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Abstract 
 

Dendrobium chrysotoxum Lindl., native to the Northeastern region and that native to the Northern region of Thailand 
have some different morphological characters. Their genetic differences were then determined at molecular level. Galanthus 
nivalis agglutinin (GNA)-related lectins were purified from the pseudobulbs using mannan-agarose column 
chromatography. The molecular masses of polypeptide subunit and native form, and pI of GNA-related lectin were 13.9 
kDa, 54.1 kDa, and 5.16 for D. chrysotoxum (Northeast) while they were 13.7 kDa, 48.2 kDa, and 4.90 for D. chrysotoxum 
(North), respectively. The sequence tags from liquid chromatography-tandem mass spectrometry (LC-MS/MS) of both 
lectins were identical to parts of a lectin precursor from D. findleyanum. The lectins exhibited divergent abilities to 
agglutinate erythrocytes and were named D. chrysotoxum agglutinin-Northeast (DCA-NE), and D. chrysotoxum agglutinin-
North (DCA-N). For binding activities, the activities of DCA-NE and DCA-N decreased after treatment with 2-
mercaptoethanol; they also showed different specificities towards D-mannose. The lectins showed variation at nucleotide 
and deduced amino acid sequences. From internal transcribed spacer (ITS) sequences, the genetic distance between the two 
orchids had greater value than those among many Dendrobium species. The molecular data revealed that D. chrysotoxum 
native to the different geographical regions of Thailand had a large genetic difference; and should be placed to be as two 
species or at least two varieties of the genus. 
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Introduction  
 

At the present, biological macromolecules are gaining 
an increasingly important role in systematic and 
evolutionary studies (Onarici & Sumer, 2003; Jamil et al., 
2014), as well as in application for genetic markers (Kumar 
et al., 2009; Sultan et al., 2013). Protein and DNA analyses 
are widely used to generate systematic data. For protein 
analysis, isozymes and allozymes were mainly utilized for 
the systematic purpose and as the markers. However, more 
useful data are now received from DNA analysis. Several 
procedures have been used to obtain DNA data, for 
example, DNA sequencing, random amplified polymorphic 
DNA (RAPD), and amplified fragment length 
polymorphism (AFLP) (Bremer, 1988; Onarici & Sumer, 
2003; Simpson, 2010; Akbar et al., 2011). In plant, the 
major sources of DNA sequence data consist of nuclear 
DNA, chloroplast DNA, and mitochondrial DNA. Internal 
transcribed spacer (ITS) region of rDNA is one of the very 
useful types of nuclear DNA sequences (Simpson, 2010). 
This region has proven to be a useful source of characters 
for phylogenetic studies in closely related species (Baldwin 
et al., 1995; Simpson, 2010). 

Dendrobium is one of the largest genera in 
Orchidaceae and contains about 1,250 species which 
distribute widely in Asia to Australia and Pacific region 
(Mabberley, 2008). Morphological character alone which 
is the traditional tool for identification of Dendrobium 

species is still ambiguous because the orchids have great 
diversification of the characters (Takamiya et al., 2011). 
Therefore, the molecular data are needed for systematic 
studies of Dendrobium species. Internal transcribed 
spacer (ITS) sequences of ribosomal DNA (rDNA) were 
used for re-identification of Dendrobium species; the 
result indicated that Dendrobium (D.) somai and D. 
furcaptopedicellatum, and D. moulmeinense should be 
placed outside genus Dendrobium (Tsai et al., 2004; Yuan 
et al., 2009). The ITS regions were also used to 
distinguish Dendrobium species which were used in 
traditional Chinese medicine from adulterants (Xu et al., 
2006; Takamiya et al., 2011; Wu et al., 2012). 

In addition to the great diversity of the orchids, 
Dendrobium substances have been used in traditional 
Chinese medicine in China and Asian countries (Bulpitt et 
al., 2007; Xue et al., 2010). Lectins are one of bioactive 
constituents found in Dendrobium species (Ng et al., 
2012). D. officinale agglutinin2 (DOA2) and D. 
findleyanum agglutinin (DFA), which are Galanthus 
nivalis agglutinin (GNA)-related lectins (previously 
called monocot mannose-binding lectins), with their 
biochemical properties were reported (Chen et al., 2005a; 
Sudmoon et al., 2008; Sattayasai et al., 2009). We are 
interested in the study of GNA-related lectin from D. 
chrysotoxum Lindl., because the stem of this orchid is 
used in both traditional Chinese and folk medicine (Yang 
et al., 2004). D. chrysotoxum found in Thailand has two 
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morphological characters; D. chrysotoxum from the 
Northeastern region has very similar morphology to the 
species described by Cullen (1992) while the plant from 
the Northern region has very similar morphology to the 
species described by Schettler (2006).  

In this study, we used both morphological characters 
and molecular data to study the genetic differences 
between D. chrysotoxum native to the two regions of 
Thailand. The molecular data included biochemical 
properties and deduced amino acid sequences of GNA-
related lectins, and sequence of ITS regions. The results 
showed that there were many differences between D. 
chrysotoxum from both regions and there is a possibility 
of segregation of the two ecotypes into at least two 
different varieties. 
 
Materials and Methods 
 
Plant material: Dendrobium chrysotoxum plants were 
collected from the Northeastern and Northern regions of 
Thailand (Fig. 1). The mature pseudobulbs were used for 
crude protein extraction and total RNA extraction while 
the fresh leaves were used for total DNA extraction. 
Voucher herbarium specimen of D. chrysotoxum from the 
Northeastern region (KKU 2152) and that from the 
Northern region (KKU 2153) have been deposited at the 
herbarium of Khon Kaen University, Department of 
Biology, Faculty of Science, Khon Kaen University, 
Khon Kaen, Thailand. 
 

 
Fig. 1. Pseudobulbs with leaves and flowers of D. chrysotoxum; 
1 = The plant collected from the Northeastern region of 
Thailand, 2 = The plant collected from the Northern region of 
Thailand. 
 
Crude protein extraction: Crude protein extraction was 
performed following the protocol reported by Sudmoon et 
al., (2008) with some modifications. A 0.4 g of plant 
tissue was ground in 0.5 ml of extraction buffer (100 mM 
Tris-HCl, 20 mM EDTA, pH 8.0, containing 5 mM 4-
aminobenzamidine dihydrochloride, and 1 mM 
phenylmethylsulfonyl fluoride) with mortar and pestle at 
4oC. The homogenate was centrifuged at 18,000×g for 25 
minutes at 4oC. The supernatant was collected as crude 
protein extract.  
 
Affinity chromatography: Mannose-binding protein was 
purified from the crude protein extract using mannan-
agarose (Sigma; Sigma-Aldrich Chemie GmbH, 
Germany) column chromatography following the 

procedure described by Sudmoon et al., (2008) with slight 
modification. After the eluted protein was adjusted to pH 
7 with 1 M Tris base, it was then washed with a solution 
of 10 mM Tris-HCl, 2 mM EDTA, pH 8.0 by means of 
molecular filtration (Amicon® Ultra-4; Millipore, 
Ireland). The purity of the protein was determined by 
using sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis (SDS-PAGE) with a continuous gradient 
of 8-20% acrylamide. 
 
SDS-PAGE: The SDS-PAGE was performed on a Mini-
Protean II Dual Slab Cell (Bio-Rad Laboratories, USA) 
using the discontinuous buffer system as described in 
Sudmoon et al., (2008) except that the gel was shaken for 
15 minutes in a fixing solution (50% methanol and 12% 
acetic acid) prior to staining. 
 
Liquid chromatography-tandem mass spectrometry 
(LC-MS/MS) and database search: The protein bands in 
the gradient SDS-PAGE gel with molecular masses of 
13.7 kDa, 13.9 kDa and 24 kDa of D. chrysotoxum were 
excised from the gel, reduced with 10 mM DTT and 
alkylated with 100 mM Iodoacetamide. After digestion 
with trypsin for overnight, peptides were extracted and 
then separated by Ultimate 3000 LC system (Dionex, 
Germany). Peptides were subsequently analyzed by ESI-
MS/MS using an ion trap MS (HCT ultra PTM Discovery 
System; Bruker Daltonik, Germany). All collected LC-
MS/MS data were used as the input for MASCOT 
MS/MS Ions Search of the National Center for 
Biotechnology Information nonredundant (NCBI nr) 
database (www.matrixscience.com). 
 
Hemagglutination assay: Hemagglutination activity of 
the purified lectins was determined with trypsinized 
chicken erythrocytes according to the procedures 
described by Ola et al., (2007) with some modifications. 
Fresh blood of chicken was collected in 3-ml tube 
containing EDTA. It was centrifuged at 430×g for 10 
minutes at 10oC, and the supernatant was then removed. 
After washing 4 times with phosphate buffered saline 1 
(PBS 1) (50 mM NaH2PO4, pH 7.4, containing 150 mM 
NaCl), 5% chicken erythrocyte suspension in PBS 1 
containing 1 mg/ml trypsin (Sigma Chemical, USA) was 
prepared and mixed by inversion and then incubated for 2 
hours at 37oC. The tube was inverted every 15 minutes. 
The suspension was centrifuged, washed for 4 times, 
made into 40% erythrocyte suspension with PBS 1. The 
40% erythrocyte suspension was diluted into 4% 
erythrocyte suspension with PBS 2 (137 mM NaCl, 2.68 
mM KCl, 10 mM Na2HPO4, 1.7 mM KH2PO4, pH 7.4). 
Two-fold serial dilution of 50 µl purified lectin in PBS 2 
was incubated with 50 µl of 4% chicken erythrocyte 
suspension in U-shaped microtiter plate. Visible 
agglutination was observed after incubation of the plate 
for 30 minutes at room temperature.  
 
Native-PAGE and ferguson plot: Native-
polyacrylamide gel electrophoresis (native-PAGE) was 
performed as previously described (Sudmoon et al., 2008) 
and Ferguson plot was done to determine molecular 
masses of the purified proteins (Kong et al., 1991). 
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Isoelectric focusing (IEF): IEF was performed as 
described by Sudmoon et al., (2008) except that 5.5% 
acrylamide was used for the slap gel and 4 washes of the 
destaining solution (40% methanol and 10% acetic acid) 
were done before staining the gel with Coomassie brilliant 
blue R-250. 
 
Solid-phase method: The mannose-rich glycoprotein 
horseradish peroxidase (HRP) (Heth & Bernstein, 1991) 
was used to test the binding activity of the purified lectins 
in a microtiter plate according to the procedures described 
by Sudmoon et al., (2008) except that 3 μg of DCA-NE or 
5 μg of DCA-N was incubated in each well of F96 
Maxisorp Immuno plate (Nunc, USA) for 1.5 hours at 
37oC. In order to determine the effect of 2-
mercaptoethanol on binding activity of the lectins, 0.28 or 
0.70 M 2-mercaptoethanol was present in the lectin 
solution. For binding competition, D-mannose (10, 30, 50, 
70 or 90 mM), D-galactose, D-glucose, D-xylose or D-
ribose (30, 90, 150 or 180 mM) was present in the HRP 
solution. The percentage of binding activity was 
calculated against the positive control (without 2-
mercaptoethanol, or without competition with sugar) 
which was designed as 100% activity.  
 
Total RNA extraction and reverse transcription-
polymerase chain reaction (RT-PCR) of lectin genes: 
Total RNA was extracted from the pseudobulbs according 
to the procedures described by Bekesiova et al., (1999). 
Synthesis of cDNA was done by using ImProm-IITM 
reverse transcriptase (Promega, USA) following to the 
company’s instruction. The RT reaction was performed in 
DNA Engine® PTC-200 Peltier Thermal Cycler (MJ 
research, USA).  

For PCR, the forward primer was 5′-
CACCCAAGTAGAGTACAACCAAGAAC-3′, and the 
reverse primer was 5′-CAACCAACTCGTACGTACA 
CAAACC-3′ (Invitrogen, USA). These primers were 
designed from upstream sequence and downstream 
sequence of the open reading frame of D. officinale 
agglutinin (DOA) cDNA (Chen et al., 2005b). The PCR 
mixture (25μl) contained 1X GoTaq® Green Master Mix 
(Promega), 0.5 μM each primer, and cDNA prepared from 
80 ng of total RNA template. The PCR reaction was 
performed in the same machine under the following 
conditions: initial denaturation for 3 minutes at 94oC, 
followed by 35 cycles of amplification (denaturation for 1 
minute at 94oC, annealing for 1 minute at 55oC, extension 
for 2 minutes at 72oC) and final extension for 7 minutes at 
72oC. The PCR products were separated and detected 
using 1.5% agarose gel electrophoresis in 0.5X Tris-
acetate-EDTA (TAE) buffer and stained by 0.5 µg/ml of 
ethidium bromide. 
 
DNA sequencing and data analysis of the lectin genes: 
The PCR products were purified by using Wizard® SV Gel 
and PCR Clean-Up System (Promega), inserted into 
pGEM®-T Easy Vector and then transferred into Escherichia 
coli JM109 (Promega). PCR reaction with M13 forward 
primer (5'-GTAAAACGACGGCCAGT-3') and M13 
reverse primer (5'-GGAAACAGCTATGACCATG-3') was 
done by using DYEnamic ET Dye Terminator Cycle 

Sequencing Kit (GE Healthcare, USA) in PCR Sprint 
Thermal Cycler (Thermo Fisher Scientific, USA). The 
thermal cycle was 30 cycles of amplification (denaturation at 
90oC for 20 seconds, annealing at 50oC for 15 seconds, 
extension at 60oC for 1 minute). The sequencing was 
performed for both 5’ and 3’ directions in MegaBACE 1000 
(GE Healthcare). 

By using BioEdit (version 7.0.8), the nucleotide 
sequence obtained from the reverse primer was reverse-
complemented and then aligned with the sequence 
obtained from the forward primer to receive the 
completed sequence data for each sample. Each 
completed sequence was then analyzed by using Biology 
Workbench 3.2 to get possible six open reading frames 
(ORF). The amino acid sequence translated from the 
longest ORF was used to predict a signal peptide by using 
SignalP 3.0 server. It was also used for searching of 
similar sequences in the website of NCBI using Protein 
BLAST and then compared with the most similar 
sequences by using ClustalW2. Theoretical molecular 
masses of the lectin precursors were computed by using 
ExPASy Compute pI/Mw tool.  
 
Total DNA extraction and PCR amplification of the 
ITS regions: Total DNA was extracted from fresh leaves 
of D. chrysotoxum native to the Northern region by using 
CTAB method (Porebski et al., 1997). The extracted 
DNA was qualified using 0.8% agarose gel 
electrophoresis in 0.5X TAE. The approximate DNA 
concentration was quantified using a Jasco V-530 UV/Vis 
spectrophotometer (Jasco, Japan). 

IT1: 5´–TCGTAACAAGGTTTCCGTAGGT–3´ and 
IT2: 5´–GTAAGTTTCTTCTCCTCCGCT–3´ (Invitrogen) 
were the forward and reverse primers, respectively (Tsai et 
al., 2004). The PCR mixture (20 μl) contained 1X GoTag® 
Green Master Mix (Promega), 0.25 μM each primer, 40 ng 
DNA template, and additional 0.5 mM MgCl2. Amplification 
was performed in GeneAmp® PCR system 9700 thermal 
cycler (Applied Biosystems, USA). Temperature profile was 
the same as those used for PCR portion of the RT-PCR 
previously described. The PCR products were separated on a 
1.2% agarose gel electrophoresis in 0.5X TAE buffer, and 
stained by 0.5 µg/ml of ethidium bromide. 
 
DNA sequencing and data analysis of ITS regions: The 
fragment, at approximately 750 bp, of the amplified 
rDNA region was purified from the agarose gel using 
Perfectprep Gel Cleanup Kit (Eppendorf AG, Germany) 
according to the manufacturer’s instructions. The purified 
fragment was sequenced using the same primers used for 
the PCR. The fragment was sequenced for both directions 
in MegaBACE 1000 (GE Healthcare) as described above. 
Genetic relationships of D. chrysotoxum (Northeast), D. 
chrysotoxum (North) and other Dendrobium species based 
on ITS sequences were determined by using MEGA 
version 4.0 (Tamura et al., 2007). Bulbophylum (B.) 
blepharistes was used as the outgroup species. The 
genetic distance matrix was calculated from sequence 
alignment by the two-parameter model (Kimura, 1980), 
and then was used to construct a phylogenetic tree by 
using Neighbor-joining method (Saitou & Nei, 1987) with 
bootstrap tests of 1,000 replicates (Felsenstein, 1985). 
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Results 
 
Morphological characters of D. chrysotoxum collected 
from the Northeastern and Northern regions of 
Thailand: Dendrobium chrysotoxum collected from both 
areas have common morphological characters as follows. 
Plant epiphytic. Stems sympodial, pseudobulb, fusiform. 
Leaves elliptic, entire, retuse at apex, amplexicaul, 
distichous. Inflorescene lateral. Flowers spiral. Dorsal 
sepal and lateral sepals oblong, entire. Petals obovate. 
Lip hairy at upper side. However, they have different 
characteristics as shown in Table 1. 
 
Purification of mannose-binding proteins: The 
mannose-binding proteins of D. chrysotoxum were 
purified from the crude protein extracts by using mannan-
agarose column chromatography. From SDS-PAGE in the 
presence of 2-mercaptoethanol with heating, the 
mannose-binding protein of D. chrysotoxum (Northeast) 
showed one major band with molecular mass of 13.9 kDa 
while those of D. chrysotoxum (North) gave two major 
bands with molecular masses of 13.7 kDa, and 24 kDa 
(Figs. 2 & 3). The minor bands at the lowest position 
were assumed to be non-glycosylated form of the 
monomers. Moreover, in the presence of only 2-
mercaptoethanol without heating, mannose-binding 
protein from D. chrysotoxum (Northeast) showed 
additional band at 58 kDa while that from D. chrysotoxum 
(North) exhibited little smear band (Fig. 3).  

Protein identification by LC-MS/MS: The protein 
bands of mannose-binding proteins at 13.9 kDa for D. 
chrysotoxum (Northeast), 24 kDa and 13.7 kDa for D. 
chrysotoxum (North) were identified by LC-MS/MS and 
NCBI database search using MASCOT. These bands 
showed the same amino acid sequence and were identified 
as parts of a mannose-specific lectin precursor from D. 
findleyanum called D. findleyanum agglutinin (DFA) 
precursor (Table 2). 
 
Hemagglutination activity: The ability to agglutinate 
animal red blood cells of the lectins was examined. The 
result showed that 0.576 µg of lectin from D. 
chrysotoxum (Northeast), and 1.152 μg of lectin from D. 
chrysotoxum (North) were the lowest amount that could 
agglutinate trypsinized chicken erythrocytes. Therefore, 
the proteins were named D. chrysotoxum agglutinin-
Northeast (DCA-NE), and D. chrysotoxum agglutinin-
North (DCA-N). 
 
Native form of the lectins: Relative migrations of 
standard proteins, DCA-NE and DCA-N on native-PAGE 
with five different concentrations of acrylamide were 
used to determine molecular masses of native forms of 
DCA-NE and DCA-N by using Ferguson plots (Figs. 4 & 
5). The results showed that DCA-NE had molecular mass 
of 54.1 kDa while DCA-N showed molecular mass of 
48.2 kDa. 

 
Table 1. Comparative morphological characters of D. chrysotoxum collected from the  

Northeastern and Northern regions of Thailand. 
Characteristics D. chrysotoxum (Northeast) D. chrysotoxum (North) 
Pseudobulb size 10.0-17.5 x 1.0-2.0 cm. 13.0-28.7 x 1.5-3.7 cm. 
Pseudobulb shape 8-9 longitudinal grooves 8-11 longitudinal grooves 
Leaf size 10.0-16.5 x 1.5-3.5 cm 9.5-17.5 x 2.5-5.1 cm. 
Flower color yellow deeply yellow 
Maximum number of flowers per inflorescence 15 23 
Petal margin denticulate entire, sometimes cleft 
Lip orbicular, tomentulose hairy ovate, tomentose hairy 
 at upper side, erose at margin at upper side, lacerate at margin 

 
Table 2. Identification of protein bands on reducing gradient SDS-PAGE, obtained from the purified  

mannose-binding proteins of D. chrysotoxum native to the Northeast, and that native to the  
North of Thailand, using LC-MS/MS and database search. 

Protein band Peptides identified by 
LC-MS/MS Mr (expt) Mr (calc) Protein identification 

 D. chrysotoxum (Northeast)  
13.9 kDa Neaiwask 917.4578 917.4606 Mannose-specific lectin precursor 

 Tdgengnyviilqk 1,562.8024 1,562.7940 from D. findleyanum 
 Dgnlvlyskpifatgtnr 1,964.9827 1,965.0320  
 D. chrysotoxum (North)  

13.7 kDa Neaiwask 917.4536 917.4606 Mannose-specific lectin precursor 
 Tdgengnyviilqk 1,562.7266 1,562.7940 from D. findleyanum 
 Dgnlvlyskpifatgtnr 1,964.9674 1,965.0320  

24 kDa Tdgengnyviilqk 1,562.7214 1,562.7940 Mannose-specific lectin precursor 
 Dgnlvlyskpifatgtnr 1,964.9602 1,965.0320 from D. findleyanum 
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Fig. 2. Reducing gradient SDS-PAGE analysis of mannose-
binding proteins purified by using mannan-agarose column 
chromatography; M= molecular mass standard markers, 1= 
mannose-binding protein of D. chrysotoxum (Northeast), 2= 
mannose-binding protein of D. chrysotoxum (North) 
 

 
 
Fig. 3. Reducing gradient SDS-PAGE analysis of the effect of 2-
mercaptoethanol and heat on the molecular form of mannose-
binding proteins; M= molecular mass standard markers, 1 and 
2= mannose-binding protein of D. chrysotoxum (Northeast), 3 
and 4= mannose-binding protein of D. chrysotoxum (North), 1 
and 3= mannose-binding protein without heat in the presence of 
2-mercaptoethanol, 2 and 4= mannose-binding protein heated in 
the presence of 2-mercaptoethanol. 
 

 
 
Fig. 4. Ferguson plots for molecular mass standard markers, 
DCA-NE and DCA-N. Logarithm of relative migrations [100 x 
Log (Rf x 100)] were determined from native-PAGE and plotted 
against acrylamide concentration. 

 
 
Fig. 5. Standard curve for molecular mass determination of 
DCA-NE and DCA-N. Logarithm of minus slope was plotted 
against logarithm of molecular mass of the standard markers. 
Logarithm of minus slope of DCA-NE, and DCA-N were used 
to calculate their molecular masses. 
 

 
 

Fig. 6. Determination of pI of D. chrysotoxum agglutinin using 
isoelectric focusing; M= pI markers, 1= DCA-NE, 2= DCA-N. 
 

 
 
Fig. 7. Determination of effect of 2-mercaptoethanol on binding 
activities of DCA-NE and DCA-N using solid-phase method; 2-
ME= 2-mercaptoethanol. 
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IEF: The pI of native form of DCA-NE or DCA-N was 
determined by using IEF method (Fig. 6). Both DCA-NE 
and DCA-N showed single band at pI of 5.16 and 4.90, 
respectively. 
 
Effect of 2-mercaptoethanol on binding activity of the 
lectins: 2-Mercaptoethanol inhibited the binding activities 
of DCA-NE and DCA-N towards the carbohydrates moiety 
of HRP (Fig. 7). The activity of DCA-NE decreased slower 
than that of DCA-N when the concentration of 2-
mercaptoethanol increased. In the presence of 2%, and 5% 
of 2-mercaptoethanol, the remaining activities were 
approximately 53.11% and 17.20% for DCA-NE, and 
27.85% and 32.58% for DCA-N, respectively.  
 
Carbohydrate specificity of the lectins: The carbohydrate 
specificities of DCA-NE and DCA-N were determined by 
observing the inhibitory effects of simple sugars on binding 
activities of the lectins (Fig. 8). Increasing concentration of 
D-mannose, D-galactose, D-glucose, and D-xylose resulted 
in a decrease of the binding activities. In contrast, D-ribose 
showed no inhibitory effect on the activities of both lectins. 
The most potent inhibitor was D-mannose, followed by D-
galactose. The D-mannose, and D-galactose showed 50% 
inhibition at 7 mM and 78 mM for DCA-NE (Fig. 8A), and 
at 20 mM and 48 mM for DCA-N (Fig. 8B), respectively. 
Therefore, both DCA-NE and DCA-N could bind to 
different structural monosaccharides, but they showed 
higher specificity towards D-mannose than other sugars. 
 
Deduced amino acid sequences of the lectin 
precursors: From the DNA sequencing results, 703 bp 
was obtained for cDNA of each lectin. Each cDNA 
contained 498 bp ORF which yielded 165 amino acid 
residues with calculated theoretical molecular mass of 
18.58 kDa (Figs. 9 & 10). The proteins containing 165 
amino acid residues were named DCA-NE precursor and 
DCA-N precursor. By using SignalP 3.0, the putative 
processing site for signal peptide sequence in DCA-NE 
precursor and DCA-N precursor was between residue 24 
and 25 (between A and D) which was in good agreement 
with D. officinale agglutinin precursor (Chen et al., 
2005b) and D. findleyanum agglutinin precursor 
(Sattayasai et al., 2009). Therefore, both lectin precursors 
should contain the signal peptide sequences of 24 amino 
acid residues at the N-terminus.  
 
Homology analysis of the lectin precursors: Protein 
BLAST analysis showed high homology of DCA-NE 
precursor and DCA-N precursor with lectin precursors 
from other Dendrobium species. By using ClustalW2 
program, DCA-NE precursor and DCA-N precursor 
showed 92% and 90% amino acid sequence similarities 
with DFA precursor, and 89% and 87% similarities 
with DOA precursors, respectively. The two lectins of 
D. chrysotoxum revealed 98% similarity at both 
nucleotide sequence and deduced amino acid sequence 
in ORF regions. Sugar-binding site analysis according 
to Barre et al., (1996) showed that DCA-NE precursor 
and DCA-N precursor contained the first and the third 
mannose-binding sites (QDNY) which were the same 
as those of many lectins obtained from other 
Dendrobium species. The second mannose-binding site 
was more variable in which the QDDF residues were 
changed from QDNY (Fig. 11). 

DNA sequencing and comparison of ITS regions: The 
PCR product of D. chrysotoxum (North) approximately 750 
bp in length was obtained using the ITS1 and ITS2 primers 
(Tsai et al., 2004) constructed from conserved regions of 
18S and 26S rDNA. The PCR product was purified and 
sequenced with the same primer pairs as those used for 
PCR. The boundaries of the ITS1, ITS2, and nuclear rDNA 
coding regions were determined by comparison with 
several published sequences from other Dendrobium 
species (Tsai et al., 2004). The PCR product consisted of 
the end of 18S rDNA, the ITS1 region, the 5.8S rDNA, the 
ITS2 region, and the beginning of 26S rDNA. Then, the 
ITS regions (ITS1, 5.8S, and ITS2) of D. chrysotoxum 
(North) (Fig. 12), D. chrysotoxum (Northeast), other 
Dendrobium species and one outgroup species were 
aligned. The alignment of these sequences showed that 
5.8S rDNA was highly conserved, but the ITS1 and ITS2 
regions were more variable (data not shown).  
 
Genetic distance and phylogenetic tree obtained from 
the ITS sequence data: By using the Kimura’s two-
parameter model, the genetic distances among fifty nine 
taxa ranged from 0.00 to 0.31 and those among fifty eight 
Dendrobium species ranged from 0.00 to 0.28. The 
outgroup showed moderate divergence from the 
Dendrobium species with genetic distance ranging 0.22 to 
0.31 (data not shown). The phylogenetic tree obtained 
from the Neighbor-joining method is shown in Fig. 13. 
According to the tree, the outgroup, B. blepharistes, was 
divergent from the Dendrobium species, so it was a 
suitable outgroup. D. chrysotoxum (Northeast) and D. 
chrysotoxum (North) were in the same group with 100% 
supported by bootstrap test. However, the genetic distance 
between D. chrysotoxum (Northeast) and D. chrysotoxum 
(North) was 0.04 which was a higher value than those 
among many Dendrobium species, such as between D. 
flexicaule and D. officinale (0.02), D. lohohense and D. 
salaccens (0.02), D. nobile and D. tortile (0.02), or D. 
heroglossum and D. linawianum (0.01). 
 
Discussion 
 

Dendrobium chrysotoxum, native to the Northeastern 
region and that native to the Northern region of Thailand, 
show both common and different morphological data; D. 
chrysotoxum from the Northeast has very similar 
morphology to the species described by Cullen (1992) 
while the plant from the North has very similar 
morphology to the species described by Schettler (2006). 
It is not clear whether the differences are the result of 
genetic variations, or different adaptations to distinct 
geographies without genetic modification. Therefore, the 
molecular data are necessary to address the question. We 
have been interested in GNA-related lectins since they 
have many interesting properties (Van Damme et al., 
1994; Chen et al., 2005a; Sudmoon et al., 2008; 
Sattayasai et al., 2009; Charungchitrak et al., 2011; 
Upadhyay et al., 2011). A GNA-related lectin from D. 
findleyanum (DFA) and its properties were reported by 
our group. Therefore, biochemical properties of lectins 
from D. chrysotoxum were studied in this work to obtain 
the molecular data. 
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Fig. 8. Binding activities of D. chrysotoxum agglutinins in the presence of D-mannose, D-galactose, D-glucose,D- xylose, and D-
ribose by using solid-phase method; A= binding activity of DCA-NE, B= binding activity of DCA-N. 
 

 
 
Fig. 9. The cDNA sequence which has been submitted to the GenBank database under accession number KC413408, and its deduced 
amino acid sequence in ORF region of DCA-NE gene. The start codon (ATG) is bolded, the stop codon (TAA) is bolded and 
italicized. The putative processing sites for N-terminal signal peptide sequence (between A and D) is indicated by the arrow. Twenty-
four amino acid of N-terminal signal peptide is underlined.  
 

 
 
Fig. 10. The cDNA sequence which has been submitted to the GenBank database under accession number KC413409, and its deduced 
amino acid sequence in ORF region of DCA-N gene. The start codon (ATG) is bolded, the stop codon (TAA) is bolded and italicized. 
The putative processing sites for N-terminal signal peptide sequence (between A and D) is indicated by the arrow. Twenty-four amino 
acid of N-terminal signal peptide is underlined.  

A B



PATTHRAPORN SIRIPIPATTHANA ET AL., 1568 

 
 

Fig. 11. Alignment of deduced amino acid sequences of DCA-NE precursor and DCA-N precursor with those from Dendrobium 
species (DOA precursors and DFA precursor). The three mannose-binding sites are shaded. The different amino acid residues between 
DCA-NE precursor and DCA-N precursor are bolded and underlined (at residues 9, 44 and 84). Dashes (-) are introduced for maximal 
alignment. Residues in any column which are identical in all sequences are shown (*), conserved substitutions are indicated (:), and 
semi-conserved substitutions are shown (.). GenBank accession numbers are shown in parentheses. 
 

 
 
Fig. 12. ITS region of D. chrysotoxum (North) which has been submitted to the GenBank database under accession number 
KC413407. ITS1 sequence is bolded, 5.8S sequence is underlined, and ITS2 sequence is italicized. 
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Fig. 13. Neighbor-joining tree, constructed from sequence comparisons of the ITS region, of the 58 Dendrobium species and one 
outgroup species, B. blepharistes. Numbers at node indicate level of bootstrap value (expressed as percentage of 1,000 replicates). The 
tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances which were used to construct the 
phylogenetic tree. Scale bar indicates 0.02 substitutions per nucleotide position. All positions containing alignment gaps and missing 
data were eliminated only in pairwise sequence comparisons. GenBank accession numbers are shown in parentheses. 
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The result of SDS-PAGE showed that mannose-
binding proteins from pseudobulbs of D. chrysotoxum 
(Northeast) and D. chrysotoxum (North) could be purified 
by using mannan-agarose column. The mannose-binding 
proteins of D. chrysotoxum from the two regions had 
similar molecular masses of the polypeptide chains on 
SDS-PAGE, but they had different reactions with 2-
mercaptoethanol. In the presence of 2-mercaptoethanol and 
heat, mannose-binding protein from D. chrysotoxum 
(Northeast) showed one major band at 13.9 kDa while D. 
chrysotoxum (North) had two major bands at 13.7 kDa and 
24 kDa. However, the sequence tags of the three bands, 
obtained using LC-MS/MS, were identified as parts of the 
DFA precursor (Fig. 2, Table 2). Therefore, the 24 kDa was 
suggested to be a dimer of the 13.7 kDa band. The 
aggregation of the proteins in the presence of 2-
mercaptoethanol and heat is unusual, but it was reported by 
many groups (Wolf & Tamura, 1969; Catsimpoolas et al., 
1970; García-Ortega et al., 2005; Broersen et al., 2006). In 
the presence of 2-mercaptoethanol without heat, the major 
band at 58 kDa from D. chrysotoxum (Northeast) were 
assumed to be the remaining tetramer. These assumptions 
were proven by using IEF method which showed single 
band of the purified proteins of D. chrysotoxum (Fig. 6). 
Both lectins showed different levels of hemagglutination 
activity; mannose-binding protein from D. chrysotoxum 
(Northeast) caused visible hemagglutination at the amount 
lower than that from D. chrysotoxum (North). Therefore, 
the mannose-binding protein from D. chrysotoxum native 
to the Northeastern region and that from the plant native to 
the Northern region were named D. chrysotoxum 
agglutinin-Northeast (DCA-NE) and D. chrysotoxum-
agglutinin North (DCA-N), respectively. The molecular 
masses of DCA-NE and DCA-N obtained from native-
PAGE and Ferguson plots were 54.1 kDa and 48.2 kDa, 
respectively; so the native forms of DCA-NE and DCA-N 
are homotetramers. The number of subunits is similar to 
DFA (Sudmoon et al., 2008), but is different from the 
lectins of other orchids (Van Damme et al., 1994). The 
different reactions of DCA-NE and DCA-N with 2-
mercaptoethanol on SDS-PAGE led us to study the effects 
of 2-mercaptoethanol and simple sugars on binding 
activities of the lectins. Thiol-protecting reagents, such as 
2-mercaptoethanol, were necessary for activity of many 
galectins (Levi & Teichberg, 1985; Whitney et al., 1986; 
Ola et al., 2007), and GNA-related lectins (Sudmoon et al., 
2008). In contrast, 2-mercaptoethanol decreased the 
binding activities of DCA-NE and DCA-N, with greater 
effect on DCA-NE (Fig. 7). From inhibition of binding 
activity, both DCA-NE and DCA-N exhibited greater 
specificity towards D-mannose than other sugars (Fig. 8). 
However, D-mannose could bind to DCA-NE better than 
DCA-N while D-galactose could bind to DCA-N better 
than DCA-NE. 

The full amino acid sequences of the DCA-NE 
precursor and DCA-N precursor were deduced from 
cDNA sequences. Each precursor gave the theoretical 
molecular mass of 18.58 kDa and contained 24 amino 
acid residues at the N-terminus. The presence of sequence 
TGT at C-terminal sequence introducing the possible 
cleavage between G and T (Chen et al., 2005b; Upadhyay 
et al., 2011) is not the processing site for these precursors, 

since sequence TGT could be detected in the sequence 
DGNLVLYSKPIFATGTNR by LC-MS/MS (Sattayasai 
et al., 2009). However, DCA-NE precursor and DCA-N 
precursor should have C-terminal processing sites at 
another site, because removal of only N-terminal signal 
peptide yielded the theoretical lectins of approximately 
16.05 kDa for DCA-NE, and 16.06 kDa for DCA-N 
which were much larger than the size of monomers 
obtained from SDS-PAGE. The deduced amino acid 
sequences indicated that DCA-NE and DCA-N possessed 
conserved mannose-binding sites (QDNY) at the first and 
the third sites, and a variable form (QDDF) at the second 
site (Fig. 11). The mannose-binding site (QDNY) in each 
subunit of the lectins enables the lectins to bind to 
mannose-containing glycoconjugates (Barre et al., 1996). 
Two amino acid substitutions at the residues involved in 
the second mannose-binding sites may cause the 
alteration of three-dimensional structure, so DCA-NE and 
DCA-N become less active to D-mannose, compared to 
DFA (Sudmoon et al., 2008). Therefore, containing two 
instead of three conserved mannose-binding sites may 
cause DCA-NE and DCA-N having a reduction of affinity 
for mannose and gaining the ability for binding to other 
sugars. So, this is the first experimental report to 
demonstrate the relation of the mannose-binding sites and 
the binding activities of GNA-related lectins in orchids. In 
addition, DCA-NE and DCA-N have different amino acid 
residues in some positions which may cause the 
divergence of biochemical properties. Amino acid 
residues at positions 44 and 84, DCA-NE precursor 
contains R (pI of 10.76) and G (pI of 5.97) while DCA-N 
precursor contains Q (pI of 5.41) and C (pI of 5.66), 
respectively; thus, the side chains of R and G should 
cause higher pI of the DCA-NE. This interpretation is 
supported by the IEF result (Fig. 6). In addition, the 
position 84 is in the area of the second sugar binding site. 
The different amino acid residues at this position may be 
the cause of different binding activities between DCA-NE 
and DCA-N (Fig. 8). 

To obtain more molecular data, ITS sequence which 
was widely used as a tool for identification of species or 
varieties was used to compute the genetic distances and 
construct the phylogenetic tree (Fig. 13). The genetic 
distance between D. chrysotoxum from the two regions 
had a higher value than those among many Dendrobium 
species; although, they were in the same group of the tree. 
The result indicates much genetic variation between them. 
In addition, D. chrysotoxum native to the North is very 
close to D. chrysotoxum reported by Xu et al., (2006); the 
two orchids should be the same plant. 
 
Conclusion 
 

Based on the differences in biochemical properties 
and deduced amino acid sequences of the GNA-related 
lectins, the genetic distances and the phylogenetic tree of 
ITS sequences of D. chrysotoxum native to the 
Northeastern region, and that native to the Northern 
region of Thailand, we argue that these two ecotypes 
should be placed at least two different varieties of the 
same species if not as to two different species of genus 
Dendrobium. Therefore, the difference in morphological 
character between the orchids of the two regions must be 
at least partly result from genetic variation, not from 
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different adaptations to distinct geographies without 
genetic change. Since the pseudobulb of D. chrysotoxum 
which has been used in traditional Chinese medicine 
contains many novel chemical compounds (Ng et al., 
2012), D. chrysotoxum native to the Northeastern region 
of Thailand may have active substances different from the 
orchid native to the Northern region of Thailand or China. 
Therefore, accurate identification of the species is 
necessary for clinical applications.  
 
Acknowledgments 
 

We thank Prof. Pranom Chantaranothai, Dr. Pimwadee 
Pornpongrungrueng and Phanom Sutthisaksopon of 
Department of Biology, Faculty of Science, Khon Kaen 
University, Thailand for help in identification of D. 
chrysotoxum and taking picture of the orchids. This work 
was financial supported by the Thailand Research Fund and 
Khon Kaen University through the Royal Golden Jubilee 
Ph.D. Program (Grant No.PHD/0281/2549) to P. 
Siripipatthana and N. Sattayasai.  
 
References  
 
Akbar, F., M.A. Rabbani, M.S. Masood and Z.K. Shinwari. 

2011. Genetic diversity of sesame (Sesamum Indicum L.) 
germplasm from Pakistan using RAPD markers. Pak. J. 
Bot., 43(4): 2153-2160. 

Baldwin, B.G., M.J. Sanderson, J.M. Porter, M.F. 
Wojciechowski, C.S. Campbell and M.J. Donoghue. 1995. 
The ITS region of nuclear ribosomal DNA: A valuable 
source of evidence on angiosperm phylogeny. Ann. 
Missouri Bot. Gard., 82(2): 247-277. 

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

Bekesiova, I., J.-P. Nap and L. Mlynarova. 1999. Isolation of high 
quality DNA and RNA from leaves of the carnivorous plant 
Drosera rotundifolia. Plant Mol. Biol. Rep., 17: 269-277. 

Bremer, K. 1988. The limits of amino acid sequence data in 
angiosperm phylogenetic reconstruction. Evolution., 42(4): 
795-803. 

Broersen, K., A.M.M. Van Teeffelen, A. Vries, A.G.J. Voragen, 
R.J. Hamer and H.H.J. De Jongh. 2006. Do sulfhydryl 
groups affect aggregation and gelation properties of 
ovalbumin? J. Agric. Food Chem., 54: 5166-5174. 

Bulpitt, C.J., Y. Li, P.F. Bulpitt and J. Wang. 2007. The use of 
orchids in Chinese medicine. J. R. Soc. Med., 100: 558-563. 

Catsimpoolas, N., S.K. Funk and E.W. Meyer. 1970. Thermal 
aggregation of glycinin subunits. Cereal Chem., 47: 331-344. 

Charungchitrak, S., A. Petsom, P. Sangvanich and A. 
Karnchanatat. 2011. Antifungal and antibacterial activities 
of lectin from the seeds of Archidendron jiringa Nielsen. 
Food Chem., 126: 1025-1032. 

Chen, Z., X. Sun and K. Tang. 2005a. Cloning and expression of 
a novel cDNA encoding a mannose-binding lectin from 
Dendrobium officinale. Toxicon., 45: 535-540. 

Chen, Z., X. Sun and K. Tang. 2005b. Molecular cloning and 
characterization of a mannose-binding lectin gene from 
Dendrobium officinale. J. Plant Biochem. Biotech., 14: 33-36. 

Cullen, J. (Ed.) 1992. The Orchid book: A Guide to the 
Identification of Cultivated Orchid Species.Cambridge 
University Press, Cambridge. 

Felsenstein, J. 1985. Confidence limits on phylogenies: An 
approach using the bootstrap. Evolution., 39(4): 783-791. 

García-Ortega, L., V. De los Ríos, A. Martínez-Ruiz, M. 
Oñaderra, J. Lacadena, A. Martínez del Pozo and J.G. 
Gavilanes. 2005. Anomalous electrophoretic behavior of a 
very acidic protein: Ribonuclease U2. Electrophoresis, 26: 
3407-3413. 

Heth, C.A. and M.H. Bernstein. 1991. Mannose-sensitive HRP 
endocytosis by the retinal pigment epithelium. Exp. Eye 
Res., 52(1): 75-82. 

Jamil, I., S. Qamarunnisa, A. Azhar, Z.K. Shinwari, S.I. Ali and 
M. Qaiser. 2014. Subfamilial relationships within 
solanaceae as inferred from Atpβ-rbcL intergenic spacer. 
Pak. J. Bot., 46(2): 585-590. 

Kimura, M. 1980. A simple method for estimating evolutionary 
rate of base substitutions through comparative studies of 
nucleotide sequences. J. Mol. Evol., 16: 111-120. 

Kong, Y., W.B. Kim, S.-Y. Kang and S.-Y. Cho. 1991. 
Molecular weight of major component proteins in crude 
saline extract of adult Paragonimus westermani. Korean J. 
Parasitology, 29(2): 113-120. 

Kumar, P., V.K. Gupta, A.K. Misra, D.R. Modi and B.K. Pandy. 
2009. Potential of molecular markers in plant 
biotechnology. Plant Omics J., 2(4): 141-162. 

Levi, G. and VI. Teichberg. 1985. Isolation and characterization 
of chicken thymic electrolectin. Biochem. J., 226: 379-384. 

Mabberley, D.J. 2008. Mabberley’s Plant-book: A Portable 
Dictionary of Plants, their Classification and Uses. (3rd Ed) 
Cambridge University Press, Cambridge. 

Ng, T.B., J. Liu, J.H. Wong, X. Ye, S.C.W. Sze, Y. Tong and 
K.Y. Zhang. 2012. Review of research on Dendrobium , a 
prized folk medicine. Appl. Microbiol. Biotechnol., 93: 
1795-1803. 

Ola, M.S., M. Tabish, F.H. Khan and N. Banu. 2007. 
Purification and some properties of galectin-1 derived from 
water buffalo (Bubalus bubalis) brain. Cell Biol. Int., 31: 
578-585. 

Onarici, S.G. and S. Sumer. 2003. Protein and DNA in 
systematic biology. Turk. J. Biol., 27: 47-55. 

Porebski, S., L.G. Bailey and B.R. Baum. 1997. Modification of 
a CTAB DNA extraction protocol for plants containing 
high polysaccharide and polyphenol components. Plant 
Mol. Biol. Rep., 15(1): 8-15. 

Saitou, N. and M. Nei. 1987. The neighbor-joining method: A 
new method for reconstructing phylogenetic trees. Mol. 
Biol. Evol., 4(4): 406-425. 

Sattayasai, N., R. Sudmoon, S. Nuchadomrong, A. Chaveerach, 
A.R. Kuehnle, R.G. Mudalige-Jayawickrama and W. 
Bunyatratchata. 2009. Dendrobium findleyanum agglutinin: 
Production, localization, anti-fungal activity and gene 
characterization. Plant Cell Rep., 28: 1243-1252. 

Schettler, R. (Ed.) 2006. The Dendrobiums. A.R.G. Gantner 
Verlag K.G., Ruggell/Liechtenstein. 

Simpson, M.G. 2010. Plant Systematics. (2nd Ed) Academic 
Press, Massachusetts. 

Sudmoon, R., N. Sattayasai, W. Bunyatratchata, A. Chaveerach 
and S. Nuchadomrong. 2008. Thermostable mannose-
binding lectin from Dendrobium findleyanum with 
activities dependent on sulfhydryl content. Acta Biochim. 
Biophys. Sin., 40: 811-818. 

Sultan, M., N. Zakir, M. A. Rabbani, Z. K. Shinwari and M. S. 
Masood. 2013. Genetic diversity of guar (Cyamopsis 
tetragonoloba L.) landraces from Pakistan based on RAPD 
markers. Pak. J. Bot., 45(3): 865-870. 

Takamiya, T., P. Wongsawad, N. Tajima, N. Shioda, J.F. Lu, 
C.L. Wen, J.B. Wu, T. Handa, H. Iijima, S. Kitanaka and 
T.Yukawa. 2011. Identification of Dendrobium species 
used for herbal medicines based on ribosomal DNA 
internal transcribed spacer sequence. Biol. Pharm. Bull., 
34(5): 779-782. 



PATTHRAPORN SIRIPIPATTHANA ET AL., 1572 

Tamura, K., J. Dudley, M. Nei and S. Kumar. 2007. MEGA 4: 
molecular evolutionary genetics analysis (MEGA) software 
version 4.0. Mol. Biol. Evol., 24(8): 1596-1599. 

Tsai, C.C., C.I. Peng, S.C. Huang, P.L. Huang and C.H. Chou. 
2004. Determination of the genetic relationship of 
Dendrobium species (Orchidaceae) in Taiwan based on the 
sequence of the internal transcribed spacer of ribosomal 
DNA. Sci Hort., 101(3): 315-325. 

Upadhyay, S.K., S. Saurabh, R. Singh, P. Rai, N.K. Dubey, K. 
Chandrashekar, K.S. Negi, R. Tuli and P.K. Singh. 2011. 
Purification and characterization of a lectin with high 
hemagglutination property isolated from Allium altaicum. 
Protein J., 30: 374-383. 

Van Damme, E.J.M, K. Smeets, S. Torrekens, F. Van Leuven 
and W.J. Peumans. 1994. Characterization and molecular 
cloning of mannose-binding lectins from the Orchidaceae 
species Listera ovata, Epipactis helleborine and 
Cymbidium hybrid. Eur. J. Biochem., 221: 769-777. 

Whitney, P.L., J.T. Powell and G.L. Sanford. 1986. Oxidation 
and chemical modification of lung beta-galactoside-specific 
lectin. Biochem. J., 238(3): 683-689. 

Wolf, W.J. and T. Tamura. 1969. Heat denaturation of Soybean 
11S protein. Cereal Chem., 46(4): 331-344. 

Wu, C.T., S.K. Gupta, A.Z.M. Wang, S.F. Lo, C.L. Kuo, Y.J. 
Ko, C.L. Chen, C.C. Hsieh and H.S. Tsay. 2012. Internal 
transcribed spacer sequence based identification and 
phylogenetic relationship of Herba Dendrobii. J. Food 
Drug Anal., 20(1): 143-151. 

Xu, H., Z. Wang, X. Ding, K. Zhou and L. Xu. 2006. 
Differentiation of Dendrobium species used as “Huangcao 
Shihu” by rDNA ITS sequence analysis. Planta Med., 
72(1): 89-92. 

Xue, D., S. Feng, H. Zhao, H. Jiang, B. Shen, N. Shi, J. Lu, J. 
Liu and H. Wang. 2010. The linkage maps of Dendrobium 
species based on RAPD and SRAP markers. J. Genet. 
Genomics, 37(3): 197-204. 

Yang, H., G.X. Chou, Z.T. Wang, Y.W. Guo, Z.B. Hu and L.S. 
Xu. 2004. Two new compounds from Dendrobium 
chrysotoxum. Helv. Chim. Acta, 87(2): 394-399. 

Yuan, Z.Q., J.Y. Zhang and T. Liu. 2009. Phylogenetic 
relationship of China Dendrobium species based on the 
sequence of the internal transcribed spacer of ribosomal 
DNA. Biol. Plantarum, 53(1): 155-158. 

 
(Received for publication 24 April 2013) 


