
Carbohydrate Research, 213 (1991) 127-143 
Elsevier Science Publishers B.V., Amsterdam 

127 

Coding and classification of D-galactose, N-acetyl-D-galac- 
tosamine, and P-D-Galp-[ I--) 3(4)]-B-D-GlcpNAc, specificities 
of applied lectins**+ 

Albert M. Wu 
Glyco-Immunochemistry Laboratory, Chang-Gung Medical College, Kwei-San, Tao-Yuon 33332 (Taiwan) 

and Shunji Sugii 
Department of Serology and Immunology, School of Medical Technology, Kitasato University, 1-15-I 
Kitasato, Sagamihara, Kanagawa 228 (Japan) 

(Received January 9th, 1990; accepted for publication, in revised form, May 16th, 1990) 

ABSTRACT 

Grouping of lectin-binding properties, based on determinant structure rather than monosaccharide- 
inhibition pattern, should facilitate the selection of lectins as structural probes for glycans, as well as for the 
interpretation of the distribution and the properties of the carbohydrate chains on the cell surface. Based on 
the binding specificities studied with glycan by precipitin-inhibition, competitive-binding, and hemaggluti- 
nin-inhibition assays, twenty o-galactose-or iV-acetyl-o-galactosamine-(or both)-specific lectins have been 
divided into six classes according to their specificity for a disaccharide unit, as all or part of the determinants, 
and the a-BGalpNAc-( 1-3)~Ser(Thr) unit of the glycopeptide chain. A scheme of classification is shown as 
follows: (a) F-specific lectins [a-o-GalpNAc-( 1 +3)-D-GalNAc, Forasman specific disaccharide]: Dolichos 
btJ?orus (DBL), Helixpomatia (HPL), hog peanut (ABL, Amphicarpaea bracteata), and Wi.stariaJ?oribunda 
(WFL) &tins. (b) A-specific lectins [u-D-GalpNAc-(I +3)-~-Gal blood group A-specific disaccharide]: 
Grtfonia (Bandeiraea) simplicifolia-A, (GSI-A,), lima bean (LBL), soy bean (SBL), Vicia villosa (VVL), 
Wistariafloribunda (WFL), Dolichos biflorus (DBL), and Helixpomatia (HPL) &tins. (c) Tn-specific lectins 
[a-D-GalpNAc-( l-+3)-Ser(Thr) of the protein core]: Vicia viflosa B, (VVL-B3, Salvia seturea (SSL), Maclura 
pomijisra (MPL), Bauhinio purpurea afba (BPL), HPL, and WFL, lectins. (d) T-specific lectins [8-D-Gaip- 
(1-3)~o-GalNAc, the mu&-type sugar sequences on human erythrocyte membrane and T antigen, or the 
terminal, nonreducing disaccharide end-groups of the gangliosides]: Peanut (PNA), Buuhiniupurpurea alba 
(BPL), Maclura pomijka (MPL), Sophora japonicu (SJL), Artocorpus integrijolia (Jacalin, AIL), and 
Arfocarpus hdcoocha (Artocarpin) lectins. (e) Type I and II specific &tins v-B-D-Galp-( 1+3 or 4).o-GlCNAc, 
the disaccharide residues at the nonreducing end of the carbohydrate chains derived from either N- or 
0-glycans]: Ricinus communis agglutinin (RCAl), Datura stramonium (TAL, Thorn apple), Erythrina 
cristagalli (ECL, Coral tree), and Geodia cydonium (GCL), lectins. (f) B-specific lectin [a-o-Galp-(1+3)-p-D- 
Galp, human blood group B-specific disaccharide]: Grtflonia (Bandeiraea) simplicifolia B, (GSI-B$ lectin. 
Many other GalNAc- or Gal-(or both)-specific lectins that can be used as tools are also described. 

* Dedicated to Professors T. Ckawa and N. Sharon, and to Dr. A. Herp, who has assisted my research for 
over a decade. 
‘This paper is condensed from “Differential Binding Properties of GalNAc and/or Gal Specific Lectins” and 
“A Guide for Carbohydrate Specificities of L&ins” in “The Molecular Immunology of Complex Carbo- 
hydrates”, A.M. Wu (Ed.), Ado. Exp. Med. Biol., 228 (1988) 205263 and 822-832, Plenum, New York. The 
lectins reported in this paper are those that can be used as tools. 
’ This work was aided by Grants from the Ghang-Gung Medical Research plan (CMRP No. 293) Kwei-san, 
Tao-Yuan, Taiwan, and National Science Council (NSC 79-0412-Bl82-32 and NSC 80-01412-B182-35) 
Taipei, Taiwan, and the Robert J. and Helen C. Kleberg Foundation, Texas, U.S.A. 
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INTRODUCTION 

Lectins have been widely used to study the structural and functional role of cell 
surface CarbohydrateP, to detect sugar components on normal and neoplastic cell 
surfaces’, to isolate mutants resistant to the cytotoxic action of some lectins7-10, and to 
isolate and characterize glycoconjugates ‘J’-‘~ They require configurational and struc- . 
tural complementarity of sugars for interaction to occur, All lectin molecules have more 
than two carbohydrate-binding sites, a property resulting in their ability to agglutinate 
cells or to precipitate complex carbohydrates ‘s~,‘~*‘~. By the early eighties, the carbo- 
hydrate specificities of many lectins were grouped by the ability of monosaccharides or 
their glycosides to inhibit Win-induced hemagglutination 2~‘5~‘77’8. Even lectins of the 
same apparent monosaccharide specificity were found to demonstrate different reac- 
tivities toward different oligosaccharide chains, and differential affinities to animal cells 
and glycoproteins, which implies that they have their own binding specificity extending 
beyond the monosaccharide unit’-4,‘5,‘*. Today, the concept of the combining sites of 
many lectins extending to five or more sugars has been accepted, and the fact that 
multibranched oligosaccharides exhibit a significant increment in their Win-binding 
reactivites as compared with the linear counterparts has also been recognized. For 
example, Datura strumonium (TAL, Thorn apple) lectin shows a specificity for 
a biantennary pentasaccharide, which contains two branches, /I-D-Galp- 
(1 +4)-/l-D-GlcNAc-( l-6)-D-Man and /?-D-Galp-( 1 +4)-B-D-GlcNAc-( l-+2)-D-Man 
as nonreducing end-groups, 480-fold higher than for that of its branch Disaccharides”. 
Furthermore, some lectins having broad spectra of binding properties possess dual or 
multiple affinities to various disaccharides. Such lectins as Wistaria~oribunda is specific 
for a-D-GalpNAc-( l-3)-D-GalNAc, a-D-GalpNAc-( l-+3)-D-Gal, a-D-GalpNAc- 
(l-+3)-Ser(Thr), and /I-D-Gal-( 144 or 3)-D-GlcNAc units; Buuhiniapurpurea AlbA for 
SD-Gal-( 1+ 3)-D-GalNA c, a-D-GalpNAc-( l-+3)-Ser(Thr), and @Galp-( 1+4 or 3)- 
D-GlcNAc units, and Datura stramonium for N-acetyllactosamine and N-acetylchito- 
biose unitsz9”. Thus, organizing and grouping binding properties of &tins, based on 
disaccharide determinants and a-D-GalpNAc-( l-*3)-Ser(Thr) sequence, rather than 
monosaccharide-inhibition pattern, should facilitate the selection of lectins as structur- 
al probes for glycans, as well as the interpretation of the distribution and properties of 
the carbohydrate chains on the cell surface. From the information provided by inhib- 
ition assays (Tables I and II)*, the lectins selected in this paper were divided into six 
classes according to their specificity for the a-D-GalpNAc-( l-3)-Ser(Thr) unit of the 
glycopeptide backbone and for the disaccharide units that are commonly found in 
mammalian glycoconjugates. The abbreviations and codes of the lectin determinants 
presented in Table III will be useful for the classification of the Gal and GalNAc lectins 
that can be used for the study of the sugar component(s) of complex carbohydrates, 

* All sugars mentioned in the tables have the D configuration (except for fucose in the L configuration), are in 
the pyranose form, and are linked at C-l (except for N-acetylneuraminic acid linked at C-2), unless 
specifically noted. 
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TABLE III 

Classification of 2-acetamido-2-deoxy-D-galactose- and n-galactose-specific lectins 

Determinant 

ClaSS Structure Source and others 

1 F 

2 A 

4 
3 Tn 

4 T 

I 
II 

6 B 

aGalNAcd3GalNAc 

aGalNAc+3Gal 

aGalNAc+3(aFuc+2)Gal 
aGalNAc+3Ser/Thr of protein core 

~al+3aGalNAc+3!Ser/Thr of protein 
core 

~Gal+3/?GalNAc.. ceramide 

/IGal-+3(4)GlcNAc 
/?Gal-r4GlcNAc 

aGal+3Gal 

Forssman specific disaccha- 
ride 
Human blood group A spe- 
cific disaccharide 

Tn antigen 

The mu&-type sugar se- 
quence on the human eryth- 
rocyte membrane 
Gangliosides 

Human blood group type I 
and II carbohydrate sequenc- 
es@. Most of the lectins reac- 
tive to II are also reactive to 
I. L&in I(I1) determinants 
can be found at the nonre- 
ducing end of the carbohy- 
drate chains derived from ei- 
ther Nor 0-glycans. 
Human blood group B specif- 
ic disaccharide 

The source and structural relationship of the lectin determinants are shown in 
Scheme 1. Most of the lectin F determinants are found in glycosphingolipids4’43, and 
the other determinants are present in mammalian glycoconjugates, especially in the 
human blood groups A, B, H, Le”, Leb, and Ii-active glycoproteins prepared from 
human ovarian cyst flui~“‘*45. The reactivities of lectin determinants (&tin-active 
disaccharides) represent a combination of the binding of two individual sugars. The 
contribution of each sugar to the binding is not necessarily equal, and is different among 
lectins. For example, both h4acfura pomijizra (MPL) and peanut (PNA) lectins are 
BGal + 3GalNAc specific M*46* however, the inhibitory profile of the monosaccharide , 
with these two lectins is quite different; GalNAc > Gal in MPL and Gal > > GalNAc 
(inactive) in PNA. From the data available in Tables I and II, a novel system to express 
the relationship among the carbohydrate specifities of Gal and GalNAc lectins is 
illustrated in Table IV. 
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TABLE IV 

Gal/GalNAc-specific lectins 

Class Name Deierminartts 
(specifcity) (Active carbohydrate se- 

quence) 

F/A Dolichos bijiorus (DBL) 
Helix pomatia (HPL) 
Hog peanut (ABL, Amphicarpaea bracteata) 
WistariaJloribunda (WFL) 

A Lima bean (LBL) 
Grironia (Randeiraea) simphcifolia-A, (GSI-A$ 
Soy bean (SBL) 
Vicia villosa (VVL) (A mixture of A,, A,B,, and B4) 

TO Vicia villosa B4 (VVL-W) 

Salvia sclarea (SSL) 

T Peanut (Arachb hypogaea, PNA) 
Maclura pomifera (MPL) 
Bauhinia purpurea alba (BPL) 
Sophora japonica (SJL) 
Artocarpus integrifolia (jacalin, AIL) 
Ricinus communis toxin (ricin, RCAZ) 

T > > I(H) 
T > Tn 
T > I(H) and Tn 
T and I(I1) 
T > Tn > > > I(H) 
T > I(H) and Tn 

WI) Ricinus communis agglutinin (RCA,) 
Datura stramonium (TAL, thorn apple) 

Erythrina cristagalli (coral tree, ECL) 

I(H) > T and B 
Biantennary I(H) 
(Penta-2,6) > > cd 
Multiple antennary 

Geodia cydonium (GLC) I(H) and Tn 

B Grtzonia (Banakiraea) simplicifolia-B, (GSI-B,) 

F>q”>A>Tn 
F > A (>A,? 2 Tn,T 
F>A>Tn 
A(Arb, F > Tn, I(I1) 

Hexa-A,” > A” > > B 
A>bb>>B 
A( > k”), Tn and I(H) 
A( > A”) and Tn mainly 

TwoTn >> oneTn >> 
one or two T 
Two Tn > single or 
three sequential Tn 
structures 

B 

“Substitution of aFuc+Z to subterminal Gal is an important factor for bin#ing. *Substitution of aFuc-+2 to 
subterminal Gal blocks binding. ’ Some helping factor is required for precipitation of the Win. d C, chitin 
oligosaccharide. 

On this bais, the lectins determined by other methods and the lectins that require 
more information for classification can be included. Thus, the GalNAc-specific lectins 
could be subgrouped as shown in Tables V-VIII and the Gal-specific lectins in Tables 
IX-XII. 
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A 
Forssman aGalNAc + 3bGalNAc + 3aGal+ 4/.lGal+ 4Glc-ceramlde 

Glycolipid T 
Asalio GM1 /IGal + 3BGalNAc + 4/?Gal+ 4Glc-ceramide 

, I 

G&? Tn 

I 
fIGi + 3 (4) GlcNAc ------- flGal+ 3aGaBr 

Gal+3 - I 1 I 

B I(II) T 

Nonreducing end terminal 
Reducing end terminal 

Scheme 1. Proposed Gal- and GalNAc-specific lectin determinants. Lectin F detenninant is found in 
glycosphingolipid (the principal glycolipid of mammalian tissues) of the tissues of the guinea pig, horse, cat, 
and chicken. It can also be found on the surface of some bacteria, viruses, human gastric carcinoma, and 
colon tumors”A3. All (F, A/Af, B, I/II, T, and Tn) determinants are found in human blood groups A, B, H, 
Lea, Leb, and Ii active glycoproteins, prepared from human ovarian cyst fluid”“‘. The ~al-+3/3GalNAc 
group at the nonreducing end of asialo-GM, is also considered as a lectin T determinant. Determinants of 
lectins I and II discussed in this article are equivalent to human blood group type I (Lacto-ZV-biose, 
pal+3GlcNAc) and type II (N-acetyllactosamine) carbohydrate sequeno&‘. 

TABLE V 

I-l. aGalNAc+3GalNAc (Forssman, F) and aGalNAc-+3Gal (human blood group A)-specific l&ins 

DBL, Dolichos 6~~7orus lectin (horse Gram)%. 
aGalNAc+3~alNAc+faGal+4/lGal-+4Glc (Forwnan-specific pentasaccharide) > > aGal- 
NAc+3GalNAc > > aGalNAc+3[aFuc+2l/IGal+4/3GlcNAc+6R (Blood group A active penta- 
saccharide, R,,, 0.52”) > cKialNAc+3~al+3GlcNAc (AJI)” and aGalNAc+3Gal (R,, l.SS? 
r GalNAc. 

HPL, Helixpomatia leetin (edible snai1)~~2’. 
aGalNAc+3~alNAc+3aGal+4~al+4Glc (Forssman-specific pentasaccharide) > aGal- 
NAc+3Gal > aGalNAc+3j?GalNAc+3GlcNAc (AJI”) > GalNAc. 

ABrL, Amphicarpaea bracteata lectin (hog-peanut)“. 
aGalNAc+3GalNAc > aGalNAc+3Gal > GalNAc. 

WFL, Wistariafloribunak lectit?“. 
aGalNAc+Klal > aGalNAc-t3Gal (R,,, 1.853, aGalNAc+3~lNAc+3aGal+4/3Gal~4Glc 
(Forssman-specific pentasaccharide) and aGalNAc+3wal*3GlcNAc (ASH’) > wal- 
NAc+3aGal+4jIGal+4Glc (Globoside) > aGalNAcd3GaINAc > GalNAc and aGal- 
NAc+3(aFuc+2)jKIal+4filcNAc+6R (R,,, 0.52”) > ~al+lGlcNAc (N-acetyllactusamine) 
> Lactose. 

SBL, Glycine max lectin (soy bean) see Table VI. 

’ Coded for the source or properties of oligosaccharides tested. 
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TABLE VI 

I-2. aGalNAc+3Gal (human blood group A)-specific &tins 

GSI-A,, Grzfonia (Bandeiraea) simplicifolia Atos.27. 
aGalNAc+3/lGal-,3GlcNAc (ArIP), aGalNAc+3Gal (R,,,, l.SY), and aGalNAc+6Gal, aGal- 
NAc+R > aGal+3Gal, aGal+6Glc, and raffinose > Gal. 

LBL, Phaseoiur lunatur lectin (lima bean)2”.2’*25. 
aGalNAc+3(aFuc+2)~Gal-,3/IGlcNAc~3/IGal+4Glc > aGalNAc’-t3(aFuc+2)/?Gal-r4Glc 
> aGalNAc-+3(aFuc+2)~Gal+4~GlcNAc+6R (R,, 0.56”) > aGalNAc+3(aFuc-+2)Gal > > 
GalNAc > > Gal. aFuc+2 to subterminal Gal is an important factor for binding. 

SBL, Glycine max lectin (soy bean)20aYz4A7. 
a- or /I-GalNAc, aGalNAc+3pGal+3GlcNAc (A,II”) and aGalNAc+3Gal (R,, 1.85”) > > 
aGalNAc-t3(aFuc+2)/?Gal+4~GlcNAc+6R (R,, 0.527, aGal+6Glc (melibiose), BGal+6Glc, 
raffinose, stachyose, /?Gal+4Glc (lactose), and aFuc +2/?Gal+4BGlcNAc+6R (human blood H 
active oligosaccharide, JS, R,, 0.75”) > Gal. aFuc+Z to subterminal Gal blocks Gal for binding. 

PT4, Psophocarpus tetragonolobus lectin*“. 
SN4, Sambucas nigra lectir?‘. 
PTL, Psophocarpus tetragonolobus lectii?. 

aGalNAc+3 [aLFuc+Z]BGal+4 [aLFuc+3] Glc (A-penta) aGalNAc+3 [ar.Fuc+Z] BGal+4Glc 
(A-tetra), and aGalNAc+3hGal+3GlcNAc > aGalNAc+3[aLFuc+2]Gal (A-t@, aGal- 
NAc-t3Gal (A-di), aGal- [aLFuc+2] @al+4 [aLFuc+2] Glc (B-penta) aGalNAc+3BGal- 
NAc+3aGalO (CH,),CGGme (Forssman trisaccharide), and GalNAc > aGal+3Gal (BDi) > 
Gal. 

SNA-II, Sambucus nigru lectinz4”. 
aGalNAc+3Gal and aGalNAc+6Gal > ,!IGalNAc+6Gal > GalNAc > di-(structure l), tri, 
-tetra, -antennary oligosaccharides containing/3Gal+4GlcNAc at nonreducing end > BGal-, 3Gal- 
NAc (T> > > /3Gal+4GlcNAc > Gal. 

VVL, Viciu uillosa lectin (hairy vet& it is assumed that the l&in used to study the following determinant is a 
mixture of three isolectins: A,-minor, B,-major, and A,B,-minorr*,29. 
aGalNAc-+ 3Gal (R,, 1.85”) > aGalNAc+6Gal > aGalNAc-+3/?Gal+3GlcNAc (A$“) and 
aGalNAcd3GalNAc > > aGalNAc+3(aFuc+2)~Gal+4/IGlcNAc+6R (R,, 0.529 > 
aGal-r3Gal. 

WFL, Wisturiujoribzuzda lectin (see Forssman-specific lectins, Table V, I-l). 
DBL, Dolichos b@orus lectin (see Forssman-specific &tins, Table V, I-l). 
HPL, Helixpomatia lectin (see Forssman-specific lectins, Table V, I-l). 

a Coded for the source or properties of oligosaccharides tested. 

TABLE VII 

I-3. aGalNAc+3Ser or Thr (Tn)-specific lectins 

WL-B,, Vi& villosa B4 lcctin (hairy vetch)“.“. 
A fetuin glycopeptide containing two aGalNAc+Ser(Thr) of the peptide chains (two Tn structures) 

> > single Tn structure > > a fetuin glycopeptide containing one or two @al+3aGalNAc-+Ser(Thr) of 
the peptide chain(s) (T structure) > aNeuNAc+3/IGal+3aGalNAc-,Ser(Thr) of the peptide chain. 
SSL, Salvia sclarea lectin”. 

Glycopeptides containing two Tn structures > glycopeptides containing one Tn structure or 
glycopeptides containing three sequential Tn structures. 
MPLJ4acIurapomzfkra lecin. 

(see /Kial+3GalNAc-specific lectins, Table IX, 11-l). 
BPL, Eauhinia purpurea alba lectin. 

(see BGal+3GalNAc-specific lectins, Table IX, 11-l). 
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TABLE VIII 

I-4. Other GalNAc-specific lectins requiring further characterization 

APL, Aegopodium poakgraria lectin”. 
GalNAc > lactose > Gal > melibiose z raffinose > Ara. 

BDL, Bryonia dioica lectin”. 
GalNAc > lactose > melibiose > raffinose > stachyose. 

CAL, Caragana arborescens &tin (pea tree)s3. 
GalNAc > Gal > lactose and raffinose > stachyose > Ara > rhamnose. 

CTL, CIeroakndron trichotomum k&in%. 
GalNac > lactose > melibiose > Gal. 

CNL, Clirocycle nebularis lectin5’. 
GalNAc and Gal. 

DDL-I, Dic~yostelium discoideum I lectin (Discoidin I)S.‘7. 
GalNAc > D-Fuc > melibiose > lactose > Gal > L-FUC. 

EHy, L, Eranthis hyemalis lectin (winter aconite root tubers)58. 
GalNAc > lactose > Gal > melibiose > L-FUC > Ara > raffinose. 

EHe, L, Euphorbia heterophylla lectinsP. 
GalNAc > lactose > Gal > melibiose > Fuc. 

FFL, Fames fomenrarius lectin”. 
GalNAc > raffinose > Gal. 

FJL, Falcara japonica lectinSss. 
GalNAc. 

HCL, Hut-a crepitans seed lectin@. 
GalNAc > Gal > melibiose and D-Fuc > raffinose.. 

MAL, Macrolyloma axiNure anti-A lecti#. 
GalNAc. 

MCL, Momordica charanria lectin (bitter pear melon)62.6’. 
GalNAc > D-Fuc > Gal > raffinose and stachyose > melibiose and L-Ara. 

OHL, Ononis hircina Jacq lectin”. 
GalNAc > lactose > Gal > GlcNAc > Ara. 

PTL, Psophocarpus tewagonolobus lectin (winged bean)6H7,2h. 
GalNAc > Gal and melibiose > raffinose > D-Fuc > lactose. 

RPL, Robinia pseudacacia lectin’. 
GalNAc. 

TML, Tridacna maxima lectin (Riding clam)69. 
GalNAc > /3Gal-&Gal, lactose and Gal > melibiose, ratiose, and stachyose. 

VCL, Vicia cracca anti-A k&in”. 
GalNAc. 

VAL-II & III, Viscum albwn-II & III lectins (mistletoe) 
GalNAc > Gal”. 

TABLE IX 

11-l. BGal+3GalNAc (T)-specific lectins 

PNA, Arachis hypogaea lectin (peanut)*“. 
BGal-+3GalNAc > > jKial+4GlcNAc (Wacetyllactosamine) > Gal andfial+3GlcNAc > > > 
GalNAc (inactive). 

BPL, Bauhinia purpurea alba lectin”S73. 
j?Gal+3GalNAc > aGalNAc+tSGal > GalNAc. ~al+3j?GlcNAc+3/jGal-c4Glc (lacto-N-te- 
traose) > /?Gal+3GlcNAc, fiak6GlcNAc and aGalNAc+3j?Gal+3GlcNAc (A,113 > aGal- 
NAc+3Gal > /?Gal+4GlcNAc (Wacetyllactosamine) and /?Gal+3(aFuc+4)/?GlcNAc+3 
j?Gal+4Glc (lacto-N-fucopentaos II) > ~al-r4~lcNAc+6Gal and lactose > Gal. 

MPL, Maclurapomfira lectin (osage orange tree, hedge apple tre@. 
BGal+3GalNAc > > aGalNAc+6Gal > aGal-6Glc (melibiose), stachyose > GalNAc > Gal. 
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TABLE IX (continued) 

SJL, Sophora japonica lectin (Japanese pagoda tree)-“. 
mal+3/IGalNAc+N-tosyl-L-se&e > flal-r3GlcNAc > fial+3@GlcNAc+3,!fGal+4Glc(lac- 
to-i%tetraose) > /?Gal+3mlcNAc-+6Gal > fial-+4~lcNAc-&Zial (blood group I Ma-active 
trisaccharide) and /IGal+4GlcNAc > GalNAc > > lactose > Gal and melibiose. 
Some unknown mild acid sensitive compound near, the terminal group at the nonreducing end plays 
an important role in binding or precipitating this lectin. 

RCA,, ricin”~“*“. 
(BGal+3aGalNAc+Ser or Thr), glycopeptide > > triantennary oligosaccharides containing 
fial+4GlcNAc at nonreducing end > @Gal+3aGalNAc+Ser or Thr), glycopeptide with space 
between carbohydrate side-chains, /Kial-+3uGalNAc+Ser or Thr > > aGalNAc-rSer or Th8”. 
The ability of RCA, to bind to /?Gal+3GalNAc disaccharides appears to be markedly influenced by 
the relative locations of the disaccharides along the peptide backbone. 
Biantennary oligosaccharides containing j?Gal+4GlcNAc at nom-educing end > lactose > Gal- 
NAc > melibiose and Gal”” (2 GalNAc, see ref. 74). 

VGL, Vicia graminea lectin (blood group N-specifi~)‘~~‘~. 
j?Gal+3aGalNAc-linked in clusters and desialylated blood group N glycopeptide > untreated N 
glycopeptide and desialylated M glycopeptide. 
ABiL, Agaricus bisporus lectin (mushroom)77.78. 
/3Gal+3GalNAc-N-tosyl-L-serine. 

ACL, Amaranthus caudatus lectinm. 
pGal-r3aGalNAc - Ser/Thr > > GalNAc > > > Gal, /3Gal+3(4)GlcNAc (inactive). 

ARL, Agropyrum repens lectin (couch grass)“. 
j?Gal+3GalNAc > GalNAc and chitin oligosaccharides (with type A cells). 

AIL, Artocarpus integrfolia lectin (jacalin)B0*81*8”. 
j?-Gal+3GalNAc > cKialNAc+Ser/Thr > > > pGal+3GlcNAc, flal+clGlcNac, and 
j?Gal+4Glc. 

ALL, Artocarpus Iakoocha lectn?. 
BGal-+3GalNAc > ccGalNAc+3Ser/Thr > melibiose > raffinose > Gal. 

TABLE X 

II-2. j?Gal+3(4)GlcNAc (human blood group type I and type II carbohydrate sequences; I & II)-specific 
lectins 

AlDL-II, Al10 L-II, Allomyrina dichotoma lectin II (hemolyph of a beetle)8”,b. 
BGal+4GlcNAc, substitution of their terminal Gal residues by aNeuSAc+6 will enhance their 
affinity to this lectin. 

RCA,, Ricinus communis agglutinin (castor bean)y~37~4’~*3. 
Biantennary oligosaccharides containing BGal+4GlcNAc-linked units at nonreducing end > 
/3Gal+4/?GlcNAc+6Gal (blood group I Ma specific) > /?Gal+4GlcNAc > jIGal+3GlcNAc > 
lactose > aGal+3Gal > raffinose. 
RCA, is also specific for /?Gal+3aGalNAc-+3Ser (Thr). For further information, see ref. 34. 

TAL, Datura stramonium lectin (DSL, thorn apple)“*““. 
Penta-2,6 (1) > > Penta-2,4 (2) > @GlcNAc-t4), > (BGlcNAc+4), > mal+4GlcNAc (N- 
acetyllactosamine), ~GlcNAc+4GlcNAc, and /Kial-+4fllcNAc+6Man > aMan+4/JMan+ 
(GlcNAc), > j?GlcNAc+4Glc. 
More information is available in ref. 85. 

ECL, Erythrina cristagalli l&in (coral tree)‘*. 
Tetra- and tri-antennary oligosaccharides containing/J-Gal-r4GlcNAc-linked units at nonreducing 
end > j?Gal+4@GIcNAc-t6Gal (blood group I Ma specific) > /YGal-r4GlcNAc > 
flGal+3GlcNAc > > lactose > > > &ial+6Gal and aGal+3Gal > raffinose. 

GCL, Geodia cydonium lectin39. 
jJGal+4GlcNAc, /?Gal+3GlcNAc, and lactose > GalNAc. 
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TABLE X (continued) 

LEL, Lycopersicon esculentum lectin (tomato)*k*b. 
In addition to @GlcNAc+rl),, ~al-+4~lcNAc-r3Gal-+4jIGlcNAc-*6Gal-o1 sequence is also 
one of active oligosaccarides. 

EVL, Erythyina variegata lectin’k. 
BGal+4/?GlcNAc+3 [BGal+4wlcNAc+6] Gal sugar sequence is the active one. 

Other Erythrina lectins”. 
E. cafla+ (ECaf, L), E. coralkxiendron (ECor, L), E.@beilijormis (EFL), E. humeana (EHL), E. 
lutissima (ELat, L), E. lysistemon (Elys, L), E. perrierie+ (EPL), E. stricta (ESL), and E. zeyheri 

(EZL). 
Tri- or bi-antennary oligosaccharides containing /?Gal+4GlcNAc at nonreducing end > N-acetyl- 
lactosamine > lactose 2 GalNAc > Gal (GalNAc 2 lactose 2 Gal). 

PHA-E, Phaseolus uufgaris (isolectin EJ erythroagglutinin (red kidney bean)-“. 
Structure 3, in which R’ and R* represent either hydrogen atoms or sugars, and R3 represents either 
GlcNAc or aFuc+6)-GlcNAc, is the minimum structural unit. 

PAL, Phytolacca americana l&in (pokeweed mitogen). 
Three different carbohydrate specificities have been reported, their relationship has not been 
established. /3Gal+4/?GlcNAc+6 linked”‘. Branched poly(j?Gal-t4GlcNAc) complex9*, 
(,9GlcNA~--r4)~>~ units”, or aMan-+ZaMan+ZaMan+3/3Man+4~lcNAc+GlcNAc-Asr?’. 

PHA-L, Phaseolus vulgaris (isolectin LJ leukoagglutinin”.“. 
Tri- and tetra-atennary oligosaccharides containing BGal+4GlcNAc-linked units at nonreducing 
end z t Penta-2,6 (1) > T&2,6 (4) > 5 > mal+4/3GlcNAc+ZMan > BGlcNAc-tZMan. 

EHL, Eranthis hyemalis agglutinin (from winter-aconite root tubers)%. 
/?Gal+4GlcNAc > /3Gal+4Glc > Gal, melibiose > ralilnose. 

PNL, Arachis hypogaea lectin (seefiGal+3GalNAc-specific lectins. Table IX, 11-l). 
BPL, Bauhiniupurpureu alba lectin (see j?Gal+3GalNAc-specific lectin, Table IX, II-l). 

Ricin (see Gavl+3GalNAc 6peCifiC lectins, Table IX, II-l). 
UDL, Urtica dioica lectin (stinging nettle)97. 

@GlcNAc+4), 2 @GlcNAc+4), > > /IGlcNAc+4GlcNAc and j?Gal+4fiGlcNAc+6Man 2 
aMan+3j?Man+4GlcNAc > &Gal+lZGlcNAc (N-acetyllactosamine) > > GlcNAc > > Gal- 
NAc. 

SNL, Sambucus nigra lectin98.99. 
Bovine fetuin triantennary carbohydrate chains or porcine thyroglobulin biantennary carbohydrate 
chains > aNeu5Ac-t6/?Gal+4~lcNAc+3@Gal+4Glc > aNeuSAc-+6@Gal+lGlc > aNeu- 
SAc-+6~Gal+4Glcol > > aNeuSAc+3/?Gal+4Glc > aNeuSAc+3/IGal+3/IGlcNAc+3&Gal 
+4Glc > /?Gal+tGlcNAc‘pnd jKialNAc+6Gal> 5Gal+4Glc and aGalNAc+6Gal> GalNAc 
and aGalNAc+3Gal b Gab\;> melibiose, m&rose, and stachyose. 

WGA, Triticum vulgaris agglutinin (wheat germ)477”~~8*h. 
/?Gal+4j?GlcNAc+bGal, (/3G 

\ 
1+4)/3GlcNAc+6GalNAc and @GlcNAc+4),, > j?Gal+4/?Glc- 

Nac+3Gal > > > /IGal+4Gl ‘NAc (N-acetyllactosamine) > /K+al+3GalNAc (inactive). 
In addition to ~lcNAc+lGlcNAc, the /?GlcNAc+6 sequence is the most important structure for 
binding. /?GlcNAc+lGlcNAc sequence, the lectin C determinant, can be found in mammalian 
N-linked carbohydrate chain6 as part of core trisaccharide and jIGal+4&GlcNAc+6Gal frequently 
found in mammalian 0- and N-linked glycoproteins. 
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/IGal -+4GlcNAc 

1 
6 penta-2,6 

/3Gal+4GlcNAc+2Man 

1 

j?Gal+4/3GlcNAc*2aMan 

1 

/3GlcNAc+4/?Mk+4/3GlcNAc+4 R3 
3 

t 
RL+4/IGlcNAc*2aMan 

t 
R2 

/3GlcNAc+2Man 
6 

t tri-2,6 
BGlcNAc 

4 

3 

#?Gal+4jIGlcNAc+2aMan+3Man (hepta-) 

; 
jIGal+4/IGlcNAc+2aMan 

jIGal-+4jIGlcNAc 
1 
4 penta-2,4 

BGal+4/.?GlcNAc+2Man 

2 

5 

TABLE XI 

B-3. ccGal+3Gal (B)-specific lectin 

GSL-B,, Griffonia (Bandeiraea) simplicifolia I-B, lectin2’. 
aGal+3Gal > melibiose 4 raffinose > Gal > z > GalNAc (inactive). 

TABLE XII 

11-4. Other Gal-snccific lectins and those reauirina more information for classification 

AXP-I and II, Axineflapolypoides I and II lectin@“. 
/3Gal+6R > /3Gal+4R > melibiose and raffinose > Gal. 

MXL, M~~xococcus xanhs lectin”‘. 
NeuNAc-BGal-+fGalNAc3Ser(Thr) (possibly). 

APL, Abrusprecatorius l&in (jquirity bean)‘ozl’O’. 
Lactose and Gal > melibiose > Fuc. 
Ab,.inl”.~o-‘~ 

Gal > lactose > melibiose > Fuc and Ara > Glc. 
ADL, Aplysia depiians lectin’w. 

Galacturonic acid > Gal. 
AML, Ascidia malaca lectin’Os. 

Melibiose > raffinose > Gal > lactose > Ara. 
ABL, Abramis brama lectit?. 

Rhamnose > Gal. 
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TABLE XII (continued) 

BCL, Bauhinia curronii lectin”“. 
Gal and lactose. 

BFL, Buteafiondosa lectin63. 
Lactose > D-Fuc > Gal > GalNAc > Ara. 

CJL, Crofaluriu junceu lectin (Sunn hemp)lo8. 
Lactose z- melibiose > raffinose > GalNAc > Gal. 

CML-I, Cytisus mult~$orus-I lectin’W. 
Gal, lactose, and melibiose > stachyose > raffinose. 

CSL, Cytisus scopurius lectin”‘. 
Gal and GalNAc. 

DCL, Didemnum cundidum lectin”‘. 
Lactose > Gal > melibiose > stachyose > GalNAc. 

DDL-II, Dictyostelium discoideum-II lectin (discoidin II)“. 
Lactose and D-Fuc ZD Gal > melibiose > GalNAc > Fuc. 

EAL, Erythrinu urborescens lectin”*. 
Lactose and GalNAc > melibiose and Gal > D-Fuc. 

EIL, Erythrina indicu lectin63.“2. 
Lactose > GalNAc and melibiose > Gal and raffinose > D-Fuc. 

ELL, Erythrinu Iithospermu lectin”*. 
Lactose and melibiose > GalNAc and raffinose > Gal > D-Fuc. 

ESL, Erythrinu suberosu lectinu2. 
Lactose > GalNAc > melibiose and Gal > raffinose > D-Fuc. 

ECL, Euphorbia characias L. lectin (Mediterranean spurge)“3. 
Lactose > melibiose > Gal > D-Fuc > Ara. 

HRL, Halocynthia roretzi lectin”4. 
Melibiose > lactose, Gal and D-Fuc > Fuc and stachyose. 

HaCL, Hardenbergia comptoniana lectin’07. 
Raffinose. 

HuCL, Huru crepitans latex lectin (sand-box tree)‘“. 
Lactose > Gal and melibiose > Ara. 

LAL, Lzccuria umethystina lectin (LAL) (mushroom)“5. 
Lactose > GalNAc. 

OVL, Octopus uufguris lectin”6. 
Lactose and N-acetyllactosamine. 

PAL, Phaseolus uureus or Vigma radiutu lectin (mung bean)“‘. 
Gal > Xyl > inositol. 

PPL, Polysphondylium pallidurn lectin (pallidin)56~“8. 
Lactose > Gal > GalNAc and D-Fuc > Fuc. 

RRL, Rut& rutilus lectintq. 
Rha > Gal and Ara > lactose. 

SaSL, Surothamnus scoparius lectin5’. 
Raffinose > GalNAc > Gal > lactose. 

SEL, Scardinus erythrophtulmus lectinl”. 
Rha > Ara > Gal. 

ViVL, Vimba vimbu &tin’“. 
Rha > raffinose > Gal and Ara > lactose. 

TKL, Trichosanthes kirilowii lectinu9. 
Lactose > Gal > melibiose > raffinose. 

VAL-I, Viscum album I lectin (mistletoe)7’*‘M. 
Lactose > melibiose, rathnose and Gal. 

VUL, Vigna unguiculate l&in (cow-pea)12’. 
Gal. 
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