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ABSTRACT

Lectins are a special class of proteins widely
distributed in nature, which selectively recognize
and reversibly bind to carbohydrates and
glycoconjugates through their binding sites. These
proteins, which can be detected through
haemagglutination assays, interact with different
carbohydrates present in cell surfaces. Lectins are
generally classified according to their structure,
specificity for carbohydrates and species location.
Depending on their properties and distribution in
tissues, lectins can play important physiological
roles. The characteristic property of lectins to
recognize other molecules in a distinct way makes
it relevant in research involving purification,
structural analysis, in vitro/in vivo applications of
these macromolecules and biotechnological uses
in different areas such as molecular and cell
biology, immunology, pharmacology, medicine,
clinical analysis, nanotechnology as well as in
systems for drug release. Lectins can be used
for analysis of structure and physiology of
cells, tissues and pathogenic microorganisms. In
agriculture, these proteins are used as insecticidal
agents. Lectins have already been shown to
exhibit different biological activities and effects,
such as mitogenic and antiproliferative activities
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on cell lines of human cancer, inhibition of
bacterial and fungal growth, action as promoting
agents in cell aggregation, immunomodulatory
activities and toxic effects. These proteins are
promising as drugs for treatment and in diagnosis
of human diseases; they are important tools in
cytochemistry, histochemistry and immunohisto-
chemistry and are also useful in forensic medicine.
In summary, this review provides an overview of
lectin research, with focus on physiological functions,
structural performance, classification, potential
biotechnological properties and applications.

KEYWORDS: lectins, physiological functions,
biotechnological applications

1. Introduction

1.1. Lectins: carbohydrate ligant proteins

Lectins are proteins of non-immune origin with
wide distribution in nature, which recognize and
reversibly bind to carbohydrates and glycoconjugates,
and are free or linked to cell surfaces through
specific binding sites [1]. The ability to agglutinate
cells distinguishes these proteins from other
macromolecules able to bind carbohydrates. In
addition, their non-immune origin differentiates
them from anti-carbohydrate immunoglobulins
that agglutinate cells. While antibodies are
structurally similar, lectins differ in amino acid
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composition, involvement of metals, three-
dimensional structure and molecular weight.
Moreover, lectins exist in animals as well as in
organisms without immune systems, such as
plants and bacteria.

The first lectins discovered in plants were ricin
(present in extracts of Ricinus communis) and
abrin (obtained from extracts of Abrus precatorius),
which are capable of agglutinating blood cells and
are ribosome-inactivating proteins (RIPs) [2, 3],
consisting of heterodimeric proteins with two
peptide chains held together by a disulfide bridge
[4]. Lectins able to agglutinate erythrocytes
were previously called (phyto-)haemaglutinins,
phytoaglutinins or plant aglutinins [5]. Boyd and
Shapleigh [6] used the term lectin (originated
from the Latin “lectus”, meaning “selected”) to
designate the class of proteins which shows
common characteristics of selectivity in the
interaction with carbohydrates. This term was
generalized by Sharon and Lis [7] to include
all proteins from variable sources, non-immune
origin and able to bind carbohydrates, with or
without specificity for blood type erythrocytes. In
1980, lectins were designated by Goldstein et al.
[8] as (glyco-)proteins of non-immune origin,
showing two or more binding sites able to
reversibly interact with carbohydrates, precipitate
glycoconjugates and agglutinate animal or plant
cells. Investigations of lectins have indicated their
presence in animals, lichens, and bacteria as well
as higher fungi [9].

Physiological functions suggested for many
lectins are based on their general properties and
locations in different tissues. The existence of
binding sites for specific carbohydrates, the major
characteristic of lectins, is undoubtedly an important
factor for the determination of their physiological
role.

1.2. Detection and specificity

The lectins are, in most cases, di- or multivalent
and able to interact with carbohydrates or
glycoproteins in solution or linked to cell membranes
and their binding sites interact with cells forming
various reversible linkages. Because of this ability,
lectins are easily detected through agglutination
assays. The haemagglutination assay (Figure 1A)
allows for easy viewing of the agglutinating

erythrocyte property of lectins. The use of
erythrocytes from different human or other animal
origin, treated enzymatically [10, 11], chemically
[12, 13] as well as untreated [12, 14] has revealed
that lectins may be specific to different erythrocytes.
The lectin from Cordyceps militaris fungus
agglutinates erythrocytes of mice and rats but is
not able to agglutinate ABO group cells [11];
lectin from Gracilaria ornata agglutinates animal
erythrocytes (rabbit and chicken) but not human
erythrocytes [10]. Phthirusa pyrifolia leaf lectin
(PpyLL) was not specific to human erythrocytes
(types A, B, and O), and no haemagglutinating
activity (HA) was detected with human AB
erythrocytes; also, this lectin showed high affinity
to rabbit erythrocytes while not agglutinating
chicken or rat cells [15]. Other lectins which are
non-specific to blood groups are the coagulant
Moringa oleifera seed lectin, cMoL [12] and
Crataeva tapia bark lectin, CrataBL [13].

The inhibition of haemagglutination (Figure 1B)
in the presence of carbohydrate(s) confirms lectin
detection indicated by previous haemagglutination
assays; in addition, lectin sample evaluations
use assays of polysaccharides or glycoprotein
precipitation [16]. Wang et al. [17] showed
another strategy to detect specific carbohydrate
binding ability of lectins where an enzyme-linked
adsorbent assay applied different monosaccharide-
polyacrylamide conjugates as capturing agents
for screening lectins in biological samples. This
assay, more sensitive than the conventional
haemagglutinating assay, provided an alternative
and efficacious detection for specific carbohydrate-
binding substances.

Lectins are specific to monosaccharides or
oligosaccharides. However, some lectin inhibition
occurs only with oligosaccharides [18], glycoproteins
and/or polysaccharides [19]. Many lectins can be
inhibited by mono- or disaccharides, such as the
lectin from eggs of Scomberomorous niphonius
fish, a rhamnose binding lectin [20], lectins of
the mushroom Agrocybe cylindracea, which are
specific to lactose [21] and from Lyophyllum
decastes with specificity for galabiose, a rare
disaccharide in human tissues [16]. Generally,
simple carbohydrates need higher concentrations
to promote inhibition when compared to complex
oligosaccharides. The phloem lectin of snake gourd



Lectins: Function, structure, properties and applications 43

(A)

2 4
p 7 )
(g J

A

)

(B)

173

el Lectin

&J” carbohydrate residues of
~ (+ erythrocyte surface

4

+ *

Lectin with binding sites inhibited by
specific carbohydrates

h Specific carbohydrate (in solution)

Figure 1. Haemagglutination assay for lectin detection (A), and inhibition of haemagglutination to
assure lectin presence and specificity with carbohydrate (B).

(Trichosanthes anguina) specifically binds chitooligo-
saccharides and their inhibitory potency increases
with increased carbohydrate size [22].

1.3. Structural characteristics

Specificity of lectins to carbohydrates, determined
by three-dimensional structure of their binding
sites, shows a conserved amino acid profile within
families of lectins [23]. These molecules exhibit a

high similarity in their residues including those
involved in binding to monosaccharides, most of
which coordinate the metal ions essential for the
integrity of subunits and the correct positioning of
the residues [24]. Lectins can have associated metal
ions and interactions coordinated by water molecules
and carbohydrates [25]. These proteins can present
2 to 12 sites of interaction, depending on the nature
of the molecule and oligomerization state [26].
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Structural differences occur in lectins from the
primary structure to the last degree of molecular
organization; they may differ in amino acid
sequence, change in the number of subunits, and
in the nature of the polypeptides. Interactions
between the subunits seem to play a dominant
role in the stability of these proteins [27]. The
specificities and affinities of the associated sites
are achieved mainly by hydrogen bridges, including
the aid of van der Waals and hydrophobic interactions
with residues of aromatic amino acids that are
close to the hydrophobic portions of monosaccharides
[24], which contribute to the stability and
specificity of the complexes formed.

Simulations of molecular dynamics have shown
lectins to be structurally flexible to experimental
differences in the analysis of adaptable molecules.
The presence of ions in the environment may
determine whether there is an interaction between
lectin and carbohydrate and if this interaction is
improved or not by a specific ion. In addition, the
concentration of ions may provide for a meeting
of carbohydrate monomers, forming micelles in
the hydrophobic sites of lectins. The complexity
of molecule binding is stabilized by many or at
least one hydrogen bridge. These assays have
demonstrated that specific and favorable electrostatic
interactions among amino acid residues of the
lectin and monomers of the ligand facilitate the

binding of the complex. The specific (hydrogen
bridges and electrostatic) or non-specific (van der
Waals) interactions constitute the main contributions
to the strength and stability of the molecular
complex [28].

2. Plant lectins

Plants are a rich source of lectins and serve as the
main source for isolation and analysis of these
molecules. Lectins are present in various plant
tissues and have different biological properties
(Table 1). The major source of lectins is often
seeds [29, 30, 31, 12, 32, 33, 34]; quiescent seeds
of legumes are particularly rich in these proteins.
Plant lectins have been purified from barks [35,
13], heartwood [36], leaves [37, 38, 15] and fruits
[39]. Other lectin sources are roots [40], tubers
[41], bulbs [42], rhizomes [43, 44, 45, 46],
coleoptiles [47], cotyledons [48] and phloem
exudate [49]. Plant lectins isolated from algae
[10, 50], lichens and ferns have distinct properties
[51, 52, 53, 54].

Plant lectins have been classified into seven families
of proteins which are related structurally and
evolutionarily. These are lectins of phloem from
Cucurbitaceae [22], chitin-binding lectins containing
domains of hevein, legume lectins [56], ribosome-
inactivating protein type 2 [57], mannose-binding
lectins of monocots, jacalin-related lectins [58]

Table 1. Lectins in different plant tissues with distinct biological activities.

Tissues Biological activities References
Secds itogense antibactertal antifungel and antiumor actites | 1293112:32,33,34
Bark Antifungal and insecticidal activities [35, 13]
Heartwood Termiticidal activity [36]
Stem Antiviral and apoptosis-inducing activities [55]
Leaves Antiviral, antibacterial and antifungal activities [37,15]
Fruits Mitogenic and antiviral activities [39]
Roots Antifungal and termiticidal activities [40]
Tubers Insecticidal and antitumor activities [41]
Bulbs Proteolytic activity [42]
Riomes | Andprlientye immnosimlatory, sl s (5.44.45.40
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and the family of amarantins. The latter three
share similar structural characteristics and have
only [ structures. The family of legume lectins is
the most thoroughly studied and characterized.
There are four main, distinct classes of plant
lectins based on their overall structure [59].
Merolectins, with only one carbohydrate-binding
domain, are small monovalent proteins with a
single polypeptide and are incapable of precipitating
glycoconjugates or agglutinating cells. Hololectins
are lectins exclusively with carbohydrate binding
domains, in which two or more of them are
identical or very similar. This class includes all
lectins that have multiple binding sites and
are able to agglutinate cells or precipitate
glycoconjugates. Chimerolectins, the result of
protein fusion, contain one carbohydrate binding
domain and another unrelated domain acting
independently. Superlectins consist of molecules
with two or more distinct carbohydrate-binding
domains. Also, plant lectins can be classified
according to the specificity of their interactions
with mannose/glucose [60], mannose/maltose,
galactose/N-acetylgalactosamine, N-acetyl-
glucosamine/N-acetylglucosamine, galactose [29],
mannose, fucose and sialic acid among others.

Plant lectins can play important roles such as
acting as a reserve of nitrogen and as protein
specific recognition factors. Additionally, they
may be involved in defense mechanisms against
pathogenic microorganisms and viruses, insects,
nematodes and herbivore predators interacting and
interfering with glycoconjugates in the growth,
development and physiology of these organisms
[61]. Plant lectins can also act as mediators of
plant-microorganism symbiosis [62]. Other functions
have been shown for lectins, such as in phenomena
related to defense and/or regulation and cellular
signaling [63], molecules involved in cell
organization, embryomorphogenesis, phagocytosis,
cellular protection, growth mechanisms of cell
wall, induced mitosis, pollinic recognition and,
especially, are considered actively engaged in the
transport of carbohydrates and their establishment
in plant tissues. Through ultrastructural analysis
of different molecular forms, isolectins that differ
in specificity of binding and in pattern of
glycosylation, have been shown to be present in
the same cellular compartment, suggesting different

cellular functions for these molecules within the
organelle [64]. The metabolism of lectins seems
related to the life cycle of the plant, since the
disappearance of these molecules in reserve
bodies in general exhibit patterns similar to
protein degradation mechanisms.

Plants use secondary metabolites or macromolecules
resulting from primary metabolism against
microorganisms, insects, herbivores or in response
to abiotic stress [65]. In plants, among the many
proteins involved in defense mechanisms are
lectins, ribosome-inactivating proteins (types 1
and 2), protease inhibitors, a-amylase inhibitors,
arcelins, chitinases, chimerolectins (protein like
monovalent lectins), canatoxin-like proteins
(proteins like hemilectins) [66] as well as
modified forms of storage proteins and ureases
[67]. Lectins seem to play an important role in
protecting the plant against predators by affecting
the growth and development of insects and
presenting toxins to herbivores. Some lectins are
toxic, such as the lectin from seeds of Dialium
guineense [60], Phaseolus vulgaris agglutinin
(PHA), the lectin from Robinia pseudoacacia and
the lectin from Sambucus nigra [23].

Plant lectins are potent in vitro inhibitors of
animal and human viruses. Lectin from the green
alga Boodlea coacta (BCA), with high specificity
to mannose-type N-glycans, inhibited HIV-1
(Human Immunodeficiency Virus) and showed
potent anti-influenza activity by directly binding
to the viral envelope. It was shown to also act as
a haemagglutinin against various viral strains,
including a clinical isolate of pandemic HINI-
2009 virus (influenza A virus), revealing its
potential as an antiviral reagent [68]. Thus, some
of these proteins may have an indirect antiviral
function where the presence of insecticide lectins
can prevent and/or reduce the spread of wviral
diseases transmitted by insects [59].

In addition, lectins have the ability to bind
specifically to fungal hyphae and act to prevent
the consumption of nutrients and incorporation of
precursors required for growth of the fungus.
Furthermore, they have been shown to work on
the germination of fungal spores, probably in an
initial stage of the process, inhibiting it and
extending the latent period preceding germination.
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Several plant lectins show antifungal activity
against pathogenic species that attack plants
[69, 31].

A coagulant lectin isolated from M. oleifera seeds
(cMoL) acted as an anticoagulant protein on
in vitro samples of blood [70].

3. Animal lectins

The presence of lectins in invertebrate animals
occurs in almost all phyla in the haemolymph and
coelomic fluid. Many lectins have been isolated
from invertebrates, such as protozoa [71, 72],
insects [73], molluscs [74, 75], crustaceans [76,
77, 78], sea cucumbers [79], polychaetes [80] and
sea sponges [81]. In vertebrates, lectins have been
isolated and characterized from fish [82, 83],
snakes [84, 85] and other animals. In humans in
particular, there are many well-characterized lectins
of different tissues and cells, such as lungs [86, 87],
serum [88, 89] and dendrites [90, 91].

In vertebrates, there are two classes of lectins,
based on their location: integral lectins of
membranes and soluble lectins present in intra-
and intercellular fluids [92]. Integral lectins are
those that are located in membranes as structural
components, and differ in specificity to carbohydrates
as well as their physical and chemical properties.
Soluble lectins can move freely in the intra- and
intercellular environments. Gabius [93] divided
animal lectins into five main groups according to
their structural characters: C-type lectins, I-type
lectins, galectin (or S-type), pentranxins and
P-type lectins. C-type lectins are those that
depend on the presence of Ca*" ions to bind
carbohydrates, show different specificities and
have conserved carbohydrate recognition domains.
I-type lectins are those that have a carbohydrate
recognition domain (CRD) similar to immuno-
globulins. Galectins or S-type lectins are thiol-
dependent, also have a CRD and are specific to
B-galactosides. Pentranxins are constituted by
many subunits producing pentameric lectins.
P-type lectins are those consisting of a similar,
but not well defined, CRD and are specific to
glycoproteins containing mannose 6-phosphate.
Sharon [24] includes in the group of C-type
lectins, endocytic receptors (such as liver lectins),
macrophagic receptors (that can work in

phagocytosis of microorganisms), selectins (that
mediate the adhesion of leukocytes to endothelial
cells and carry them to lymphoid tissues and sites
of inflammation), and secreted molecules in the
extracellular matrix and serum.

Rhamnose-binding lectin (RBL) is an animal
lectin family proposed based on their characteristic
sugar-binding specificity and their molecular
structure, which consists of two to three homologous,
tandemly repeated CRDs [94]. Lectins with
specificity for methyl-a-D-mannopyranoside are
present in Rachycentron canadum [95] and
Oreochromis niloticus sera; this latter lectin has
also shown specificity for D-mannose [33].
Mannose-binding lectin (MBL) is an important
component of innate immunity capable of activating
the lectin pathway of the complementary system.
Zhang et al. [96] has isolated an MBL gene from
channel catfish (Ictalurus punctatus).

Animal lectins seem to be involved in the
mechanisms  of  endocytosis, intracellular
translocation of glycoproteins [97], binding to
glycoconjugates [92], apoptosis processes [98],
defense against microorganisms, regulating the
processes of cell adhesion and migration as well
as in binding of bacteria to epithelial cells [99].
Moreover, they have a function in the immune
system of crustaceans [78], birds and mammals
[100]. In vertebrates, the class of integral lectins
of membranes appears to be involved with
binding of glycoconjugates to membranes of the
cell surface or vesicles, resulting in the location of
glycoconjugates in specific sites (endocytosis) or
in the transport of the same to other cellular
compartments (intracellular translocation) [92].
Meanwhile, the class of soluble lectins moves in
the aqueous compartments within and among
cells, interacting with other soluble substances
and binding to membrane glycoconjugates. The
fact that these proteins seem to be initially
concentrated within the cells, and secreted by
them, suggests that they have a common function
to bind to glycoconjugates present on and around
cells [92]. Among C-type lectins, the most studied
molecules are the mannose-specific lectins in the
serum of mammals, which act against pathogens;
they bind to oligomannosides of bacterial and
fungal cell surfaces, neutralizing them by cell
lysis or opsonization [24]. A class of lectins that
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act as receptors, called CTLR, function as
signaling molecules of the cell surface and are
able to recognize a range of highly conserved
molecules of pathogens and to stimulate an
appropriate immune response [101]. Other organisms
such as insects and protozoa (invertebrate animals)
have lectins in their cell structures; in some
protozoa, such proteins appear to be related to the
mechanism of recognition of parasitized hosts by
these animals. Immunohistochemical and immuno-
cytochemical assays with tissues from cattle to
detect binding sites of lectins from Tritrichomonas
sp. have confirmed the lectin as a mediator of the
adhesion of these parasites to host tissues [102].

4. Lectins from fungi, bacteria and viruses

Fungal lectins from species producing fruiting
bodies or mushrooms have been isolated and
characterized, and they presented different biological
properties [16, 11, 19, 103, 21, 18, 104, 14]. In
addition to fungi or, more rarely, yeasts [105],
some bacteria and cyanobacteria have been shown
to be sources of lectins [106]; these proteins can
also be found in viruses [107].

The opportunistic human pathogen Pseudomonas
aeruginosa produces two lectins, which bind
to galactose- and fucose/mannose-containing
glycoconjugates. [106]. The A33 protein from the
Vaccinia virus, which is a type II membrane
protein found in the outer envelope of extracellular
and cell-associated virus particles, evolved from a
C-type lectin-like protein [107].

A fungal lectin from Psathyrella velutina, called
integrin-type lectin, showed structural similarities
with the extracellular domain of integrin class
proteins involved in cell adhesion [108]. Fungal
lectins, as in animals, are classified according to
their structure, such as the lectin from Coprinopsis
cinerea, related to galectins, a lectin class
characterized by many conserved residues [18].
Finally, fungal lectins, as with plant lectins, can
be classified according to their binding specificity:
to mannose [14], arabinose [109], N-acetyl-D-
galactosamine [110], melibiose, xylose [111], or
lactose [21].

Lectins in microorganisms appear to play several
important roles, like the interaction of host cells,
recognition in immunological processes, phagocytosis

and cell adhesion [99]. Lectins of the bacterial
surface appear to be involved in mediating the
initiation of bacterial infection through adhesion
to epithelial cells, as occurs in infections of the
urinary and gastrointestinal tracts. Fungal lectins
may be involved in cell wall biosynthesis,
differentiation of mycelium, adhesion of spores
from pathogenic species to insects and nematodes,
recognition between fungi and mycoparasites, as
well as acting as storage proteins and presenting
pesticide activity [112]. Some authors have
reported that lichen lectins of fungal origin can
have an important role in the establishment of
symbiosis, as a recognition factor between species
serving as a factor of interspecific recognition
[113].

5. Lectins and plant evolution

Among the arguments indicating that lectins have
a role in plant defense, the most important is the
ability of these molecules to link to glycoconjugates
of other organisms. In general, these molecules
bind to simple carbohydrates, but they have a very
high affinity for oligosaccharides that are unusual
or totally absent in plants. Examples of these
proteins are chitin-binding plant lectins, such as
the lectin from Viscum album [114], and lectins
that bind to sialic acid. Chitin-binding lectin
recognizes the typical cell wall of fungi and
exoskeleton of invertebrates; sialic acid ligand
lectins recognize a carbohydrate that is absent in
plants but is the main component of animal
glycoproteins. Besides this binding ability, plant
lectins have high stability, even under unfavorable
conditions such as changes in pH, temperature or
exposure to proteases of insects and animals.
These molecules seem to be preferentially
associated with certain parts of plants that are
more susceptible to attack by other organisms
(generally storage organs and seeds) [59]. Lectins,
especially those of seeds and other storage tissues,
appear to play a role as reserve proteins due to
their biochemical properties, abundance and role
in the regulation of plant development. However,
these proteins seem to play a dual role: they act as
defense proteins and are toxic to various predators,
while they also store nitrogen. The different
specificities of lectins to bind carbohydrates and
recognize a wide variety of molecules present in
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microorganisms and other animals as well as their
dual role in nitrogen storage and protection
against predators are characteristics resulting
from the large adaptive evolution of plants [23].
A structural study of the lectin from Parkia
platycephala seeds showed a circular arrangement
of B-prism-type domains, conferring adaptability
to the molecule; the carbohydrate binding is
flexible and the cyclic structure of the molecule
indicates convergent evolution in the construction
of related lectins with functions in host defense
against pathogens and predators [115].

6. Biological properties and applications

Lectins stand out in biotechnology due to their
many applications and other potential uses that are
being evaluated daily and studied by researchers
in lectinology. Lectins and their characteristic
properties, mainly due to their ability to bind
glycoconjugates, stand out as important tools in
research covering various areas of science,
especially in biochemistry, cellular and molecular
biology, immunology, pharmacology, medicine
and clinical analysis. Lectins have a variety of
effects on cells, such as agglutination, mitogenic
stimulation, redistribution of cell surface components,
modifying the activity of membrane enzymes,
inhibition of bacterial and fungal growth, cell
aggregation, toxicity, immunomodulation, among
others [41, 31, 103, 75, 116, 117].

Based on the carbohydrate, specific binding
lectins can recognize tissues and aid in the
diagnosis of diseases. Cratylia mollis seed lectin
is a versatile tool for biomedical studies [118,
119]. The lectin is able to detect dengue
glycoproteins in clinical samples [120]. Ohyama
et al. [121] studied different lectins that were
tested for their binding to carbohydrates on serum
prostate-specific antigen (PSA); they found that
such lectins have a predominant core structure of
N-glycans with the sialic acid alpha2-3 galactose
linkage as an additional terminal carbohydrate.
Among the lectins examined, the M. amurensis
agglutinin-bound fraction of free serum PSA
increased in prostate cancer patients compared to
patients with benign prostate hypertrophy. The
binding of PSA to M. amurensis agglutinin, which
recognizes alpha2,3-linked sialic acid, was also
confirmed by surface plasmon resonance analysis.

Therefore, the differential binding of free serum
PSA to M. amurensis agglutinin lectin between
prostate cancer and benign prostate hypertrophy
could be a potential measure for diagnosis of
prostate cancer.

Affinity matrices of seed lectins from C. mollis
were able to isolate glycoproteins from complex
protein mixtures [122]. A lectin from Crataeva
tapia bark improved tissue damage and plasma
hyperglycemia in alloxan-induced diabetic mice
[123].

6.1. Lectins against microorganisms

Lectins, especially those with specificity to
mannose or N-acetyl-glucosamine, have a
remarkable anti-HIV (Human Immunodeficiency
Virus) activity as shown in cell culture assays
[80], not only inhibiting cell infection but also
preventing the spread of viral infection from
infected cells to uninfected T lymphocytes [26].
Some lectins can also act by inhibiting the activity
of HIV-1 reverse transcriptase [39, 111, 103].

Different lectins have shown activity against
bacteria [124, 125, 75, 126], protozoa [81], fungi
[127, 69, 31] and nematodes [61], indicating that
these proteins can be valuable in future clinical
treatments.

Antimicrobial proteins attract the interest of many
researchers for their potential as tools against
fungal and bacterial infections in plant or human
pathologies. Such proteins, once incorporated into
transgenic plants, promote resistance against
pathogens; also, lectins can serve as active
principles of antifungal or antibacterial clinical
use. Antifungal proteins or peptides are ubiquitous
in nature and are expressed in different structures
or organs of many plants and animals [128].
Among several antifungal protein classes are
lectins [69, 31], such as the ribosome-inactivating
proteins. Antibacterial proteins or peptides found
in different organisms act as enzymes or represent
many protein groups such as C-type lectins
present in shrimp and scallops [129, 77] and plant
lectins [39].

The broad range of lectins on the market and the
possibility of isolating new, biologically active
molecules with potent action in a wide spectrum
of applications have resulted in lectins being
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continuously evaluated with regard to various
biological properties, among them, against micro-
organisms. A type of pathogenic fungus extremely
important in agriculture is the genus Fusarium.
Some purified plant lectins have antifungal
properties against members of this genus [130].
Lectins isolated from seeds of Pisum sativum [31]
and Astragalus mongholicus [127] and another
lectin isolated from Sebastiania jacobinensis
bark [35] are inhibitors of F. oxysporum. Two
chitin-binding lectins purified from Artocarpus
heterophyllus and A. altilis inhibited F. moniliforme
[69]; the lectin from S. jacobinensis bark [35]
also inhibited this species of fungus. Souza et al.
[40] studied a lectin from Bauhinia monandra
secondary roots that showed antifungal activity
against phytopathogenic species of Fusarium
and was more active on F. solani. Lectins with
antifungal activity are mainly chitin-binding lectins;
these proteins are able to bind chitin from the
fungal cell wall [130].

There is a growing interest in evaluating the effect
of lectins against bacteria of medical importance.
Such lectins are able to interact and inhibit the
development of microbial cells as lectins recognize
carbohydrates or glycoconjugates in cell surfaces,
according to their specificity. Lectins from
different sources can act as antibacterial agents
against Gram-positive and Gram-negative bacteria,
such as a lectin from the marine species Holothuria
scabra [125], the lectin from Araucaria
angustifolia seeds [124] and C-type lectins from
chicken and goose eggs (both active against
B. subtilis, S. aureus and P. aeruginosa) [126]. The
lichen lectin from Cladonia verticillaris (ClaveLL)
has shown antibacterial activity against Gram-
positive (Bacillus subtilis, Staphylococcus aureus
and Enterococcus faecalis) and Gram-negative
(Escherichia coli and Klebsiella pneumoniae)
strains as well as antifungal activity against
Trichophyton rubrum [54]. Athamna et al. [131]
have shown that plant lectins are capable of
differentiating mycobacterial species that are
potential pathogens.

6.2. Lectins and cells

Lectins show mitogenic activity in mononuclear
blood cells and antiproliferative activity in cell
lines of human cancer [43, 41], such as leukemia

lines Mo-T, Jurkat [104], L1210, M1, hepatoma
cells (Hep G2) [132] and breast cancer [34].
Mitogenic activity is a common property of many
lectins, especially those of fungal origin, acting on
splenocytes [103, 133, 111, 39, 134, 132] and
human T lymphocytes [74, 135]. BIL, a galactose-
binding C-type lectin purified from Bothrops
leucurus snake venom, exhibits anticancer activity
by inducing melanoma cell death [85].

A lectin from C. mollis seeds induced a transition
in membrane permeability [136]; a gel formulation
used the lectin to evaluate bone repair in rats
[137]. The healing process restores the anatomical
and functional integrity of tissues; wound healing
is a complex series of biochemical and cellular
events in response to tissue damage. A wound
constitutes a continuous anatomic-physiological
solution from the lesion area and a scar
corresponds to the biological attempt from the
organism to restore its integrity. This is known as
the cicatricial process, which is divided into three
phases: inflammatory, proliferative and maturation.
Such phases are not isolated processes and
frequently overlap one another. The inflammatory
phase begins immediately after a lesion develops
and is characterized by vasoconstriction mediated
by neurogenic and chemical factors during a
period from seconds to minutes. This is followed
by local vasodilation, which through increasing
vascular permeability, results in an influx blood
flow to the area, bringing with it seric proteins,
coagulation factors and platelets. The increase of
extravascular liquid, characterized by elevation
of oncotic pression in the lesion area, is called
edema and its clinical appearance is swelling or
inflammation. Besides inflammation, blushing,
pain and increase of temperature occur in lesion.
The proliferative phase or fibroplasia, characterized
by tissue formation, induces reepithelization and
wound contraction. The tissue formed has a
humid aspect, is contractile (due to the presence
of fibroblasts), and fills the space left by the
wound, acting as a barrier to microorganisms.
Reepithelization starts by migration of basal
epithelial cells (keratinocytes), of centripetal
shape, from the lesion border; the composition of
the extracellular matrix is gradually substituted by
a collagenous matrix. The maturation phase or
wound contraction is marked by remodelling of
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tissues in a sense to restore the shape and function
of injured tissue. Deposition, grouping and
remodelling of collagen (initially of type III, but
which by degradation is substituted by type I
collagen) associated with endothelial regression
and the reappearance of connective tissue,
collagen fibers and a few blood vessels, are
characteristics of matured healing of the damaged
tissue. Figure 2 contains a schematic representation
of different phases from the cicatricial process
of wounds in mice, in its histopathological and
macroscopic perspective. These wounds were
treated with isoforms from C. mollis seed lectin
(Cramoll 1,4) at the second (inflammatory phase),
seventh (prolipherative phase) and twelfth
(maturation phase) days of treatments. Besides
Cramoll 1,4, lectins from seeds of Eugenia
malaccensis and Parkia pendula have been
evaluated in relation to their efficacy in the
cicatricial process [138, 139, 32].

The antitumor action of lectins has been observed
in sarcoma 180 [103, 140] and in some cell lines
of human tumors [141]. A modulating effect on
the immune response is a property observed in
some lectins [142, 143]. Other lectins, in particular
plant lectins, and especially RIPs type 2, may have
cytotoxic activity in vitro, inducing apoptosis [57].
Bauhinia forficata lectin from seeds shows
selective cytotoxic effect and adhesion inhibition
in MCF7 breast cancer cells [34]. Examples of
commercial lectins with cytotoxic action in
mammalian cells are ricin, abrin and, of lesser
intensity, concanavalin A, and wheat germ
agglutinin (WGA) among others [144]. The toxic
effect of lectins on cells is usually selective; they
are much more active in transformed cells, which
are more sensitive to lectin effects compared to
normal cells. A lectin isolated from Viscum album
showed a cytotoxic property in Molt4 human
cells, a cell line derived from T cells of leukemia
[114]. A protein from the seeds of Pouteria torta
(pouterin), with lectin-like activity, induced tumor
necrosis factor receptor 1 (TNFRI)-mediated
apoptosis in HeLa cells from human cervical cancer
[144]. A mannose-binding lectin from Sophora
flavescensa is a potent anti-tumor agent with
cytotoxic and apoptotic effects on HeLa cells [145].

Some lectins have the ability to mediate
mucoadhesion, cytoadhesion and cytoinvasion of

drugs [146]; these molecules also act in systems
for drug release. Bauhinia monandra leaf lectin
(BmoLL) and Lens culinaris lectin (LCL)
incorporated and adsorbed on the surface of
nanoparticles are potential tools as oral drugs with
controlled release [147]. Production and use of
intelligent drugs aiming at more target-specific
and less aggressive therapeutic treatment for
patients with cancer is of great interest to the
pharmaceutical industry and medicine.

6.3. Lectins and insects

Lectins, beyond their effects on cells, also have
the ability to act as insecticidal molecules against
a variety of species [148, 10, 41, 36, 51]. In
addition, their genes can produce transgenic plants
of economic interest [149]. A lectin from
Galanthus nivalis, GNA, was fused to an insect-
specific, spider neurotoxin, SFII (Segestria
Florentine toxin 1). The lectin acted as a carrier
to the neurotoxin, leading it to the haemolymph
of Lepidoptera larvae; the fusion of SFI1/GNA
showed the potential use of the lectin as a
pesticide in the cultivation of plants [150]. Several
lectins have revealed deleterious effects against
different life stages (larva [151, 152, 10], nymph
[153] and adult [154]) and on oviposition [155] of
insects [156]. These effects indicate insecticidal
activity against Coleoptera [155, 10], Homoptera
[148], Hemiptera and/or Diptera [43, 154],
Lepidoptera [151, 152] and/or Hymenoptera [157]
besides other orders of representative insects. Two
reports of lectin toxicity with lethal effects on
an insect of the Isoptera order (Nasutitermes
corniger) were evaluated [36, 51]. Both M. urundeuva
heartwood lectin (MuHL) and Cladonia verticillaris
lichen lectin (ClaveLL) showed termiticidal
effects yet yielded different LC50 values for
soldier and worker castes. While ClaveLL was
more effective against workers, MuHL was more
toxic to soldiers. Both ClaveLL and MuHL did
not show repellent properties [36, 51].

The mechanisms of insecticidal action of lectins
are unknown, although entomotoxic activity seems
to depend on the carbohydrate recognition property
that they exhibit [156]. In general, lectins able to
bind N-acetyl-D-glucosamine with affinity to
chitin have insecticidal properties. However, plant
lectins with different specificities have also shown
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ability as insecticidal molecules, suggesting that
this property is not exclusive to N-acetyl-D-
glucosamine-specific lectins [155, 10]. For
example, a Xerocomus chrysenteron (mushroom)
lectin with affinity for D-galactose and lactose
and, to a lesser extent, N-acetyl-D-galactosamine
had an effect on Drosophila melanogaster and pea
aphid Acyrthosiphon pisum [112]. A lectin from
Gracilaria ornata, named GOL, which is only
inhibited by some glycoproteins, caused a
significant reduction in larval survival; also, GOL
significantly affected the percentage of adult
emergence [10]. In other work, Sadeghi et al.
[155] used 14 plant lectins (of four lectin families)
with several specificities; they showed that all
lectins had deterrent effects against oviposition of
C. maculatus adults. Talisia esculenta lectin
(TEL), isolated from seeds with chitin-binding
properties and inhibited by mannose and glucose,
produced elevated mortality in Callosobruchus
maculatus and Zabrotes subfasciatus larvae [158].

Lectin effects such as repellence or toxicity
against insects are, according to the most widely
used methods, generally based on bioassays with
lectin incorporation into the experimental
environment [159] or into artificial diets offered
to target insects [160]. Lectin toxicity seems to
depend upon the necessary resistance of the
molecule against assimilatory proteins and
proteolytic degradation by digestive enzymes and
on binding to insect gut structures, in the
peritrophic membrane and/or chitinous structures
in the midgut region, thereby inhibiting digestion
and absorption and causing nutritional deprivation
[151, 152, 10]. According to Macedo et al. [152],
BmoLL is able to bind to chitin as well as to
midgut extracts and membrane proteins of
Callosobruchus maculatus larvae. Insecticidal
activity may involve binding to chitin components,
interactions with glycoconjugates on epithelial
cell surfaces, binding to glycosylated digestive
enzymes and/or assimilatory proteins, resistance
against enzymatic digestion and decrease of the
a-amylase activity in the midgut of insects. The
mechanism of action of insecticidal lectins is still
unknown, but probably has different modes of
action according to cell localization [154]. Some
mechanisms of lectin action promote insect
mortality. According to subcellular targets of

lectins, they may decrease food intake through
binding to the midgut epithelium or to the
peritrophic matrix [161]. They could cross the
midgut epithelial barrier and pass into the insect
circulatory system resulting in a toxic action
interfering with endogenous lectins involved in
self-defense which are present in the haemolymph
[162]. Alternatively, they may be internalized by
endocytotic vesicles into the epithelial cells and
block nuclear localization and sequence-dependent
nuclear protein importation, inhibiting cell
proliferation [163].

Biotechnological and industrial interest is growing
in the discovery of new natural pesticides to
promote biological control that prevent undesirable
environmental impacts [164, 165, 166]. In this
context, genes coding for inhibitors of digestive
enzymes, amylase inhibitors, peptides, lectins and
other molecules can produce transgenic plants
with resistance to microorganisms and insects
[149, 148]. Genes of new lectins with defense
properties are being widely incorporated into
transgenics as an alternative to check resistance in
vegetables of economic interest and can produce
plants less susceptible to microrganism attacks.
These lectins are biotechnological strategies for
the preservation of endangered species of economic
importance, through incorporation of their
genes into transgenic plants to serve in the control
of pests.

6.4. Lectins and cytochemistry/histochemistry

Detection of carbohydrades by lectins involves
their binding to glycoconjugates in cells, tissue
sections or free carbohydrate/glycoconjugates.
The binding is detected by techniques of direct
visualization using labelled lectins [167] or by
an indirect way through the application of
immunological techniques. Radio-marked lectins
and conjugated lectins are sensitive and specific
reagents for the detection of glycoproteins and
other glycoconjugates [168, 169].

Lectins are cytochemical, histochemical or
immunohistochemical  tools  for locating
glycoconjugates in different animal tissues [170]
and for the detection and characterization of
glycosilated residues and different glycoconjugates
present in human or animal cells and tissue
surfaces [171, 168, 169, 172]. These proteins
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have been applied in the investigation of kidney
tissues from humans and other animals and have
provided important contributions to diagnosis and
prognosis of diseases, such as cancer. Lectins can
distinguish prostate cancer from benign hyperplasia
[172], characterize and evaluate the pattern of
binding in transformed human breast tissue [173]
and detect cellular changes in various tissues
[174] distinguished by inflammation and alterations
associated with neoplasia [175]. Lectins are useful
in forensic medicine, characterizing brain pathologies
[176] and assisting in research and diagnosis of
brain diseases in post-mortem humans [176, 177,
178, 179].

6.4.1. Lectin immunoadsorbent assay

Lectin immunoadsorbent assay (LIA), performed
by direct or indirect methods, evaluates the 1gG-
binding lectin and is carried out in microtiter
plates with planar surface (solid phase), where
solutions of lectins passively adsorb to wells. In
the direct method, antilectin immunoglobulin G
(IgG-antilectin) conjugated to peroxidase (peroxidase-
antilectin-IgG) is incubated to evaluate antigen-
antibody binding (Figure 3A). Meanwhile in
the indirect method, the antilectin-IgG is added
and incubated followed by addition of an IgG-
antilgG-peroxidase in order to increase reaction
specificity (Figure 3B). In all steps, the solutions
containing specific carbohydrate for each lectin
avoid the specific binding by the recognition site
between the lectin and the glycidic carbohydrate
portion of IgG. Figure 3C shows the results of a
plate with LIA performed by the indirect method.

LIA is an assay useful in quantifying the levels of
known antigens or antibodies, since proteins with
similar function, in closely related species, usually
differ only in a few amino acid residues. However,
the differences can cause sufficient changes in the

conformation of the protein surface, hence
antibodies reacting with a protein have markedly
different affinity for another protein. The indirect
method LIA has been used to evaluate the
immunoreactivity of lectins. For instance, isoforms
from C. mollis seeds (Cramoll 1, Cramoll 2,
Cramoll 3 and Cramoll 4), Parkia pendula seed
lectins (isoforms 1 and 2), seed lectin from
P. platycephalla, commercial lectins Concanavalin
A, Ulex europaeus agglutinin IT (UEA-II), Triticum
vulgaris lectin, Bandeiraea simplicifolia lectin II
(BS-II) and Lens culinaris lectin have been
evaluated against IgG-anti Cramoll 1. Even among
C. mollis isoforms from the same plant tissue
there are differences in carbohydrate recognition.
Cramoll 1, Cramoll 2 and Cramoll 4 are specific
to glucose/mannose, while Cramoll 3 is specific to
galactose. A weak and irregular recognition among
lectin isoforms of P. pendula specific to glucose/
mannose was due to a strong binding of this lectin
with peroxidase (Figure 4A). Commercial lectins
also showed weak recognition (Figure 4B), even
Con A, a lectin structurally similar to Cramoll 1
with identity of 82% [180]; these results showed
the ability of LIA to assess the identity of lectins
obtained from different sources and species.

6.4.2. Lectin radial immunodiffusion and
conjugated lectins as tissue markers

Radial immunodiffusion allowed for total identity
among Cramoll 1, Cramoll 2 and Cramoll 4, and
a negative result for Cramoll 3; partial identity
was detected for Con A (Figure 5A and 5B);
P. pendula lectin isoforms and lectins from
P. platycephala, L. culinaris, T. vulgaris, UEA-II
and BS-II showed negative results (Figure 5C
and 5D).

Lectins conjugated to peroxidase and used as
tissue markers develop a reaction product which

Legend to Figure 2. Skin lesions - healing process.

Macroscopic lesions and histopathological aspects of cicatricial tissue phases.

Legend to Figure 3. Schematic representation of the lectin immunoadsorbent assay (LIA).

A: Direct Method: lectin (lilac) adsorbed to flat-bottomed microtiter plate (red), IgG anti-lectin conjugated
to peroxidase (purple), peroxidase reaction detected at 492 nm with O-phenylenediamine solution (yellow).
B: Indirect Method: lectin (green) adsorbed to flat-bottomed, microtiter plate (red), anti-lectin antibody (blue), IgG
anti-IgG conjugated to peroxidase (light red), peroxidase reaction detected at 492 nm with O-phenylenediamine

solution (yellow). C: View of LIA in microtiter plate.
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Figure 4. Lectin immunoadsorbent assay (LIA) by the indirect method using IgG-anti-Cramoll 1.

Top, Cramoll 1, Cramoll 2, Cramoll 3 and Cramoll 4 (Cramoll: isoform lectin from Cratylia mollis seeds),
Parkia pendula lectin isoforms 1 and 2, and P. platycephala lectin.

Bottom, Con A: seed lectin from Canavalia ensiformis (concanavalin A); UAS-II: isolectin II from Ulex
europaeus seeds (U. europaeus aglutinin); BS-II: isolectin II from Bandeiraea simplicifolia seeds and Lens
culinaris lectin. A492: absorbance at 492 nm.
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3 3

Figure 5. Radial immunodiffusion in agarose gel containing IgG-anti-Cramoll 1 in the central wells.

A, Cramoll 1 (1), Cramoll 2 (2), Cramoll 3 (3) and Con A (4). B, Cramoll 1 (1), Cramoll 4 (2), Cramoll 2
(3) and Con A (4). C, Con A (1), isoform 1 from P. pendula seed lectin (2), isoform 1 from P. pendula
seed lectin (3) and P. platycephalla seed lectin (4). D, Lens culinaris lectin (1), Triticum vulgaris lectin
(2), Bandeiraea simplicifolia lectin II, BS-II (3) and Ulex europaeus agglutinin, UEA-II (4).
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A, Schematic representation of tissue labelling using peroxidase conjugated lectin. B, Mammary tumor (infiltrating
ductal carcinoma) labelled with a lectin (Cramoll 1) conjugated to peroxidase. C, Lectin (Cramoll 1) inhibition

activity using a specific carbohydrate (mannose).

can be evaluated by optical microscopy. Figure 6A
shows a diagram of the steps used for studies of
marking tissues. Staining intensity information
from normal and transformed tissue cells confirm
that differences are due to carbohydrate changes
in tissue labelling evaluated through inhibition
using carbohydrates specific to a particular lectin.
Figure 6B shows a section of infiltrating ductal
carcinoma tissue marked with Cramoll 1 conjugated
to peroxidase; Figure 6C detected inhibition of the
reaction using mannose, a carbohydrate specific to
Cramoll 1.

CONCLUSIONS

This review provides an overview of current lectin
research. The review is about the structural
characteristics of these proteins, their distribution
in nature with different biological applications
and their role in plant evolution. Topics include
different properties of these proteins, from

antimicrobial and insecticidal to mitogenic and
antitumoral activities. Lectins have already been
shown to have an important function in the
cicatricial process from inflammatory lesions and
are used in the diagnosis of diseases. This study
is a reference for everyone with interest in the
development and challenges of this important
class of proteins.
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