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Abstract: Snake venom proteins from the C-type lectin family have very distinct biological activities
despite their highly conserved primary structure, which is homologous to the carbohydrate recognition
region of true C-type lectins. We purified a lectin-like protein (BmLec) from Bothrops moojeni venom and
investigated its effect on platelet aggregation, insulin secretion, antibacterial activity, and isolated kidney
cells. The BmLec was purified using two chromatographic steps: affinity chromatography and reverse phase
high performance liquid chromatography (HPLC). BmLec showed a dose-dependent platelet aggregation
and significantly decreased the bacterial growth rate in approximately 15%. During scanning electron
microscopy, the profile of Xanthomonas axonopodis pv. passiflorae treated with lectin disclosed a high
vesiculation and membrane rupture. BmLec induced a strong and significant increase in insulin secretion
at 2.8 and 16.7 mM glucose concentrations, and this effect was seen in the presence of EGTA in both
experiments. BmLec (10 pg/mL) increased the perfusion pressure, renal vascular resistance and urinary
flow. The glomerular filtration rate and percentages of sodium, potassium and chloride tubular transport
were reduced at 60 minutes of perfusion. Renal alterations caused by BmLec were completely inhibited by
indomethacin in all evaluated parameters. In conclusion, the C-type lectin isolated from Bothrops moojeni
affected platelet aggregation, insulin secretion, antibacterial activity and isolated kidney function.
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INTRODUCTION

Bothrops moojeni, a type of venomous pit
viper, is found in warm dry regions of several
Brazilian states (1). Snake venoms comprised
a complex pool of organic and inorganic
compounds. Furthermore, some venom
contains toxins that act on integrins in the
C-type lectin, disintegrin, and metalloprotease
families (2, 3). Snake venoms with C-type lectin
domains contain the conserved carbohydrate
recognition domain (CRD) of other animal
C-type lectins and share significant primary
structure similarities with them; however,
they do not necessarily bind to carbohydrate

molecules nor require calcium ions for their
activity (4-6).

Thus, lectins isolated from venom differ from
other classical C-type lectins. These classical
lectins are a type of carbohydrate-binding
protein domain. The C-type designation refers
to their requirement of calcium for binding to
this carbohydrate domain. Proteins that contain
C-type lectin domains have a diverse range
of functions, including cell-to-cell adhesion,
immune response to pathogens and apoptosis.
Several C-type lectins bind to protein ligands,
and only some of these binding interactions are
Ca’* dependent, such as the C-type lectins of
coagulation factors IX/X, Von Willebrand factor
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(VWF) binding proteins, and natural killer
cell receptors. The C-type lectins used to be
classified into seven subgroups (I to VII) based
on the order of the various protein domains
in each protein (7, 8). This classification was
subsequently updated in 2002 leading to an
additional seven groups (VIII to XIV). Most
recently, three more subgroups were added (XV
to XVII) (6, 8).

The C-type lectins in Viperidae venoms
have been described as disulfide-linked
dimers of two homologous polypeptides of
~14 kDa. One such domain has been purified
from Bothrops jararacussu, Bothrops jararaca
and Crotalus atrox venom and characterized
as a C-type galactoside-binding lectin (9,
10). They have erythrocyte-agglutinating
activity and other properties, such as
adhesion to plasmatic proteins that affect
blood homeostasis by inhibiting or activating
specific platelet membrane receptors and blood
coagulation factors (11, 12). These proteins
(i.e., alboaggregin-B, echicetin, botrocetin,
bitiscetin, flavocetin-A, aggretin/rhodocytin,
convulxin and agkistin) provide new insight
into platelet function (13, 14). Other effects
have also been reported for these proteins,
including mitogenic activity on lymphocytes,
release of cell calcium stores, inhibition of cell
proliferation, renal effects and antimicrobial
activity (15-18). Previously, it has been
observed that crotacetin from the venom of C.
durissus had a significant inhibitory activity on
two different bacterial strains, Xanthomonas
axonopodis pv passiflorae and Clavibacter
michiganensis michiganensis (19). Previously,
our group described the renal effects of C-type
lectin isolated from Bothrops pirajai, such as
the reduction of renal flow and glomerular
filtration rate (20).

The C-type proteins have been described as
animportantcomponentofthese venoms, which
are responsible for their biological effects. The
study of the C-type galactoside-specific lectin
isolated from Bothrops moojeni may contribute
to the discovery of pharmacological tools.

Despite the biological importance of snake
venom lectins, the aim of the present work
was to study the effects of lectin isolated from
Bothrops moojeni venom on platelet aggregation,
insulin secretion, antibacterial activity and the
functions of isolated kidneys.

MATERIAL AND METHODS

Purification of Lectin from Bothrops moojeni
Venom

The lectin from B. moojeni venom (BmLec)
was purified with two chromatographic
steps; molecular exclusion chromatography
and affinity chromatography. For the first
fractionation, whole venom was purified
following the protocols described by dos Santos
et al. (21). In the second step, the whole venom
(50 mg) was dissolved in 1 mL of calcium Tris-
base saline (CTBS; Tris 20 mM, NaCl 150 mM,
CaCl, 5mM, pH7.5). After complete dissolution,
the venom was homogenized and clarified by
ultracentrifugation at 4500 x g for five minutes.
The affinity chromatography was carried out
with lactose (0.8 x 5 cm) and equilibrated with
the CTBS for 40 minutes, followed by injection
of the venom solution. The lectin was eluted
using a gradient of 0.1 to 0.3 M lactose in CTBS.
The lectin-like fraction was pooled, extensively
dialyzed against an ammonium bicarbonate
buffer (0.1 M, pH 8.0) and lyophilized.

The purification homogeneity of the eluted
protein was evaluated by reverse phase HPLC
(0.1 x 30 cm column of p-Bondapack C18°,
Waters, USA) using a linear and discontinuous
gradient (0-100%) of acetonitrile in 0.1%
trifluoroacetic acid (v/v). One milligram
of the lectin-like fraction from the affinity
chromatography was dissolved in 250 mL of
buffer A and centrifuged at 4,500 x g for two
minutes. The supernatant was then applied to the
analytical reverse phase HPLC and equilibrated
with buffer A (0.1% trifluoroacetic acetic acid;
TFA) for 15 minutes. Elution of the protein was
subsequently conducted using a linear gradient
of buffer B (66.6% acetonitrile in buffer A), and
the chromatographic run was monitored at 214
nm of absorbance. After elution, the fraction
was lyophilized and stored at -40°C. The
degree of purity of the lectin-like substance was
assayed using two dimensional (2D) and mass
spectrometry. SDS-PAGE using 12% acrylamide
tricine gels confirmed the homogeneity of the
fraction (22)

Characterization of Lectin Isolated from B.
moojeniVenom

Amino acid analysis of BmLec was
performed using approximately 1 nM of
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purified protein hydrolyzed with 6N HCI (200
mL) in the presence of 10 mL of phenol. Amino
acid hydrolysis was carried out at 106°C for
24 hours. After this time, the excess HCl was
removed and the resulting hydrolyzed amino
acids were re-dried with an aqueous solution of
ethanol:water:triethylamine (2:2:1). The post-
column derivatization was carried out with an
aqueous solution of phenylisothiocyanate (et
hanol:water:triethylamine:phenylisothiocya
nate; 7:1:1:1 by volume). The samples and an
amino acid standard were derivatized using a
Pico-Tag® amino acid analyzer system (Waters,
USA). After amino acid analysis, a new aliquot
of BmLec was used for amino acid sequence
determination. In this protocol, 10 mg of
purified protein were dissolved in 200 mL of
6 M guanidine chloride (Merck, Germany)
containing 0.4 mM Tris-HCl and 2 mM EDTA
(pH 8.15). Nitrogen was flushed over the top
of the protein solution for 15 minutes and
then reduced with DTT (6 M, 200 mL) and
carboxymethylated with '“C-iodoacetic acid
and cold iodoacetic acid. Nitrogen was again
flushed over the surface of the solution, and
the reaction tube was sealed. This solution was
incubated in the dark at 37°C for one hour and
desalting was carried out on a Sephadex G-25°
column (0.7 x 12 cm) (Amersham Pharmacia,
Sweden) in 1 mM acetic acid buffer. The eluted,
reduced and carboxymethylated (RC) protein
was then lyophilized and stored at —20°C.

One sample of this RC-protein (4.5 mg)
was then digested by Staphylococcus aureus
protease V8 for 16 hours, 37°C and pH 7.4,
using an enzyme to substrate ratio of 1:30. The
lectin-like peptide fragments obtained after the
treatment of RC-protein with protease V8 were
separated by reverse phase HPLC by means of
analytical m-Bondapack C18° column (0.39 x
30 cm; Waters, USA), with 0.1% TFA as solvent
A and acetonitrile containing 30% of solvent A
(solvent B). The elution profile was monitored
at 214 nm and the peptides were lyophilized. A
second sample of the RC-protein was digested
with Clostripain for eight hours at 37°C and
then lyophilized. The products were separated
by reverse phase HPLC using a Waters PDA
991 system with a m-Bondapack C18” column.

The peptide peaks were isolated using a
linear gradient (0-100% of acetonitrile in 0.1%
TFA; v/v). The elution profile was monitored

at 214 nm, and the peptides were lyophilized.
Analysis of the amino acid sequence of the
RC-protein, and that of the enzymatically or
chemically digested fragments, was performed
with an Applied Biosystems model Procise
t gas-liquid protein sequencer® (USA). The
phenylthiohydantoin (PTH) derivatives of
the amino acids were identified with an
Applied Biosystems model 450 microgradient
PTH-analyser® (USA) (22, 23). The resulting
primary structure of BmLec was aligned with
homologous sequences obtained from the
NCBI database (http://www.ncbi.nlm.nih.gov)
using the algorithm BLAST. The structural
analysis was maximized using Clustal X* (www.
clustal.org).

Platelet Aggregation Studies

Venous blood was collected with informed
consent from healthy volunteers who denied
taking any medication in the previous 14 days.
Blood was collected by a two-syringe technique
using polypropylene syringes and 19-gauge
needles and immediately transferred into
polypropylene tubes containing 1/10th final
volume of 3.8% trisodium citrate. Initially,
whole blood was centrifuged to obtain the
platelet-rich plasma (PRP). After removing
the PRP, the remaining blood was centrifuged
at 3,000 x g for five minutes to obtain washed
platelet.

The platelet aggregation assays were conducted
with a washed platelet preparation that was left
for one hour at room temperature to recover its
sensitivity to aggregation agents. Platelet counts
were performed on a Coulter S Plus® (Coulter
Electronics, USA). Platelet aggregation was
measured turbidimetrically using a dual-channel
whole blood Lumi-aggregometer (Chrono Log
Corporation, USA). Platelets were suspended in a
phosphate buffered saline buffer (400 uL) and pre-
incubated with 1 mM CacCl, (final concentration)
at 37°C for two minutes with stirring before being
challenged with BmLec. The aggregation was
recorded after seven minutes from the application
of the lectin (19). As a positive control for platelet
aggregation, we used 100 pM ADP and 10 pL
thrombin (1 mg/1 mL).

Insulin Secretion Assay
Insulin secretion was measured in rat islets
that were isolated by collagenase (EC 3.4.24.3)
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digestion. The pancreas was inflated with
Hanks’ balanced salt solution containing 0.7 mg
collagenase/mL, excised and then maintained
at 37°C for 20 minutes. The digested tissue was
washed four times and the islets were separated
using a siliconized stretched Pasteur pipette.
Groups of five islets were incubated for 30
minutes at 37°C in 0.75 mL of Krebs-bicarbonate
buffer (115 mM NaCl, 5 mM KCl, 2.56 mM
CaCl,, 1 mM MgCl, and 24 mM NaHCO,, and
5.6 mM glucose, pH 7.4) supplemented with 3
mg of BSA/mL and aerated with 95% O,/5% CO,,.
After this incubation, the medium was replaced
with fresh buffer and the islets incubated for one
hour in the presence of 2.8 or 16.7 mM glucose
(control) or 16.7 mM glucose in the presence of
5 mg of BmLec. Other experiments were carried
out in presence of BmLec with 10 mM EGTA
5H,0 (21).

Antibacterial Activity against Xanthomonas
axonopodis pv. passiflorae

The Xanthomonas axonopodis. pv. passiflorae
(gram-negative) bacterial strain was collected
from fresh agar plates and suspended in distilled
sterilized water (A650 nm = 3 x 10® CFU/
mL). Aliquots of the bacterial suspension were
diluted to 10° CFU/mL and incubated with
BmLec (150 mg/mL) for one hour at 37°C. After
incubation, survival was assayed on nutrient
plates (Sigma-Aldrich, USA) (n = 5). We then
evaluated the effect of BmLec on the bacterial
membrane of Xanthomonas axonopodis pv
passiflorae incubated with lectin using scanning
electron microscopy. The bacterial suspension
was centrifuged, and the pellets were fixed at 4°C
in 0.1 M cacodylate buffer (pH 7.4) containing
2.5% (v/v) glutaraldehyde for 12 hours. Bacterial
samples were fixed a second time with 1%
osmium tetraoxide for two hours at 4°C. The
samples were then dehydrated in increasing
concentrations of ethanol. The specimens were
coated with gold in vacuum using a sputter
coater SCD 050° (BAL-TEC, Germany).

Electron micrographs were obtained using
a JSM 5800 LV® scanning electron microscope
(JEOL, Japan) (19).

Perfused Kidney Assay

Adult male Wistar rats (260-320 g) were
fasted for 24 hours with unrestricted access to
water. The rats were anesthetized with sodium

pentobarbitone (50 mg/kg, intraperitoneally).
After careful removal of the right kidney,
the right renal artery was cannulated via
the mesenteric artery without interrupting
blood flow (24). The kidneys were perfused
with a modified Krebs-Henseleit solution
(MKHS; 118.0 mmol/L NaCl, 1.2 mmol/L
KCl, 1.18mmol/L KH,PO, 1.18mmol/L
MgSO,.7H,0, 2.5 mmol/L CaCl, and 25
mmol/L NaHCO,). Bovine serum albumin
(BSA - 6 g) was added to 100 mL of MKHS
and dialyzed for 48 hours at 4°C against ten
volumes of MKHS. Immediately before the
beginning of each perfusion protocol, 100 mg
of urea, 50 mg of inulin and 50 mg of glucose
were added to every 100 mL of perfusate, and
the pH was adjusted to 7.4. In each experiment,
100 mL of MKHS were recirculated for 120
minutes.

Indomethacin (10 pg/mL) was added to the
system at the beginning of each experiment. The
BmLec (10 ug/mL) was added to the system 30
minutes after the beginning of each perfusion.
The perfusion pressure (PP) was measured at
the tip of the stainless steel cannula in the renal
artery. Samples of urine and perfusate were
collected at ten-minute intervals to analyze
the sodium and potassium levels using flame
photometry. Inulin was measured as previously
described, and the osmolality was measured
using a vapor pressure osmometer (Wescor
5100C°, USA) (25). The chloride analysis was
carried out using a LabTest kit (Germany).
The renal vascular resistance (RVR), urinary
flow (UF) and glomerular filtration rate (GFR)
were measured. The percentage of sodium (%
TNa*), potassium (% TK*) and chloride tubular
transport were also determined (26).

Statistical Analysis

Results are presented as the mean =+
SEM from six experiments for each group.
Differences between groups were compared
using a Student’s t-test (non-parametric test)
or an analysis of variance (ANOVA) followed
by a Bonferroni test with significance set at 5%
(p < 0.05).

Committee of Ethics

The study protocol was approved by the
Committee of Ethics from the Federal University
of Ceard, in Fortaleza, Brazil.
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RESULTS

The protein fraction was eluted after adding
CTBS buffer to the column in the presence 0f 0.1
M lactose. The main activity was found in the
signaled peak (Figure 1 - aandb). This fraction
was re-purified using the reverse phase HPLC
and showed a main protein peak accounting for
96% of the whole lectin fraction (Figure 2 - a).
After dialysis against ammonium bicarbonate,
the homogeneity of this fraction was verified
using two dimensional electrophoresis, which
showed a single main protein spot with an
estimated molecular mass of 14-15 kDa, pl
in 5.6 approximately (Figure 2 - b). MALDI-
TOFF mass spectrometer showed that the
molecular mass of the lectin spot was 16307.36
Da (Figure 2 - ¢). The amino acid analysis of

Lactose 100mM
>

Bm Lec

5 10 15
Fraction numker
(lukes)

O-O_fr_/.j |

Figure 1. (a) The chromatographic profile of
the fractionation of whole venom in molecular
exclusion HPLC using an AP-1 column (1 x 60
cm) packed with superdex 75. Approximately 30
mg of whole venom was dissolved in 450 mL of
ammonium bicarbonate buffer (0.2 M, pH 7.8) and
the resulting solution was centrifuged at 4500 x g
for one minute. The supernatant was then applied
to the column. The elution of the samples was
done using the ammonium bicarbonate buffer,
and the chromatographic run was monitored at
280 nm. (b) The fractionation of BmLec by affinity
chromatography using a lactose gradient. The
main activity was found in the signaled peak
designated as BmLec.
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BmLec showed a high amount of acid and basic
amino acid residues, and the presence of eight
half cysteines (Table 1).

Two different BmLec proteins were
subjected to treatment with protease V8 and
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Figure 2. (a) Approximately 1 mg of the BmlLec
obtained from the affinity chromatography
was dissolved in buffer A, and this solution was
centrifuged at 4500 x g for one minute. The
resulting supernatant was applied to the reverse
phase HPLC of the purified lectin from Bothrops
moojeni venom that appears as the main fraction,
which was eluted using a linear discontinuous
gradient of acetonitrile 66% in buffer A (buffer
B). The entire chromatographic system was
equilibrated with buffer A (TFA 0.1%). (b, ¢) Analysis
by two-dimensional electrophoresis showed the
presence of an acid protein of approximately 16
kDa; mass spectrometry showed a molecular mass
of 16307.36 Da.
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Table 1. Amino acid analysis of Bothrops moojeni
venom determined by Pico-Tag® amino acid
analyzer system

Amino acid M/M Mw
Asp 17 1956,87
Glu 17 2195,21
Ser 8 696,72
Gly 7 399,49
His 4 548,64
Arg 4 624,84
Thr 4 444,48
Ala 5 355,45
Pro 5 485,65
Tyr 9 1027,35
Val 4 652,6
Met 2 262,42
Cys 9 928,26

lle 6 619,02
Leu 9 1018,53
Phe 6 883,14
Lys 12 1538,28
Trp 8 1632
Total 136 16287

clostripain. In both cases, the peptides obtained
by incubation of BmLec with these enzymes
were purified using an analytical reverse
phase HPLC. The incubation of BmLec with
protease V8 resulted in ten different peptides
that were purified using a non-linear gradient
concentration of aqueous acetonitrile (buffer
B). The elution of the peptides was monitored
at 214 nm (Figure 3 - a). The aliquot of
BmLec treated with clostripain resulted in the
purification of seven different peptides (Figure
3 - b). Complete amino acid sequences of

BmLec were determined by overlapping the
N-terminal amino acid sequence of reduced
and carboxymethylated BmLec with other
peptides. The amino acid sequences were SV8-
4, SV8-9, SV8-1, Clt-3, Clt-2 and Clt-6 (Figure
3 - ¢). The amino acid sequence of BmLec
showed high similarity with sequences of other
lectins, such as BjLec (lectin from Bothrops
jararacussu), determined by automatic
sequencing or molecular cloning and with
those from Bitis arietans, Crotalus atrox,
Lachesis muta stenophrys, Bothrops pirajai
and Bothrops insularis, which were obtained
solely by molecular cloning. The amino acid
sequence of BmLec showed a conserved
carbohydrate recognition domain (CRD)
and other important amino acid residues for
calcium binding (Figure 4).

In the present study, we observed that
BmLec acted as a potent platelet aggregator at
10 mg (Figure 5 - a). BmLec induced platelet
aggregation in a dose-dependent fashion, with
a minimal and maximum dose for aggregation
activity of approximately 1.5 mg and 20 myg,
respectively (Figure 5 - b).

BmLec induced an increase in insulin
secretion atlow and high glucose concentrations,
2.8 and 16.7 mM, respectively (Figure 6). This
effect was significantly affected by the presence
of EGTA in both experiments.

In the antimicrobial activity assay,
BmLec reduced the bacterial growth rate in
approximately 15% (Figure 7 — a). A scanning
electron microscopy profile of Xanthomonas
axonopodis pv. passiflorae was made in regard
to the control group of bacteria without
lectin (Figure 7 - b). The ultrastructural
alterations induced by BmLec on the bacteria
(Xc) consisted mainly of high vesiculation in
the bacterial membrane, whereas membrane
rupture was only observed in some cases
(Figure 7 - ¢).

In the isolated kidney, the BmLec (10 mg/
mL) increased the perfusion pressure, the renal
vascular resistance and the urinary flow. The
glomerular filtration rate and the percentages
of sodium, potassium and chloride tubular
transport were reduced at 60 minutes of
perfusion. Indomethacin (10 mg/mL) reversed
the renal alterations caused by BmLec (Table 2).
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Figure 3. BmLec proteins were treated with (a) protease V8 (SV8) and (b) clostripain (Clt). In both cases,
the peptides obtained were purified using an analytical reverse phase HPLC. The complete amino acid
sequence of BmLec was determined by overlapping the N-terminal amino acid sequence of the reduced
and carboxymethylated BmLec with other peptides. (c) Among them, the most important for the complete
amino acid sequence determination were SV8-4; SV8-9, SV8-1, Clt-3, Clt-2 and Clt-6.
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Figure 4. Amino acid sequence of the lectin from Bothrops moojeni (Bm) venom compared with Bothrops
jararacussu (Bj), Bothrops jararacussu 2 (Bj2), Bitis arietans (Ba), Crotalus atrox (Ca), Lachesis muta stenophrys
(Lms), Bothrops insularis (Bi) and Bothrops pirajai (Bp) lectins obtained from PubMed and Swiss Plot protein
data banks.
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Figure 5. (a) Platelet aggregation induced BmLec. (b) Dose-dependent platelet aggregation induced by
BmLec.

JVenom Anim Toxins incl Trop Dis | 2010 | volume 16 | issue 3 500



Barbosa PSF, et al. Purification and biological effects of a C-type lectin isolated from Bothrops moojeni

Table 2. Renal effects of a C-type lectin isolated from Bothrops moojeni

Renal parameters 30 60 20 120
PP (mmHg)
Control 110.1 £3.68 108.3 +4.88 108.7 £5.09 110.3+3.69
BmLec 109.0 £ 1.70 144.8 + 5.30* 157.9 £ 5.60* 152.5 £ 2.10*
BmLec + Indo 107.7 £3.70 105.6 £ 1.90 106.4 £ 1.50 108.9 + 2.50
RVR (mmHg/mL.g".min")
Control 5.39+0.57 5.56 + 0.54 5.76 + 0.65 5.46 + 0.54
BmLec 5.58 £0.28 744 £0.51* 8.13 £0.58* 7.77 £0.03*
BmLec + Indo 5.76 £0.59 5.56 £ 0.45 558 +0.43 5.66 +0.41
UF (mL.g".min"")
Control 0.136 + 0.001 0.136 + 0.004 0.135 £+ 0.007 0.143 £ 0.008
BmLec 0.130£0.010 | 0.140+0.014 0.199 + 0.009* 0.237 £ 0.013*
BmLec + Indo 0.136 £ 0.010 | 0.126 £+ 0.007 0.113 £ 0.007 0.085 + 0.007
GFR (mL.g".min™)
Control 0.644 +0.069 | 0.673 £0.051 0.625 + 0.054 0.678 + 0.065
BmLec 0.623 £0.038 | 0.499+0.041* | 0.801 +0.033* 1.037 £ 0.055*
BmLec + Indo 0.646 + 0.068 0.76 £0.149 0.692 +0.11 0.481+0.104
%TNa*
Control 81.94+1.24 81.11+1.52 79.26 £ 0.90 79.76 £ 0.56
BmLec 83.18 +1.38 77.25 + 1.36* 79.59 + 0.80 80.35 +0.86
BmLec + Indo 83.16 + 1.27 84.70 + 1.50 85.14+1.50 79.79 £ 3.25
%TK*
Control 65.36 + 2.47 66.38 + 2.31 67.20 + 2,04 64.28 + 3.93
BmLec 66.34 + 2.59 59.78 + 1.49* 66.87 +2.13 67.90 + 1.65
BmLec + Indo 66.94 + 2.55 68.49 + 2,58 69.16 + 2.10 61.50+4.34
%TCl-
Control 79.90 + 1.03 81.25+2.44 77.32+2.22 78.53 +2.33
BmLec 82.58 +2.96 75.02 + 2.35% 76.17 £ 2.15 7746 +£2.16
BmLec + Indo 80.16 + 2.95 81.22+3.72 75.30 £ 3.58 75.74 £ 6.41

PP: perfusion pressure; RVR: renal vascular resistance; UF: urinary flow; GFR: glomerular filtration rate; %TNa*:
percentage of sodium tubular transport; %TK*: percentage of potassium tubular transport; %TCl—: percentage of
chloride tubular transport. The results are expressed as the mean + SEM; p < 0.05.
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Figure 6. Insulin secretion dose-response curve of BmLec on isolated pancreatic -cells at high and low

glucose concentrations.
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Figure 7. (a) The antibacterial activity of BmLec.

(b) Morphology of Xanthomonas axonopodis
pv. passiflorae (Xc) control without lectin. (c)
Ultrastructural alterations of Xc induced by BmLec.

DISCUSSION

The purified protein from B. moojeni venom
was obtained in two chromatographic steps,
and its primary structure was determined,
which showed common features of other C-type
lectins, such as BjLec and others of this class.
The conserved residues appear to form a general
calcium-dependent and carbohydrate-binding
framework. The amino acid sequence of BmLec

showed a high structural homology with the
galactose-binding lectin isolated from Bothrops
jararacussu (BjLec), Bothrops insularis (BiLec) and
Bothrops pirajai (BpLec), but its primary structure
showed low homology with other C-type lectins,
such as convulxin (Cvx). BmLec probably forms
a dimeric structure with a molecular mass of 30
kDa, whereas Cvx-like C-type lectins form a tri-
dimeric structure (20).

BmLec presents extra cystine residues that
stabilize the three-dimensional structure by
forming an interchain disulphide bond. Thus, this
lectin forms a homodimmer similar to Bothrops
jararacussu C-type lectin. These C-type lectins
show a relatively conserved structure that is
functionally distinct; however, some of the main
properties were conserved and the amino acid
changes appear to be crucial for the biological
effects. The crystal structure of this type of lectin is
inadequate for structural speculation at the three-
dimensional level. Moreover, only a few successful
structural studies for similar homodimeric C-type
lectins were accomplished and did not show
significant amino acid similarities with BmLec. It
is generally agreed that the carbohydrate binding
domain plays an important role in a possible
interaction with cell membrane receptors and is,
consequently, the mechanism through which this
lectin is involved in the activation of cell signaling
cascades.

Our data show that BmLec induced a strong
and significant increase in insulin secretion at
low and high glucose concentrations. These
effects are similar to those induced by the venom
obtained from Crotalus species. It has been shown
that convulxin, other class of C-type lectin from
Crotalus durissus ssp., induced similar insulin
secretion at both sub- (2.8 mM) and supra-
threshold (16.7 mM) glucose concentrations (21).

It has been shown that the binding of lectin to
the bacterial membrane results in the formation
of large bacterial clusters (aggregation), which,
in some cases, can precipitate or remain as large
agglutination structures (bacteria plus plant
agglutinin). This agglutination might have an
effect on the bacterial multiplication as observed
in some bacterial strains treated with plant
agglutinin. In addition, other proteins can inhibit
bacterial multiplication and motility (18). Electron
microscopy scanning showed a formation of
large vesicles in the bacterial cell membrane and,
in some cases, bacterial cell membrane rupture.
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This latter change might be a consequence of the
interaction between lectin and the bacterial plasma
membrane. It has been previously demonstrated
that crotacetin induces platelet aggregation and
inhibits antimicrobial activity in both gram-
positive and gram-negative bacteria (19).

In the present work, BmLec increased the
renal vascular resistance and the urinary flow;
however, the glomerular filtration rate and the
transport of electrolytes were reduced after
infusion with venom. The venom effect on the
RVR probably is involved in the decrease of the
glomerular filtration rate by the reduction in the
driving force that favors ultrafiltration.

It has been shown that plant and animal
lectins may promote inflammatory mediator
release and that prostaglandin might interfere
in sodium, potassium and chloride tubular
transportation (27, 28). In our experiments,
indomethacin reversed the changes in the tubular
transport of electrolytes induced by BmlLec,
suggesting the participation of eicosanoids in the
process. In addition, the renal cortex produces
prostaglandins that may inhibit tubular sodium
reabsorption in the thick ascending limb of the
loop of Henle and reduce chloride transport, thus
exerting an influence on renal blood flow and
glomerular filtration rate (28, 29).

In conclusion, the C-type galactoside specific
lectin isolated from Bothrops moojeni venom had
effects on platelet aggregation, insulin secretion,
antibacterial activity and isolated kidney functions.
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