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. ABSTRACT

| ! . \

" A variety of plant seeds were screened for hemagglutmaung activity, xmmunochemlcal' '

relatedness and bactenal agglutlnauon Extracts from the seeds of breadfruit (Artocarpus

altllls) and )ackfrull (Artocarpus lntegrlfolia) exh7ted a high tlter non- specll“lc for human
erythrocytes They produced 1mmunoprec1p1tm reactions of partlal tdentlt) with antisera

dlrected agalnst Osage orange (Maclura poml[era) leclm suggestmg a structural and.

evolutlonar) relatlonshtp of Moraceae lectms

~The breadfrutt lectin (BFA) was purlfled by salt fracttonauon followed by afl‘mny

vchromatography on immoblhzed B-D- gal(l»B)agalNAc Gel fllfranon usmg Bio~-Gel P150

~

suggested a molecular wenght around 44, 500 Electrophoresns of the purif ied lectm in SDS

polvacrylamxde gels revealed two dlsslmllar subumts of apprommately 19 000 and 22 OOO

. 'daltons, Ammo acid analysns and 1soelectnc focusing . of BFA mdncated'that the. lectm may be -

acidic m nature, Thxs lectln dld not agglutinate any of a vanety of bactenal species and

strains, In view of its binding affinity to the Thomsen -Friedenreich (m anugen purlf led BFA

ma) prove uscf ul in lumor bmdmg studies.,

s

', . v

An extract ‘from mistletoe fig- (Ftcus deltotdea) (FDA) seeds produged non- specxl“ ic

Bl

precxpmn reacuons ‘with human serum thus affectmg lmmunodnffusnon studnes The crude
l’
samples. were also observed to agglutmate human erythrocytes and some strams aof bacteria

,.

mcludtng Ch/amydm trachomatts a cltmcally significant pathogen causmg a sexually/'

. . ' . . / o ‘ i
transmntteddtsease.' S o . o .

Fast protem llqutd (;hromatography (EPLC) was uuhzed to: pamally punf y the lectins

f rom. crude extracts of Jbreadf Tuit and mlstletoe fi lg seeds Companson of the eluuon profiles, .

) ]of the af fi mtty punf ied and crude extracts of breadf ruit showed gel fi lltrauon FPLC can of fer

advantages over the tradtuonal affmuy methods m that thxs raptd and sxmple one step

[

prowdure nges a consxderable puru’ xcauon of the lectin f rom the crude extract Tlns techmque s

Ceviy

’




was also used to enrich a crude FDA' extract, resolving it into nine Jnajor peaks, Although

every f raction agglutinated ied blood cclis‘. only the f ourth f ractio‘n ‘was active againsl ‘purified

elementary bodies of the bacterium Chlamydia FDA may be valuable as a probe for studymg

'

bac(ena parucularly chmcally xmportam palhogens such as Chlamydm »

7
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- .. ]. INTRODUCTION

"A. Lectins - . L ‘ v
. ' o . ) ' ~
1) Definition and Classifjcation : '

ty o
Stlllmark ) dnscover) of a lecnn in Rlclnus communls in 1888 mmatcd rcsearch mto one

of nature's mosl 1nteresung and complex classes of protems "By 1975, 20 lecnns had been

1solated in homogeneous form’ Ten years later the number of plant lcclm slruclures and”

specrl"ncmes eluctdated has risen 1o more than 100, This ‘increased mterest has also been

reflected in growmg numbers.ol‘ revtew papers’ »w

C ' Lectins are’ Sludled because lhey acl as determmanls of cellular recognmon and many

possess interesting structural features In addmon they are useful for the mchugauon of

)
/ . "

protem carbohydrale mteracuons and as reagents for the characterlzatton and separauon of

cells and glycocon]ugates ‘However, their regulatron and btologtcal role snll femain a

mystery”. '
b
Early observatrons of the presence of red blood cell aggluunaung materlal in plant‘

L)

seeds led to- the term phytohemagglutmm or phyloaggluumn or agglutmm Thc word
!

: "lectm . derived from the Latm lectus (past parucxple legere) meanmg o choose or sclect o

was proposed in 1954” Goldstem et a[“ vClaI'lf ted thrs term to def me "a sugar-btndmg protein

AN 1

Fﬁ,;or glycoprotem of non lmmune origin’ whrch agglutmates cells and/or precrpltates'

o N
glycocon&rgates Lectms have at Ieast two squr bmdmg srtes and %’specnf 1c1ty expressed as
the monosacchande or’ srmple ohgosacchande responsnble for mhxbmng lectm mduoed

. ‘o y ' oy

agglutmatton » : T R T Y I

[ ) . . : ! o . .
= ‘ i T o :
, - ® ' ¢

. l/-' Others“’“ prefer ja defmruon based on physrcochemrcal propertles rather than‘

o

brologrcal ’acuvmes Choosmg to emphasxze the mteractton wrth carbohydrates Kocourek and

Horejsr“ ‘defi me lectms as sugar-bmdmg proteins o: glycoprotems of non-immune ongm whlch ‘

.
o

are devord ol‘ enzymatlc activity towards %gars ‘to 'which they bmd and do not requlre free ‘

AR

S
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.
.

glycosidic hydroxyl groups on these sugarg‘for their binding.” The Nomenclature Commitiee of

the International Union of Biochemistry (NC;IUB) dismisses this definition as being 100

broad and the criterion of lack of enzymatic activity diff jcult to apply**'#*, Consequently, the

opc:a‘tional'definition of Goldstein et ‘al js now generally accepted,

[ | . ) P '

i ‘ [ ‘ ) ‘ ‘ , ,

More specific.tetms also appear in the literature, "Protectins” was used to'describe a
LI ' . : o ,

class of invertebrate agglutinins 'with a protective function as protease. inhibitors®.

"Electrolectins " refer to endogenous B-D-galactoside binding lectins found in vertebrates such
as chick, eel and' mouse’'”, “lsolectins” are chromatographically distinct forms of the
agglutinin similar in molecular weiéht,l with subtle differences jn amino acid composition and

e v [ Y . ' x “‘ L
isoclectric, point. They are not. uncommon in lectins characterized to date’*"*’, A Cclear

*'distinction between f'isolectins" and "multiple Jectins” has not been made in the literature and

the terms are often used inter‘changeably. Isolectins are analogous to isoenzymes and - represent

different molecular forms of. the same lectin, whereas multiple lectins are distinct and unique '

in their properties despite being isolatéd from the same source, Lectins are sometimies included

VoA ' \

under the broader classification "affinit‘xfn‘s"'; a collective name for combining sites containing -

proteins (or glycoproteins) such as lectins, antibodies and enzymes****. = )
. A ; o o ' )

ln some . mstances an tmmunochemrcal relauonshlp exxsts between a toxin and

agglutlmn lsolated from the ‘same specnes“ These toxms usually have two subumts one toxxc

.
r .

and one sugar-bxndmg, While gnmrlar‘to' lectms. toxins have -6nly ‘One bxndlng‘srte and do'no(‘

' agglutinate cells or precipitate glycoconjugatés™™’, . . K
' R . . . .. A o A . . . . ) , N

' i . ' i
-

Lectms resemble anubodles in that they form preCtpltates through specxf ic mteractnons .

w1th glycoprotems and polysacchandes whxch are concentration dependent and may be

_,m‘ .

mhnbtted by low molecular wetght "haptens K analagous 10 an anugen anubody reactton” g

’ i

Thu. many xmmunologlcal tests and procedures are appllcable to lectm studnes" Cold ‘. i

L)

agglutmtns anu carbohydrate antlbodles that prectpltate at low temperatures (4 C) and can

exhnblt aggluunaung phenomena have been descnbed reoently"

i . . ¢ A ’ a.
» . s . o . . .



.
! ' )

. The differences between antibodies and lectins are more pr‘onounced than thcir

U
i . , \

similarities, lmmunoglobulms are restricted to vertebrales while lectms may be found\m plams

and mtcroorgamsms as well as animals, Unlike lectins (constltultVe) antibodies requrre an
»

antigenic sumulus for lherr l‘ormauon (mduced) The rmmune syslem is flextble allowmg a

’

variety’ af antrbody specrf tcmes whereas lecnn brndmg charactenstlcs are pre- detcrmmed and.
estrtcted to carbohydrates“ Olher drfferences mclude the metal 1on requtrement of some
lectins for therr actrvrty unlike antrbodtes and the exrst’ence of isolectins as 0pposed to classes

and subclasses of anttbodres“ ’ o b :

e "
s +

“

| L Altempls have been fnade o’ classrfy lecuns accordmg to lherr carbohvdrate bmdmg ’
) L

a

charactertsucs” s0 Thrs may not be enurel) sausl‘actory since lecuns exhrbumg a spcctftclt)
not due €0 srmple sugars or ollgosaccharrdes (some bactenal lectms) may be e)tcludcd" ln
addmon ‘some rare “lectins .bind amino actds” mstead of carbohydrates Most lectms are

cylosollc although some 'lcctins from mammalran . sources are membrane bound

.Hemagglutmatton tsta general phenomenon Antibodies and certain - enzymes mvolved in

PR

carbohydrate metabohsm could’ also bring about agglullnauon due to therr polymerte nalure

but are not consrdered lectms The nomenclature has not yet been standardtzcd ‘hence both

lectm and aggluumn -appear in- the the llterature Thrs is rel‘lctted in Table l I wherc the

.
'

b lrterature nomenclature is used l‘ or the specrl" ic lectms listed.
" 2) Distribution in Nature =

:
’

Early screemng studres” -8 demonstrated the wide dtstrtbuuon of lectms lhroughout the

“ ‘plant kmgdom Of 5156 specres tested 16% were posmve for hemaggluunaung acttvrty

, ‘Agglutmaung mater;al was presem in 30% of the 852 genera evalualed" A recem screcn of

plams f rom the lndtan subconunent" l“ound 50 out of the 543 species tested (9%) aggﬁmnated |

¢ 0

| erythroeytes Lectms have also been detected tn commonly consumed foods""""

, : . '
-/ IR . . |
. . . ¢ ' . . ! .

' ' . "

" Lectin’ research |

4

. ‘and abundantly availabl

)

v

R

s focused on’ plants and plant seeds because these are mexpensrve e ’

However lectms,are found m many drverse taxa from bactena to _,; -



i
]

mammals, including vertebrates*® and mammals‘”'“, invertebrates*!'**, algae"'“r .slime -

molds*?'** 7, bacteria*"”.; fungi”, lichens, earthworms™, fish eggs™, and  molluscs,

. '
. ' . " [] -
7

crustaceans and gastropods™'’*,

T P)am sceds gcnerall) contain the highest concentration of lectms m the range of 2 to

-

10% of lhe total prolem in most leguminous’ seeds“ Lesser amounts may also be present in

' A

s(ems lcaves and roots, The aggluunin content accumulales and reaches a maxxmurn as lhe

seed matures, Upan germmauon lhere is a progressive decline m locun content, in parallel

with the decrease of reserve protein, In, mature plams lectin acuvny is locahzed within. the

\ i ' '

secds" Material that cross-reacts Wllh anuserum againsl the seed lectin hén been found in

-~ [
'

stems and lcaves but not immature seeds*?-*, Lectin symhesns has also been detected in the

i ' ¢

apical parl of,advenulious'roots". o

i L

\

The agglulinaling-aclivity ol‘ lectins was sgeculalod o be under genetic control®™, A-

lccun gene mutation in Phaseolus vulgaris rtesulted. in reduced levels of seed lectin®s, T he

chromosomcs responsnble for Jectin symhcsxs m Tritlcum aesttvum and Aegllops umbellulata

;A 1

have also been mvesugated“ - lrg - /

: 3)‘ Function and Physiological Role in Plants |

The exact funcuon and physxologncal role of lecuns in plants is not cléar and is the

,\

subjem of much speculatxon The high amounts of lecuns~found in Leguminosae seeds and the

"

homologous nature of lecuns of dlfferent Legummosae tnbes suggest 'that lectins are -

lmportam to the plam". Many funcuons have been proposed" mcludmg antibody - like

B

actmty agamst sonl bactena’f and vnruses“"‘ transpon and storage of sugars" control of

. ‘soed germmatxon and devefopment regulation of plam cell exlensnon" bmdmg of symbnouc

nitrogen- flxmg bactena to legumes“"""'” ", protecuon agamst insect predators’|‘ and o

: fungal phytopathogens”'“ enzymes"""" and mctabohsm",'and determmams of mter .and

’

dntracellular recogmuonloo 101



Vo

lf lecuns are necessary to prolcct plams against mxcroorgamsms it is difficult to

m

explam why some plams in whlch lectins have noL been derectcd are able to-flourish!!, or why
lecuns appear 1o act as receptors for some bacterial palhogens" The presence of lectins in

. stems, leaves and: roots create some: problems for the theory of seed germmauon and‘

»

developmenl The hypothesns of plant-symbiont auachmen( has generated; .confhcung data**,
L o
No conclusxve evidence has Ué'e‘n presenled for any of the prOposed physiological roles

[

The propcrues of lectins in rhemselves may suggm\ some unique b:ologncal roles }*or
example the specrflcrry of’ bmdmg sites 1mplles the recognmon of complementary sacchande
recept()rs wnh whnch the lecun may mleracl This mleracuon could jnyolve the cross» lmkmg
of glycoprolems and glycohplds as parl of a slructural role, lf more than one bmdmg site was

E presem The bmdmg of cells evxdenced by aggluunauon acuvuy may promote funcuons such
‘as morphogenesrs and phagocytosis, The abundance of leclins suggesls a slruclural rarher than . |
‘enzymalic role*®*  While it 1s reasonable 1o~ expect the biologrcal role of leclms 10 be‘

delermmed by thelr known bnochemxcal properties, it may be that the bnologacal prOperues

have no relauon to therr function in nature*®,

4) Physicochemical Properties

Lectins - drffer chemrcally and slructurallv and exhibit dlssrmnlar biologncal and

n

physncochemxcal propemes within the same botanical famrly or genus'“‘ Plan( lccuns have

molecular wexghts rangmg from 36, 000 (wheal germ agglutmm) to 250 000 (hma bean lectin)

wnh most around 100000 daltons The ma]only are composed - of two or four identical

Al

subumts However the exrstcnce of lectins with nomdenueal 1ubumts have been reported m
soybean horse gram lenul and \garden pea. Most lecuns are themselves glycoprotcms wuh a
carbohydrale content of 4 to 10% Examples ol‘ a few lecuns lackmg carbohydrales arc
concanavalm A and peanul lectm The amlno acrd composxuon of lecuns usually shows a’(rgh

amoum of serme threonme and asparuc acrd wrth sngmfrcantly low sulf ur- comammg ammo

acrds Excepuons such as wheat germ potatq and pokewwd lectms nch in. cystcmc are also



\
Y

known, In some instances (Con A, pea, lima bean), SiOIogicz{l activity is dependent on the

p‘rcscnbe of divalent metal jons'*, The diversity 0(‘_ ph‘ysiédchemical properties among lectins is

comprehensively summarized in Taﬁle I,
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w‘"' S) Bnoﬁ1 ncal Propcrtin ' ‘ .

- ) .

Vo l,cclins display a varicly of biological functions which enhance their uscfuIQCSS.
Properties such as the agglutination of erythrocyles and specific binding 1o carbohydrates are
42 * '
W . o
impgstant fecatures of a lectin. v
4 "

‘ Thc hcmaggmlinaung\amvu) of plant extracts thal aroused carly interest in lectins: h
!

wcll documenlcd“““ ”“ In some cases (Dolichos biflorus, Arachls hypogaea, Griffonia .
,umpltcl[olta among others) this activity is blood group specific, In others, the agglutinin is
" specific for red blood cclls of a particular species such as sheep (C‘roton tigltun), mouse o1 rat
(Lac:uca ,\cartole) and cal or rabbu (Onobrychis vicit folia), Mosl lectins will agglunnalc
untrcqlcd &)lhrocy ‘tes  but somcw require pretreatment of the rcd blood cells wnh
ncuraminidase ( Arachts hypogaea), papain (Cicer artetinum) or ;rypsin\(Psophocarpus

o

tetragonolobus) for activity.’
o ’

~

* i
\ A . ]
\ a :

N

" Lectins are also known for their sugar recognition specificities. They interact with the o
' R Mo

) carbonydra(e moicties of glycoprolciné or .glycolipids on cell surfaces“““ angi inducq ,

" % _ cell~to-cell bmdmg"‘ ‘The abnlu) to function as a lectin recepLor is dependent upon me‘

£ /number and naturc of sugar rcsxducs in the molecule*”*, Lectin binding may b: affected Ly ﬁ
i ﬁ“

' ‘:.’,‘ several factors including the presence of terminal sugar ,cappjng which may hinder binding“’.ﬁ‘» ’ &
: capa‘ciiy of the adsorbent, temperature debenderice, pH effects, ionic strength, concentration *
A . ' ; \

. o
requirements for glycoside**® and divalent. metal ions***,
’ . . nt ‘ ) ‘e
' !

Ve
4

This speZ:if ic.b'inding, as describéd above, prodyces a number of biological effects.

,'-*«“, Two of the most studied are the mitogenio stimulation of lymphocytes®'?'13116'17446-442 apd the

. . . * L . gt ) : H oL
_agglutination of trafisformed cells’?"**'1¢'431:37  Several other unique ,properties ¥eported

N

: inclu&e: o ‘
‘- 0 Insulin-like aciivi;yf” and the stimulation of insulin re‘lease“"‘.’ o »
; " \ .
. ¢ lnhibili;m‘ of* inlcrferon la_ction“‘_ fungal growth'''*** ‘and epinephrine-stimulated
. hpolysxs”“k.ﬁ‘“ - | L

, : ' ~ /

,r;"_\g

(L7

"
s

"



—

L} t

* Suppression of antibody response**® -
) :

* Inhibition of phagocytosis and protein synthesis**r*4se,

3,

Ll
A

Binding 10 sperm*** and interactions with developing cells?'\?

Induction of the platelet release reactions***

v

6) Applications

A

In view of their unique biological properties, a number of clinical and rescaréh~oriented

e

- NS

applicalions‘f'or lecting have cmérgcd;

[}

a) Clinical "

Routine and theoretical investigations of blood grouping and dctection of
"secretors” '

Chromosome analysis and {ractionation of lymphocyte sub-pOpulalion;;

23

Histopathological studies and comparative investigations on normal and
> . ‘ -

transformed cells
Immunohistochemical probes for metabolic and glycoprotein storage discascs
Target ~oriented therapy of malignant tumors. . -

Detection and identification of human pathogens

b) Research —

~

lsolaiicl)n and purification of glycoproteins, glycopeptides and glycosylated nucleic
acids by aff inilyvchromaloéraphy

Cell separations -

Identification and quantification of glycobroieins ,

Structural studies on carbohydrates and glycoproteins using lectins and

lectin-resistant cell surface variams 6} eukaryotic cells and selected cell lines with

altered membrane carbohydrates

N



. R
¢ Probes for the characterization of cell surfaces and the examination of membrane

topography
e Eliciting monoclonal antibodies
. Rclrdgradc and amérograde study of necural transport

¢  Plant chemotaxonomy

Lectins have been widely utilized as blood typing reagents in immunohematology**',
Piant}agglu(inins have been used 1o determine the antigenic relations of blood group
antigens**' and the diagnosis of blood subgroupé A and AB***, Secretors and non-secretors ca

t

“be distinguished by Ulex europeus agglutinin*?,
Al

The preparation of metaphase chromosomes from lymphoid cells is facilitated by .

mitogenic stimulation with lectins such as Phaseolits vulgaris agglutinin, Structural analysis of
~ stained chromosome bands al'lows the detection of cnvironrr;cnlally-induccd and jnherited
‘ éenelic abnormalities, ’which manifest themselves in ' pathological conditions such as
Klinefelter’s, Tufncr‘s. Down's, Patau's and Edwards’ syndromes, l.‘ymphoclytcs have been
fr:.aclionated using lectin binding techniques that capitalize on{lhe surface differences ben;fc‘cn

"

normal lymphocytes and those modified by lymphoproliferzilive diseases**?, Selective

-

agglutination is also the basis for separation of mouse lymphocyte

! .

classes***-4¢¢,

. . .
Lectins are useful histochemical probes with poténtial as diagnostic tools. Tumors and

metastases can be ‘detected using radioiodinated lectins and mondclonal antibodies. Agglutinins
con jugaleﬁ to Tluorochromes, peroxidase, ferritin or biotin, can localize glycosidic components
of cells and trace their changes in the pathological state**’ of a variety of tissues*¢'. While the

emphasis has been on ‘malignant cells****47 Jectins have also been employed in other studies,

such as the differentiation of normal and‘psorialicepidcnnis"“.
The diagnostic us¢ of lectins has been exiended to the identification of glycoprotein
" 0 - . . . \v\ . . . . .M . ) )
storage diseases*’?'*"*. Letlin reagents are believed to be cheaper and simpler than

conventional bibchemidul tests needed to identify spécific éugars in undegraded stored

24



"
§
y

‘ ) . : .
substances'’? or demonstrate a deficiency in enzyme activity,

\

Tqrgepori\c\mcd' therapy of malignant tumors using cnzymes or drugs coupled to
lectins may providc\a new: approach to chemothcrapv“ L.ectin derivalivcs of methotrexate an(l
chlorambucil showed greater jnhibitory cffects on tumor ccll DNA biosynthesis - lhan
cqulvalcm doses of f&ce drug and lecun“‘ Fluorescent ~labelled lectin. dcnvallvcx may als(‘»

have value in the ndcnu()cauon and delcmon ol Human fungal palhogenx
|
\
Aggluumns have\ many rescarch apphcauons in addition to their chmcal potential,

\

Immobilized lectins linked Y inert supporls have bccn used in the isolation. and purification of
glycoproteins, gl)copep des and glycosylalcd nucleic  acids by  affinity

chromal‘ographyf““"“'""““'\7“. _ -

} ‘\\ \ _ Ny ‘

_w)\frinily chromarograpby can- also be used for cell 'scparation: along with selective

~ agglutination, mixed rosetting \and flow microfluorimetry techniq'ues, This application of
\

lectins Ras been limited to the sepa?auon of mammahan cells, especnally lymphocylcs .but

A

’ "

offers the advamage of high ‘ylelés of viable cells since the binding of lectins to cells is

rcverslb'lc without damage 1o the cellgi“”,
‘l
Enzyme- lmked leclin assays (ELLA) sxmllar 10 the enzyme sJinked nmmunOsorbcnl
assay (ELISA) but based on nommmunologlc reagents, have been developed as spcc;f ic probes

for end groups on immobilized glycopr.lems""‘f", Quantification can be ac'hieved‘ using
rocket affinoelectrophoresis in a gel con ‘ifﬂing lectin**®****. The amount of glycoprotein
applied and the rocket height correlate**!.

\
Slructural stud:es oh carbohydrates have becn conducxed usmg vanous combmauons

of 1mmob|lxzed lectin columns 10 fracuonale ugar chains into various structural groups
Absolute confxgurauons of sugars have been determmed on the basis - of mhxbnlon of
1251 labelled lectin bmdmg‘" Structural assessments of glycosylated macromolecules have also

been achieved usmg lecun -resistant cell surface va

iants of eukaryouc cells and slected cell
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)

lines with altered membrane carbohydrates,

v

Lectin pr;)bes have betn employed in the characl‘crizalion of cell surfaces and the
v examination of mémbr@ne lopoéraph‘y‘“. The diversity of investigations ranges from celj '
surface glycdconjugz;les and membrane anomalies*'***'* to probing mempraﬁe asymmetry ;md
compartmcntalizzillion“f' and the binding of glycoproteins from mic;osomél and Goléi

membranes to Jectins*’®,

Agglutinins can be used to+induce "capping”, an effect characterized by the

‘displacement of antigenic molecules to one 'pole of the cell,- This phenomenon allows

'

membrane fluidity 1o be studied,

. Other research . applications of lectins include the elicitation of monoclonal

H .
»

antibodies**!, retrograde and anterograde study of neural transport*’* and the chemotaxonomic* '
classification of plants based on N-terminal sequence data’**, '
S ‘ il



B. Microorganisms and Lectins

.

27

A number of ‘baclerial species have been shown to imeraeI with lectins*??, The binding

of lecuns to microblal cell walls mvolves a complex reacuon“‘ Concanavalm A is known to

aggluunate bactenal spheroplasts‘” and mteracl specnf xcally with baclerl’;l cell walls eomainmg
st

the appropnate glycosndlc components on their tenchonc acids*’, Concanavahn A and’ wheal

germ agglutmm both agglutmate Streptococci*****', Lectins have been used to slud) the

> 4 v
surface carbohydrales of various Mycoplasma membrancs as well"” 23 Lectins will disrupt

, the atlachmem and mlernahzauon of Chlamydla’“ 08 Olher sludles have demonslraled the
" interaction of lectins with Salmonella”’ %10 - Staphylococcus*", Mycobaclerlum’“ Baclllus’”

'

Legionella***, Haemophilus’“, Escherlchla“‘, Camp)'lobacter’j” and Pseudomona‘s’“.

Wh.le lectms can agglulmate and interact with baclena the bacteria lhemselves also

have lecuns’“ 323 Flmbnae (pili) and some outer membrane protems are known to comam

bacterial surface lectms”““'. These lectins have been poslulated to mediate‘the adherence of
- bacteria to epithelial cells*’*"*»* and may be involved in the initial stages of bacterial infection

Loy ' ’ ' . . . ) .
331-333  Bacterial leclirgs -also bind lymphocytes®’***" and mdy act as determinants of
PP . ‘ ‘ L ) ‘ )
récognition in phagocytosis***. Bacterial-induced histamine release in intrinsic asthma has been
S ‘ £0cy1osis , , 1 .

attributed 1o bacterial lectins®**-$*°, : T P B

Lectm mxcrobe mleracuons are potenUally usef ul for dlstmgulshmg baclerxal species

and 1denufymg pamcular sugar resrdues on baclenal cell surfaces In parucular the.

mteracuon of lecuns wnh Netsserza gonorrhoeae’" 543 has lead 1o the - epldemnologxcal

,

_‘charactemauon of thls bactenum’“ ‘and rapld dragnosue tests for laboralor'y'

\ldennf 1canon"’ 347, The dlfferenuanon of Bactllus species**?-54? BruceIla strains’” 'coagulase

posmve and negauve Staphylococcz”l and detecuon of. group C Szreptococct’“ have also bcen i

achxeved usmg lectms Lectm carbohydrate mteracuons have been used 0 quanuf y mrcrobxal

cells”’ and mvesugate receptors f or bactenal toxms“‘

PUpE
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— 1

Although limited studies have been reported on bactetial lectins and, the use of lectins

in microbiology, - even less 1s known about aggluumns and vnruses A snahc acid binding

hemaggluunm has been 1dentxf ied in mﬂuen‘{a virus, Given' the potenllal for .antigenic shift

L)

and drxf t m lhxs \nrus lectins gain 1mponance in chmcal epndemnology pamculaxly since the

lectin’ part may change

e LY
A

Lectins are rcporled 10 agglutinate cells following infeclion wilh nononcogenic

vxruses”" se0, and transformed avxan RNA tumor v1ruses’“f’“ This property of, lecuns to

induce vxral aggluunauon has been used to punf y oncornaviruses**’-and v1ral glycoprotems”’

- [

Lecuns are also known to affect lhe growth and release of vlruses’“"". mcludmg

" myXxovirus. The ‘ cylopathogemcny of . Nt;wcaslle dnsease- vnrus ‘was modlﬁed by

]

.aggluunms"“’” Snmilar treatmem with Con A rendered Sendai virus and herpes sxmplex

vxrus non- xnf ecuous’“

l

28



. m rubber glue and caulkmg compounds and an arrow porson ( Ftcus Arlocarpus Caslllloa ‘

o Maclura”""")

‘ '-altemate leaves and produoe latex’""" :

C. Botany :rof the Moraceae Family

.

29

" The Urticales (nettle) order is co‘mprised’ of approximately l25'genera‘and 3.100 species

m the Ulmaceae (elm) Moraceae (mulberry) Cannabmaceae (hemp) and Urucaceae (nettle)

familiess?, The Moraceae family, consiting of - aboul 75 genera . and 1850 Specres is

“distributed mamly m tropncal and subtrOprcal regrons’7° Corner’” descrrbes six tnbes (Fnceae'

Dorstemeae Brosrmeae Moreae Olmedreae ‘and Artocarpeae) whereas Hutchmson”“ lrsts :

oA

thres subfamrhes and nine trrbes (Morordeae' Fatoueae, Moreae Broussoneueae Strebleae '

- Dorstenieae; Artoc_arpordeae:, Euartocarpeae. Olmedleae. Brosrmeae ‘Ficeac: and

« |

Conocephalordeae) Flcus represents the largest genus with more than 800 Specres Dorsrema

contains aboul 170 specnes whrlc Broslmum and Arlocarpu.s each number around 50 specles

Another 12 Moraceae genera contain ten to 25 specres each, while the rc{hammg genera have

less than four specres each

Al . ’
/t{“ i

Moraceae plants generally contam a. mrlky latex The leaves tend to be srmple and

alternate and the flowers small and apetalous Many specres possess’ muluple fruits that result

' from drfferent ﬂowers £ usmg together to form an aggregate frurt""’“ 74 Economrcally the
,umber (Ftcus Antmrrs Castl[loa Musanga Brostmum) latex products such as components .

"Cecropm Antrarls) omamentals (Maclura cmus Dorstema Cudrama Chlorophora) f rbres

»!!-
for bark cloth or paper (Arlacarpus Broussonetla) and leaves for f eedmg srlkworms (Morus

. . . . .
' [ ) R o ,."l . j,c

.famrly s rmportant for ednble frurt (Arlocarpus Flcus Treculm Monus ChIorophora) ;

Artocarpus plants are monoectous wrth both male and female flowers on the same '

V-

N

of,

‘ seeds whrch lack an endosperm”"”’ The genus has been thoroughly descnbed by Fosberg”‘f

B plant and contam a sucky, whue latex”’ The leaves alternate or l‘orm/a sptral arrangement

= The frurt is a fleshy, pulpy syncarp from erght to, aboul 20 cm m drameter contammg many o

' ‘and Jarrett’"'”' Trees and shrubs of the genus Flcus are axso monoecxous flowers have o
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Aims and Objectives of Current Investtgatron

4

Most prevrous mvesuganons of Jectin. actlvll)’ have focused pnmanly on lectins of the

Legummosae family, pecause of the economtc rmportance ol" thts taxa and abundance of

‘

agglutmatmg materral in séeds of these: plants ln the case of the’ Moraceae famrly, the lectms
have not been studled or characterlzed extensrvely wrth the excepuon of Maclura pomlfera

(Osage orange) arid Artocarpus integrlfolia ( Jackf rutt) One of the oluecttves of [hlS study N

Yy

was toobtam\more information on ,aggluunatmg substances in this botamcal group,

'

' lnitial studies were 'direCted towards the screemng of lectms l"or serologtcal

, cross reacuvrty and relatedness to known Jectms ‘and the evaluauon of crude extracts from

-

new planl sources for potentlally useful lectms Based on ‘this screemng the ob]ecuve was to

A’

identify, punfy and charactenze new Moraceae lectrns The intent was o, fmd new lcctrns

[ 0 4 oY
H low

which could have apphcattons tn the field of mrcrobtology Gram negauve bacxlh such as

Escherichta Proteus and Pseudomonas specres are part of the normal endogenous ﬂora
However these orgamsms can cause opportumsuc rnfecttons upon leavmg their normal habrtat

v

;. or. af ter‘,thetr mtroductton mto debrlrtate'd pati'ents. Proteus strains show a high degree of

multrple drug reststance and Pseudomonas specres are known to resrst most anumxcroblal

.
N - "

. agents ‘The cell wall ‘of a bacterxum exhrl its many dynamtc f uncuons mcludmg rtgtdlty and
: shape determmauon protectton and provrsron of a srte of anugemc specrfrcrty lts role as a L
permeabtltty barner may play a’srgmf tcant part m resrstance to anhbtoucs The rdenuf tcauon

and charactematron of new lecuns wrll tncrease the number of usef ul probes for studymg the B

bmdmg srtes and moneues on t.he cell walls of drug resrstant bactena Tlns mf ormauon should

contnbute to the desngn of better more ef fecuve anumncrobral agents and the development of

v ' ' et N o . ' ( yae .
f ' ¥ . : . : : o

A secondary objecuve mvolved the evaluauon of drfferent techmques and the

a "apphcauon of new developments in protetn chemrstry to the punflcatron and study of plant

“ s - . i ' L - oo
'
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| lactose (Pfanstrehl Labs lnc) " | '-\f‘ ; [ f'

" 'A. Introduction

Il. SCREENING OF CRUDE SEED EXTRACTS -

i
»

b

Smce lectms have man) apphcatrons and’ are potenually usef ul in a varreu of fields, -

‘artempts were made to search for lectms from new plant sources, For thrs purpose 23 specres

.representmg lO botamcal famrlres mcludmg ‘one gymnosperm (Table II- l page 65) were

. B Methods S " ‘.;

, ,2_) Preparation.ofCrudeseed‘extracts‘ AR LR e,

s

‘a means to qurckly drstmgursh bacterral specres

screened usmg hemagglutmauon and Ouchterlony rmmunodrf f usion assays

The 1mmunochemrcal analysrs of lectms has pr0ven valuable as a tool for def ining

.ph)logenetrc relauonshrps and chemotaxonomrcal classrf rcauons Concanavalm A and lenul

lectins afe thoughl to have a COmmon ancestor' and it appears f rom the sequence homologres

'determmed to date that Lhe genes codmg for legummous lectms in, general share a common

vancestry’ - Ouchterlony rmmunodrffusron assays were conducted 10 detemnne rf thrs type of

relationship also’ extends to Moraceae agglutmms.

LN *

In addmon to the above unmunochemrcal/serologlcar procedures bactenal o

agglutrnabrhty of Moraceae extracts were camed out Lo tdenuf )’ potentral apphcattons such as

- W
. oL

D} Matenals S

Plant seeds were obtamed from the vanous sources hsted m the Appendtx Anusera ;

, drrected agamst erght lectms (see page 65) were purchased f rom Slgma Chemtcal Co Sugars

| vused in the 1mmunodtffusron medrum were bought from Aldnch Chemtcal Co except forv‘ S

v

A : “ T . ' ‘v-l-'. ' o
. .o . . ; . . Lo .

One gram of seeds was ground’usmg a mortar and pestle mrxed wrth 10 ml of 10 mM S

phosphate buff ered salme (PBS) and tumbled overmght at 4’C After centrlf ugrng for 15 mm

K

A

. R T PR
. . . [
B T
‘ K Lo
\




¢

. at 320 x g'in a Dynac table 't0p,centrif uge, the supematam'_was collected and used as such or"ﬂ

stored at -20C, - C I .

3) Screening of crude seed extracts

Hemagglulmanon assays were conducted in plasuc microtiter. plates wrth samples added
in 100 ul doublmg dilutions and 75 ul of a 1 5% suspensron of human erythrocytes in PBS
Fresh red blood cells provrded by the Canadran Red Cross Blood Transf usion Servrce washed o
four times: wrth PBS were used for thts assay Dollchos brflorus an A, soecrf ic lectin, was
‘used as an mternal control Ouchterlony 1mmunod1ffusron’ was carrted out m plastrc Petrn_‘
plates filled with 15 ml of 1 5% agar contammg 0. 05% sodtum azrde and' 10 mg/ml
'l concentrauons of lactose D glucose D galactose L- fucose N acetyl ~a-D- glucosamme ‘
| D—mannose and,D~maltose monohydrate The sugars were added 0 ehmmate any spunous
‘ precrpmn lmes due to lectrn glycoprotem mteracuons Wells were f rlled with 20 ul of antisera
or extract and mcubated ovemlght in a humld chamber Precrplttn lmes observed were washed
for two days. w1th 0 9% NaCl to remove non mvolved protems ' dried usmg Whatman 1 f ilter:
paper. ‘then stamed for 18 mm wrth amrdo black and 'destamed wrth 2% acetlc acnd. ‘
| ‘4).'.Bacteria’l, cultunng artd‘ agglutmatton :

r The followmg bacterra were cultured on nument agar at 3TC Eschenchta colz 10418 ‘
Pr‘ateus vulgarzs 13315 Pseudomonas aerugmosa Klebszella pneumomae 13883 Salmonella.
’ oramenburg and Staphylococcus aureus ’6538P (FDA 209P) Bacdlus cereus and Mtcrococ‘cus" A
: luzeus 10240 were grown on’ the same rnedra at 30'C wtnle Serraua marcescens was mcubated
at 26’C Staphylococcus aureus (strams N2 a laboratory stram Whlch is a producer of o
pemcrllmase and 25923) was grown on blood agar plates at 37'C Salmonella typhtmurmm‘
13311 E colr (B stram‘ 1l303 and ESS a mutant stratn very sensmve to B lactam anubtoues) ,‘;
were cultured on t.rypucase soy agar at 3TC Micrococcus luteus 9341 and.. Comamanas" E :

- temgena 8461 were grown on the same medra at 30‘C

: »
R

LR L . : [y
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A loop of baclena was surred in 100 ,d of water on a glass shde 100 ul extract addcd'

1

rocked for a few minutes, and ObSLrVCd for aggluunauon reacuons

N Y . i
* 1
. ' . !
! . ‘

Chlamydia trachomatls serovar L, was harvested f rom infected monolaycrs cultivated

in HeLa cells. and elementar) bod:es were purified by layering ovex a (discontinuous Renograf in -
(Squlbb) gradlem and centrif ugauon at 43 000 x g for 60 min, at 4°C, Elementary bodnes were‘

collected from the 44 52% mlerface 'and dlluted ‘wnh three volumes, or‘

N- ms(hydroxymethyl)methyl 2 ammoethancsulfomc acid (Sngma Chemlcal (,o) bufferv

ot

. 61

'-.(TES) Thxs preparauon was cenlnfuged for 30 min, al 30, 000. x g and 4C The punf 1ed ,

"

‘ matenal was rcsuspended in lq mM TES in 0 85% NaCl and stored a( -70°C, Aggluunauon -

N

tests were performed on glass SlldCS and viewed under a mncroscope

1, ' S
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; may extst in thrs specres

. C. Results and Discussion =~ o

\

The extracts prepa'red,from the two Ar’tbcarpus species and Flcus deltoidea dis‘played a. -

high hemagglutination: tltcr for A, B O and AB human erythrocytes Mangifera mdlca

exhibited a slight preference for blood group 0, desplte its ablllly 10 agglutmate the other

rblood types as well, Moderate hemagglutmanon was observed with F vogellr -and A

62 .

Squamosa Wealr agglutmauon activt(y wa§\ detected m A cherlmolza H japomcus B ‘

papyrlfera D contra/erva P mungo P aconitbﬁ;ltus L chlnensis and the two Brassica "

specres No actrvity was seen m the four Pmaceae species, D, vlrglruana P, radtatus M

pumila and C, saitva. One feature of the currem mvesugatron was 10 examine readrly avarlable‘ '

]

Canadran seeds and taxa mcludmg gymnosperms These specres produced Jow uters'

-
(Brasslca) or f atl‘to agglutmate human red blood cells (Pmaceae specres) (Table ll 2, page

66). A sample of A lntegrifolm from Bangalore India produced an exccpuorlally hrgh titer (

' seeds‘ which“have‘ been g;?hd to a fine’ powder as supplted by the Bangalore source, \

Gnndmg tntact swds fro

"~ i

t

Lo

The absence of agglutmatron or low trters in, these results may not grve an enttrely'

accurate ptcture of lecttn content smce no provrston was made to remove orls f ats and other

_ v(1/25.600) compare{l to alsample from Madras, lndta (1/64). T‘hts may be the result of usrng‘ :

‘Madzas' usmg a mortar and pestle produced much lower trters -

suggestmg thts approach is not nearly as eff icient or that large stram or varrety dtf ferences .

matertals whtch could have been responsrble f or low lectm yrelds The two Brassrca specres are -

partrcularly nch in orls and utthzed commercrally for canola oil. In addmon, untreated blood

KR

was used in the assays and a mmonty of lectms are lmown to requrre pretreatment with

neurammrdase trypsm or papam for therr agglutrnauon actrvrty. A tlnrd factor mvolves-‘

.

regronal d,tfferences and vanauons in plants lt rs also possrble the lecun cOuld be localrzed in

\

a pan of the plant other than the mds Aggluttnatton could be prevented by the exrstence of L

'

Hardman er al‘ also fatled 10 detect a leeun in C satlva, agglutrnattoq matenal may be present

T . AR R Lo ' L L. R ; . AN ,‘m ..{,\

. glycoprotetn lectm complexes covenng the actrve srte of the lectm as well Thus whtle" :

[ S,
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com

BN

detailsas to specificity,

o - . Lo ,

,as suggested by Tu,’rr’rosa”‘,' As a rechnique‘,‘ hemagghilinalion is simple and fapid but only

semiquantitative at- best, The results -are subject to varied interpretation and provide few

. !
v

Amlscra drrecled agams( Maclura poml ferq Arachis /rypogaea Trlllcum yulgarls
Dollchos blﬂorus Canavalla ensl formis, leulus polyphemus Telragonolobus purpureas and
Prsum satlvum aggluumns were used m the Ouchlerlony immunodiffusion .assays, The f

’

deltoldea exlracl showed a precrpmn line wnh all of lhe above amrsera Howevcr thesc '

precxprtm reacuons were ehmmaled when rhe crude EDA exlrac( was rmxed wrlh normal
rabbit sera mdrcaung lhe formanon of a non- specrfrc precrpmn hne with’ serum (see also

\ .

chapler lV) Both Arlocarpus e)\lracls showed cross reacuvuy with antisora drrecred ‘against

s
M pomifera (see also chapter 111}, ’I‘he remammg specles did not produce precrpmn hnes with

' ’

\
any of the erghr anusera used The spurs obtamed with Arrocarpus mdlcate a reac}ron of

. partial, 1denmy “Spur f ormauon gwes an mdrcatron of whether two protems are anugemcally

N

¢

srmrlar or drstmct' A smgle spur results when two drfferem -antigens share some common
delerrmnanl(s)’ “Three types of precrpltauon pauems are recogmzed (Frgure I1- 1 page '68)

A patlern of. rdenuly is represemed by one commuous hne maﬁcaung bolh anugens possess
' M '

rdemrcal determmams wrth respec1 to lhe anuserum used ln} a reaction of nomdenuty the.
r } .
hnes form mdependently of each olher wrthoul srgmf |cam rmeraclron meaning Lhe anuserum

does not contam anubodres drrected agarnst any determmanl groups common 6 borh anugens

[

' In parual rdenuty a spur is generated by delermmants f ound in one anugcn bur not the olher

‘»

- It is ‘a ‘case of .'orie anugen reacung more fully wrth the antiserum than the second anugen

v

Thus the Cross- reactmg Artocarpus lecuns are rmmunologrcally relaled but not rdemrcal 10 lhe

oA
3 t

lectm from Maclura pomrfera Drfferem protems can be funcuonally srmrlar whrle lotally

| unrelaled anugemcally But anugemcall) srmrlar protems possess a strong probabrln) of bolh

4

a funcuonal ‘and evoluuonary relauonshrp’o Cross reacuvuy has been found among some -

N i

lecuns wrthm the Solanaceae“ 1 and Legummosae”'“ -3 The presenl study suggests lectrns
N

wrthm the Moraceae famrly may also be relared Cross reacuvrty does seem to occur betwecn

- \ . . - e
b . s ' . '
. .
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families as indicated in.both literature and current investigations,

* K

. Precipitin lihes were generated between some pairs of lectins in the outer wells of, the

-

agar plates, including M. indica and P, rmungo, and M, (ndica and A. squamosa, This
, . * n *

' \ ' r LY
obsgrvation of reactivity indicating an apparcm relationship between a member of
.y ¢

' Anachrdxaceae and begummosae and Anacardiaccae nnd Annonaceae, was further anCSllgalcd

‘\{P e i
', micfr?mal.e the possnbnllt) of lcctm lectin/ interaction (whcre al least one should be a

g]ycoprolcm) No prcdpmn lines were obtained between the same pairs of seed extraus when
lmmunodlffusidn . - plates - containing ‘(egclose,\ D~glucose, D-galactose,  L-fucose,

N~ace1yl-a-D-glqcosamine, D-mannose and D-maltose monohydrate were used, Analogous
to thest spurious lines, false reactivities could, also be generated -due to the ‘presence of
Blycoploteins in serum? Such false positives-were'also eliminated 'by sugars if the media,

leaving only true amigen/an(ibody Jeaclions ‘
Prehmm Iy exponmems sh wed samples oT FDA agg]utmaled trypticase soy broth,

nmnq:nl brotly and lrypllcase so «baclcrla were cultured on agar rather than in broth Sllghl.

- ¥

'aggluunguon by xhe F, dellogdea extract was observed. with Smphylococcus aureus and

' { ‘-

Comamonas (errlgena and fair aggluunanon was seen using Baclllus cereus S. auréus (g‘l2 and

’

Salmonella typhlmurtum Chlqmydia trachomatts produced a strong agglutmauon The other

t

spec1es ‘and strains tested f alled lo agglulmale with Lhe vcrude FDA Broussanetia papyrlfera

- !

. lhe only other Moraceae extract o mteractuwnh bactena‘ shghtly aggluunaled B. cereus and

C trachomans (Table 11-3, page 67) Chlamydza 'cause< the . most- prevalem sexually -

. ., ,
'transmmed dxs.ease in Cénada and-is dnff icult to dlagnose because of its asymptomatnc nature

It can resull,in scamng of the fallopxan.tubes )rﬁ"emlurand pel'm: mﬂammalor) dnseaSe m‘

‘\_I

J ,women and epndndyﬂnus and - prosuus m men In addltxon one- Lmrd of chlldren born to.,_

I ‘iA

.-\

mt‘ected mothers develop conjuncuvms, 4n; eye mfecuon Due to its aggluUnauon of thl§ .

s

;
“ v

Vow

>
&



Table 11-}, Speciey examined 1n the current studiey,

65

~ CLASS " FAMILY SPHECIES R COMMON NAME
Gymnospermae Pinaceac . Lartx stbirfca Ledeh ‘ & Sibersan Jarch
' Picea glauca {Moench) Vos white spruce
Ptnus contoria l.oudon var, latifolia Engelm lodgepole pine
' I’;eudouuga menzlest{ (muirb,) Franco Douglas f11
' Angiospermae  Ebenaceae Dlo:p\yros rlrglnidna bLmn, persimmon o,
Sapmdaccao “Lttchl chinensts Sonney lychee
, (Nephellum iticht Linn.) '
Leguminosae Fh}z:eolus mungeo Lann, black ma‘nh, black bcan
' . Phaseolus aconttfollus hcd,‘ moth
‘ Phaseolus radtatus (L) Wilzeck *  fed chori
‘ Rosaceae Malus pumitla Mill, cultivar Mclntosh Mclnibsh(applc _
. ‘Cruciferae nBrassica campestrts Linn, ‘ -Polish rapeseed
: “\ Brassica napus Linn, Atgentina rapeseed
Moraceae " Fteus vogelll Miq, ) African tropical fig »
. " Fteus deliotdea Jack, mistletoe fig
. (F. diverstfolia Blume) C '
* Dorstenta contraferva Linn, ‘American gropical fig
Ve Artocarpus integrifolia Linn, Rckfrutt”
A4rtocarpus alutlts (Parkinson) Fosberg breadfruit . .
K . ‘Broussonetia papyrifera Vent. paper mulberry « .
0 ) . N ‘.l' MV\\ i . N .
Cannatinaceae  Cannabls sattva Linn, hemp . o
Humulus ‘faponicus Sieb. & Zucc, Japanese hop '
1 . . Co : - -
o Annonacead; - Am-?m' squamosa L. sitaphal, custard apple” ™
» " Annbna chertmolia Mill. _cherimoye . = ° :
SR .. N , §
 Anacardiaceae  Mang!fera Indica Linn. . mango ' , gy
'\ ‘:' " N ‘ . ' - y i il “ — > -
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&
Hcmaggluunanon and Quchterion¥ tmmunodiffusion studies on cxuacls {rom a vaniety of plant
Al .

Table 1.2
sceds, !

'

v

SOURCE HEMAGGLUTINATION OUCHTERLONY
TITER? ASSAY
Human Blood Groups ) Maclura pom!fera
' A - B O AB ; antisera
Lartx stbtrica Local 0 0 Q 0 -
~ Picea glauca Local 0 0 0 0 -
Plaus contorta Local 0 0 0 0 -
Pseudotsuga menziest( Local 0 0 0 0 -
Dlospyros virgintana Locat 0 0 ) 0 - _y
) : " R 3
| '
Lticht chinensts Local 4 4 4 4 -
Phaseolus mungo - Local 64 16 64 64 -
Phaseolus acontt! foltus Local b 1 0 0 -
FPhaseolus radiasus Local 0 0 0 0 -
Malus pumtla Local 0 . 0 o- o -
Brassica campestris . Local 1 1 1 - R
Brasstca napus Local . 1. 1 1 - .
* "
’ o . |
. Ficus vogelil Redwood Ciy, Ca,”  -128 128 128 128 -
Flcus deltotdea " Local C ' 6400 6400 6400 6400 + ’k
Dorstenia contraferva Local ' 320 16 16 16 -
Artocarpus Integrifolid’ Madras, India 64 "~ 64 .64 64 +
" Artocarpus aliills Local . 2048 1024 . 1024 1024 4
Broussonetia papyrifera  Sandwich, Mass ‘2 2 2 2 - '
Cannabls sattva Outawa, Ont . 0 <0 '.'_ 0 0 - - )
Humulg{ Japonicus Redwood Ciy,Ca "~ 8 8 8 4 7 - .
- Annona iquamosa Eocal 64 18 128 - 128 -
" Annona-chertmolip Local 40 w4 W -
Mangifera indica Local - 1024 2048 ¢ 4096 2048 -

"Ddlclw: blﬂom lgglutinin. an A, specific lecun, was used asa reference in hemaggluunauon studies.

Titer refers to the reciprocal of the lasl doublmg dilution showing agglutination.
‘Positive results were also obuined with® normal sera and therefore represent non- spectf ic prec:pnun reacuons

LN

-

,'Powdered seeds fmm Bangalore. India source showed 3 surpnsmgly mgh titer. of 25 600
7' .
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.F&re II-1. lu‘ustrauons. of ‘Ouchterlony 1mmunod1ffus10n precxpmn reactions .n agar. In

the reacuon of 1dcnut) (A} wellc 1 and 2 contain the same anugen ‘with the

3
v

anusera in ﬂ/ell 3. A reacuon of nonmdenm) (B) was obtamed by, placmg

N,

“ g dnfferem anugen# in wells 4 and 5 and anusera to. both in Well 6. Partial’

1démuy (C) was achleved by usmg an anUgen and xls anuserum m wells 7 and N
] b
‘r 9 reSpecuvely,, and a crossreacung anugen in ‘well 8 (Adapted from Davxs

- . . R ' o Y
) -«
; . . o '

: . ’BDelaI 1980)

. L
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I1I. STUDIES ON A LECTIN FROM ARTOCARPUS ALTILIS SEEDS *
A, Introduction |

Arrocar[pus altilis' (A. communls A inclsiz)' ot breadf ruit is cultivated throughout the
troprcs but is mdrgenous to New Gumea the Moluccas Micronesia and western Melanesra.
g -‘ regrons of the South Pacific?". It was mtroduced to the West lndtes by Capt. erham Bligh ml
1793‘ The breadf rult has remamed a troplcal/subtroptcal plam since 1t requlres hot, morst :

clrmates with temperatures of 25-30°C, 150—250 cm annual rainfall and well-drained sorls’. -.

The tree ranges from 40 to 60 feet (12~18 metres) in height with‘many large, glossy ..
| . green leaves arra;yged sptrally on the branches The plant is monoecrous with male and female VI
l‘lowers in separate groups on the same tree Rape l‘rutts measure 4 8°inches (10 20 cm) m ,
diameter. and are charactenzed by a thtck green to browmsh yellow rtnd enclosmg a pale ,‘

.

white, starghy, fibrous pulp‘w)ﬂl -1,2; Frgure III l pages 92 and 89) . L

The considerable amounts of starch and sugars present make breadf rutt a staple food S

[

and it can ~be cooked and prepared m a number ol‘ ways' ln addmon to bemg a good source;, :

, ,of vrtamm B it rs also a farr source of vrtamms A and C. lts potentlal for ?commercral. '

o :‘v‘processmg has also been studred"’ Whrle breadfrurt is maml) a f ood staple the plant has been' :

= B unllzed ina vanety of;. ways The wood hasl‘been used to’ make canoes and fumtture tlte latex C

\

) { or. caulkmg malerral'.»‘and glue the f 1brous mner bark transformed mto cloth and dned leaves

»./ o H(" .

used for matsor poltshing bowls“‘“ RS

R ' Detatled smennfrc studres o? the breadfnut are lackmg, Phytochemrcal mvest.rgauons 1 S

.,\

have defeated sterols and .tnterpenes in the fnnt and bark” 18, One other study" analyzed“" .

o ground breadfrurt seeds and fOund dned samples contamed 3 4% ash 12 8% fat. 16 0% soluhle';»‘ |

mrbohyd'rates

0%_ total pr erns v_and 3 9% crude ftber The content of globular pmtems ";.5':.



g , ‘ ' n \
L ' - As, alluded to: in- the prevtous chapter Cross- reacttvrty was observed between a .

" breadf: rurt extract and antrsera directed against M, pomifera As a resull 1t was decrded to
punf y the agglutmatmg material, Thrs chapter deals with the rSOIanon and characterrzauon of -

a lectin from breadfruit seeds, ‘ . . a4 A » o o o

B. Material and Methods

l) Materials,

I
1

Breadfrurt 1mported from Fl_]l was’ obtarned from .a local store The Synsorb“‘ K

'carbohydrate -coated latex beads and synthetrc carbohydrate haptens were provrded by'

"

Chembromed Lud, (Edmonton) All chemtcals and reagents used were of analytrcal grade

! »

L 2) Purif ication of breadfruit agglutim’n . ! o Co B .
Prelrmmary studles on ‘the drstrrbutlon mdrcated the lectin was pnmanly locallzed in g‘rre |

Seeds (Table III 1 page 82) The average breadfrurt yielded 10 seeds weighmg a total of about'

' ﬁ i

40g(fresh) P . o
1 “ ) {'X\‘?\‘h \“ “ ’ ' N N ' .l . “ l’

St - [

ln a typtcal purrfrcatron the seed coats’ Were removed and 78 g of breadf ruit seeds N
t along wrth 780 rt‘rl of‘ PBS- (1 10 W/V) ground in a blender for. l min. The mtxture wasl . . o
5 'somcated on 1ce wrth three 30 sec bursts (O 2 relatrve output Fxsher Somc Drsmembralor B

v

' "Model 300) and stlrred ovemlght at 4C The crude breadfrurt extract was centrtfuged for 20‘." :

e ‘ mm at 2100 X g and 4C The supernatant was frltered through glass wool lM MnCl, (5 8

; ml) was added dropw:se wrth /strrnng to remove nucleoprotems from the f t'ltrate The mrxture ot

" - was centnfuged as before and the pellet drscarded The supernatant was brought to 30%'

» -saturauon of (NH.),SO. and sttrred on tce for 30 mm i The extract was centrrfuged and the \ '

pellet drscarded The supernatant was subséquenrl’y brought to 75% saturatlon of (NH.),SO.

and strrred on 1ce for 30 mm After centrrfuganon the pellet ‘vvas resuspended m 150 ml PBS



.hapten/g of Synsorb"') and tumbled for 4 h at room temperature The Synsorb™ was then

washed wrth 500 ml of PBS and poured into a column, Washmgs were contrnued unttl the o

absorptron at 280 nm regrstered a baseltne Elutton was carrred out usrng a pH gradrent,

' prepared from 10 mM Tris- HCI 10% sucrose (added as a protern stabtltzer) 0. 9% NaCl

7

0.1% NaN (pH 7) and 10 mM acetic dcid - 10% sucrose - 0 9% NaCl (pl-l 2) followed by an |

addrttonal 100 ml ol' the same SOIutton Ten ml fractrons were collected and pooled aquuots ‘

Il

| contarmng the eluted peak neutralrzed wrth 0. SM Na,HPO. Thts materral was concentrated to

- 25 ml in an Amrcon Ultrafttratton cell model 402 wrth a PM 10 membrane under 25 psi.

nitrogen (Table lll 2, page 83) The 78 g, of breadfruit seeds ytelded approxrmately 15 mg of

‘ purtl‘red lectin (by werght after lyophrlrzatron) All of the fracttons from the dtfferent

-

‘ punf rcat'lon steps were tested for hemaggluttnatton as descnbed in the previous chapter The

' - 'umts or acuvrty were determmed by multtplymg the trtratable endpomt of a gtven fracuon

usm& human red blood cells and doublrng dtlutton of the fractron by. the volume Spectfrc'.- o

‘ actrvlty represents the units of actrhty /g protern ' e N

.‘“'3) Charactenzatron of breadfrutt agglutrmn R SRR

"a Latex agglutmauon assay g 'j TR N R T
: . o o R . "‘ « "‘* Lo '.iAn

- The partrally purtf ted (after salt precrpttatron and dtalysrs) breadfrutt seed extract was

tested for agglutrnauon agamst a. serres of carbohydrate bound latéxes (developed by

ut

_"‘specrfrcrty Based 'on the results obtatned (Table III 3"' page 84) a 1 10 dtluuon of BFA:"’
‘.f,f::"_extract rn 3% BSA was adsorbed ovemrght on 50 mg of three drfferent Synsorbs“‘f';"‘"‘j_'_‘;”3-‘ .
(Bgal(l-»3)agalNAc agal ﬁgal(l-»4)ﬂglcNAc) and a control After centrrfugatton t‘n -

Eppendorf mrcrol‘ uge for _4 mrn ‘_‘IOO'ul ‘f the supernatants were drluted senally m PBS ‘One'v:' s -

e 'Chembromed Ltd and descrrbed m rel‘erence 18) in order togutckly 1dentrl5y the sugar R




o another tube 10 ul of Na“’l (4000 MBq/ml |

' 'b. Radioligand inhibition studies

; 'i) 'Prepara‘tion of RIA tubes o ‘

A solution of purlftcd BFA contammg 50 ug protem/ml m dtlutron buffer (SOmM

‘NaH PO./Na,HPO., 5 mM . MgCl, 15 M NaN, pH 7 5 was prepared and 100 ul used to
piast

coat RIA tubes”"° After an ovemtght mcubauon at room temperature the coattng solutlon a

" was asprrated and 200 ul of 5% BSA in PBS added to prevent non- specrf ic bmdmg Followmg

a4 h mcubatron at room temperature the BSA solutton was’ removed and replaced by 1. 9 ml

of PBS for 10 mm The RIA tubes were aSptrated three ttmes 'to thoroughly removc the PBS
_and arr dried for l h al room temperature The coated tubes were stored .at 4'C in a’ scaled
L. '.. . ‘ , . . .

plastic’ bag.

. n) 125). labelmg of T BSA
D One mg of 1odogen (1 3. 4 6 tetrachl}mo 3a, 6a-diphenyl- glycounl) was dtssolved in 100
ml of chloroform One hundred ul of this solutton was drspensed rﬁto a tube and dned under
: a gentle mtrogen stream unttl ready to use A 1 mg/ml solutron of T hapten BSA

(B D gal(1->3)azalNAc BSA) (Chembtomed Lid. ) to be labeled was prepared m todmatton

73

R
n .
L

‘]buffer (O SM NaH PO./NazHPO. pl-l 7 l) T 'entyt ul ol' 1odmauon buffer was placcd in 1

lM NaOH) added and mtxed thoroughly
. 'r;ott‘owmg., tﬁe ad,d,iti‘on: and nuii;ig'_"o'r “‘10.““tr11’of _‘i'the:' “:_,T{ZBSA:,,~.s§!ut'iori‘-' he' contems ere

e S . . w'~ i

) 'transferred 0 the 1qdogen plated tube stoppered and rncubated l‘or 45 mm Wrth occasronal
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jii) Gel filtration chromatography of *#]-labeled ‘T:BSK RN |

. - . ' . \
‘ - . T A \ ' . -

Gel ftltratton chromatography 'is requtred 10 separate the labeled T BSA from

radtoactrvtty whtch dld not bind (usually in form ol‘ ) A 1 by lO cm Bto Gel P6DG column )

"was washed wtth 1 ml of l% BSA/PBS folIOWed by 20 ml of PBS. Column chromatography

o .
~

. was, tmtiated by washtng the labeled sample in wtth| small appltcatrons of PBS connected © a

- PBS reservorr At approxrmately 1.5 rnl prtor to the votd volume 8 -drop fracttons were- o

collected in tubes prevtously exposed to a Zerostat gun to remove stattc Af ter collecttng the \

3

last f raction the column ‘as washed wrth 20 ml PBS The f ive or. srx fracttons contammg the» '.
bulk of the radtoactlvrty were pboled and a, 1/100 dtlutton ol‘ radtoacuve stock prepared A | " G

workmg solutton ol' about 9 65 uCl (250 000 cpm)/ 50 ul was dertved f‘ rom the radtoacttve‘-

v
v

stock and 1% BSA/PBS added to brtng the volume to 40 ml i . U "
i
‘ . 5

iv) lnhtbttton of m*l T- BSA bmdmg

Two mg/ml concentratton m PBS of 13 free haptens (Table III 4 page 85) were
‘ -

screened in tnpltcate for mhrbmon of ml T BSA bmdmg to BFA coated RIA tubes Three

coated (as descnbed above) and three uncoated tubcs eontamed 100 ul 1% BSA m PBS whrle :

"-\hw‘,

- : thc remarmng coated tubes recetved 100 ul of hapten thty Lﬂ ol' ml labeled T BSA solutron .
was added to all the tubes 'l'he followmg da) tubes were asprrated washed three ttmes wrth i
PBS and measured for radroactrvrty m a Beckman Gamma 400 spectrometer To de&rmme the’"" » o

S b

50% mhtbmon value of the T hapten senal dtluttons of hapten from 2 500 ug/ml m 1% BSA

m PBS were prepared and the procedure descnbed abov?e repeated ‘




Y
v
ai
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contammg 1 mg of: each of the followmg molecular werghr markers (ngma Chemlcal Co, )

we(e used to calrbrate the\ column Cytochrome C from hot‘se heart (12 400), trypsmogen i
s .(‘npnl bbvme pancreas (24 000) ovalbumrn (45 000) albumrn from bovme serum (66 000) |
AJ ‘, dﬁ%}ldl dehydrogergom, yeasl (150 000) and ﬂ amylase f rom sweet potato (200, 000) Gel

) - o 4y Q ,\‘
_’-'_ ! ration?! -wds als

ducled usmg a Pharmac;a FPLC system wnh a Pharmacra HR 10/30
0 '1 r . ’ "

- Su|\ms\e 12"‘rhlgh performance gel flllrauon column (chapler lV) Af ter calrbranon 1, mi ol“ -

4 .
N I

punf ied BFA was chromalographed and its Ve delermmed
‘dA SDS po,lya'c‘rqumide 'gel'electvrophores'is e R I ‘

A - . . . W

e * ' te
\

Elecu‘B{poresns 'Was performed 1n 20% (w/v) polyacrylamrde slab gels of lS mm
S

.
-

thrckness in th‘e presence of 0 1% SDS employmg the drscommuous bu‘fer system of

Laemmh“ The gels were run ar 30 mAmps per slab usmg a Blo Rad Protean 16CM. unit;

)

o Reduced gels weré obtamed w:th 10.mM dnhrothrenol (DTF) Gels were slamed on a shaking

balh WIlh 0 15% (w/v) Coomassre Bnlham Blue R 250 in 50% elhanol/lo% acetic acrd and

‘i ' o

deslamed in 20% ethanol/l()% aceuc) acnd e B R
‘\-1._; ."e.‘";l‘s'oelectric l‘ocusmg in poly?crylémide gels " P C

oo
Je

. S . . \ . I
" . . . . LT o . . B ' i ‘ . . [ P
s J ' ) . " " » - ¢ Loy !

O pr



[ '

gradlent oblamed for the major cenl;al regnon of the gel was found to be linear with a ApH

\ .

" value of 0, 04/mm gej . : ‘ o

A

f. f. wa~dimcnsional gel ClCCtroéhofesis SRR ,
Vo4 ‘ | ‘
. | C Two dlmensmnal gel elecuophoresxs was perf ormed byl rnnmng an .xsoelecmc focqls‘mg
ERe "o gelinthe f irst dlmensmn followed b)’ SDS PAGE in the second dlmensg(;n" “ L
, . L .
o 8. Amiﬂo acid analysis“ : }v - RN ‘. ' | | .
| | | l“ : . B . | | “‘ .“‘ - (‘ | ‘ u’ “.

. T lmed acnd hydrolysxs of 24 48 72' and 96 h was conducted on 200 %g samples of

[ Y ,

punf ied BFA‘ whxcﬁ’ had becn mxxcd wnh 1 ml 6{ HC1 in scaled glass lubes., eﬁacuated and

K

SR o hydrolyzed al 110C After removmg lhe HC] by evaporatmg 10 dryness and dxssolvmg the

A

fn cmatE\Quffer PH 2 2, O 5 ml ahquots were analyzed on a Durrum amino
W .

A N

o " I3 . .‘ ‘.. L - .
. : . 3

“‘ : . . "“m I ‘ o ‘\l.‘, ' ' )‘ . '- .'
S h Capbohydrate dexermmatmn R I ;

. , . o ' . .o ) ' : . . c c
. i L . i A

PO - oo Ce \ . ) i
. o

The 'phenol sulfunc ac:d method“ was emp)oyed to determme the sugar content of the v

' . O SR o
\-mmned IPr‘rm Galnmnep etnnr]nrrlc rantainine 0. 10 . "M &N 1NN An NN renfonl AL wiaea.




" dialyzed samplés®, B

J. Densitometry. ) S

~ BEA®PBrotein’ bands on the. SDS PAGb gels were analyzed usmg ‘a Joyce locbl

Chromosmdcnsnomcter scannmg f rom thc bouom of the gel (o lhe lop ' R

’ . -
' f
a0 b .t . ' . ' '

k., Preparalion of amise,ra' in‘r’abbils v ‘ - B

'
'

! . ‘ , : A ,= ' [}
Oné ml of punfned BFA (0 6 mg) was mxxed ‘with l ml complclc breunds ad)uvanl -
and vorlexed lhoroughly 1o form an emulsxon One half ml was mjcclcd mlramuscularly mlo * " |
\ N A S
foar suc;s of female New anland whne rabbits wexghmg aboul 4 kg cach The ammal\ ‘! ool

recelved gx boosmcr mjecuon of BFA afler fwe week%and were bled from lhc margmal vein- of 1 ‘ -
' . ; ; -, ;

the car- one week lale{, The blood was placed m a water bath a(, 3TC for 30, 35 mm., lhcn

3

o refngeraled at 4 (& overmght The serum was eollec;.cd and cenmf ugcd f or 15 mm at 450 X g

R . NN AT

m a Dynae cemnfuge,l’l‘he supcmatam wets frozcn at \ZOC followmg lhe addnion o(‘ 0. lM

.t N e ) h ; . N : Il
\sodlum azxde ' e ® \\_ . et
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C, Results and Discussion

y

,'-‘ hcmaggluunanon titer for A, B, O and AB human erythrocytes’ (chaplcr ll) Both showcd

T

\

cmss ~feactivity with annsera directed agamsl Maclura pomlfera agglunnm as e\'idcnccd by
lho prcscmc o( spurs (Plates 1 3 i, and ii. and 4, pagd 93), The jackfruit precipitin line
(Plale 11-4, page 94) was clearer in other Lases but gave the same appcarancc The spurs

generated indicate a reaction of partial identity, >uggc:aung lectins wuhm the Moraccac [atily

. @« immunochemically related, : R ’
vy "

-’
\

. The  breadfruit agglhlix)in (BFA) was purified 10 homogencity using an al‘l‘ini‘t)“
chromalog:‘aplh)' procedure employing T-Synsord™ in view of ity apparent binding specificity
lowar‘d;‘. the disaccharide ‘bascld on lélcxiagglu(inaliom and prclimi;mar)- scrccﬂing~ Mn(],
treatment 0 remove nuslco-prolcins increased the specific activity marginally, compared 10 the
67-fold enrichment achieved b)l' (NH.),S0, salﬂl fractionation (Tablé lll~2; page 83): The:
affinity chromatogfa'phy su:p produced 2 147-fold cnrichrﬂehl (dct&mmcd by
hemaggluunauon assays) resulting in a homogcncous product, The apparcm increases in yjelds
observed in ‘lhc (NH.),SO, l‘raction'a(ion steps is perhaps indicative of the removal of a
soluble inhibitor, It is relevant to draw attention to the fact that substantial amounts of
s'ugars are co-purified along with the lectin (sec Table I11-5, page 86). It is likely 1I;at the high
salt conllcm could dissociate some of the sacéhar;des bound 10 the lectin active site and thus
enhance tq@actlvny Homogeneny of the prolem was shown by the ‘Ilowmg bxochemlcal
lechmques A single peak on gel filtration (Figure lll 2, page 96‘) and a single precipitin line

in Ouchterlony immunodiff usion analysis (Plates II1-3 i. and ii., page 93). Further support 10

the purity of the lectin preparation is indicated by SDS polyacrylamide gel clectrophoresis

~ (Plate II1-5 lanes.2 and 3, page 95) wherein the seed proteins are essentially absent in the

~.
-

purified sample. The ‘two-dimensﬁional electrophorectic -gels also indicate the extent of

purification (Plate IlI-7, page 97).

78

-‘Tho extracts prcparéd from the (wo Artocarpus spoénex qxsplayed a high -



‘ AN . ‘ SRS
No difference in the titer was observed following dialysis of BFA agains'l 100 mM

EDTA. This suggests divaleni Jons are not required for activix}”or are too tightly bound to be

removed by the method cmployed, Galbraith and Goldstein®® were able 10 completely inhfbi( ‘

the precipitation reaction caused by lima bean lectin using‘O.l'mM EDTA, a }000-fold lower

conccnlralipn. : ‘ W

The carbohydrate determination ind}caléd that BFA js a glyloprotcin containing 4.3%
carbohydrate (Table II1-5, page 86). Howev.er, a sample pot run l\lhrough the gei ’%il\ralion
column with 0.]JM NH.OH apparently showed 210% carbohydrate im;\{ying lh%lr other glycans
;'xre copurified with the lectin, Thus, the usc of NH,OH to dissociate complc{cs appears 10’ be
well founded aﬁd c(‘)uld ha\:e influenced the final yield of lectin from *,\Lhe crude éxlrac{“ By
comparison, lhe'jack‘fruil lcé(in is reported to bave 3% carbohydrate, "‘\\ o |

3

<« \
Gel filtration of BFA through a column of Bio-Gel ,PISB p(oduccd a single

o

79

symmetrical peak around 44,500 in molecular weight (Figure 111-2, page 90)\ This value is -

subject 10 some error in view of the fact BFA is a glycoprotein®?, The f igufe estimated may

be highmowing to the copurification of other glycans, Two‘diss‘imilar components of 19,000
| and 22,600 daltons were seen onllhe SDS reduccc‘l electrophoretic gel (Plate 1.5, p‘age. 95).
The non-reduced gel gave a similar patiern, The pattern was not altered in the absence of |
reducing agents ;uch as DTT which sgg'gests' that subunit interactions are not through a
disulfide bond. Care was taken 10 prepare f?esh samples since aliquo!:s f, rozen with reducing
agents such ‘as DTT showed altered solubility characteristics and electrophoretic patterns®,
The disparity ifl molecular wcighl between the subunil; ang ‘ngtive protein can be 'attribumq to
the carbohydrate mdietips wh'ich. -affea the electrophoretic mobility of glycoproteins in SDS
polyacrylamide ~gels""’.‘Densilome1ric analysis of }ﬁe purified - BFA‘resolved on lﬁ’e éel
‘(Figure‘lll-tl, page 91) indicates the protein was essc_mia_lly pure (§3% integration vaiue). The
antisera raised against the purified lectin gave a single precipitin line (Plate III~}3 ii, page 93),

evidence that the purified material contained a single lectin.



RN

: - %0
o
BbA is simllar to the olher Iwo Moraceae{ lectins characterized to date (Table Ill 7.

page 88). Maclura pomifera agglunnm with a ;Inolccular weight of - 42,000 is a’ lcxramer !
composcd of >ubuni1> of lOOOO and 12,000%, Arlocarpus Integri folia lectin has dissimilar

subunits of 13,000 and 18,000 and an overall molccular weight of 62, 0009 although a
) L] °
molecular weight of 39,500 with one ‘subunit of 10,000 has also been proposed’, An carlier

~
- i
[ .

study>* reported subunits of 11,250 and 15 000 for the Jackl“rm(.

'

Isoelectric focusing revealed that m'e 19.000 dalton subunit of BFA (dctermined by
‘ a

.\wo-dimensional electrophoresis) exhibits an jsolectric point of 5.2 (Plate lll—6.vpagc 96).
When the isoelectric focusing gel was lransfcrtrcd onto a SDS polyacr\lamade gel and the

proteins electrophorgsed jn a second dnmensnon {(Plale H1-7, page 97), the 22,000 subuai \vz’ix

i
\

localcd al a posmon correspondmg to the originh of ‘the isolectric focusing gel, The absence of

: /
the second band suggests this component possesses a sufTiciently acidic pl to prevent it from

A

en\@'ﬁ‘n the isoelectric focusing gel or that il/[orms aggregates, even in the prescgpce of 9M
urea, wlich are too large 1o penetrate the gel matrix. However, the aggregates are dissociated

in SIS PAG\é gels, as is evident by the preserice of two bands,

The total amino acnd composmon of BFA was characterized by a high glycine (14, 2%)
and serine (11 5%) content as well as a moderalelv hngh numbcr of glutamyl! (9.3%) and

aspartyl (9.0%) residues, In companson, the levels of hislidine (1.2%), arginine (2.0%) and

meihionine\(O.?%) were relatively low (Tébl'e I11-6," page 87). It is interesting 10 note that
jackfruit lectin is high in glycine and sering and low in histidine. arginine and methionine’’ as

well,

-
'

The acidic -nature of BFA was also suggested in the isoelectric focusing: studies

L}

- described above. Despite its similarity 10 peanut agglutinin (PNA) in terms of T-binding

specificity, BFA's amino acid composition is considerably different f rom that of PNA, ,

Among. the various synthetic carbohydrate haptens used to determine the sugar

binding specificity,” 8-D-gal(1-»3)agalNAc produced the highest inhibitory activity of the



A

dis‘accr;arides tested (Tableill‘l-4, page 85), This specificity Eorresponds to the anti-T lectin

from peanut*® which has been lhoroughly invcstigatéd BFA binds the a-anomer

N

(B-DD- gal(l-d;agalNAc) better than the 8- -anomer (B-D- gal(1A3),BgalNAc) and this is lhe,

inverse of that observed wnh peanux agglutinin*!, However.‘lhe affinity of BFA to T-hapten

gave a 50% inhibition value of 0.15 mM (81 ug/ml). BFA is paradoxlcal in ma( it has an

- —

affinity for bmdmg lhe T anugen but will hemaggluunale erylhrocytes wnhou( prlor

) <
.

treatment with neuraminidase, Ffom limited data (Table lll~4,'page 85), it appears that the
"lectin binds a subierminal T, as well (afuc(I»Z)ﬁgal(l—’B)agalN‘Ac) since this compbund also

inhibits in this assay, The inhibition by galNAc in the freé form suggests binding perhaps also

involves the N-acetyl kporlion'. In addition to' BFA and PNA Bauhinia purpurea, 'Macluré,

pomlfera and Sophora /aponlca are also speuﬂc for D galB(l—»3)DgalNAc resndues“ The - -

Jackf ruit Jectin is specific for a-D- ~galactose’ and N- acetyl galaclosamme’7 An ann T lectin
in jack{ruit has been descnbed as well" In viéw of the T- anugen bmdmg characlensuc BFA

may be potentially useful in T-antigen expressmg tumor bmdmg and biodistribution studies,
. o]

The jackfruit lectm has a number of mterestmg propemes mcludmg the ability to

agglutinate sperm” mnogemcuy““’:' lgA binding** and enhancement of IgE synthesis

through ‘multiple oral dosing" Given the taxonomic and bOLamcal relatedncss of jackfrun

‘.

and breadfruit, along with the physicochemical snmllarmes of ‘the lecuns f rom these species, ~ °

- BFA may also share some of these interesting and unique immunol%cal properties.

K
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Table I11-1, Distribution of" breadfrult aggluunm in lhe 'vanous parts of l&le
' Ve
plant as delermmed by lmmunodlfusmn an(zlysm “ o
LR a \ ' it
Part Anti-MPA'
B . . . i ‘l'
. Fruit . ' . - .
. 4 . ! N
' Stalk . - ’
b . \ A
" Seed , ‘ + 44+ .
Seed coat | S 4
Latex ‘ ++ B
¥ \.L . ) l ’
'NG precipitin line (-), faint (+), moderate ( +'+ ) or intense { + + +9 p)

\ ) C oy . . ‘o
: . . T
i
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Table 1il-2. Purification protocol of breadfruit agglutinin®,

8 . A\ ' . ! A ) 1

LI

“ ‘ l ’ .‘ .
Purifjcation step Total Vol Reciprocal Units of Specific  Yield }5‘8“1“

Protein  (ml) ' endpoint  activity? activjty? purigin-‘
(mg) oo catidn”
crude extract o 1247 2710 1024 - "2,8x10" 22.3 - -

" MnCl, supernatant 840 2710 6144 - : ~1,7x107 198 60 0.9
30% supernatant 486 - 2860 2048 5.9x10" - 1205 21 54
30-75% dialyzed— 189 215 131.072- . 2.8x10" 14910 1016 67
affinity -purified 10 25 % 131,072 3.3x10"° 32768 " 118 147

P " . o . \
1

A unit of agglutmauon activity represents the titratable endpoint of a given fracuon using &
human red blood cells and doubling dilutions of the fraction. Thus for the sample showmg an
endpoint of 1/1024 units and volume of 2710 mi, the total units will be 2710.ml » 10 (smce o
100 x| used in hemagglutination assay) x 1024 = 2.8 x 10" units of acmll\ L
’Spccmc activity is defined a,%the units of activitv/g of prolem

-1Flow, diagram of purification shown bclo“ } o ‘ o S

Mixture of seeds +- buffer

Pellet Supernatant ‘

s V 7

&
oy

MnCl;, ' o ' | *g

T Supernatagh

30% salt

o '1 '\ -b " o
A ’ _ \\,' . -
: Pellet Supernatant
. e | . ' R B
_.o ] 30-75% sal
A ‘

’ . Pellet ‘Supersiatant '

4 R . : '

¢ " Resuspended, dialyzed

* .. ‘.. 'Affinity chromatography-



Table I11-3. Agglutination of carbohydrate coéied Jatex beads by BFA extract,

\4

Carbohydrate structure

Strength of ggglutinaiion

‘

:qgal(l—uS)Bga‘l(l—»Z)afuc-R
agal(1-3)Bgal-R *
Bgal(1-4)Bgle-R
Bgal(‘l»S)ﬁglcNAc-Rb ‘
BalR |
‘;xgal(l»4>/'9g.al~R" o o
Bgal(1-3)BgalNAc-R "

] ﬁgal(”x_;zz)ﬁg:cmc(1»3)ﬁga1(1;4)ﬁgchAc-R
Bgal(i»45ﬁglcl’ﬂAc-R B |
1 Beal(1>3)Bgal-R
Bgal(1+2)aman-R
ag‘al-.R" ‘

Bgal(13)agalNAC-R

84
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Table Ill-4.  Inhibition of binding of T~BSA to breadfruit lectin coated tubes by

. c\arbohydra‘tes', |

—

i
I
1 .
\ ‘ ‘ . ‘ |
. ' v o ey

Structure . - Come,(mM) % inhibition-

i . . -~

\ o

agaNAc-R .. - . T % Y.

agal-R ; o s 886

\ N—

Bgai(l~3)agalNAc-R 36 91

Beal(1-3)BgalNAc-R . . 36 332
agalNAC(1-+3)Bgal-R O s 3.1

‘aman(l-»zl)‘ixmamR. ‘ "\ | 59 o 17

BgicNAc(1-+6)agalNAc-R } : P36 - 357 . ’

. aga¥NAc(1-63)Bgal -R o .36 256

agal(1+3)fgal-R . S 3.9 . 145

N I . v
! ' . . o a

/{

afuc(1+2)Bgal(l+3)agalNAc-R | 2.9 s

ogalNAc(1-3)gal(1-4)BglcNAC-R 28 212

 agalNAg(1+3)Bgal(1+2)afucR +~ ° - 29 188

BgaNAC(1+3)ogal(1s4)Bgal (1-4)Bglc-R° . 23 199 L

r

g LI

! i
N

v . N - 'b

’ .
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' Table U1-5, Carbohydrate analysis of.Purified‘bre:idfruil lectin using the:

' phenol-sulfuric acid rhethod,

," R ! . ' . ! *

‘BFA . . : ixg'/galétlosc' Percentage

\

¢ : i
.~ ..'equivalent of carbo-. ,

" hydrate

¢
!

P
A

¢ Com r' , . ! ' ..

- Affinity purified BFA o S .
' 0uvg 0 1936l 209.7
T 150 ug ‘ 316.94

g 300 ug . 315.83
Affinity purified BFA rechromatographed’ L v
i o o ) ¢ R

| 60ug. o 36l . a4
St 1507g - L B . '5.56 . .

v L 000

!
#

. *'On Bio-Gel P150 using 0.IM NH,OH as the lution buffer = .

86
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 Table [1-6, Amino acid composition of the breadfruit agglutinin,

Amino acid | " Breadfruit! 0. Jackfruiv |
" Residues/ . . Percentage Percentage

mole protein®

\ Peanut!
Percentage:

Asx o 4 . 897 | 9.47
' Thr* 30 706 .94

Ser' Los6 . s 993
Gl T e e

Po 1 a3 56

Gy 6. . 1428 1216

Ala o wmt - am 33
Val R 27 816
M 2 C0m e
B R 613 - 639
Leu o s e
CTyr : R U ,' 531   ‘7'."35 B
N o n |
“ His - . = 7 x 4 L1 0TS
Ty a9 o se S es

s8t 70

’

‘18735‘
9.21
9.41
443
211
8.37
5,56
22.44

16.59
sy
25

6.63

107

o .'.4‘.2"0‘

2.10' 

»

\ ‘Includcs both subumts

" *Calculated on basis of moiecular wexght determmed from gel f 1ltratwn

' ’From teference 37.- ‘
‘Recalculated f rom reference 40
’Extrapolated to z.ero ume of hydrolysxs

87
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Iustration of the breadfruit. A, shoot with male in
* section. (Taken T‘rom _Purseglpve. J.W., 1968).

udinal

florescence and fruit; B, individual male f lowers; C, fruit in ]or}git

Figure II-.
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Distance (mm)
- Fipure 111-4,, - :'@géﬁpitémetric scan of purified
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o (bq;edilane of inset).
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Plate 111-], An intaci breadfruit (right) and a cross-section revealing the core (Jely),

a

Sceds are-in the foreground,

-

f

Plate 111-2, Breadfruit (left) and jackffuit (right) seeds. A.E.F.G and | depict the
"intact seed. B and C sfxow a cross-section of the seed. D.H and J illustrate

the seed without its seed coat.
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Plate II1-3, i, Ouchterlony precxmin reactions of breadfruit lectin vs antisera against
Maclura pomifera lectin. Antiscra against Maclura pomifera (A) is
surrounded by breadfruit agglutinin  (1,3,5) and Maclura pomifera

agglutinin (2,4). Note the spurs. ‘ : .

A

[N

Plate HI-3. ii. mhtcrloﬂy ptedpi'dnvmcﬁbns ‘o_tf Maclura ‘pomlfera lectin v antisera
' ‘ against breadfruit lectin. Antisera against breadfruit agglutinin (B) is
* surrounded by ‘preimmune sera (1), breadfruit agslutinin (2) and Machwra
. Wﬁra agglutinin (3).' B

g



Plate []1-4, Ouchterlony precipitin reaction of jackfruit extract vs anlisera against

‘ Maclura pomifera lectin. Antisera against Maclura pomifera (A) is

!

surrounded by jackfruit extract (2) and Maclura pomi fera agglutinin (1,3),

s
-~
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Figure 11-3, The siandard curve used for,‘dcwrmining ‘subunit molecular weights of
breadfruit agélulinin.
~
ey
PN e ‘
T N

P lll-S.  SDS polyacrylamide gel eloctrophoresis 6 breadfruit lectin on a 12%
o , reducing gel. Lane 1, crude Jackfruit; lane 2. crude breadfrui lane 3,
purificd BFA; lane 4, Maclura Mfcr’a aulutinm lane 5. peanut :
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'Figur‘ev Ii-5. The standard curve used 10 determine the isoclectric point of breadfruit

aggulutinin, : '
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" Plate 711-6. . " Polyacrylamide gel isoelectric focusing of breadfruit Icciin.
[ 2 : ' '
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Plate IIl-7, .-

Two- dimensionul electrophoredc aels of cmde btudfmit (top) md purif led
BFA’ (bouom) lsoelectric focuslng was performed in the ﬂm dlmension

‘f ollowed by SDS PAGB in the oecond d!mcnsion

+
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A

v, PRELIMINARY lNVESTlGATlON OF AN A.GGLUTININ FROM F ICUS DELTOIDEA

| )

SEEDS .
“A.'Introduction o ' S - o

Tradmonally, lectms have been’ punfled by affmuy chromalography thh btospectfxc
adsorbents’ A Thts approach necessrtates a prelrmmary study 10 determme the best adsorbent

ln addmon unwanted starches | and sugars may also bmd makmg funher pur;frcatlon

i

: necessary Fast protem hqutd chromatography (FFLC)‘ offers a fast reproducible method ' g F

A
’

for protem punflcauon Developed by Pharmacra the FPLC system is a modular high

‘perlbrmance llqutd chromatography apparatus desngned to purlfy protems polypepudes and

polynucleoudes by ion exchange chromatography chromatofocusmg gel f 1ltrauon and reverse '
<

phase chromatography The basrs of the system is a senes of prepacked high resolutnon '

columns and media, FPLC Has been used to purrl‘y a number of proteins such as haemoglobm

)
Y

:‘denvauvcs‘ snake venom7 cnzymes' and plasma protems’ The sunablhty of using FPLC for _
. lec;m purifrcatton is descnbed in this. chapter Affmrty punfred and. crude samples of |
breadfrutl aggluttmn dtscussed in the‘ prevrous chapter were analyzed on FPLC io test the’
efficacy ol‘ thlS approach Subsequently Ftcus deltordea Jack (F dlverslfolla Blume) or
.mtstletoc fxg” was chosen for FPLC purtf 1cauon in v1ew of the abundance ol‘ agglutmatmg '

'matenal and bactenal aggluttnauons observed m prelrmmary screemng expenments :

B. Materials and Methods N

) By
‘ )
. g 4

F deltoxdea seeds were obtamed from plants growmg m the Department of Plant -

"l'_l) Materlalsi L _ _‘_,f\,‘

- ‘Scrcnce Umversny of Alberta Chembromed Ld. (Edmonton) provrded carbohydrate bound ‘

latexes The FPLC equxpment and colurrm were bought from Pharmacra Ftne Chemlcals

v

o (Uppsala Sweden)

- -“A version of thls chapzer has been publtshed in Btochemtcal Archzves 2(2) 99 105
: 1986 , Do o

101 o



2) Preparation of crude seed extracts
. ' ‘ ' " )
3

Since the seeds are very small, the entire frun and seeds were used One gram, of f ruu |

and seeds (Plares IV-1, 2, page 106) was ground usmg mortar and pestle mlxed with 10 rnl

O .0IM PBS and lumbled overmghl at 4C Afler cenmt‘ugmg for 15 mm at 320 X g in a

‘ Dynac table rop cenmf uge the super)xalanls were collected and centrrf uged again under the -

same parameters Extracts were stored at - 20C and then freeze- dned

- 3) Latex screening for affinity purification

[

The exrracr was screened agamsl a series of carbohydrale bound latexes (deveIOped by'

B Chembromed Lid, and descrrbed 1n reference 11) to. nge an indication of the sugar specificity.

4) Fasr protein liquid chromalogra‘phic purif ication of FbA and BFA

Crude seed extracts of F deltordea and A altilis and the affinity purlf ied BFA were .‘ )

chromalographed on a Pharmacxa HR 10730 Superose 12"' hlgh performance gel frl[rauon

t

of 1000 300,000 daltons The Pharmacra FPLC system equrpped wnh the quurd"‘-"‘”.

1

o Chromatography Comroller (LCC) 280 nm UV momtor P- 500 hrgh precrsron pump and;"w"“'~'~

Frac 100 f racuon collector was utrhzed Samples (200 ul of als mg/0. 5 ml soluuon) were. "

used as an eluanl wrth a flow rate of 0 3 ml/mm The peak fracnons -were. collecled‘ -

'automancally in 5 ml tubes usmg the peak collecuon mode dralyzed agamst 2L of drsulleds

N

warer overmght and tested for hemagglutmatron acuvrty
R "5),Screeni‘n'g assays

14

Hemagglunnanon and Ouchterlony assays and bacrerral aggluunanons were performed '

.

,asdescnbedmchaptersﬂandlll y R N 1

[

ﬁ,“.

..~ column, an agarose- based matrix in a prepacked glass column” "3 wrlh af racuonauon range -

LIy - . B (1

l‘ﬁ

.loaded on. the column and SOdlle acelate buf fer (0 OSM pH 5. 2) comammg 0. lM NaCl was. .



-

'eruluspolyphemus - L o e .

LA

C.}iesults and Discussion SRR S AR

Ttters rangmg l‘rom 1/6400 to 1/8200 found in hemagglutination screenmg studres ~ .

m- :\ .:‘. -

Yo
'

(chapter II) indicated an abundance of" agglutmatmg materral present in the crude flgr t "
i v l{“”

preparation., Anuscra directed agamst M pomlfera A, hypogaea T. vulgarrs D, blﬂoms C‘
enslformls L. polyphemus T, purpureas and P satlvum agglutmms showed a precrprtm line

with the F (deltoldea extract using Ouchterlony tmmunodtff usion assays (Plate lV 3 page.

107), desprte the presence of vartous sugars in the agar to ehmmate spurrous mteracuons lt is

) )

© difficult 1o justify a lectin cross- reacting . with antrsera of so many phylogenettcally dlf ferent

arrd, varied lecttns. The lectms screened 'above belong to such diverse taxa as Moraceae

[
'

Legummosae Grammeae and even an mV«erlebrate Further as already alluded to in chapter

r

Ii, the fig extract also agglutmated various broths These apparently tnterestmg features were
pursued to deterrmne the nature of the active. prmcrple When the crude FDA extract was -

i N
mrxed wrth normal rabbrt sera, the prectpmn reactthns obtamed wrth vanous anttsera were
ehmmated suggestmg the lectin is mteractmg with a: component in sera to form a precrpmn
lme Tt 1sf pertment to note at this. juncture that extracts of ' certam bactena such as
Staphylococcus aureus possess or exhtbrt rmmunoglobulm bmdmg properttes This protem
(protein A) has been punfred and extensrvely charactcnzed and is routmely used as, an
1mportant probe in tmmunology Among all the sugars tested it should be cmphasrzed that
free sralic acrd and latex bound srahc acrd were ormtted due to lack of avarlabrlrty Sxahc acrd

bmdmg lecttns are rare but lmown to exrst an example berng the lectm from the mvertebrate

a

FDA ts also of mterest for tts abtltty to aggluunate some strams of bactena mcludmg

S aureus B cereus and Chlamydta trachomaus, the latter betng a chmcally srgmftcant ;
A

pathogen responsrble for a venereal dtsease Chlamydtal attachment to mouse f 1broblasts (L

' ‘
cells) has been blocked usmg wheat germ agglutrmn"‘ Other studtes usmg thts lectm as a

probe" 1 suggest the attachment of C trachomatls 1s related to- 31»4 lmked ohgomers of

D glcNAc and .NeuNAc resxdues



0'/

- No aggluunahon was observed between different lalexes and the FDA extracl makmg

the affinity separauon of the exlrac( more dxfﬂcull since a sunable adsorbenl could not be

104

‘.readlly 1dent1f1ed Auempts were made (o punfy the agglunmn from FDA usmg a novel '

approach, in order 16 vahdale (he FPLC system crude and ‘affinity, punf jed samples of BFA

1

descnbed in Ihe prevnous chapter were chromalographed lo delermme lhe f easibllny for leclm )

\

purxflcanon Apphcauon o(‘ crude BFA o a Superose 12™ gel Tmrauon column produced_

[

several peaks Erythrocyte aggluunanon acuvn) was excluswely associated 1o lhe peak whxch‘

' eluted a( 20, X5 min, Gel filtration of the afﬂmty purlﬁed BEA produced a peak al a sxmxlar

eluuon volume as compared to lhe aeuve fracuon of the crude extract (anuxe 1v-1 A and B '

page 105) Thns demonslrales lhal gel mlrauon FPLC is very emcnenl and’ can. eh(n\male lhe‘

lengthy procedute of lalex screening and ‘affinity chrdmalogtaphy, rende;ing an: nriched -

‘ producl in a very shon time, Gel f mrauon of the crude FDA exlrac( resullcd in nine major

"

. filtration FPLC the crude FDA was sepataled into nine: components in less than 201 min, and

’ ‘.‘only one fraction agglutmated Chlamydta Evndemly gel f mrauon FPLC may be used in the:

.

~punf xcauon of lectms from dxfferent sources and is an allemauve to the lradmonal af fi mlly

' ‘chromatograpy methods because n is snmple fast and reproducxble

L Chlamydm 1denuf ncauon orasa. probe f or membrane studles of the bactenum

FDA has proved to be an mteresung lectm smce ll can agglulmate Chlamydla as.well’,

as precxpnate cenam serum compouents as noted earher The same prmcxple or two diff erem

Ones ma) bc mvolved These propemes may be useful m developmg a rapnd means of

peaks (Flgure Iv-2, page 105) ‘When tested all ‘of the peaks aggluunaled erylhrocyles bul"

o only the founh peak was acuve agamst the baclenum Chlamydla Thus by the use of gel
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Figute IV.1.  Gel f:llr:’uon promc oft cruqc (A) and afTinity purlf:cd (B) BFA extracts on |
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Figure IV-2, Gelf mrauon prof ile .of ‘FDA ‘crude extract on Superose 12™. Peak 4 represents

the acu\'e ﬁ‘atuon



Plate IV-1. A branch of Ficus deltoidea bush showing leaves and fruit,

A

) . . ' Vanily: Worecess
Conus: Ficus

Specieat . daitotdes

S i
e it oo IR S DU

. / .
Plaic IV-2. . Fruit and seeds of Ficus delioidea. A 10 F illustrate stages of nipening. G to |

' (depict a cross-section of the fruit revealing the seeds.
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>

Plate IV-3. Ouchterlony immunodiffusion assay of F. deftoidea extract (A) surrounded by
antisera directed against T. purpureas (1), D. biflorus (2). A. hypogaea (3),
- M. pomlferd (4). C. ensiformis (S) and L. polyphemus (6) agglutinins.

-

Similar reactions were observed with 7. sathum and T. vlgarts.

- v
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V. GENERAL SUMMARY AND CONCLUSIONS

il

. B ; . Y ' ,
The screening ol‘ 23 plant species using hemagglutination and Ouchterlony

immunodiffusion assays revealed hngh titers of agglutmalmg materral in six specnes low titers

in nine and po agglutination in. elght The agglutmauon was observed w;th A B, O and AB

classes ol‘ human erythrocytes in all cases, The wo Anocarpus species (A. mtegrlfolza, A,

altilis) showed reactions of partial identity with antisera directed against’ Maclura pomlfera
‘ . n

agglutinin, ‘anothermember of the Moraceae family, The  cross-reactivity between the

Artocarpus and Maclura lectins suggests a phylogenetic . relationship between lectins ‘of the

~ Moraceae since all three belong 1o this taxon, Moraceae lectins thus appear to be related and

exhibit considerable conserved domains in the protein structure,
#

/\n extract f rom Flcus deltoidea reacted with all exght antisera tested, These precxplun

,reactnons w\e elimirtated by mixing normal rabblt sera with the crude F delloidea extract

suggesting tlfe active principle is precipitating some component in the serum. *lt would be
o * : ) .

interesting to pursue. this further. In testing Moraceae species for bacterial -agglutination, F.

deltoidea proved interesting in agglutinating some bacterid, including'Chlarnydia. Brou.rsonetia

’

papyrlfera lectin shghtl) aggluunated Bactllu.\‘ cereus as well as Chlamydta The remammg

,Moraceae extracts’ tested fanled 0 agglutmate the dlfferent spemes of bacterra used in thns

{

stud)

On-thé basis of the' alorementioned results, .Artacarpus altilis (breadfruit) and Ficus
deltoidea (mlstletoe f xg) were selected for further 1nvest1gatron The breadfrurt agglutmm was ,
purified by steps mvolvmg salt fract:onauon and affmxty chromatography on 1mmob1hzed B
o B -D- gal(l-3)agalNAc Charactenzauon of the punfned matenal revealed a molecular weight

- of 44 500 for the na‘tlve protem consrstmg of two dxssxmllar subumts of . approxlmately 19,000
~and 22 000 daltons The carbohydrate content was esumated to be 4.3%. The amino. acrd" .k
composiuon was noteworthy l'or a high content of glycine and senne and moderate amounts‘ -

~of glutamyl and aspartyl resxdues The levels ol‘ hrsndme argrmne and methxomne were,

N

A,




\
LY

S

drsacbharrdes tested, In view of this T antrgen binding characterlstrc of the breadfrurt

v

agglutmm tumor btndmg studies are proposed as an extensron of this work

b .
'

\

. | R 110
\relatively low, ﬂ~gal(l»3)cxgalNAc produced the hlghesr inhibitory“a‘ct'ivit'y‘ ‘ol‘ the" '

,\".

~ The traditional approach o lccun purll'lcauon mvolvmg amnlt\ chromalography wrthv g

brospecrf ic adsorbents requires much ground work, Consequéntly; a novel approach to the .

purrfrcatron of the lectins was. undertaken The vrabrllty of uulrzmg fast prOtem qumdr

'

chromatography was rmtrally demonsrrated wrth crude extracts as well as al fi rmty purlf ied '

: ‘ samples of breadf rutt agglutmm which was purtf ied by the convenuonal method noted above x .

FPLC offers the advamages of bemg l"ast srmple and hrghly reproducrble T hlS procedurc,

resolved the F. deltordea extract’ mto nine major peaks all ol‘ whrch agglutmated human

o

erythrocytes Purified elementary bodtes of the bacterium. Chlamydza were only agglutmated‘ e

(I ¢

e

by matenal in the fourth fraction. Thus, purrf rcatron may be accomplrshed by means other.,’ -

e

than thc conventronal afftmty chromatography. The serum brndmg characterrstrc of F' »

‘dellotdea agglunmn also merits further mvesugatron Gtven the rmportance of Chlamydla as a, ST

nml

clinically srgml‘ icant pathogen FDA may have value as a probe for studytng and xdentrf yrng" . -

',‘thts pathogen ' S AR ‘ Co Lo ‘, oL A
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b ’
A P L
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R
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» lberta Trce Nursery and Horuculture Centre
Y o -R. 6,
» . oo Edmomon Alta TSB 4K3

IS

ST _ Umved Gram Growers
o Co SeedDrvrsxon T

Lo S .07810 -:120 Ave.,
T , i Edmonton Alta

R T AsralmportHouse(1980) L.,
ot 791221048, . .
¢ .. ..,-r..  ‘Edmonton, A!ta_ SR

- Paper mulberry, Osage orange - \ K

Y FW Schumacher Inc
U e - Sandwich, Mass
SRR ' 1 02563- 1023 o o
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o+ e Ednionton, Alta.

. o f » .

v Lo ; <« ! NS
R R . L, L - LR PR
. . ' [T H ,

L

Lo m




1

-Common fig, Ja'pane,se hop

* Jackfruit )

\

 Mistletoe fig, American tropical f ig

- Dr. A, Srinivasan, .
Director, Protein Research Unit, -

:"Lychcg. persimmon, Mclmos'tl'lfi;applc..' cherimoya, mango

JL Hudéon Seedsﬁnan.' ‘
P.0. Box 1058,

"Redwood City, Cahforma -

94064

US.A.

" -

Department of Chemistry,
Loyola College,
Madras, '

-South India

Dr. C.K, Rao

‘Department of Bolari)

Bangalore University,
Jnanabharathi,
Bangalore 560056 ;

‘ India

Safeway Stores Lid.,
Edmonton, Alta, =

N Mr. R. Kroon,

. 'Greenhouse supervisor,
'Department of Botany, .
“University of Alberta’ <
' Edmonton Alla L

Voo d
Mr H Wellmg '
Greenhouse supervisor,
Department of Plant Science,
University of Alberta,
Edmonton, Alta‘
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