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A new galactose-speciﬁc lectin was puriﬁed from seeds of a Caesalpinoideae plant, Bauhinia variegata, by afﬁnity
chromatography on lactose–agarose. Protein extracts haemagglutinated rabbit and human erythrocytes (native and
treated with proteolytic enzymes), showing preference for rabbit blood treated with papain and trypsin. Among
various carbohydrates tested, the lectin was best inhibited by D-galactose and its derivatives, especially lactose.
SDS-PAGE showed that the lectin, named BVL, has a pattern similar to other lectins isolated from the same
genus, Bauhinia purpurea agglutinin (BPA). The molecular mass of BVL subunit is 32 871 Da, determined by
MALDI-TOF spectrometry. DNA extracted from B. variegata young leaves and primers designed according to the
B. purpurea lectin were used to generate speciﬁc fragments which were cloned and sequenced, revealing two distinct
isoforms. The bvl gene sequence comprised an open reading frame of 876 base pairs which encodes a protein of 291 amino
acids. The protein carried a putative signal peptide. The mature protein was predicted to have 263 amino acid residues and
28 963 Da in size.
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1.

Introduction

Lectins are carbohydrate-binding proteins that interact with
speciﬁc sugars or glycoconjugates and mediate several
biological activities such as cell–cell interactions, fungi
and bacteria adhesion to host cells and immune responses,
among others (Vijayan and Chandra 1999; Imberty et al
2005). Due to their properties, these proteins have been
used in the isolation and structural characterization of
glycoconjugates, blood typing and studies of the architecture

of the cellular surface (Gilboa-Garber et al 2006; Dias et al
2008; Parillo and Supplizi 2008; Kapoor et al 2008). Because
of their effects in processes such as immunosupression,
mitogenicity and cytotoxicity, they have been used as tools
in immunology, cellular biology and cancer research (Panda
and Kar 1999; McBride et al; 2000; Asma et al 2003; Wu
et al 2004; Tripathi and Maiti 2005).
In spite of their wide distribution, the best studied
lectins are those obtained from plants, especially from the
Leguminosae family. In fact, these proteins have been used
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for decades as model systems for the study of protein–sugar
interactions, because of their wide range of speciﬁcities
(Loris et al 1998). However, almost all well-characterized
Leguminosae lectins are from the Papilinoidae subfamily,
and until now only few lectins from the Caesalpinoideae
species have been reported, such as Bauhinia purpurea
(Irimura and Osawa 1972) and Griffonia simplicifolia (Lamb
and Goldstein 1984).
B. purpurea agglutinin (BPA) is a galactose-speciﬁc
lectin which exhibits a clear preference for the sequence
Gal β1-3 GalNAc (Irimura and Osawa 1972). Indeed, this
lectin has been widely used in multifarious cytochemical
and immunological studies of cells and tissues under
pathological or malignant conditions (Wu et al 2004).
BPA is best characterized with regard to its biological
properties (Zhu et al 1996; Baldus et al 2000; Wu et al 2004;
Pearse et al 2004; Gauthier et al 2004; Kumar and Timoney
2005). G. simplicifolia is a remarkable case: it presents
a mixture of isolectins in its leaves and seeds, and also
lectins with different speciﬁcities and amino acid sequences
that are encoded by different genes or small families of
genes (Van Damme et al 1998). Based on these studies
new lectins from different species of the Bauhinia genus
have been recently identiﬁed. These include the lectin
from B. monandra (BmoLL) which has insecticidal
activity (Macedo et al 2007) and the lectins from B.
pentandra (Silva et al 2001) and B. variegata var. candida
(Silva et al 2007).
In this paper, we report the puriﬁcation and partial
characterization of a lectin from seeds of B. variegata
(BVL). In addition, the comparison of BVL with lectins
from other taxonomically related species was established
through analysis of DNA and deduced amino acid sequences
from the fragment encoding BVL.
2.

Materials and methods
2.1

Plant material

All experiments were carried out with B. variegata seeds
collected from plants grown in the state of São Paulo,
Brazil.

2.3

Haemagglutination and haemagglutination
inhibition tests

Haemagglutination tests were performed using 2% rabbit
trypsin-treated erythrocytes (Sampaio et al 1998). Assays
of haemagglutination inhibition studies by a range of simple
sugars were performed using 4 haemagglutinating units of
lectin as described (Sampaio et al 1998). In each tube, 50 µl
of a two-fold serial dilution of simple sugars in buffer was
added to an equal volume of lectin solution, which had been
carefully diluted to contain four minimum agglutination
doses. After 1 h at room temperature, 50 µl of the erythrocyte
suspension was added. The mixture was incubated for 1 h
at room temperature and then examined for agglutination.
Results were expressed as the minimum concentration
(millimolar) of simple sugar required to completely inhibit
the 4 haemagglutinating units.
2.4

Determination of protein concentration

Protein concentration was determined by the Bradford
(1976) method, using bovine serum albumin as standard.
Readings at 280 nm were used to determine protein content
of the column eluates.
2.5

Lectin puriﬁcation

Ground seeds of B. variegata were homogenized with 100
mM Tris-HCl, pH 7.6, containing 0.15 M NaCl (1:20 w/v)
for 3 h at room temperature. After centrifugation, the crude
protein fraction was loaded onto a lactose–agarose (Sigma)
column equilibrated and eluted with extraction buffer at a
ﬂow rate of 30 ml.min–1 until the column efﬂuent showed
absorbance at 280 nm of less than 0.05. Bound proteins
were eluted with 100 mM lactose in equilibration buffer.
The elution was monitored at 280 nm and 3 ml fractions
were collected manually and tested for haemagglutinating
activity on rabbit trypsinized erythrocytes. Active fractions
were pooled, dialysed extensively against distilled water,
aliquoted, freeze-dried and stored at –30ºC until use.
2.6

2.2.

Extracts preparation

Seeds of B. variegata were ground and extracted with three
different buffers: 100 mM glycine HCl pH 2.6, 100 mM
Tris-HCl pH 7.6 and 100 mM glycine-NaOH pH 9.0, all
containing 0.15 M NaCl. Each homogenate was centrifuged
(10,000 g, 30 min, 4ºC) and ﬁltered. The resultant
supernatants were used in haemagglutination assays and
protein quantiﬁcation.
J. Biosci. 33(3), September 2008

SDS-PAGE

SDS-PAGE was carried out in a 12.5% gel and run at 30
mA for 5 h (Laemmli 1970). Proteins with known molecular
mass were used as markers: bovine serum albumin
(66 kDa), ovalbumin (45 kDa), glyceraldehyde 3-phosphatedehydrogenase (36 kDa), bovine carbonic anhydrase
(29 kDa), bovine pancreas trypsinogen (24 kDa), soybean
trypsin inhibitor (20 kDa), and bovine gamma-lactalbumin
(14 kDa). Protein bands were stained with 0.05% Coomassie
brilliant blue R-250.
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Mass spectrometry

2.7

Molecular mass was determined by MALDI-TOF mass
spectrometry. Measurements were performed on a Bruker
REFLEX using N2 (337 nm) with a 3-ns pulse width and
107–108-watt/cm2 irradiance at the surface (0.2 mm2) spot.
The matrix employed was 2.5-dihydroxybenzoic acid.
2.8

DNA puriﬁcation

Genomic DNA was puriﬁed from fresh leaves of one-weekold seedlings grown from mature seeds. The protocol for
DNA puriﬁcation used cetyl triethylammonium bromide
(CTAB), as described by Foster and Twell (1996). The
concentration of DNA was determined by measuring the
absorbance at 260 nm (A260) of a ten-fold dilution of each
sample. The quality of all DNA preparations was checked
by 0.8% agarose gel electrophoresis according to Sambrook
and Russell (2001).
2.9

Phrap/Consed package (http://www.phrap.org). Assembled
sequences with high quality (Phred > 20) were aligned
using CLUSTALX (Thompson et al 1997), with default gap
penalties.
2.11

2.10

DNA sequence analysis

Plasmid DNA was prepared using a GFX™ Micro Plasmid
Prep kit (GE Healthcare). Insert sequences were determined
by using the DYEnamic ET terminators sequencing kit
and a MegaBACE 500 automatic DNA sequencer (GE
Healthcare). Each plasmid insert was sequenced four times
in both directions using the PCR primers BAUL-F and
BAUL-R. The quality of DNA sequences was checked and
overlapping fragments were assembled using the Phred/

Southern blot analysis

Total genomic DNA was isolated from 1 g fresh weight
of B. variegata leaf material. Aliquots of DNA (10 µg)
were digested overnight at 37°C with BamHI and EcoRI,
fractionated by 0.8% agarose gel electrophoresis and
transferred to a positively charged Hybond-N+ nylon
membrane (GE Healthcare). The bvl coding sequence was
used as a probe for Southern analysis. Probe labelling,
hybridization and detection were performed using the ECL
Direct™ Nucleic Acid Labeling and Detection System (GE
Healthcare) following the manufacturer’s instructions. The
hybridized signals were visualized by exposure to Hyperﬁlm
ECL at room temperature for 2 h.

Genomic DNA ampliﬁcation and molecular cloning

Synthetic oligonucleotides BAUL-F (CATATGATGCTTCTCTACCAAC) and BAUL-R (GCATCCTTACATACTGGAATAA) were designed based on the published sequence
of BPA (GenBank accession number D12481). PCR was
performed in an MJ-Research Inc. (Watertown, MD,
USA) PTC-100 thermocycler programmed for an initial
denaturation step (3 min at 94°C) followed by 35 cycles of
1 min at 94°C, 1 min at 50°C, and 1 min at 72°C. The last
cycle was followed by a ﬁnal incubation of 8 min at 72 °C.
Ampliﬁcation reactions were carried out in a ﬁnal volume
of 25 µl containing 300 ng of genomic DNA template and 1
unit of Taq DNA polymerase (Invitrogen). Control samples
containing all reaction components except DNA were used
to assure that no self-ampliﬁcation or DNA contamination
occurred. The ampliﬁed PCR products were analysed by
agarose gel electrophoresis, puriﬁed, ligated to a TOPO
TA vector and then transformed into Escherichia coli
TOP10 cells by using a TOPO TA cloning kit (Invitrogen),
according to the manufacturer's instruction.
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3.
3.1

Results and discussion

Puriﬁcation and partial characterization from
BVL lectin

The Caesalpinoideae subfamily of leguminous plants
comprises four tribes (Caesalpinieae, Cassieae, Cercideae
and Detarieae) which group 143 genus. At present, the
tribe Cercideae is the only taxon from which lectins have
been characterized biochemically. Here, we report the
ﬁrst primary structure determination of a Caesalpinoideae
lectin isolated from crude extracts of B. variegata seeds,
obtained at different pH values (2.6, 7.6 and 9.0). The
crude extracts strongly agglutinated native rabbit and
human red blood cells (table 1). Similar results were
found with B. monandra (Peñate et al 1988). However, the
crude extracts of B. purpurea and B. vahlii exhibited low
haemagglutinating activity when in contact with human
blood of the ABO system (Rajaram and Janardhanan 1991).
The best speciﬁc haemagglutinating activity was observed
with the lectin obtained at pH 2.6 for both human and rabbit
erythrocytes, except for type O human erythrocytes, where
haemagglutination was obtained only at pH 7.6. This fact
may show the presence of another lectin which binds only
to sugars present in human erythrocytes of type O, such as
fucose. The lectin from B. variegata var. candida did not
exhibit haemagglutinating activity with rabbit erythrocytes,
showing that differences among lectins from plants of the
same species can be observed at the level of varieties.
The more speciﬁc haemagglutinating activity observed
with extracts obtained at pH 2.6 was similar to the activity
observed with extracts from B. pentandra (Silva et al 2001).
J. Biosci. 33(3), September 2008
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Table 1. Speciﬁc haemagglutinating activity (HU.mg protein-1) and protein concentration in crude extracts of B. variegata seeds
Extraction
pH

Enzyme
treatment

A

B

2.6

Not treated

113.27

453.10

7.6

9.0

O

Rabbit
erythrocytes

Protein
concentration
mg.g-1 MF

NH2

906.20

11.30

Human erythrocytes

Papain

28.32

906.10

NH

3624.73

Trypsin

453.09

453.10

NH

3624.63

Not treated

24.52

12.26

NH

196.17

Papain

6.13

24.52

123.97

784.70

Trypsin

196.17

49.04

NH

1569.30

Not treated

167.87

83.93

NH

167.87

Papain

83.93

20.98

NH

671.15

Trypsin

167.87

167.87

NH

167.87

52.20

61.00

1

The protocol employed to purify the seed lectin from B.
variegata by afﬁnity chromatography on lactose–agarose
column was simple and very efﬁcient, yielding about 1.6 mg
lectin g-1 at pH 2.6.

0.9
0.8
0.7

Haemagglutination assay

Preliminary studies of haemagglutination inhibition using
simple sugars and afﬁnity chromatography of the crude
extract in the agarose–lactose column (ﬁgure 1) showed that
the activity present in extracts of B. variegata seeds seems
to be caused by the presence of a lectin (named BVL) with
speciﬁcity for D-lactose (1.15 mM), D-galactose (2.3 mM)
and D-GalNAc (0.58 mM) (table 2). Polyacrylamide gel
electrophoresis in the presence of SDS and β-mercapto-ethanol
of each preparation showed that the lectin produced was free
of contaminants, but two polypeptide bands with apparent
molecular masses of 32 and 66 kDa, were observed (ﬁgure
2). The second band, with 66 kDa is probably the dimer, not
reduced. Analysis by MALDI-TOF spectrometry indicated an
MW of 32 817 Da. The results were similar to those found
for the lectin from Caesalpinoideae (Wood 1979; Young et al
1985; Kusui et al 1991; Yamamoto et al 1991; Wu et al 1996;
Silva et al 2001, 2007; Macedo et al 2007), showing that
B. variegata seeds possesses a D-lactose/D-galactose lectin
with physicochemical properties and structure similar to other
lectins of the Caesalpinoideae subfamily.
3.3

Cloning and sequence analysis of bvl gene

Similarity of BVL with other lectins of the same subfamily
allowed us to amplify by PCR an 876 bp product from
B. variegata using primers designed according to the
J. Biosci. 33(3), September 2008
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Figure 1. Puriﬁcation of the lectin from B. variegata by afﬁnity
chromatography on an agarose–lactose column. The column
was equilibrated and washed with Tris-HCl 100 mM pH 7.6
containing 150 mM NaCl to remove unbound proteins. The lectin
was recovered with 100 mM lactose in equilibration buffer. (•⎯•)
Absorbance at 280 nm. H.U., Haemagglutinating units. (⎯)
Haemagglutinating activity.

B. purpurea lectin sequence (GenBank accession number
D12481). Sequencing of multiple bvl clones revealed some
amino acid substitutions between the different DNA clones
indicating that BVL is probably encoded by a family of genes
(ﬁgure 3). Two different isoforms of BVL were identiﬁed
and named BVL I (GenBank accession number EF558621)
and BVL II (GenBank accession number EU596376).
Analyses using bioinformatics tools revealed that the
identity between bvl I and bvl II sequences is 94%, and
the sequences were similar to four other plant lectins from
the Cercideae tribe. The nucleotide sequence of lectins from

Galactose-speciﬁc lectin from Bauhinia variegata seeds
Table 2. Inhibition of agglutination of rabbit red blood cells
induced by B. variegata lectin by mono- or disaccharides, using
2% rabbit trypsin-treated erythrocytes
Saccharides

BVL-Lac Titre=1024

D-Gal

2.3 mM

D-GalNAc

0.58 mM

D-glucose

NI

D-lactose

1.15 mM

D-mannose

NI

D-xylose

NI

N-acetylglucosamine

NI

α-methyl-manoside

NI

NI, no inhibition at 100 mM concentration.

1

2

kDa
66
45
36
29
24
20
14
Figure 2. SDS-PAGE (12.5%). Lane 1, molecular mass standards – bovine serum albumin (66 kDa), ovalbumin (45 kDa),
glyceraldehyde 3-phosphate-dehydrogenase (36 kDa), bovine
carbonic anhydrase (29 kDa), bovine pancreas trypsinogen
(24 kDa), soybean trypsin inhibitor (20 kDa), bovine gammalactalbumin (14 kDa). Lane 2, reduced BVL.

B. purpurea (BAULEC - D12481.1), B. ungulata (BULDQ372702) and G. simplicifolia (GSI-A4 AF428147.1
and GSI-B4 -AF428148.1) showed identity with the
corresponding fragment of bvl I of 99%, 90%, 74% and
66%, respectively. For bvl II the identity was 94%, 94%,
67% and 68%, respectively. Comparing the isoforms
separately with the baulec gene, which showed the highest
identity, three nucleotide insertions at positions 602, 614
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and 615, and a modiﬁcation at position 377 in bvl I were
observed. However, between bvl II and baulec a total of 46
nucleotide substitutions were observed, in addition to the
insertions also present in bvl I.
3.4

Characterization of the predicted BVL protein

Alignment of the amino acid sequences of BVL I and BVL
II is shown in ﬁgure 3. The pro-protein amino acid sequence,
identiﬁed with the SignalP software (Bendtsen et al 2004),
has 291 amino acids in both isoforms. The mature proteins,
without the signal peptide, have 263 amino acids. An analysis
using the software NetNGlyc 1.0 identiﬁed 5 probable
glycosylation sites in BVL I at positions Asn48, Asn57, Asn183,
Asn256 and Asn271, whereas BVL II has only two putative
glycosylation sites at positions Asn48 and Asn256. The
high similarity of the primary sequences suggests that the
genetic structure was maintained over the years, probably to
preserve their biological activity in the plant.
Multiple alignment of BVL I and II with other galactosebinding lectins shows the amino acids responsible for
metal ion binding to be conserved (ﬁgure 4). However, the
aspartate residue that coordinates both the Mn2+ and Ca2+
ions in all the lectins (Asp173 in BVL lectins) is replaced
by a glutamate (Glu) in GSI-A4 and GSI-B4 sequences
and is part of a particular motif, PEP, that replaces
residues WDP present in most other lectins (Lescar et al
2002).
Residues essential for monosaccharide binding are
characterized by a triad of amino acids (Asp–Asn–Gly/Arg)
that establishes hydrogen bonds with monosaccharides
and an aromatic amino acid that stacks with the non-polar
face of the sugar (Loris et al 1998). In the all sequences
analysed, the aromatic amino acid is a tryptophan residue
(Trp166 in BVL I) and the two polar amino acids of the
conserved triad are present (Asp122 and Asn168). However,
the glycine that is present in most structures and participates
in monosaccharide binding through its backbone NH (Gly140
in BVL I) is replaced by an alanine (Ala) in GS I-A and a
glutamate in GS I-B (Glu) (Lescar et al 2002).
Comparison of the B. variegata lectin sequences against
the Interpro database (www. ebi.ac.uk/interpro/) showed a
two domain structure, consisting of a legume lectin beta
domain (Lectin_legB, residues 32–224) and a legume lectin
alpha domain (Lectin_legA, residues 230–274) (ﬁgure
5). These sequences are consistent with the legume lectin
family and with similar domain architecture of the lectin
precursor (ECorL) of Erythrina corallodandron lectin
(Arango et al 1990).
Genomic DNA isolated from young leaves of B.
variegata was digested with the restriction enzymes BamHI
and EcoRI and analysed by gel electrophoresis. Southern
blot hybridization with the labelled bvl PCR product showed
J. Biosci. 33(3), September 2008
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Figure 3. Similarities between the deduced amino acid sequences of the lectins BVL I and BVL II. The consensus sequence is shown
in italic; blank spaces represent the non-compatible amino acid changes between the sequences. The plus sign (+) indicates changes into
chemically similar amino acids. In bold is the signal peptide. The grey boxes indicate the probable glycosylation sites.

Figure 4. Multiple alignment of BVL I and II with other galactose-binding lectins, B. purpurea (BAULEC-P16030), B. ungulata (BULABD19775) and G. simplicifolia (GS4-P24146, GSI-A4-AAL65146 and GSI-B4-1GNZ_A). Gaps were introduced for optimal alignment
and maximum similarity. Residues identical to BLV I are shown as dots. Amino acids that are involved in sugar binding in other lectins are
displayed in a black box. Grey boxes indicate amino acids in which the side chain plays a role in cation binding.
J. Biosci. 33(3), September 2008
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Figure 5. Diagrammatic representation of BVL lectin structure. Boxed region (signal peptide); mature protein (amino acids 1–291);
legume lectin beta domain (amino acids 32–224); legume lectin alpha domain (230–274).

several bands, conﬁrming that B. variegata lectins are
encoded by a gene family (data not shown). This result is
similar to what was found for B. purpurea (Kusui et al 1991)
and for G. simplicifolia (Zhu et al 1996).
Additionally, we have previously shown that B. variegata
lectin has pro-inﬂammatory activity, inducing neutrophil
migration dependent on resident mast cells (Alencar et al
2001). BVL is similar to B. purpurea agglutinin, which has
been used to probe the structural and functional role of cell
surface carbohydrates (Horan et al 1999), to detect sugar
moieties on normal and neoplastic cell surfaces (Sarker et al
1994), to serve as a marker for identiﬁcation of different cell
types and as a reagent for cell separations (Shue et al 1993;
Kasper et al 1994; Sarker et al 1995). This observation
suggests that BVL I and BVL II can also be used as potential
tools for the study of several biological activities in different
cellular systems.
In conclusion, we carried out puriﬁcation and molecular
characterization of two B. variegata isoforms. The lectins
BVL I and BVL II show high similarity with two other
lectins, supporting the idea that their biological properties
are probably similar to the other Caesalpinoideae lectins.
The cloning of these lectins in heterologous expression
vectors will contribute to the elucidation of their biological
proprieties and further utilization as biotechnological tools.
Expression of the isoforms in E. coli, a system that normally
does not glycosylate proteins, can allow crystallization and
three-dimensional structure determination of proteins from
this family, increasing the number of three-dimensional
structures available, since G. simplicifolia lectin is the only
member of this family with a three-dimensional structure
determined until now.
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