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ABSTRACT KEYWORDS
Although the studies on plant lectins have completed a century, their role Biological role;
in nature remained elusive. Erythrina indica seed lectin (EiSL) binding Protein bodies;
endogenous partners as well as those binding immobilized ConA from Interactions;
Erythrina indica seed extract (EiSE) have been studied, at different pHs Plant lectin;
values, using affinity chromatography on immobilized EiL Sand ConA. At Legume;
pH 7, fewer proteins bound EiLS very strongly involving sugar specific, Receptors.

ionic and hydrophobic interactions. However, at pH 4.6, (apH closer to the
invivo conditions) good number of proteinsinteracted with EiL Ssolely by
sugar specificinteractions. Endogeneousreceptorsfor EiSL wereidentified
as glycosidases, acid phosphatase and or probably storage proteins. B-
galactosidase which usually does not share with lectin the localization
inside protein bodies, wasweekly associated with EiSL, whereas hydrolytic
enzymes such as a-galactosidase, a-mannosidase, N-acetyl-f-D-
glucosaminidase and acid phosphatase, which are known to reside inside
protein bodies, were strongly retained on immobilized EiSL. To test
specificity of lectin-endogenous receptors interaction we immobilized
Concanavalin A (ConA) the lectin from Canavalia ensiformis. Loading of
EiSE on ConA-Speharose at pH 7.0 and subsequent elution of bound
partners resulted in identification of several glycosidases that interacted
with ConA by its sugar binding capacity. At pH 4.6, immobilized ConA
could recogni ze receptorsfrom Ei SE only by ionicinteractions. Theseresults
are discussed on the context of anonymous biological significance of plant
lectin.  © 2012 Trade Sciencelnc. - INDIA

INTRODUCTION areubiquitousinnaturé. Though of thegresat progress
has been madein recent yearsin understanding crucia
Lectinsthe(glyco) proteinsof non-immuneorigin  rolesplayed by lectinsin many biological processesin
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plant, however, mostly thefunction of lectinsin plants
remainswithout aconclusive statement?®!. Based on
the presence of unique carbohydrate-binding pocket,
hydrophobic binding site (somelectins), thehigh selec-
tive, specific and preferentia interactiontowardssug-
arsand carbohydrates, avariety of functionshave been
postulated for thisprotein. Theseincluderolesasstor-
ageproteing®, protective agents®, trangport vehicle?,
stresssignaling®?, growth regulatorg*?, and specific
attractantsfor Rhizobid*. However, at present there
isno sufficient evidenceto confirm any of theserolesas
thetrue physiologica function of thelectins.

Mg ority of glycosidasesaongwithlectinand stor-
age proteinsarelong known to shareacommon cellu-
lar localizationing destorage organel lesknown aspro-
tein bodieswhichisderived from endoplasmic reticu-
lum*213, Thecommonlocdization of lectinwith thestor-
ageprotein, led to the postul ation that lectin may be
assisting indeposition of these proteinsinsde protein
bodies*™, Inlegumes, in particular, interactionsof lectin
with protein body componentsnamely storage protein
and hydrolasesisreportedd. Glycosidasesand phos-
phatases are thelectin reactive proteing”

L ectin-glycoconjugateinteraction hasbeenmainly
studied invitro. Our previousstudieswith Erythrina
indica seed crude extract indicated that if lectin was
removed by affinity purification someglycosidase ac-
tivitiesdropped down!*®l, Therefore, we hypothesized
that suchinvitrolectin-glycosidaseinteractionswere
presumably occurring under in vivo conditions. This
hypothesiswasindeed proved truelater, addition of
thepurifiedlectinto a-mannosidase helped in increas-
ing the enzyme activity in aconcentration dependent
manner to the extent of 35%,1*9. Oliveiraet al during
their work with Erythrina vel utina forma aurantiaca
seed germination noticed thedelay in lectin degrada-
tion as compared to other proteind??. Thesetwo re-
sultsprompted ustoinvestigate on poss bleendogenous
receptorsfor Ei SL which may shed somelight on pos-
sbleenigmaticroleof plant lectins.

MATERIALSAND METHODS

Plant materials

Season fresh Erythrina indica and Canavalia
gladiata seedswere collected from treesat themain
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campus of University of Pune. Seralose 4B isatrade
name for agarose 4B, was purchased from SRL,
Mumbai, India All chemicalsand reagentsare of high-
est gradeavailable. All experimentswerecarried out at
4°C unless otherwise stated.

Protein estimation

Protein quantification was doneby lowry method®!
using bovineserum albumin (BSA) asthe standard. A
calibration curvefor BSA wasa so prepared by moni-
toring absorbanceat 280nm.

Glycosidase activitiesdeter mination

All glycosidaseactivitiesand acid phosphatasewere
determined according to method of Li and Li?? under
standard assay conditionsof pH and temperature. One
unit of enzymeisdefined astheamount of enzymewhich
hydrolyzes 1umole of substrate (p.nitrophenyl glyco-
side/ phosphate) per mL per min under the assay con-
dition.

Purification of concanavalin A

Concanavalin A (ConA) was isolated from
Canavalia gladiata seeds essentially as shown by
Agarwal and Goldstein®,

Preparation of Erythrinaindica seed extract

Fifty gramsof good quaity seedswere soaked over-
night indistilled water at room temperature. The seeds
coatswereped ed off and softened cotyledonswereho-
mogenizedinamixer withsdinel (5mL/gm of soft coty-
ledons). The homogenate was mixed with 1-butanol
(10mL/50mL of homogenate), the mixturewasstirred
for 1hr at 4°C and the butaol layer was removed by cen-
trifugation at 10000r pmfor 30 minutes, the treatment
wasrepeated to ensure completeremoval of lipid. The
homogenatewasmixed with equa amount of chilled ac-
etoneunder continuousstirring. Theresultant precipitate
wascollected by centrifugeation at 12000r pm, dehydrated
by washingwith chilled acetoneand air dried. Thispre-
cipitateiscalled Acetone Dried Powder (ADP). 25gm
of ADPwas extracted with 100mL salinel for 3hrsat
4°C. The supernatant obtained upon centrifugation at
12000rpmfor 30minuteswas called asFractionA.

Purification of EiSL from fraction A
Erythrina indica seed lectin was isolated from
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Fraction A by theaffinity chromatography on lactamyl
Seral 0se 4B matrix which was preparedin our |abora
tory according to?*?!; e ution of bound lectin wasdone
with 200mM lactose prepared in 0.145M NaCl (Sa-
linel).

I mmobilization of EiSL / ConA

EiSL and ConA wereimmobilized by cross-linking
with glutara dehyde to aminohexyl Serd ose4B essen-
tially according to the procedures of Brandt et al?® in
brief; Aminohexyl (AH) Sralose4B wastreated with
8% viv glutard dehyde, 5mL/mL of packed gdl in50mM
bicarbonate buffer pH 8.2 (buffer I) at room tempera-
turefor 3hrswith mild stirring. The gel waswashed
with Buffer 1 till freefrom glutaraldehyde. Tothe acti-
vated gd EiSL / ConA (30mg/mL) contai ning 200mM
lactose/glucosein buffer | was added and kept over-
night at room temperaturefor cross-linking under mild
stirring. Thegel waswashed with buffer I till washings
showed no significant reading at 280nm. Thegel was
kept overnight in 100mM glycinein salinel to block
unreacted aldehyde groups. Theamount of lectinim-
mobilized wasdetermined by the method of Schurzand
Rudiger.

| dentification of endogenousreceptorsto EiSL

The detection of endogenousreceptorsfor EiSL
was done by affinity chromatography on EiSL-
Sepharose 4B at two different pH valuesi.e. pH 7 and
pH 4.6.

Preparation of fraction B

Thiswasprepared by passing Fraction A through
lactamyl seral 0se-4B affinity columnto removelectin.
FractionA devoidinglectinistermed Fraction B.

| dentification of receptorsat pH 7.0

EiSL-Serd 0s24B was packed inacolumn (1x6cm)
under the gravity, thecolumnwasequilibrated with sa-
linel. 26mg of Fraction B wasloaded onto the column
under areduced flow rate (1ImL/10 minutes), recycled
at least for 4 times. Column waswashed with salinel
with about 10 volumes of the column bed. Washings
werecollected till OD280nm < 0.02. Tridsfor eution
of bound receptorswas donein thissequence (a) 1M
NaCl (sdinell) (b) 200mM lactose, andfindly (c) 40%
(w/v) ethyleneglycol insdinell. Fractionsof of 1mL/
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5min were collected and monitored for protein and hy-
drolaseactivities.

I dentification of receptorsat pH 4.6

Twenty six mg of Fraction B wasexhaustively dia-
lyzed against 100mM citrate buffer pH 4.6 (buffer I1).
Ei SL-Sepharose4B columnwasequilibrated with buffer
1. Dialyzed protein was centrifuged at 10000 rpmfor
30 minutesto remove precipitated proteins, clear su-
pernatant was loaded onto Ei SL-Sepharose 4B col-
umn under reduced flow rate ImL/10 minutesand re-
cycledfor at least 4 times. 5mL washing fractionswere
collected till no more protein wasrecorded a 280nm.
Bound proteinswereinitialy e uted withsalinell pre-
pared in buffer 11, followed by 100mM galactosein
buffer 11 and finally 200mM lactosein buffer 11. 2mL
fractionswerecollected at flow rate ImL/5 minutesand
monitored for protein and hydrolase activities.

Receptorsfor ConAin EiSE

Receptorsfor ConA from Fraction B werestudied
at pH 7.0aswell aspH 4.6 vauesexactly asshownfor
EiSL endogenousreceptors. Elution of bound proteins
at pH7.0wastriedinitialy with salinell followed with
different concentrationsof a-methyl D-glucopyranoside
insalinel, whereas el ution of receptorsat pH 4.6 was
doneonly usngsdinel preparedinbuffer Il. 2mL frac-
tionswerecollected at aflow rate of 1mL/5 minutes.
Fractionsweremonitored for protein and hydrolaseac-
tivities
Native polyacrylamide electrophoresis (Native-
PAGE)

Native-Polyacrylamidegd € ectrophoresis(PAGE)
at pH 8.6 was carried out according to Williamsand
Radfdd?, Theprotein bandswerevisudized by staining
thegd swith Coomassiebrilliant blue R-250.

Sodium dodecylsulphate electrophoresis (SDS-
PAGE)

Thiswas performed essentialy asper Laemmli’s
procedures®. The protein bandswere visualized by
staining thegd swith Coomassie brilliant blue R-250.

RESULTSAND DISCUSSION

During our work with hydrolasesand lectin from
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Erythrinaindica it was observed that if Fraction A
was made free of lectin (Fraction B) most of hydro-
lasesstart rapidly tolossactivities. Thedecreasein ac-
tivity produced upon lectin remova wasmost clear in
case of a-mannosidase. These observations let us to
believethat lectinislikely to play an essential rolein
stability enhancement of thesehydrolases. Furthermore,
native PAGE analysisof purified EiSL dwaysreveded
afaintly stained band at the bottom edge of the gel.
Testing of affinity purified EiSL for hydrolaseactivities
showed no enzymatic activity (not shown). Therefore,
we assumed that thisanonymous band could either be
astorageprotein or hydrolaseenzymethat lost activity
during processing and chromatographic separation. In
thesearchfor finding apossiblebiological significance
of plant lectin, weused immobilized EiSL and ConA to
detect for probable partner(s) in the whole seed ex-
tract of Erythrinaindica. Lectinswereimmobilized
by cross-linkingto AH-Seral ose 4B beadsby glutaral -
dehydetreatment. Theamount of lectinimmobilized was
10.5and 15mg for EiSL and ConA respectively. Im-
mobilized ConA wasused to examinefor EiSL-recep-
torsinteraction fine specificity. In particular, we have
chosentwo different pH valuesi.e.pH 7.0and 4.6 to
carry out thisstudy.

EiSL endogenousreceptorsat pH 7.0

Fraction B was|oaded onto immobilized EiSL col-
umn; columnwasinitidly washed with sdinell till efflu-
ent OD280nm dropped to < 0.02. Columnwasinitidly
dutedwithhighsdttoruleout any possbleionicinterac-
tions between | ectin and Ei SE solubleproteins. Elution
of bound proteinwasinitidly tried with lectin haptenic
sugar (lactose). Lactoseat up to 200 mM did not e ute
any protein. Ontheother hand, trialsof eluting tightly
bound proteinwith 40% polyethylene glycol werealso
not successful. However, when acombination of 200
mM lactose, 40%ethyleneglycol insdinell wasused,
protein was successfully desorbed from the column.
Theseresultsindicated that at pH 7.0, EiSL interacts
tightly withitsendogenousreceptorsinvolvinglectin sugar
bindingsite, ionicand hydrophobicinteractions. Inapre-
vious publication we have shown that Erythrina
lysistemon seed | ectin to possess ahydrophobic bind-
ingsitewhichisindependent of itssugar binding site™

When eluted protein was checked for hydrolase
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activities, three glycosidaseswere detected i .e.; f-ga-
lactosidase, a-galactosidase and a-mannosidase (Fig-
ure 1). On performing native-PAGE for eluent, three
prominent bandswere detected (Figure 2a).

r 0.3

- 0.2

Protein (mg/mL)
Activity (Unit/mL)

0.1

Fraction Number

== mmProtein ==t==Alpha-man'ase ==e==alpha-gala'ase ==C==Beta-gala'ase

Figure 1 : Affinity chromatography of EiSL-Seralose 4B
receptorsat pH 7.0. Column wasequilibrated with saline|
pH 7.0. 26 mg protein wasloaded. Elution wascarried out
with 200mM lactosein 40% polyethyleneglycol in salinell.
Fractions of 2mL were collected at a flow rate of 1mL/
S5minutes

Thesurprisngstability of thenativesructureof most
lectinsisthought to be caused by the hydrophobicin-
teractions. Such hydrophobic sites, forming cavitiesin
thelectinsstructure, may play animportant biologica
role. The hydrophobic binding sitesof auxins, or cyto-
kininand adenine, for instance, by concanavalinA may
enhancethefunctionsof lectinsontheplant lifecycle®!.
Another hydopthesis suggested that thishydrophobic
binding stemay play arolein growth regulation®3. An
interesting observation has been reported by Togun et
al inwhich they have monitored Telfairia occidentalis
seed lectin expression at different stagesof germina-
tion. Authors showed thelectin to peak onday 7™, de-
creases sharply thereafter. No lectin activity wasde-
tected after 27daysof germination onset. Thereforethey
suggested apossibleroleof Tdfairia occidentalisseed
lectin asagrowth regulatori.

EiSL endogenousreceptorsat pH 4.6

Since the pH inside protein bodies is acidict®3,
EiSL-receptorsinteractionswas also studied at apH
that mimicsthein vivo conditions. Since most of gly-
cosidase and acid phosphatase possess apH optima
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between 4-58 this experiment was performed at pH
4.6. As expected, at thispH, more proteinswerere-
tained onthe column (Figure 3), and that only the hap-
tenic sugar lactose vwas ableto el utethem. Thesere-
sultsindicated that at pH 4.6 Ei SL interactswith en-
dogenouspartner soldly by itssugar binding site. Four
glycosidasesi.e., f-galactosidase, a-galactosidase and
a-mannosidase, N-acetyl-B-glucosaminidase besides
acid phosphatase were retained on the column. Inter-
estingly, B-galactosidase, which is known to predomi-
nantly associatewith plant cell wall®¥ and rarely local-
ized ingde protein bodies>*, wasweakly retained on
immobilized EiSL at pH 4.6, on the contrary, enzymes
like a-galactosidase, a-mannosidase and acid phos-
phatase, whicharewell knownfor their protein bodies
localization*>%* wereretained to greater extend. A simi-
lar result was obtained by Freier and Riidiger in their
work withlentil lectin binding partners®®. Native e ec-
trophoresisof eluted protein at pH 4.6 resulted into at
least Six protein bands (Figure 2b).

A B

Figure 2 : Native-electrophoresis of immobilized-EiSL
endogenousbinders. Native-PAGE wascarried out at two
different pH values: A) pH 7.0, B) pH 4.6. 30ug protein was
loaded on 9% gd. Gel wasstained with Commassiebrilliant
blue.
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Figure 3 : Affinity chromatography of EiSL-Seralose 4B
receptorsat pH 4.6. Graph wasspiltinto A and B for clarity
and convenience. Column wasequilibrated with buffer A. 26
mg pr otein wasloaded. Following washing of thecolumn with
saline Il prepared in buffer A. Elution was carried out
sequentially with thefollowing duentsat aflow rateof 1mL/
5min: 1) Saline, 11 2) 100mM galactoseand 3) 200mM lactose.
All sugarswereprepared in buffer A

Receptorsfrom fraction B to ConA

Inorder tofurther study the specificity between lec-
tin-endogenous receptor interactions, receptors to
ConA from Fraction B was undertaken using ConA-
Sepharoseat pH 7.0. a-galactosidase, a-mannosidase,
[B-galactosidase, N-acetyl-B-glucosaminidase and acid
phosphatase wereretained onimmohilized ConA (Fig-
ure4). When Fraction A, which contains|ectin, was
loaded on ConA -Sepharose, even EiSL wasfound to
be retai ned on the column (not shown). ConA haptenic
sugar a-methyl D-glucopyranoside was alone able elute
al bound proteins. If chromatography on ConA-
Sepharose was carried out at pH 4.6 only acid phos-
phatase, N-acetyl-B-glucosaminidase and other un-
known proteinswereloosdly retained by ionicinterac-
tions. Subsequent elution with 5 mM a-methyl D-
glucopyranosidedid not reveal any hydrolase activity
(Figure5). ConA isatetramer a pH 7.0 and adimer at
acidic pHE®, Thismay possibly justify the above ob-
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servations. Figures 6 a& b show electrophoretic pat- B A
tern of thereceptorsfrom EiSE Fraction B for ConA-

Seraloseat pH 7.0 and 4.6, respectively.
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Figure4: Affinity chromatography of Fraction B on ConA-
Seralose4B at pH 7.0. Column wasequilibrated salinel . 26
mg protein wasloaded. Column wasinitially washed with
amplequantity of Salinell. Elution of bound protein was
carried out sequentially with thefollowing eluentsat a flow

rateof ImL/5min: 1) 50 e-MDGP, 2) 100 a-MDGP
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Figure5: Affinity chromatography of Fraction B on ConA-
Seralose 4B at pH 4.6. Graph was spilt into A and B for
clarity and convenience. Column wasequilibrated with buffer
A. 26 mgprotein wasloaded. Elution wascarried out sequen-
tially with thefollowing eluentsat aflow rateof 1mL/5min;
1) Sainell, 2) 5mM o-MDGP

Figure 6 : Native-electrophoresis of ConA-Seralose 4B
bindersfrom Fraction B of Eyrthrina indica seed extract.
Native-PAGE wascarried out at two different pH values: A)
pH 7.0, B) pH 4.6. 10 png protein was loaded on 9% gel. Gel
wasstained with Commassiebrilliant blue.

Rudiger and hiscolleagues, in severd publications,
had extensively studied endogenous |ectin receptors.
They have proposed that lectins should beinvolvedin
thepackaging of storage proteins, sincevariouslectins
fromleguminosaetested, wereabletointeract with stor-
age proteins bel onging to their own plantg®e. In an-
other publication, they had shown that, pealectin does
interact with vicilinand legumin fraction from protein
bodies of peaseeds, suggesting that the protein body
membranes might be afurther candidatefor lectinin-
teractiong™.

ABBREVIATIONS

ConA : ConcanavdinA

BSL . Erythrinaindica Seed Lectin

BSE . Erythrinaindica Seed Extract

Seralose4B @ Tradenameequivaent toAgarose
4B

FractionA . Erythrinaindica seed extract con-
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taninglectin
FractionB . FractionA devoid of lectin
Sdinel . 145mM NaCl
Sdinell : 1M NaCl
ADP . Acetonedried powder
Buffer| . bicarbonate buffer pH 8.2, 50 mM
Buffer 1l . citrate buffer pH 4.6, 100 mM
Native-PAGE : Native-Polyacrylamidegd eectro-
phoresis
SDS-PAGE  : Sodium dodecylsulphate polyacryl
amidegel dectrophoress
BSA . BovineSerumAlbumin
a-MDPG . a-methyl D-glucopyranoside
Alpha-gal@’ase : alpha-gdactosdase
Betagdaase : Betagdactosdase
Alphaman’ase : Alphamannosidase
B-GIcNAC’ase : N-Acetyl- B -D-glucosaminidase
AcPase . Acid phosphatase
CONCLUSIONS

Inthe present investigation, attempt wasmadeto de-
tect and characterizeendogenousreceptorsfor Erythrina
indicaseed lectin. Our resultsshowed thet EISL interacts
with endogenousreceptorsat neutrality and acidic pH
differently. Taking these resultsinto account and recol -
lecting our previousdataon Erythrinalys stemon seed
lectin, which describesthefinding of ahydrophobic bind-
ingStethat’s independent of sugar binding site!®, there-
aults of Oliveira et al on Erythrina velutina forma
aurantiacaontheretarded degradation of seed lectinas
compared to other storage proteing® and findly the
increament on Erythrina indica seed a-mannosidase
activity inthe presenceof endogenouslectinandthesub-
sequent dropintheenzymeactivity uponremovad of lec-
tin(*%, all of thesersultstaken together may alow usto
concludethat studiesof suchinteractionsbetweenlectin
and componentswhich sharecommoninvivolocdiza
tion, may hold good for particular speciesonly for that
case and cannot be generalized. Thus, these type of
studiesmay helpin understanding, theyet to be known,
biologica functionof plantlectins.
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