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S o l v e n t  P e r t u r b a t i o n  and Con fo rma t i ona l  E q u i l i b r i u m  o f  Hemo- 
g l o b i n  

L. Cordone, A. Cupane, P.L.  San B i a g i o  and E. V i t r a n o  

I s t i t u t o  di P i s i c a  d e l l ' U n i v e r s i t ~  and GNSM-CNR 
90123 Palermo, I t a l y  

We s t u d i e d  the  e f f e c t  o f  o r g a n i c  c o s o l v e n t s  (monohydr ic  a l c o -  
ho l s  and amides) on the oxygen a f f i n i t y  o f  hemoglob in  I I , 3 ) .  
F ig .  ~ shows Log P50 vs.  the c o n c e n t r a -  
t i o n  o f  the v a r i o u s  c o s o l v e n t s .  Th is  
e f f e c t  can be a t t r i b u t e d  to a l t e r a t i -  
ons:  I )  o f  the e q u i l i b r i u m  between the  
T and R q u a t e r n a r y  c o n f o r m a t i o n s ;  2) o f  
the  oxygen d i s s o c i a t i o n  c o n s t a n t s  (K R 
and KT); 3) o f  the d i m e r - t e t r a m e r  e q u i -  
l i b r i u m .  The l a s t  p o s s i b i l i t y  can be 
d i s c a r d e d  in  view o f  the independence 
o f  our  r e s u l t s  upon hemoglob in  concen- 
t r a t i o n .  The oxygen d i s s o c i a t i o n  con- 
s t a n t s  seem not  to be a l t e r e d .  Indeed:  
I )  s p e c t r o s c o p i c  data show no de tec -  
t a b l e  d i s t o r t i o n s  to  be i n t r o d u c e d  in  
the p r o x i m i t y  o f  the heme group i n  oxy 
hemog lob in ;  2) s t o p - f l o w  data show t h a t  
the k i n e t i c s  o f  rep lacemen t  o f  02 by CO 
is  not  a l t e r e d ;  3) the dependence o f  
H i l l ' s  c o n s t a n t  (n H) upon Log P50 f o l l -  
ows a b e l l - s h a p e d  cu rve .  Po in t  3 a lso  
sugges ts  t h a t  our  data can be ana lyzed  
w i t h i n  the frame o f  the Monod, Wyman 
and Changeux (MWC), two s t a t e  model.  
Acco rd in~  to MWC, P50 = L I /4KR,  where 

k U [ T J / I R ] i n  the absence o f  oxy -  
gen. From the above e q u a t i o n ,  and 
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F ig .  1: Log P50 vs.  co- 
s o l v e n t  c o n c e n t r a t l o n ;  
x Acetamide;  0 Formamide; 
A N-methyl  formamide ; 
�9 me thano l ;  i e t h a n o l ;  

t a k i n g  K R as not  a f f e c t e d ,  i t  f o l l o w s :  i ( 2 ) - p r o p a n o l ;  * ( 1 ) -  
4RT In P50 ! c ) /P50 (o )  = RT In L ( c ) / L ( o ) =  p r o p a n o l .  
= AG(c) -AG(o)  = AAG, where AG is  the  
s tanda rd  f r e e  energy d i f f e r e n c e  between the R and T conforma-  
t i o n s ,  in  the absence o f  oxygen.  F o l l o w i n g  a phenomeno log ica l  
approach we separa ted  the o v e r a l l  AAG i n t o  c o n t r i b u t i o n s  (AAGbe s) 
r e l a t e d  to and c o n t r i b u t i o n s  (A~Gnbes) not  r e l a t e d  to the va-  
r i a t i o n  o f  the s o l v e n t  bu l k  d i e l e c t r i c  c o n s t a n t .  F i g .  2 shows 
AAG,be~ as a f u n c t i o n  o f  the c o s o l v e n t  c o n c e n t r a t i o n .  Th is  con- 
t r i ~ u t ~ o n  is  n e g a t i v e ,  i . e . i t  ac ts  as to s t a b i l i z e  the R con- 
f o r m a t i o n  and depends on the p e r t u r b a n t s  " h y d r o p h o b i c i t y " .  A 
v a n t ' H o f f  a n a l y s i s  13i showed t h a t  the AAGnbes va lues  a r i s e  
from much l a r g e r ,  p o s l t i v e  and p a r t l y  compensat ing AAHnbes and 
TAAS - v a l u e s ;  moreover the s igns  o f  AAGnbes, AAHnbes and nDes 
AASnbes i n d i c a t e  t h a t  these c o n t r i b u t i o n s  r e f l e c t  e n t r o p y  d r i -  
ven processes.We a t t r i b u t e  the  AAGnbes c o n t r i b u t i o n  to  the a l -  
t e r a t i o n ,  in  the presence o f  c o s o l v e n t s ,  o f  p r o t e i n - s o l v e n t  
hyd rophob i c  i n t e r a c t i o n s .  
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F ig .  2: Non b u l k - e l e c t r o s t a t i c  c o n t r i b u t i o n  (AAGnbes) vs. co- 
s o l v e n t  c o n c e n t r a t i o n ;  x A c e t a m i d e ;  0 Formamide;  A N - m e t h y l -  
formamide; I methanol ;  A e t h a n o l ; i  ( 2 ) - p r o p a n o l ;  , ( 1 ) - p r o p a n o l .  

From these data we conclude t h a t  c o n t r i b u t i o n s  coming from the 
i n t e r a c t i o n  o f  the p r o t e i n  w i t h  the so l ven t  medium are r e l e v a n t  
in de te rm in ing  the f ree  energy balance between the R and T 
qua te rna ry  conformat ions  of  hemog lob in .  
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