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l’igﬁre 70

BL~DEB ansay. Reacktion of backeria with antiserum divected against
L. m. subsp. michipganense,

Spok 1 - GC isolate
2 ~ N¢ laolate
3 - G5 imolate
] - LL isclate
3 ~ LC dsolate
6 = £, m. subsp. gepedetiicum
7 = T2L isolate
8 = 8. m. subgp. michiganenss
9 = €y m, subsp. nebrackense
10 - B, m, subsp, insidiosum
11 - &, irsnicus
12 - Cuitobacterium flaccumfaciens pv. flancumfaciens

L
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Figure 71

Boermening of patential grsening dsdclates in  the EL~DIB  assay.
Immobilized cultured cells wate probed with GICE antiserum (B)
and, in a partisl aseay, with antisarum directed sgninat the GC
isolate (A), '

G¢ isnlate

NG isolate

08 isolate _

BC isolate (Brite district Lisolates)
¢L tsolat

L2 igolate (Pretoria district ieolate)
PGl ‘solate {Protoria district isolata)
NL isolate (Nalspruit district isolate)

Spot

I I

1
2
3
4
3
6
7
8

b B L P - Cow
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3.9 DREPARATIVE IMMUNOFLUORESCENCE MICROSCOPY

Analysis of 1eaf'_materia1 neing thie methed failad to
reveal  the ©presence of mieroorganisme in samples of
greening-affected material probed with the GICE antiserum.

S8imilar reEulta wars ryecorded with material taksen From

" orchards in the Nelepruit, Letaba and Brits areas. Reaation

of +the antiserum with plant debris wawm obasrved, this being
sxpected due to the reaidual anti-plant activity of the

antiserum aven after extensive cross-absorption.

When the anbti-GC isolate antizmerum was used to probe
praparatlone of leaf midribs oolleoted from a tree from
which the GC isolate had been oulbured, numergus
bacteria-like astructures were observed (Flg. 72). Some
binding of Ig" to plant debris did ocour, but a visual
diatinetion «ould be made betwssn this veactlon and the
resction of the eantilssrum with bacterial cella. Healthy
aontrol prepaprations displayed a nminimel amount of
fluorescence and the baoteria—like gtructures observed in
the infeoted samples were not observed In these

preparations.

- Aftey eaxamination under» the flouorescent mlevossope, the

e g

polycarbonate membranes on whioh the ssimples had haeen

trapped ware propared for soanning electron miorospopy and
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vigewed with a JSM B40 scanning microsocope. This was done in.
order to confirm that the structures observed under the
fluorescent microscope displayed the morphology typloal of
&  rod-shéped bactersum under higher magnification
(Fig. 78). '

8.10 IMMUNOGOLD LABELLI..G

Cultured oells of the GC isolate were adsorbed to slectron
microseops grids and then probed with the antimerum raised
againat the extract of greening-infscted citrus (GICE
antiﬁerum). Thé renoblon was vieualized by reacting the
gsample with & gold-lsbelled anti-rabblt Ig8 cojugate.
Figure 74 shows that binding of the GICE sntiserum to the
eells did not occeur. As a conbrol, the GC isolate was
-probed with the homologous antismerum wunder the same
conditiona. In this csse, binding did ocour (Fig. 75),
indlcating a spacifio reaction. |

Organisms displaying a similar morphology to that of the
greaning organiem ware extractsd £rom greening-infected
citrus  following method 5 (seotlon 2.9.2) and the
preparation immanogold-labelled using the antiserum raised
againet -ths GC 1isolate. The result is shown in Bigure 48,
It is evident that specific binding of the antismerum did
noet ooour, suggesting a lack of antigenic homology between

tha bacterium obs.rved and the culturad GC isolsate.



Flgire 72

Fluorescents of organiama
mategial, Bars = 5,0 um.
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extracted from infected eit¥us mideib
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TFigure 73

Scanning electron microscople examination of organisms (arrows)
and host plant debris trapped on the polycarbonate membrane £rom
the PIFM investigation., Bara = 1.0 um.
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Figure 74

Immunogald labetling of the GC isolate with ankiserum vaised agalnat
an extract of greening-infected citrus (GIOR antiserum). Note sbsence
of bound gold conjugate. Bar = 0.25 um.

Figure 75

Immunogold laballing of the 6C isolate, Cells were reactad with
homologous antiserum and probed with gold-labelled anci-rabbit
igG. Note specific binding of label to the cell. Bar = 0.25 um.

nt

-‘!
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3.11 WESTERN BLOTTING

Figure T8 shows the. PAGE gel patterns of the Coomassle
Bluawatainad proteins from the extracts of the cultured GC
isolate and the healthy oitrus nidrib material. After
electrophoresis, the broteins on duplicats gels wers either
stained with Coomassie Blue (as shown in Fig. 76) cr
transferred to niltrocellulose membrane. The blothted
vroteins of the clitrus extract were r.obed with sntiserun
divected agalnet & live, aoni&atad prepardtion of the
oultured GC  isolste, followed by reaction with
1zﬁI-labelled Protein A. Three mnillimetre sections were
cut along the length of the NC membrane and the
radiosctivity of each section determined. The bar graph
reprementas the radiocactivity .(o.p.m;) along the length pf

the paper blotted with the citrus proteins.

The gel profiles of the bacterial and plant extracte
demonstrate the presence ~Ff a 81 kDa and a 87 kDa protain
which appear to be common to both samples. When the cityus
proteina were probed with the GO izolate antissrum, s
pogitive reaotion betwsen the antiserum and the two plant

BY hgins was recarded (¥ig. 78, bar graph).

s
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Figure 76

Coomassie blue-stained protein profiles of extrscts of healthy

cltrus midribs (lans 1} and the cultured GO icolate (lana 2).
Molecular weight markers (l4.4 = S4 KkDa: Pharmacia) are ahown in
lane 3. The har graph represents the radicactivity {e.p.m.) slong
the length of the paper for tHe citrus proteln extract. The proteins
in this lane were probed with antiserum raised againgt a livs,
sonicated preparation of the eultured GG isolate.

[

.
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3.12 FATTY ACID PROFILING

The fatty acid profiles of the bacterial isclates as
datermined in the Jlaboratoriss of the National Collection
of Plant Pathogenic Baoteria (NCPPB), England are shown in
Appendix L.

The snalysis of isolates NC, CS and R-NC (the latter being
an organlosm re-ioolated from & olbrus eeedling inoculsted
with +the NC 4isolate) conducted in the NCPPB laboratories
indicated that these three organisms have the profile of a
Gram positive coryneform bacterium and belong to the same
taxon. Although the fatty acld profile has affinities with
Clavibacter, Mlorocooous and Baclillus, the nsture of the
profile and the Gram =sbtain raﬁctian indicate that the
orgenisas appear to he moot closely related to the genus
Clavibacter. It ia possible that the isolates sre members
of ‘the Clavibacter michiganense group, their profile being
most similar to C.m. subsp. gepedonioum. The similarity
indicea were found to be fairly Jlow, =0 great emphasis
cannot be placed on the naming of subep. 2spsdonicun,
although this was the library profile moat siwmllar the.that
of the laoclates.
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Imolate GC was found to have the seme profile as the three
- aforementioned bacteria, but with 3 small additional peaks
which confused the diagnozis. GC was, however, found to be

claaal& related to the C. michlgeanense group of bacteria.

In the game analyesie, Iisolates TZL and _LL displayed
profiles which differed from one another and from lsolates

NC, GC and CS as well.

3.18 PAGE ANALYSIS QF CELLﬁLAR PROTEINS OF THE _
C. michiganense GROUP OF BACTRRIA AND THE GREENING
ISOLATES

Fatty acid profiling of isolates GC and RO suggeated that
the organisms are members of the J. michilganense group
(section 3.12). PAGE snalyeis of proteins ﬁaa aﬁbaequently
capried out and ths resultant protein profiles of the
organisme used as anothey mesans of determining a rossible
relationahip between the isolates and representative

members of this group of bacteria.

The PAGE protein wvatterns of +the greening isoclates and
Clavibacter type cuiturez obtainsd from +the National
Collection of PBlant Pathogenle Bacteria, U.K. indicate .

differences in the cellular proteins of isolates G. .nd NC
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and all the members of the (. michiganense group of
" bacteria investigated (PFigs 77 And 78). This finding, as
well _aﬁ- the results of the EL-DIBE aessys taectiﬁn 3.8.5.3,

Fige. €8 and 70), suggest that isolates GC and NC are not
closely related +to thia group of hbaecteris. Fuorther
characterization (@.g. genetic, metabolic and cell wall
oumposit.ioa studiee} of the isolates 1s, however, necessary

 to oonfirm this.

Figure 77

SD5-PAGE protain profiles of greening isoletes and members of the
geuera Clavibacter and Curtobacterium. PAGE wsamplag wave prepared

by the method of Carlson and Vidaver (1982).

Late 1 - molecular weight markers (14.2 - 66 kDar Sigma)

2 - gurtobacterium £laceumfaciens pv. flaccumfaciens (strain

NCPPB 1448)

Clavibacter iranicus {strain NCPPE 2253)

C. m. subsp. insidiosum (strain NCPPB 1109)
€. m. subsp, nebraskense (strain NCPEB 2579)
€. m, subsp, michiganense (strain NCEPB 2979)
W isolate

lysozyme (internal marker)

GC isolate

1t isolate

"iit!

W o~ oln P L

[
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Figure 78

SDS-PAGE protein profiles of €. m, subsp., sepedonicum and greening
isolates. The cellular proteins of €. m. subsp. sepedoniaum and
these of the greening isolates were fFractionated on separate gels,
but undar Idential cgonditions. The sama protein standards were
used on both gels to allow for comparison of the proteln profiles.
Tha protein samples were prapared as described in saction 2.9.1.6.

Lane 14 ~ molecular weight markers (20.1 - 170 kda: Boehringer
Mannhedim
&. m. subsp. sepadonicum {strain NCPPB 2137)

ol
-
3

molecular weight markers (20.1 - 170 kba)
heglehy clbrus midrib extract

GQ isolate

N} isolata

C8 igolate

LG izolate

LL isolate

TZL fsolate

03 ~1 Th &N P Lo pa =
1 & 1 9 1 111
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CHAPTER 4

DISCUBSION

4.1 ANALYSIB OF THE CULTURED BACTERIAL ISOLATES

The regognition thatt phloam-restricted prokaryoblo
organlsns were assooisted witkh cltrus greening dlseams
{Lafléche and Bové, 1§70a and 1970b, Saglio ef al., 1871,
Chen at al., 1871} raised hopes that the dissase agent
would ba culturad and l1te aetiologioal role confirmed.
Reports oclaiming the succemsful dn wlire oulture of the
greening organlsm in artificial media soon follewad (Ghosh
et al., 1871, Sodhi at al., 1873). The organiame obtained
in oultures wers mycoplasmss and could therefors not havs
been the greening organism, known since 1971 to differ from
8 wnycoplasma (Saglic at al., 1971). This fact haw since
been amply confirmed (Uhen gt sl., 1871, Moll and Mawtin,
1874, Garnier et al., 1876, Garnier and Bové, 1877, Bové
ah al., 1980, Garnler st al., 1964),

Bome years after these initisl imclation attemptz, Garnett
{19856) reported the imclatlon of the greening bacterium in
8 aomplax medium designated MIG. The evidenne presentad by

the author in support of the alaim that the organism
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implated waa the setlolegical agent of greening disssme was
lapgely oireumstentizl. The fact that i) the morphology of
the eultured bacterium waa *ryplesl of the greening
- hacterium as viswed ln gitu, 1i) the organism was isolated
from most of the major citrur growing aréaa of South Africa
where greening exilste, and 11i) the antibiotic aenaitiviﬁy
dieplayed by the orvganism wag comparshle to that desavibed
for greening in gitu, was considersd by the author to he |
adsauste proof of the pathogenlcity of the lsolate.

In the same Journal in which the work of Garnett (1985) is
reportnd, reports by Ariovien and Garnett (1885) and Duncan
and Garnett (1885) present further ciroumstantial evidence
t«r gupport +the olaim made +that the bacterium is the
cousatbive agent of gresning disesse. Attempta to repeat
appeate of the work performed by the above suthore in this
and other laboratories have met with little sucecess. ITn the
hands of othor werkern the MIG medium of Garnetbt (1885)
failed to eupport the growth of the greening organism even
when infected periwinkles with high titres of the bacterdium
were used ao  inoculum (Manicom, 1984, Garnler ek al..
1887), Moreover, wan antiperum raised by Uarnler at al.
(1967) &speinet the &ultured igulate of Garnett falled to
deteot preening disease in infected poriwinkle and eltrus

_ Flantg in ELIBA. The inablilty of workere to reproduce thp
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- regultas of Garnett, an «#il 88 the faot that the isolationa
snd pathogenicity were never fully confirmed by the
fulfilment of Koch's paaﬁulataa; casbs doubt on the
astlological rols of the cultured ba teris,

Mochabe {1888), working in thes pame laboratory as Garnett,
also reportad the igolation of similanr bacteria Lrom
greening-infectad oitrus and attempted to charscterize the

organisme,

One of +the principal aims of this atudy was to
unequivoecally dstermine the pathological eignificance of
the isolates supplied by Garnett and Moohaba thraunh
transmission studies. In  addition to the athtempted
fulfilmerit of Hooh's postulatea, an analysis of the
bacterial ismolates was undertaksn. This involved Gram
stalning, PAGE analysis of cellular proteins, eslectron
nicroscopls eaxamination and eserclogical sbtudies. Barly
transmlssion and serclogloal studies conduoted during the
course of bthis study suggested that the isolates differsd
in scme respects, Differences in certain properties of the
imslates were also observed in the work sarprled out by
Reddy (1989) and Moohsha (1089).
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ALl the oitrus greening isolatem desoribed by Garnebt

(19858} and Mochabha (1889) wera reportedly Gram-negative, In

this etudy, however, the oultured hacteris (lopblates GC
and NC) exhibited a Gram-variabls stain rsaction (Flg. 8)

when the steining method detailed in Appendix B was used.

' The isclates also astained Gram-varisble when the the

modifioaﬁion of the Gram shain proocedure employed by.
Moohaba {1989) wes used. Although the age of a bacterise®

oulture and the oqnditiana wnder whicsh thes nolls ara grown
are known to affsot the staining propertiss cf_a particular
organiem, isolates GC and RC consistently diaﬁlayed a'
Gram-vardisble staining reaction. A oculture of Q.m. aubsp;

niehigansnse  grown uﬁder the identical oconditions waa
inoluded as a gtandard. The organizm was found to exhibit a
Gram-varlable sbain reaction {(Fig. 9) simllsr to that of
isolates GC and NC.

Members of the genus QClavihactar are reportsd to be
Gram~positive (Davis ot al., 1684}, but isolstes
decolourize .aaaily and frequently exhibit uneven staining
(Moffett ot al., 18883, Vidaver and Davia, 1988). Aas
overnight oculturea of the bacteris were usmed for the Gram
staine, it 4is wunliksly that the variable stain reaation
ohserved was due to the sge of the oultureées. It is posaible
that the decolourization step used in the astalning
procsdure reportad heres was overly stringent and that the
Qlavibaotan and NG oultures destained easily resulting in

the variable stain reaction.
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The vrepults of & number of investigationm conducted in thie
study indicate +that +the GO0 group of imolates (GC, NC and
- C8) differ significently from the other imclates in a
number of rampeots and thus suggest that the groups are
unrelatad. The ocomparisun by SD3-PAGE &f the osllular
proteins of ismolates GG, NC, OS5, LIT, LL, TZL and LC showa
significant differences between the GC group and the other
organisms analyzed (Fige 10 and 78). The difference ia'alao
reflected 4in  the results of the EL-DIB assay in whioh
leolates 2L and LU falled to react with anbtlserum raised
sgainst  the GC isolate (Fig. 68). In addition, the
incoulation of various herbacecus plant speciem with sither
& oell suspension of the different isolates or with the
filtered oculture medlium in which the organiems were grown
pointed to dlfferences in tha infeotivity of the bacteria.
Only the plants exposed to 1molates GG, NC or €8, ox tb
their metabolites, doveloped disease symptoms, whila
isolates IO and T2L fallad to Anduce symptoma in the
similarly inooulated planta (Table 7).

4,2 ISOLATION OF THE BACTERIUM FROM CITRUS, PERIWINKLE,
DODDER AND THE INSECT VEOTOR

Attempts to lmclate and oulbuve bactsria idenbloal to the
AC group of organiems Irom eitrus and psylls samples
collected f£rom various areaw of the Transvaal affected by

greening met with limited asucoess (seation 8.2). The
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bactgrium' was cultured from only a small percentage of the
infected oitrus branch, leaf and f£ruit samples aseayed
(Tebles 1 and 2), but not from the infected insect,
periwinkle or dodder material, The organism was almo
isolated in pure oulturs from apparently healthy oitrus
material (Tables 1 and 2), although the trees from which
those samples woers havvested may have heen affected by
gresning but did not display visibls spmptoms of the
dipease at the time of collection of the samplea.

In addition %o the imolation of these organiems, a numbex
of other bacterial specles were isolated in pure culture
from both healthy and Infected ocltrus, periwinkle and
dodder samples using MIG-3 medium (Table 3). The bacteria
oultured were most probably residents of the internal plant
and Ainseot tissues am the sterllization method amploynd was
gtringent and had been found to be effective in
neutralizing the surface mieroflora. Similarly, a number of
different bacteris were isolated from plant and inseot
‘samples using a number of other oculbuve medis (ssotion
3.8.1).

No apprediabla differences in the results of the lsclation
attempta uasing the two incculum preperation procedurses wam
cbasyved. Tha Scholander bomb method was, however, a mora

cunvenient means of obtalning sap from oitrus meterial. The
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use 0f the bhomb facilitated the extrecotion of plant sap
under aseptic conditions and thus resulted in less
contamination of &ulhuras cumparsd to the chopping method.
.In eddlition. the Scholander bomb method of extrastion.
yielded an inooulum preperation which was less contaminated :
with compounds derived Lrom host tissue extracts compared
with the chopping method., The presence of such compounds
hae been found to be inhibitory %o the growth of MLO
(Rden-Green, 18982) and spiroplasmas (Lee and Davis, 1888)
and may simllarly affect the growth of vacteris extracted

from eltrue.

The results of the Ilsolation abtempts conduoted in this
sgtudy indicate a low correlation between typical greaning
pymptoms and oceurrence of the isolates of Garnett and
Mochaba. Nonethelass, the organism does appear to be
associated with greening-infected citrus to a limited
extent, but nob with aimilarly infected psylls, periwinkle

and dodder.

The finding that different bacterial epeciss oould bs
isolated from both dissased and healthy plant material im
in agreement with the obeervationa of Gardner gh al. (18982)
and Botha gt al. (1984) who reported that both healthy and
diseased cltrus plantsa  harbour endogenous baoterisl

ropulations, The mere obsepvation of bacteria in plants
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doss therefore not neceagarily imply that ths organisme are
phytopathogenie. . Furthermore, the oocurrence of such
endogenous microorganisme in citrus plante would obviocualy
complicate the unambiguoué lsolation of the astiologioal

agent of greening.

..4.8 ATTEMPTED ISOLATION OF THE CAUSAL AGENT OF GREENING

Perhaps the most pertlinent ares for sbudy of greening
disease i1s the further characterization and'identifioation
of +the causal agent of the dleeage, aventually leading to
“1te asslgnment +to & taxon. Advancement in thise sres wquld
be greatly facllitated by the auccessful'eﬁltivation of the

bacterium on artificial medla.

Usiiization of standard media and oculture methods has thus
far failed +o0 allow workers to isolate the aetioclegical
agent of greening. The anewar to thiz problem may lie in
.manipulation of the choice of the insculum source, exlsting
medin eand conditions of culture, as well as in ‘the
development of novel media and the uee of innovatory

culture techniques.

Bibarsa (1982) reported the development of s culture medium,
the formulation of which wss based on that of an insect

tigsue coulture medium. This medium, deslgnated “MIG".
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-allowed the author te oculture & bacterium with a similar
mofpholbgy to that of the greening organism. The bacterfﬁm
was isolated from greening-infected citrue but never from
healthy plant material. Using this same medium, Duncan
(1988) later isolated a Cram-negative bacterium from
infected citrua which reportedly displayed rhe
oharaotefistie cell envelopa of the gresaning organism. As
with the isolates of Garnett (1985) and Mochaba {1589), the
astiological role of the .acteris isolated by Sibara (1982)

and Duncan (1985) was never confirmed.

Deapiﬁe the reported eucocess sl culburing a Gram-negative
bacterium displaying the morphology snd ultrastruoture.of
the greening ' bacterium from infeoted oitrus using MIG
medium (Garnett, 1985, Arilovich &nd QOarnett, 1985), a
gimilar heaoterium wae never lsolated during the couree of
this study £rom cltrus, periwinkle, dodder ar insect
mebeyvial affeated by greening (esection 3.3.1} using MIG ot
MIG~3 mediuvm (8 modification of MIG).

Similarly, igolation cf an organlsm diaplaying +the
gtruotural featuree of the greening bacterium was not
aschieved using atandard bacteriological media, as well as
other culture media developed for fastidious plant
pathogens (section 8.3.1). Perlwinkla, dodder and peyllid

timgues hewve besn pshown to harbour high tlitreas of the
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_greening bacterium (Moll and Martin, 1978, Garnier and
Bové, 1983, Ghosh et gl., 1977) and should therefore be
more auitable as sources of the bagterium than citrus.
‘Attempted ipolation of the greening oﬁﬂaniam from these

pourcea was, however, not achieved.

Fallure to culture the graening organism can probably be
attributed to three factors: i) failure in mechanical
extraction of viable «rganlems from host tisesuves, ii)
inhibition of the bacteria in esrly passaga by compoun

darlived from host tissue extracts, and 1il) lnadeguaoy of

madia and eotnditions of culture.

In the oqaee of plant-pathogenié epiroplasmas, the idesl
inopulum for primary lasclation ls one that containe a high
titre of vieble organisme and s low concentration of
potentlal inhibitors of spiroplasme growth (lee and Davis,
1888). An irnooulum with the zame featuree 18 likaly to be

1deal for the oculturing of the greening organlsm.

In the Scholander bomb method of extraction, application of
positive preesure on a leafy twlg held within the preassura
chamber repults in the 1liqu 4 ooatente of the plant
vascular system being ~forced up to and extruded from the.
cut end of the twig. This method is ideslly suited bto the
extraction of xylem-limited a= well as phloem-limited
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"oprganlsma  euch as the disease agent of greening. The use of
the Scholander bomb +to obtain sap from infected oltrus
material was found to facilitate the preparation of inoclua
. relacively free of host pigments and other contaminants.
Visual and light microascopic examination of sap bubbling
_ffém the twig (Fig. 2) showed that the sap was minimally
contaminated with pigments and particulate matter of host
origin. PFPhyeical disturbance of vasoular~limited organiams

ia alsg minimized in thie novel extraction procedure.

The relatively ‘“"clean" inotulum prepvaretions obtained
through the wuse of the Scholander bombk differed markedly
from the plant-contaminatead linooula preparad by the
chopping method .(section 2.%2). The latter proosdurs
" puptures host cells re.: eing plant plgments, tannins,
enzymes &nd other compouride whioch may inhlbit bacterial
growth. Procedures such  as early serial sube-lture,
dilution of  primary culture with f£fresh medium, or
clarification (through u#is of centrifugation) to remove
toxic material, may however be used.to minimize the effecte
of +the host-derived Inhibitore (Liso and Chen, 1982)., In
the chopping method of extrantion, vortexing of the plant
suspension was neceésarv in order to enhance the release of
bacteria from the hoat timssue. This 1s a physically
disruptive process and may havs an adverse effect on any

miorcorganisms present.
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Isolation of the greening becterium from the insect vector
mgy. praclude mome of the difficulties encountered when
ueing infected plante as scurces of inoculum; Haemolymph,
for example, ocould be a ueeful source of the bacterium for
isolation Iin oulture ap the hesemolymph of TI. eryireae
aoileoted off greening-infacted c¢itrus was reported to
contuin lavge numbers of +the organism (Moll and Martin,
1873). Collectlon of ueyllid hsemolymph 1is an extremely
diffioult procedure and whole ground insevts had to be uaad
as  inoculuw in ‘this astudy rather than the Ilsclated
haemolymph. Howevar, when whole insects ars ground in a
medium or buffer, toxic products may be released (Lee and
Davis, 1986) and thus similar precautions such as dilution

and clsrification may need to be taken with sueh inocula.

It di= unlikely +that the inability to culture the causal
agent 6f greanihg dizease in this study was due to the
inefficeny of the mechanical extraction procedures
employed. Although electron mleroecopic examination of a
number of infectad plant extracts prepared ueing either the
Scholander bomb or chopping method failad to reveal the
preasenct of visible numbers of the greening bacteria in the
preparatlong, the nature of the prooaduraalia such that
their use should résult in the extriostion of at least mome

of the endogenoua mlorcorganlems from the host material.
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An initial dnoculum high in titre of viable organisms is
probably as important & gosl as a suitable growth medium in
 culturing the grecning organiem 1in yikee. The number of
bacterisa released by either the Scholander bomb or chapping
method of extraction may not have been great enough to
ensﬁra adequate growth of the oculture in the initial
stages, and further Iimprovemesnts of these procedurss, am
well as the Ainvestigation of other methods of extraction

should thus ke investlgated.

The praesence of potent plant~derived baoterial inhibitors
in the idinocula is unlikely to be & major =£actor
contaributing to the inability to ilsolate the greening
bacterium in puve gulture. Although inocula prepared by the
chopping method were vialbly contaminated with plant
components, any inhibitory compounds present would hdve
been dilubed coneiderebly wupon addition of 0.2 ml of the
preparation to 15 ml of oulture medium (ssction 2.2},
Clarification and ooncentration of 1.6 ml woiumes of
infected extracts by differential centyifugation and thelr
subsequent use ag inocula failed to result in the imolatlon
of the greening oraanism (results not ghown). Such
troatment of sxtracts should aid in removing a significant
amount of any inhibitory oomounds present, as well ae

concentrating the baoteria present,
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The extraction of plant xylem and phlosm fluid via the
Scholander homb should yieid ‘inooula conbalning lesser
amounts of plant componente and highey concentrations of
phlosm-limited organisms (such as the greenlng bacterium)
than the ochopping method of sxtraction. The use of this
ospparatua  therefore minimizes problems aaaociaued with
intsrfaring host compounds and maximizes recovery of

vascular-jimlited organisms,

The inabllity to culture the setiological agent of groening
diseame in viitro ie thua likely to be due to the inadequacy
of the onlture medla and/or conditions of oculture. Ths

£ailure of various medla to support the jn yitvo growth of
the organlesm (Moll, 1974, Manicom, 1884, Qarnier af al.,

1887) suggests  that 1t has  limited blosynthetic

capablilibies and probably requires a nunber of complex

ingredlients - sueh as those Included in medla for the
oultivation of plant MLO and spivoplasmas (Lee and Davis,

1988) .

Batsuse of the disputed effsstivensas of MIG as & enliure
medium for the greening bacterium, a number of other
complex medis were used in an attempt to Llsclate the
crganiam, Thres of the media, namely CG3, LDSAS and LDG9,
warys formulated for primary isclation and routine

utboulture of plant-pathogenie spirvoplasmas. Most medla
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designed £or this purpore ave, llke media for oulture of
énimal .myooplaamaa. anriohed with geveral complex
Iingredlents such as pleuropneumonialike organlam (PPLO)
broth bame, animal sarum, and ysast extract or yeastolats
{Lsa and Davis, 18988). '

Medium €G3 (Liso 4nd Chen, 1075) was the firat medium
fovmulatad for mpivoplasmas and is a simple madium commonly
nsed for thess microorganiams, Medium LDSA3 ‘Lae and Daviwm,
1888) was developed for cultuve of wors fastidious straina
and yielda supsrlor growth of the plant pathogens. Madium
LDE@ (Davia at al., 1988) supports good growth of strainem
that grow poorly if sl all in media containing ssrum. Ssyun
sontains a vardety of lipids and other ingresdients which
ave essentlal for growth of some MIO and spiroplasmas, bub
toxic and inhibitory to othera (Lea and Davis, 189B8). It is
thus essentlal o uss & variaty of media formulations whe:
attempting to oulbura a previously unoultivable

mioroorgnuism.

Dappite the routine use of the above-mentioned madis forp
the oultivation of a number of fastldious plant pathogenio
micproorganisms, the media ware unable to =mupport the
dn xifra growth of the greening bhacterium,
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In &mddition to tha use of the spiroplasma media,
formmlations - developsd for the axenic culture of
| phytapatbogeniu coryneaform hacteria, ineluding the
nutritionally exaoting organism causing ratoon stunting
disesss of wsugarcane, were inveatigated as poseibls media
for the culture of the gresning bacterium. These media were
found to be unable to support the in witro growth of the

organism,

All the media ussd were, however, abls to support the
growth of & wvariety of other bacterial species present in
the extracts of boin healthy and infected plent and insect
samples. The praserts of Bacteria in the ganples assayed
was hnot wunexpected: different bacteria were aimilarly
jmolated from material during the courame of other 1aolﬁtion
trislas (seotion 3.2), and the occurrence of endogenous
hapterial populatione In qitrus has been reported by other
workers (Gavdner gt al., 1982, Botha gt al., 1884). Insects
Yoo have been shoewn to harbour naturally-ccourring
bacterisl populations (Purcell at al., 1877, Davis at al.,
1881).

Becatwme of tha fFfailure of the artificial media, alternate
meothode of oculture were applied, namely embryonated hen’s
eges and insect tissue oculture. The former teshnlique has

besn used for the in vlitrg owlture of enimal myocoplasmas
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end epiroplasmas (Lee¢ and Davis, 1988),. Faatidipua plant
pathogens have also been cultivated using +this method,
Multiplication of Spiroplasms oitrd, honey bee spiroplasmas
and flower spiroplasmas in chick enbyryos has been reported
(Rose at. al., L1979, T.A. Chen and C.J. Cheng,
" unpublished, H.J. 8Su, unpublished) and Nienhaus gf; al.
{1978) were similarly able to oulbivate a rickettsia-lilke

organiesn obtained from yellowe diseamed grapevine proote,

Damplte the reported success in the in yitro culture of
=ome  phytopathogens displaying limited bioaynthgtio
capabilities, growth of the greening organism in chilok
embryos wag not obasrved. The failure to stimulabe growth
of the organlam in this oulture eystem under the conditions
used There im not,  Thowever, surprising. For normal
development of the embryos, the egge had to be incubated ab
37 ¢, a tempsrature which has been shown to bas inhibitory
to the Afrlcan etrain of the greening bacterium (Bové
et al., 1974). The btechnigue may have besn more aupoessful
had extracta of material affacted by the heat-tollerant

Aslean strain of the diseame been used as inseula.

Beceuse of the abmence of an established peyllid cell line,
a tulture of moaguito larval cells was used ln this ebudy.
No replication of tha gresning bacterium was obseprved to

secur 1in this oulture system, a result which was not
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totally unexpected eince ‘the mosgulto 1ls not a knowm host
of the greening organiem. The development of & payliid cell
culture asystem, howaver, might facilitate the 4in vitro

cultivation 6¢f the bacterium.

One i1is left with the conclusion that present artiflejal
madis and conditione of culture are simply inadeguate fou
the isolation of the greening bacterium. This may be due to
soms relatively simple deficiency, and Llmprovements in
survival, multiplication and eventual subosulture of this
agent may oome from chance combinatlons of oulture
conditiona and resgents. Noncultivabillty, hHowever, nay.
also reflect a truly'obliggte mode of parasitism, involving
a more inbtimate assoclatl.n with hoat metabollsm such as in
the case of the Chlamydlales (Eden-Green, 1882), If thie is
the cagpe, the davaloﬁmant- of alther nlant oy in=sect cell
~oultures, ox other Jin vivo systems, will prove central to
further progrese in the axenic oulture of the greening

organism.

4.4 KOCH"S POSTULATES

The history of eclaimed isolatione of mloroorganisma from
greening-infected oltrus demonetrates the need for cautious
svaluation of the relutionship batwesn a newly isolated

organiem and its plant and/or insect hoast.
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The puthological silgnificance of an orgeniem isolated from
an infeated aoﬁrpa can only be confirmed by the fulfilment
of HNooh's postulates. As earlier attempta to introduce the
oultured isolates baok inbo oitrus via meehahical '
inooulation had not been sucoessful (M. Rota, pers, comm.),
an  Attempt was made in this study to inooulate clitrus wis
the insect vector as well as via stem injection and

alazhing.

Initial observations suggested that the isolates wepe in
fact able to 4induce disease aymptoms in mechanically
inooulated ploants (Fige 16 and 17), the symptoms being
sxpressed in euccessive leaf Fflushes. Although the foliar
¢hloroses obaerved were similar to those expressed by
naturally infected greened olirus, conflrmation of
infeotion with gresning by the production of
chavacteristioally lopaided £xruit was not possible due teo
the Iimmature nature of the test seadlinam. In the abamence
of fruiﬁ; inooulated treess were tested for the presence of
the gentlslc asid marker of gresening disessa. The fact that
all the aymptomatid plants tested were negatiVa for the
marker wsuggests that the symptoms obasrved were not caused

by infection of the plants with greening.

Although expressed in successive lsaf flughea, the symotoms
obhsearved on inoculated oitrum did not persirt for longer

than 2 vyears in any of the sssdlings and a number of the
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plants sppeared to be free of disease 18 monthe after the

initial expreagion of foliar symptoms. The bactarium wae
reigolated from inoculated seedlings displaying symptoms
bot attemptz to reisolate the bacterium from plants after
the appavrent disappearance of visible symptoma wers not
succegsful; deepite the fast +that +he same plants had
previouely yielded tha bacterium,

{Ireening-like Jleaf symptoms have beon observed to ba
induced by & number of factors, both ablotic and blotic,
Labuschegne at &l. (1984) reported the development of
greening-like aymptoms in sweet orange inoculated with a
bacterium which was later found %o be unrelated to the
sstiological agent observed in sltu. Gardner et nl. (1982)
and Gardner gt sl. (1984) alsoc showad that varicua bacteria
laclated $rom apperently hsalthy citrus have an effeot on
plantz when inooulaﬁad back inte citrum. Induction of lesaf
gymptome in oitrus inoculated with various hacteris has
alsoc been reported (Labuachagne .nﬁ al., 1984, Manicom,
1884). It im thus clear that folisr symptoms are an
unreliable indlcatlon of infection with greening and that
evidetice whould at least include the production of

characteristleally deformed £rulb.

Visvnalisation of ths baoterdia in mldrlb material sampled at
sltes distant f£rom the point of incculation =uggested that
ismolates GC and NC weve sble tn spread within mechaniocally

P

e
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inoculated plants (Flg. 22). The bacteria were alao
cultuied ;from this material, further euggssting the
organism’s abllity to migrats within the plant tissue.
There  was, however, no evidengce of active cell
mltiplication. The number of becteria observed in
inoovtlated élanta was small and no dividing cells were
encounuared, desplte an extensivé saarch. Most of the cells
obeerved appeared bto be degrading and some atyploal forms
were mesen which resembled apparently degrading celles in

late stationary phase oulbtures of the organism (Fig. 15).

The bacteria were recoverad in pure culture from
sympbomatic citrus plants and displayed identical
morphological, metabolic and seralogiocal propertilesm to the

original inoculum.

Attempte +to introduce the isolates into cltrus via the
ingect wector were unsuccesaful. Adult peyllsa and nymphs
whioch had. aoquired the bacteria through either membrane
feading or mnioro~injection were unable to infect clirus
plants with the organisms. It is unlikely that the reason
for the f£allure of inmects to infeot target plants was dus
to the inefficlency of +the inoculation procedures used.
Inolusion of dye in the feeding =solution showed that the
ineeote had in fact imbibed the inoculum and the use of the

mlero~injection technigque ensures the entery of inooulum
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inte the insect. The £fallure of insects to transmlt the
isolatea 1= posaibly due to the inability of the psyllid to

~ function as & veator of the imolates.

Although mechanical inoculation of weriwinkle waé not
achieved, 1t was pessible to transmit an infective agent
from mechanically inoculated citrus to periwinkle via
dodder (Figs 20 and 21). Bacteria weére obhserved in the

- phloem of symptomatic plants, but not in the control
reriwinkle (Fig. 28). Dodder tranamieaion of the disease
frdm infected periwinkles to other periwinkle plants w&s :
alsc possible. As in the ocmee of citrus, alactron
microscopic examination revealed that tha titre of bacteria
within diseased periwinkles was very low, although dizesse

symptome were pronoﬁnead and developed rapldly.

The low tiltre of bacteria chaerved is in contrast to the
lapge numbers of greening bacteris reported by Garnier and
Bové (1988) 4in periwinkle affected with greening.
Re~isolation of the bacterium from inoculated sympbomatic
periwinkle was not achleved and it wes therefore not
possible to confirm that the bacterium introduced into the
citrus was responsible for the symptome ohserved in

periwinkla.
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From thé qesulta of the citrus inoculation trials reported
“here, it would appear that Koch’s poétul&taa had been
fulfilled. The apparent association of the bacterium with
greening dizeame wae Ffurther oonfirmed by the resulta of
the inoculation trials involving cucumber. Cucumber plants
wera 1nfécted with a disease agent from naturally-infected
greened citrus via dodder and the same organiem izolated in
pure oculture from symptomatic ocucumber ag that isolated

from naturally-infected cltrue (=sctlon 3.5).

Extengive TEM exeminetion of infected cucumber plant tlssue
at various stagem of symptom development failed to reveal
the bpresence of ha&teria which suggeste a low titre of the
disease agent within the plant. As no bacteria were
vieualized in infected materisl, 1t ia not posmible to
aporibe the induction of the symptoms observed to the
greening organism 1tself, to the ismolate, or to soms othern
1 lilogical agert. Coneidering the severity of the symptoms
cbserved, the apparent abeence of bacteris ism unusval and
may Iindicate the involvement of a potent bacterial htoxin in

the disease process.

‘Dodder  parasitizing greening-infected eitrus and
symptomatic cucamber was not cbaerved to grow as vigoroualy
as that on healthy material. The development of the

parvaslite wes greabtly retardsd on diseasgsd paterisl and
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newly-developad shoota rapldly became necrotic and died
off. Ghosh & al. (1977) veported a high titre of greening
organism in dodder parasitizing infected citrus, however,
TEM examination of dodder material from dissased citrua and
cuoumber in this atudy ravesled a low incldence of greening
baoteria. "he bacteria were errvatically distributed within
the parasite’™s vasoular tiasue and when encountered, were
prasent In relatively lurge numbers within individual
phloem cells (Fig. 28). A large number of bacterie in the
infec ced tissue may account for the marked symptoma
cbserved, but am the titre observed was low, the
invelvement of & bavterisl toxin in this inastance may alao

be poraible.,

Based on a number findings of this, as well of other
invertigations, the bacteriom (GC group of organieme)
imolatad by Garnett and Mochaba was initially thought to be
the aeticlogical egent of greening: 4) the reported
similarity in morpholopgy of the ilsclatea and the greening
organism in alty (Garnett, 1988, Ariovich and Garnett,
1988), 1i) the apparent fulfilment of Koch’s postulates,
and 1ii) the isoclation of the same bacterium from diseased

pueoumber.

Howaver, aontrary to  earlier reports, the alectron
nioroscopia investigation of the imolate morpholegy carrisd

out in this study revealad signlficant differences bhatween
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the morphology of the cultured bactaria and the greening
bacterium in ai;ﬁ. This gtudy revealed that the isolates do
not display the ocharacteristic oell envelops of the
gresning bacberium (Fig., 29B). The cell snvelops of the
isolate (Fig. 14) measursm 13-19 nm in width, whila that of
the grrendng organiem Jin sity is reportad to be
spproximately 25 nm (Moll and Maprtin, 1974, Garnisr and
Bové, 1977). Tha lsmoclated bacterium replicates by mesns of
gaptum formation (Fig. 13) and not by budding as veported
for greeping (Moll and Martin, 1974). In addition,
extensive branching was cbserved in oculbures (Fig. 12), as=
are 2lub~ and boomerang-shaped ocells (Fig. 11), thems
Faatures being atypival of the greening organism in gihu.

Unless the bacterium han undergone  significant
morphologicai changss in oulturs, the results of the TEM
study indicate #hat the GO group of imolates differ

markedly £rom the greening orgsniem jn sity and cannot
therefore be the ocausative sgent of gresning disessa.
Further rasults of this investigation also suggest that the
lsolates differ from the asticlogical agent of greening.
Thesa include the findings  thab: 1) qymptoms on
machanioally-insoulated plants woars translent and
disappeared 18-24 months after inooulation which suggesta
that the infection does not porsist,



ais8

1i) antisepum prelsed sgainet tha cultursd lmsolate does hot
detect +the pressncs of gresning in infected citwrus mnd
periwinkle materlal (Fige 83 and 67},

iii) transmismion of dimeasec from inoculated plants by
grefting doess not sccury {(results not shown), this method of
tranemission usually heing efficient in the came of

Eresning (Meclaap and Oberholzer, 19855,

iv) mechanically-inoculated symptomatio oltrus saadlinﬁa do
not dieplay ths gentisic mold marker (meation 3.4.7), tha
presancs of thia substance usually being indlostive of
infsation with jresning, and |

v) transmission of the ilsolates to citrus via the lnsect
veebor of greening did not oocur and BELISA, TEM obssprvation
and reimolation abtempts indloated that the isclates were
unabla %o persist, veplicste op apre&d within indauted and

nenmbrane~-fad insaots,

The acoumilated results strongly suggest that tha bacherium
imglated by Garnett and Mochaba is not the gresning
organizm pap a2, although it does sppear to be asscolsved
with =zome fresm infacted with greening disease. Ths
organlem may be a mild opportuniatio pathogen in aoltrus,
establishing Jitmelf in planta alraady weaksned by infection
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with other» dimsease agents, As the bacterium has baen shown
o induce disesss symptoms 4in  oitrum, it ney, to soms
axtent, ocontribute +to symptoma observed In stressed
fisld~infacted greened oltrus and may be a componsnt of the

graening nyndprone,

The f£act that gresning disease may involve morse than a
single biological agent ip suggested by the £indings
reporied lare, as well as by the isolatlon of a number of
othar bacteria from infected and .haalthy' oitrua whigh
induce varicus symptoms when mechanically incoulated back
inte healthy slants (Labuschagne af al., 1984, Manicom,
1984, Swmitr ak al., 1888). Additional work ims, howsver,
nesadad to verify the association of these organimms with
the dipeame. Consideration ashould alse bes given ko the
possible involvement of ablotic facters in the disease

svndroma.

Ths f£indings rapafﬁad here further 1llustrate that the
induction of disssme Eympboms by an lsolated miocroorgsnism
in  lnesulated Lest plante and the subassguent velsclation of
the organiem in pure oulture dues not nscessardly lmply th&
fulfilmwit of Kooh's poatulates and ocould merely be the
mimicking = the postulstes,
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4.5 INOCULATION OF HERBACEOUS PLANT SPECIES

The pathogenic effecte of the bacterial imolates, as well
aB the wmatabolites produced by the cells in culburs, wera
determined by Ainoeculating various herbacecus plant spscies
with the cells or ecall prqducta prasenb_ in the growth
medium, |

The wilting observed in tomato, green peppar, cucumber and

avbeprgina ocubtings afteyr exposura to +the spent culture

medivm of isolates GC, NC and C8B muggests tha premsence of a

potent wilt-induoing agent of backsrial origin in the
Inosulum. Similar wilting was obsspyad in tomato, grean
poppey and ouounber when leavea of the plants wers rubbad
with the spent medium. Tnooulabing aubergine plante in this
way falled ‘to regult in the asame foliar wilting which
puggests that the toxin or toxin-like subsbtance was not

shle +Ho exert lta effest through the sublols of this plant

species. Rubbing the leaves in such a way as to cause more
damags to the purface may have led o wilting. Aubergine
was, howevar, found to be susceptible to the toxin as
sesdling outtings placed in dilﬁtar ond Lure supsrnatant

wera obsgervad to wilt.

When an aqueous suspension of G0, NC or OB calls was rubbad
pnte the leaves of itomato, green pepper and ocucumber,
wilting wae slsc observed., This suggests that the toxin
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pesponsible for this symptom is asmooiated with the
glycocalyx of the bacteria, The fact that the toxin is also
present in the culture filtrmts indicates that the compouwnd
ls elther excreted fLrom the pells or sloughed bfx_durihs
growth Ly xlkre.

As the toxin was found to affect a number of wnrelated
plant saspecles, it appears to be non-specifinc In ita action.
The non-spscificlty of the toxin may indloate that the
affect of the compound is physical.

The absance of wilting on citrus exposed to ocultured cells
or  medium indicates that this plant spacies i.. unaffected
by the ' toxln wunder +the ocondltions emploved in this
investlgation. Citrus plante infected with the GC isclate
(githey naturally or experimentally) were nevep obuervad 1!
display wilting aymptoms and the wilbt-inducing affact of

the toxin on oitrum thus appsars to be minimal.

Wilt~induoing exotoxins have bsen reported to be produced
by the plant pathogenic baoteris Agrobasterium bumsfaclisns,
Zanthomonae rhaseold, Erwinia aarokovora and
Copynebaoterium michiganense (Hodgeon et al., 1847, 1849,
Fedar and Ark, 18561, Rai and Strobel, 19689). The
phytotoxine associsted with these organisma waré found to

ba polyeaccharide and non-speseclfio.

i e e e
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When a purification procedure developed for the imolation
Qf jpolyaaccharide phytotoxing was applisd to the culture
filtrates of imolates GC and RC, the resultant preparation
was found to osuse similar wilting to that obesrved in
planta wubbed with the unfractionated medium (C. Clarke,
pers. comm.j. Xt im thue llkely that the toxin produced by
implates GC, NU and CS i1s a polysaccharide which lends
support to the hypothasis that the toxin is assoolated with
the hacterial glycocalyx,

A mimilar toxin does not appear to ba produced by isalates
LC and TZL as exposure of ths harbaceous plant species to
thess organisme or to their metabolitas failed to vesult in

any visible dimsase sympboms.

4,8 BERO'OGICAL DETECTION
4.6.% Pre-trestment of oultured bacterial immunogen

An antlmspun vaimed eagainst a hacterium ieslated Zrom
gresning-infeocted oitrum wam reported by Duncen and Garnett
(1685) to deteet tha disease In plant samplsa. Howsver,
when the same antiserum and enzyms sonjugates prspared by
the aforementionsd aunthora were umad in the inlblial sbea.,

of this study, following the mame ELISA probocol as that

. - b e mrip e
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desoribed by these authors, the antlssrum was unable to
conalstantly distingulsh betwesn healthy = and
gresning-affected citrus materisl (vesults bob 'Ehown)‘
Beocaume of this £inding, renswed attemptz were made to

develop & sasuitable anbissrum Ffor the deteotion of the

imolates in plant and insect timsves.

Results of preliminawrv asevclogical Jetection assays ve'..g
antisara raised againet msuspensions of the oultured
isolates preparad following the method deanﬁibed by Dunoan
(1988) waere unsatimfactory. The antimera dlsplayed
considsrable peactivity with healthy plant material and
pould thus not be ussd Lo deteot bacterial antigens in the
plant extraots (resulta not shown). Similar results were
obtained with antisers wers raised ngainst untrested, live
baaterial cells (Fig. 34).

Treatment of cultured bacterisal cells before injectlon into
yebbite hes besn shown to influsnce the qualidy of the
 ragulbant antimserum markedly (Schaad, 1878), and diffarent
pra-treatments of bacterial imounogsa were therefops
ihventigated in thin gbudy dn an attempt to develop a

sultabla antimerum.

Pra~troatment of baotaria with KOH was performed in ordey
to  exXpoma alkalli-soluble qell surface impunogens. An

antiserum ralsed ageinet oells treated in this way should
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be abla +to detect theme antigens in an alkali-extracted

preparation of infeoted plant .material using a deteoﬁiOn
spsay simllar to that desoribed by Kawarasbata and Hayvasaka
(1987}. The alkall aextraotion method was used hore
primaprily to ovearoome the problems asscoisted with large
partioulate beaoterisl anbtigens in the indireot ELISA
(section 1.8.2.4). The results obbainsd with this procedurs
wers, howevar, unsatisfactory (Fig. B34), possibly due to
Iinterfarenoa of the high concentration of KOH in the sample
with the sensitivity of the test, sven after neutralization
of the alkali with HCL.

An attempt was made to identify and lsolate protains unigque
to tha GC imolate which could be umed am lmmunogen in the
production of a mono-spscific polyclonal antiserum. An
antimerum oproduced in this way should prove more apeclfic
in merclogical detmchtion assays, Bacharial (GC isclate) and
plant proteins wave separated in scwylamide gels and the
protein profiles of the sanples ocompared, Fractionatior
undar non-denaturing PAGE conditlons resulted in inadeguata
separation of consbituent proteins and no bandes auitable
for usse as immunogen could be identified (Fig. 38).
SDB~PAGE, however, generated elear protein profilaes
{(Fig. 868) and a B2 kDa MW protein apparently unlgue to the
haocterium was ldentifled and an antlserwn ralssd sgainst
the isolated hand.

S T
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When used in the ELISA, the antiserum raised againet the
protein band was found to be unsultable for datecting the
bacterium in citrus (Fig. 34). The negative result recordad
mey be due +to the protein isolated belng an intercellular
bacterial antigen. The water leaching procedure used to
- prepare plant samples for ELISA doss not cause significant
disruption of |Tbacteris within the sxﬁract and herce
internal bacterial proteins would not be expossd. Thia
probably accounts £or the comparatively low absorbance

reading of the infected sanple.

This hypothesim was tested by »reacting suspsnsions of
intaét and sonicated bacterial cells (GC isolate)
separately with the antiserum in the ELISA. The absorbance
reading of the disrupted cell suspension waas spproximaksly
four times greater in magnitude than that of the intact
calla (dats not eshown). Thess reeults oorroborate the
assumpblon | that tha isolated protein was an internal
cellular antigen. Tha strong pomitive reastion chserved in
this test algo indiocates that the antlbodies elicitad
againat the denatured protein isolated from the SDS-PAGE
gel doss react with the protein in lta native atate.

In addition to the 53 kDa MW protein, a number of other
proteln bande spparently uvnigue to 'tha iC imolate were
observed An the profile ¢f the bacterium (Fig. 36). Thesa
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proteins were not, howsver, present in corventrations as
high as that of the 53 kDa MW apecies and were :hus not
pelected for use as immunogens. Had antisersa bsen rﬁised
against these proteins, the antisers may have besn more
sultable for the specific detection of the inbtact bacterium
in the ELISA. |

The only oell pre~treatment which yielded antisera suitable
for use in a deteotion asaay was that involving heat and
formeldehyde ‘treatment of the cells, with or without
subsequent  aonioeation. The  treatment was  found to
sffectively remove the extracellular matrix of the bacteria
and inocressased the value of the diseased/hisalthy abaarbaneé'
ratio from 1.20 (obtained with untreated cells antiaerum)
to 2.84 in the KLIBA (Fig. 34).

Tha glycocalyx of the oltrus greening imolatei: was shown by
Keddy (1988) to ooneist of glyooprotsin. Removsl of the
bacterial glycocalyx by heat and formaldehyde treatment
prior to injection resulted in an sntiservun which exhibited
- considerably lower levels of anti-plant activity than the
antlaserum directed againest live, untreated cells (Fig. 34).
The cross~pveactivity observed with the antl-whole cell
antliserum may have been dus to recognltion of plant.
glycoprotein antigens by antibodiss directed against
bacterial glycoproteins., This is suggested by the deocisase



327

in the lsvel of enti-plant achtivity obmerved with the
antimerum produasd against unencapsulated cellm as opposed

to whole cells (Fig. 34).

The exiptence of antigens common to plant hoasts and
parasites im widespread (DeVay and Adler, 1978), and it
does therefore not seesm unusual that the bacterial ldolates
and olibtrus might posseas common * - "% genic determlnents. The
possibility of such shared » * - & investigated using

the Western hlotting procedure.

In this assay; SDB-PAGE f£rac. M plant and
baoterisal (GC imolabte) proteins demoncu. he pressnce
of two oproteins which appear to be commnon to both samples
(Fig. 76). When the plant protein profile was blotted onto
. itrocellulose membrane snd probed with antiserum apecifio
for the culbured bacterial isolate, the antiliserum rescted
positively ~ with +the +two plant proteins (Fig. 78);
indicating a similarity in the antigenicity of the proteine
in the plant and the bacterivm. The presence of these
proteine offers a possible explanation for the aignifiaant
anti-plant activity obgerved with the anﬁiserum ralsed
ag inet the cultured lsolate in the ELISA (Fig. 384).
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4.8.2 FEitprsotion of putativgly dissase-gpecific immunogens

from infeotsd plant material

An ares of resuarch with great potential lies in the
devalopment of more affective techniques for extraction and
purification of the gresning orgsnism from the plant and
inmeot hosmta, Significant progress in this area has been
made by the development of an lmmunoaffinity
chromatographic  provedura fFfor the purification of the
greening organiem  (Villechanoux at al., 1880). The
development of an effective procedure for the purification
of the bacterium would faolllitate study of the biochemical
and serological propertiss of the organism, and sould lead
to wslucidation of ‘ta velationship to known groups of
prokaryotes, am well as to the possible development of new

diagnostic technigues.

In the abaenss of oculture media able o support the
in yitro growth of the greening orgeniszm, the only source
of gresning-specifilc antigenz remains affected plant or
insect materdal. The development .of a purification
procedure whioch can bs used to isolate sufficlent
qugntitiea af gresning antigens for use in the production

aof an antizerum is therefore essential.
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The need for a gresning-apecific anhiserum was highlighted
by the poor results obtalnad using antimera raised agalnat
iuk*wntory cultures of an oprganism olaimed by Gkrnatb
(19867 +o ba thr astiologloal agent of greening disease,

.Tha entisera dirscted against the implate were found in
praliminary trimls to bas uneudtable for the detsotion of
greening in variocus detection assays. Negative resulte wers
frequently obtained with materisl collected from plants
known to be affected with greening.

In order tn avold ueslng %he oultured ilsolats in the
Qraparation of greening-specific antisera, attempts wore
made to extracht grasning~apsociated antlgens from
naburally-infacked plant material uping a variety of
‘mothode. A number of purification protocols wers
investigated for thim purpose, the majority having been
mccessfully used by various authoras to isolate bacteria,
splroplasmas and MLO from Infectad plant tiesus (messtion
8.7.1.3).

Apaegsment of the purificatidn procedures using

artificially contaminated leaf homogenates indlocated that
meihod was the moat effective for extracting baotaria
(with physical coharacteristios simlilar to those of Q.m.
subsp. nlchiganense) from leaf homogenates (Table 8).

However, alectron mlcromscopic examlnation of the extracts
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of infected oltrus material obtailned following this method
indicated that only a small number of bacteria werse present
in  the preparations, Bacteria displaying a morphology
similar to that of the gresning organism were cbserved in
infected extractm (Fig., 48), but never in preparations of
healthy tlasuve.

A feature of +thas extracts of infected olbrua was the
presance of  large nunbers of amorphous arv#balline'
structures (Fig. 47). The structures wers never fouhd
aaséoiated with healthy oltyrue and were alss lsolated from
gresning-fres oltrus Ainfected with other pathogens. The
faot that the crystale were present in citrus sffected by a
number of different pathogets, both viral and beacterial,
bt rict in healthy materisl, suggasets that these strmotures
may be of host origin and produced on infection of the

plant by a pathogen.

It is improbable that the orystals observed were assoolabted
with the uranyl acetate stain used on the grids, thia baing
suggested by the fact that the etructures were never
obeerved in stained preparstions of healthy oitrus
extrants, aa well &=z the fallure of thorough washing %o

remove the orystals from the gride.
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Manicom (1984) reported the premsnos of large amounts of
haspafidin oryetals ' in oitrus which oco-migrated with
endogencus  bacteria on  density  gradiente and thus
interfered _with extrantion of the organiesma. It ie unlikely
that the crystalline structures observed in this study were
hespsridin cryatals as 1t was nok posalble to femove them
by dissolving at ph 8.8, this treatment being reportadly
adequate for their solubilization (Manicom, 1884),

The naturs of the structures was nat.datsrmined, although
when aliquota of +the extracts were prepared for
tranamission alaotren microsocopy, the oeoryatale were not
observed in the ulbra-thin sections. This finding sugzests
that they were probably solubilized during the procema of
fixation and embedding.

The orystals were Ifurther purified by repeated ayoles of
differsntial centrifugabion and the preparatlion anslyzed
apeatrophotometrioally; The absorbance spectrum of the
sample exhiblted = peak at 282 nm which sugdgesbta that the
crystals are protelnaceous. A sample of healthy materisl
prepared in the same way falled to exhibit a similar

absorbance paak'(data not ahown).

Ae method § wae found to he the most efifective method for
extraoting baoteris from artificially contaminated tlsseue

homogenates (Table &), and was the only procsdurse which
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‘uppeared to lsolate bacterla rese~" *‘+g the greening
orgeniem, extracts prepared in thie way were used for the
production of an antliserum againat plant-derived disease

antlgens.

A aignifioanﬁ emount of host plant material wae, however,
so-purified with the endogencus bacteria following method &
and. attenpte to further purify the bacteria on sucross and
Perpoll gradients were largsly unsucoessful.  Beocause
Perc#ll im -a polydlspsree colloid, ita component particles
gediment at different ratas under cenbrifugal forcé,
creating a smooth gradient. Such a continuous gradient was

found not to be sufficient to remove plant wmaterialas from

any bacteria present in the sample becausa the components

of plant -~isgue wvary in density and wers distribubted
.throughout the gradient (Fig. 44). Moreover, the density of
the greéning vganism Jls not expected to be very uniform
because of iv. pleomorphic nature. As a result, host plant
material with denalty eimilar .to the g uing organism
would be mixed with the bacteria in the continuous denasity

gradients.

Becaume of the presence of oontaminating hoat componenta,
extensive cross-adeorpbion of the resultant antiser.m wae
necesmary +to remove the anti-plant ahtivity before the
antiserum could be of any use in a sarocloglcal deteoction

ayatem,
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Although = bacterla were isgolated from :greeniﬂg"infaéted
eitrue  using the other purlfication proceduraas, the
organjams did not dieplay the morphology of the greening
bacterivum and were probably part of the natural endophytic
nioroflora of the plente (Fige 87, 42 and 43). Similar
‘bacteria were somstimes found in extracts of healthy citrus
material (Fig., 88). The ocourrence of bacteria in both
‘disessed and healthy prepaprations corvoborate the results
of earl;er isolation ettempte (sdections 3.2 amd 3.3.1), s=
well am the work of Gardner st al. (1982) and Botha et al.
(1884), which showad that cltrus harbours
naturally-occurring endophytic bacterisl yopulations.

It 4is unlikely that slgnificant emounts of disease-specific
antlgens weﬁa iaglated from infectad plant material
following methods 1 - 4. When aliénots of the conscentrated
extraocts were probed with the antiserum raised sgainst the
extract obtained following method 6 {GICE antiserum - thia
antiserm had been shown +to detect disease antigens in
eitrus, cucumpber and periwinkle samples [Fige 82 and 88]),
o diffevence between the sbaorbance readings of tha

infected citruas end healthy contrals was cbaerpved.

The pareéntaaa recovery of the (.m. subsp. michiganense
added to the leaf homogénate in method 2 was extremely low

(88%). Visual examination of the artificially contaminated

e e arare it e b s v, gt = e RN
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hbmogenata att varlous atages of the procedure suggested

that passage of the preparation sShrough the celite pad

resulted in a eignificant loss of bacterlia. This was
indicated by a merked deoreasse 1in the turbldlity of the
prepavation after this treatment. Sinha (unpublished dats
oited in Eden Ureen, 1982) found that Cellte lrrevevrsihly
adsorbed & large proportion of Acholeplamma Jaldlawii
auspended in the same Mg-glyoine buffer as that used in
purification method 2, which suggests that thila technique

should be used with caution.

These findings suggeat that method 2 is not ldeal for
extracting rhytopathogenio bacteria in sufileient
quantitiss for use am immunogen in antiserum production;
apgpeclally in the case of a disease sgent such as fhe
bacterivm osusing African greening which ie present in the

host plant at a low titre.

In additlon to the bacteria obeerved, numerocus vesicle-like
structures were present in the extraota of infected citrus
obtained ueing methods 2 and 4 (Figs 37 and 38)., Similar
structures were not observed in similar preparations of
“healthy material. TYreatment of the infected extracts with
the enzymes cellulase and pectinase appesred to degrade the
vesioles which suggested that they were of host plant
origin.

[ T
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Another type of Vasiolem or envelope-llka structure was

also oconsistently isolated from greening-infectsd oitrua
~ following method 2 (Figs 40 and 41). The vesicles dimplayed
a different morphology to that of the qtﬁer vemioles (Figs
37 and - 39) and appeared to be resistant to cellulase und

pectinase treatment,

Similar structures have besen obaerved in preparations of
Rickettaia nﬁnNQZQki obtained from embryonated hen’s eggs.
‘When stained wlth uranyl scebate, the purifier »ickettaise
were found to rapldly undergo morphologioal slterations
ragembling rplasmolysls (Palmer pt a21., 1874). This resvltsed
in  the organisms essuming a number of diffesent
morphological eshapes, including round empty envelopa ghostae

resembling . the vesicles observed in gresning-infected

citrus preparations (Fig. 41). The envelopa structures

desoribed by Palmer ef al. (1974) displayed holes from

which the internal components of the oells sppeared to have

besn ekpelled. Perforations were similarly obaarved in the'

envelope of the structures isolated from ciltrus and it is
through +thess that the contenta may have besn exbruded,

giving rise %o these forma.

in addition to the perforations ohsmerved in the spheprical
astructures lasolated Ffrom greening-infeoted oltrus and Ffrom

hen’s egge infeoted with BR. prowazekl, the nmorphology and
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size of ﬁhe gtructurea from both sources were almo found to
be similar. The diameter of the structures isclated from
citrue rvanged from 0.7 to 1.17 um, while that of the
veasicle deecribed by Palmer gt al, (1974) was found to be
0.9 um, | |

Although B. prowazekl 1is a pathogen of certain vertesbrate
and invertebrate species and is not reported to infeot
plant hosts, +the empty veslcles observed in the citrue
-preparatioha may have been the empty envelope ghosts of
plant pathogenle rickettsise or rickettals~like orgenisms
which weres present in the citmiz material ssmpled and which
form aimilar envelope~like astructurea to those formed Ly
R. prowazeki.

The extraction procedure desoribed by Bul (1988) {(method 4)
waa developad by the author specifically for the iso.abion
of +the greening bacterium from plant mate~ial. Whéh applied
in this study to both periwinkle and citrus affected with
greening disesse, the method failed o yleld the large
numbers of greening hacterisa reportedly obtained hy Sul
(1988). No bacteria reasmbling the greening organiem were
laolated, even when periwinkle displaying severe symptoma

of greening was used as a sourca of the dlseass agent.
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Periwinkle affected by greening has bYeen reported to.
_harbour aignifibantly greater numbéra of the greening
organism than éimilavly infected citrus material (Gavnisr
annd Bové, 1983) and the extracte of periwinkle would
tharafora be expascted to contain far greater nuubere of the
diéeagg agent. Although bacteris weye were isclated from.
infected periwinkle following this protocel, therse was no
discernabla difference between the periwinkle and citrus

preparations.

1t should be borne in mind that Sui (1988) ueed periwinkle
plants affected with the Asian atrain of.greaning-diaeﬁse
from which to purlfy the satioclogleal sgen-. Planta.
affected by this sbrain of the dlseage are known to harbour
a higher titre of the bacterium than those affected by %the
Afpican strain of the disease (Whitlock, peras. comm.). Use
of plants affected by the Aslan strain in this study may
have resulted in ¢the revovery of similar numbe.e of the
greening bacterium as those peportedly recovered by Suj
(1988). |

The use of PAGE to identify and purify pathogenesils-related
proteins from diseased oltrus materinl was unsucceaaful.
Analyeis of extracte of affacted leaf midrib materlal by
both denaturing and non-denaturing PAGE was not

sufficliently senasltive toe reveanl dimease-relstsd protein
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bandes unigque to the gresning-infectoed samples (Figs 48 and
50). If present in sufficient quantities, suoch proteins
would be suitable for uee as immunogen in the production of

a mono-speclfiiec antiserum.

Proteins sapacific to greening disease may well have been
present within the protein profils of the infected
materisal, but &t a coscentration too low to e detected by
Coomaasie Blue staining. In an atbtempt to dé+srmine'whether
addltional bands could be visualized, tha Coomessle-atsined
gels were re-stained using the silver sbalning method.
8ilver staining is reported to be 100 times more sHengltive
than staining with Coomaseies Blue, but applying the silver
stailn after a preliminary stalning wlth Coomasslie Blue has
been shown to leaad to aven greater sensitivity and

ralisbility of the eilver stailn (Andraws, 1D88).

Despite the greater senslitivity of double etaining,
spplication of the technique did not expose additlonal
vrotein bande which might perve sz immunogen (resulte not

shown).

In addition to analy=sis of oltpus tlssue affected by the
Afriecan strain of greeniung, a. analyais of leaf mldribs
from oitrus affected by the Aelan atrain of the dimense was

undertaken. The latbear straln 1is reported to be far more



538

destructive and to elicit sympbome which are more severs
than those induced by the African strain of the disease
(Bové et al., 1874). This may be due to the Asian strain
vreplicating to a higher titre in the citrus plants.
Significantly greatsr numbers of +the greening bacterium
have been obeerved in dodder infected with the Aslen atrain
of +the orgaulsm compared +to similar material affected by
the Aaian ustrain, and thus s sirllar situsbtlon may ocour in
affected ocitrus. If so, this materisl should esrve as &

betber source of bacterial protein.

Due +to the limited smount of time availab . for analysis of
the Asian samples, as well as +the small quant+hy of
infanﬁed material provided, tv.e PAGE fractionation »f Amlan
greening samples couid not be repested in order to optimise

the conditions of extraction and frantionablon.

Praparation of aample_ following whe phensl extraction
method gave the most satlefactory resulte (Fig. 81). The
resolution of +the high moleoular waelght proteins was good
(Fig. 5Hl, lanes 8 and 4), although atreakirg of proteins in
the low 'moleoular welght range did ococcur. Exemination os
the profileas of the Infected and healthy samples did not
reveal bands uniquwe to the infected mabterisal.
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Ihe feaults cbtained with the phenol extraction techniqﬁe
did not Justify the length of +%ime reguived for the
procedure. Cromparison of. the protein profiles of samples
prepared following the lengthy phenol method (Fig., 51) and
the psimpler mathod detailed in mection 2.9.1.8 (Fig, 49)
indicate that the latter method is adequate for sample

preparation.

The other sample preparation procedures lnvestigeted were
largely unaatiafadtury. TCA extraction yielded = sample
that exhibited heavy satreaking and made debeation of
mpacific proteln bands iwposmeible (Fig. BL, lanss 1 and 2).
Bample preparation uslhg 6D8 and high tempaprature to
golubilize yprotelns was inhdequate.and yieldad preparations
sontaining quantities of protein too low te give sultable
profiles (Flg. B1, l#nes 5 and 6).

Adequate resolutlion of proteina extracted from material of
both African and Aasian origin wes not achieved under
non-denaturing PAGE oonditionm (Fige &0 and 52,
respactively).  Because of the inadequate separation of
proteinms obtained with this technique, only proteins
forming prominent banda csn be accurately sxoimed and used
as immanogens, As with profiles generated under denaturing
conditions, no such bkands unigue to infacted citrus could

be identified.
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4.6.3 Crosg-adsorption of antiesra raised against

plant-derived immunogens

In & report by Sinha and Chivkowski (1884), MLOs asesociated
with peach eastern X~disease were purified from infected
plants  and an  antiserum ralped against the igmolated
antigens. The isclation method repqrtedly yielded pure
preparations of MILOs and the resultant antiserum waa
specific for diseaae antigené in plant extracts, without
the need far opricr removal of anti-plant aotivity by

ocrosg~adaorption.

In contrast %o thim, the procedure used by Olark at al.
(1283) to obtain . cibtri- and clover rhyllody-ssapciated
antigens from infected plants yielded extracts which were
8till deep green and clearly impure i1in not consisting
solely of MLO or §. gitrl derlved componenta. Inevitably,
witk such hetercgensous praparations used for injection,
the resulting antieera exhibited considereble anti-plant2
activity. in order to reduce this unwanted activity, it was
necepsary for the anthors to crose-adeordb the antlsers and
to  dilute the aut'%ody in extracts of healthy plants, After
this treatment the antisera wera able e olearly detsot
disease-speclflec antigen in infected plants and, with the
appropriate  controla. showed high sgpeclficlty for the

antigen under tegt.
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- The . procedure = used in this study to isoclate
dipease~ppecific antigens from greened g¢itrus (method 5,
section 2.9.2) yielded extracts whioch were simllarly
vontaminated  with élant material and the resultant
antiserum thus exhibited &an appreciable amount of
snti-plant activity (Fig 53). In order to remove this
antilvity, various methods of oross-adsorption were

inveatigated.

Te use of the ammonium sulphate precipitation technigue
gave the most promising results when used to preparée plant
material 'for the purpoge of antiserum cross-adsorption,
this being ladicated by a diseased/healthy (d/h) sheorbance
ratio of 2.656 vecorded in this assay (Fig. 53). Antisarum
fbom. which anti-plant activity was removed using either
acatone-#ixed medrib tisaue on affinity column
chromatograrhy aloo gave d/h ratios of 2.0 oy greater (thi=
belng consldered a positive prepulid), Ammonium =zulphabe
precipltation was, Thowsver, the method of choice am
oroge-adeocrpbion with plant material prepared in thie way
was rellable and efificlent, as well as being simple o
perform. Aldiquotr of the precipltated plsnt proteins could
be aloe be stored for long periods at -20 € without any
appsrent deleterlous effects on the proteins. In addition,
purification of plant proteins by this method exaludes a
significant omouwnmt of the plant-derived pilgments and
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enzymes from the preparation and should therefore ﬁinimize
the deleterious effect these compounds have on the

antiserum.

In addition +to the use of healthy plant meterial,
preparations of oltrmue affected by rp.ouvhogens other than
greening were uszed for the purpose of cross-~adsorbing the
GICE anbtiserum. Results of diagrostic asssys showed that
antisarum from which plant-specific santibodles had been

adsarbed using extracts of uninfected plant msterial
exhibited a considerable amount of reactivity with
préparations of citrus affected by disesses other than
greening (Fig. 54). Thim phenomenon might be ssoribed to
gerum antibodles  directed against pathogenesis-related
proteine (or other antigens) of plant oprigin. Such proteins
gre usually produced by the plant in respohse to infection
or other oconditions of etress and are thus not disease

apecific.

Croea-adeorbing ths antiserum againet an extract of
material sollected from several citrus plants infeceted with
different pathogena was not effective in removing the
non-gpecific activity (¥ig., 64). There was no appreclshle
difference between absorbance valuea recarded using the
serum treated in this way and that croas-adsorbed against

an extract of healthy cltrun. Reopeating  the
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crogs-adsorption propedure up +Ho three tihes failed to
impeove the vesults, as did diluting the ecrosa-asdsorbed
aniiserum in sample conjugate buffer to which hed been
added a buffer extract of the infected citrus (data not
.shown). Removel of non-speoific setivity by either the
affinity column ehromatographic or acetone fixation
techniques was also proved +to be ineffectual (data not

shown).

The resultse shown 1in Figure 64 are unueual in that an
.antiaerum from which apecific antibodies have been removed
by orosa-adsorption is expected to exhibit a reduced levsl
of reaetiviﬁy with the material againast which the antismerum
was cross-zisorbed. Despite the application of & nwumber of
sdeorption techniques whiech had proven o be effective in
removing speniflc antibedies, asignificant reactivity
against the infected plant material with which the

antiserum had been adsorbed was still avident,

It is evident that the antigens preasponeibie for the
non~#pecifio activity were not removed by bthe adsorption
procedures employed and that additinnal methods of removing
speocific antibodies from an antiserum will have to be
inveastigated. Alteration of the diagnustio asmmay procedure

uged may also ald in improving the epecifioity of the QICE
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antiserum. Until such modifications prove successful, it
- will not be poesible to uee an antiserum raised in this way

to speclfically detect greening disease in plant material.

Although the crosz-adsorbed GICE antiserum was of no uaé in
datecting greenlng-speolfic sntigene in affected plant
material using ELISA, an immunofluorescence technique (such
ag PIFM) 1in which it ie possible to dlietinguish beiween
organlams reacting with a particular autiserum on the basis
of theily morphology, mey be more sultable for use with a
non-gpecific antimsrum such aa' GICE. This antlserum may
alsoc prove umeful Iin debecting greening-epacific antlgens
in insect veotor tilssue as the presence in thla tisauve of
plant-derived compcunds would probably be minimsl, thus
reducing the possibility of orvoms-peactivity. As a source
of greening organism-free poylla was not avallable at the
time of +this aspect of the study, it was not posasible to

test insact material.

Attention should be drawn to the fact that authors who used
a wimilar approsch +to that uwsed ln this study for the
production of antisers agalnet non~oultivable
phytopathogens failed to determins the specificity of the
antisera (Sinha, 1879, Sinha and Benhamou, 1983, Sinha and
Chiykowskl, 1984). Although +the authors reported that the

antisera raised againzt plant-derived immunogens were
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useful in detecting the disease in affected hoast material,
no' attempt wae made to determine whether .the antisera
peacted with disease-sssociated antigens in planta affected
by other unrelated diéeaaes. If found to oross-react, these

antisera would be of little walue.

4.6.4 Cross-adsorption of antiszerum raisged against

culbured bacteria

Initial attempts to differsntiate betwesn symptomatic and
Healthy plant Bsamples in +the ELISA uging antisera raised
agalnegt oultured bacterial imolates met with limited
guccens due t9 high backeround readinge ﬁaaooiated with
healthy plant material. This made detection of low
concentrations of the target organism in host plant
material difficult. Western blotting later demonatrated the
existence of proteine with simllar molecular weights and
common  avbigenle  determinanta in both healthy citrus
material and the baoterium (GC isolste) (mection 3.1l1). The
presence of such proteins may scoount for the high

baokground observad.

In an attempt %0 reduce this anti~-plant activity and thus
improve the sensitivity of the aassesy, entiseran were reacted

with aliquots of healthy citrus extracte prepared following
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the ammonium 3ulphate precipitation technigue. Treatment of
the antiserum in this way resulted in a small decresse in
the absorbance readings of both the healthy and infected
samples (Fig. 55). This suggests that some antibodlea
directed against the apparvently oommon antigenic
determinants wers neutralized by the trestment, although
the orosae-adeorption did not dimprove the results of the
assay ma.kedly {the wvalus of the 4/ ratio increased from
1.2 t6o 2.1 (an increment of onuly 0.2) with the use of the

oross-adesorbed antigerum).

4.8.5 Comparison of different ELISA sample preparatioh

mathods

A number of different sample preparation procedures were
investigated in an attempt to find a method which was both
gimple and rapid to perform, as well &m glving acceptable
results in the HE-PTA-ELISA.

A gsample preparation scheie should ideslly extract the
¢-aired organism efficiently while minimizing the
sompetitive influence of host tissue debrie and endogenous
microorganisms which may interfere with detection of the

target pathogen,
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BELISA sample _ preparation following the polytron
homogenization and leaf press éxtraotian methods yielded
thracta"whioh were heavlly wmontaminated with hoat plant
components, The wuse of gsamples prepared in these ways in
the indlreet ELISA was found +to give less szatlisfactory
" pesults than +the water leaching method which yialded
extracts containing & minimel amount of plant material
(Fig. 58). Similar interference of host plant compounds on
the - detmotion capabilities of +the indirect test was
raported by Lommel et al. (19B2) and Leasch et ni. (1887).
Lommel gt al. (198Z) attpibuted the interference in part to
competition between target antigen and host proteéln for a
finite nuﬁber of binding sites on the solid rphase.
Saturatiah of membyane bilnding sites.bv plant proteins in
the dot-immunobinding assay was found by Leach et al.
{18987) +o make agourate detection of target pathomgena in
gamples prepﬁrad by grinding difficult.

Whilé the presence of host plant proteina interferes with
the detectlon of specific antlgens in the lndirect ELISA,
quantitative detection of target antigens is reportedly
unaffected by contaminating photeins in the DAS-ELISA
(Lommel gt al., 1982). The latter assay 1s, however, not as
convenient as the indirect ELISA becanse of ite inherent
gpecificity and the need for apecific enzyme conjusates for
each antigen to bhe tested (Koenig, 1878). The attributes of
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the indirect ELISA Justify the time spent in the
development of @ sample preparation procedure suitable for

use with this aseay.

Sample bpreparation by homogenization of plant maﬁerial
followed by enzymatic desgradation of the plant tissues in
prder to enhance the release of endogenous bacteria was
found %o result in poor detection of the target antigens in
the indirect ELISA (Fig. 56, bars B and 10). The resultant
extract was heavily contaminsted with plant compounds and
the interferenos bf theze compounds on the detection
capabilities of +the assay wes exacerbated by the presence
of ecellulase and pectinase in the sample. The host plant
rroteins, as well as the enzymes present in the sample,
repregent Y significant amount of non-taprget protein

agalnst which any disease-proeciflo antigena present would
| have 0 compete for the solid phase binding sltes, The poor
resulte achieved with this extraction method, as well as
the coet of the reagents employed asnd the length of time
required ({(over 24 hr), make it an unatiractive alternative

to the more simple method of water leaching.

The extraction of alkali-~soluble antigens with KOH is a
method of ELISA sample preparation developed by Kawarabats
and Hayasaka (1887) in an attempt to overcome the steric

prbblema agsociated with intset microsporidimn sporesa in
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the indirect ELISA. These authors preported that the
preparation of alkali-=oluble Surface antigeris was aimple
and the antigens were more suitable for ELISA than the
intact spores. Bacause of thelr aimilar particulate nature,
antigens such as bacterial cells bind weakly to ELISA
blates arnd can thus eaeily be dialodzed during the aasay,
The use of soluble surfaoe antigens in place of whole cells

may overcome this problem.

The use of +thie preperation meathod, however, yielded poor
results (Fig. b6, pare 11 and 12), posaibly due to
interference of the high salt concentration in the sample

after neutralization of the KOH with HCL.

The "chopping" and water leadhing methode of =ample
preparation undoubtedly gave the best results in the
indirect ELISA, this being shown by the d/h sbsorbance
ratios of 2.50 and 3.14, respectively. Examination of the
extracta prepared by these methods indicated that the
preparations were minimally osontaminated with host plant
" ecompounda  which makes the procedures ldeal for use in the
indireot ELISA. The "chopping” method hae the advantage of
including & concentrating centrifugation step which may be
important in the deteoﬁion of bacteria presgent in host
material at low conteutrations. However, d/h ratioa

vecorded for the water leaching method muggested tl. .. this
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. method wes ideal for use with greening-affscted mideib
materirl - and consentration of  target  antigens by

centrifugation was not necesaary.

Compared +Ho the “chopping'" method, water leaching of target
antigens w&s more useful a2z a preparation procedure as it
was simple to perform and far less time—consuming. Although
the methpd detailed for this procedure (sestion 2.10.1.6)
-ecalls for overnight incubation of the leaf sections in
water, adequate detection asssy results were recorded with

samples incubated for as little az 2 hr (data not shown).

Another adventage of ¢ae leaching procedure is that small
samples of plant material suceh as individual leaf midribs
may be assayed for the presence of target antigens. Because
of its obvious qualities, water lsaching was routinelv usged
ag & method of sample preparabtlion for use with the indirect
ELISA.

It ie pertinent to mention that the usefulness of all of
the sbove-mentioned extraoction procedures was determined
only in the indirect HE-PTA-ELISA using the GICE antissrum
and ‘thet the results may wsll have been different using

another ELISA procedure, as well az another antiserum.
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4,.8,8 Compayrlison of different enzyme and rgdio-iaotbpe

based serologlcal detmction assmays

In the developmeny of a destection asmay for the voutine
sereaning of plant material, factors such as the limltsd
Bkill of woikara available to perform the aseays, the Hime
required and <the cost of squipment and reagents needsd are
Important oconsiderations. To be widely applicable, such an
asmsy muat be rabid and easy teo perform, and not require

mophieticated equipment,

In the comparisen of the Fab'-, F(ab'}nu._ DAS- and
HE-PTA~ELISAB, no marked difference in the results obtgined
using the four different assay procsdures was obaerved.
Detcation of disease antigens waa achleved in all the
assays, thia being indicated by d/h ratlos of greater then

2.0 for the .sample weed (Fig., B7). 0f the enzyma-based
assays, however, the HE~PTA-ELISA wﬁa the moat simpls to

perform. This assay ls less time consuming snd doea not
require the wuse of fractionsated zerum. In addition.:

ocommereially-available enzyme conjugate cen be uaed.

The uvwe of & radicactive lahel in a detectlon msaey is
undeslirable ag the material im hazardous and certein
vreacanblons need 0 ba taken while working with it.

Faprthermore; the »resction ocan only be gquantified using
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sophisticated equipment. A radio-iaofopa has & limited
helf-1life eand cannot be stored for indefinite periods
without Jloss of asotivity as c¢an an enzyme-lsbelied
oﬁmpoﬁnd. These featuves make assays such as Dot~ and
Bead-RiA vunsuitable for gensral usa as deteotion methods

for greenilig disease.

Although able te dateat dimeass antigens in infected
samplesm, Bead-RIA wae & lengthy pracadure (resulte could
only be obtained the day after the test was performed) e&nd
handling of the polystyrene beads was diffioult. The d/h
ratio caloulated  for the samples represented by bara 3 and
4 in PFigurs BBB was 2.69, while the ratio of the identical
sample analyzed in the HE-PTA-ELISBA was found to be 3.40
(Fig. B8A). Ths latter assay was thug more ssneitive thau
Bead~RTA, as well as being rapid and aore convenient to

pevrform.

Another problem amssccisted wlth the the Bead-RIA was the
large sample standerd devistions obsesrved. Thix was slae &
feature of +the Dot-RIA which proved 4o bs the least
sensltive of +the three assaye. In this assay, the valus of
the d/h ratlo of the =amplem represented by bars 3 and 4 in
Figuré BBC wae 1.84, comparad to 2.880 for the zame samplas
in the Bead-RIA and 3.40 In the HE-PTA-ELIBA. It is

possible that the oconcentration of teargst and non-target
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protelns in the samples spotted onto the NCM was too high
resulting in inefficlent binding of the psample to the
membyans. Dilution of the semplas prior 40 spotting, as
wall as move effective fixation of the mampls materlal to

the mambrensa, may haves lad to bsttar results.

From the resultas of this investigation, the HE-PTA-ELISA
appears to be the most effective deteotlion assay under the
oconditions applied. In addition to its sensitivity, it is
guick and easy to perform and is not wasteful as small
volumes of reagentm are pegulred for eash test. The
abeorbance reading of wsampla peplicstes in the assay was
observed 4o generally bha oconsistent and the large sample
standard deviations associmted with the radioc-~imotope based

apsays was not a problem associated with this asssy.

4.8.7 Dateotion of diseasse antigens in different citrua

timsues and in altarnate hoat plants

In an abtbtempt to datermine the diastributlon of disssse
- antigens in greening-affected ocitrus, varlous timsues of
the plant were assayad for the presence of the antigens in
the HF-PTA-ELISA using the QICE antlasrum.
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The results bresented in Figure 81 msuggest that citrue seed
componente and froit eclmaalla are not sultable for use aam
sample material in the indirect ELISA, pomsibly due to low
levels of disesse antigens in these +Lissuesg, opr to
interferevncs of host components with the detesation of the
antigenn. Samples had, howaver, besn prepared by the water
lgaahing wethod and did not eappear o b& too heavily
sontaminatad with plant material. Daspite the apparent low
levels of host ocontamination, high abmorbance readings were

racordesd for the healthy control material.

The GICE antiserum had besn croas~adsorbad againmst a
preparstion of healthy leaf midribs, but the use of an
extratt of uninfected columella or sesd material to
eprosg-adsorb  the antimserum may have rendered it more
spsnifia for diaaaaa_ antigens present in these tisanes by

reducing the antiwplant-autivity in the mapum.

The antlserum was oabla to affeotivalv detect the precence
of diseame pntigens in the citrus bark and midrib material
included in thls assay (Flg. 61). In contrast to the small
d/h sbsorbance ratiocs caloulated for the eeed and columella
samples, the patios for the bark and leaf midrib mamples
were high, being 2.32 and 3,83, respeotively.
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When the smms anbiserum preparation was used to probe
éxtraata of periwinkle and oucumber (infected with a
disease agent from greening-infected oltrus vis dodder), as
we!i as extracts of dodder collected off an infected oltrus
.aaedling. only the cuocumber sample Lemied pomitive for the
présence of dimeame antigens (Fig. 62)., Although the
periwinkle lsavea assayed displayed aympiome of gresning
infbcﬁion. the d/h absorbance ratio of tha gample (1.8)
fell below the threshold wvalue of 2.0. Ths absorbance of
the infected periwinkle pample was, however, greater thau
that of the healthy control mo 4t is possible that diseass
antigens wers pressnt in the material but not at &
concantration high enough to yield a ratlo of greater than
2.0,

Dodder has bhaen shown to bs an alternate host of the
graaning organism and was expectad to temt positive in this
assay. The doddex sampled here, however, did not appear to
contain deatectable lavels of disease antigens. As the
dadder had only been established on the gresning-infected
cltrus for 4 days before it was assaysd, it ie poesible
that the greening orgeniem had not yet migrated into the
parasite from bthe ocitras plant, or the organism had not
replipated within the dodder timsues to a titre high enough
to be debacted in the amaay. |
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Greening-infected oitrus leaf material collected f£rom
" Réunion Island was fcound fo contain diseﬁaa antigené
detectable by the GIUE antiserum. As thie antizerum haé
been shown not to specifically detect greening-sssociated.
antigens in citrus, bhut Lo react wilith proteins which appéar
to be produced by the citrus host in response to infsstion
with a wvariety of phytopsethogena (Fig. 54), ona cannot say
with any degree of accuracy that the greening bacteria
pregent  in materlal £rom South Africa and Réunion Island

are antigenically simllar.

Wher ths ldentical periwinkle, cuoumber, citrus and doddex
extpacts were probed wlth antiserum directsd against the
cultursd GC isolate, positive reactions wesre not obmerved
with any of the samples (Fig. 63). The resulis suggest thab
the plant tissues amsayed elther dld not econtain the
bacterium, or harboursd levals of the arganiam too low to

be detected in the asmay.

A baocterium ldentical to the GC ismolate had, however, been
cultured from the ouncumber plant during the doddexr
tranamission etudy (section 3.5) which indicates Lhat the
oprganlem mumt have besn present in the cuocumber lesavas, but

probably at a very low concentration.
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4.6.8 Analysis of individual olbpus lsaf mdribe

Using the water leaching metiind of sample preparation, it
wae possible to analyze individoual lsaf midribes for the
presence of specific antigens. In an attempt te determine
whether or not there waa a correlation betwsen the seaverity
of leaf symptoma. and the level of dissase-aprecific
anbigens, esweet orange leaves displaying varying degreem of -
foliar chloroses were asmayed 'individuallv in  the
HE-PTA~-RELISA uming the GICE antiserum.

Seventeaen leaves (Fig. &54) colleated off 8
-gfeening«infaotad tree wera assayed in this way and Ffound
te contaln eimilar amsunts of disease~speocific antigens
(Fig. 66). This finding suggested that there was no
apparent relationship between the degree of ohlorcsis
exhibited by an infected oitrus leaf and the amount of

diswase-npecific antigen present within the leaf tisaue,

Anslyelis of +the same leaves for the presence of tha GC
organiem indicated that they did not contain deteatable
lavels of +this, or an entigenically wmimilar organism
(Fig. 87).

The anslysis of indlvidusl leaves with tha GICE and GC
antisers wae performed on material oollected from other
areas of the Transvaal and the repulits found to be similar

to thoege obtalned with the Pistermaritzburg samplea.
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4.8.8 Periodate oxidation of ELISA samples

Woodward el al. (1985) reparted' a general method nﬁat
permite  the identifiuetion of antibodies recognizing
caybohydrate—containing epitopes asgociated with
glycoproteing and glycclipida. The method involves
periodate oxidation (oleavage) of vioinal hydroxyl groups
on sugars $So dlaldehydes at acid pH and is applicable to
Westewn bleta snd ELISBA in the case of glycoproteina and
ELISA and thin layer chromatograms in the ocase of
glyeolipids. The treatment spucifiocally deatroys
saprbohydrate epitopes without altexing amine acids involved
in peptide epitopes. The oonditiona umed for pericdata
oxidation determine Ehe extent and types of cleavage

achileved,

In this study, mild periodate oxidation of plant samples
prior to reaction with the GICE antiserum was found to have

a marked effect on the results of the HE-PTA-ELISA (Fig.
59). The asignificant deorsase in the A405 values of both
the healthy sand infected samples after treatment suggests
that oxidation JInhibited binding of the antlserum to a
large proportion of the sample epltopes. It is likely that
thess epitopes were carbohydrate in nature as studies hava
ghown that mild periodate coxidation (under the same

conditions am  those applied in thie investigation)
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specifically destroya carbohydrate epitopes  (thua
pre#énting the bindins of eantibodies)} without altering
amine agide involved in peptide epitopes (Woodward et al.,
1986, Laine and PFaye, 1888), It is thus probable tha’ she
GICE entiserun is directed primarily against oeﬁbohydrate

spltopes of the immunogen preparation.

Laine and Faye (1988) reported the widespread ocourrence of
highly immunogenic carbohydrate moieties in glycoproteins
which have been found to be common to moat seed plants. The
authors suggested that +this may be the basia of antigenic
cross-reactivity obseyved among  glycoproteing  from
different plant aspecles. Plant and invertebrate (molluac
and insect) cells were vreported by the same suthors to
contain - immunogenic glycoproteins with lidentical
gtructures, a fact which mey result in cella from these
organlisms being antigenically croas—reactivﬁ. The proﬁlam
of producing specific antibodies to glycoproteln~containing

organisma 1ls thus not restricted ko plants.

Antipera raised against live (wholea)} bacterla have baen
shown +to orcss-react wlth other aspecles of bacteria, but
vemoval of the bacterial glyeocoslyx prior to lmmunizablon
has been shown to inorease antlserum aspecificity (Schaad,
1879). This antigenie coroga~pesctivity obssrved among the
different epecies may he due +to the presence of tommon
immunogenic  carbohydrate epitopes in the extracellular

glycoproteina of these organiloms.
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Simllar cross-reactiviby wue obaesrved betweer healthy plant
material and the bacterium cultured from greening-infected
cltrue (Fig. 34, bars 1 and 2 and Fig. 60). The antiserum
in +this instance had been raised against a preparation of
sultured live bacterlial cells (GC lseclate). Removal of the:
bacterial glyoooalyx was found to reduce the Ilevel of
reaotivitv against plent constituents (Fig. 34, bars 7 and
B}. These flndings suggest the exlatence of common
antigerile determinante in +the host plant and in the

extracellular matri. of the bacterium,.

Thie hypothesis of shared antigens was further supported by
results of Western blotting (section 5.11). The analysis
ihdicated the presence of two proteins in cltrus and in the
GC isplate with similar molecular weights and which
displayed slgnlficant antigenic cross-reactivity (Fig. 76).
The .natura of thess proteine was not established, aithough
sbaining of the PAGE gel with the appropriate stain would
indicate whether or not the bands visualized were
glycoproteine. The neture of the proteine oould be further
determined by periodate oxidation of the blot prior to
reaction withk the bacterial antlserum. Fallure of the
antiasrum to react positively with +the treated proteins
would indicate that antlbodies binding to the untreated
bands are directed againet carbohydrate epltopes of tha

bacterisal glycoproteln.
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Although ‘the blotbed proteins were not sasubjected to
periodate oxidatlon In this study, treatment of plant
extracte adsorbed to microtitre plates followed hy probins
with the GC ieolate antiserum indicated that the
crosa-reactivity inltially observed between the entiserum
and healthy plant extractz may be dﬁs to the presence of
idéntioal or related immunogenic carbohydrate moieties in

the bacterium and in the plant (Fig. 80).

Because of this 'nroaa—reactivitv, it wag =speculatzd that
exolusion of anti-carbohydrate reactivity £. the
detection eystem {(employing the GICE antiserum) by
periodate oxidation of cavrbohydrate epitopas might egharce
the apaclfioity and senaibivity of the assay. This
trestment should ©preclude recofnition of carbohydrate
determinante by serum antibodies and any reactivity
observed would thum be due to bindiné of antibodies
directed agalnst non-carbohydrate antigens, such aes peptide
apitopes, or against perlodate-resistant carbohydrate

molieties.

Periodate oxidation of midrib and ocolumella extracts,
howaver, falled to improve the resulia of the HE-PTA-ELIBA.
Treatment of s=samples l.ed to a dramatic decresse in the
A readings of bhoth the heslthy and infected plant
eggiauta as well as to a decreases ln the d/h abasorbance

ratios (Fig. 59).
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4.6.10 Enzyme~linked dot-immunoblot assay

. . .

Although extraction of alksli -soluble antigens from plent
maberial could not be used awe & method of szampls
preparation for thé ELISA (section 3.8.1, Fig. 58), KOH
gxtraction of ecitrue columells antlgens could be used in
conjunction with the EL-DIB aseay. & 1N solutlion of KOH was
found to effeotlively leach oub antigens £rom columella
saections wilthout eignificant deterioratlion of plant tissue
after 30 min, This method of extraction was zdapted from
that developed by French {1974) for the observation of
rickebtsia~like bacteria assooleted with phoney peach

digease.

Using the Bio-Dot microfiltration apparatue, up to 50 ul of
prepared columel?. sample could be conveniently
concentrated in & aﬁot on the NCM without blocking or
glgnificant asbaining of the membrane. Blorking of the
membrane uwaally occurred when aamplas. were prepared by
chopping dr homogenization, as did colouration which
interfered with interpretation of the f£final enzyme colour

renction.

In a preliminary aAsBay, the columells from
greening-infected Ifrults were subjected to XOH leaching snd

varying amounts of the leachate applled to NCM. Whan BO ul
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of sample wem spotted, healthy and infected mamples could
be oclearly differentiated. However, no difference betwesn
the samples was discernible when 285 ul or leas of the
lenchate was spotted, indicating the relative insensitivity

of this assay.

In addition +to the detection of diseame-specific antigens
in plant extracts, 'he EL-DIB assay was also used to
investigate the gapolsgical relatedness of various
bacterial isolates. Determinetion of relatedness usming thias

assay was both eimple and rapid.

Probing oultures of laolates GO, GL (an ledlate from a leaf
midrib from the same tree which yislded GC), NG, LL, C8, LC
and TZL with antieerum ralsed against the GC isolate.
indicated that while GC, GL, NC and CS appeared to be
almilar with respect to thelr antlgenicity, ilsmolates LC and
TZL were not recognized hy this antiserum (Fig. 69), This
apparent unrelatedness of the leclates im almo reflescted in
the PAGE protein profiles of the cellular proteins (saction
a.1.2).

In the seame test, isolatea were reacted with an antiserum
ralesd against QGQ.p. a=ubep. nlohiganense in order to test
the asevological relatedness of the isolates with this
bacterium. Fatty acid profiling of the GC, NC and CS
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isolates had shown that the organisms possess the profile
of a Gram-posibtive coryneform and are possibly members of
the Clavibacter michigenenase group (Appendix L). The EL-DIB
assay, as well as analysim of celluler proteins by PAGE,
was carried out in order to investigate thls tentative
identificatlon further. The reesults of the disgnostic asaay
indicate that iaclates NC, GC, €S end GL sre serologically
aimilar, but do not vreaot with the antiserum directed
against L.@m. bBubap. mnlchiganenss (Fig., 70) and are thus
unlikely +to be related to this group of bacterdia. This
finding 1s oonsistent with the PAGE analysis of the
cellular proveins (section 3.13).

The analyﬁié of baqteria' cultubad from greaning~infeated
citrus using the EL-DIB asmay was econvenient for the
initial soreening of potential greening isclates. The
immunological probe used for this purposes waws ths RICE
antiperum. Resctiona of eight different isclates are shown
in TFig. 71B. Probing the spotted oultures with tha GICE
antiserum failed to result in a poeitive reachion with any
of the isolates. This suggested that nons of the basteria
had been present in the infected clbrus material feom which
immunogen for the QICE antiserumn had been preapared and sare
thus uvnlikely to be assoolated with greening disesss. As a
control, +he antl-GC antiserumn was wused In & parallel
oxperiment. The antiserum was obaerved +to bind only to

homologons antigen (Fig. TiA).
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4.8,1) Preparabive immunoflucrescence miorossopy

Th& PIFM  techniqus was adapted from ‘the dirvent

epifluoreecent Filter technique of Pebtipher and Rodriguss
(1882) developed for the enumeration of bacterds in fooda.

PIFM combines membrane £ilter tachniques with

Ammunoflucrescent microscopy. In  theory, the technique

should be useful in the diagnosis of dissases caused by
pathogans which are present in the affectad host tissues at

low conoentrations as mioroorganisms in tha sample ave

oconventrated onto & membrane filter, thersby facllitating

their datsetion.

PIFM wam ﬁnabla to detaots baotaria~lika étructuroa in
axtracts of gresning~infected leaf midrlh tissue using the
QICE eantiserum. Thim may have besn dus to the presevice of
Ereening bactenris in.tha tigsus at a concentration too low
to bs detected by this asmay. The highest magnifioation
attained by the fluorescent mloromcops avallable in the
labaratory in which this work was performed was 500 X and
urless large numbers of basteria olunpsd on the trapping
membrane, visuallzation of the celle was difficult. The ues
of material (such as lnmect veotor tissus) whioh contalns
greatar numberm of the bacterium may be mors =ultables for

use in thig sosay.
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PIFM anulymis of leaf materis]l known +to harbour the GC
isolate using the anti-GC antiserum allowed adeguate
deteotion of homologoue  antigen in the mample. Large
nuprbers of fluorescing bacteria were chserved on'the filter

when viewsd under the fluorescent microscops (Fig. 72).

Contemination of samples with host plant material,
resulting in membrane hlocking and lntexference with the
interpretation of results, wam kept to & minimum by the
afficient enzymelysism of the host material. Because PIFM
allows one to disopiminate morphology of the stained target
organlem vs. non-spscliflc reactions from hont components,
interferance of host materisl should never be serious

problem.

The obssrvation nf hacterie on the  trapping membranes
preparsd for Bhd viewing (Fig. 73) oconfirmed that the
fluoresoing struoctures sesen on the stained pembranes we: a

banteria isolated from the plant tissuves,

4.8.12 Immunogold labelling

Probing antigens with ocolloidal gold-labelled antibodies
was used 3in this study as an alternative method to the
El-DIB assay for investigating the antilgenioity of various

bacterial laolatans,
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When ocells from a oulture of the GC isolate were probed
with the GICE antiserum followed by gold-labslled secondary
antibody, binding of +the label did not occur (Fig. 74)
indicating a lack of homology of baotarial.antigen and
primary antlserum., The fallure of the GICE antiserum tc
recognlze ths bacterial antigens suggests that the GO
isolats was prabably not present in the greening~infected
citrue extract against which the GICE was railsed and is
thus unlikely to be associasted wilth g¥eening disease,

Analogous resulte were obtalned in the EL-DIB assay.

& similar lack of reactivity was obeerved when the anti-GC
sntiserum wam ussd to probe bacteria isclated from
greening-infected asltrus (Fig. 48). The organisms in the
sxtract exhibited the morphology of the agent of greening
disease and ware thus thought to be greening bacteria. IE
this is the oase, then £s4lure of the anti-GC antiserum to
raaqsniza the organisma suggasts that the GC iaoclate is not
raiated to the aetiologlcal agent of greening.

Az the extractions from greening-infected oitrus were
carried out hefore the develeopment of the GICE antlserum,
the reaction of this anbtiserum Llth the isolsted bhactaria
(Fig. 48) could not be determined. Positive ramotion of
thie anbtiserum with the o lle would sonfirm the asscolation

of the bacteria with greenlng-infected sitrus. Attempts to .
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ropeat the 1lsolation of the bacteria from oitrus met with
limited success due to the low titre of greening bacteria
in citrue material of African opigin. The situation was
further corplicated by ¢the fact that it was necesmary to
collect plant materlal during summer and high tempsratures

are known to inhibit the greening organism.

4.7 WESTERN BLOTTING

The use of the Westevrn blotiting technique was useful in
datsrmining the reason for the orossm-pesptivity of tha
antiserum preised againet the oculbured laclate and host

rlant maberial.

BDS-PAGE  fractionation of buffer~scluble bacterial and
oitrus proteins revealed the presence of two proteins with
similar molesulsr welighte in the profiles of these two
samples (Fig. 78), When transferred to NOM and probed with
antigerum ralaed against the bacterivm, a positive reaction
bstween the antizerum snd the two plant proteins was
observed {(Flg, 76, bar graph). This finding suggeste that
the proteins f£rom both samplas share a significant number
of antigenic determinents and this offers a2 pomaible
explanation for the anti~plant actlvity of the bactarial

antisaruam.
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Removal of @=ome of +this non-apenific reactivity b#
crose-adsorption of the antlserum with an exﬁraat of
healthy cltrus failed to render the antiseyum appreclably
more sapecific for the bacterium, ocompared with the
untrested serum (eeetion 8.7.2.2)., The obmervation that
mild periodate oxidation of baocterisl sample in thg
indirect BELISA ressulted in & significant deorsase in the
binding of the homologous &ntiaenum (Fig. 80), pugpeats
that the cross-peactivity may be due to common antigenioc
carbohydrate epibtopsa 1in the bacterium and in the plant.
Pariodate oxidation of such epitopes im known to inhibit
their recognition by anti-carbohydrates antiersa (Lains and
Faye, 1688).

It is probable that the capsular material of the bacterium
is remponsible for the oross-veac .ivity of the antiserum
‘with plent material. Removal of the extracellulsr matrix of
the beeoterial immunogeri was found to render the antiserum
more apeplfiec by reducing its reaptivibty with plant
material (Fig. 84).
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4.8 TFAITY ACID PROFILING AND PAGE ANALYSIS OF BACLERIAL
IB0LATES

Information fegarding the cellular fatty acid composition
has proved of considerabls value in the classification and
identification of bacteris (Collins and Jones, 1880, Suzuki
and Komagats, 1983). It must be noted, however, that a
fatty aoid profile is a single dlagnostic test and it must
not be assumed that the f£ilpst choloe of a taxon for an
unidentified bacterium ig the correct determinatlion. Ratheﬁ
it should be usmed as an aid ih deﬁerminaﬁion oy diagnosis,
In order to assign an unknown hacterium to a particular
taxon, the fabtty socid profile of the bacterium must be

compared with the profiles derived from a wide selsotion of
bacterial taxa. If the unldentified bhacterium displays a
profila which differs aisnificantlv from thome of the
bacteria 4in a library of known organisms, assignment to a

partioular texon is not posaible.

Uasdng analysis of cellular fathy acids as a disgnostic tool
in the ldentifioation of the bhaoterial imolates of Garnett
and Mochaba, it was not possible to amsign the orgenisms to
a partinular taxon with any certainby. However, on the
basis of osllular morphology, Gram atain reaction and the
degree of proflle similsarity to baoterla in the library of
the NCPPR, it was suggested that the GO group of isclates
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are most olosely related +to the genus Clavibaghter
{D. ©Stead, pers. comm.). The <fabty acid prpfils of this

group of igolates was found to bhe most similar to ths

L. michigansnse group of organismes (Appendix L}.

Profiling of isolatexs TZL and LI indicated +that these
organiosms are unrelated to one another as well as to the GC
group of bacteria. This differentiation of the laolates is
suproprted by the cellular protesin patterns whioch indicatse
mignificant diffevences in the profliles {(Fig. 78).

Another method which has Tbeen widely used in the
identification and oclassification of misrcorgsnisms is the
analysis of their electrophoretic protein patbterns
(Rersters and De Ley, 1976, Carlmon and Vidaver, 1882,
Davis o al., 1684, Bielanin gt al., 1688). This method of
analysis Lis particularly useful in the differentiation of
pactaria - becauss, in ocontrast to conventional testa,
savaral gene products from more than one bactarium can be

compared simultanecusly in a PAGE slab gél.

The marked amimilarity in the alectrophoretic protein
pattarns of isolates GC, NC and CB (Fige 10 and 78) muggest
that they &ve isclates of the mame bacterium. This finding
eorroborataa the resulta of ﬁha EL-DIB asmay which
demonastrated the antigunioc homology of thesa organisms
(Fig. 68).
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Tha protein patterns of i1solates TZL, LC and LL differed
from one another, as well as from those of membera of the
GC group of isolates (Figs 10 and 78). The apparent
unrelatedness of the isolates was also indicated by results
of the EL-DIB assay in which an antiserum directed against
the GC bacterium failed +to recognize the TZL and ILC
isolateas (Fig. 68).

Similar obeervatione were made in SDS-PAGE analyses
conducted by Mochaba (1888). The author reported that
jsolates GC and NC wemre ldentical wilth respect %o their
protein profiles but different from the LC isolate.

Becanse analysis of the cellular fatty acld compomition of
the GC and NC isoletes had suggested that the organisma
were similay 4o memberms of the C. michiganenme group of
baoterla, & oomparison between the protein patterns of
representative members of this group and the gresning

isolates waz made.

PAGE analysls demonstrated differences in the oe. v
proteins of the Clavibacter type cultures snd the GC arouwp
of isolates (Figse 77 and 78). The differences suggest that
the baoteria from greened oltrus are not related to the
8. michiganense group, & hypothesls also given oradence by
the repults of the EL-DIB assay (Fige 68 and 70).
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Extensive metabolic and biochemical testing, as well as
gnalysig of cell wall compoasi{ion and the G + C content of

the bacterisl DNA willl, howerer, have to be conducted in
order to  either confirm o refute +this tentative

 identification of the isclates.

4.5 CONCLUSTON

The acrumalated resulta'of this investigation suggest_that
the bacverium (GC group.of igplates) cultured from infécted
cltrua by.Garnett'and Mochaba is not the aetlologieal agent
of greening disease. The organism does, however, appear to
be assoclated with some trees affescted Ly greening and may
ha a mild cpportunlztic pathogen in citrus, establighing
iteelf and indueing aymptome only  in plants weakenad by
infection and/or other factors. In this way, the orzanism
may contribute teo the symptome observed in greened citrus.
The faet that the full greening szyndrome may be caused by
more than 6ne organism ia suggaéted by the findings
reported here. The hypothesls that the dissase involves
move than a2 egingle factor has alse been proposed by other

workery (Mali and Cheaudhari, 1878, Da Graca, 1991).

Reeulta of  inowvalation frlals. serolologleal ascayes, PAGH
nnalysis and  fatty  acid profiling conducted bepre indlcate

that  the GO groap of lsolates differ gignificantly from the
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other isolates of Garnett and Mochsba (isolates LC, LL and
TZL). Differencesa betwean the PAGE protein profilea of the
GC group and the LC imolate were-aléo reported by Mochabs
{1888). It 4is thue unlikely that these bacteria are

ralated. deasplte the recent claim mﬁde by Hortelano Haep and.
Garnett (18991) +bthat +the isolates are gbrains of the same

bacterium.

A number of different artificisal media developed for the
An witro oulture of fastidioue phytopathogens failed to
support the growth of tha .greening organiem, as did
embryonated Hhen’s egge and an invertabraﬁa (mosguito} cell
culture system. The development of a cell line from the
insect wvector of greening may facilitate the imolation of

the orgenism.

Aﬁtampta to develop a reliable'serdlogical detectlion aysbem
for greening dipeape were largely unsuccesaful. Although
the GICE antilserum which was raised sgainst an extract from
infeoted citrus was able o differentiate betwesn haalthy
and gresoning-infected ciltrus, the antiserum prroved to be
unsulitable &as it was found to react poeitively with citrua
material affected by a. number of other dissases. The
produétion of monoulonal antibodiss agalnst almilar
extracts may prove to be of more use in a serologiaal
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APPENDIX A
CULTORE MEDIA
MiG-3 medium
potassim-D-gluconate 15.0g
yveant extract ' 0.5g
L-proline 2.5g
L-histidine 2.8g
L-alanine . 2.5
5:0‘

FeSO 7H 0 28%.5mg
ZnSOL.TH *0 820.0mg
Cug0,, ﬁH 0O . 1.926mg
Huntara mineral bagse

{Cohen~Bazire af al. 1BET) 10.0ml

The components were dissolved in zlass distilled water, the
pH addustéd to 7.2 with KOH and the volume made up to
1000m)l befors filter esterilization through a 0.22um

nitroomllulose membrane.



Papale digest of moy meal
Bovine hemin chloride

Trisodivm cltrate dihydrate
Cltriec acid monchydrate
MSSOA_ ¥ '?Hz,O

Corn meal sgar

dlucosa

T-Cymteine (free bame)
BSA Fraction V

¥Fragh orange julce

300.0ml

a77

of & 0.1% (w/v)
solution in O,08M
NaOH

of a BO¥ (w/v)
aquéous solution
of a 10X (w/v)
aguecus solution
of & 208 (w/v)
aquapus solution

The ingredlents are added and dassolved in delonized waten

in the order given. The medium components, excspt the

gluvose, oymteine, BSA and orange Julce, sra auvtooclaved,

Glucose, cyatelne and BSA atock solutiona ara.filtar

stepilized and added with ths prepared wrange Julce to the

rest of the msdium at 60 C,

¥The orange juice is =queezed from healthy swest sranges,

flltered through two layars of miracloth and then

. oentrpifuged for 30 min. at 29 000g &t 4 ¢. The supsrnatant

is then passed through Whatman = Np. 4 filter paper before

being filter mterilizaed.
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APPENDIX B

_ _
Prepare the following 2 solutione:

1) M/15 Na;zHPO4 using 2.5g of the anhydrous salt in
i litre of distilled water

2) M/18 NaH2P04 by dissolving 9.2g of the salt in
1 litre of dimtilled water

To make bufferad water of pH 7.2, mix 72ml of solution 1
with 28ml of molution 2 and 200m) of distillsd water,

Gismea astain 1is prepared by dissolving 0.5 of powder
{Glemgn’s atéin, BDH, U.K) in 33ml of acotong-froa absoluta
mathanol, The aolutinﬁ is mined thoroughly, allowsd to
sadim&nt. and stored at room temperature for ume as a
stook, Dilublons of this stook atain are made with bufferad
water, in a retio of L part of stook Glsmea solution to 50

parts diluent.
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When +the material being investigated iz & floid such am egg
yolk or amnilotic fluid, a smear of the £luid iz made, the
smeay is air-drisd, fixed with absolute methanol for 7-10
min., and drisd again. It is then ocovarsed with the diluted
Qiemas ataln (freshly preparsd the same day) for 1 hr ang
the glide then rinsed rapidly in 88X ethyl aloohel to
remove extsss dys and to enhase diffsrentlation. The slide

ia then dried snd examined miocroseopioally.
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APPENDIX €

Fixsd sample material is dshydrated in the following sariens

of agqueous acetons wolubions:
50%, 704, B0%, 920¥, 2 x 100%

The asmple is suspended in each of the the acstone
solubtions (in tha orde» given) for 15 min. and then taken
thirough the following =eries of asostoneipropylens oxids
(PO) molutions:

2:1, 1:1, 1:2, 03) (acatonm:PQ)

The sampls is suepended in each solution for 15 min. and
then taken through the following series of PO:1Bpurs’s resin
molutlona:

2:1, 1l:) (PO:Spurr’s resin)

Tha sanple is suepandesd in the Lirey solublon for 30 min.
and for 14 hy in the seound. The sample is then impregnated
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_ with neat resin for 2 deys wilth a chenge of resin after tha
first day. The Impregnation atep is carried out in a vial
stbached Lo a vertioal rotating platform.

The wsampls is finally placed in a sultable mould, coverad
wlth fresh pesin and the resln polymerized overnipght at
66 C.
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APPENDIX D

1. DENATORING SDR-PAGE (after Lasmmli, 1870)
STOCK SOLUTIONS

High grade reagents were umed throughout
Acrvianida-bisaoryianids stook

160.0g acrylamids

4.0 bisscrylanide

dissulvad in 500ml (£inal volume) ddeO
fi)%er through Whatman’s No. 4 paper

dx Lowapr Trim (1.5 M Tris-HCL, vH 8.8: Q.4% SDB)

181,78 Twiems beaws (Sigma) dimeolved in 700ml dd 0

- pH to 8.8 with oonc. HCL

add 40ml of 10% SDS and ddH20 to a final volume of
1000ml.
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Ax Uoper Tris (0.5 M Tris-Hci, pH B8.8; 0.4% 8DB)

80.68g Trisma bass dissolved in T00ml doHd O

eH to 8.8 with HC1 # _
add 40ml. of 10% EDS end Q&dH O to a final volume of
1000ml. 2

Mnninm.huim {0.026 M Trla-glyclins, pH 8.9; 0 “¢ SDB)

80.0g Trisma base

208.04 glyoins

- B0.0g RDB

mnaks up to 2000ml with ddeﬂ

L B

&.0ml glycerol

1.6ml B-meroaptoethanol

0.9g BNS

3.76ml 4x upper Tris

50wl of 0.1% (w/v) bromophennl blue in water
volune brought o 10ml with ddﬂzo
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Upper {steoking) gol

dd water B.4ml
scrylemide stook 2.8mnl
4x uppor Trie | 4.,0ml
TEMED 18.0ul

Ammonium persulphate (10%) 48.0ul

Lower (meparating) gel
% acyviamide
7.b% 10% 15%

dd watex 8.1 14.8 8.2 ml
50% glycarol 2.0 2.0 2.0 ml
acrylamide stock 9.9 18.2  19.8 ml
4% lower Tris i0.0 10.0 10.0 ml
TEMED ' 20.0 20.0  20.0 ul
Ammonium persulphate 200.0  200.0 200.0 ul

%o +the preparsd sampis add an equal volume of sample
buffer, mix and heat in & bolling water bath for 4 min.
Conl rapidly and centrifuge brisfly in a miecrofuge before
la#ering onte the gel.
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Gels are run at 4 C at 80 V until the sample hae migratad
| into the stacking gel after which the voltage is increased
to 150 V. Gele ara run until the dye front reachss the
bottom of +the gel or, if interested only in the high
moleculary weight proteins, the gel may be rﬁn for s further

hour thereafbter.
Staining eolutlon

0.2% {(w/v) Cocmaeaie brilliant blue RB~250 in 50% methsnol,
10% acetle meld and 40% deo

Dagtaining solution

50% methanol, 10% acetic acid and 40% deo
After elestrophorssis, gels wera soaked twice in an sxcess
of destaining solution to remove SDS from the gel. The gels
wapa th&n stained for 4 h» or mora in staining solution
with gentle agitation. Deastaining was oarried out in a
large v lume of destaining solution until protein bands

ware visible againmt a clear background.
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2. NON-DENATURING PAGE
STOCK SOLUTIONS
A 1 amide-bi lanide stool
As for denaturing PAGE

4% Lower Teis (1.5 M Tris-HCl, pH 8.8)

181.7g¢ Triems bame dizsolved in 700ml ddHZO'
pH to 8.8 with ocone. HCOL
make up to 1000ml with ddHZO

4Ax Upper Tris (0.5 M Tris-HCl, pH 6.8)

B0.8g Trisma base dissolved in 700ml ddHZO
vH to 8.8 with HCL
make up to 1000ml wlth ddHZD

10x_ Runping baffse (0,025 M Tris-giyoine, pH 8.8)

80.0g Tris
288.0g glyeine
make nup to 2000ml with ddeo
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Sampla busifen
10ml glyeercl
12,9 ml 4x veper Tria _
50ul of 0.1% (w/v) bromophenol blue in water

make up to 100ml with dde?'

The guantities of buffaprs and reagents used 1in the

non-denaturing upper a e gels are the same ag those
listed for the denatux &

For the praparation of ’ an equal volume of
sample buffer +to the protein d layer it directly

onto the gel. Gels ars: run under the same conditions as

those ppepified for denaturing PAGE.

Gels are wstained in a 0.2% (w/v) aquecus solution of
Conmasgaie brilliant blue G-250 £for 1-2 hr and then
pagsaively destained in distilled water.



Signa SDE moleenlar weight markers

MW
8 -lactalbumin 14 200
Trypsin inhibitor 20 100
Trypeinogen 24 000
Carbonic anhydrase 28 000
#lyveraldahyde~3~phoaphate
dehydrogenase 38 000
Egg albumin 45 000
Bovine albumin

$? ~laotalbumin

Sybean trypaln inhibitor
Carbonic anhydrase
Ovalbumin

Bovine serum albumin

Phoephorylase b

&6 000

My
14 400
20 100
30 000
43 000
87 000
94 000

388



389

MK
Soybean trypsin lnhibitor 20 100
Lactate dehydrogenass 38 500
@lutamate dehydrogenass 65 400
FPhoaphorylase b : 87 400
o, ~macroglobulin - 170 000

%

AlL molecular waights are given in Daltons.
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_ APPENDIX B

GREM STAIN

Cryghnl viclat

Crystal viclet ' 0.58
Dimtilled water 100ml
Iodine movdant

Iodine C 1.0
Potaasiumfiudida 2.0
Distillad water 100ml
Acatona=jodine decolounizer

*8trong iodine solution  8.5ml
Acetone 98.5ml

%Strong icdine solution:

Indine 10.0g

Potaasivwn iodide B8.0g

Distilled water 10ml

B0% athancl to 100ml
Dimmolve iodine ;nd potasaium lodlide in the water and then
adjust the volume with the ethanol
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Safranin O ' 1.0g
Digtilled watey 120ml

Immerse an ailr-dried, heat-fixed £ilm of baoteria in
orystal violet stain for 1 min. Rinse the stain from the
Film with iodine mordant and then immerse the f£ilm in fresh
iodine mordant Zfor 1 min. Wash the fiim with a gentle and
indirect stream of tap wabter for 2 msconds, blot sround the
film with absorbant paper but do not allow the £ilm to dry.
Add tha agetone-iodine dacolourizer dropwise to the f£ilm,
with the slide mlanted, until no colour appears in the
drippings (less than 10 aeconds). Allow the £ilm to &ir
dry. Immerse the film in the counter stain for 30-60
.aedondé and then wash the film in a gentle and indirsct
gtream of tap water until nc oolous appears in the run-off.

Blot the film dry with abmeorbent paper.
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APPENDIX F

W Cinrasad ZTHenthy [Ipps

t.iy
t

0.8
Al«OE

as

0

2.2

R

sample

Bar na. Heparin concentrakion (U/m¢) diseased/healthy
R | ratio
123 0 1.89
4 5 8 2.0 2.60
TA&Y 3.0 3.zl
10 11 12 0.0 2:10
13 14 13 50.0 2,30
16 17 18 100.0 1.90

Figure legend on the following page
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Addition of heparin to serorveagent diluting buffer

The affect of adding differedt concentrations of heparin Lo the
geroreagent diluting buffer in the HE-PTA-ELISA, Heparin was added
to the sample conjugate buffer at conceatrakions of 2, 5, 10, 50
and 100 U/m¢ and tha effect of the polyaunfon on the binding of
the GICE antiserum Immuneglobulin to immobilized antigen was
daturmined. '

Extracts of leaf midribs from greening-infacted and healthy citrus
geedlings were prepared by the water leaching method and probad
with the GICE antiserum. The antiserum was cross-adsorbed against
a ypraparation of ammoniunt sulphsbe~precipitated healthy c¢itrus
protains prior te use in the assay. The antilserum, as well as the
snzyme conjugate, were diluted in the supplemented sample conjugate
buffar.

The standard daviation did not excead (.05 absorbanee untes.

The following sample and reagent dilutlons wers used in tha asyay:
* sample = 1:100 '

* antiseyrum » 1:1000

* anzyme conjugate - L:11000
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APPENDIX G

20mM Tris-HCl containing 0.5M NaCl, pH 7.5

Iwean Trig-buffered salins {ITHE):

TrBS containing 0.06% (v/v) Tween-20

Blocking buffer:

TTBS oontaining 1% (w/v) bovine serum albumin (BSA) and
2% (w/v) polyvinylpyrrolidone {(PVP, mol. wh. 40 000, Sigma)
Antibady buffer (AB):

TIBS conbtaining 0.5% (w/v) BSA and 2% PVP
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AR _buffer:

0.1M Tris-HCL containing 0.1M NaCl and BmM MgClz. pH 9,5

All buffera conbalned G.02% (w/v)"aodium szide as &

preservative,

- Colour davelopment selution (NET-RCIP resgenb):

AP buffer containing 0.33 mg/ml nitro blue tetrazolium
{NBT, grade 111, Sigma) and 0.17 ma/ml
ﬁ—bromo-4—dhloro—3-indolyl phoephate p-toluidine . salt
{BCIP, Sigma), prepared just bafuore use ap follows:

One mg NBT was diseolved in 3ml AP buffer by mixing
vigorously for 1-2 min., then centrifuged for 5 min, in an
Eppendorf miorofuge. One~half mg HOIP was dissolved in 10ul
N,N-dimethyl-formamide by mixing with a vortex mixture for
1 min., and added dropwise with gentle mixing into the NET

golution.
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APPENDIX H

(R, Lee, pers. comm)

1. Dissolve IODO-GEN (Plarce Chemlcal Co., Rockford, IL,
USA) in methylene chloride (150 ug/ml).

2. Place 20 wul aliquot in 10 % 75 mm test tube (resction
tuhe).

8. Evaporate methylene chloride in the resctlon tube with
N2 gas at room temperature.
4. Toe & smeparate tube, add 0.6 mg Tgd irn 0.5 ml PBS
(0.016 M wmodium phoaphate, pH 7.4, .plus 0.16 M NaCl) +
0.02% (w/v) sodium azide. Cool thie tube and the resation
tube to 0 C in an lce bath.

5. Initiate conjugation reaction by transferring IgG to the
126
reactlon tube followed by adding 600 ui Ci of Na I.

Paraflilm the reaction tube.

8. Allow iodination to run for 1+2 hr. at O C.
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?. Terminate the reachion by removing the mixture from the
reaction tube, add 5 mg/ml of BSA to the mixture, place
migture in a dialysis membr&he and excaaBivelV dialyze at
430 againat PBS with 0.02% sodium azide. Monitor. the CPM in
dlalysis fluid, uewslly by the fourth buffer changs all
unbound 1 has been removed.
125 5

Spacific activity of I IgG i= usually 2.0 x 10 to
1 = 106 CPM per ug Igd. Btore at 4 C in asealed plastic

tubes.
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APPENDIX I

Wash buffer:

1/4-gtrength Ringer's solution containing 0.1% (v/v)
Triton X-100

Blooking buffer:
174-strength  Ringer’s  solution asontaining 0.1% (v/v)
Priton X-100, 2% (w/v) BSA, and 2% (w/v) BVP (MW 40 000) |
Incubation buffew:

1/4-atrength Ringar's solution oontaining 0.1% (v/v)
Triten X-~i00, 0.2% (w/v) BSA, snd 2¥ (w/v) PVR

All bhuffers ocontalned 0.02% (w/v) sodium azlde as a

preasrvative,
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APPENDIX J .

1. REAGENTS

Trapafer Yuffer:

25mM Tris-HClL containing 192mM glyoine and 20% (v/v)
methanol, pH H.3

Blocking buffar:

10mM Tris~HCLl, »pH 7.4 contaiﬁina 200mM NaCl and 2% (w/v)
BSA '

Waeh buffer:

10md Tris~HCL, PH 7.4 concaining 0.06% (v/v) Tween-20

Antibody buffen:

10mM Trims-HCl, pH 7.4 contalning 1% (w/v) HSA
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2. PROCEDURE

’fter wslcotrophoretic sepavation of proteins, the PAGE gel
wam soaked 4in an excess ¢f transfer buffer for 30 min, A
shest of nitrocellulose membrane (MCM) was oub $o voughly
the pame size as the gel and wetted with transfer buffer.
Ths NCM Iwaa placed sgainst the gel on a flat surface and
the NCM samoothed over the gsl by rolling with a glass
pipstts to remove all air btubbles. A doubls layer of
Whetman‘s Ne. 4 £ilter paper, prewetted with transfer
buffer, was wrappsd around the gal/NCM to make & sandwich.
The  paper/gel/NCM/paper sandwich was placed in an
eleoctrophoretic tranefer appapraitus  (Hoefer  Tranaphor
Elegtrophorseis Unit, Hoefer Scientific Instrumentas, USA)
with the gel <£facing the cathode. After plavement in the
buffer tank, tranafer buifer was added to nover ths gel and
slsctrophoretic tranesfer of probains oarried out for 4 hr
at 0.5 Amp.

The NCM was removed from the aandwioh and washed briefly in
a large wvolums of dHEOI The NCM was immersed in blocking
buffer and inoubated at 37.C for 1 hr in order to saburata
all wunbound NCM binding altes. Excess blopking buffer wae
removad by washing the NCM in wash buffer for 1 hr at room
temparature. The blotted proteina were probed with whele
antimerun diluted in antibody buffer (a 1:1000 dilution of
the GC antiserum was used in this study) overnight at 4 C.
The NCM was then subjected to four & min. washes in wash
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puffer and trensferred to a solution of 1251w1abelled
Protein A (Amersham, U.K.) dilvted 1:1000 in antibody
buffer for 1 hre at 37 C. After four washes in waphing
puffer »snd a single wash in 10mM Tris-HCl, pH 7.4, the NCM
wast sllowed to dry thoroughly and then cut into 8 mm
pections anlong the length of the membrane. The assctions of
NCM wers transferred to scintillation wviala and Ehl of
Filter-Count (Packard Instrument Co. Ine., UE") added to
sach vial, After overnight refrigeration in the dark, the

radioactivitv of each section wae determined,

All Iincubation and washing steps were oarrled out with
gentle sgltation. |



APPENDIX K

-TARR )

NaCl 8.0
(o2 0.2
Na HPD .7H © 1.15

b 4 2
KH PO 0.2

2 4
NaG1 2,26
kG 0.108
CaCl .2H O 0.12

2 2

choa 0.08

Dismolve in distilled water and pH to 7.0

402
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APPENDIX L,

INTERPRETATION OF PROFILES

Each profile report includes 1o GC run, a profile identifying and quantifying
the Farty aclds as percentages of the total peak ares, a library saareh report
with gimilerity index and a hiscoplot comparing your values with the

iibrary entry for the baxon with the clossst £it. :

B8C run, This givea the date and time of the run, the bottle number, sequentisl
analyels 1D numbar, tha bactericlogy section fila number prefixed with an A, a
brief aample deseription with your reference number or code and the

file number for profile retrieval should you reguirs a spare copy.

The profile runs betwesn the letters 8 and IF and only peaks wich the
gorrect area/height ratlios are analysed. The large {pitial peak 1s thr
golvent front. The values above the peake are the retention times (rt, in
minukces,

Profile. This again gives the date and time of run and the date and time
of regenaration Lf obtained later from the £4las. The bottle number, ID
nupber and ssmple deseription ara also given. Thia will includa the
method of sample cultivation e.g. Aeroha.

The profile lists for snaeh peak the recention time (RT), the ares, the
arga/height ratio, tha responsa, the equivalent ahailn length (ECL), the
identity based on ECL, the reletive amount (%) and one or two comments (e.x.
ECL deviation from expacted value)}. Whars two or more aclids are known to
eo-elute such that diserimination is difficulk, the identity ls given

only as a summad featuta. For gach of thase the moat llkely idantity is
given in the comment sectlons. Approximately 120 acide ced be idencified
(list attached).

Tha profile alse gives bhe solvent area, swits the tobsl pask dres, named

paak area, % peaks named, glvea the number of selactad vefdarence calibration
peaks in the profile and also givas gome indication of the reproducibilivy

of tha chromatography by compavison with these reference acide« This i
raferrad Lo in the RCL deviation and referance ECL shifi valued. Few of
these data will be of use to you, but they are of use to the opermtor whoe can
agsags tha quality off profiling., Standardisation is essantlal in work of
this type and the software Ia programmed to detect abnormalibles which

ara based upon the values desribed in this paragraph.

Library Search Report. The profile of named acids and thelr relative amounts
darived from accaptable chromatogaphle parameters digcusged above ia

compared with the profiles derived from a wide selaction of bacterial

baxa.
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A list 18 given of the generic, specific and infraspecific tiva with the
nost similar profiles to mmch Lest profile. The degréee of profile and
similarity is agssessed Ln the form of a similarity index (0 = 1.0) for

sack of the listed taxa. This is caloulated using a pattetn recognition
atgr»rithm.

It pust be noted that a fatty acld profile is 4 sipgle diagnostic test

and it must not be assumed that the firgt cholce is the correct determination..
Rather it should be used as an aid in determination or dlagnosis, Tha libracy
18 not .complete. It represents a selection of the wajor taxa held in a
variety of reputshle culture collectiors (lisc attached). Bach taxon is
rapresented by a comprehensive range of strains.

- Interpretation of the library search report deta varles with the group

of bacteria and it i5 impossible to apply hard and fas: rules. In general,
values greatdr than 0.7 are axecellent matches. An index vdalue of (.5 1
approximataly three standard deviatiens away from libary enttry mean

value.

Clapeificacion repovts giving a single match greater than 0.5 have a atrong
likelihood of helng corrvect,

8ingla mateh determinations with indices below 0.5 mey indleate a closely
telated orgenism nob 1ln tha librarys Some groups of bacterla comprise
hacteria with very similar profiles for which there is overlap. This can
ocecur at generic le-el within for example the Enterobactériaceda or at
gpecific and infraspecific levels within for example the fluorescent
paeudoponads. In such cames it 1s poasible to have 2 libraxy search
resulting in three matiches all with similarity indices greater than 0.5.

In such cases a Few conventional tests may easily differentliate between them.
Evan values at the {.) level quite often represent alosaely related species,
Soma taxa are heterogenous and if phe library does not include a pagbicular
sub grovp within the strains in the library, then similarity index values
may be lower than expected. Where such differences are known the taxa in
the library are subdivided into different Cas chromategraphic sub groups

to d.d determinations

Histoplot chart. This iz a viaual representation of the results of the

librery searehs Tho chart raepresents the librery entry for each acdd in

the profile of the closest match. 'The + value iz the mean library antry

(% of total acide) with a window of two standard deviations around thiz mean.
Ths % value 43 the value for that aeid in the sample extract. Thias simple
stacdetdeal analyels can he very useful but the caleulation of the

similarity index involves the uase of a complex algorithm Chat takea into account
vapious other parameters such as relationship between acdds, non-Gaussian
disuributiona of percentagas etc, and ls of greater gocuracy. Even when :

a match 1s not given in the libratry search report, a histoplot of closast profile
is given. The diatance value iy indicative of the number of etandard deviations

distance from cha library mean values.
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CHARACTER

Gelatin hydrolysis
Nitrate reduction
B-Balactosidase
Saccharose
Arabinose

Mannitol

Fructose

Glucosa

Maltose

Starch (Amidose)
Rhamnose

Galactose

Mannose

Sorbitol

Glyceral

Urease

HzS production
Acetoin

Simrons citrate
Cytochrome oxidase
Catalase
Oxidation/Fermentation
Moltility

Spore

+ 4+ + + + + + 1+
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CHARACTER ISOLATE 1 ISQLATE 2 REISOLATE 1 REISOLATE 2

Nttrate reduction - - | - | -
Indole from Tryptohan
Blucose (acidification)
Arginine dihydrolase

Urease - . . -
Aesculin + + + +
Gelatin ; * + +
PNPG * + + +
Assimilation
&lucose + + + i
Arabinose + + & $
Mannose + + + +
Mannitol o + * + ¥
N-acetyl Glucosaming + + + +
Maltose + o + +
Glucorate + + + +
Carpate - - - .
Adipate ' - - - -
Malate ' - - - -
Citrate + + + +
Phenylacetate - - - n

Oxidase + 4 + +
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