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A new type of mic rohe te rogene i ty  of the e lec t rophore t fea l ly  purified f ract ion of blood plas-  
ma albumin, concerned with its ability to dissolve in 80 ~ ethanol af ter  reprec ip i ta t ion  with 
10% TCA, has been found. This mic rohe te rogene i ty  was conf i rmed by spec t ropo la r ime t ry  

a n d  peptide map methods,  and in aI1 probabil i ty  it is connected with the possibi l i ty of com-  
plex format ion  between albumin and cer ta in  metabol ic  products  in disease.  

The w r i t e r s  have previously  descr ibed changes in the peptide maps and conformation of albumin in 
d i seases  of the thyroid gland and diabetes [2, 6]. The suggestion was made that the mechanism of these 
changes is based on two possible fac to rs :  a dis turbance of albumin biosynthes is  and p ro ce s se s  of complex 
format ion,  modifying the prote in  af ter  it has been synthesized,  and associated with its damage through in- 
t e rac t ion  with chemical ly  active metabol i tes .  

An albumin with low constancy of optical rotat ion in conjunction with ordinary  Moffit 's  p a r am e te r s ,  
cha rac t e r i s t i c  of c rys ta l l ine  prote in  [12], has been found in severa l  cl inical ly healthy persons  and animals .  

The question thus a r i s e s  whether  some form of heterogenei ty  of albumin, due to its modified form,  
appears  during d i sease .  Albumin is known to dissolve [9] in 10% TCA and in 80 ~ ethanol without losing its 
native cha rac t e r i s t i c s  [10, 11]. Albumin with abnormal optical ro t a to ry  dispers ion (ORD) cha rac t e r i s t i c s  
is not complete ly  soluble in 80 ~ ethanol a f te r  precipi ta t ion by TCA [7]. This p roper ty  was used as a tes t  
of the he terogenei ty  of the e lec t rophore t ic  f ract ion (EF) of albumin in healthy and sick persons  and animals 
with abnormal ORD p a r a m e t e r s  of this protein.  The problem was investigated by spee t ropo la r ime t r i c  and 
peptide map methods.  

E X P E R I M E N T A L  M E T H O D  

To obtain prepara t ions  of albumin with abnormal ORD cha rac t e r i s t i c s  rabbits  rece ived  a subcutane- 
ous injection of 1 ml cinnamic aldehyde or c i t ra l .  Albumin f rom patients with diabetes,  tuberculos is ,  and 
thyro toxicos is  (the choice of pathology was arb i t rary)  also was used.  Albumin was isolated f rom the blood 
se rum by prepara t ive  e l ec t rophores i s  in agar [1] and with the aid of TCA [8] f rom the previously  isolated 
EF.  The puri ty of the prepara t ions  was ver i f ied  by frontal  e l ec t rophores i s  in a Tisel ius apparatus and in 
agar .  Albumins isolated by both methods specified above were  investigated spec t ropo la r imet r i ca l ly  [4]. 
Peptide maps were  obtained as descr ibed  previously  [3]. 

E X P E R I M E N T A L  R E S U L T S  

The mean values of the ORD p a r a m e t e r s  are  given in Table 1. In eve ry  case  before  exposure  of the 
animal  to the pathogenic agent and in the healthy subjects the isolated EF of albumin had the conformational  
p rope r t i e s  of the EF of normal  albumin [5], which are  slightly different  f rom those for  c rys ta l l ine  albumin 
[12]. This fract ion,  when  t rea ted  with TCA and dissolved in ethanol, gave vir tual ly no precipi ta te ;  i .e. ,  it 
was homogeneous and indistinguishable f rom crys ta l l ine  prepara t ions  of albumin. A considerable  change 
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TABLE i. M i c r o h e t e r o g e n e i t Y  of B lood  P l a s m a  A l b u m i n  

Test object 

Rabbit serum 
albumin: 

normal 
after injection 
of cinnamic 
aldehyde 
after injection 
of citral 

Human serum 
albumin: 
normal 
of patient with 
thyrotoxicosis 
of diabetic 
of patient with 
tube rculosis 

lO 

5 

6 

10 

6 
3 

6 

~'c 

264-+9 

245---+~ 

255-+5 

264+2 

264-+9 
252-+2 

260-----') 

El: of albumin 

ao b 0 

--290-+2 --280-+2 

--300----- ld --160-+20 

--310~1~ --240-----10 

--300+__5 --290• 

--310-+5 --290-+10 
--290-+5 --180~ 10 

--300-+ 1, --230 +-- 10 

~ o f E F  
of albumin after TCA 

;~-c ao 

270~2 --300-+2 

270~2 --290-+--- 10 

272--+2 --300-- + lO 

272____2 --290___5 

270--+2 --310-+ I0 
274-+2 --300-+ 10 

274-----2 --290+5 

bo 

--320-----2 

--320 -+- 10 

--320-+ 10 

--320-+5 

--320--+20 
--330----- 10 

--330 + 10 

Legend.{ Xc,  a0, b0) ORD p a r a m e t e r s  f r o m  M o f f i t ' s  equa t ion  [12]; 11) n u m -  

b e r  of  e x p e r i m e n t s .  

[] 

A 

A B 

C 

q 

A 

D 

F i g .  1. Scheme  of pep t i d e  m a p s  of r a b b i t  s e r u m  a l b u m i n :  a) s e r u m  
a l b u m i n  of n o r m a l  r a b b i t ;  B) p a r t  of E F  of a l b u m i n  f r o m  r a b b i t  w i th  
i n f l a m m a t i o n ,  d i s s o l v e d  in e thano l ;  C) E F  of s e r u m  a l b u m i n  f r o m  r a b -  
b i t  wi th  i n f l a m m a t i o n  c a u s e d  b y  c i t r a l ;  D) p a r t  of  E F  of a l b u m i n  f r o m  
r a b b i t  w i th  i n f l a m m a t i o n ,  not  d i s s o l v i n g  in e t h a n o l .  

in the  ORD p a r a m e t e r s  (a l though e l e c t r o p h o r e t t c  h o m o g e n e i t y  w a s  p r e s e r v e d )  of the  r a b b i t  a l b u m i n  a f t e r  
i n f l a m m a t i o n  and of the  a lbumin  f r o m  p a t i e n t s  w i t h  s e v e r e  f o r m s  of d i a b e t e s  and t u b e r c u l o s i s  w a s  o b s e r v e d .  
E l e c t r o p h o r e t i c a l l y  h o m o g e n e o u s  a lbumin ,  i s o l a t e d  f r o m  the  b lood  of p a t i e n t s  and a n i m a l s ,  when  t r e a t e d  
wi th  TCA and e thano l  gave  a c o n s i d e r a b l e  p r e c i p i t a t e .  The p a r t  which  d i s s o l v e d  in e thano l ,  h o w e v e r ,  r e -  
ga ined  a l l  i t s  na t i ve  s p e e t r o p o l a r i m e t r i c  c h a r a c t e r i s t i c s .  So f a r  a s  the  a l b u m i n  i s o l a t e d  f r o m  the  b lood  of 
p a t i e n t s  wi th  t h y r o t o x i c o s i s  i s  c o n c e r n e d ,  in t h i s  s e r i e s  of e x p e r l m e n t s  i t s  EF w a s  a l m o s t  i n d i s t i n g u i s h a b l e  
f r o m  n o r m a l  a c c o r d i n g  to the  ORD p a r a m e t e r s .  H o w e v e r ,  a f t e r  the  c h o s e n  me thod  of t r e a t m e n t  a s m a l l  
p r e c i p i t a t e  a l w a y s  r e m a i n e d  in t h e s e  c a s e s ,  and the  d i s s o l v e d  a l b u m i n  showed s o m e  i m p r o v e m e n t  in i t s  
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ORD charac te r i s t i c s ;  i .e. ,  they were  c lo se r  to those of the c rys ta l l ine  prepara t ions .  Presumably ,  the re -  
fo re ,  by reprec ip i ta t ion  of the albumin with TCA followed by dissolving in ethanol the albumin divides in 
these  cases  into two f rac t ions :  one with a changed and the other  with an unchanged conformation.  The 
albumin isolated by means of TCA and ethanol also had improved native ORD cha rac t e r i s t i c s .  A s imi la r  
pa t tern  was observed  when albumin was isolated by this method f ro m  blood se rum.  These conformational  
changes cha rac te r i s t i ca l ly  were  found only with the EF of albumin, for  when albumin was isolated f rom the 
blood se rum of patients and animals  by means  of TCA and ethanol, these prepara t ions  af ter  dialysis  were  
always native in the i r  ORD cha rac t e r i s t i c s .  

To investigate the nature  of these changes the method of peptide maps  was used.  As Fig. 1 shows, the  
soluble par t  of the EF of albumin f rom a rabbit  with inflammation induced by c i t ra l  (B) was vir tual ly iden- 
t ica l  with the peptide map of normal  rabbit  se rum albumin (A), whereas  the EFunt rea ted  with TCA (C) dif- 
fe red  appreciably f rom it and was identical with the peptide map of the precipi ta te  (D) with the exception 
of one peptide which could be taken as var iable .  

The peptide maps thus showed conclusively that contamination by modified albumin occurs  in the dis-  
eases  l is ted above. The presence  of conformational  changes in albumin in disease  can be detected not only 
spec t ropo la r ime t r i ea l ly ,  but also by the d i rec t  chemical  method af ter  reprec ip i ta t ion  of the albumin with 
TCA by its ability to dissolve subsequently in ethanol.  This conformational ly  changed fo rm of albumin r e -  
maining in the precipi ta te  can be assumed to be an albumin f rac t ion  loaded with various metaboli tes  through 
complex  format ion.  
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