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INTRODUCTION

Since the turn of the 9century, the proteins with sugar specificity haeeight
the attention of the Bio-medical community. Pet@ridann Stillmark while working on
his doctoral thesis in 1888 (which was submittedutaversity of Dorspat/ now Tartu,
Estonia) described the presence of a toxic pratemas factor in extracts of castor beans
(Ricinus communus) which agglutinated erythrocytes. This toxic pnotes named ricin
after the source. Thus, historically this discoveryconsidered as a beginning of plant
lectins research and this event is internationa@bognized as a birth of a new branch of
science called “Lectinology”. Based on these figdinH.Hellin who was also at Tartu
demonstrated the toxic action of a proteinaceoct®ifdrom the extracts of jequirity bean
(Abrus precatorius) which was subsequently named abrin, after theceolCommercial
availability of ricin and abrin has prompted Pauirlieh in 1890 to establish the
fundamental principles of immunology. Ehrlich hasoyed that the mice could be
rendered immune to lethal dose of ricin/abrin bjedting repeated sub lethal doses
subcutaneous providing the evidence for the imnupeeificity. These experiments have
also demonstrated the immunological phenomenorttantransfer of humoral immunity
from a mother to offspring. The observation tharéhis some selectivity in the ricin
induced hemagglutination of different animals resto the discovery of human A, B, O
blood groups by Karl Landsteiner in 1900. In 1988nds B. Sumner first attempted to
obtain a pure hemagglutination by salt precipitatible isolated Concanavalin A from
jack bean Canavalia ensiformis) and crystallized it. In 1936 Sumner and Howel tfo
first time reported the sugar specificity of hemlaggins by demonstrating that the
hemagglutination by Concanavalin A is inhibited $iycrose. They also suggested the
possibility of proteins interaction with the carlydnates on the surface of erythrocytes.

As these toxic proteins are thought to be preselytia plants initially they were termed



phytoagglutinins or hemagglutinins. William C. Byadd Karl O. Renkonen in 1940 has
independently found that the extracts from limarbéhaseolus limensis) and tufted
vetch {icia cracca) has specifically agglutinated blood type A ergttytes but not B or
O cells whereas extracts of asparagus petug tetragonolobus) specifically agglutinated
O erythrocytes defining the specificity of hemadiglins.

The first proof for the presence of sugars on &lifaces was given by
W.M.Watkins and W.J.T.Morgan in 1952 proving thiaé tagglutination of type A red
cells by lima beans$Phaseolus lunatus) lectin was best inhibited hylinked N-Acetyl-D-
galactosamine. Based on the ability to distinglbistween erythrocytes of different blood
groups Boyd and Shapleigh (1954) proposed the tectm (latin legere to choose) to
hemagglutinins. As the work on lectins progressectins were also found in fungi,
bacteria, viruses, vertebrates and invertebrateisié® plants. The possible applications of
the lectins by their known properties grew rapiftijowed by the reports of blood group
specificity, mitogenecity, antiproliferative naturBhe definition of a lectin should fulfill
three criteria, a protein which binds to carbohyesaseparated from immunoglobulins
and do not biochemically alter the carbohydratew/tach they bind. Presently the term
lectin is employed to denote all proteins possegssinleast one non-catalytic domain,
which binds reversibly to a specific mono- or obgocharide. Irwin J Goldstein, together
with BBL Agarwal, introduced Affinity Chromatographfor Lectin purification by
exploiting the fact that Concanavalin A reacts wdtéxtrans, they developed an elegant
technique for direct isolation of the lectin (Caf)-from jack bean meal: by its specific
adsorption on a column of Sephadex ( cross linkedrdn ) and then eluted with glucose

solution.



Classification of lectins

Based on their sugar specificity, Goldstein andefro(1986) classified lectins into
following classes:

(1) Mannose/glucose binding lectins.

(2) Galactose/N-Acetylgalactoseamine-binding lectins.

(3) N-acetylglucoseamine binding lectins.

(4) L-Fucose-binding lectins.

(5) Sialic acid binding lectins.

The mannose/glucose-binding lectins comprise amodwagglutinins found mostly in
the Fabaceae (Leguminosae) family. The mannosefggdiinding group of lectins
is the mostly studied group. The amino acid segeen€ some of the lectins in this group
reveal extensive homology and provide new vistas dgamining taxonomic and
evolutionary relationships.

Galactose/N-Acetylgalactoseamine-binding lectirestae first plant haemagglutinins
shown to display human blood group specificity. &#&dse-binding toxins were identified
in diverse plants includingRicinus communis (Euphorbiaceae)Abrus precatorius
(Fabaceae) andiscum album (Loranthaceae).

N-acetylglucoseamine binding lectins comprise adiegroup of agglutinins that
exhibit a primary specificity for their monosacdldarand/or its[{ 1-4) linked oligomers
(chitin oligosaccharides) and in some instancesaggamine. This group includes lectins
from three families of Poaceae, Solanaceaea anacEab.

Fucose-binding lectins were found to be useful Iegrcal reagents. In several
laboratories theUlex europaeus | is widely used, as it exhibits anti blood group O

activity(Liener et al., 1986). Fucose lectins are found in diverse orgasisike Lotus



tetragonolobus, Ulex europaeus (plants), Anguilla anguilla (animals) andAleuria
amantia (fungus).

The hymolymph and sera of most of the vertebratesaarich sourse for the Sialic
acid-binding proteins. In recent years sialic deictins have also been isolated from the
bark of Maakia amurensis and different parts of Bacus sp. also.

Based on the overall structure and the biochemddttyeir subunits lectins are divided
into four major classes:
Merolectins: Small polypeptide proteins with single carbohyerainding domain which
are incapable of precipitating glycoconjugates.
Hololectins: These are exclusively composed of carbohydratéhiogn domains that
include lectins with di or multi carbohydrate domsithat are either identical or very
homologous and bind either the same or structusatiylar sugars. They are capable of
agglutinating cells or glycoconjugates. Most of phant lectins belong to this group.
Chimerolectins: Fusion proteins with one or more carbohydrate ibgpdlomain with an
additional unrelated catalytic domain other thaa ¢tlarbohydrate binding domain. This
class has well defined catalytic activity. The tat®main with well defined catalytic
domain or another biological activity acts indepamity of the carbohydrate-binding
domain.
Superlectins: These are like hololectins with two or more cagabiate binding domains
but differ with their ability to distinguish strugtally unrelated sugars.
Based on the carbohydrate recognition domains aallittonary relationships traced by
similarities in the amino acid sequence and strattieatures lectins are classified into
seven families:

1. Chitin-binding lectins

2. Cucurbitaceae phloem lectins



3. Amaranthin lectins

4. Monocot mannose-binding lectins
5. Legume lectins

6. Jacalin related lectins

7. Type 2 RIP

If any lectins do not fit into the above said faesl they are referred to as
unclassified lectins. Cucurbitaceae phloem leciresnow available at atomic level and
have been shown to be conserved within each fariys structural conservation is
reflects the similarity in regarding specificity ang its families [except legume and
jacalin related lectins]. Thus, each of these hetmilies has its own typical fold and
binding site motif and specificity [Van Damnat al., 1998; Peumanet al., 2000], as
shown below:

Chitin-binding lectins: Members of this family binds chitin and lower oligers of
GIcNAc specifically and exhibits sequence and struciimilarities to hevein [a 43
amino acid chitin binding merolectin from the latekrubber treeHevea brasiliensis)].
Not all chitin-binding lectins belong to this familbut only those which have one or
more hevein-domain[s] as the chitin binding domailevein-domain is a polypeptide
structural unit of about forty amino acids. Thisnily is widespread in many plant
species of different taxonomy. Class | chitinases chimerolectins by definition which
have a singlé-terminal hevein domain linked to the chitinase don{Beintema, 1994]
but most of the Gramineae species like WGA belogpgm this class are hololectins
[Stinissenet al., 1983]. WGA was the first member of this famitylie purified and fully
characterized. The WGA monomer is built up of falentical hevein domains and two

such monomers are non-covalently attached in a-teetadl manner to form a dimer



having four pairs of hevein domains [one from eambnomer] Hence there are eight
binding sites in WGA; only four of them were sholy solution, crystal and modeling
studies to be of high and roughly equivalent afiiési whereas the remaining four are at
least 2-fold weaker.

Cucurbitaceae phloem lectins: They have been found only in the phloem exudates of
cucurbitaceae species can also bind chitin buttstrally not similar to hevein domains.
They are dimers composed of about 25 kDa unglyatsylsubunits. Like most chitin-
binding lectins, they are inhibited only by oligomef GIANAc [Sabnis and Hart, 1978;
Anantharanet al., 1986; Sanadi and Surolia, 1994; Peunsims., 2000].

Amaranthin lectins. These are distinct family of a GalNAc specific Iastcomposed of
are approximately 33-36 kDa homodimeric unglycasggroteins. They are found only
in the seeds of the genAsaranthus species. The prototype member of this lectin family
is amaranthin, the lectin fromA. caudatus, which binds preferentially to T-antigen
disaccharide [Rinderlest al., 1989]. The crystal structure of amaranthin bouad
benzylated T-antigen disaccharide has been solv@®RaA resolutions [Transuet al.,
1997]. The X-ray diffraction studies of the lectifisrther confirmed that it's three
dimensional structure definitely differs from thther known lectins. The sugar binding
activity of amaranthin depends on a complex netwafrkd-bonds and some of them
[those involve in binding of the non-reducing paftthe disaccharide] are mediated by
water. There is no hydrophobic contact involvethia binding process.

Monocot mannose-binding lectins: Historically, the discovery of the first membertbé
lectin from this family dates back only to 1987 whe lectin with exclusive specificity
towards mannose was isolated from the bulbs of dnmpv(Galanthus nivalis) [Van
Dammeet al., 1987]. This family consists of a large numberlatins with restricted

specificity to mannose and oligomannose, and foamlg in some of the monocot plant



families. Most of the lectins are homers composktvo or four identical subunits of
about 12 KDa, which are synthesized as separatg@utides. Detailed specificity,
cloning and structural studies proved GNA to befedént from any previously
characterized lectin in its sequence, sugar bindrttyity and 3-D structure [Shibuyet
al., 1988; Hesteet al., 1995]. Thus GNA became the first representativa new lectin
family which has grown rapidly since then by thelasion and characterization of similar
lectins from several monocot plant families to fadme super family of monocot mannose
binding lectins [Barreet al., 1996]. The molecular structure of these prot@inslves, in
most cases including GNA, one, two or four non-¢ently associated small protomers
[11-14 kDa]. The main secondary structural elenoénhis protomer i$-sheet. It is built
up of three tandemly arrayed domains and three osmnhinding sites [Peumassal.,
2000].

Legume lectins: These are a large group of homologous proteinshwaie confined to
species of the plant famillyeguminosae. At present legume lectins have been purified
from over 70 species belonging to different taxastrirom mature seeds. Therefore, it is

the largest group of plant lectins. All legume ilestdivalent cations at specific metal

binding sites which possess both 2l\+/land C621+ ions held in place by interactions with
specific aminoacid residues which are essentialstayar binding activity [Sharon and
Lis, 2003]. Demetalisation of legume lectins letmltarge changes in their structures and
loss of the sugar binding activity. In most cases protomers are identical or very
similar; however, some legume species express fffereht protomers in their cells
which may associate randomly to form different hgemeous and heterogeneous

isolectins. The classical example for this is tih#AHsolectins, %, E3L1' E2L2, ElL3 and

L4, from the common beanBhseolus vulgaris [Feldstedet al., 1977].



Based on their structure of their subunits, legueains are often artificially
subdivided into one-chain and two-chain lectinswidweer this subdivision is trivial. In
some lectins, which are called two-chain legumdirec e.g., pea lectin [Trowbridge,
1974], the protomer polypeptide is fragmented uadygunto light chain §] and heavy
chain PB]. The protomers in all legume lectins have verpikir 3-D structure which is
built up of two antiparallep-sheets: one is a six-stranded flat sheet [bac¥] facd the
other is a seven-stranded concave sheet [fron}. fibe p-sheets are interconnected by
turns and loops to form a flattened dome. PHelds of the seven-stranded sheet form
the sugar and metals binding sites. The protonrssscaate noncovalently to form dimers
or tetramers. The most common dimerization modelues side-by-side association of
two monomers using their fltsheets in a two-fold symmetry plane to form a el
stranded3-sheet. As a result, the two binding sites aretkxtat both ends of the dimer.
This mode of dimerization in legume lectins is edlthe canonical dimerization. The 3-D
structure of Con A dimer complexed with M&lc [Harrop, 1996], clearly depicting the
canonical dimerization. Some other modes of dina¢ion in legume lectins [called
noncanonical dimerization] are also known [Elgaasid Shaanan, 2001]. All tetrameric
lectins are formed by association of two dimersezitby loop interactions using the
central parts of the dimers, as in Con A, or bgrattions between the outermost strands
of the two twelve-strandeglsheets creating a channel between them, as in BRA.is
unusual not only in its noncanonical dimer but alsdoeing an asymmetric tetramer
unlike any other homotetramer protein [Banegea., 1994, 1996].

In spite of the high sequence homology and venyilain3-D structure among
them, legume lectins cover almost all the monosatidé specificities. This is because

few changes in the amino acid sequence and lergjthsops involved in the sugar



binding lead to binding sites of different confotioas and hence of different
specificities [Sharma and Surolia, 1997].

Jacalin related lectins: This family includes all lectins which show highrsiarity to
jacalin, a lectin from jackfruitArtocarpus integrifolio] seeds, in structure and sequence.
The jackfruit seeds also contain another lectinyv@milar to jacalin [jacalin-related
lectin] called artocarpin. Both lectins are hom@eters of very similar 3-D crystal
structure in which the protomer has a novel folalgd B-prism fold], which consists of
three four-strande@-sheets in three-fold symmetry arrangement [Samieaeganaret

al., 1996; Pratapt al., 2002]. Like jackfruit seeds, the black mulbetnge Morus nigra]
bark also contains two jacalin-related lectins: anh@alactose specific [moringaG] and
the other is mannose specific [moringaM] [Van Damehel., 2002]. In fact, jacalin-
related lectins are classified into two subfamiligalactose specific lectins [like jacalin]
which are found only in som®&loraceae species and mannose specific lectins [like
artocarpin] which are widespread among flowerirans [Peumana al., 2000].

Jacalin’s monomer is synthesized as a prepropretaioh, after removal of the
signal peptide and a propeptide, is cleaved into ¢hains, a heavy] chain and a light
[B] chain. Although it was suggested that carbohydsgtecificity of jacalin is probably
generated by the cleavage of the single chain pplyge [Jeyaprakas&t al., 2003],
recent studies indicate that the carbohydrate Bpggipattern of recombinant jacalin
expressed irk. coli, which is not cleaved, is unaltered but its affins about 100-fold
lower for a battery of sugars as compared to na#igalin [Sahasrabuddret al., 2004].
Therefore, it appears that post-translational dgawof the jacalin polypeptide is required
for the increase in the affinity for the sacchasidleat it binds. Artocarpin, the other lectin
present in the jack fruit seeds, which is manngssific, is not cleaved. Jacalin and

artocarpin are promiscuolectins. Different agglutination/precipitation ifiion assays



of jacalin by sugars showed that in addition toagaise and its derivatives, other
unrelated sugars, especially mannose andMéa also inhibit the hemagglutination
activity of this lectin [Dalmau and Freitas, 198€]n the other hand, surface plasmon
resonance hapten inhibition experiments demonsitrttat artocarpin interacts with a
wide range of unrelated monosaccharides even thdudisplays a higher affinity for
mannose [Barret al., 2004]. Crystal structure of jacalin complexedhaMexMan at 2.0

A resolutions has been determined by Bowena. [1992], who attributed the ability of
jacalin to bind monosaccharides with different loyddl conformations to its relatively
large binding site and the flexibility of tiffieprism fold.

Type 2 RIPs: Some of the plant lectins exhibit ribosome-inadtivg property that
depurinates the rRNA and damages ribosomes andtarprotein synthesis. The
Ribosome-inactivating Proteins (RIPs) posses Nagitase activity and deadenylate
(depurinate) rRNA at a specific position that causdibition of protein synthesis (Stripe
et al, 1992; Barbieriet al, 1993). The RIPs are divided into two groups, t{pand 2.
Type-1 RIPs consist of a single polypeptide chaimere as type-2 RIPs composed of two
chains: an A (active) chain and a B (binding) chaeld together by a disulphide bridge
and hydrophobic bonds. Type 2 RIPs are known tpdbent cytotoxic agents. The sugar-
binding B chain binds to a (glycoconjugate) receppm the cell surface, thereby
promoting the uptake of the A chain. After its gntrto the cell, the A chain catalytically
inactivates eukaryotic ribosomes by cleaving thgly¢osidic bond of a single adenosine
residue of the large rRNA. Insects seem to redt#rdntially upon feeding type 2 RIPs.
Ricin was highly toxic to the coleoptef@allosobruchus maculates and Anthonomus
grandis but had no effect on the Lepidopteaodoptera litoralis andHeliothis virescens
(Gatehouseset al., 1990). The fact that some insects surviveican-containing diet

indicates that they either can inactivate the tmrilo not bind the toxin. Another type 2

10



RIP, namely the lectin from winter acon{teéranthis hyemalis) (Kumaret al., 1993), was
very toxic to larvae oDiabrotica undecimpunctata (a major insect pest of maize). It
seems likely, therefore, that type 2 RIPs offer pkent good protection against animals
and probably also against some insects. Basedeotetimality to mammals the RIPs are
classified into two categories i.e. toxic and norit. A number of hypotheses were
formulated about possible role of RIPs in natuites still not clear what function would
be of an enzyme depurinating rRNA, but wide diffusand abundance of RIPs suggest it
should be important to warrant conservation thrauglevolution. Obviously, protective
effects have been postulated. Experiments duriteglla70s on mice and dogs with abrin
and ricin were conducted by injecting these toxhreugh intravenous and observed for
clinical, biochemical, and morphological aberratioin both mice and dogs death
occurred within a narrow dose range. Dogs weremgtexic doses of ricin and abrin
showed weakness, anorexia, apathy, and moderage. fido signs attributable to the
central nervous system were observed. Dogs dyorg fntoxication expired after 15-40
hours. This study is an example for the potenticity of abrin and ricin. Three-
dimensional structure of several type 2 RIPs weleesl. The crystal structures of ricin
and abrin [Rutenbest al., 1991; Tahirowt al., 1995] show similar overall fold, where
the B-chain is built up of tandem repeat of twoilmdomains and is devoid of extended
regular secondary structures but stabilized by fotrachain disulfide bonds, unlike A-
chain which consist of eight-helices and sif-sheets. Modeling studies, on the other
hand, on type 2 RIPs froambucus nigra showed that the structure of their B-chain is
very similar to that of ricin and abrin [Van Dammteal., 1998].

Plant lectins are generally most abundent in tlegisdout they are also widely
distributed in other vegetative parts such as rfdtsca, Sambucus, Trichosanthes, and

Calystegia), tubers or bulbsSlanum, Allium, Tulipa, Iris), bark Sophora, Robinia,
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Maackia, Hevea) or leaves Aloe, Lactuca, Vicia unijuga, Viscum album). The wide
distribution of lectins in all the tissues suggedifferent roles in plants including
transport of carbohydrates, packaging and / or hzalion of storage proteins and
carbohydrates, cell wall elongation, interactiotwsen plants and microorganisms and
defense against the attack of fungi, virus, pest iasects (Van Dammet al., 1993;
Peumans and Van Damme, 1995; Rudiger, 1998). riedblated chiefly from plants
and bacteria are non- immunoglobulin type carboégdrecognition molecules that are
involved in hemagglutination, lymphocyte transfotioa, inactivation of certain types of
tumor cells and precipitation of certain polysacates and glycoproteins (Goldstein and
Hayes, 1978; Lis and Sharon, 1986). Lectins amegbesed increasingly to probe the
structure of carbohydrates on the surfaces of nloamdmalignant cells. Lectins not only
interact freely with sugars but also with polysaties and glycoproteins at their non-
reducing terminal glycosyl groups. Lectins are usedwider application such as
agglutination of erythrocytes, mitogenic stimulatiof lymphocytes, insulin like effect on
fat cells, inhibition of fungal, bacterial and Jirgrowth, insecticidal property, anti HIV
property and nuclease activity (Kumetral., 1993; Girbest al., 1996; Batelliet al.,
1997). The main possible physiological function evhbecame of greater importance is
defensive role of the lectins. Ever since the discy of lectins, scientists have been
intrigued by their possible roles. As plant lectcen interact with glycoconjugates of
other organisms it was understood that they mayplagt a role in the plant itself, not all
plant lectins play a defensive role. Lectins thatw at low concentrations may be
involved in specific recognition processes eithéhiw or outside the plant. For instance,
legume root lectins may be involved in the recagnitand/or binding oRhizobium and
Brudyrhizobium sp. for the purpose of establishing symbiosis. Z[@fal., 1989; Bohlool

and Schmidt, 1974)Any lectin-mediated reaction or process resemhiigen-antibody

12



reactions (lock and key) with the specific bindiof the lectin to a glycoconjugate
receptor either located within or outside the pl3iterefore, the search for lectin natural
receptors is immediately commenced. Lectin recgptan be defined as glycoconjugates
that possess a carbohydrate moiety with a structumgplementary to that of the binding
site of the lectin. Glycoconjugates of differentura (e.g. glycoproteins, glycolipids, and
polysaccharides) but with structurally similar aanpdrates can act as receptors for the
same lectin. Many plant lectins have a much higtignity for oligosaccharides, which
are not common or totally absent in plants, fortanse, chitin-binding plant lectins
recognize a carbohydrate that is a typical corestitwof the cell wall of fungi and the
exoskeleton of invertebrates. Similarly, Sialic dabinding lectins from elderberry
(Sambucus sp.) (Shibuyaet al., 1987) andMaackia amurensis (Knibbset al., 1991) bind
to a sugar that is absent in plants but is a megwbohydrate component of animal
glycoproteins. This gave the indirect evidence tfeg possible molecular, biochemical,
cellular, physiological, and evolutionary argumemmdicating that lectins have a role in
plant defense. This holds true for all the lectihat bind exclusively to the complex
(modified) oligosaccharide side chains of typicain@al glycoproteins. This argument is
strengthend by their marked stability under unfabde conditions such as stable over a
wide pHrange, able to withstand heat, and are resistaatitoal and insect proteases. In
these respects, they strongly resemble other defetsted proteins such as some
pathogenesis related proteins, protease inhibitdiginases and glycanases, RIPs, a-
amylase inhibitors, antifungal proteins, and thisni

Food for ecological systems is mostly derived frplant sources which offer an
enormous variety of macro and micronutrients neagsg$or heterotrophs such as
microbes and plant-eating organisms including nedes, insects, various other

invertebrates and higher animals. The ultimate®tor the survival of animal kingdom
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is plants. The exposure of human beings to funatipractive lectins are common as
lectins are present in the most commonly ediblatdi@ods such as tomato, potato, beans,
peas, carrots, soybeans, cherries, blackberriesatwmperm, rice, corn, garlic, peanuts,
mushrooms, avocado, beetroot, leek, cabbage, aeslep, oregano, spices and nuts, and
also in several non-cultivated plant species (Nachdnd Oppenheim, 1980; Liener,
1986; Oliveiraet al., 2000; Leontowiczt al., 2001),. The deleterious effects of dietary
lectins on the gut and health have led to a numebeutbreaks of food poisoning. For
example, Noalet al. (1980)reported food poisonings which were attributed deirts
present in uncooked or partially cooked kidney lse@haseolus vulgaris). In 1981 and
1988 similar outbreaks of kidney bean food poisgsiare reported (Bender and Reaidi,
1982 from which no pathogens were isolated but the beansained abnormally high
concentration of PHA. However, problems with othestin containing foods have not
been reported.

Studies on the intrinsic fluorescence propertiegehaeen widely used to obtain
information about protein structure and conformaiochanges induced by alteration of
environment and/ ligand binding [Lakowicz, 1999l et al., 1981; Grinvaldet al.,
1974]. Intrinsic fluorescence of proteins is doamtly due to the presence of tryptophan
residues present in the protein. A valuable featdrthis protein fluorescence is the high
sensitivity of tryptophan residues to its local konment. Also tryptophan appears to be
uniquely sensitive to collisional quenching, due aotendency of indole to donate
electrons while in the excited state. Tryptophan be quenched by externally added
guenchers or by nearby groups in the protein. mtrensic fluorescence of proteins arises
primarily from the side chains of tyrosine and toghan residues. By exciting the protein
sample at 295 nm or above, where tyrosine residaast absorb, it is possible to study

the fluorescence due to tryptophan alone [Lakowl®99]. Changes in the fluorescence

14



characteristics of tryptophan residues are usecelwido obtain information about
conformational transitions in proteins, associatansubunits in oligomeric proteins,
protein unfolding or ligand binding to proteins Haavicz, 1999; Eftink and Ghiron,
1981; Dast al., 1981; Kakitankt al., 1987]. Hence there are many reports on the study
of tryptophan fluorescence. Tryptophan residuesaurein the active site of protein or on
the exterior are relatively easy to study and gdamumber of studies using chemical
modifications and/fluorescence techniques have beeblished, elucidating the
environment and role of these residues in sucltepr®{Patanjaléet al., 1984]. However,

buried residues are generally much more difficulstudy.

Biological Properties

Agglutination activity: lectins are distinguished from other sugar bindimglecules by
their ability to agglutinate cells. Eventually lexst without agglutination activity are also
discovered but majority of the lectins show agglation activity. Based on this property
it was found that some lectins preferentially agghte tumour cells as compared to
normal cells which has stimulated much interestn&dGal/GalNAc specific lectins
recognize the T-antigen disaccharide [(38IGalNAc [for example, Purét al., 1992;
Sastryet al., 1986]. The tumour selectivity of lectins hasulged in attempts to use
lectins for targeted drug delivery in chemotherfpgibaius and Gabaius, 1991].
Mitogenic Stimulation of Lymphocytes. The triggering of quiescent, nondividing
lymphocytes into a state of growth and prolifenati® one of the most dramatic effects of
the interaction of lectins with the cells whichcalled mitogenecity. The first mitogenic
agent to be described was PHA, the lectin fromkiddey bean Rhaseolus vulgaris) by
Nowell. The discovery of lectin-mediated mitogesdsd to the detection of many other

mitogenic lectins, most notably con A , WGA (Whgatm agglutinin)and some recent
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examples include the mitogenic lectins from undaugd tubers ofAlocasia indica ,
Gonatanthus pumilus and Sauromatum guttatum , seed integument daraca indica |,
pulp of Musa acuminata , inner shoots oAllium tuberosum and the fruiting bodies of
Agrocybe cylindracea . Mitogenic lectins have been used to assess the
immunocompetence of patients suffering from a vared diseases and investigate the
functioning of the immune system under abnormalddens. Consequently, such
mitogenic lectins are invaluable as tools to sttlbybiochemical changes associated with
lymphocyte activation and proliferation of variousmune cells. Certain lectins can
stimulate the triggering of quiescent, nondividlggnphocytes into a state of growth and
proliferation. Now many lectins have been recogdizo have mitogenecity for the T-
cells, B-cells or both. Almost all of these mitogeare inhibited by simple sugars.
Lectins can stimulate a large number of polycloaes! this greatly facilitates the
detection and study of changes associated withfgration. The exact mechanism of
mitogenic stimulation by lectins is not known, btite phenomenon has clinical
applications such as in the production of polyclamibodies [Kilpatrick, 1991].

Lectins as cryoprotective agents: The leaves of mistletoe contain three Gal/GalNAc
specific lectins, two of which are correlated withyoprotectivity during freezing and
thawing of isolated spinach thylakoid membranesnfHa et al., 1997]. Seasonal
regulation has been observed with respect to tlcenaglation of these lectins in the
leaves.

I nsulinomimetic Activity: As the receptor for insulin is a glycoproteinstsuggested that
lectins also bind to the insulin receptor [KisSharon, 1986] and these lectins are able to
compete with insulin in binding with fat cells. Cé&y wheat germ agglutinin and several

other lectins mimic the effects of insulin on adiptes.
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Antifungal activity: Since plant lectins cannot penetrate the cytoplagnthe cells
because of the presence of a thick and rigid calll,\a direct interference with the growth
and development of these organisms (i.e. througlalimation of the structure and/or
permeability of the membrane or a disturbance ef tlormal intracellular processes)
seems unlikely. However, indirect effects basedhenbinding of lectins to carbohydrates
exposed on the surface of the fungal cell wall@ossible. By virtue of their specificity,
chitin-binding lectins seemed likely to have a roléhe plant's defense against fungi (and
insects). The demonstration of WGA inhibited spgeemination and hyphal growth of
Trichoderma viride strongly supported the hypothesis of the antifumghld of the chitin-
binding plant lectins, until it was shown that théibition of fungal growth was due to
contaminating chitinases in the lectin preparat{®thlumbaumet al., 1986). More
definitive proof followed when it was demonstratédt chitinase-free lectin from by the
growth inhibition Botrytis cinerea, Trickoderma kamatum, and Pkycomyces
blakesleeanus by stinging nettldUrtica dioica) lectin (Broekaertet al., 1989). The exact
mechanism of the nettle lectin has not been elteidget, but it was believed that the
nettle lectin is involved in the control of the onization of the rhizomes by
endomycorrhiza. Anti-fungal role is certainly n@tsled on a chitinase activity and it does
not affect the normal metabolism of the fungal £enly the synthesis of the cell wall
appears to be affected as a result of disturbetihckynthesis and/or deposition (Van
Parijset al., 1992). In spite of than vitro antifungal activity of the nettle lectin, it islbkt
unknown whether it has any protective activityivo, since the lectin is not capable of
killing germinating spores or mycelium. Such a radein partial agreement with the
location of the lectin in rhizomes and seeds. Selvether chitin-binding plant proteins,
that have to be regarded as lectins, have antifumggoerties. The first group is the

chitin-binding merolectin, Hevein, a 43-amino a@dlypeptide from the latex of the
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rubber tregHevea brasrliensis), has an antifungal activity comparable to thatefnettle
lectin (Van Parijst al., 1991). Other proteins of the same group, eg.3ramino acid
chitin-binding polypeptide from seeds @&marantkus caudatus, have more potent
antifungal properties but still are unable to &k fungi (Broekaert al., 1992). The only
plant lectins that can be considered fungicidatgins are the chimerolectins belonging
to the class | chitinasekn vitro tests with the purified enzymes as well as expemnis
with transgenic plants have demonstrated that dlabginases confer resistance against
plant pathogenic fungi. However, since the antilngoperties of these proteins reside
in their catalytic rather than carbohydrate-binddamain, a detailed description of their
protective role falls beyond the scope till thica@e(Collingeet al., 1993).

Lectins in symbiosis: Several legume seed lectins play a role in rhiddtiiading to the
plant roots in carbohydrate based signal detedimhfunction in the establishment of
symbiosis between nitrogen fixing bacteria. Leguseed lectins bind to carbohydrate
moieties on the bacterial surface and either angltg the bacteria at a distance away
from the root or assist in the initial attachmehage of bacteria, frequently rhizobia, to
root epidermal cells. This curious dichotomy indbon and function of the lectin can be
resolved if lectins are both associated with thesipla membrane and are being secreted
from the surface of the root into the secretomesiéming that the legume in question is
growing under nitrogen stress and compatible rh&obxist in the environment,
successful bacterial attachment to root hairs failitate infection thread formation,
which is required for effective root nodule devetemt. When rhizobia encounter root
hairs in the soil, several profound developmentanés take place in the infected roots.
The invasion into root hair requires a highly sfie@ssociation between the bacteria and
root hair surface. It is assumed that rhizobighaitment to plant roots occurs by the

interaction between and rhizobial surface carbodigdrand lectins present in the roots of
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legume plants. This is known as 'lectin recognitlyypotheses'. Molecular genetic
experiments favor this hypothesis. Lectins appearet involved in the ectomycorrhizal
symbioses as well, where they are proposed to iaimdh recognition between the
fungus, the source of the lectin, and its host (@b et al. 1993). It is worth noting that
in a symbiosis between two species, there is a mmipterplay of various factors,
several of which are likely to be involved in th@edt modulation of the interface
between the two partners. The localization of fectio this interface and their role in
cross-linking glycosylated proteins increases tkelihood that lectins are involved in
that reshaping process.

Chitinases

Chitinases catalyze the hydrolytic cleavage of @&, 4-glycoside bond present in
biopolymers of N-acetylglucosamine, mainly in ahitChitinases are present in various
organisms. Depending on the organism of originsehenzymes have different functions.
Bacterial chitinases are mainly involved in nutnitiprocesses. They degrade chitin that
delivers carbon and nitrogen to the cells. In yemsd various fungi these enzymes
participate in morphogenesis. They take part inogefing of cell wall structure and
daughter cell separation, and also in some patlesgeprocesses.

Chitinolytic activity was found in viruses, fish, mphibians, mammals,
gymnosperms and angiosperms, despite the fact dfiéin is not present in these
organisms. In animals and plants, chitinases mapdy a role in the defense of the
organism against pathogen attack. They also playmortant role in general stress
response as well as in growth and development psoce
A number of proteins demonstrating chitinolyticigity were identified in plants. It is
possible to find them in all organs and plant &ssun both the apoplast and vacuole.

These proteins present a large and diverse grougnpymes; they differ not only in
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spatial and temporal localization, but also in theiolecule structure and substrate
specificity.

Many Chitin-binding proteins and chitinases hasnbdiecovered and characterized since
long time. The structure of wheat germ agglutidGA) and similar proteins from
barley has been reviewed recently. Howeverdlagceae family lectins that specifically
recognize chitin and chitin oligosaccharides weescdbed in Jimson weeDatura
stramonium) (Crowley et al, 1982) Potato (Solanum tuberosum) (Kilpatrick, 1991)
Tamarillo Cyphomandra betacea) (Xu et.al.1992) and Tomato (Lycopersicon
esculentum) (Kilpatrick, 1991) Most of these chitin-binding proteins exhibit afutngal,
anti-microbial and insecticidal activities. A clmitbinding lectin from the rhizomes of
Utrica dioica is a potent super antigen in mice. A novel chiinding lectin isolated
from Viscum album exhibits cytotoxic properties (Peumasisl. 1996).

There are two major classification of chitinases based on function and structure.
Based on function chitinases can be divided into ¢ategories:

i) Exochitinases: They show activity only for the non-reducing ewoidthe chitin chain.
Many plant exochitinases, especially those withigh hisoelectric point, exhibit an
additional lysozyme or lysozyme-like activity.

i) Endochitinases. They hydrolyze internal 3-1, 4-glycoside bonds.

Chitinases use two different hydrolytic mechanisms:

Substrate assisted catalysis, which leads to retemf conformation at the anomeric
carbon of the product Acid catalysis; the reactafrhydrolysis using this mechanism

inverts the anomeric carbon.
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Classification of Chitinases:

A)Based on structure chitinases have classifital five classes based on their
amino acid similarity and the presence of a sigmgptide, a hevein (chitin binding)
domain, a hinge region, a catalytic domain, and-tar@inal extension (Collinget al.,
1993).

Class | chitinases:Class | chitinases have a hevein domain, a hing®mne and a
catalytic region, and are mostly basic proteindwite molecular mass between 30 and
36 kDa.

Class Il chitinases Class Il chitinases are quite similar to classitinases, but they do
not have a hevein domain. Their molecular massebetween25 and 30 kDa.

Class Il chitinases Class Il chitinases, which have little similaritg class | or Il
chitinases, are mostly acidic protein without adiexdomain

Class IV chitinases Class IV chitinases have a hevein domain ana dagalytic domain
is quite similar to that of class | chitinases,ugb they lack the four regions of class |
chitinases

Class V Chitinases:Class V Chitinases have two hevein domains and taalytic

domain is similar to that of class lll chitinases.

B) Plant chitinases are divided into six cladsased on their primary structure
Class | chitinases Class | chitinases have an N-terminal cysteink-domain that is
thought to be chitin-binding domain (Typical cldsshitinases consists of an N-terminal
chitin binding hevein domain followed by a chitisadomain and a vacuolar targeting

sequence which is cleaved off during processir®proprotein).
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The chitin —binding class | chitinases show strergpecific activity on chitin, a 3-1, 4-
linked polymer of GlcNac, and possess significastipnger invitro antifungal activity
than their non-chitin-binding counterpart, the slischitinases.

Ex: rice, tobacco, potato.
Class Il chitinases Class Il chitinases lack the cysteine rich dontaihhave high amino
acid sequence similarity to Class | chitinases
Ex: arabidopsis, barley, tobacco.
Class 1l chitinases Class Il chitinases have no significant sequesigelarity to other
types of chitinases, but have a region with weaklarity to prokaryotic chitinases. They
have never been reported in any monocot, includosy
Ex: cucumber, arabidopsis, tobacco, chick pea.
Class IV chitinases Class IV chitinases also contain a cysteine-ridmain and
resemble class | chitinases although they lack fegions of class | chitinase.
Ex: bean, sugar-beet.
Class V Chitinases Class V chitinase (Chi-V), is similar to bactér@hitinases. In
particular, tobacco Chi-V shows 31% and 26% idgnBacillus circulans ChiA and
Serratia marcescens ChiB, respectively. However, the tobacco Chi-V whoendo-

chitinase activity whereas the bacterial chitinds®ge exo-chitinase activity.

Substrates of chitinases

The main substrate of chitinases is chitin oligsnenbranched chains of 3-1, 4-linked
N-acetylglucosamine have a helical conformatione @nsix aminosaccharide residues
can be devoid of an acetyl group. Deacetylatioa mmon process involved in the in
the chitin-protein interaction. Chitinases can digdrolyze the lipochitooligosaccharides
(Nodulation factors) produced by nitrogen fixingcteaia. The Nod factors consist of the

N-acetylglucosamine tetra- or pentamer backboné& @it N-linked fatty acid moiety
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replacing the N-acetyl group on the non-reducing. &oreover, the reducing end of the
Nod factor aminosaccharide backbone undergoesndepeon the organism of origin,
different types of modifications (e.g. acetylatiorfucosylation, methylation,

sulphurylation).

Chitinases — PR proteins

PR-proteins are defined as proteins that are intlbgevarious stress factors, i.e. draught,
salinity, wounding, heavy metals in their enviromfje&ndogenous and exogenous

elicitor treatment, and plant growth regulators.

Acidic PR proteins are induced by salicylic acidhere as basic PR proteins are induced

by ethylene or jasmonic acid.

Based on biological properties, enzyme activity @oding sequence similarities, PR
proteins are divided into 14 classes.

Plants produce a large number of defense-relateips believed to be important
in protecting them against pathogen infection. Mafyhitherto characterized proteins
belong to the group of so-called pathogenesiseélgiroteins, a heterogeneous group
separable into at least six different families amtluced in many plants during infection
with viral, bacterial, or fungal pathogens (CuttdaKlessig, 1992). Prominent and
extensively studied families of pathogenesis-rélgisoteins are chitinases, which have

been shown to be capable of inhibiting fungal gtoby the degradation of chitin.

Although in the past most interest in plant lectas focused on lectins in seeds,
especially fromFabaceae (legumes), evidence accumulated the presencecbhdein
vegetative tissues. The root tubers are occurrindarge number of plant families
belonging to all major taxonomic groupings. Hitleethere are few reports on the root

tuber lectins. Amongst monocots, tuber lectins Haaen isolated one each fréxocasia
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indicum, Arum maculatum, Colocasia antiquorum, Colacacia esculenta, Dieffenbachia
sequina and Xanthosoma sagittifolia. It is interesting to note that all the known moob
tuber lectins belong to the familjraceae. Recently a tuber Lectin fromArisaema
Jacquemontii with anti-insect and anti-proliferative propertissestablished by Kawt al,

2006.

Aponogeton are monocots which belong to the famigonogetonaceae and are
native to tropical areas of Africa, Asia and Aub#&ralhe Aponogetonaceae is considered
to be allied to thePotamogetonaceae - Najadaceae complex of families. Most of the
species are used as ornamental plants in aquaridpédnogeton from Asia will have a
single bloom, while those from African heritage Iihve multiple blooms on the same
flower stalk. Many species grow in the temporasiiyl or floating water and propagate as
dormant tuber/bulbs during the drought periddonogeton flowers are often (although
not always) self fertile. It is quite possible ta@uce viable seeds by gently brushing an
inflorescence with a soft brush or even your fingeto distribute the pollen. If the plant
is self fertile, the fruits, called “water berriesyill develop along the flower stalk within
a matter of days. In time, the flower stalk willgoe to decay and the fruits will float free.
Within a day or two the fruits will split open amige seed will drop to the bottom of the
pond, where it will quickly germinate. In IndAgoonogeton natans, A. microphyllum and
A. undulatum species are distributed, and amongst th&senogeton natans is more

common.

The present investigation is aimed at purificatiblgchemical characterization

and bioassay studies of chimeric lectin frAponogeton natans tubers.
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MATERIALS AND METHODS

Plant Source

Aponogetan natans were collected from the lakeyafarabad University campus.

Preparation of Protein Extract

10 gm of freshly washed tubers were collected, doed in liquid nitrogen and was
crushed into fine paste using motor and pestlehiosphate buffer saline (PBS) pH-7.2
was added in a ratio of 1:10 (W/V). The sample eedrifuged at 10,000 rpm for 30 min
at 4°C, the supernatant was filtered through whah rfilter paper and the filtered
supernatant is designated as crude extract. Thee cextract was then subjected to
ammonium sulphate precipitation (0-80%) followed dwernight stirring at 4°C, it was
then centrifuged at 10,000 rpm for 30 min at 4°@¢ dhe pellet was dissolved in
minimum volume of PBS, the sample was then dialyagainst PBS and used for further
experiments.

Protein Estimation

Protein was estimated according to Lowestyal. (1951) with minor modification.
Reagent A was 4 % sodium carbonate in 0.2 N sodiydroxide, reagent B was 1 %
cupric sulphate, reagent C was 2 % sodium potastamarate and reagent D was 1 N
Folin’s reagent. The working reagent mixture of Aand C in a ratio of 23: 1: 1 was
used within 24 hour. 1 ml of the working reagenswadded to 1 ml of protein sample and
allowed to stand for 10 min. To this, 0.2 ml of geat D was added rapidly while
vortexing the sample. After 30 min the sample, dimaoce was recorded at OD 750 nm.
BSA (Fraction V) was used as a standard proteib0(54g). Protein in the affinity

chromatography fractions was detected at OD 28QReterson, 1983).
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Carbohydrate Estimation

Total carbohydrate was estimated by the methodulfdz et al., (1956). One ml of the
sample was mixed well with 40 ul of 80% phenol &6l ml of sulfuric acid waadded
rapidly. The steam of the acid was directed agaimstside of the test tube in order to
obtain good mixing. The tubes were allowed to stimdlO min. After which they were
mixed well and cooled to room temperature. The dizswe is measured at 490 nm. D-

glucose (5-50 pug) was used as a standard carbdb@ydra

Hemagglutination Assay

The hemagglutination activity of lectin was detared with minor modifications
according to the method described by Lis and Shaidre details for the preparation of

erythrocytes for the assay are as follows.

Preparation of Alsevere’s solution The Alsevere’s solution was prepared by dissgjvin

2.05 g of Glucose, 0.8 g of Sodium citrate and @4& Sodium chloride in 80 ml of
distilled water. The pH was adjusted to 6.1 with ¢f¥ic acid and the volume was made

up to 100 ml with distilled water. The solution wasgtoclaved, cooled and stored at 4 °C.

Preparation of erythrocytes Venous whole blood was added to an equal voluime o

Alsevere’s solution. The blood suspension can besdtas long as two weeks in the
alsevere’s solution. The erythrocytes were isoldteth the stock blood suspension by
centrifugation at room temperature using a tabteaentrifuge (1000 x g for 5min). The
packed erythrocytes at the 1000 x g considered)@%1 The packed cells were washed
with cold saline (0.9 % NaCl) for 3-4 times (5 malise for each ml of packed

erythrocytes) and finally 4 % cells were made iimga

Preparation of trypsin treated erythrocytes The erythrocytes were treated with trypsin

on the day of the assay. The 4% erythrocyte sugpem&as incubated with 0.1 % trypsin
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1:250 (1000-1500 BAEE units / mg) for one hour & . The trypsin treated
erythrocytes were washed 5-6 times with cold salbnemove the traces of trypsin and 4

% cells were made and used for experiments.

Agglutination_assay 100 ul of the protein sample was serially dilutada microtitre

plate and 100 pl of trypsinized 4 % erythrocytesrevadded to each well. The
agglutination was observed visually after incubatad the plate for one hour at 37 °C.
The highest dilution which showed positive hematgation is considered as titre. The
amount of protein presents at this dilution repnéséhe minimum quantity of the protein
required for agglutination and is defined as ong. \Bpecific activity is the number of
units per mg of protein.

Sugar Inhibition Assay

50 pl of serially diluted carbohydrate solution wased with 50 pl protein containing 8
hemagglutination unit in a microtitre plate andubated at room temperature for 30
minutes, 100 pl of 4 % trypsinized humah *©erythrocyte suspension was added to the
incubated solution and hemagglutination was rembifter incubation of the plate for 1
h at 37°C. The inhibition concentration of the suges recorded as the minimum
concentration of sugar required for complete irtfohi of 2 hemagglutination units with 2
% of the erythrocytes.

Preparation of Chitin Column

Commercially available chitin flakes (Sigma, USA¢n ground to fine powder with the
help of commercial blender. The fine powder waskpdconto the affinity column; the
final bed volume of chitin was 50 ml (14.5 x 75 mnihe column was washed
thoroughly with 1 litre of 0.1 M HCI, subsequenthjth 1 litre of 0.1 M NaOH and

finally equilibrated with 10mM PBS.
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Purification of Chitin Binding Protein / Chitinase

A) Crude sample (15 ml) was passed through thé&nckblumn. The sample was
recycled 2 times. PBS was used for washing andpasased through the column until the
OD was up to 0.02 at 280 nm; 3 ml washing fractimese collected. For elution 0.2 M
glacial acetic acid was used, 3 ml of elution fiats were collected. OD of each fraction
was taken at 280 nm. The fractions were neutralgitid 1M Tris, pooled and dialyzed
against PBS.

Sodium Dodecyl Sulphate-Polyacrylamide Gel Electrdmoresis (SDS-PAGE)
SDS-PAGE was performed according to the methodagithmliet al. (1970) with minor
modifications. The separation of proteins wasqrened in 12 % resolving gel with 4 %
stacking gel. Both the resolving and stacking geltained 2.4 % bisacrylamide as a cross
linker and 0.1 % SDS. The final resolving buffencentration was 0.375 M Tris-HCI
(pH 8.8) in resolving gel and stacking buffer firmincentration was 0.125 M Tris-HCI
(pH 6.8) in stacking gel. Ammonium persulfate abj N, N, N-Tetramethyl
ethylenediamine (TEMED) was used as polymerizingnég in final concentrations of
0.05 % and 0.1 % respectively. The electrode bufbesists of 0.025 M Tris, 0.192 M
Glycine (3.025 gm of Tris, 14.4 gm of Glycine andrh of SDS in one litre of DD D,
pH 8.3) and 0.1 % SDS. The samples buffer congibt6.062 M Tris-HCI, 10 %
glycerol, 2 % SDS, 5 %-mercaptoethanol and 0.001 % bromophenol blue. séheples
were incubated for 3 min in boiling water bath witle sample buffer and centrifuged for
5 min at 3,000 rpm. The clear sample solutions Weaded into wells on the gels of 8 x
10 cm dimension, which was polymerized in glassepfixed to mini- vertical slab gel
apparatus. The gels were run at room temperatuv® and 100 V (direct current) for
stacking and resolving gels, respectively. Eledimpsis was carried out until the

bromophenol blue dye marker reached about 4-5 nihthengels were removed.
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Native Polyacrylamide Gel Electrophoresis (Native RGE)

In Native PAGE B-mercaptoethanol and SDS was not used while pregpahnie sample
buffer, similarly in the preparation of electrodeffer SDS was not used, the resolving
gel also did not contain SDS. The samples were chddethe sample buffer and
centrifuged for 5 min at 3,000 rpm; heating of #anple was avoided. The gels were run
at 4°C. Electrophoresis was carried out until themmophenol blue dye marker reached

about 4-5 mm and the gels were removed.

Silver staining

Silver staining was performed according to the meétbf Blumet al. (1987). The gel was
fixed for more than 1 h in fixative and washedr@ds with 50 % ethanol for 3 times at
every 20 min interval. The washed gel was pre-¢eatith 0.002 % sodium thiosulphate
solution for exactly 1 min and rinsed 3 times istilled water at every 20 sec. The pre-
treated gel was impregnated in 0.2 % silver nitcatetaining 0.028 % formaldehyde. The
gel was rinsed 2 times with distilled water and eleped for the proteins with the
solution containing 6 % sodium carbonate, 0.018%n&ldehyde and 0.0004 % sodium
thiosulphate. The gel was stopped for the developro€ protein bands in appropriate
intensity with fixative solution for 10 min and wasred in 50 % methanol at 4°C.
Molecular weight determination

The native molecular mass of the lectin was deteethiusing Sephadex G-200, gel
filtration column (60 cm x 1.2 cm) equilibrated WwittOmM PBS. The column was
calibrated with proteins of known molecular weigi#., Phosphorylase b (Mr 90 kDa),
Bovine serum albumin (Mr 66 kDa), ovalbumin (45 k@end Lysozyme (Mr 14 kDa).

2.0 mL fractions were collected.
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Periodic acid-Schiff's staining:

To determine the carbohydrate nature of the prajealitatively, periodic acid-Schiff's
staining was carried out following the method otHariuset al., (1969).

Preparation of Schiff's reagent: 1g of Basic Fusdhiadded to 200 ml of 4@ at 70° C.
This was boiled for few minutes cooled and filterédmperature is adjusted to 50° C. To
this 5ml of HCI and 2gm of Potassium metabisulphates added and incubated
overnight. The solution turns colorless of palewtryellow. To decolorize completely
0.25¢g to 0.5g of activated charcoal is added alterdd. The stain solution is stored in
stoppered brown bottle and stirred at 4° C. Purifextin was separated by 12.5% SDS-
PAGE and the gel was incubated with 1% periodid ati3% acetic acid for one hour. It
was washed for one hour with distilled water ammihgtd in Schiff's reagent for 30 min in

dark. It was then destained in 10% acetic acidfaradly stored in 3% acetic acid.

Temperature stability

The lectin (100 ug/mL concentration) was incubatedifferent temperatures of°€, 30
°C, 40°C, 50°C, 60°C, 70°C, 80°C and at 90C for a period of 10 minutes and were
brought back to room temperature and their ahititggglutinate erythrocytes was tested.
pH stability

The ANTL (100 pg/mL) was incubated in different pbfs4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0
(20mM sodium acetate/sodium phosphate and Trisdbifers) for a period of 30 min
and the hemagglutination activity was further téstedetermine the pH optimum.

Effect of denaturing agents

The ANTL (100 pg/mL) was incubated overnight wiilffetent denaturing agents., 6

M Urea, Guanidium Hydrochloride, Lithium chloridBptassium ferricyanide, periodic

acid and tested for hemagglutination activity.
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Effect of EDTA

The ANTL lectin (100 pg/mL) was incubated overnighth different concentrations of
EDTA and hemagglutination activity is tested.

Insect bioassays

Insect bioassays are performed according to theodedf Mirela et.al (2007) with minor
modifications. The moths were maintained in plasbges with perforated plastic covers
at a relative humidity of 65-75% and 28+1 °C, anetrevfed a standard artificial diet
prepared by mixing semi crushed sorghum and vitanino examine the effects of ANTL
on the development &chaea janata andCorcyra cephalonica, larvae up to the fourth
instar were fed an artificial diet containing ANEL concentrations of 0.1%—-0.4% (w/w).
Ten neonatal larvae were used for each treatmdmthwwvas repeated three times for
each concentration of ANTL, i.e. 30 larvae per @mration. The weight and number of
larvae were determined after incubation for 5 daty®8 °C and a relative humidity of 65—
70%. Control artificial diets are without ANTL. Lear regression analysis was used to
evaluate the response Afjanata andC. cephalonica to ANTL. The effective dose for a
50% response (B9 was defined as the concentration of ACLEC thduced the larval
mass by 50% compared to the control larvae. Thalletose (Ly) was defined as the
concentration of ANTL that reduced the number otda by 50% compared to the
control larvae fed the artificial diet without ANTIn the linear regression, X=dose and
Y=mean weight or percentage mortality. Larval conption and faecal output were
analyzed on a dry mass basis. The protein contehtrgptic activity of the faecal and
midgut samples were also determined.

Measurement of nutritional parameters

Several nutritional parameters were used to comfoangh instar larvae fed the control

diet and those fed a diet containing 0.4% ANTL. $fit@ate buffered saline (0.4%) was
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included in the control diet. The larvae, faecesl aemaining uneaten food were
separated, dried and weighed. The indices of copsam digestion and food use were

calculated as described by Scriber and Slanski/Q#1():

Efficiency of conversion of ingested food (ECl) estimates the percentage of ingested

food that is converted to biomass, and was caledlas:

Biomass gained (mg fresh mass)

debingested (mg dry mass)

Efficiency of conversion of digested food (ECD) estimates the efficiency with which
digested food is converted to biomass, and waslleaéxl as:

ioBass gained (mg fresh mass)

e X 100

Food ingested (dng mass) — Faeces (mg dry mass)
Approximate digestibility (AD) estimates the amount of ingested food that isstigke
and was calculated as:
Food ingeb{mg dry mass) — Faeces (mg dry mass)

et e e X 100
Biomass gained (mg fresh mass)

Metabolic cost (MC) was calculated as: 100-ECD.

Trypsin like enzyme assays

Trypsin-like enzymes of gut extracts and faecalgamfromC. cephalonica larvae were
assayed using the synthetic substrate N-benzoy&igirine-p-nitroanilide (BAPNA) as
described by Erlangest al. (1961). For routine assays, BAPNA was used anal f

concentration of 1 mM in 1% (v/v) DMSO in a finablume of 1.5 mL at pH 8. Buffer
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and enzyme were preincubated at 37 °C for 10 mfarbeadding substrate to start the
reaction, which was allowed to proceed for 20 rmd #hen stopped with 2Q€L of 30%
(v/v) acetic acid. The resulting absorbance wad sa410 nm. Each assay was done in
triplicate. The linearity of the relationship betwethe changes in absorbance with time
was checked to ensure that substrate concentratvens not limiting. Substrate and
enzyme controls were run to ensure the validitysample absorbance readings. p-
Nitroaniline was used as a standard.

Protease activity of midgut and faecal extracts tOANTL in polyacrylamide gels
containing 0.1% gelatin

Proteins from midgut and faecal extractCotephalonica larvae were run (without prior
boiling or reduction) on SDS-PAGE in 10% gels camtay 0.1% gelatin (Michauet al.,
1993). Following electrophoresis at 4 °C, the getse washed with 2.5% Triton X-100
for 2 h with shaking to remove the SDS and thewlated in 0.1 M Tris— HCI, pH 8.0,
for 2-3 h. The gels were subsequently stained Wittomassie brilliant blue R-250.

Bands of proteolytic activity appeared as cleari{@lzones against a blue background.

Fluorescence spectroscopy

All emission spectra were recorded on a Spex Fmeme3 fluorescence spectrometer
from Jobin-Yvon (Edison, NJ, USA, websitatp://www.jobinyvon.com Slit widths of

3 and 6 nm were used on the excitation and emiss@mrmochromators, respectively.
Measurements were performed by irradiating lecim@les (OD28& 0.1) with 290 nm
wavelength light, in order to selectively excitgptophan residues of the protein and
emission spectra were recorded above 310 nm. tmefhieence quenching experiments,
small aliquots of 5 M quencher stocks (acrylampl#assium iodide, or cesium chloride)

were added to protein samples and fluorescencetrapaere recorded after each
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addition. The final quencher concentration attaimeéach case was 0.5 M. The iodide
stock solution contained 0.2 mM sodium thiosulphtdeprevent the formation of
trilodide (k). For quenching studies with denatured lectin, phetein was incubated
with 6M Guanidium Hydrochloride Gdn—HCI) overnight at room temperature. For
experiments with sugar-bound lectin, the lectin gi@s and the quencher stocks were
made 1mM in chitohexose, a sugar that is spedyicedécognized by the lectin.
Fluorescence intensities were corrected for volahanges before further analysis of the
guenching data. All measurements were performeduplicate at 25 °C and yielded

reproducible results. The average values obtaireed these are reported.

Circular dichrosim spectroscopy

Circular dichrosim (CD) spectra were recorded odasco J-810 spectropolarimeter
(Jasco International Co., Ltd., Tokyo, Japan, webbttp://www.jascoint.co.jpequipped
with a Peltier thermostat supplied by the manuf@rtuSamples were placed in a 2 mm
path length rectangular quartz cell. Lectin conediin was 0.8-1.6uM for
measurements in the far UV region (250-190 nm)&ib M for measurements in the
near UV region (300—-250 nm). In order to study riedr unfolding of the protein, CD
spectra were recorded in the near UV region atewdfft temperatures. In addition,
temperature scans were performed between 30 °Q@rfeC at a scan rate of 1°C per
minute, by monitoring the ellipticity®) at 280 nm as well as 208 nm, corresponding to
the near UV and far UV regions, respectively.

Synthesis of Glycol Chitin

Glycol chitin was obtained by acetylation of glyadiitosan with a minor modification
(Trudelet al., 1989). 1 gm of glycol chitin (Hi-media, Indiaaa dissolved in 20 ml of 10
% acetic acid by grinding in a motor; the viscoaduson was allowed to stand for

overnight. 90 ml of methanol was added slowly te thscous solution with a little
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stirring, the solution was filtered through whatmfdter paper no 4 with vacuum suction.
The filtrate was transferred to a beaker and 1.5acdtic anhydrite was added with
stirring and kept standing for 30 min resulted hie formation of gel. Gel was cut into
pieces and the liquid exudates were discardedpigees were soaked in methanol and
homogenized at high speed for 5 min followed byhtsgeed centrifugation (15,000 rpm)
at 4°C. Pellet was re-suspended in equal volunmeathanol. Homogenized again at high
speed and centrifuged (15,000 rpm) at 4°C. Pelkt dissolved in 100 ml of milli Q
water with 0.02 % of sodium azide and stored at 4°C

Preparation of colloidal chitin (CC):

Colloidal chitin was prepared according to the rodtlof Berger and Reynolds (1988).
Ten grams of chitin was slowly dissolved in 400ahkoncentrated HCI with stirring at
4°C. The mixture was incubated in water bath a®@7intil viscosity decreased. To this
mixture 4.0 liters of sterile distilled water waddaed and left overnight at 4 °C. The
supernatant was slowly decanted and the precipitate collected on a filter paper and
washed extensively with sterile distilled waterattain neutral pH. The colloidal chitin

was dissolved in 250 ml sterile distilled wateropitio use.

Enzymatic Assay

Chitinase activity was checked by gel diffusion assay metifmtbwing with a minor
modification (Zouet al., 2002). 0.8 gm of agarose was added to 1 ml ofuso
phosphate buffer (pH 6.5) and 99 ml of water, agmrowvas dissolved by boiling. The
dissolved solution was cooled to 50-60°C, to itndl0of 1 % glycol chitin was added and
the solution was vigorously shaken, the solutios wkowed to polymerize in petridish.
A cork borer was used to cut wells in the gel, veithiolume per well of approximately 30

pl. Excised gel pieces were removed by vacuum avphastic pipette tip.
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Samples of 100 pl each of crude protein extractifipd protein extract, and
blank were pipeted into individual wells in the gmte, which were then covered and
sealed with wax film. The gel plates were incubaae@7°C for 16 h. After incubation,
gels were stained with 20 ml of freshly prepared @) calcofluor white in 500 mM
Tris-HCI (pH 8.9) for 15-30 min. After staining, @hcalcofluor solution was discarded
and the gel plates were gently washed with distildater for 2 h at room temperature.
Lytic zones in the gel plates were visualized by ttAnsilluminator.

Reagents forp-1, 4-N-acetyl glucosamine assay (NAGase):

Reagent A: 6.1 g of dipotassium tetraborate tetrahydrate diasolved in 100 ml of
distilled water.

Reagent B:1.5 ml of distilled water was added to 11.0 mtohcentrated HCI and made
up to 100 ml with glacial acetic acid. 10.0 g ofrgaimethyl aminobenzaldehyde
(DMAB) was dissolved in this mixture. 10 ml of thgslution was diluted to 100 ml with
glacial acetic acid just before use.

NAGase Assay:.

NAGase was assayed colorimetrically as describe®dller and Mauch (1988) using
crude filtrate as an enzyme source. The reactioxtumd@ consisted of 0.5 ml 1.5%
colloidal chitin, 0.5 ml of cell free culture filtate of B. subtilis AF 1 and 0.5 ml of
sodium acetate buffer pH 5.2. The reaction mixwes incubated at 37 °C for 3 h and
centrifuged at 3000Xg. Aminosugar estimation (Rigset al., 1955) was carried out
using 0.5 ml of the supernatant by adding 50uleafgent A and boiled for 3 min. The
mixture was immediately cooled to room temperaturd 1.5 ml of reagent B was added
and incubated at 37 °C for 45min. The color devedopas recorded with appropriate

blanks. One unit of enzyme activity was definedpasole of N-acetyl glucosamine
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released mt h™. The specific activity was expressed as unitsnafyme activity per mg
protein where the protein concentration was detegthas described by Bradford (1976).
Chitinase assay in gels

Native PAGE and semi SDS-PAGE (withdamercaptoethanol) gels were carried out at
4°C. After semi SDS-PAGE the gels were incubate®lFéiC for 2 hour in sodium acetate
buffer pH 6 containing 1 % (v/v) Triton X-100 tomeve SDS. The gels were then
washed with distilled water and incubated at 37r’Godium acetate buffer pH 6 for 1
hour. Other gel containing 0.1% (v/v) glycol chitas a substrate for the enzyme is
polymerized. After polymerization, the gel with thebstrate incorporated is overlayed on
to the gel with the enzyme and incubated overnigffter incubation the gel with the
substrate is stained with 0.1 %( w/v) ranipal abhdevved under uv-transilluminator.

The bands observed in the chitinase activity ofrtagve and semi SDS-PAGE gels are
consistent with the bands observed in the nativd &DS-PAGE (without -

mercaptoethanol) gels.

Cytotoxic Studies

1. Medium preparation:

RPMI- 1640 Medium: Powdered RPMI- 1640 Medium wasaolved in ultra pure water.

2.2 gms of sodium carbonate was added, pH wastadjius 7.2 and the volume was
made up to lliter with ultra pure water. This weesite filtered through 0.22 p membrane
filter using Sartorius filtration unit and storet4&C.

2. Lymphocyte Counting:

Principle: Gentian violet stains the lymphocyte nucleus wHilate acetic acid lyses the

RBC.
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Turk’s solution (0.01% Gentain violet W/V in 3% #iceacid) was added to a small
volume of the cell suspension mixed and countedguaiHaemocytometer. The average
number of the cells in the cell suspension wasrdeted using the formula

Averagember of cells per large square

Number of cells per ml = ---- S — X 10
Dilution

Determination of cell viability:
Principle: Dead cells take up the dye trypan blielenthe live cells exclude it, thereby
viable cells could be distinguished from non viatké&ad cells, which are stained
Procedure: A small volume of the cell suspension was dilusggroximately in trypan
blue solution (0.2% w/v in 0.9 % NaCl). Minimum &00 cells were counted
microscopically using Haemocytometer. The percentafgviable cells were calculated
using the formula
Number of unstained cells
% Viability = -------mmmmrmm oo X100
Total number of cells
3. Maintenance of cell lines:
SUP TZ it is a Non-Hodgkins T-Cell lymphoma cell lineabted from Mc Kessan
clinical and biological services, Rockville, USAhd growth medium used for the
propagation of the cell line was 90% RPMI-1640 wli®6 FCS. Gentamycin was used at
a concentration of 50ug/ml. The cell line was grawra CQ incubator with 5% C@
The seeding ratio of the cells was 0.2 X 1@l they were subcultured. Doubling time of
the cells was observed to be 36 hrs. Medium waswed 2 to 3 times per week.
U 266 It is a Myeloma cell line obtained from natiomainter for cell sciences, Pune. The

growth medium used for the propagation of the loed was 90% RPMI-1640 with 10%
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FCS Gentamycin was used at a concentration of B@ludhe cell line was grown in a
CO, incubator with 5% C@ The seeding ratio of the cells was 0.2 /a0 of the

medium. When the cells reached a density of 2 X cHlis/ml they were subcultured.
Doubling time of the cells as observed to be 55 hisdium was renewed 2 to 3 times

per week.

MTT Assay:

Principle: 3-[4, 5-dimethylthiazole-2-yl]-2, 5 dipheyl tet@mm bromide (MTT) is
reduced by mitochondria dehydrogenase enzymeseofitimg cells Formazan (purple
compound). The absorbance of Formazan is measuared microplate ELISA reader

equipped with a 570 and 630nm filter and is prapael to the number of viable cells.

Reagents:
1. 5 mg/ml MTT in PBS
2. 0.01N HCI in 10% SDS

Cultures in 96 welled microtitre plates were cémgged at 1000 rpm at room
temperature and 100ul of supernatant was discan@@0 pl of MTT was added to each
well. The plate was incubated for 4 hrs at 37°C Ho@l pl of acidified SDS was added to
wells. The plates were incubated overnight to adiab the Formazan compound and the
absorbance measured at 570-630nm dual wave leragth.m
Isolation of mouse and rat Splenic lymphocytes
Splenic lymphocytes were prepared as describege@immerman and kern, 1973)
Complete medium RPMI-1640medium supplemented with 5% FCS. Miceewnglled

under mild ether anesthia and spleen was dissac@ut in RMP1-1640 medium.
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Single cell suspension was prepared as follows

Spleen was placed on a sterile stainless steel .nf@shnective tissue and fat were
removed and the tissue was minced. The tissue eased into the medium using an
arterial forceps fitted with a stainless steel hrughe suspension was allowed to settle for
5 min. large clumps that settled to the bottom wesmoved. The suspension was
centrifuged at 500g for 7 min. The pellet was repainded in 8ml RPMI-1640 medium
and layered over 3 ml Histopaque (d = 1.077 )@rdrifuged at 500 g 15 min. The cells
at the interface were collected and washed twitk egomplete medium and suspended in
the same medium.

Isolation of human and rabbit peripheral blood lymphocytes (PBL)

PBL were isolated according to the method of Boy(864). Venous blood was
collected into heparinised tubes (8U/ml) was ddulel with saline. Diluted blood, 8ml
was layered over 3 ml Histopaque and centrifugefiO@g for 20 min. The cells at the
interface were collected and washed thrice with glete medium and suspended in the
same medium.

Lymphocyte proliferation Assay:

Mitogens, Bacterial DNA, oligodeoxynucleotides

Complete medium: RPMI-1640 supplemented with 5% BG& 50mg/litre Gentamycin
®H- Thymidine (specific activity 5mCi/m mole)

Scintillation cocktail: 4gms PPO and POPOP in lgkscintillation grade Toluene.
Procedure

Splenic lymphocytes (2 X £0in triplicate were cultured with mitogens, DNA,
oligodeoxynucleotides in 200 ul of complete medinrf6 well flat-bottomed micro well
plates. Cultures were kept at 37°C in a humidifredibator with 5% C@ The cultures

were pulsed with 1uCi 6H-Thymidine for the last 24 hrs of the culture perand were
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harvested onto glass fiber filter using Skatroromdtic cell harvester. The dried filters
were transferred into toluene based scintillatiacktail and the radioactivity was
measured using Beckman Scintillation Counter. Tdsults obtained were expressed as
cpm.16 cells.

INSECT CELL TISSUE CULTURE

Cell lines and virus.

Sf9 (Spodoptera frugiperda) cell lines (Vaughret al., 1977), which serve as hosts for
AcNPV was used for the expression study. Sf9 ceMse maintained in complete
medium (TNM-FM from sigma) supplemented with 10%S-é&nd 100 pg/ml antibiotic
and antimycotic solution as described by SummerSmndh, 1987.

Preparation of TNM-FH medium:

TNM-FH medium (HINK, 1970) is Grace’s insect cellltire medium (Grace, 1962)
which is supplemented with lactaloumin hydrolysared yeastolate. The medium is
enriched in all the basic nutrients for the growthinsect cells and it is buffered with
sodium phosphate. To make 1 liter of TNM-FH medidh,2 gm of Grace’s medium
was dissolved in 700 ml of distilled water, 350 nfgNaHCQ; was also added and the
medium was adjusted to pH 6.2 with autoclaved dodldtilled water. The medium was
filter sterilized by filtering through 0.22 uM fét using sterile filter init in the hood. The
fillered medium was kept at room temperature foouab48 hours to check the
contamination. After 48 hours, 10% fetal calf seramd 100 pg/ml antibiotic and
antimycotic solution were added to make the corepie¢dium.

Sf9 insect cells were maintained at 27 °C in comepheedium and grown as a monolayer
and in suspension culture. Sf9 insect cells doabtay 24 hours at 27 °C. Sf9 cells were
maintained in T-25 cfor in T-72 cm tissue culture flasks or in spinner flasks for

obtaining monolayer and or suspension culturesectsely. Cells were dislodged by
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washing the surface by gentle pipetting (O’'Reétyal., 1992). For each subculture, 1-3
million cells were seeded depending on the flazk&.dBefore every splitting or subjection
the cells to infection, the viability of the cellgere checked by staining with 10% v/v
trypan blue (dead cells stain blue). Only cellshwgteater than 90% viability were used

for the expression, freezing and splitting.
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RESULTS AND DISCUSSION

The experiments performed with the crude extramtdhiémagglutination revealed
the presence of the lectin which has shown diffiespecificities towards different blood
groups and the agglutination is high with rabbit@RBrable 1). After confirming the
high agglutinable RBC, the sugar inhibition assagse conducted with different sugars.
Among the tested sugars the chito-oligomers wewaddest inhibiting sugars (Table 2).
Within the tested chito-oligomers the chitopentes&s found best inhibitor and the
agglutination of the lectin is only inhibited byigimers ofN-acetylglucosamine in the
following order of potency: pentasaccharide > wdczharide > trisaccharide >
hexasaccharide > disaccharide (Table 3). Simmgarsuand glycoproteins did not inhibit
the lectin activity suggesting the specificity dietlectin towards the oligomers bF
acetylglucosamine. The specific inhibition of hemlagination by oligomers of N-
acetylglucoseamine was the basis for using chdlomn as the common affinity matrix
for the purification of this monocot lectin. Hentlee chitin affinity chromatography used

for the isolation of the lectin frorAponogeton natans tuber.

Table 1: Erythrocyte specificity studies of crude potein

Erythrocytes Specific activity (U/mg)
A+ 2
B+ 2
AB+ 32
O+ 8
Rabbit 524590
Rat 2038

* Specific activity is expressed as titre, the peacal of maximal dilution of protein that
gives visible agglutination with 2% Rabbit erythytes.
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Table 2: Sugar Inhibition assay with different sugas and oligosaccharides

Sl no SUGARS Initial _ Final _

concentration concentration

1 D- GLUCOSAMINE 250mM X

2 L- FUCOSE 250mM X

3 B- LACTOSE 250mM X

4 MANNOSE 250mM X

5 MANNITOL 250mM X

6 GALI\AC?\'I(':OE;ZII\_/IINE 250mM X

7 PECTIN 250mM X

8 D- SORBITOL 250mM X

9 MALTOSE 250mM X

10 SUCROSE 250mM X

11 THYROGLOBIN 250mM X

12 GLUCOSE 250mM X

13 FRUCTOSE 250mM X

14 CELLOBIOSE 250mM X

15 ARABINOSE 250mM X

16 MELLIBIOSE 250mM X

17 FETUIN 250mM X

18 RAFFINOSE 250mM X

19 a- LACTOSE 250mM X

20 LACTOSE 250mM X

21 GALACTOSE 250mM X

22 GLTJQSEB\(AITNE 250mM X

23 CHITOBIOSE 2mM 0.250mM

24 CHITOTRIOSE 2mM 0.065mM

25 CHITOTETROSE 2mM 0.065mM

25 CHITOPENTOSE 2mM 0.015mM

26 CHITOHEXOSE 2mM 0.125mM

X — No inhibition
Experiment was performed with 2% erythrocytes witha final lectin concentration of
10 ug/mL. Only chito-oligosaccharides inhibited the aglyitination.
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Table 3: Relative Inhibitory potential among testedchitin Oligosaccharides

Sugar Minimum Concentration for ~ Relative Inhibitory potency
inhibition (mM) (Chitohexose =1.0)
Chitobiose 0.250 0.5
Chitotriose 0.065 2.0
Chitotetrose 0.065 2.0
Chitopentose 0.015 8.3
Chitohexose 0.125 1.0

The Aponogeton natans tuber lectin (ANTL) was eluted from the column an
single step with 4-fold purification, as a singjersnetrical peak with 70.3% vyield (Fig 1

& Table 4).

2.9
2.4
1.9
1.4 A
0.9 1
04 -
-0.1

O.D at 280 nm

0.2M Acetic acid

— o
1 8 1522 29 36 43 50 57 64 71 78 85 92

Fraction number

Fig 1: Affinity chromatography of Aponogeton natans on chitin Column. The column
was equilibrated with 10 mM PBS and 42 mg of prot@ applied. The bound proteins
are eluted with 0.2 M acetic acid at the flow ratef 18 ml/hr. Fractions of 3ml were
collected and protein concentration was recorded @80nm.
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Table 4: Purification table of ANTL

Purification step | Protein (mg) Specific Total activity Yield (%) Purification
activity* (titre x mg) factor
(U/mg)
Crude 104 524590 54557360 100 1
Purified protein 18 2133333 38399994 70.3 4

* Specific activity is expressed as titre, the peacal of maximal dilution of protein that
gives visible agglutination with 2% Rabbit erythytes.

The total protein content was found to be 2.8 mgr82 mg/ml in crude extract
and chitin binding fractions respectiveljhe lectin amounts to about 11.4% of the total

protein of the tubersThe ANTL has resolved into a single band in thaveaPAGE
confirming the purity of the eluted lectin (Fig Z)n SDS-PAGE, ANTL resolved into
three bands corresponding to 33,000 Da, 15,000nd&ld,000 Da in the presencef®f
mercaptoethanol (Fig 3). The glycoprotein naturéhe lectin is confirmed by periodic
acid staining of the gel (Fig 4). The result is sistent with the bands resolved on SDS-
PAGE in the presence @fmercaptoethanol. The molecular weight of the gugein is
found to be 66,000 Da by gel filtration chromatqgama (Fig 5). The carbohydrate content
is found to be 8.2% of the total protein. The le@gglutinated Red Blood Cells (RBCs)
from human, rat and rabbit. It was found to be Bpefor different human blood groups
viz. A Ve g (ve) (el AR (Ve rapbbit and rat. The specific activity of the Iads high
towards rabbit RBCs 2,133,333 U/mg which is mucghbr than all known monocot
lectins (Table 5). The susceptibility of rabbit #mpcytes and refractory nature of other

blood types to agglutination indicated the largeailability of the lectin receptors on the
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former RBCs and their minimal presence on the Hafeypsinization did not alter the
results of agglutination indicating that there i3 mnmasking of receptors on trypsin
treatment. The results of heat denaturation shaWwatdANTL was stable up to 6G for

10 min and lost its complete activity upon heatatg9C0C for 10 min and showed

optimum hemagglutination activity at pH 6 (tabl& ).

Fig 2: 10% Native PAGE gel of purified lectin elued from the chitin column. The
arrow indicates the position of the single band with shows the homogeneity of the
protein
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KDa

43.0

Fig 3: SDS-PAGE analysis of purified protein. Lane 1: Molecula Wt Markers
Lane 2: With B-Mercaptoethanol; Lane 3: Without p-Mercaptoethanol. ANTL has
resolved into three bands corresponding to 33 KDal5 KDa and 14 KDa in the

presence of3-mercaptoethanol.
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Fig 4: Periodic acid schiff's (PAS) Staining of puified lectin. The bands detected by
the PAS which stains glucocompounds are in agreemewith the bands obtained on
SDS-PAGE with g-Mercaptoethanol
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Fig 5: Molecular weight determination by gel filtration (G-200). A) Elution profile of the

protein on gel filtration column. B) Shows the proeins of known Molecular weight

markers used 1- Phosphorylase b (MW 90 KDa); 2- @&ine serum albumin (MW 66

KDa); 3- Ovalbumin (MW 24 KDa); 4- Lysozyme (MW 14 KDa). Intersection

indicates the position of the purified protein (MW 66 KDa) that elutes at the same elution
volume as Bovine serum albumin.
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Table 5: Erythrocyte specificity studies of purified lectin (ANTL)

Erythrocytes Specific activity (U/mq’
A+ 8
B+ 8
AB+ 12¢€
O+ 32
Rabbi 213333
Ral 819t

Table 6: Temperature optima studies with rabbit erthrocytes

Temperature (°C) Soecific activitv (units/ma’
30 213333
40 213333
50 52244
60 819t
70 32
80 16
aQ 8
10C 0

Table 7: pH optima studies with rabbit erythrocytes

pH Specific activitv (units/ma’
52244¢
213333.
213333.
52244
2051
2051
10 2051

O© 0o NO O &~
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The low thermal stability of the lectins is in conance with the earlier
observations about the absence of disulphide ksidgel may also be attributed to the
low carbohydrate content in the lectin. The leetas affected by denaturing agents such
as Lithium chloride (2M), Potassium ferricyanidé/(j2 Guanidium hydrochloride (2M),
Urea (2M) and Per lodic acid (2M). As the concertraof the denaturants increased,

there is decrease in the agglutination activityo(€a).

Table 8: Effect of denaturing agents with rabbit eythrocytes

Denaturing agents (2M Specific activity (units/mg’
Uree 12¢
Guanidium chlorid 2051
Lithium chloride 2051
Potassiumerricyanids 49z
Periodic aci 819t

This decrease in lectin activity may be due to theruptive effect of the
denaturants on hydrogen bonding and hydrophob&rantions which stabilize the three
dimensional structure. ANTL does not require metas for hemagglutination activity as
the activity of the lectin had no effect on the itidd of EDTA up to 30 mM (Table 9).
Similar behavior has also been observed in the chsgembers oAmaryllidaceae and
other monocot lectins with respect to thermal $itghitreatment with denaturants and

non-requirement of divalent metal ions for theitiaty.
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Table 9: Effect of EDTA with rabbit erythrocytes

EDTA Specific activity (units/mg)
10mM 2133333
20mM 2133333
30mM 2133333

The cytotoxic effect of ANTL was determined overamge of concentration of
(20-100 pg/ml). The cytotoxic studies of the ANTh imsect cell lines (sf9 cells) have
revealed that there is no effect of the proteirttase cell lines till the concentration of
100pg/ml after 72 hours of incubation (Table 10xoTmammalian cell lines (SUP T1
and U266) were tested for the cytotoxic effectlod tectin. After 72 hrs of incubation
SUP T1 cell lines has shown no significant decraasthe proliferation of the cells
whereas U266, at the concentration of 50 pg/ml $tamvn ~50 % inhibition in the
proliferation as compared to their respective adsat(Table 11 & 12). The variation of
proliferation inhibition on different cell-lines mabe due to the presence of
glycoconjugates varying slightly in their activithus leading to different signaling action
of lectins. As every lectin has unique fine sugaecicity, there is a need to check a
range of lectins against a number of cancer asdisli The exact molecular mechanism(s)
of the anti-Proliferative effect of plant lectins not clear at present, although several
hypotheses have been put forward which suggestghisaeffect is associated with the
ability of lectins to modulate the growth, diffeteion, proliferation, and apoptosis of
premature cells in vivo and in vitro. Additionaludtes are required to understand the
exact mechanisms of the antiproliferative effecplaint lectins and future examinations
should be focused on the examination of these Ipiiies in appropriate models of

human diseases.

53



Table 10: Proliferative response of Sfcell lines to ANTL

Conc. of extract OD at 570-630 nm % Proliferation
(ng/well)
0 0.654 + 0.02 100
1 0.614+ 0.05 94
5 0.601 £ 0.03 92
10 0.629 + 0.06 97

20 0.617 +0.04 94
Values represented are Mean + SEM of three expatane

Final volume in the well is 200ul.

Sfy (Spodoptera frugiferda) cell lines which serve as hosts for ACNPV was uséor the
cytotoxicity study. After 72 hrs of incubation there is no significant decrease in the
proliferation as compared to control (without ANTL) till 20 pg/well concentration.

Table 11: Proliferative response of U266 cell line® ANTL

Conc. of extract OD at 570-630 nm % Proliferation
(ng/well)
0 0.607 +0.0 2 100
1 0.422 +0.03 69
5 0.311+£0.01 51
10 0.238 £ 0.02 39
20 0.207 £ 0.002 34

Values represented are Mean + SEM of three expatane
Final volume in the well is 200ul.

It is a Myeloma cell line. The seeding ratio of theells was 0.2 x 10/ml. Medium was

renewed 2 to 3 times per week. After 72 hrs of indaation there is 50% decrease in
the proliferation as compared to control (without ANTL) at 5ug/well concentration.
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Table 12: Proliferative response of SUP-Tcell line to ANTL

Conc. of extract OD at 570-630 nm % Proliferation
(ng/well)
0 0.848 +0.002 100
1 0.821 £ 0.04 97
5 0.795 £ 0.03 93
10 0.788 +£0.03 92
20 0.787 £0.02 92

Values represented are Mean + SEM of three expatane
Final volume in the well is 200pl.

It is @ Non-Hodgkins T-Cell lymphoma cell line Theseeding ratio of the cells was 0.2
x 10 /ml. Medium was renewed 2 to 3 times per week. Aft 72 hrs of incubation
there is no significant decrease in the proliferatin as compared to control (without
ANTL) till 20 pg/well concentration.

As many of the lectins froruphorbiaceae, Leguminosae and Gramineae serve
as potent mitogens in normal splenic lymphocytd$TA was checked for the mitogenic
activity in normal murine and human splenic lympytes. ANTL showed potent
mitogenic response towards murine and human pegapldood mononuclear cells as
evidenced by lymph proliferation of the lectin irttee cultures. The relative mitogenic
stimulation of ANTL towards murine and human lympiies was almost double than

that of Con A, a well-known standard plant mitog&€he optimum proliferation dose of

ANTL was 5 pg/ml both in case of murine and humanghocytes (Table 13 & 14).
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Table 13: Proliferative response of murine lymphoctes to ANTL

Conc. of extract *H-thymidine incorporated
(ng/well) into DNA (cpm/10° cells)
0 2893 + 214
1 140343 + 5562
S 94481 £ 5114
10 65216 + 1274
20 49601 + 537

Values represented are Mean + SEM of three expatane
Final volume in the well is 200ul.

Table 14: Proliferative response of human lymphocys to ANTL

Conc. of extract *H-thymidine incorporated
(ng/well) into DNA (cpm/10° cells)
0 4030 £+ 230
1 94940 + 5235
5 112080 + 6820
10 75224 + 1584
20 36908 + 322

Values represented are Mean + SEM of three expatane
Final volume in the well is 200ul.
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The optimum dose is required for mitogenic studassthere is inhibition of
mitogenesis at higher lectin concentrations, fanegle the toxic action by supraoptimal
concentrations of Con A has been reported to caudecrease in mitogenic response
(jagmohan singh et.al., 2005) . Thus mitogenicimscican be of significant use in
increased understanding of the relationship betwe®mmosomal abnormality and
human diseases, which will tremendously help thagmbsis. Besides other cells,
lymphocytes have been the usual target cells faoganic assays, and the study of
lectin—lymphocyte interaction can result in sub8tdncontribution of elucidating the
mechanism of lymphocyte activation and its contriiiereby contributing to our
understanding of cell growth and developmd@rie mitogenic response of murine and
human lymphocytes by ANTL was inhibited in a cortcation dependent manner in the
presence of chitohexose (figure not shown). Thebihbn of hemagglutination and
mitogenicity of the lectin in the presence of chg#gose suggest that lectin is responsible
for these properties by binding to the cell membrara receptor site(s) on the lectin,
which is recognized by chitohexose like structuretloe cells. The serially increasing
concentrations of chitohexose proportionately desed the available sugar binding sites
on lectin molecules causing reduced binding ofihedb the murine and human
lymphocytes. FITC-conjugated lectin studies revedleat the lectin is bound to all the
cells but the exact mechanism with which it is icidg responses in some cell lines is not

clearly understood (Fig 6 & 7).

57



Control

o)

Control reated

Fig 6: Interaction of FITC-conjugated ANTL with Hum an Cancer Cells A) SUP-T
T-cell lymphoma B) U266 Myolema cell lines. The dal (U266 & SUP T1 cells) (0.1
ml, 5 x 1) were incubated with FITC (fluoroscein isothicyanae) conjugated to
ANTL (0.1 ml) for 15 min at room temperature. The percentage of florescent cells
was determined for the two sets of lymphocytes undé€onfocal Scanning Electron

Microscope.
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Control

Treated

Fig 7: Interaction of FITC-conjugated ANTL with nor mal A) Murine splenic

lymphocytes B) Human peripheral blood lymphocytesThe normal murine splenic,
human peripheral blood lymphocytes (0.1 ml, 5 x 1) were incubated with FITC

(fluoroscein isothicyanate) conjugated to ANTL (0.1ml) for 15 min at room

temperature. The percentage of florescent cells wadetermined for the two sets of
lymphocytes under Confocal Scanning Electron Microsope.
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Fluorescence and circular dichroism spectroscofudies were carried out for
ANTL. Excitation wavelength was fixed at 290 nm to delety excite tryptophan
residues and the emission spectrum was recordégeimange of 310 to 450 nm. The
concentration of the sample was 0.32 mg/ml. Thetspavere obtained after incubating
the samples in pH 4.0, 5.0, 6.0, 7.0, 8.0, 9.00 1POmM sodium acetate/phosphate and

Tris-HCI for 40 min (Fig 8)

5000000 -
4500000 -
4000000 -
3500000 -
3000000 -
2500000 |
2000000 {//
1500000 ,
1000000

500000 -

0 ‘ ‘ ‘
310 360 410 460

fluoroscent intensity (arb.units)

Wavelength (nm)

Fig 8: Steady state tryptophan fluorescence spectsoopy. ANTL(0.32 mg/ml) was
incubated at different pH for 40 min and emission gectra was recorded in the range
of 310-450 nm fixing excitation at 290 nm.

As the pH from 7 was increased or decreased tleran increase in the
fluorescence intensity. This could be due to th&@wmnational changes in the structure of
the protein and the subsequent exposure/closuserad tryptophan (Trp) residues. The
intrinsic inflorescence of the ANTL was quenchedabyeutral quencher (acrylamidaj
anionic quencher (iodide ion) and a cationic quencfcesium ion) in the native,

denaturing and ligand bound conditions to investigine microenvironment of the

tryptophan residues (Fig 9, 10 & 11).
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Fig 9: Fluorescence spectra of ANTL in the absencand in the presence of
Acrylamide (A) Under native conditions; (B) under sugar boundconditions (C)
under denaturing conditions (6MGdn—HCI). Spectrum 1 corresponds to the
lectin alone and spectra 2-20 correspond to the l@t in the presence of
increasing concentrations of acrylamide. The finatoncentration of the quencher
in both A, Band Cis 0.5 M.
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Fig 10: Fluorescence spectra of ANTL in the absen@nd in the presence of Cesium
(A) Under native conditions; (B) under sugar bound conditions (C) under
denaturing conditions (6MGdn—HCI). Spectrum 1 corresponds to the lectin alone
and spectra 2-20 correspond to the lectin in the psence of increasing
concentrations of acrylamide. The final concentrabn of the quencher in both A, B
and Cis 0.5 M.
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Fig 11: Fluorescence spectra of ANTL in the absenand in the presence of lodide
(A) Under native conditions; (B) under sugar bound conditions (C) under

denaturing conditions (6MGdn—HCI). Spectrum 1 corresponds to the lectin alone
and spectra 2-20 correspond to the lectin in the psence of increasing
concentrations of acrylamide. The final concentrabn of the quencher in both A, B
and Cis 0.5 M.
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The most effective quenching is brought about byylamide with 46.9 %
guenching of the total fluorescence of the natixaein at a quencher concentration of
0.5 M. T and Cs+ could quench only 26.6 % and 2.5 % res@égt at the same
concentration. Low quenching of the charged quenschedicates that most of the
fluorescent tryptophan residues in ANTL are buriedthe hydrophobic core of the
protein and are in a significantly non-polar enmiment. This is also consistent with the
emission maximum of the protein at 334 nm, whiclndicative of a significantly non
polar environment around the indole side chainsrpfresidues. The very low quenching
of Cs™ with the charged ions appears to be due to thalityaof this quencher to access
the fluorophores which indicates the presence ditipely charged residues in the
vicinity of some of the exposed/partially exposegpbtophan residues, that repel the
positively charged cesium ion, but allow the nduaarylamide and the negatively
charged iodide ion to approach the indole moietiethe tryptophan residues in their
neighborhood. As the highest quenching is obsewild acrylamide which has larger
ionic radius than cesium (1.88 A) and iodide (22 fons the size of the quenchers
doesn’'t seem to be playing a role in effective ghémy whereas Cswhich is the
smallest of the three quenchers, exhibited the $bwe&tent of quenching. Presence of
positively charged residues near tryptophan residwas also suggested for several
cucurbitaceae seed lectins based on the resuttsffumrescence quenching studies with
neutral and ionic quenchefSultan et al., 2005; Komathet al., 1999; Kenothet al.,
2003] Besides, the inherently low quenching efficieefyCsS may also suggest the
positively charged residues in the vicinity aretlyaresponsible for the lower quenching
observed with it. . In the primary structure of th@ypeptide chain it appears that the
charged residues are proximal to the tryptophaidwes by virtue of their presence near

the Trp residues as complete unfolding of the peyidle chains of the protein does not
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seem to render all the tryptophan residues acdedsilthese two quencheiBhe red shift

in the fluorescence spectrum upon denaturatioheftdctin with Gdn. HCI indicates that
the unfolding results in a significant increasehia exposure of the tryptophan residues to
the aqueous environment. Also the accessibilitythed tryptophan residues to the
guenchers (Acrylamide, |-, Cs+) increases upon tleation by exposing their Trp
residues. Denaturation with 6 M Gdn-HCI resultgha increased quenching percentage
to 84.7 %, 47.5 % and 7.1 % with acrylamide, iodioie and cesium ion, respectively
which are in excellent agreement with the unfoldifighe protein (Table 15).

Table 15: Fluoroscence quenching obtained with diérent quenchers

Quenching %
Quencher Native With 400 uM In 6M Gdn-HCI
chitohexose
Acrylamide 46.9 ¢0.7) 47.4 ¢1.4) 84.7 ¢0.3)
lodide ion 26.6 ¢1.5) 28.4 ¢£1.3) 41.5 ¢0.5)
Cesium ion 2.5 @0.5) 3.1 @0.8) 7.1 @0.1)

The final quencher concentration in each case was3M. Values are averages from
three independent experiments with the estimated eors given in parentheses.
Quenching is found to be effective with Acrylamidateutral quencher) followed by
iodide and cesium ions(negatively and positively elnged quenchers) suggesting that
tryptophan residues in ANTL are buried in the hydrophobic core of the protein and
are in a significantly non-polar environment

The far UV CD spectrum of ANTL revealed that them®dary structure of the
lectin is helical consisting of 53%helix, 21%B-sheet, 9%$-turns and 16% unordered
structures as analyzed by CDSSTR. Thermal unfolddigANTL investigated by
monitoring CD signals, showed a sharp transiti@uad 70 °C both in the far UV region

(208 nm) and the near UV region (280 nBinding of the ligand (Chitohexose) to the

protein probably leads to a slight increase indbeessibility of some of the residues to
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acrylamide by tightening the protein structure ta $ome of the residues that are partially
accessible to | become more exposed, resulting in a somewhat higkéent of
guenching being observed with it (Fig 12). The hssaf CD spectral studies indicated
that the secondary and tertiary structures of ANifé& not significantly altered by ligand
binding which are consistant with the fluorescestiglies. The far UV CD spectrum of
native ANTL, exhibits two minima centered around 208 nm and 1228 suggesting the
presence of helical structure along with other sdaoy structural elements. Ligand
binding induces insignificant changes in the seeoyndand tertiary structures of the
protein as the spectra obtained in the presendigasfd is nearly indistinguishable from
that of native protein alone. For a detailed quatitie analysis and specific assessment of
the secondary and teritiary structure of the protéhe routines available with
DICHROWEB have been used. The near UV CD spectiu&NI L is characterized by
the presence of a maximum around 280 nm and sepeas of somewhat lesser
intensity between 297 nm and 275 nm. These featareslikely to arise due to
contributions from the side chains of tryptophail &rosine residues, which absorb in
the 270— 300 nm region. Here as well, ligand bigdimes not seem to perturb these
signals to any detectable level. The unfolding terapure of ~70 °C indicates that ANTL
is a rather stable protein (Fig 13 & 14). Most ilest particularly seeds and tubers
investigated so far have been found to be genestdlyle to thermal denaturation with the
midpoint of transition being found between 56 al@d’@ for different lectingSrinivaset

al., 2001]. However, lectins were found to adopt differentaldiihng mechanisms. For
example, the tetrameric Con A undergoes a two-stat®lding transition (folded
tetramer»unfolded monomer) with the midpoint of the trarwitiat 87-92 °C, whereas
peanut agglutinin, another tetrameric legume leekhibits a more complex unfolding

process, with two separate transitions with midfiat 56—61 °C (corresponding to
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dissociation of the tetramer into monomers) and@®3corresponding to unfolding of the
monomers), respective[$schwartzet al., 1993; Reddyt al., 1999].Although the studies
reported here appear to suggest that thermal unépldf ANTL involves a two-state

transition as found with Con A, further experimeats required to draw firm conclusions

on this.
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Fig 12: Circular dichroic spectra of ANTL (A) Far UV region. (B) Near UV region.
The spectra were recorded at 25 °C. C) The far U.¥pectrum analyzed by using the
CDSSTR program is shown below. Helix 1 and Helix 2orresponds to regular and
distorted o helical structures, Strand 1 & Strand 2 correspond to regular and
distorted B sheet structures. CD spectral studies indicate tha ANTL is
predominantly helical with higher content of a-helix (53 %) than - sheet (21 %) -
turns (9%) and unordered structures (16%).
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Fig 13: Effect of temperature and pH on secondaryteicture of ANTL

A) At different temperatures

The ANTL lectin (5 mg/ml) was gradually heatd in 10 °C from 20 -100 °C
using a circulating water peltier. At each temperatire the lectin was incubated
for 5 min and the spectrum was recorded. Secondarstructure of ANTL is stable
up to 60 °C. On increasing the temperature beyondds°C there is a gradual
decrease in the ellipticity at 208nm

B) At different pH

The ANTL lectin (5 mg/ml) was dissolved in and incbated in the buffers of
different pHs 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.@(@M sodium acetate/phosphate,
Tris-HCI) and the spectra was obtained after 40 min

As the pH from 7 increased or decreased there ardight conformational changes
observed at 208 nm.
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Fig 14: Effect of temperature on tertiary structure of ANTL

A) Near UV CD spectra of ANTL at different temperatures
Spectra were recorded at 30, 40, 50, 60, 70, 80 a@@ °C, respectively.

B) Thermal unfolding of ANTL monitored by CD spectroscopy

The ellipticity (®) in the near UV region of the native protein was ranitored at

280 nm as a function of temperature. The sharp deegnse in the ellipticity around

70 °C indicates the transition from folded structue to the unfolded state. Inset

shows the ellipticity change in the far UV region Z08 nm) versus temperature,
which also indicates a transition centered around@ °C.

The isolated lectin possessed the chitinase agtiwitich was confirmed by the plate
gel diffusion assay method (Fig 15). Ranipal isokieel as a staining reagent which is less
expensive than calcoflour white which is alreadyaleshed by the lab. Ranipal as
Calcofluor white M2R binds to the glucan chains &near b- (1, 4)-glucosidically linked
units of N-acetylglucosamine. On binding to polysaccharidehsas cellulose and chitin,
this flourochrome highlights and emits a light bllight when exposed to UV. On
degradation of this polymer to its individual sultsnthis fluorescence is lost as indicated

by a dark band against a fluorescent backgrourglX(6).
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C-Control (10mM PBS); 1-1ug; -Cbntrol (10mM PBS)2 & 3- 20ug
2-5u9; 3-10pg; 4-20ug; 5-40ug

Fig 15: Plate gel diffusion assay: Agarose gel isolymerized with 0.01% of glycol
chitin incorporated into it. Wells are bored into the gel with the help of a cork borer
and various concentrations of ANTL is loaded in tothe well and incubated
overnight. Gel is stained with 0.1% ranipal for 15 minutes followed by gently
washing with distilled water. Zone of clearance apgared due to the solubilization of
glycol chitin could be observed under uv-transillunmator.
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CHITINASE ASSAY STAINED CHITINASE ASSAY STAINED
WITH CALCOFLOURWHITE WITH RANIPAL

C-Control (10mM PBS); 1-1ug;
2-5ug; 3-10pg; 4-20ug; 5-40ug

Fig 16: Different staining methods

A simple, rapid and inexpensive method to detect thchitinase activity within the
gels is developed in the laboratory as an alternate for the earlier calcoflour white
stain. The use of ranipal as an alternative stainigpagent for the detection of
chitinases does not comprises with the sensitivitfhere is no difference in the limits
of detection between the two staining agent’s calftour white and ranipal for the
detection of ANTL.
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Trudel and Asselin (1989) have developed an agtstdining method by incorporating a
soluble glycol chitin in electrophoresis gel. Ly#ione was observed by UV illumination
with a transilluminator after staining with calaadir white M2R. In this method, when
substrate was directly incorporated into gel thedsashowed a smear instead of well-
defined band. We observed retardation of mobilityenzymes in the gel during the
electrophoresis, which may be because of the pceseh polysaccharide in the gel,
which can be overcome by solid plate method. Nataed Semi-native B¢
mercaptoethanol is not present in the sample) getlays showed good activity and
confirmed the chitinase activity in the PAGE getsveell (Fig 17). Kinetics studies of
ANTL have revealed that the optimum concentratibthe enzyme is 100 pg/ml and that
of the substrate is 1 mg/ml the enzyme has showexponential activity till 48 hr and
gradually became stable by 96 hour (Fig 18 & 19)e Dptimum temperature for the
chitinase activity is found to be 40 °C but gratiudecreased with rise in the temperature
and completely lost its activity after 70 °C and tptimum f for the chitinase activity is
found to be at 6 (Fig 20). These results are inekmat agreement with the

hemagglutination and CD spectral studies.
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10% Native Overlay Gel 12.5% semi SDS -PAGE overlay

1 2 3 1 2 3

- -
\
Lane 1: negative control 10mM PBS Lane 1: negative control 10mM PBS
Lane 2: purified protein 20ug Lane 2: purified protein 20ug
Lane 3: crude extract 20ug Lane 3: crude extract 20ug

Fig 17: Overlay gels for chitinase activity

Native PAGE and semi SDS-PAGE (withoutp-mercaptoethanol) gels were
carried out at 4°C. After semi SDS-PAGE the gels we incubated at 37 °C for 2
hour in sodium phosphate buffer pH 6 containing 1 %(v/v) Triton X-100 to
remove SDS. The gels were then washed with distdlevater and incubated at 37
°C in sodium phosphate buffer pH 6 for 1 hour. Othe gel containing 0.1% (v/v)
glycol chitin as a substrate for the enzyme is potyerized. After polymerization,
the gel with the substrate incorporated is overlaye on to the gel with the enzyme
and incubated overnight. After incubation the gel vith the substrate is stained
with 0.1 %( w/v) ranipal and observed under uv-trarsilluminator.

The bands observed in the chitinase activity nativand semi SDS-PAGE gels are
consistent with the bands observed in the native @anSDS-PAGE (without B-
mercaptoethanol) gels.
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(A) Enzyme concentration curve

(B) Enzyme activity time course
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Fig 18: Chitinase activity enzyme concentration andime course curves

A) Substrate concentration is kept at 1 mg/ml and thassay is carried out with
varied concentrations of enzyme
B) Substrate concentration is kept at 1 mg/ml andhe enzyme concentration is
kept at 100 pg and the assay is carried out with spect to time course
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Fig 19: Substrate concentration curve

A) Substrate concentration curve, Enzyme concenttan is kept at constant (500uQ)
and the assay is carried out with different concamations of substrate.
B) Michaelis-menton curve as analyzed by prism 5 ffwvare
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Fig 20: Temperature and pH optima studies for chithase activity

A) Substrate and purified lectin (ANTL) were incubated at different temperatures
viz 20°C, 30°C, 40°C, 50°C, 60°C, 70°C for 6 hr artde assay is carried out by above
said method.Chitinase activity is maximum at 40 °Gnd gradually decreased upon
increasing the temperature and lost its activity copletely after 80 °C.

(B) Substrate and purified lectin (ANTL) were incubated in the buffers of different
pHs 3, 3.5, 4.0,4.5, 5.0, 5.5, 6.0, 6.5, 7.0,7.8, 8.5, 9.0, 9.5,10.0 (20mM sodium
acetate(3.0-5.5)/sodium phosphate(6.0-8.0), Tris-H@.5-10.0) for a period of 6 hr at
40°C and then the assay is carried out. Chitinasectvity is maximum at pH 6. upon
increasing or decreasing of pH the activity is gradally lost.
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The effect of ANTL on insect larval development tfo pests Corcyra
cephalonica and Achaea janata was investigated by incorporating the lectin itifiaral
diets at concentrations ranging from 0.1% to 0.Z%ese values were chosen because
they are within the range of lectin concentratidognd in seeds and were similar to
concentrations used in other studies with purifiéaht lectins. The effect of ANTL on
larval development was monitored by feeding thedarwith ANTL in an artificial diet(
semi crushed sorghum seeds are mixed with varionsentrations of ANTL 0.1%-0.4%
(w/w) and ten neonatal larvae are reared on thifical diet for 5 days) and then
determining the number and mass of the survivingrtfo instar larvae. The
concentrationrresponse curve for the effect of ANTL on the suaViand mass of
Corcyra cephalonica larvae has shown ~50% mortality at the concemwinatf 0.3%

(w/w) and ~50% mass loss is observed at 0.15% (wdngentration (Fig 21).
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Fig 21: Effect of various concentrations of ANTL onCorcyra cephalonica larvae
Semi crushed sorghum seeds are mixed with variouomrcentrations of ANTL
0.1%-0.4% (w/w) and ten neonatal larvae are rearedn this artificial diet

For 5 days.

~50% mortality is observed at the concentration 00.3% (w/w)

~50% mass loss is observed at 0.15% (w/w) concerticm
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Regression analysis showed that a 0.1% increadeeiosoncentration of ANTL resulted
in a 3.0% increase in mortality (r2 =0.98) and 21fg decrease in mass (r2 =0.99). The
food consumption b¥C. cephalonica larvae reared on an artificial diet containing%.4
ANTL decreased by 45% and the faecal production dwsa decrease of 63% with
respect to the controls with no ANTL. No signifitamange is observed when the larvae
of Ajanata have been fed artificial diet with 1% ANTL. Wheaofl consumption was
expressed relative to body mass there was a 25%ea$s in consumption bg.
cephalonica larvae fed ANTL. The mean total protein contentfaécal and midgut
extracts of Ccephalonica larvae fed with 0.4 % ANTL showed a significantdease of
~16% and ~23% respectively compared to the contfads22). The higher faecal protein
content in lectin-fed insects resulted in a sigaifit decrease in the mean total protein
content of crude gut extracts. The trypsin-like\aigt of gut and faecal extracts in control

and lectin-treated larvae on the consumption ohrificial diet containing 0.4% ANTL

significantly decreased by ~21% the faecal protesgwity by ~14% (Fig 23). The

efficiency with whichC. cephalonica larvae that were fed ANTL converted food into new
body material relative to the amount of food edt@l), or relative to the amount of food
actually absorbed from the gut (ECD) decreased #%%- and ~49%, respectively,
whereas the efficiency with which ingested food assimilated (AD) the metabolic cost
(MC) increased by ~15% and ~38% respectively (Td®g compared to larvae that

received the control diet.
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Fig 22: Physiological parameters measured i€orcyra cephalonica larvae

Larvae are fed with an artificial diet with 0.1%-0.4% (w/w) ANTL. Controls are
without ANTL A) Diet consumption and faecal producion B)Faecal protein
content C)Total protein content of midgut extract

The food consumption by C. cephalonica larvae reace on an artificial diet
containing 0.4 %( w/w) ANTL decreased by ~45%and fecal production was
lower than in control larvae, with a decrease of ~&%. The faecal protein and the
mean total protein content of gut extracts showed aignificant decrease of ~16%
and ~23% respectively.
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Fig 23: Proteolytic activity of C. cephalonica lanae fed with ANTL.

(A) & (B) Protease assays after SDS-PAGE in midgwtnd faeces respectively.
1-Control (no ANTL), 2- 0.1%, 3- 0.2%, 4-0.4%, 5-0.5%. Proteolytic activity
appeared as a clear zone against a dark blue baclgmd. (c) Trypsin like
activity in the midgut and faeces of C. cephalonicéarvae fed a diet containing
0.1%-0.4% ANTL.
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Table 16: Nutritional parameters measured inCorcyra cephalonica

Treatment (%)  ECI (%) ECD (%) AD (%) MC (%)
0.0 28.3 43.1 65.8 56.9
0.1 27.8 38.6 72.1 61.4
0.2 24.1 33.8 71.4 66.2
0.3 23.3 31.3 74.6 68.7
0.4 16.4 21.3 76.8 78.7

Nutritional indices of C. cephalonica fourth-instar larvae on various concentrations
of (0.1%- 0.4%) ANTL-treated and control diets. Ingestion and digestion of larvae
fed on ANTL treated diets was significantly decreasd whereas the approximate
digestibility and metabolic cost are significantlyincreased compared to the control
diets.

A lectin from Koelreuteria paniculata seeds added to an artificial diet at a
concentration of 1.0% (w/w) reduced the larval mafsA. kuehniella by 84% (Maced@t
al., 2003); Galanthus nivalis lectin (GNA) was toxic toLacanobia oleracea at a
concentration of 2.0% (Fitchest al., 1997), and peaP{sum sativus) lectin was
detrimental taChilo partellus at a concentration of 0.5% (Law and Kfir, 19973 ghown
here, ANTL was effective only tG.cephalonica larvae. Reduced growth and decrease in
faecal production resulted by the decrease indbd tonsumption suggests the changes
from behavioral and physiological (post ingestiwedjects (Koul and Isman, 1991;
Venzonet al., 2004), possibly caused by the longer retentibriood in the gut to
maximize AD. The increase in the AD is to meet thereased demand for nutrients
(Mirela et al., 2007) and compensate for the decrease in tbé donsumption, the
deficiency in foodstuff conversion (reduction in E&hd ECD), perhaps by diverting

energy from biomass production into detoxificat{dfathan and Kalaivani, 2005). Some

lepidopterans can maintain their growth rate amdiyboass independently of food quality
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by altering their food consumption and use in resgao changes in food quality by such
compensatory effects. Serine proteases are theompiednt digestive enzymes in the
lepidopteran gut and this activity was found in gut and faecal extracts analyzed here.
Lectins can indirectly affect enzyme regulatory heusms by perturbing the
organization of the peritrophic membrane (Fitched &atehouse, 1998). Such an action
could account for the increased tryptic activityfaécal extracts, as well as the decrease
in the protein concentration of gut contents amdethhanced faecal protein concentration.
Even though the exact mechanism of the lectinsrferiag with the hydrolytic gut
enzymes of the insects is unclear, they may invbluding to sites other than the active
site (Kimet al., 1976). On the other hand, lectins may increasenumber of enzyme
active sites by altering their accessibility to théstrate (Ericksosat al., 1985). Lectins
may also bind to substrates, thereby increasingettmymatic activity, or may bind to
both the enzymes and their substrates to increlaseatffinity between them. The
antinutrient activity of plant lectins could be éaiped primarily by the predominant
binding of lectins to glycan receptors at the iited surface and blocking them from
enzyme. A prerequisite for toxicity is that thetiecshould be able to survive the hostile
proteolytic environment of the insect midgut. Degieg on their resistance to gut
proteolysis and on their specificity for carbohydraeceptors, lectins may bind to
different parts of the small intestine to causecfiomal and morphological alterations
(Pusztaiet al., 1990). The incubation of ANTL with gut proteasesm C. cephalonica
larvae did not resulted in degradation of the fethiat started within first minutes but
required several hours for completion Various itis&tal lectins, such as those Tdlisia
esculenta, Bauhinia monandra leaf lectin,Griffonia simplicifolia seed lectin 1l and some

storage proteins, such as vicilins and zeatoxinzZgenglobulin) (Mirelaet al., 2007), are
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resistant to degradation by insect digestive ensyrResistance to degradation by pest
metabolic systems is clearly beneficial for plaeteshsive mechanisms.

In conclusion, the divergent effects of ANTL @ cephalonica larvae indicate that
insects can adapt to the presence of plant leatinbeir diets by using strategies to
bypass or destroy these molecules. The insectieickatity of ANTL may involve: (1)
binding to chitin components (or equivalent strues) in the insect gut, (2) interaction
with glycoconjugates on the surface of epitheliallsc along the digestive tract, (3)
binding to the sugar moiety of any of the glycossda digestive enzymes and/or
assimilatory proteins present in midgut extraatsl @) resistance to enzymatic digestion
by midgut proteases. The physiological responsgestfs to insecticidal proteins provide
important information for the development of mamagat strategies that can be applied
to transgenic plants protected against insectlaftahristelleret al., 2005).

The nutritional indices suggested that ANTL hasudtimechanistic mode of action and
an antifeedent for both insects. The toxicityGorcyra apparently resulted from the
change in the gut membrane environment and consedigguption of digestive enzyme
recycling mechanisms.

In contrast, the inclusion of 1% (w/w) ANTL did nsignificantly decrease the survival
or weight ofAchaea janata (data not shown).

Among the three tested fungRhizoctonia Solani, Aspergillus Niger, Fusarium
moniliforme, ANTL has inhibited the growth of onlRsolani at a concentration of 250
pa/ml (Fig 24).

In conclusion, Chitin Affinity chromatography hasdn employed to purify chitin-
binding lectin fromAponogeton natans tubers. The lectin was eluted from the column in
a single step with 4-fold purification, as a singgmmetrical peak with 70.3% yield

which is a Glycoprotein with an apparent molecueass of 66 kDa and is made of two
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types of subunits (33kDa & 32kDa). The carbohydcatetent is found to be 8.2% of the
total protein. The hemagglutination activity of thextin was found to be specific for
different human blood groups viz. A (+vet), B (+yéd (+vet), AB (+vet), rabbit and rat.
The lectin activity was heat stable up to°’60and showed optimum hemagglutination
activity at pH 6. The lectin was affected by dematy agents such as Lithium chloride
(2M), Potassium ferricyanide (2M), Geranium chleri®M), Urea (2M) and Per lodic
acid (2M) and EDTA has no effect up to 30 mM. Thesireffective quenching is brought
about by acrylamide with 46.9 % quenching of thtaltbuorescence of the native protein
at a quencher concentration of 0.5 M. |- and Gstlct quench only 26.6 % and 2.5 %
respectively, at the same concentration. Low quegclof the charged quenchers
indicates that most of the fluorescent tryptophasidues in ANTL are buried in the
hydrophobic core of the protein and are in a sigaiftly non-polar environment.
Denaturation with 6 M Gdn. HCI results in the irased quenching percentage to 84.7 %,
47.5 % and 7.1 % with acrylamide, iodide ion andiw® ion, respectively, consistent
with the unfolding of the protein. CD spectral sagdindicate that ANTL is a protein with
a higher content ad-helix (53 %) tharp- sheet (21 %) and unordered structures (16%).
The protein is thermally quite stable up to 60°@ andergoes an unfolding transition at
~70°C, The isolated lectin possessed the chitiaateity, which was confirmed by the
plate gel diffusion assay method and Ranipal i<kbée as a staining reagent which is
less expensive and as effective as calcoflour whiiieh is already established by the lab.
Native and Semi-natives{mercaptoethanol is not present in the samplepgeilays has
confirmed the chitinase activity in the PAGE gedsveell. The optimum concentration of
the enzyme is found to be 100 pg/ml and the optinconcentration of the substrate is
found to be 1 mg/ml. The optimum temperature ferc¢hitinase activity is found to be 40

°C but gradually decreased with rise in the tempegaand completely lost its activity
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after 70 °C. The optimum pH for the chitinase attivs also found to be at 6. The
enzyme has shown an exponential activity till 48Tire cytotoxic studies of the enzyme
on insect cell lines (sf9 cells) and mammalian eds (SUP T1 and U266) has revealed
that there is no effect of the lectin on these lbels up to the concentration of 20ug till
72 hrs incubation in sf9 & SUP T1 cell lines bugrdnis 50% decrease in the proliferation
at 5ug in U266. Aponogeton natans lectin is fotomde potent mitogen for it stimulated
the Proliferative response in murine and humanesplgmphocytes at the concentration
of 5pg/ml. FITC-conjugated lectin studies revedleat the lectin is bound to all the cells
but the exact mechanism with which it is induciegponses in some cell lines is not
clearly understood. Regarding the insecticidalvagtitested against two pes@orcyra
cephalonica and Acheae janata, ANTL has produces ~50% mortality and mass loss in
Corcyra at the concentrations of 0.3%(w/w) and 0.15%(w/wspectively when
incorporated into the artificial diet. In contraste inclusion of 1% (w/w) ANTL did not
significantly decrease the survival or weight Awtheae janata. The nutritional indices
suggested that ANTL has a multi mechanistic modactibn and an antifeedent for both
insects. The toxicity ilCorcyra apparently resulted from the change in the gut brane
environment and consequent disruption of digestiveyme recycling mechanisms.

ANTL is a chimeric lectin which has both chitin Hing specificity and chitinase activity.

It is the second chimeric lectin reported from moots.

84



REFERENCES

Allen, N. K., Desai, N. N., Neuberger, A., Creeth,M. (1978). Properties of Potato
Lectin and the Nature of its Glycoprotein LinkagBsachem. J. 171: 665-674.

Anantharam, V., Patanjali, S. R., Swamy, M. J.,&#&nA. R., Goldstein, I. J. and
Surolia, A. (1986). Isolation, macromolecular pndigs, and combining site of a
chito-oligosaccharide-specific lectin from the eated of ridge gourd Lyffa
acutangula). J. Biol. Chem. 261: 14621-14627.

Asperg, A., Muira, R., Bourdoulous, S., Shimonaka, Heinegard, D., Schachner, M.,
Rouslahti, E., Yamaguchi, Y. (1997). The C-typetiteclomains of lecticans, a
family of aggregating chondroiting sulfate proteagins, bind tenascin-R by
protein-protein interactions independent of carlashie moiety. Proc. Natl. Acad.
Sci. USA. 94: 10116-10121.

Banerjee, R., Das, K., Ravishankar, R., SugunaSHKrplia, A. and Vijayan, M, (1996).
Conformation, protein-carbohydrate interactions andovel subunit association
in the refined structure of peanut lectin-lactosenplex. J. Mol. Biol. 259: 281-
296.

Banerjee, R., Mande, S. C., Ganesh, V., Das, KanaHj, V., Mahanta, S. K., Suguna,
K., Surolia, A. and Vijayan, M. (1994). Crystal wstture of peanut lectin, a
protein with an unusual quaternary structure. PNatl. Acad. Sci. USA 91: 227-
231.

Barbieri, L., Batelli, G. B., Stripe, F. (1993).®isome-inactivating proteins from plants.
Biochim. Biophys. Acta. 1154: 237-282.

Barbieri, L., Valbonesi, P., Bonora, E., Gorini, Bolognesi, A. and Stirpe, F. (1997).
Polynucleotide: adenosine glycosidase activityibbsome-inactivating proteins:
effect on DNA, RNA and poly (A). Nucleic Acids Re%: 518-522.

Barondes, S. H. (1981). Lectins: their multiple @pehous cellular functions. Annu. Rev.
Biochem. 50: 207-231.

Barre, A., Peumans, W. J., Rossignol, M., Bordel@s Culerrier, R., Van Damme, E. J.
M., and Rougé, P. (2004). Artocarpin is a polysfiegcalin-related lectin with a
monosaccharide preference for mannose. Biochimié®5-683.

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

Batelli, M.A., Barbieri, L., Bolognesi, A., BuonamilL., Valbonesi, P., Polito, L., Van
Damme, E.J.M., Peumans. W.J., & Stripe, F. (19%®ihosome Inactivating

85



lectins with polynucleotide: adenosine glycosidassvity. FEBS Lett.408: 355-
359.

Baumann, C., Rudiger, H., and Strosberg, A.D. (J9&9comparison of the two lectins
from Vicia cracca, FEBS Lett. 102: 216-218.

Beintema, J. J. (1994). Structural feature of ptamtinases and chitin-binding proteins.
FEBS Lett. 350: 159-163.

Bender, A.E., Reaidi, G.B., (1982). Toxicity of kigy beansRhaseolus vulgaris) with
particular reference to lectins. J. Plant Food454:22.

Berger, L. R. and Reynolds, D. M. (1988). Colloiddlitin preparation. Methods in
enzymology. Vol. 161: 140-142.

Blum H, Beier H & Gross HJ (1987). Improved silwtaining of plant proteins, RNA and
DNA in polyacrylamaide gels. Electrophoresis. 8%8B-

Bohlool, B.B. and Schmidt, E.L. (1974). Lectinspassible basis for specificity in the
Rhizobium-legume root module symbiosis. Scienc8: 289-271.

Boller, T and Mauch, F. (1988). Colorimetric ass&y chitinase. Methods in
enzymology. Vol. 161: 430-435.

Bourne, Y., Rouge, P., cambillau, C. (1992). X-rajructure of a Biantinnary

Octasaccharide-Lectin Complex Refined at 2°R&solution. J. Biol. Chem. 267:
197-203.

Boyd, W. C and Reguera, R. M. (1949). Hemaggluithggsubstances in various plants. J.
Immunol. 62: 333-339.

Boyd, W.C and Shapleigh, E., (1954). Specific gitating activity of plant agglutinins
(Lectins). Science. 119: 419.

Boyum, A. (1964). Separation of white blood celNsiture (Lond.), 204: 793.

Bowles, D. J and Marcus, S. (1981). Characterinatibreceptors for the endogenous
lectins of soybean and jackbean seeds. FEBS Le1i2¢s 135-138.

Bowles, D. J., Marcus, S. E., Pappin, D. J. C.diy, j. B. C., Eliopoulos, E., Maycox,
P. R., Burgess, J., (1986). Posttranslational ming of concanavalin A
precursors in jack bean cotyledons. J. Cell. Ri6R: 1284-1297.

Bradford, M.M., (1976). A rapid and sensitive metHor the quantification of
microgram quantities of protein using the principferotein-dye binding.Anal.
Biochem. 72, 248-254.

Broekaert, W.F., Van Parijs, J., Leyns, F., Joasamtl Peumans, W.J. (1989). A chitin-

binding lectin from stinging nettle rhizomes withtéungal properties. Science.
245: 1100-1102.

86



Broekaert, W.F., Marien, W., Terras, F.R.G., Del&dM.F.C., Proost, P., Van Damme,
J., Dillen, L., Claeys, M., Rees, S.B., Vanderlayd&, Cammue, B.P.A. (1992).
Antimicrobial peptides from\maranthus caudatus seeds with sequence homology
to the cysteine/glycine rich domain of chitin-bingdiproteins. Biochemistry 31:
4308-4314.

Carter, W.G and Etzler, M.E., (1975a). Isolationl @haracterization of subunits from the
predominant form of Dolichos biflorus lectin. Biaahistry. 14: 2685-2689.

Carter, W.G and Etzler, M.E., (1975I8olation, characterization, and subunit structures
of multiple forms of Dolichos biflorus lectin]. Biol. Chem. 250: 2756-2762.

Carlson, S. R. (1994). In Glycobiology, a practieproach; Fukuda, M., Kobata, A.,
Eds.; IRL Press: Oxford. pp 1.

Christeller, T.J., Malone, A.L., Todd, J.H., MarBhR.M., Burgess, E.P.G., Philip, B.A.
(2005). Distribution and residual activity of twosecticidal proteins, avidin and
aprotinin, expressed in transgenic tobacco plaintsthe bodies and frass of
Spodoptera litura larvae following feeding. Journal of Insect Physgy, 51,
Issue 10: 1117-1126

CLUSTAL W, 1.82 programs, www.expasy.org, proteamols.

Collinge, D.B., Kragh, K.M., Mikkelsen, J.D., Niels, K.K., Rasmussen, U., Vad, K.
(1993). Plant chitinases. Plant J. 3: 31-40.

Colucci, G., Moore, J.G., Feldman, M. and Crispebls J. (1999). cDNA cloning of
FRIL, a lectin from Dolichos lablab that presenfesmatopoietic progenitors in
suspension culture. Proc. Natl. Acad.Sci., U.S&.816-650.

Compton, L.A., Johnson Jr. W.C. (1986). Analysiguadtein circular dichroism spectra
for secondary structure using a simple matrix mldation, Anal. Biochem. 155:
155-167.

Crowley F.J., Irwin, J.G. (1982Ratura stramonium lectin. Methods in Enzymology. 83:
368-373

Cut, J. R., Klessig, D. F., (1992). Pathogened&tead proteins. In Boller, T and Meins, F.
(Eds). Genes involved in plant defense. SpringéeHag, Newyork. 209-243.

Dalmau, S. R. and Freitas, C. S. (1989). Sugabitdin of the lectin jacalin: comparison
of three assays. Braz. J. Med. Biol. Res. 22: 600.-6

Das, M. K., Khan, M. I. and Surolia, A. (1981). &timetric studies of the binding of

Momordica charantia (bitter gourd) lectin with ligands. Biochem. J.51841-
343.

87



De Boeck, H., Loonteins, F. G., Delmotte, F. M. &wBruyne, C. K. (1981). The use of
4-methylumbelliferyl glycosides in binding studiegh the lectins BS |-/ﬁ\, BS I-

B4 and BS Il from Bandeiraea (Griffonia) simplicifoliBEBS Lett. 126: 227-230.

De Miranda-Santos, I.K.F., Mengel Jr, J.O., Bunndbl@, M.M., Campos-Neto, A.
(1991). Activation of T and B cells by a crude extrof Artocarpus integrifolia is
mediated by a lectin distinct from jacalin, J. Inmou Methods. 140: 197-203.

Dey, P. M., Pridham, J. B. and Sumar, N. (1982).liples forms of Vicia fabaa-
galactosidases and their relationships. Phytochigmial: 2195-2199.

Diaz, C., Melchers, L.SKHooykaas, P.J.J., Lugtenberg, B.J.J., Kijne, J1889). Root
lectin as a determinant of host-plant specificity the Rhizobium-legume
symbiosis. Nature. 338:579-581.

Dixon, H.B.F., and Perham, R.N. (1968). Reversiblecking of amino groups with
Citraconic anhydride, Biochem. J. 109: 312-314.

Drickamer, K. (1988). Two distinct classes of cdmpdrate-recognition domains in
animal lectins. J. Biol. Chem. 263: 9557-9560.

Drickamer, K. (1994). Molecular structure of aninkdtins. In Molecular Glycobiology.
(Fukuda, M. and Hindsgaul, O. eds.), pp 53-87. @kfdniversity Press. Oxford.

Dubois, M., Gilles, K. A., Hamilton, J. K., Reber®.A., and Smith, F. (1956).
Colorimetric method for the determination of sugansl related substances, Anal.
Chem. 28: 350-355.

Eftink, M.R. and Ghiron, C.A. (1981). Fluorescerggenching studies with proteins.
Anal. Biochem. 114: 199-227.

Elglavish, S., Shaanan, B. (1997). Lectin-carbohtgrintercations: different folds,
common recognition principles. Trends Biochem. 8c#62-467.

Elgavish, S. and Shaanan, B. (2001). Chemical cteatics of dimer interfaces in the
legume lectin family. Protein Sci. 10(4): 753-761.

Erickson, R.H., Kim, J., Sleisenger, M.H., Kim, Y,.$1985). Effect of lectins on the
activity of brusch border membrane-bound enzymegabfsmall intestine. J.
Pediatr. Gastroenterol. Nutr. 4, 984-991.

Erlanger, F., Kokowsky, N., Cohen, W., (1961). Tgreparation and properties of two
chromogenic substrates of trypsin.Arch. BiochenopBys. 95, 217-278.

Etzler, M.E., Gupta, S., Borrebaeck, C. (1981).bGhydrate binding properties of the
Dolichos biflorus lectin and its subunits J. Bihem. 256: 2367-2370.

Etzler, M.E. (1985). Plant lectins: molecular andldgical aspects. Annu. Rev. Plant
Physiol. 36: 209-234.

88



Etzler, M.E., Liener, L.LE., Sharon, N. and Goldstei.J. (Eds.). (1986). The Lectins:
Properties, functions and applications in biologyl anedicine, Academic press,
Orlando, FL, 371-435.

Etzler, M.E., (1992). Glycoconjugates: CompositiBiructure, and Function (Allen, H.J,
and Kisailus, E. C, Eds), Marcel-Dekker, Inc., Néark: 521-539.

Etzler, M.E. (1994). Isolation and Characterizat@inSubunits of DB58, a Lectin from
the Stems and Leaves of Dolichos biflorus. Bioctstimi 33: 9778-9783.

Favero, J., Miquel, F., Dornand, J., and Mani, JX©88). Determination of mitogenic
properties and lymphocyte target sites of Dolichablab lectin (DLA):
comparative study with concanavalin A and galactosélase cell surface
receptors, Cell Immunol. 112:302-314.

Fitches, E., Gatehouse, J.A., (1998). A comparidothe short and long term effects of
insecticidal lectins on the activities of solubtelaorush border enzymes of tomato
moth larvae (Lacanobia oleracea). J. Insect Phy$40l1213-1224.

Fitches, E., Gatehouse, A.M.R., Gatehouse, J.R9(L Effects of snowdrop lectin
(GNA) delivered via artificial diet and transgemiants on the development of the
tomato moth (Lacanobia oleracea) larvae in laboyatmd glasshouse trials. J.
Insect Physiol. 43: 727-739.

Fitches, E., Philip, J., Hinchliffe, G., Vercruysde, Chougule, N., Gatehouse, J.A.
(2008). An evaluation of garlic lectin as an aladive carrier domain for
insecticidal fusion proteins. Insect Sci., in press

Feldsted, R. L., Egorin, M. J., Leavitt, R. D. dachur, N. R. (1977). Recombination of
subunits of Phaseolus vulgaris isolectins. J. Biblem. 252: 2967-2971.

Foriers, A., Lebrum, E., van Rapenbusch, R., deeN&y, Strosberg, A. D., (1981). The
structure of the lentil (Lens culinaris) lectin. Amo acid sequence determination
and prediction of the secondary structureBiol. Chem. 256: 5550-5560.

Gabius, H. J and Gabius, S. (1991). Tumour leabgyl a glycobiological approach to
tumour diagnosis and therapy. In Lectin Reviews]jp#irick, D.C., Van
Driessche, E. and Bog Hansen, T. C., ed., SigmanCle. Vol 1: 91-102.

Gabriella, C., Jeffrey, G. M., Michael, F., and $peels, M.J. (1999). cDNA cloning of
FRIL, a lectin from Dolichos lablab, that presenfesmatopoietic progenitors in
suspension culture, Proc.Natl.Acad.Sci. U.S.A.,@%-650.

Gansera, R., Schurz, H. and Rudiger, H. (1979)tiheeassociated proteins from the
seeds of leguminosae.Hoppe Seylers Z Physiol CB6t(11):1579-85.

Gatehouse, A.M.R., Barbieri, I., Stripe, F., & Créy.R.D. (1990). Effects of ribosome

inactivating proteins on insect development- déferes between Lepidoptera and
coleoptera. Entomol Exp Appl. 54: 43-51.

89



Gegg, C. V., Roberts, D. D., Segel, I. H., Etzlst, E. (1992). Characterization of
adenine binding sites of two Dolichos biflorus lest Biochemistry. 31: 6938-
6942.

Gilliland, D. G., Collier, R. J., Moehring, J. M@rMoehring, T. J. (1978). Chimeric
toxins: Toxic, disulfide-linked conjugate of Coneamalin A with fragment A
from diphthereia toxin. Proc. Natl. Acad. Sci. UAS 75: 5319-5323.

Giollant, M., Guilot, J., Damez, M., Dusser, M., dar, P., Didier, E. (1993).
Characterization of a lectin frommactarius deterrimus. Research on the possible
involvement of the fungal lectin between mushroamd apruce during the early
stages of mycorrhizae formation. Plant Physiol 203522

Girbes, T., Ferreras, M., Iglesias, R., Citores, De Torre C., Carabajales, M.L.,
Jimenez, P., De Benito, F.M., & Munoz, R. (1996@cBnt advances in the uses
and applications of ribosome-inactivating protefirmsn plants. Cell Mol Bio. 42:
461-471.

Goldstein, 1.J., & Hayes, C.E., (1978). The Lectinarbohydrate- binding proteins of
plants and animals. Adv Carbhydr Chem Biochem.2%=140.

Goldstein, I.J., Hughes, R.C., Monsigny, M., OsaWwaSharon, N., (1980). What should
be called a lectin? Nature. 285: 66-66.

Goldstein, 1.J. and Etzler, M.E. (1983). Chemitatonomy, molecular biology and
function of plant lectins. Alan, R. Liss, Inc., Nefork.

Goldstein, 1.J and Poretz, R.D. (1986). In The tiosc Properties, Functions and
applications in Biology and Medicine (Liener, 1.&haron, N, and Goldstein, I.J.
Eds.), Academic Press, Inc, New York.

Goldstein, I. J., Winter, H. C., Poretz, R. D. (I9n Glycoproteins II; Vliegenthrat, J.
F. G., Montreuil, J., Schachter, H., Eds. Else$eience B.V: Amsterdam; p 403.

Gowda, L. R., Savithri, H. S., Rajagopal Rao, D, @994). The complete primary
structure of a unique mannose/glucose specificinefom the field bean
(Dolichos lablab). J. Biol. Chem. 269: 18789-18793.

Grant, C. W. M., Peters, M. W. (1984). Lectin-memri® interactions: Information from
model systems. Biochim. Biophys. Acta. 779: 403-422

Grace, T.D.C. (1962). Establishment of four straohsells from insect tissues grown in
vitro. Nature 195:788-789.

Grinvald, A. and Steinberg, 1.Z. (1974). On the lgsia of the fluorescence decay
kinetics by the method of least squares. Anal. Béoc. 59: 583-598.

90



Gupta, D, Rao, N. V., Puri, K.D., Matta, K. L. agdrolia, A. (1992). Thermodynamic
and kinetic studies on the mechanism of bindingnethylumbelliferyl glycosides
to jacalin. J. Biol. Chem. 267: 8909-8918.

Guran, A., Ticha, M., Filka, K. and Kocourek, J98B). Isolation and properties of a
lectin from the seeds of Indian field bean (DolisHablab L.), Biochem. J. 209:
653-657.

Hamelryck, T.W., Moore, J.G., Chrispeels, M.J.,ikpR., Wyns, L. (2000). The role of
weak protein—protein interactions in multivalenctie—carbohydrate binding:
crystal structure of cross-linked FRIL, J. Mol. Bi99: 875-883.

Hardman, K. D and Ainsworth, C. F. (1972). Struetwf concanavalin A at 2.4 A
resolution. Biochemistry. 11: 4910-4919.

Harrop, S. J. (1996). Structure solution of a culristal of concanavalin A complexed
with methyla-D-glucopyranoside. Acta Crystallogr. D Biol. Crgogr. 52: 143-
155.

Hasselbeck, A and Hosel, W. (1993). In Glycoprotaialysis in Biomedicine. Hounsell,
E. L. Ed. Mothods. Mol. Biol. 14: 161.

Hayes, C. E and Goldstein, I. J. (1974). AnD-galactosyl-binding lectin from
Bandeiraceae simplicifolia seeds. Isolation by ndffi chromatography and
charecterization. J. Biol. Chem. 249: 1904-1914.

Hemperley, J. J., Mostov, K.E., Cunningham, B. @982). In vitro translation and
processing of a precursor form of Favin, a lectont Vicia faba. J. Biol. Chem.
257: 7903-7909.

Hester, G., Kaku, H., Goldstein, I. J. and Wrig@t,S. (1995). Structure of mannose-
specific snowdrop (Galanthus nivalis) lectin isresgentative of a new plant lectin
family. Nat. Struct. Biol. 2: 472-479.

Higgins, T. J. V., Chandler, P. M., Zurawski, Guyt®n, S. C., Spencer, D., (1983). The
biosynthesis and primary structure of pea seedhledt Biol. Chem 258: 9544-
9549.

Hincha, D. K., Bakaltcheve, I. and Schmitt, J. M993). Galactose specific lectins
protect isolated thylakoids against freeze-thawaiganPlant Physiol. 103: 59-65.

Hinek, A., Wrenn, D. S., Mecham, R. P., Baronded;15(1988). The elastin receptor: a
galactose binding protein. Science. 239: 1539-1541.

Hincha, D. K., Pfuller, U., Schmitt, J. M. (1997)he concentration of cryoprotective
lectins in mistletoe(Viscum album L.) leaves is correlated with leaf frost
hardiness. Plant Phisiol. 203: 140-144.

Hink, W.F. (1970). Established insect cell linenfreéhe cabbage loopé€Frichoplusia ni.
Nature 226: 466-467.

91



Hink, W.F., E. Strauss and J.L. Mears. (1974). &fef media constituents on growth of
insect cells in stationary and suspension culture¥itro 9: 371.

Hoffman, L.M and Donaldson, D.D., (1985). Charaetgion of two Phaseolus vulgaris
phytohemagglutinin genes closely linked on the otosome. EMBO J. 4: 883-
889.

Hortan, H.R. and Koshland, D.E. (1972). Modificatiof proteins with active benzyl
halides, Meth. Enzymol. 25: 468-482.

Iglesias, J.L., Lis, H., and Sharon, N. (1982). iftaation and properties of a D-
galactose/N-acetyl-D-galactosamine- specific ledtiom Erythrina cristagalli
Eur. J Biochem. 123: 247-252.

Jagmohan, S., Jatinder, S., Sukhdev, S.K. (2004pv&l mitogenic and antiproliferative
lectin from a wild cobra lily,Arisaema flavum. Biochemical and Biophysical
Research Communications. 318: 1057-1065.

Jagmohan, S.B., Jatinder, S., Sukhdev, S.K., Kae@lK.N., Javed, N.A., Vinod, K.,
Ashok, K., Saxena, A.K. (2005). Mitogenic and agmliferative activity of a
lectin from the tubers of Voodoo lilySguromatum venosum). Biochimica et
Biophysica Acta. 1723. 163— 174.

Jeyaprakash, A. A., Katiyar, S., Swaminathan, CSEkar, K., Surolia, A. and Vijayan,
M. (2003). Structural basis of the carbohydratecHjp#ies of jacalin: an X-ray
and modeling study. J. Mol. Biol. 332: 217-228.

Kabir, S and Daar, A. S. (1994). The compositiod groperties of jacalin, a lectin of
diverse applications obtained from jackfruit (Aropus heterophyllus) seeds.
Immunol.Invest. 23: 167.

Kakitani, M., Tonomura, B. and Hiromi, K. (1987)uBrometric study on the interaction
of amino acids and ATP with valyl-tRNA synthetaseoni Bacillus
stearothermophilus. J. Biochem. 101: 477-484.

Kaku, H., Tanaka, Y., Kiyoshi, T., Minami, E., Miza, H., Naota, S., (1996). Sialylated
Oligosaccharide-specific Plant Lectin from Japanddderberry Sambucus
sieboldiana) Bark Tissue Has a Homologous Structure to Typ&ibdosome-
inactivating Proteins, Ricin and Abrin. J. Biolh&mn. 271: 1480-1485.

Kaur, M., Kuljinder S., Pushpinder, J. R., SukhdevK., Ajit Kumar, S., Madhunika, S.,
Madhulika, B., Sarvesh Kumar, S and Jatinder Sin@006). A Tuber Lectin
from Arisaema jacquemontii Blume with Anti-insect and Anti-proliferative
Properties. Journal of Biochemistry and Moleculani®yy. 39: 432-440

Kenoth, R and Swamy, M.J. (2003). Steady-statetanetresolved fluorescence studies

on Trichosanthes cucumerina seed lectin, J. PhetoclPhotobiol. B Biol. 69:
193-201.

92



Khan, M. I., Mazumder, T., Pain, D., Gaur, N. angrdiia, A. (1981). Binding of 4-
methylumbelliferylg-D-galactopyranoside to Momordica charantia agginti
Fluorescence quenching studies. Eur. J. BiocheB1.471-476.

Kieliszewski, M. J., Showalter, A. M., Leykam, J. @994). Potato lectin: a modular
protein sharing sequence similarities with the esite family, the hevein lectin
family, and snake venom disintegrins (platelet aggtion inhibitors). Plant J. 5:
849-861.

Kilpatrick, D. C. (1991). Lectin interactions wituman leukocytes: mitogenicity, cell
seperation, clinical applications. In Lectin RevéewKilpatrick, D. C., Van
Driessche, E. and Bog Hansen, T. C., ed. Sigma C@em\vol. 1: 1-32.

Kim, Y.S., Brophy, E.J., Nicholson, J.A., (1976)atRntestinal brush border membrane
peptidases. J. Biol. Chem. 251: 326812.

Kim, H.M., Han, S.B., Oh, G.T., Kim,Y.H., Hong, D.HHong, N.D., Yoo, I.D. (1996).
Stimulation of humoral and cell mediated immunity polysaccharide from
mushroomPhellinus linteus. Int. J. Immunopharmacol. 18: 295-303.

Komath, S. S and Swamy, M. J. (1998). Further dtaraation of the saccharide
specificity of snake gourd (Trichosanthes aguiregdslectin. Current Sci. 75:
608-611.

Komath, S.S., Nadimpalli, S.K., and Swamy, M.J.980 Identification of Histidine
residues in the sugar binding site of snake goitirccl{fosanthes anguina) seed
lectin. Biochem.Mol.Biol.Int. 44: 107-116.

Knibbs, R.N., Goldstein, I.J., Ratcliffe, R.M., 8bya, N. (1991). Characterization of the
carbohydrate binding specificity of the leukoagujating lectin from Maackia
amurensis. Comparison with other sialic acidspedéctins, J. Biol. Chem. 266:
83-88.

Komath, S.S and Swamy, M.J. (1999). Fluorescencendajng, time-resolved
fluorescence and chemical modification studies loa tryptophan residues of
snake gourd Trichosanthes anguina) seed lectin, J. Photochem. Photobiol. B
Biol. 50: 108-118.

Koul, O., Isman, M.B., (1991). Effects of azadirchon dietary utilization and
development of variegated cutwormeridroma saucia. J. Insect Physiol. 37:
591-598.

Kudou, M., Shiraki, K., Fujiwara, S., Imanaka, Takagi, M. (2003). Prevention of
thermal inactivation and aggregation of lysozyme pglyamines, Eur. J.
Biochem. 270: 4547-4554

Kumar, N.S. and Rao, D.R. (1986). The nature dirie from Dolichos lablab, J.Biosci.
10: 95-109.

93



Kumar, M.A., Timm, D.E., Neet, K.E., Owen, W.G., udeans, W.J., & Rao, A.G.
(1993). Characterization of the lectin from thelsubf Eranthis hyemalis (winter
aconite) as an inhibitor of protein synthesis chepar J Biol Chem. 268: 25176-
25183.

Kummer, H., Rudiger, H(1988). Characterization of lectin binding storgmgetein from pea
(Pisum sativum). Biol Chem Hoppe Seyler. 369 (89-46.

Kundu, M., Basu, J., Ghosh, A., and Chakrabarti,(1®87). Chemical modification
studies on a lectin frongaccharomyces cerevisiae (Baker's yeast), Biochem. J.
244 579-584.

Kuroki, Y., Honma, T., Chiba, H., Sano, H., Saitd,, Ogasawara, Y., Sohma, H.,
Akino, T. (1997). A novel type of binding specitigito phospholipids for rat
mannose binding proteins isolated from serum awel.liIFEBS Lett. 414: 387-
392.

Laemmli, U.K. (1970). Cleavage of structural prageduring the assembly of the head of
T4 bacteriophage, Nature. 227: 680-685.

Landsteiner, K. and Raubitschek, H. (1907). Beotawen uber Hamolyse und
Hamagglitination. Zentralbl. Bakteriol. Parasitemkiektionskr. Hyg.Abt.l: Org.
45: 660-667.

Lakowicz, J.R., Principles of Fluorescence Spectipg (second ed.), Kluwer Academic
Publishers (1999).

Latha, V.L., Rao, R.N., Nadimpalli S.K., (2006).fikity purification, physicochemical
and immunological characterization of a galactgseeHic lectin from the seeds
of Dolichos lablab (Indian lablab beans). ProtpERur. 45: 296-306.

Latha, V.L., Kulkarni, K.A., Rao, R.N., Kumar, N,Suguna, K. (2006). Crystallization
and preliminary X-ray crystallographic analysisaofalactose-specific lectin from
Dolichos lablab, Acta Crystallogr. F62: 163—-165.

Law, I.J., Kfir, R., (1997). Effect of mannose-bing lectin from peanut and pea on the
stem borer Chilo partellus. Entomol. Exp. Appl. 881—-265.

Lehrer, S.S. (1971). Solute perturbation of protéuorescence: the quenching of
tryptophyl fluorescence of model compounds andysbzyme by iodide ion.
Biochemistry. 10: 3254-3263.

Liener, I. E., Sharon, N. and Goldstein, I. J.(1)98&ctins: Properties, Functions and
Applications in Biology medicine, p.60@nd Academic press, Orlando, Florida,
USA.

Leontowicz, H., Leontowicz, M., Kostyra, H., Kul&s&., Gralak, M.A., Krzeminski, R.,
Podgurniak, M., (2001). Effects of raw or extrudiedjume seeds on some
functional and morphological gut parameters in.ratsAnim. Feed Sci. 10: 169—
183.

94



Lis, H and Sharon, N. (1981). In: The Biochemistly Plants; (Marcus, A., Ed.);
Academic Press, New York. Vol. 6: pp 371-447.

Lis, H and Sharon, N. (1984). In Biology of carbdhgtes: Ginsberg, V., Robbins, P. W.,
Eds.; John Wiley & Sons: NewYork. Vol.2: p 1.

Lis, H and Sharon, N. (1986). In The Lectins: Praps, Functions and Applications in
Biology and Medicine; Liener, I. E., Sharon, N.,|@ein, I. J., Eds; Academic
Press, Inc.: Orlando. p 293.

Lis, H. and Sharon, N. (1998). Lectins: carbohyehstecific proteins that mediate
cellular recognition. Chem. Rev. 98: 637-674.

Lobley, A., Wallace, B.A. (2001). DICHROWERB: a wéesfor the analysis of protein
secondary structure from circular dichroism spe@raphys. J. 80: 373a.

Lobley, A., Whitmore, L., Wallace, B.A. (2002). DHROWERB: an interactive website
for the analysis of protein secondary structurenfraircular dichroism spectra,
Bioinformatics. 18: 211-212.

Loontiens, F. G., Clegg, R. M. and Jovin, T.(#977). Binding of 4-methylumbelliferyl
a-D-mannopyranoside to tetrameric and unmodified derivatized dimeric
concanavalin A: equilibrium studies. Biochemisttg: 159-66.

Loris, R., Hamelryck, T., Bouckaert, J., Wyns, 11998). Legume lectin structure,
Biochim. Biophys. Acta. 1383: 9-36.

Lowry, O. H., Rosebrough, N. J., Farr, A. L., Rahd’. J. (1951). J. Biol. Chem. 193:
265-271.

Macedo, M.L.R., Damico, D.C., Freire, M.G.M., ToyanM.H., Marangoni S., Novello,
J.C. (2003). Purification and characterization nfNracetylglucosamine-binding
lectin fromKoelreuteria paniculata seeds and its effect on the larval development
of Callosobruchus maculatus (Coleoptera: Bruchidaednd Anagasta kuehniella
(Lepidoptera: Pyralidae). J. Agric. Food Chem.Z380-2986.

Macedo, M.L.R., Freire, M.G.M., Novello, J.C., Magoni, S. (2002)Talisia esculenta
lectin and larval development o€allosobruchus maculatus and Zabrotes
subfasciatus (Coleoptera: Bruchidae). Biochim. Biophys. Acta71: 83-88.

Majumdar, T., and Surolia, A. (1979). A general lnoek for isolation of galactopyranosyl
specific lectins, Indian J. Biochem. Biophys. 160203.

Majumdar, T., and Surolia, A. (1981). The physiouoiel properties of the galactose-
specific lectin fromMomordica charantia, Eur. J. Biochem. 113: 463-470.

Maliark, M. J., Goldstein, I. J. (1988). Photoaiffynlabelling of the adinine binding sites

of the lectins from lima beamhaseolus lunatus and red kidney beafhaseolus
vulgaris. J. Biol. Chem. 263: 11274-11279.

95



Matis, M., Mavric, M. Z., Katalinic, J.P. (2005).dds spectrometry and database search
in the analysis of proteins from the fundelsurotus ostreatus. Proteomics. 5: 67-
75.

McEver, R. P. (2002). Selectins: lectins that atéicell adhesion under flow. Curr. Opin.
Cell Biol. 14: 581-586.

Melchior, W.B., and Fahrney, D. (1970). Ethoxy fotation of proteins. Reaction of
ethoxy formic anhydride witlx-chymotrypsin, pepsin and pancreatic ribonuclease
at pH 4. Biochemistry. 9: 251-258.

Michaud, D., Faye, L., Yalle, S., (1993). Eletropttac analysis of plant cysteine and
serine proteinases using gelatin-containing polgaotide gels and class-specific
proteinase inhibitors. Electrophoresis 14, 94-99.

Misquith, S., Rani, P.G., Surolia, A. (1994). Cdripdrate-binding specificity of the B-
cell maturation mitogen fromArtocarpus integrifolia seeds, J. Biol. Chem. 269:
30393-30401.

Mirela, B.C., Sergio, M., Maria, L.R.M. (2007). kdicidal action ofAnnona coriacea
lectin against the flour motlnagasta kuehniella and the rice motiCorcyra
cephalonica (Lepidoptera: Pyralidae). Comparative Biochemistng Physiology.
Part C. 146: 406—414.

Mo, H., Meah, Y., Moore, J.G., and Goldstein, [{999). Purification and
characterization of Dolichos lablab lectin. Glyaalbgy. 9(2): 173-179.

Nachbar, M. S., Oppenheim, J. D., Thomas. J. BQL9 ectins in the US diet. Isolation
and charecterization of a lectin from tomakgadppersicon esculentum). J. Biol.
Chem. 255: 2056-2061.

Nathan, S.S., Kalaivani, K., (2005). Efficacy of cteopolyhedrovirus (NPV) and
azadirachtin onSpodoptera litura fabricius (Lepidoptera: Noctuidae). Biol.
Control 34: 9398.

Nair, G. N., Das, H. R. (2000). Plant Foods for HummNutrition (Formerly Qualitas
Plantarum). 55 (3): 243 — 253.

Noah, N.D., Bender, A.E., Reaidi, G.B., GilbertJR(1980). Food poisoning from red
kidney beans. Brit. Med. J. 281: 236-237.

Nowell, P. C., (1960). Phytohemagglutinin: An iatbr of mitosis in cultures of normal
human leukocytes. Cancer Research. 20: 462-466.

Ofek, I. and Sharon, N. (1988). Lectinophagocytosis molecular mechanism of
recognition between cell surface sugars and leatitise phagocytosis of bacteria.
Infect. Immun. 56: 539-547.

Ofek, I. and Sharon, N. (2002). A bright future fomti-adhesion therapy of infectious
diseases. Cell Mol. Life Sci. 59: 1666-1667.

96



Oliveira, J.T.A., Vasconcelos, |.M., Bezerra, L.QW, Silveira, S.B., Monteiro, A.C.O.,
Moreira, R.A., (2000). Composition and nutritionatoperties of seeds from
Pachira aquatica Aubl, Serculia striata S Hil et Naud and Terminalia catappa
Linn. Food Chem. 70: 185-191

Olsnes, S. (1978). Toxic and nontoxic lectins frAbnus precatoius. Meth. Enzymol. 50:
232-330.

O'Reilly, D. R., Miller, L. K. and Luckow, V. A. @92). Baculovirus Expression Vectors:
A Laboratory Manual, W. H. Freeman and Co., Newkyor

Parkin, S., Rupp, B., Hope, H., (1996). Atomic Reson Structure of A at 120 K.
Concanavalin. Acta Crystallogr, D. 52: 1161-1168.

Patanjali, S.R., Swamy, M.J., Anantharam, V., Khdr,, Surolia, A. (1984). Studies on
the tryptophan residues Abrus agglutinin. Stopped flow kinetics of modification
and fluorescence quenching studies, Biochem. J. 2713781.

Patthy, L., and Smith, E.L. (1975). Reversible nfiodtion of arginine residues,
J.Biol.Chem. 250: 557-564.

Perkins, D. N., Pappin, D. J. C., Creasy, D. M.it@d, J. S., (1999). Probability-based
protein identification by searching sequence daedaising mass spectrometry.
Electrophoresis. 20: 3551-3567.

Peterson, G. L. (1983). Determination of total pmotcontent. Meth Enzymol 91: 105-
108.

Peumans, W. J. and Van Damme, E. J. M. (1995)irsas plant defense proteins. Plant
Physiol. 109: 347-352.

Peumans, W. J., Van Damme E. J. M. (1996). Prewaléiological activity and genetic
manipulations of lectins in foods. Trends Food Bathnol. 7: 132- 138.

Peumans, W. J., Winter, H. C., Bemer. V., Van Le\a, Goldstein, I. J., Truffa-Bachi,
P., Van Damme, E. J. M. (1997). Isolation of a nglant lectin with an unusual
specificity from Calystegia sepium. Glycoconjugakel4: 259-265.

Peumans, W. J., Barre, A., Hao, Q., Rougé, P. aad Mamme, E. J. M. (2000). Higher
plants developed structurally different motifs é@zognize foreign glycans. Trends
Glycosci. Glycotechnol. 12: 83-101.

Pratap, J. V., Jeyaprakash, A. A., Rani, P. G.ageK., Surolia, A. and Vijayan, M.
(2002). Crystal structures of artocarpin, a Moracdactin with mannose
specificity, and its complex with methyl-alpha-Dinm@se: implications to the
generation of carbohydrate specificity. J. Mol. IBRL7: 237-247.

97



Puri, K. D., Gopalakrishnan, B., Surolia, A. (199€garbohydrate binding specificity of
the T, -antigen binding lectin frorVicia villosa seeds (VVLB4). FEBS Lett. 312:
208-212.

Puri, K. D., Surolia, A. (1994). Amino acid sequesof winged bean (Psophocarpus
tetragonolobus) basic lectin. J. Biol. Chem. 26#13-30926.

Pusztai, A., Ewen, S. W. B., Grant, G., Peumand/ah Damme, E. J. M., Rubio, L. and

Bardocz, S. (1990). The relationship between sahandbinding of plant lectins during
small inestine passage and their effectivenessr@stly factors. Digestion. 46:
308-316.

Pusztai, A., Ewen, S. W. B., Grant, G., PeumansJyWan Damme, E. J. M., Rubio, L.
A. and Barodocz, S. (1991). Plant (food) lectinsigaal molecules: effects on the
morphology and bacterial ecology of the small itites In Lectin Reviews:
Kilpatrick, D. C., Van Driessche, E. and Bog-HansénC., ed., Sigma Chem.
Co. Vol.1: pp. 1-15.

Pusztai, A. (1993). Dietary lectins are metabalimals for the gut and modulate immune
and hormone functions. Eur. J. Clin. Nutr. 47: @3D-

Quinn, J.M., Etzler, M.E. (1989). In Vivo Biosyntiwe Studies of the Dolichos biflorus
Seed Lectin. Plant Physiol. 91: 1382-1386.

Rao, D.N., Hariharan, K., and Rao, D.R. (1976).ifltation and properties of a
phytohaemagglutinin from Dolichos lablab (field bga_ebensm.-Wiss. Technol.
9: 246-250.

Rao, R. N., Nadimpalli, S.K. (2008). An efficientethod for the purification and
guantification of a Galactose-specific lectin fraregetative tissues of Dolichos
lablab. Journal of Chromatography, B. 861: 209-217.

Radha, Y. (2002). Studies on some biologically ingoat proteins from the invertebrate
unio Ph.D. thesis, Biochemistry Department, Uniitgrsof Hyderabad,
Hyderabad, India.

Rajasekhar, B.T., Padma, P., Kumar, N.S. (1997)ifi€ation of a lectin in high yield
from the Indian lablab beans on goat IgM-Sepharmmsé by immunoaffinity
chromatography. Evidence for the presence of endmnge lectin receptors,
Biochem. Arch. 13: 237-244.

Rajasekhar, B.T. and Siva Kumar, N. (1997). Puatfan ofa mannosidase activity from
Indian lablab beans, Biochem. Mol. Biol.Int. 4159231.

Rajasekhar, B.T., Padma, P., and Siva Kumar, N0l Purification of a lectin in high
yield from the Indian lablab beans on Goat IgM-S&pke and by immunoaffinity
chromatography: Evidence for the presence of enumge lectin receptors,
Biochem. Arch. 13 237-244.

98



Rajasekhar, B.T. and Siva Kumar, N. (1998). A newsual galactose specific lectin
from the seeds of Indian lablab beans.Curr. Sci846-842.

Reddy, G.B., Bharadwaj, S., Surolia, A. (1999). i stability and mode of
oligomerization of the tetrameric peanut agglutinen differential scanning
calorimetry study, Biochemistry 38: 4464-4470.

Renkonen, K. O. (1948). Studies on hemagglutinies@nt in seeds of some
representatives of Leguminoseae. Ann. Med. Expl. Benn. 26: 66-72.

Reisfeld, R. A., Lewis, U. J. and Williams, D. H962). Disc electrophoresis of basic
proteins and peptides on polyacrylamide gels. atl®5: 281-283.

Reisslig, J. L., Strominger, J. L. and (1955). Adified colorimetric method for the
estimation of N-acetylamino sugars. J. Biol. Che2thiZ: 959-966.

Rhodes, J. M. and Milton, J. D. (1998). Eds.; Lectiethods and protocols; Humana
Press Inc.: Totowa, NJ. pp 616.

Rice, K. G., Weisz, O. A., Barthel, T., Lee, R. Iee. Y. C. (1990). Defined geometry of
Binding between Triantinnary Glycopeptide and theafoglycoprotein Receptor
of Rat hepatocytes. J. Bio. Chem. 265: 18429-18434.

Rinderle, S. J., Goldstein, 1. J., Matta, K. L. dRrdtcliffe, R. M. (1989). Isolation and
characterization of amaranthin, a lectin presentthe seeds of Amaranthus
caudatus, that recognizes the T- (or cryptic T)egamt J. Biol. Chem. 264: 16123-
1631.

Riordan, J.F., Wacker, W.E.C., and Vallee, B.L.68P N acetyl imidazole: A reagent
for the determination of "free" tyrosyl residuespobteins, Biochemistry. 4: 1758-
1765.

Roberts, D. D., Goldstein, 1. J. (1982). Hydroplwbinding properties of lectin from
lima beans (Phaseolus lunatus). J. Biol. Chem. 2598-9204.

Roberts, D. D., Goldstein, I. J. (1983a). Bindirfghgdrophobic ligand to plant lectins:
titration with arylaminonaphthalenesulfonates. Ardiochem. Biophys. 224:
479- 485.

Roberts, D.M., Walker, J., Etzler, M.E., (1982)s#kuctural comparison of the subunits
of the Dolichos biflorus Seed lectin by peptide mag and carboxyl terminal
amino acid analysis. Arch. Biochem. Biophys. 2183-219.

Roopashree, S., Singh, S.A., Gowda, L.R., Rao, AZ&06). Dual-function protein in
plant defence: seed lectin from Dolichos biflorusor6e gram) exhibits
lipoxygenase activity. Biochem J. 395(3): 629-639.

Rudiger, H. (1988). Preparation of plant lectims, H. Franz (Ed.), Advances in Lectin
Research, vol. 1, Springer, Berlin, pp. 26-72.

99



Rudiger, H. (1998). Plant lectins — more than josis for glycoscientists: occurrence,
structure and possible functions of plant lectista Anal (Basel). 161:130-52.

Rutenber, E., Katzin, B. J., Ernst, S., CollinsJEMIsna, D., Ready, M. P. and Robertus,
J. D. (1991). Crystallographic refinement of ritin2.5 A. Proteins. 10: 240-250.

Sabins, D. D. and Hart, J. W. (1978). The isolatiord some properties of a lectin
(haemagglutinin) from cucurbita phloem exudateantl. 142: 97-101.

Sahai, A. S., Manocha, M. S. (1993). Chitinasefsiogi and plants: their involvement in
morphogenesis and host parasite interaction. FENt¥oldiol Rev 11:317-338

Sahasrabuddhe, A. A., Gaikwad, S. M., KrishnasastryV. and Khan, M. I. (2004).
Studies on recombinant single chain Jacalin lemtwveal reduced affinity for
saccharides despite normal folding like native liacBrotein Sci. 13: 3264-3273.

Sanadi, A. R. and Surolia, A. (1994). Studies och#ooligosaccharide-specific lectin
from Coccinia indica. Thermodynamics and kinetics of umbelliferyl glgate
binding. J. Biol. Chem. 269: 5072-5077.

Sastry, M.V.K., Banerjee, P., Patanjali, S.R.,aBw, M.J., Swarnalatha, G.V., Surolia,
A. (1986). Analysis of saccharide binding Aotocarpus integrifolia agglutinin
reveals specific recognition of T-antigen (fabGalNAc), J. Biol. Chem. 261:
11726-11733.

Sankaranarayanan, R., Sekar, K., Banerjee, R.n8har., Surolia, A. and Vijayan, M
(1996). A novel mode of carbohydrate recognitionaocalin, a Moraceae plant
lectin with ap-prism folds. Nat. Struct. Biol. 3: 596-603.

Saris, C.J.M., Eenbergen, J.V., Jenks, B.G., Blogmid.P.J. (1983). Hydroxylamine
cleavage of proteins in polyacrylamide gels. AnabltBiochemistry. 132: 54-67.

Sastry, M. V. K. and Surolia, A. (1986). Intrindilciorescence studies on saccharide
binding toArtocarpus integrifolia lectin. Biosci. Rep. 6: 853-860.

Sastry, M. V. K., Banerjee, P., Patanjali, S. RyaBy, M. J., Swarnalatha, G. V.,
Surolia, A. (1986). Analysis of sacharide bindiogAttocarpus integrifolia lectin
reveals specific recognition of T-antige-D-Gal (1-3) D-GalNAc). J.
Biol.Chem. 261: 11726-11733.

Schlumbaum, A., Mauch, F., Vogeli, U., Boller, T.986). Plant chitinases are potent
inhibitors of fungal growth. Nature. 324: 365-367.

Schnell, D.J., Etzler, M.E. (1987). Primary sturetof the Dolichos biflorus seed lectin.
J.Biol.Chem. 262: 7220-7225.

Schwartz, F.P., Puri, K.D., Bhat, R.G., Surolfa, (1993). Thermodynamics of

monosaccharide binding to Concanavalin A, g&iaufm sativum) lectin and lentil
(Lens culinaris) lectin, J. Biol. Chem. 268: 7668+7.

100



Schwartz, F. P., Misquith, S. and Surolia, A. (199%ffect of substituents on the
thermodynamics of D-galactopyranoside binding tacamavalin A, peaRisum
sativum) lectin and lentil (Lens culinaris) lectin. BioagheJ. 316: 123-129.

Scriber, J.M., Slansky Jr., F., (1981). The nuin#l ecology of immature insects. Ann.
Ver. Entomol. 26, 183-211.

Shadforth, I., Todd, K., Crowther, D., Bessant, 005). Protein and peptide
identification algorithms using MS for use in hitiroughput, automated
pipelines. Proteomics. 5: 1787-1796.

Sharma, V., Vijayan, M. and Surolia, A. (1996). Bnjing exquisite specificity to peanut
agglutinin for the tumour-associated Thomsen-Fremeich antigen by redesign
of its combination site. J. Biol. Chem. 271: 2120%213.

Sharma, V. and Surolia, A. (1997). Analyses of chstdrate recognition by legume
lectins: size of the combining site loops and tipeimary specificity. J. Mol. Biol.
267: 433-445.

Sharon, N. (1987). Bacterial lectins, cell-cellgguition and infectious disease. FEBS
Lett. 217: 145-157.

Sharon, N and Lis, H. (1990). Legume lectins- g@dafamily of homologous proteins.
FASEB J. 4: 3198-3208.

Sharon, N and Lis, H. (1995). Lectins-proteins withsweet tooth: functions in cell
recognition. Essays in Biochem. 30: 59-75.

nd
Sharon, N. and Lis, H. (2003). Lectins, ZEdition. Kluwer Academic Publishers,
Dordrecht, The Netherlands.

Shibuya, N., Goldstein, 1.J., Willem, F. B., Makubdsimba-Lubaki, Ben Peeters,
Peumans, W.J., (1987). Fractionation of sialylatealigosaccharides,
glycopeptides, and glycoproteins on immobilizededberry Gambucus nigra L.)
bark lectin. Archives of Biochemistry and Biophysi@54: 1-8.

Shibuya, N., Goldstein, I. J., Van Damme, E. J.aud Peumans, W. J. (1988). Binding
prosperities of a mannose-specific lectin from shewdrop (Galanthus nivalis)
bulb. J. Biol. Chem. 263: 728-734.

Siva Kumar, N. (1999). Chemical modification stied@n the glucose/mannose specific
lectins from Indian lablab beans. Biochem. Mol.Bradl 47 (5): 825-834.

Siva Kumar, N and von Figura, K. (2002). Identifioa of the putative mannose 6-
phosphate receptor (MPR 46) protein in the invedibmollusc, Biosci.Rep. 22:
513-521.

Siva Kumar, N., Nirmala, P., and Suresh, K. (20@ihchemical and immunological
characterisation of a glycosylateai-fucosidase from the invertebrate Unio.

101



Interaction of the enzyme with its invivo bindingrfners, Protein expression and
purification. 37: 279-287.

Spande, T.F., and Witkop, B. (1967) Determinatibthe tryptophan content of proteins
with N-Bromosuccinimide, Meth. Enzymol. 11: 498-506

Srinivas, V.R., Reddy, G.B., Ahmad, N., Swaminath@P., Mitra, N., Surolia, A.
(2001). Legume lectin family, the ‘natural mutardé the quaternary state’,
provide insights into the relationship between @irot stability and
oligomerization, Biochim. Biophys. Acta. 1527: 102:2.

Stinissen, H. M., peumans, W. J. and Carlier, A. [R983). Occurrence and
immunological relationships of lectins in graminsagpecies. Planta. 159: 105-
111.

Stirpe, F., Barbieri, L., Battelli, M. G., Soria,.Mind Lappi, D. A. (1992). Ribosome-
inactivating proteins from plants: present statusd afuture prospects.
Biotechnology (N. Y.) 10: 405-412.

Stubbs, M.E., Carver, J. P., Dunn, R.J. (1986)d&cton of pea lectin in Escherichia
coli. J. Biol. Chem. 261: 6141-6144.

Sultan, N.A.M., Roopa, K., Swamy, M.J. (2004). Roation, physicochemical
characterization, saccharide specificity and chamienodification of a
Gal/GalNAc specific lectin from the seeds dfichosanthes dioica, Arch.
Biochem. Biophys. 432: 212-221

Sultan, N.A.M., Swamy, M.J. (2005). Fluorescenceerghing and time-resolved
fluorescence studies on Trichosanthes dioica saxioh] J. Photochem. Photobiol.
B Biol. 80: 93-100.

Sultan, N. A. M., Rao, R. N., Nadimpalli S.K., SwamM.J. (2006). Tryptophan
environment, secondary structure and thermal uimfgldf the galactose-specific
seed lectin from Dolichos lablab: Fluorescence aridcular dichroism
spectroscopic studies. Biochim. Biophys. Acta. 176101-1008.

Summer, J. B. and Howell, S. F. (1936). The idergtifon of haemagglutinin of the Jack
bean with Concanavalin A. J. Bacteriol. 32: 227-237

Surolia, A. and Bachhawat, B. K. (1978). The effetlipid composition on liposome-
lectin interaction. Biochim. Biophys. Acta. 83: 7785.

Surolia, A., Bachhawat, B. K. and Podder, S. K.78)9 Interaction between lectin from
Ricinus communis and liposome containing gangliosides. Nature. 352-804.

Swamy, M. J., Sastry, M. V. K., Khan, M. I. and 8lia, A. (1986). Thermodynamic and

kinetic studies on saccharide binding to soya-bagglutinin. Biochem. J. 234:
515-522.

102



Tahirov, T. H., Lu, T. H., Liaw, Y. C., Chen, Y. Bnd Lin, J. Y. (1995). Crystal structure
of abrin-a at 2.14 A. J. Mol. Biol. 250: 354-367.

Talbot, C. F., Etzler, M.E. (1978). Isolation andhafacterization of a Protein from
Leaves and Stems of Dolichos biflorus that CrosacRewith Antibodies to the
Seed Lectin. Biochemistry. 17: 1474-1479.

Thiede, B., Wittmann-Liebold, B., Michael, B., Kisej E. (1995). A method to define
the carboxyl terminal of proteins. FEBS Letter&.7:365-69.

Towbin, H., Staehelin, T., and Gordon, J. (1979gcEophoretic transfer of proteins
from polyacrylamide gels to nitrocellulose shee®rocedure and some
applications, Proc. Natl. Acad. Sci. 76: 4350-4354.

Transue, T. R., Smith, A. K., Mo, H., GoldsteinJl.and Saper, M. A. (1997). Structure
of benzyl T-antigen disaccharide boundAimaranthus caudatus agglutinin. Nat.
Struct. Biol. 4: 779-783.

Treffers, H. P. (1922). Agglutination reaction. Bncyclopedia of Science and
t
Technology. 17 Edn. p 172. McGraw-Hill, Inc.

Trowbridge, I. S. (1974). Isolation and chemicahr@cterization of a Mitogenic lectin
from Pisum sativum. J. Biol. Chem. 249: 6004-6012.

Trudel, J., Asselin, A. (1989). Detection of chase activity after polyacrylamide gel
electrophoresis. Analytical Biochemistry. 178, s 362-366.

Vaughn, J.L., Goodwin, R.H., Tompkins, G.J. and MaeyP. (1977). The
establishment of two insect cell lines from theettsSpodoptera frugiperda
(Lepidoptera: Noctuidae). In Vitro 13, 213-217.

Van Damme, E. J. M., Allen, A. K. and Peumans, W.(18987). Isolation and
characterization of a lectin with exclusive speidifi toward mannose from
snowdrop Galanthus nivalis) bulb. FEBS Lett. 215: 140-144.

Van Damme, E. J. M., Kaku, H., Perini, F., Goldstei J., Peeters, B., Yagi, F., Decock,
B and Peumans, W. J. (1991). Biosynthesis, prinsnycture and molecular
cloning of snowdropGalanthus nivalis) lectin. Eur. J. Biochem. 202: 23-30.

Van Damme, E. J. M., Balxarini, J., Smeets, K., izanven, F., Peumans, W. J. (1994).
The monomeric and dimeric mannose binding protém® Orchidaceae species
Listera ovala and Epipactis helleborine: Sequermmadiogies and differences in
biological activities. Glycoconjugate J. 11: 32323

Van Damme, E. J. M., Barre, A., Verhaert, P., RolgeVan Leuvan, F., Peumans, W. J.

(1996). Molecular cloning of the mitogenic mannrosatose-specific rhizome
lectin fromCalystegia sepium. FEBS Lett. 397: 352-356.

103



Van Damme, E. J. M., Peumans, W. J., Barre, A.Rodgé, P. (1998). Plant lectins: a
composite of several distinct families of structiyraand evolutionarily related
proteins with diverse biological roles. Crit. R&fant Sci. 17: 575-692.

Van Damme, E. J. M., Hause, B., Hu, J., Barre,Rauge, P., Proost, P. and Peumans,
W. J. (2002). Two distinct jacalin-related lectwgh a different specificity and
subcellular location are major vegetative storagegms in the bark of the black
mulberry tree. Plant Physiol. 130: 757-769.

Van Parijs, J., Broekaert, W. F., Goldstein I. 3d #eumans, W. J. (1991). Hevein: an
antifungal protein from rubber treélévea brasiliensis) latex. Planta. 183: 258-
262.

Van Parijs, J., Joosen, H.M., Peumans, W.J., Geulis, Van Laeire, A.J. (1992). Effect
of the lectin UDA (Urtica dioica agglutinin) on germination and cell wall
formation ofPhycomyces blakeslemzus Burgeff. Arch Microbiol. 158: 19-25.

Venzon, M., Rosado, M.C., Fadini, M.A., Ciociolal APallini, A., (2004). The
potencial of neem Azal for the control of coffeaflpests. Crop Prot. 24, 213—
219.

Vodovozova, E. L., Gayenko, G. P., Razinkov, V.Karchagina, E. Y., Bovin, N. V.,
and Molotkovksy, J. G. (1998). Sacharide assis&dd ety of cytotoxic liposomes
to human malignant cells. Biochem. Mol. Biol. 1a4: 543-553.

Weis, W. I., Drickamer, K. (1994). Trimeric structuof a C-type mannose-binding
protein. Structure. 2: 1227-1240.

Weis, W. I., Taylor, M. E. and Drickamer, K. (1998he C-type lectin superfamily in
the immune system. Immunol. Rev. 163: 19-34.

Whitmore, L., Wallace, B.A. (2004). DICHROWEB, amlime server for protein
secondary structure analyses from circular dichmapectroscopic data, Nucleic
Acids Res. 32 W668-W673 (Web Server Issue).

Wiseman, T., Williston, S., Brandts, J. F. and UinN. (1989). Rapid measurement of
binding constants and heats of binding using a tigation calorimeter. Anal.
Biochem. 179: 131-137.

Wright, C. S. (1990). 2.2 A resolution structure algsis of two refined N-
acetylneuraminyl-lactose wheat germ agglutininasbh complexes. J. Mol. Biol.
215: 635-651.

Wright, C. S. and Kellogg, G. E. (1996). Differeada hydropathic properties of ligand
binding at four independent sites in wheat germwdggn-oligosaccharide crystal
complexes. Protein Sci. 5: 1466-1476.

Xu, C., Moore, C.H., Fountain, D.W., Yu, P.L. (199Rurification and characterization
of a new lectin from tamarillodQyphomandra betacea), Plant Sci. 81: 183—-189.

104



Yamaguchi, T., Kato, R., Beppu, M., Terao, T., lapty., lkawa, Y. and Osawa, T.
(1979). Preparation of Concanavalin A- Ricin A-cheonjugate and its biological
activity against various cultured cells. J. NathnCer Inst. 62: 1387-1395.

Yamamoto, K., Tsuji, T., Osawa, T. (1993). In Glyootein analysis in Biomedicine.
Hounsell, E. L. Ed. Mothods. Mol. Biol. 14: 17.

Zacharias, R. M., Zell, T. E., Morrison, J. H. AWwfbodlock, J. J. (1969). Glycoprotein
staining following electrophoresis on acrylamidésgénal Biochem. 30 (1): 148-
152.

Zimmerman, D. H., and H. Kern. (1973). Differentat of lymphoid cells: effect of
serum and other mitogenic agents on the seleatidection of immunoglobulin
M secreting lymph node cells in tissue cultulrdmmunol. 111:1326.

Zou X, Nonogaki H, Welbaum GE (2002). A gel diffoisiassay for visualization and
guantification of chitinase activity. Mol Bioteck2: 19-23.

105



	cover page
	front-pages-signed
	i
	ii
	front-pages-2
	 
	DECLARATION 
	APS      Ammoniumperoxodisulfate 



	THESIS FINAL10-01-2011



