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A
�

bstract. Glycophorin A (GPA), the major sialoglycoprotein of human erythrocyte membranes, was isola� ted
separately from blood group A and B erythrocytes using phenol-water extraction. After purification, performed
a� s gel filtration in the presence of SDS, two glycophorin samples GPA-A and GPA-B were run, in d

	
uplicate, in

SDS-PAGE and electroblotted onto Immobilon P. After staining with 1) anti-glycophorin antibod
	
y and 2) with

relevant anti-blood group (A or B) antibody it was shown that the band pattern of the samples in each duplicate
w
 as the same. GPA-A and GPA-B samples were also degraded using Carlson degradation (β-elimination in mild
a� lkaline/strong reducing conditions) and from reaction products the fractions of O-glycans and N-glycans were
isolated; they were used in hemagglutination inhibition test. It was shown that both sugar fractions derived from
G

�
PA-A did inhibit agglutination of blood group A erythrocytes by anti-A antibody, whereas oligosaccharide

f
�
ractions derived from GPA-B inhibited agglutination of blood group B erythrocytes by anti-B antibody. These

results, obtained using immunochemical methods, confirm the presence of blood group A and B d
	
eterminants in

t


he carbohydrate moiety of human glycophorin, derived from the blood group A or B erythrocytes, respectively.
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Introduction

G
�

lycophorin A (GPA) is the major sialoglycopro-
t



ein of human erythrocyte membranes. This is integral,

t


ype I glycoprotein with heavily glycosylated N-termi-
n� al domain. Because GPA is relatively easy to isolate,
for many years it has served as a model membrane
p� rotein in various immunochemical and biochemical
i

�
nvestigations19. GPA is a glycoprotein having more

t


han 50% carbohydrates by mass. It contains one N-gly-

c� an and ca 15 O-glycans, of which most abundant

structures were already elucidated. The N-linked oligo-
saccharide was described as biantennary chain sialy-
l

�
ated with Neu5Ac linked α2

�
-6 to galactose residues,

having bisecting GlcNAc and fucose bound to the in-
nermost N-acetylglucosamine11, 32. The most abundant
O

�
-glycan in GPA molecule is a tetrasaccharide, i.e.

N
�

eu5Acα2-3Galβ1-3[Neu5Acα2-6]GalNAc. This te-
t



rasaccharide is accompanied by minor amounts of

shorter structures, which are in fact its truncated forms, i.e.
linear and branched monosialo trisaccharides, disaccharide
G

�
alβ1-3GalNAc (antigen T) and single GalNAc

Abbreviations used: GPA – glycophorin A from human erythrocyte membranes, GPA-A glycophorin A from human erythrocytes of
b
�
lood group A, GPA-B – glycophorin A from human erythrocytes of blood group B, TFA – trifluoroacetic acid, TIC – total ion current,

G
�

LC-MS – gas liquid chromatography with mass spectrometric detection, mAb – monoclonal antibody.
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(antigen Tn) 13, 20, 29. In GPA two O-linked pentasac-
c� harides, each with three sialic acid residues, were also
d

	
etermined7

�
.

G
�

lycophorin A carries antigens of the blood group
MN system; these antigens reside in the polypeptide
c� hain of the molecule and the difference between
M

�
 and N activity is expressed by different amino acids

a� t positions 1 and 5 of the polypeptide N-terminus in
t



he following way: M-active GPA contains in these

p� ositions serine and glycine, whereas N-active GPA
c� ontains, respectively, leucine and glutamic acid3

�
1.

Besides its contribution to the MN blood group system
g� lycophorin A, as an erythrocyte membrane glycosyl-
a� ted component, is also a potential carrier of the blood
g� roup ABH antigens. The blood group ABO system
w
 as discovered by LA

�
NDSTEINER in 190017. It is the lon-

g� est known blood group system and most important one
from practical point of view. As a result of numerous
studies it was shown that ABH antigens are carbohy-
d

	
rate, non-reducing terminal structures, residing in gly-

c� osphingolipids and glycoproteins, which are compo-
n� ents of erythrocyte membranes (Table 1). The
g� lycoproteins having ABO blood group activity (so
c� alled blood group substances) are also found in body
f

�
luids and secretions, such as saliva, gastric juice,

semen and ovarian cyst fluid. Moreover, it was found
t



hat natural antibodies against blood group antigens

e� xist in circulation in human beings. Despite the fact
t



hat the history of ABO blood group studies is already

a� s long as one century, there are no definitive ideas as
t



o the role of this blood group system in human organ-

ism; therefore, the ABH antigens are still considered as
t



he “molecules seeking a function”8. Therefore, more
a� nd more experimental data regarding this biological
p� henomenon are available. During past years we have
learned a great deal about the biological role of natural

c� ompounds bearing ABH antigens2
�
3. For many years it

has been known that the ABO blood group system is
a� n important factor in transplantation, because ABH
a� ntigens are expressed on the majority of epithelial cells
a� nd because natural anti-A and anti-B antibodies exist.
The general tendency, found in clinical practice, is not
t



o transplant across the ABO barrier. ABO blood

g� roups are routinely defined by serological methods
u sing anti-A and anti-B antibodies; the most common
m! ethods serve to determine the phenotype of the ery-
t



hrocytes. The modern procedures, based on PCR-SSP

molecular biology method, are also developed to geno-
t



ype ABO blood groups for organ transplants2

�
2. In the

recent years the tendency is seen to look for the corre-
l

�
ation between ABO blood group status and some

p� hysiological features, for example the published data
show that Helicobacter pylori colonisation in human
stomach may be influenced, in part, by host expression
o" f ABH and Lea#  antigens10. It has also been established,
in glycopathology, that some carbohydrate structures
a� re characteristic for tumor cells; they were given the
n� ame “ tumor associated carbohydrate antigens”
(TACAs). According to this, some preliminary attempts
w
 ere made to establish the probable involvement of
b

$
lood group ABH antigens in this phenomenon2

�
4. Dur-

ing widely performed studies it was found that ABH
a� ntigens may be influenced in human cancer in differ-
e� nt way: this regards, among others, deletion of A and
B structures, phenotypic conversion O→A or B→A,
e� xpression of A-like antigen in tumors from O or B in-
d

	
ividuals9

%
. It is worth to mention that Lea#  and Lex&  anti-

g� ens, closely related to ABH structures, are also struc-
t



urally modified in cancer.

The experimental data on the presence of the blood
g� roup ABH antigens in human glycophorin are still
o" bscure. In 1976 TAKASAKI and KOBATA27 succeeded in
e� nzymatic incorporation of N-acetylgalactosamine into
c� arbohydrate moiety of glycophorin isolated from
b

$
lood group O erythrocytes, which clearly suggested

t


he presence of H antigens in this glycoprotein. In the
next paper the same authors used the fraction of iso-
lated, reduced O-glycans from human glycophorin,
similarly originating from erythocytes of blood group O,
a� s a substrate for enzymatic incorporation of GalNAc28.
T

'
hey managed to incorporate N-acetylgalactosamine

into neutral O-glycans, using enzyme A from human
milk. This experiment revealed that in substrate O-gly-
c� ans the blood group H antigens were present. In 1993
a�  communication was presented15 where the authors in-
v( estigated a pool of N-glycans obtained from GPA,
d

	
erived from O erythrocytes. During a mass spec-

t


rometric analysis in FAB mode an ion, among others,

T
)

able 1.*  ABH blood group antigens

            Galβ
+

1–3(4)GlcNAcβ
+

1 –...
            2
            |
        Fucα, 1

antigen H
(blood group O)

antigen A   GalNAcα, 1–3Galβ
+
1–3(4)GlcNAcβ

+
1 –...

            2
            |
         Fucα, 1

a� ntigen B        Galα, 1–3Galβ
+

1–3(4)GlcNAcβ
+
1 –...

            2
            |
          Fucα, 1
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o" f m- /z 638 was obtained, together with a sequence ion
o" f m- /z 606. These two ions, corresponding to the se-
q. uence Fuc-Hex-4HexNAc1-indicated the presence of
H

/
 antigen in the studied N-glycans, which is equal to

t


he sequence Fuc1-2Gal1-4GlcNAc1-.

In this investigation we present evidence, obtained
b

$
y immunochemical methods, for the presence of blood

g� roup A and B antigens in human glycophorin, both in
N

�
-linked and O-linked glycans.

Materials and Methods

Reagents. All chemical reagents used were of ana-
l

�
ytical grade.0  W

1
ater for all solutions was from Mili

Q
2

 apparatus (Millipore), working in a reversed-osmose
mode. Mouse monoclonal antibodies (mAb): anti-A
(A008) and anti-B (B006), in a form of the 10-times
c� oncentrated hybridoma culture fluids, were obtained
from MonoCarb AB (Lund, Sweden). Mouse monoclo-
n� al anti-GPA antibody (PEP80) was from this In-
stitute3

�
. Immobilon P was from Whatman (USA), two

reagents used for immunochemical staining on the
b

$
lots: BCIP (5-bromo-4-chloro-3-indolyl phosphate)

a� nd NBT (nitro blue tetrazolium) were purchased from
Fluka (Switzerland).

Glycophorin. Outdated erythrocytes of blood-group
A

3
 and B were obtained from the Regional Blood

Transfusion Center in Wrocław (Poland). Glycophorin
A crude preparations were obtained from the mem-
b

$
ranes of erythrocytes by phenol-water extraction2

�
1.

They were further purified by gel filtration, using Se-
p� hadex G-200 column (2.6 × 80 cm) eluted with 0.05
M pyridine/acetic acid, pH 5.3, containing 1% SDS.
The elution profile from the column was monitored for
neutral sugars, then the chosen tubes were checked for
t



he presence of GPA using SDS-PAGE16 with con-

c� omitant PAS staining5
4
. After pooling the content of

a� ppropriate tubes, SDS was removed by dialysis against
5

5
0% ethanol in water and then pure water only. GPA

p� reparations were stored at 4o6 C
7

 after lyophilization.
Mild alkaline degradation (β-e8 limination)

9
. Purified,

l
�
yophilized GPA preparations were degraded using

modified conditions of Carlson degradation1, i.e. 0.1
M

�
 NaOH/1 M NaBH4 at 50o6 C

7
 for 18 h in the presence

o" f Cd+: + ions18. After reaction the solution was neu-
t



ralized with 50% acetic acid and the reaction products

w
 ere fractionated by gel filtration on BioGel P-2 (in
w
 ater), Sephadex G-50 (in 0.05 M acetic acid/pyridine
b

$
uffer, pH 5.3) and BioGel P-4 (in water) columns.

T
'

wo types of oligosaccharide fractions were obtained:
a�  fraction of free, reduced O-glycans and a fraction of

short glycopeptides, containing N-glycans. Both frac-
t



ions were used in hemagglutination inhibition tests.

β-Elimination procedure was also performed in order
t



o remove O-glycans from glycophorin, immobilized

o" n Immobilon P. This incubation was done under de-
scribed conditions, i.e. 0.055 M NaOH at 40˚C for 16 h4.

N
;

eutral sugar determination. Neutral sugars were
d

	
etermined using phenol-sulfuric acid method. Re-

d
	
uced volumes of the solutions were used, as compared

w
 ith original method2, i.e. 0.3 ml sample, 0.3 ml 5%
p� henol in water and 1.5 ml of the concentrated sulfuric
a� cid. In the case of quantitative determinations galac-
t



ose was used as a standard.

Protein determination. Protein content was deter-
m! ined using bicinchoninic acid method26 on a micro
scale (polystyrene microplates) with bovine serum al-
b

$
umin (BSA) as a standard.

Gas liquid chromatography-mass spectrometry
a< nalysis (GLC-MS). This method was used for the total
sugar content analysis. The samples of glycophorin
w
 ere hydrolyzed in 4 M trifluoroacetic acid (TFA) at
100o6 C

7
 for 4 h. After evaporation to dryness they were

supplemented with xylose as an internal standard, then
w
 ere derivatized into alditol acetates25 and analyzed in
a�  gas-liquid chromatograph as described previously14.

Polyacrylamide gel electrophoresis (SDS-PAGE),
e8 lectroblotting  and  immunochemical  staining.  SDS-
-PAGE was performed according to LAEMMLI16. The
resolved protein bands were transferred onto Immobi-
lon P using described electroblotting procedure3

�
0. The

g� lycophorin bands were visualized on the blots using
t



he following reagents: mouse mAb anti-GPA (PEP80)

o" r mouse mAb anti-blood group A antigen (A008), or
mouse mAb anti-blood group B (B006), then a rabbit
a� ntibody anti-mouse immunoglobulins conjugated with
a� lkaline phosphatase. Finally, alkaline phosphatase sub-
strates BCIP and NBT were used to develop color re-
a� ction, i. e. 35 µl of 5% (w/v) BCIP in dimethylforma-
m! ide and 45 µl

�
 of 7.5% (w/v) NBT in 70%

d
	
imethylformamide were dissolved in 10 ml of TBS,

p� H 9.5, containing 1% MgCl2�  × 6 H2
� O

�
.

Hemagglutination inhibition test. The test was per-
f

�
ormed using polystyrene 96-well u-bottomed micro-

p� lates. First, agglutination titers of anti-blood group
A

3
 and anti-blood group B mAbs were adjusted, by di-

luting the commercial solutions of hybridoma culture
w
 ith 0.15 M NaCl to such extent that each solution
u sed in the test, after double dilution, still agglutinated
e� rythrocytes (starting solution). To perform the inhibi-
t



ion test, the solution of glycophorin O-glycans or

N
�

-glycans (20 µl
�
) was diluted two times with 0.15 M

N
�

aCl in exponential way, then the starting solution of
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a� ntibody (20 µl
�
), corresponding to the phenotype of

e� rythrocytes, was added to each well and incubation
p� roceeded for 30 min. After that 40 µl of 2% erythro-
c� yte suspension in 0.15 M NaCl was added to each
w
 ell; hemagglutination was read after 30 min incuba-
t



ion at room temperature and was estimated as positive

(+), negative (–) or partial (+/–).

R
=

esults

Isolation of glycophorin from blood group A 
a< nd B erythrocytes

T
'

he erythrocytes, separately of blood group A and B
p� henotype, were pooled into appropriate batches (2–5 l),
w
 ashed with 0.15 M sodium chloride and centrifuged
3 times. After freezing and thawing the membranes
w
 ere separated from the cytoplasm components and

subjected to phenol-water extraction. The crude glyco-
p� horin preparations were obtained as lyophilizates
(Table 2), with the yield not completely proportional to
t



he volume of erythrocyte suspension, taken for prep-

a� ration. This is due to the fact that after first centrifu-
g� ation of erythrocytes the buffy coat of lymphocytes
has to be removed from each tube, which is always
a� ccompanied by a loss of erythrocytes.

Table 2. Average yield of crude GPA preparations

Erythrocyte
p> henotype

Volume of
erythrocyte

s? uspension (l)

C
@

rude GPA
p> reparation (mg)

A
A
B
B

2.25
5.25
5.50
2.10

236
5

A
30

5
A
32

419

The GPA preparations were obtained using phenol-water ex-
traction of the membranes, derived from a given volume of erythro-
cyte suspension.

Fig. 1. Elution profile of
GPA-B (150 mg) chromato-
graphy on Sephadex G-200
column. Neutral sugars were
estimated (0.3 ml samples)
using phenol-sulfuric acid
method. The arrows on the
chromatogram indicate the
tubes, from which the sam-
ples (20–40 µB l) were taken
for SDS-PAGE analysis; in-
serted picture shows the re-
sults. Elution profile of
GPA-A chromatography
was entirely the same. Puri-
fied glycophorin was pooled
as indicated
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T
'

he crude GPA preparations were further purified
b

$
y gel filtration (Sephadex G-200 column) in the buffer

c� ontaining 1% SDS. Figure 1 shows a typical elution
p� rofile, obtained by neutral sugar detection. A picture
inserted shows SDS-PAGE pattern of the components
from the chosen tubes. After pooling a batch of solution
f

�
rom the tubes containing mainly GPA, it was dialyzed

in order to remove SDS. Finally, GPA solutions in
w
 ater were freeze-dried to give purified preparations:
G

�
PA-A and GPA-B.

Carbohydrate composition of GPA preparations

Several glycophorin preparations, obtained in this
i

�
nvestigation, were analyzed for the total sugar content

u sing GLC-MS procedure. Hydrolyzed samples were
d

	
erivatized into alditol acetates and were analyzed in

a�  gas chromatograph. Sialic acid was not determined
b

$
y this method. Two example sugar analyses are

p� resented in the Fig. 2. Table 3 presents the monosugar
c� omposition, obtained for GPA-A and GPA-B prepara-

GPA-A

GPA-B

F
C

ig. 2. GLC-MS analysis of two glycophorin preparations. 100 µB gD  of dry GPA sample was taken for hydrolysis in each case. Retention
t
E
imes are as follows: 6.90 min – fucose, 7.18 min – xylose (8 µB gD  added as an internal standard), 9.83/84 min – mannose, 10.06 min
– galactose, 11.60/61 min – N-acetylglucosamine, 11.89 min – N-acetylgalactosamine. Relative abundance is given in the total ion current mode
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t


ions. As can be seen, only slight differences in the

m! onosugar content could be detected. These differen-
c� es do not indicate a phenotype of erythrocytes, from
w
 hich glycophorin preparations were isolated.

Immunochemical staining of GPA-A
a< nd GPA-B preparations

G
�

PA-A and GPA-B preparations were run, each in
4 lines, in SDS-PAGE and then were electroblotted
o" nto Immobilon P membrane. The membrane was cut
into strips, each containing one resolved GPA sample.
Four of these strips: two containing GPA-A and two
c� ontaining GPA-B were subjected to a mild alkaline
d

	
egradation, which enables removing the O-glycans

from glycoproteins4. Then immunostaining of all eight
I

F
mmobilon P strips was performed using three different

mouse mAbs: anti-GPA, anti-blood group A antigen
a� nd anti-blood group B antigen (Fig. 3). As can be
seen, the staining of the blots for the presence of gly-
c� ophorin and the presence of blood group A or B anti-
g� ens gave entirely the same pattern of bands. It can be
o" bserved also that the blot with GPA-A, incubated in

a�  weak alkaline solution, gave after staining for the
p� resence of blood group A antigen slightly weaker pic-
t



ure (Fig. 3 line 4).

I
G
solation and sugar analysis of O- and N-glycans

f
H
rom glycophorin preparations

P
I

urified GPA-A and GPA-B preparations were de-
g� raded separately, by β-elimination, in 0.1 M sodium
hydroxide/1 M sodium borohydride in the presence of
C

7
d+: + cations. The reaction mixture, after neutralization

w
 ith acetic acid, was passed through BioGel P-2 col-
u mn. To estimate the elution profile from the column,
showing sugar and salt peaks, the absorbance at 206 nm
w
 as determined (Fig. 4-I). A broad peak, containing all
c� arbohydrates, was pooled, concentrated by rotary
e� vaporation and applied on Sephadex G-50 column.
Elution profile from this column was estimated by
d

	
etermining neutral sugars (Fig. 4-II). Two resolved

sugar-containing peaks were obtained: one smaller
p� eak, eluted in the void volume, containing N-glycans
a� nd the other, larger peak containing free, reduced
O

�
-glycans. According to the β-elimination method the

F
C

ig. 3. Immunochemical staining of GPA-A and GPA-B preparations, run in SDS-PAGE and electroblotted onto Immobilon P membrane.
The strips of the membrane were immunostained as follows: lanes 1, 3, 5, 7 – with anti-GPA antib

�
ody, lanes 2, 4 – with anti-blood group

A
�

 antibody, lanes 6, 8 – with anti-blood group B antibody

Table 3. Carbohydrate composition of GPA preparations (µB g), analyses of which are shown in the Fig. 2

S
J

ample F
K

uc Man G
�

al GlcNAc GalNAc

GPA-A
G
�

PA-B
1.0 (1.6)
1.3 (2.1)

2.1 (3.0)
2.0 (3.0)

18.0 (25.7)
16.6 (24.9)

8.4 (9.8)
8.3 (10.1)

14.0 (16.3)
14.8 (18.1)

The number of sugar residues re-calculated for 3 mannoses are shown in the brackets.
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Fig. 4. Elution profiles of three consecu-
t

E
ive gel filtrations, run during isolation of

O
L

-glycans and N-glycans from β
+

-elimi-
nM ation products of GPA-A or GPA-B
p> reparations. Gel filtration I shows de-
s? alting of β

+
-elimination products, chro-

matogram II presents separation of N-
a� nd O-glycans. Gel filtration III presents
final desalting of O-glycans; analogous
cN hromatography was performed to desalt
N

O
-glycans
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N
�

-glycans were obtained in a form of short glycopep-
t



ides. These two peaks were pooled separately and then

w
 ere desalted on BioGel P-4 column, run in water (Fig.
4

P
-III). O-glycans and N-glycans, obtained from GPA-A and

G
�

PA-B, were analyzed for the total carbohydrate content;
t



he GLC-TIC chromatograms are presented in the Fig. 5.

Hemagglutination inhibition test

T
'

hree separately obtained preparations of O-glycans
a� nd N-glycans, derived from GPA-A and GPA-B gly-

c� ophorins, were used to inhibit agglutination of blood
g� roup A and B erythrocytes, respectively, by relevant
monoclonal antibodies. The results are shown in the
T

'
able 4. As can be seen, both types of oligosaccharides

inhibited hemagglutination, but N-glycans were much
stronger inhibitors: their solutions, having concentra-
t



ion 4 mg/ml, inhibited after at least 32-times dilution
(preparation 6), up to 256-times dilution (preparation
4 and 11). On the contrary, O-glycan solutions, which
w
 ere concentrated 6-7-times more than N-glycans,
inhibited hemagglutination after 64-times dilution

I

II

F
C

ig. 5. GLC-MS analyses of glycophorin-derived oligosaccharide fractions. I and III – O-glycan and N
O

-glycan fractions from GPA-A, II
a� nd IV – O-glycan and N-glycan fractions from GPA-B, respectively. Retention times of sugar derivatives are analogous to those in Fig. 2 
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(preparation 7) or less; the least dilution of O-glycans,
w
 hich still gave agglutination, was 4-times (preparation
8 and 9).

Discussion

G
�

PA-A and GPA-B preparations of human glyco-
p� horin were isolated from the pooled erythrocytes of
b

$
lood group A and B, respectively. The crude prepara-

t


ions were partially purified, using gel filtration in the

p� resence of SDS and then analyzed for sugar content.
The gas chromatographic analyses revealed (Fig. 2),
t



hat both preparations looked entirely alike. Some dif-

f
�
erences in the carbohydrate composition could be seen

(Table 3), but the range of these differences falls into
p� henomenon of a well known microheterogeneity of
g� lycoprotein glycosylation12. Nevertheless, when these
t



wo GPA preparations were subjected to immuno-

c� hemical staining, after SDS-PAGE and electroblotting,
t



he presence of blood group A antigens in GPA-A and

b
$
lood group B antigens in GPA-B was clearly evi-

d
	
enced (Fig. 3). This experiment revealed clearly that

g� lycophorin derived from blood group A erythrocytes
c� ontains blood group A antigens and vQ ice versa – gly-
c� ophorin derived from blood group B erythrocytes con-
t



ains blood group B antigens. Because GPA contains

III

IV

Fig. 5. continued
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b
$
oth types of glycans a question arose in which type of

t


hose oligosaccharides the blood group antigens reside.

I
F
n order to answer this question, mild alkaline degrada-

t


ion of GPA-A and GPA-B preparations was performed

o" n the blots using described procedure4 and immunos-
t



aining was repeated. As can be seen, in the case of

G
�

PA-A the staining was slightly weakened (Fig. 3 lane 4)
w
 hich suggests that in GPA-A a reasonable amount of
A

3
 antigens reside in O-glycans, which was further con-

firmed in hemagglutination inhibition test. In the c� ase
o" f GPA-B this effect was not observed (Fig. 3 lane 8). This
e� xperiment revealed also that blood group A and
B antigens are present in O-glycans as well as in N-gly-
c� ans of human glycophorin.

I
F
n order to further investigate the presence of blood

g� roup antigens in both types of oligosaccharides of gly-
c� ophorin, GPA-A and GPA-B preparations were de-
g� raded by β-elimination and relevant oligosaccharide
fractions, O-glycans and N-glycans, were isolated.
These oligosaccharide fractions were used in hemag-
g� lutination inhibition test (Table 4), and it was shown
t



hat more active were N-glycans, as compared with

O
�

-glycans. When compare GPA-A and GPA-B sugar
a� nalyses (Fig. 2) with hemagglutination inhibition test
(Table 4) it can be stated that the abundance of oligo-
saccharides with blood group determinants is quite low.
T

'
he majority of carbohydrate structures in glycophorin

a� re common for this protein and do not reflect the blood
g� roup of erythrocytes, from which given glycophorin
sample was isolated. Hemagglutination inhibition test

c� onfirmed also that in O-glycans from GPA-A there are
more blood group antigens than in O-glycans from
G

�
PA-B, i.e. GPA-A O-glycan fractions, Table 4 solu-

t


ion no. 1, 2, 3 inhibited better than GPA-B O-glycans,
T

'
able 4 solution no. 8, 9. This is in accordance with the

rR esult with immunostaining on Immobilon P blot after
d

	
egradation in alkaline solution (discussed above),

w
 here GPA-A pattern was slightly weakened (Fig. 3 lane 4)
w
 hen compared with GPA-B pattern (Fig. 3 lane 8). 

The O-glycan preparation no. 7 from Table 4 in-
h

S
ibited hemagglutination very well, but most probably

it was contaminated with N-glycans. In fact, separation
o" f O-glycans and N-glycans, isolated from GPA-A and
G

�
PA-B, was not complete. This assumption was con-

f
�
irmed to some extent by sugar analysis (Fig. 5). As can

b
$
e seen in the GLC-MS chromatograms, O-glycans con-

t


ained little amount of mannose, an indication of N-linked
c� hains, and N-glycans contained some amount of GalNAc
– a sugar component characteristic for O-glycans.

Taking all above into consideration, the present in-
v( estigation reveals the presence of blood group A and
b

$
lood group B antigens in human glycophorin derived

f
�
rom blood group A and B erythrocytes, respectively.

This observation regards both N-linked and O-linked
g� lycophorin glycans. Determination of the structure of
g� lycophorin oligosaccharides, bearing blood group
A

3
 and B determinants, is in progress in our laboratory6

T
.
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T
)

able 4. Results of hemagglutination inhibition test

Row
no.

Preparation (no.)
Concen-
tration

(mg/ml)

Hemagglutination

dilution titer of oligosaccharide preparations

2×V 4
W

×V 8×V 16×V 32×V 64×V 128×V 256×V 5
A
12×V 1024×V

 1
 2
 3
 4
 5
 6
 7

 8
 9
10
11
12
13
14

mX Ab anti-A
G
�

PA-A, O-glyc (1)
G
�

PA-A, O-glyc (2)
G
�

PA-A, O-glyc (3)
G
�

PA-A, N-glyc (4)
G
�

PA-A, N-glyc (5)
G
�

PA-A, N-glyc (6)

mX Ab anti-B
G
�

PA-B, O-glyc (7)
G
�

PA-B, O-glyc (8)
G
�

PA-B, O-glyc (9)
G
�

PA-B, N-glyc (10)
G
�

PA-B, N-glyc (11)
G
�

PA-B, N-glyc (12)

n.d.
2
Y
5

2
Y
5

2
Y
5

 4
 4
 4

n.d.
3
Z
0

3
Z
0

3
Z
0

 4
 4
 4

+[

–
–
–
–
–
–

+[

–
–
–
–
–
–

–
–
–
–
–
–
–

–
–
–
–
–
–
–

–
–
–
–
–
–
–

–
–
+[

+[

–
–
–

–
–
–

+/–
–
–
–

–
–
+
+
–
–
–

–
–
–
+[

–
–
–

–
–
+[

+[

–
–
–

–
+
+
+
–
–

+[ /–

–
–
+
+
–
–
–

–
+[

+[

+[

–
–
+[

–
+[

+[

+[

+[ /–
–
+[

–
+
+
+
–

+/–
+

–
+
+
+
+
–
+

–
+[

+[

+[

+/–
+[

+[

–
+[

+[

+[

+[

+/–
+[

–
+
+
+
+
+
+

–
+
+
+
+
+
+

Agglutination titers of both monoclonal antibodies used in the test, anti-A and anti-B, are i
\
ncluded (first well in a row). Concentration of the

o� ligosaccharide solutions is based on dry mass of the preparations. Additional details of the procedure are given in Materials and Methods.
+ indicates full agglutination, +/– indicates partial agglutination, – indicates lack of agglutination, n.d. – not determined. 
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