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Abstract A mannose-binding lectin (RVL) was purified
from the tubers of Remusatia vivipara, a monocot plant by
single-step affinity chromatography on asialofetuin-
Sepharose 4B. RVL agglutinated only rabbit erythrocytes
and was inhibited by mucin, asialomucin, asialofetuin and
thyroglobulin. Lectin activity was stable up to 80°C and
under wide range of pH (2.0–9.3). SDS-PAGE and gel
filtration results showed the lectin is a homotetramer of Mr
49.5 kDa, but MALDI analysis showed two distinct peaks
corresponding to subunit mass of 12 kDa and 12.7 kDa.
Also the N-terminal sequencing gave two different sequen-
ces indicating presence of two polypeptide chains. Cloning
of RVL gene indicated posttranslational cleavage of RVL
precursor into two mature polypeptides of 116 and 117
amino-acid residues. Dynamic light scattering (DLS) and
gel filtration studies together confirmed the homogeneity of
the purified lectin and supported RVL as a dimer with Mr
49.5 kDa derived from single polypeptide precursor of 233

amino acids. Purified RVL exerts potent nematicidal
activity on Meloidogyne incognita, a root knot nematode.
Fluorescent confocal microscopic studies demonstrated the
binding of RVL to specific regions of the alimentary-tract
and exhibited a potent toxic effect on M. incognita. RVL-
mucin complex failed to interact with the gut confirming
the receptor mediated lectin interaction. Very high mortality
(88%) rate was observed at lectin concentration as low as
30 µg/ml, suggesting its potential application in the
development of nematode resistant transgenic-crops.
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Introduction

Lectins represent a heterogeneous group of carbohydrate
binding oligomeric proteins that vary widely in size,
structure, molecular organization and in their carbohydrate
binding domains. They belong to distinct protein families
yet many have very similar sequences and structural
features [1]. Based on the sequence data obtained through
molecular cloning and protein sequencing, plant lectins
reported till now are classified in to four major groups
namely legume lectins [2], chitin binding lectins [3], type 2
ribosome inactivating proteins [4] and monocot mannose-
binding lectins [5]. In the recent past monocot mannose-
binding lectins have received greater attention, because of
their interesting molecular and biological properties [1, 6].
First monocot mannose specific lectin to be reported was
Galanthus nivalis agglutinin (GNA), purified from the
bulbs of snowdrop [7]. Since then several structurally and
evolutionarily related lectins are reported from different
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monocot families, viz., Amaryllidaceae [7, 8], Alliaceae [9],
Araceae [1, 10], Orchidaceae [11] and Liliaceae [12].
Because of their exclusive carbohydrate specificity towards
mannose, they are referred to as monocot mannose-binding
lectins (MBLs) and recently as GNA related lectins [13].
Many of them exhibited weak affinity towards mannose,
but strong affinity towards oligomannosides and high
mannose containing N-glycans [14]. All the reported MBLs
to date consist of highly homologous sequences and of
similar tertiary structures, suggesting these proteins com-
prise a single super family of mannose-binding proteins [6].
Although all monocot mannose-binding lectins are very
similar at the protein level there are important differences in
the processing and posttranslational modifications [15].

In general they are either dimers or tetramers containing
subunits of Mr 12–14 kDa stable to heat and a wide range
of pH. In some but not all cases the protomers are post-
translationally cleaved into polypeptides of nearly equal
size [15]. Because of their novel sugar binding properties
monocot mannose-binding lectins are being exploited for
biochemical and biomedical applications. Based on the
potent inhibitory effect of some monocot mannose-binding
lectins on human and animal retroviruses including HIV
[16, 17] and also on their ability to block the adhesion
receptors of man-fimbriated E-coli in the small intestine
[18], they can have potential applications in biomedical
research. Recently some of the monocot mannose-binding
lectins are reported to have antiproliferative and apoptosis
inducing effects on different tumor cells [19–23]. Monocot
mannose-binding lectins are being explored extensively for
crop protection in plant biotechnology as many of them are
reported to exhibit potent toxic effects on sucking pests and
nematodes.

Very few lectins are characterized from Araceae species
as compared to several lectins reported from other monocot
families [1, 10, 24]. Remusatia vivipara is an epiphyte
found in Western Ghats of South India and all its parts viz.,
tubers, leaves and the stalks are edible. Tubers are
traditionally used as folk medicine for treating inflamma-
tion and arthritis. In this paper we report purification,
physicochemical characterization and cloning of a lectin
with potent nematicidal activity named RVL from edible
tubers of R. vivipara, a member of the Araceae family.

Materials and methods

Materials

The tubers of R. vivipara were collected during early winter
(October–November) from the Western Ghat region of
Southern India (Uttara Kannada District, Karnataka state)
and stored at−20°C for further use in airtight containers.

Mucin (porcine stomach, type III), fetuin (fetal calf
serum), thyroglobulin (bovine thyroid) and various sugars
and sugar derivatives used for hapten inhibition studies
were purchased from Sigma Chemical Co., St. Louis, USA.
Sepharose 4B was obtained from Pharmacia Fine Chem-
icals, Uppsala, Sweden, asialofetuin-Sepharose 4B, affinity
matrix was prepared by coupling asialofetuin to cyanogen
bromide activated Sepharose 4B according to the method of
March et al. [25]. Rabbit blood samples were obtained from
local animal house. All other chemicals used were of
analytical reagent grade and the reagents were prepared in
double distilled water.

Isolation and purification of R. vivipara lectin (RVL)

Fresh tubers of R. vivipara (10 g) were cut to small pieces
and homogenized in a waring blender and the lectin was
extracted with 200 ml 50 mM sodium phosphate buffer
containing 154 mM NaCl, pH 7.2 (PBS), overnight at 4°C.
The extract was filtered by passing through muslin cloth
and the filtrate was clarified by centrifugation (4000 g for
20 min). Resulting clear supernatant was heated to 50°C in
a water bath for 20 min, cooled and the precipitate formed
was removed by centrifugation (4500 g for 20 min). Clear
supernatant was extensively dialyzed first against PBS
finally with water and the dialyzate was lyophilized and
stored at 4°C.

Affinity purification

Lyophilized powder (30 mg) suspended in 5 ml of PBS was
passed through to an asialofetuin-Sepharose 4B affinity
column (1.5×10 cm ), that had been equilibrated with PBS,
at a flow rate of 15 ml/h and the eluting fractions of 3.0 ml
were collected using FRAC-100 fraction collector (Pharmacia).
Unbound proteins were eluted by washing the column with
PBS until the absorbance of the eluting fractions read zero at
280 nm. Affinity bound lectin was eluted using 0.1 M glycine-
HCl buffer containing 500 mM NaCl, pH 2.0. All the affinity
column operations were carried out at 4°C. Lectin activity in
the eluting fractions was determined by hemagglutination assay
using trypsinized rabbit erythrocytes and the lectin peak
fractions were pooled, dialyzed against PBS followed by
water and freeze dried. Homogeneity of the affinity purified
lectin preparation was confirmed by SDS-PAGE on 15% gel.
Fluorescein isothiocyanate-conjugated RVL (FITC-RVL) re-
quired for binding studies was prepared as described by
Goldman [26].

Hemagglutinating activity and carbohydrate specificity

Hemagglutinating activity of the lectin was routinely
determined at various stages of purification by serial two
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fold dilution technique in 96 well microtitre assay plates
using trypsinized rabbit erythrocytes. The highest dilution
of the extract causing visible agglutination was regarded as
the titre and the minimum concentration of the protein
required for agglutination (MCA) as one unit of hemag-
glutinating activity. The specific hemagglutinating activity
is expressed as activity unit mg−1 protein. Carbohydrate
binding specificity of the purified lectin was determined by
hapten inhibition assay.

Inhibition assays were carried out by incubating the
lectin sample with serially diluted sugar/glycoprotein in a
total volume of 50 µl, prior to the addition of erythrocytes
and the hemagglutination was visually observed. The
lowest concentration of the sugar/glycoprotein, which
inhibited the agglutination, was taken as the inhibitory titre
of the hapten.

Protein concentration was determined by the method of
Lowry [27] using crystalline bovine serum albumin as
standard. The sugar content of protein was determined by
the phenol sulfuric acid method [28].

Determination of molecular weight by gel filtration
chromatography

The native molecular mass (Mr) of purified RVL was
estimated by gel filtration chromatography on a calibrated
column of Superdex G-75 equilibrated in 25 mM Tris-HCl
containing 154 mM NaCl, pH 7.2. The column was earlier
calibrated using standard molecular weight markers viz.,
lysozyme (14.3 kDa), lactoglobulin (18.4 kDa), chymo-
trypsinogen (25.6 kDa), pepsin (34.7 kDa), ovalbumin
(45.0 kDa) and bovine serum albumin (BSA, 66.0 kDa).

SDS-PAGE

Purified RVL was subjected to sodium dodecyl sulphate-
polyacrylamide gel electrophoresis in 15% (w/v) acrylam-
ide gel of 0.75 mm thickness according to Laemmli [29] for
determining homogeneity and the subunit molecular mass
of the lectin. Subunit molecular mass (Mr) of RVL was
estimated from the calibration curve obtained using
standard protein markers.

MALDI-TOF-MS

MALDI-TOF-MS analysis was performed on Ultraflex
TOF/TOF (Bruker Daltonics, Germany) mass spectrometer,
equipped with a UV nitrogen laser of 337 nm. Protein
solution (1 µl) was mixed with 1 µl matrix solution
(saturated solution of sinapinic acid in acetonitrile / 0.1%
aqueous trifluroacetic acid) and a total volume of 1 µl of
this mixture was deposited on the probe plate. The spectra
were recorded in the reflectron positive ion mode after the

evaporation of the solvent and spectra were acquired and
analyzed by Bruker Daltonics FLEX control software.

Effect of temperature and pH

To determine the thermal stability, freeze dried RVL (50 µg/ml)
was suspended in PBS and the sample aliquots were
heated in a water bath maintained at different temperatures
(20–80°C) with an increment of 20°C for 20 min. At each
temperature an aliquot was drawn and cooled to room
temperature for estimating the lectin activity by hemaggluti-
nation assay.

Stability of the purified lectin at different pH was
determined by determining the hemagglutination activity
of the lectin samples suspended in different buffers of
pH 2.0 (100 mM glycine-HCl buffer), pH 4.3 (25 mM
sodium acetate buffer), pH 7.2 (50 mM sodium phosphate
buffer) and pH 8.5 (50 mM Tris-HCl 25 mM) and pH 9.3
(50 mM sodium carbonate buffer), left overnight at 4°C.
The pH of the lectin samples was adjusted to pH 7.2 by
adding 0.1 N NaOH before determining the lectin activity
by hemagglutination assay.

Determination of N-terminal sequence

N-terminal sequencing of the purified RVL was determined
from the PVDF electro blots after SDS-PAGE in 15% gel.
The sequence was determined on automated Edman
degradation protein sequencer, PROCISE Protein Sequenc-
ing System (Applied Biosystems). The Procise Protein
Sequencing System sequentially cleaves N-terminal amino
acids from protein/peptide chains and analyzes the resulting
phenylthiohydantoin (PTH) amino-acid residues.

Dynamic light scattering (DLS)

In order to investigate the oligomeric properties of purified
RVL, dynamic light scattering studies were carried out.
Polydispersity (pd) and the hydrodynamic radius (RH) of
the molecule were estimated by DLS. The data was
collected with DYNAPRO instrument (USA) for purified
RVL (0.1 mg/ml) suspended in water at room temperature
and the correlation function was analyzed using Dynamics
V6 software.

Cloning full length cDNA of RVL

Total mRNA from the leaves of R. Vivipara was extracted
using RNA isolation kit (Fermentas, USA) as per the
description provided by the manufacturer. PolyA+ mRNA
(0.4 ng/μl) was used to synthesize the first strand cDNA
(3′-ready cDNA) using SMART™ RACE cDNA amplifi-
cation kit (Conetech), and 3′ RACE PCR was carried out
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using forward primer RBP44_RACE_F:5′-ATGCAG(C/G/
T)A(G/C) GAC(T/G)GCAACCTG-3′ designed based on
the conserved regions of previously reported mannose-
binding monocot lectins. The amplified product was
purified and cloned into pTZ57R/T, T/A cloning vector
(InsT/A clone™, PCR product cloning kit from MBI
Fermentas, USA), and transformed into Escherichia coli
DH5α. The positive clones were picked up and sequenced.
After the synthesis of first strand cDNA (5′-readycDNA), 5′
RACEPCR was carried out using a reverse primer
RBP44_RVL_RACE_R:5′-GGGCCCAAGACGACCAGC-
3′. The product was purified and cloned into the pTZ57R/T.
Full-length cDNA sequence of RVL was deduced by
assembling the sequences of the 3′ RACE and 5′ RACE
products. Full length sequence of RVL was amplified using
specific forward primer RVL_F:5′TTGGCCATGGC
CAAGCTGCTCCTC3′ and reverse primer RVL_R:5′GGC
GAATTC TACGACGCAGCAA3′, designed containing
restriction enzyme site (NcoI and EcoRI). Complete coding
sequence of RVL was subsequently amplified by genomic
DNA also using same specific primers. PCR amplification
was performed under following conditions: cDNA dena-
tured at 94°C for 5 min, followed by 30 cycles of
amplification (94°C for 1 min, 57°C for 30 s, and 72°C
for 2 min) and extension at 72°C for 10 min. The same
program was used for performing 3′ and 5′ RACE and also
for genomic DNA amplification mentioned earlier. The
amplified full-length sequence of RVL was cloned into
pTZ57R/T, and transferred to E. coli DH5α. The clone was
confirmed by restriction digestion, RVL-specific PCR (Data
not shown) and sequencing.

Nematicidal activity of lectin

Nematicidal activity of purified RVL on Meloidogyne
incognita was assayed similar to the method described for
pinewood nematodes by Gaofu et al [30]. Fifty freshly
hatched nematodes (Meloidogyne incognita) after washing
with sterile PBS were transferred to eppendorf tubes
containing different concentrations of RVL (30 µg, 15 µg,
10 µg, 7.5 µg and 6 µg ml−1) in PBS 50 mM, pH 7.2 and
incubated at 28°C. Negative control without lectin was used
for comparison. Number of live and dead nematodes from
each lectin concentration set was counted at different time
intervals (3, 6, 12, 24 and 48 h) under the microscope.
Percentage mortality of nematodes was calculated from the
average of triplicate experiments for each concentration.

Interaction of lectin with M. incognita

Interaction of RVL with M. incognita was investigated
using FITC-RVL by fluorescent microscopy. Nematodes
(15) were suspended in 1.0 ml solution of FITC-RVL

(30 µg/ml PBS) and incubated at 28°C in the dark. At
different intervals of time (3,6,12,24 and 48 h), 200 µl
aliquots were drawn and washed thrice by centrifugation
(1000 rpm for 2 min) with PBS to remove excess FITC-
RVL. Nematodes were finally collected on a membrane
sieve (25 µm), mounted on glass slides and observed under
a fluorescent microscope (Zeiss, FL-40) with an excitation
wavelength of 450–490 nm and a barrier filter of 515 nm.
Also the 3D-image of nematodes was observed under a
confocal microscope (Olympus DP 71).

Receptor-mediated RVL binding to nematode was con-
firmed by using FITC-RVL complexed with mucin. FITC-
RVL (30 µg) was incubated with mucin (125 µg) in 1.0 ml of
PBS for 1 h at room temperature. To this lectin-sugar complex
solution, 15 nematodes were added and incubated as
described earlier. After 48 h nematodes were observed for
the fluorescence label under the florescent microscope.

Results and discussion

Purification of R. vivipara lectin

Crude extracts of R. vivipara tubers showed 100 fold higher
hemagglutination activity towards trypsinized rabbit erythro-
cytes as compared to untrypsinized cells. However no activity
was found with either trypsinized or untrypsinized human
erythrocytes of A, B and O groups a property exhibited by
many of the monocot mannose-binding lectins [13, 31].

The crude extract was highly viscous because of high
polysaccharide content, which was eliminated by heat
treatment and lectin purification was achieved in a single
step by affinity chromatography on asialofetuin-Sepharose
4B column. The elution profile of the lectin on the affinity
column is presented in Fig. 1a and its homogeneity was
established by SDS-PAGE in 15% gel (Fig. 1b). Starting
from 100 g tubers a total of 390.0 mg of the purified lectin
was recovered with overall 3.7 fold purification. The lectin
content in R. vivipara tubers constituted approximately
26.70% of the total protein content, which is in correspon-
dence to other Araceae family lectins previously reported
from Arum maculatum, Arisaema flavum, Arisaema con-
sanguineum, Saurom atumvenosum [19, 32].

The results of hapten inhibition studies are presented in
Table 1. Results demonstrated strong inhibition of hemag-
glutinating activity of RVL by glycoproteins mucin,
asialomucin, asialofetuin and thyroglobulin but not by
fetuin and any of the simple sugars tested including
mannose indicating complex sugar specificity. Amongst
all the glycoproteins tested, mucin was the most effective
hapten for RVL. Similar carbohydrate binding properties
are reported for several monocot lectins like Colocasia
esculenta lectin, Xanthosoma sagittifolium lectin, Arum
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maculatum lectin and Typhonium divaricatum lectin [10,
13, 22]. These lectins do not recognize mannose but
strongly bind to asialofetuin and thyroglobulin, which are
known to contain high mannose N-glycans and are referred
to as Monocot mannose-binding lectins [13]. Recent report
on the carbohydrate binding specificities of Galanthus
nivalis agglutinin (GNA) and GNA like the lectin from Zea
mays (GNA maize) was determined by glycan array analysis
which demonstrated that GNA recognizes mannose weak-
ly, but strongly binds to high mannose type glycans. GNA

maize, unlike GNA binds exclusively to high mannose type
and complex N-glycans [33]. Considering the exclusive
carbohydrate specificity of these lectins towards high
mannose type N-glycans commonly occurring in animal
glycoproteins, it is speculated that these plant proteins are
evolved for defense purpose [13].

Temperature and pH stability

Purified RVL was stable in neutral pH up to 80°C for
20 min, also the lectin exhibited tolerance under wide
ranging pH of 2.0 to 9.3. Observed stability of RVL to heat
and in wide ranging pH is similar to G. nivalis agglutinin
(GNA), Aspidistra elatior lectin and some lectins from
Araceae family [13, 24, 34].

Molecular weight by gel filtration, SDS-PAGE
and MALDI-TOF-MS

Purified RVL eluted as a single symmetrical peak (Fig. 2)
on superdex G-75 column and the molecular mass was
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Fig. 1 a. Purification of Remusatia vivipara lectin (RVL) by affinity
chromatography using asialofetuin Sepharose-4B column (1.5×
10 cm), equilibrated in PBS and the affinity bound lectin was eluted
with 100 mM Glycine-HCl buffer, pH 2.0 containing 500 mM NaCl.
Fractions of 3.0 ml were collected at a flow rate of 15 ml /h.

Absorbance at 280 nm; Hemagglutinating activity. b. SDS-
PAGE of affinity purified RVL in 15% gel. Lane 1 and lane 2 contain
standard molecular weight markers and purified RVL (20 µg)
respectively

Table 1 Carbohydrate binding specificity of RVL

Haptens tested for inhibition Minimum concentration
required for inhibition in
µg (MIC)

Monosaccharides and derivatives

1. D-Glucose NI

2. D-Galactose NI

3. D-Mannose NI

4. L-Fucose NI

5. D-Lactose NI

6. Glucosamine NI

7. N-Acetyl D-galactosamine NI

8. N-Acetyl D-mannosamine NI

9. Methyl α-D-Manno Pyranoside NI

10. Sialic Acid NI

Glocoproteins

1. Transferrin NI

2. Ovalbumin NI

3. Fetuin NI

4. Asialofetuin 3.125

5. Mucin 1.56

6. Asialomucin 3.125

7. Thyroglobulin 3.125

8. Gum Guar NI

NI No Inhibition

The carbohydrate binding specificity of RVL was determined by
hemagglutination assay using simple sugars, sugar derivatives and
some glycoproteins. The final concentration of the sugars and sugar
derivatives was 200 mM and the final concentration of glycoprotein
was 1 mg/ml.
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estimated to be 49.54±1 kDa from the calibration curve
(Fig. 3). Whereas the subunit molecular mass of 11±1 kDa
was obtained by SDS-PAGE (Fig. 1b). The molecular
weight determined by MALDI-MS gave two distinct peaks
(Fig. 4) corresponding to 12.02 and 12.76 kDa indicating
that the RVL has two non-identical subunits, which were
not detected by either gel filtration or SDS- PAGE. These
results were not surprising as some of the earlier observa-
tions reported that some lectins composed of GNA type
domains have nearly identical subunits and in some two

domain protomers are cleaved into two polypeptides of
nearly equal size [1, 13].

Determination of N-terminal sequence

N-terminal sequence was determined from the lectin blots on
the PVDF membrane after SDS-PAGE by automated Edman
degradation protein sequencer and the PTH derivatives were
identified. N-terminal sequence analysis gave two amino acid
sequences of eight residues each, sequence A-LGTNYLLS
and sequence B-NIPFTNNL. These results supported the
presence of two different subunits in RVL shown by MALDI
analysis. This property was similar with lectins from Arum
maculatum and Colocasia esculenta [1].
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Fig. 2 Molecular mass determination of RVL by gel filtration
chromatography on superdex-75 column (1.5×80 cm) equilibrated in
PBS. Purified lectin (2 mg) in 2 ml of PBS was applied and eluted
from the column at a flow rate of 18 ml/ h and the fractions of 3 ml
were collected; the column was precalibrated using molecular weight

marker proteins; Bovine serum albumin (66 kDa), ovalbumin
(45 kDa), pepsin (34.7 kDa), chymotrypsinogen (25.6 kDa), lysozyme
(14.3 kDa). ( ) Absorbance at 280 nm; ( ) Hemagglutinating
activity

314 Glycoconj J (2010) 27:309–320



Rh = 4.5 nm % pd = 18.6 
Base line = 1.003 SOS error = 70.021 

%
 In

te
n

si
ty

R (nm)

0

50

40

30

20

10

0.01 1.00 10.00 100.000.10 1.0E+3 1.0E+4

Fig. 5 Hydrodynamic radius of
purified RVL determined by
dynamic light scattering studies,
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Fig. 6 Full length DNA
sequence and deduced amino
acid sequence of RVL gene:
Start and stop codons are
underlined, arrows indicating
the cleavage sites and conserved
amino acid regions are shown
in bold
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Dynamic light scattering

Dynamic light scattering studies were carried out to
understand the oligomeric behaviour of the purified RVL.
Hydrodynamic radius (RH) of RVL obtained by DLS
(Fig. 5) was 45 Å and showed 18.6% polydispersity
indicating the existence of single dimer species. DLS
studies carried out for peanut agglutinin [35] and soyabean
lectin [36] also indicated similar properties. From these
results, it was concluded that the native RVL is a dimeric
molecule without indication for heterogeneity.

Cloning of full length cDNA of RVL and sequence analysis

Contig assembly using sequences of 3′ and 5′ RACE-PCR
products gave an assembly of 771 bp coding sequence for

RVL and the sequence analysis showed RVL gene was
intronless. Hence the full length RVL gene was amplified
from the genomic DNA of R. vivipara using the specific
forward primer sequence RVL_F:5′TTGGCCATGGC-
CAAGCTGCTCCTC3′ containing NcoI site and reverse
primer sequence RVL_R:5′GGCGAATTCTACGACG-
CAGCAA3′containing EcoRI site, which allowed the
expression in E. coli. From the full length coding sequence
of 771 bp, coding for a polypeptide chain corresponding to
256 amino-acids (Fig. 6) accounting to molecular mass of
28.2 kDa. The N-terminal sequence A-LGTNYLLS of RVL
determined by Edman sequencing coincided with deduced
amino acid sequence of the cDNA between L24 to S31,
whereas the sequence B-NIPFTNNL coincided between
N140 to L147. Considering the rules for predicting the signal
peptide [37], recombinant RVL has got a signal peptide of

 
 

       
   
    

   
  

    
   

  
  

             
  
  

  
  

   

  

             
  
  

  
  

   
 

  
  

             
  
  

  
  

 

Fig. 7 Predicted amino acid
sequence of RVL compared
with the sequences of GNA,
GNAmaize, and the lectins from
Araceae family; P. pedatisecta,
A. macrorrhizos, A. amurense,
A. lobatum. Amino acid residues
at the carbohydrate binding sites
are shown in a grey box. (*)
indicate the identical residues in
all the seven lectins, (+) the
identical residues in six of seven
lectins and identical in five are
shown by minus (−)

Time in h % Mortality at different concentrations

30 µg/ml 15 µg/ml 10 µg/ml 7.5 µg/ml 6 µg/ml Control

3 0 0 0 0 0 0

6 6 0 0 0 0 0

12 30 22 18 10 4 0

24 60 56 48 32 22 0

48 88 82 74 58 40 0

Table 2 Nematode bioassay
with RVL; RVL is incubated
with Meloidogyne incognita at
different concentrations with a
control (PBS) without lectin
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23 amino acids accounting for the molecular mass of
2.5 kDa, and has a cleavage site between A23 and L24

residues. Therefore the lectin polypeptide having 233 residues
withmolecular mass of 25.7 kDa is derived from the precursor
molecule of 256 amino-acid residues. Considering N terminal
sequence-B, which aligned from 140–147 residues of the
deduced amino-acid sequence, it becomes evident that the
lectin polypeptide is synthesized on a single large precursor,
which gets cleaved posttranslationally between residues R139

and N140. These findings also indicated the presence of two
putative domains in RVL, each containing one mannose
binding site as reported for Arum maculatum lectin,
Colocasia esculanta lectin, Xanthosoma sagittifolium lectin
[1], Pinellia pedatisecta lectin [38–40] and Typhonium
divaricatum lectin [22], all of them are defined as monocot
mannose-binding lectins from Araceae family.

Mass spectrometric data of RVL showed two consistent
peaks of masses 12.020 kDa and 12.760 kDa. Calculated
mass of 12.715 kDa for the polypeptide chain of 116 amino
acids (24–139) is in agreement with MALDI mass of
12.760 kDa. However, the mass of 13.00 kDa calculated for
the polypeptide chain of 117 residues (140–256) did not
agree with the MALDI estimate of 12.02 kDa. This
discrepancy could be attributed to posttranslational processing
of propeptide on the C-terminal side of the polypeptide chain
(140–256) as suggested for other GNA related lectins by Van
Damme et al., [13].

Data base retrieval with BLASTp (NCBI-blast) showed
very high homology with many of the reported monocot
mannose-binding lectins. Multiple sequence alignment of the
deduced amino acid sequence of RVL is compared with
sequences of lectins from G. nivalis, Z. mays, P. pedatisecta,
A. macrorrhizos, A. amurense and A. lobatum (Fig. 7). It is
evident from the sequences RVL showed 80–90% homology
with several reported monocot mannose-binding lectins of
Araceae family. However, the extent of sequence homology
of RVL with GNA and GNA maize is only 41% and 38%
respectively. Indeed RVL shared a common conserved motif
of QXDXNXVXY at the carbohydrate binding site. Any
changes occurring due to insertion or deletion of key amino
acids in this conserved motif is determinant in conferring
exclusive specificity for these lectins towards high mannose
N-glycans [1, 41]. Thus RVL is closely related to other
monocot mannose binding lectins of Araceae family, but is
different from GNA with respect to mannose binding
property and the number of binding domains.

Nematicidal activity of lectin and interaction of lectin
with M. incognita

Nematicidal activity of purified RVL at different concen-
trations against Meloidogyne incognita a root knot nema-
tode was evaluated and the results of survival of the
nematodes as function of time are presented in Table 2.

(A). 6 h (B). 12 h (C). 24 h

(D). 48 h (E).RVL-mucin complex 

Fig. 8 Binding of FITC-RVL to the alimentary tract of Meloidogyne
incognita and inhibition of binding in the presence of mucin (e).
Nematodes were suspended in FITC-RVL (30 µg/ml ) solution and

incubated at room temperature; binding of the lectin was observed
under the fluorescent microscope after 6 h, 12 h, 24 h and 48 h (a–d)
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These results were the average values of triplicate sets; each
contained 50 juveniles of second stage. RVL showed
concentration dependent toxicity on M. incognita, even at
a concentration of 7.5 µg/ml more than 50% mortality was
observed after 48 h. Highest mortality greater than 80%
was found at concentrations beyond 15 µg/ml demonstrat-
ing the potential nematicidal activity of RVL. In order to
get an insight to the mode of the RVL toxicity effect on M.
incognita, we determined the binding of RVL after
incubating the nematodes in FITC-RVL solution. Binding
of RVL in nematodes was observed by fluorescent
microscopy at different intervals of time (Fig. 8 a–d).
Lectin binding was found at a specific region mostly in the
mid portion of the alimentary-tract, without any binding
either at anterior or posterior regions of the gut. Binding
was not observed in nematode gut incubated with FITC-
RVL complexed with mucin (Fig. 8 e), which confirmed
carbohydrate receptor mediated binding of RVL on the gut
epithelial cells. The binding of RVL in the mid gut of the
alimentary-tract was clearly established from the 3-D
images acquired on fluorescent confocal microscopy
(Fig. 9). Although nematicidal properties of few lectins

are reported, there are no direct evidences available for the
mechanisms of their toxic effects. In contrast to our present
findings of RVL gut binding, earlier reports so far described
showed cuticular binding of lectins specifically to the head
region, and to the pores of excretion and reproduction of
different nematodes by plant lectins [42–49]. Considering
the cuticular surface binding, it is argued that the lectin
binding inhibits the chemoreception of host signals
disturbing the localization of hosts by nematodes.
Whereas our results, for the first time demonstrated that
the lectin ingested by the nematodes specifically interacts
across the gut lining and the binding increased propor-
tionally with time leading to death of the nematode in
48 h. However some lectins having insecticidal proper-
ties are known to bind to the midgut epithelium of
insects causing disruption of microvilli leading to
abnormalities in these epithelial cells [50, 51]. It is not
clear from our findings how the observed lectin binding
results in the killing of the nematode, it may be probably
mediated by a complex processes involving signal
transduction or by causing abnormalities in the epithelial
cells as reported in insects.

Fig. 9 Three dimensional images
of binding of FITC-RVL to the
alimentary tract ofMeloidogyne
incognita. Nematodes were sus-
pended in FITC-RVL (30 µg/ml)
solution and incubated at room
temperature; 3D-image was
observed under confocal
microscope after 48 h

318 Glycoconj J (2010) 27:309–320



Acknowledgement Authors thank Dept. of Science and Technology
(DST), Government. of India for the financial support.

References

1. Van Damme, E.J.M., Goossem, K., Smeets, K., Leuvan, F.V.,
Vaharet, P., Peumans, W.J.: Characterization and molecular
cloning of the lectin from Arum maculatum L. J Plant Physiol
107, 1147–1158 (1995)

2. Sharon, N., Lis, H.: Legume lectins-a large family of homologous
lectins. FASEB J 4, 3198–3208 (1990)

3. Raikhel, N.V., Lee, H.I., Broekaert, W.F.: Structure and functions
of chitin-binding proteins. Annu Rev Plant Physiol Plant Mol Biol
44, 591–615 (1993)

4. Barbieri, L., Battelli, M.G., Stirpe, F.: Ribosome-inactivating
proteins from plants. Biochim Biophys Acta 1154, 237–282 (1993)

5. Van Damme, E.J.M., Smeets, K., Peumans, W.J.: The mannose
binding monocot lectins and their genes. In: Pusztai, A., Bardocz,
S. (eds.) Lectins: Biomedical Perspective, pp. 59–80. Taylor and
Francis, London (1995)

6. Barre, A., Van Damme, E.J.M., Peumans, W.J., Rouge, P.:
Structure-function relationship of monocot-mannose binding
lectins. J Plant Physiol 112, 1531–1540 (1996)

7. Van Damme, E.J.M., Allen, A.K., Peumans, W.J.: Isolation and
characterization of lectin with exclusive specificity towards
mannose from snow drop (Galanthus nivalis) bulbs. FEBS Lett
215, 140–144 (1987)

8. Kaku, H., Van Damme, E.J.M., Peumans, W.J., Goldstein, I.J.:
Carbohydrate binding specificity of the daffodil (Narcissus
pseudonarcissus) and amaryllis (Hippeastrum hybr.) bulb lectins.
Arch Biochem Biophys 279, 298–304 (1990)

9. Van Damme, E.J.M., Smeets, K., Balzarini, J., Pusztai, A., Van
leuvan, F., Goldstein, I.J., Peumans, W.J.: Cloning and character-
ization of the lectin cDNA clones from onion, shallot and leek.
Plant Mol Biol 23, 365–376 (1993)

10. Mo, H.Q., Rice, K.G., Evers, D.L., Winter, H.C., Peumans, W.J.,
Van Damme, E.J.M., Goldstein, I.J.: Xanthosoma sagittifolium
tubers contain a lectin with two different types of carbohydrate-
binding sites. J Biol Chem 274, 33300–33305 (1999)

11. Van Damme, E.J.M., Balzarini, J., Smeets, K., Van Leuven, F.,
Peumans, W.J.: The monomeric and dimeric mannose-binding
proteins from the Orchidaceae species Listera ovata and Epipactis
helleborine: sequence homologies and differences in biological
activities. J Glycoconj 11, 321–332 (1994)

12. Van Damme, E.J.M., Brike, F., Winter, H.C., Van leuvan, F.,
Goldstein, I.J., Peumans, W.J.: Molecular cloning of two different
mannose binding lectins from tulip bulbs. Eur J Biochem 236, 419–
427 (1996)

13. Van Damme, E.J.M., Tsurata, S.N., Smith, D.F., Ongenaert, M.,
Winter, H.C., Rouge, P., Goldstein, I.J., Mo, H., Kominami, J.,
Culerrier, R., Barre, A., Hirabayashi, J.: Phylogenetic and
specificity studies of two domains GNA related lectins: generation
of multi specificity through domain duplication and divergent
evolution. Biochem J 404, 51–61 (2007)

14. Van Damme, E.J.M.: Plant lectins as part of the plant defense
system against insects. In: Schaller, A. (ed.) Induced plant
resistance to herbivory, pp. 285–307. Springer, Dordrecht (2008)

15. Van Damme, E.J.M., Culerrier, R., Barre, A., Alvarez, R., Rouge,
P., Peumans, W.J.: A novel family of lectins evolutionarily related
to class V chitinases: an example of neofunctionalization in
legumes. J Plant Physiol 144, 662–672 (2007)

16. Balzarini, J., Neyts, J., Schols, D., Hosoya, M., Van Damme, E.J.
M., Peumans, W.J., De Clercq, E.: The mannose-specific plant

lectins from Cymbidium hybrid and Epipactis helleborine and the
(Nacetylglucosamine) specific plant lectin from Urtica dioica are
potent and selective inhibitors of human immunodeficiency virus
and cytomegalovirus replication in vitro. Antivir Res 18, 191–207
(1992)

17. Balzarini, J., Schols, D., Neyts, J., Van Damme, E.J.M., Peumans, W.
J., De Clercq, E.: (1–3) and (l–6) mannose specific plant lectins are
markedly inhibitory to human immunodeficiency virus and cyto-
megalovirus infections in vitro. Antimicrob Agents Chemother 35,
410–416 (1991)

18. Pustzai, A., Ewen, S.W.B., Grant, G., Brown, D.S., Stewart, J.C.,
Peumans, W.J., Van Damme, E.J.M., Bardocz, S.: Antinutritive
effects of wheat germ agglutinin and other N-acetylgalactosamine
specific lectins. Br J Nutr 70, 313–321 (1993)

19. Singh, J., Singh, J., Kamboj, S.S.: A novel mitogenic and
antiproliferative lectin from a wild cobra lily, Arisaema flavum.
Biochem Biophys Res Commun 318, 1057–1065 (2004)

20. Dhuna, V., Singh, J., Kamboj, S.S., Singh, J., Shanmugavel, Saxena,
A.K.: Purification and characterization of a lectin from Arisaema
tortuosum Schott having in-vitro anticancer activity against human
cancer cell lines. J Biochem Mol Biol 38, 526–532 (2005)

21. Brown, A.C., Reitzenstein, J.E., Liu, J., Jadus, M.R.: The Anti-
Cancer Effects of Poi (Colocasia esculenta) on colonic adenocar-
cinoma cells in vitro. Phytother Res 19, 767–771 (2005)

22. Luo, Y., Xu, X., Liu, J., Sun, Y., Liu, Z., Liu, J., Van Damme,
E.J.M., Balzarini, J., Bao, J.: A novel mannose binding tuber
lectin from Typhonium divaricatum (L.) decne (family Araceae)
with antiviral activity against HSV-II and anti proliferative effect
on human cancer cell lines. J Biochem Mol Biol 40, 358–367
(2007)

23. Liu, B., Peng, H., Yao, Q., Li, J., Van Damme, E.J.M., Balzarini,
J., Bao, J.: Bioinformatics analyses of the mannose-binding lectins
from Polygonatum cyrtonema, Ophiopogon japonicas, and Lipa-
ris noversa with antiproliferative and apoptosis-inducing activi-
ties. Phytomedicine 16, 601–608 (2009)

24. Shangary, S., Singh, J., Kamboj, S.S., Kamboj, K.K., Sandhu, R.
S.: Purification and properties of four monocot lectins from the
family araceae. Phytochemistry 40, 449–445 (1995)

25. March, S.C., Parikh, I., Cuatrecasas, P.: A simplified method for
cyanogen bromide activation of agarose for affinity chromatogra-
phy. Anal Biochem 60, 149–152 (1974)

26. Goldman, M.: Fluorescent antibody methods. In: Procedures for
conjugation, pp. 101–161. Academic Press, New York (1968)

27. Lowry, O.H., Rosebrough, N.J., Farr, L.A., Randall, R.J.: Protein
measurement with the folin phenol reagent. J Biol Chem 193,
265–275 (1951)

28. Dubois, M., Gilles, K.A., Hamilton, J.K., Rebers, P.A., Smith, F.:
Colorimetric method of determination of sugars and related
substances. Anal Chem 28, 350–356 (1956)

29. Laemmli, U.K.: Cleavage of structural proteins during the assembly
of the head of bacteriophage. Nature 227, 680–685 (1970)

30. Gaofu, Q., Shiqing, M., Fayin, Z., Zhiniu, Y., Xiuyun, Z.: In vitro
assessment of plant lectins with anti-pinewood nematode activity.
J Invert Pathol 98, 40–45 (2008)

31. Sandu, R.S., Arora, J.S., Chopra, S.K., Pelia, S.S., Kamboj, S.S.,
Naidu, Y.C., Nath, I.: Occurrence and isolation of new lectins of
plants, fungi, and bacteria. Lectins Biol. Biochem. Clin. Biochem.
J. 19-33 (1990)

32. Bains, J.S., Singh, T.J., Kamboj, S.S., Nijjar, K.K., Agrewal, J.N.,
Kumar, V., Kumar, A., Saxena, A.K.: Mitogenic and anti-proliferative
activity of a lectin from the tubers of Voodoo lily (Sauromatum
venosum). Biochim Biophys Acta 1723, 163–174 (2005)

33. Fouquaert, E., Smith, D.F., Peumans, W.J., Proost, P., Balzarini,
J., Savvides, S., Van Damme, E.J.M.: Related lectins from
snowdrop and maize differ in their carbohydrate-binding speci-
ficity. Biochem Biophys Res Commun 380, 260–265 (2009)

Glycoconj J (2010) 27:309–320 319



34. Xu, X., Wu, C., Liu, C., Luo, Y., Li, J., Zhao, X., Van Damme,
E.J.M., Bao, J.: Purification and characterization of mannose-
binding lectin from the rhizomes of Aspidistra elatior blume
with antiproliferative activity. Acta Biochim Biophys Sinica 39,
507–519 (2007)

35. Dev, S., Surolia, A.: Dynamic light scattering study of peanut
agglutinin: size, shape and urea denaturation. J Biosci 31, 551–556
(2006)

36. Fasina, Y.O., Swaisgood, H.E., Garlich, J.D., Classen, H.L.:
A semi-pilot-scale procedure for isolating and purifying
soybean (Glycine max) lectin. J Agric Food Chem 51, 4532–
4538 (2003)

37. Von Heijine, G.: A new method for predicting signal sequence
cleavage sites. Nucleic Acids Res 14, 4683–4690 (1986)

38. Lin, J., Zhou, X., Gao, S., Liu, X., Wu, W., Sun, X., Tang,
K.: cDNA cloning and expression analysis of a mannose-
binding lectin from Pinellia pedatisecta. J Biosci 32, 241–249
(2007)

39. Van Damme, E.J.M., Peumans, W.J., Barre, A., Rougé, P.: Plant
lectins: a composite of several distinct families of structurally and
evolutionary related proteins with diverse biological roles. Crit
Rev Plant Sci 17, 575–692 (1998)

40. Fei, J., Liao, Z., Chai, Y., Pang, Y., Yao, J., Sun, X., Tang, K.:
Molecular cloning and characterization of a novel mannose binding
lectin gene from Amorphophallus konjac. Mol Biol Rep 30, 177–183
(2003)

41. Hirai, M., Nakamura, K., Imai, T., Sato, T.: cDNAs encoding for
storage proteins in the tubers of taro (Colocasia esculanta schott.).
Jpn J Genet 68, 229–236 (1993)

42. McClure, M.A., Zuckerman, B.M.: Localization of cuticular
binding sites of concanavalin A on Caenorhabditis elegans and
Meloidogyne incognita. J Nematol 14, 39–44 (1982)

43. Jansson, H.B.: Fluorescent and ferritin labelling of cuticle surface
carbohydrates ofCaenorhabditis elegans and Panagrellus redivivus.
J Nematol 18, 570–574 (1986)

44. Aumann, J., Wyss, U.: Lectin binding sites on mobile stages of
Heterodera schachtii Schmidt (Nematoda: Heteroderidae). Nem-
atologica 33, 410–418 (1987)

45. Davis, E.L.: Characterization of carbohydrates on the surface of
second-stage juveniles of Meloidogyne spp. J Nematol 20, 609–619
(1988)

46. Forrest, J.M.S.: Changes in the structure of amphidial exudates
and the nature of lectin labelling on freshly hatched, invaded and
emigrant second stage juveniles of Globodera rostochiensis.
Nematologica 34, 422–431 (1988)

47. Robertson, M.W.: Surface carbohydrates of plant parasitic
nematodes. Nematologica 35, 180–186 (1989)

48. Aumann, J.: Lectin binding to cuticle exudates of sedentary
Heterodera schachtii (Nematoda: Heteroderidae) second stage
juveniles. Rev Nématol 14, 113–118 (1991)

49. Wuyts, N., Elsen, A., Van Damme, E.J.M., de Waele, D., Swennen,
R., Sági L.: Lectin binding to the banana-parasitic nematode
Radopholus similes. Banana Improvement Programme Agriculture
and Consumer Protection, FAO CORPORATE DOCUMENT
REPOSITORY (2009).

50. Gatehouse, A.M.R., Dewey, F.M., Dove, J., Fenton, K.A., Pusztai, A.:
Effect of seed lectins from Phaseolus vulgaris on the development of
larvae of Callosobruchus maculatus – mechanism of toxicity. J Sci
Food Agric 35, 373–380 (1984)

51. Powell, K.S., Spence, J., Bharathi, M., Gatehouse, J.A., Gate-
house, A.M.R.: Immunohistochemical and developmental studies
to elucidate the mechanism of action of the snowdrop lectin on the
rice brown planthopper Nilaparvata lugens (Stahl). J Insect
Physiol 44, 529–539 (1998)

320 Glycoconj J (2010) 27:309–320


	Purification,...
	Abstract
	Introduction
	Materials and methods
	Materials
	Isolation and purification of R. vivipara lectin (RVL)
	Affinity purification
	Hemagglutinating activity and carbohydrate specificity
	Determination of molecular weight by gel filtration chromatography
	SDS-PAGE
	MALDI-TOF-MS
	Effect of temperature and pH
	Determination of N-terminal sequence
	Dynamic light scattering (DLS)
	Cloning full length cDNA of RVL
	Nematicidal activity of lectin
	Interaction of lectin with M. incognita

	Results and discussion
	Purification of R. vivipara lectin
	Temperature and pH stability
	Molecular weight by gel filtration, SDS-PAGE and MALDI-TOF-MS
	Determination of N-terminal sequence
	Dynamic light scattering
	Cloning of full length cDNA of RVL and sequence analysis
	Nematicidal activity of lectin and interaction of lectin with M. incognita

	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


