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Glycophorins A from erythrocyte membranes of two patients with congenital

dyserythropoietic anemia type I and type II (CDA type I and II) were analyzed for car-

bohydrate molar composition employing a modification of the recently published

method that allowed simultaneous determination of carbohydrates and protein in

electrophoretic bands of glycoproteins separated by sodium dodecyl sulfate-

polyacrylamide gel electrophoresis (Zdebska & Koœcielak, 1999, Anal. Biochem., 275,

171–179). The modification involved a preliminary extraction of erythrocyte mem-

branes with aqueous phenol, subsequent electrophoresis and analysis of the extracted

glycophorins rather than electrophoresis and analysis of the glycophorin from intact

erythrocyte membranes. The results showed a large deficit of N-acetylgalactosamine,

galactose, and sialic acid residues in glycophorin A from patients with CDA type I and

type II amounting to about 45% and 55 %, respectively. The results strongly suggest

that glycophorin A in these patients is partly unglycosylated with respect to O-linked

glycans. In addition, glycophorin A from erythrocytes of a patient with CDA II but not

CDA I exhibited a significant deficit of mannose and N-acetylglucosamine suggesting

that its N-glycosylation site was also partly unglycosylated.

Congenital dyserythropoietic anemias

(CDAs) are a group of rare hereditary diseases

that are characterized by ineffective erythro-

poiesis and a certain degree of multi-

nuclearity of erythroblasts (Wickramasinghe,

1998; 2000). Three principal types of the dis-

ease, differing in morphology and ultra-

structure of erythroblasts as well as clinical

symptoms, have been identified (Heimpel &

Wendt, 1968). Erythrocytes from type II pa-
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tients are in addition lysed by acidified sera

from about 30% of AB0 compatible donors,

hence another name for type II of the disease

is Hereditary Erythroblast Multinuclearity

with Positive Acidified Serum test (acronym

HEMPAS) (Crookston et al., 1969). HEMPAS

has attracted most attention because of

glycoconjugate abnormalities in erythrocyte

membranes consisting of hypoglycosylation

of erythrocyte anion transporter, also known

as band 3 glycoprotein, and accumulation of

certain glycosphingolipids including lacto-

triaosylceramide, neolactotetraosylceramide

and polyglycosylceramides (Fukuda, 1999).

Recently, however, we have found that eryth-

rocytes from a patient with CDA type I exhib-

ited similar, though less pronounced,

glycoconjugate abnormalities as those from

patients with HEMPAS (Zdebska & Koœcielak,

1999). Hypoglycosylation of erythrocyte band

3 in that study was demonstrated employing

our new method of determination of carbohy-

drate molar composition of glycoproteins sep-

arated by SDS/PAGE (Zdebska & Koœcielak,

1999). Using a similar approach we report

here that glycoconjugate abnormalities in

erythrocytes from both CDA type I and II pa-

tients concern also glycophorin A (GPA), a

glycoprotein of 31 kDa that contains about 12

O-linked glycans (Zdebska & Koœcielak, 1999)

(out of 16 potential O-glycosylation sites)

(Pisano et al. 1993) and a single N-linked

glycan. This glycoprotein is a major carrier of

erythrocyte sialic acid and migrates in

SDS/PAGE mainly as a dimer of about 80 kDa

with a trivial name of PAS-1. Unfortunately,

unlike band 3 that migrates in SDS/PAGE as

an almost pure substance, PAS-1 is heavily

contaminated with other glycoproteins and

proteins (Zdebska & Koœcielak, 1999). There-

fore, we had to modify our previous method of

analysis of PAS-1 so as to isolate it in a suffi-

cient state of purity. We have achieved this by

preliminary extraction of erythrocyte mem-

branes with aqueous phenol followed by

SDS/PAGE of the GPA enriched extract.

Thus, this paper presents both a new tech-

nique and its immediate application. Previ-

ously, Mawby et al. (1983) reported that sialic

acid, galactose and N-acetylglucosamine, but

not N-acetylgalactosamine, contents of glyco-

phorin A in erythrocyte membranes from

CDA II patients were reduced. More recently,

Tomita & Parker (1994) performed an electro-

phoretic study of radioimmunoprecipitated

CDA II glycophorin A that was subjected to

the action of peptide-N-glycosidase F and

O-glycanase. They concluded that it was ab-

normally glycosylated with respect to O-linked

glycans, possibly of lactosaminoglycan na-

ture.

PATIENTS AND METHODS

Patients. Our CDA type I blood was drawn

from a recently diagnosed patient K.R. with

blood group 0 (Zdebska et al., 2000b) whereas

blood of patient L.F. with HEMPAS (also of

blood group 0) was obtained through the cour-

tesy of Prof. H. Schachter. Incidentally, pa-

tient L.F. was among the first five patients

with CDA type II initially described by

Crookston et al. (1969). Erythrocyte mem-

branes were obtained by the method of Dodge

et al. (1963). The membranes were freeze-

dried and extracted with aqueous phenol ac-

cording to Lisowska et al. (1987). Briefly,

erythrocyte membranes (5–10 mg) were sus-

pended in 0.5–1.0 ml of 0.9% NaCl, treated

with an equal volume of 90% phenol, mixed,

and heated at 65�C for 30 min. The emulsion

was separated into two phases by freezing at

–20�C, and the upper phase, containing

glycophorins A, B, and C was dialyzed for 2

days, centrifuged at 16000 � g and freeze-

dried. The dry material (about 10 �g), further

referred to as crude GPA, was dissolved in

electrophoresis buffer and subjected to

SDS/PAGE (Zdebska & Koœcielak, 1999). The

separated bands were electroblotted onto

polivinylidene difluoride membrane (Milli-

pore, Bedford, MA, U.S.A.), the region of

PAS-1 was excised and subjected in situ to se-
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quential hydrolysis with 0.2 M trifluoroacetic

acid (TFA), 2 M TFA and lastly with 6 M HCl

to release sialic acid, neutral sugars with

hexosamines, and amino acids, respectively,

exactly as described (Zdebska & Koœcielak,

1999). Carbohydrates were quantitated by

High pH Anion Exchange Chromatography

with Pulsed Amperometric Detection employ-

ing a Dionex Series 4500i system, a Carbopac

PA-1 column (4 mm � 250 mm) and a Carbo-

pac PA-1 guard column (4 mm � 40 mm).

Amino acids were determined by the

fluorescamine method (Undefriend et al.,

1972) using a Perkin Elmer LS50 spectro-

fluorimeter. The same instrument was used

for determination of sphingosine by the

method of Higgins (1984). All determinations

were made in duplicate. Statistical compari-

sons were made with the use of Student’s

t-test for unpaired samples. A highly purified

glycophorin A standard was a gift from Prof.

W. Dahr.

RESULTS

The results are presented in Table 1. The up-

per portion of Table 1 shows carbohydrate mo-

lar and weight % composition of three prepa-

rations of glycophorin A that were obtained ei-

ther by our previously published procedure

(Zdebska & Koœcielak, 1999), or by the modi-

fied method employing preliminary extrac-

tion of erythrocyte membranes with aqueous

phenol (see under Patients and Methods). It is

evident that the extraction with aqueous phe-

nol in combination with SDS/PAGE is highly

effective in removing protein and glyco-
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Table 1. Molar and weight percentage composition of different preparations of glycophorin A (GPA)

Material analyzed
and blood group

Fuc GalNAc GlcNAc Gal Man NeuAc Total CHO Protein

mol/mol; %

GPA, 0
a

n=1 2.1; 1.1 6.4; 4.5 6.7; 4.7 14.9; 8.5 3.0; 1.7 12.6; 12.4 45.7; 32.9 1.0; 67.1

GPA, 0
b

n=1 2.7; 1.4 10.8; 7.6 5.4; 3.8 24.5; 14.0 3.0; 1.7 21.8; 21.4 68.2; 49.9 1.0; 50.1

GPA, Standard
c

n=1 2.3; 1.2 11.4; 8.0 5.7; 4.0 24.1; 13.8 2.8; 1.6 22.0; 21.6 68.4; 50.2 1.0; 49.8

GPA, 0M
b

n=4

S.D.±

2.7; 1.4

0.3; 0.2

11.2; 7.9

0.9; 0.6

6.3; 4.4

0.9; 0.6

23.9; 13.7

0.5; 0.3

3.0; 1.7

0.3; 0.2

20.9; 20.5

1.2; 1.2

68.1; 49.6

1.5; 1.2

1.0; 50.4

GPA, 0N
b

n=3

S.D.±

3.0; 1.6

0.6; 0.3

13.2; 9.3

1.3; 0.9

7.5; 5.2

0.6; 0.4

23.5; 13.4

1.3; 0.7

2.9; 1.6

0.3; 0.2

20.8; 20.4

0.7; 0.7

70.8; 51.5

0.5; 0.9 1.0; 48.9

GPA, A
b

n=1 1.9; 1.0 11.4; 8.0 5.7; 4.0 22.8; 13.0 3.1; 1.8 22.0; 21.6 66.9; 49.4 1.0; 50.6

GPA, B
b

n=1 3.8; 2.0 12.8; 9.0 6.1; 4.3 21.0; 12.0 3.0; 1.7 23.5; 23.0 70.3; 52.0 1.0; 48.0

GPA, CDA I
b

n=1 0.9; 0.5 6.3; 4.5 5.6; 4.0 13.5; 7.9 3.0; 1.8 11.3; 11.3 40.6; 29.9 1.0; 70.1

GPA, CDA II
b

n=1 1.0; 0.5 5.6; 3.9 4.0; 2.8 9.5; 5.4 2.3; 1.3 10.3; 10.1 32.5; 24.0 1.0; 76.0

a
Erythrocyte membranes, electrophoresed and electroblotted;

b
subjected to preliminary extraction with aqueous phenol,

then electrophoresed and electroblotted;
c
highly purified GPA standard, additionally electrophoresed and electroblotted.



protein impurities from PAS-1. The absence

of sphingolipid impurities in PAS-1 purified

by this method was demonstrated by the lack

of sphingosine (0.0 weight %) among its

hydrolytic products. Sphingosine content of

crude GPA amounted to 9.7 weight %. It

should be pointed out that PAS-1 obtained by

the modified procedure has exactly the same

carbohydrate molar composition as our highly

purified glycophorin standard and by this cri-

terion is 100% pure. Thus, PAS-1 from phenol

extracted erythrocyte membranes will be fur-

ther referred to as GPA. In view of the reports

that glycopeptides isolated from GPA from 0N

erythrocytes have some excess of unsub-

stituted N-acetylgalactosamine over those

from 0M erythrocytes (Krotkiewski et al.,

1997) and that GPA from 0 erythrocytes has

much less carbohydrates than that from A or

B erythrocytes (Krotkiewska et al., 1999) we

evaluated also the effect of these blood groups

on carbohydrate molar composition of GPA as

determined by the present method. As shown

in Table 1 we found that GPA from 0N eryth-

rocytes has indeed more of total N-acetyl-

galactosamine than that from 0M erythro-

cytes though, due to a small number of sam-

ples analyzed, the difference is barely signifi-

cant statistically (P = 0.06). On the other

hand, carbohydrate molar composition of

GPA was very much the same regardless of its

AB0 blood group status.

The carbohydrate molar composition of

GPAs from erythrocytes of patients with CDA

I and CDA II is presented in the bottom part of

Table 1. A clear reduction of carbohydrate

content including components of O-linked

glycans: N-acetylgalactosamine, galactose,

and sialic acid is seen for both preparations

though is slightly more pronounced in GPA

from CDA type II erythrocytes. This reduction

is far too large to be accounted for by a possi-

ble effect of blood group phenotype on carbo-

hydrate molar composition of glycophorins.

We also found that mannose and N-acetyl-

glucosamine contents of GPA from CDA type

II but not CDA type I were reduced.

DISCUSSION

The results clearly show that glycoprotein

abnormalities in CDA are not restricted to

band 3 and glycosphingolipids but involve

also GPA. In the case of the latter glyco-

protein, O-linked glycosylation sites seem to

be partly unglycosylated as suggested by the

significantly reduced numbers of N-acetyl-

galactosamine residues in glycophorins from

both CDA type I and CDA type II patients.

This finding is reported for the first time. We

use the term unglycosylation for a situation

when a glycan is missing in its entirety and

the term hypoglycosylation to describe a

glycan with fewer carbohydrates at the

non-reducing terminus but a complete inner

core that links the glycan to the protein moi-

ety (Zdebska et al., 2000a). When structural

information is inadequate we use the tradi-

tional term underglycosylation. The partial

absence of O-linked glycans in GPA is re-

flected by decreased numbers not only of

N-acetylgalactosamine residues but also of

galactose and sialic acid. Thus, unglyco-

sylation involves glycans with carbohydrate

composition that is typical for O-linked chains

of GPA. In addition, we observed significantly

reduced mannose and N-acetylglucosamine

contents in GPA from CDA type II erythro-

cytes suggesting that also the N-linked glycan

might be partly unglycosylated. This is also

described for the first time. In addition, we

measured total sialic acid in GPA from patient

L.F. and found it to be decreased by 14% (P =

0.006), a value very similar to those reported

by Mawby et al. (1983).

The mechanism of glycoconjugate abnormal-

ities affecting band 3 and glycosphingolipids

in CDA is unknown. Previously, underglyco-

sylation of band 3 in CDA type II was re-

garded as a cause of dyserythropoiesis on the

assumption that carbohydrate-deficient,

poorly soluble in water, and aggregation-

prone band 3 would disorganize membrane

structure and interfere with normal

cytokinesis of erythroblasts (Fukuda, 1990;
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1999). Evidence was presented that the

hypoglycosylation of band 3 was due to a defi-

ciency of either �-4-galactosyltransferase,

N-acetylglucosaminyltransferase II, or man-

nosidase II. More recently it has been found,

however, that the CDA II gene localizes to a

different chromosome than the genes for the

aforementioned enzymes (Gasparini et al.,

1997) and in another study they were ex-

cluded as candidate genes for the disease

(Iolascon et al., 1997). We found that glyco-

conjugate abnormalities in erythrocytes from

patients with CDA type I and CDA type II

were basically similar though less pronounced

in CDA type I with hypoglycosylation of band

3 being relatively mild (Zdebska et al., 2000b).

Thus, in our opinion, the described glyco-

conjugate abnormalities are not the cause of

dyserythropoiesis but, together with the ab-

normal composition of glycosphingolipids, is

rather a consequence of dyserythropoiesis

and the associated disturbance of the cell cy-

cle as documented for all three types of CDA

(Wickramasinghe, 1998). The presently de-

scribed partial unglycosylation of glycophorin

A may result from a similar cause. Interest-

ingly, hypoglycosylation of band 3 and partial

unglycosylation of glycophorin A was found

by us also in erythrocytes from patients with

congenital disorder of glycosylation (CDG)

type 1a (Zdebska et al., 2000b) caused by a de-

ficiency of phosphomannomutase (Carchon et

al., 1999). The latter disease is one of congeni-

tal disorders of glycosylation that until re-

cently were known under the name of carbo-

hydrate deficient glycoprotein syndromes

(Aebi et al., 2000). A simultaneous distur-

bance of glycosylation of the two most abun-

dant glycoproteins of erythrocyte membranes

in two different diseases raises an issue of

their postulated partnership during

biosynthesis (Poole, 2000). Thus, the glycan of

band 3 is larger when glycophorin A in eryth-

rocytes is missing (Bruce et al., 1994;

Gahmberg et al., 1976; Tanner et al., 1976)

and smaller when the expression of the glyco-

phorin is increased (Dahr et al., 1987). More-

over, erythrocytes of mice with targeted inac-

tivation of the band 3 gene were deficient in

glycophorin A and a chaperone function of

band 3 with respect to the biosynthesis of

GPA was predicted (Hassoun et al., 1998). On

the other hand, the biosynthesis of GPA in hu-

man erythroblasts precedes that of band 3, so

a “chaperone” function of band 3 with respect

to GPA during biosynthesis is unlikely in man

(Daniels, 1999). Thus, the apparently quite

similar glycoconjugate abnormalities affect-

ing both glycophorin A and band 3 in CDG1a

and CDA type I and type II cannot be ade-

quately explained at present.

Lastly we would like to comment on the ef-

fect of MN and AB0 blood groups on carbohy-

drate molar composition of GPA. In the first

instance it looks as if total N-acetylgalacto-

samine content of GPA from 0N erythrocytes

is higher than that from 0M erythrocytes.

These additional N-acetylgalactosamine resi-

dues in GPA from 0N erythrocytes are proba-

bly not substituted with either sialic acid or

galactose since the total contents of the two

latter sugars in GPAs from 0M and 0N eryth-

rocytes are identical. The number of samples

analyzed was, however, too small to draw defi-

nite conclusions which were not the aim of this

paper. We only wanted to know whether the

blood group phenotype could significantly af-

fect our results on carbohydrate molar compo-

sition of CDA type I and II erythrocytes. This is

obviously not the case. In another report, how-

ever, the differences found by Krotkiewska et

al. (1999) were very large with GPA from

0 erythrocytes having 40% less of total carbohy-

drates than that from A or B erythrocytes. So

even with only a limited number of samples an-

alyzed we conclude that our results do not con-

firm those findings. Yet we do not exclude the

effect of blood group phenotype on carbohy-

drate molar composition of glycophorins but

only question is its magnitude.
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