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The Constancy of the a,-Acid Glycoprotein Variants of
Normal Adults under Conditions of Severe

Stress *
K. TOKITA,t J. F. BURKE, H. YOSHIZAKI,t SUZANNEFISCHER, AND

K. SCHMIDt
(From the Department of Biochemistry, Boston University School of Medicine, Boston

University Medical Center, and the Department of Surgery, Massachusetts General
Hospital and Harvard Medical School, Boston, Mass.)

The nonspecific increase in the blood level of a1-
acid glycoprotein (orosomucoid) and other plasma
proteins observed in many unrelated disease states
has been documented and reviewed repeatedly
(1-5).1 Evidence has been presented that the in-
crease of the a1-acid glycoprotein 2 is due to an
augmented biosynthesis (9), which in turn is a
consequence of the increased formation of the cor-
responding specific messenger RNA (10). The
structure of this glycoprotein, however, has been
assumed to be unchanged. Recently, it was shown
that a1-acid glycoprotein reveals three types of
variant patterns, and the variants appear to be
genetically controlled (11). The determination of
certain aspects of the structure of this protein de-
rived from normal individuals, namely the sialic
acid content and the type of its variants before,
during, and after a period of considerable stress,
should provide support for the genetic control of
the structure of a,-acid glycoprotein.
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1 References 1-5 list earlier reviews of this subject.
2 al-Acid glycoprotein, a constituent of normal human

plasma, has been prepared in the homogeneous state as
judged by classical criteria of purity (6-8). It contains
11% sialic acid, 15% neutral hexoses, 14% glucosamine,
1% fucose, and 60% amino acid residues (6-8). The
half-life of this glycoprotein is about 5.5 days (10).

In the present study a,-acid glycoprotein, iso-
lated from apparently normal adults who under-
went major surgical procedures and from women
during pregnancy and after delivery, was analyzed
for the type. of its variant and for its sialic acid
content.

Methods

Three groups of apparently healthy adults donated
blood for this investigation. Blood (20 to 40 ml) was
taken by venipuncture under sterile conditions and was
permitted to clot. The serum was separated, shell frozen,
and stored at -400 C until fractionated. A) Four Cau-
casian laboratory workers, age 21 to 45 (three male and
one female), served as controls. From these individuals
blood specimens were taken every month for 6 months.
B) Blood was also taken from six apparently healthy
Caucasian adults who underwent major surgery (Table
II). The blood was obtained shortly after operation and
again between 4 days and 5 weeks thereafter. These in-
dividuals varied in age between 63 and 89 years. C) The
third group included seven apparently healthy pregnant
Japanese of the Sendai area from whom blood was ob-
tained during the latter part of their pregnancy and
after delivery.

The obtained sera amounting to 13 to 22 ml were
fractionated by a modification of Cohn methods 6 and 10
(11, 12). The resulting Fractions VI were chromato-
graphed on Amberlite IRC-50 (12, 13). The isolated,
homogeneous ai-acid glycoprotein preparations were
treated with Clostridium perfringens neuraminidase (14)
and then analyzed by starch gel electrophoresis at pH 5
(11, 12). In control experiments using normal pooled
a,-acid glycoprotein it could be demonstrated that over
99% of the sialic acid was cleaved off and that on starch
gel electrophoresis the expected patterns were obtained
(11).

The seromucoid fraction was determined by the per-
chloric acid-phosphotungstic acid procedure described by
Winzler (15) using 3.0 ml of serum. The hexose and
the polypeptide content of this fraction was measured by
the orcinol and biuret techniques, respectively (15).
Sialic acid was measured by the Warren (16) and
Svennerholm (17) methods. For the latter determina-
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tion about 1 mg of a1-acid glycoprotein was dissolved in
1 ml of water. The protein concentration was obtained by
dividing the absorbancy at 278 m/A by the extinction co-
efficient of 8.93 of this protein (6). Paper electropho-
resis of the sera was carried out in pH 8.6, r/2 0.1
citrate-diethylbarbiturate buffer. Horizontal starch gel
electrophoresis in pH 8.6 borate buffer was performed
according to Smithies (18) and double diffusion accord-
ing to Ouchterlony (19).

Results

A) Normal Caucasian adults as controls. The
patterns of a1-acid glycoprotein variants of the
four normal Caucasian adults remained unchanged
over the period studied (Table I). Two indi-
viduals revealed type III and one type II and one
type I. The sialic acid content of the three a,-acid
glycoprotein types was the same and remained
constant for all individuals.

B) Normal Caucasian adults who underwent
major operations. The type of a,-acid glycopro-
tein variant of each patient undergoing operation
remained the same over the period of investigation
(Table II). One individual had a type I pattern,
two showed type II patterns, and four revealed
type III patterns. The sialic acid content of the
isolated a,-acid glycoprotein preparations was al-
ways 11%o (allowing for error of the method).
For some of these individuals, the a -acid glyco-
protein preparations were analyzed at pH 8.6 by
paper and starch gel electrophoresis and revealed
homogeneity, confirming our earlier finding (11).
In Figure 1, typical starch gel electrophoretic pat-
terns of a pre- and postoperative a,-acid glyco-
protein sample are shown, indicating that these
protein preparations reveal the same apparent
electrophoretic mobilities as pooled normal a1-acid

TABLE I

Constancy of the type and composition of a,-acid glycoprotein
variants of normal Caucasian adults

Variant (type) and sialic acid content (%)

SK* NR* MA* HK*

Sample Type % Type % Type % Type %

I I 10.8 II 10.7 III 11.0 III 10.9
2 I 10.7 II 10.2 III 11.0 III 10.4
3 I 10.7 II 10.4 III 10.8 III 11.1
4 I 10.1 II 10.0 III 11.1 III 10.8
5 I 11.1 II 10.4 III 11.0 III 11.0
6 I 10.8 II 10.1 III 10.0 III 10.4

* Initials of individuals studied.

+
FIG. 1. STARCHGEL ELECTROPHORESISOF a1-ACID GLYCO-

PROTEIN PREPARATIONSDERIVED FROMSERUMOF A NORMAL
ADULT (WJ) BEFORE (NO. 15) AND 13 (NO. 16) AND 21
(NO. 17) DAYS AFTER ARTERIAL GRAFT OPERATION. The
slots of application are indicated by the arrow and the
direction of migration by the plus sign. Amido black 10B
was utilized as stain. As control (no. 17a) pooled al-
acid glycoprotein was used.

glycoprotein. As about equal amounts of protein
were applied in each analysis, the color intensity
of each protein band appeared about the same.
Immunochemical analysis (Figure 2) demon-
strated identity of the a,-acid glycoprotein formed

FIG. 2. OUCHTERLONYDOUBLE-DIFFUSION ANALYSIS OF
a1-ACID GLYCOPROTEINOF TWOAPPARENTLYNORMALADULTS
BEFORE (NO. 1A AND 3A) AND AFTER HIP OPERATION (NO.
1B AND 3B). As control (A) pooled normal ai-acid gly-
coprotein was used. The center well contained rabbit se-
rum active against pooled normal a,-acid glycoprotein.
The agar was dissolved in pH 8.6, r/2 0.1 borate and the
protein in 0.9% NaCl to give a concentration of 0.1%o.
The photograph was taken after an incubation time of 1
day at room temperature.
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TABLE III

Study on a,-acid glycoprotein, seromucoid fractions, and electrophoretic distribution of the serum
protein of pregnant Japanese women

li-Acid glycoprotein
Paper electrophoresis at pH 8.6

Type Sialic Seromucoid (relative percentage)
of acid

Time blood var- con- Blood Hex- Poly- Albu-
No. Name Age was taken iant tent level ose peptide min al as l-I

years % mg/ mg/100 ml
100 ml

11 MH 29 Prepart: 106 days II 11 25 9 55 49 7 12 15 17
Prepart: 15 days II 12 53 12 55 42 9 7 19 23
Postpart: 1 day II 12 76 14 64 42 9 10 21 18

12 MS 24 Prepart: 73 days II 11 44 8 46 47 9 10 14 20
Postpart: 1 hour II 12 60 12 57 44 7 14 15 20

13 KO 20 Prepart: 85 days II 12 36 8 45 53 7 10 12 18
Prepart: 15 days II 10 50 8 40 40 9 8 18 23
Postpart: 4 days II 12 78 13 74 40 7 17 15 21

14 YS 31 Prepart: 68 days I 10 25 6 43 48 6 8 18 20
Postpart: 4 days I 12 40 12 82 41 9 13 18 19

15 HH 24 Prepart: 68 days II 11 55 9 55 37 5 13 18 27
Postpart: 3 days II 11 82 14 80 38 11 12 18 21

16 KO 29 Prepart: 46 days II 10 24 6 36 42 9 14 18 17
Prepart: 10 days II 11 78 13 66 35 8 15 22 20
Postpart: 5 days II 11 139 18 104 41 9 16 15 20

17 KA* 27 Prepart: 69 days I 29 8 48 48 8 10 16 18
Prepart: i hour I 10 39 9 47 46 9 12 15 18
Postpart: 6 days I 11 121 22 119 42 9 15 16 18

* Caesarian delivery.

before and after operation as judged by the com-
plete fusing of the formed precipitin lines. With
regard to the seromucoid and a1-acid glycoprotein
levels, we noted that the preoperative seromucoid
levels of four individuals were slightly elevated,
probably as a result of the nonspecific stress reac-
tion of a recent fracture, gallstones, or aneurysm.
None of these patients, however, showed clinical
evidence of systemic disease. Two of the indi-
viduals studied had normal preoperative seromu-
coid levels.

The increase of the seromucoid fractions of all
blood specimens taken after operation was sig-
nificant and was at least double the normal value
(1). The blood level of these fractions decreased
at a slow rate thereafter. Even after 37 days the
normal value had not yet been obtained (No. 3,
Table II). The change in the blood concentration
of a1-acid glycoprotein and of the total electro-
phoretically separated al- and a2-globulins showed
a similar course. Only two individuals (No. 1 and
No. 2) showed normal preoperative levels of these
components. Patient 6, who developed a wound
hematoma, revealed, in the second postoperative
analysis, an even further increase in the mentioned
blood levels. Paper electrophoretic analysis of the
sera taken immediately after operation demon-

strated a considerable increase in a1- and a2-globu-
lins and a corresponding decrease in the relative
concentration of albumin, whereas the level of the
y-globulins remained essentially constant.

C) Japanese pregnant women. The type of a1-
acid glycoprotein variant of each individual re-
mained constant over the period of analysis. Two

FIG. 3. STARCHGEL ELECTROPHORETICANALYSIS OF a,-
ACID GLYCOPROTEINDERIVED FROMTWOPREGNANTWOMEN
(MS AND YS) BEFORE (NO. 10 AND 12) AND AFTER (NO.
11 AND 13) DELIVERY. The slot of application is indicated
by the arrow and the direction of migration by the plus
sign. As control (no. 9 and 14) pooled a,-acid glycopro-
tein was used.
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FIG. 4. OUCHTERLONYDOUBLE-DIFFUSION ANALYSIS OF

a1-ACID GLYCOPROTEINOF TWOJAPANESEWOMEN(MH AND

MS) BEFORE (NO. 1A AND 2A) AND AFTER (1B, 1C, AND

2B) DELIVERY. Pooled normal a1-acid glycoprotein was
used as control. A rabbit serum active against pooled
normal a1-acid glycoprotein was placed in the center well.
The protein was dissolved in 0.9% NaCl to give a con-

centration of 0.1%.

individuals showed type I and the others type II
(Table III). The high incidence of type II in this
group is to be expected from earlier studies, in con-

trast to the types found for the Caucasians, among

whom type III is predominant (11). The blood
levels of a1-acid glycoprotein of these individuals
increased up to threefold over the normal. Taking
into consideration the error of the method used,
the sialic acid content of the isolated protein prep-

arations was determined to be 11%. Starch gel
electrophoresis of the pre- and postpartum a,-acid
glycoprotein preparations showed homogeneity
and the same electrophoretic migration rate (Fig-
ure 3). On double diffusion analysis (Figure 4)
these protein preparations formed precipitin lines
that fused completely with each other and with
that of pooled a1-acid glycoprotein.

The changes in the blood level of a1-acid gly-
coprotein and of the seromucoid fraction are di-
vided into two parts: One part covers the period
of pregnancy and the other the period after de-
livery. During pregnancy a gradual rise in these
two parameters was noted. This could be ob-
served particularly well in the case of individuals
No. 1, 2, 3, and 6. It should be noted, however,
that the reaction of these patients towards preg-

nancy, as measured by the level of a1-acid glyco-
protein and the seromucoid fraction, differs from
one to another. However, all individuals showed
elevations between 50 and 100%o above normal at
term, and an additional increase was noted 3 to 4
days after delivery. A special case is represented
by No. 17, who had a Caesarian operation. This
patient showed a very high increase in the level of
a,-acid glycoprotein and of the seromucoid frac-
tion. Paper electrophoresis of the sera of this
series of analyses did not reveal any pertinent find-
ings although there were changes in the al-, a2-,
and 8-globulin concentrations.

Discussion

The major finding of the present study is the
constancy of the type of the a,-acid glycoprotein
variants found in individuals whose blood level of
this protein increased greatly over a limited pe-
riod of time as a reaction to the stress of major
surgery or pregnancy and especially delivery. It
has been shown that in such states the half-life
of a1-acid glycoprotein is probably normal and in-
dependent of its blood level. In the patients stud-
ied, therefore, the biosynthesis and catabolism of
this protein must have been considerably increased
to account for the elevated level of the mentioned
protein (10). Further, the present investigation
demonstrates that the a1-acid glycoprotein pro-
duced at any of the blood levels investigated main-
tains its chemical composition and structure. The
sialic acid content, selected as index of the normal
chemical composition because of its terminal posi-
tion on the oligosaccharide chains, remains con-
stant and equal to that formed in the normal state.
More important, the structure of this protein is
also maintained; the type of variant remains con-
stant and independent of the change and of the
level in the blood concentration of this protein.
Further, these a,-acid glycoprotein preparations
appeared homogeneous on starch gel electrophore-
sis at pH 8.6 and revealed electrophoretic mobili-
ties indicative of the same electrostatic net charge.
In addition, they shared the same immunochemical
determinants. The constancy of the variant and
of the chemical composition of a1-acid glycopro-
tein of each individual serves as considerable evi-
dence in support of the concept of a genetically
determined structure of a1-acid glycoprotein.
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The increase in the a,-acid glycoprotein level
after the stress of operation could not be observed
until 4 to 7 days thereafter, agreeing with com-
parable reports of others (1, 10, 20-23). As the
length of pregnancy increased, the a,-acid glyco-
protein and seromucoid level generally increased
as has been reported earlier (24-26). The addi-
tional increase in these values after delivery also
agrees with previous findings (24, 27). The de-
crease to normal a1-acid glycoprotein levels may
take several weeks and is associated with the rate
at which the patient returns to a normal state of
health.

The increase in the a,-acid glycoprotein blood
level, nonspecific in nature and often referred to
as a phase reactant (2, 28), has usually been meas-
ured indirectly by determining the concentration
of seromucoid fractions (15, 29) and occasionally
by immunochemical analysis (30-32). In the
present study, the blood concentration of a,-acid
glycoprotein was measured for the first time di-
rectly by isolating this protein from the serum.
As a1-acid glycoprotein is the major component
of the seromucoid fraction of normal serum, the
change in blood concentration of this protein is re-
flected in this fraction. However, since the sero-
mucoid fraction (33) contains other a,-, a2-, and
,8-globulins, including the haptoglobins, and since
some of these proteins are also increased in their
blood level under certain stress conditions, al-
though probably at different rates, the change in
concentration of the total seromucoid fraction may
show the same trend as that of a1-acid glycopro-
tein, but need not be proportional. To obtain re-
liable data on its level, we measured the seromu-
coid fraction in terms of both the content of its
total neutral hexoses and polypeptide moiety.
Further, it should be noted that in the normal
state an increase in the protein-bound serum hex-
oses was found with increasing age, whereas no
sex difference could be observed (34-36). This
difference due to age may account for at least part
of the observed difference in the seromucoid and
al-acid glycoprotein levels between the two groups
studied. The average age of the individuals un-
dergoing surgery was 75, whereas that of the
pregnant women was 26. The seromucoid frac-
tion of Japanese normal adults has been reported
to be about that of Caucasians (37) in the same
age group.

Summary

a,-Acid glycoprotein was isolated in homogene-
ous form from sera of apparently healthy Cau-
casian adults who underwent a major operation,
of pregnant Japanese women, and, as controls, of
other normal Caucasian adults. The type of the
a,-acid glycoprotein variant of each individual
remained constant during the period of investi-
gation in spite of the temporary large increase
in the blood level of this protein in those indi-
viduals who were subjected to stress. The sialic
acid content of all a1-acid glycoprotein prepara-
tions was constant (11%o) and identical with that
of pooled normal a,-acid glycoprotein. It should
be emphasized that these preparations include all
three a1-acid glycoprotein variants. The change
in blood concentration of this protein was mea-
sured directly by isolating this protein in homo-
geneous form and indirectly by determining the
level of the seromucoid protein fraction of which
a,-acid glycoprotein is the major component.
The results obtained support the concept that the
structure of a,-acid glycoprotein is genetically
determined.
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