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thermodynamics of binding 
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Using the method of competitive analysis the interaction of lysozyme with liposomes composed of 
phosphatidylcholine and diphosphatidylglycerol has been studied. In terms of the lattice and continuum 
models of large ligand adsorption to membrane thermodynamic parameters for the protein-lipid complexes 
have been estimated. Lysozyme binding to liposomes containing more than 25 тої % of DPG has been 
found to be characterized by the positive cooperativity, originating, presumably, from the self-association 
of the bound protein. 

I n t r o d u c t i o n . P r o t e i n - l i p i d i n t e r a c t i o n s a r e k n o w n to 
p l ay a n i m p o r t a n t ro le in d e t e r m i n i n g t h e s t r u c t u r a l 
a n d f u n c t i o n a l p r o p e r t i e s of b i o m e m b r a n e s [ 1 ] . P r o ­
t e in b i n d i n g to l ipid b i l a y e r is c h a r a c t e r i z e d b y a 
n u m b e r of p e c u l i a r i t i e s , b e i n g e s s e n t i a l for t h e r m o ­
d y n a m i c a n a l y s i s of t h e equ i l i b r i a in p r o t e i n - l i p i d 
s y s t e m s . T h e s e p e c u l i a r i t i e s o r i g i n a t e , in p a r t i c u l a r , 
f rom i) l a r g e s ize of t h e p r o t e i n , c a p a b l e of f o r m i n g 
s e v e r a l s i m u l t a n e o u s c o n t a c t s w i t h t h e m e m b r a n e 
s u r f a c e ; ii) s t e r i c a r e a - e x c l u d i n g i n t e r a c t i o n s b e t w e e n 
a d s o r b e d p r o t e i n m o l e c u l e s ; iii) s t r o n g d e p e n d e n c e of 
t h e b i n d i n g on t h e l i g a n d s h a p e , i. e. o n t h e 
g e o m e t r i c a l a r r a n g e m e n t of b i n d i n g c o n t a c t s in t h e 
p r o t e i n - l i p i d c o m p l e x . T o d a t e , t w o c l a s s e s of m o d e l s 
for p r o t e i n a d s o r p t i o n o n s u r f a c e h a v e b e e n p r o p o s e d , 
n a m e l y l a t t i ce a n d c o n t i n u u m o n e s [ 2 — 7 ] . In t e r m s 
of t h e l a t t i c e m o d e l s l ipid b i l a y e r is r e p r e s e n t e d b y a 
r e g u l a r a r r a y of b i n d i n g c o n t a c t s ( s u b u n i t s ) , f o r m i n g 
p r o t e i n b i n d i n g s i t e s a c c o r d i n g to t h e s i ze a n d s h a p e 
of c o n t a c t r e g i o n [ 2 — 4 ]. C o n t i n u u m m o d e l s t r e a t t h e 
p r o t e i n a d s o r p t i o n to s u r f a c e on t h e b a s i s of t h e 
t h e o r i e s of t w o - d i m e n s i o n a l h a r d - p a r t i c l e f lu ids [7 ]. 
A l t h o u g h t h e s e two c l a s s e s of m o d e l s s e e m to b e m o s t 
a d e q u a t e for t h e r m o d y n a m i c a n a l y s i s of p r o t e i n - l i p i d 
i n t e r a c t i o n s , a m a j o r p a r t of t h e d a t a r e p o r t e d in t h e 
l i t e r a t u r e h a v e b e e n a n a l y z e d w i t h i n t h e f r a m e w o r k of 
t r a d i t i o n a l L a n g m u i r a p p r o a c h . H o w e v e r , b e c a u s e of 
p e c u l i a r f e a t u r e s of t h e p r o t e i n - l i p i d s y s t e m s t h i s 
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a p p r o a c h d o e s no t a l low to o b t a i n c o r r e c t q u a n t i t a t i v e 
c h a r a c t e r i s t i c s of t h e p r o t e i n a s s o c i a t i o n wi th l ipid 
b i l a y e r [ 4 ] . 

In t h e p r e s e n t s t u d y s o m e l a t t i c e a n d c o n t i n u u m 
m o d e l s of l a r g e l i g a n d a d s o r p t i o n o n s u r f a c e h a v e 
b e e n e m p l o y e d to e s t i m a t e b i n d i n g p a r a m e t e r s for t h e 
c o m p l e x e s of c a t i o n i c p r o t e i n l y s o z y m e w i t h l i p o ­
s o m e s , c o m p o s e d of n e u t r a l ( p h o s p h a t i d y l c h o l i n e 
( P C ) ) a n d n e g a t i v e l y c h a r g e d ( d i p h o s p h a t i d y l g l y c e r o l 
( D P G ) ) l ipid s p e c i e s . L y s o z y m e is no t a m e m b r a n e 
p r o t e i n , b u t it c u r r e n t l y w i d e l y u s e d in t h e m o d e l 
s t u d i e s d u e to i ts a b i l i t y t o a s s o c i a t e wi th l ip ids b y 
m e a n s of e l e c t r o s t a t i c a n d h y d r o p h o b i c i n t e r a c t i o n s 
[ 8 — 1 0 ] . 

M a t e r i a l s a n d M e t h o d s . E g g y o l k P C a n d beef 
h e a r t D P G w e r e p u r c h a s e d f rom B a k p r e p a r a t ( K h a r ­
kiv, U k r a i n e ) . B o t h p h o s p h o l i p i d s g a v e s i n g l e s p o t s b y 
t h i n l a y e r c h r o m a t o g r a p h y in t h e so lven t s y s t e m 
c h l o r o f o r m : m e t h a n o l : a c e t i c a c i d : w a t e r , 2 5 : 1 5 : 4 : 2 , 
v / v ) . Egg w h i t e l y s o z y m e w a s o b t a i n e d f rom « R e a n a l » 
( H u n g a r y ) . U n i l a m e l l a r p h o s p h o l i p i d ves ic les w e r e 
p r e p a r e d by t h e m e t h o d of e t h a n o l in j ec t ion . 1 ml of 
t h e e t h a n o l l ip id s o l u t i o n c o n t a i n i n g a p p r o p r i a t e a m o ­
u n t s of P C a n d D P G w a s i n j ec t ed i n t o 13 ml of 
10 m M T r i s - H C l buf fe r , p H 7 .4 , u n d e r c o n t i n u o u s 
s t i r r i n g . E t h a n o l w a s t h e n r e m o v e d b y d i a l y s i s . P h o ­
s p h o l i p i d c o n c e n t r a t i o n w a s d e t e r m i n e d a c c o r d i n g to 
t h e p r o c e d u r e of B a r t l e t t [ 1 1 ] . L y s o z y m e b i n d i n g to 
l i p o s o m e s w a s m o n i t o r e d u s i n g t h e m e t h o d of c o m ­
pe t i t ive a n a l y s i s , d e s c r i b e d in d e t a i l p r e v i o u s l y [ 1 2 — 
Н ] . 
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Results and Discussion. I n o r d e r to follow l y s o ­
z y m e i n t e r a c t i o n w i t h l i p o s o m e s a c o m p e t i t i o n b e ­
t w e e n t h e p r o t e i n a n d f l u o r e s c e n t p r o b e 4 - ( d i m e -
t h y l a m i n o s t y r y l ) - 1 - m e t h y l p i r i d i n e я - t o l u e n e s u l f o n a t e 
( D S M ) for t h e b i n d i n g s i t e s o n t h e b i l a y e r s u r f a c e h a s 
b e e n e x a m i n e d . S u c h a c o m p e t i t i o n m a n i f e s t s i tself in 
t h e d e c r e a s e of f l u o r e s c e n c e i n t e n s i t y of m e m b r a n e -
b o u n d D S M u p o n a d d i t i o n of t h e p r o t e i n [ 1 1 , 1 2 ] . 
T y p i c a l c u r v e s i l l u s t r a t i n g t h e p r o b e d i s p l a c e m e n t b y 
l y s o z y m e a r e p r e s e n t e d in F i g . 1. P r e v i o u s s t u d i e s 
h a v e s h o w n . t ha t in l i p o s o m a l m e m b r a n e s t h e r e e x i s t 
two t y p e s of D S M b i n d i n g c e n t e r s [ 1 5 ] . A s s u m i n g 
tha t t h e c e n t e r s of o n l y o n e t y p e a r e r e s p o n s i b l e for 
t he c o m p e t i t i o n e f fec t s , a n a p p r o a c h to t h e e s t i m a t i o n 
of t h e p r o t e i n b i n d i n g p a r a m e t e r s h a s b e e n d e v e l o p e d 
[ 1 3 , 1 4 ] . I n t h e p r e s e n t w o r k t h i s a p p r o a c h h a s b e e n 
e x t e n d e d to t h e c a s e of c o m p e t i t i o n for b o t h t y p e s of 
DSM b i n d i n g c e n t e r s . T h e f i rs t s t e p of t h e d a t a 
a n a l y s i s c o n s i s t s in t h e e s t i m a t i o n of t h e f r ac t ion of 
s u r f a c e a r e a , o c c u p i e d by t h e p r o t e i n (Ф) f rom 
e x p e r i m e n t a l d e p e n d e n c i e s of D S M f l u o r e s c e n c e i n ­
t e n s i t y (Ip) o n t h e p r o t e i n c o n c e n t r a t i o n (P). F l u o ­
r e s c e n c e i n t e n s i t y of D S M b o u n d to t h e s i t e s of two 
t y p e s c a n b e r e p r e s e n t e d b y : 

(1) 

Fig. 1. The change of DSM fluorescence intensity in the presence of 
lysozyme. DPG content, mol%: / — 5; 2 — It ; J — 25; 4 — 43; 
5 — 67; 6 — 100. Lipid concentration, /<M: / — 67; 2 — 92; J —-
12; 4 — 5; 5 — 1; 6 — 2. The probe concentration is 5 /<M. The left 
Y-axis corresponds to the curves 2 and 6. I{) is DSM fluorescence 
intensity in the absence of lysozyme, 7 p is DSM fluorescence intensity 
upon the protein addition 

w h e r e В В 2 a r e t h e c o n c e n t r a t i o n s of t h e p r o b e , fn 

f2 a r e f l u o r e s c e n c e i n t e n s i t i e s of o n e m o l e of t h e p r o b e 
b o u n d to t h e c e n t e r s of t h e f i r s t a n d s e c o n d t y p e , 
r e spec t i ve ly ( n o t e t h a t f l u o r e s c e n c e of D S M in s o l u ­
t ion is neg l ig ib ly s m a l l c o m p a r e d to t h a t in l ipid 
b i l a y e r ) . T h e c o n c e n t r a t i o n of f ree p r o b e (Zf) is g iven 
by : 
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U s i n g t h e v a l u e of Bn o b t a i n e d in s u c h a w a y , 
f rom t h e eq. ( 1 ) , (4) a n d (5) o n e c a n f ind Ф v a l u e , 
c o r r e s p o n d i n g to a g iven f l u o r e s c e n c e i n t e n s i t y Ip. 
P a r a m e t e r s N , , N2, AT,, K2, f{, f2 for l i p o s o m e s u n d e r 
s t u d y h a v e b e e n d e t e r m i n e d p r e v i o u s l y [ 1 3 ] . F r o m 
e x p e r i m e n t a l c u r v e s IP(P) m e a s u r e d a t 5 — 8 c o n ­
c e n t r a t i o n s of e a c h t y p e of l i p o s o m e s t h e d e p e n d e ­
nc i e s Ф(Р) h a v e b e e n o b t a i n e d . S e c o n d s t e p of t h e 
d a t a t r e a t m e n t w a s a i m e d a t t h e d e t e r m i n a t i o n of t h e 
b i n d i n g p a r a m e t e r s c h a r a c t e r i z i n g t h e c o m p l e x e s of 
l y s o z y m e w i t h l i p i d s - a s s o c i a t i o n c o n s t a n t (KJ a n d a 
n u m b e r of l ipid m o l e c u l e s p e r m o l e c u l e of t h e b o u n d 
p r o t e i n in). In a n a l y z i n g e x p e r i m e n t a l r e s u l t s t w o 
l im i t i ng c a s e s , c o r r e s p o n d i n g to t h e l i n e a r a n d d i s co id 
l i g a n d s h a p e , h a v e b e e n c o n s i d e r e d . W i t h i n t h e f ra ­
m e w o r k of t h e l a t t i c e m o d e l s t h e p r o t e i n b i n d i n g to 
l i p o s o m a l m e m b r a n e s , m o d e l e d a s h e x a g o n a l l a t t i ce of 
l ipid m o l e c u l e s , h a s b e e n d e s c r i b e d b y t h e fo l lowing 
r e l a t i o n s h i p s [2 , 3 ] : 

F o r l i n e a r l i g a n d 

w h e r e By F a r e t h e c o n c e n t r a t i o n s of b o u n d a n d f ree 
p r o t e i n , r e s p e c t i v e l y , L is t h e t o t a l l ip id c o n c e n t r a t i o n , 
z* is t h e l a t t i c e c o o r d i n a t i o n n u m b e r (z* = 6 ) , a is t h e 
p a r a m e t e r of e x c l u d e d a r e a ( a = 3 ) , со = 2V3v/n. A s ­
s u m i n g t h a t p r o t e i n - b i n d i n g c o n t a c t s a r e no t c l o s e -
p a c k e d (e. g. w h e n t h e p r o t e i n i n t e r a c t s o n l y w i t h o n e 
k i n d of t h e l ip id spec i e s ) t h e m o d e l of d i sc b i n d i n g to 
d i l u t e c e n t e r s h a s b e e n u s e d [ 4 ] : 

w h e r e £ is a s h a p e - d e p e n d e n t p a r a m e t e r (e = 1 for 
d i s c - l i ke l i g a n d a n d 8 - {g/n){\ + \/g)2 for r e c t a n g l e 
w i t h a x i a l r a t i o g). T h e v a l u e s of Ka a n d n, p r o v i d i n g 
t h e b e s t fit of t h e d a t a s e t h a v e b e e n f o u n d by 
m i n i m i z i n g a func t i on : 

w h e r e P0

e is t h e p r o t e i n c o n c e n t r a t i o n , d e t e r m i n e d 
e x p e r i m e n t a l l y , m is t h e n u m b e r of e x p e r i m e n t a l 
p o i n t s , P0

C is t h e p r o t e i n c o n c e n t r a t i o n c a l c u l a t e d for 
a g iven se t of t h e p a r a m e t e r s n a n d Ka, P0

C = В + F; 
В=ФЬ/п t h e v a l u e of F w a s d e r i v e d f rom eqs . 
(9) — ( 1 2 ) . 

A s c a n be s e e n in T a b l e , for b o t h t y p e s of t h e 
m o d e l s u s e d t h e va lue of n d r a m a t i c a l l y d e c r e a s e d 
w i t h t h e i n c r e a s i n g D P G c o n t e n t in t h e l ip id b i l a y e r , 
a n d in s o m e c a s e s n t e n d e d to z e r o u p o n f i t t ing . S u c h 
a b e h a v i o u r of t h i s p a r a m e t e r m a y , in p r i n c i p l e , b e a 
c o n s e q u e n c e of a n i n c r e a s e of t h e p a c k i n g d e n s i t y of 
p r o t e i n m o l e c u l e s a t t h e b i l a y e r s u r f a c e . H o w e v e r , 
t a k i n g i n t o a c c o u n t t h e c r o s s - s e c t i o n of l y s o z y m e (ca. 
2 7 0 0 A 2 ) [ 1 6 ] , c o r r e s p o n d i n g to a n a r e a of ca . 39 P C 
m o l e c u l e s ( 5 P C 7 0 A 2 ) o r ca . 2 3 m o l e c u l e s of D P G 
(SDP0 ~ 120 A 2 ) [ 1 7 ] t h e v a l u e s of n < 1 s e e m to b e 
u n r e a s o n a b l e . A s s u m p t i o n t h a t l y s o z y m e b i n d s to 
d i l u t e c e n t e r s ( t h i s m a y b e t h e c a s e w h e n t h e p r o t e i n 
f o r m s o n l y e l e c t r o s t a t i c c o n t a c t s w i t h D P G h e a d -
g r o u p s ) d o e s n o t i m p r o v e t h e s i t u a t i o n . D r a s t i c d e ­
c r e a s e of n r e f l ec t s t h e s t e e p e n i n g of t h e b i n d i n g 
c u r v e s , t h a t c a n s t e m , in p a r t i c u l a r , f rom t h e c o o p e -
ra t iv i ty of b i n d i n g p r o c e s s . C o o p e r a t i v e effects h a v e 
b e e n c o n s i d e r e d in t e r m s of t h e l a t t i c e m o d e l of l i n e a r 
l i g a n d a d s o r p t i o n to m e m b r a n e , d e s c r i b e d b y r e l a ­
t i o n s h i p s [ 4 ] : 

w h e r e rj is t h e c o o p e r a t i v i t y p a r a m e t e r . A p p l i c a t i o n of 
t h i s m o d e l y i e l d s r a t h e r r e a s o n a b l e e s t i m a t e s of n 
( T a b l e ) a n d a l lows to a s s u m e t h a t u p o n D P G c o n t e n t 
e x c e e d i n g 2 5 m o l % l y s o z y m e b i n d i n g to l i p o s o m e s is 
c h a r a c t e r i z e d b y a pos i t ive c o o p e r a t i v i t y (rj ~ 1.2— 
1.3). I n t h i s c o n t e x t it s e e m s of i m p o r t a n c e to n o t e 
t h a t c o o p e r a t i v e p h e n o m e n a a r e w i d e s p r e a d in 
b io logica l s y s t e m s a n d p l a y s ign i f i can t r o l e in t h e 
i n t e r a c t i o n of t h e p r o t e i n s wi th s m a l l l i g a n d s a n d 
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Parameters of lysozyme binding to liposomes 

*Unsuceessful fitting. 
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m a c r o m o l e c u l e s [ 1 8 , 1 9 ] . O n e of t h e m o s t p r o b a b l e 
r e a s o n for t h i s effect is t h e s e l f - a s s o c i a t i o n of b o u n d 
p r o t e i n . T h e fact t h a t c o o p e r a t i v i t y is n o t o b s e r v e d a t 
t h e low m o l e p e r c e n t of D P G c ou ld b e i n t e r p r e t e d a s 
fol lows. I n c r e a s e of t h e s u r f a c e c h a r g e d e n s i t y of t h e 
l ipid b i l a y e r c a n r e s u l t in i) e n h a n c i n g t h e s c r e e n i n g 
of t h e ne t p r o t e i n c h a r g e a n d ii) i n c r e a s i n g t h e 
a m o u n t of t h e b o u n d p r o t e i n m o l e c u l e s p e r un i t of t h e 
m e m b r a n e a r e a . At a c e r t a i n D P G c o n t e n t ( in o u r 
c a s e ca . 2 5 m o l % ) t h e s u p e r p o s i t i o n of t h e s e effects 
m a y l e a d to a p p e a r a n c e of t h e c o n d i t i o n s f a v o u r a b l e 
for t he f o r m a t i o n of t h e p r o t e i n a s s o c i a t e s . In t h i s 
r e spec t it s e e m e d of i n t e r e s t to a n a l y z e t h e d a t a in 
t e r m s of t h e c o n t i n u u m m o d e l for t h e a d s o r p t i o n of a 
l a r g e s e l f - a s s o c i a t i n g l i g a n d to a s u r f a c e [7 ]. T h e 
m a i n r e l a t i o n s h i p s of t h i s m o d e l c a n b e w r i t t e n a s : 

w h e r e Ф = Ф, + Ф 2 a n d q = R*/Rj Rz a n d R; a r e t h e 
r ad i i of t h e c i rc les r e p r e s e n t i n g z - m e r a n d m o n o m e r , 
r e spec t ive ly , KJz is t h e c o n s t a n t c h a r a c t e r i z i n g t h e 
f o r m a t i o n of z-mer. I n t h e c a s e w h e n a r e a is c o n ­
s e r v e d o n s e l f - a s s o c i a t i o n q = z 1 2 . T h e c o m p l e x i t y of 
th is m o d e l d o e s no t a l low to a s c e r t a i n t h e s e t of t h e 
p a r a m e t e r s (Ka, n , Kls, z) u n e q u i v o c a l l y , b u t w e h a v e 
m a d e a n a t t e m p t to o b t a i n s o m e s e m i - q u a n t i t a t i v e 
e s t i m a t e s . T h e d a t a t r e a t m e n t p r o c e d u r e w a s b a s e d 
on the ca l cu l a t i on of Ф г (Ф, = Ф — Ф г ) b y n u m e r i c a l 
so lu t ion of t h e eq. (15) w i t h t h e s u b s e q u e n t e v a l u a t i o n 
of F (eq. ( 1 4 ) ) , В a n d / (eq. ( 1 3 ) ) . T h e v a l u e of n 
was pu t e q u a l to SP/Sa, w h e r e Sa is t h e m e a n a r e a p e r 
lipid h e a d g r o u p (Su = ( S F G / * + SDPG)/(J* + 1 ) , / * is t h e 
m o l a r r a t io P C to D P G ) , w h i l e Klz w a s v a r i e d in t h e 
r a n g e 0 . 0 1 — 4 0 ( t h e u p p e r l imi t w a s d e t e r m i n e d by 
t h e r e q u i r e m e n t Ф, > 0 ) . U n d e r s u c h c o n d i t i o n s s o m e 
s e t s of t h e p a r a m e t e r s {Ka> Klz, z) c o r r e s p o n d i n g to a 
m i n i m u m of t h e f u n c t i o n / h a v e b e e n d e r i v e d for t h e 
c a s e s w h e n \?j d i f fe rs f r o m 1. As c a n b e s e e n f rom 
T a b l e 1, s u c h s e t s , o b t a i n e d , in p a r t i c u l a r , for KIz = 

= 1, p r o v i d e a r g u m e n t s in f a v o u r of t h e a s s u m p t i o n 
t h a t p r e f e r e n t i a l fo rm of t h e p r o t e i n a s s o c i a t e s is 
d i m e r , o n l y for D P G l i p o s o m e s e v i d e n c e for t e t r a m e r 
f o r m a t i o n h a s b e e n o b t a i n e d . T h e e x i s t e n c e of t he 
m i n i m u m of t h e f u n c t i o n / is i l l u s t r a t e d in F ig . 2 
( m i n i m u m is o b s e r v e d a t z = 2) a n d F ig . 3 ( m i n i m u m 
is o b s e r v e d a t z = 4 ) . 

C o n c l u s i o n s . T h e r e s u l t s of t h e p r e s e n t s t u d y can 
b e s u m m a r i z e d a s fo l lows . A m o n g l a t t i ce m o d e l s of 

4.00 2.00 

Fig. 2. Three-dimensional diagram, illustrating the dependency of 
function / on Ka and z for liposomes, containing 43 mol% DPG. The 
/ v a l u e s (z-axis) are given a s / - 1 0 1 3 , Ku values (left bottom axis) arc 
given as Ka\0~4\ Klz= 1 

10.00 

3.00 

Fig. 3. Three-dimensional diagram, illustrating the dependency of 
function / (eq. (13)) on Ka and z for liposomes, composed of DPG. 
The / v a l u e s (z-axis) are given as / 1 0 1 3 , Ka values (left bottom 
axis) are given as Ka • 10~ ъ; Klz = 1 
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G O R B E N K O О P. 

l a r g e l i g a n d a d s o r p t i o n to m e m b r a n e s t h e m o d e l of 
c o o p e r a t i v e b i n d i n g of l i n e a r l i g a n d p r o v e d to b e m o s t 
a d e q u a t e for t h e r m o d y n a m i c d e s c r i p t i o n of l y s o z y m e 
i n t e r a c t i o n w i t h l i p o s o m e s . L y s o z y m e b i n d i n g to l i po ­
s o m a l m e m b r a n e s c o n t a i n i n g m o r e t h a n 2 5 m o l % of 
D P G is c h a r a c t e r i z e d b y a pos i t ive c o o p e r a t i v i t y , 
a r i s i n g p r e s u m a b l y f rom t h e s e l f - a s s o c i a t i o n of b o u n d 
p r o t e i n . 

A c k n o w l e d g m e n t s . I a m v e r y g ra t e fu l to r e f e r e e 
for t h e he lp fu l s u g g e s t i o n s a i m e d a t t h e a r t i c l e 
i m p r o v e m e n t . 

Г. 77. Горбенко 

Взаємодія лізоциму з ліпосомами: термодинаміка зв'язування 

Резюме 

Методом конкурентного аналізу досліджували взаємодію лізо­
циму з ліпосомами, сформованими з фосфатидилхоліну та 
діфосфатидилгліцерину. У рамках решіткових та континуаль­
них моделей адсорбції великих лігандів на поверхні зроблено 
оцінку термодинамічних параметрів утворення білок-ліпідних 
комплексів. Встановлено, іар взаємодія білка з ліпосомами, у 
яких частка дифосфатидил гліцерину складає понад 25 мол%, 
характеризується позитивною кооперативністю, яка може 
бути зумовлена самоасоціаиією молекул зв'язаного білка. 

Г. П. Горбенко 

Взаимодействие лизоцима с липосомами: термодинамика 
связывания 

Резюме 

Методом конкурентного анализа исследовано взаимодействие 
лизоцима с липосомами, состоящими из смесей фосфатидил-
холина с дифосфатидил глицерином. В рамках решеточных и 
континуальных моделей адсорбции больших лигандов на по­
верхности оценены термодинамические параметры образова­
ния белок-липидных комплексов. Установлено, что при содер­
жании дифосфатидил глицерина, превышающем 25 мол% взаи­
модействие лизоцима с липидным бислоем характеризуется 
положительной кооперативностью, обусловленной, по-видимо­
му, самоассоциацией молекул связанного белка. 
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