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ABSTrRACT Although variants of sialic acid—free
a-acid glycoprotein have been described in human be-
ings, the mode of inheritance of these types has not been
reported previously. With the use of a new technique
of immunofixation after agarose gel electrophoresis of
neuraminidase-treated whole serum, the present study
demonstrates that the types of ai-acid glycoprotein vari-
ants in family members are consistent with inheritance
as autosomal traits with codominant expression. Gene
frequencies have been determined for several ethnic
groups. Of a total of 11 maternal-cord serum pairs, seven
were discordant types, indicating that the fetus synthe-
sizes ai-acid glycoprotein and confirming a previous re-
port that there is no significant transplacental passage of
this protein.

INTRODUCTION

Human a-acid glycoprotein- (1), or orosomucoid (2),
has been shown to be heterogeneous in both the native
and the sialic acid—free states. Polymorphism of the in-
tact glycoprotein is manifested by a variable number of
bands on starch-gel electrophoresis at pH 2.9 (3). After
removal of the sialyl residues by either enzymatic (4)
or acid (5) hydrolysis, the variants are distinguished
on starch-gel electrophoresis at pH 5.0 by a major slow
moving band, a major fast band, or both bands in equal
concentration. These variants have been designated I,
II, and III, respectively (4).

Twin studies (4) and the constancy of types within
individuals (6, 7) have suggested a genetic basis for
the a-acid glycoprotein variants. The present investiga-
tion was undertaken, therefore, to evaluate the possibility
of genetic transmission of variants within families. The
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types found in family members indicate that the variants
are inherited as autosomal traits, In order to simplify
genetic classification, it is proposed that the phenotypes
be redesignated SS, FF, and FS, corresponding to the
slow, fast, and double electrophoretic patterns, respec-
tively, and that the alleles be designated Or® and Or".
This nomenclature is used in this report.

METHODS:

Preparation of ai-acid glycoprotein. Highly purified as-
acid glycoprotein was prepared by Mr. Thomas Boenisch of
the Blood Grouping Laboratory as follows. Pooled human
serum was precipitated with 0.2 M HCIO, at 0°C (8). The

\ resulting supernatant solution was neutralized and concen-
trated by ultrafiltration to approximately 3 g protein/100 ml.
Ammonium sulfate was added to give a concentration of
2.65 moles/liter, and the pH was adjusted to 5.0. Insoluble
proteins were removed by centrifugation, and the super-
natant solution was dialyzed exhaustively against tap water.
After dialysis against 0.04 M phosphate buffer, pH 5.8, the
solution was applied to a diethylaminoethyl (DEAE)-Sepha-
dex (AS0) column equilibrated with this buffer and washed
until the effluent was protein free. The ay-acid glycoprotein
was then eluted with 1 M NaCl, concentrated, dialyzed
against 0.01 M sodium citratecitric acid buffer, pH 5.0,
applied to a similarly equilibrated carboxymethyl (CM)-
Sephadex (C50) column, and eluted with the latter buffer.
The eluate was concentrated to 10 g protein/100 ml and
examined by immunoelectrophoresis (9), using several dif-
ferent antisera against whole human serum, and by agarose
electrophoreis (10). No impurities were detected.

Preparation of antiserum. 0.1 ml of a 100 mg/100 ml
solution of neuraminidase type V from Clostridium perfrin-
gens* was added to 0.3 ml of a 4 g/100 ml solution of the
pure, pooled ar-acid glycoprotein. The digest was dialyzed
at 28°C against 0.1 M acetate buffer, pH 5.0, for 72 hr.
Aliquots of this solution were then diluted, emulsified with
equal volumes of complete Freund's adjuvant, and injected

! The neuraminidase preparations used in the study were
obtained from Sigma Chemical Co., St. Louis, Mo. _
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Ficure 1 Appearance of human as-acid glycoprotein vari-
ants as demonstrated by immunofixation after starch-gel
electrophoresis of neuraminidase-treated whole serum. Sepa-
ration was performed at 300 v for 5 hr, using 0.02 M acetate

buffer, pH 5. The positions of the anode, the cathode, and the
two major bands are indicated on the right. ‘

into multiple subcutaneous and intradermal sites of three
female New Zealand albino rabbits. Each rabbit was injected
with 0.2 mg of antigen three or four times at 2- to 3-wk
intervals. Serum samples were obtained at weekly intervals
beginning 2 wk after the last injection. The antiserum from
all three rabbits was monospecific as determined by immuno-
electrophoresis using pooled normal human serum as antigen.
Only samples which showed a precipitin arc against normal
human serum using antiserum dilutions of 1:40 or higher
were used for this study.

Samples for typing. Serum or plasma samples from 214
individuals of 24 kindred, including 30 matings with children,
were evaluated in the genetic study. Paired maternal-cord
sera were those used in a previous study (11). Samples that

FIGURE 2 Patterns of as-acid glycoprotein variants as shown
by agarose electrophoresis of desialized whole serum, fol-
lowed by immunofixation. Ionic strength 0.05 barbital buffer,
pH 8.6, with 0.0018 M calcium lactate was used for the
separation.
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had been frozen at —20° ‘or —80°C for up to 10 yr were
still readily typable. In addition to the family study, plasma
samples from 18 disputed paternity cases were evaluated, but
the results are not included in the family data.

Serum types of haptoglobin, transferrin, Gc-globulin, the
third component of complement (C3), and Gm and Inv deter-
minants of immunoglobulins were determined on the majority
of sera. In addition, red cells were tested for the following
antigens: A, Ay, B, H; Rh 1, 2. 3, 4, 5, 8; P,; K1, 3, 4;
Le*, Le*; M, N, S, s; V¥, M8, Lu*, Fy*, Jk* and Wr"
Except as noted, all typings were compatible with the stated
family relationships.

Neuraminidase treatment of individual sera. Preliminary
experiments showed that 30 ug of type V or 2 ug of type VI
neuraminidase (Clostridium perfringens) per 100 ul of
serum  and digestion for at least 24 hr were required for
essentially complete removal of the sialyl residues. There-
fore, 50 ul aliquots of serum and 10 ul of a 10 mg/100 ml
solution (1 ug) of type VI neuraminidase were placed in
individual bags of % inch cellulose dialysis tubing. The sam-
ples were dialyzed against 0.15 M acetate buffer, pH 5.0, for
48 hr at 28°-30°C. After incubation, the samples were trans-
ferred to small test tubes and stored at —20°C until examined.

Electrophoresis. Electrophoretic separation was performed
in 1 mm thick agarose gels (10), using barbital buffer, ionic
strength 0.05, pH 8.6, containing 0.0018 M calcium lactate
(12). Separation was continued until hemoglobin A had
migrated approximately 1 inch from the origin. For com-
parison with previous typing systems (4, 5), separation was
also performed in horizontal starch gels (13), using pH 5.0
acetate buffer. )

Immunofixation. After electrophoresis, the expected area
of migration of the neuraminidase-treated oi-acid glyco-
protein was covered with the antiserum described above.
Diffusion of antiserum into the agarose or previously sliced
starch gels was permitted to take place for approximately
1 hr in a moist chamber. Excess antiserum was rinsed off
with saline, and the gels were washed and stained as pre-
viously described (14).

Antigen-antibody crossed electrophoresis. Initial electro-

phoretic separation of previously typed, desialized whole sera
was performed in thin-layer agarose-acrylamide gels (15),
using 0.05 M sodium acetate buffer, pH 5.0. The concentra-

o - pa—— Org.
FiGure 3 as-acid glycoprotein typing as performed by a
previous technique. The partially purified protein, desialized
by acid hydrolysis, was separated by starch-gel electro-

phoresis at pH 5 and stained routinely. The minor anodal
and cathodal bands are barely perceptible.



tions of agarose and acrylamide were 0.8 and 5 g/100 ml,
respectively. After separation, strips of the gel were removed
and transferred to an agarose gel, in pH 8.6 barbital buffer,
containing specific antiserum to a;-acid glycoprotein. Electro-
phoresis at right angles to the first separation was per-
formed as described by Laurell (16).

Quantitations. Determination of ai-acid glycoprotein con-
centrations was performed by the electroimmunodiffusion
technique of Laurell (17).

RESULTS

Determination of types. Neuraminidase-treated whole
sera, developed by immunofixation after starch and
agarose gel electrophoresis respectively, are shown in
Figs. 1 and 2. For comparison, the ai-acid glycoprotein
variants as demonstrated by a previous method (5) are
shown in Fig. 3. The patterns are comparable and
easily differentiable by all three techniques. Agarose gels
were used for the remainder of the study because of
relative simplicity of use.

As has been reported previously (4), sera of homozy-
gous S individuals have a small amount of protein
which migrates identically with the F component, and
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FIGure 4 Antigen-antibody crossed electrophoresis of the
three variants of ai-acid glycoprotein. The initial separations
were performed in thin-layer agarose-acrylamide gels, using
0.05 M acetate buffer, pH 5. The positions of the anode and
cathode for the initial electrophoresis are noted at the top
of the figure. The protein types are indicated at the left, and
the positions of the peaks are shown at the top. The minor
anodal and cathodal shoulders are designated ¢ and ¢,
respectively.

TaBLE 1
Variants of ar-Acid Glycoprotein in Family Members

Matings Observed types in
children
Num- Expected
Type ber FF FS SS ratios*
FF:FF 3 19 — — 1:0:0
FF:FS 7 11 10 — 1:1:0
FF:SS 2 — 11 — 0:1:0
FS:FS 12 13 23 9 1:2:1
FS:SS 3 — 9 6 0:1:1
SS:SS 2 — — 13 0:0:1

* FF:FS:SS, assuming autosomal codominant inheritance of
types.

vice versa. Most samples of all three types also show
trace amounts that migrate in bands anodal to the fast
(F) component and in a single band cathodal to the
slow (S) component. Although these bands can be dis-
cerned on standard typing, they are more clearly dem-
onstrated as small peaks or shoulders by antigen-anti-
body crossed electrophoresis (Fig. 4). The anodal
bands have been shown to be the result of persisting
sialyl residues (18). The faint cathodal band, like the
two primary bands, is sialic acid—free (18, 19) and most
likely represents a minor gene product, similar to those
described for a:-antitrypsin (20) and C3 (12) and sug-
gested for other proteins (14, 21-24).

TaBLE II
ai-Acid Glycoprotein Types and Concentrations in
Maternal-Cord Paired Sera
ar-acid glycoprotein
type Concentration
Pair Ma- Ma- .
number ternal Cord ternal Cord
mg/100 ml
1 SS SS, SS* 47 9,1
2 FS SS§ 53 15
3 FF FS§ 64 52
4 FF FS§ 15 13
5 SS SS 39 34
6 FS FS 53 25
7 FS SS§ 55 8
8 FS FS b 1
9 FS FF§ 34 8
10 FF FS§ 41 38
11 FS SS§ 72 33
Mean concentrations|| 48 23
* Dizygous twins.
§ Discordant types. i
} Not determined.

]l Pooled normal_adult serum, 70 mg/100 ml.
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Figure 5 The genealogy of the Con family. Generations are designated by Roman numerals
at the left, and individuals within a generation by Arabic numerals at the upper right of each
circle (female) or square (male). An Arabic numeral within a diamond indicates the number

of siblings not tested.
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FiGure 6 The Lap family. The presumed type of a deceased family member is given in paren-
theses; no types are given for the other individuals not tested. See Fig. 3 for explanation of

the other symbols.

On antigen-antibody crossed electrophoresis, the more
anodal protein, F, forms a higher precipitation peak
than does the S protein. This phenomenon has also been
noted with C3 (12) and as-antitrypsin (25) and is felt
to be the result of the difference in electrophoretic mo-
bility. There is some variation among individual sera in
the ratio of the F and S bands, but the types are still
easily distinguishable in almost all instances.

Family studies. The pedigrees and ei-acid glyco-
protein types of the Con and Lap families are shown in
Figs. 5 and 6, respectively. The pattern of inheritance
of the three types is that of autosomal codominance,

"with equal gene expression in the heterozygous state,
male as well as female heterozygotes, and male-to-male
transmission.

The overall results of the family studies are sum-
marized in Table I. Expected frequencies of types in
children from each possible combination of parental
types were calculated assuming Mendelian codominant
inheritance. The observed types agree completely with
this assumption.

2296 A. M. Johnson, K. Schmid, and C. A. Alper

Maternal-cord pairs. The ai-acid glycoprotein types
and concentrations found in paired maternal-cord sera
are shown in Table II. 7 of 12 infants, born of 11
mothers, had types different from the maternal types.
The band ratios in these infants, as determined by anti-
gen-antibody crossed electrophoresis, were similar to
those in adults of the same types. The maternal and
cord serum concentrations are in agreement with those
reported by Laurell (26). ‘

Twins. As noted in Table II, one pair of dizygous
twins in the maternal-cord study had the same types.
In addition, typings in 11 pairs of dizygous twins, six
pairs of monozygous twins, and one set of trizygous
triplets are summarized in Table III. The observed types
are consistent with the proposed mode of inheritance,
as were those in another study (4).

Questionable paternity cases. Of the 21 children ex-
amined, only two were found to have ar-acid glycopro-
tein types incompatible with those of the putative fathers,
again assuming autosomal codominant inheritance. In



TasLE III
Variants of ar-Acid Glycoprotein in Twins and Triplets

Parental types* Offspring types

one instance, the man was definitely excluded as the
father of the child on the basis of haptoglobin and Inv
incompatabilities. In the other, the red cell and serum
types were such that neither exclusion nor presumption

Dizygoust FS:FS FS,SS§ of paternity was possible.
twins FS:FS FF,SS§ One mother and her child were found to have relative
FS:FS FS,FF§ concentrations of the faster band intermediate between
Is:g}l:g FS’FSI:'S"'?:;: F,FS§ those seen in FS and SS individuals, both on routine
FF:FF FFFF; FF’,FF; FF,FF typing and on antigen-antibody crossed electrophoresis.
SS:SS SS,SS The patterns were most compatible with heterozygosity
SS:FF FS,FS with a relative decrease in the F band reminiscent of the
. . hyposynthetic variants described for Ge-globulin (14,
T’;:iypﬁzt“:t FS:FF FS,FF.FFS 27, 28), haptoglobin (29), and the third component of

complement (30).

M:;?::goust gggg gg’gg Gene frequencies. The as-acid glycoprotein types found
FF:FF FFY,FF in individuals of several ethnic groups are given in
FS:FS FFFF Table IV. Most of these typings were performed by
ls?i‘:SFSF :%SFSF previous techniques. Gene frequencies were calculated

* Father:mother.

t Zygosity as determined by sex, red cell antigens, and serum
protein variant types.

§ Discordant types.

using the Hardy-Weinberg equation. The variation from
the over-all mean is statistically significant (P < 0.001,
chi-square test); 95% confidence limits for the ob-
served point frequencies are given in the table,

TaBLE IV
ar-Acid Glycoprotein Gene Frequencies in Various Ethnic Groups
Phenotypes Gene frequencies*
Total
Ethnic group number  SS FF FS Ors (0724
Baka 53 13 19 21 0.44 (0.34-0.54)f 0.56 (0.46-0.65)1
Bechuana 61 26 11 24 0.62 (0.53-0.71)  0.38 (0.29-0.47)
Caucasian American 220 217 89 104 0.36 (0.32-0.40) 0.64 (0.60-0.68)
Chinese 73 15 19 39 0.47 (0.38-0.56) 0.53 (0.43-0.62)
Congolese 45 13 16 16 0.47 (0.36-0.58) 0.53 (0.42-0.64)
Hungarian 45 11 9 25 0.52 (0.44-0.63) 0.48 (0.37-0.58)
Finnish 49 13 13 23 0.50 (0.40-0.60)  0.50 (0.40-0.60)
French 39 11 12 16 0.49 (0.37-0.60)  0.51 (0.39-0.63)
Indian (Calcutta) 50 8 14 28 0.44 (0.34-0.54) 0.56 (0.46-0.66)
- Indian (Mexico) 24 4 2 18 0.54 (0.39-0.69) 0.46 (0.31-0.61)
Japanese 64 11 40 13 0.27 (0.19-0.36)  0.73 (0.64-0.81)
Mautsu 35 12 9 14 0.54 (0.42-0.67)  0.46 (0.33-0.58)
‘Miozi 13 3 5 5 0.42 (0.23-0.63) 0.58 (0.37-0.76)
Nigerian 51 15 24 12 0.41 (0.32-0.51)  0.59 (0.49-0.68)
Nyambaan 72 13 21 38 0.44 (0.36-0.54) 0.56 (0.47-0.64)
Pedi-S. Africa 50 18 11 21 0.57 (0.47-0.67) 0.43 (0.33-0.53)
Pondo 79 27 21 31 0.54 (0.45-0.62) 0.46 (0.38-0.55)
Shamgaam 34 9 9 16 0.50 (0.38-0.62) 0.50 (0.37-0.63)
Swedish 52 31 13 8 0.67 (0.58-0.76)  0.33 (0.24-0.42)
Ugandan 30 7 17 6 0.33 (0.22-0.46) 0.67 (0.53-0.78)
Zulu 67 15 33 19 0.37 (0.28-0.46)  0.63 (0.54-0.72)
Totals 1206 302 407 497 0.46 (0.43-0.48) 0.54 (0.53-0.56)

* The frequencies differed signiﬁcaritly among the groups (P < 0.001, x?%(20]).
1 959, confidence intervals for the observed point frequencies.
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DISCUSSION

In this investigation, small aliquots (50 ul) of whole
serum or plasma were treated with neuraminidase, and
the ai-acid glycoprotein variants were then demonstrated
by immunofixation after electrophoretic separation in
standard gels. The simplicity of the technique, plus the
small volume of blood required, facilitated the evaluation
of types within families and in cord sera. Previous
methods (4, 5) required 2.5-20 ml of serum and at least
partial purification of the protein before desialization.

As mentioned previously, the pattern of inheritance
of the variants is that which would result from autoso-
mal alleles (Or" and Or*) with codominant expression.
However, the presence of both F and S bands in ho-
mozygous individuals suggests the possibility that both
structural genes are present in all individuals and that
the variant patterns are the result of genetically-de-
termined variation in relative rates of synthesis of the
proteins in the two bands. This assumption could also
explain the intermediate patterns found in this study.
Further evaluation of the variation in F:S ratios is in
progress.

The difference in electrophoretic mobility of the F
and S bands is secondary to a difference in electrostatic
net charge (18, 19). Although unequivocal differences in
amino acid composition of the variant types have not
been detected (18), it is probable that the electrostatic
charge difference is the result of different amino acid
compositions of the peptide chains of the two proteins,
since the sialic acid-free carbohydrate units carry no
net charge (31). Further clarification should come from
amino acid sequence analysis.

Although transplacental passage of a-acid glycopro-
tein is usually minimal, it has been suggested that suffi-
cient maternal protein may cross the placenta to produce
cord levels up to 209% of those in the maternal serum
(32). The discordant types found in cord sera in the
present study showed minimal if any contribution from
maternal es-acid glycoprotein as determined by antigen-
antibody crossed electrophoresis, even with the level
in maternal serum as much as seven times greater than
that in the cord serum.

The serum concentrations of a-acid glycoprotein
found in family members do not suggest genetic control
of levels of this protein. A lack of correlation has been
reported in identical twins (33).
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