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The differences between blood groups (AB0) are 
known to be determined by the terminal carbohydrate 

residues attached to common carbohydrate chains on 
the red-cell surface. A specific N-acetylgaiactosaminyl- 

transferase (A-enzyme) cf blood-group A subjects 

transfers IV-acetylgaiactosaisliiie from UDP-IV- 
acetylgalactosamine to the terminal galactose of H- 
substance on the 0 red-cell surface, while a specific 
galactosyltransferase (B-enzyme) of blood-group B 
subjects transfers galactose from UDgalactose to the 
H-substance [l-3]. The transferases-were commonly 
assayed by the following two methods: 

0 red cells were incubated with enzyme (A or B) 

and the sugar di;nor, and the newlly produced 
bIood group substance (A or B) was semi-quanti- 

tatively assayed using anti-i\ or anti-B agglutinin 

141; 
2-Fucosyllactose was incubated with the enzyme 
and the sugar donor labeled with radioisotope, 

and radioactivity transferred into ‘>-fucosyllactose 

was determined [3,S]. 
These methods have some drawbacks. Method 

(a) is not really quantitative, since serial double-fold 
dilution of agglutinin was used and judgment of the 
end point of agglutination was subjective. Method (bj 

may not indicate real biological activity of the blood- 
,a~ oup t ransferases, since 7-fucosylIactose is no’l a 
natura! acceptor substance for the enzymes. In the 
present method,0 red-cell membraneswere irlcubated 
with UDP-~~r-3cetylgalactosaInine (for A-enzyme 

assay) or with WDPgalactose (for B-enzyme assay) 
and the enzyme, and amounts of A (or S) substance 
synthesized by the enzyme were quantified by 

utilizing iectins (A or 8) coupled with peroxidase. 
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Human blood-group glycosyltransferasesr A-enzyme 
was partially purified to - 100 OOO-fold from plasma 

of blood-group A by treatment with Sepharose 4B, 
and B-enzyme was partially purified to - 1 OOO-fold 
from plasma of blood-group B by column chromatog- 
raphy with carboxymeth+Sepbadex and gel 
filtration with Sephadex G-200, as in [6,7]. Red-ceil 
membranes: Red-cell ghosts were prepared from 
human red cells with 0, AI and B blood types by the 
method in [S]. 

Lectin coupled with yeroxidase: Lectin from 
Baudeiraea simplicifolia, 5-l 0 mg, (A- and B-specific, 
from Sigma Chem. Co.) and Sweptont~ces hemag- 
glutinin, 2.5-5 mg, (B-specific), prepared as in [9], 
were conjugated with horseradish peroxidase, IO mg, 

(type VI, from Sigma Chem. Co.), by treatment with 
glutaraldehyde, as in [IO]. The preparation (3 -1 .S ml) 
was dialyzed against saline-phosphate buffer (0.01 M 
NanHPO,-KHPPQ~ (pH 6.8) containing 0.1 S M NaCI) 
and stored at 4°C. Peroxidase was fully active after 
the conjugation procedures. 

UN-N-acetylgalactosamine was synthesized as in 
[6]. UDPgalactose was purchased from Sigma Chem. 
Co. UDP-N-acetyl [I -3H]galactosamine and 
UDP[6-3H]galactose were purchased from New England 
Nuclear and Amersham. Purity of these materials was 
checked by ion-exchange column chromatography 
with Dowex-1 and found to be 2 97%. Concentrations 
of nucleotide sugars were determined from Aze2 
(molar absorbance IO.0 X 103) at pH 7.0. 

3 .I _ Boperties of lectiezs coupled with peroxidase 

.%wptonzyces hemagglutinin coupled with perox- 
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Table I 
Hema@utina?ing and membrane binding activities of lectins coupled with peroxidase 

July I!?79 

Strepton2yce.v lectin-perosidase Bamieiraea lectin-peroxidase 
~~~ 

Prep. 3 Prep. 2 Prep. 1 Prep. 2 

Hemagglutination A 0 * 0 240 640 

Titera B 640 480 320 540 
0 0 0 0 0 

FGembrane-binding A 0.024 0.051 0.191 0.368 
activityb B 0.398 0.401 0.052 0.121 

(All s10 .min-’ ) 0 0.336 O-035 0.021 0.050 
-- ___ 

a Hcma Fz tutination titer is espresseti as the hizhest dilution of the lectin-perosidase wesing L 
detectable agglutination of red-blood cells 

b Membrane-binding activity is expressed as peroxidase activity bound with red-cell membranes_ 
k, , R or 0 red-cell membranes (100 & together with 400 JIM 0 red-cell membranes, (500 .~‘a total 
red-cell membranes) were suspended in 100 111 saline-phosphate buffer, containing 2.5 ~1 lectiii- 
perosidase_ After incubation for 6 h at doe, peroxidase activity bound with :he membranes WCIS 

assayed 

idase (SEW) can agglutinate blood-type B red cetls 
but not A or 0 red cells, and it binds c&ly to b red- 

0.15 M NaCI, 0.5% bovine serum albumin, 0.25% 
Triton X-l 00, 1 mM NaN3, 25 mM imidazole buffer 

cell membranes, while Bandeiraea sinzp~icifolia lectjn (pH 6-5) and enzyme. The reaction mixture was 
coupled with peroxidase (FE-B) reacts on both A incubated at 37°C with shaking. Cold saline-phospll:_te 
and B red cells and red-cell membranes, but not on 0 buffer was added to the reaction mixture to terminale 
red cells and 0 membranes (table I). Although the the reaction, and the membranes were col!ected by 
hemag@tinating activity of BE-P was similar on A, centrifugation @CCC X g for 5 min). The washed 

and R red cells, it had higher affinity to Al red-cell membranes were mixed with 10 ~1 BL-P or SH-P 
membranes than to B red-cell membranes (table 1). solution, incubated for 6 h at 4”C, and washed 
Therefore, BL-P was used only for the assay of blood- 3 times with the saline-phosphate buffer by cen- 
group A-enzyme_ trifugation. 

Hn the presence of excess lectin-peroxidase 
complexes (BL-P or SF&P) membrane-bound peroxidase 
activity was linearly related to the quantities of Al jr 

B red-cell membranes, indicating that BL-P and SW-P 
can be used for quantification of A- and B-antigenic 
substances in red-cell membranes. 

The peroxidase activity of the washed membraws 

was measured using 4-amino antipyrine and H20, ai 
substrates [I I]. The enzyme activity was expressed 

as an increase inA510 of the assay mixture, (total I nil) 

iri 1 min. 

3.2 _ Assay pmcedures of blood group A- and 

The reaction mixture (100 ~1) for A-enzyme assay 
contained 0.5% of 0 red-cell membranes, 25-l 00 pM 
IJDP-IV-acetylgalactosamine, 15 mM MnClz ,Q.15 M 

Na@l, 0.2% bovine ryrum albumin, 0.25% Triton 
X-l 00, 1 mM WaW,, 40 mM cacodylate buffer 
(pH 6.8) and enzyme. The reaction mixture for 
B-enzyme assay contained OS?? of 0 red-cell mem- 
branes, X-100 ;uM UD~galactase, 15 mM MnClz , 

33. &~y~eszr?&s Qf blood-group A-and B-transferascs 

Typical assay results are shown in t&.1,2. These 
results indicated a linear enzyme-doss response and ;I 
linear initial time course which fulfilled two basic 
requirements for enzyme assay. _ 

In order to convert transferase activity expressed 
in ab.wrbancy z;nits into molar quantities of sugars . 
transferred into membranes, the enzyme activity was 
also assayed by measuring incorporation of isotope- 
labeled sugars into membranes. Since highly purified 
A- and B-enzymes (100 OOO-fold, and i OOO-fold, 



a 

respectively) were used for the assay, the inter- 
ference of non-blood-group glycosyltransferases 
existing in crude plasma was not. expected to be 
serious. HP: fact, in all these measurements, the trans- 
ferase activities assayed by the two methods agreed 

very well (fig.1 1. 
In the assay of A-enzyme, 1 A unit obtained by 

the lectin-peroxidase method corresponds to an 
incorporation of = 6 X 1 Cl-*’ mol N-acetylgalactos- 
amine into 0 red-cell membranes; in the assay of 
B-enzyme, 1 A unit oflectin-peroxidase method 
corresponds to an incorporation of - 5 X 1 Cl-” mol 
galactose (fig. 1). 

Fig.1 _ Assay of blood-group A,- ,,ld B-transferases. The reac- 
tion mixture was incubated for 16 h (for Aenzyme) or 5 h 
(for B-cnzyme) at 37°C with shaking, and tht amount of 
newly 3Tnthesized A- (or B-1 antigenic substance on red-cell 
membranes was assayed by utilizing the lectin-peroxidase 
as described in the text (--). Radioactivity incorporated 
into red-dell membranes was also mcascred (---)_ (a) Assay 
of A-enzyme in the presence of: 48 P&I (-a-, --@--_); 
36 PM (-0-1; 88 &I (--o--P WD~aBc. (b) Assay of 
B-cnzyine in the presence of 71 PM UDPGaL 
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Fig-.Z. Time course of synthesis of blood srorm A- and 
B-substances by the A- and B-transferase; The amount of 
A- 2nd B-substance was assayed by utilizing the Lectin- 
peroxidase described in the text. (a) Synthesis of A-substance 
in the presence of 0.1 mM LJDPGaLVAc and partially-purified 
A-enzyme. (b) Synthesis of B-substance in the presence of 
0.1 mh? LJDPGaL and partially-purX?ed Benzyme. 

4. I3kmssisn 

The present assay method utilizing lectin- 

peroxi.dase for blood-group A-enzyme and B-enzyme 
has the following meritits: 
(I) 0 red-cell membranes, not an artificial oligo- 

saccharide. are used for the a! say; 
(2) Quantities of A-substance am: B-substance 

synthesized by the transferascs, not simple incor- 
poration of radioisotope labeled sugar5 into 
acceptors, are measured. 

Thus, the method exdudes the possible inter- 
ference caused by non-blood-group glycosyltransferases 
conta~minating the crude enzyme samples, and 
measures a real biological activity of the blood-group 

transferases- Accuracy of this assay method is better 
than- T 6%. 

Althou& substantially purified enzyme prepara- 
tions were used for establishing the assay methods, 
these methods can be used for assay of blood-group 
transfcrase actvity of crude Ar and B plasma which 
have 2-5% of the activity of the enzyme solutions 
used in the present study. 

Besides the common Ar and B types, several 
unusual blood types, such as AZ? Am, Ax, I$, I& 
an3 Cis-AB, have been found in man. Genetic 
mechanisms for the expression of ihe;e rare blocd 
types are not well understood, although it has been 

speculated that defective A- and B-enzymes might tc 
involved in these abnormdities j12,13]. Comparison 
of kinetic properties of the transferases from normal 
and unusual subjects using the present assay method 
may contribute to an understanding of the origin 01” 

&es;: unusuaz blood types. 
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