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The A and B blood group substances are one of the best characterized 
glycoconjugates and the antigenic determinant of A and B blood groups has been 
shown to be present predominantly in the terminal sugar residues2. All the sugar 
chains of glycoconjugates are synthesized through the action of a series of glycosyl- 

transferases that catalyze the transfer of each sugar unit from the respective 
nucleotide sugar to a predetermined position and anomeric linkage2,3. The deter- 
minants of A (2) and B (3) blood groups are synthesized from the precursor H 
substance (1) by (1 + 3)-N-acetyl-cw-D-galactosaminyltransferase (A enzyme) and 
(1 + 3)-(x-D-gal ac osyltransferase (B enzyme) from A and B blood group subjects, t 
respectively (see Scheme 1). It is also well known that A and B enzymes are 
primary products of A and B genes and that A and B antigens are then 
synthesized by A and B enzymes as shown in Scheme 1. Thus, the detection of A 
and B enzymes is a useful tool for the determination of A and B blood groups, 
which are commonly detected by the investigation of A and B antigens on red 
blood cells, or of anti-A and anti-B antibodies in sera. Furthermore, it is possible 
to classify A and B blood subgroups and variants by the level of A and B enzymes, 
even though the A and B antigens on the red blood cells are reduced and hardly 
detectable3. 

Serum A and B enzyme levels have been determined for a large number of 
normal groups, subgroups, and variants 4-6. The enzyme activities are commonly 
assayed by two different methods. In the first, the conversion of 0 red blood cells 
into A or B red blood cells by the enzymes in the presence of UDP-GalNAc or 
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UDP-Gal is monitored by hemagglutination tests with anti-A or anti-B antibody7. 
In the second, the incorporation of a radioactively-labeled sugar (GalNAc or Gal) 
from a respective nucleotide-sugar into the H-active oligosaccharide is quantitated 
with a liquid scintillation counter *. The former method is simple but is qualitative 
rather than quantitative, and it is often hard to detect weak enzyme activities3. The 
latter method measures the enzyme activity quantitatively, but it is complicated 
and time-consuming and, thus, it is difficult to assay many samples simultaneously. 
Recently simple and quantitative assay methods for many glycosyltransferases have 
been reported’-i6. Synthetic oligosaccharides have been used for the specific 
detection of a single glycosyltransferase 16-21. Elites and Goldsteir? showed that 
synthetic oligosaccharides immobilized to Synsorb beads were acceptors for various 
glycosyltransferases, and the enzyme activity was determined by measuring the 
amount of radioactivity incorporated from labeled nucleotide sugars into the 
beads. We describe herein a simple and more specific assay method for blood 
group A and B enzymes in plasma samples from normal, subgroups, and variants. 

Incubation mixtures containing various amounts of A and B, Synsorb beads 
were used to establish standard curves of A and B haptens, which were then 
characterized and quantitated by enzyme-linked immunosorbent assay (ELISA) 
with anti-A and anti-B antibodies (Fig. 1). These standard curves permit the 
determination of the ELISA responses of A and B haptens on Synsorb beads, and 
it can be expected that these ELISA responses are the same as those of the 
equivalent amount of haptens enzymically synthesized on Synsorb H beads by A 
and B enzymes. The amount of antibody-detected A hapten, which had been 
enzymicahy synthesized by A plasma, was linear with time up to N 8 h and 
constant after 10 h. The formation of A hapten was proportional to the amount of 
A plasma and Synsorb H beads, up to 100 ,uL and 20 mg, respectively. The dose 
responses for the incubation time, and the amount of enzyme and acceptor beads 
used in the formation of B hapten by B plasma were almost the same as those in 
the formation of A hapten by A plasma (data not shown). Thus, both A and B 
enzyme activities can be determined quantitatively by this ELISA test. 

The A enzyme activity of plasma samples from different blood groups subjects 
was measured under the standard assay condition (Table I). It could be detected in 
all the samples from A and AB subject tested, and only in samples from A and AI3 
subjects; no A enzyme activity was detected in samples from B or 0 subjects. 
There was not significant difference in the levels of A enzyme from A, and A,B 
individuals. The average A enzyme activity of A, and A, individuals was * 68 and 
19%, respectively, of that of A, individuals. The B enzyme activity was also 
measured in plasma samples from different blood group subjects (Table II). The 
presence of B enzyme was demonstrated only in samples from B and AB subjects. 
There was no significant difference in the level of B enzyme between normal B and 
AB subjects. The average enzyme activity of B,, and B, individuals was N 50 
and 17%, respectively, of that of normal B individuals. The A and B enzyme 
activities from common A and B subjects could be measured with < 10 mg of 
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Fig. 1. Standard curves for ELISA response of A (A) and B (B) haptens immobilized on Synsorb beads. 

Synsorb H beads, or within a few hours, but those from weak variants were hard to 
be detected under such conditions (data not shown). 

Chemically synthesized oligosaccharides have been used in the past as acceptors 
for a number of glycosyltransferases, and the assay procedure was further simpli- 
fied by having hydrophobic aglycons as acceptors21,u. The A and B enzyme activity 
of subgroups and weak variants could only be determined previously by the 
conventional radiochemical assay method4-6. The method described in this study 
enabled us to determine both A and B enzyme activities quantitatively in plasma 
samples from subgroups and variants, as well as normal groups. It has been 

TABLE I 

Blood-group A enzyme activity in sera of various blood types a 

Blood type Number of sera 

A* 20 

A,B 20 
A, (A,B) 8 

A3 4 
0 20 
B 20 

Enzyme activity (units) 

2278*669 
2315k682 
1559k624 
444*394 

0 
0 

a Enzyme activity is expressed as mean f SD. 
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TABLE II 

Blood-group B enzyme activity in sera of various blood types ’ 

Blood type Number of sera 

B 20 

AlB 20 
B weak 5 

B3 3 
0 20 
A 20 

a Enzyme activity is expressed as mean f SD. 

Enzyme activity (units) 

1465 f 578 
1516+426 
732+607 
242 f 197 

0 
0 

proposed that defective A and B enzymes are present in the subgroups and 
variants, and that these enzymes might be involved in the expression of such 
unusual blood group types. Although there might be some qualitative difference 
between the A and B enzymes investigated in this study, a strong correlation could 
be demonstrated between the level of A and B enzyme in plasma samples and the 
strength of A and B antigens on red blood cells. Since the concentration of hapten 
bound to Synsorb beads can be easily modified, the present method, thus, has 
several advantages over previous methods and it could serve as a general method 
for the assay of glycosyltransferases in addition to the blood-group typing. In 
conclusion, A and B enzyme activities were measured quantitatively with the 
present ELISA, test and clear-cut differences in enzyme activity could be found 
between common, subgroups, and variants. 

EXPERIMENTAL 

Mutetiuk-The AB-transferase assay kit, Galserve AB, which contains UDP- 
GalNAc, UDP-Gal, and buffers for A and B enzymes, as described below, was 
obtained from Sumitomo Seika Chemical, Japan. Synsorb A, B, and H beads were 
obtained from Chembiomed, Canada, and these beads contained covalently bound 
A {a-D-Galp-NAc-(1 --f 3)-[a-L-Fucp-(1 + 2)]-/3-D-Galp + R], B (a-~-Galp-(1 --f 

3)_[ a-L-Fucp-(1 --) 2)]-fi-~-Galp + R}, and H [(Y-L-Fucp-(1 + 2)-&D-GaIp-(l + 
‘i)-P-D-Gkpbk + R] haptens whose degrees of substitution were 0.225, 0.155, 
and 0.414 pmol/mg of beads, respectively. Purified anti-A WNAFF A) and 
anti-B (SYNAFF B) mouse monoclonal antibodies were from Chembiomed, 
Canada. Purified goat anti-mouse IgM conjugated to peroxidase was purchased 
from Tago, CA. ABTS, ovain albumin, and gelatin were from Sigma. Plasma 
samples were collected from blood group types A,, A,, A,, B, BWiik, B,, A,B, 
A,B, and 0 and stored at -80°C untf used. 

Met/a&.-A and B enzyme assays were carried out in plastic tubes containing 
20 mg of the H Synsorb beads (8.28 mu01 H hapten) and the following components 
(standard assay condition): For the A enzyme assay, Galserve A buffer (100 ,uL, 
0.1 M cacodylate, pH 6.5, and 0.1 M MuCl,), UDP-GalNAc (30 nmol), and plasma 
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(100 PL) to be tested were incubated at 37°C for 12 h with rotation. The beads 
were then washed three times with water (2 mL), and then anti-A (200 pL, 39 

pg/mL in 50 mM PBS containing 0.5% ovain albumin and 0.05% thimerosal) was 
added and the mixture was incubated at room temperature for 1 h. The beads 
were washed three times with water and of peroxidase-conjugated anti-mouse IgM 
(200 pL, 91.1 unit/ml in PBS containing 0.5% gelatin) was added and the mixture 
was incubated at room temperature for 2h. The beads were washed three times 
with water and the substrate (200 pL, 0.78 mg ABTS in 0.01% H,O,) was added. 
The increase in absorbance at 420 nm was monitored after addition of 1% oxalic 
acid (1 mL). Control assays were carried out without UDP-GalNAc and the 
increase in absorbance was subtracted from each assay. In order to determine the 
amount of A hapten formed, a standard curve was prepared by conducting the 
ELISA test on various amounts of Synsorb A beads (O-4.5 nmol of hapten/O-20 
mg beads) in the same incubation mixtures as described above. For the B enzyme 
assay, the incubation mixture was the same as for the A enzyme assay, except that 
Galserve B buffer (100 pL, 0.1 M PIPES, pH 7.0, and 0.1 M MnCI,) and UDP-Gal 
(30 nmol) were added. Anti-B monoclonal antibody (20 pg/mL) and Synsorb B 
beads (O-3.1 nmol of hapten/O-20 mg beads) were also used for the ELISA test of 
the B enzyme. A unit of enzyme activity is defined arbitrarily as the quantity of 
enzyme producing an ELISA response equivalent to one pmol of A or B hapten 
immobilized to Synsorb beads under the standard assay conditions. 
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