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Surface agglutlnln was extracted from soybean (Glycine max L.) -
-seedllnu surface with distilled water by & 9l-minute immersion. . The
ragglutinin in the seedling was age—dependent and detected maximally in
cotyledon of 3~day-old seedlings. . The agglutinin'can agglutingte human'

"~ group A red cells énd_trypsin—treated rabbit etythrocytes but cannot

“agglutinate human group B and O red blood cells. The hemapglutinating

. activity was specifically inhibited by galactose and N-acetyl-D-galactosamine.
The soybean surface agglutinin (SSA) was purified by ammonium sulfate
iprecipitation and N-acetylgalactosamine affinitw chromatography. The
“optimum temperature for hemagglutination activity by SSA was 30-40°C and

. the optimum PH was 8.0 Gel filtration and SDS-pelvacrylamide gel
electrophoresis showed that SSA contained approximately 28,000 Dalton
polypeptide subunit that was quite similar to . that of commercial soybean

~agglutinin (SBA) (MW=29,000 Dalten). Isoelectric focusing gel
electrophoresis revealed .the pl of SSA to be 7. 0O, but in the SBA, two bands

. of proteins which pI = 6,8 and 6.65 were found. _Althdugh the biolegical
‘properties of both purified SSA and commercial SPA were quite similar, they

~ display slight difference in pH optima, pI and lactose specificity. The
purlfled SSA also had funglstatlc effect on some soybean pathogenicfungi,
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CHAPTER I
INTRODUCTION

1.1 Histrorical Views of Leciins

Lectins from planté_ have been Lknown fdr nearly a
century. 'They were first discovered | in. Ricinus
communis  plant .extréct by' their ability to agglutinate.
red bloo& cells  and  were therefore called
phytohemagglutiﬁins. There have sinece been many éignificant
historical -landmarks in the studies of lectins and a few
are Shown in Table 1.-Since _agglutiﬁatian-could; in mest
instaﬁce > be inhibited by simple sugars, it becomes clear
that sugar Tresidues on celi surface were the targets of
lectins., Thus, they played a role in elucidéting the
structure of the_blood group substances ( Watkins, 1966 ).

_ Some lectins‘ displéy a considerable blood grdup
: séléctivity- in'the human ABO system. This prompted Boyd and
Shapligh '(1954) to propose the term lectin which is deri?ed

"™ to choose”™  or

from +the  latin word @ legere Hhich-meansv
"to pick out"; THOUgh-this term is widely accepted, it .has
to Ee .kept .in mind ‘that -not all leetins can differentiate
ABO .ér other blood groups. Althoﬁgh-most lectins have been
found to specifically’n?égognize simple sugar residues.on
cell surface the'term lectin has now broadened to cover
polyvalent carbohydrate~binding proteins or gly¢0pro£eins
of non-immune origin ¢ Golastein et _al.,1980 ).

Lectins were not only found in plants but alse



Table 1 Lectins: An Historical Overviews (Zatta and Cumming,

_1992)
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1890
1908

1919
1936

1940

1954

1960

196¢

1976

1874

H.Stillmark

P.Erlich
K.Lansteiner and
H.Raubisheck
J.B.Sumner

J.B.Sumner

"S.F.Howsll

W.C.Boyd,R.M.Reguera

and K;O.Renkdnen_

¥.C.Boyd and E.
Shyleigh
'P;C.Noweil

J.C.Aub

Y.Reisner

G.Ashwell and
A.G.Horell

Ricinus communis plant extract

has hemagglutinating properties

‘Lectins as antigens in immunology

- Different hemagglutination prop-

erties in various seed extractlts

Crysialization of Conconavalin A

Lectins demonstrated to bind sugar

Conconavalin A precipitates

glycogen from solution

Specificity of some lectins for
scme human group antigens

The name lectin proposed instead

‘of hemagglutinin

Leétih from'Fhasiolus'vulgaris

found to be mitogenic to resting

lyﬁphoéytes

_Lectins_preferentially.

agglutinate malignant cells

Peﬁnut agglutinin'diSCriminaﬁes
cortical from meduliary cells in mice
First mammalian lectin'identifiedi
hepatocyte asialoglycoprbtein
receptor specific for terminal

galactose in serum glycoproteins




in living =~ organisms. Thus;._proteins from different
sources and ﬁroﬁably uf  diffefent funcfions have been
classified 1into @ one ' obvicusly  artificial grouﬁ. It is
expected that  there are at least  as many -different
biological' rolés as the Varieties_ of lectiné. HMoreover,
. some lectins_ may have more than one function during the
_life-cydle of the'organisﬁ {Rudiger,1984).

.In éﬁiméis,-. several_ lectins . have ‘been detected;
iéoiated - and characferized as moieéular 'ehtiﬁies
undénlying biologically meaningful phénomené. So the role
_of- animal lectins appears to belbettér undérstood fhan that.
of plaﬁt lectins;. Some p]aﬁt_lectihs'aré abundant in the
seeds; where they may aﬁount up to 3 % of the total weight
and are sasily detgetBdiby /thofilaBility to agzlutinate red
bloecd cells. Mahy'of thém are chemically well characterized
:but their biological_fdnction is unknown and only an object

of speculation. The  most .promineﬁt lectins are listed in

Table 2.
1.2 Carbohydrate-Binding Properiies | | “

" Barlier studies of inhibition of agglutimation

‘suggesfed that.-leétinsr bound to monosaccharide. However,
sé?ebal fnvestigatoré- demonstraﬁéd . that the binding
constant of =a }ectin.fér a specific free monosaccharide méy
be orders of magnitude.-lower' than for a glycoconjugate
containing that monosaccharide résidués. Many other studies
indicated ‘that the binding sites of_leétins afe large and_

accommodate structurally complex carbohydrate determinants.




Table 2 Some Well-known Lactins { Rudiger.lasi )]



(Kornfeld and Kcrnfeld,lé?g),The moﬁosaccharide constituents
afe now considered to be only.ﬁért of the overall determinant.

Watkins  and v.Morgan. {1852). démonsﬂfated tha{.
monosacchafides constithte:_thé..déterminanf'bf blcod group
specificity. Lectins are now used routinely in blood banks
~to facilitate blood typing aﬁd'vthey can be used for the
identification of'blédd-group substances secreted in saliva.
énd'other biéiogical.fluids { Table 3 ).

' D;;pite a wide divebsity'-inV three diﬁensionél
-étruétures .and'in the probable bindiﬁg.sitéé_anong lectins,
there are some feafures_of the\interactiOn,df profein with
_carbohydrate. that commonly'-appéabs to éll]lectins. Bbth
hy&rogen .bonds-_and van der Waals interactions are involved
“in :stabilizingi these _ihiéractiéns (Quiochc,1986),'heétins
cften display Strohgér _hydréphébic ‘interactions _Hith
derfvati#es of  egcdéide§ “than ‘with the glycoside alone.

For example, N-dansyl galactosamine binds 860 ﬁimes stronger .

than NH~acetyl galactosamine to'fErythbina crystagalli

lectin ( Iglesias ‘et _al., 1982 ). Lectins which _show

A

Y

similar specificity for monosaccharide can différ in their
recognition 3 SV fine structdfe'qf_o]igosacéharides and
glycoproteins. IR |

The  majority of | lectins S EuA R 34 4r] contain
metal fons, normally 'Ca2+and anﬁ'Table”4 J. They often.
require metél ions for maintenance of confofmatioh and
their - ability to bind carbohydrates; Most metal ions are
strongly boﬁnd and 'nof' easily removed from their site in

the lectin even after lbﬁg treatment Hith'chelating agents

such as EDTA.




Table 3 ' Recoghition Site for Lectins on Human Red Cells

Blood ﬁype‘ Oligosacchéride structure
A Fue
_ GalNAc &X1,3 Galp’1,3(or4)clcngcp-a’
B ~ PFuc |
Galotl, 3Galpl, 3(ord)CalNAc p-R
H(Q) Fue ' ’
ér K1, 2 p
Gal'ﬁ 1,3{cor4) GleHNAc F! -R
‘Table'é Hetal Content df Lectins (Adépted from Goldstein

and HayeS, 1987)

Lectin from Hﬁﬁ | C;+_ A
Canavalia ensiformis 4 4 ~
Dolichos biflorus 0.7 3.5 0:5
Ulex enropaeus (UEA;i) 0.42 2.0 -
Griffonia simplicifolia(GS~1) 1.2 2.0 -

fEfyjhrina cristagalli 1.0 ' 1.9 _;
Eﬁonymus eurdpécuos — 8.0 0.7



The mechanism{s}) by which lectins inferact with

' mondsacéharides is somewhat similar to enzyme—substrate
interactions with low association constant in the order of
104 W' s“‘; two order of magnitude less than +the Kg4
of many = enzymes ( HNeurohr et _al.,1981 ). The affinity
constant of w@many lectins for an apprépbiate monosaccharide
is ‘approximately 103 Mot ‘{ Surclia .gL-;gi.,ISTS Y. It
‘has been shown, however, that leectins with low affinity
for monosaccharide c¢an bind with much higher affinity (Ka
gréatér' than _'106 H;1)- to.  an oligosaécharide
- containing _two~ or wore. specific monosaccharide residues
with an appropriate linkage. Because_ lectins are .
multivalent, they .cén bind simutaﬁéousiy to more thén'one
_oligosactharide, exbressing - an “avidfty" which can rasult

in an increase affinity .

- Surolia et _al.{ 1975 Yo reported  that  the K4

of "RCA-1, . a major lectin in seeds from Ricinus communis,

for its biﬁding' to glycolipids_in-membrane is-three orders
of magnitude higher than that seen for ledtin—binding to
monoéaccharide" inhibitors.- The -binding. of . lectinss is
sensitive to host-matrix compdsitibn and the nature of the
receptor - and :in _general the lectin. binding is a direct

function_of'nuﬁber of recéptors in membrane.
1.3 Lectin Receplors
Cell binding and agglutination by' lectin is not

restrictéd ~to red blocod cells. Other‘célls of eukaryotic or

prokaryotic origin ére also.affected (Rudiger,lQSQ). A host




of  leetin receptors has b%eﬁ isolated from-animél:or human
cell membraheé. Many béitempts have been made'to correlale
their appearance to the health of +the donor. Certain
interaction of 1éé£in iﬁ animal or human'cell3membfane may
be  of  physiolo§ica1 significance. For many years it has
been ‘known that some Legumincsae seeds, for .example

- Phasgolus _wvalgaris s contain ‘Some toxic ~substance

( Jaffe,1980 ). Janzen et _al.(1976) showed that insect
larvae die from adding the_ Phaseolus ‘lectin to . their
"normal diet. The same hold true for other animals.and'man.

Phaseoclus' ~valgaris lectins react with -~ surface of

fhe inteétiﬁai mucosa causing damage and allow bacterié-to
:ehter (_Lieﬂer,léSl 3. _

QfCOUrse, profectién from predators by toxic lectins
only  a§p1ies to a few ~plant species. Possibly, nentoxic
lectins that evolved from a cbmmon ancéstral.géne-and are
similar in structure. to the toxic .ones  may have other
functions :'(Janzen,' 1981).Such proposal ~sheuld not be
4preméturely .rejected' since in most instance we do not knoﬁ
-the  environmental coﬁditidﬁs under which the wild form of a
iectin—béaring plant lived, lét alone.its evolution.

| Astonishingly, the action of lectiné oh'plant ce11S
ﬂas' been - scarcely - studied, - Gensera et .al. (.1978 ) and
Gebauéf et _al.  ( 1979 "} 'can iscolate proteins which are
lectin. binders 6r lectin receptors by chromatography of
‘seed or plant extracts of several Leguﬁindsae seeds on
immobilized léctfns of thé same plant. These proteins are
clearly different from lectins in their maleéUiar weights

as well as in their amino acid compositions and in their




acﬂions' oﬁ human or animal cells. In contrast to lectiné,
they do not agglutihate red cells: but like them, they
affect _ Iymphoéytes, inducing _enhanced . mitosjs.
.Interestiﬁgly, some .are able to stimulate B lymphocytes in
ihe- absence of T cells  { Gebéuer et al., 1982). Though
they are present in the éame cell éompartmeﬁt as lecfiné,
.-their-: distribution :during. p1an£1 de&elopmeﬁt is " guite
ﬁiffeféht; They are present through 5ﬁ£ the life cycle.of'a
plant in all 'oréans in combarable' concentrations
.(Schurz,1982){ Not many récepto}s,could be found in castor
"bean ( Scﬁurz,1932 Jor whéat { Miller and Bowles,1982 ). In
a similar way, .Bowles .and"Mafcus-(lgsl) isolated lectin
_recéétérs'.from jack beans and‘Soybeané. Planﬁ.seed extractsj
prepared with dénaturiné 'buffers,howeVer; _reVéal comﬁlex
patterns of lectin reactive proteins Ky Bashé and

Roberts, 1881 ).

1.4 Detection and Assavs of Leectin

_ The presence of leciin in a plant_is réadily detected
by testing whethér an  extract of the plant aggiutiﬁates-
érythrocytes' or somé"othef 3spécialiﬁed cells, and by .
'demohétratiﬁg /that the _agglutiﬁation is sugér—spécific,
i.e.,inhibited by spe;?fic "simple or complex ' saccharides.
Hemagglutination .is generally tested with - native or
_modified .erythrocytes 'ffqm- Euman, énd other-animals, some

examplies are shown in Table 5.
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Table 5 . Agglutination Titers of Erythrocytes from Various

Animal Species by Plant EXtract-(#)

Source of erythrocytes Bean Pea Lentil Vetch
Human iy & J 800 . 40 20 20
Horse 16,000 128 64 128
Rabbit | 8,000  1.000 2,000 200
Sheep - AL sogE 4 - -
Pigeon 32,000  Weak Weak . 400
Carp ~ 800 400 200 10
Frog > © 400 80 - - 8

(#) Reviewed by Lis and Sharon (1979) : agglutination
titers -are ‘the highest dilution of a 1:5 saline extract

causing microscopically detectable}aggluiination,




Blood group4speéific lectins are idenﬁifiéd with the
aid of a panel " of typed humaﬁ erythrocytes._ The most
‘comﬁon ceil modification is mild.digestioﬁ-with trypsin or
other _pfcteolytic enzymes ( Lis and Sharon, 1972 ) or with
neuraminidase {  Marikovsky et f_aJ__.,lQ'?G Y. an ehéyme

that rémGVes_'sfalic acid from complex carbohydrates. Such

treatments'_'leabe cells intact: but ‘render them more

sensitive to..agglutinaiidn. The cellé_may also be cross-
1Enged” by  é1utara1dehyde or.fdrmalaehyde to stabilize them
'.'éndf provide  a  standard ce11 bréparation that ecan be_used
for.long periods.qf.time,( Liener, 1975 )l

. " The .hemagglutinating activity of léctins-is usﬁally
measured by 'Sefial dilution technique, and the_end point
is determined either visually or phqtoﬁétrically'(Figure
1) (v Sharon and Lis, 1975 ). The visual determination is
accurate only 'witﬁiﬁ a factor of 2;'whi1e the pﬁotometric
method'_fs ‘more accurate 'but faborfcus and”requires lafge
amount of ﬁaterialf Aggiutination may - also.be monitored
automatically, ‘using “a fragiligraph - { Marikbﬁsky.efggl.,
1976) or aggregometer {Maca and Hoak,1974). | ' '
’ .Lectins' may also be détected by-théir abiliﬂy.fo'form
precipitaﬁes' witﬁb polyééccharides or glycdpfoteins, either.
in liﬁuid (capillary tubes) qr' semisolid { agar gel )
.media { Goldstein, 1972 ). Such iﬁteraétions also provide
infgrmation regafding. lectin Sﬁecificity,' as well as on
the . constituent sugars and glucosidic linkagés af the

polYéaccharide or glycoprotein precipitated. Here, too, .

the _ possibility of nonspecific reactions must be

11




-Figure i

Visual Assays on HMicrotiter Plates of the

Hemagglutinating. Activity: of - Soybean
Agglutinin ( A-D ) and Peanut Agglutinin

{( E-H )
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considebed -and inhibition tests with appropriate_sugars'

~ecarried Out;
Ancther procedure for detection of lectins termed

affinity eiéctrophoresis,' combines © 'the principles of

affinity  chromatography and' electrophoresis. ( Horejsi and

Kocourek, = 1974 b, Horejsi et _al., 1979 ). In this

technique,zproieins fare7subje¢ted' to eleétrophorésis on a
matrix formed'_by .cobolymerization of alken&l.giycosides
with acrylamide. Proteins having' coﬁbiniﬁg sites
complementary to'the.ligand are retarded. whereas others ére
" not. \

Qualitatiﬁe" immunodiffﬁsidn rathér than classical
hemagglutination-_techhiqﬁes was first used by Howard et

al.,{(1972) Lo detect lentil lectin in different organs of

the plant. Subsequently, radial immuncdiffusion (RID)} has

been .widé1y used to detect and quanﬂify lectins in various

~plant extracts '(Rougé and Pere _;1982), However, more

sensitive radioimmunoassays (RIA) have been developed to

detect "DolichOS' biflorus lectin {Telbot,1978) and
. _ ,

soybean lectin . from Glgéiné max ‘(Pueppke et _al.

.1978,Gibson " et " _al,1982).Although < specific and very

"sensitive;RIA .techniqu@mempléys sophisticated materials and
could “ be replaced by equally sensitive enzymé immunoassays

. (Borrebaeck et al.,1883).

1.5 Isolation and Purification of Leectins

'iSolation of leetins generally begins with the

-extraction' of the lectin source with saline or buffer.

13 .



Preextraction with organié sclvents {e.g.» methanol or
pétroleum- ether jfis‘often used to remcove lipids and other
interfering ‘substances. In the .ﬁast,__the' isolation of
lectins was achieved'byuconventiénal'protein purification,
such as qmmonium  'sulfate precipitation, ion-exchange
chromatography or .gél filtration. At'preéent.'most lectin
purification schémes employ affinity chrométogﬁaphy basad

on the ability of lectins to bind saccharides specifically

and reversibly ( Kristiansen, 1974 ). Knowledge of the sugar

specificity of a leetin, vﬁhich can be obtained from
agglutination- inhibitien experiments using simple sugars

and crude lectin’ preparations. ‘permits +{the 'designbof a

suitable " purification procedure. ‘Hhenever possible,.

commercially_ available édsorbents are employed. In other
caseé_ mono- 'of oligoSaccharides, of gl&coprétéinsfsuch as
hoggastig mucin or desialyiated fetuin caupléd te Sebharose,
are used. Sometimes synthetic iigands'are empléyed. e.g;,
'_Nfe- aminoééproyl 'deﬁivatives of galactoSylamihe’was uée&
for the 'purificétion-vof _éoybean agglutinin and _peanut

agglutininiﬁor-'N-aCetylglucbsémine for the purification of

wheat  germ agglutinin. ~Since the adsorbents used for the

isolation of 1ectfns-may also bind glycosidases, which are
frequently . present in - ‘¢rude  plant extracts, lectins

purified | by _affiﬁity chromatography may be contaminated by

such enzymes.

1.6 ¥Variability of Lectins

Legume  lectins may seem functionally homcgeneous by

14



virtue of binding to a particular monosaccharide, thus

allowing ‘their purification by affinity chromatography.-

However, electrophorstic analyéis of the purified lectins
- may fevéal-..éitensfve ‘variations. As many as eight
.'“isolectins” ‘'have been identified by isocelectric focuéing
Of Séybean"aégluﬁinin. Isoléétih was a groﬁp of closely
related proteins which had very simflar composition and
hemaggluiinating ' specificity : an&. were immdnochemically
indistinguishable _buﬂ they differ in their 'isoeleétric
‘points (Goldstein and 'Poretz,_1986 ). The origin of'thesé
Variatidns is 'coﬁﬁléx —and lsevefal éxplanatidns -~ have
besn éuggestéd; These include (1) genetic polymorphisﬁ{ (2)
post- synthetic _modifications, \ inciuding cleavages or

_glycosylation; and (2) species polymorphism.
1.6.1 Genetic Polymorphiss

The sgenome of the plant may contain several

geﬁeé; "each encoding a"lectin or at least a protein that -

AN

cross—-reacts . immonologically with antibodies raised against

a lectin'purified'frﬂm_the same plant. Several samples'haﬁe

- now been .désdfibed;.InawPhaseolus'§u1garis, two different

‘peptide _ chains, PHA-E and PHA-L, differing from each

other by six residues at their amino terminal sequence .,

associate to yield five different tetrameric isolectins all

present in the  seeds. Likewise, from ¥icia _ecraccs

seeds, Baumann et _al.{(1979) were able to affinity-purify.

two lectins, one specific for mannose and glucose and the

other spacific for N-acetylgalactosamine. Electrophoretic

019391
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and sequence studies Trevealed a number of differences

between = the two . proteins.The  mannose/glucose—binding
protein was - composed - of two chainsi. while the HN-
acetyl. galact0samine'f binding prbtein is a sing]e

polypepﬁide._ The HN-terminal Sequences of the two lectins
are homologoﬁs, 5ut _dfffer by 11 substitutions out of the
25 positions examined Vodkin et al (1983) and Goldbébg
;L,_il -{1983) have reéently- cloned a c¢DNA specific for
‘the soybeéh_ agglutinin coding sequence. Using this cDNA as
a orobe,; they have identified_ two 'genes, Lel, which
‘encodes the - seed lectin,” and Le2, homologous to Lel
_but. of unknown funetion. Iﬂ': is likely that the
.exprstion of__ the ~ various gehes is develdpmentaliy
.regulated: one  gene mayvencode a lectin expressed in seeds

and another may code for protein activévin_roots or leaves.
1.6.2 Postsynthetic Hodification

Several gboups have <described seed lectins
compoSed of subunits eachicOntaining a 15;000—'to 17,000-Da
"long" P—chéih and  a 50005 to 7000-Da “short® ™-chain. To

'thié "category belong ihe pea, the'ientil,'and the fa#a'bean

lectins. Antibodies raised against these two-chain proteins.

immunoprecipitate 1a single  precursor _polypeptide chain

synthesized in an in vitro system coﬂtaining mRNA from the

seeds of the aforementioned plants (Stroéberé,lgsﬁ).-Partial

sequence studies using radiolabeled amino acid residues and
HPLC peptide mapping sUggéSt' extensive if  not complete

~homology between the pboteins~ The precursor chain is

18



cleaved into the X- and Q@-chains, which remain strongly

bound to each _other . by mnoncovalent interactions.

Cther types. of alterations may cccur after
synthesis: deamination of aspéragine*‘or .glutamine» éide
chains. and - partial or éomplete giycbsylaticn. These
mo&ifications_ have been nentiohed to explain the freguent
apperance of multiple bands in protein isoelectric focusihg,

a phenomenon also observed in seed lsctins. .

1.6.8 Species Polymorphism

Legume plant  genetics was pioneered by Mendel

through his'famous_bréeding experiments on peas. Since then,
efforts to obtain rigorously homogensous speciés have not
been a major concern. fhe -‘study of the genome of plants
therefore constitutes a difficult task. When several
homologousf'léctin gzenes are revealed by cross—-hybridization

studies, it.vstillv remaiﬁs to be.established whether these

genes are present on the same chromosome. This can only be

' ; . 5
in situ hybridization to metaphase

dene by
chromosomse | or chromosome '"walking" an -approach still
'requiring a major underﬁsking,

Iscelectric _ focusing . has alfeady 'révaaled
striking. differences betwéen the patterns obtained with
iectins ‘from various cultivars. For example;_the analysis
of peanuit agglutinin revealed thé.exiétence of up to eight
'isoiectins | distributed | inteo - three _related isclectin
profiles, which are designated the ¥, S, and ¥V types. From

thé cultivar "Pinte ITI" devoid of  common Phaseoclus

17



vulgaris agglutinin, =  Pusztai et ' _al. (1981)

isolated a -new type ~of seed lectin. The "Pinto [II"” seed
lectin chain, although related to PHA-E,.differ ffom-It by
4  residues out of 23 wﬁen_the amino terminaivsequeHCEs are
- compared . A ééfeen of soybean cultivars in the soybean
germplasm coiieétion ~of the  U.S.Department of - the
AgriCu)ture ‘revealed severai "Le ™ ‘lines that lacked

detectable seed lectin protein {Pull et _al.,1978) and

this trait followed a simple recessive mode of inheritance
{Crf et _al.,1978). .Vodkih et _al.(1983) and Goldberg
et _al.{1983)  have ' now shown. that certain "Le "
cultivars ~possess aﬁ'allelic form, lel, of the seed lectin
.gene_ Lel. "This form' differ from the Lel by _six basé
Substitution aﬁd contains  a 3.4'kb insertion element that
interupts. the .coding region of the gene, thus preventing

transeription of the 57lectin sequence.

1.7 Roles in Nature

The ubiquitoué occurrence. of . lectins in plants as
:well as in other organisms and - their " ability to

diseriminate 'among different. saccharides in solution and

on cell surface have prompted speculaticns en their .

physiological role ( Table 6 }. Unfortunately,; none of
these is well founded so that the role of lectins in

nature is still an open question.

18
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Iable 6 Proposal for Roles of Lectins in Mature

{ Lis and Sharon, 1981 }

Antibodies against soil bacteria
'Transport'and storage.of SUgars
Control of seed germinatidn and development
Régulation of plant cell extension
Attachment of symbiotic'nitrogen fixing micrcoorganisas
to légumeé-
Proteétibn against insect predators
. Protection against fﬁngal phytopathogens
Enzymes - 3

Determinants of inter and intracellular recognition

i S oy reh A T W e W AR " Ak e ot U8 i) Ui A o ey T R o | AP TS Sy i 44 My W e e e G L Al S i e o G e e — T S i s s o




- There are increasing indications that = lectins
function 1In 'recognitibn_ phenomena, both intracellular and
extracellular (Sharon,lS?Q). An' extension of this idea is

the- suggestion that lectins play a reole in host parasite

relationships, both in animals and in ﬁlants:'and that they

serve in the defense mechanisms of plants against pathogenic

microcorganisms, whether fungi, = bacteria, - or  viruses.

Reccgnition by lectins may aslso be the basis of asscciation

between legumes and their symbiotic fhitrogen fixing

bacteria. 0f relevance in this context is the demonstration
of lectins 'in the "walls, as well as in membrahe of plant
cells,  since it is at the cell wall that the first contact

. of microbial or pathogen with the host is established.

1.7.1. Binding of Nitrogen—Fixihg Bacteria to Legumes

The sassociation between legumes and nitrogen-—

fixfng baCtefia, ~such as rhizobia ,is specific'(Lfs and
'Sharon,lgﬁl) ' legume species or cultivars which are
nodulated by some Rhizobfum isolates are not nodiulated by
qthers; For examble : rhizobia that infect and nodulate
scoybeans éannet nodulate garden péas.ob white claver; and
vice versa. The  basis of this speciffcéty may involve the
capacity ofthe bacterial cells toe be recognized and bound
by some -component, possibly a lectin (or lectihS) in the
Foots of the plants. This is implicated by the finding that
léctin frém a particular legume binds only  to the
corresponding rhizobfal species and not to bacteria tﬁat

infect other legumes.. Thus, fluorescein—labeled soybean
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agglutinin binds to 22 out. of 25 strains of Rhizobium

jeponicum which fnfect soybeans . but does not bind to
-any of the 23 strains from 5 speéies'of-rhizdbia that
infect only other legumes {Bohlool “and Schmid: ., 1974).
These . findings havé. led +to .the 3uggestion'that saybean

agglutinin 1is present on root tip where it serves in the

spicifie attachment of the symbiont bacteria to theapfant

{Fig2A}). The attachment sites for: the lectin are

concentrated at one pole of the bacterium {Bohlool and

"Schmidt, 1976; Calvert et _al.,1978), in agreement with

various observations that rhizobia attach end on to the

surface of the hoét roots (DéZzo',1978).

| In anotﬁer study with lectins.from the seeds of
four legumés { soybean, pea, red kidney:bean;and jack bean )
and lipopolysaccharides from thé fogr corresponding
symbiotic rhizobial species, the - bactérial
lipopolysaééharidé bound only to the lectin fram.the legume

with which the bacterium forms a symbictic relationships;

alithough the proporticn of lipopolysacéharide bound was low, -

A

“between 5-35 %Z ( Wolpert and Albersheim, 1976 ).

A different mode of  lectin action in. plant—-
syebiont _attaéhment has beeﬁ préposed ‘on the étudiés of
the interaction between B#_‘trifolii and :white clover
(' Dazzo, 1978 ):_ According to this proposal , the lectin
'serves. as a bridge hetween common or similar carbdhydrate
structures present on the surface of béth-the.roct tips

and the bacteria ( Fig. 2B ); There is an immunological

. evidence that such a receptor 1is present on the cell

surface of infective strains of R, +trifelii, - but
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Figure 2.

ﬁechanism of --attachmedt of Rhizobium to:

plant root “hairs. (A) Direct. . attachment of

bacteria to lectin roct.hairs { Bohldol,1976)3'

(B) Attachment via cross-reactive antigen

present. on both bacteria and root hair { Dazzo,

1978 ).  Symbols:IX, plant leetin : O bacterial

cell -surface polysaccharide or c¢ross-reactive

antigen.
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absent, ihaccésSible, or preéent in reduced guantities in
non~infective strains ( Dazzo and Hubbell, 1875 a ; Daz=zo
and Brill, 19??')._ Further studies with the hybrid strains
may  help in understanding the regulation_of biosynthesis

and cOmparﬁmentation ‘of the carbohydrate structure present

on the bacterial = surface = through which trifoliin

attaches the cells to the'plant rocts.
1.7-2. Protectium'ﬁgainst Plant thtopathogens

| It has been suggested . that 'lectin may
.interfere' with fungal growth ;nd sporﬁlation by attaching
.to - surface éf "fungi covered by'polysaccharides'that react
with  the ‘ lectin . This pfopcsal; was based upon the

observed inhibition of Trichodersa wviridae spore

germination and colony  growth by wheat germ agglutinin.:

It has been suggested that lectins function in protecting
plants against phytopathogens during seced imbibition and
early seedling growith ( Hirelﬁéﬁ' et a2l.,1975 ). Lectin
caused interférgnce with | incorporation - of  exogsnous
‘radiolabeled carbon sources, and the binding of flucorescein
_isotﬁiocyénaté conjugated ‘lecting to cell walls cf.several

types of fungi (Barkai-Golan et 8l.,1978, Mirelman 1975 }.

Further 'studies on the distribution of Jlectins in plants in

relation to plént- resistance to fungal infection, and on

the effect of lectins on'differéht fungi, are required in

order to validate this hypothesis.
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- There have also . been suggestion that lectins are
involved in the defense of plants against .pathogenic
‘bacteria. Hltrastructural evidence was obtained for

immobilization of the incompatable bacterium Pseudomonas

pis in tobacco leaf tissue ( Goodman et _al.,1976 ).

When tobaceo  leaves are incubated with avirulent strains

of ‘Pseudomonas solanacearum ., a pathogen of tobacco

and potato plants, the bacteria rapidly attach to the

.plant cell ﬁélls and are then enveloped b&I the walls

{ ‘Sequeira , 1978 } . Virulent bacteria, however, remain
free in the spaces between the cells , where they
multiply and sp?ead. It has therefore besn pcstﬁlated that
avirulent strains #ttach te lectins in the plant.

jAccofdingly, 55 virwlent and 34 avirulent strains of B

- solanacearum, _from différent geographic regions,

representing. all major races and biotypes, were tested for

their = interaction with 'potato leectin. All . avirulent

isolates bound to lectin and were agglutinated strongly,

- whereas virulent isolates weré.not;_ Binding of the lectin
" to avirulent .calls _werae hapten-specific and could be

inhibited by chitin.bligomers. Failure of the the virulent

bacterié to. _bind  the lectin was  corrected with the

_presence on their surface ' of an extracellular

.polysacchéride .ﬁot fouﬁd. on the évirulent cells. Indéed,
when most of the extracellular poiysaccharide was removed
from _the virulent cells  by washing., the c¢cells were
agglutinated strdngly by the lectin.

Studies with the red.kidney bean have shown that

the saprophytic bacterium Pseudomonas putida is
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immobilized -and encapsulated in . the intercellular spaces
of the leaves @ of the plant, whereas the phytopathogenic_

bacteria Pseudomenas  _phaseolicola and . Pseudomonas

tomato ‘do not adhere to the ©plant cell wajls, ﬁoﬁ
encapsulated 'insidé the cells { Sing and Schroth; 1877 ).
It was -sﬁggested that plant Iectins-may'be involved in the
immobilization and encapsuiatibn;' éince oﬁly P.gutida'

cells were'agglutinated by phytohemagglutinin.

1.8 Localization of lectin

It -:is genéraliy agreed that Leguminosae lectfns;
the most-studied group, ' are ;fefefentially IOCaIiéed in
.the co-tyled_ons° Eaxiﬁum‘-content 'is reached in the mature
seeds. After gérminaiion, the léctin “econtent  gradually
decfeaseé in ~the cotyledons, whereas the newly déveiopiﬁg
-organs, leavés; stem or root contain.little of any.iectin
(-~ Rudiger, 1984 )_.Thus, these proteins share the fate of
storage pféteins._ In all .theSe experiménts, the lectins”
binding specifiecity toﬁafds sugars or antibodies has been’
used. Nothing is known about the fate of the_prgtein
molecule after the binding capacity has disépﬁearedg i.e.,
‘whether it is ~ broken down to amino acids or only modified
to related molecules —that. may still. fulfill the same
function.. . ‘

Special attenﬂion has been paid to the'occufence of
lectins in roots. Thié point is_of almost importance for
the hypothesis ﬁhét }eétins play a roie'ih establishing

and/or maintaining the well knhown legume—Rhizobium
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symbiosis.  Hapner and Rebbins{ 1972 } found the root

lectin from sainfoin ~ {(QOnobrychis viciifo!ia)'ﬂo be

identical with the seed lectin. Gatehouse and Boulter (1980)
and Kijine et al.(1980) isolated minimal amount of

proteins from pea rocts that are related to,but not

identical with, the seed lectin. Gade et —al.(1981),

studying sovbeans, found that the root lectin resembles the

‘sesd lectin very _closely; On the other hand, Low and

Strijdom (1982) déscribed_ a root lectin from the legume

Lotononis  that is clearly different from the seed

lectin. The root leetin binds to rhizebia, whereas the seéed
lectin does not.

Localization  studiés. in planté 'other than legumes
have been done. with tﬁe.wheat germ lectin. In the‘resting
seed, this leectin is'éntirely'found in'the.embryo. During
germination ' and growth,vft éppears in a'loésely bound form
at'vthe actively ~growing parts, .preferehtially at Lhose
exposed to ihe soil. | |

At preSeht}.many biologiéal functions of'p{ant'ieétins
have been suggested, one _of' which is lectins act as
primary defense mechanism of  the plant against invading

péthogens. In accordance with such‘suggésted function, it

was suggested that such lecltin should be present on the outer

surface of the cells. Thus, many studies 6n lectin have
focused on lectins on cell surface.

The locaticn of lectins in the cell is not vet clear.
In the past,  they wefe believed'td be in the cytoplasm,
- but presently they are assumed to be associated with the

protein bodies, the storage granules of the Leguminosae
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cotyledons.  Baumann and Rudiger (1881}, Schurz (1982)
concluded that this association is  only weak and can

easily be broken,'ieaving'tﬁe protein bodies intact.

1.9 Glycine max jSoxbeanz-Agglutiﬁin

That extracts - of ~  soybean meal contained

hemégglutihating aCtivity was known for many years. First
found associated with the _to#ic and'-grdﬁth retardation
-properﬁias _of' unéoaked soybean méal, the.hemaggiutination
:activitj- was subséquentiy'shownkto réside in a unique group
of proteins known as soybean hemagglutinin {SBH), later

renamed soybean agglutinin' { SBA )} ( Lis et al.,1970).

Isolation and purification of soybean agglutinin was
achieved - by many investigators, first by conventionsal
prbtein pubifiéation' schemes such as ion—exéhange-_and

calcium phosphate <¢hromatography (Lis et _al.,1966 : Lis

" and 'Shéron,1973 a3 ) and By moving boundary electrophoresis
{(Wada - et fgl..iQSB). - These methods have now @éen
conpletely 'superseded' by 'affinity' chromatographic
teéhniques;

Gordon. and co—workerg (1972} ¢oupled N-{6~-
aﬁinohexonoyl)—d}galactopyranosylaﬁine to cyanogen bromide-
activated .Sepharose to afford a specific éasorbent for the
aéglutinin. A . second, simplef affinity adsorbent was
prepared by Allen and _Neuberger' (1975) by reaction of
galactosamine with‘ CH-Sepharose 4 B in thé'presence of
carbodiinrnide. In both casés, elution with galactose gave a

‘major and several minor agglutinins that were remdved.by
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anion—exchange chromatography.
Soybean agglutinin was resolved into four

hemagglutinating proteins by DEAE-cellulose idn—exchange

‘chromatography and by isoelactric focusing { Lis
et al., 1966 ). The - isolectins are : immunologically
'indistinguishable. Thus, it apbears that soybean agglutinin

exists as multiple, highly similar forms. A lectin isclated

from the roots  of  b-day-old soybean -seedlings  has

properties very similar +to the seed lectin (Gade et al.

,1981). Although SBA . is pbesent in seeds of most soybean

- lines, a few lack this lectin (Pull et al.,1978}.

Soybean aggiutinin' is- a2 teirameric glycoprotein
compesed  of équal‘ amounts of two _Slightiy_ different
subunits [ MW=30,000 ( Lotan et _al.,1974) ], each  of

which contains an HN-terminal alanine. Like several other
lectins, soybean agglutinin is comparatively rich in acidic

and hydroxylic  acids and is devoid of cysteine {(Lotan et

.al.,19?4). In commen with other legume lectins, soybean

agglutinin  possesses -high amount - of 'p pleated—~sheet
comformation(Jergensens, 1978). ‘_ _
Soybean IéCtin contains ‘74 by weight of cafbohydfate
.cohsisting of mannose and  HN-acetylglucosamine in a molar
ratio ‘of . 9:2 { Lis,1968: Lis and ‘Sharon, 1978).
'Carbohydfate - 'binding studies ( by _inhibition of
hémagglutinatioﬁ or glyCoproteih precipitation :) on
soybean . lectin (Lis et _QL,,1970)”showed that it exhibits
greates£ affinity for H*acetylgalacﬂosamine, its

glycosidase and oligosabcharides in which this sugar is

present at the nonreducing terminal unit. Galactose and its
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derivatives are less reactive.
Soybean - agglutinin precipitated several purified
blood group substances . Maximal precipitation was achieved

with type A substances whereas A2 substances were

considerablely less active. However, B - active substances

reacted poorly,' despite their -cohtent of terminal -
galactoéyl groups.
Isolation of Iectin from plants was usually performed

on total homogenate of plant tissue. This method renders

homogenized SBA harder Lo purify since +there —are
contamination of many  proteins which were not lectin.

Recently, Skubatz and Kessler (1984,1988) discovered plant

" surface agglutinin from cucumber extracted by washing of
the surface with fresh water. This agglutinin was called
- epicuticular plant surface agglutinin (EPSA). Lectins that

may - be involved in 'primary defense mechanism _should be

‘present on  plant surface because pathogens must first

attack at'the surfaces before penetraiidh to other organs.

1.10 Aim of the Thesis

© e

As mention earlier, Soybéan Agglutinin has been

studied quite ‘extensively but SBA on plant surface has notl

yet been reported. Therefore, this research will emphasize

on the following aspects:
1.Sereening of orgazans and ages of soybeaﬁ seedlings
with the highest surface agglutinin.

2.Purify and characterize the agglutinin in




comparison with other SBA reported.
IB.Ideﬁtify the ~ability of the surface agglutinin to

interact with some pathogenic fungi.
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CHAPTER 11
MATERIALS AND METHODS

2.1 Halerials

2.1.1 - Biclogical HMaterials

‘Seeds of  Soybean (Glycine _max L) Sd.4

Weré kindly provided by Dr. Juangjan Ddangpatra, Kasetsart
'_Hniversity.' Ihe: Qérietiés. of hfungal'spores were obtained
from the Department of Plant.Pathogen, Kasetsart University.
'Humah blood was kihdly pfovided by the Blood Bank, Thai Red
 Cross 'OrganiZaiion,- Bangkok. Rabbit Reticulocytes were
prepared from  rabbits reafed ~in  the Department of

Biochemistry, Faculty of Science, Chulalongkorﬁ_Universitya

2.1.2 Chemicals

2.1.2.1 Chro%atoﬁragbic chemicals R .

Sephadex G~75 Was the product of
Pharmacia .Fihe Chemicals. HN-acetyl-D-galactosamine cross
linked _42__beadéd agarcse coclumn was {he product df Sigma

_ Chemical Company.

2.1.2.2 Electrophoretic'ﬁnd Ispelectric focusing

chemicals

Acrylamide was the preoducts of 'E.



Merick  Ag. N,N,N,N’—methyléhe bis acrylaﬁide {BIS),
Glyecine, Coommasie  Brillient Blue Roso » - EDTA, F;
mercaptoethanol Cwere all purchased. from ngma - Chemical
Company. ﬁ,N,N’,N’—fetramethylene diamine (TEMED) and
Bfomophenol. Blue _”were from BDH Laboratory Chemical
Division. Tfis4HC1  was the - product of . Fluka and Sodium
dodecy! sulfate. (SDS), ammonium.'persulfate and standard
molecular weight protein markers for_electrophoresis were
all products of Bio~Rad.

Chemicals for _isoelectric focuéiﬁg gel
'eIectropHoresis ﬁére' purchaséd'ffom the'folloWing sources;
Acrylamide from -E.Merick -Ag. Ampholine.from LKB, Sucrose
from Sigma Chemical Company; Ammonium pérsulfate.and IEF

standards were all purchased from Bio-Rad.

2.1.2.3 .Carhthdrates

All sugars which were. used in

testing specificity  of lectins, which included;: rhamnose,

arabinose, trehalose, mannose, Xylose, fucose; galactose,

mellibiose; lactuvse, 'cellobiose, glucosamine, mannosamine,

galactoéamine,. N—acetyle—gélactosamine and N—acetyl—Dm

glucosamine, were the products of Sigma Chemical Company.: -

Soybean = agglutinin (SBA) was purchased from Sigma_Chemical
Cbmpany.

2.1.2.4 General chemicals

Sodium - phosphate, mono and dibasic

were - products of HMeork. Sodium chloride and Sodium hydroxide
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were from  EKA .Nﬂbéi Ltd., Ammonium Sulfate was from BDH
Chemiﬁalv.Ltd. Phencl (Folin-Cedcalteau)' was from Fisher
Scientific Company. Sodium tratrate, Copper sulfate and
Sodium bfcarbonate were from Jd.T. Chemical = Company.

Imidazole-HC! was from Fluka.




2.2 Methods

2.2.1 Soybean Surface Agglutinin
- 2.2.1.1 Germination of Soybean See&ling

_ Soybean seeds wWere steriiized by soakiﬁg
in 90%Z ethyl alcohol for 5 minutes. After washing with
distilled water, the seasds were soaked for 15 minutes in 3%
sodium h&pochlorite, washed 243_ times with.distilled water
and soake& for 3-5 Ihrs; After washing{the' seeds wWere
gérﬁinated on two layers. of moistened filter papers
{ Whatman No. 1 ) and placed on plastic boxes with
tfansbafent piéstic covers for 1-2 days. Germinatidn was
1carried cout  at  roocm temperatdré '(_25—30 °C) in a
controlled environment chamber in darkness or under 12-hr.
.photbperiod; Flucrescent standard cool-white lamps served

as light socurce.
2.2.1.2 Surface Washing of Seedlings

The seedlings at appropriate ages
were sSeparated iﬁto.ﬁ:parts: cotyledon, hypocotyl and root.
(Figure 3). The fresh 'weight of each partit was recorded.

Surface washing was performed on each part by immersion

inte distilled water  with a 1:1 proportion of plant fresh

weight to water. Each part of the plant was washed at fTour
successive  intervals by first immersion of the plant in

'distilled ﬁater for 1 minute. This first wash was called
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Figure 3 Parts of Soybean Seedlings

seed coat




fraction ‘I. The plant was then transfered to a second batch.

of water and immersed for 30 minutes. Three successive 30

minute—washihg were performed to give Tfraction II-1V. A
total immersion of the plant with the same fresh weight in

water for 91 minutes without serial transferred was also

carried out. -{ Fracﬁion ¥ ). Each ffaction was filtered and

lyophylized. The  dried material was dissoived in 0.02 M

phosphate buffer saline (PBS) pH 7.4 with 0.14 M NaCi at a

ratio of 1 ml PBS per 100 gram fresh weight to yield the

crude extract of _soybean surface agglutinin {SSA). After
ihe washings,the rémaining plant.tissue'was hbmbginized in

0.02 M PBS ( 1 gram fresh weight / 10 ml PBS ) with cold

pestle and mortar. The homogenate was centrifuged at

12.000g for 10 minutes and the supernatant collected called

fraction VI ﬁas examined for residual HA.

2.2.2 Purification Frocédure of SSA.

'2.2.2.1 Crude Extract
LN

Cotylédons of soybean were harvested

and extracted for surface ‘agglutinin with 0.02 M PBS pH 7.4

at a ratio of 1 gram fresh weight per. 1 ml'distilled water.
After 91 minutes, the 'solution was pooled, filtered and

concentrated with a Diaflo .ultrafiltration cell provided

with PM~-10 filters. The concentrated solution { about 10

ml ) was centrifuged at 12,000 g for 10 minutes. The clear

supernatant was collected and wused for further study. It

would be referred to as crude extract.
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2.2.2.2 Ammonium Sulfate_?recipitation

Solid ammonium sulfate was added to

the crude extract with continucus stirring to give the

desired concentraticon. The precipitate was. collectedvby

ceniifugation at 12,000 g for 20 minutes, redissolved in PBS
-and dialyse&'to remove the salt. The remainiing supernatant
~was futher saturated with ammonium sulfate to £he desired

percentage of solutien. The ﬁrocedure was repeated up to 80%
. apmonium sulfate saturation. ‘Each precipitate suspension

obtained were assayed for HA.
2.2.2.3 Affinity Chromatography

The soybean agglutinin obtained from
amencium sulfate precipitation{2.2.2.2) was further purified

°C on an N-acetyvl-D-

by affinity chromatography at 4
galactosamine cross linked 4 % . beaded agaéoSe column
preequilibrated with PBS. After  the unabsorbed proteins
were removed by extensive washing with the equilib}ating
buffer, the Iectin was  eluted from the column with 0.2 M

galactose in the same buffer. The pooled fractions were

dialysed to remove the galactose, iyophylized' and

- resuspended in small volume of distilled water. The purity

"of the prepabation was checked by SDS-.polyacryiamide gel

electrophoresis .
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2.2.3 Hemagglutination Assay

2.2.3.1 Treatments of Ervthrocytes

Human bloocd groups A,B,0 and rabbit
red ©blood cells were centrifuged at 500 g fer 5 minﬁtes and
the packed red eells were washedv3—4 times'with 0.02 H PBS
pH 7.4. A 2 4 cell suspension of each type of blood.cells
were prepared with PBS |

A 2 ¥ cell suspension. of rabbit or
human ceilé containing 1 mg/mlfof irypsin ﬁas_incubated at

o

37 € for 1 hr. The trypsin-treated cells were washed 2

times with PBS.
2.2.3.2 Hemagglutination Assay
Hemagglutination test -was performed on

a microtiter plate by adding 25 wul of the séﬁple solution

to be tested in the first well of a row of sample wells on

the plate. The sample was then two—fold serially diluted.

Twenty five microliters of the 2 % blood cell.sﬁspension.

Wwas added to each'well,“ﬁixed well, and incubated for 3 hrs
at room temperature. The _degree of _agglutination was
determined. by ~visual ‘examination. Agglutination titer was
expressed as the reciprocal of the highest'dilution that

vielded  positive " hemagglutination. Specifie HA was

expressed as titer per mg protein of undiluted agglutinin.
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2.2.3.3 Sugar Specificity

Sugar specificity of an  agglutinin
is determined by the ability of the sugar to inhibit

"hemagglutination. The inhibiticon test was performed on the

agglutinin extract that had a titer of 4. A volume of 2L ul-

of tWO*fold.serial dilutions of each sugar solution {200 mH)
were prepared on thevmicrotiter clate. Equal volume {25 ul)
of the agglutinin was édded-.to -each weil( After an
incubation of 1 hr at rocm temperature, 25 al of 2%
Vsolution {V/V) of trysinqtreaﬂed'red blood cells was added
to éach well. The minimum amcunt of each sugar necessary to

completely prevent_hemagglﬁtination was determined.

2.2.4 Chafacterization of Sovbean Asglutinin

2.2.4.1 - Effect of pH on Agglutinin Aclivity

Stability of hemagglutinétion activity.

of soyﬁean. agglutinin was examined ovgr_a3wfde raﬂge dﬁ pH
 by mixing SSA with 0.1 ™ of appropriate buffers which
vielded +the required 'pH7s® ‘citrate buffer {gH 3.0,5.0}),
phésphate buffer (pH® 6.0, 7.0, 8.0), tris=-HCIl buffer_(pH
8.0,9.0)  and glycine*NéOH buffer (pH-l0.0).After 1 hr of
- incubation at rbom temperature, the soluticns were dialyzed
overnight against 100 volumes of PBS pH 7.4 and tested for

hemagglutination as discribed in 2.2.3.2.
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2.2.4.2 Effect of Temperature on Agglutination

Activity

‘Equal amount of SSA solutions were

incubated with ©0.02 M PBS pH 7.4 at temperature ranging

O—IOO(JC for 15 minutes before the solution were brought.

back  to room temperature and tested forvhemagglutination as

discribed in 2.2.3.2

2.2.5 Protein Determination

Protein -concentration “was determined
according to Lowry’'s method (Lowry et 8l.,1951) with
bovine serum albumin as standard. A sﬁandard curve wWas
“prepared .from ‘BSA solution containing 10 to 100 ug protein
in a final volume of 0.1 ml. Three millilitres of solution A
containiné 1:1:100 - of 0.5% CuS04.5H,0: | 1%
sodiumpotassium  tartraﬁe : 2% MNa,CO; anhydrous in 0.1 N
NaOH was added: mixed -and left standfng fer 10 minates.

Phenol reagent { 2H, 0.3 ml ) was added and mixed. After 30

minutes,the absorbance at 650 nm was measured. Appropriate

amount of the sampleﬂﬁas similarly treated and the amount

of protein determihed from the standard curve.

2.2.86 SBsS - Polyacrylamide'ﬁél Elactrophoresis

Molecular weighi and purity of SSA was
determined by SDS-PAGE followimg the method of  Laemli

( 1970 ). Biorad Mini— Protein I1 System was used. Slab gel
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{ 7x6x0.05 cm )was prepared with 127 seperating gel and 3%
stacking gel( 7x2x0.05 cm ); the compositions of which are

shown in Table 7.

Table 7 Composition of Siab Gel for Biorad Hini—

Protein 11 System

Composition Tl . 127 gel
Lm0 ( ml )
30% Acrylamide 0.8% bis 1.5 4.2
Tris-HCl buffer pH 6.8 Az\5 | -
Tris-HCl buffer pH 8.8 3 2.5
1% SDS | - 1.5 ] 1.0
Distilled water & 5.1 2.1
EDTA : T | -
110% Ammonium persulfate 0.3 0.3
TEMED _ | 5 ml 5 Al
Total 12.¢ J 10.0 |
Sample | of - standard proteins = mixture,

purified  SSA and -commercial. SBA wers mixed with sample
buffer { consists  of 2.5% SDS, glycine, 5% @‘*
mercaptoethanol and bromopheﬁol bluel at the ratioc of 5

volume of protein sample to 1 volume of sample buffer and
boiled for 2 minutes before loaded to the gel. The gel was

fun at constant current of 10 mA per gel until the dye run




to  the bottom of the gél; using SDS-Tris-glycine pH 8.3
_(composed of 0.025M tris, 0.192K glycine }. as electrode
buffer. The gels were stained in 0.05% Ceocomassie brilliant
blue R diséolved in 45% methanol, 10% glacial acetié acid.
Destaining was accomplished after  several changes of
destaining sclution containing 30% methanol, 20% glacial

acetic acid.

2.2.7 Isceleciric fnéusing’{IEF) in Polvacryvlamide Gel

1EF eléctrophdkesis was performed on-.

horiéontal -miﬁi—IEF system (Biorad).Appropriate amount of
.purified BSSA, coﬁmercial SBA - and Standard'pl proteins. at
- various concentraﬂioné were applied to polyacrylamide gel
plates containing ampholines im linear pH gradient at a
range of 6-8 .obtained from Biorad._Samples of 10 ul were
applied ta 5 ﬁ 10 mm sheets. The isvoelectric focusing was
performed’ at 80 C for 1.5 hr at 100 ¥ after an initial run

at” 20 mA for 15 minutes, and.finished by a 60 minutes run

k\

at. 400 V. Then the gel was stained with Coomassie brilliant
blue R and destained with destaining seolution containing 30%

methanol and 20% glacial acetic-acid.

2.2.8 Gel Filtration

Gel - filtration was performed on Sephadex
G-75 column. Sephadex G-75 was suspended in 10 mH.imidazole
buffer pH 6.5 for one night, then the gel suspension was

packed in a glass c¢olumn (1.7 x 50 ecm).Head pressure was
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adjusted at 20 centimatres and fleow rate was 30 ml per hr..

The .column was equilibrated with 10 mM imidazole buffer pH
6.5. Then, 2 ml of purified SSA or standard prpteins were
applied to the column and the column was washed with.io mM
imidazole buffer pH 6.5. Fraction of 2 ml were collected

and monitored for proteimn at 280 .nm. Blue dextran and

K'2Cr2 04 were used to determine void volume (Vo) and bed.

volume (Vt )s respectively. To determine the molecular

ﬁeight of SSA, the Kavof molecular weight marker proteins

were plétted on senilog scale and the moiecular weight of
SSA was determined from . the étandard- curve using the
calculated K

av -

2.2.9 Cellophané - Transfer Bicassay for Fungistatic

Test
2.2.9.1 Preparstion of'Spot Piate

Effect of Substanceé- on fungal growth
was - carried out  using the cellophane - £ransfer-bioassay
(Needly,  1966). The  cellophane |used ‘is 23 nm thick,

tfansparent and readily absorbent. Folded sheets of

céllophane were . cut “into disks with diameter of 5 mm , -

placed iﬁ distilled_ water and sterilized for 5 minutes in
boiling water. The water was decanted and the disks were
placed on moist Tilter paper. in a culture plate (9~cm

diameter).

White porcélain spot plates, each

112 wmm long and 92 mm wide with 12 depressions 5 mm deep
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_ﬁere used. One filter paper disk {Whatman No. 42), 12.7-mm

diameter.was  placed  .into each depression. The filter-paper

disk was saturated with, but not floating in the test
solution { 50-25 ml ). Single cellophane disk was transfered
with forceps from the culture plate and placed on top of
.each filter paper disk in the s?ot plate, three cellophané

disks were placed on each paper disk.
2.2.9.2 Preparation of Spore Suspension

The. fungi of interest were grown Iin
9—cn.éﬁ1tufe-plates of potéto - dextrose agar (PDA).prepared
from raw potatoes; at 25°C for 7-14 days, dépending upon
~the maturation of <conidia. The colonies were flooded with
sterile distilled  water and agitated with a rubber
'policemannThe spore Suspension was decanted into Erlenmeyéf

flasks, and the 'spore concentration was adjusted threugh

these standards : large spores, 20 per field at 100 X

magnification : moderately 1arge.spores, 5 per field at~ 400

®x 3 small spores, 10 per field at €00 X.
2.2.9.3 Fungistatic Test

The - spore Susbenﬁions { prepared in
2.2.9.2) ﬁere tranéferred to the cellophane diéks prepared
in 2.2.9.1 with <glass capillary +tubing having a 0.85-mm
inside diameter. Each cellophane disk was lightly tbuched
with the end of the capiiléry tube, depositing

approximately 0.4 ul of the spore suspension { Figure 4 ).
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The spot plates were  then staékéd into a
moistened chamber {glass desicators or plastic containers
lined with moisteﬁed paper towel) and incubated at 25°C.

The fungistatie effect of the SSA on each

fungi was determined 20 ~ 25 hr after the cellophane disks

were seeded. The cellophane disks were transfered from ihe_

_paper " to mieroscope slides, covered with a cover slip and

stained with aniline blue. The number of_fungal spores on
éach cellophane disk weré examined. If the sporés did not
germinate or had germ tubes thaf Wwere less thaﬁ half the
spore lemgth, .the_ test sample was considered fungistatic.
Degree of fungistatic effeét was éalcuiated as percentage
.of non-germinated spores to total spores appeared in the

mieroscopic field.
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Figure 4 Celliophane — Transfer Bicassay Techhiqde
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CHAPTER I1I
RESULTS

3.1 Surface Agglutinin in Soybean Seedlings

3.1.1 Surface Applultinin from Different Parts eof

Sovbean Seedlings

In order teo  determine - the .presencé of
agglutinins on the surface .bf different parts of soybean
seedlings, the plantlets were éeparated into various
ﬁortions andb immersed_in distilled water for 91 minutes as
desdribed. in section :2.2.1.2. Agglutinin activifies were
detectable ‘in  surface extracts of cotyledons, hypocotyls
and roots (radiéles) on the second day =after germination
{~ Figure 3 ). Agglutinin was significantly detected in
surface éxtraét- of cotyledon at the age of 2-6 days old
with a  maximum at 3 days old. The activity in roots was -
.detéctable at  the age of 6 days onward with graduél
increaser. while  the hemagglutinating activity in

hypocotyls was very low-at'ali ages.
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3.1.2 Cotyvledon Surfece Agglultinin mt Different

Times of Extraction

Cotyledons were selected for further
exXxtraction of surface agglutinin in soybean seedlings since
the highest agglutination activiiy was shown in 3 - déy old

{ - Figure 5 ). Surface washing of the ecotyledon _for

differentdurations of  immersion in distilled water  was"

performed to determine the optimum time for extraction.
'Cdtyledon from 3 days old seedlings' was
immersed in different changeéV_éf distilled water at the
following intervals( Figure 6 ): l-minute wash (fraction 1},
followed by three éuccesSive-30—minute wash (fraction Ii-
I¥) and & single wash of 91~ minﬁte (fractiou V). Fraction
VI was the ﬁomogénate' of éotyledon after the 31 ﬁinutes
wash. The result confirmed that immersion of cotyledon in
distilled water for S1 minutes yielded the highest
hemagglutination activity;Residual agglutinin in'the.tissue
homogenate of cotyledon after 91 minutes wash (fraction.VI b
was minute. Therefore, the single 91 - minute wash of
cotyledon surface of 3 - day cld seedlings will be used for

further study of SSA.
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Figure 6 Hemagglutination Activity of Surface Agglutinin
from 3- Day 0ld Soybean Cotyledon at Diffarent

Extractions Times.

Washing of surface agglutinin from cotyledon of

3 days o0ld seedlings was performed as discribed in section

2.2.1.2.
I = 1 minute wash from ¢ - 1 minutes
11 = 30 minutes wash from 2 — 31 minutes
IIT "= 30 minutes wash from 32 - 61 minutes
v = 30 minutes wash from 62 - 91 minutes
¥ = 91 minutes wash from © - 91 minutes
Vi = homogenate of cotyledon after subjected

to the total 91 minutes wash
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3.1.3 Screening of Cells for Agglutination Test

_Tb ‘screen for 'suitable cells which can be
used for HA test, ekperiments were carried out on the

ability of cotyledon surface exiréct' to agglutinate red

blood cells from different sources. Sblution of 12 ug/ml -

of  cotyledon surface extract was used in the examination
of red cell specificity:I Experiment was performed on

micrbtiterv plate: as. described im section 2.2.3.2. The

cutyle&dn' extract agglutinated only'human blood'group type .

A With no activity won human blood group B, 0 or untreated

~-rabbit erythrocytes (Table 8 . prever, HA dctivity of the

t'extract on trypSin*tfeated rabbit  erythrocyles Was
sspecially high while. enzyme treéted human red- cells
showed no recognition. Therefore trypsinizad rabbit

werythrocytes were used for future HA test of the surface

“agglutinin.

bl



Table 8 liemagglutination Activity of Cetyledon- Extract

on Different Red Blood Cellis

Source of

Specific HA (U/mg protein)

Red blood cells Untreated RBC Trypsinized RBC
Human blcod group A 3,200 _ : -
B 0 | -
Rabbit RBC 1o\ S\ 25,600

.52



3.1.4 Sugar Specificity of the Agglutinin

To detérmine sugar specificity,various sugars
were | tested for  ability to inhibit the hemagglutinétioh
activity of crude cotyledon surféce extract using the
‘method described in section 2.3.1. |

As shown in Table 9, glucose, mannose, fructose,

rhamnose, fucose, trehalose, arabinocse, xylose, sucrose,
cellobiose, melibiose, glucosamine, galactosamine,
manosamine and  N-acetyl-D-gliucosamine  did  not inhibit

agglutination. at final conecentration as.high as 5 -mM. On

the other hand ., galactose and N-acetyl-D-galactosamine

{(GalNAc) <can inhibit the agglutination reaction even at a

‘minimum ~ final . concentration of 0.08 wm¥ and 1.25 uH

respectively.



"Table 9 Sugar Specificity of Cotyledon Surface Agglutinin

Sugar{*) Inhibition on HA

Monosaccharide
L-rhamnose ' : ' *
D+érabinose' -
- L-arabinese - = . ' -
D+trehalaose . N -
D+mannose ' ) -
D+xyiose » -
D+fucose -
D+galactose ‘ +
Disaccharide
D+mellibiose -
D+1actose =\
D+cellobiose .

| Aminosugar

Diglucosamine - P -
D+mahnosamine ' 3 4
D—galactpgamine _ -
.N~acetyl glucosamine . =

N-acetyl galactosamine +

* maximum concentration used = 200 mnM
+ indicates inhibition of HA

~ indicates no effect on HA



3.2 Purificatjon of the Cotvledon Surface Agglutinin

The .crude extract of soybean cotyledon surface
agglutinin investigatedf and seiected in section 3.1 was
‘subjected to'first step-of'puriffcation by ammonium sulfate

precipitation.

3.2.1 Ammonium Sulfats Precinitatidh

The surface ' washing from '3*day: old
cotyledon Wwere pobled and precipitated with ammonium

v sulfate &t wvarious concentrations {section 2.2.2.2). The
precipitation was performed by _stépﬁise increase of
‘ammonium ‘sulfate: 0-30%, 30-40%, 40-50%, 50-60%, 60-70%

and 70~80% saturation. The precipiﬁates obtained were

resuspendéd -in PBS and assayed'fbb HA after femoval of salt

by dialyéis. Agglutination__'activity was maximally
precipitated _at ﬁhe SOZammoﬂium sulfate as showﬁ'in figure
.?. At 70-80% ammonium sulfate, agglutination activity
cpmpletely deminished. ~As the _sufface éxtract coﬁtained
minute amount .of proﬁeiﬁ, it was dicided to avoid loosing
too muéh. of the lectin. Therefore, precipitation of HA in
the crudé extract ~will be_ céllected at _6ne step of

precipitafion at. 50-70% ammonium sulfate.
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Figure 7 Ammonium Sulfalte Precipitztion of Surface
Agglutinin of 3 Days old Soybean "Cotyledon

Cotylédon surface extract was ‘precipitated at
different concentrations of ammonium  sulfate increased-at.

10% increment from 0 to 80%Z {(see section 2.2.2.2).
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Figure 8 Chfomat@graphic profile of Agglutimim from
Soybean 'Cotylédon- on H—acetyi—ﬂ—galactosamine

Cross Lihked 4% Beaded Agarcse Column

: ABEOnNium snlfaﬁe precipitaté of crude .
cotyledon Surfacé agglutinin from 3 days' old .soybean
seedling' was  sSubjected to N*acetyl*ngélactosaminé column
and ﬁashed _Qith phosphate buffer pH 7.4 'tO: remove
unbound .proteiﬁ and the bound prdtein eluted with galdctose

as described in section 2.2.2.3.




3.2.2 . Affinity Column Chromatography

As  the hemagglﬁtination actiVity of erude

surface .éxtract' of <cotyledon was shown to  bef highly
specific . to ‘N - acetyl - D - galactosazmine  and galactose
(.Taﬁle 9.);' the nexf .appropriéte step to apply for
purification of . the agglutinin ﬁas affinify colﬁmn

chromatrography.

The 50-70% ammonium suifate' precipitated

agglutinin was subjected to affinity chromatography on an

_N—acetyl-D-gaiactosémine gross“_linked 41 beaded agarose
column prepared in section 2.2;2.3, The column was washed
with 0.02 M phosphate buffer and'elutéd with different
.éoncéntration of galactose. Galactcée_ﬂas*used as_éluting

sugar -as the égglutinin_ alse showed high specificity to

the sugar -and it is cheapear. The'hemagglutiﬁation activity

was . eluted at 0;2.H_galactose. The'éhromatographic profile .

is shown in 'Figﬁré.ﬁ-. The_ agglutininﬂ eluted from the

column was called.-soybean surfaée'aggﬁutinin {SSA). Table

Y

9  summarized ‘all stebs of purifications of SSA. The yield

of SSA obtained from affinity'column was 27% with 12 folds

purification.
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Table 10 Purificaticen of Surface Agglutinihf

from Soybean Seedlings.

Total

.Total

Purification = [Protein HA(®) Yield |Speeific | Fold of
Procedure | (mg/ml) | Protein | (U/ml)| HA(U) | (%) HA. Purifica
- (mg) ' (u) tion

Crude Extract 0.63 81.50 960 48,000 | 100 | 1,523.81 1
50-70% -(NH,), S0,/ 0.58 4.06 . 5,120 35,840 75 | 8,827.59 6
precipitation _ . |
Affinity 0.52 1.04| 6,400| 12,800 27 | 12,807.869 8
column |

(%) HA

Hemagglutination Activity

69



3.3 Characterizaticon of SSA

As soybean agglutinin has been extracted and purified

from seeds of Glvcine max in the past, the

'characterfzation of SSEA from secticn 3.2 will be carried

out in paraliel - with. éoybean agglutinin .obtained

commercially which will be called SBA.

3.3.1 Thermostabilitx,of SSA

.SSA  and SBA were incubated at. various
temperatufes for 15 min, cooled to room temperature and
assayed for HA activity. Hemagglutination_activity of SSA
was found to be retained at temperatures up to 60°C.
Boiling of SSA within 15 min. inactivated HA. The optimum
témperature for 'agglutination activity of SSA was 40°C
{Rigure 9" ). Commercial SBA showed similar thermostability

profile.

3.3.2 pH Stability ' - 5

SSA  and SBA'were subjected to different pH’'s
at. 30°¢C ‘according 'égwthe-procedure in 2.2;4.1 and HA was
éssayed. SSA was found to be quite stable over the pH range
7.0 - 8.0 with optimum pH at pH S.Q {(Fig. 8). Commercial
‘SBA ~ showed a slight shift of pH pfofile to the acidic side
with maximum HA at pH 7.0.> HA of commefcial SBA was

significantly retained in the pH range 6.0 — 9.0.
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Figure 9 Effect of Temperatures on SSA and Commercial
| SBA Activity.

SSA and _SBA were incubated at temperatures
from 0 to 100°C as described in section 2.2.4.2.
—¢ Commercial SBA

0-~-0 S5A




Figure 10 BEffect of pH on Specifie Hemagglutination
Activity of SSA and Commercial SBA

SSA and ‘SBA were subjected to different
buffers _at_ Qﬁrying_ pH's  and assayed for HA according to
section 2.2.4.1.

| &—8& Commercial SBA -

 0---0 SSA
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3.3.3 Holecular Weight Determination

After | purification by affinity
chremateography molecular weight of SSA was determined on
Sephadex G-75 gel permeation chromatography.

A molecular weight calibration ecurve was
constructed with a set of standard proteins and their Kyas
shown in Table 11 and Figure 12. Thé molecular weight of
affinity-purified SSA as determined from the calibration

curve is 28,000 Paiten {Figure 11, 12).
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Figure 11 Gel Filtration Chromatography of SSA
on Sepﬁadex G-75 |

Blue dextran ana K5Cry05; were used  to
determined - void wvolume ( V¥_,) and bed velume ( ¥, ),
respectively. One ml of fraction volumé was collected from

1.7 % 50 cm . glass eclunmn.
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: Table 11 Elution Volume and K, of Protein Samples
on Sephadex G-75 Gel.Pérmeétion Chreomatography

and Their Molecular Weighi

Protein M¥(Dalton) | Vo(ml) | Vi (ml) | Vo(ml) | K{*)
Cytochrome C 12,000 46 120 86 0.54
Hyoglobin 17,500 50 | 120 | 80 lo0.50
Chymotrypsinogen 27.000 40 120 70 0.39

| ovalbumin 43.000 46 120 60 |o0.19
SSA yr \ 4 s 112 64 | 0.34
* Koy = Yo = Yo
Ve _ Vg




Figure 12 Calibration Curve for Holecular Weight

 Determimation on Sephadex G-75

The relative mobility (K, ) calculated in-
Table 11 were plbtted on @ somi log scale against moiecular
weight of the standard proteins.-The molecuiar wéight_of

SSA was extrapolated from the calibration curve using its K_,

‘vyalues.
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Figure 13 SDS-PAGE of Soybean Surface Agglutinin

The sample proteins were separated on 12%

3ps - polyaérylamide'gel_electrophbreéis; Twenty ul of the

affinity-purified SSA, commercial SBA , crude extract and

ammonium sulfate

precipitated agglutinin  were treated as

. deseribed in section 2.2.6.,

Lane A : Standard proteins mixture containing:

1)
2)
3)

Rabbit muscle'phpsphorélase'B (MH=97.400)
Bovine serum albumin (MW=66,200)
Hen egg white cvalbumin {(HW=45,000)

Bovine carbonic anhydrase {(M¥W=31,000)

‘Soybean trypsin inhibitor (MW=21,500)
Hen egg white lysozyme (MW=14,400)
Crude soybean surface extract

50-70% ammonium _sulféte preéfpitation

agglutinin

4)
D)
.6)
Lane B ;
‘Lane C :
Lane D :

Affinity - purified SSA

Lane E : Commercial SBA




determined by
subjected to

as described

SPS—PAGE of Purified SSA

The molecular weight and purity of SSA was

SDS-PAGE. Sample of 40 amg proteins were

electrophoresis on 12% SDS-polyacrylamide gel

in section . 2.2.6, the protein patterns were

shown in Figure ~11. A molecular weight.calibration_curve

was drawn between the log of MW of standard proteins and

"their relative mobility ( R¢ ) ( Figure 12 ). The MW of

SSA determined_ from the calibration curve was 27,500 Da

while that of commercial SBA was 29,000 Da.
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Figure 14 Calibration  Curve for Holecular Weight
Determinaticon on S5DS - PAGE

The relative mobility ( R; ) were plotted on a
serilog scale against molecular weight of the standard

proteins.




MW (x 10”2 Dalton)

"1 & Rabbit muscle phosphorelase B

Boving ' serum albumin

Hen egg albumin

% Bovige carbonic anhydrase
SSA
SBA

oybean trypsin.
inhibitor

0.3

0?4 0.5 06 0.7 0.8

Relative Mobility
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3.3.5  Iscelectrie Focusing (IEF) of SSA

The pi of SSA was determiﬁed by IEF gel
electrpphoresis. Sample of 10 amg proﬂeins were. applied to
the polyacrylamide gel plates containing ampholines in
linear pH gradient at a range of &-8 as deseribed in

section 2.2.7. A pl calibration curve was drawn between the

pl of standard proteins and their migration distance from

the cathode. The pl- of SSA and SBA was extrapolated from
the calibration curve. The pl of SSA determined from this
gel pattern was 7.00 . Commercial SBA showed at least 2

bands of proteins with pl’s of 6.80 and 6.65.
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Figufe i5 iscelectric Focusing Patterns of Soybean

Agglutinins.

Horizoptal anaiytical IEF was performed on
polyacrylamide gel' containing linear pH gradient from 6-8
according to section 2.2.7.
Lane A : IEF standard proteins content ;
" 1) Cytochrems C (pI=9.60)
2) Lentil lectin (pl = 8.20, 8.00, 7.80)

7.50)

: . _ 3) Human hemoglebin € (pI

4) Human hemoglobin A (pl 7.10)

5) Equine myoglaobin {pl :_7‘00)
6) Equine myocgliobin minor band (pl = 7.00)
X ' 7) Human carbonic anhydrase (é[ = 8.590)
| | 8} Bovine carbonic-anhydkase (pl = 6.00) O
9) B-Lactoglobulin B (pI=5.10)

'10) Phycocyanin {(pl=4.65)

Lane B : Coﬁmércial éBA

'Laﬁe C = Affinity-purified SSA

Lane D * Crude SOybeén surface'e#tracﬁ

Lane E : 50—70i ammonium sulfate précipitéted

agglutinin
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Figure 16 Calibration Curve for pl Determinatiom on I[EF-

polyacrylamide Gel

The migration distance from the cathode of the
standard proteins were plotted against their pl’s. The pli
of SSA and SBA were extrapolated from the calibration

curve using their migration distance from the cathode.
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Figure 17

Effect of SSA on Growth of fusarium spp.

spores.

A: The spores were germinated in distilled
water, magnification 100.

B: The spores were incubated with SSA,
magnification 100.

C: Germinating microspore of Fusarium
spp., magnification 400.

D2 Ungerminating microsperes (arrow) of

Fusarium spp., magnification 400.

E: Germinating chlamydospore of Fusarium
spp., magnification 100.
Fz: Ungerminating chlamydospore of Fusarium

spp., magnification 400.



3.4 Effectis of SSA on Plant Patho

genic Fungi

In order to obtain. some

possible role of the lectin in n

out oen bioclogical effect of SSA

be pathogenic to plants espseci

were carried ocut as described in s

preliminary data on the

ature ; tests were carried
on cultured fungi known to
Experiments

ally soybean.

ection 2.2.9.

The observations  indicated that SSA from soybean
coltyledons was able to¢ inhibit spore germination of all
fungi tests as shown in Table 12 and Figure 17-19
Highest inhibitory effect on épore germination was

. observed with affinity-purified SSA  comparing to other
fractions. At the same amount of  protein, the lectin
affected Colletotrichum Spp. most {(64% inhibition)
followed by Cercospora _kikuchii {(58% inhibition) and
Fusarium sSpp. {40% inhibition). The inhibition effect

was lectin specific since it can

galactose.

be reversed by addition of
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Table 12 Effects of SSA on Spore

Pathogens

Germination of Plant

% Inhibition

Fractions of SSA Cercospora Colletotrichum Fusarium
kikuchii SPP. | SPP..

Control 33 1] 31

(0 mg protein)

Crude extract 27%2 14%2 24%£3

{0.28 mg protein)

Ammonium sulfate 391 224 35%2

precipitation

{0.20 mg protein)

Affinity-purified SSA 57£2 64%3 39£2

{0.20 mg protein)

SSA + galactose 33 3x1 3x2

(0.20 mg protein)

74



N TUIVEURM 13 -
ANIANNIUNKRIINEINE

q




Figure 18 BEffect of SSA on Growth of Cercospora kikuchii

spores.

The spores were germinated in distilled
water, magnification 100.

The spores were 1incubated with SSA ,
magnification 100.

Germinating spores of Cercospora

kikuchii, magnification 400.

Ungerminating spores (arrow) of Cercospora

kikuchii, magnification 400.
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Figure 19 Effect of SSA on Growth of Colletotrichum spp.

spores

A: The spores were germinated in distilled
water, magnification 100.

B: The spores were incubated with SSA,
magnification 100,

C: Germinating spore of Colletotrichum spp.,

magnification 400

D: Ungerminating spore of Colletotrichum

spp., magnification 400
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3.5 Comparison of Purified SSA& with Commercisl SBA

Since soybean ~ agglutinin from soybean seed (SBA)'has
been purified and extensively characterized, it is of

interest to investigate whether affinity-purified SSA in

this study is similar to the SBA previously reported. SDS-
PAGE  showed slight difference in the size of the‘peptidé

monomer {section 3.3.4) whereas IEF gel shdwed slight .

difference (section 3.3.5). Comparision of HA stability of

both lectins at varying 'temperatures and pH’s'have'been'

reported in .section 8.3.1 :and 8.3.2. Other properties of
SSA and SBA were further investigated and summarized in
Table 13.

At equal concentration, SSA and SBA showed &imilar
characteristic on . most paramelers tested but with
differént magnitude of effect such as the effect. . on fungi

growth. -éSA affects spore germination more than SBA,

especially’ in Collectotrichum spp. - HA of SBA doﬁbied.

that of SSA at the same protein concentration. SBA seems to

bind with high affinity to HK-acetyl galactosamine whilé SSA -

‘had orefered for galactose. Lactose specificity Has

‘observed in SBA only.




Table 13 Comparison of Affinity-Purified SSA with

Commercial SBA

Characterizaticn Commercial SBA Affinity-Purified
(2.00 mg protein) ssA (2.08 mg
| protein)
-Specific HA activity | 24,615 12,355
{ Uimg protein }
~Sugar specificity
( mM/4 HA unit )
N-acetyl galactosamine 0.01 .04
Galactose “ . 0.62 | 0.32
Lactose 0.32 None
—Spore.inhibition(Z)
Cercospora kikuchii- 39£3 - 46%4
Colletotrichum spp. | 27+2 o 571
Fusarium spp. _ 32*4 o ' 351




CHAPTER VI
DISCUSSIOH

4.1 Lectin in Developing Soybean Seedlings

Lectins_ in ‘soybean have been reported by severai
gfoups of scientists ( Table 14 }. However, the 'soybean.
‘lectins_ reported Heré moatly prepared from homogenate of
the tissues they were found. Skubatz.and.Kesslér-{1984)
réported a lectin .on the surface of colyledon of cucumber
seedlings which is deﬁéndent on the stage of deve}dpmentﬁ
Since lectin on sﬁrface of soybean has never been reported
especially in the seedling, it was of interest to make an
investigation. When sovbean seeds were germinated »ahd
surface _soybeah seadiings was extracﬁed by immersion of the .
‘tissues of interest in distiilled water, agglutinin activity
was detectable. The extraction of agglutinin ffom thé
surface of soybean seedling organs was monitored in £he
-growing. seedling forb 2 weeks, unti! the death of the
cotyle&oﬁs ~and the appearance of the first leaf. The fhree
.organs examinedi cotyledon, ‘hypocetiyl and root, had
different amounts of agglutinin released on their éurfaces.-
. The. releasé of protein W;S high in VOung organs and rapidly
‘decreasead with age. The decrease in the amount of surfacs
agglutinin indicated that the agglutinin was not'release&
on the surface at laler stage of development ( Skubatz and
Kessler, 1988 ). |

The. results indicate that a lectin is present and

easily extracted from the cotyledon surfaces of soybean. A



Table 14 Summary of the Pboperties ef All Lectins im Soybean

from seed

(Fountain, 1977)

Seed
{homogenate)

(Gade 1981)

Sourcé of smoybean Native MW Properties
agglutinin { Dalton )
Soybéan system 12¢,C00 -tetrameric of 30,000'
(seed,leafgstemg_ '—-a glycoprotein
root)(Ldtan,1974) -specific to Gal and
| GalNAc |
~binds specifically
te infective strains
R of Rhizobiﬁm japqnicﬁﬂ
Leciin_released 30,000 -maximum st & hr of

56,000-60, 000

seed hy&ratibn
-specific to Gal or
saccharides containing
. Gal in erythrocyte
suspension
_Specific to'gdlacfose
_(Gal) and N - acetyl
_galactosamine(ﬁalﬂﬁc)
;contained 2 . subunits
af 28,000 and 30,000

-pl ~ 5.2 by I[EF
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Table 14 continued

Socurce of soybean

agglutinin

Native MW

{ Dalton )

e

Properties

Root
(homogenate}

{(Gade 1981)

Seed extract

{Agrawal, 1984)

Commercial seed

{(Brambl, 1985)

Reot {homogenate)

Seed

Cotyledon

{homogenate)

lectin{(from Sigma) |

{homogenate).

84,000-90,000

33,000
26,000 and
30,000
16,000 and
30,000

?contained 3 subunits
of 28,000-30,000 and
32,000 |

~-specifiec to Gal and
GalNAc

-pl ~ b.2 by IEF

;affected the

development of

Colletotrichum

cupisi and Fusarium
solani

~disrupt fTungal growth

{ Botrvodiplodia «

theobromae, esurospora

crassa, Aspergillus

aEslelcdami) by
interfering with normal
.cell wéll deposition
and assembly
-detect by antiASBL
-seed lectin had 3-4

clesely spaced bands

on SDS-PAGE
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Table 14 continued

Source of soybean Hative WW Properties
agglutinin { DPalton }

Leaf (homogenate) _26;000

{ Yodkin, 1988}

Culture soybean 30,000 -blocked the Rhizobium
cell line SB-1 | soybean cell adhesion
{Ho,13886) _

SSA (this research} . 28,000 ~specifiec to Gal and

I GalNAc

-pl ~ 7.0 by IEF .

|—affected the spore

spp.., LColietotrichum

spp. and Cercospora-

kikushii

germination of Fusarium

83 .



few lectins were repcrted.tq be extractable with waﬁer from
surface e.g. in cucumber seedling'(‘ Skubatz and Kessler,
1984) and <clover roois ( Dazzo gL_“gL.,'1977 } or have
been located in plant cell walls including epidermal cells
"{ Leach et _al.,1982 ); The very short time required to
wash _off'agglutinin_from the cotyledon #urface by water ( 1
minute and even less ) showed that the agglutinin probably
was bresent: on the epicutiéular surface. Only. small
amount of HA was detected in the cotyledon hemogenate after

91 wminutes washing.

-

4.2 Cell and Sugar Specificity of Sovbean Agglutimin

Each lectin ‘selectively‘agglutinated specific ty?e of
cells due to the kind of sugars or saccharides present on

the cell surface. When tested with red cells from human

blood groups and rabbit erythroeytes, the surface

agglutinin was specific to human blood group A because

there 1is a__iectin recognition site on the red cells

containing N - acetyl - D - galactosamine at' the end of
cligosaccharide structure. The. surface agglutinin was
specifically inhibited - by galactose  and H—acetyi

.galactosamine with - the ~vla't.t.er‘ showing highér_speéificity
{Table 13), similar to that occured in soybean agglutinin
from root and seed studied by Gade et _al. (1981).
'Carbohydrate~binding ‘ studies { by' inhibition of
hemégglutinaiinn or glyccprotein 'pfecipitation } on the

seed  soybean lectin { Lis et ail.,197¢, Pereira et _al..,

1974 )} showed the greatest affinity of the SBA for N-
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acetyl galaptosamine, its glycosides, and oligpsaccharides
in which this sugar was the nonreducing terminal unit.
Rabbit erythrocytes could not be recognized’by_the'surface
agglutinin wunless +treated with trypsin. The tfeatment of
the red cells with the protease may have e#posed the sugars
on the red .ceEIs such that_the surface agglutinin binding

was possible.

4.3 Purification of the SS&

The purification of surfaée agglutinin of
surface seedling 'in this work differed from the procedure
used by Gade (1981) in two aspects; firstly, Gade did not
" precipitate .the proﬂein' with ammonium sulfate. In. our
experiment, the ammonium sulfate @recipitation increased
the putity of . iectin to 6 folds. Secendly, Conconavalin A
_cdlumﬁ was' used by'Gade to'purifylectin froem soybean root

and seed, but in this study.N*acetyl galactosamine affinity

coiumn 'was used which inereased the purity'of lectin to 8

folds. The SSA was eluted fron:the'column with éala&tose
‘because the protein showed affinity Lo ‘both HN-acetyl
galactosamine  and galactose, the_ latter was cheaper and

C e,

readily accessible.



Table 15 A Susmary of a Common Charécteristics

of SSA and SBA

Properties SSA ' SBA.
MW Gel filtration 28,000 - =
MW SDS-PAGE 27,500 29,000
pl | fi. AN 6.8,6.65
Optimﬁm temperature. 490 1 40
Optimum pH ' _ 8.0 7.0

Specificity(mM/4HA §)

K-acetyl galactosamine _ 0.04 0.01
Galactose 0.32 .62
Lactose o None 0.32

% HMeoclecular weight of SBA was not determined by gel

filtratien _ in  this study. A reported value

(Lotan, 1874) is 120,000.



4.4 Characterization of SS&

Some physicochemical properfies of the purified SSA
from the affinity ‘column was studied in parallel ‘with
pﬁrified SBA  purcheased from Siéma. ,Both.proteins showed
quite similar properties from our study as summarized in
Table 15.

| Several iectins in soybean have been reported, the
properties of which are summarized in Table 14, It can be
sean that the molecular weight of most subunits
detertmined are in the range_of'Zﬁ,OOO - 30,000 Da. Most of
the leétins réported were extracted by homogenization of

tissues and were reported to exist as a molecule wiith more

than one subunit. There was one report by Fountain (1277)

that a lectin wiih one subunit of 30,00¢ Da was ektracted
by " hydration of seeds for 8 hours. However, such a'long
period of: seéd' immersion in water may have swollen the
seeds to an extént of cell wall damage and caused a release
of intracellular content. In our study; although the native
molecular weight of 'SBA  was not determined byk gel
filtration, its molecular weight on _SDS-PAGE was closely
‘similar to 'SSA { 29,00Q and 27,500 Da*respectively ) which
was close Lo fhe reported  wvalue of .30,000 Da for the
subunit of = SBA. Thus, it ‘seems that SSA from surface of
cotyleden may beée the same protein as the subunit of SBA
reported in the homogenates of seeds and roots of soybean.
The native molecular weight of SSA as determined by gel
.fiitraticn implied thét purified  SSA may ekist as a2

monomeric molecule. It is poessible that. in soybean,
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lectin in . the seeds and roots all existed as tetramer of a
subunit with molecular weight of 28,ooo¥3o,ooo Da. When
the lectin was secreted on the surface such as was found
in our study on_the_surface of the cotyledon, it was in a
monomeric form. This is also accountable for some of the
different characteristics observed on SSA and SBA such as
optimum pH, pl values, degree of binding Lo sugars and
the effect on fungal grewth. The_commercial'SBA aﬁpeared
 on IIEF as - at least 2 bands and the.pl'values weré 6.8 and
6.69 which were slighly. different from that of SSA which
was 7.0. The two bands observed for SBA are likely to be
two of many isoleectins reported previously {see section 1.9).

Considering tHe observed diffaerence iﬂ the affinity
forsugars , some Qpeculéticn could be made. SSA as a single
peptide <chain may contain binding sites for both N-acety!
galactosamine and galactose, or it'méy.contaiﬁ one binding
site but 1show different affinity to K-zcelvl]l galactosamine
and galactose. - Upon associatidn of the monomers to form
ﬁetfameric SBA, galactose . binaing site may be less
accessible while binding to N—acetyl galactosamine™ was

somehow enhanced.

4.5 Biological Properties of SSA

When SSA and  SBA were tested for their effect on a
few species of fungi known to be pathogenic Lo soybean,
~they showed varying degree of efféct, SSA had greater

inhibitory effect on growth of Cercospora 'kikuchii

Colletotrichum spp.. and Fusarium _spp. comparing to




SBA. .As reported in Table 13 that_SSA Wwas more specific to

galactose and as shown in Table 12 that inhibitory of SS5SA

ocn fungal growth can be overcome by additidn of galactdsé,

it  may be suggested that the interaction of SSA with fungi

was. at .galactose binding site. This also supported with

£he lower inhibitory effect on fTungi observed.for_SBA.

However, this could be confirmed by further exberimentVdn:-'

“the effect of 'N~acéty1 " galactosamine on vrevérsing the

inhibition of fungal growth by SSA and SBA.

4.8 Hybothesis on the SSA'in-Eogyjedun of Sovbean. Sesadlings

The appearénce "of an agglutinin on-the cdtyledon.of

soybean seedlings, which scemed to be excreted on the

surface due to the ease of extraction by simple immersibn

in water, implicates snhe functional impbrﬁance of the
prctein. Rme all the data oﬁtained in comparison to SBA
~and etheryirepofted‘ﬁraperfies,,a hypothesis.on the role of
the lectinb-is. nostulated. The existance of SSA may be a
product of genetic polymorphism as ‘reviewed 'in segtion

1.6.1. In the soybean Glyvcine _max, there .ﬁay exist

several -hom@logous ‘genes encoded for soybean aggiutinins.

Lectins in seed and ‘det' of  soybean - have already been

reported (Tabie 14).  In' our study. SSA was found on.fhe
cotyledon surface . of _3?déy old seedlings. This may'be\ihe
example case of a developmentslly regulatéd expression of
homologous  gene. Géne for SSA may be gxpressed at ﬁhe time
of seed germjnation into seediings and its product is a

peptide monomer with molecular weight of 28,000-30.00¢ D=
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which is secreted as such on the surface. It may have
primary function teo 'prevént growth of  pathocgenic fungi,

. a8 one step of . defense mechanism of the plant. On the

_dfher ‘hand, SBA”wHich was in tetrameric form énd exists in

the seed may either be the_storagé.fqrm of soybean in the
seed and dissociates into subunit and excréted as such to
the  surface. The report by Fountain (1877) that a 1ectih
f_of. molecular .weight 30,0§O _wés released from seed upon
immersion for '8 hours in watef'is oﬁe supporting evidence
for our hypothesis. Perhaps, SSA an& SBA may the products
of the same gene but they expressed in different stage of
) deQelopment or have'différent transéription product so SSA
and SBA were differed- in _Séme ‘asspects. Otherwise, SBA
itself  ‘may have - other rbie(s) which .has vet to be

identified.




SUMMARY

1. Soybean sufrface _agglﬁtinin. (SSA’ waé- extracted from
éotyiedons of 3 - day old soybean séedliﬁgs. The SSA was
specifié' te. N-acetyl gélactdsamine and galactose. It was
purified  in' two steps i;e.'ammoﬁium sﬁlfate fractionation
and affinity column. /

2. Several  properties of SSA weré.investigated-in parallél
with _commeﬁéial soybean agglutinin {(SBA) s1ts molecular
weight  determined by gel filtration and SDS-PAGE was
28,000 -indiéating ‘its existence as:a monoméric molecule,
lts pl was 7.0 ~as determined by IEF gel. Its
'hemagglutinatidn activity wasraoptimum at '§H 8.0 and £he
optimum temperature was 40 °C. Most of these prcperties
were similar to SBA purified from soybéan seed with slight
difference in some_éspects. : ‘ _ _

3. The SSA can inhibit ‘the germination of spores of éome

soybean pathogenic fungi.
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