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ABSTRACT —(Purification and partial characterisation of alectin from thered marinealgaVidalia obtusiloba C. Agardh). The
lectin of the red marine alga Vidalia obtusiloba was purified by a combination of ammonium sulphate precipitation, ion-
exchange chromatography on DEAE-cellul ose and affinity chromatography on cross-linked guar gum. Thelectin preferentially
agglutinated native and bromelain-treated human group O erythrocytes. The haemagglutinating activity revealed that the
lectin was dependent on divalent cations (Ca** or Mn**) and was shown to be inhibited by N-acetyl-galactosamine,
D-galactosamine, a-lactose and D-gal actose and by the glycoprotein porcine stomach mucin. The molecul ar mass of thelectin,
estimated by gel filtration, was 78.9 kDawhile by SDS-PAGE, in the presence of 3-mercaptoethanol, the lectin exhibited two
different protein subunits with M, of 59.6 and 15.2 kDa, suggesting that the lectin is a dimeric protein. Isoelectric focusing
revealed the presence of a simple acidic protein with an isoelectric point between 4 and 5. The purified lectin showed a
carbohydrate content of 43.2% and a predominance of the amino acids Asp/Asn, Glu/GIn and Leu. The energy of activation
(AG’) for the denaturation of the lectin was estimated to be 25.4 kcal.mol* at 90 °C. Immunochemical assays using a rabbit
antiserum raised against the purified lectin of V. obtusiloba showed that it was possible to detect the presence of the lectin at
different steps of the purification process. Western blotting of SDS-PAGE gels showed immunostaining of only the larger of
the lectin subunits.
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RESUM O — (Purificagdo e caracterizacdo parcia de umalectinadaa gamarinhavermelhaVidalia obtusiloba C. Agardh). A
lectina da alga marinha vermelha Vidalia obtusiloba foi purificada através da combinagdo de precipitacdo com sulfato de
amdnio, cromatografiade trocaidnicaem DEAE-celul ose e cromatografia de afinidade em gomade guar reticulada. A lectina
preferencialmente aglutinou eritrdcitos do grupo humano O, nativos e tratados com bromelaina. A atividade hemaglutinante
revelou que alectina eradependente de cétions dival entes (Ca™ ou Mn**) einibida por N-acetil-gal actosamina, D-gal actosamina,
o-lactose and D-galactose e pela glicoproteina mucina de estbmago de porco. A massa molecular da lectina, estimada por
filtracdo em gel, foi de 78,9 kDa, enquanto por SDS-PAGE, em presencade [3-mercaptoetanol, alectinaexibiu duas subunidades
proté casdiferentescom Mr de 59,6 e 15,2 kDa, sugerindo que alectinaé uma proteinadimérica. Focalizacdo isoel étricarevelou
apresenca de uma proteina acida simples, com um ponto isoel étrico entre 4 e 5. A lectina purificada exibiu um conteido de
carboidrato de 43,2% e uma predominancia dos aminoacidos Asp/Asn, Glu/GIn e Leu. A energia de ativacdo (AG’) paraa
desnaturacdo dalectinafoi calculada como sendo 25,4 kcalm.mol-* a 90 °C. Ensai 0s imunoquimicos usando um anti-soro de
coelho produzido contra a lectina purificada de V. obtusiloba mostraram que foi possivel detectar a presenca da lectina em
diferentes etapas do processo de purificagdo. Western blotting de géis de SDS-PAGE mostraram imunocoramento apenas da
maior das subunidades da lectina.

Palavras-chave - algamarinhavermelha, hemaglutinina, lectina, proteina

Introduction antibodies, are not products of an immune response

(Sharon & Lis 1989). They are widely distributed in

Lectins (from Latin, legere, to select or choose)  nature and can be found in almost all living organisms

are proteins that binding mono- and oligosaccharides  including plants, algae, fungi, animals (vertebrates and
specifically and reversibly but are devoid of catalytic  invertebrates), micro-organisms and viruses. Lectins
activity (i.e. are not enzymes) and, in contrast to have been isolated and characterised from various
biological sources, mainly land plants. Thoughin many

instances their exact biological roles remain elusive,
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et al. 1996, Gabius & Gabius 1997, Lis& Sharon 1998).
However, thereisonly alimited amount of information
on purified and characterised algal lectins, compared to
those for lectins of higher plants and invertebrates
(Rogers & Hori 1993). Algal lectins differ from higher
plant lectinsin avariety of properties. In general, alga
lectins have lower molecular masses then most higher
plant lectins and have no affinity for simple sugars but
are more specific for complex oligosaccharides, often
glycoproteins. Furthermore, most of marinealgal lectins
donot requiredivalent cationsfor their biological activity
(Rogers& Hori 1993). They occur mainly in monomeric
forms and have ahigh proportion of acidic amino acids,
with isoeletric points from 4 to 6 (Shiomi et al. 1981,
Hori et al. 1990). Most algal lectins have been isolated
from red algae, such as Bryothamnion seaforthii
(Turner) Kitzing and B. triquetrum (Gmelim) Howe
(Ainouz et al. 1995), Solieria filiformis (Ktzing)
Gabrielson (Benevides et al. 1996), Enantiocladia
duperreyi (C. Agardh) Falkenberg (Benevides et al.
1998) and Pterocladiella capillacea Santel & Hommers
(Oliveira et al. 2002). The lectins isolated from red
marine algae Bryothamnion triquetrum (Gmelim)
Howe and Hypnea japonica Tanaka were the first
lectins to have their primary structure elucidated by
Calveteet al. (2000) and Hori et al. (2000), respectively.
In spite of the progress made in the biochemical
characterisation of marine algal lectins, additional
information is needed for a more comprehensive
understanding of their properties, structuresand possible
biological functions. The present work describes the
purification and partial characterisation of alectin from
the red marine alga Vidalia obtusiloba C. Agardh.

M aterial and methods

Thered algaVidalia obtusiloba C. Agardh was collected
from Pacheco beach (Fortaleza, Ceara, Brazil). After collection,
the material was cleaned of epiphytes, washed with distilled
water and stored at -20 °C until use.

Human blood group A, B and O erythrocytes were
collected from healthy donors at the Hematology Center,
Federal University of Ceara (UFC). Rabbit, ox, goat and
chicken erythrocytes were obtained by venous puncture of
healthy animals.

The lectin of the red marine alga Vidalia obtusiloba
was purified by extraction of soluble proteins in 20 mM
Tris-HCI buffer, pH 7.5, containing 0.005 M CaCl, (TB)
following the proceduresasdescribed by Oliveiraet al. (2002).
The crude extract was previously submitted to the treatment
with 60% saturated ammonium sulphate and the protein
fraction 0%-60% obtained was subjected to ion exchange

chromatography onacolumnof DEAE-cellulose. Thefraction
containing the hemagglutinating activity was pooled and
further purified by affinity chromatography on a column of
cross-linked guar gum.

Protein and carbohydrate contents were determined by
themethods of Bradford (1976) and Duboiset al. (1956) using
bovine serum al bumin and glucose asthe calibration standard,
respectively. The absorbance at 280 nm was used to estimate
protein content in column eluates.

Theblood specificity from the Vidalia obtusilobalectin
wasdetermined by use of erythrocytesfrom different animals
(rabhbit, chicken, ox, goat) and humansfrom the ABO system,
native and treated with theenzymestrypsin, bromelain, papain
and subtilisin, according to Oliveiraet al. (2002).

Hemaggl utinating activity assay and hemaggl utinating
activity inhibition assay with carbohydrate and glycoproteins
were performed as described previously by Benevideset al.
(1998) using bromelain-treated human group O erythrocytes.

The purified lectin was tested for the effect of EDTA
and heat on the hemagglutinating activity following standard
methodology as described previously by Benevides et al.
(1998).

The native molecular mass of the Vidalia obtusiloba
lectin was determined by gel filtration chromatography on a
Sephadex G-100 column equilibrated and eluted with TB.
Bovine serum albumin (66 kDa), carbonic anhydrase (29 kDa)
and cytochrome C (12.4 kDa) were used as standard proteins.
The void volume (Vo) was estimated with Blue Dextran
(Sigma).

The electrofocusing procedure on a4% (w/v) acrylamide
gel wascarried out using an ampholyte pH 3.5-10.0 mixture at
a concentration of 1.5% and 10% sucrose. Pre-running was
performed at aconstant current of 1 mA for 30 mintoformthe
pH gradient. Strips of filter paper impregnated with 1%
sulphuric acid and 1% ethanolamine were placed in the anode
and cathode compartments, respectively. Samples (20 uL) on
Whatman N° 1 filter paper were applied and the gelswererun
for 60 minat acurrent of 500V/15mA followed by 700V/15 mA
for 60 min. The gelswerefixed with 20% trichloroacetic acid
(TCA) for 30 min, and silver stained as described by Blum
et al. (1987). Isoelectric points were estimated using
amidoglycosidase (pl 3.55), trypsin inhibitor (pl 4.55),
B-lactoglobulin A (pl 5.13), bovine carbonic anhydrase B
(pl 5.85), human carbonic anhydrase B (pl 6.57) and myoglobin
(pls6.76 and 7.16) as standards.

Theamino acid analysisof the purified lectinwascarried
out after hydrolysisof thelectin sasmplewith6 M HCl for 24 h
at 110 °C in glass tubes sealed under N.. After hydrolysis,
HCI was removed by evaporation and the residue was
analysed in a Biocrom-20, Pharmacia-LKB. Tryptophan
content was measured following the method of Goodwing &
Morton (1946).

Descontinuous electrophoresis was carried out in a
vertical system following the Laemmli procedure asdescribed
by Hames & Rickwood (1983). A 12.5% polyacrylamideslab
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in0.025M tris-HCl, 0.2 M glycine, pH 8.9, with 0.1% sodium
dodecyl sulfate was used. Samples and standard were
prepared in tris-HCI buffer, pH 6.8, containing SDS and
[3-mercaptoethanol. A low-molecular mass (14.4 to 94 kDa)
protein marker kit (Sigma) was used to determine approximate
protein size. Samples and standards were treated with SDS
and B-mercaptoethanol. Proteins were visualised by the
standard silver staining method described by Blum et al.
(1987).

Results

Vidalia obtusiloba lectin was purified by ion-
exchange chromatography using DEAE-cellulose
(figure 1), followed by guar gum affinity chromatography
(figure 2). Table 1 shows the results of the steps used
in the purification of the lectin. Treatment of the crude
extract of V. obtusiloba with 60% saturated ammonium
sulphate led to a4.5-fold purification of lectin activity,
with aspecific activity of 117 HU.mg protein™. When,
the ammonium sul phate fraction 0%-60% was subjected
to ion exchange chromatography on a DEAE-cellulose
column, all the haemaggl utinating activity present bound
tothe gel and was subsequently eluted (PI1-DEAE) with
the addition of 0.5 M NaCl to the buffer. This step led
to a 16.5-fold purification with an increase in specific
activity to 427 HU.mg protein™. These procedureswere
effective to eliminate pigments and small molecular
weight compounds and to concentrate the preparations.
When the PI1-DEAE fraction was submitted to affinity
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Figure 1. DEAE-celluloseion-exchange chromatography of
theammonium sulphate fraction (FO/60) of Vidalia obtusiloba
extract. The column was equilibrated with TB and washed to
remove unbound proteins. The adsorbed protein was eluted
with 0.025 M Tris-HCI buffer, pH 7.5, containing 0.005 M
CaCl,and 0.5M NaCl. (e[J ) absorbance at 280 nm (o[J o)
haemagglutinating activity.
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Figure 2. Affinity chromatography of Vidalia obtusilobalectin
on guar gum column. The columnwas equilibrated with TB to
remove unbound proteins. The adsorbed lectin was eluted
with 0.1 M glycine-HCI buffer, pH 2.6, containing 0.15M NaCl
(0 @) absorbance at 280 nm, (o o) haemagglutinating
activity.

chromatography in acolumn packed with cross-linked
guar gum, all the haemaggl utinating activity was bound
to the gel and subsequently eluted with 0.1 M glycine-
HCl, pH 2.6, containing 0.15M NaCl. Thisstepledtoa
20.6-fold purification with an increasein specific activity
of the lectin present in the crude extract to
533 HU.mg protein™.

Thenative purified lectin appeared asasingle band
on PAGE (not shown) and two bands on SDS- PAGE
in the presence of 3-mercaptoethanol corresponding to
molecular weights of 59.6 and 15.2 kDa (figure 3). The
homogeneity of the lectin was also evident with the
yielding of asingle symmetrical peak by size-exclusion
chromatography on Sephadex G-100in TB (hot shown),
with an apparent molecular weight of 78.9 kDa. The
isoelectric focusing of purified lectin revealed the
presence of a simple acidic protein band with a pl
between 4 and 5.

The amino acid composition of the purifiedlectinis
presented in table 2. The lectin isrich in glutamic and
aspartic acidsand in the hydrophobic amino acid leucine,
but has a low content of cystine and methionine.
Carbohydrate analysis by the phenol-sulphuric acid
method showed that the lectin contains 43.2% sugar.

Among the erythrocytes analysed (human blood
group A, B and O and the animals ox, goat, chicken,
and rabbit), the lectin obtained from V. obtusiloba
exhibited a preference for human bromelain-treated
blood group O erythrocytes (28) followed by A (2°) and
rabbit (24 erythrocytes. The result of the studies of the
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Table 1. Purification of the lectin from Vidalia obtusiloba. HU = haemagglutinating units. MAC = Minimum Agglutination
Capacity (minimum amount of protein that isstill ableto agglutinate enzyme-treated human group O erythrocytes).

Protein Specific Activity Yidd Purification MAC
Fraction total (mg) HU mg P* Total %) (fald) mg.mL?
Aqueous extract 434.00 258 11,200 100.00 10 0.039
Fraction 0%-60% 63.00 1170 7420 1460 45 0.008
Pll —-DEAE 180 4270 768 0.40 165 0004
Guar gum 0.66 5330 2 0.15 206 0.002

hemaggl utination inhibition with the purified lectinusing
simple sugars and glycoproteins (table 3) revealed an
inhibition by D-gal actose and some derivatives. Themost
potent inhibitory substance was N-acetyl-gal actosamine
at aconcentration of 12.5 mM. From the glycoproteins
tested, porcine stomach mucin was the only substance
to show inhibitory activity. The hemagglutinating activity
of thelectin was compl etely abolished by treatment with
5mM EDTA. Addition of 5mM CaCl,, or MnCl, resulted
intotal recovery of the hemaggl utinating activity.

Table 2. Amino acid composition of the lectin from Vidalia
obtusiloba.

attached a-D-galactopyranosy! unit linked a(1 - 6) as
single unit side chains, to approximately one half of the
B-D-mannosyl residues (Lonngren et al. 1976,
Appukuttan et al. 1977). The haemaggl utinating activity
inthefraction abtained by ion exchange chromatography
(PI1-DEAE) was bound compl etely to the cross-linked
guar gum and eluted from this affinity column in pure
form. Guar gum affinity chromatography has been used
inthe purification of gal actose derivative-binding lectins

Amino acid Mol % Amino acid Mol %
Asx 10.17 lle 525
Thr 506 Leu 785
Ser 517 Tyr 575
ax 1335 Phe 535
Gy 6.35 His 252
Ala 6.82 Lys 6.89
Cys 123 Arg 526
vd 569 Pro 333
Met 11 Trp 284

The lectin was not affected by exposure to a
temperature of 50 °C for 30 min but declined rapidly,
reaching 12% of the control value, when heated at 70 °C
for 10 min. The hemagglutinating activity was almost
abolished when thelectin washeated at 90°C for 20 min
and totally abolished after 30 min. The energy of
activation of denaturation process (DG') was estimated
to be 25.4 kcal. Mol at 90 °C.

Discussion

Guar gum isagalactomannan composed of achain
of B(1- 4) linked D-mannopyranosy! residues having
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Figure 3. SDS-PAGE of lectin from Vidalia obtusiloba.
Molecular weight markers, starting at the anode, were:
phosphorylase b, bovine serum albumin, ovalbumin,
carbonic anhydrase, trypsin inhibitor and a-lactoferrin
(Lane 1). Lane2 correspondsto purified lectin.
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Table 3. Inhibition of the haemaggl utinating activity of Vidalia
obtusiloba lectin. NI = Substance was nonihibitory at a
concentration of 100 mM or 2.5mg. mL ™,

Substance Minimum inhibitory concentration
L-arabinose NI
N-acetyl-gal actosamine 3.12mM
D-celobiose NI
D-fructose NI
D-fucose NI
L-fucose NI
D-galactosamine 12.50mM
D-galactose 25.00mM
D-glucosamine NI
D-glucose NI
o-lactose 25.00mM
D-mannose NI
D-raffinose NI
L-rhamnose NI
sdicin NI
D-xylose NI
Avidin NI
fetuin NI
Porcine stomach mucin 62.50 pg. mL !
yeast mannan NI

(Sampaio et al. 1998). Many lectinsfrom marine algae
have been isolated by this technique, such Ptilota
filicina J. Agardh (Sampaio et al. 1998), Enantiocladia
duperreyi (C. Agardh) Falkenberg (Benevides et al.
1998) and Caulerpa cupressoides (Vahl) C. Agardh
(Benevides et al. 2001).

Most of the lectins isolated from marine algae
are low molecular weight proteins (Rogers & Hori
1993), with the smallest value being reported for the
lectins from the marine red algae Bryothamnion
triquetrum (Gmelin) Howe and B. seaforthii (Turner)
Ktzing, with values of 3.5 and 4.5 kDa, respectively
(Ainouz et al. 1995). Therefore, the native molecular
mass (78.9 kDa) estimated for Vidalia obtusiloba
lectin by gel filtration on Sephadex G-100, was
considered high when compared with lectins isolated
from most species of marine algae. This value was
larger than those reported for Ptilota serrata Kitzing
(64.5 kDa, Rogers et al. 1990), Caulerpa
cupressoides (Vahl) C. Agardh (44.7 kDa, Benevides
et al. 2001), Plumaria elegans (Bonnem.) Schmitz
(35.5 kDa, Rogers et al. 1990), and Enantiocladia
duperreyi (C. Agardh) Falkenberg (24.7 kDa,
Benevides et al. 1998), but smaller than that for

Gracilaria tikvahiae McLachlan (150 kDa, Chiles
& Bird 1990). When the lectin was submitted to SDS-
PAGE in the presence of 3-mercaptoethanol, revealed
the presence of two protein band (59.6 and 15.2 kDa),
suggesting that the lectin from V. obtusiloba is probably
adimeric protein comprised of two kinds of subunits.

The lectin isolated from Vidalia obtusiloba was
found to contain only one acidic isoelectric point,
between 4 and 5. Although some lectins isolated from
marine algae possess variousisolectins, such as Codium
tomentosus (Huds) Stackhouse (Fabregas et al. 1988)
and Amansia multifida Lamouroux (Costa et al. 1999),
most of the lectins isolated from red marine algae
possess only oneisol ectin as observed for the lectins of
Cystoclonium purpureum (Huds.) Batters (Kamiya
et al. 1980), Gracilaria bursa-pastoris (Gmelin) Silva
(Okamoto et al. 1990) and Gracilaria verrucosa
(Hudson) Papenfus (Kanoh et al. 1992).

Theamino acid composition of marinealgal lectins
includes predominantly acidic amino acids (glutamic and
aspartic acid) and hydroxyl amino acids (serine and
threonine) and low amounts of basic amino acids (lysine,
histidine and arginine) (Okamoto et al. 1990, Hori et al.
1990, Benevides et al. 1996). The large proportion of
acidic amino acids in Vidalia abtusiloba lectin reflects
the composition of other marineagal lectins, which may
account for the acidic pl observed in Vidalia obtusiloba
lectin, as for some algal lectins such as Solieria
filiformis (K tzing) Gabrielson (Benevideset al. 1996),
Ulva lactuca L. (Sampaio et al. 1998) and Caulerpa
cupressoides (Vahl) C. Agardh, (Benevideset al. 2001).
Carbohydrate analysis by the phenol-sulphuric acid
method suggest that the V. obtusiloba lectin is a
glycoprotein, asare other agglutininsfrom marine algae,
such as Gracilaria bursa-pastoris (Gmelin) Silva
(Okamoto et al. 1990), Enantiocladia duperreyi
(C. Agardh) Falkenberg (Benevides et al. 1998) and
Caulerpa cupressoides (Vahl) C. Agardh (Benevides
et al. 2001).

In contrast to the great majority of algal lectins
(Rogers et al. 1990, Rogers & Hori 1993),
hemaggl utinating activity exhibited by the purifiedlectin
of Vidalia obtusiloba was inhibited by simple sugars,
and the most potent inhibitory substance was N-acety|-
gaactosamine (3.12 mM). Thelectinwasalso inhibited
by D-galactose and others derivatives (a-lactose and
D-galactosamine), and was strongly inhibited by the
glycoprotein porcine stomach mucin (62.5 pg.mL™?), a
glycoproteinwith atermina GalNAcresidue, and fucose
and galactose as internal residues (Slomiany & Mayer
1972). Similar observations of inhibition by mucin on
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red algal lectins were reported for Ptilota filicina
J. Agardh (Sampaio et al. 1998), Enantiocladia
duperreyi (C. Agardh) Falkenberg (Benevides et al.
1998), Ptilota serrata Kiitzing (Sampaio et al. 1999)
and Pterocladiella capillacea Santel & Hommers
(Oliveiraet al. 2002).

The hemaggl utinating activity of Vidalia obtusiloba
lectin was completely abolished when 5mM EDTA was
added to the reaction medium. Since EDTA isastrong
chelating reagent and total agglutination capacity was
restored upon the addition of divalent cations (Ca** and
Mn**) to the reaction medium, it can be concluded that
the lectin is dependent on theseionsfor its activity.

The hemaggl utinating activity of Vidalia obtusiloba
lectin declined rapidly when heated at 70 and 90 °C for
10 min and wastotally abolished at 90 °C after 30 min,
indicating that the activity of the lectin depends on its
native conformation. The energy of activation of
denaturation process (AG’) was estimated to be
25.4 Kcal.Mol, which is similar to the values found
for the lectin isolated from Pterocladiella capillacea
Santel & Hommers (Oliveiraet al. 2002).
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