of reports in the literature wherein techniques similar to those used by MIZUNO et al. ~ 
and NAKAO et al. 9 were applied to the problem of estimating the molecular weight 
of the (Na + + K +)-ATPase 2-°. Since the results from various groups differ, it may  be 
useful to summarize the current situation, and to suggest some basis for evaluating 
available data. 

Because the (Na + +K+)-ATPase  has not yet been isolated in a pure fornl, 
a t tempts  to estimate the molecular weight have had to rely on impure enzyme 
fractions from red cell membranes and brain or kidney microsomes. One approach 
suited to such conditions is the target  theory analysis of radiation inactivation dataT, s. 
Usually, samples are irradiated in air or in vacuo and one reports the D37 (dose to 
reduce initial enzyme activity to i /e = 37 %) which is related to the molecular weight 
by  the equation: tool. wt. ~ constant]Da~. Either kind of data  can be used to estimate 
the enzyme molecular weight, but different constants must be used since the D ~  
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