Galactosidase Action on Human Blood Group B Active
Escherichia coli and Ox Red Cell Substances

Abstract. The blood group B specificity of Escherichia coli Os antigen, a
B specific oligosaccharide fraction from it, and the B activity of a preparation
of an “infectious mononucleosis receptor” from cattle erythrocytes are destroyed
by a-galactosidase from the coffee bean, as demonstrated for the E. coli antigen
by three methods. Blood group H(O) activity appears simultaneously. Galactose
is the only hexose released from all three substances.

The specificity of the human blood
group A and B glycoproteins, and
probably also that of H(O) substance,
is associated with oligosaccharide side
chains on the blood group-specific ma-
cromolecules (/). Zarnitz and Kabat
(2) and Watkins ef al. (3) have shown
that «-galactosidase from coffee beans
splits galactose from human blood
group B substance with the concomitant
destruction of blood group B activity
and the appearance of blood group
H(O) specificity in the hemagglutina-
tion inhibition test. Substances possess-
ing human blood group B specificity
are also found in animals and microbes;
thus Escherichia coli Os; (4) and the
“infectious mononucleosis receptor”
(IM-antigen) (5) of beef erythrocytes
contain structures of high and moderate
blood group B activity, respectively.
The blood group B specificity of an
E. coli Os polysaccharide preparation
determined with chicken antiserum to
E. coli Ox was reportedly destroyed by
an enzyme preparation from Clostridi-
um maebashi with the liberation of
galactose and oligosaccharides (6). A
lipopolysaccharide from E. coli O
(LPS-Ow) with blood group B activity
has been obtained in highly purified and
highly active form (7, 8), and several
B active oligosaccharides have been iso-
lated from it by mild acid hydrolysis
and then partially characterized (7).

We have now investigated whether

Table 1. Inhibition of antihuman blood group
active substances.

galactosidase from coffee bean induces
biological and chemical changes on the
LPS-Ow, on a blood group B specific
oligosaccharide fraction isolated from
it, and on the B cross-reactive IM-anti-
gen similar to those on human
blood group B substance. The effect of
this enzyme on a blood group H(O)
active polysaccharide from Sassafras
albidum (7, 9), whose serologic speci-
ficity is determined by 3-O-methyl-p-
galactose, was also studied.

Crude galactosidase was prepared
from green coffee beans (7/0) with
slight modification of the procedure of
Helferich and Vorsatz (//) and par-
tially purified by dialysis (2, 3). A
fresh solution, apparently a-specific
only, was prepared for each experiment,
and it contained approximately 360 ug
of nitrogen per milliliter, as determined

by the Dumas method. All enzyme ex- -

periments were carried out under sterile
conditions at a final pH of 5.2 to 5.4
(0.05N acetate buffer). One part of
enzyme was incubated with four parts
substrate (by weight) and with a few
drops of toluene at 37°C for 4 to 5
days. The samples were shaken occa-
sionally. The macromolecular substrates
were used after thorough dialysis. The
oligosaccharide preparation (fraction
PA-O) contained two galactose, one
fucose, two hexosamine, and two or
three glucose units (7). As controls,
the following were included: substrate

B and H(O) agglutinins by blood group cross-re-

Blood group active material

Minimum amount of material (mg/ml)
giving complete inhibition of 4

Treatment agglutinating doses serum
Group Substance Human Ecl Human
anti-B* anti-H(O) anti-A
B E. coli Ogs, None 0.005 >10 5->10
lipopolysaccharide Galactosidase 0.1 1.2-2.5 >10
B E. coli Ogs, PA-O None 1.2-2.5 >10 >10
“oligosaccharide” Galactosidase >10 5
B I.M.-substance from None 1.2 >5% >10
becefl erythrocytes Galactosidase 5 >5% >10
O Sassafras poly- None >10 0.01 >10
saccharide XII Galactosidase >10 0.01 >10

#* From As; and O individuals.
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1 For reaction with Cytisus reagent see text.

with autoclaved enzyme (20 minutes at
120°C); and for the macromolecular
substances, an additional control con-
taining water instead of the en-
zyme solution. After incubation, the
pH of each sample was adjusted to 6.8
to 7.0 with NaOH, and the mixture was
then heated for 20 minutes in a boil-
ing water bath. Portions were dialyzed
at 4°C for 48 hours against 80 volumes
of water containing a small amount of
toluene; the dialyzate was changed three
times. The specimens containing oligo-
saccharide substrate were dialyzed di-
rectly. The dialyzates were then con-
centrated in a vacuum and desalted
with ion-exchange resin (MB-3). All
materials were adjusted to appropriate
concentrations for serologic tests and
chromatographic analysis.

We attempted to inhibit the action of
the galactosidase on LPS-Os by D-ga-
lactose, the product of its own activity,
since such an inhibition has been ob-
served for other enzymes that inactivate
blood group substances (7/2). p-Glu-
cose was included as a control. A 20-
fold excess (by weight) of monosaccha-
ride over substrate was used in these
experiments which otherwise were car-
ried out as were the ordinary enzyme
studies with macromolecular substrates.

Hemagglutination inhibition tests
were performed as described elsewhere
(4, 13): 0.1 ml of selected “immune”
human serum, appropriately diluted
(Table 1), was added to 0.1 ml of
inhibitor serially diluted (twofold). The
anti-H(O) agglutinins were those used
earlier (/3). The mixtures were shaken
and left 2 hours at 22° to 25°C, and
0.1 ml of a 0.5 percent suspension of
erythrocytes was then added; the mix-
tures were again shaken and read mi-
croscopically after incubation for 85
minutes at 22° to 25°C. Each titration
series included the controls already de-
scribed (4). All serological tests were
performed at least three times for each
sample with the exception of the tests
with the ‘“oligosaccharide,” which were
done only twice. The enzymatic and
serologic results are listed in Table 1.
They represent the average of three
experiments except for the “oligosac-
charide” where there was only one ex-
periment. The blood group B activity of
the E. coli O lipopolysaccharide is de-
creased by more than 94 percent. Blood
group H(O) activity is produced anew
as result of galactosidase action when
measured with the eel anti-H(O) serum;
it was not demonstrable with rabbit
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anti-H(O) serum (one test only). Sim-
ilarly, the group B activity of “oligo-
saccharide” PA-O was destroyed by the
enzyme with the appearance of H(O)
activity as tested with eel serum. The
B cross-reactivity of the IM-antigen was
less readily inactivated in that the in-
hibitory titer was regularly lowered by
two tubes—that is, by 75 percent only.
No inactivation of the highly H(O) ac-
tive Sassafras polysaccharide was ob-
served. The action of the galactosidase
on LPS-Os was specifically and com-
pletely inhibited by bD-galactose, but
there was no inhibition by D-glucose.
Erythrocytes may be sensitized by
blood-group specific bacterial antigens
and specific agglutinations obtained
with properly absorbed antisera (8).
The averages of four experiments on
the action of group O erythrocytes, sen-
sitized under standard conditions (8)
with group B specific lipopolysaccharide
before and after treatment with the
galactosidase are shown in Table 2.
Adsorptions and elutions of agglutinins
with B cells by the Landsteiner-Miller
procedure were carried out as described
in an earlier report (8). Sera were ab-
sorbed twice. Absorption decreased the
titer of the antiserum to group B eryth-
rocytes from 1:256 to less than 1:1.
The anti-B titer of the eluate was 1:32.
Enzymatic inactivation of bacterial
blood group B-like antigen was clearly
demonstrable with eluted antibodies
possessing B specificity (Table 2, bot-
tom row). Even though the blood
group B specific component is only a
partial antigen of E. coli Os, the enzy-
matic inactivation could also be shown
with unabsorbed anti-B serum and, to
a lesser extent, with the absorbed sera
(second row). This effect, however,
varied for different sera. It may indi-
cate serologically important a-galactose
determinants in E. coli Os lipopoly-
saccharide other than those responsible
for blood group B specificity.
Unabsorbed human “immune” anti-
serum to B substance gave one well-
defined band with the untreated LPS-Os;
in agar-gel diffusion (Ouchterlony’s
method) but no bands with the digested
material. Lipopolysaccharide with high
blood group H(O) activity from E. coli
O:» gave one sharp band with eel anti-
H(O) serum (I4), but neither galacto-
sidase-treated nor untreated lipopoly-
saccharide from E. coli Ow gave a
visible reaction in this system. Neither
was a cross-reaction with horse anti-
serum to pneumococcus type XIV de-
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Table 2. Reaction of agglutinins to blood group
B with group O erythrocytes sensitized with the
lipopolysaccharide from E. coli Osgs.

Reciprocal titer
Treatment

Un- Enzyme-
treated treated
Unabsorbed serum™ 64 16
Serum absorbed
with B cells 32 8-16
Eluate from B cells 8-16 1-2

* Same antisera to blood group B as in Table 1.

monstrable with the LPS-Os before or
after enzyme action. The IM-antigen
did not react in any of the three systems
under our experimental conditions.

Paper chromatography of the dia-
lyzable part of the digests uniformly
showed the release of galactose from
all B-active substrates tested. The oligo-
saccharide preparation PA-O revealed
two new carbohydrate spots on chromat-
ograms with an Ryiucose of 0.46 and
0.76, respectively [Whatman No. 1
paper; butanol, pyridine, and water
(6:4:3)]. The migration rate 0.76 is
closely similar to that of g-galactosyl
(1—4)-N-acetyl-p-glucosamine. The
component with Rgiucose 0.46 was con-
siderably slower than «-D-galactopyra-
nosyl (1—3)-p-galactose.

These enzymatic results furnish sup-
port for earlier immunological (4) and
chemical (7) findings of the close re-
lation between the human blood group
B substance and the serologically active
carbohydrate structures of E. coli Os.
The degree of destruction of the group
B activity of LPS-Os« is of the same
order as that obtained by Zarnitz and
Kabat (2) for human blood group B
substance. However, one difference is
the appearance of considerably less
H(O) activity than that found by Wat-
kins, Zarnitz, and Kabat (3). The IM-
antigen showed no H(O) activity either
before or after galactosidase treatment
when tested with eel serum. However,
the treated material was active when an
anti-H(O) extract from Cytisus sesseli-
folius was used. This observation may
be explained by a linkage of the termi-
nal galactose to a sugar different from
that found in E. coli Ow or in human
blood group B substance, since Watkins
and Morgan (/5) have shown that a
different structure exhibits H(O) speci-
ficity with Cytisus extract than with the
eel anti-H(O) serum. The blood group
H(O) activity of the polysaccharide
from Sassafras albidum was not enzy-
matically affected although the sugar
possessing all the H(O) activity in the

macromolecule is 3-O-methyl-p-galac-
tose (5, 19, 13). Acid hydrolysis does
not readily reduce the H(O) activity
of the Sassafras polysaccharide, appar-
ently because its structure consists of
repeating units, and removal of surface
structures uncovers similar ones (/6).
No carbohydrate structures involved in
H(O) specificity were released by the
enzyme from coffee bean, possibly be-
cause of the O-methyl group attached to
the galactose, or because the linkage of
3-O-methyl-p-galactose to the macro-
molecule may be B, or because the
sugar is present in the furanose form.
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