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CHEMILUMINESCENCE I N  MODEL MEMBRANE STRUCTURES. 
CHEMILUMINESCENCE OF LUCIGENIN I N  DDAB AGGREGATES I N  
THE PRESENCE OF CHOLESTEROL 

F .  S .  V A R V E R I ,  A .  E .  MANTAKA-MARKETOU, J .  NIKOKAVOURAS 
N . R . C .  "Democr i to s" ,  P.O.  Box 60228, Aghia  P a r a s k e v i  
A t t i k i s ,  153  10 Greece 

Abstract I n  t h e  p r e s e n t  s t u d y  w e  r e p o r t  t h e  chemi lu -  
minescence  of  L u c i g e n i n  ( L )  i n  DDAB ( d i d o d e c y l d i m e t h y l -  
ammonium b romide )  aggregates as a f u n c t i o n  o f  c h o l e s t e -  
r o l  c o n c e n t r a t i o n  i n  t h e  r a n g e  o f  10-7 t o  5x10-4 M .  The 
DDAB aggregates employed were 10-2 M, b o t h  lamellar 
( u n s o n i c a t e d )  and ves i cu la r  ( s o n i c a t e d ) .  The e f f e c t  o f  
c h o l e s t e r o l  a t  t h e  c o n c e n t r a t i o n  employed was e x p r e s s e d  
a s a  r a t i o  o f  quantum y i e l d s  i n  t h e  p r e s e n c e  and a b s e n c e  
of  c h o l e s t e r o l .  Tak ing  i n t o  a c c o u n t  t h e  e f f e c t  i n  t h e  
two s y s t e m s  above ,  i t  a p p e a r s  t h a t  c h o l e s t e r o l  a f f e c t s  
t h e  s m e c t i c i t y  of  t h e  b i l a y e r  lamellar aggregate. 

I" 
We have shown e a r l i e r  t h a t  f a c t o r s  a f f e c t i n g  t h e  f l u i d i t y  
o f  b i o l o g i c a l  membranes, s u c h  as hormones,  v i t a m i n s ,  i o n s  
and c h o l e s t e r o l  i t s e l f  a t  a c o n c e n r a t i o n  o f  10-4 M,can a l s o  
a f f e c t  t h e  f l u i d i t y  of  model membrane s y s t e m s .  I n  a t y p i c a l  
membrane mimetic a g e n t ,  DDAB aggregates, t h e  e f f e c t  is 
f o l l o w e d  and is i l l u s t r a t e d  by  d i f f e r e n t i a t i o n  o f  t h e  
quantum y i e l d s  as well as t h e  chemi luminescence  s p e c t r a  o f  
t h e  L u c i g e n i n  ( L )  l i g h t  r e a c t i o n  c a r r i e d  o u t  i n  t h e  s a id  
media . 

DISCUSSION 

Chemiluminescence  i n  o r g a n i z e d  media is a s s o c i a t e d  w i t h  
d i f f e r e n t i a t i o n  i n  b o t h  quantum y i e l d s  and e m i s s i o n  
spec t r a  as compared w i t h  t h e  same i n  homogeneous me- 
d i a . l . 2 . 3  F u r t h e r m o r e ,  f a c t o r s  a f f e c t i n g  t h e  r i g i d i t y  and 
f l u i d i t y  of  b i o l o g i c a l  membranes can a l s o  a f f e c t  t h e  
chemi luminescence  of  L u c i g e n i n  ( L )  i n  membrane mimetic 
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a g e n t s  s u c h  as t h e  (DDAB) aggregates o f  t h e  p r e s e n t  workq.  
I n d e e d ,  c h o l e s t e r o l  a t  cancentrations of  10-4 M i n  DDAB 
lamellar aggregates g i v e s  r i se  t o  i n c r e a s e d  quantum y i e l d s  
of  t h e  (L) l i g h t  r e a c t i o n  i n  t h i s  medium.6 I n  a more 
tho rough  examina t ion  of  t h e  l a t t e r ,  w e  now r e p o r t  t h e  
e f f e c t  of  t h e  c h o l e s t e r o l  c o n c e n t r a t i o n ,  i n  b o t h  lamellar 
( u n s o n i c a t e d )  and v e s i c u l a r  ( s o n i c a t e d )  DDAB aggregates, on 
t h e  (L) l i g h t  r e a c t i o n ,  t o g e t h e r  w i t h  t h e  e f f e c t  of  tempe- 
r a t u r e  on t h i s  system. 
The c h o l e s t e r o l  c o n c e n t r a t i o n  e f f e c t  on t h e  l i g h t  
r e a c t i o n ' s  quantum y i e l d  ( e x p r e s s e d  as &h/Q where Qch is 
t h e  quantum y i e l d  i n  t h e  p r e s e n c e  o f  c h o l e s t e r o l  and Q t h e  
quantum y i e l d  w i t h o u t  c h o l e s t e r o l  added)  is shown i n  F i g .  
1. I t  is i n t e r e s t i n g  t o  n o t i c e  t h e  d i f f e r e n c e  between 
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FIGURE 1. V a r i a t i o n  o f  t h e  l i g h t  r e a c t i o n  quantum 
y i e l d  as a f u n c t i o n  o f  C h o l e s t e r o l  c o n c e n t r a t i o n .  
[DDAB] = 10-2 M, o = l a m e l l a r  and a = s o n i c a t e d  
preparations. 

lamellar and v e s i c u l a r  systems; t h e  i n s i g n i f i c a n t  e f f e c t  i n  
t h e  v e s i c u l a r  systems becomes v e r y  pronounced  i n  t h e  
lamellar system. A p p a r e n t l y ,  t h e  e f f e c t  o f  c h o l e s t e r o l  is 
more d r a s t i c  on a system of  super imposed  lamellae t h a n  on 
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t h e  o u t e r  s u r f a c e  o f  a ves i c l e .  I n d e e d ,  p r o g r e s s i v e  
a d d i t i o n  of  c h o l e s t e r o l  t o  t h e  lamellar system i n c r e a s e s  
t h e  o p a c i t y  o f  t h e  s o l u t i o n  i n d i c a t i n g  smect ic i ty  
d i f f e r e n t i a t i o n s  which a f f e c t  t h e  p o l a r i t y  o f  t h e  r e g i o n  i n  
which t h e  c r i t i c a l  c h e m i e x c i t a t i o n  s t e p  o f  t h e  l i g h t  
r e a c t i o n  t a k e s  place. No s u c h  e f f e c t  was o b s e r v e d  i n  t h e  
v e s i c u l a r  system. 
The e f f e c t  o f  t e m p e r a t u r e  on t h e  lamellar system c o n t a i n i n g  
2 x 1 0 4  M c h o l e s t e r o l  was r a t h e r  i n s i g n i f i c a n t .  On g o i n g  
from 120 t o  160 C ,  a 0.04 decrease i n  QOh/Q was o b s e r v e d  
which became 0 .08  w h i l e  a t  200 C and 0 . 1  a t  250 C .  
I n  c o n c l u s i o n ,  t h e  above r e s u l t s  o f f e r  f u r t h e r  e v i d e n c e  i n  
s u p p o r t  of  o u r  ea r l ie r  s u g g e s t i o n s  t h a t  chemi luminescence  
can b e  a t o o l  i n  t h e  s t u d y  o f  t h e  s t r u c t u r e  o f  membrane 
mimetic a g e n t s .  

EXPERIMENTAL 

Didodecyldimethylammonium bromide  ( D D A B )  and L u c i g e n i n  ( L )  
were u s e d  was r e c e i v e d .  C h o l e s t e r o l  was r e c r y s t a l l i z e d  
twice f rom e t h a n o l .  
S t i r r e d  s o l u t i o n s  o f  DDAB aggregates (10-2 M )  w i t h  or 
w i t h o u t  c h o l e s t e r o l  were p r e p a r e d  a t  l eas t  24 h o u r s  p r i o r  
t o  u s e .  S o l u t i o n s  of  c h o l e s t e r o l  below 10-6 M were made 
from s t o c k  s o l u t i o n s  of  10-3 M .  
S o n i c a t i o n  times were 20 min on a MSE s o n i c a t o r .  
Chemiluminescence and UV measurements  were t a k e n  a t  t h e  
c o n s t a n t  a s s i g n e d  t e m p e r a t u r e  on a LKB 1250 Luminometer and 
a UVIDEL-340 s p e c r o p h o t o m e t e r  r e s p e c t i v e l y .  
Sample u s e d :  L u c i g e n i n  ( t o  r e a c h  10-5 H) was d i s s o l v e d  and 
s t i r r ed  i n  t h e  medium 1 5  min p r i o r  t o  l i g h t  r e a c t i o n  and 
a b s o r p t i o n  was measured a t  X 500 nm. 500 u 1  samples were 
t a k e n  and t h e  l i g h t  r e a c t i o n s  were f o l l o w e d  upon a d d i t i o n  
of  20 u l  5 N NaOH and 20 u l  10% HzOz. A l l  r e a c t i o n s  were 
t e r m i n a t e d  i n  a b o u t  2 . 5  h o u r s .  Upon terminat i o n ,  
a b s o r p t i o n  was measured a g a i n .  The r a t i o ’ s  of  quantum 
y i e l d s  were c o r r e c t e d  f o r  s e l f  a b s o r p t i o n  and found f o r  
e a c h  i n d i v i d u a l  c o n c e n t r a t i o n  measured .  
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