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ascites fluid of a hepatoma-beaning patient by affinity chroma
tography as described in the previous paper (3). AFP's were
further purified by gel filtration on a Sephadex G-25 column (2
x 30 cm) equilibrated with 0. 1 M acetic acid in order to remove
coppen(II) ion, bilinubin, and other expected ligands with low
molecular weights. Rat serum albumin was prepared in our
laboratory (10). Human a1-acid glycopnotein was kindly given
by Professor K. Schmid, Boston University School of Medicine,
Boston, Mass. Bilirubin and horseradish peroxidase (type II,
EC 1.11.1.7) were purchased from Sigma Chemical Co., St.
Louis, Mo. Hydrogen peroxide was from Mitsubishi-Edogawa
Chemical Corp. , Tokyo, Japan. The other reagents were of
analytical grade.

Methods

Bilirubin solution was freshly prepared before use by dis
solving in 0.05 N NaOH solution (28). The concentration of
aqueous bilirubin solution was calculated from the absorbance
at 440 nm using the molar absorptivity of 47,500 M' cm'1
(12). Absorption spectrum of bilinubin solution in 8 m@.ibarbital
HCI, pH 8.3, in the presence or absence of excess AFP was
recorded. The concentrations of bilinubin and AFP were 3.8
x 10_6 and 7.7 x 10_6 M, respectively.

Difference Spectrum Method. The difference spectrum was
recorded using 2 painsof matched cuvets with a path length of
1 cm. To 2 ml AFP solution (4.3 x 1O@6M) in 0.1 M Tris-HCI
buffer pH 8.3, was added an equal volume of bilinubin solution
in the same buffer at various concentrations. After the mixture
was kept for 5 mm at 25Â°,the difference spectrum was re
corded. Preincubation for 5 mm was enough since additional
incubation for 25 mm gave no increase in the difference ab
sorbance at 482 nm.

Enzymatic Method. The enzymatic method was performed
essentially according to the procedure of Jacobsen and Wenn
berg (12). This procedure is based on the fact that unbound
bilinubin is oxidized to a colorless compound by hydrogen
peroxide in the presence of horseradish peroxidase while pro
tein-bound bilirubin is protected from oxidation. Two ml of the
sample solution containing 4 mg of AFP and various amounts
of bilinubin were prepared in cuvets with a 10-mm light path
length at both sample and reference sides. The buffer solution
was 8 mM banbital-HCI pH 8.3, containing 5 m@ihydrogen
peroxide and 5 mM EDTA. Five @dof horseradish peroxidase
solution (1 mg in 100 ml of deionized water) were added to the
reference side solution, and the increase in the absonbance at
440 nm was recorded. The concentration of unbound bilirubin
was calculated from the initial oxidation velocity. The correction
for the enzymatic oxidation of AFP-bound bilirubin was not
made since its rate was negligibly slow.5 The initial oxidation
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ABSTRACT

The bilirubin-binding ability of human a-fetoproteins, which
were purified from fetal cord serum and from ascites fluid of a
hepatoma-beaning patient, was examined by the difference
spectrum and the Jacobsen penoxidase methods. The differ
ence spectrum observed as a result of the specific binding of
bilinubin to a-fetoprotein had a maximum at 482 nm, and this
pattern was quite similar to that observed for serum albumin.
The result obtained by the difference spectrum method showed
that 1 mol of each a-fetoprotein bound 1 mol of bilirubin at pH
8.3 and that the dissociation constants of the complexes of
bilinubin with fetal a-fetoprotein and hepatoma-denived a-feto
protein were 2.6 x 10@ and 5.0 x 1O@M, respectively. The
Jacobsen enzymatic method using horseradish peroxidase
gave the same values for molar binding ratios and similar
dissociation constants, 7.1 x 1O@Mfor fetal a-fetopnotein and
7.4 x 1O-@M for hepatoma-denived a-fetoprotein. These re
suIts indicate that a-fetoprotein may function as a carrier pro
tein for bilirubin as has been shown for serum albumin.

INTRODUCTION

AFP4 is one of the major plasma glycopnoteins in the early
fetal stage (8). It is considered to be a carcinofetal protein
since it reappears in serum in cases of hepatocellular carci
noma and teratocarcinoma (1 , 2). Assays of serum AFP levels
are useful for diagnosis of such tumors and for prenatal diag
nosis of congenital fetal anomalies (13, 17, 25).

The biological functions of AFP are still open for question
although the specific estrogen-binding activity and the immu
noregulatory role of AFP have been reported (14â€”16, 26). In
our previous report (4), we demonstrated that human AFP's
purified from fetal cord serum and from ascites of a hepatoma
beaningpatient had the binding ability of copper(lI) and nickel(ll)
ions. The binding manner of these ions was postulated to be
similar to that of serum albumin (4).

This paper deals with the bilinubmn-bindingability of human
fetal and hepatoma-denived AFP's.

MATERIALS AND METHODS

Materials

AFP's were isolated from umbilical cord serum and from
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velocity was determined with varying molar ratios of bilirubin to
AFP. The enzymatic oxidation of bilirubin was confirmed to
obey the Michaelis-Menten hypothesis by the double reciprocal
plot. These procedures were also performed at 25Â°.

In these studies, pH 8.3 was selected for the reaction medium
since bilirubin sodium salt in more acidic medium forms a
colloid solution and tends to adhere to glass walls unless
protein is not present (6).

Spectrophotometnic studies were performed on a Hitachi
Model 323 double-beam recording spectrophotometer
equipped with a temperature-controlled cuvet chamber.

RESULTS

Chart 1 shows the absorption spectra of an aqueous bilirubin
solution in the presence or absence of excess AFP. The pattern
in the presence of AFP had a maximum at 444 nm, and its
molar absorptivity at 440 nm was determined to be 48,000
M1 cm' at pH 8.3.

The difference spectrum produced as a result of the bilirubin
binding to AFP-F is shown in Chart 2, and essentially the same
spectrum was obtained also for AFP-H. The spectrum had a
maximum at 482 nm in each case. The difference spectrum
observed in consequence of bilirubin binding to rat serum
albumin gave a pattern very similar to that of AFP as shown in
Chart 3.

An increase in the difference absorbance at 482 nm was

Chart 1. The absorption spectra of an aqueous bilinubinsolution in the pres
ence (â€”) or absence C. . . .) of excess AFP at pH 8.3. The protein and the
bilirubin concentrations were 7.7 x 10@6and 3.8 x 106 M, respectively, and
the buffer solution was 8 mv@ibarbital-HCI, pH 8.3.
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Chart 2. The difference spectrum observed as a result of the specific binding
of bilirubin to AFP-F. The difference spectrum was recorded using 2 pairs of
matched cuvets with a path length of 1 cm. To 2 ml of AFP solution (4.3 x 106
M) in 0. 1 M Tris-HCI, pH 8.3, was added an equal volume of bilirubin solution (3.4

x 10 6 M) in the same buffer. After the mixture was kept for 5 mm at 25Â°,the
difference spectrum was recorded.

plotted against the molar ratio of bilirubin added to AFP-F
(Chart 4) and AFP-H (Chart 5). The intersecting point between
the production of an initial increase of AA and the plateau level
of @Aindicates the molar binding ratio. These results indicated
that both AFP-F and AFP-H bound 1 mol of bilirubin penmol of
protein at pH 8.3 and that the dissociation constants of the
complexes of bilirubin with AFP-F and AFP-H were calculated
to be 2.6 x 10-@and 5.0 x 1O@M, respectively, on the basis
of the concentrations of bound and unbound bilinubin at the
equimolar point.

In a control experiment, the interaction between a1-acid
glycoprotein and bilirubin was investigated by the difference
spectrum method. No typical difference spectrum was ob
served. Thus, the production of the difference spectrum ap
pears to be a specific phenomenon for the bilirubmn-bmnding
proteins.

A Lineweaver-Burk plot for the oxidation of bilirubin with
hydrogen peroxide in the presence of horseradish peroxidase
is illustrated in Chart 6. The result showed that the assay
system used in the present study obeyed the Michaelis-Menten
hypothesis and that the Km of horseradish peroxidase for
bilirubin was 40 ,@M.

A Scatchard graph was produced by the peroxidase method
(24) and is shown in Chart 7. Both studies with AFP-F and AFP
H gave straight lines. The intercept of the plotted line with the
abscissa represents the binding ratio of bilirubin to AFP (n),
and the intercept with the ordinate is nK, where 1/K is the
dissociation constant of the bilirubin-AFP complex (24). The

Chart 3. The difference spectrum produced as a result of the bilirubin binding
to rat serum albumin. The difference spectrum was recorded by the same method
as described in Chart 2. The protein and bilirubin concentrations were 3.1 x
10@6and 2.1 x 106 M, respectively.
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Chart 4. The plot of an increase of difference absorbance at 482 nm by
bilirubin binding to AFP-F. An increase of M at 482 nm was plotted against the
molar ratio of bilirubin added to AFP-F. The intersecting point between the
production of an initial increase of @Aand the plateau level of @.Aindicates the
molar binding ratio. The dissociation constant of the complex of bilirubin with
AFP-F was calculated from the concentrations of the bound and the unbound
bilirubin at the equimolar point.
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Chart 5. The plot of an increase of difference absorbance at 482 nm by
bilirubin binding to AFP-H. The method of the plotting and the calculation are as
described in the legend of Chart 4.
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Chart 7. Scatchard plot describing the bilirubin binding to AFP-F (0) and
AFP-H (â€¢)examined by the enzymatic method. Intercept of the plotted line with
the abscissa, the molar binding ratio of bilirubin to AFP (n): intercept with the
ordinate, nK, where 1/K is the dissociation constant of the bilirubin-AFP complex
(24).
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Chart 6. Lineweaver-Burk plot describing the oxidation of aqueous bilirubin
with hydrogen peroxide in the presence of horseradish peroxidase.

results showed that 1 mol of AFP-F or AFP-H bound 1 mol of
bilinubin at pH 8.3 and that dissociation constants of the com
plexes were 7.1 x 1O@ M for AFP-F and 7.4 x 10@ M for
AFP-H.

DISCUSSION

Many studies have been reported on the binding of bilinubin
to serum albumin, especially in relation to neonatal jaundice
and the pathogenesis of a kernicterus (5, 12, 18). These
reports have indicated that albumin-bound bilirubin has an
absorption maximum at 460 to 470 nm. In the present study,
we showed that AFP-bound bilirubin gave a slightly different
absorption spectrum with a maximum at 444 nm.

The binding of bilirubin to human serum albumin has been
thought to involve one high-affinity site (dissociation constant
of 7 x 1O-@M) and a number of secondary sites (dissociation
constants of around 2 x 106 M) (11). The present difference
spectrum study showed that both AFP-F and AFP-H bound 1
mol of bilirubin per mol of protein at pH 8.3, and the enzymatic
method confirmed this result. The dissociation constants of the
complexes of bilirubin with AFP-F and AFP-H were similar to
each other although slightly different values were obtained by
the difference spectrum method. Values for the dissociation
constants of the complexes are summarized in Table 1.

Reed et a!. (22) purified 3 fragments from bovine serum
albumin which had the strong binding ability of bilirubin (dis
sociation constants of 2 x 10@@ 2 x 10_8 M). Residues 186

to 238 were common to the 3 fragments; consequently, the
primary bilirubin-binding site was suggested to involve this
part. Ruoslahti and Terry (23) reported homology between the
amino-terminal sequence of a cyanogen bromide fragment of
AFP and the sequence of bovine serum albumin (Residues 202
to 230) which was involved in the bilmrubmn-bindingsite. This
sequence homology explains that AFP also has the primary
structure which binds bilirubin.

Serum albumin serves as a carrier protein for various sub
stances including bilirubin, fatty acids, cations, amino acids,
hormones, and many kinds of drugs (20, 27). The estrogen
binding property of rat, mouse, and human AFP's and the dye
binding ability of rat and human AFP's have been reported (7,
16, 26). Recently, the binding of fatty acids (9, 19) and tryp
tophan (9) in human and fetal swine AFP was reported. Our
previous report suggested that human AFP could bind the
coppen(II)and nickel(II) ions at the amino-terminal region where
the specific histidyl residue served as a chelating locus of such
ions (4). This binding fashion was thought to be the same as
that of serum albumin (21). These observations support the
idea that AFP has a function as a cannierprotein similar to that
of serum albumin. It is also tempting to speculate that AFP is a
specific ligand carrier which is physiologically important in the
fetal stage.
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