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An a-fe toprote in  was isolated f rom the asc i tes  fluid of a patient with p r ima ry  carc inoma 
of the l iver ,  at f i r s t  by e lec t rophores is  in a sucrose  density gradient  or in polyacrylamide 
gel, and la ter  by i soe lec t r ic  focusing in a pH gradient  of 4.0-6.0 and 4.5-5.5. The degree 
of purif ication achieved by a combination of these methods is lower than by the immun- 
ological method. During i soe lec t r ie  focusing the ~-fetoprotein is divided into two fract ions 
with i soe lec t r ic  points of 4 .78-0 .01  and 5.20 ~-0.01 respect ively .  The ra t io  between these 
f ract ions  is about 4 : 1. 

Experiments  [1] have shown that the detection of a-fe toprote in  (AFP) in blood se rum can be used as 
a diagnostic tes t  for  p r ima ry  ca rc inoma of the l iver .  It was found la ter  [8] that another embryo-spec i f i c  
antigen appears  in the blood se rum of patients with ca rc inoma of the r ec tum and colon and that it is cha r -  
ac te r i s t i c  of these types of malignant tumor,  so that a method of diagnosis of human intestinal ca rc inoma 
has  been developed on this basis .  The specific embryonic  antigen also appears  on the surface of malignant 
cells  in other malignant tumors ,  such as tumors  of the human s tomach [7]. This fact  has st imulated in- 
t e r e s t  in the more  detailed study of these embryonic  proteins.  

The object of this investigation was to d iscover  whether isoelect r ic  focusing can be used to obtain 
an immunologically pure prepara t ion  of A F P  f rom the asc i tes  fluid of patients with p r i m a r y  ca rc inoma of 
the l iver ,  containing this protein [2]. 

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

The asc i tes  fluid was lyophilized and s tored at 4~ until required for  use. Usually 1 g of the lyoph- 
il ized prepara t ion  was used in the exper iment  and was dissolved in 7 ml s tandard t r i s -EDTA-bo ra t e  buffer, 
pH 8.9 [6], diluted 1 : 5 with distilled water .  The resul t ing solution was dialyzed against  the same buffer 
at 4~ for 12 h and then centrifuged at 40,000 g for  30 rain. Residue was discarded and the total protein 
concentrat ion determined in the solution re f rac tomet r i ca l ly  and spect rophotometr ica l ly  (from the extinction 
at 280 nm). The concentrat ion of A F P  was determined f rom the l i ter  of the gel diffusion test  using anti-  
s e r u m  obtained as descr ibed previously [2]. The solution containing AFP  was fract ionated initially ei ther  
by e lec t rophores i s  in polyacrylamide  gel, as descr ibed in [2, 3], or  by e lec t rophores is  in a sucrose  density 
gradient  on an LKB 3340 column. The sucrose  density gradient  was formed with the aid of the LKB 8122 
gradient  mixer .  The column was loaded with 3.5 ml of 6.75% protein solution. The method of e lec t ropho-  
r e s i s  was that descr ibed in the instruct ions with the apparatus .  

The resul t s  are  shown in Fig. la .  During e lec t rophores i s  in a sucrose  density gradient  at pH 8.9 
the AFP  was located chiefly in the zone of a l -g lobul in .  The A F P  was located in the corresponding zone 
during e lec t rophores i s  in polyacrylamide  gel [2, 3]. Fract ions  containing AFP (from 45 to 90 ml) were  
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Fig. 1. Fractionation and purification of human c~-fetoprotein 
by electrophoresis and by isoelectric focusing: a) electropho- 
resis in sucrose density gradient (Y =800 V, I=5 rm&, T =4 h); 
b) isoelectric focusing in pH gradient 4.0-6.0 (Y=1000 V, I= 
1.05 mA, T =72 h); e) isoelectric focusing in pH gradient 4.4- 
5.5 (Y=II00 V, I=0.9 I ~ ,  T =168 h). 
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Fig .  2. Ouch te r lony ' s  immunodif fus ion in gel .  Middle row: 
a n t i s e r u m  aga ins t  human A F P ;  11, 18, and 24) t e s t  s y s t e m  A F P ;  
22) o r i g i n a l A F P ;  23) A F P  a f t e r  e l e c t r o p h o r e s i s ;  1-10) A F P - 1  
in v a r i o u s  d i lu t ions  to 1 : 16; 12-17, 19) A F P - 2  in va r i ous  di lut ions 
to 1 : 16. 

pooled and d ia lyzed  aga ins t  de ionized w a t e r  until  the conductance of the solut ion had fa l len  at l e a s t  to 50 
/~moles. The conductance was m e a s u r e d  by means  of a type SDM-2 (Rad iomete r ,  Denmark) conductometer .  
I s o e l e c t r i c  focusing of the s o l u t i o n w a s  c a r r i e d  out in an LKB 8110 column.  The pH 4.0-6.0 ampholin w a s  
used .  I s o e l e c t r i c  focusing was c a r r i e d  out accord ing  to the ins t ruc t ions  given with the a ppa r a t u s :  The r e -  
su l t s  of a typ ica l  e x p e r i m e n t  a r e  shown in F ig .  l b .  

C l e a r l y  dur ing  i s o e l e c t r i c  focusing the A F P  was  divided into two components  wi th  d i f ferent  i s o e l e c -  
t r i c  poin ts .  An i n c r e a s e  in the dura t ion  of i s o e l e c t r i c  focusing up to 9 days  did not a l t e r  the r e s u l t .  

To purify  the A F P - 1  and A F P - 2  f u r t h e r ,  i s o e l e c t r i c  focusing was  r epea t ed  within a n a r r o w e r  zone 
of pH (4.5-5.5) in acco rdance  with method B d e s c r i b e d  in the ins t ruc t ions  to the a ppa r a t u s .  The r e s u l t s  
a r e  shown in F ig .  l c .  During r e p e a t e d  i s o e l e e t r i c  focusing both the A F P - 1  and the A F P - 2  we re  again  s e p -  
a r a t e d  into two components ,  and the r a t i o  of A F P - 1  : A F P - 2 ,  jus t  a s  a f t e r  the f i r s t  i s o e l e c t r i c  focusing,  was  
a l so  app rox ima te ly  4 : 1. 
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TABLE 1. Analysis of Frac t ions  Obtained by Purification of AFP 

Material 

Ascites fluid 
Fraction containing AFP ol~tained by electro- 

phoresis in ~crose gradient 
Isoelectric focusing in pH gradient 4.0-6.0: 

Taken in experiment . . . . . . . . .  
Fraction 1 (AFP-1) 
Fraction 2 (AFP-2) 

Isoelectric focusing in pH gradient 4.5-5.5 
Taken in experiment AFP-1 . . . . . .  
Obtained: 

A F P - 1  . . . . . . . . . . .  
AFP-2 

Taken in experiment .AFP-2 . . . . . . . . .  
Obtained: 

AFP-I 
AFP-2 . . . . . . . . . . . . . . . . .  

Total 
I protein 
I~in re,g) 

49O 

110 

98 
29,5 
24,0 

I0,0 

2,3 
1,2 

13,0 

3,1 
I,I 

AFP pH, Total 
(in pg) (• protein 

of AFP 

1800 280 

1800 50 

1780 50 
1280 4,78 20 
320 5,20 8 

640 4,78 20 

436 4,78 16 
i24 5,20 10 
300 5,20 lO 

2~ 4,78 15 
5.20 2 

Content of A F P  in corresponding fract ions calculated f rom t i ter  
of precipi tat ion test ,  bearing in mind the known sensit ivity of this 
t e s t  [4]. 

The resul t  obtained by test ing the immunological  identity of A F P - 1  and AFP-2  by the gel diffusion 
tes t  is shown in Fig. 2. Immunological ly it is evident that A F P - 1  is identical with A F P - 2 ,  and also with 
the original  prepara t ion  of total A F P .  

The resul t s  of quantitative analysis  of the fract ions obtained by purification of the AFP  in accordance  
with the procedure  descr ibed are  given in Table 1. 

The resul t s  given in Table 1 show that it is impossible  by means of a combination of i soelect r ie  fo- 
cusing and e lec t rophores i s  to achieve the same degree of purif ication of A F P  as by the other methods used 
previously [2, 3]. However,  in the course  of this investigation it was discovered that the AFP  consis ts  of 
two components.  The A F P  is evidently a protein which exists in two forms  in equil ibrium with each other  
(perhaps a d imer  and monomer) .*  

While this paper  was being prepared  for publication, a short  communicat ion f rom Alpert  et al. ap- 
peared [5]. These worke r s  also found that human A F P  consis ts  of two components.  According to their  ob- 
servat ions  pH i for  A F P - 1  is 4 .78"  0.05. No value is given by them for  pH 1 for A F P - 2 .  
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