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ABSTRACT: A previous study showed that several multivalent galactose-specific lectins including the 14-
kDa lectin from calf spleen and the lectins from Erythrina indica, Erythrina cristagalli, and soybean
agglutinin formed specific cross-linked complexes with the glycoprotein asialofetuin (ASF) [Mandal, D.
K., & Brewer, C. F. (1992) Biochemistry 31,8465-8472). In the present study, we have used quantitative
precipitation analysis to compare the cross-linking activities of the Gal/GalN Ac-specific lectin from Erythrina
corallodendron (ECorL) and the recombinant protein (rECorL) which lacks the covalently linked
heptasaccharide chains of the native lectin, with ASF. At low concentrations of ASF relative to the lectin,
native dimeric ECorL binds to each of the three terminal Gal residues of the three N-linked triantennary
chains of ASF and precipitates as a cross-linked complex at a ratio of 1:9 ASF/lectin (monomer). With
increasing concentrations of ASF, the 1:9 complex changes toa 1:3 ASF/lectin complex, and at higher ASF
concentrations, a 1:1 cross-linked complex forms. However, rECorL, which possesses the same specificity
and binding affinity as the native lectin, forms only the 1:9 and 1:3 ASF/lectin complexes. Other Erythrina
lectins examined, all of which have covalently attached carbohydrate and are structurally similar to ECorL,
show the same cross-linking behavior as native ECorL. On the other hand, the dimeric 14-kDa calf spleen
lectin which lacks covalently attached carbohydrate forms only 1:9 and 1:3 cross-linked complexes with
ASF [Mandal, D. K., & Brewer, C. F. (1992) Biochemistry 31, 8465-8472]. SBA, which is a tetrameric
lectin with one Man9 oligomannose chain per monomer, formed 1:3 and 1:2 ASF/lectin (monomer) cross-
linking complexes. Peanut agglutinin, which is a tetrameric Gal-specific lectin lacking covalently linked
carbohydrate, formed only a 1:3 ASF/lectin cross-linked complex. These results indicate that lectins with
covalently attached carbohydrates form specific ASF/lectin cross-linked complexes which are not formed
by nonglycosylated lectins. This suggests that interactions occur between the carbohydrate chains of the
glycoprotein lectins and the carbohydrate chains of ASF which stabilize the formation of certain ASF/
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lectin cross-linked complexes.

Lectins are carbohydrate binding proteins of nonimmune
origin that are widely distributed in nature (Goldstein &
Poretz, 1986). Their interactions with oligosaccharide chains
of glycoconjugates have been implicated in a wide variety of
biological recognition processes including adhesion, signal
transduction, and metastasis (Brandley & Schnaar, 1986;
Lennarz, 1980; Monsigny, 1984; Sharon & Lis, 1993).
Binding of lectins to the glycoconjugate receptors often leads
to aggregation, patching, and capping of receptors (Nicolson,
1976a,b) which in many cases is associated with concomitant
biological signal transduction events such as the induction of
mating reactions in fungi (Kojima & Hakomori, 1989), the
arrest of bulk transport in ganglion cell axons (Edmonds &
Koenig, 1990), and changes in the cytoskeletal proteins of
cells (Edeiman, 1976).
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Previous studies have shown that multivalent lectins with
a wide range of binding specificities can bind and cross-link
(precipitate) branched-chain oligosaccharides (Bhattacharyya
etal., 1987a,b, 1988a, 1989a, 1990). These interactions lead
to a new source of lectin specificity, namely, the formation of
homogeneous (homopolymeric) cross-linked complexes, even
in mixtures of different carbohydrates and lectins (Bhatta-
charyyaetal.,, 1988b, 1989b, 1990; Bhattacharyya & Brewer,
1992). Specific cross-linked complexes have also been
demonstrated to be formed between multivalent plant and
animal lectins with glycoproteins (Khan et al., 1991; Mandal
& Brewer, 1992b), including asialofetuin (ASF)! (Mandal &
Brewer, 1992a).

ASF is a monomeric glycoprotein of molecular weight
48 000 (Spiro, 1960) containing three N-linked triantennary
complex-type carbohydrate chains each terminating in Lac-
NAc (Figure 1A, approximately 74%), an isomer with a Galg-
(1,3) linkage in the outer LacNAc residue of the Mana(1,3)

! Abbreviations: ECorL, lectin from Erythrina corallodendron;
rECorL, recombinant ECorL from Escherichia coli; EIL, lectin from
Erythrina indica; ECL, lectin from Erythrina cristagalli; EFL, lectin
from Erythrina flabelliformis, ECaL, lectin from Erythrina caffra; ELL,
lectin from Erythrina lysistemon; PNA, peanut agglutinin; ConA,
concanavalin A; SBA, soybean agglutinin; ASF, asialofetuin; LacNAc,
N-acetyllactosamine; PBS, 0.02 M sodium phosphate buffer with 0.90
M NaCl, pH 7.2. Allsugars arein the b configuration with the exception
of L-Fuc.
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FiGURE 1. Structures of (A) the asialo N-linked triantennary
complex-type glycopeptide from ASF, (B) the asialo O-linked
glycopeptide from ASF, (C) the fucosyl heptasaccharide from the
Erythrinalectins, and (D) the Many oligomannose-type glycopeptide
from SBA.

1,3

arm (9%), a biantennary chain with terminal LacNAcresidues
(17%) (Green et al., 1988), and three O-linked disaccharide
chains [Gal8(1-3)GalNAc] (Figure 1B) (Nilsson et al., 1979).
At relatively low concentrations of ASF, the dimeric 14-kDa
Gal-specific calf spleen lectin forms a 1:9 ASF/lectin
(monomer) cross-linked complex, in which all nine terminal
Gal residues on each ASF molecule are bound by the lectin
(Mandal & Brewer, 1992a). Athigher concentrations of ASF,
a 1:3 cross-linked complex forms. Two dimeric Erythrina
lectins, ECL and EIL, also formed 1:9 and 1:3 ASF/lectin
complexes, but at higher ASF concentrations went on to form
a lower ratio complex described at 1:2. Thus, the two
Erythrina lectins showed similar but distinct cross-linking
activities from the 14-kDa animal lectin.

Erythrina corallodendron (ECorL) is similar to EIL and
ECL in its physicochemical, structural, and carbohydrate
binding properties (Goldstein & Poretz, 1986). The X-ray
crystal structure of ECorL has recently been described at
2.0-A resolution with bound lactose (Shaanan et al., 1991).
Although only one oligosaccharide, Mana6(Mana3)(XylG82)-
ManB4GlcNacB4(Fuca3)GlcNAcg (Figure 1C), per subunit
linked to Asn-17 was observed by X-ray, recent evidence
demonstrates the presence of another such oligosaccharide
linked to Asn-113 (unpublished results). Recently, recom-
binant lectin (rECorL) was expressed in Escherichia coli and
shown to possess similar binding activity as the native lectin
(Arango et al.,, 1992, 1993). In studying the interaction of
rECorL with ASF, we observed that the recombinant lectin
formed the 1:9 and 1:3 cross-linked complexes as native ECorL,
but failed to form the lower ratio complex found for the native
lectin and other two Erythrina lectins. Additional studies of
other lectins with and without covalently linked oligosaccharide
chains have provided evidence that the carbohydrate chains
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of the lectins interact with the carbohydrate chains of
glycoproteins to stabilize specific glycoprotein/lectin cross-
linked complexes.

MATERIALS AND METHODS

ECorL,ELL,ECL,EFL,ECaL (Bhattacharyyaetal., 1981;
Iglesias et al., 1982; Lis et al., 1985), PNA (Lotan et al.,
1975), and SBA (Bhattacharyya et al., 1988a) were purified
as described earlier. rECorL was prepared as described
(Arangoetal., 1992). Protein concentrations were determined
spectrophotometrically at 280 nm using an extinction coef-
ficient (A4!'%1em) of 13.4 for EIL (Bhattacharyyaetal., 1981),
15.9 for the other Erythrina lectins, 7.7 for PNA (Lotan et
al., 1975), and 12.8 for SBA (Lotan et al., 1974). Monomer
molecular masses of the lectins are 29 kDa for ECorL, 28 kDa
for rECorL, 34 kDa for EIL, 28 kDa for ELL, ECL, and
EFL, 30 kDa for ECaL and SBA, and 27.5 kDa for PNA.

ASF was prepared from fetuin (Sigma Chemicals) and
purified by FPLC on a Superdex 75 column, as described
(Spiro & Bhoyroo, 1974). Its concentration was determined
by the phenol-sulfuric acid method (Dubois et al., 1956) with
mannose as standard using 21 mol of hexose (a mixture of 9
Man/12 Gal) per mole of protein (Nilsson et al., 1979; Spiro,
1960). Structures of the oligosaccharides were confirmed by
500 MHz 'H NMR.

Radiolabeling of Proteins. All Erythrinalectins and SBA
were radiolabeled with [!4Clformaldehyde in 0.1 M Hepes
buffer, pH 7.2, containing 1 mM CaCl; and 1 mM MnCl,,
as previously described (Mandal & Brewer, 1992a). ASF
was radiolabeled in 0.1 M sodium phosphate buffer, pH 7.2,
with [3H]formaldehyde. PNA was labeled with [1“C]form-
aldehyde in 20 mM PBS containing 1 mM CaCl,.

Quantitative Precipitation Assay. Quantitative precipi-
tation profiles were performed in 100 uL of 0.1 M Hepes
buffer, pH 7.2, containing 0.9 M NaCl, I mM CaCl,, and 1
mM MnCl, as described previously (Mandal & Brewer,
1992a). The exception was PNA, which was determined in
20 mM PBS buffer at pH 7.2 containing 0.9 M NaCl with
no divalent metal ions. Precipitates were inhibited from
forming or dissolved by addition of 0.1 M lactose. Nonspecific
sugars such as Glc or Fuc had no effect.

RESULTS AND DISCUSSION

Properties of the Lectins. ECorL is a Gal-specific dimeric
lectin composed of two identical N-glycosylated subunits of
M, 30 000. Each subunit contains one carbohydrate binding
site, as well as Ca?* and Mn2* binding sites (Shaanan et al.,
1991). The N-linked carbohydrate is the heptasac-
charide Mana6(Mana3)(Xyl82)ManB4GlcNAcB4-
(Fuca3)GIcNAcB (Figure 1C) which is present on both
subunits (Shaananetal., 1991). rECorL from E. coli consists
of two subunits of M; 28 000 with no carbohydrate chains on
either subunit. The binding activity of the recombinant lectin
is essentially the same as that of the native protein (Arango
et al., 1992, 1993). The secondary structure of rECorL is
also the same as that of the native lectin, as determined by
circular dichroism measurements (data not shown).

EIL,ECL,ECaL,EFL,and ELL have close physiochemical,
structural, and sugar binding properties (Goldstein & Poretz,
1986). They are Gal-specific dimeric proteins, like ECorL,
consisting of two similar subunits with M, values ranging from
28 000 to 34 000 per monomer. Each subunit contains one
carbohydrate binding site as well as Ca2* and Mn?* binding
sites which are essential for binding activity. Evidence
indicates the presence of the heptasaccharide chain in Figure
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Table 1: Stoichiometries of Cross-Linked Complexes of ASF with
Various Gal-Specific Lectins at 22 °C

covalent-linked no. of cross-linked lectin:ASF
lectin carbohydrate complexes stoichiometry
ECorL + 3 9:1
31
1:2
rECorL - 2 9:1
31
ELL + 3 9:1
31
1:1
EFL + 3 9:1
31
1:1
ECaL + 3 9:1
31
1:1
EIL + 3 9:1
3:1
1:1
SBA + 2 3:1
21
PNA - 1 31

1C on the subunits of the lectins (Bhattacharyya et al., 1981;
Iglesias et al., 1982; Lis et al., 1985).

SBA isa tetrameric Gal/GalN Ac-specific glycoprotein with
four equal subunits of M; 30 000 (Shaananetal., 1984). Each
subunit possesses one carbohydrate binding site (De Boeck et
al., 1984), one site each for Mn?* and Ca?*, and one N-linked
Many oligomannose-type chain (Figure 1D) (Lis & Sharon,
1978).

PNA is a specific tetrameric nonglycosylated lectin of
molecular weight 110 000, composed of four identical subunits
of M, 27 500 (Goldstein & Poretz, 1986). Itisa metalloprotein
like SBA and possesses one carbohydrate binding site per
subunit (Lotanetal., 1975). PNA isspecific for the T-antigen
disaccharide GalB8(1-3)GalNAc, which binds with 30-fold
higher affinity than lactose (Lotan et al., 1975).

Lectin Binding Properties of ASF. The predominant
triantennary N-linked glycopeptide from ASF (Figure 1A)
binds to Erythrinalectins with approximately 180-fold higher
affinity than the O-linked chains of ASF (Mandal & Brewer,
1992a). The N-linked chains of ASF also dominate binding
to SBA (Mandal & Brewer, 1992a). However, the O-linked
units of ASF [GalB(1-3)GalNAc] bind to PNA with 30-fold
higher affinity than lactose (Lotanet al., 1975) and with even
greater affinity than LacNAc (Table 1). In addition,
hemagglutination—inhibition experiments (Table 1) show that
bi- and trianntennary synthetic clustered lactose glycosides
(Lee, 1978) bind to PNA only as well as lactose, and thus
there is no “clustered” glycoside effect [cf. Leeand Lee (1987)].
The present study shows that ASF inhibits PNA hemagglu-
tination at 96.5 uM whereas the N-linked glycopeptide from
ASF inhibits PNA hemagglutination at 3.7 mM. This
indicates that the O-linked chains of ASF bind to the lectin
with ~40-fold higher affinity than the N-linked chains.

Precipitationof rECorL and ECorL with ASF. Figure 2A
shows the quantitative precipitation profile of 1“C-labeled
rECorL (90 uM) in the presence of increasing concentrations
of 3H-labeled ASF in pH 7.2 Hepes buffer. The profile for
total precipitated protein increases up toan ASF concentration
of 18 uM, and then continues with a lower slope until a
concentration of 54 uM ASF isreached, after which the profile
decreases with increasing ASF concentration. The profile
for precipitated “C-rECorL shows a maximum between
concentrations of 18 and 54 uM ASF, and then decreases
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FIGURE 2: Quantitative precipitation profile of rECorL with ASF
at22°C. (A) Total protein precipitated (O) and cpm of 14C-rECorL
(®) and *H-ASF (4) in the precipitates. (B) Ratio (@) of moles of
ASF precipitated per mole of rECorL monomer. The buffer was 0.1
M Hepes at pH 7.2. The concentration of rECorL was 90 uM. The
specific activities of radiolabeled rECorL and ASF were 1.2 X 103
and 4.6 X 10° cpm/nmol, respectively.

o

with increasing concentration of the glycoprotein. Figure 2B
shows that the ASF:rECorL (monomer) mole ratio is 1:9 up
to an ASF concentration of 18 uM and then decreases to a
1:3 ratio with increasing concentrations of ASF.

These results indicate that rECorL forms two types of cross-
linked complexes with ASF depending on the relative con-
centrations of the two proteins. Inthe 1:9 complex, nine lectin
molecules bind to the three N-linked triantennary chains of
ASF, as represented in Figure 2A. In this case, the valency
of each triantennary chain is 3, which is similar to that of the
free triantennary glycopeptide in cross-linked complexes with
ECorL and several other Erythrina lectins (Bhattacharyya et
al., 1989a). In the 1:3 complex, three lectin molecules bind
to the three trianntenary chains of ASF, as shown in Figure
7B. In this case, the valency of each triantennary chain is 1.
Formation of the 1:9 and 1:3 ASF/rECorL cross-linked
complexes is similar to that observed for the dimeric Gal-
specific 14-kDa calf spleen lectin cross-linked with ASF
(Mandal & Brewer, 1992a).

The quantitative precipitation profile of 14C-labeled native
ECorL (90 uM) (Figure 3A) in the presence of increasing
concentrations of 3H-ASF shows a maximum at an ASF
concentration of 18 uM and then decreases. The profile for
14C.ECorL has a maximum between 20 and 30 uM ASF and
then decreases, while the profile for 3H-ASF reaches a
maximum near 35 uM of the glycoprotein and then decreases.
Figure 3B shows that a 1:9 ASF/ECorL (monomer) cross-
linked complex occurs up to an ASF concentration of 10 uM,
and thena 1:3 cross-linked complex forms until a concentration
of 46 uM ASF is reached, after which a 1:1 cross-linked
complex forms. The results for native ECorL indicate that
a third cross-linked complex forms with ASF. Since the 1:1
complex is not observed with the recombinant lectin, the
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FiGURE 3: Quantitative precipitation profile of ECorL with ASF at
22 °C. (A) Total protein precipitated (Q) and cpm of #C-ECorL
(@) and *H-ASF (4) in the precipitates. (B) Ratio (®) of moles of
ASF precipitated per mole of ECorL monomer. The buffer was 0.1
M Hepes at pH 7.2. The concentration of ECorL was 90 uM. The
specific activities of radiolabeled ECorL and ASF were 4.1 X 103
and 4.8 X 10? cpm/nmol, respectively.

carbohydrate chains of native ECorL are most likely involved
in formation of this cross-linked complex with ASF.

Precipitation of EIL, ELL, EFL, and ECaL with ASF.
The quantitative precipitation profile of EIL with ASF has
previously been reported to show formation of 1:9, 1.3, and
1:2 ASF/lectin (monomer) cross-linked complexes (Mandal
& Brewer, 1992a). However, extending the range of ASF
concentrations reveals that the reported 1:2 cross-linked
complex is actually a 1:1 complex (Figure 4). Similar
quantitative precipitation profiles of EFL, ELL, and ECalL
also indicate initial formation of 1:9 ASF/lectin cross-linked
complexes which eventually convert to 1:1 cross-linked
complexes with increasing ASF concentrations (data not
shown).

Precipitation of SBA and PNA with ASF. SBA has
previously been reported to form a 1:3 ASF/SBA (monomer)
cross-linked complex (Mandal & Brewer, 1992a). However,
extending the range of concentrations of ASF shows that SBA
after forming the 1:3 cross-linked complex forms a 1:2 ASF/
SBA cross-linked complex at higher ASF concentrations
(Figure 5). PNA, on the other hand, which binds to the
O-linked chains of ASF, forms only a 1:3 ASF/lectin

Gupta et al.

8=
sw
Py
22
f
2,000
1,500
o 1,000
500
0 | | 1 | l | | 1 J
20 40 60 80 100 120 140 160 180
ASF (kM)

FIGURE 4: Quantitative precipitation profile of EIL with ASF at 22
°C. (A) cpm of “C-EIL (@) and *H-ASF (a) in the precipitates.
(B) Ratio (@) of moles of ASF precipitated per mole of ECorL
monomer. Thebuffer was0.1 M Hepesat pH 7.2. Theconcentration
of EIL was 95 uM. The specific activities of radiolabeled EIL and
ASF were 0.9 X 10% and 2.8 X 10° cpm/nmol, respectively.
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FIGURE 5: Quantitative precipitation profile of SBA with ASF at
22°C. (A) Total protein precipitated (Q) and cpm of 14C-SBA (@)
and *H-ASF (A) in the precipitate. (B) Ratio (®) of moles of ASF
precipitated per mole of SBA monomer. The buffer used was 0.1
M Hepes at pH 7.2. The concentration of the SBA was 95 uM. The
specific activities of radiolabeled SBA and ASF were 0.88 X 10% and
3.0 X 10° cpm/nmol, respectively.

(monomer) cross-linked complex over the same concentration
range (Figure 6). (The pronounced peak in the middle of the
quantitative precipitation profile of PNA and ASF is as yet
unexplained.) This lectin forms a well-defined cross-linked
complex via the three O-linked chains of ASF, but does not
form a 1:2 cross-linked complex as SBA does. An important
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FIGURE 6: Quantitative precipitation profile of PNA with ASF at
22°C. (A) Total protein precipitated (Q) and cpm of “C-PNA (@)
and *H-ASF (A) in the precipitates. (B) Ratio (@) of moles of ASF
precipitated per mole of ECorL lectin monomer. The buffer was 20
mM PBS at pH 7.2. The concentration of PNA was 100 uM. The
specific activities of radiolabeled PNA and ASF were 3.2 X 103 and
1.8 X 10% cpm/nmol, respectively.

difference in the properties of the two lectins is the lack of
covalently linked carbohydrate chains on PNA and the
presence of four Mang oligomannose chains on SBA (Goldstein
& Poretz, 1986). These results suggest the involvement of
the carbohydrate chains of SBA in the formation of the 1:2
ASF/SBA cross-linked complex.

The present results show that additional cross-linked
complexes are formed between ASF and Gal-specific glyco-
protein lectins such as ECorL and other Erythrina lectins
(ECL,EIL,EFL,and ECal),and SBA, but not with rECorL,
PNA, or the 14-kDa calf spleen lectin that lack covalently
attached carbohydrate. The formation of the initial 9:1 and
3:1 cross-linked complexes between all these lectins and ASF
is due to specific carbohydrate—protein interactions since they
all can be inhibited from forming by 0.1 M LacNAc but not
by unrelated oligosaccharides such as maltose. Thus, the 1:9
and 1:3 cross-linked complexes formed by ASF with the lectins
can be understood in terms of specific carbohydrate—protein
interactions involving the carbohydrate binding valencies of
the lectins (usually the number of monomers and the size of
the lectin) and the number of Gal or GalNAc epitopes on
ASF (Mandal! & Brewer, 1992a). This is also the case for
the formation of specific cross-linked complexes between the
Glc/Man binding lectin ConA and five glycoproteins con-
taining Man epitopes (Mandal & Brewer, 1992b). However,
formation of the 1:1 ASF/lectin cross-linked complexes with
the Erythrina lectins and the 1:2 cross-linked complexes with
SBA is not easily explained by the valencies of the lectins and
the number of carbohydrate epitopes of ASF. Instead, it
appears that these complexes may arise from further binding
of ASF to the existing ASF/lectin cross-linked complexes
mediated by the carbohydrate chains of the bound glycoprotein
lectins, shown in Figure 7C. In this model, the stability of
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FIGURE 7: Schematic representations of the (A) 1:9 and (B) 1:3
ASF/rECorL cross-linked complexes and of the (C) 1:1 ASF/ECorL
cross-linked complex. The paired circles represent dimeric rECorL,
and ASF indicates the glycoprotein molecules in (A) and (B). The
dark lines connected to the ECorL dimers in (C) represent the
heptasaccharide chains of native lectin.

these complexes is due to binding of the three triantennary
chains (or O-linked chains) of ASF to two or more chains of
individual cross-linked lectin molecules. Inthis manner, weak
carbohydrate—carbohydrate interactions are strengthened by
multiple binding interactions of each ASF to the existing cross-
linked complex. The apparent carbohydrate—carbohydrate
interactions are heterotypic since the structures of the
carbohydrate chains on ASF and the lectins are different (i.e.,
Erythrina lectins and SBA). Furthermore, the formation of
these complexes depends on the existence of specific carbo-
hydrate—protein mediated cross-links since all the cross-linked
complexes can be prevented from forming or dissolved upon
addition of LacNAc. Attemptsatadding high concentrations
of other saccharides such as maltose failed to prevent formation
of the 1:1 ASF/Erythrina lectin complexes or the 1:2 ASF/
SBA complex. Itis possible, however, that the carbohydrate
chains of the glycoprotein lectins bind to the protein matrix
of ASF, but this possibility is deemed less likely.

Evidence that carbohydrate—carbohydrate interactions oc-
cur between oligosaccharides in solution has been reported by
Hakomori and co-workers. Homotypic and heterotypic
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interactions have been documented in the cases of Le*~Le*
and Gms—Ggs glycolipid interactions which require Ca?*
(Eggens et al., 1989a,b; Kojima & Hakomori, 1989). The
requirement of Ca?* for the apparent carbohydrate~carbo-
hydrate interactions in the present study could not be
determined since Ca2* was required in the buffer to maintain
the activities of the lectins. The possible involvement of
carbohydrate—carbohydrate interactions in the high-affinity
binding of N-linked oligosaccharides of cell-surface or soluble
glycoproteins to the 205-kDa porcine large granular lym-
phocyte lectin, a member of the leukocyte common antigen
family, has also been recently proposed (Bezouska et al., 1993).

Summary. The present study provides evidence that the
carbohydrate chains of certain Gal/GalNAc-specific glyco-
protein lectins interact with the carbohydrate chains of ASF
in stabilizing ASF/lectin cross-linked complexes. These
interactions are heterotypic and thought to be of relatively
low affinity. However, through multiple chain interactions,
they can result in the formation of stable cross-linked
complexes. The present study demonstrates that a recom-
binant lectin, as a consequence of the lack of covalent
carbohydrate, possesses different cross-linking activities from
that of the native lectin. These results thus suggest that the
absence of covalent carbohydrate (or modified carbohydrate)
onrecombinant lectins (and proteins) may affect their binding
and cross-linking properties with other glycoconjugate mol-
ecules.
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