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a b s t r a c t

A novel lectin from seeds of Clathrotropis nitida (CNA) was purified and characterized. CNA is a glyco-
protein containing approximately 3.3% carbohydrates in its structure. CNA promoted intense aggluti-
nation of rabbit erythrocytes, which was inhibited by galactosides and porcine stomach mucin (PSM).
The lectin maintained its hemagglutinating activity after incubation in a wide range of temperatures (30
e60 �C) and pH (6.0e7.0), and its binding activity was dependent on divalent cations (Caþ2 and Mgþ2).
SDS-PAGE showed an electrophoretic profile consisting of a single band of 28 kDa, as confirmed by
electrospray ionization mass spectrometry, which indicated an average molecular mass of 27,406 ± 2 Da
and the possible presence of isoforms and glycoforms. In addition, CNA exhibited no toxicity to Artemia
sp. nauplii and elicited reversible and dose-dependent vasorelaxation in precontracted aortic rings. CNA
was successfully immobilized on chitosan beads and was able to capture PSM in solution. This study
demonstrated that CNA is a lectin that has potential as a biotechnological tool in glycomics and glyco-
proteomics applications.

© 2015 Elsevier Inc. All rights reserved.
1. Introduction

Lectins are defined as a structurally heterogeneous group of
proteins or glycoproteins of non-immune origin containing at least
one non-catalytic domain that selectively recognizes and reversibly
binds to specific monosaccharides or oligosaccharides without
altering the carbohydrate structure [57]. These proteins can be
found in all life kingdoms from the simplest living being, such as
bacteria and fungi, to more complex organisms, such as plants and
animals [1,13,56].

Plant lectins play several biological roles in, for example, cell
signaling and plant defense [51]. In addition, these proteins elicit
antitumor [61], antiviral [29], vasorelaxant [7,10,53], and pro- and
anti-inflammatory [3,7,45,49] activities. Lectins have also been
used for several biotechnological applications, including drug de-
livery [23] and disease diagnosis [24], as well as facilitating glyco-
mic studies. Furthermore, these lectins immobilized on support
material can be used in affinity chromatography for analytical
testing [46] or for enrichment of glycoconjugate preparates, such as
Dioclea lasiophylla and Canavalia virosa lectins, which were
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immobilized on CNBr-Sepharose 4B, enabling the capture of gly-
coproteins in solution [37,41]. ConA, WGA and ricin (RCA120) were
efficiently immobilized on silica microparticles and could bind to
glycoproteins and glycopeptides [38]. PHA was conjugated with
fluorescent chitosan nanoparticles, and the bioconjugates were
shown to be relatively stable [31].

Most studies describing lectins of the subfamily Papilionoideae
(Leguminosae) are related to members of the Phaseoleae and Vicieae
tribes, whereas only few have focused the Sophoreae tribe [62].
Among lectins of the Sophoreae tribe, Bowringia mildbraedii and
Luetzelburgia auriculata [36], as well as species of the Sophora genus
(Sophora japonica, Sophora alopecuroides, Sophora flavencens), are
representative of lectins isolated and biochemically characterized
[30,32].

The present study reports the purification and physicochemical
characterization of a novel galactose-binding lectin isolated from
seeds of Clathrotropis nitida of the Sophoreae tribe. Lectin immo-
bilization on chitosan beads was demonstrated, as well as cyto-
toxicity and vasorelaxant effects.

2. Materials and methods

2.1. Plant material

The mature seeds of C. nitida were collected in the Amazon
rainforest, Brazil (Amazonas) and identified by the National Insti-
tute for Research of the Amazon (MCTI-INPA). Voucher: HUEFS
3334 (AM).

2.2. Soluble protein extract preparation and hemagglutination
assay

Mature seeds from C. nitida were peeled and ground into a fine
powder using a coffee mill. The obtained flour was diluted 1:10 (w/
v) in 100 mM TriseHCl buffer (pH 7.6) containing 150 mM NaCl,
stirred for 4 h at room temperature, and centrifuged at 9000 � g at
4 �C for 20 min. The supernatant was then collected and filtrated.

The hemagglutination assays were performed in microtitration
plates by serial dilution of rabbit and human (ABO system) eryth-
rocytes, either native or treated with proteolytic enzymes (trypsin
or papain) [44]. Hemagglutination unit (H.U.) was expressed as a
titer (the value of the highest dilution giving a positive hemag-
glutination) per mL of sample. Specific activity was defined as the
number of hemagglutinating units per mg of protein (H.U./mg).

The specificity of CNA for carbohydrates was determined by the
minimal sugar concentration able to inhibit hemagglutination.
Monosaccharides, disaccharides and glycoproteins were used. Serial
dilutions of carbohydrates, starting with an initial concentration of
100 mM for sugars and 5 mg/mL for glycoproteins, were performed,
and the lectin (64 H.U.) was added to each dilution. After incubation,
rabbit erythrocytes were added and incubated for 1 h at 37 �C.

2.3. Lectin purification

Proteins of the soluble extract were precipitated by addition of
solid ammonium sulfate until 80% saturation in the solution (frac-
tion 0e80%). The sample was centrifuged at 9000 � g at 4 �C for
20 min, followed by resuspension of the obtained pellet in ultra-
pure water (Milli-Q system, Millipore Corporation) and dia-
lyzation against distilled water. This dialyzed fraction was lyophi-
lized, solubilized in 100 mM TriseHCl buffer (pH 7.6) with 150 mM
NaCl and centrifuged at 4000 � g for 10 min at room temperature.
The obtained supernatant was applied into a guar gum affinity
matrix (SigmaeAldrich) equilibrated with the same buffer. The
unbound proteins (unretained peak (PI)) were desorbed with the
previous buffer. The lectin was eluted using 200 mM galactose in
the equilibrium buffer, and the retained peak (PII) was collected in
1mL fractions andmonitored by spectrophotometry at 280 nm. The
PII was dialyzed against ultra-pure water and freeze-dried. Protein
content was determined as described by [14] using bovine serum
albumin as standard protein.

2.4. Effect of the temperature, pH and metal ions on lectin
hemagglutinating activity

The influence of different temperatures on CNA hemaggluti-
nating activity wasmeasured by incubation of the lectin at different
temperatures ranging from 30 �C up to 100 �C with 10 �C in-
crements for 1 h. The influence of pH on lectin stability was
determined by hemagglutinating activity after dialysis of lectin
against buffers in different pH (4.0e10.0) containing 150 mM NaCl
for 24 h. The buffer solutions used in this experiment were 100 mM
sodium citrate (pH 4.0 and 6.0), 100 mM sodium acetate (pH 5.0),
100 mM sodium phosphate (pH 7.0), 100 mM TriseHCl (pH 8.0),
and 100 mM glycineeNaOH (pH 9.0 and 10.0). To evaluate the
dependence of divalent cations on CNA activity, a CNA sample
(200 mg/mL) was demetalized by dialysis against 100 mM ethyl-
enediaminetetraacetic acid (EDTA) containing 150 mM NaCl for
24 h. For the removal of excess EDTA, the sample was dialyzed
against 150 mM NaCl. The change in activity was determined after
addition of 5 mM CaCl2 and 5 mM MnCl2. In both cases, hemag-
glutinating activity of the samples was determined.

2.5. Polyacrylamide gel electrophoresis (SDS-PAGE) and
carbohydrate content

Lectin apparent mass and purification grade were determined
by 15% sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(150 V, 25 mA and 10 W) in the presence or absence of b-mer-
captoethanol [28]. Afterwards, electrophoresis gels were stained
with Coomassie brilliant blue (R-350), and lectin apparent molec-
ular masses were estimated. The presence of carbohydrates in the
lectin structure was determined by periodic acid-Schiff staining
[59]. Moreover, the neutral sugar content of the lectin was esti-
mated by the phenolesulfuric acid method [18].

2.6. Molecular mass determination by MS and N-terminal analysis

The isotopic average molecular mass of the lectin was deter-
mined by electrospray ionization-mass spectrometry (ESI-MS) us-
ing a hybrid quadrupole/ion mobility separator/orthogonal
accelerationetime of flight mass spectrometer (Synapt HDMS sys-
tem; Waters Corp., Milford, USA). The protein was solubilized in
50% acetonitrile and 0.1% formic acid at approximately 10 pmol/mL.
The sample was applied at a flow rate of 10 mL/min, and the volt-
ages on the capillary and on the cone were adjusted to 3.0 kV and
40 V, respectively. Data acquisition was performed using MassLynx
4.1 software, and the multiply charged spectra were deconvoluted
using maximum entropy techniques [20]. The N-terminal sequence
was obtained by Edman degradation using a Model PPSQ-31A
automated sequencer (Shimadzu Corp, Japan). The cleaved
phenylthiohydantoin-amino acids were separated using a C18
column (Wakosil; 2.0 � 250 mm) connected to a Model LC20AT
pump and detected by absorbance at 269 nm. The comparison
between the obtained sequence and database sequences was per-
formed by BLASTP (http://blast.ncbi.nlm.nih.gov/Blast.cgi).

2.7. Gel filtration chromatography

Lectin native mass was estimated by gel filtration in BioSuite™

http://blast.ncbi.nlm.nih.gov/Blast.cgi


Table 1
Inhibitory effect of saccharides and glycoproteins on the hemagglutinating activity
of Clathrotropis nitida lectin.

Sugar and glycoproteins MICa

D-glucose N.Ib

D-mannose N.I
a-Methyl-D-mannoside N.I
N-acetyl-D-glucosamine N.I
D-galactose 12.5 mM
a-Methyl-D-galactopyranoside 12.5 mM
b-Methyl-D-galactopyranoside 12.5 mM
N-acetyl-D-galactosamine 6.25 mM
4-Nitrophenyl-a-D-galactopyranoside 1.56 mM
4-Nitrophenyl-b-D-galactopyranoside 1.56 mM
a-Lactose 12.5 mM
Sucrose N.I
Porcine stomach mucin 0.125 mg/mL
Fetuin N.I
Ovalbumin N.I

a MIC, minimum inhibitory concentration.
b NI, sugar and glycoproteins not inhibitory until a concentration of 100 mM and

1 mg/mL, respectively.

Fig. 1. ElutionprofileofCNA inguar gumaffinitycromatography. The fraction (0e80%)was
applied in column and equilibrated with 100 mM TriseHCl buffer (pH 7.6) containing
150mMNaCl. Lectinwaselutedwith200mMD-galactose intheequilibriumbufferataflow
rate of 1 mL/min. Fractions (1.5 mL) were collected and monitored at A280 nm.
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250 (7.8 � 300 mm, Waters), equilibrated with 50 mM TriseHCl
buffer (pH 7.6) containing 500 mM NaCl. A CNA sample (2 mg/mL;
0.5mL) was loaded in the column, and chromatographywas carried
out at a flow rate of 500 mL/min in a nanoACQUITY UPLC System
(Waters Corp.), calibrated with standard proteins: conalbumin
(75 kDa), ovalbumin (44 kDa) carbonic anhydrase (29 kDa), ribo-
nuclease (13.7 kDa) and aprotinin (6.5 kDa).

2.8. Artemia lethality test

CNA toxicity was determined by Artemia lethality test, as
described by [42].
Table 2
Purification of Clathrotropis nitida lectin.

Fraction Total protein (mg/ml)a Total H.U

Crude extract 1.85 256
Fraction 0e80% 3.06 1024
Peak II (Guar gum) 0.078 1024

a Protein content.
b Hemagglutinating activity expressed in hemagglutinating units (H.U.).
c Specific activity calculated as the ratio between hemagglutinating activity and prote
2.9. Evaluation of relaxant effects on aorta rings

MaleWistar rats (250e300 g) weremanipulated using protocols
approved by the Ethics Committee of UECE (CEUA N� 10130208-8/
40). Ring segments of thoracic aorta (3e5 mm) were mounted for
tension recording (2 g) in 10-ml organ baths filled with modified
Tyrode's solution (in mM: 136 NaCl, 5 KCl, 0.98 MgCl2, 2 CaCl2, 0.36
NaH2PO4, 11.9 NaHCO3, 5.5 glucose) at pH ¼ 7.4, 37 �C, 95% O2, and
5% CO2. After an equilibrium period of 60 min, the rings were
challenged with 60 mM KCl to ensure tissue viability. The con-
tractile responsewas measured using a force transducer, connected
to a preamplifier and computerized data acquisition system (Chart
4.1; PowerLab ADInstruments, Inc., Australia). CNA was added in
cumulative concentrations (1, 3, 10, 30 and 100 mg/ml) at 10 min
intervals to tissues precontracted with phenylephrine (0.1 mM), in
either endothelium intact or denuded aorta. De-endothelialization
was assessed by mechanical rubbing of the internal aortic surface
and intact endothelium considered for relaxant responses to
acetylcholine (1 mM) greater than 75% [21]. Participation of the
endothelium-derived relaxant factor (EDRF) nitric oxide on CNA
relaxant effect was assessed by incubation of endothelialized aorta
with N-(G)-nitro-L-arginine methyl ester (L-NAME; 100 mM) and
1H-[1,2,4]oxadiazole-[4,3-a]quinoxaline-1-one (ODQ; 10 mM)
30 min before addition of lectin on the plateau of phenylephrine-
induced contraction. Further, CNA (100 mg/mL) was incubated
with D-galactose (0.1 M) for 1 h at 37 �C to allow lectin-sugar
interaction prior to experiments.

2.10. Preparation of chitosan beads and lectin immobilization

Chitosan beads were prepared with protocol adapted from [54].
For immobilization, the activated beads were incubated with

CNA (1.0 mg/mL) in 50 mM sodium phosphate buffer, pH 7.0, under
stirring for 24 h at 25 �C. The beads were washed with 50 mM
TriseHCl buffer, pH 7.6, containing 0.5 M NaCl to remove unbound
protein. To analyze immobilization performance and the capacity of
CNA-chitosan beads to purify glycoproteins, trials were carried out
with porcine stomach mucin (PSM). PSM (1.2 mg) was loaded on a
CNA-Chitosan column (0.8 � 2.7 cm) previously equilibrated with
50 mM TriseHCl buffer, pH 7.6, containing 0.5 M NaCl (flow rate of
0.33 mL/min). The lectin affinity support was washed with the
same buffer, and bound proteins were eluted with 0.1 M sodium
acetate, pH 4.0, containing 0.5 M NaCl. Eluted fractions were
monitored by absorbance at 280 nm.

3. Results

3.1. Hemagglutination and inhibition assay

The soluble protein extract of C. nitida seeds showed relatively
high levels of hemagglutinating activity against native rabbit
erythrocytes natives (128 H.U.) and those treated with papain (128
H.U.) or trypsin (256 H.U.). Hemagglutinating activity in human
erythrocytes of ABO systemwas also observed: type A (4 H.U.), type
B (8 H.U.) and type O (16 H.U.) with or without enzymatic
.b Specific activity (H.U./mg)c Purification (fold)

186.6 1
334.6 1.79

13128.20 70.35

in content.



Fig. 2. Effect of various physicochemical parameters on CNA hemagglutinating activity.
A) Different temperatures, B) different pH, C) demetallization and addition of divalent
cations.
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treatment. Hemagglutinating activity was inhibited by galactosides
and PSM (Table 1).
3.2. Lectin purification

Ammonium sulfate precipitation of the protein extract pro-
duced a protein fraction (fraction 0e80%) that showed strong
hemagglutinating activity (data not shown). This fraction was
applied to a guar gum affinity column. The unbound material (peak
I) was eluted with equilibrium buffer and showed no hemaggluti-
nating activity. The retained peak (peak II), showing hemaggluti-
nating activity, was eluted with 200 mM D-galactose in the
equilibrium buffer resulting in a pure lectin which was named CNA
(C. nitida agglutinin) (Fig. 1). Protein content, hemagglutinating
titer and specific activity are shown in Table 2.

3.3. Effect of temperature, pH and divalent cations on lectin
hemagglutinating activity

CNA was shown to be thermostable, and its hemagglutinating
activity was maintained after incubation for 1 h under tempera-
tures that varied from 30 �C to 60 �C. At highest temperatures
(70 �Ce90 �C), the activity was abruptly reduced, and at 100 �C, it
was completely lost (Fig. 2A). CNA hemagglutinating activity was
maintained over a relatively wide pH variation, and showed more
stability between pH 6.0 and 7.0 (Fig. 2B). Dialysis against EDTA
decreased CNA hemagglutination activity, while the addition of
divalent cations (Caþ2 and Mgþ2) partially recovered the activity
(Fig. 2C).

3.4. Molecular mass determination, carbohydrate content and N-
terminal analysis

SDS-PAGE showed a single band of apparent molecular mass
approximating 28 kDa in the presence or absence of b-mercap-
toethanol, demonstrating the absence of disulfide bridges (Fig. 3A).
Furthermore, CNA was stained by periodic acid Schiff's reagent
(Fig. 3A), demonstrating that the lectin is a glycoprotein. According
to the phenol-sulfuric acid method, CNA is composed of about 3.3%
of carbohydrates.

In agreement with SDS-PAGE results, the analysis of CNA by
electrospray ionization mass spectrometry indicated a predomi-
nant ion of 27,406 ± 2 Da and other less abundant ions possibly
corresponding to isoforms and glycoforms of the protein (Fig. 3B).
When applied directly onto an automated protein sequencer, CNA
(0.3 nmol) revealed a 20-amino acid sequence of the N-terminus:
SDELSFTFNLFVPNQQDLIF. The sequence showed significant simi-
larity with other lectins isolated from the Sophoreae and Genisteae
tribes (Fig. 4).

For native lectin, analytical gel size-exclusion chromatography
of CNA showed a single sharp symmetrical peak, ensuring lectin
purity with molecular mass of approximately 85 kDa (data not
shown).

3.5. Artemia lethality test

CNA showed no lethality against Artemia sp. nauplii at any
concentration tested, indicating that CNA is innocuous.

3.6. Evaluation of relaxant effects

Phenylephrine induced stable tonic contractions of 0.40 ± 0.05 g
in aortic ring preparations possessing an intact endothelium (n¼ 5)
and 0.65 ± 0.12 g in those in which endothelium had been me-
chanically removed (n ¼ 4). In preparations with preserved endo-
thelium, CNA (IC50 ¼ 20.33 ± 9.48 mg/mL) elicited relaxation at 30
and 100 mg/ml in 57.00 ± 17.74% and 78.8 ± 17.19%, respectively.
However, in preparations of denuded endothelium, cumulative
addition of CNA was not able to induce relaxant effect (Fig. 5AeB).
In addition, L-NAME and ODQ completely blocked lectin effect
(Fig. 5C). Incubation of CNA with its specific binding sugar D-
galactose completely inhibited the relaxant effect of CNA,



Fig. 3. A) Electrophoretic profile (SDS-PAGE) of CNA. Lane 1: Molecular mass markers: phosphorylase b, 97 kDa; bovine serum albumin, 66 kDa; ovalbumin, 45 kDa; carbonic
anhydrase, 30 kDa; a-lactalbumin, 14.4 kDa; Lane 2: retained fraction of guar gum column (CNA); Lane 3: CNA þ b-mercaptoethanol; Lane 4: CNA stained with periodic acideSchiff's
reagent. B) Spectrum acquired by mass spectrometry with a 10 pmol/mL sample and deconvoluted using the MaxEnt 1 program available on MassLynx 4.1 software package from
Waters.
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demonstrating the participation of lectin domain (Fig. 5D), which
suggests lectin interactionwith glycans present in endothelial cells.

3.7. Lectin immobilization on chitosan beads

CNAwas successfully immobilized on chitosan beads (1.95mg of
CNA immobilized) and was capable of strongly binding to PSM that
was eluted with buffer 0.1 M sodium acetate, pH 4.0, containing
0.5 M NaCl (Fig. 6). These data demonstrated that the carbohydrate
recognition domains (CRD) remain active after immobilization and
that they account for the interaction of CNA-chitosan with PSM.
CNA-chitosan column was able to efficiently isolate PSM
(0.465 mg), displaying high potential for glycoproteomics studies.

4. Discussion

Species from the genus Clathrotropis (Sophoreae tribe) may be
found in Venezuela, Colombia and Brazil. Some authors have
described the presence of alkaloid in the genus Clathrotropis
[26,47,48]; however, no study has reported lectin activity in species
of this genus.

The crude extract of C. nitida seeds showed strong hemag-
glutinating activity against rabbit erythrocytes, both native and
treated with proteolytic enzymes; however, it showed low activity
against human erythrocytes. Hemagglutinating results of this study
agree with those of other Sophoreae lectins, such as the lectins of L.
auriculata, Sophora flavescens and S. alopecuroides [30,32,36].

CNA hemagglutinating activity was inhibited by galactosides.
Previous studies demonstrated that legume lectins have greater
specificity for carbohydrates that possess substituents with high
hydrophobicity in carbons 1 and 2 [9,39,41,44,52]. In the case of
CNA the methyl group present at carbon 1 of methyl-a-D-gal-
actopyranoside and methyl-b-D-galactopyranoside did not change
its specificity compared to D-galactose. On the other hand, N-acetyl-
Fig. 4. Alignment of CNA N-terminal sequence, as obtained by Edman degradation,
with lectins from the tribes Sophoreae (Maackia amurensis and Sophora japonica) and
Genisteae (Ulex europaeus).
D-galactosamine, 4-nitrophenyl-a-D-galactopyranoside and 4-
nitrophenyl-b-D-galactopyranoside increased the specificity of the
lectin present in the extract. These data suggest additional in-
teractions with some hydrophobic groups at the carbohydrate-
binding site, such as acetyl and 4-nitrophenyl, increase lectin af-
finity for carbohydrates. Among the glycoproteins tested, only PSM
inhibited the hemagglutinating activity of CNA. PSM is a glyco-
protein rich in D-galactose and N-acetyl-D-galactosamine residues
[8], which explains this effect.

The new lectin (CNA) was purified by one-step affinity chro-
matography in a galactomannan column, which has shown high
efficiency in the purification of galactose-specific leguminous lec-
tins [2,53,55]. The physicochemical characterization of CNA
demonstrated a stability profile close to that of other leguminous
lectins [5,37].

Several lectins from the Sophoreae tribe and tribes evolution-
arily close, such as Dalbergieae, present a major eletrophoretic band
and low molecular mass peptides, as a result of post-translational
processing. For example, L. auriculata lectin (Sophoreae tribe)
shows a major band of 29 kDa and twominor bands around 15 kDa.
B. mildbraedii lectin (Sophoreae tribe) shows a major band of 26 kDa
and three more minor bands of 16, 14 and 12 kDa [6,36]. On the
other hand, CNA showed an electrophoretic profile consisting of a
broad band of 28 kDawithout the presence of other components, as
also observed in other lectins from the genus Sophora and Platy-
miscium floribundum lectin (Dalbergieae tribe) [25,30,32,39]. In
agreement with SDS-PAGE, electrospray mass spectrometry anal-
ysis of CNA indicated a molecular mass of 27,406 ± 2 Da and other
less abundant ions, possibly corresponding to isoforms and glyco-
forms of the protein, similar to the results observed for the lectin
from Dialium guineense [9]. The N-terminal sequence of CNA
showed 75% identity with the N-terminal of Maackia amurensis
lectin (GenBank accession code: AAB39934.1), 74% with S. japonica
lectin (GenBank accession code: AAB51442), both belonging to the
Sophoreae tribe, and this sequence also presented 65% identity with
Ulex europaeus lectin (GenBank accession code: AAG16779.1) of the
Genisteae tribe. The result obtained by gel filtration chromatog-
raphy suggests that the lectin is a homotrimer. However, most
known legume lectins are homodimers or homotetramers, with the
tetramers being dimers of dimers [15].

The carbohydrate content of CNA (3.3%) is close to that of other
lectins from the Sophoreae tribe, such as L. auriculata lectin having
3.2% of carbohydrates, S. alopecuroides lectin having 2.89% of car-
bohydrates, as well as lectins of seeds, leaves and barks from
S. japonica that show between 3 and 10% of carbohydrates



Fig. 5. CNA induces endothelium-dependent relaxation in isolated rat aorta, which involves NO and the lectin domain. A) Typical traces showing CNA effect in endothelium intact or
denuded aorta; B) Data comparing the responses of CNA (1e100 mg/mL) to control (100% of phenylephrine (Phe) contraction) in endothelialized and denuded aorta; C) Reversion of
CNA (30 mg/mL) relaxant responses by L-NAME and ODQ. D) Reversion of CNA (100 mg/mL) relaxant responses by galactose. Mean ± S.E.M. (n ¼ 4e6); ap<0.05 compared to Phe;
bp < 0.05 compared to CNA TN: washing with Tyrode's solution. Gal:galactose.
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[25,36,43]. Moreover, it is well known that several leguminous
lectins are glycoproteins, such as lectins of the tribes Swartzieae,
Sophoreae and Dalbergiae that present glycosylation [17,19,36,53].

Although few studies have reported on the toxicity of lectins by
the use of Artemia lethality test [16,40], this test has been applied as
a preliminary toxicity assay commonly performed before other
bioassays. Some lectins have been found to exhibit toxic and
cytotoxic activities using this assay, such as lectins from Diocleinae
subtribe and three lectins isolated from Cassia fistula that showed
high toxicity [4,50]. On the other hand, similar to CNA, the lectin of
Sebastiania jacobinensis exhibited no toxicity against Artemia sp.
nauplii [58].
Fig. 6. Chromatography of PSM on CNA-Chitosan column. The column (0.8 � 2.7 cm)
was equilibrated with 50 mM TriseHCl buffer, pH 7.6, containing 0.5 M NaCl. PSM
(1.2 mg) was applied to the column. The lectin affinity support was washed with the
same buffer. Elution was carried out at 25 �C at a flow rate of 3 mL/min. Arrows
demonstrate the points at which eluent was added. Fractions of 1.0 mL were collected.
Other Leguminosae lectins, especially those from the Diocleinae
subtribe, present relaxant effects in rat aorta precontracted with
phenylephrine via NO and the lectin domain, both in Dioclea and
Canavalia genus [7,12,27]. However, this is the first study reporting
on the vasorelaxant effect of a lectin from the Clathrotropis genus.
The relaxation elicited by CNAwas found to be strictly dependent on
the intact endothelium and highlighted the importance of lectin-
carbohydrate binding sites. The lectin of Vatairea guianensis, also
possessing binding specificity for galactose, had its relaxant effect
reduced by galactose [53]. To our knowledge no studies have re-
ported on the vasorelaxant effect of lectins from the Sophoreae tribe.

NO is the principal mediator of endothelium-dependent relax-
ation in vascular smooth muscles [21]. After its synthesis by NOS,
NO diffuses to adjacent smooth muscle cells and acts through
activation of soluble guanylate cyclase, thereby increasing intra-
cellular GMPc concentration and promoting relaxation [11]. Thus,
the role of NO can be determined if the relaxant responses are
inhibited by several substituted L-arginine analogues [34]. In order
to verify the participation of the enzyme and the NO/GMPc
pathway, we incubated preparations with L-NAME, a non-selective
inhibitor of NOS, and ODQ, an inhibitor of the NO-sensitive gua-
nylate cyclase [22]. NO seems to be responsible for vasorelaxant
effect of CNA. In fact, our results showed that L-NAME and ODQ
blocked the vasorelaxant effects of CNA.

Lectin affinity chromatography is based on separation of sample
through affinity chromatography columns containing immobilized
lectins [33]. According to Gemeiner et al. (2008); assays based on
multilectin affinity chromatography coupled with mass spectrom-
etry show promise for lectin-based diagnostic methods [35].
immobilized a GalNac-specific lectin from Dolichos biflorus in
Sepharose 6B, and by lectin-affinity chromatography, normal leu-
kocytes were separated from leukemia T-cell lines. Moreover, using
a combination of lectin affinity chromatography and lectin micro-
array [60], were able to differentiate pancreatic cancer from chronic
pancreatitis. Thus, in the future, the immobilization of CNA in
chitosan matrix may be an important diagnostic tool.
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5. Conclusions

In summary, we purified and characterized a novel galactose-
binding lectin from seeds of C. nitida (named CNA). In comparison
with other legume lectins, CNA showed some differences in its
specificity to carbohydrates and in its structure. The purified lectin
exhibited no toxicity to Artemia sp. nauplii, demonstrated vaso-
relaxant effect in aortic rings, and was successfully immobilized on
chitosan beads, demonstrating that CNA can be applied as
biotechnological tool. This is the first report of the purification,
characterization and application of a lectin from the Clathrotropis
genus.

Acknowledgments

This study was supported by grants from the Conselho Nacional
de Desenvolvimento Científico e Tecnol�ogico (CNPq) (Grant Num-
ber: 307291/2013-8), the Coordenaç~ao de Aperfeiçoamento de
Pessoal de Nível Superior (CAPES) (Grant number: 815/2015), and
the Fundaç~ao Cearense de Apoio ao Desenvolvimento Científico e
Tecnol�ogico (FUNCAP) (Project Fellowships, 2015). B.S.C. and AMSA
are senior investigators of CNPq.

References

[1] P. Agrawal, S. Kumar, H.R. Das, Mass spectrometric characterization of isoform
variants of peanut (Arachis hypogaea) stem lectin (SL-I), J. Proteom. 73 (2010)
1573e1586.

[2] N.M. Alencar, R.S. Oliveira, J.G. Figueiredo, I.J. Cavalcante, M.P. Matos,
F.Q. Cunha, et al., An anti-inflammatory lectin from Luetzelburgia auriculata
seeds inhibits adhesion and rolling of leukocytes and modulates histamine
and PGE2 action in acute inflammation models, Inflamm. Res. 59 (4) (2010)
245e254.

[3] N.M. Alencar, A.M. Assreuy, V.B. Alencar, S.C. Melo, M.V. Ramos, B.S. Cavada,
F.Q. Cunha, R.A. Ribeiro, The galactose-binding lectin from Vatairea macro-
carpa seeds induces in vivo neutrophil migration by indirect mechanism, Int. J.
Biochem. Cell Biol. 35 (12) (2003) 1674e1681.

[4] M.A. Ali, M.A. Sayeed, N. Absar, Antibacterial activity and cytotoxicity of three
lectins purified from Cassia fistula Linn, Seeds. J. Med. Sci. 3 (3) (2003)
240e244.

[5] A.C. Almeida, H.C. Silva, F.N. Pereira-Junior, J.B. Cajazeiras, P. Delatorre,
C.S. Nagano, et al., Purification and partial characterization of a new mannose/
glucose-specific lectin from Centrolobium tomentosum guill. ex Benth seeds
exhibiting low toxicity on Artemia sp, Int. J. Indig. Med. Plant 47 (2014)
1567e1577.

[6] T. Animashaun, R.C. Hughes, Bowringia mildbraedii agglutinin, J. Biol. Chem.
264 (1989) 4657e4663.

[7] A.M. Assreuy, S.R. Fontenele, A.F. Pires, D.C. Fernandes, N.V. Rodrigues,
E.H. Bezerra, et al., Vasodilator effects of Diocleinae lectins from the Canavalia
genus, Naunyn Schmiedeb. Arch. Pharmacol. 380 (6) (2009) 509e521.

[8] R. Bansil, B.S. Turne, Mucin structure, aggregation, physiological functions and
biomedical applications, Curr. Opin. Colloid Interface Sci. 11 (2006) 164e170.

[9] A.U. Bari, H.C. Silva, M.T. Silva, F.N. Pereira Júnior, J.B. Cajazeiras, A.H. Sampaio,
et al., Purification and partial characterization of a new mannose/glucose-
specific lectin from Dialium guineense willd seeds that exhibits toxic effect,
J. Mol. Recognit. 26 (8) (2013) 351e356.

[10] I.L. Barroso-Neto, R.C. Sim~oes, B.A. Rocha, M.J. Bezerra, F.N. Pereira-Junior,
V.J. Silva Osterne, et al., Vasorelaxant activity of Canavalia grandiflora seed
lectin: a structural analysis, Arch. Biochem. Biophys. 543 (2014) 31e39.

[11] V. Bauer, R. Sotníkov�a, Nitric oxide e the endothelium-derived relaxing factor
and its role in endothelial functions, Gen. Physiol. Biophys. 29 (4) (2010)
319e340.

[12] M.J. Bezerra, N.V. Rodrigues, A.F. Pires, G.A. Bezerra, C.B. Nobre, K.L. Alencar, et
al., Crystal structure of Dioclea violacea lectin and a comparative study of
vasorelaxant properties with Dioclea rostrata lectin, Int. J. Biochem. Cell Biol.
45 (4) (2013) 807e815.

[13] S. Biswas, P. Agrawal, A. Saroha, H.R. Das, Purification and mass spectrometric
characterization of Sesbania aculeata (Dhaincha) stem lectin, Protein J. 28
(9e10) (2009) 391e399.

[14] M.M. Bradford, A rapid and sensitive method for the quantitation of micro-
gram quantities of protein utilizing the principle of protein-dye binding,
Biochemistry 72 (1976) 248e254.

[15] K.V. Brinda, N. Mitra, A. Surolia, S. Vishveshwara, Determinants of quaternary
association in legume lectins, Protein Sci. 13 (2004) 1735e1749.

[16] J.L. Carballo, Z.L. Hern�andez-Inda, P. P�erez, M.D. García-Gr�avalos,
A comparison between two brine shrimp assays to detect in vitro cytotoxicity
in marine natural products, BMC Biotechnol. 2 (2002) 1e5.
[17] B.S. Cavada, C.F. Santos, T.B. Grangeiro, E.P. Nunes, P.V.P. Sales, R.L. Ramos, et
al., Purification and characterization of a lectin from seeds of Vaitarea mac-
rocarpa Duke, Phytochemistry 49 (3) (1998) 675e680.

[18] M. Dubois, K.A. Gilles, J.K. Hamilton, P.A. Rebers, F. Smith, Colorimetric
method for determination of sugars and related substances, Anal. Chem. 28
(1956) 350e356.

[19] A.V. Fernandes, M.V. Ramos, I.M. Vasconcelos, A.C. Moreira, F.B. Moreno,
J.O. Pereira, et al., Purification and characterization of a lectin of the Swartzieae
Legume Taxa, Protein Pept. Lett. 19 (10) (2012) 1082e1088.

[20] A.G. Ferrige, M.J. Seddon, B.N. Green, S.A. Jarvis, J. Skilling, J. Staunton, Dis-
entangling electrospray spectra with maximum entropy, Rapid Commun.
Mass Spectrom. 6 (1992) 707e711.

[21] R.T. Furchgott, Z.V. Zawadzki, The obligatory role of the endothelial cells in
relaxation of arterial smooth muscle by acetycholine, Nature 288 (1980)
373e376.

[22] J. Garthwaite, E. Southam, C.L. Boulton, E.B. Nielsen, K. Schmidt, B. Mayer,
Potent and selective inibition of nitric oxide sensitive guanylyl cyclase by 1H-
[1,2,4] oxadiazole [4,3-a] quinoxaline-1-one, Mol. Pharmacol. 48 (1995)
184e188.

[23] M. Gavrovic-Jankulovic, R. Prodanovic, Drug delivery: plant lectins as bio-
adhesive drug delivery systems, J. Biomater. Nanobiotechnol. 2 (2011)
614e621.

[24] P. Gemeiner, D. Mislovi�cova, J. Tka�c, J. �Svitel, V. Patoprsty, E. Hrabarova, et al.,
Lectinomics: II. A highway to biomedical/clinical diagnostics, Biotechnol. Adv.
27 (2009) 1e15.

[25] C.N. Hankins, J.I. Kindinger, L.M. Shannon, The lectins of Sophora japonica: II.
Purification, properties, and N-terminal amino acid sequences of five lectins
from Bark, Plant Physiol. 86 (1) (1988) 67e70.

[26] G.M. Hatfield, W.J. Keller, J.M. Rankin, Quinolizidine alkaloids of Clathrotropis
brachypetala, J. Nat. Prod. 43 (1980) 164e167.

[27] J.F. Kleha, P. Devesly, A. Johns, The effects of lectins on the release of EDRF
from rabbit aorta, Br. J. Pharmacol. 104 (2) (1991) 287e288.

[28] U.K. Laemmli, Cleavage of structural proteins during the assembly of bacte-
riophage T4, Nature 227 (1970) 680e685.

[29] S.K. Lam, T.B. Ng, Lectins: production and practical applications, Appl.
Microbiol. Biotechnol. 89 (2011) 45e55.

[30] T. Li, X. Yin, D. Liu, X. Ma, H. Lv, S. Sun, Isolation and characterization of a novel
lectin with antifungal and antiproliferative activities from Sophora alopecur-
oides seeds, Acta Biochim. Biophys. Sin. Shanghai 44 (7) (2012) 606e613.

[31] J. Liu, L. Zhang, C. Wang, H. Xu, X. Zhao, Preparation and characterization of
lectin-conjugated chitosan fluorescent nanoparticles, Mol. Biosyst. 6 (6)
(2010) 954e957.

[32] Z. Liu, B. Liu, Z.T. Zhang, T.T. Zhou, H.J. Bian, M.W. Min, et al., A mannose-
binding lectin from Sophora flavescens induces apoptosis in HeLa cells, Phy-
tomedicine 15 (10) (2008) 867e875.

[33] D. Mislovi�cova, J. Turjan, A. Vikartovska, V. Patoprsty, Removal of D-glucose
from a mixture with D-mannose using immobilized glucose oxidase, J. Mol.
Catal. B Enzym 60 (2009) 45e49.

[34] S. Moncada, E.A. Higgs, The L-arginine-nitric oxide pathway, N. Engl. J. Med.
329 (1993) 2002e2012.

[35] H. Ohba, R. Bakalova, S. Moriwaki, O. Nakamura, Fractionation of normal and
leukemic T-cells by lectin-affinity column chromatography, Cancer Lett. 184
(2002) 207e214.
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