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1. Introduction 

Alphafetoprotein (AFP), a specific fetal serum 
protein found in association with primary hepatoma 
and teratoma (for review, see refs [ 1,2] ), has been 
purified from various sources by several convenient 
methods [3-61. Polyacrylamide gel electrophoresis 
of rat AFP has been used as a simple procedure in 
demonstrating its heterogeneity [3,6-l l] and in the 
purification of milligram quantities of the two variants 
[9] (AFPA, electrophoretic ‘slow’ form and AFPB 
‘fast’ form). 

Preliminary biochemical analysis failed to explain 
the difference in electrophoretic mobilities of these 
variants [9] . We report here a circular dichroic study 
undertaken to compare the secondary structure and 
the stability of these two AFP variants. 

2. Materials and methods 

2.1. Source of AFP 
The two electrophoretic variants were obtained in 

pure form as previously described by polyacrylamide 
slab gel electrophoresis either directly from amniotic 
fluid [9] or from a whole immuno-adsorbed AFP 
preparation [4] . 

Rat albumin was isolated in pure form by poly- 
acrylamide slab-gel electrophoresis. 

2.2. CD Measurements 
The dichroic spectra were recorded with a dichro- 

graph Jobin-Yvon R. J. Mark III in 0.01 cm and 0.5 cm 
pathlength cell at an absorbance less than 1.5 optical 
density units. 

The protein concentration was estimated by the 
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Lowry’s method [ 121 after dissolving it in 0.2 14 M 
NaF (9°/00) pH 7.3. 

The mean residual molar ellipticity [e] was express- 
ed in deg. cm2 . dmol-’ . The ellipticity curves were 
constructed from at least five spectra. The average 
residual weights for AFPA and AFPB were 112.8 and 
112.1 respectively. 

2.3. Ultraviolet measurements 
The ultraviolet spectra of the proteins were 

recorded with a spectrophotometer Varian Cary 
118C in 1 cm pathlength cell. The protein concentra- 
tion was about 1 mg/ml. 

3. Results 

3.1. Dichroic study 
The dichroic spectra of both AFP dissolved in 

0.214 M NaF were recorded. Between 180 mn and 
250 nm the spectra showed two negative bands at 
222 nm and 208 nm with an ellipticity of about 
16 . lo3 deg. cm2. dmol-’ , and one positive band at 
193 nm with an ellipticity of 30 . lo3 deg. cm2. dmol-’ 
(fig.1). Between 250 nm and 350 nm the spectra 
showed a weak and large band centered at about 
270 mn which corresponds to the dichroic contribu- 
tion of the aromatic residues and disultide bridges of 
the proteins. As it is shown in fig.1 the spectra 
obtained either from the two AFP prepared by the 
electrophoretic procedure or from the two AFP 
obtained by affinity chromatography were exactly 
the same with respect to their intrinsic and extrinsic 
bands. The nature of the dichroic spectra were typical 
of o-helix containing proteins. A value of about 60% 
&helix was obtained by the method of Chen et al. [ 131 
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p&L. DieJnoic spectra of AEPA (A) and AFPB (B) in different concentrations in 8uanidinium hydrochloride and after dialysis (RJ. 

adjusted to our dichrograph. It is unusual for globular 
proteins to display such a high value. To observe the 
helix coil transition, the effect of the following factors 
were studied: ionic strength, pH, heat, addition of 
dioxan, addition of guanidinium hydrochloride 
(GuCl). 

3.2. Ionic strength 
The primary structure of AFP is characterized by a 

large ratio of Glu residues [9] . If their distribution, 
was uneven, a modification of the secondary struc- 
ture of the protein, that is a variation of the dichroic 
spectrum could be expected when the ionic strength 
is varied. Moreover, since the different electrophoretic 
mobilities of the two AFP variants might be due to 
a difference in the net charge of the or-amino acids 
residues, the dichroic spectra were recorded in differ- 
ent NaF solutions from 5 mM to 1 M. The spectrum 

remained exactly the same along the entire molarity 
gradient, and for the two variants. 

3.3. pH- Values 
pe proteins were dissolved in 0.214 M NaF at 

pH 7.3. A variation in pH from 11 A.6 did not modify 
the spectra. Although a pH below 4.6 causes the 
AFP to precipitate, a subsequent rise in pH will not 
resolubilize it. The proteins go back into solution in a 
citrate buffer pH 2.5 but the spectra remain the same. 

3.4. Heat 
The dichroic spectra were recorded after heating 

the protein from 20-90°C. Figure 2 gives the varia- 
tion of [e] aaa, the ellipticity at 222 nm, against the 
temperature. The curve is exactly the same for the two 
variants. As shown in fig.2 drastic changes occured 
when protein was heated since AFP lost about 40% of 
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Fig.2. Variation of [e] zaz of AFP versus the temperature. @) Value of [e] 2aa obtained for the heat denaturated solution after 
cooling. 
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Fig.3. Transition of [e J aza versus the molarity of guanidinium hydrochloride. (-- ) AFPA; (- - - -) AFPB. 
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ellipticity between 20°C and 90°C. The thermal dena- 
turation is not very cooperative. Moreover, the rever- 
sibility of this phenomenon was controlled as observed 
fig.21 the protein does not find again its secondary 
structure after cooling of the heat denatured solution. 

3.5 . Addition of dioxanne 
Spectra obtained in dioxanne-water solutions 

remained exactly the same when the quantity of dio- 
xanne increased to 35% in volume. 

3.6. Addition of guanidinium hydrochloride 
Upon addition of 3 M GuCl, the spectrum became 

characteristic of a random coil structure (fig.1). The 
variation of the ellipticity at 222 nm, [0] 222, versus 
the molarity of GuCl showed that the transition 
took place between 2 M and 3 M (fig.3). Furthermore 
it is interesting to point out that the denaturation of 
AFPB appeared at a lower molarity than AFPA. As is 
shown in fig.1 only AFPA is completely renatured 
after 48 h dialysis against 0.214 M NaF. 

3.7. Differential ultraviolet study 
In order to detect a possible interaction between 

the two variants, the differential ultraviolet absorp- 
tion was measured with a four-cell system while adding 
AFPB to AFPA until equimolar ratios Were obtained. 
Of the two beams, one passes through NaF and then a 
AFPA, AFPB mixture, while the other traverses first 
AFPA followed by AFPB. Since no difference in the 
spectra was observed we conclude that no interaction 
took place between AFPA and AFPB. 

4. DiscWsion 

The stability of these two variants towards dena- 
turation is consistent with a high degree of helicity. 
If the two variants are denatured by 3 M GuCl, the 
renaturation of APPA is total while that of AFPn is 
incomplete. An effort was made to see if Fe*, Mg’+ 
or Ca” were bound. No Na+, Cl- or ‘Caz* tias found 
in either case, while trace amounts of Fe3’ and Mg2+ 
were revealed in AFPA. For AFPB, Mg2’ was present 
in significant amounts and Fe3+ was also seen to a 
lesser extent. It is tempting to hypothesize that dia- 
lysis after denaturation of AFPn removes the Mg2+ 
which is then no longer available for complete rena- 
turation. 

In addition it seems that there is no interaction 
’ between the two AFP variants as shown by differen- 

tial ultraviolet absorption. This result agrees with the 
dichroic spectra which did not vary when the ionic 
concentration changed. Therefore, no electrostatic 
interactions take place between AFPA and AFPB . It 
has been suggested that AFP may be the fetal counter- 
part of serum albumin [2] and in addition, these two 
proteins have some sequence homologies [ 141. For 
these reasons, we have recorded the spectrum of rat 
serum albumin (fig.4). Our results are consistent with 
the well established secondary structure of this pro- 
tein. The unexpected high percentage of helicity of 
AFP is not an artefact which should be due to the 
method of preparation, since the dichroic spectrum 
observed for serum albumin (fig.4) obtained by the 
same procedure that AFP is in excellent agreement 
with the ellipticity of bovine serum albumin given 

Fig.4. Dichroic spectra of rat serum albumin in 0.214 M NaF 
solution. 
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in the literature [IS] . The difference between the 
secondary structure of AFP and serum albumin is 
significant, but no correlation can be established 
between these two proteins. 
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