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SUMMARY.- AFP pur i f ied from Rat amniotic f l u i d  by immunosorbent chromato- 
graphy, can be divided into nine d i f ferent  microheterogeneous forms. Pre- 
parative gel electrophoresis is f i r s t  used for obtaining the two AFP A and 
AFP R populations. Upon a f f i n i t y  chromatography on RCAi-Sepharose, the slow 
ele~trophoretic form, AFP A, consists for 90 % of an unbound fract ion (AI) 
and i0 % of a bound fract ion (A2). Every one of the three AFP fractions 
(AI, A 2 and B) are then resolved on Con A-Sepharose in three new AFP compo- 
nents : Con A-non reactive (Ala,A2a and Ba) ; Con A-weakly reactive (Alb, 
A2b, Bb) ; Con A-reactive (Alc, A2c, Bc). The molecular nature of this hete- 
rogeneity is discussed. 

INTRODUCTION 

The bio logical  role of alpha-fetoprotein (AFP) is s t i l l  unknown, 

although informations involv ing an estrogen-binding a b i l i t y  ( I ,  2) and an 

immunosuppressive ac t i v i t y  (3, 4) can be considered. However, recent discre- 

pancy in both the estrogen-binding capacity (5, 6) and immunosuppressive 

potency (7, 8), raise the problem of the pur i ty  and of the homogeneity of 

the AFP preparations. In th is regard, the molecular heterogeneity observed 

in AFP pur i f ied from human (9-12) or rat (10, i i ,  13-18) might be an impor- 

tant feature. Previous reports on rat AFP have indicated the existence of 

several molecular species by polyacrylamide electrophoresis (13-17), Con- 

canavalin A (Con A) ( I i ,  18-20) and Ricinus communis agglut inin (RCAI) 

(21) a f f i n i t y  chromatography. Using a combination of these three separation 

procedures at a preparative scale, we describe here the characterization and 

iso la t ion of nine rat AFP variants. 

MATERIALS AND METHODS 

AFP purification.- The pur i f i ca t ion  of AFP from Wistar rat amniotic 
f l u i d  (14-18 days gestation) was performed according to the procedure de- 
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ta i led elsewhere (21). Br ie f l y ,  i t  consists in an i n i t i a l  step in obtai- 
ning pur i f ied anti AFP antibodies by immunoabsorption on an AFP-Sepharose 
column of Rabbit Anti AFP antisera. The pooled anti AFP antibodies were 
then coupled to Sepharose 4B (Pharmacia Fine Chemicals) to give a very 
speci f ic high capacity immunosorbent. This anti AFP-Sepharose was rout i -  
nely used for the isolat ion of hundreds milligrams of AFP. 

Preparative polyacrylamide gel electrophoresis.- The two AFP 
electrophoretic populations -AFP A (slow moving form) and AFP B ( fast  moving 
form)- were obtained by electrophoresis on 20x20xO.5 cm polyacrylamide gel 
slabs as previously described (16). 

RCAT-Sepharose affinity chromatography.- The Ricinus communis 
agg~utinin RCA I (M.W., 120.000) was obtained by a f f i n i t y  chromatography of 
Castor Bean extracts on a Sepharose-N-c-amino-caproyl-B-D-galactopyranosy- 
lamine column prepared according to Gordon et  a l .  (22). Two lect ins RCA I 
and RCAII were eluted with 0. I  M galactose and subsequently separated on a 
G-150 Sephadex column equi l ibrated with a pH 7.2 phosphate buffered sa l i -  
ne. The RCA I lect in (100 mg) was coupled to Sepharose 4B (20 ml packed vo- 
lume) previously activated by the CNBr procedure of March e t  a l .  (23). AFP 
samples were applied on the RCA I column (IxlO cm) which was washed with 
20 mM phosphate buffer (pH 7.2)-0.15 M NaCI unt i l  the A280n m returned to 
the baseline. The bound RCAl-reactive material was eluted with the same 
buffer containing 0. I  M D-galactose. 

Con A-Sepharose affinity chromatography.- Concanavalin A was pur- 
chased from two d i f ferent  manufacturers (Pharmacia Fine Chemicals and 
Industrie Biologique Frangaise) and was coupled to the CNBr-activated Se- 
pharose 4B. AFP (2 mg) or amniotic f l u id  (2 ml) were passed through the 
Con A column ( l .2xlO cm) equi l ibrated with 0.05 M Tris-HCl buffer (pH 7.6) 
containing I M NaCI and I mM MnCI2, I mM MgCI2, I mM CaCI 2. The non-reac- 
t ive and the weakly reactive material (see "Results") were removed by 
washing the column with the equi l ibrat ion buffer and the Con A-reactive 
material was eluted with 0 . I  M O-methyl-s-D-glucose in the same buffer. 

AFP quantity determination.- The AFP concentration in the fractions 
eluted from the lect in columns was determined using unidirect ional immuno- 
electroassay (24) on anti AFP impregnated agarose plates. 

RESULTS AND DISCUSSION 

The original feature of this work follows from the observation that,  

in adequate conditions, a f f i n i t y  chromatography on Con-A-Sepharose can re- 

solve three fractions instead of the two classical bound and unbound frac- 

t ions. As i l l us t ra ted  in figure i ,  the elut ion pattern of amniotic pro- 

teins is composed of two peaks (a and b) eluted with the washing buffer 

and of a th i rd  one (c) spec i f ica l ly  eluted with the n~thyl-~-D-glucose 

containing buffer. Whereas albumin is present only in peak a, AFP is dis- 

tr ibuted in peaks a, b and e. Since albumin and AFP are eluted in a single 

fract ion upon chromatography on free Sepharose 4B in ident ical  size column 

and elut ion conditions, the retarded fract ion (peak b) is rather due to i t s  

s l i gh t  a f f i n i t y  towards the Con A lect in than to a possible sieving ef fect  
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Figure 1.- Con A-Sepharose chromatography of rat  amniotic f l u i d  (2 ml). 
The column ( l .2x lO cm) was washed with 60 ml (f low rate : 9 ml/h) of 
0.05 M Tris-HCl (pH 7.6)-1 M NaCI-I mM MnCI2-1 mM MgCI2-1 mM CaCl 2. 
The Con A-react ive material  was eluted with 0. I M methyl-~-D-glucoside 
in the same buf fer  (the s t a r t  of th is  e lu t ion  is indicated by the arrow). 
Fractions of 3 ml were col lected. Al iquots were assayed for  AFP (--(i)---0-) 
and albumin ( - < ~ - - ~ )  content by immunoelectroassay. ( ) : Trans- 
mittance at 280 nm. 

or to non-speci f ic  in te rac t ion  with the Sepharose gel. Control experiments 

with fresh amniotic f l u i d  samples or with each iso lated a, b or o f ract ions 

have ruled out the ar tefactual  nature of the Con A e lu t ion  pattern. I t  is 

noteworthy that the separation degree of peak a from peak b depends on the 

column size. With short  column the Con A-weakly react ive AFP is eluted to- 

gether, or as a peak shoulder, with the Con A-non react ive AFP. With too 

long columns, peak b f a l l s  down f l a t  by t r a i l i n g  and can escape not ice. The- 

se reasons which probably explain why only two AFP Con A-variants have been 

described in d i f f e ren t  previous reports ( I I ,  18-20), have prompted us to 

reconsider the problem of the heterogeneity of ra t  AFP. 

In a f i r s t  step whole ra t  AFP obtained by immunosorbent chromato- 

graphy, has been divided in AFP A (60 %) and AFP B (40 %) by preparat ive gel 

e lectrophoresis (16). In a second step, only AFP A has been fu r ther  resolved 

in AFPAI (90 %) and AFPA2 (10 %) by a f f i n i t y  chromatography on RCAl-Sepha- 

rose (21). F i na l l y ,  AFPAI, AFP B (RCAl-non react ive) and AFPA2 (RCAl-reactive) 
were subjected to Con A - a f f i n i t y  chromatography. As shown in f igure 2, a l l  

the three variants are again heterogeneous, each y ie ld ing  three Con A-va- 

r ian ts .  The Con A-non react ive AFP are termed Ala, A2a, B a ; the Con A- 

weakly react ive,  Alb, A2b, B b ; the Con A-react ive,  Alc, A2c, B c. The re la-  
t i ve  amounts of each var iants are indicated in f igure 3. 
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Figure 2.- Fused rocket elution pattern of AFPA1, AFPA2 and AFP B on Con A- 
Sepharose chromatography. The elution conditions of each AFP variant (2 mg) 
were the same as in figure 1. 

From these findings and earlier works (16, 21) i t  appears that ( i)  

the rat AFP microheterogeneity is more extended than previously described ; 

( i i )  the nature of the microheterogeneity is multiple. Indeed, two or three 

kinds of heterogeneity can be considered. The f i r s t ,  observed by gel electro- 

phoresis (13-17) can be attributed to differences in the polypeptide chain 

of the two electrophoretic variants as revealed by their molecular weight 

and CNBr-cleavage products comparison (21). Then, multiple slight differen- 
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Figure 3.- Scheme of the isolation of the nine AFP variants and their rela- 
tive amounts in each separation step (values in brackets are expressed as 
percent of the whole starting AFP). 

ces in carbohydrate probably occur to explain the AFP heterogeneity on the 

lectin columns. The RCA I lectin is known to be specific for glycoproteins 

containing non reducing terminal galactose residues (25, 26). Whereas the 

Con A specificity which is not so str ict  and well-defined, seems to be re- 

lated to the presence of partially substituted mannosyl residues in the 

glycoprotein carbohydrate chains (27, 28). Conformational differences in 

the polypeptide region carrying the carbohydrate chains may also be respon- 

sible for the slight Con A affinity of some AFP variants. Further compara- 

tive structural analyses are therefore required to elucidate this problem 

and in another hand, the estrogen-binding and immunosuppressive abilities of 

AFP from different sources could be reexamined taking account of these d i f -  

ferent kinds of molecular heterogeneity. 
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