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Sarcoplasmic ret iculum. i s  one of t h e  most i n t e n s i v e l y  s tud i ed  membrane 

systems. A s  i s o l a t e d  i n  h igh ly  p u r i f i e d  form, i t  i s  capable  of energ ized  

calcium uptake and has  a  r e l a t i v e l y  simple composition. The major p r o t e i n  

c o n s t i t u e n t  0 9 0 % )  i s  t h e  calcium-pump p r o t e i n  (1 ,  2 ) ,  which h a s  been 

d i s s o c i a t e d  from t'he sarcoplasmic r e t i cu lum membrane and r e c o n s t i t u t e d  t o  form 

f u n c t i o n a l  membrane v e s i c l e s  (3 ,  4) .  Such membranes of def ined  l i p i d  c o n t e n t  

make p o s s i b l e  d e t a i l e d  s t u d i e s  aimed a t  c o r r e l a t i n g  membrane composition w i t h  

s t r u c t u r e  and s t r u c t u r e  wi th  f u n c t i o n  (4, 5, 6, 7) .  

3 1 ~  NblR has been prev ious ly  used t o  s tudy  t h e  motion of t h e  p o l a r  head 

group r eg ion  of model phospholipid membranes (8,  9 ,  10).  Oriented 

mu l t i l ame l l a r  systems have proved p a r t i c u l a r l y  u s e f u l  f o r  t h i s  purpose. (8, 9, 

11). The angular  dependence of t h e  p o s i t i o n  of t h e  3 1 ~  NMR s i g n a l  from 

o r i e n t e d  membranes can be used t o  c a l c u l a t e  t h e  phosphorus chemical s h i f t  

a n i s t r o p y  and t h e  d i r e c t i o n  of t h e  symmetry a x i s  f o r  t h e  motion of t h e  

phosphate group. The angular  dependence of t h e  width of t h e  "P NMR s i g n a l  

can be used t o  c a l c u l a t e  t h e  d i p o l a r  i n t e r a c t i o n  between t h e  phosphorus 

l n u c l e u s  and t h e  protons on t h e  two ad jacent  methylene groups, and t h e  

d i r e c t i o n  of t h e  symmetry a x i s  f o r  t h e  motion of t h e s e  two groups. 

F igure  1 shows t h e  angular  dependence of t h e  3 1 ~  NMR s i g n a l  from o r i e n t e d  

sarcoplasmic r e t i cu lum membranes. S imi la r  s p e c t r a  were ob ta ined  from o r i e n t e d  

r e c o n t i t u t e d  sarcoplasmic re t icu lum membranes w i th  l ip id- to-pro te in  r a t i o s  

ranging from 42:l t o  110:l  and from o r i e n t e d  b i l a y e r  membranes formed from 

sarcoplasmic r e t i cu lum phosphol ipids  (12). The dependence of t h e  3 1 ~  NMR 

' s p e c t r a  on the  alignment of the  membranes wi th  r e spec t  t o  t h e  magnetic f i e l d  

was used t o  draw two conclusions about t he  motion of t h e  phosphol ipid 



molecitles t h a t  ~ o n t r i b u t e  t o  t he  observed spec t r a .  F i r s t ,  t h e  phosphate group 

and t h e  two ad jacen t  methylene groups a r e  ab l e  t o  r a p i d l y  r o t a t e  ( i . e . ,  f a s t e r  

t h i n  lo-' s e c )  around t h e  normal t o  t he  p lane '  of t h e  membrane. Second, t h e  

r e s t r i c t e d  t n t e r n a l  motion of t h e  phosphate group and t h e  g lyce ro l  CH20P group 
. . 

i s  very  similar t o  t h a t  found i n  liposomes formed from sarcoplasmic re t icu lum 

phospholipids.  Ca l ib ra t fon  experiments showed t h a t  a l l  ( 100 .k  7%) of t h e  

phospholipid molecules i n  t h e  membrane can be accounted f o r  i n  t h e  observed 

spec t r a .  Thus, e s s e n t i a l l y  a l lc?he  phospholipid molecules i n  t h e  sarcoplasmic 

re t icu lum and t h e  r e c o n s t i t u t e d  sarcoplasmic re t icu lum membranes have t h e  same 

motion i n  t h e  p o l a r  headgroup reg ion  a s  found i n  model b i l a y e r  membranes. 
I 

Since a l a r g e  f r a c t i o n  of t h e  phospholipid molecules (between one-quarter and 

one-half depending on t h e  l i p i d  t o  p r o t e i n  r a t i o )  are immediately surrounding 

t h e  calcium-pump p r o t e i n ,  we conclude t h a t  t h e  calcium-pump p r o t e i n  does not  

p e r t u r b  t h e  motion of t h e s e  'boundary-layer' l i p i d s .  



~ i g u r e  1: The angular  dependence of t h e  3 1 ~  NMR s i g n a l  from o r i en t ed  

sarcoplasmic re t icu lum membranes. The s p e c t r a  shown i n . t r a c e s  . . .  A t o  D were 

taken wi th  membranes a l igned  so t h a t  t h e  angle  between t h e  magnetic f i e l d  and 

the  normal ' to t h e  plane of the  membrane was oO, 30'; 55' and go0, 

r e spec t ive ly .  The dashed l i n e s  a r e  t heo re t i ca l ,  gaussian curves which w e r e  

used t o  d e f i n e  t h e  p o s i t i o n  and t h e  width of t h e  component of t h e  s i g n a l  

a r i s i n g  from p lana r  reg ions  of t h e  f l a t t e n e d  s p h e r i c a l  v e s i c l e s  (12) .  The . 

s p e c t r a  were t a k e n  a t  145.7 mi. .  he t o t a l  sweep w i &  i s 2 0  &Hz. Each 

spectrum was accumulated f o r  approximately two hours a t  8 f lo. 
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