
109 

The S t r u c t u r e  of  Mixed C h o l e s t e r o l / P h o s p h o l i p i d  Monolayers  as 
Probed by I n t e r a c t i o n s  w i t h  Band 3 P r o t e i n  from E r y t h r o c y t e  

Membranes 

D. Schuber t  and H. Mar ie 

M a x - P l a n c k - l n s t i t u t  f u r  B i o p h y s i k  

D-6000 F r a n k f u r t  a. M. 

S o l u b i l i z e d  band 3 p r o t e i n  from human e r y t h r o c y t e  membranes 
( t he  anion t r a n s p o r t  p r o t e i n )  i n t e r a c t s  s t r o n g l y  and s p e c i f i -  
c a l l y  w i t h  monolayers  of  c h o l e s t e r o l  spread at the  a i r - w a t e r  
i n t e r f a c e  whereas,  at pH 7 - i 0 ,  i t  shows o n l y  moderate i n t e r -  
a c t i o n s  w i t h  p h o s p h o l i p i d  monolayers  [1 ,21 . 

When band 3 p r o t e i n ,  at pH 7 and an i o n i c  s t r e n g t h  o f  a p p r o x i -  
mate ly  i00 mM, is  added to the subphase of  mixed p h o s p h a t i d y l -  
c h o l i n e / c h o l e s t e r o l  mono layers ,  the changes A~ in  monolayer  
su r f ace  p ressu re  induced by the p r o t e i n  depend on the mole 
f r a c t i o n  X o f  s t e r o l  in  the m i x t u r e .  However, A~(X I  i n c r e a s e s  
w i t h  i n c r e a s i n g  X towards the h igh  va lues  of  A~ c h a r a c t e r i s t i c  
of  c h o l e s t e r o l  mono layers  o n l y  i f  X ~ 0 . 6 7  • 0 .04 ;  at lower  
c h o l e s t e r o l  c o n t e n t ,  ~ ( X )  is  p r a c t i c a l l y  i d e n t i c a l  to  the 
va lue  ob ta i ned  w i t h  the pure p h o s p h o l i p i d .  Analogous r e s u l t s  
are ob ta i ned  w i t h  c h o l e s t e r o l / p h o s p h a t i d y l s e r i n e  and c h o l e s -  
t e r o l / p h o s p h a t i d y l e t h a n o l a m i n e  m i x t u r e s .  With m i x t u r e s  of 
p h o s p h a t i d y l e t h a n o l a m i n e  and c o p r o s t a n o l  (wh ich a l so  i n t e r a c t s  
s t r o n g l y  w i t h  band 3 ~2] ) ,  the break in  the  ~ ( X ) - c u r v e s  
occurs  a l r e a d y  at  X = 0.33 • 0 .03 .  

The f o l l o w i n g  model is  c o n s i s t e n t  w i t h  the data d e s c r i b e d :  In 
mixed monolayers  w i t h  p h o s p h o l i p i d s ,  c h o l e s t e r o l  i s  complexed 
to the p h o s p h o l i p i d  up to X = 0.67 (2 c h o l e s t e r o l  mo lecu les  per 
p h o s p h o l i p i d ) o  A t  h i g h e r  va lues  of  X, domains of  pure c h o l e s -  
t e r o l  c o e x i s t  w i t h  domains of  complex.  Bes ides complexes w i t h  
s t o i c h i o m e t r y  of  2 :1 ,  a l so  those of s t o i c h i o m e t r y  1:2 may 
e x i s t .  In the mixed mono laye rs ,  band 3 can undergo i t s  s p e c i f i c  
i n t e r a c t i o n  w i t h  c h o l e s t e r o l  mo lecu les  o n l y  i f  the  l a t t e r  are 
not  complexed to p h o s p h o l i p i d .  

Our model i s ,  at l e a s t  in  p a r t ,  s i m i l a r  to e a r l i e r  s u g g e s t i o n s  
o f  some au tho rs  but c o n t r a s t s  s h a r p l y  w i t h  those  of  o t h e r s .  
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