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ABSTRACT - Bauhinia pentandra (Bong) Vog. ex. Steua seeds were investigated with respect to
phenologic aspects (size, mass, hilum and length) and with respect to their chemical composition. The
total nitrogen content of the seed flour was determined, and the flour was extracted in different pH values.
A lectin was isolated from the seeds by Sepharose-4B affinity chromatography. The homogeneity of the
lectin was demonstrated by SDS-PAGE in the presence of B-mercaptoethanol. Only one protein band
with an apparent molecular mass of 30 kDa was found. The B. pentandra lectin showed a carbohydrate
specificity for D-galactose, a requirement for divalent metal cations (Ca*" and Mn®") for full activity and
amino acid composition with a high content of aspartic acid, glutamic acid and alanine and low levels of
methionine, cysteine and tryptophan. The lectin agglutinated rabbit and human A group erythrocytes and
was relatively stable to heat treatment, retaining half of its original activity after 60 min at 70 °C.

ADDITIONAL INDEX TERMS - Bauhinia, Leguminosae, phytohemagglutinin, seed protein, D-
galactose.

ISOLAMENTO E CARACTERIZACAO PARCIAL DE UMA LECTINA DE
BAUHINIA PENTANDRA (BONG) VOG. EX. STEUA.

RESUMO - Sementes de Bauhinia pentandra (Bong) Vog. ex. Steua. foram estudadas quanto aos
aspectos fenoldgicos (tamanho, massa e comprimento do hilo) e quanto a sua composi¢do quimica. A
farinha de sementes teve o teor de nitrogénio total determinado e foi submetida a extracdo de proteinas
em diferentes valores de pH. Uma lectina foi isolada de sementes por cromatografia de afinidade em
coluna de Sepharose-4B. A homogeneidade da lectina foi demonstrada por eletroforese em gel de
poliacrilamida na presenga de SDS e -mercaptoetanol. A lectina mostra apenas uma banda protéica de
massa molecular aparente de 30 kDa. A lectina de B. pentandra mostra especificidade por D-galactose,
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requer a presenga de cations divalentes (Ca>" e Mn®") para exercer sua atividade e tem uma composigao
de aminoacido caracterizada pelo alto teor de acido aspartico, acido glutamico, alanina e pelo baixo teor
de metionina, cisteina e triptofano. A lectina aglutina eritrocitos de coelho e humano do grupo A e foi
relativamente resistente ao tratamento térmico, retendo parte de sua atividade original mesmo apos 60

min a 70 °C.

TERMOS ADICIONAIS PARA INDEXACAO — Bauhinia, Leguminosae, fitohemaglutinina, proteina

de semente, D-galactose

INTRODUCTION

Lectins are proteins or glycoproteins of
non-immune origin derived from plants, animals or
microorganisms that have specificity for terminal
or subterminal carbohydrate residues. The main
characteristic of this class of proteins is their
ability to interact with carbohydrates and thus
combine with glycocomponents of the cell surface,
as well as with cytoplasmatic and nuclear
structures and the extracellular matrix of cells and
tissues from throughout the animal and plant
kingdoms, down to bacteria and viruses (Leathem
and Brooks, 1998).

The lectins represent a large group of
plant proteins. Lectins have been found in less than
500 species, which indicates that only a limited
number of higher plants contain detectable levels
of lectins (Van Damme et al., 1998b). The
concentration of lectins in seeds varies
considerably (from 1 to 10% of the total seed
protein). In some species, values to 50% have been
reported, whereas in others lectins are barely
detectable with techniques currently used
(Peumans and Van Damme, 1998).

The use of metabolically active proteins
in plant taxonomy is well established. The
presence of seed lectins in tribes, genera and
species of the same family has been reported and
high homology has been found between lectins
from taxonomically diverse sources, which makes
these proteins a suitable molecular tool for
chemotaxonomy studies (Moreira ef al., 1993).

Plants of the genus Bauhinia are widely
distributed in the tropics and are important for
animal nutrition because of their high protein
content. Some species also have been used in folk

medicine for the treatment of diabetes and as a
diuretic.

Previous studies have reported the
isolation and characterization of a lectin from
Bauhinia purpurea (BPA). B. purpurea seeds
contain a typical legume lectin that is purified by
affinity chromatography on immobilized N-acetyl-
D-galactosamine (Young et al., 1985). BPA is
useful  for  detecting  galactose-containing
glycoconjugates and mucin-type sugar chains, and
can also be used as a marker for Reed-Sternberg
cells in Hodgkin's disease (Sarker et al., 1992).
Lectins have also been reported from leaves of
Bauhinia monandra (Coelho and Silva, 2000).

The isolation and characterization of
novel lectins reveal properties which are of
practical importance for different areas of
biological research. Therefore, the objective of
this work was to isolate and characterize a lectin
from Bauhinia pentandra seeds.

MATERIAL AND METHODS

Plant material. B. pentandra (Bong)
Vog. ex. Steua seeds were collected from plants
growing in the State of Ceara (Brazil). Taxonomic
identification was carried out at the Department of
Biology, Federal University of Ceara (UFC).

Erythrocytes. Human erythrocytes of the
ABO system were collected from healthy donors at
the Hemotherapy Center of Ceard (HEMOCE).
Red blood cells from rabbit, chicken and pigeon
were obtained from animals reared at the School of
Agronomy, UFC.

Reagents. Sugars,
methylene bisacrylamide were

acrylamide and
from Sigma.
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Sepharose-4B was from Pharmacia. All other
reagents used were of analytical grade.

Hemagglutinating activity. The
agglutination of red blood cells by fractions
obtained during purification was estimated as
described before (Moreira and Perrone, 1977).
Serial two-fold dilutions of lectin were carried out
in small glass tubes using 0.15 M NaCl containing
5 mM CaCl, and 5 mM MnCl, (0.25 ml), and 0.25
ml of erythrocyte suspension was then added. The
degree of agglutination was monitored visually
after incubation at 37 °C for 30 min and a further
30 min at room temperature. One hemagglutination
unit (H.U.) was defined as the reciprocal of the
highest dilution still causing a visible
agglutination. The specific activity was expressed
as hemagglutination units (H.U.). mg" and the
minimum dose as the minimum amount of protein
still promoting a visible agglutination.

Proximate analysis. Moisture, ash and
lipid contents were determined as described by
Triebold (1949), total nitrogen was determined as
previously described (Baethgen and Alley, 1969)
and total carbohydrate by difference. The protein
content was determined from the total nitrogen,
using a conversion factor of 6.25.

Protein determination. The protein
concentration of the different fractions was
measured according to Bradford (1976), using
bovine serum albumine (BSA) as standard. The
absorbance at 280 nm was used to estimate the
protein concentration in column eluates.

Protein  extraction. Dechulled B.
pentandra seeds were ground and stirred with 0.1
M glycine-HCI pH 2.6, 0.1 M NaOAc pH 4.0, 0.1
M NaOAc pH 6.0, 0.1 M Tris-HCI pH 7.6 and
0.1M Na-borate buffer pH 10.0, all containing 0.15
M NaCl. The suspensions were left at room
temperature for 3 h then spun at 12.000 g for 20
min at 7 °C. The clear supernatants were used for
determining the protein content and
hemagglutinating activity.

Ammonium sulfate fractionation. B.
pentandra lectin was extracted by treating the seed
meal (50 g) with 0.1 M Tris-HCI pH 7.6 containing
0.15 M NacCl at room temperature for 3 h before

centrifuging at 12.000 g for 20 min at 7 °C. The
clear supernatant was then precipitated by addition
of ammonium sulfate in the saturation levels: 0/25;
25/50; 50/70; 70/100, at 5 °C overnight. The
precipitate was collected by centrifuging at 12.000
g for 20 min, at 7 °C and then dissolved in 0.15 M
NaCl. After exhaustive dialysis against H,O, the
fraction was freeze-dried.

Affinity chromatography. A Sepharose-
4B column was equilibrated with 0.15 M NaCl
containing 5 mM CaCl, and 5 mM MnCl, before
loading the sample. After sample loading, the
column was washed with the same solution until
the absorbance at 280 nm was zero. After
removing the unbound material, the lectin was
desorbed from the column with 0.1 M galactose in
the equilibrium solution or with glycine-HC1 (pH
2.6) buffer with 0.15 M NaCl containing 5 mM

CaCl, and 5 mM MnCl,.
Sodium dodecyl sulphate
polyacrylamide gel electrophoresis (SDS-

PAGE). The polyacrylamide gel electrophoresis
was performed in 2 mm thick vertical slab gels,
according to the method of Laemmli (1970), using
3.95% and 12.5% stacking and running gels,
respectively. Samples were dissolved in 0.0625 M
Tris-HC1 pH 6.8, containing 2% SDS buffer and
1% B-mercaptoethanol then incubated at 100 °C for
10 min. A few crystals of sucrose were dissolved
in the samples which were then applied to the gel.
Electrophoresis was carried out at a constant
current of 20 mA for 3 h. The protein bands were
visualized by staining the gel with Coomassie
Brilliant Blue-R 250. Estimations of the Mr of the
lectin and fragments were based on comparisons
using Abrus pulchellus lectin (Ramos et al., 1998)
of known Mr as a standard.

Sugar specificity. The carbohydrate-
binding specificity of the lectin was estimated by
the ability of a series of single sugars to inhibit the
hemagglutination of rabbit erythrocytes. Two-fold
dilutions of sugars in 0.15 M NaCl containing 5
mM CacCl, and 5 mM MnCl, were mixed with 0.25
ml of lectin solution at a concentration such that a
two-fold dilution would give the end point
agglutination in the absence of inhibitor. The
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lowest concentration of the sugar giving full
inhibition was determined.

Effect of EDTA and Ca’" and Mn”".
The purified lectin (1 mg) was dissolved and
dialyzed dialysed exhaustively (48 h) against 0.2
M EDTA, followed by dialysis against 0.15 M
NaCl. Hemagglutinating activity was recovered by
adding CaCl, and MnCl,.

Heat stability. The heat stability of the
hemagglutinating activity was determined by
incubating the lectin at different temperatures
during different times and the residual activity
determined.

Amino acid composition. Amino acid
analysis was done after hydrolysis of lectin
samples (in sealed glass tubes under N;) at 110 °C
for 20 h in 6 M HCI. After hydrolysis, HCI was
removed by evaporation and the residue was
analyzed, in a BIOCHROM 20 (Pharmacia) amino
acid analyzer. Tryptophan was determined
spectrophotometrically (Horn and Jones, 1945).

RESULTS AND DISCUSSION

Bauhinia pentandra is a widespread
plant, common in tropical and sub-tropical regions,
occurring in forests in northeastern Brazil. B.
pentandra belongs to the family Leguminosae,
sub-family Caesalpinioideae, tribe Cercidae, sub-
tribe Cercidinae and genus Bauhinia. In Brazil, this
species is commonly called "mororé" or "capa-
bode". The seed characteristics (mass, size and
hilum length) were determined and are presented
in Table 1. The seeds had a high protein content, a
characteristic of legumes. The dehulled seed flour
contains 37.1% protein (5.9% N,) on a dry weight
basis and a high lipid content (Table 2).

The influence of pH on the solubility of
the proteins and hemagglutinating activity of B.
pentandra was examined (Fig. 1). A maximum
protein content was found at pH 2.6 and a
minimum content at pH 10.0. The maximum
hemagglutinating activity occurred at pH 7.6. The
crude extract of B. pentandra seed flour showed
hemagglutinating activity only 12 h after the
addition of erythrocytes.

TABLE 1 - B. pentandra seed characteristics.

Seed parameters

Length (mm) 70.5 +2.2%
Diameter (mm) 63.2+0.8
Hilum (%) 12.0+0.8
Mass (g) 103.1+7.1
* Mean + S.E.

TABLE 2 - Composition of B. pentandra seeds,
calculated as a percentage of dry weight.

Fraction Content (%)
Crude protein*® 37.1
Lipids 40.3
Humidity 10.1
Ash 2.8
Carbohydrate 9.7
* N, X 6.25.

100 - <100

80 80

60 - 60

40 - 40

mg Protein/g Flour
urajoid Sw/NH

20 =420

FIGURE 1. Influence of pH on the solubility and
the hemagglutinating activity of B. pentandra seed
proteins.
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The purification of B. pentandra lectin is
summarized in Table 3. The crude saline extract
was fractionated by addition of different amounts
of solid ammonium sulphate in the cold (5 °C),
overnight. After centrifugation at 12000 g for 20
min at 7 °C, the precipitates were redissolved and
dialysed exhaustively against water and recovered
by freeze-drying. This material was redissolved in
0.15 M NaCl containing 5 mM Ca*" and 5 mM
Mn*" and assayed for protein and hemagglutinating
activity (Table 3). Most of the activity was
precipitated between 50 and 70% sulfate of
ammonium saturation. This fraction (F50/70) was
redissolved in 0.15 M NaCl containing 5 mM Ca®*"
and 5 mM Mn®" and applied to a Sepharose-4B
column equilibrated with the same solvent. The
column was first eluted with the equilibration
solution followed by 0.1 M galactose dissolved in

he equilibration solution (Fig. 2). All the
hemagglutinating activity emerged with the
galactose.

The purified B. pentandra lectin

agglutinated rabbit erythrocytes. The minimum
lectin concentration required to clump a 2%
suspension of rabbit blood cells was about 3 mg.L’
'. Human blood group A erythrocytes were poorly
agglutinated while human blood group B and O as
well as chicken and pigeon erythrocytes were not
agglutinated. The hemagglutinating activity of the
B. pentandra lectin was inhibited by galactose and
galactose-containing sugars and derivatives:
galactosamine, a-D-melibiose, lactose and
raffinose (Table 4). This carbohydrate-binding
specificity is also characteristic of the lectin
isolated from Bauhinia purpurea (Young et al.,
1985).

TABLE 3 - Recovery of protein and hemagglutinating activity from B. pentandra seeds at various
stages of fractionation and purification. The seed flour was extracted with 0.15 M NacCl, centrifuged and
the clear supernatant fractionated by treatment with ammonium sulphate to saturation levels as
indicated. The lectin was purified by affinity chromatography on Sepharose-4B. All fractions were
dialyzed and freeze dried and tested on rabbit erythrocytes.

Volume Protein Total (H.U). Specific Fold
Fraction 0

(mL) (mg.mL™) protein (mg) mL activity purification
Crude extract 500 9.28 4640 256 27.58 1
(NH4)2S04 fractions
0-25% 500 1.18 590 - -
25-50% 520 1.91 933.2 - -
50-70% 555 4.1 2275.5 256 62.45 2.26
70-100% 600 0.67 402 - -
PII (Sepharose-4B) of 50- 25 0.61 15.25 128 210 7.6

70% fraction.
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FIGURE 2 - Purification of B. pentandra lectin
by affinity chromatography on Sepharose-4B. The
column was equilibrated and washed with 0.15 M
NaCl containing 5 mM CaCl, and MnCl, to
remove the unbound proteins (PI). The lectin (PII)
was eluted with this solution containing 0.1 M
galactose.

The hemagglutinating activity of the
lectin against rabbit erythrocytes decreased
appreciably after prolonged dialysis of the native
protein with 0.2 M EDTA, followed by dialysis
against 0.15 M NaCl. However, the addition of
Ca’" and Mn*" (1, 3, 5, 7 and 10 mM) to the
dialysed lectin restored the activity. The optimum
concentration for maximum hemagglutinating
activity was 3-5 mM for both cations. Similar
results were observed for Dioclea altissima lectin
(Moreira et al., 1996). The requirement for metal is
a general physico-chemical property of most
legume lectins (Goldstein and Poretz, 1986;
Sharon and Lis, 1990). The B. pentandra lectin
was thermostable: hemagglutinating activity was
retained even after incubation at 70 °C for 1 h.
However, the activity was completely lost at higher
temperatures (80-100 °C) even after incubation for
just 10 min (data not shown).

TABLE 4 - Carbohydrate
pentandra lectin.

specificity of B.

Sugar mM*
o-D-Glucose ni**
D-Glucosamine ni
D-Mannose ni
N-Acetyl-D-mannosamine ni
D-Fructose ni
Sucrose ni
D-Galactose 0.523
Lactose 0.557
a-D-Melibiose 0.443
Raffinose 0.551
L-Rhamnose ni
D-Trehalose ni
D-Xylose ni
L-Arabinose ni

*Minimum concentration required to inhibition of the
hemagglutinating activity

**ni - no inhibition at 0.1 M concentration

Polyacrylamide gel electrophoresis of the
lectin, treated with SDS and B-mercaptoethanol
gave only one protein band with an apparent
molecular mass of 30 kDa (Fig. 3). In the absence

. « 35kDa
. « 29KDa

1 2 3 4

FIGURE 3 - SDS-polyacrylamide  gel
electrophoresis of the purified B. pentandra lectin
in the presence of B-mercaptoethanol. Lane 1:
crude saline extract, lanes 2 and 3: B. pentandra
lectin (concentration of 1 and 2 mgmL”,
respectively), lane 4: standard (Abrus pulchellus
lectin).
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of B-mercaptoethanol, the B. pentandra lectin also
showed only one band (data not shown). The
lectin, when dissolved in 0.15 M NaCl, had an
absorption of 9.8 at 280 nmina 1 cm cell (Al cm,
1%). The amino acid composition was
characterized by a very low content of methionine,
cysteine and tryptophan, and a high content of
aspartic acid, glutamic acid and alanine (Table 5).

TABLE 5 - Amino acid composition of B.
pentandra lectin.

Amino acid Residues/100
Asx 10.0
Thr 5.2
Ser 5.8
Glx 11.3
Pro 53
Gly 10.2
Ala 9.0

Half-Cys 0.6
Val 7.3
Met 0.3
Ile 53
Leu 8.0
Thy 42
Phe 3.8
Lys 6.2
His 24
Arg 5.1
Trp 2.0
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