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The binding of five radiolabelled lectins (Vicia graminea, peanut, Phaseolus vulgaris
isolectins E-PHA and L-PHA, Evonymus europaeus) to untreated and desialylated K562
cells and human erythrocytes was compared. The number of glycophorin A receptors
recognized on the K562 cells by anti-blood group N V. graminea lectin was comparable
to that found on the MN or NN erythrocyte surface. However, K562 cells had a several-
fold higher number of oligosaccharide chains (presumably O-glycosidic) which after
desialylation became high-affinity receptors for peanut agglutinin, and of complex
type N-glycosidic chains available for the reaction with E-PHA and also with L-PHA (the
latter lectin was not bound to erythrocytes). Moreover, K562 cells not treated with neu-
raminidase had a significantamount of extremely low affinity receptors for peanut agg-
lutinin, whereas binding of this lectin to untreated erythrocytes was undetectable. On
the other hand, the untreated K562 cells did not bind anti-blood group Band HE. euro-
paeus lectin, but a small amount of binding by the desialylated cells was observed.
Some other differences observed in the mode of lectin binding to K562 cells and eryth-
rocytes are discussed.

A pluripotent human leukemia cell line (K562) is particularly interesting, since it shows
spontaneously or after induced differentiation various markers of erythrocytic, mye-
loid, megakariocytic, and even lymphocytic progenitors [1] and is the commonly used
target for testing in vitro the activity of natural killer (NK) cells [2]. Therefore, this cell line
offers an excellent model to study the mechanisms of biosynthesis, cell differentiation
and natural killing. Characterization of cell surface glycoconjugates is important for
such studies, since many of them are markers of cell differentiation or function. Glyco-
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proteins and glycolipids of K562 cell membranes were studied by immunological and
chemical methods. K562 cells contain some surface components identical or similar to
those present on erythrocyte membranes, including glycophorin A [3, 4], erythrogly-
can-type oligosaccharide chains [5], fetal antigen i [6-8], and the I antigen which is ex-
pressed on a minor cell fraction [7, 8]. On the other hand, K562 cells do not express
blood group ABH antigens [8-10] and show different patterns of glycolipids [8, 11], sur-
face glycoproteins [3] and smaller size N-glycosidic oligosaccharide chains [12] compar-
ed to erythrocytes. Moreover, some platelet glycoproteins were immunologically de-
tected on K562 cells [13].

Limited information is available about the interaction of K562 cells with lectins. It was
found by fluorescent methods that K562 cells failed to react with several blood group
ABH-specific lectins [10], but did react with V. graminea [10] and peanut [10, 14] lectins.
Several surface glycoproteins of K562 cells were bound to wheat germ agglutinin [13].
Studies on the interaction of lectins with K562 cells deserve attention, since lectins may
be useful for characterization of membrane glycoconjugates at various differentiation
stages, for isolation of membrane components and even elucidation of their function.

In this report we present the results of the binding of five radiolabelled lectins of defin-
ed specificity to K562 cells and to human erythrocytes, used as reference cells. The aim
of these studies was to obtain information about the existence and amount of receptors
for these lectins on the K562 cell surface.

Materials and Methods
K562 Cells

The cells were obtained from Dr. L.C. Andersson (University of Helsinki). They were
maintained as a stationary suspension culture, using standard tissue cuiture conditions
in RPMI 1640 medium (Flow, U.K.) supplemented with 10% heat-inactivated fetal calf se-
rum, 2mM glutamine, penicillin (100 U/ml) and streptomycin (100 pg/ml). Cell cultures
were free of mycoplasma and the cells were harvested when their concentration app-
roached 0.8-1 x 10° cells/ml. The cells were used for experiments on the same day that
the culture was terminated, and their viability was over 90%.

Erythrocytes

Human blood samples were collected into an anticoagulant solution from healthy vo-
lunteers with known blood groups and were stored at 4°C for up to one week. Erythro-
cytes were washed with phosphate-buffered saline (PBS: 0.075 M phosphate buffer pH
74 and 0075 M NaCl) directly before using and were adjusted to the required concentra-
tion by counting in a hemocytometer.

Desialylation of Cells

K562 cells or erythrocytes were treated with Vibrio cholerae neuraminidase (Serva,
W.Germany) for 1h at 37°C under conditions used by Sadler et al. [15]. The released sia-
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lic acid was determined in the supernatant fluid by the periodate/resorcinol method
[16], using N-acetylneuraminic acid (Koch-Light, U.K.) as a standard.

Lectins

Purification of all lectins was performed with the use of human asialoglycophorin A
(coupled to Sepharose or Affi-Gel) as affinity adsorbent. Details of purification of V. gra-
minea [17,18], peanut [19] and E. europaeus [20] lectins have been described previously.
Leuko- (1-PHA) and erythroagglutinin (E-PHA) from P. vulgaris (isolectins Ly and E4, re-
spectively) were purified from the commercial preparation of Phytohemagglutinin P
(Difco, U.S.A.). The lectins were first fractionated on an asialoglycophorin-Sepharose 4B
column, equilibrated with 67 mM phosphate buffer pH 7.2 containing 015 M NaCl. {-
PHA (not bound) was eluted with the column buffer, the bound isolectins were eluted
with 0.05 M glycine-HCl buffer pH 3.0 containing 0.5 M NaCl, which has been used pre-
viously for elution of PHA isolectins from thyreoglobulin-Sepharose adsorbent [21].
Both the lectin fractions were then fractionated separately on a SP-Sephadex C-50 (Phar-
macia, Sweden) column under conditions reported by Leavitt et al. [22]. As expected, L-
PHA was eluted as an unretarded peak with the equilibration buffer (0.05 M phosphate
pH 6.0). The isolectins of the second fraction were bound to SP-Sephadex, and E-PHA (E4)
was obtained in the last protein peak eluted with an NaCl gradient. Purity of the 14 and
E4 isolectins obtained was assessed by polyacrylamide gel electrophoresis [22]. L-PHA
agglutinated mouse thymic lymphocytes at a concentration of 7 ug/ml and did not agg-
lutinate erythrocytes at a concentration of 1 mg/ml, whereas E-PHA agglutinated eryth-
rocytes and lymphocytes at a concentration of 2 ug/ml.

Protein content in lectin solutions was determined by the Lowry method. The purified
lectins were stored frozen in small portions.

Radio-iodination of Lectins

Labelling the lectins was carried out by the chloramine T method [23], using carrier-free
Na'?’I (Radiochemical Centre, UK.) under conditions described in detail previously
[18]. The labelled lectins were separated from an excess of reagents by Sephadex G-25
gelfiltration. Some lectins were additionally purified by affinity chromatography: V. gra-
minealectin ona Concanavalin A-Sepharose column 18] and E-PHA and peanut aggluti-
nin on an asialoglycophorin-Sepharose column under the same conditions as thase
used for purification of unlabelled lectins. The recovery of the labelled lectins was eva-
luated by determination of their agglutinating activity and by inhibition of binding of la-
belled lectins to cells by the respective cold lectins. Usually 50 ug lectin was used for
radio-iodination, the recovery was over 80%, and the specific radioactivity was in the
range of 300 - 1300 cpm/ng.

Binding Assay

The assay was performed in PBS buffer containing 0.1% human serum albumin (PBS-
alb). K562 cells and erythrocytes were washed twice with PBS and once with PBS-alb and
were suspended in the latter buffer at the desired concentration. The labelled lectins
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were dialyzed (if in another buffer) against PBS-alb. Test sampled of volume 80 - 200 ul,
containing the numbers of cells and amounts of labelled lectins indicated in the figure
legends, were incubated for 1 h at 20°C with occasional shaking, the cells were then
washed twice with 2 ml PBS-alb and their radioactivity was measured. In the case of pea-
nut agglutinin and E. europaeus lectin the control samples containing 0.1 M galactose
or 05 M lactose, respectively, were included in the test. The unspecific binding in the
presence of inhibitor was negligible at lower lectin concentrations and did not exceed
5% of the total binding at the highest lectin concentrations used. Other details of the
binding assay were as described earlier [18]. The results of binding are presented in the
form of Scatchard plots, each point is a mean of values obtained for two identical
samples.

Results

The lectins used for characterization of K562 cell surface glycoconjugates were selected
on the basis of their defined specificity [24-28] and are listed in Table 1. They react with
a high affinity with either O-glycosidic or N-glycosidic oligosaccharide chains, and
three of them (V. graminea and the two PHA isolectins) have an extended binding site
and are not inhibited effectively by monosaccharides.

V. graminealectin is known to react with only a few glycoproteins, including human and
horse glycophorins which show the structural features indicated in Table 1[24]. The pre-
sence of hydrophobic residues in the receptor seems to be a prerequisite for the reac-
tion of sialylated glycoproteins with V. graminea lectin, since this lectin reacts with
blood group N glycoprotein and does not react with M sialoglycoprotein [18, 24, 29] due
to the presence of an N-terminal leucine versus serine residue in N and M glycoprotein,
respectively [30-32]. It is shown in Fig. 1A that binding of V. graminea lectin enabled a
distinct discrimination between human homozygous NN and heterozygous MN eryth-
rocytes due to the dosage effect of N glycoprotein. Binding of V. graminea lectin to K562
cells (Fig. 1B), which most probably occurred exclusively via glycophorin receptors, was
similar to binding to MN erythrocytes with two pools of the cells studied. The third pool
of K562 cells showed an approximately twofold higher binding, quantitatively resembl-
ing the binding to NN erythrocytes and showing a distinct positive cooperation effect.
Desialylation of erythrocytes and K562 cells caused a severalfold increase in V. graminea
lectin binding to both kinds of cells (Fig. 2). The effect of desialylation was more prono-
unced for MN than for NN erythrocytes, due to the "de novo” lectin binding to blood
group M asialoglycoprotein [18, 24, 29]. The blood group of K562 cell glycophorin was
determined as MN by Gahmberg et al. [4], and as N by Horton et al. [10]. The enhancing
effect of desialylation on the V. graminea lectin binding to K562 cells was closer to that
observed for NN erythrocytes (Table 2). Therefore, the results obtained suggested that
K562 cells contained blood group N glycophorin in amounts comparable to those pre-
senton MN or NN red cells. However, this conclusion must be treated with caution (e.g.
the presence of blood group M glycophorin in K562 cells cannot be definitely ruled
out), because the course of binding of V. graminea lectin to K562 cells and erythrocytes
was not identical, especially when the binding to desialylated cells was compared
(Fig. 2). The binding to asialo K562 cells showed an apparently lower affinity, which is
discussed later.
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Figure 1. Binding of V. graminea lectin to erythrocytes (A) and K562 cells (B). A: Binding to MN (closed symbols)
and NN (open symbols) erythrocytes obtained from different persons, B: Different symbols denote binding
to different pools of K562 cells. The concentration of cells in all experiments was 6.25 x 10%ml; the range of
the toal lectin concentration was 04 - 60 nM; b = bound lectin, f = free lectin.

Figure 2. Binding of V. graminea lectin to desialylated erythrocytes (A) and K562 cells (B). A: Asialoerythrocytes
NN (A) and MN (A). B: Different symbols denote K562 cells from different pools. Other details as in Fig. 1.

Peanut agglutinin reacts with all asialoglycophorins on human erythrocytes in a less
specific manner than V. graminea lectin, but it does not react at all with sialylated gly-
coproteins, and therefore neither agglutinates, nor binds to untreated human erythro-
cytes [29, 33]. Our results of binding of peanut agglutinin to human asialoerythrocytes
(Fig. 3A) were similar to those reported by Carter and Sharon [33], and were almost iden-
tical using erythrocytes from two different persons. In contrast to erythrocytes, a signifi-
cant binding of peanut agglutinin to untreated K562 cells was found, but it occurred
with extremely low affinity and an unusually extended positive cooperation effect (in-
sert in Fig. 3B). Binding of this lectin to desialylated K562 cells (Fig. 3B) showed in turn
the presence of high-affinity receptor sites in six- to tenfold higher amounts than on
asialoerythrocytes (Table 2). The “unmasking” of such large amounts of peanut lectin re-
ceptors by desialylation was in line with a ten- to twentyfold greater number of sialic
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Table 2. Number of lectin molecules bound to one erythrocyte (blood group O) or
one K562 cell at the highest lectin concentration used®

Lectin Number of molecules x 1078
_Erythrocytes K562 cells®
V. graminea MN 0.11 0.12—0.21
NN 0.20
MN 0.54° 0.32—0.62°
NN 0.59°
Peanut n.d.? 0.9
1.8° 10—18°
E-PHA 0.4 46—7.5
L-PHA n.d. 2.4—2.6
E. europaeus 0.12 n.d.
0.17° 0.02°

* The saturation of cells with lectins was not achieved, except for the binding of peanut agglutinin and
E-PHA to erythrocytes; the real numbers of receptors are therefore higher than the values given.

® For K562 cells the range of values obtained with different pools of cells is given (see Figs. 1—6).

¢ binding to desialylated cells.

4 n.d.: binding was not detectable.

acid residues released from K562 cells by V. cholerae neuraminidase, compared to
erythrocytes (Table 3). It should be noted that an apparent affinity of binding of peanut
agglutinin to asialo K562 cells, albeit high, was several times lower than the affinity of
binding to erythrocytes (Ka for the latter binding was calculated to be about 4 x 10”7 M™).

Aswas expected, the binding of L-PHA to erythrocytes was not detectable, but this lectin
was bound with a relatively low affinity (K, about 10° - 10° M™") to K562 cells (Fig. 4). The
value of over 2 x 10° lectin molecules bound to one cell was calculated for the points
far from cell saturation (Table 2) and the real number of oligosaccharide chains able to
react with L-PHA must have been much higher.

E-PHA gave a linear Scatchard plot of binding to erythrocytes (Fig. 5A), showing the affi-
nity constant (Ka) 2.2 x 10° M, similar to the results of Egorin et al. [34]. Surprisingly,
binding of E-PHA to K562 cells was at least ten- to twentyfold higher than to erythrocytes
(Fig. 5B and Table 2). However, the affinity of binding E-PHA to K562 cells was apparently
lower.

Binding of P. vulgaris isolectins to erythrocytes and K562 cells was not significantly in-
creased by desialylation of cells, and therefore it is not shown. As in the case of V. grami-
nea lectin, the binding of peanutagglutinin and P, vulgaris isolectins showed some disc-
repancies between various pools of K562 cells.

The interaction of E. europaeus lectin with erythrocytes occurred with a high affinity,
was increased by red cell desialylation in agreement with the earlier findings of Petry-
niak et al. [35], and showed a distinct positive cooperation effect (Fig. 6). Binding of this
lectin to untreated K562 cells was undetectable, and barely detectable binding to desia-
lylated K562 cells was found (Fig. 6, Table 2).

87



Figure 3. Binding of peanut agglutinin to asialoerythrocytes (A) and K562 cells (B). A: The different symbols re-
fer to asialoerythrocytes from different persons {concentration 107 cells/ml). B: Desialylated K562 cells from
two different pools at concentrations 5 x 10° cells/m! (@) or 7 x 10° celis/mi (A). Insert: Binding to untreated
K562 cells at concentration 7 x 0% cells/ml. The range of total peanut agglutinin concentration was 5 - 600 nM,
the labelled lectin was diluted twentyfold with the unlabelled lectin.

Table 3. The amounts of sialic acid released from K562 cells by V. cholerae neurami-
nidase

Cells Sialic acid released from one cell
nmoles molecules
K562 pool 1 7.5x107 45x10°8
pool 2 15.8x 107 9.5x10®
pool 3 8.3x107 5.0x10°
Human erythrocytes® 7.0-8.4x 107 4.45.0x107

* The range of many estimations is given
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Figure 4. Binding of 1-PHA to K562 cells from two different pools. 6.25 x 10° cells/ml, the range of lectin con-
centration was 5 - 300 nM.
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Figure 5. Binding of E-PHA to erythrocytes (6.25 x 10° cells/ml) from two individuals (A) and K562 cells (6.25 x
10° cells/ml) from three different pools (B). The range of lectin concentration was 1- 70 nM.

39



Discussion

The results of lectin binding showed that K562 cells, which are much larger than eryth-
rocytes, have at least a severalfold higher number of N-glycosidic oligosaccharide
chains able to react with P. vulgaris isolectins and of presumably O-glycosidic chains
reacting (after desialylation) with peanut agglutinin. On the other hand, the comparati-
vely low binding of V. graminea lectin to K562 cells indicated that glycophorin A must
be a minor glycoprotein component of these cells.

The high content of surface sialic acid in K562 cells and a significant difference in bind-
ing of V. graminea lectin and peanut agglutinin to native and asialo K562 cells indicated
a high degree of sialylation of their O-glycosidic oligosaccharide chains. The extremely
low affinity of binding of peanut agglutinin to untreated K562 cells suggested that this
binding did not result from the presence of a number of nonsialylated Gal31-3GalNAc-
chains, but rather occurred due to the weak interaction of this lectin with other oligo-
saccharide chains terminated with galactose residues. The high-affinity receptors for
peanutagglutinin in desialylated K562 cells may be Galg1-3GalNAc- chains of glycopho-
rin A and glycolipids terminated with this sequence. However, despite the relatively
high content of gangliosides (including Gwm; in K562 cells [8, 11], their amount is too low
[11] to account together with glycophorin for the extensive binding of peanut aggluti-
nin. Most probably K562 cells contain a large amount of other glycoprotein(s) with sialy-
lated GalB1-3GalNAc- chains.

25 | ]
s
15 t J
05 -
04 08 12 16

b{nM]}

Figure 6. Binding of E. europaeus lectin to native (@) and desialylated (O) group O erythrocytes. Insert: Bind-
ing of the same lectin to desialylated K562 cells. Concentration of erythrocytes or K562 cells was 6.25 x 10°
cells/ml, the range of the total lectin concentration was 0.2 - 6 nM.
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The complex type N-glycosidic chains of K562 cells represent a variety of bi-, tri- and
tetra-antennary structures [12], including those with the third antenna on the Mana1-6-
residue, required for the reaction with L-PHA (Table 1). On the other hand, the oligosac-
charide chains with “bisecting” N-acetylglucosamine residues bound to a 8-mannosyl
residue, typical for human erythrocyte glycoproteins [12, 36, 37] and found to be recep-
tors for E-PHA [26], were not detected in K562 cells [12]. Therefore, we expected that E-
PHA and L-PHA would show a specific binding to erythrocytes and K562 celis, respecti-
vely. However, this appeared to be true only for L-PHA, whereas E-PHA was bound in
much higher amounts to K562 cells than to erythrocytes. It suggested that the presence
of a bisecting N-acetyl glucosamine residue is not a necessary condition for the reac-
tion of an oligosaccharide with E-PHA and that this lectin may have a broader specificity
than L-PHA.

The lack of binding of E. europaeus lectin to K562 cells generally confirmed the known
fact that these cells do not express the blood group ABH antigens [8-10]. However, the
very small but specific binding of this lectin to asialo K562 cells indicated the possibility
that tiny amounts of such structures are present. Similarly, Kannagi et al. [8] found a very
small amount of blood group H glycolipid in K562 cells.

In addition to the aspects discussed above, some persistent differences in the binding
of lectins to K562 cells and erythrocytes were noticed. Firstly, in contrast to reproducible
results of lectin binding to erythrocytes of different individuals, the distinct variations
(up to twofold differences) in binding of the same lectin to various pools of K562 cells
were observed. Since the cells derived from the same clone and were cultured under
identical conditions, these variations may be due to cell cycle fluctuations in the ex-
pression of surface glycoconjugates. Moreover, in the case of three lectins reacting with
both K562 and red cells (V. graminea, peanut, E-PHA), the binding to K562 cells usually
showed an apparently lower affinity (less steep Scatchard plots) and in some cases a
more distinctly pronounced positive cooperation effect. The positive cooperation
occurs frequently in lectin binding [38-40] and is not restricted to the interaction with
cells which show the functional responsiveness to specific external contacts, but may
occur in binding to erythrocytes (Figs. 3 and 6), or even to receptors incorporated into
artificial lipid bilayers [40]. The positive cooperation demonstrates either the increase
in binding constants, or increasing the number of available binding sites, as the extent
of occupancy of receptors increases [38, 39]. The apparent differences in affinity may
not only have reflected the differences in structure of lectin receptors on erythrocytes
and K562 cells (which is quite probable for E-PHA receptors), but may have also resulted
from their different topography or availability for the reaction. The important factor
could be also the agglutination of erythrocytes by the lectins studied, whereas K562
cells were not agglutinated, probably due to their large cell size. A strong agglutination,
beginning atlow lectin concentration may interfere with binding and lead to underesti-
mation of binding sites, as we noticed with two preparations of V. graminea lectin differ-
ing in agglutinating potency [41]. Due to the fact that binding of lectins to cell surface
receptors is a process which may be mediated by many factors, the possibility of defini-
te interpretation of binding plots is sometimes limited. Nevertheless, the results de-
scribed in this report give some information about the lectin receptors existing at the
K562 cell surface and should be helpful in identification and characterization of memb-
rane components carrying these receptors.

91



Acknowledgements

This work was supported by Grant 105 from the Polish Academy of Sciences. The au-
thors wish to thank Dr. J. Jaroszewski (Poznan) for supplying us with K562 cells kindly
offered to him by Dr. L.C. Andersson (Helsinki), and Dr. J. Petryniak (Ann Arbor, M,
U.S.A)) for a gift of E. europaeus lectin.

References

1

w

Ul

10

T
12

13

14
15
16
17
18
19

20
21
22
23
24
25
26

92

Lozzio BB, Lozzio CB, Ichiki AT, Kalmaz GD, Bamberger EG (1983) in Hematopoietic
Stem Cells, eds. Killman SA, Cronkite EP, Muller-Beret CN, Munksgaard, Copen-
hagen. p. 323-37.

MacDougall SL, Shustik O, Sullivan AK (1983) Cell Immunol 76:143-47.
Andersson LC, Nilsson K, Gahmberg CG (1979) Int ] Cancer 23:143-47.

Gahmberg CG, Jokinen M, Andersson LC (1979) ] Biol Chem

254:7442-48,

Turco SJ, Rush JS, Lane RA (1980) ] Biol Chem 255:3266-69.

Fukuda M (1980) Nature 285:4057.

Testa U, Henri A, Bettaieb A, Tileux M, Vainchenker W, Tonthat H, Docklear MC,
Rochant H (1982) Cancer Res 42:4694-4700.

Kannagi R, Papayannopoulou T, Nakamoto B, Cochran VA, Yokochi T, Stamatoyan-
nopoulos G, Hakomori S (1983) Blood 62:1230-41.

Benz E} Jr, Murnane MJ, Tonkonow BL, Berman BW, Mazur EM,

Cavallesco C, Jenko T, Snyder EL, Forget BG, Hoffman R (1980)

Proc Natl Acad Sci, USA 77:3509-13.

Horton HA, Cedar SH, Edwards PAW (1981) Scand ] Haematol

27:231-40.

Suzuki A, Karol RA, Kundu SK, Marcus DM (1981) Int ] Cancer 28:27176.

Yoshima H, Shiraishi N, Matsumoto A, Maeda B, Sugiyama T,

Kobata A (1982) J. Biochem (Tokyo) 91:233-46.

Gerwitz AM, Burger D, Rado TA, Benz EJ, Hoffman R (1982)

Blood 60:785-89.

O’Keefe D, Ashman L (1982) Clin Exp Immunol 48:329-38.

Sadler JE, Paulson C, Hill RL (1979) } Biol Chem 254:2112-19.

Jourdian GW, Dean L, Roseman S (1971) } Biol Chem 246:430-35.

Lisowska E, Szeliga W, Duk M (1976) FEBS Lett 72:327-30.

Duk M, Lisowska E (1981) Eur ] Biochem T118:131-36.

Staroscik K, Wasniowska K, Syper D, Lisowska E (1981) Arch Immunol Ther Exp
(Warsz) 31:127-33.

Petryniak ), Janusz M, Markowska E, Lisowska E (1981) Acta Biochim Pol 28:26773.
Felsted RL, Leavitt RD, Bachur NR (1975) Biochim Biophys Acta 40572-81.

Leavitt RD, Felsted RL, Bachur RN (1977) ] Biol Chem 252:2961-66.

Greenwood FC, Hunter WM, Glover ]S (1963) Biochem ] 89:114-23.

Duk M, Lisowska E, Kordowicz M, Wasniowska K (1982) Eur | Biochem 123:105-12.
Pereira MEA, Kabat EA, Lotan R, Sharon N (1976) Carbohydr Res 51:10718.
Cummings RD, Kornfeld S (1982) ] Biol Chem 257:11230-34.



28
29

30

31

32
33
34

35

36
37
38
39
40
41

Hammarstrém S, Hammarstrom ML, Sundblad G, Arnarp J, Ldnngren } (1982) Proc
Natl Acad Sci, USA 79:1611-15.

Petryniak J, Pereira MEA, Kabat EA (1977) Arch Biochem Biophys 178:118-34.
Prigent MJ, Blanchard D, Cartron JP (1983) Arch Biochem Biophys 222:231-44.
Dahr W, Uhlenbruck G, Janssen E, Schmalisch R (1977) Hum Genet 35:335-43.
Wasniowska K, Drzeniek Z, Lisowska E (1977) Biochem Biophys Res Commun
76:385-90,

Furthmayr H (1978) Nature 271:519-24.

Carter WG, Sharon N (1977) Arch Biochem Biophys 180:570-82.

Egorin MJ, Bachur SM, Felsted RL, Leavitt RD, Bachur NR (1979) | Biol Chem
254:894-98.

Petryniak J, Petryniak B, Wasniowska K, Krotkiewski H (1980) Eur | Biochem
105:335-41.

Yoshima H, Furthmayr H, Kobata A (1980) } Biol Chem 254:3700-03.

Irimura T, Tsuji T, Tagami S, Yamamoto K, Osawa T (1981) Biochemistry 20:560-66.
Prujanski A, Ravid A, Sharon N (1978) Biochim Biophys Acta 508:137-46.

Reisner Y, Lis H, Sharon N (1978) Exp Cell Res 97:445-48.

Ketis NV, Grant CWM (1982) Biochim Biophys Acta 689:194-202.

Duk M, Lisowska E (1984) Eur j Biochem, in press.

93



