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Immobilized lectin columns: useful tools for the
fractionation and structural analysis of oligosaccharides
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ABSTRACT

Elucidation of the binding specificity of a concanavalin A—Sepharose column led to the possibility of the affinity chromatography of
oligosaccharides and glycopeptides with the use of immobilized lectin columns. Subsequent addition of immobilized erythroagglutinat-
ing phytohaemagglutinin, Aleuria aurantia lectin, Datura stramonium agglutinin, Ricinus communis agglutinin and Allomyrina dichoto-
ma agglutinin to the range of well characterized lectin columns has afforded a way to fractionate a mixture of N-linked oligosaccharides

even to a single component.
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1. INTRODUCTION

Concanavalin A (Con A) specifically binds the
structure shown in Fig. 1. Accordingly, Glcal—,
Mana— and GlcNAcal — residues, which occur at
the non-reducing termini of sugar chains, and
—-2Glcal - and —»2Manal — residues, which occur
within sugar chains, can bind to this lectin.

We previously investigated the behaviour of vari-
ous glycopeptides and oligosaccharides in a column
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containing Con A-Sepharose, and reached the im-
portant conclusion that the presence of two binding
residues is required for a sugar chain to be retained
CH,OH
o}

0—_
HO \ OH

Fig. 1. The structure recognized by Con A.

1992 Elsevier Science Publishers B.V. All rights reserved



112

in the column {1]. Based on this finding, affinity
chromatography with use of a Con A-Sepharose
column was developed as an effective method to
fractionate and characterize N-linked sugar chains
of glycoproteins [2].

Among the N-linked sugar chains listed in Table
1, all of the high-mannose type, monoantennary
complex type (1-5) and biantennary complex type
9, 10, 13, 14, 19-23, 32-34, 52-57 and 60) sugar
chains and part of the hybrid-type (69-75) sugar
chains are retained in the column, as'they contain at
least two binding residues. The mono- and bianten-
nary oligosaccharides were eluted with 5 mM

TABLE 1
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e-methylglucoside solution and high-mannose type
oligosaccharides with 200 mM a-methylmannoside
solution. This method has been widely applied for
the study of N-linked sugar chains of glycoproteins,
and subsequently further evidence has been found.
The presence and absence fo the a-fucosyl residue
linked at the C-6 position of the proximal N-ace-
tylglucosamine residue does not affect the binding
of an oligosaccharide to the column. As the pres-
ence of the f-N-acetylglucosamine residue linked at
the C-4 position of the f-mannosyl residue of the
trimannosyl core (bisecting GlcNAc) decreases con-
siderably the affinity of an oligosaccharide to the

NUMBERS ASSIGNED TO OLIGOSACCHARIDES AND THEIR STRUCTURES
R, = GIcNAcS1 -4GlcNAcy; R, = GlcNAcfl »4(Fucal »6)GleNAc,; R; = GlcNAc,;

Type Structure Number
High-mannose type (Mana1—52)g..1 Manal
Mana1
3 6
(Mana1-2)g..1 Mano.1 Manp1->4Ry
(Mana1-2)g.2 Manai”
Complex type Manaly g Ry 1
3Man[31 —4
GlcNA¢B1->2Mana1 Rs 2
Manaly g Ry 3
3ManB1 —4
Galp1 »4GIcNAGcpi—2Manal » Rz 4
Galf1—4GIcNAcB1»2Manal y g
3Man|31 —4R, 5
Mano1 ¥
Galp1—4GIcNAcB1~2Manal
GlcNAcB1—-4ManBi1-54R; 6
Mana1”
Mana 6 Ry 7
GIcNAcp1—4Manp1 -4
Galp1>4GlIcNAC1—2Manal Rz 8
GlcNAcB1->2Manal x4 R1 9
3Manﬁﬂ —4
GlcNAcB1—2Manal R2 10
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TABLE 1 (continued)
Type Structure Number
GlcNAcp1—2Manadt g Ry 1
GlcNAcp1—4Manp1—4
GIcNACB1—2Manat # Rz 12
GlcNAcf1-2Manal 6 Ry 13
3Man[31 —4
Galp1-4GIcNAcp1—2Manal ¥ Rz 14
GlcNAcp1-2Manat g Ry 15
GlcNAcB1—4Manp1—4
Galp1—4GIcNACBi—2Manal 7 Rz 16
Galf1—4GIcNAcf1—2Manal 6 Ry 17
GIcNAcB1—4Manp1—4
GIcNACB1—2Manai Re 18
Galp1—4GCIcNAcB1—-2Manal s 6 R4 19
3ManB1 —4
GlcNAcB1—-2Manal” R 20
Ry 21
Galp1—-4GicNAcB1—2Manal 6
/3Man[31 —4 4 Rz 22
Galp1—4GIcNAcp1—»2Manal Rs 23
Galp1—4GIcNAcB1—»2Manal 6 Ry 24
GlcNAcp1—>4Manp1-4
Galp1—4GIcNACB1—>2Manal # Rz 25
Fucal
3
Galp1-+4GIcNAcB1->2Manal g Ry 26
3ManBI —4
Galp1—-4GIcNAcB1-2Manal ¥ Rz 27
Fucai
d
3
Galp1—54GIcNAcp1-2Manal « 6 Ry 28
aManB1 —4
Galp1-4GIcNAcB1—2Mana1” R 29
3
1
Fucal
Fucal
d
3
Galf1-4GlcNAcp1->2Manai e Ry 30
GlcNAcf1—>4Manp1 -4
GalB1 >4GIcNACB1—2Manat # > Rz 31
3
T
Fucal

(Continued on p. 114)
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TABLE 1 (continued)

A. KOBATA, T. ENDO

Type Structure Number
Galp1 —>3C-i|cNAcB1—>2Mana1\6M B4R .
anB1—-4Ry 32
Galp1—-3GlcNAcp1—-2Manal 3
Fuca1—-2Galp1 —>4CiIcNAcB1—»2Mana1\6M B1o4R 3
anpl— 2
Fucad—2Galp1 —4GlcNAcB—2Manai~# 3
Gala1 ~+3GaIB1—)4CﬁlcNAcB1—)2Mana1\6M B1o24R u
anpl— 1
Gala1—3Galpi—>4GIcNACB1—2Mano 1~ >
Galpt—4GlcNACB1—2Manat ¢ R 35
GalB1—>4GIcNAcB1\4 13ManB1—94 Rz 36
' /2Mana1 Rs 37
GalB1—-4GIcNAcp1
Galf1—-4GiIcNAcpBi—2Manat 6 Ry 38
GlcNAcp1—>4Manpt -4
Galf1 —-)4GiIcNAcB1\4 -3 R2 39
2Mana1
Galp1—4GIcNACp1~”
Galp1-4GilcNACP T« 6 Ry 40
2Mana1\6
GalB1-»4GIcNACB1~ /aManﬂ1—>4 Rz 41
Galp1-4GIicNAcp1—»2Mana1 Rs 4
Galp1-4CGilcNAcp1 6
2Mana1\
GalB1—-4GIcNACB1~ Ry 43
GlcNAcpB1—>4Manf1 -4
) -3 Rz 44
GalB1—-4GlcNAcp1—>2Manal
Gal|31—>4GiIcNAcﬁ1\6
2Mana1\ Ry 45
GalB1-4GlcNAcB1~ 6
Galp1 +4GIcNACB, , ,3”'3"[”"4 Rz 46
2Manoﬂ Rs 47
Galp1—4GlcNAcp1”
Galf1—-4GIcNACB1« 6
2Mana1\
GalB1-4GIcNAcB1” 6 Ry 48
GlcNAcp1—4Manf1—-4
GalB1—4GICNACB1 frrana 3 Rz 49
ano
Galp1—4GIcNACB17 2
Gal1-—-4GIcNAcB1 g
/2Mana1
Gal1—4GicNAcB1 6
Galp1—»4GIcNACB1 gManp1-4R, 50
Fucal* 8 Mana1

Galpt—4GIcNAcp1”
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TABLE 1 (continued)
Type Structure Number
Galp1—4GIcNACp1
Fucaly 4 Manat,
Galp1—4GIcNACB1” 6
GalB1—4GIcNACB1 _aManb1-4Rs 31
Fucal” 2Manon
Galp1—4GIcNACB1”
Galp1—-4GIcNAcp1—2Manat <5 R, 52
Galp1—-4GIcNAcB1 -3 3Man[51 —4
Galp1—-4GIcNAcB1—->2Manat # Rs 53
Galpt—4GIcNAcB1—3Galp1—24GIcNAcB1—2Manal g { R4 54
ManB1—4
Galp1—4GIcNAcB1->3Galp1—4GIcNAcf1->2Manal 3 Rs 55
Neu5Aco2—3GalB1—4GIcNAcf1->2Manaly g
Manp1—-4R, 56
NeuSAco2—3Galp1—4GIcNACB1-2Mana1 #
Galp1—4GlcNAcp1—»>2Manal g
NeuSAco2—6 3Man[31 —4R, 57
Galp1—4GIcNAcB1—-2Manat #
Neu5Aca2—6Gal1—4GIcNAcB1—>2Manad g
GlcNAcB1 —)gManm —4R; 58
GalB1—-4GIcNAcB1-2Manal
Galp1—-4GIcNAcB1—-2Manal g
GlcNAcf1—»4ManB1—-4R; 59
NeuSAcu2—-6GalB1-4GIcNACB1—2Manat -3
NeuSAca2-6Galp1->4GIcNAcB1-2Manat g
Manp1—-4R; 60
NeuS5Aca2—6GalB1—-4GlcNAcB1->2Manat 3
NeuSAco2—6Galp1-+4GIcNAcB1—s2Manal 6
GicNAcpB1—>4Manp1—4R2 61
NeuSAca2—6Galp1 »4GIcNAcB1—2Manat ¥
Galp1-4GicNAcp1—2Manat 6
NeuSAca2—3GalB1—-4GIcNACB1 ManB1—-4R4 62
4 »3
2Mancz1
Galp1—24GIcNACB1~
Galp1—-4GIcNAcp1—»2Manai 6
Galp1—4GicNAcB1 4 3Man|31 —4R, 63
Manal1”
2
Neu5Aca2—6Galf1—4GIcNACB1~
Neu5Aca2—6Galf1—»4GIcNAcf1-2Manat o
Galp1—-4GIcNACB1 4 3Man|31 —4R4 64
Mana1”
2
Galp1—4GIcNAcB1”

(Continued on p. 116)
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TABLE I (continued)

Type Structure Number

Galp1-4GIcNACB1 6

Mano1 -

SManp1 4R, 65
rd

Neu5Aca2->6Galp1->4GIcNACE1~ 2
Galp1+4GIcNACB1x, ,

2Manon

NeuSAcu2—6Galp1—-4GIcNACB1~

Neu5Aca2—-6Galp1—4GIcNACB1y 6

Manai <

2
»
Galp1—-4GIcNACB1 gManB1_,4R1 66

Neu5Aca2—6GalB1—4GIcNACB 1y 4
2Mana1
Galp1—-4GIcNAcB1~”

Neu5Aca2—-6Galf1—>4GIcNACB 1+ 6

Manai -

gManm —4Ry 67
Mana1 ”

Neu5Aca2-s6Galp1—4GIcNACH~ 2
Galp1-4GIcNACB 1y 4

Galp1>4GIcNACB1~ 2

Galpt —»4GIcNACB1 ¢
P Mana1
Galp1—-4GIcNAcp1 6
NeuSAco2»6Galpi1 —>4GICNACHT /3““‘"3‘ 4R 68
Manat

Neu5Aca2-6Galp1»4GIcNACB1~ 2

Manai—3Manaly 6

3Man[51 —4R, 69
GIcNAcB1—»2Mana1#
Manalsy
Manot
Mana1 73 ManB1-4R, 70
GIcNAcB1-»2Manatl #
' Mana1-3Mana1 <6 R¢ T 71
3Man[31 -4 .
GalB1—-4GIcNAcB1—»2Manal # R ) 72
Mana1\
Manal« R4 73
Mana1~ 3 SManp1 >4
Galf1—-4GIcNAcB1—2Manal R 74
Mana1\6
3Mancﬂ <
Mana1~ 6
GlcNAcB1—4ManBi—4R, 75
GIcNACB 1+ -3 : :
aMana
GlcNAcB1”
Mana1—-3Manai g
GlcNAcB1»4ManB1—4R, 76
GalB1—4GIcNAcp1 4 3
Manat

GlcNAcB17 2
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column, oligosaccharides 24 and 25 are not retained
in the column but are eluted with buffer as retarded
fractions. Sialylation and fucosylation of the galac-
tose residues of the outer chain moieties does not
affect seriously the affinity of a complex-type sugar
chain. In contrast, fucosylation of the N-acetylglu-
cosamine residues in the outer chain (oligosaccha-
rides 28 and 29) decreases considerably the affinity
of an oligosaccharide to the column.

The introduction of a Con A-Sepharose column
in the field of glucoconjugate research has attracted
the attention of many biochemists, and the beha-
viours of N-linked oligosaccharides in various im-
mobilized lectin columns have been reported. In
this paper we review our contributions to this im-
portant field.

2. ERYTHROAGGLUTINATING PHYTOHAEMAGGLU-
TININ (E-PHA)

It has long been known that the extract of red kid-
ney bean (Phaseolus vulgaris) agglutinates erythro-
cytes and induces blastogenesis of lymphocytes.
Leavitt et al. [3] found that the extract contains five
tetrameric isolectins, L4, L3E, L,E,, LE; and E,.
The L and the E subunits bind specifically to lym-
phocytes and erythrocytes, respectively. Therefore,
L4 (L-PHA) binds with high affinity to lymphocytes
and induces blastogenesis in these cells. In contrast,
E, (E-PHA) specifically agglutinates erythrocytes,
but does not show any blastogenic activity. Irimura
et al. [4] reported that the oligosaccharide 25 in
Table 1 is retarded in an E-PHA-agarose column,
whereas it passes through the column after f-galac-
tosidase digestion. Cummings and Kornfeld [5] also
reported that the biantennary complex-type sugar
chains with bisecting GIcNAc are retarded in the
column. In order to elucidate the precise binding
specificity of the column, we examined the beha-
viours of many oligosaccharides with bisecting
GlcNAc in an E-PHA-agarose column at room
temperature. Based on the data that oligosaccha-
rides 18, 25, 39 and 59 are retarded in the column
but oligosaccharides 6, 16, 31, 44, 58, 61, 75 and 76
are not, we concluded that the minimum structural
unit required for the binding to an E-PHA column
is the following octasaccharide:

Galf1—-4GIcNAcp1—-2Manal 6
GlcNAcpB1—4Manp1—4GIcNAcB1—4R;
Raw, 3
;’Mamﬂ o
Ry-GlcNACB1”

where R; and R, represent either hydrogen or sug-
ars and R; either (£ Fucal »6)GIlcNAc—Asn or
(£ Fucal »6)GIcNAcgy [6]. In accord with the em-
pirical rule, it was confirmed later that oligosaccha-
rides 17, 24 and 38 are retarded in the column and
oligosaccharides 7, 8, 11, 12, 15, 30 and 43 pass
through the column.

Interestingly, the behaviour of oligosaccharides
in an E-PHA-agarose column at 2°C was different
to that at room temperature (20°C) [7]. Oligosac-
charides 19-23, which pass through an E-PHA col-
umn at room temperature (Fig. 2A, dashed line),
are retarded in the column at 2°C (Fig. 2A, solid
line). An interesting piece of evidence is that oligo-
saccharide 5 is also retarded in the column (Fig. 2C,
solid line). The affinity of this oligosaccharide is not
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Fig. 2. Affinity chromatography of radioactive oligosaccharides
on an E-PHA-agarose column. Dashed lines represent the elu-
tion patterns of oligosaccharides at 20°C and solid lines those at
2°C. A, Oligosaccharides 9-23; B, oligosaccharide 25; C, oligo-
saccharide 5; D, oligosaccharides 32, 33, 40 and 41; E, oligo-
saccharides 35 and 36; F, oligosaccharide 56.
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lost even if the Manal—3 residue is removed by
a-mannosidase digestion. These results indicate that
the requirement of the GIcNAcfl—-2Manxl—3
group, as revealed in the chromatography at room
temperature, is lost at 2°C. This may be one of the
reasons why the requirement of bisecting GlcNAc is
also lost at 2°C. In chromatography at room tem-
perature, bisecting GlcNAc might be required to
arrange the two outer chain moieties properly to
bind to E-PHA.

In any event, more effective fractionation of N-
linked oligosaccharides can be obtained by per-
forming affinity chromatography on an E-PHA-
agarose column both at room temperature and at
2°C. That oligosaccharides 35 and 36 are retarded
(Fig. 2E, solid line) and oligosaccharides 32, 33, 40
and 41 pass through the column at 2°C (Fig. 2D,
solid line) can be explained by the empirical rule
described above. Interesting evidence is that oligo-
saccharide 34 is retarded and oligosaccharide 56
leaves the column later than oligosaccharide 21
(Fig. 2F, solid line). These results indicate that sub-
stitution at the C-3 position of the galactose residue
of the Galf1—-4GlcNAcf1—-2Manal-+6 group by
other sugars does not affect the affinity of an oligo-
saccharide to E-PHA.

3. ALEURIA AURANTIA LECTIN (AAL)

AAL was found by Kochibe and Furukawa [8] as
a lectin which agglutinates human erythrocytes irre-
spective of their ABO and Lewis blood types. They
purified the lectin by affinity chromatography using
blood group H-active glycopeptide coupled to Se-
pharose 4B.

The carbohydrate-binding specificity of AAL
was investigated by analysing the behaviour of a
variety of fucose-containing oligosaccharides on an
AAL-Sepharose column [9]. Studies of complex-
type oligosaccharides released from glycoproteins
by hydrazinolysis revealed that the presence of the
a-fucosyl residue linked at the C-6 position of the
proximal N-acetylglucosamine moiety is essential
for binding to the lectin column. Binding was not
affected either by the structure of the outer chain
moieties or by the presence of bisecting GIcNAc
residue. The only exception is that the complex-type
oligosaccharides with two X or H determinants (oli-
gosaccharides 28-31, 33 and 51) in their outer chain

moieties bind to the column and are eluted with
buffer containing 0.5 mM r-fucose. This is because
X and H determinants weakly interact with AAL,
as evidenced by the slight retardation of oligosac-
charides 26, 27 and 50 in the column. With this
binding specificity, an AAL-Sepharose column can
be used as an effective tool to separate the complex-
type oligosaccharides with a fucosylated trimanno-
syl core from those with a non-fucosylated triman-
nosyl core.

AAL is a simple protein composed of two identi-
cal subunits. A full-length cDNA has recently been
cloned [10]. This clone contained 1370 nucleotides
and an open reading frame of 939 nucleotides en-
coding 313 amino acids (Fig. 3). The amino-termi-
nal sequence of the lectin isolated from the mush-
room coincided with the deduced amino acid se-
quence starting from proline at the second residue,
indicating that the mature AAL consists of 312 ami-
no acids. The deduced amino acid sequence shows
that AAL includes six inernal homologous regions.
The recombinant AAL produced by E. coli carrying
the AAL expression plasmid showed the same bio-
chemical characteristics and sugar-binding specifici-
ty as natural AAL [11].

4. DATURA STRAMONIUM AGGLUTININ (DSA)

Crowley et al. [12] reported that Galfl—
4GIcNAcf1-6(Galfl -4GIcNAcf—2)Man inter-
acts much more strongly with DSA than the
isomeric  Galfl -4GIlcNAcp1 —4(Galpl —-4Gle-
NAcp1-—-2)Man. Because this binding specificity
was considered to be useful for the fractionation of
highly branched complex-type N-linked sugar
chains, we investigated the behaviour of a variety of
complex-type oligosaccharides on a DSA-Sepha-
rose column [13]. It was confirmed that oligosac-
charides were separated into three groups: a pass-
through fraction, a retarded fraction and a bound
fraction wich is eluted with buffer containing a mix-
ture of N-acetylglucosamine oligomers (fractions I,
IT and III, respectively, in Fig. 4). All oligosaccha-
rides which contain the Galfl—4GIcNAcf1—
4(Galf1—-4GIcNAcf1—-2)Man group (oligosac-
charides 35-39) are retarded in the column so long
as this pentasaccharide group is not substituted or
substituted only at the C-3 position of the galactose
residues by other sugars (oligosaccharide 62).
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Fig. 4. Three fractions of complex-type oligosaccharides ob-
tained by DSA-Sepharose column chromatography. The arrow
indicates the position where the elution buffer was switched to
that containing 1% of a mixture of diacetyl¢hitobiose, triace-
tylchitotriose and tetraacetylchitotetraose.

Oligosaccharides which contain the unsubstitut-
ed Galfl—-4GlcNAcfS1—6(Galfl +4GlcNAcfl—
2)Man group (oligosaccharides 40-50) or the
Galpl -4GIcNAcf1-3Galpl —+4GleNAc  group
(oligosaccharides 52-55) are all recovered in the
bound fraction. Substitution at the C-3 position of
the galactose residues of the pentasaccharide and
the tetrasaccharide groups does not dffect the bind-
ing character of the oligosaccharides, but substitu-
tion of any other portion of these groups totally
deprives the affinity with DSA from the oligosac-
charides. Accordingly, oligosaccharide 63 can be
separated from its isomeric oligosa¢charide 62 or
64. Among the four isomeric disialylated tetraan-
tennary oligosaccharides listed in Table 1, oligosac-
charides 65 and 66 fall into fraction 1 and oligo-
saccharides 67 and 68 into fractions II and III, re-
spectively.

5. RICINUS COMMUNIS AGGLUTININ (RCA 1)

A column containing immobilized'RCA 1 retains
oligosaccharides with non-reducing terminal §-ga-
lactose residues. The affinity of oligpsaccharide to
the column is enhanced by increasing the number of
non-substituted f-galactosyl residues. Accordingly,
oligosaccharides 9, 13 and 21 can be readily frac-
tionated by passage through an RCA I-agarose col-
umn. An interesting piece of evidence is that mo-
nogalactosylated biantennary oligosaccharides 16,
20 and 14 or 18 can be separated as:shown in Fig.
5A [14]. Because the fucose residues of these oligo-
saccharides are not recognized by the column, oli-
gosaccharides 15, 19 and 13 or 17 behave in exactly
the same manner (not shown).
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Fig. 5. Serial lectin affinity chromatography of the mixture of
radioactive fucosylated oligosaccharides obtained from a desia-
lylated IgG sample by hydrazinolysis. A, Fractionation pattern
obtained by RCA I-agarose column chromatography; B, elution
patterns of peaks d and e in (A) from an E-PHA-agarose col-
umn; C, elution pattern of peak a in (A) from a Con A-Sepha-
rose column. The arrows in A and C indicate the positions where
the elution buffers were switched to those containing 10 mM
lactose and 200 mM a-methylglucoside, respectively.

6. ALLOMYRINA DICHOTOMA AGGLUTININ (ALLO A-
1)

The haemolymph of the beetle Allomyrina dicho-
toma contains two lectins, Allo A-T and Allo A-II
[15]. Both lectins agglutinate human erythrocytes.
Investigation of the behaviour of various oligosac-
charides on an immobilized Allo A-II column as
described below revealed that the column is very
useful for the analysis of sialylated oligosaccharides
[16].

In principle, Allo A-II weakly interacts with an
N-acetyllactosamine group. Therefore, the elution
volume of non-sialylated complex-type oligosac-
charides with the Galf1 —-4GlcNAc outer chain in-
creases in proportion to the number of the disac-
charide group in a molecule (oligosaccharides 3 and
4 < oligosaccharides 21 and 22 < oligosaccharides
35, 36, 40 and 41 < oligosaccharides 45 and 46).
The importance of the Galfl -4GlcNAc group is
also indicated from the evidence that oligosaccha-
rides 9 and 10 pass through the column without
interaction. Oligosaccharides 28, 29, 33, 34 and 56
pass through the column, indicating that substitu-
tion of the GalB1 —-4GlcNAc group by other sugars
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abolishes its interaction with Allo A-1I. An interest-
ing piece of evidence is that oligosaccharides 57, 59,
60, 61, 63, 65, 66, 67 and 68 bind strongly to the
column. Accordingly, the column can be used as an
effective tool to discriminate acidic oligosaccharides
with a Neu5Aca2—3Galf1 -4GIcNAc group from
those with a NeuSAce2—6Galfl »4GlcNAc
group. Oligosaccharide 60, which strongly binds to
the column, cannot be eluted with buffer containing
0.2 M N-acetylneuraminic acid. This indicated that
the sialic acid linked at the C-6 position of the ga-
lactose residue of the Galfl—4GIcNAc group
plays only an auxiliary role, either by causing the
binding disaccharide group to assume a conforma-
tion that fits to the binding site of Allo A-II, or by
interacting with some charged amino acids of the
lectin to help orient the binding of the disaccharide
group.

7. FRACTIONATION OF RADIOACTIVE OLIGOSAC-
CHARIDES RELEASED FROM HUMAN IMMUNOGLO-
BULIN G BY HYDRAZINOLYSIS

As an example to show the usefulness of serial
lectin column chromatography for the fractionation
of the N-linked sugar chains of glycoproteins, a
study was made of the sugar chains of human im-
munoglobulin G (IgG).

IgG is a glycoprotein composed of two subunits,
heavy (H) and light (L), with a stoichiometry of
H,L,. Each H subunit contains an N-linked sugar
chain at Asn 297. Study of the whole sugar chains
of the IgGs purified from sera of healthy individuals
revealed that several unique characteristics are in-
cluded in these sugar chains. The largest sugar
chain of human IgG is oligosaccharide 61 in Table
1. One of the most characteristic features of the sug-
ar chain of IgG is its extremely high structural mul-
tiplicity. This multiplicity is produced by the pres-
ence or absence of sialic acid, galactose, fucose and
bisecting GlcNAc residues of the biantennary sugar
chains. Therefore, even after desialylation, a mix-
ture of sixteen different oligosaccharides (oligosac-
charides 9-22, 24 and 25 in Table 1) are obtained by
hydrazinolysis of serum IgG samples. These oligo-
saccharides could be completely separated by serial
lectin column chromatography [14]. First, all fuco-
sylated oligosaccharides were separated from non-
fucosylated oligosaccharides by passage through an

AAL-Sepharose column. In the following proce-
dure, both fractions gave exactly the same fraction-
ation pattern. Accordingly, the data for fucosylated
oligosaccharides (a mixture of oligosaccharides 10,
12, 14, 16, 18, 20, 22 and 25 in Table 1) are given in
Fig. 5. When the oligosaccharide mixture was sub-
jected to affinity chromatography with use of an
RCA 1 column, it was separated into five peaks
(Fig. 5A). It was found that peaks b and ¢ contain
oligosaccharides 16 and 20, respectively. By E-
PHA-agarose column chromatography, both peaks
d and e were separated into pass-through and re-
tarded components (Fig. 5B). The unbound and re-
tarded fractions of peak d were oligosaccharides 14
and 18, respectively. The unbound and retarded
fractions of peak e were oligosaccharides 22 and 25,
respectively. Peak a in Fig. 5A was also separated
into retarded and bound components by Con A-
Sepharose column chromatography (Fig. 5C). The
retarded and the bound fraction were found to con-
tain oligosaccharides 12 and 10, respectively. There-
fore, the sixteen neutral oligosaccharides can be
completely separated by serial affinity chromatog-
raphy with the use of immobilized AAL, RCA 1,
E-PHA and Con A columns. As the method was
simple and precise data on the percentage molar
ratio of the sixteen oligosaccharides were obtained
by using several thousand counts per minute of to-
tal radioactive oligosaccharides released from 1
nmol of IgG, it was effectively used to analyse the
sugar patterns of IgGG samples obtained from
healthy individuals and patients with rheumatoid
arthritis [17].

8. CONCLUDING REMARKS

The combination of serial lectin column chroma-
tography with hydrazinolysis affords a simple and
very sensitive method for fractionating various N-
linked oligosaccharides found in glycoproteins.
Based on the strict binding specificities of lectins,
the method can also be used for the structural study
of an oligosaccharide and a glycopeptide. The use-
fulness of a DSA-Sepharose column for the dis-
crimination of hCGs in urine samples obtained
from patients with various trophoblastic diseases
was also verified by our study [18]. The addition of
further useful lectin columns to those currently
available will surely be of great value for the analy-
sis of the sugar chains of glycoproteins.
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