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SUMMARY

The red alga&kappaphycus striatunand Eucheuma denticulaturare economically
important species as a source of carrageenan.sbhaad lectins from these algae shared
the same properties in hemagglutination activityapten-inhibition profile of
hemagglutination, and equivalent molecular masa afionomeric protein (about 28,000
Da). The hemagglutination activities of isolatecctiies were inhibited strongly by
glycoproteins bearing high-mannose type N-glycanpastine thyroglobulin and yeast
mannan so far as tested. Their activities wereaffetted by either the presence of EDTA
or addition of divalent cations, stable in a wid¢ @ange from 3 to 10, and not changed by
incubation at 68 for 30 min. Thus, these algal species can betenpal source of the

useful lectins for development of strictly specfiimbes of high mannose N-glycans.

Keywords: Carbohydrate-binding specificity, Eucheuma denéittum, Hemagglutinins,
Kappaphycus striatum, Lectins, Molecular weight

INTRODUCTION

Glycoproteins are usually defined as proteins ihgabone or more covalently linked
carbohydrate moieties. These biomolecules are widistributed in nature from virus to
human. The occurrence of oligosaccharide chainsalently attached to the peptide
backbone is the feature that distinguishes glydeprs from other proteins and accounts
for some of their characteristic chemical and lgatal properties (Kornfeld, Kornfeld,

1980). Cell surface glycoproteins have been shawplday important roles in pinocytosis,
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differentiation, carcinogenesis, intercellular rgeiion, inflammation, and adhesion, as
receptors for hormones and viruses, mediators wfunological specificity or as carriers of
specific biologically signal transduction. Since tbarbohydrate moieties of glycoproteins
are responsible for many biological functions, eagrdeal of effort has been devoted to
determine the glycostructures of the oligosaccleadtains. In order to understand the
function of carbohydrates on glycoproteins, it mportant to elucidate structures of
oligosaccharide chains and their distributions.tins¢ agglutinins or hemagglutinins are
carbohydrate-binding proteins or glycoproteins ohi#immune origin, and are a versatile
tool for categorizing carbohydrates because thep dscriminate differences in
carbohydrate structures and reveal various bioddgiactivities through binding to
carbohydrates (Montreudt al, 1995; 1997). Unlike antibodies, lectins showedsity in
their molecular structures and carbohydrate-bindapgcificities, depending on their
organisms of origin. In view of their special chealiand biological properties, lectins
have applications in several research fields ssdhi@hemistry, immunology, cell biology

and cancer research (Sharon, Lis, 2003).

Algal lectins differ from higher plant lectins ia variety of properties. In general,
marine algal lectins have common characteristicsoof molecular weight, monomeric
molecules, thermostability, having high affinityr fglycoproteins, especially those found in
animals, but not for monosaccharides, and no metglirements for hemagglutination
(Hori et al, 1990; Rogers, Hori, 1993). These features doerotlude algal lectins from

various biological functions such as anti-tumortagenic, and anti-virus activities.

The red alga&appaphycus alvarezii, K. striatuend Eucheuma denticulatuire the
economically important species of carrageenophykés. colour strains (brown, red and
green) of these algae were cultivated on a lamesin Vietnam. There will be
considerable quantities of raw materials not orlyaasource of carrageenans but also as a
source of valuable bioactive compounds for bioclvainand medicinal uses. In previous
results of the Vietnamese algal screening for hgtodigins (lectins), the strong bioactivity
in the extracts of the cultivaté€l alvarezii,K. striatumandE. denticulatum(Hunget al,

2009a) were detected. In addition, the seasonalgehen the lectin contents & alvarezii
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was determined by enzyme-linked immunosorbant agBhySA) using an anti-serum
raised against the lectin (KAA-2) isolated frak alvarezii (Hung et al, 2009b), and
lectins from this alga were also isolated and attarezed (Hunget al, 2009c). However,
at present, there is no general report on biocherpioperties and biological activities of
lectins from these algal species, which will beyenportant for application. Thus, the
purpose of this work was to report on propertiesthef lectins from the red algde
striatum and E. denticulatumas representatives the gen&appaphycusand Eucheuma

cultivated in Vietnam.

MATERIALS AND METHODS

The red marine algal strainsappaphycus striaturand Eucheuma denticulatumvere
collected from Camranh Bay, Khanhhoa Province, néet, in November, 2009. The
Superdex R-75 HR 10/30 and TSK-GEL DEAE-5PW colunwere obtained from
Pharmacia Biotech (Uppsala, Sweden) and Tosoh Gatrpo (Nanyo, Japan), respectively.
A G.P SENSOR kit for detection of carbohydrate waschased from Seikagaku
Corporation (Tokyo, Japan). Fucoidan, transferf@tyin, bovine thyroglobulin, porcine
thyroglobulin, bovine submaxillary mucin and poesistomach mucin were purchased
from Sigma (St. Louis, MO). Bovine thyroglobulin svdrom WAKO (Osaka, Japan).
Monosaccharides: D-glucose (Glc), D-mannose (M&npalactose (Gal), L-rhamnose
(Rha), L-fucose (Fuc), D-xylose (Xyl), N-acetyl-Dugosamine (GIcNAc), N-acetyl-D-
galactosamine (GalNAc), N-acetyl-D-mannosamine (Ni&g), N-acetylneuraminic acid
(NeuAc) and yeast mannan were from Nakarai Chen{ikgbto, Japan). Asialo-bovine
thyroglobulin, asialo-fetuin, asialo-transferrirsiao-porcine thyroglobulin, asialo-porcine
stomach mucin and asialo-bovine submaxillary mweas prepared by hydrolysis of the
parent sialoglycoprotein with 0.05 M HCI for 1 h &0°C, followed by dialysis against

saline overnight. All other chemicals used in gtisdy were of the highest purity available.

Most lectins from marine algae have no affinity foonosaccharides (Hung, 2009d).
This property makes it difficult to isolate the aldectins by affinity chromatography using



a specific-simple sugar as both a ligand and aan¢ltherefore, lectins from marine algae
were isolated by the conventional methods for patibn of proteins.

Purification of hemagglutinin

The fresh alga was cut into small pieces, homagehin a blender with 60% cold
ethanol to attain a final concentration of 20% &egt at 4C for 18 h with occasionally
stirring. After filtration through a cheese clothe filtrate was centrifuged at 6000 rpm for
20 min. To supernatant, cold absolute ethanol ER0vas added to attain a final
concentration of 80% and the mixture was kept “@ dvernight. The precipitate was
collected by centrifugation at 6000 rpm for 20 nand thoroughly dialyzed against
phosphate buffer containing 0.15 M NaCl (pH 7.0peTnon-dialyzable fraction was
applied to a Superdex R 75 HR 10/30 column equaiéd with the above buffer. The
active fractions were pooled, concentrated by filliraion, and dialyzed against 20 mM
Tris-HCI buffer (pH 8). The concentrate was appliedon exchange chromatography on a
TSK gel DEAE-5PW column (7.5 x 75 mm) equilibratedh 20mM Tris-HCI buffer (pH
8). The eluate was monitored for absorption at @80and for hemagglutination activity
with trypsin-treated rabbit erythrocytes. Activadtions were pooled and dialyzed against

distilled water, separately.
Protein contents

Protein contents were determined by the methodowiry et al (1951) using bovine

serum albumin as a standard.

Hemagglutination and hapten-inhibition tests

Hemagglutination activity and hemagglutinationtbition test were determined with a
2% (v/v) suspension of trypsin-treated rabbit emytlytes (Hunget al, 2009a). Inhibition
was observed macroscopically and inhibition actiwtas expressed as the lowest
concentration (mM opg mL™?) of sugar or glycoprotein, respectively, at whichomplete

inhibition of 4 hemagglutination units was achieved

Effect of temperature, pH and metal ions on hemaggtination activity
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They were determined according to Hueg al. (2009a), using trypsin-treated rabbit
erythrocytes.

Molecular weight determination

The molecular masses of purified lectins were rdateed by both sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-EAGnd electrospray-ionization mass
spectrometry (ESI-MS). SDS-PAGE was performed uaii®% gel (Laemmli, 1970). The
sample was heated at 180 for 5 min with or without 2% 2-mercaptoethanoftek SDS-
PAGE, the gel was stained with Coomassie brillldnoe R-250 for proteins. For detection
of glycoproteins, proteins on a gel were electrophcally blotted to a polyvinylidene
difluoride (PVDF) membrane and the membrane wagestda to staining for carbohydrate
using a G.P. SENSOR Kit.

For determination of molecular mass by ESI-MS g&an.CQ (Finnigan), intact lectin
was purified by reverse-phase high-performanceadighromatography (HPLC) on a YMC
PROTEIN-RP column (6.0 x 250 mm), eluting at a flate of 1.0 ml/min with a mixture
of 0.1% (v/v) trifluoroacetic acid (TFA) in watesdlvent A) and in acetonitrile (solvent B)
using the following chromatographic conditionssftjrisocratic (20% solvent B) for 10 min,
followed by gradients of 20% — 50% solvent B for &@in. Protein elution was
simultaneously monitored at 280 nm. The peak coimgilectins was recovered and
applied to ESI-MS. The BioMultiview software wasedsto analyze and deconvolute the

raw mass spectrum (LCQ, Finnigan).

RESULTS AND DISSCUSSION

Hemagglutination activity of the extracts

The extracts fromK. striatum and the color strains oE. denticulatumstrongly
agglutinated trypsin- and papain-treated erythexydf sheep and rabbit, and weakly
agglutinated native erythrocytes of sheep. The lggin#ination titers of the extract frok.
striatumshowed the same activity between both erythroaytastieep and rabbit (Table 1).



The hemagglutination activities of the extract frémstriatumwas slightly higher than
those of the extracts from the two color strains Eof denticulatum However, no
agglutination of extracts was observed againstkeim@and human A, B and O blood types,
even when erythrocytes were treated by enzyme. Winede extracts of many algal
species were examined for hemagglutination actitotyard various native and enzyme-
treated erythrocytes, they showed a tendency tdutigate more strongly non-human

animal erythrocytes, especially rabbit erythrocytes

Table 1. Hemagglutination activity of crude extracts from K. striatum and the color strains of E. denticulatum. The
hemagglutination activity is expressed as a titer that is the reciprocal of the highest two-fold dilution exhibiting positive
agglutination.

Species Titer of crude extracts with erythrocytes
Rabbit Sheep Chicken Human A Human B Human O
N TP PP N T P N T P N TP N T P N T P
K. striatum 32 1024 2048 32 1024 2048 -
E. denticulatum
Strain
Brown - 512 1024 8 1024 1024
Green - 512 1024 8 1024 1024

#Native erythrocytes; bTrypsin—treated erythrocytes; *Papain-treated erythrocytes.
4Indicates that the extract showed no hemagglutination.

Isolation of lectins from algal strains ofK. striatumand E. denticulatum

Each algal strain commonly contained the threénedaesignated as KSA-1, KSA-2
and KSA-3 forK. striatumand EDA-1, EDA-2 and EDA-3 foE. denticulatumafter the
specific names of both algaeespectively. Three lectins from each algal stramre
isolated from the 20% ethanol extract, following pecipitation with cold ethanol, gel
filtration and ion-exchange chromatography. Theé¢hpeaks from each algal strain gave a
single band with the same mobility in SDS-PAGE (fFegla forK. striatumand 1b fork.
denticulatun). From 1,000 g fresh alga, the sum of the yieldeofin was about 80.0 mg
for K. striatum 24.5 mg for brown and 8.4 mg for green straing.adenticulatum



The isolated algal lectins strongly agglutinatebbit erythrocytes, especially following
trypsin-treated erythrocytes. The minimum aggldtimtaconcentration of these lectins was at
the level of ng protein mit.toward trypsin-treated rabbit erythrocytes.

Figure 1. SDS-PAGE of the lectins isolated from Kappaphycus striatum (a) and Eucheuma denticulatum (b); SDS —PAGE
was carried out using a 10% polyacrylamide gel. Protein bands were stained with Coomassie Brilliant blue R-250 reagent;
Line 1, Marker of reference proteins; Line 2, 80% ethanol precipitates of K. striatum (a) and E. denticulatum (b); Line 3,
active fraction after gel filtration of K. striatum (a) and E. denticulatum (b). Lines 4 and 5 for KSA-1 (a) and EDA-1 (b); 6 and
7 for KSA-2 (a) and EDA-2 (b); 8 and 9 for KSA-3 (a) and EDA-3 (b), respectively. In lines of 4 to 9, the samples in the lines
of odd number were treated with 2% 2-mercaptoethanol, whereas those in the lines of even number were not.

Table 2. Molecular masses of lectins from Kappaphycus striatum and Eucheuma denticulatum.

The name of algal species  The name of Gel filtration ~ SDS-PAGE ESI-MS (Da) Subunit
lectins (Da) (Da) structure
K. striatum KSA-1 25,000 28,000 28,017.0£1.2 Monomer
KSA-2 25,000 28,000 28,020.0 +1.3 Monomer
KSA-3 25,000 28,000 28,018.0+1.4 Monomer
K. alvarezii (Hung et al., KAA-1 25,000 28,000 28,018.0+15 Monomer
2009¢) KAA-2 25,000 28,000 28,021.0 £1.8 Monomer
KAA-3 25,000 28,000 28,016.0 +1.2 Monomer
E. denticulatum EDA-1 25,000 28,000 27,856.8 £2.2 Monomer
EDA-2 25,000 28,000 27,851.2 +2.6 Monomer
EDA-3 25,000 28,000 27,853.3+1.8 Monomer
E. serra (Kawakubo et al., ESA-1 25,000 29,000 ND Monomer
1997; Hori etal., 2007) ESA-2 25,000 29,000 27949.0 Monomer
E. amakusaensis EAA-1 25,000 29,000 ND Monomer
(Kawakubo et al., 1999) EAA-2 25,000 29,000 ND Monomer
EAA-3 25,000 29,000 ND Monomer

ND, not determined.
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Figure 2. ESI-MS of the lectins isolated from K. striatum (KSA-1, KSA-2 and KSA-3) and E. denticulatum (EDA-1, EDA-2
and EDA-3).

Molecular mass of purified lectins

The molecular masses of purified lectins were rdateed by both sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-EA@nd electrospray-ionization mass

spectrometry (ESI-MS) (Table 2). The relative malac masses of lectins frorK.
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striatum (KSA1-3) andE. denticulatum(EDA1-3) were estimated to be 25,000 Da by gel
filtration and 28,000 Da by both non-reducing aeducing SDS-PAGE, respectively. The
bands of 28,000 Da were negative for carbohydréaéisg on a PVDF membrane
transferred after running SDS-PAGE. By ESI-MS, thelecular masses of intact KSA-1,
KSA-2 and KSA-3 were determined to be 28,017 + 28020 + 1.3 and 28,018 + 1.4 Da,
respectively, and those of of intact EDA-1, EDA&)d EDA-3 were 27,856.8 + 2.2,
27,851.2 + 2.6 and 27,853.3 + 1.8 Da, respectijelgure 2). These indicate that all the

lectins were monomeric proteins without carbohyalrat

Effect of temperature, pH and metal ions on hemaggtination activity

Hemagglutination activities of lectins frokh striatumandE. denticulatunwere not
affected by either the presence of EDTA or additibmlivalent cations such as €and
Mg**, thus indicating that these lectins are not a hogtatein. The requirement for metals
is not a general characteristic of most algal hesc{Horiet al, 1990; Rogers, Hori, 1993),
although this feature was observed for the lectnosn the red algaeEnantiocladia
duperreyi, Ptilota plumosand P. filicina (Benevideset al, 1998; Rogerst al, 1977;
Sampaicet al, 1998a) and the green alddlva lactevirensandU. lactuca(Sampaicet al,
1996; 1998b).

Activities of isolated lectins from both algae abowere stable in a wide range of pH
from 3 to 10, and were not changed by incubatio®@GIC for 30 min, whereas they
gradually decreased as the incubation temperakeeeded 60°C (Figure 3).
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Figure 3. The effects of temperature (a) and pH (b) on hemagglutination activities of lectins KSAs and EDAs. KSA-1 and
EDA-1 (—%); KSA-2 and EDA-2 (—#); and KSA-3 and EDA-3 (™).

Carbohydrate-binding specificity

The hemagglutination activities of all lectins wemot inhibited by any of
monosaccharides, lactose and fucoidan, but weribiieth by examined glycoproteins,
except transferrin and porcine stomach mucin (T&8hl&his phenomenon has been seen in
many other algal agglutinins (Hoet al, 1990; Rogers, Hori, 1993) and appears to be a
common feature of many algal lectins. In contrasist terrestrial plant lectins are inhibited
by simple sugars (Goldstein, Poretz, 1986).

The strong inhibition was detected with porcined &ovine thyroglobulins, their
asialo-derivatives and yeast mannan, all of whialiehhigh-mannose type N-glycans in
the molecules although both thyroglobulins contaamplex type N-glycans, too. Porcine

thyroglobulins contain both high-mannose type (Ukitype) bearing at least 9 different
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structures (Tsujet al, 1981) and complex type (unit B-type) bearindeaist 8 different
structures (Yamamotet al, 1981). Among the unit-A types, the common suitetof
high-mannose type N-glycans is M@&IcNAc,Asn with @1-6) and ¢1-3)Man residues
branched from Man(l-6) arm of the core trimannose. Moreover, yeastmaa, which is
a high-mannose N-glycan with thel¢6) linkage in its backbone and1¢3) linkage in
this side chains, was relatively good inhibitor afi lectins (Figure 4). Bovine
thyroglobulin was relatively a good inhibitor. Thiglycoprotein contains the
polymannose (unit A) and complex type (unit B). Amgathe unit A, carbohydrate units
consist of an average of 8 to 9 residues of mannasd 2 residues of N-
acetylglucosamine (Arimat al, 1972).

Forcine thyroglobulin
Unit A-type  Manol. g
3 IManol.,

Manel- gManBl AGIcHACRL-4G1IcHAPL-Axn
anml-

I

Unit Btype  NenAco2-3Galpl 4CGlcNACPI, Fucol
|

Manpl-4GleNAC] 4GIcNACRL-Am

" Wlane
Mewdce2 -6 Gal pl -4 Gletl Acpl-
Mewdce? -6 Galpl -4 GleMN ACpL -2 Manu:l/

Yeast manan
MManel- g
Iancl.,

Manal-~ _3Manp1-4GleNACE]-4G1cNACR]-A

Iancl

Figure 4. Major saccharide determinants of N-glycoproteins that inhibited the hemagglutination activity of the lectins from
Kappaphycus striatum and Eucheuma denticulatum.

Among the unit B-type of porcine thyroglobulinetimajor N-glycans are mono- and
disialylated ¢1—6) fucosylated biantennary structures terminatgd (0.2—6)-linked sialic
acid (NeuAc) on theofl—3)Man antennae. The fact that lactotransferrimclv possesses
two (a1-6) fucosylated diantennary N-acetyllactosamimetglycans per molecule (Spik

et al, 1982), did not show the agglutination activitee at concentration of 2 mg mL
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(Table 3), implying that these lectins could notagnize the Fuefl-6)GICNAcC core
sequence of the di- and triantennary glycans igiperthyroglobulin.

Fetuin and its asialo form were also inhibitoryhisI glycoprotein contains six
oligosaccharide chains, namely three disacchaii@iemntigen) O-linked to Threonine or
Serine residues, and three complex glycans N-linkefisparagine residues (Baenziger
al., 1979).

The bovine submaxillary mucin bearing at least diffierent structures was also
relatively a good inhibitor (Savaget al, 1990; 1991). Of its oligosaccharides, 85% are
acidic O-linked oligosaccharide chains, includingigh density of sialyl Tn antigens and
sialyl core3 saccharide sequences. The neutrahKedi glycans of bovine submaxillary
mucin include the human blood groups A and H, trek, core2, core3 and core4 (Céhi
al., 1992). The fact that porcine stomach mucin Ingaonly O-glycans did not show any
inhibitory activity even at concentration of 2 md.th the carbohydrate structures of this
glycoprotein have in common the GHIE3)GalNAcql- core unit, which bears one or
more N-acetyllactosamine branches. The latter emmibated either by Fuc imI-2)
linkage or by GIcNAc in¢1-4) linkage to Gal (Karlssaet al,, 1997).

The inhibition with O-linked glycoproteins were sayved for many lectins including
the EucheumandKappaphycusectins (Kawakubeet al, 1997; 1999; Hungt al, 2009c)
that exhibit the binding specificity for high-mars® N-glycans in the oligosaccharide-
binding experiments (Hogt al, 2007). It may be possible that such inhibitiscaused by
some non-specific interaction between lectins andinked glycoproteins. However,
transferrin bearing only complex type N-glycans @odcine stomach mucin bearing only

O-glycans were no inhibitory.

As a result, the data suggest that tik-§), (@1-3)-linked or at both terminal mannose
residues in a common sequence (B&EoNAc,Asn) of bovine-/ porcine thyroglobulin or
yeast mannan could be ligands recognized by lectiosn both carrageenophytes,
indicating that each colour strain of both algaatams lectins specific for high-mannose-

type N-glycans. High-mannose type N-glycan bindipgcificity has also been reported for
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lectins from other marine algae such Kappaphycus alvarezi(Hung et al., 2009c),
Eucheuma amakusaendis, serra(Kawakuboet al.,1997; 1999)Boodlea coactgHori et
al., 1986),Carpopeltis flabellataCarnin) (Horiet al., 1987),Solieria robusta(Hori et al.,
1988) andGracilaria bursa-pastorigOkamonoet al., 1990). All of them could recognize
the structure ofo(1-6) linked polymannose and/or trimannose at the ao N-glycosidic

sugar chain of yeast mannan.

Unlike lectins from other sources, such as C-tgotin (Nget al, 2002)Jegume lectin
ConA (Megeet al, 1992; Naismith, Field, 1996) or monocot mannaiseing lectins (Barret
al., 1996). These lectins possess affinity for moodsarides (mannose or glucose), and
consist of two or four subunits (Hester, Wright9&p whereas lectins from carrageenophytes

had no binding affinity for monosaccharide andtexisn a monomeric form.

Table 3. Hemagglutination-inhibition test of the lectins isolated from the colour strains (brown and green) of Kappaphycus
striatum and Eucheuma denticulatum. The value indicates the lowest concentration of sugar (mM) and glycoprotein (ug mL™)
at which complete inhibition of hemagglutination (titer 4) was achieved.

Sugars & glycoprotein K. alvarezii K. striatum E. denticulatum E.serra E.
amakusaensis

Brown Green Brown Green Brown Green Brown Brown

Sugar (mM)

Monosaccharides® b _ _ R _ R _ R

Lactose - - - - - - - -

Fucoidan - - - - - - - -

Glycoprotein (ug mL™)

Transferrin - - - - - - - -

Fetuin 31.2 31.2 31.2 31.2 62.5 62.5 62.5 62.5

Yeast mannan 1.9 1.9 3.9 3.9 3.9 3.9 3.9 3.9

Porcine thyroglobulin 0.9 0.9 1.9 1.9 1.9 1.9 ND ND

Asialo-porcine 0.9 0.9 1.9 1.9 1.9 1.9 ND ND

thyroglobulin

Bovine thyroglobulin 7.8 7.8 7.8 7.8 7.8 7.8 3.9 3.9

Asialo-bovine 7.8 7.8 7.8 7.8 7.8 7.8 ND ND

thyroglobulin

Bovine submaxillary 31.2 31.2 31.2 31.2 31.2 31.2 250.0 250.0

mucin

Asialo-bovine 31.2 31.2 31.2 31.2 31.2 31.2 ND ND

submaxillary mucin

Porcine stomach mucin - - - - - - ND ND

The value indicates the lowest concentration of sugar (mM) and glycoprotein (ug ml™) at which complete inhibition of
hemagglutination (titer 4) was achieved. * The monosaccharides examined are described in Materials and methods. ® No
inhibition at 100 mM for monosaccharides and 2,000 ug mi™ for glycoproteins. ND, not determined. K. alvarezii (Hung et al.,
2009c); E. serra (Kawakubo et al., 1997); E. amakusaensis (Kawakubo et al., 1999). Monosaccharides are listed in Materials
and Methods.
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Monomeric lectins also have been reported frommeaalgae (Horet al, 1990; Rogers,
Hori, 1993) as well as some bacteria (Fugtaal, 1975). Regarding cell agglutination by
lectins, it generally has been explained that msctiave one binding site per one or two
subunit(s), and by association of the subunitg; gussess at least two binding sites, which
enable them to agglutinate cells. Therefore, it a@s to be determined how such a
monomeric form causes the agglutination of cellss possible that each monomeric lectin
from marine algae has at least two binding sitasnpalecule, as seen in a subunit of a
wheat germ agglutinin (Goldstein, Poretz, 1986%t@ptomyces. sfectin (Fujitaet al,
1982), and lectins from cyanobacteria Cyanoviridrdin Nostoc ellipsosporungCV-N)
(Bewley et al, 2001; 2002), SVN fronscytonema variunjBokeschet al, 2003), and
Oscillatoria agardhiiOAA (Satoet al, 2007) or that a lectin aggregates by itselftiomn

cell surface to bring about cell agglutination.

The lectins fromK. striatum and E. denticulatumshared similar biochemical
properties to those frofBucheuma amakusaengEAAS), E. serra(ESAs) (Kawakubcet
al., 1997; 1999) ank. alvarezii (KAAs) (Hung et al, 2009c), including affinity for
glycoproteins bearing high-mannose type N-glycatentical molecular mass, and stability
at relatively high temperatures and over a widerphige. The similarity in biochemical
properties between lectins fromd. striatum, E. denticulatumand E. serra (ESA-2)
(Kawakuboet al, 1997),K. alvarezii (KAAs) (Hunget al, 2009c), suggests that lectins
KSAs and EDAs are strictly specific for high manadgpe N-glycans like ESA-2 (Hoet
al., 2007). Recently, studies on oligosaccharideibmdpecificity of lectins that the high-
mannose binding nature was critical for their draivactivities (Ziétkowska, Wlodawer,
2006) have also been reported for lectins from drigilant such as legume lectin ConA
(Megaet al, 1992; Naismith, Field, 1996) or monocot mannbiseling lectins (Barrest
al., 1996), from animal C-type lectin (Net al, 2002),from red algaeGriffithsia spp
(GRFT) (Mori et al, 2005),E. serraESA-2 (Horiet al, 2007), and from cyanobacteria
Oscillatoria agardhiiOAA (Satoet al, 2007),Nostoc ellipsosporuniCV-N) (Bewley et
al., 2001; 2002)scytonema variurtSVN) (Bokesctlet al, 2003),Microcystis viridislectin
(MVL) (Bewley et al, 2004), and from an antibody 2G12, which is ohthe few broadly
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neutralizing monoclonal antibodies directed agahit-1 (Calareseet al, 2005). All of
them preferentially recognizes the different brasttloligomannoside structures of N-

glycans and have strict specificity for high-marmbge N-glycans.

The high mannose N-glycans are generally deteattede early stage in the N-glycan
synthesis of glycoproteins, because high-manngse ig/first synthesized in endoplasmic
reticulum, and then modified and converted to caxpN-glycans in Golgi apparatus
before secreting of mature glycoproteins outsidks.céhis mean that the high-mannose N-
glycans may be abundant in some undifferentiatdéld eed/or cells of lower organisms
that defects in N-glycan synthesis lead to a wardt diseases. Practically, the lectins
(KAAs, KSAs and EDASs) from the carrageenophytes toeed above, showed the novelty
of carbohydrate-binding specificity for high-manaaype N-glycans, distinct from other
high-mannose binding lectins, promising their usssnew sugar-probes. However, at
present molecular structures and biological adtisitof the lectins still remain to be
elucidated, although those lectins are predictdthice some unique and important features

shown in the strict binding specificity for somdidie carbohydrate structures.

CONCLUSION

The lectins isolated frorK. striatumand E. denticulatunmshared similar biochemical
characteristics, including hemagglutination-inhdnit test and molecular mass. They have
common preferential affinity for glycoproteins begr high-mannose type N-glycans and
identical molecular weights, and are active attinedty high temperatures and over a wide
pH range. The similarity of chemical propertiedaatins among the algae belonging to the
generaKappaphycusand Eucheumasuggests that these algae will draw considerable
attention not only as the source of carrageenanalsat as a potential source of novel

lectins.
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LECTIN DAC HIEU N-GLYCAN DANG GIAU MANNOSE TU RONG PO,
CARRAGEENOPHYTE

Lé Pinh Hung®, Ng6 Thi Duy Ngoc, V0 Thi Diéu Trang

Vién Nghién ¢u vaUng dzng cong ngh Nha Trang, VAST
TOM TAT

Rong do Kappaphycus striaturvd Eucheuma denticulatud cac rdu rong kinh &
quan tong cho &n xuit carrageenan. CAc lectiivoc cd hp tir cAc mu rong nay cho tty
cac tinh cht giong nhau bao@n hat tinh ngrng k&t mau,dic tinh lién Kt carbohydrate
va khdi lrong phan & trong dwong nhau aa mjt protein monome (khimg 28.000 Da).
Hoat tinh ngrng két mau @a cac lectinid b uc ché manh hyi cac glycoprotein mangadg
gidu mannose mhporcine thyroglobulin va mannar ndim men. Hat tinh aia ching
khéng b anh hrong boi su cdé mat cia EDTA haic khi thém cation héaithai, bén trong
mét pham vi rong aia pH tr 3 dén 10 va khéng bthayddi khi duoc gia nhét & 60°C trong
30 phit. Vi vy, cac ndu rong nay cé thla mst ngwn lectin co gia trdé phat trén ching
thanh thiéc thr tham do N-glycan dng giau mannose.

Tir khéa: Pgc tinh lién Kt carbohydrate, Eucheuma denticulatum, Hemagglhtini

Kappaphycus striatum, Khlwong phan #, lectin
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