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ABSTRACT 

Lectins are the carbohydrate-binding proteins of 
non-immune origin which have been the subject of 
intense investigation over the last few decades owing 
to the variety of interesting biological properties. 
Most of the lectins which have been purified and 
characterized from plants have been obtained from 
dicotyledons. In the present study a lectin was puri-
fied from tubers of a monocot plant Arisaema utile 
(AUL) Schott by affinity chromatography on asia-
lofetuin-linked amino activated silica beads. AUL 
gave a single band in SDS-PAGE at pH 8.3 corre-
sponding to subunit Mr 13.5 kDa. The native mo-
lecular mass of AUL was 54 kDa suggesting a homo-
tetrameric structure. AUL gave multiple bands in 
isoelectric focusing and in native PAGE at pH 8.3. 
AUL was inhibited by N-acetyl-D-lactosamine (Lac 
NAc), a disaccharide and asialofetuin, a complex de-
sialylated serum glycoprotein. When treated with 
denaturing agents, the lectin was stable in the pres-
ence of urea (3 M), thiourea (4 M) and guanidine HCl 
(4 M). AUL was a glycoprotein with a carbohydrate 
content of 1.2%. Complete loss of activity was ob-
served upon modification of tryptophan residues of 
the lectin. The activity was reduced to 25% after 
modification of tyrosine. Chemical modification of 
arginine, histidine, serine and cysteine residues of 
AUL did not affect its activity. Using Far UV CD 
spectra the estimated secondary structure was 37% 
α-helix, 25% β-sheet and 38% random contributions. 
The lectin showed potent mitogenic response towards 
human lymphocytes. In vitro anti-proliferative assay 
using 11 human cancer cell lines resulted in 50% in-
hibition of six cell lines viz. SW-620, HCT-15, 
SK-N-SH, IMR-32, Colo-205 and HT-29 at 38, 42, 43, 

49, 50 and 89 µg/ml, respectively. 
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1. INTRODUCTION 

Lectins are proteins or glycoproteins of non-immune 
origin that bind specifically to carbohydrates [1]. Most 
lectins are usually multivalent and able to agglutinate 
erythrocytes and other cells [1,2]. They have been 
proved excellent and versatile macromolecular tools for 
the study of normal or transformed cell surfaces, for the 
isolation of glycoconjugates and for use in other areas of 
biomedical science [3]. One of the most exiting proper-
ties resulting out of the interaction of lectins with lym-
phocytes is mitogenicity, i.e. the triggering of quiescent, 
non-dividing lymphocytes into a state of growth and 
proliferation. The discovery of first mitogenic lectin 
Nowell [4] led to the detection of many other such lec-
tins, most notably concanavalin A [5], Wheat germ ag-
glutinin [6] and Pokeweed mitogen [7]. However, every 
new lectin may have slight differences in the ligand 
binding specificity to serve as a diagnostic tool to find 
immunocompetence of patients suffering from a variety 
of diseases with immunological abnormalities [8]. Thus, 
such mitogenic lectins are invaluable tools to study the 
proliferation of various immune cells and biochemical 
changes associated with lymphocyte activation.  

Very few lectins have been investigated for their use 
in cancer research and therapy. Preliminary investiga-
tions suggest that some lectins but not all can detect al-
terations of malignant cells as well as reduce the cancer 
cell tumorigenicity by immunomodulation and thus may 
be helpful for prognosis of the immune status of the pa-
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tients [9]. The lectin from Viscum album (mistletoe), for 
instance, increases the reactivity of the lymphocytes of 
tumor-bearing mice in vitro, indicating its immune sti-
mulating effects on the cancer-immunosuppressed lym-
phocytes. It also inhibits the protein synthesis in various 
malignant cell lines [10]. Some lectins inhibit cell pro-
liferation while others stimulate it [11,12]. A few plant 
lectins have been identified which induce apoptosis in 
tumor cells, as for example, Viscum album L. [13,14]. 
Lectins interact with specific carbohydrate structures on 
the tumor cell surface and may be used to differentiate 
malignant from normal cells [15]. We report herein puri-
fication, characterization and amino acid modifications 
of a new monocot plant lectin from Himalayan cobra lily 
Arisaema utile Schott belonging to family Araceae 
which has shown significant proliferation inhibition to-
wards six human cancer cell-lines and potent mitogenic 
response towards human lymphocytes.  

2. MATERIALS AND METHODS  

2.1. Materials and Chemicals 

Underground tubers of Himalayan cobra lily A. utile 
were collected from Khajjiar, Dalhousie, India. Fetal calf 
serum from Sera Lab (GB) and RPMI-1640 from 
GIBCO-BRL (New York, USA) were procured and 
stored at 4℃. Carbohydrates, diethylpyrocarbonate (DEP), 
N-acetylimidazole, (NAI), N-bromosuccinimide (NBS), 
2-hydroxy-5-nitrobenzyl bromide (HNB-Br), bis-dithio- 
nitrobenzoic acid, (DTNB), bovine serum albumin, so-
dium azide, Con A, 5-fluorouracil, adriamycin, mitomy-
cin-C and other general chemicals were obtained from 
Sigma Chemical Co. (St. Louis, USA). Standard mo-
lecular weight markers, gel filtration markers and am-
pholine (pH 3.0-10.0) were procured from Amersham 
Pharmacia (New Jersey, USA). Amino activated silica 
beads used were from Clifmar, UK. The Cell-lines viz. 
MCF-7 (Breast), SK-N-SH (CNS), 502713 (Colon), 
Colo-205 (Colon), HCT-15 (Colon), HT-29 (Colon), 
SW-620 (Colon), Hep-2 (Liver), IMR-32 (Neuroblas-
toma), DU-145 (Prostate) and PC-3 (Prostate) were pro-
cured from National Center for Cell Sciences, Pune, In-
dia. These cell lines were maintained in RPMI 1640 me-
dium with 10% FCS, 10 U/ml penicillin and 100 μg/ml 
streptomycin at 37℃, in humidified atmosphere (90% 
air and 10% CO2) in CO2 incubator (Heracell, Heraeus). 

2.2. Isolation and Purification of AUL 

Lectin from homogenized A. utile tubers was extracted 
overnight at 4℃ with 10 mM phosphate-buffered saline 
(PBS), pH 7.2 (1:5 w/v). After centrifugation at 20,000 
xg for 30 min, the supernatant was chromatographed on 
asialofetuin-linked amino activated silica beads (1000Å; 
pore size, 100 μ; diameter) as described by Shangary et 
al. [16]. The bound lectin was eluted with 100 mM gly-

cine-HCl buffer, pH 2.5. The fractions were neutralized 
immediately with 2 M Tris-HCl buffer, pH 8.3. The pro-
tein rich fractions were dialyzed against PBS and stored 
at 4℃ for further analysis.  

2.3. Lectin-Activity Assay and Sugar Inhibition 
of Lectin 

To 30 μl (1 mg/ml) of serial two fold dilution of the lec-
tin in microtitre plate, an equal volume of 2% (v/v) sus-
pension of rabbit erythrocytes (3.5 × 108 cells/ml) was 
added [17]. Agglutination was assessed after 1h at 37℃ 
when the RBCs in the control well had fully settled to 
form buttons. Agglutination activity was expressed as 
the reciprocal of the highest dilution that gave a positive 
result and was reckoned as one hemagglutination unit. 
To find the carbohydrate specificity of AUL, sugar inhi-
bition was performed in a manner analogous to the he-
magglutination test [17]. For this purpose, a series of 42 
sugars/derivatives were used which included 4 pentoses: 
D-Arabinose, L-arabinose, D-ribose, D-xylose; 18 hex-
oses or their derivatives: D-fructose, D-galactose, D- 
glucose, D-mannose, L-sorbose, L-fucose, L-rhamnose, 
N-acetyl-D-galactosamine, N-acetyl-D-glucosamine, N- 
acetyl-β-D-mannosamine, phenyl-D-glucosamine, α- 
methyl-D-glucopyranoside, α-methyl-D-mannopyran- 
oside, β-methyl-D-glucopyranoside, β-phenyl-D-gluco- 
pyranoside, sialic acid, adonitol, myo-inositol; 10 disac-
charides: β-gentiobiose, D-lactose, α-maltose, D-melibiose, 
D-trehalose, α-D-man (1,2)-D-man, α-D-man (1,3)-D- 
man, α-D-man (1,6)-D-man, N-acetyl-D-lactosamine and 
N-acetyl neuraminic acid; 3 trisaccharides: melezitose, 
raffinose and N,N’,N”-triacetylchitotriose; 3 polysac-
charides: chitin, inulin and yeast mannan. Four glyco-
proteins, i.e., asialofetuin, fetuin, mucin and thyroglobu-
lin were also used. Sugars or their derivatives were 
tested at a concentration of 100 mM while polysaccha-
rides and glycoproteins at a concentration of 4 mg/ml. 
Lectin was used at twice the lowest concentration caus-
ing agglutination of rabbit RBCs as determined through 
double dilution technique. The minimum concentration 
of the sugar in the final mixture that completely inhib-
ited the lectin induced hemagglutination was taken as 
minimal inhibitory sugar concentration (MISC). To as-
certain the biological specificity of AUL, the hemagglu-
tination activity was tested against both normal as well 
as neuraminidase treated erythrocytes from rabbit, goat, 
sheep, guinea pig, rat, and human (ABO) blood and hu-
man lymphocytes [17]. 

3. BIOCHEMICAL AND BIOPHYSICAL 
CHARACTERIZATION 

3.1. Protein and Neutral Sugar Content Analysis 

Protein concentration in the crude and purified lectin 
was determined by the method of Lowry et al. [18] using 
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bovine serum albumin as standard while neutral sugar 
content of the purified lectin preparation was estimated 
by anthrone method [19] using D-glucose as standard.  

3.2. Polyacrylamide Gel Electrophoresis of  
Native and Denatured Lectin 

Native polyacrylamide gel electrophoresis (PAGE) was 
carried out using 7.5% (w/v) gel at pH 4.5 [20] and 10% 
(w/v) gel at pH 8.3 [21,22]. SDS–PAGE was performed 
according to Laemmli [23] using 11% (w/v) separating 
gel. The lectin sample was heated in the presence/ 
absence of 2-mercaptoethanol for 10min in boiling water 
bath. The gels were stained with Coomassie Brilliant 
Blue. The subunit molecular mass of the purified lectin 
was determined by comparing its electrophoretic mobil-
ity with those of molecular weight markers (14.4-94 
kDa).  

3.3. Isoelectric Focusing 

It was carried out in 5% polyacrylamide tube gels con-
taining 5% ampholine of pI range 3.0-9.5 according to 
Robertson et al. [24]. A set of pI markers was also 
loaded on a separate tube gel. Before staining, am-
pholine were eluted from the gel by incubation in 10% 
trichloroacetic acid (TCA) for 10 min followed by 1% 
TCA for 30 min at room temperature. The gels were 
stained with Coomassie brilliant blue. Isoelectric point 
was calculated by comparing the mobility of lectin with 
that of pI markers.  

3.4. Gel-Exclusion Chromatography 

The molecular mass of the native lectin was determined 
by gel filtration chromatography on Biogel P-200 col-
umn (1.6 × 62 cm) calibrated with molecular weight 
markers in the range of 12.4-66 kDa according to the 
method of Andrews [25]. The column was equilibrated 
and eluted with 10mM PBS, pH 7.2. 

3.5. Effect of Temperature, PH, Denaturants, 
and Chelating Agents on Lectin Activity 

To determine thermal stability of affinity purified AUL, 
100 μl of it was heated for 15min at a defined tempera-
ture ranging from 20 to 100℃ and cooled to room tem-
perature. As the bound lectin was desorbed from the af-
finity matrix by employing glycine-HCl buffer, pH 2.5, 
the effect of such a low pH on lectin-induced hemagglu-
tination was ascertained before standardizing the purifi-
cation protocol. The lectin sample was incubated with 
the above-mentioned buffer for time intervals ranging 
from 15 min to 6 h, followed by neutralization with 
Tris-HCl buffer, pH 8.3. Thereafter, titer of each treated 
sample was compared with that of controls i.e. lectin 
sample mixed with glycine-HCl followed by immediate 
neutralization and lectin sample in PBS alone. The effect 

of three denaturing agents i.e. urea, thiourea, and gua-
nidine-HCl, at a concentration range of 1.0-8.0 M was 
tested on lectin activity by incubating 100 µl of each 
denaturant solution with equal volume of AUL at 37℃ 
for 1h. To examine divalent cation requirement of AUL 
for hemagglutination, demetallization of purified lectin 
was carried out by the method of Paulova et al. [26] by 
using EDTA followed by dialysis of sample with 0.1M 
CaCl2 and MnCl2. Following these treatments hemag-
glutination assay was performed with each sample and 
titer was compared with that of respective untreated 
samples. 

4. SPECTROSCOPIC MEASUREMENTS 

4.1. Fluorescence Studies 

Fluorescence measurements were performed on a Shi-
madzu RF-1501 Spectrofluorophotometer. Samples were 
excited at 295 nm and emission spectra were recorded 
between 250 nm to 500 nm. Excitation and emission slit 
widths were 5 nm. Measurements were made using lec-
tin at a concentration of 0.1 mg/ml protein in deionized 
water. Base-line corrections were carried out with de-
ionized water without protein in all cases. The fluores-
cence spectra of native and NBS modified lectin samples 
were recorded.  

4.2. Circular Dichroism Studies 

Circular dichroism spectra of AUL were recorded using 
a Jasco J-715 spectropolarimeter over a wavelength of 
200-250 nm at a scan speed of 50 nm/min, under con-
stant N2 purging according to the manufacturer’s in-
structions (Jasco). The lectin was used at a concentration 
of 0.15 mg/ml in deionized water, in quartz cuvettes of 
0.1 mm path length. The accumulated average of five 
protein spectra was corrected by subtraction of the spec-
tra measured from deionized water blank. Analysis of 
CD spectra in terms of secondary structure content was 
performed using K2D programme.  

4.3. Chemical Modification Studies of Amino 
Acids 

The modification of tryptophan residues was carried out 
using NBS [27] and HNB-Br [28] Modification of tyro-
sine residues was carried out using NAI [29]. Arginine, 
histidine, serine and cysteine residues of AUL were 
modified as per defined conditions in Table 1. Both 
modified and unmodified lectin samples were dialyzed 
and residual activity was determined after appropriate 
dilution. Percentage residual activities were calculated 
using the native lectin as control possessing 100% activ-
ity. For ligand protection, AUL was pre-incubated for 30 
minutes with N-acetyl-D-lactosamine and then modifi-
cation was done. 
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Table 1. Condition for the chemical modification studies of amino acids of AUL. 

Residue mod-
ified 

Reagent 
Concentration 

(mM) 
Buffer used Solvent Reagent 

Temperature
in ℃ 

Time (min)

Tryptophan NBS 10 50 mM acetate buffer, pH 6.0 Water NBS 30 60 

Tryptophan HNB-Br 10 50 mM acetate buffer, pH 3.0 Dry Acetone HNB-Br 30 60 

Tyrosine NAI 10 50 mM Tris-HCl buffer, pH 8.0 Water NAI 30 60 

Arginine Phenylglyoxal 10 100 mM Sodium bicarbonate, pH 8.0 Water Phenylglyoxal 30 60 

Histidine DEPC 10 100 mM PBS, pH 7.2 Absolute alcohol DEPC 30 60 

Serine PMSF 10 50 mM PBS, pH 7.2 Water PMSF 30 60 

Cysteine DTNB 10 100 mM Phosphate buffer, pH 8.0 Water DTNB 30 60 

NBS- N-bromosuccinimide; HNB-Br- 2-hydroxy-5-nitrobenzyl bromide; NAI- N-acetylimidazole; DEPC- Diethylpyrocarbonate;  
PMSF- Phenylmethylsulphonyl fluoride; DTNB- 5, 5’-dithiobis 2-nitrobenzioc acid. 

 
5. BIOLOGICAL CHARACTERIZATION 

5.1. Serological Studies 

Antiserum against Purified AUL was raised by immu-
nizing healthy rabbits with one mg/ml of the lectin and 1 
mL of Freund’s complete adjuvant (Sigma). Three doses 
were given at one-week interval each. After a weak of 
the last dose, the blood was collected by puncturing the 
ear pinna vein of the animal. Antiserum separated was 
preserved at –20℃ in aliquots containing 0.01% sodium 
azide. Double immunodiffusion (Ouchterlony) was per-
formed to study serological cross-reactions. The gels 
stained for 30 minutes with 0.1% amido black and de-
stained with 7% glacial acetic acid to visualize the 
stained precipitin lines. 

5.2. Assay of Anti-Fungal Activity 

Anti-fungal activity of AUL against selected plant patho- 
genic fungi, i.e., Fusarium oxysporum, Fusarium gra-
minearum, Trichoderma reesei, Colletotrichum linde-
muthianum, Alternaria solani, Rhizoctonia solani and 
Botrytis cinerea was performed as described by Wang et 
al. [30].  

5.3. MTT (3, 4, 5-Dimethylthiazol-2yl-2, 
5-Diphenyltetrazolium Bromide) Assay 

A non-radioactive method [31] was employed to test the 
mitogenic potential of lectin on human peripheral blood 
mononuclear cells (HPBMC) separated by the method of 
Boyum [32]. The assay was carried out in quadruplicates 
in microtitre plate having 96 U-shaped wells (Nunc, 
Denmark). The test lectin and standard mitogen con A 
were filtered through 0.22 µ membrane filters (13 mm 
diameter, Schleicher and Schull, Germany) and stored at 
4℃ in aliquots of 1 ml each. The protein content was 
estimated for all the lectin samples after filtration. The 

lectins were diluted in RPMI-1640 medium supple-
mented with 10% FCS to obtain the desirable concentra-
tion required for the experiment. A volume of 50 l of 
each affinity purified lectin at concentrations ranging 
between 1.25-80.0 g/ml along with standard Con A (1 
mg/ml) was dispensed into 96 well microtitre plate. Now, 
50 l of lymphocyte suspension containing 2 × 106 
cells/ml was added to each well of the microtitre plate 
and incubated for 72 hours. Four hours before the ter-
mination of cultures, 25 l of MTT having a concentra-
tion of 2 mg/ml was added to each well. After 4 hours, 
100 l of acidified isopropanol was added. The blue 
colour of formazan formed was read at 492 nm with 
Labsystems Multiskan EX ELISA reader against a re-
agent blank.  

5.4. Proliferation Inhibition Assay 

To check that the lectin receptors for mitogenicity are 
glyco-components in nature, the inhibitors revealed by 
sugar inhibition assay AUL was used to analyze their 
effect on the proliferation by MTT assay. AUL had been 
were inhibited by a complex desialylated glycoprotein 
i.e. asialofetuin. Therefore, asialofetuin (Sigma, USA) 
was dissolved in RPMI-1640 medium supplemented 
with 10% FCS at a final concentration of 2 mg/ml. In the 
wells of a microtitre plate, asialofetuin from its stock 
solution was serially double diluted in a total volume of 
25 µl. To this an equal volume of each lectin at double 
the optimum concentration was added and the plate was 
incubated at 37℃for one hour. For the positive controls, 
25 µl each of test lectin and ConA at their optimum 
concentrations with an equal volume of supplemented 
medium, were set in quarduplicates, thus constituting a 
total volume of 50 µl/well. After the incubation step, 50 
µl of lymphocyte suspension at a concentration of 2 × 
106 cells/ml was added to each well.  
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5.5. In Vitro Anti-Proliferative Potential of AUL 
on Human Cancer Cell Lines 

Inhibitory potential of the lectin was tested against ele-
ven human cancer cell lines viz. MCF-7 (Breast), 
SK-N-SH (CNS), 502713 (Colon), Colo-205 (Colon), 
HCT-15 (Colon), HT-29 (Colon), SW-620 (Colon), 
Hep-2 (Liver), IMR-32 (Neuroblastoma), DU-145 
(Prostate) and PC-3 (Prostate) according to the method 
of Monks et al. [33] known as SRB assay. Cells were 
seeded at 104 cells/well in 100 μl RPMI medium con-
taining 10% FCS in 96-well tissue culture plate and in-
cubated for 24 h in CO2 incubator. Subsequently, 100 μl 
of lectin solution (100 μg/ml), prepared in RPMI 1640 
medium, was added to cells and the cultures were incu-
bated for 48 h. After incubation period, adherent cell 
cultures were fixed in situ by adding 50 μl of 50% (v/v) 
trichloroacetic acid (final concentration 10% TCA) and 
incubated for 1h at 4℃. The supernatant was discarded 
and plates were washed five times with deionized water 
and dried. Hundred microliters of sulforhodamine B 
(SRB, 0.4% w/v in acetic acid) was added to each well 
and the cultures were incubated for 30min at room tem-
perature. The unbound SRB was removed by washing 
with 1% acetic acid and plates were air-dried. The dye 
bound to basic amino acids of the cell membranes was 
solubilized with Tris buffer (10 mM, pH 10.5) and the 
absorption was measured at 540 nm using ELISA reader 
to determine the relative cell growth viability in the 
treated and untreated cells. Anti-cancer agents 5-flurou- 
racil at a concentration of 1 × 10-5 M and mytomycin C 
and adriamycin at a concentration of 1 × 10-6 M were 
used as positive controls. 

6. RESULTS AND DISCUSSION 

6.1. Lectin Purification, Activity and Sugar  
Inhibition 

In the present study, a plant lectin having mitogenic and 
antiproliferative activity has been purified from tubers of 
Arisaema utile Schott by affinity chromatography using 
asialofetuin as affinity ligand. The results of isolation of 

the lectin are summarized in Table 2. The lectin was 
eluted with 0.1 M glycine-HCl buffer, pH 2.5 (Figure 1). 
In a separate experiment, AUL was found to be stable at 
pH 2.0-9 for 1 hour. The efficiency of single step affinity 
purification protocol is apparent from the fact that there 
was 76% recovery of the lectin activity. It is also note-
worthy that lectin constitutes a sizable (21%) proportion 
of the total extractable tuber protein and may serve as a 
major storage protein in the tubers as also reported for 
Arum maculatum [34]. 

Out of the 42 sugars/derivatives tested, N-acetyl-D- 
lactosamine (LacNAc) and asialofetuin inhibited lectin- 
induced hemagglutination. Earlier reports on monocot 
lectins from the family araceae have shown their inhibi-
tion by, N-acetyl-D-lactosamine [16,17] and mannose 
[35]. It is noteworthy that monocot lectins from families 
amaryllidaceae and alliaceae bind mannose with high 
affinity [36] but lectins from family araceae are refrac-
tory towards mannose except in Acorus lectins [35]. The 
specific inhibitor of AUL i.e. LacNAc is one of the im-
portant cancer markers [37]. In this context the AUL 
specific for this disaccharide may serve as a marker for 
the detection of various types of cancers. Minimal in-
hibitory sugar concentration with LacNAc was 25.0 mM, 
while for asialofetuin was 250 µg/ml. Inhibition of he-
magglutination with asialofetuin and not with fetuin may 
suggest that sialic acid hinders the binding of the lectin 
to the recognition sites on fetuin. The structure of asia-
lofetuin reveals that it consists of 80% Asn-linked oli-
gosaccharides terminating in LacNAc (Gal-β-1, 4 
GlcNAc) and 20% Ser/Thr-linked oligosaccharides hav-
ing T-Disa-ccharide (Gal-β-1, 3-GalNAc) [38]. In the 
sugar inhibition assay lectin showed binding with Lac-
NAc but not to T-Disaccharide and similar may be the 
case of asialofetuin which has both disaccharides in its 
structure.  

AUL was reactive towards erythrocytes from rabbit, 
rat, goat, sheep, and guinea pig and human lymphocytes 
but non-reactive towards human ABO blood group eryt-
hrocytes even after neuraminidase treatment (Table 3). 
In this regard AUL has broad biological specificity as 

Table 2. Affinity purification of Arisaema utile lectin on asialofetuin-linked amino activated silica beads. 

Step 
Total Protein 

(mg) 
Total activity 

(HU) 

Specific 
activity 

(HU/mg) 

Purification 
fold 

Recovery 
(%) 

MEAPC 
(g/ml) 

       

       

Crude 890 12800 14.38 1.0 100.0 69.53 

PBS fractions 230 -- -- -- -- -- 

Glycine-HCl fractions 188 9760 51.91 3.60 76.25 19.26 

Data are for 100 g tubers. 
HU = Hemagglutination unit. MEAPC = Minimal erythrocyte agglutinating protein concentration 
HU- One hemagglutination unit (HU) is defined as the reciprocal of the highest dilution still causing a visible agglutination. 
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Figure 1. Affinity purification of AUL from tuber extract on 
asialofetuin-linked amino activated silica beads. Crude dia-
lyzed tuber extract of A. utile was applied to the column (0.8 × 
6.0cm), pre-equilibrated with 10mM PBS, pH 7.2. Bound 
lectin was eluted with 100mM glycine-HCl, pH 2.5 at flow rate 
30 ml/h. [●    ●] Absorbance of the complex formed, in pro-
tein estimation by Lowry et al. (1951), was taken at 540 nm. 
[♦----♦] Log2 hemagglutination titre was determined using 2% 
suspension of rabbit erythrocytes. 
 
Table 3. Reactivity of AUL towards different types of erythro-
cytes and human lymphocytes. 

Erythrocytes MEAPC/MLAPC (μg/ml) 

 Untreated 
Neuraminidase 

treated 

Rabbit 14.0 14.0 

Rat 56.2 14.0 

Guinea pig 28.1 7.0 

Sheep 28.1 28.1 

Goat NA 135 

   

Lymphocytes   

Human 14.0 7.0 

 
reported earlier for other araceous lectins [11,12,16]. The 
preferential agglutination of rabbit RBCs over other an-
imal blood cells may suggest easy availability of AUL 
receptors on these cells, their scanty presence on RBCs 
of rat, sheep and guinea pig and complete absence on 
human red blood cells. Further, increase in reactivity of 
rat and guinea pig erythrocytes and human lymphocytes 
following neuraminidase treatment supports the fact that 
sialic acid hinders access of lectin to their receptors. 

6.2. Biochemical and Biophysical  
Characterization 

Purified AUL was subjected to various tests to check the 

purity of the preparation. In SDS-PAGE at pH 8.3, under 
both reducing and non-reducing conditions, AUL mi-
grated as a single band of 13.5 kDa (Figure 2(a)). Simi-
larly, in native PAGE at pH 4.5 it moved as single band 
(Figure 2(b)). The native molecular mass of AUL was 
54 kDa, as determined by gel filtration chromatography 
on calibrated Biogel P-200 column (Figure 2(c)). The 
results of SDS-PAGE under reducing and non-reducing 
conditions and gel filtration chromatography revealed 
that the lectin exists as a homotetramer of four identical 
subunits which are not held together by disulphide link-
ages [12,35]. However, AUL gave two bands when sub-
jected to native PAGE at pH 8.3 (Figure 2(d)). These 
results indicate the presence of isolectins in the affinity 
purified AUL. Similarly, when subjected to isoelectric 
focusing, multiple bands were seen representing a mix-
ture of isolectins, mostly in acidic range (Figure 2(e)) as 
reported in many lectins. These findings for AUL cor-
roborate with earlier observations on various monocot as 
well as dicot lectins [39-41]. The lectin isomers may be 
due to variations in oligosaccharide chains [42] or it may 
stem from few altered amino acids in the lectins [43]. 
The carbohydrate content of the lectin was 1.2% indi-
cating the lectin to be a glycoprotein. Lectin remained 
stable up to 55℃ for 15 minutes beyond which activity 
was gradually decreased and completely lost at 80℃ 
(data not shown) indicating high thermal stability of 
AUL as reported earlier for other araceous lectins [16]. 
AUL was stable in 3M Urea, 4M thiourea and 4M Gua-
nidine-HCl. The activity declined at higher concentra-
tions of denaturants but was not completely lost even at 
8 M concentration of urea, thiourea and guanidine hy-
drochloride (data not shown). The denaturation by these 
agents indicates the globular nature of lectins, stabilized 
mainly by hydrophobic interactions (Nelson and Cox, 
2001). EDTA treatment cations showed no effect on lec-
tin activity suggesting that either the lectin activity was 
not dependent on metal cations or these metal ions are 
too strongly held in lectin structure and cannot be re-
moved by dialysis (data not shown).  

6.3. Spectroscopic Measurements and Amino 
Acid Modifications 

Native AUL upon excitation at 295 nm exhibited a fluo-
rescence emission maximum (λmax) at 340 nm. When 
compared with emission maximum of free tryptophan 
(348 nm), the emission peak of the tryptophan residue in 
AUL blue-shifted by about 8 nm to 340 nm, which 
showed that tryptophan residue of AUL is located in 
hydrophobic areas [44]. As shown above, the modifica-
tion of tryptophan residues in AUL were essential groups 
and the hydrophobic areas where they were located help 
in lectin-sugar binding. The decline in fluorescence 
spectrum on modification of tryptophan residues of AUL 
was caused by modification of Trp (Figure 3). 
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                   (a)               (b)                      (c)                   (d)                       (e) 

Figure 2. (a) SDS–PAGE, pH 8.3, patterns of purified AUL (lane 1) using 12% gel with (lanes 1) and without (lanes 2) 2% 
2-mercaptoethanol (running time 3 h at a constant 100 V). The amount of purified lectin loaded is 20 μg. 40 µg of marker mixture 
loaded in Lane M, (from top to bottom): phosphorylase b (94 kDa); albumin bovine (67 kDa); ovalbumin (43 kDa); and carbonic 
anhydrase (30 kDa); trypsin inhibitor (20.1 kDa); and a-lactalbumin (14.4 kDa). The gel was stained with Coomassie brilliant blue. 
(b) Discontinuous-PAGE, pH 4.5, using 7.5% gel (running time 6 h at a constant 100 V); protein load, 30 μg; lane 1, AUL. (c) Native 
molecular mass estimation by standard plot of AUL on Biogel P-200 superfine gel filtration chromatography column. Standards used 
for gel filtration analysis were 1) -amylase 2) Alcohol dehydrogenase 3) Albumin bovine serum 4) Carbonic anhydrase 5) Cyto-
chrome C (d) Discontinuous-PAGE, pH 8.3, using 10% gel (running time 6 h at a constant 100 V); amount of protein loaded, 30 μg; 
lane 1, AUL. (e) Isoelectric focussing of non-denatured AUL lectin on 7.5% polyacrylamide gel using carrier ampholine of pH range 
3.5-10.0 (running time 12 h at a constant 200 V); protein load, 30 μg; lane M, position of pI marker proteins; 1) carbonic anhydrase I, 
human erythrocytes (pI 6.6); 2) carbonic anhydrase II, bovine erythrocytes (pI 5.9); and 3) trypsin inhibitor, soybean (pI 4.6); lane (1) 
AUL. 
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Figure 3. The decline of fluorescence intensity of AUL during 
tryptophan modification (with NBS) of AUL (100 µg/ml) was 
excited at 295 nm, and spectra were recorded between 250 and 
500 nm. Control is without NBS and rest values (a, b, c, d and 
e) indicate the concentration of NBS in protein solution. 
 

Far UV CD spectra of AUL were recorded (Figure 4). 
The spectrum is characterized by two negative minima at 
around 224 and 228 nm and a positive to negative cros-
sover at around 205 nm. Using K2D software the esti-
mated secondary structures are 37% α-helix, 25% 
β-sheet and 38% random contributions. The secondary  
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Figure 4. Far-UV CD spectrum of AUL in water. 
 
structure of AUL is comparable with Con A [45] and 
Arisaema helliborifolium [46].  

Upon chemical modification of tryptophan with N- 
bromosuccinimide (NBS) as well as 2-hydroxy-5-nitro- 
benzyl bromide (HNB-Br), AUL completely lost its ac-
tivity. Ligand protection with N-acetyl-D-lactosamine 
did not protect the lectin from losing activity suggesting 
that tryptophan may not be present within the sugar 
binding site but is essential in maintaining the functional 
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three dimensional structure of the lectin. Tyrosine modi-
fication with N-acetylimidazole (NAI) led to 50% inac-
tivation of AUL lectin-sugar interaction. Ligand protec-
tion assay before tyrosine modification completely pro-
tected its activity which further supported the presence 
of tyrosine in the sugar binding site of the lectin. On the 
contrary, modification of arginine, histidine, serine and 
cysteine residues with pyridoxal, diethylpyrocarbonate 
(DEPC), phenylmethylsulphonyl fluoride (PMSF) and 
bis-dithionitrobenzoic acid (DTNB) respectively did not 
affect hemagglutinating activity of AUL suggesting that 
these amino acids may not play any important role in 
lectin-sugar interactions. Earlier, tryptophan modifica-
tion studies on Glycine max [47], Erythrina indica [48] 
and Erythrina speciosa [49] have been shown to have 
deleterious effect on the lectin activity. In Trichosanthes 
dioica lectin [50], tyrosine residues are essential in car-
bohydrate binding and hemagglutination activities. Both 
tryptophan and tyrosine seem to play an important role 
in AUL activity in the present study. 

6.4. Biological Characterization 

In Oucterlony’s double immunodiffusion, AUL antisera 
gave lines of identity with lectins from other araceous 
species (Figure 5), thus indicating evolutionary conser-
vation of antigenic determinants on lectins from these 
species. In case of Amaryllidaceae and Alliaceae, sero-
logical relationship has been reported, as lectins from 
them resemble each other in their molecular structure 
and carbohydrate-binding properties. When the purified 
lectins from Allium moly, A. sativum, A. vineale and A. 
ursinum were loaded against antiserum raised against 
Narcissus cv Carlton lectins, single precipitin lines of 
identity were observed between the Alliaceae and Ama-
ryllidaceae lectins thus indicating the evolutionary con-
servation of these monocot mannose-binding lectins [36]. 
When tested for anti-fungal activity against plant patho-
genic fungi, AUL was found non-inhibitory. 

In MTT assay, AUL gave potent mitogenic response 
towards human peripheral blood mononuclear cells. The 
relative mitogenic stimulation of AUL towards human 
lymphocytes was almost equal to that of Con A, a 
well-known standard plant mitogen (Figure 6). The op-
timum proliferation dose of AUL was 20 μg/ml. The 
mitogenic response of AUL was inhibited in a concen-
tration dependent manner in the presence of asialofetuin 
that has been found inhibitory towards A. utile (Figure 
7). The inhibition of hemagglutination and mitogenicity 
induced by AUL in the presence of asialofetuin confirms 
that lectin is producing mitogenic effect. 

The in vitro anti-proliferative activity of AUL was car- 
ried out on eleven human cancer cell lines viz. MCF-7 
(Breast), SK-N-SH (CNS), 502713 (Colon), Colo-205 
(Colon), HCT-15 (Colon), HT-29 (Colon), SW-620 (Co- 
lon), Hep-2 (Liver), IMR-32 (Neuroblastoma), DU-145 
(Prostate) and PC-3 (Prostate) (Table 4). AUL produced 
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Figure 5. Double immunodiffusion. AUL antiserum was 
loaded in the central well (A), 15 mg of the purified AUL was 
loaded in the peripheral (well 1) and the same amount of puri-
fied lectin from Sauromatum guttatum (well 2), Gonatanthus 
pumilus (well 3). The wells 4 and 5 were without lectin. 
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Figure 6. Relative mitogenic index of AUL. Human peripheral 
blood lymphocytes (1 × 105 cells/well) were cultured with 
AUL at different concentrations. A positive control is also 
shown using Con A at different concentrations. In the control 
wells, cells were cultured with medium alone (no lectin). The 
proliferation of lymphocytes was measured by MTT assay and 
the mitogenic index was calculated by dividing absorbance of 
AUL-stimulated lymphocytes with absorbance of lymphocytes 
without lectin. The relative mitogenic index of AUL is its mi-
togenic index relative to mitogenic index of Con A (taken as 
100). (Data represent means ± SD, n = 4.) 
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Table 4. In vitro antiproliferative activity of AUL against human cancer cell lines. 

 Percentage inhibition 

 Human Cancer Cell Lines (source) 

Test Sample 
Conc. 

g/ml 

MCF-7

(Breast)

SK-N-SH 

(CNS) 

502713

(Colon)

Colo-205

(Colon)

HCT-15

(Colon)

HT-29

(Colon)

SW-620

(Colon)

Hep-2

(Liver) 

IMR-32 
(Neu-

robl-asto
ma) 

DU-145

(Prostate)

PC-3 

(Prostate)

AUL 100 42 ± 6.1 73 ± 5.6 36 ± 5.3 63 ± 4.8 77 ± 7.2 56 ± 5.1 81 ± 5.6 43 ± 6.6 72 ± 4.8 23 ± 4.4 45 ± 4.6

AUL 50 30 ± 2.5 54 ± 5.1 24 ± 4.0 50 ± 6.5 52 ± 6.6 30 ± 5.2 62 ± 5.5 37 ± 6.8 50 ± 5.3 17 ± 2.8 35 ± 4.6

AUL 30 17 ± 3.7 42 ± 4.5 17 ± 3.2 39 ± 4.8 45 ± 5.6 22 ± 4.6 41 ± 5.8 30 ± 4.8 33 ± 4.2 10 ± 3.5 27 ± 3.5

AUL 10 10 ± 2.5 33 ± 3.6 11 ± 2.2 27 ± 4.5 31 ± 4.1 12 ± 3.2 30 ± 4.2 22 ± 5.6 20 ± 5.2 8 ± 4.2 22 ± 4.5

5-Fluorouracil 1 × 10-5 M 45 ± 5.4 39 ± 4.3 41 ± 4.5 29 ± 6.4 44 ± 4.6 30 ± 4.2 28 ± 4.9 14 ± 4.3 22 ± 4.2 39 ± 5.4 10 ± 4.2

Adriamycin 1 × 10-6 M 73 ± 6.4 68 ± 6.2 54 ± 5.2 38 ± 5.1 60 ± 5.2 15 ± 4.4 65 ± 6.4 50 ± 5.6 82 ± 5.9 81 ± 5.4 11 ± 5.1

Mitomycin C 1 × 10-6 M 41 ± 5.8 48 ± 4.8 65 ± 4.5 20 ± 4.5 26 ± 5.1 17 ± 3.6 34 ± 5.5 28 ± 3.8 25 ± 4.6 58 ± 5.2 10 ± 4 
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Figure 7. Inhibition of lectin-induced mitogenic stimulation of 
Human peripheral blood lymphocytes with asialofetuin at a 
concentration ranging between 2 and 0.0312 mg/ml. Bars 
represents the percentage inhibition of proliferation. (Data 
represent means ± SD, n = 4). 
 
50% inhibition (IC50) of cancer cell lines viz. SW-620, 
HCT-15, SK-N-SH, IMR-32, Colo-205 and HT-29 at 38, 
42, 43, 49, 50 and 89 µg/ml respectively as calculated 
from graph plotted between percentage inhibition and 
concentration of AUL (Figure 8). However, IC50 was not 
achieved in MCF-7, 502713, Hep-2, DU-145 and PC-3 
cell lines even at 100 μg/ml. The difference in prolifera-
tion inhibition of various cell-lines may be due to slight 
differences in the glycoconjugates expressed on the sur-
face of cancer cells. In the present study, AUL was found 
specific for LacNAc which has been reported as one of 
the important cancer markers [37]. It is possible that 
LacNAc may be one of the components expressed on the 
tumor cells under investigation and responsible for in 
teraction with AUL. As every lectin has unique fine sug-

ar specificity, there is a need to investigate a range of  
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Figure 8. In vitro anti-proliferative effect of Arisaema utile 
lectin. Inhibitory effect of AUL was tested on human cancer 
cell lines MCF-7 (Breast), SK-N-SH (CNS), 502713 (Colon), 
Colo-205 (Colon), HCT-15 (Colon), HT-29 (Colon), SW-620 
(Colon), Hep-2 (Liver), IMR-32 (Neuroblastoma), DU-145 
(Prostate) and PC-3 (Prostate). Anticancer drugs 5-Fluorouracil, 
Adriamycin, Mitomycin C were used as positive control. Four 
different concentrations of lectin i.e. 10, 30, 50 and 100 μg/ml 
lectin were used for each cancer cell line. Plot between per-
centage inhibition of cancer cell lines and concentration of 
AUL was used to calculate the lectin concentration required for 
50% inhibition. In the control wells cells were cultured with 
medium alone (no lectin added). Growth inhibition of cancer 
cell lines was measured by sulphorhodamine B dye staining 
assay (Data represent means ± SD, n = 4). 
 
lectins against a number of cancer cell-lines to generate 
a battery of anti-cancer reagents. There are a few reports 
of mitogenic lectins which also possess anti-proliferative 
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activity. In this aspect AUL is similar to the lectins iso-
lated from mushrooms having potent mitogenic activity 
as well as anti-proliferative activity [51-53]. Although 
several hypotheses have been put forward which sug-
gests that this effect is associated with the ability of lec-
tins to modulate the growth, differentiation, proliferation 
and apoptosis of premature cells in vivo and in vitro yet 
the exact molecular mechanism(s) of the anti-prolifera-
tive effect of plant lectins is not clear at present.  

7. CONCLUSIONS 

A lectin with mitogenic as well as anti-proliferative ac-
tivities have been purified and characterized from Ari-
saema utile Schott in the present study. The lectin was 
inhibited by N-acetyl-D-lactosamine and asialofetuin. 
Pure lectin is a homotetrameric molecule of 54 kDa with 
subunit molecular mass of 13.5 kDa. The lectin is as 
mitogenic as con A so it could also be used for mitogenic 
studies to explore the mechanism of lymphocyte activa-
tion as lectin bind to sugars of their specificity. Anti- 
proliferative property of AUL suggests the binding of 
lectin to certain receptor on the cell surface which are 
responsible for cancerous growth. Therefore this lectin 
may also be detected as histochemical marker in these 
type of cancers. The information from clinical studies 
using pure lectins is promising therefore additional re-
search, including clinical trials, mechanisms of action at 
the molecular level, and structure-function relation- 
ships, should help researchers continue to examine and 
elucidate the therapeutic effects of lectins Although there 
is still more to know about the effects of lectins on can-
cer detection and treatment, this area of research holds 
great potential. 
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