
35 

The S p e c i f i c  Volume of Bovine Serum Albumin in Mul t icomponent  
S o l u t i o n s  

H.Durchsch lag,  R .Schus te r ,  P.Farkas,  J .Beck,  G.Merkle and 
R.Jaenicke 

I n s t i t u t  f u r  B iophys i k  und P h y s i k a l i s c h e  Biochemie,  U n i v e r s i t ~ t  
Regensburg, Germany 

The s p e c i f i c  volume of macromolecules is  a c r i t i c a l  parameter 
used in measurements of  molecu lar  we igh ts  from u l t r a c e n t r i f u g a -  
t i o n  or sma l l -ang le  X-ray s c a t t e r i n g .  According to p rev ious  re-  
s u l t s  ( I - 4 )  the s p e c i f i c  volume of p r o t e i n s  may change d r a s t i -  
c a l l y  in c e r t a i n  cases,  and may cause erroneous molecu lar  
we igh t  d e t e r m i n a t i o n s  ( e r r o r s  up to a f a c t o r  of  2) i f  c o n s t a n t  
s p e c i f i c  volume i s  assumed upon changing so l ven t  c o n d i t i o n s .  
Measurements were performed by de te rm in ing  the s o l u t i o n  and so l -  
vent  d e n s i t i e s  using a d i g i t a l  d e n s i t y  meter (5 ) .  

Bovine serum albumin has been i n v e s t i g a t e d  in aqueous s o l u t i o n s  
of d i f f e r e n t  s a l t s ,  v a r y i n g  both the ca t i on  and an ion ,  in a wide 
range of e l e c t r o l y t e  c o n c e n t r a t i o n .  A f t e r  a s l i g h t  downward 
bending of the ~ vs.  c 3 curve at small c 3, a l i n e a r  increase of 
~ predominates;  t h i s  range is  sometimes fo l l owed  by an asympto- 
t i c  behav iour  or s l i g h t  decrease of ~ (e .g .  sodium c i t r a t e :  
~ / ~ c  3 = 0.067 (cm3g- I ) / (mo l  I - I ) ,  ~ max. 0.06 cm3g-1). The 
s lopes  of the l i n e a r  increase may be c o r r e l a t e d  w i t h  the nature 
of the s a l t  accord ing to the Hofmeis ter  s e r i e s .  

A s i m i l a r  behav iour  was found in d i f f e r e n t  b u f f e r  systems or in 
aqueous s o l u t i o n s  of sugars .  In the case of  bu f f e r s  the e f f e c t  
depends on the nature of the b u f f e r  components r a t h e r  than i t s  
pH; in the case of sugars or po l ysuga rs ,  the e f f e c t s  can be cor -  
r e l a t e d  w i th  the number of  hydroxy l  groups of the molecu le .  

Upon the rma l ,  ac id  or bas ic  d e n a t u r a t i o n ,  or in aqueous s o l u t i o n s  
of  d i f f e r e n t  dena tu r i ng  agents ( g u a n i d i n e . H C l ,  urea,  SDS), bo- 
v ine  serum albumin shows a n o n - l i n e a r  decrease of ~ which is  
sometimes overcompensated by an increase of ~ at  high c 3 The 
e f f e c t s  d i f f e r  f o r  d i f f e r e n t  denaturan ts  and w i t h  respec t  to ad- 
d i t i v e s  l i k e  2 -mercap toe thano l ,  d i t h i o t h r e i t o l ,  or s a l t s .  The 
r e s u l t s  are comparable w i t h  the f i n d i n g s  of  v i s c o m e t r i c  s t u d i e s .  

The changes observed fo r  ~ may be a t t r i b u t e d  to a number of  
e f f e c t s ,  f o r  example charge sc reen ing ,  h y d r a t i o n ,  p r e f e r e n t i a l  
l i gand  b i n d i n g ,  u n f o l d i n g  of p r o t e i n s  e t c .  At p resent  a c l e a r -  
cut  c o r r e l a t i o n  cannot be g i ven .  I t  is  ev i den t  t h a t  the r e s u l t s  
are not on ly  v a l i d  f o r  serum a lbumin,  but a lso f o r  o ther  b i o -  
po lymers,  cor respond ing  to the importance of charge and h y d r a t i o n  
f o r  t h e i r  s t r u c t u r a l  c h a r a c t e r i s t i c s .  
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