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Lectins, carbohydrate-binding proteins of non-immune origin, that agglutinate cells or pre-
cipitate polysaccharides and glycoconjugates, are well distributed in nature, mainly in the Plant
Kingdom. The great majority of the plant lectins are present in seed cotyledons where they are
found in the cytoplasm or in the protein bodies, although they have also been found in roots,
stems and leaves. Due to their peculiar properties, the lectins are used as a tool both for analytical
and preparative purposes in biochemistry, cellular biology, immunology and related areas. In
agriculture and medicine the use of lectins greuatly improved in the last few years. The lectins, with
Jew exceptions, are glycoproteins, need divalent cations to display full activity and are, in general,
oligomers with variable molecular weight.

Although the studies on lectins have completed a century, their role in nature is yet unknown.
Several hypotheseson their physiological functions have been suggested. Thus, lectins could play
important roles in defense against pathogens, plant-microorganism symbiosis, cell organization,
embryo morphogenesis, phagocytosis, cell wall elongation, pollen recognition and as reserve
proteins,

A brief review on the general properties and roles of the lectins is given.
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Lectins are carbohydrate-binding proteins _  The utilization of affinity chromatography

of non-immune origin that agglutinate cells
and glycoconjugates and are capable of specific
recognition and reversible binding to carbo-
hydrates and sugar containing substances,
without altering covalent structure of any
glycosyl ligands (Goldstein et al., 1980; Ko-
courek & Horejsi, 1983; Liener et al., 1986).

Widely distributed in nature, the lectins can
be found in almost all living organisms from
plants to animals (vertebrates and invertebrates)
and, even, microorganisms (for reviews, see
Jaffé, 1969; Toms & Western, 1971: Gold
& Balding, 1975; Goldstein & Hayes, 1978 Lis
& Sharon, 1981; Pusztai et al., 1983: Etzler,
1985 ; Pusztai, 1989; Sharon & Lis, 1989).

The study of the lectins began with the work
of Hermann Stillmark (1888) who, for the first
time, observed that seed extracts { Ricinus com-
munis) could agglutinate red blood cells. After
- this pioneer study, several theses and papers
were published.

for the isolation of lectins, used for the first
time by Agrawal & Goldstein (1965), greatly
contributed to the development of the field.
With the pure proteins, it was easier to study
the lectin properties and their interactions with
several systems. Table I shows some milestones
in the history of lectin investigation (Gold
& Balding, 1975; Kocourek, 1986; Sharon
& Lis, 1989).

The simplest way to detect a lectin is to
examine its ability to agglutinate erythrocytes
or to precipitate glycoconjugates. The hemag-
glutinating activity can be enhanced, in some
cases, by treating the cells with proteolytic
enzymes and neuraminidase. For a better
characterization of the lectin, however, it is
essential to determine whether it is specifically
inhibited by mono- or oligosaccharides. This
specificity is usually determined by hapten
inhibition techniques, comparing the sugars
on the basis of the minimum concentration
to inhibit hemagglutination or precipitation
reactions.



212

Renato de A. Moreira et al.

TABLE 1

History

1884

1886
1888

1890
1890
1891
1893
1897

1899
1902
1902
1903
1907
1908

1908
1909
1909
1909
1912
1917
1919

1926-7

1935
1936

1947-9

1949
1949
1952

1954
1960
1963
1964

1965
1966
1970
1974
1976
1977
1980
1981
1984

1987
1988
1989

1990

Warden & Waddel/
Bruyllants & Venneman

Dixson
Stillmark

Power & Cambier
Erlich

Hellin

Siegel

Elfstrand

Camus

Landsteiner

Kauss

Noguchi

Landsteiner & Raubttschek
Wienhaus

Landsteiner & Raubitschek
Mendel

Landsteiner

Landsteiner & Raubitschek
Schneider

Osborn & Mende]

Sumner
Marcusson-Begun/Siever
Sugishita

Sumner & Howell

Boyd & Reguera/Renkonen
Liener

Jaffé

Watkins & Morgan

Boyd & Sharpleigh
Nowell

Aub

Muclenaere

Agrawal & Goldstein
Boyd

Apsberg et al.
Ashwell & Morel
Gallo

Ofek et al.

Pusztai

Reisner et al.
Yajko et al.

Harban-Mendoza et al.
De Oliveira et al.
Diaz et al,

Yamauchi & Minamikawa

Toxicity in Abrus precatorius seed extracts

Toxicity in Ricinus communis seed extracts

Hemagglutinating activity in Ricinus communis seed extracts

Toxicity in Croton trighum seed extracts

Toxicity in Robinia pseudoacacia seed extracts

Use of abrin and ricin in immunological research

Hemagglutinating activity in Abrus precatorius seed extracts
Hemagglutinating activity in Jatropha curcas seed extracts
Hemagglutinating activity in Croton triglium seed extracts

Introduction of the term hemagglutinin

Hemagglutinating activity in snail ({Helix pomatia)

Reversibility of the hemagglutination by heat

Inhibition of the hemagglutinating activity by non immune serum
Hemagglutinating activity in horseshoe crab (Limulus polyphemus)
Hemagglutinating activity in non toxic plants (Phaseolus, Pisum e Lens)
Agglutination of leucocytes and kidney and liver cells by Phaseolus
vulgaris

Species specificity of plant hemagglutinins

Hemagglutinating activity in Robinia pseudoacacia seed extracts
[nhibition of the hemagglutinating activity by heat treated serum
Inhibition of the hemagglutinating activity by mucin

Hemaglutinins and germination

Thermoinactivation of soybean toxic factors

[solation and crystalization of Concanavalina A (Con 2a)

Aplicability of lectins for blood typing

Specificity of eel serum agglutinins

Sugar specificity of Concanavalin A

Blood group specificity of plant hemagglutinins

Toxicity of Phaseolus vulgaris hemagglutinins

Thermoinactivation of Phaseolus vulgaris hemagglutinins

Inhibition of lectins by simple sugars

Demonstration with the aid of lectins that sugars are determinants of
blood group

Introduction of the term lectin

Mitogenic stimulation of lymphocytes by the Phaseolus vulgaris lectin
Agglutination of malignant cells by lectins

Parailel inactivation of hemagglutinating and antinutritional activity by
heat

Affinity chromatography for lectin purification

Lectins in algae

Use of Con A for affinity purification of glycoproteins

Role of animal lectins in endocytosis of glycoproteins

Interleukin 2 discovered in medium of lectin stimulated lymphocytes
Role of bacterial lectins in infection

Interaction of Phaseolus vulgaris lectin with intestinal wall

Use of lectins in bone marrow transplantation

Combined use of lectin and enzyme in clinical identification of micro-
organisms

Control of root-knot nematodes by lectins

Lectin and pancreas hyperthrophy

Root lectin as a specificity determinant in the Rhizobium-legume sym-
biosis

Con A expression in Escherichia coli cells

Although some complex oligosaccharides

monosaccharides in four groups, depending on

are already known to specifically inhibit them, the configuration of the pyranosidic chain at

the classification of lectins is still done by their

specificity for monosaccharides established by
Makela (1957) who divided the lectin inhibitor

C3; and C;: L-fucose (group I), galatose/N-
acetyl-galactosamine (group II) and glucose/
mannose (group III). Up to now, no lectin was
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TABLE I

Chemical and Biological properties of some plant lectins

. Molecular Weight (KDal) Molecular Specificity

Species Intact Subunits formula Cell Carbohydrate Metal Carbohydrate
Abrus precatorius (agg) '’ 126-135 A =33:B=36;B' = 37,5 A,BB' U Gal 0 yes
Adenia digitata (modecin)! 5763 A =25-28;A =31-35 AB U Gal - yes
Adenia digitata (modecin 6B)" *? 7  A=27;B=3l AB U Gal - yes
Aleuria aurantiaca’ *? 72 A=3] A U L-Fuc - -
Amphicarpa bracteata' *? 135 A=285,B=36,G =32 — F GalNAc-alfa-1,3-GalNac — yes
Arachis hyrpc:ngamea1 2 98-111 A =25-28 Ag T Gal-beta-1,3-GalNAc Ca,Mn -
Artocarpus incisa’ 43 A=11;B=15 A, B, U — — yes
Artocarpus integﬂfoﬁa2'3 43 A=11;B=15§ A; B, T Gal-beta-1,3-GalNAc — yes
Bahunia purpm'f:al 2 195 A =44 Aj T, Tn Gal-beta-1,3-GalNAc 0 yes
Canavalia brasiliensis® 106* A =26 Ag U Man > Glc Ca,Mn 0
Canavalia ensiformis! *? 106 A =26 A4 U Man > Glc Ca,Mn 0
Canavaha gladiataS 106 A =26 Agq U Man > Gle Ca,Mn 0
Canavalia maritima> 106* A =26 Ag U Man > Glc Ca,Mn 0
Cratylia floribunda® 106 A =26 Ag 9] Man > Glc Ca,Mn 0
Crotalana jl.trlcca1 2 120 A =31 Ag U Gal > GalNAc Ca,Mn Mg yes
Crotalatia striata ’ - A=31 - Aq GalNAc — —
Cytissus sessilifolia’ *2 110 - - O(H)  GlcNAc > Fuc > Gal - -
Datura stramonium’ *2 86 A=40;B =46 AB U GleNAc (beta-1,4-GIcNAc) 0 -
Dioclea grandifloma 100 A =26 Ag U Man > Glc Ca,Mn 0
Dioclea guianensisg 100* A =26 Ay U Man > Glc Ca,Mn 0
Dolichos biflorus! 110-120 A =27.3:B= 21,7 A,B, F GalNAc-alfa-1,3-GaINAc Ca,Mn,Mg,Zn yes
Erythrina cristagallil 2 56 A=26;B=28 AB U Gal-beta-1,4-GIcNAc Mn,Ca yes
Erythrina indica'*? 6668 A =30;B=33 A;,AB,B; U GalNAc Mn yes
Glycine max ' 2 120 A =30 Ag A GalN Ac-alfa-1,3-Gal Ca,Mn yes
Griffonia simplicifolia A4 !+ 114 A =32 Ag A GalNAc-alfz-1,3-Gal Ca yes
Griffonia simplicifolia B<4 '+ 114 B =33 B4 B Gal-alfa-1,3-Gal Ca yes
Griffonia simplicifolia v!s? 56 A=27;B=29 AB U L-Fuce — yes
Hura crepitans1 -2 120 A =31 Ay U GalNAc - yes
Lathyrus cicera'? 49 A=4,5B=20 A,B, U Man > Glc Ca,Mn 0
Lathyrus ochrus’! 49 A=4,5B=20 A,B, U Man > Glc Ca,Mn 0
Lathyrus odoratus? 52 A=58;B=20 A;B; U Man > Glc Ca,Mn 0
Lathyrus sativam !+ 49 A=44;B=19 A,B, U Man > Glc Ca,Mn 0
Lathyrus tingitanusl 2 50 A=5;B=20 A, B, U Man > Glc Ca,Mn 0
Lens culinaris’ *2 46 A=57.B=17,5 A;B; U Man > Gl¢ Ca,Mn 0
Lotus tetrzugo»nolol:»us1 2 120 A=274 Ag O(H) L-Fuc Ca,Mn yes
Maclura pomifem1 2 4046 A=10;B=12 As,A3B,A;B5,AB3,B4 T,Tn Gal-beta-1,3-GalNAc 0 0
Macrotyloma axillare’ *? 108 A=27,B=27 A2B, Ay GalNAc Ca,Mn,Mg,Zn yes
Momordica charantia’ *2 115-129 A =27-29;B = 30-36 Az B, U GalNAc = yes
Onobrychis viciifolia® *2 53 A = 26,5 Az U Glc > Man Ca,Mn Mg yes
Pisum sativam! *2 50 A=57;B=17 A2 B> U Man > Glc Ca,Mn yes
Phaseolus lunatus® 2 (62)34 A=31;A'=31;B=3l As,A3B,A3B5,AB3Bs A GalN Ac-alfa-1,3-Gal Ca,Mn yes
Phaseolus \fulg‘a.ris1 2 126 A=31;B=31 As3,A3B,AyB5,AB3,Bs U Gal-beta-1,4-GalNAc-beta-1,2 Man Ca,Mn —
Vatairea macxoca.rpam — A=126 - U Gal - yes
Vicia cracca (Mzm)1 2 44 A=58;B=175 A, B, U Man > Glc Ca,Mn yes
Vicia cracca (GalNAc) ' *2 114 A =33 Aga A GalN A c-alfa-1,3-Gal Ca,Mn yes
Vicia ervilia' *2 53 A=47.B=21 A5B, U Man > Gle Ca,Mn yes
Vicia faba’*? §2.5  Al5,6;B =207 A,B, u Man > Gle Ca,Mn yes
Vicia graminea’ 2 105 A =26 Aq N (Gal-1,3-GalNAc)clustered Ca,Mn yes
Vicia sativa® "2 40 A=6;B=14 A,B, U Man Ca,Mn yes
Vicia villosa' '2 94-120 A =336,B=1359 As,A3B,Ay;B;,AB3,B4 A GalNAc-alfa-1,3-Gal Mn,Zn yes
Wistaria floribunda (agg)1 2 (60)j4 A=12832 Aj g F.,A GalNAc-alfa-1,3-Gal — yes

*Calculated based on the subunit molecular weight; A. human blood group A; B, human blood group B; O(H) human blood group O(H); N, human blood group N; Forssman disaccharide ;
T, T antigen; Tn, Tn antigen; U, undefined specificity; Fuc, fucose; Gal, galactose; GalNAc, N-acetyl-galactosamine; Glc, glucose; GINA¢, N-acetyl-glucosamine ; Man, mannose: 1, Liener
et al.,, 1986;2,Wuetal,, 1988; 3, Moreira & de Oliveira, 1983; 4, Moreira & Cavada, 1984; 5, Moreira et al., 1985 6, De Oliveira et al., 1991; 7, De Oliveira et al., 1989; 8, Moreira et al.,

1983; 9, Granjeiro et al., 1989, 10, Sales et al., 1989; 11, Rougé & Cavada, 1984.

found to react with sugars from Makela’s group
IV (idose, gulose, L-glucose and L-xylose).
Nowadays, two new groups are used together
with the Makela’s groups: the N-acetyl-gluco-
samine and the sialic acid groups. Apparently,
only in the groups of N-acetyl-galatosamine/
galactose and L-fucose it was found known
blood group specific lectins. This i1s not so
surprisingly since the above sugars are involved,
as determinants, in the structure of the A
(N-acetyl-galactosamine), B (D-galactose) and
O(H) (L-fucose ) human blood antigens.

It is easier to find the appropriate affinity
chromatography system once the sugar specifi-
city is established. Thus, Sephadex (a commer-
cially available polymer of dextran) can be used
for isolation of glucose/mannose specific lectins

(Moreira et al., 1983; Moreira & Cavada, 1984:
De Oliveira et al., 1991); epychlorohidrin
treated gum guar (a galactose containing natural
plant product) is used to isolate galactose
specific lectins (Sales et al., 1989); oligosaccha-
rides or glycoproteins as fetuin (Pinto, 1987);
and blood group Aj-substance (De Oliveira et
al., 1989). Synthetic derivatives of galactosides

are also used for this purpose (Lis & Sharon,
1981).

The lectins are, usually, glycoproteins with
variable sugar contents, with some exceptions
as the well studied con A (Goldstein & Poretz,
1986) and the lectins from Carnavalia brasi-
liensis (Moreira & Cavada, 1984), Dioclea gran-
diflora (Moreira et al., 1983), Dioclea guianen-
sis (Vasconcelos et al., 1990), Cratylia flori-



214

bunda (De Oliveira et al., 1991), and need
divalent cations to display full activity. The
molecular weights of plant lectins are also
variable. In general, they are oligomers and
the tetrameric structure is the most common
as in the lectins of Canavalia ensiformis (Golds-
tein & Poretz, 1986) and Dioclea grandifiora
(Moreira et al., 1983), both made of identical
subunits; the lectins from Lathyrus ochrus
(Rougé & Cavada, 1984) and Ricinus communis
(Nicholson et al., 1974) with two different
subunits arranged in the A,;B, form; and the
Phaseolus vulgaris lectins, a family of five
isolectins, E4, E3L, E2L2, EL3, L4 (Pusztai
& Stewart, 1978) (Table II).

Some lectins show a pattern of broken
subunits, apparently characteristic of those
from plants belonging to the tribe Diocleae.
The main cleavage point both in Canavalia
ensiformis (Wang et al., 1971) and Dioclea
grandiflora (Richardson et al., 1984; Ainouz
et al., 1987) lectins, for instance, is between
the amino acids Asn (118) and Ser (119) giving
two almost simetrical subunits from the 237
amino acid chain. Other lectins from the same
tribe, which did not have their primary structure
yet determined, show similar fragments by
polyacrylamide gel electrophoresis (PAGE-SDS)
such as Canavalia brasiliensis, Cratylia flori-
bunda, Dioclea sclerocarpa (Moreira et al.,
1985) and Dioclea guianensis (Vasconcelos et

al., 1991).

Due to their peculiar properties, the lectins
are used as a tool, both for analytical and
preparative purposes in biochemistry, cellular
biology, immunology and related areas. In
agriculture and medicine, the use of lectins
greatly improved in the last few years (Table

).

The lectins are found in almost all edible
plants and exposure of men and animals to
them is inevitable. Experimentally it has been
shown that some lectins are very resistant to
the gut enzymes and found to be still active in
the faeces of rats or human beings when they
have been fed with food sources that contain
these proteins (Brady et al., 1978: Pusztai,
1980; Higuchi et al., 1983; Nakata & Kimura,
1985; Kilpatrick et al., 1985; Liener, 1986;
Vasconcelos et al., 1989). This fact is of upmost
nutritional tmportance, because the lectin-
derived aminoacids are non available for the
animals and the intact or partially digested
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lectin can bind to the epithelial cells lining the
intestines (Etzler & Branstrator, 1974: King et
al., 1980).

TABLE III

Major applications of lectins

1. Isolation, purification and structural studics of

glycoconjugates.

2. Studies of ccllular and subcellular membrane com-

ponents.

3. Studies of virus surface components.

4. Studies of changes in cell surfaces upon malignant

transformation.

5. Mitogenic stimulation of lymphocytes and studies
of cell division, chromossomal constitution of cells
and chromossomal abnormalities.

. Cell separation.

. Diagnosis and identification of microorganisms.

. Blood typing.

. Drug carriers.

. Plant defense against predators.

O \O 00 -3 ON

Jaffé (1960) was the first to attribute the
poor performance of rats that follows the
ingestion of raw kidney beans (Phaseolus vul-
garis/ to the interaction of the lectin with
receptors on the surface of the intestinal cells.
Nowadays it is clear that this lectin, after
interaction with the intestine, is endocyted
and cause many disturbances at systemic level.
Thus, an enlargement of the intestine, liver and
pancreas was observed when the pure Phaseolus
vulgaris lectin was fed to rats (De Oliveira et al.,
1988). Apparently, this enlargement in the
pancreas may be responsible for the observed
decrease in the insulin levels of the rats (De
Oliveira, 1986; Pusztaiet al., 1986). Additionally
the kidney bean lectin fed rats had thymus
atrophy (Green, 1984; De Oliveira, 1986). This
atrophy may, perhaps, be related to the unusual
bacterial proliferation in the gut since the
immunological system may have been depressed
(Jayne-Williams & Hewitt, 1972; Jayne-Williams
& Burgess, 1974; Banwell et al., 1985). The
ingestion of the Phaseolus vulgaris lectin also
disturbes the intermediary metabolism with an
Increase in nitrogen excretion and in lipid
catabolism (De Oliveira, 1986) leading to a
general debility with the experimental animals
showing lost of weight, inadequate development
and eventually death.

The possible physiological functions of the
plant lectins are still unclear. Their ultrastruc-
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tural location and behavior during the plant life
cycle are of extreme importance for the evalu-
ation of any hypothesis on their functions.

The great majority of plant lectins are
present in seed cotyledons where they are
found in the cytoplasm (Mialonier et al., 1973)
or in the protein bodies (Youle & Huang,
1976, Boisseau et al., 1984) and may constitute
up to 10% of total nitrogen (Etzler, 1986).

Several hypotheses on the physiological
functions of plant lectins were suggested, based
on their general properties and location. Thus,
lectins could play an important role as reserve
proteins, as defense mechanism against pa-
thogens (Mirelman et al., 1975; Barkai-Golan
et al., 1978; Etszler, 1986) and in the plant-
microorganism symbiosis (Hamblin & Kent,
1973; Bohlool & Schmidt, 1974; Dazzo and
Truchet, 1983). Despite of the profusion of the
literature dealing with the question of whether
lectins are involved in determining specificity
of Rhizobium-legume symbiosis, although cir-
cunstancial and suggestive evidences has been
accumulated, only recently a clear cut evidence
has been put forward by Diaz et al. (1989),
who showed a change in specificity toward a
given strain of Rhizobium leguminosarum by
transgenic plants.

Plant lectins, apparently, participate in cell
organization, embryo morphogenesis, phago-
cytosis and cell protection. In addition, an
active role in both carbohydrate transport and
fixation in the plant, as well as, in cell wall
growth and elongation, in callus and protoplast
induced mitosis and in pollen recognition is
suggested (Knox et al., 1976).

The main characteristic of plant lectins is
their sugar specific binding sites. It is evident
that this property cannot be casual and has to
be relevant for the plant physiology. Therefore,
it must exist carbohydrate-containing receptors
in the tissues where they are found or with
which they may eventually be in contact. The
identification, without ambiguity, of these
receptors is an essential step for the acceptance
of the hypothesis. Indeed, such receptors have
been already described in seeds of Vicia cracca
(Renkonem, 1960), Pisum sativum, Canavalia
ensiformis, Vicia faba, Vicia sativa and Ricinus
- communis (Gansera et al., 1979; Gebauer et
al., 1979). The potential role and significance
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of these receptors, usually present in very
small amounts, are not clear yet.

In Dioclea grandiflora and Dioclea sclero-
carpa (Horta-Barros et al., 1987) these receptors
were found in a large amount and it is even
possible to prepare an affinity column with
them, for isolating lectins.

With respect to the metabolism of lectins
during the plant life cycle, the earliest report
was done by von Eysler & von Portheim in
1911 and Schneider in 1912, They showed
that the desappearance of the lectin in the
nutrient reserve organs, appears to be similar
to the overall rate of protein degradation
(Kocourek, 1986). Later, similar behavior
were found for the lectins from Lens culinaris
(Howard et al., 1972;), Phaseolus vulgaris
(Mialonier et al., 1973), Vicia sativa (Gracis
& Rougé, 1977), Pisum sativum (Rougé 1976),
and three species of Lathyrus (Rougé & Pere,
1982). Differently, the degradation of the
Ricinus communis lectin is slower than that of
the other proteins ( Youle & Huang, 1976).

When the presence of Canavalia brasiliensis
lectins was examined during seed germination
and early stages of plantlet development, by
hemagglutinating activity, PAGE-SDS electro- .
phoresis, Sephadex G-50 affinity chromato-
graphy and immunochemistry, both in dark and
the presence of the light, a delayed desappea-
rance was also found. An increase of hemag-
glutinating activity was observed in the early
stages of germination, probably due to the
desappearance of a lectin receptor (or inhibitor)
which is apparently extracted with the lectin.
However, this increase in activity was not in
parallel with the amount of lectin measured
either by affinity chromatography or by PAGE-
SDS electrophoresis and immunochemical me-
thods. The characteristic lectin bands can be
detected until the time of abscission, when the
cotyledons are almost completely exhausted

and no reserve protein bands are detected
(Moreira & Cavada, 1984).

During seed development, the lectin syn-
thesis and accumulation showed a slight time
delay, when compared with the bulk of reserve
protein. In the early stages of seed development,
the lectin was sinthesized as a precursor, with
a poor hemagglutinating activity but with high
affinity for dextran. This precursor was shown
to have lower pl and a molecular weight slightly
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higher than the fully active lectin, with and
extra tetrapeptide in the N-terminal portion.
This precursor is then processed into the fully
active lectin. In the final stages, on the other
hand, the hemagglutinating activity decreases
with no parallelism with the lectin amount as
measured by affinity chromatography. This
decrease in activity may be due to the presence
of a newly synthesized receptor, or inhibitor

(Silva, 1986).

These results clearly showed the difference
in the processing of the Canavalia brasiliensis
lectin during seed development and degradation,
when compared with the bulk of reserve
proteins. It was suggested a relevant role,
although yet unknown, for the lectin in the
physiology of the plant.
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