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ABSTRACT - g

- A lectin is olated fro the tomato fruit using a @0% ammomum sulphate
preclpntamon wa,, & the .;anPe as that prevm?sl? rg,olated by Nachba.r ei al (1980) and”
Kilpatrick (1680}, The tomato Eectm had a mcleeular welght of 140,000, as
determmed by gel filtration, and was opecific for chgamerc' of N-= _
a@etyﬂgiueasamme As well as bemg a hemagglubmm the lectm was a bagcterial
agglutinin, which apglutinated a wide range of bacterlal specles, mcludmg

Pseua’amonas syrmyae pv.iemaio ( Plomm‘o] The specific actmty of the lécﬁih '

" was 80 txmes greater for bacterial agglutmahen than hemagglutma‘hon Bactenal

. agglutmat’\on titres were dramatmally mcreased when dwalent cations were presenb

and mlmlaked the pmzone phenamenon known to occur between an antngéft and

':ml;lbady e

n P.’omaio produced an exopoiysacchande in addxhon to levan whlch

completely mhn’blted its agg]uhnamon by the tomato éactm A hpopolysaccharlde

extract of Pfomato also mhlbxted bactenal agglubmabxen to the same degree.
In consxderatlon of the lecth recognition model, developed by Sequeira and

Graham (1977), it seems hkely that P:‘omafo is pathogemc to the tomato plant at

least partly because it avoids recogmtlon (lectin binding to the bacterlal R

hpapolysacchande) The ablhty to avoxd recogmtlon 1s 1mparted by thg\

' exopolysaccharnde whlch compet.ltwely inhibits the lectm from bmdmg the bactenal

' hpopolysaccharlde



» ’
. " | | Q | |
_/\> | : : \
ACK&QW?FDGEMENTé

&

i

I wguld Eake to express my deep appmmatlon to Dr. HLB. Fackrell for tl

: ladvlce and endle S8, encouragement he has offerred me throughout the eninre course -

- :éf this"stu‘dy Thanks also go to the ‘other nembers of my commlttee Dr DA
' Col:ter and Dr. N.F. Taylor. * A o
| I would also like to thank my gcod friends, Mr “Lou Paosa.dor Mr John
. Austin and Ms, Renu Saraq for making those long nights on the t'thrd floor
'-bearable o R Y . |

Lasb but certamly rmt least thank—-you Sandra for your devation and

_understandmg during the mostjdlffxcult of txmes




S  TABLE'OF CONTENTS . o
- : L o B PAGE - i
S, iy
ABSTRACT . ... ... R S U PR v E
. A@m@ﬁm@cmwa ................................................ Vi g 5.
o LIS OF TLOSTRATIONS. ... SO ix i
LIST OF TABLE&. P X - .
WEST OF ABBRBVIATIONS. ... Lt fooow o
COINTRODUCTION. oy S R . | a
- LITRRATURE REVIV L I
¢ Bacterlal Speek of Tomata.:.1;3;;1....;;..;...: ........ ~; ...... 5.
1 Plant lectlns..f.. ...... T “..;[i...f....;.(...é4 ...... .14
CMATRRIAS MO WETDS e
"Baetemal letures..‘...'. e.. . 21
Isolation of a lecylh from téméto.fruiﬁ .......... o ool 22
. B ' . Qel Flltratlon.ﬁ ..... i;t;.;...i....;z..;;L ..... RS :Ji;a22
J Lectln Concentratiou in Grude Extract.‘n ..... .;‘:;.,;..;....}.23 i
- Hemagglutlnatlon (HA) Assay...... ?..: ..... t.l..w...i,......‘;24 { ‘
L Carbohydrate Sp901f1c1yg.................y%ﬁ.......; ........ st
Bacterial Agglutination (BA) ASS&Y. ... ........voooiiieeiini.. 25
Bx olysaccharide Bxbrackion........o.ocoiiinniiin ol 26 ’
;éfbg '  %%j;tk - lblpopolysaccharlde Extractlon..;{.;.;i‘ ........ :(..‘..., ....... v26 .
o 1"Inh1b1t10n of Bacterial Agglutw::fiij»/JX/ B -:‘ v ';
L A)-Exopolysacchéride Inhibitidhe ?. .o, IR 27 -
‘ B) Llpopolxsaccharlde Inhlbltlon..f.f..;.L.,;i].,;;.‘tf;,..28 ,j‘
| j.' .0'




-y

¥ RRSULT

@hapter 1 ﬂhara@terma{;mn of Tomato Lectm B

’ Garbohydrate }Sp‘eelfmlty. e ' i I

Erythmeyte Speelflelt]g, e LA .. UUURIIEPY:

DY T Pt

Holecular ?elght Detemmatlon .

Bécteriél Agglﬁbihé.ti@n-. . R, o oo, .88

Leetin Con@eni;ratio_n in Cryde Bxbraeh.. ... .. ... ... ... .42

o ’ . Is the Bacterial Agglutiﬁin Lhe— !
m o )Hemagglutmm. . . ...... ..... B 42 - ;
- . . Chapter 2. uect1n~Bacter1um Interaetlon o d&ﬂ S J 7 H

L . o Exopolysaccharlde of P.tomato...... . SO 46 :
( S ., | Ex_opo,lysaceharide Inhibition of o i .
l%' : a Bagterié.l Agglutination........ . R 47
oo o ” i »Celi Syrfaééf Bindifig Siiié_f"qr thet} N | .,‘ " "
o Tomato Leetm. PR e R RTEE .4?
S D‘Iiséussm.__,f. e e . v

SUMMARY - ... T ;'A.F.5"9j";.

LITHRATURG CITED. .-.......... ST RS 080

‘ _ ' VITAAUCTORIS. v ... RS S e

| o R :



o -
=
,

6 a R . ¥
L4

* LIST OF ILLUSTRATIONS

" GLOBAL DISTRIBUTI[]N I]F BACTERIAL SPECK. I e 6

2. BACTBRIAL SPECK LESTONS N LEAVES. . '., RIS SR

;3 ‘BACTERIAL SPECK LE.'SIDNS ON FRUIT ........ 8
4."CaL PILIRATION - BLUTION PRDFILE ......... SUUPTRRTPRRTN: B

[8f
. 9 .
H -~ - o
.. L
. -
R -
?
“
e
: o, .
J/ . o » -
5 4 & . T J :
T | “,V.u oL
'.“ © ) .
. N Al
0,
7z - " s
A A
o,
E-] .
\ e 2
“.1. .
N .
- 5
-
ki »
f
¢



e " -
) o \ .\ b ’ ’ *‘VB
R g : ) )
R N O
P : .
L2 A‘
R K N .'/' ! )
; / N bR L k i
LIST OF TABLES
: &
o~ .
1. ERYTHR@CYTE SPECIFIGHY UF‘ TBHAT@ LECTIN »
"o CHO INHIBITIUN UF‘ HEHAGGLUTINATIBN 5
3 E‘PEC’Il“*‘]:(?,ITY OF BACTERIAL AGGLUTINATION
4 ADSURPTIUN oF HEHAGGLUTININ ACTIVITY .
5. BPS PRUDUCTIUN BN 8 DlFFERENT MEDIA
6 EPS I‘NHIBITIUN UF‘ BACTERIAL AGGLUTINATIDN
{ | \')\ ’
. v .
& N
T
i &

N



r

@ .
-, <
Il o
¢, M
re [ o % fy
o 7 - 5T, i .
. & » LY
N 1
e, o, -
. N -
3 @ Q ; e
.
> ©
t—° 4 5
E ° °
“s "
e
. - @ . N . ~
. " v n , “
M . . et e @ ) .
) o 4 ~» ~— .
g . . f‘r -
© ¢ " a
< ¥ - . .
¢ A ~ . s "
e e . N o
- A - w
» "
PN e ) ° s, 3
.t K a " .
s -~ ~ '. K]
s - el s
f N Q
. . : %@‘4 o
jvd . . > -~ r
P » I 2
e .

\ v
B : . - L Y .
. Coe s A : ; S A 0 -
* . . " . o ” 3 ‘1;:/ - e - )
. - . Vi B . .
5 a0 - s ; 3

oo A(; aggﬁutmai‘.lcm (buffer] BA bactena.l agglutmj.tmn' BDA bavme serumm © e
lbumm‘ EP.% excpelysa.cchande' HA, hemagglutmamon HR, hyper ensitive. -~ . ‘ B

'
o

n’eaponf‘e‘ IgG ﬂmmunogk)buhn G LP;; hpopolysacchgnde OA @valbumin; PBo o : T
“ hOSphate—r buffered ahne YSM yeast sa]ts medxum' YSMG yeast balts medium |
F = 0& M . ¢

- @upplemented w1th 5% [w]\g] ghicose; XSMS yeast salts medlum supplemeni.ed with i ‘

5% [w/v) sucrose, F . L ‘\" . : .

‘\3 P T , o , ;‘-’. Iy e Ct s R .

o e ) -~ o ¢

) : ‘ . v h v )

R ° u ;'
il ° ‘v . - * . ~ 2
a - +
s v R © a R} - P
. @ «
13 . 0
- ) 3 n
' . v » @ -
L ! . N Q o
i e
7 L3 . -
% . T e
. .
- ® ¢ o, « e °
: | ¥
: . ‘ £ . PR
\ K N
° - . <
¢ N . @ -~ da
.ot 1N [ - et U'd A
. N N
Y ~ : & .
s - °
- - o e Y o
o » - . .
[y 4’ . "m Py
R d s
¢ : @' X : ",
f'v
(= 7o
; i 3 o Bt
s . . *
, v @ R R 3
. . .
- et
‘
.
- v
- . )
. = .o e,
v’ ‘ #
g ‘ f G .
| ° s
° /N R 2 .
» . .
- ¥ t o “ - ’W
! Fl - N
\ S N ; -~ R
L4 »
- &
a -
s - . . . ¥
. y - « ‘
-~ 35 , 4 e r P " .
) 4 7




|
|

&

-

. INTRODUCTION

19




@

Smee ﬁrst rep@rted by&?kabe (1933), resee.rch on bactemﬂ speek of tamatm,s
h'a.s progressed from. the mere teporting of the causative @rgamgm Pseud@m@nas .
syrmgae Pv. famzw in the field, to the development @f tomako phnt cu]twars
resistant o f;he pathogen, - Hewever the specific mtere.etlen that GoouUrs between

hhe hemato plant. cells and Pseudomonas 5yrmgae pY.. .zmmm is emll peorly R

4

"underst.ood even though the lmt.lal oonfrontahmn bet,ween a p@tentlel pathogen and
~a host cell plays an 1mportanh mle in determmmg the dlrectlon in whlgh
, mterachon wlll proceed Studles conducted so far, have focu.:ed mainly on the

Hoffenswe t.e.ct;es of the bacherlum the results of which can be summauzed briefly.

P;eudqmoms syringae py. tomaio is capable of entering the tomato plargh via

‘wounds in the leaves or open stomata (Be.sha}n, Okon and Henis, 1978). H“aving

breeehed the cuticle of the leaf surfa.ce, a primary defensive barrier“of the ‘pvl;‘ant_‘, ‘

FPseudomonas syringae pv. lomaio causes a disease. condition characterized by

small necrotic lesions on fruit with encircling chlorotic halos when present on

leaves, Psesdsmonas syrimgae pv, lgmais produces a thermostabile, extracellular

,texin capable of causing chloratic he.loﬂ formation (Garber and Schaffer 1_963)'ahd

ammonia which, at levels of 100 ug/ml produces necrosis on leaves (Basha.n Okon

R and Henis, 1980).

We are still lgnorant of the mteractxon between the plant and ‘pathogen in- the
time between entrance of the bacterium into the plant and the appearance of |
disease symptoms, 4 time span of approximal%e]y 100 hours (Bashan ef af 1981)
Some of the ziuestions which have therefere been left unanswered are: .
1) Does the tomal'.o plant offer any resistance at the |
* subsurface cell layer to mvaximg microorganisms?

2) If some defenswe measure is taken by theotomato_plant,

what is its nature?

s




31 How dues a pahh@gen such « as P.seua’omonas syringae pv

'; k " famﬂ'o circumvent this defenswe tactic nf f;he plant? |

: Studles by Sing and Schroth (1977, Sequeira & a/(1977) and others (see .
literature review] ind'ieaté that a speciiic recognition system operates in many
plaiits, In those plant syatems studied, lecting present on the surface of Reaf
mesophyll cells were capable of bmdmg to a specific carbohydmte ‘that may be
present on the surface of the mv?dmg bacten;lm_ The presence of this spesific
rec;apto;fdr the lectin resulted in the binding of*the bacterium to the mesophyll

cell, follcwed by the fmmobilization of the- bactenum by a dense granular material,

as observed. by electron microscopy. This lmmoblhzahon prevented the

muftiplxcation"of the bacteria and ther_e_fiore its further spread throughout the glant.

- |: . o ,
: Solﬁe bacteria were capable of circumventing this recognition either by the absence
, S EE

| S |
of this specific receptor on their surface or by the masking of this receptor.
Pseudomonss syringae pv. solanacearum, a pathogen of the potaio plant, avoids

recognition by masking its séecific receptor for the potato lectin with an“

exc)polysaécharide‘(EPS) which competitively inhibits the binding of the bacteria by

the lectin. (Sequelra and Graham 197?] This defensive measure taken by the ’
baetena. allow them to conhmue mulmplymg and spreadmg throughout t.he plant

- " The intention of t,h_xs phasxs. was to study the possibility of such a recogmtwn

'sjrstem operating between the tomato plant and Fseudomonas syringae pv. icmais .

and determine its significance in the disease process. -




LITERATURE REVIEW



' econormo losses in tomato crops are confmed ‘mainly to fresh market tomatoes :

. . . / ; . v » "“»-.}“
S , ' :

Bacierisl Speck of Tomato
The incidence of hacter‘lal’eeeck of tomato {Lycopersicon escilentum Mill.),
caused\l)y the bacterium P.;ena’amaéas eynhjae pv. damaio, herein referred to as

P.iomaio, has steadily increaeed over recent years. Since .first reportezl by Okabe 4‘

(1933) lh Taihoku Jacan, the disease has become recognized as a worldwide | : |
problem, [igure { illustrates the global distribution of the incidence of bacterial - | %
speck ﬁ_and was prepared by collecting e.ll known publishe’d occurrences of the |
disease, . T . )

The symptoms of the dxsease appear as lesxons on the aerial. portrons of the {

tomato plant, epreadmg from the leaves near the ground to the younger leave.; near

the top of the plant, and fmally the fruit, Early leaf lesions appear as small water

soaked areas, which later become dark and necrotic, reachmg a sxze of

'approxrmately 2~5 mm, and develop encireling chlorotrc halos (figure 2). Lesions

on the frurt are somewhat smaller, approximately I’ mm is size, dark in color and

' rarely develop any deeper than the skin of the tomato (hgure 3). For this reason |

--

" although severe infection may also decrease the quality of processing toma_toes ,

(Sehnerder &l al 1975). .

The close resemblance of the symptoms 4f bactenal speck and bactenal spot

caused by the bacterium XanMomoM.s campclsrm pv. vesicalorsa, has lead to
: !

_confusion in early disease diagnosis, thereby delaying control measures. A better
| understanding of the ecology and epidemiology of bacterial speck of tomato has

therefore become a etudy of utmost 1mportance

The bactenum Pfomafo is a Gram negative, strictly aerobrc motrle rod
capable of levan productron in the presence of sucrose, It is negatrve for starch

hydrolysis, oxidase activity, trehalose utilization, arginine drhydrolase and growth at

ok



FIGURE 1

S

* The global distribution of bacterial speck,df tomatoes, :
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FIGURE 2
o , | |
Typical speck lesion found on leaves of tomato plants infected

with Pseudomonas syringae p. fomaio.
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41°C (Doudoroff and Palleroni, 1974), 'Eévan, the exopolysaccharide produced:by
' Ps‘omaf‘é requires sucrose as a preoursor in its synthesis, The ?;ynthegi.; of levan

o)
Wours by the .;uooeoozve oddrtlon of @x-fruot .gyil rosrdﬁes ina 2—6 lmkage to the -
' terminal gluoosyl re@rdu(;/of the sucrase molooule (Su&erﬂand 1@72} Since in the

obaenoé of sucrose, the growth of Pitemaieis umaffeotod the BFS in not
rreoessary for !'.he @umval of the bacterium (Sutherland, 19?2] . ' '
° Tho several pathovars (pv.) of Pseudomonas &gﬂh’gac; of which pv. lomaio is .
o'né,; hg;ve' been named on‘th'e' basis of the planr they were isolated O;‘f’rom and are -
pohirogonio t;o,' althgu%h tho entire host ré.nge of each pat.hova.r has yelb to bo
E dé!;ormined [(Doudoroff and Paileroni, 1974). F.tomate belohgs to the floorosceﬂt ‘
group of phytopathoge’nic’ péeudomonaﬂs which produce a fluorescent pigmenl;l\on_
f{mgs B medrum (King e/ a/ 1994) The fluroescent pigment,cfluorescein, is a -
green water soluble chloroform msoluble pt.endme plgment (Stanier . ai, 1966),
- Colonies of phytopathogegro pseudomonado are examined for fluorescence wrth a
866 nm ultraviolet lamp, after growth ab 27"0 for 48 hours.

P.tomato produoes an extracellular, low molecular werght thermostabile boxin -
which causes chlorotic halo formation but nob necrosis, onﬂloavego {Garber and
Schaffer, 1963), High yiolds of toxin are‘vobtrained“aflter 48 or 72 hours of grow;ﬁﬁ
* at 18°C, bub much lower levelo ab 25‘?0@1-,@'30";0; the ‘optimal growth temperature for

Pivma:’o Il(Okon Bashan and Henis, 1978) Okon and coworkers found that the ‘
toxm of P iama:’o was produoed when cells were grown in nut.nent. brobh yeast
".peptone broth and on synthetic medra using galaotose ‘sucrose, lactose malhose \ SR
.mari/mtol or peptone as the single oarbon source,

Plomato produces a second toxro factor which is.res ponsible'for; the necrotic - p

lesions typical of bactengl speck. Upon purrf‘rcatron of Filtrates of P.tomaly grown .

in broth culture, ammonia was detected at levels of iZOug/ml, which whenlapplied

LI
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to leaf -surfaces, éaused n@cméis (Baghan, @k@m. aﬂmﬁ Honis, 1480). High levels of
ammonia were also detected in eth@ts of tomato lcaves infe@&d with meam
Tﬁe aﬁth@r%; ﬁoﬂ;@dna very high clectralyte leakage from Eﬁh@ Jinfected pk;nt cells :jt
a time (120 hours {ollowing im@@ulatﬁ@n sz? Piomaid), cgineiding with the highest, .
point of ammonia accumulation. I 4 T L

Studies by the same authors (BashansOkon and Henis; 1978), nm@RVCH the

facﬁ;ours affecting the mﬁecm@m and spread of £./omalo on the tomabo pﬁam. o

“Mmimal suspen@lons' of 10*~10° celis/ml were required to pmdu@@ du@ease

sympt,omg, whmh sauld be seen five dayr‘ after m@@m&atmn into tomato leaves,
Lesnon formatmn was enhanced by woundmg the plant leaves befo%mﬂcuiatmn
3 e

with carborundum powdc_ar or by spraying with diluie wax scﬂWs_ Incubation of
tomato p'lanl'.s under mist‘ ffc:ir 24 h?ours or ab 4g8C for 30 minutes prior to
inoculation also increased lesion formahxon Scannmg electron mwmgraphu, baken
followmg woundmg and misting, showed damage to epldermal cells and open

&

shzxﬁaba Further elecbron microscopy studles (Bashan eh al, 1981] traced the

_infection path of Piomam in the tema’qo planl; Large mlcrocolomes of P.temato

¢

first congregated in speclflc areas such as the stomata and base of leaf trichomes.
F‘nllowmg mc‘ubauon the bacteria moved from the leaf surface to the mterceﬂlular
spaces and necrolic lesmns were v1spble 100 hours after inoculation. All ﬁésues
?(hnch border%he necrotic lesions were Tilled with bacteria but the necrotic area
itself was free of bacteria. | | i
Field studies. CQnduchea o:.ver a two year peried (‘E’unis el ai 19801)] \
demonsbrated that bactenal _speck develops and spreads ‘only ath hemperabures

between 13°C and 28°C under high huthidity. Plants inoculated with P tomm‘o and

maintained under dry conditions in greenhouses, showed no spread’ of symptoms to -

~ new leaved (Schneider and érogan, 1977a). Increased h;imidil;y andfor frequent

J o .o g

< p
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misting resulted in the ¢ pread 0 | ‘

mvelvement of open stomata e.nd poeelbly’ l}ree mmel;ure in leaves' in dleeaee R
/ °

development — . T, BRI s

¢ Qs

Uninjured, tomato fruit are most suseepmble to mfeetlon by Piomata in the
AN i3

penod after entheele and before the Fruit I'éBCheo a diameter of 3 mm (Cetz El' a( &

Ty

198‘3) Theee authere were the flrst. to demenstra thatentry of P.tomm'a into T *5‘
the tomato plant need nbt occur l‘.hreugh sl:omata or leaf wounds Scannmg I S o

electron Imcmgraphs provnded ev1dence that until the cutxele develops openmge .
that remain after l:rlehomes are shed, prowde nahural entry points for Pz‘omafa l 1”

F- I

For several years attentlen focused on the means’ of transmission of - ;5 - o
P iomai‘v From plant to planl‘. and resull;ed in several eonfhctmg reports Chambers

-and Merrriman [1975‘) reported that, P.tomato sur'nved in plant debns on & 2 om . e

EY

CoE s

helow the soil surface for a permd of up to 20 weeks in Auel‘.raahe Seeds whnch o

ha°d been subjected to the commermel extraction procese were free of
B 0 » . . . f .
contammat.wn ﬂ A S S

[y ' “

ea

- : W

Of 10 eommerclal seed lots sl;udled by Ckon-ef a! (1979] all showedis@ne of
'contamlnatl'on and when grown.in pasheunzed soil ,under conhrplled condll.lor‘l_s,‘ g:we g
) rise to infected plants, The pal;hogell survived on seede‘ whigh. were‘ dded ;'.40"&? ) KR
and stored at reom temperature f“or one year. Seed ‘borne P iamaz‘o was
errz;dlcateg when seeds were hea.l;ed above %0"0 fer 30 minutes.‘ The euthore alse
noted that in greenhouse shudxes Liomaio. moeulated mt.o pashenrlzed’-‘eoll " , I
. survived here for periods of up to eeven months, All plants grown from surface
stenhzed seeds in hha.l, soil, developed bactenal speck. ‘
In contrast to the fmdmgs of Okon ef &/ (1979), Sehnelder a!l\d Grogan {1977a)

could find no 2. tomato contammahon in 10 lots of commerclal seed tested by T | C

" them, but found 2 ¢emaie to be ublqultgus in soil, eccurrmg in the rhizosphere of -

N
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’ P @mm“ﬁ could move 5o’ leaves of the tomato plant mfected ieaves were dried and

buried in.pots Df pas!;eunzed soil. Hither surface sherlhzed seeds or umnfeoted

. seedlings were planied in this soil and mamtamed under c@ntrolled (greenhouse)

“conditions, Al plants developed bactenal speck even i.hough mfecton of tomato

plants by £~ Mmaa‘o has been prew@usly -shown nich t0 occur thmugh the roots or

stem of the tomato plant (Bashan & af 1978).

During hot dry perlods of up to 14 days, P ¢omaio often remdes on the o
|

tomato.leaf surface wmhbut producmg disease symptoms (Schneider and G{oggm,

siloﬁn that thiér-r:esident phase produces disease symptoms on these leaves upon

rewetting of the leaves and a decrease in temperature. Microscopic exariination

'~ on the leaf surface démb;isttatéd that intact,‘non—li\;ing° trichomes serve as the .

habitat for this resident phase-during periods of dryiné'(Schneider and Grogan,

Goode and.Sasser (1980) believe that ‘ineffective, seed treatment by

commercial suppliers‘ has been ‘one of the major reasons for th'e’-spread of bacterial

“'speck. P.lomato can be erradicated fl:gSm' the the contaminated seeds by. -

immersion in water at 52°C for.one hour (Devash ef af 1980). If Plomatois &

ubiquitous goil organism though, as Schneigier and Grogan‘ (1977% suggest, seed ‘
. ,{ ° L4 N

treatment alone would be ineffectivé. Okon and coworkers have found that weekly
spra.yiﬂg of tomato ;i)lants’;iuring all stages of grow;;ﬁ, with Cu(OH)zl compfe!;ely

prevents disease d@velopment, how}ever spi‘aying plants already infected with

F.tomate could only reduce disedke. symptoms Conlm and McCarher (1983)

‘confirmed the effecmggess of O@H)z in controﬁ’mg bacterial speek but alse

suggest. I;he use of' streptomycm alone or in combmatxon wnhh the funglcldes

-

. many weed and crop plants i Cahforma Te dehermme whebher or nob sml borne

t

- 1977a). Schneider and Grogan refer to this pzlase as the "residgnh" phase and have

!

?
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mancozeb and chlorothalonil,
_ Yums ef ai (1980a) reporhed on the development af 2 cultwar of tomato,
resistant to bachenal speck Based on fleld tests, cultwar Rehavob—E is hlghly

resistant to £ femate and cultivar Hosen—Eilon is moderately resistant. Pilowsky

_and Zutra (1982] have found that 40 of 19 wild strains of tomato studied, were

resistant to their isolate of £.iomaio, and thahculhivars Rehm@t—B and
Hosen—Hilon said to be é-&"amafo resistant [Ydﬁis &t af 1980], 'weré suscep.t.ible'té
their £.iomato 'isélate. } . 4 : -

The primary-conC§rn in the coﬁtrol‘cf bacterial sp‘eék_, as with any other pl-an(‘.v
disease, is élear‘fy, the early detection of the ééaus‘aﬂ;ye‘organism. " While weékly,
sprayings with Cu(OH)E o? Strebtomycin may be éffeciﬁve iﬁ preventing bac‘teriél -
speck, it can bé a tremendéus and often mneceséary expense. A rapid semlogical :

techmque for the early detectmn of Ptomato in the soil or on the plant may

f.promde a useful screening- system before control measures are taken. In

v

consnderamon o{ such a systern, Fackrell and Smha {1983] have made several -
observa.tlons concernmg the, serolcgy of Piamaa’o ‘The authors employed three -
sero]oglcal methods; bacterial agglutination, double diffusion and - 2 3

immunofluorescence, to study the éntisera of the soluble and insoluble antigens of SN

| P.igmaio, The strains of R:‘om‘d?a, 'PTD and PT-7 appear to be serologioally :

.

very similar, with respect to the insoluble somatic-(O) and flagellar (H) antigens. -

.Cross reactivity with: other Gram negative bacteria could be re’du'ced-‘by employiﬁg

long injection 'échedules. -Of thé séiferal SOIQBIe antigens ’bf P.fomat,o, Vfive) were -

extracellilar and cross reactive Q_’ith the supernatants of other Gram negative -

bacteria. Bxiracts }6f P.tomate infected and uninfected leaves were diffu‘sed

b Q

against the various antiséra developed, but precipitin lines were observed with both. .

Fackre]l and Smha suggest that only 1 serotye of P tomalo exists, but do so




4

@auticmsly since only 2 strains (PTD and PT-7) were tested.

”Ser@l@gi@al studies by Jones ef af (1983),00n 26 strains of 2 iomaie isolated

fmm‘ within Nm’th America, resulted in their suggestion of 2 distinct Serovars, By

empl@ymg Oueht@r]@ny double diffusion, bacterial agglutmatlon and indirect
nmmunoffuorescenca 20 of the F;’emm”a nsclates _were ¢lassed as Serovar I and 5

as serovar 1. One 2 {fomaie isolate did not fit into either serovar cﬁassmcatn@n

]

\ -
Plant Lectins

v

Lectins obtained primarily from plant extracts are "sugar binding proteins or
glycocoﬁjugaig_és of non—immune 6rigin, which agglutinate cells and/or precipitate
glycoconjugates” (Goldstein ef af 1978). ' The existence of these carbohydréte

binding proteins in various plant species has long been recog’nized but their

physiological mle in the plant has until reeently, been unknown The malorlty of

. lectin studies have dealt with the exploitation of their carbohydrate binding

s

Speplflcxty togharactenze the surface of cells they bind. Several reviews have ,
beeﬁ published Ql;ich deal specifically with this aspect of lectin research (Sharon,‘
lé‘??' Liener .-1976' Sharon and Lis, 1972]. |

One of the flrst groups to study the interaction between a lectin and
bacterium, was Sumner and Howell (1936), who discavered that a jack bean exﬁraot
agglutinartgd species of Mycobactersum Since then, many lectins have been
characterized according ho‘their ability to agglutinate bacteria (Pistole, 1981}

“The interaction th;a.t occurs between the lectins of leguminous plants and
species of Eﬁ:’z@é:‘um in the symbiotic development of nitrogen fixing root nodules,

is a familiar one. This interaction is a specific one, in which the host range of

each Rhszobium species is very hmlhed an&medxated by the lectin of the host "

{Bhuvaneswari &/ 4/ 1977). A lectin named trifolin, that has been lsolaied from

e




clover, ccours in highest ccncenbratxons near the end of root hairs , the infection
site of rhizobia (Bl 1, 1977). This lectin pemfmally aggluhnam° Eﬁm}émm a‘nfoln’
the species responsible for root nédﬁlahon in ciover. Similar -sztuatlons »exxsh for
- several other .legume-fhizobiufn systemé {Hamblin and Kent, 1973; Bohol and
Schmidt, 1974). The bindiﬁg éiﬁe for ﬂ;}aie lectin on the Zdsredrum cell surface is as
yeb nob ce&tamu but is thought to be the capguﬁe of - the bacterium (Calvert &f a/
o) ,g‘ _ . S
-This situation represents a type cf-lectin—baehgfigm interaction v'm which the |

binding of the bacterium by the plant‘lectin lresults in the“ formation of a symbiotic

relationship behweer{ plant and‘ baéterium The result of a lec!:in--bacterium
interaction though, is not always S0 favourable for the baeterium, ‘Most meebmgs
between potential pathcgens and host plant are mcompatxble ones, in that a
resistant, hypersensitive response (HR) is ehmted by the plant (Klement 1963). A

hypersensitive response is characterized by rapld tissue necrosis around the

'ibnfection site, \gs a result of rapid death of invaded cells, as well as cells in the’
. ‘ ;

. _ P
immediate area. Compatible pathogens are those which either aypid or inhibit the -

hypersensitive response, Klement (1963) noted that saprophytic bacteria when
- inhrdduced into the tobacco leaf, do notb induce the hypersensitive reSpanée

_ Goodman and coworkers (1976] were among the First groups to provide -
evzdence for a type of recagmtmn system operalzmg it h@bacco lea\fea Saprophytic
(Pseua’amoﬂas ﬂuores@ens] incompatible (Pseua’amana.s syrmyzze py. pisil and |
' compamble (Pseudomonas syrsngae pv. tabaci) bacteria were inoculated @eparately
mto tobacco leaf tlssu and observations made electronmmmscopwally, 2,4and 6
hours later. Both incor patlble and saprophytxc bacterial cells were 1mmobxhzed by
a.t.t,achmenl; to mesophyll cell wal{s, but the hypersensmwe response was deuced

only by the incompatible cells. Ultrastructural changes in the plant cell leading up

L
! U




to the hypersensitive response inele(ied a rapid separabion of the cuticle fmm‘the

| cell wall where bacteria were at,tech,ed, which le.ﬁer beeame progressively shicker
and serreunded the bacteria, . The detachment and .thiekening of the cuticle was,
accompanied by the movement of vesicles to the plan} cell surfacs e.hd the
development of fibrils which“eppeared to aid in immobilization ef the bacteria. The
tobacco Qathogen did not attach to -plant cell walls and remained-fres in the
intercellular spaces and multiplied. | |

The attachmem; of sapmphybm becl;ena to mesephy!l cell walls wmhout the

. .[Vnducmen of the hypersensitive response is a common occurrence in the planb

recognition sytems studied so far (Sta_ll and Cock, 1979; Sing and Schroth, 1977,
Sequeira ¢ ai 1977). Ap_perenﬁly, the a—ttéchrhent of bacteria to the csll wall does
not hecesse;ily cause the hy’persensitive response, eut may be heceesery for it,

A geries of dekailed stﬁdiee of Pseudomanads syrtbgde pv. solanacearum (= F.
: sb.’anaseamm] pathogen of several plant species including tobaeeo potato and
tomato, revealed some of the molecular aspecbs%folved in recognition. Virulent
| strains of Pw/asacemum produce copious amounts of an exopolysacchande
(EPS), while avirulent strains. produce little or none at all (Husain and Kelman,
' 1958). Lozano and Sequeira (1970) obéerved that avirulent strains of
Pmlmacems@ when mtroduced into tobacco leaves, induce the hypersensmve
response, but no hypersensitive response was elicited by the vxrulent strains. . 9
Electron mlemscopy studies revealed that attachmenh of avirulent shrams to
tobacco leafj; mesophyll cells accompanied the hypersensitive response 'e.nd‘ec.s
expected, virulent streine remained unattacheﬂ, multiplied in the leaf higbsue'an‘d"did
net elicit the hypersensitive response (Sequeira é: al 1977). Surprisingly, not all

avirulent sbrams of Pso{anacearum attached to cell walls,

The lectin of tobacco (Lamport. 1980) is ldentlcal to the potato lect.m (Allen
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and Neuberggr, 1973) and both lectins are specific for oligomers containing.
N-acetylglucosamine. _ |

The BPS of F.sofsnacearum is a heteropolysaccharide rich in N—
Aacetylglucosam'ine (Sequeira, 1980). Avirulent (non EPS pmdu\c_ing] strains of *
P.solanacesrum are readily agglutinated by the potato lectin but e.ll" virulent (EPS}
producing strains are nob A(Sequelig‘a and Graham, 1977). When an EPS extract of
the #irulent, gells waé added to a suspension of afirulent cellé, agglutinati@n by t'he
potato lectin was mhxblted Some avxrulent strains of Psolanacearum are
agglutmat.ed by the potato lectin : more readlly than others (Sequexra and Graﬁam
19771, Those’ avifulent strains whiqh “agglutinate' more readily are -,"rough“ mutants
which ﬁack’ a portion of f,he 0 lspecifié chain in their LPS and produce &
hypersengit.ive response in tobacco leaves, évir_ulen}. strains which do‘ not re.é.dily_
agglutinate are “smooth"‘ in that they possess ab least a portion of the O ‘specific
side chain and these straing do no elicit the hy;iersensitive; respongse in tobacco
leaves (Whatley ¢/ a{ 1979). Appa:eﬁtl'y, the presence of the O specific side chain
hinders the binding of the lectin to some other portion of the LPS, e“!;her' the core
or lipid A@ regions. The core and lipid A regions of the LPS are fairly constank
~amongst those Gram negative bacteria so far studied (Luderitz #¢ al,|19?1]. Of the

five basal sugars which comprise the core region of Gram negative bacteria,

N-acetylglucosamine is the most common,

Theseoresults prompted Sequeira and Graham {1977) to propose a recognil;ic?ﬁj :

model for P.solanacearum in the potato plant, Three elements appear £o be" _
involved in the recognition of 2 selsnacearum, the Bacterial LPS, bagferial EPS
uand the potato lectin, Virulent strains of F.selanscearum eséape x(ééogﬁitqn
(hypersensitive response) by prodtlxcit.lg an EPS which competitively inhibits thé

potato lectin from binding the bacteria via its LFS. The inductionv of the
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. hypersensitive responge by avirulent eells io ab least partly due to the binding of

the lestin to the core ar lipid A region of the bacterial LFS, Although thig/ .

recognition model scems to be a sound one, Sequeira points. out several
inconsistencies whiclr warrant consideration (Sequeira, 1980). Some isolates of

Psa/anamamm produce a hypersensitive response in tobacco leaves even though

they pmduce an BPS which inhibits agglutination @f awmﬁemt cells by the Eectin

In addnh@n while LPS serves as a potent inhibitor of the hypersensntwe response

,(Graham el ai 1977), EPS doeg not.

P’rehmmary studies by others (Romexm el aé 1981 (ﬁfocdman ef a 1976)
pravide Further evidence for hhl.; type of renogmtlon sys %m (for rev_ie\é see also
Pistole, 1981; Calléw, 1977; Lippincott and Lippipcott, 1986]. Fett and Sequeira |
(198(jb] have demonstrated though, that riot all plant lectins exhibib such a specific
recogniton behz;vior. A bacterial agglutiiiin isolated from seeds of I;he soybea_.n_} |

cultivar Clark (Fett and Sequeira, 1980a) does not ag;glut;inate avirulent strains of

the pathogen Xamihomonas phasealt var. Jon)énslif, even though ultrasttuchmfal

-studies show that_ it attaches to cell walls of soybean leaves.

A lectin recently isolated from tomato (Kilpatrick, 1980; Nachbar ¢ af 1980)

~hasa specific affinity for oligomers containing N-acetylglucosamine, but different

molecﬁlar.weight (estimat‘;es have been reported. Kilpatrick [1980] found the tomato
lectin to be approximately 200,000 daltons in non—denaturing conditions and
possibly composed of subunits of 74,000 daltons as determined by polyaeﬁliamide
gel electrophoresis using sodium dodecyl sulphate. Naehba;' and coworkers

determined their tomato lectin had a molecular weight of.71,000 daltons and found

.b novevidence of any other form. The tomato leciin' is a glycoproteih, stablé at 65°C

and immunologically cross reactive with the lectin isolated from_thorn apple,

‘another solanaceous plant (Kilpatrick, 1980). Nachbar ¢f 4/ (1980) reported that

~
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 the tomato lectin is stable in PBS at -=-20°G for 5-6 months, at 4°C for severa.l
weeks at room tempgrahure for 96 hours and in lyophlhzed form mdeflmtely

| Although the tomato lectin is antmntagenm far mouse and chleken lymphocytes
(Nachbar ea‘ al, 1980] no physmlogxcal role for the tomato lectin in the planl; has ©

been gwen s S \)
> ' ' L /‘_/
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MATERIALS AND METHODS



a

" Bacterial Cultures

_ Culbures @f P.ilomals (PT-7 Ohio) were obtained from Dr. D.L. Cophn {Ohio
Agricultural Research and Development Center, Wooster, Oblo, 44691, U.S.A.). The .
i1 isolétes of various phytopathbg_ené used for bacterial agglfut.iha tion agsays were

obtained from Dr. G. Bonn (Agriculture'Canada,AHarmw Research Sﬁation, Harrow;

~ Ontario, CANADA, NOR 1G9}, Culﬁures of Kscherichsa e?élt,' Agrobaciertum

{umefasctens and Bhizobrum A/eyum:hmamm were obtained from the Departmental

 culture collection, All bacterial cultures were maintained at 4°C on slants prepared |

with Lowe égar'(Holder—Franklin, 1981}): proteose peptone, 3 g/L;'MgS]G4.7H20,

* 50mg/L; FeCly H,0, 5 me/L; K,HPO,, 200mg/L and Bacto agar (Difco

Laborataries, Detroit, Michigan, 48232, USA), 150-g/L. In preparation for

experiments bacteria were t.ransfé‘rred to plates “prepar‘éd with yeakt sa.lts ‘medium

(YSM}: NaCl, 05 g/L; MgSO,. ?HQO 200 mg/L; K,HPO,, 500 mg/L NH,H,PO,, -
200 mg/L; yeast extract (Difea Laboratorles) 50 g/L and Bacto agar (lecc |
Laboratories), 150 g/L.‘ In experiments which required exopolysaccharide (EPS])
productioh, the YSM medium was supplemented with 5% w/¥ sucrose and the c’el!s

incubated for 96 hours at room temperature. The effect of the addition of 5% w/v |

glucose was also studied with respect to EPS production.

The cells used for agglutination assays were grown in the YSM medium
described above without aga;r_ The liqgi;i medium was iﬁoculated by loop transfer
from cultures .grwoywing on YSM plates and flas shaken in a rotating shaking »
incubatar for 24 hours ak rodm temperature. The cells were hariested by"
cenhnfugalnon alb’ 10 000 x g for 30 minutes and the supematant dlscarded The cell

pellet* was resuspended in 10 volumes of an agglutmatmn (AG] buffer (pH 74)

‘consisting of 0.1 M NaCl 07 mM CaCl,, 0.7 mM MnCl,, 0.7 mM MgCl, and 10

mM Tris. The suspension was recentrifuged at 10,000 x ¢ for 30 minttes and the

{




 (McFarland, 1970).

. Isolation of Lectin from the Tomato Fruit

: ‘homngemzed in a Waring blender The homogenate was t.hen centnfuged at 1000 x U

~

pellet washed twice more with the AG budfef The final peﬂiei was resuspended in
the buffer ab apprmumately 20 x 10° cell.;/ml Cell numbers were estlmated

speetrophctometnca!ly from a standard curve prepared using McPaﬂand standards

Tive kilograms of ripe fruit from the tomato plant (Zycopersicon esculentum

[
e e IRy, T

Mill) cultivars “Beefstéak“ and "Best Boy" were purchased from a local fresh Fruit
market Lectin isolation from 4he frun‘, of each cultwar was conducted separately

usmg the method of Kilpatrick (1980) The fruit was rinsed i in dlslulled ‘water and 5

¢ for 20 minutes and the su;&rnatant. passed through cheesecloth to remove all the

- pulp. An equal vohime of saturated ammonium. sulphate was added to the

supernatant and the mixt;xré’ lcgft.to sit, overnight at 4°C. The precipitate that

resulted was caliected by centrifugation at 40,000 x ¢ for 1 hour-ét 4°C and il
resuépended in 100 millilitres of‘phosphate—buffered saline (PBS].

Phosphé.te—-ifx‘uffér-ed saline consisted of 145 mM NaCl and 10 mM sociium

phosphate buffer (pH‘ 72] Tﬁe crude extract was then dialysed against PBS for 48 |
hours at 4°C, with a fhange of buffef after 24 hours%e undiésolved precipihéte-

was discarded and the lectin extract frozen.

Gel Flltratlon of Crude Lectin Extract
R Blo-Gel P—QOG (mesh 100-—200) beads (Bio—Rad Laboratories, Richmond, CA,
94804, U_S.A.) were used to construct a gel follj;ratlnn column according to the
manufacturéfsfecommended procedure {Bio~Rad Laboratori‘es,A 1980). Twenty—fiVe)

milligrams of dry gel were hydrated in 600 millilitres of PBS, heated to 90°C, and



’ ”‘ “ . -
then allowed to cool to room temperature, F‘olldwing hydration for one hour, the

¢

gel suspenéion was deaerated under reduced pressure overnight. The column was

‘pre_pared at 4°C with the following specifications: total volume (V) = 450 ml, void -
volume (Vo) = 115 m, coluran diameter = 25 cm, bed height = 92 cm and flow rate

= t8ms/hr, The mqlecular wexght markers used were rabbit ,IgG (Sigma.(}'hemical

Company, St. Loms MO 63178 USA] bovine serum albumin (BSA) (Sigma) and

@valbumm (OA) .(ngma.). The 3 molecular weight markers we;e preparedt‘o 10 "

. mgfml in distilled water and the 8 mixed ‘1:1:1 and applied to the column as a 9 »
millilitre sample. The eiution'buffer used was PBS and }'millilitre fractions wére _
collected ‘Fractions collected were analysed f"'br protem concentratmn using the
Bio-Rad One Step protein assay (Bradford, 1976), which utlhzes Coomassxe Blue

o
G250 dye. ’l‘he standard protem used was IgG. : . |
: |

! A9 t’mlhhtre sample of the crude leclin was apphed to the column and using

PBS as the elution. buffer 4 millilitre fxactlons were collected and the protem

|
. concentrations as well as hemagglutmatmn (HA) \‘.xtre of each fraction was

¢ AN

determmed

* Lectin Co"ncentration in Crude Extnct
To estimate the relatwe concentratlon of the crude extra.ct a protem .

determination of the extract. using the Blo—Rad One Step protein assay, was done

before and after complete absorptlon of all lectin actmty Ten rmlhhtres of a 2%

eryt.hrocyte suspensnon was centrlfuged at 500 x y for 10 mmutes and the

supernatanh dxscarded. Two mlllllltres of the crude lectin extract was added vtvo the -

)

packed erythracytes, the cells were resuspended in the git.ract,aind the suspension
was incubated at room temperature for 80 minutes. The erythrocyte suspension

. was ﬁheﬁ centrifuged ab 500 x yfor 10 minutes and the supernatant removed. The .

4
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| - I
supernatant was;%‘ﬁhen aseayed for pr@téin' concentration (ds done previou_.y) and, -

. 1 . |
as well, assayed! for HA titre to ensure all the lectin was removed by absorptien

!

‘T’he original crude lectin ext.ract Was assayed snmnlarly The pmtem concentration

- determined for ﬁ;ne absomed extract was subtmcted from- i;hat of the orxgmal crude

extrach to establish the lectm -@@ncentratmn. |
A A .‘
.
Hemagglutmatmn (HA] Assav

Human blood (types A, B and Q) was colleeted fmm volunteers in sterile 5
‘mnlllhtre vaeutamgrs contammg 75 m, EDTA (Becton chkmson and Co
MlSSlSaaugﬂ Ontan@ CANADA L5J 2M8). Prior. 1;0 use the erythracytes were

 washed three times ifi § to 10 volumés of PBS. The eoncentratton of the
erythrécytes is "exﬁressed as a percér;tagé indicating .the volume of ,i)a.'cked cells

o {ml) (500 x ¢ for 10 min.). per 100 mllhhtres of final suspension. The washed

= == T
v,%xs_—e

4~ erythrocytes were resusperided to 2% v/v in PBS.
% ‘ All agglutination assays were carried out in Cooke Microtitre ,_,,pia.hes ,
" (Dynatech Laboratéry Products, Alexandria, Virginia', 92314, USA.) with

U-shaped wells.

-
o

A twofold dilution of an imtlal 100 migrolitre volume of tomato }echm solutlon

, was prepared in PBS. ‘Ig: each well, 50 mlcrohtres of a 2% suspensxon of

€

erythrocytes, type A, B or O, were added. A control for. the assay consxsted of 50 :

microlitres of the 2% erythrocyte sdspension in 50 microlitres of PBS The a.ssay
was performed in dupllcate and plates were mcuba.ted at 4°C for one hour The

i assay was rejected if spontaneous aggluhnatmn occurred in hhe control wells v&

L

The hemagglutination titre for each blood type was taken to be the reciprocal

of the highest dilution of lectin showing hemagglutination.

o
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Carbo ydra.te Specrhcrty o o K . - : "'. o,
Variouss earbehydrates weﬁ, tested for then' ability to mhrbrt hemagglutmatron )
& T
A twofold drlutron series of an, mrtral 100 rmerohtre volume of tamate lectm wa . o

RS

| prepared with: PBS, f/‘Fo each well 5& mrerolrtres of a Qm/'v SUSIJBHSIT of
erythror,ytes was e.dded followed, by !;he e.ddrtren to ee.eh oW of a 50 mrerohtre
solution of either glucosg {50mM], sucrose (50 mM), ga aetosas(ﬁﬁ mM) fructese ' P:‘
| (50mM], N-sacetylglucosamine (SOmM] or NN’ ”—-brra.cetylchltotrrose (IOmM)

The control’ f@r the assay eonsrst.ed of a twofold dilution series of the lechm to
which was added 50 mrcrolrtres of the 2% erythrceyte suspensmn ‘and 50 microlitres

%

of PBS The ‘assay was performed in duphcate amj the plates were mcubated at

[}

4"0 for 1 heur The assay was rejected i is no agglutmatron occurred I the com‘.rol

By

‘

wells , T

1

Bacterial Agglutinutién (BA) Assay ,

All ba.etenal cultures Tncluding L.lomaio, wer\e%rown in YSM broth and
washed three trmes with the AG buffer and resuspended in thal'. buffer aﬁ 20 X 10g S

1

cells/ml. L B

A twofold dilution of arr initial 100 vﬁricrolitre volume of tdmato lectin Sotu

was prepared in the AQ buffer. To each well, 50 mlerohtres of a 20 x 10g cells/ml

-suspensron of each bacterial 1solate was ‘added sepa.rately A ;yr the -

assay consisted of 50 mrcroln‘.res of each bacterial suspensron separately to
o 50 mrerohtres of -the AG buffer The assay was performed in duphcat.e and plates

were therr mcubal;ed ab room temperature overmght The assay was relected- 1f 4 ce
_ 4 o,
spontaneous agglut.matron accurred in the control.. e P SRR

a8
-

To ?etermrne if the bacterral agglu‘@hn and hemagglut.mm were synonymous

) 2
all the HfA activity of the lectin solut.ron was adsorbed with i mcrea.smg numbers of
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PT-7 Ohio ceﬂs Bacteria (PT—? Ohio} grown in YSM bmth for 48 hours ab reom

'tempemture were washed 3 hnmes in the AG buffer {10,000 x ¢ for 30 minutes) and

resuspended in l;he buffer. Several cell suspensmns of i mcreasmg cell numbers were

tmlxture Was then cent.nfuged ak 10 000 x ¢ for 80 minutes to pellet the bacteria and

1

bhe supematant assayed for HA actmty To discount the possibility of iect.m

- added to 1 mllllhir.re Qf lectln soiutlon« and left at room t.emperature overmght The

deﬁaturatlon at room temperat;ure overmght a sample of the lectin solution was seb

out overmght as a cont.ml and the HA titre taken before and after mcubatmn

N 1 . o - Qo
Ny

Exopolysacehamde Extractlon ‘

Bactenal cells (PT—7 Ohm] were grown on plates of YSM YSM with o%

v glucose or YSM wmh 5% su@rose plates at room temperahure for 96 hours. The .
* plate surfaces w were scraped and the cells suspended separately in 25 millilitres of

"the AQG buffer. The cell suspensmns were shaken v1gorously to loosen the EPS

_.from the cells and then centrifuged at 10,000 x ¢ for 15 minutes. The 3 e

supematants were assayed for carbohydrate content using the a.nt.hmne reaqhon

(Slnelds and Barnet.t 1674) and glucose as the standard carbohydrate and then

N rétained at 4"’0 for later bacterial aggiutination (BA) mhlblmon st'.udles,"I‘he cell |

pellets were resuspended in distilled water and a total cell count taken

specbrophotdmetrically,"‘us'i'ng the previously descriqu standard cuive (MGFarland,

- 1970). The amount &f EP‘S/cell from the 8 different média was then dehermined.‘

| Llpopolysaccharlde Extractnon o

The exhractlon procedure for hpopolysacchande (LPS) was done accordmg to
the method of W?Shpha] a.nd Jann (1965) Approxlmately 3 htres of a 96 hour
culture of PT—?’ Oth cells was -centrifuged at 10, 000 x g for 15 mmutes the cell

1

&

/

o

5
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i 0

pellet resuspended in 500 millilitres ofice cold PBS and i'ecentnfuged The .

' bactena pellet was then suspended in 350 milhhtres af 68°C dlshlled water to

- which was added 350 mllhhtres of a 90% (w/iv) phenol solutlon at the same

‘ temperature The suspensmn wa.mkept at 68°C for 15 mmutes and stlrred

wgomusly, then 1mmedxately 'tran ferred !,o an ice bath until the temperature of the .

m:xture reached 10"0 The mlxture was then c:entnfuged at 10 000 x ﬂor 80

i

: . " minutes. After remcvmg the upper water layer, another 350 mllllhtres of dlstllled

: _wal'.er was ad_ded to the remaining phqgtg\l layer andoagam rgamtamed at a

temperature of 68°C for 15 minutes while stirred. The mixture was centrifuged

again and the aqueous layer removed and pooled with the first aqueous layer

obtained. The pooled aqueous phases were dialysed against dist.i.lledwa..ter[:at 4°C.

for 3 days with 8 changes 'of ?distilled water over that time.” The dialysed sélution

was then concentrated from an initial volume of 400 mllhlltres to 100 mxllllltres
L;‘

, using an Amloon ultraflltratmn syshem fltted with a PM—30 membrane flll:er and

o]

the LPS concentrate then stored at 4°C unt_ll required,

Inhibition of Racterial Agglutination

't
|

- A) E;oi)olysa(cclgaride In‘hibitioni o ¢ i .

| A twofold dilui.ion geries of an initia.l 100 micrgﬁtré voluﬁxe of the crude

' tomato lectm extract. was prepared in AG buffer. To. two rows of wells, 50

mlcrohtres of EPS golution from bacterla grown on en‘.hex YSM YSM with 5%

‘ glucose or YSM wlth 5% SUCrose was. added To each well, 50 mlcrohtres of a 20 X -

cells/ml suspensnon of PT—7 Ohio cells grown in YSM broth was added A

'oontrol for the assay cons:sted of a twofold dilution series of the tomata lectin to .

which was added oOmwrbht.res of AG_ buffer and 50 microlitres of the 20 x 10°

/ 9. ,: : ) Y .




cells/ml PT-7 Chio cell suspensi@r;. The assay ‘Q’as performed in dupl‘icaté and
the plates were incubated at room temperabure @vemight,_ The assay was rejected
if no agglutination was visible in the Q@ntrél wells, The BA titre was taken to be

. AN . .
she reciprocal value of the highest dilution of lectin showing agglubination,

i

|

A] Lipopolysaccharide Iﬁﬁibition -
A twofeld dih}ti@n series of ‘an initial 100 microlitre vaﬁume@f,t@mat@ lectin

| 'erude extract was prepared w’if.h AG buffér. To each well, 50 microlitres of the |
LPS concentrate was added, f@ﬁléwed by the addition of 50 microlitres of a 2.0 X
10° ’(;ells[ml PT-7 Ohio suspension. A control for the assay consisted of a twofold
“dilutiéfn' series of lectin td which was added 50 microlitres of AG butfer and 50
.microlit.res of thg PT-7 Ohio cell suspénsioﬁ. T'hé agsay was performed in
duplicé.he- and the plates were incubated mérnight. The assay was rejected if no
"aggluti'nation occur’red'in the control wells. The titres were taken: té be the

reciprocal'o'f the highest dilution of lectin showing agglutination.

T
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RESULTS =
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type A B or O All 3 erythrocyhe types were found to be agglutmated by a

CHAPTER 1
CHARACTERIZATION OF THE TOMATO'LECTIN . “!

Erythmcy_te Specificity & . o | ‘ }

The crude lectin extract obtained from-ammenium sulphate precipitabion was |
dnaiysed agamst PBS [0 01 M, pH 6.8) for 48 hours ab 4°C and then tested for 1.
hemagglutmm actmt.y Hemagglutmatmn tests were carried aut in duplicate by
performing a 2 fold dilution series of the extmc!’. in microtitre plates, followed by . F&?# .

the addxialon to each well, of an equal volump of a 2% vfv erythrocyhe suspensmn ‘

component of the extract, and ag well, an HA titre of 128 was observed for each
biood group {table 1). No spontaneous hemagglutination was observe‘d in the control
wells, which consisted of equal volumes (5011L] ;of the erythrocyte suspansion‘,’ and
PBS (001 M). The protein éﬂn@entrahion of the crude lectin extract was | | \
determined to be 2.75 mg/ml, using the Bio—Rad One Step protein agsay. Using
this value and that of the HA titre, the spemfle HA activity of the crude extract
was 465 HA /mg for all 3 major blaod types tested. '
Molecular Weight Determination d:b

A 9 millilitre sample of the crude lgzitin extract fronln the ammonium sulphate

prempxtatxon was applled toa Blo—Gel P—QOO column (100—200 mesh), running at a

" rate of 18 mifhr at 4°C Four millilitre fractions were collect.ed using PBS as the \
|

elut.lcm buffer, and each fractlon was assayed for relative protein content usingthe
Bio-Rad One Step protein assay {figure 4). The resulting elution patlern was

|
11
found to coptain 1 major peak at an elution volume of approximately 120 ml, and 3 1}




TABLE 1

" Erythrocyte Specificity of Tomato Lectin

E=N

: Erjthrocyte'r HA

crude lectin " specific HA activity

type ~ dikre  exiract (mg/ml) : (HA/mg)
- “ ;m "
A 128 s | 465
B "128 - 275 _ - 465
C 128 215 465
4

h




‘FIGURE 4

Elution profile of crude tomato lectin extract from P-200 gel
filtration column. Darkened Squares { M ) répresent fractions
capabie of agglubinéting‘ 2% type B erythrooytes. All methods

used are described in ﬁhe bext,




i

FRACTION NUMBER

[20°_

100 _

I
e
®©

O
0"

»
o
<

jw/bn) "ONOD NIFLONd

<




a8

minor peaks eluting at volumes 180 mi, 205 ml and 216 ml - - ,
" As well as being assayed for relative protein content, each ffé@tion was tested
for hemagglutinin activity, A 80 ul samp!e of each fragti@m wag added td an
~ equal \rol&;mek of a 2% v/v type B erythrocyte suspf;ﬁsion in a microtitre plate and
_'in@ﬁbated at 4°C for 1 hour,’ All fractions eluted between volumnes of 96 ml and
144 nﬂ, the area of: the major peak, showed HA activity {figure 4). T‘he‘se fractions
Wmhhef tested to fin"d their hemagglutination titre, A 100 ul' sample of
each hemagglutinating fraction was diluted twofold in a microtitre pla:e using PRS
‘andﬂto each well was added 50 ul. of a 2% \7A4 type B erythmcyhe suspension,
The plates were incubated at 4°C for 1 hour and the plate was then checkéd to
determine the.‘titre for each fraction. The.hemagglutination titres, gréphicaliy,-
produced a p’é.ttern similar to that cf the relative protein concentraticn with ‘the‘ r
highest HA titre of 82 occurring at an elution volpume of 120 ml and the tltreﬁ |
declining to 0 on elther side of that fraction (figure 5).

Having determined that the pmtié;lnpcancentratmn of the fractiion eluted at fQO
ml was 01 mg/ml, using the Bio—Rad One Step protein assay, ‘the specific HA
activity of. tﬁis lectin sample Wwas 326 HA /g, Tﬁe gel filbration process therefore
resulted 'm a 7 fold increase in specific HA activity. Followir;g the gel filtratio"n/ of
] the crude lectin, a series of 3 molecular weight markers were used fo estimate the

molecular weight c:f the isolated lectm A i mlxbure of rabblh immunoglobulin G

[IgG] bovme serum albumm (BSA) and ovalbumm (OA), na total volume of 9

millilitres was applied t.o the column, again running at 18 mis/hr at 4°C and eluted .

with PBS. Four millilitre fractions were collected and each fraction was assayed

~ for relative protein content using the Bio~Rad One St.ep protein assay, As

‘e

expected, 3 major peaks were obtained, IgG eluted at a volume of 124 ml, BSA at

180 ml and OA at 220 ml. Using this data and the pa’ramjeters of the column itself




FIGURE 5

4] £

Hemagglutination {HA) titres jof the fraébiohs' eluted from the gel

filtration coluﬂiri. Ope_n} squares { I ) represent the relative proiein

coficentration.of each fraction. Closed circles { @ ) represent.

the Hﬁ; titre of each fraction. All methods used are déseribed in
;‘_' . . ’ .

the text.
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‘carboh drate solutlon followed by 50 uL of a 2% v/v typc B erythrocyte

7 g _ . s
s standard curve was prepared to determine the molecular weight of the tomato

lectin. A linear relationship exists between Ve/Vé and molecular weight of the

| markers, The Ve/.Vo value for the tomato lectin was bherefore calculated and its

m@le@ﬁlar weight, interpolated from the standard curve, was approximately 140,000 |

~{Figure 6).

Carbohydrate Speciﬁcgty

. In order o deﬂermine the carboh;vdrate specifiéitylof the isclahed tomaﬁ‘o' |
lectin, six carbohydrates were tested i’or' their ability to i;:h'ibit h.emagglutinatioﬁ..
A twofold: dilution séliies of the crude lectin extract (initial',vol‘ume-l(][l uLj was

preparéd using AG buffer To each row of wells was added 50 uL of 'Vone

suspension. - The plates were incubated at 4°C for 1 hour and then exammed for .9
hemagglutmatxon mhlbltmn Ta.ble 2 demonstrates the ability of bhe six
carbohydrates tested to mhxbxt hemagglutmatxon The only carbohydrate tested
capable of ca.usmg an HA titre decrease from ‘the control was NN, N"-

triacetylchitotriose, an ohgomer of N—acehylglucosamme The carbohydrates

‘ chosen for this mhlbltlon st.udy, were tested by others prewously (Kilpatrick, 1980

'Nachbar 1980) This a.ssay ,was conducted to help determme whether or not the

lectin lsola.ted here was t.he ‘same as that reported by prevuous authors (Kilpatrick,

- 1980; Nachba.r ,1980). At a 10 mM concentratlon NN’ N"-—tnacetylohlt\otrlose 4

ncaused complete mhlbmon of hemagglutlnatlon while at 50 mM concentratlons no

other carbohydrate tested, mcludmg N—acel:ylglucosamme had any effect@"l‘hese

results confirm that the leptm isolated here is specific for‘egrbohydra.te oligomers’

. . T , . v . } : .
containing N— acetylglucosamine. . . o
, oh .
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~ TABLEZ .
| @H(O Inhibition of Hemagglutination .
¢ ‘ - |

CHO cone.
 (mM) @

HA titre

’ f - glucose (50)

sucrose (50)

galactose i50) - . - R

iructdse (50)

64
o4
64

64

N;acetylglucosnmine (50} - t 64
'N,N’,N"—triacefyl_chitotﬁose (10) 0
' CONTROL 64
> |
@ A

&

° v

R =ty
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4

Standard curve of “Vie/Vo versus molecular weight of the markers "
used to determine the molecular weight of the tomato lectin by |

- gel filtration, All methods used are described in the text.

.
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FIGURE 6
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Bacterial Agglutination EBA] o e ] .

T e
.
v

A) Pseudo ona.s\syrthgae pv.lomato
The bagterial agglutinatihg ectivity of the lecﬁn isolated ft?f!l‘ the tdnié.iﬂ fruit

was'studied using 2.¢omato (strain PP Ohio) cells,vrg"ro\m in a yeast salts
medium broth {YSM). Brot’h'ce"lture was eéed' in order to minimi.ze the productien

of any exopolysaccharidé; which would interfere with ;nteractien of the lectin and

the bacterial cell sur}"e:ee" The PT—? Ohio cells were washed three bimes wit:h the .
AG buffer and finally suspended m tha.t buffer at 20 x 10° eells/ml A twofold
dilution series of the crude lect.m extract (initial volume 100 ul) was prepared usmg
AQ buffer a.nd ho ea.ch well was added 50 ul, of the baetenal suspensmn and the
plate. mcubated overmght ab room t.emperature 'The PT-7 cell.: were found to be _
agglutmat.ed ab all dllutnons of ‘lectin greater than 1/128 To determme the hlghest P !
dilution of lectm- capable of aggluhmaﬂ.tmg the PT-7 Ohio cells, the assay was |
‘repeated using an initial 1/10 dilution of ;thebefude; lectin. e:gtrect. ’ The/ b;;c.t;erial ‘

cells‘v were agglutinated up to and including a lectin dilution of 1/10,240 and the BA

titrne was therefore 10 240, The control"séay’ which ebnSisted of equal volumes (50

uL) of the PT-7.Chio cell suspensmn and AG buffer showed that no spontanecu., -
bacterial agglutmahlon had oecurred. A comparlson of the resull;s obtained in both

BA assays mdlcate t.hat agglut.matlon of the PT-7 Ohlo cells begins at a dilution | o
of the lectin between 1/80 and 1/128. It was not very surpnsmg t.o fmd l‘.hat hlgh
concentrations of lectin do not resylt in the aggluhmatlon of the bactena since the
' mteractmn between a lectin and' its carbohydrahe receptor on a cell surface is
v analogous in several respects to the interaction between an antibody and its. »
“ antigenic receptor. In this _ca;be, a d(ijlubicm of lectin less thani/ﬂl@B mimice the

response of an antibody when it is in great excess of its specific antigen, resulling |




in tﬁe‘d’nssc»ﬁuti@n of the precipitéte (Sharop and Lis, 1672). With recpeet to an-
antib@dy~antigen‘mteraeti@n ’khi% situation is referred to as the prozone
phencmenon. By @afrymg this analogy fm’ther dnluﬁ@M@ctin iess than 1/128
would represent the Eectm 6XCess gone, dnlum@ns greater. than 1/10, 240 the |
carbohydrate re@@pt@r excess gone and dilutions between 1/128 and 1/10,240 the
z«a}m “of equwﬂence (Engure 7). | ‘ | (

Having determined both the BA. mre of the crude kzctm extmct as well as ib
protein concentration, the specific BA activity of the cmde lectin extract was
' S?ZB.S‘BA:/mg. In camparis';on to ’,_i;hé specific HA activity of the crude Iéckin -
sample, cal_eulated to be 46 HA/mg, Ehe bacteria are 80 times more sensitve to
agglutination than thé erythrocytes. . | V o | | \) |
| A) Other Bacterna Tested | |
% The bacterial agglutinating actmt.y of the. lectm isolated from the tomato fruit
| was also studied using 15 isolates of pathogens of ‘tamato, non—pathogen‘g of
tomato a)nd saprophytes. The bact.;éria were gro\én in sepa%ate. YSM broth cultures
and washed three.f times with AQ buffer before being suspended in that buffer ab
. 20 x 10° cells/ml. A twofold dilubicn series of the crude lectin extract (initial
volume 100 uL] was prepared using AG buffer and ko each row of wells was added
one of the bactenal suspensions before overmght incubation at room l;emperature

The results obtained showed no correlation -between ablhty of the lectm to

agglutinate any particular bacterial species and whether the species was pathogenic,

non—apathogenic or saprophytic (bable 3). One crucial factor that must be
: can51dered here is the absence of any loose EPS, that is eleviated by growmg the

bacteria in broth culture followed by repeated washmgs Several of the baoherlal

species assayed {or agglutination, may naturally produce an EPS that under -

F
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TABLE 3 -~
. Spedificity of Bacterial Agglutination

Pscudomonas papulans

Pseudomonas tomato

.-Bacteria BA titre
Escherichia coli 4 *
Agrobacterium tumefasciens 32
Rhizobium leguminbserum 2
Xanthomonas pruni 2
'Erwinia herbicola 2048

" Erwinia carotovora 4
Xanthomonas phaseoli 1
Pseudomonas maculicola 8 -

* Pseudomonas tabaci 1
Pseudomonas cichorii 16
Ps¢udomonas marginalis ; T 82
Xanthomonas vesicatoria 32
Pseudomonas phaseolicola

2048
© -2 :
128
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natural conditions may inhib/it lectin binding to the ba@terial surface. Although all
species of bacteria_ were agglutina.ized by the tomato léet.in, the titres varied from 1
to 2048. The most significant result oblained here, is the presence of some E
~ carbohydrate oligomer containing N-acebylglucosamine on all bacterial species | o "

tested, which serves as a receptor for the tomato lectin under these test

gonditions,

Leetin Concentration in Crude Extract

Thf—': original protein concentration of the crude lectin extract was B
approximately 2.75 mg/ml, while that of crude extract from which .all lectin was = ° Ve
adscz'rbed, was 1.5 mg/n}l, as getermined using the Bio—Rad One Step protein .as_sa.y.

The subtraction of" the second value from the first was considéred to be thé lectin "
concentration in the orjginal crude lectin and was found to be 1.25 mg/fmil, The HA
l;it.rel of t;he adsorption treated extrdct was found to be 0 and therefore all the
lectin had been rem’oved_vby the absor;;tion;a This calculated value for acljﬁal lectin
concentration in the crude extrach allowed for a determination of specific activities,
both HA and BA, of the lectin itself. The specific HA activity of the lectin was
1024 HA/mg and the specific BA‘activity 8192 BA/mg,

Is the Bacterial Agglutinin the Hemagglutinin *
 To be sure t;hat the bacterial agglatimbing activiby and the hemagglutinating |
activity are elicitea by the same protein, an attempt was made to adsorb all

. hemagglotinating écbivil;y through pretreatment of a léct.in solution with an excess
amount of bacteria. To accomplish this, varying amounts of PT—7 Ohio cells
ranging from 5.0 x 10" cells/ml to 1.0 x 10" ‘ce_ll /ml were pre— incubated in a 1 ml

sample of the cr/@ lectin exgl;ract; overmighf abt room temperziture. Following this

ko
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" titre of 0. No decrease in titre was observed in tﬂe_control, the HA titre béfore :
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incubation, the cells were removed by centrifugation and the superhatants assayed

for hemagglutinin activity using the tyvpical HA titre assay. A twofold dillitian

(initial volume 100 uL), of each supernatant was prepared in a microtitre plate and

- to each well was added 50 uL of a 2.0% v/; suspension of type B erythroeytes.

Following incubation at 4°C for 1 hour the HA titre of each supernatant was taken

(table 4). To’ensure that any decrease in HLA titre 'was not due to the

_ denaturation of the lectin from overnight incubation st raom temperature,a control

was run that consisted of equal volumes (50 uL) of lectin. solution and PBS (0.01

‘ M), left to sit overnight at room temperature, The HA titre of the control was

a Q

taken before and éfter incubation and any. drop in HA. titre would have rendered

" the -assay invalid. Tt was found that ag the nuraber of PT-7 Ohio cgllg increased

' from 50 x 10'° cells/m_i to 10 x 10" cells/ml the HA titres of the supernatants

decreased from 16 to 0, with any further increase in cell numbers resulting in a
' 4

and after the overnight incubation remained 32. Since all hemagglutinin activity
could be removegd by bacterial agglutination we could be sure that the

"~

hemagglutinin and bacterial agglutinin are one in the same, |




44

;
il
s TABLE 4 |
i Adsorption of HA Activity : |
 total # PT-7 Ohio erude extraét added HA titre
cells (mls) B
ﬂ\& =
5.0 x 10 8 1 16 r
| ,
10 x 10" 1 8
5.0 x 10" 1 0
10 x 10 1 0

CONTROL before incubation 32 (HA]
after incubation 32 (HA)




CHAPTER 2

‘ LECTIN:BAGTERIUﬁ INTERACTIONS

®B

Exopolysaccharide of 2.fomaie

. To determine whethfar or not P.lemaie pmddces an exopolysaccharide (EPS),
and xf g0 undér what conditions, PT-7 Ohio eell:? werebgrown on 3 types of solid
media consideted: to-be conducive to EPS formation by many pseudomonad spécies
(Schéad, 1980]: The cells’ were grown on plates of either yeast salts medium
(YSM), yeast salts medium supplemented with 50% w/v glucose (YSMQ] or yeast
Salts medium supplemented wit.ﬁ 50% w/v sucrose tYSMS)' and incubated for 96
hours at room temperature. The bacteria were then washed from the plates us’mg
the AG buffer and sﬁ'spended in 25 mis of that bﬁffer. Each cell suspénsién was -
subjected to vigorous shak’ing using a vdrtex to loosen any EPS from tl;e cuells and
then centrifuged at 10,000 x ¢ for 15 minutes to remove the bactena A sample
Erom each supernatant was then removed and assayed usmg the anthrone reaction
to determine the relative carbohydrate content of each, The standard curve for
éarbohydrate concentration determination was prepared using glucose as the
standard carbohydrate, | Table 5 shows the resulis of the carbohydrate c;mtent
determmatlon of the supernatants of the PT—? Oth cells gmwn on the 3 different -
media, To dlsg{)\t{mt the possibility that the dlfference in EPS productlon on th?
dlfferentﬂﬁas due-to dlfferent. cell numbers, the’ bactenal pellet obtamed from the
centrlfugabxon of each cell suspensnon was collected and the eell numbers estlmlted |
spectmphotometncally The amount of EPS produced by the bacteria from

different media was then expressed as ug/i0" cells. ‘As expected, cells grown on

YSMS media produced a re]atively lar'ge amount of EPS. Schaad (1980) states

<
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TABLE §
_EPS Production on 3 Different Media

growth EPS total # . EPS
medinm {ug/ml) cells -~ {ug x 10%/cell)
YSM 400 4.0 x 10%/cell 1o
YsSMG 1800 6.4 x 10'°/cell 28
. YSMG 72,000 52 x 10°/cell 138
‘,‘ '
S/




7 |

that P. tomato when grown in the presence of sucrose produces levan as an

5 .

extracellular pﬂlysaechande The effect of glucase as a supplemem; to. t;he YSM

media also appeared to have an effech in the- pmducmon of an EPS since its

- presence caused an increase in EP‘:‘. production three fimes I;hal‘. of cells grown on

YSM alone. These results- mdleated that in the absence @f suerQse PT—? Ohio
cells produce an EPS distinct from levan, since the formatlon of levan requires the

presence of sucrose as a precursor {Sutherland, 1972).

Exopolysaccharide Inhibition of Bacterial Agglutination . -
The three EPS samples extracted were retained to dehermine théir efféct‘on’

the agglutmatlon of the PT 7 Ohio cells by the tomat.a lectin. Since t.he growth of

bacterna in broth culture 1nh1b1t.s or at. least lessens to a great exﬁih the

producbxon of EPS (Sutherland 1972), PT~7 cells grown in a YSM broth for 24

‘hours at room temperature were ccmsndered to- have produced only minimal

amounts of loose EPS. The cells frotn broth were then washed three times with
the AQ buffer using centrnfugat,lon at 10,000 x ¢ and then fmallg resuspeﬂded in
the AQ buffer at 20 x 10° cells/ml. Any loosé EPS that may have been produced
in broth culture would be removed by centrifugation. I | o

A two fold dilution series of the tomato lectin was prepared in a microtitre

-plate using the agglutmat.mn (AG]) buffer. An equal volume (50uL] of bhe

- supernatanis cf cells grown on either YSM YSMG or YSMS was then added to

@

each well. The addltnon of 50 ul: of AG buffer, in place of a supematant,qto one
row of wells served as a positive agglutination conﬁrolﬁ The rTixtures were then

allowed to incubate at room temperature for 15 minutes prior 1,0 the addition of 50

 uls of the PT~7 Ohio cells grown in broth culture, Following 6vernight incubation

at room temperature the plate was then examined for inhibition of bacterial

@

e
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agglutinatiori (table 6). The c@nirol wells de;rionstrated that the diluiion'of Jectin

"re;;uired to dgglutinahe PT-7 Ohio cells was 1/64 and agglutinatié’n of the bacteria

continued at all dilutions greater than that, as in oblfer 'typ'iéa.l BA assays. “The
Aaddition of any of t,hé three supernatants containing EPS resulted in th@ complete
inhibition of bacterial agglutination, Apparentlyr: an EPS produced by P.éomate
has a 'pronbﬁnced affect on its interaction with the tomato léctin. Since "‘.t.he.
supernatants of cells grown on all 3 media were eapablé of inhibiting badtetial
agglutmatlon and levan is praduced only in the presence of sucrose (Sutherland,

1972] levan was excluded as bemg l:he possible interfering EPS -The facl‘. that

' levan is a polyfruchcse molecule (Sutherland 1972) and the tomato lectin is specific’
fcr ohgomers of N~acetylglucosamme also eliminated levan as a consideration,
The inte;fgring EPS n}ust} therefore be one produi:ed by F.tomato whether sucrose

" is present or not.

Cell Surface Binding Site for the Tomato Leetin . _

Studies by Sequéira' and Graham (1977), as wellcas 6t.hérs suggest that &
frequent binding site on the bacterial cell surface for a lectin is the
hpopalysacchande (LPS). In consxderatlon of this fmdmg, the LPS of PT-7 Ohio

was extracted to study its possnble role in the mteraetlon between tomato lectm

and PT-7 Ghio cells,b The method of LPS extraction was essentially that of

~ Westphal and Jann {1965). A twofold dilution series of the tomato lectin solution

-~ (initial volume 100 uL}, was prepared in a microtitre plate using'! AQ buffer,

followed by the addition of an 50 microlitres of the LPS exhré.ct.. A 50 ulL aliquot
of a 20 x 109 cells/ml suspension 6f PT—?VOhio cells grown in YSM broth was

" then added to each well and the plate incubated at-room temperature overnight. A -

- positive agglutination cotrol for the assay consisted of equal volumes (50 ul)-of
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TABLE 6

EPS Inhibition of Bacterial Agglutination -

medium EPS ’ BA titre
produced on

ysif - o o

ysM¢ 0
YSMS - 0
CONTROL " 128
¢ e
J
&5

A
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the tomato lectin solution, AG buffer and the PT-7 Ohio bacterial éﬁspension.

Following the ovemight incubation, the plate was exdamined for BA inhibition, The =

control row,demonstratned‘: tlalat the lectin dilution required to agglutinaté the
bacteria was 164 and aggh}tination' was 6b$er§ed at all dilutions greater thé.n that,
"The wells to which the LPS extract had been added showed c‘zqmpleté’ inhibition of
bacterial agglul;inat.ion,l It was éﬁdwn here ‘then !;liat the LPS ‘of the PT-7 Ohio

cells"in extéacted form was capable - of binding the tomabo lectin.
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<The identification and cha}acterization of ‘lﬁany‘ plam‘. lectins has long been

. reported and many rewews have been written concernmg those so. far studxed

' {Boyd, 1970 Sharon and Lis, 19?2 Nlcolson 1974 Sharon, 1977, Gold;tem ei al

1978) Untxl reeently though the most stnkmg lack of understandmg of plant

lectms has been their physmlog:cal role in.the plant, One nmsh recent

- conmderatlon is that t.hey may serve as recogmt.lon factors that aid in deterrmmng

—
the response of a plant to a forelgn invader; : S ’_ - e

At the onset of thls study, two reports were pubhshed (deatnck 4980;

Nachbar e! a( 1980}, both ‘of which discussed the lsolatxon of & . lectin from tomato ..

frult. Sﬁudles by lepatnck, (1980] suggest that the lectin is approximately 200,000» . |

da'ltens» in its native form, with s&bunits of approximately 63000 déltons ina
«

dlSSQClated fcrm Naehbars group. [1980] found the molecular weight to be
approxxmately 71,000 thh no evxdence of a polymenc form The 140 000 dalton

" estimate presented in thxs thgsns mdmates that. the Iectm may mdeed exxst

functlonally in nonvdenaturmg condxtlons as a complex of 2. subumts each of

; appmmmabely 70, 000 daltons This- would explam thie fmdmg of sueh a hxgh

moleeular wexé‘ht form by Kllpatrlck as. well as, the 71 000 dalton spfmes by

Nachbars group Differences, i in molecular weight estzmates may be attnbuted to

%

the: dlfferent 1solatmn and punfmahon met;hods used here and by the other a.uthors.

Both authors agree that‘. ihe tomato lectm ex}ublts a spemflclty for F» ¢

. ohgosaccharxdes cantammg N—acetylglucosamme as does the lectin isolated here.

- These é@mnlanb:es in molecular wexght and carbohydrate specificity-between the

lectin smdied here and thah@tndied by the previous authors indicate that the _
4 \ g

leemn arg one zmd the same. This was an 1mportant fact to develop, smce several

plant, specles possess more than one lectm form these dlffereni. forms bemg called

isolectins (Howard ¢ af 197t Lis m‘ ai 1966; Gould and Scheinberg, 1970) Some

v
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plant species such as Tles -eawpaem and Bande:'faea simplicsfolia poss?ss two
isolectin forms »gth different carbohydrate speclflclt.y No evidence of a |second
lectin form in tomato frult was found here or in the reports of lepatnclJ and
Naehbar ' - S _ : ‘-

It was determmed in thls thesis that. as well as bemg a hemagglutmmp the
tomato lectin was also ,;a bacterial agglubinin. Although the' addition of divalent -
cations was not’ required for hemagglutination, their presence "hed a profound effect
. on bacterial egglutination.‘ Initially, the BA assay was‘ettempted using bacterial
sufpéhsions in diitilled water. The ltitree obtaine\i were either ‘very Iowvor absent,
~and certainly inconeistent ‘When BA assays were conducted osing AG"buffer
'contalnmg a variety of divalent cations (see materlals and methods) the titres
obtained were 500 fold hlgher and cons'lstent. " The requirement for bound dnralent
cations such as Mg and Caz* has been reported for both proper
l:lpo;;olysaac]{:haride (LPS) physical structure on the bacteri‘all surface (Gray and
- Wilkinson, 1965; Olins and. Warnef, 1967)' as well as for many lectins to exhibit
bidiogical activity (Yariv et al, 1968; Paulova el sl 1971). .Generally,'tﬁe removal

of bound cations results in complete loss of biological activity for both the LPS S

and the lectin, It seems hkely that the addition of these divalent catlons to the

| BA assay system may ha.ve resulted in the proper conforma.tlon for agglutmahon '
 The fact that the tomato Iectmzagglutmates P.lomalo cells indicales that a

bmdmg site must exist on the bactenal surface which contains an oligosaccharide

contammg N- aoetylglucosamme Nachbar (1980) found tha.t the binding site for

the tomato Iect.m need not be composed entirely of N- acetylglucosamme since

~ peptidoglycan was also capable of mhlbxtmg hemagglutination. In consxdera.tmn of '

the earbohydrate requirement for the lectm binding site the LPS was considered as
)..

the most hkely An extract of the LPS of F.tomato completely inhibited the

L
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agglutination @f the bacterial cells bj the tomato lectin. Since l;lne.exacl; structure

of the LPS of P.iomaio is not kmlm, the portion which lé responsible lér léctin

binding cannot be stated e@jiwllnsivelye although a suggeéti@n can be made, -

Agélutination studies conducted here, using 15 different bacl}erlal species

demonshrate&l ) al; the tomate lectin éxhib’lts little BA speciﬁc_il;y‘, in the absence

of any;l@ose EPS. This indicates that the receptor on“the bacterial cell surface is

a @Qmmo;i one, and therefore the highly variable "Of side chain is an unlikely .

conslderatien, It i$ possible though, that a liinited number of bacterial isolates

were agglutinated by tllle tomato lectin, due l;o the'presénée of N-

acetylglucosé.mine in their «‘-'O" spe(;ific chain, bul; the high c:l.rbohydral;e variability

of this reglon amongst gram negatwe bactena. does not allow it to be ageountable

' ‘for all bacteria agglut.mated T’he .ore region of the LPS contams five basal

" gugars whlch are sald to be common ones amongst all spemes of any given |
'bactenal genus so far studied (Luderitz &f a{ 1971) One of I'.he common basal e

~ sugars of l;he core region of Pseudomonas LPS i is N—acehylglucosamme {Wilkinson

et a( 1983) ThlS N—-acetylglucosamme residue may be a possxble bmdmg site for ¢

' the tomato lectin on-the bacterial surface. . - |

'Resuqlhs obtained here, on exopolysécchéride (EPS) production indicate bha.l;ais

the presence of yeb another factor involved in recognition, .

The eiaeﬁ nature of an "EPS" hésrecenhly recei\'!ed some ‘attention by many
in bhebfie.ld of micrrob'idl(')gy.v There appears to be some confusion in the’
‘t:'erminol‘ogy used tl) describe the extracellular substances which- are prodl%ed by;
and surround many bacteria. In fact, several terms have been coined which
describe this extracellular material to varying degrees rangmg from shme and
capsule to glycoealyx and EPS. Each term lmpheﬂ a different c'trucﬁ.ure whlch may

<

or may not be appropnate. The term BEPS has been used here to descrlbe the g

o
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n;xlaterial which is-exuded by the bacterial cell and is at least pgttly {:ompésed of
. polysaccharide. |

When PT-7 Chio cells were grmm on'solid media, they produced at least two
types of BPS Iﬁ the presence of sucrose, which Serves as a necessary precursor
“for levan pmduozmn (Su&herland 1972}, wrtually aﬂ pathovar.a of Pseua’omonas
sysingae includitig pv. i’amafa pmduce levan as an EPS (Doudoroff and Palleroni,,
1974]. L avan ns a aolyﬁ*uct@se molecule in whxch the predominani lmkage is
-—fruct@syl 2 6 D- fmctose (Subherland 1972} and being as such, :99.5 not

represent a passible binding site for the lectin, When PT-7 Ohio cells were grown

“on solid media in"the absence of sucrose liqwe‘ve_r, supernatants of the cell

- suspensions still contained considerable amounts of carbohydrate. Those grown on

YSM plates supplemented with glucose pmduéed approximaﬁely three times the

amount, of TIPS, of <cells grown on YSM alone, This EPS, which must behdisltinct

: P]é"presence or absence of glucose, although the presencé of glucose does increase

» EPS 'production Tixe EPS produced by the PT—-7 Ohio cells grown on all 3 media

mhlbn‘.ed the agglutmatlon of PT—? Ohio cells gmwn in broth culture, A similar
situation was seen when mltlal BA assays were conducted by growing PT-7 Ohio

‘cells on these three dlfferent media and suspending them directly into the AG

~ buffér, without prior washings. The h'ypicai BA assay]failéd_‘hc demonstrate

agglutination of any of the three cell suspensions, whei the EPS produded by éach

was present. No actual distinction has been made here as to whether the EPS of

 Piomatois of the tight cabsula'r form which adheres to the cell wall or a loose

slime which is released from the cell, It appears though i‘.l;at the EPS produced by

P.tomato is more likely to be of the loose slime form, for two main reasons,

Firstly, the EPS could be removed from the cells using moderate centrifugation and

L

* from levan since sucrose was not present, appears to be produced by Alomaiein .

Q
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~ of several plants including potato and tomato, produces an EPS which is a
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secondly, numerous ahtempts to observe a capsular form, using negative staining

Lo

pmcedures failed.

As a point of comparison, the related bacterium F.solanscecarum, a pa.thogen

heteropolysaccharide rich in N-acetylglucosamine (Sequeira, 1980]. Sequeira and

_ Graham (1977) demonstrated that only avirulent strains of F.solanacearum are

agelutinated by the lectin of the potato plant and that the LPS of thé l;aclteria
possibly served as the binding site for the lectin. Virulent strains of
F.solanacesrum differ from the avirulent’ forms in that the former produces an

EPS whwh mhlbxts 1ts agglutmatmn by the potato lectin. Previous electron

. mlcroscopy studles by the Sequeira and coworkers (1977), revealed that in the

potato plant all v1ruient [shme formmg) strains of P.solanacearum introduced into”

the host lea.ves remamed free in the mtercellular spaces and contmued to multiply

with no induction of the hyper_sensntwe response (HR). The rnt;oductxo;er\/

avirulent (slimeless] strains fesulted in the atlachment of the bacteria to the

mesobhyll cells, followed by the formation of a surrounding’ grla‘.‘nu!ar material gnd & .

hypersensitive response by the plant. Not all avirulent forms were found ‘to'be

capable of inducing the HR, Those whichv did not were agglutinated by the lectin to -

- & lesser degree and found o possess an "0" Slde chiain of greater length than the

amrulent cells which mduced the HR. It was suspected that the presence of the
entlre "Q” side chain in these selech mutant-s prevented the binding of the lectin -to
the core or lipid A or-core region of the LPS. -
Husain and'Kelgnaﬁ (1958]) believed that the wilting of the tomato plant when
injected with 2.solanacearum, was ‘direcﬁly related to thé amoum‘. of EPS produced
by the bactenum Their results mdlca.ted that mut.ant strams of F. solanaaeamm |

which did not produce an EPS were av1rulent. while t.hose that did, were vxrulent

&
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Theyj also found that the amount of E"PS prdduced by different strains showed a
high positive corelation with pathogenicity. The authors reported thab the pnmary :

pathogenic faetar of F.solanscesrum was EPS and that it merely served I;o black

~Xylem vessels and hence cause the characteristic wilting, Alhhough this report was

not directly pértinent. to bhis'thesis- it serves to strehgtﬁen the argument for a
lectin recogmﬁon system in the tomato plant. It. is likely that the presence of the
EPS of Psolanaccamm does affect pat.hogemclty, but dees so because it inhibits
the lectin from bfndmg o the bactenal surface, | |
‘The similarities between P.¢gmaito and pv. solanacgarum z;.re'obvious ones, and
qnés which help to strengthen the lectin recognition model for the tomato .plant.
Since the tomato plant abﬁarenhly produces only one lectin form, which is
eonsideied here to play‘a' primary role in recognit:i'on, it must be abléb to inhéract

with more than one bacterial speciés to be ’”effe‘o:ﬁve._ ,‘ Converseij, the manner in

_which actual pathogens escape récognition should be similar, 2.solanacearum is

one pal;hogen of toma.t.o from which all reports mdxcal;e may escape recogmtlon by
the tomato plant in much the same manner as P.lomalo,

From the results obtained in bhlS study it appears that P./emaio is pathogenic
to t.cmai.o ak least partly because it avoxds recogmtlon by the tomato lectm
Recogmtlon is avoided by the productxon of an EPS whxch compem.wely mhlblts
the lectin from’bmdmg to the LPS of the i?act.erla. Thls, statement is made |
cautiouély though since several other factors are known to be involvgd in the
pathogenicity of bacteria and disease resistance in plants. Studies igdieahe Lthat
both sparophytes and non—pabhogens are bound by the lectin of many plants (Sing .
and Scroth, 1977;"Sequeira es‘v ai, 1977), yet.only the nor- pathaéens élicit the HR |

by those pldnts, Attachment alone must therefare nob necessarily be the caﬁse of
. ‘ . A

%

‘the HR, and some other factor must be involved. Although attachment of bacteria




-, prerequisite for the HR.

~ ' ~

to the plant ceil wall does nob always result in the HR, attachment iz a necessary
: i

Electron microscopy studies conducif.ed bj’ MeCurdy and Berlie {(unpublished

" data) provide addihiona.l evidence for the aceurrence of lectin reéognit‘ion in the

~ tomato plant. They observed that leaves infected with F.ilomaio demonstrated a

large number of bacterial cells free in the intercellular spaces of the mesophyll.

On the other hand, nonpathogens known to el_iéih the HR in tomato leaves, became

immobilizedi_by a dense granular 'materi_al and were ?.ttached to the mesophyll cells,
As yet, a few éaps need to be filled in our understanding of the reéognihion of

bacteria by plant lectins, but the evidénce presented here warrants its consideration

in the tomato f)lant. Furthermc;ré, a better understandihg of th; interaction )

between the tomato lectin and P.tomaio may provide key information to aid in the

development of tomato cultivars resistant to the pathogen.

&
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approximately 6 ug/ml, o ' - . | 4 t

~ of b least oné of the cations, Ca™, Mn®™, Mg? and Na®*,

8. The tomato lectin bound to the LPS of Pseudomonas syringae py. tomale,

60

1

[ 4

1. A lectin was isolated from ‘tomato fruit and found to have molecular weight of
approximately 140,000, .

3
L

\ : a ' :
2. The tomato lectin was specific Tor NN’ N"- triacetylchitotriose, an oligomer of
Naacetylgluc@samxne and was therefore considered to be the same as the one
previously xsoiated (Kllpamck 1980; Nachbar, 1980]

3. The tomato lectin agglutinated a wide variety of bacterial Spé@i@&; including
Pseudomonas syriagae py. {omaio (PT-T Ohio) cells at a concentration of

4. The aggiutination of Pseudomonas syringae pv. iemaio (PT—7 Ohio) cells by
the tomato lectin mimicked the prozone phenomenon, which occurs-between an
antibody and antigen. ' 5 : A <

| S

5. The agglutination of bacterial cells by the tomato lectin required the presence .

<

6. Pseua’omon@ syringae pv. iomats (PT—7 Ohio) produced at least 2 distinct
exopolysaccharides, one of which did not téquire the presence of sucrose as a |
precursor for its synthesis. : ' L i

7. The exopolysaccharide produced which did not require SUCrose as & precursor
complehely inhibited the bacterial agglutination of Pﬁeua’amwﬂas syfingae pv.
{omaid (PT—7 Chio] cells by the tomato lectin.

A
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