
Figure 70
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EL~DrB assay. Reaction of bacteria with antiserum directed against
£. m,. aubsp , michiganense.
Spot 1

2
3
4
5
6
7
8
9
10
11
12

- GC isolate
- NC iw.)late
- CS isolate
.. LL isolate
- LC isol.ate
- C. m. subsp. sepedonicum
..TZCisolate

michiganense
nebraskense
~d:l.o!:lum

.. C. m, aubsp ,
- C. m. aub sp ,
.. C. m. sub an ,..C. Tranicus
..CUrtobacterium flaccumfaciens pv. flancumfaciens

,
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2

Scr~ening of p~tential greening iaclates in the EL-DIB assay.
Immobilized cultured cells were probed with GlOE antiserum (D)
and, in a partial assay, with antiserum directed against the GO
isolate (A).

Spot 1
2
3
4
5
6
7
8

..GO isolate

..NO isolate

..OS isola!:e

..BC isolate (Britb distrlct isolates)

..GL isolat

..PL2 isolate (Pretoria district isolate)

..PCl '901ate (Pretoria district isolate)

..NL isolate (Nelspruit district laolata)
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3.9 PREPARATIVE lMMUNOFLUORESCENCE MICROSCOPY

Ana.lyeie of leaf ma.terial ueing this method failed to
reveal the presence of miuroorganisms in samples of
greening-affected material probed with the GICE antiserum.
Similar results were reoorded with material taken from
orohards in the Nclspruit, Letaba and Brite areas. Reaotion
of the antiserum with plant debris was observed, this being
expeoted due to the reBidu~l anti-plant activity of the
antiserum even after extensive oross~absorption.

When the anti-GC isolate antiserum wae used to probe
preparations of leaf midribs oolleoted from a tree from
which the GO isolate had been oultured, numerous
baoteria-like struotures were observed (Flg. 72). Some
binding of Is"" to plant debris did occur, but a v~.Elual
distinction could be made between this reaotion and the
reaotion of the antissrum with bacterial oella. Healthy
control preparations displayed a minimal amount ot
fluoresoenoe and the baoteria-like struotures ob3erved in
the infeoted samples were not observed in these
preparationa.

After exami1'l,atiolluncleX'the fluoresoent miorosoope. the
polyoarbonate membranes on whioh the samples bad been
trapped were propared for soannins eleotron miorosoopy and

'( "
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viewed with a JSM 840 scanning microscope. This was done in
order to confirm that the structures observed under the
fluorescent microscope displayed the morphology typical of
a .l.'od·..shaped bacber rum under hisher magnifioetion
(FiS. 73).

3.10 IMMUNOQOLD LABELLLG

Cultured cells of the GC isolate were adsorbed to eleotron
mioroscope grids and then probed with the antiserum raised
against the extrac'c of greening-infected citruB (GICE
antiserum). The ;i;'eactionwas visualized by reacting the
sample with a gold-Ie.belled anti-rabbit IsG c;,ojugate.
Fisure 74 showa that binding of the G!CE antieerum to the
ee Lla

probed
did not

with
OCOUr. As a control, the GC isolate wae

the homolosous antiaerum under the same
this oase~ binding did occur (Fis. 75),oonditione. In

indicating a speoifio reaction.

Organiems diaplaying a similar morphology to that of the
SreeninS organism were extraoted from greening-infeoted
citrua followins method 5 (seotion 2.9.2) and the
prepara.tion immunogold-Iabelled using the arltisarum x'aiaed
against the GC isolate. The result is shown in Figure 46.
It is evident that speoifio binding of the antiserum did
not ooour, augseatins a lack of antisenio homology between
the baoterium obAl.rved and the oultured GC isolate.

'{ .
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Figure 72

Fluorescence of organisms extracted from infected citrus midrib
material. Bars • 5.0 urn.

_f
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Fi.gure 73

Scanning alcctt'on microscopic examination of orga'Clisms (anotols)
and host plant debris trapped on the poLycarbona ce membrane from
the PIFM investigation. Bars • 1.0 urn.

f:' 1'''''.'
.' .
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-
Figure 74

Immunogold LabetHng of the GC isolate with antiserum ~'aised against
an extract of greening-infected citrus (GrCp. antiserum). Note absence
of bound gold conjugate. Bat = 0.25 um.

Figure 75
Irnmunogold labelling of the GC isola ce , Cells were rene tod wi th
homologous antiserum and probed with gold-labelled anti-rabbit
IgG. Note specific binding of label to the ce 11. l3nr • 0.25 um,
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3.11 WESTERN BLOTTING

Figure 76 shows the PAGE sel patterns of the Coomassie
Elue-stained proteins from the extracts of tbe oultured GO
Leo Latie and the hedlthy citrul:lmidl'ib material. Aftel'
electrophoresis, the proteins on duplicate gela were eithel' ,.
stained with Coomassie Blue (as shown in Fig. 76) or
transferred to nitrocell'L,lose membrane. The blotted
proteins of the citrus extract were p.'obedwith antiserum
directed against a live, sonicated preparation of the
oultured GC
125

I-labelled
isolate, followed by reaction with

Protein A. Three millimetre sections were
cut along the length of the NC membrane and the
radioaotivity of each section determined. The bar sraph
represents the radioaotivity (c,p.m.) along the length of
the paper blotted with the oitrus proteins.

The gel profiles of the bacterial and plant extraots
demonstrate 'the presence I'"·fa 61 kDa and a 67 ltDaprotein
whioh appear to be common to both sampleEI.When the oitrus
proteins were probed with the GC isolate antiserum, a
positive reaotion between the antiserum and the two plant
pr '7,einsWEl.S r-ecor-ded(Fig. 76, bar graph).
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- 30,0

_ 20,1

__ 14,4

ooo
C\I ,.. 2 3 kDa
c.p.m.

Figure 76

Coomassie blue~stained protein profiles of extracts of healthy
citrus midribs (lane 1) and the cultured GC i.·olate (lane 2).
Molecular weight markers (14. 4 ~ 94 kDa: PharmacIa ) are shown in
lane 3. The bar graph represents the radioactivity (c.p.m.) along
the length of the paper for the citrus protein extract. The proteins
in this lane ",ere probed with antiserum raised against a live,
sonicated preparation of the cultured GC isolate.

"

,
i'

J
~



289

3.12 FATTY ACID PROFILING

The fatty acid profiles of the bacterial isolates as
determined in the laboratories of the National Collection
of Plant Pathogenic Bacteria (NCPPE), England are shown in
Appendix L.

The analysis of isolatee N~, CS and R-NC (the latter being
an organism re-isolated from a citrus seedlins inoculated
with the NC isolate) conduoted in the NCPPB laboratories
indicated that these three organisms have the profile of a
Gram positive coryneform bacterium and belong to the same
taxon. Althoush the fatty acid profile has affinities with
Qlavibacter, ~OCOOQUa and Bacillus, the n&tu~e of the
profile and the Gram stain reaction indf.Oate that the
orsanis~s appear to be moet closely related to the genus
Qlayib~. It is possible 'thatthe isolates are members
of the Qlayibacter roichlganensegroUp, their profile beins
most aimilar to Q.m. subsp. sepedonioum. The similarity
indioes were found to be fairly low, so great emphasis
cannot be placed on the naming of subsp. sepedonicum,
although this WaS the library profile most similar th~ that
of the isolatee.
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Isolate GC was found to have the same profile as the three
aforementioned bacteria, but with 3 small additional peaks
which confused the diagnosis. GC was, however, found to be
closely related to the Q. michiganense group of bacteria.

In the same analYsis, isolates TZL and LL displayed
profiles which differed fl:'omone another and from isolates
Ne, GC and CS as well.

3.13 PAGE ANALYSIS OF CELLULAR PROTEINS OF THE
Q. michigananaa GROUP OF BACT~RIA AND THE GREENING
ISOLATES

Fatty acid profiling of isolates GC and Ne suggested that
the organisms are members of the Q. roiQhigane~ group
(section 3.12). PAGE analysis of proteins was subsequently
carried out and the resultant protein profiles of the
organisms used as another means of determining a possible
relationship between the isolates and representative
members of this group of bacteria.

The PAGE pr-otie in patterns of the greening isolates and
Q.l.a£ibM.t.e.r type cultures obtaint:ld from the National
Collection of Plant PatiJ,:.~enic.:Bacteria, U.K. indicate
differences in the oellular proteins of isolates G~ .od Ne
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and all the members of the Q. michiganense group of
bacteria investigated (Figs 77 and 78). This finding, as
well as the reauJ.tsof the EL-DIB sasays (section 3.8.5.3,
Figs. 69 and 70), suggest that isolates GC and NC are not
closel'l,"related to this group of bacteria. FUrther
characterization ('I}.g.genetic, metabolic and cell wall
composition studiea) of the isolates ie, however, necessary
to confirm this.

kDa
66 Ill- -
45lJt> ,
36 .. ..

1 2 3 4 5 6 7 8 9 10

Figure 77

SDS-PAGE protein profiles of greening isolates and members of the
genera Clavibacter and Curtobacterium. PAGE samples were prepared
by the method of Carlson and Vidaver (1982).
Lane 1 - molecular weight markers (14.2 - 66 ltDa: Sigma)

2 - Curtobacterium flaccumfaciens pv. flaccumfaciens (strain
NapPB 1446)

3 - Clavibacter 1ranicus (strain NCPPB 2253)
4 .].: E!' sub sp , insidiosttm (stl'ain NCPPB 1109)
5 - Q. E!' subsp. nebraskense (strain NCPPB 2579)
6 - Q. E!' subsp. ~chiganense (strain NCPPB 2979)
7 - NC isolate
8 - lysozyme (internal marker)
9 - GC isolate

10 - L1. isolate
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Figure 78
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1 2 3 4 6 7 85

SDS-PAGE protein pro.filea of .£. .!!!.. aubsp , sepedonicum and greening
isolates. The cellular proteins of .£. .!!!.. subsp , sepedonicum and
those of the greening isolates were fractionated on separate gels I

but under ldential conditions. The same protein standards l~oro
used on boch gels to allow for comparison of the protein profiles.
The protein samples were prepared as described in section 2.9.1.6.

Lane lA
2A

1
2
3
4
5
6
7
8

- molecular \veight markers (20.1 - 170 kDal Boehringer
Hannheim

~ .£. .!!!.. subsp. sepedonicum {strain NCPPB2137)

- molecular weight markers (20.1 w 170 l~Da)
- he~lthy citrus midrib extract
.. Ga isolate
.. NO isolateas isolate
.. LC isolute
- I,L isolate
.. TZI, isolate
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CHAPTER 4

DISCUSSION

4.1 ANALYSrS OF THE CULT.URED BACTERIAL ISOLATES

The reoognition that phloem-r~etrloted prokaryocio
orsanielll1Swe);'eaesoc:l.atedwitl. oitrus greenins dieea5e
(Lafleche and Bove , 191013.and 1910b I Seslio .at Al.• , 1971,

Chen .a.:t Al., '.911) raised hopes that the disease agent
\\fouldbe oultured and ita aetiolosioal role confirmed.
Reporte olaimins the sucoessful .in ~ oulture of the
sreening organism in a:r.'tifioialmedia soon folle-wed(Ghosh
~ al., 1971, Sodhi at al., 1973). The organisme obtained
in oulture were myooplasmas and oould therefore not have
been the areerlinsol:'saniem,known sinoe 1971 to differ from
a myooplasma (Saslio at al.t 1911). ~hia faot haa since
been amply oonfirmed (Ohen ~ al., 1971, Moll and Martin,
1974, Garnier .at Al., 1976, Garnier and Bove, 1971, Sove
~ Ai., 1980, Garnier ~ Ai., 1964).

SOlne years after these initial isolation a'!:,tempts,Garnett
(1985) reported the isolation of the greenins bacterium in
a oomplex medium designated MIG. ThQ evidenoe presented by
the author in support of the olaim that the oXlsard.am
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isolated wae the aetioloSical agent of greening disease wae
la~gely uircumatantial. The fact that i) the morphology of
the cul t'ltt'ed bacterium WEtS typical {)f the sr-eeming
bact.9I'ium as viewed in eitJ.l., ii) the organism wad isolated

frL'Im mOL:)tof tht~ma.icr ci tl'\W growing axenG of South Afrioa

where greening exiat,C3. and iii) the ant,ibiotic sensitivity

display~d by the nrganism was comparable to that deecrlbed

:tOl.'" greening in Jil.itu. vU).f:\ oonaidered by the author to be

adequate pr'oof ,,:f;' bhe Plirthogenici t,y of the isolate.

In che same ,1ou:rnal in which the work of Garnett (1986) is

reported, :repo:r·t,L1by Ariovicl'1 and Garnett (1985) and Duncan

and Garnet.t ( 1980) pr()!:'lf:mt fu:r-thel' circumstantial evi.dence

ton f~upport thE' claim made that the baotE~rium is the
causntiV(1 agent ..Jf gre('ming di!3enee. At.temptf!lto repeat
nBpIiJct,(J of thl] work pex':f'ormed by the above authors in this

and nthp,:r In'borA1,()Y'i9£have met. with 1:1.ttlt~ euceeea, Jn the
handEl of ot;h,)r w(,)l'keN:J the MIG medium of Garnett (1985)

fni.lE\d tel eUPPl1rt the gl'owt.h ('Jf th('1 1?,:t'£3ening organism even

when infected PEll"iwi.nkleo with hi[i.!h titros of the b!\ctel:'ium
weN1 ucod ac: anccukum (Mnnicom. J 084. Gnrnier et. al. ,

lOB? ) • MorecJVox', an t:l.ntif:mrumraised by Garnier at AJ..

(lBR?) aUllinBt ~he o~ltured ioclate of Garnett fa11ad to
dotect greening dlo(\QBO in infocted PDriwinkle and citruD
fe·Junto in EL,H)A. '1'ho innb:U !.ty of wCH.~kol'.\fJ to rep:t'()ducf,) tho
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reeulte of Garnett, at:',t'l'.I,J ~s the fact that the 1eo1a:1:.1005
and pathogenioity were never fully oonfirmed by the
fulfilment of Kooh"s postulates, oeflltsdoubt. on the
aetiologioe.lX"oleof the oultured be.. terj.a>

Mocbaba (1989), working in the same laboratory as Garnett,
aleo reported the iaolation of eimilar bacteria :1:rom
greening-infeot3d oitrus and attempted to oharacterize the
organisms.

One of the prinoipal aima of this study was to
determine the pathologioal signifioanoe of
supplied by Garnett and Moohaba throush

studiee. In addition 'bo the attempted
of Koch's poetulatea~ an analysis of the

i~olatea wae undertaken. This involved Gram
PAGE analysis of cellular proteins, eleotron

examination and serological studies. Early
and serological etudies conducted during the

this study Buggested that the ieolatee differed

unequivocally
the iaolatea
tranemieeion
fulfilment
bl'l.oterial
ecainins,
microsoopio
tranemiei9ion
course of
in some respecta. Differenoee in certain properties of th~
ieol."l.teswere aleo observed in the work oarried out by
Keddy (1989) and Mooh~~a (l889).
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thia
and

oitru6 greening isolates described by Garnett
and Mochaba (1989) ware reportedly Gram-negative. In

study, however, the cultured baoteria (iosolat:ea GC
NO) exhibited a Gram-variable stain reM'bion (Fig. 8)

,All the
(1985)

when the ataining method detailed in Appendix E was used.
The isolates aleo stained Gram-variable when the the
moditioation of the Gram stain prooedure employed by
Moohaba (1989) was used. Although the ~se of a baoterie~
oulture and the oonditions under whioh the colle are grown
are known to affeot the staining properties of a partioular
organism. isolates GO and NO oonsistently displayed a
Gram-variable staining reaction. A oulture of Q.m. Bubap.
~Jiganenaa s~own under the identioal oonditions wa~
inoluded as a standard. The organism waS found to exhibit I;).

Gram"'variable s'bail'l.reaction (Fig. 9) similar to that of
isolates GC and NO.

Members Of the genua Q1a'llj bactet!. are repol,~teclto be
Gram-positive (Davis ~ Al., 1964), but isolates
decolourize easily ancl frequently exhibit uneVen staining
(Moffett ~ Al., 1983, Vidaver and Davis, 1988). As
ovel:~nisht oultures of the baoteria were ueed for the Gram
stains, it is unlikelY that the variable etain reaotion
observed was due to the age at the oultures. It is pOSsible
that the deoolourization step used in the stainins
prooedure reported here was overly stringent and that the
.Qlav:ibf.lQteu.~and NO oul.turee destained easily res\tlting in
the variabJ,e stain reaction.
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The results of a number of investisations conducted in this
study indicate that the GO grQup of ieolatea (GO, NO and
OS) differ significantly from the other isolates in a
number of respects and thus eussest that the groupe are
unrelated. The oomparisun by SDS-PAGE of the cellular
proteins of isolates GO, NO, OS, ttL, Lt, TZL and LO showe
signifioant differences between the GO group and the other
organisms analyzen (Figs 10 and 78). The difference is also
refleoted in the resulte of the EL-DIB assay in which
isolatee TZt and LO failed to react with antiserum raised
a~ainst the GO isolate (Fig. 69). In addition, the
inoculation of varioue herbaoeous plant species with either
a oe11 Buspension of the different isolates or with the
filtered culture medium in whioh the organisms were Qrown
pointed to differenoes in the infeotivity of the bacteria.
Only the plante exposed to isolatee GO, NO or OS, or to
their metabolites, d~veloped diaease eymptoms, While
isolatee to and TZL failed to induce symptome in the
similarly inooulated plante (Table 7).

4.2 ISOLATION OF THE BACTERIUM FROM CITRUS, PERIWINKLE,
DODDER AND THE INSEOT VECTOR

Attempts to ieoiate and oulture baoteria identioal to the
GO grOUp of orsanisIDs from citrue and paylla eamplea
colleoted from various areae of the Tranevaal affeot~d bY
greenins met with limited success (seotion 3.2). The
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baoterium was ov.ltured from only a small peroentage of the
infeoted oitrus branoh, leaf and fruit samplee e.eeayed
(Tables 1 and 2) , but not from the infeoted insect,
periwinkle or dodder material. The organism Was also
isolated in pure oulture from apparently healthy oitrus
material (Tables 1 and 2), althoush the trees from which
these samples ware harvested may have been affeoted by
greening but did not display visible symptoms of the
disease at the time of collection of the samples.

In addition to the isolation of thef.'leorganisms, a number
of other bacterial species were isolated in pure cultUre
from both healthy and infeoted citrus, periwinltle and
dodder eamplee using MIG-3 medium (Table 3). The baoteria
oultured were moet probably residents of the internal plant
and inseot tisBuea as 'thesterilization method emploYl'ldwae
atx'ingent and had been found to be effeotive in
neutralizing the surfaoe microflora. Similarly, a number or
different bacteria were isolated from plant and insect
eamplee using a number of other culture media (seotion
3.3.1).

No appreoiable differences in the resulte of the ieolat:l.on
attempta using the two inoculum preparation prooedures was
observed. The Scholander bomb method Was, however, a mOre
convenient means of obtainins sap from oitrue material. The
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use of the bomb facilitated the extraotion of plant sap
under aseptic conditions and thus resulted in less
contamination of cultures ow~pared to the ohopping method.
In add.ition, the Soholander bomb method of extraotion
yielded an inoculum preparation whioh Was less contaminated
with oompounds derived from host tiSBue extracts compared
\·11th the chopping method. The presence of such compounds
haEt been found to be inhibitory to the growth of MLO
(Eden-Green. 1982) and spiroplasmas (Lee and Davie, 1986)

and may similarlY affect the growth of oacberi.aextracted
from citrus.

The results of the isolation att.emptsconducted in this
study indicate a low correlation between typical greening
symptoms and OOGurr'ence of the isolates of Garnett and
Mochaba. Nonetheless. the organism does appear be be
associated with greening-infected oitrus to a limited
extent, but not with similarly infected paylla, periwinkle
and d.odder.

'1'hefinding that different bacterial species could be
isolated from both diseased and healthy plant material is
in agreement with the observations of Gal'.'dner.e.t. lU. (1982)

arid Bobha .e,t, al. (1984) who r-8Portedthat both healthy and
diseased citrus plants harbour endogenous ba.cterial
populations. The mer-e obeenvabLon of ba.oteria in plants
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does therefore not nec~ssarily imply that tha organisms a~e
phytopathogenic. Furthermo~e, the occu~rence of such
endogenous mioroorganisms in citrus plants would obviously
oomplicate the unambiguous isolation of the aetiological
a~ent of greening.

4.3 ATTEMPTED ISOLATION OF THE CAUSAL AGENT OF GREENING

Perhaps the most pertinent area for study of greening
disease is t.he further characterization and ident.ification
of the causal agent of the disease, eventuallY leading to
its assignment to a taxon. Advancement In this area would
be greatly facilit.ated by the sucoessful cult:tvation of the
baoterium on artificial media.

Uti~ization of standard media and culture methods has thus
far failed to allow workers to isolate the aetiological
agent of greening. The answer to this problem may lie in

\manipulat.ion of the cno Lce of the inoculum source, existing
media and conditions of culture. as well as in the
development of novel media and the use of innovatory
culture techniques.

Sibara (1t~82) reported the development of a culture medium,
the f.ormulation of whioh wa.s ba.sed on tha.tof a.ninsect
t Laaue cuIbur-e meddum , This medium, deei.gnat.ed "MIG",
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allowed the author to oulture a baoterium with a similar
morphology to that of the greening organism. The baoterium
was isolated from greening-infeoted citrus but never from
healthy plant material. Using this same medium, Duncan
(1985) later isolated a Gram-negative bacterium from
infected citrus which reportedly displayed ",he
oharaoteristic oell envelope of the greening organism. As
with the isolates of Garnett (1985) and Mochaba (1989), the
aetiological role of the ~aoteria isolated by Sibara (1982)
and Duncan (1985) was never confirmed.

Despite the reported success at culturing a Gram-negative
bacterium displaying the morphology and ult~aetruoture of
the greening bacterium from infected citrus using MIG
medium (Garnett, 1985, Ariovich and Garnett, 1985), a

similar bacterium was never isolated during the course of
this study from citrus, periwinkle, dodder or insect
mate~ial affected by sreening (section 3.3.1) using M!G or
M!G-3 medit~ (a modification of M!G).

Similarly, isolation cf an organism displaying the
struotural featul'es of the sreening bact.erIum was not
achieved using standard bacteriological media, as well as
other culture media developed for fastidious plant
pathogetls (seotion 3.3.1) . Periwinkl.e,dodder and psyll.id
tissues have been shown to harbour high titres of the
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greening bacterium
Eave, 1983, Ghosh
more suitable as
Attempted isolation

(Moll and Martin, 1973, Garnier and
~ ai., 1977) and should therefore be

sources of the bacterium than citrus,
of the greening oI'ganismfrom these

souroes was, however, not achieved.

Failure to cultur~ the greening organism can probably be
attributed to three factors: i) failure in mechantcal
extraction of viable C:;'l.'l,umismsfrom host tissues, i1)
inhibition of the baoteria in early passag,aby compoun,
derived from host tissue extraots, and iii> inade~uaoy of
media and conditiOns of culture.

In the case of plant-pathogenic spiroplasmas. the ideal
for primary isolation is one that contains a high
viable organisms and a low conoentration of
inhibitors of spiroplaama growth (TJ13s and Davis,
inoculum with the same features is likely to be

inoculum
titre of
potential
1986). An
ideal for the culturing of the greening orsanism.

In the Scholander bomb method of extraction, application of
positive pressure on a leafy twis held within the pressure
chamber results in the liqu J contents of, the plant
vascular system being forced up to and extruded from the
out end of the twig. This method is ideally suited to the
extraotion of xylem-limited as well as phloem-limited
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organisms such as the disease agent of greening. The usa of
the Scholander bomb to obtain sap from infected citrus
material was found to facilitate the preparation of inoclua
relAvively free of host pigment~ and other contaminants.
Visual and light microscopic examination of sap bubbling
from the twis (FiS. 2) showed that the sap wae minimally
oontaminated with pigments and particulate matter of host
origin. Physical disturbance of vascular-limited organisms
is also minimized in this novel extraction prooedure.

The relativelY "clean" inoculum preparE·.tionsobtained
through the use of the Scholander bomb differed n)..~rkedly
from the plant-contaminated inocula prepared by the
chopping method (seotion 2.2). The latter proc~dure
ruptures host ce11s re: sing plant pigments. tannins,
enzymes and other comPounds whioh may inhibit bacterial
growth. Procedures such as early aerial sub("'lture,
dilution of primary culture with fresh medium, or
clarification (through uae ~f. oentrifugation) to remove
toxic material, may however be used to minimize the effects
of the host-derived inhibitors (Liao and Chen, 1992). In
the chopping method of extraction, vortexing of the plant
suspension was necessary in order to enhance the release of
bacteria from the host tissue. This is a phYsically
disruptive process and may havs an adverse effect on any
microorganisms present.
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Isolation of the greening bacterium from the insect vector
may preclude some of the difficulties encountered when
using infected plants as sourcea of inoculum. Haemolyroph.
for example, could be a useful source of the bacterium for
isolation in culture as the haemolymph of ~. erytreae
collected off greening-infected citrus was reported to
contain lax'ge numbers of the organism (Moll and Mar'tin,
1973). Collection of ~syllid haemolymph is an extremely
difficult procedure and W1'.oleground inseuts hac to be used
as inoculum in this study rather than the isolated
haemolymph. Howe~dr. when whole insecta are ground in a
medium or buffer, toxic products may be released (Lee and
Davis, 1986) and thus similar precautions such as dilution
and olarification may need to be taken with such inocula.

It is unlikely that the inability to culture the causal
agent of greenins disease in this study was dUe to the
ineffioacy of the mechar.dcal extraction prooedures
employed. Although eleotron nlicroscopic examination of a
number of infected plant extracts prepared using either the
Scholander bomb or chopping method faUed to re'\roalthe
presenoe of visible numbers of the Sreenins bacteria in the
preparations, the nabure of the procedures is auch that
their use should result in the extrioation of at least some
of the endogenous microorganisms from the host material.
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An initial inooulum hiSh in titre of viable organisms is
probably as important a soal as a suitable growth medium in
cultUring the grel"1ing organism in ~. The number of
bacteria r~leased by either the Scholander bomb or chopping
method of extraction may not have been sreat enough to
ensure adequate growth of the culture in bhe .i.nitial
stagea. and further i,mprovementa of these procedures, as
well as the investigation of other methods of extraction
should thue be investigated.

The presence of potent plant-derived bacterial inhibitors
in the inoc'lla is unlikelY to be a major factor
contributing to the inability to isolate the sreenins
bacterium in pure culture. Although inocula prepared by the
chopping method were visibly contaminated with plant
components, any inhibitory compounda present would have
been diluted oonsiderably ~pon addition of 0.2 ml of the
preparation to 15 ml of oulture medium (section 2.2).
Clarification and concentration of 1.6 ml volumes of
infected extracts by differential oentrifugation and their
subsequent use as inooula failed t,oresult, in the isolation
of the greenins organism (results not shown). Suoh
treatment of extr'acts ehouLd aid in removini a eisnificant
amount of any inhibitory comounds present, as well as
oonoentratins the baoteria present.
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The extraction of plant xylem and phloem fluid via the
Scholander bomb should yield inocula containing lesser
amounts of plant components and hisher conoentrations of
phloem-limited orsaniame (suoh as the greenin" baoterium)
than the ohopping method of extraction. The u~e of this
~pparatue therefore minimizes problems aasooi~~ed with
interfering host compounds and maximizes recovery of
vasaular~limited orsanisms.

'!'heinability to oulture the aetiolosioal agent of'greening
die~aee in Y~,:t:t:Q. is thus likely to be due to the inade9,uaoy
of the culture media and/or conditione of culture. The
failure of variOUS media t~ support the in ~ srowth of
the organism (Moll. 1974, Maniccm, 1964, Garnier At bl.,

1967) eusseets that it hae limited biosy.nthetio
capabilities and probably re9,Uilee a number of oomplex
ingredients suoh as those inoluded in media for the
oultivation of plant MLO and apiroplaemas (Lee and Pavie,
19B6) •

Beoaul'Jeof the dieputed effectivElneeeof MIG ae a c:mlture
medium for the sre~ninQ baoterium, a numb~r of other
oomplex medla were used in an attempt to ieolate th~
c~saniem. Three of th~ media» namely eG3, LP8A3 and LD69,
were formulated for p~imary ieolation and routine
...uboultUX'e of )i)lan'c..pathoQenio epiroplaennae. Moet media
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deeisned fo~ thie purpo~e a~e, like media for oulture of
animal myooplasmas, enriohed with eeveral oomplex
~nsredientes eucb ae pleuropneumonia like ors~miem (PPLO )

broth bame, animal ~arum, and yeast ext~aot or yeaetolate
(Lee and Davie, 19a5).

Medium eGa (Liao and Chen, 19'75) was the first medium
fO'l!'mulatedfo~ epi'('oplaernaeand ie a simple medium oommonly
'~esed fo~ theee mioroorsanieme. Medium LD8Aa 'Lee and Davi.s,
19(6) wae developed for oultu:re of more fast:l.dioueestraine
and yieldes 6'1,~perio~liZ~owthof the plant pathogene. Medium
LD59 (Davis ~ Al., 1985) sUDPo~te sood ~rowth of etrain~
that srow poorly i£ al all ill media conte.inins serum, Serum
oontains a variety of lipide and other insredients whioh
are eesential for growth of !SomeMLO and epix'oplaemae, but
to,,~io and inhibitory to otharlS (Lee and Devis, 1ge5). It is
thus eeeemt1al
attemptins to
mioroorsaniem.

to uee a variety of media formulations whe •
oulture a prev:!.ouely unoultivable

D~epite the ~outine use of the above-mentioned media for
the oultivation of a numbex' of fastd.dioul!!:plantpathogenio
miot'oorsanieml!!, the media we:t.'eunable to euP}?oX"t the
in ~ srowth of the sreenins baoterium.
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In addition to the use of the spiroplaama media,
formulations developed for the axenic culture of
phytopathogenio ooryneform bacteria, inoluding the
nutX'itionally exaoting organism causing X'atoon stunting
disease of sugaX'oane, were investigated as possible media
:eoX' the oultuX'e of bhe gX'eening baoterium. These media weX'e
f~und to be unable to support the in Yi~ growth of the
oX'ganiam.

All the media used were, however, able to support the
srowth of a Variety of other baoterial species present. in
the extracts of both hea1thy and infeoted plant and inseot
samples. The preset.oe of bacber-La in the samples assayed
was not unexpected: diffeX'ent baoteria were similarlY
ieolated from material dUrins the oourse of other isolation
trials (section 3.2), and the ooourrenoe of endogenous
baoterial popuJ.ations in oitrue has been reported by othel:.'
~'101'kel:.'8(Gardner at. a.l., 1982, Bothe. at. .a.l., 1984). Inseots
too have been shown to harbour natul:.'ally"ooou~rinB
baoteX'ial populations (Purcell ~ Al., 1977, Davis ~tt Al.,
1981) •

Because of the failuX'e of the aX'tifioial media, alteX'nate
methode of oultuX's were apl?lied, namely embryonat.ed hen' e
egSe and inseot tissue oultuX'e. The foX'meX'teohnique hae
been used foX' the in ~ oulture of animal myooplasmas
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Qnd spiroplasmaa (Lee and Davis, 1986). Fastidious plant
also been cultivated using this method.

of SPiroplasma ~, honey bee spiroplasmas
pathogene have
Multiplication
and flo~e~ spiroplaamaa in chiok embryos has been repo~ted
(Rose ~ al., 1979, T.A. Chen and C.J. Chang,
unpublished~ H.J. Su, unpUblished) and Nienhaus ~ ai.
(1978) were similarly able to oUltivate a riokettsia-like
organism obtained f~om yellows diseased grapevine roots.

Despite the reported suocess in the in ~ oulture of
aome phytopathogens displaying limited bioaynthetio
oapabilities. srowth of the sreening organism in ohiok
embryos ~as not observed. The failu~e to stimulate gro~th
of the organism in this cultUre system under the conditione
used here is not, ho~everp surprising. For normal
development of the embryos, the eggs had to be inoubat~d at
37 C, a temperature which has been 6ho~ to be inhibitory
to the African strain of the greenins bacterium (Eave
~ Al., 1974). The teohnique may have been more sucoessful
had extracts of material affeoted by the heat-tollerant
Asian strain of the diaease been used as inooula.

Beoause of the absence of an established psyllid cell line,
a culture of mosquito larval oells was used in this study.
No r~plication of the greening baoterium was observed to
oocur in this culture system, a result which Was not



310

totally unexpected since the mosquito is not a known hoat
of the greening organism. The development of a psyllid cell
oulture system, however, might faoilitate the in ~~

oUltivation of the bacterium.

One is left with the conclusion that present artificial
media and conditions of culture are simply inadequate for
the isolation of the greening bacterium. This may be due to
some relatively aimple deficiency, and improvemente in
survival, l'I.ultiplicationand eventual euboulture of this
agent may come from chance combinations of culture
conditions and reagents. Noncultivability, however, may
also refleot a truly obligate mode of parasitism, involving
a more intimate aseociati,n with hoat metabolism such as in
the case of the Chlamydialea (Eden-Green, 1982). If this is
the caes, the development of either plant or inaect cell
cultures, or other in ~ systems, will prove oentral to
further progreee in the axenio oulture of the greening
organism.

4.4 KOCH'S POSTULATES

The hietory of olaimed isolations of mioroorsanisms from
greeninS-infeoted oitrus demonatr~tea the need for cautious
evaluation of the re\Htionship between a newly isolated
organism and ita plant and/or insect hoat.
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The puthological significance of an organism isolated from
an infected source can only be confirmed by the fulfilment
of Kooh'a postulates. As earlier attempts to introduoe the
cultured isolates baok into citrus via mechanical
inoculation had not been suocessful (M. Rota, pel's. oorom.),
an attempt was made in this study to inoculate oitrus via
the inseot vector as well as via stem injection and
slashing.

Initial observations s't:tS'seetedthat the isolates wet'e in
fact able to induce disease symptoms in meohanicallY
inooulated plante (Fj.!is 16 and 17) , the symptoms beins
expressed in suooesaive leaf flushes. Although the foliar
ohloroses observed were similar to those expressed by
naturally infected greened oitrus. oonfirmation of
infection with greenins by the production of
oharaoteristioallY lopsided fruit waa not possible due to
the immatUre nature of the test seedlings. In the absenoe
of fruit. inooulated trees were tested for the presence of
the sentit!licaoid marker of greening diaease. The fact that
all the sYmptomatio plante tested were negative for the
marker suggests that the symptoms obaerved were not oaused
by infeotion of the plan'bswith greenil'lg.

Althoush
observed
than 2

expressed in suooeseive leaf flusheB, the symptoms
on inoculated oitrus did not perairt for lonser

yeare in any of the seedlinsa and a number of the
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plants appeared to be free of disease 18 months after the
initial expression of foliar symptoms. The b~cterium was
reisolated from inoculated seedlinss displaying symptoms
but attempts to reiaolate the bacterium from plants after
the apparent disappearanoe of visible 8~ptoms were not
successful, despite the fact that the same plants had
pre~iously yielded the bacterium.

Greening-like leaf symptoms have been observed to be
induced by a number of factors, both abiotic and biotic.
Labusohagne .e.:t. a.l.. (1984) reported the development of
greening-like symptoms in sweet orange inoou],atedwith a
bacterium which was later found to be unrelated to the
aetiological agenb observed in. ru..t.:u. Gardner ruL.al. (1982)
and Gardner.e.t.al.. (1984) also showed that vadclus bacteria
isolated from apparently healthy citrus have an effeot on
plants when inooulated back into citrus. IndUction of leaf
symptoms in ~itrus inoculated with various baoteria has
also been reported (Labu8chagne ~ Al., 1984, Manicom.
1984). It ie thus clear that foliar symptoms are an
unreliable indioation of infecti.onwith sreen:l.nsand that
evidenoe shoUld at lel;).stinolude 'bhe production of
oharacteristioally deformed fruit.

Visualisation of the baoteria in midrib material sampled at
sites distant from the point of inoculation SUSS9sted that
isolates GO and NO were able t~ spread within m~ohanioal]Y
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The

(Fig. 22). The bacteria were also
material, further susgesting the
migrate within the plant tissue.
no evidence of active cell

number of bacteria observed in
was small and no dividing cells were

inoculated
cultured

plants
from this
ability too:r:-saniam's

There was,
multiplication.

howev9:r:-,

Lnccivl abed plant,s
encourn.or-ed, despite an extensive aear-oh, Most of the cells
obse:r:-vedappeared to be degrading and some atypical forms
were Been which :r:'e~sembledapparently deg:r:-adingcells in
late stationary phase cultu:r:-esof the o:r:-sanism(Fig. 15).

The bacteria
symptomatic
mo:r:-phological,

wer-e neccvez-ed in pu:r:-ecuLtux'e f:r:-om
citrus plants and displayed identical
metabolic and 6e:rolos~.oalproperties to the

original inooulum.

Attempts to introduoe the isolates lnto citmls via t.he
inseot veotor wer-o uneucceeefrul., Adult psylla and ¥lymphs
which had acgui:r:-edthe baoteria throush either membrane
foedins or micro-injeotion we:r:-sunable to infect citrus
plants with the organisms. It is unlikelY that the re~6on
fo:r:-the failure of insects to infeot target plant~ was du\?
to the inefficiency of the inoculation p:r:-oceduresused.
Inclusion of dye in the feedins solution showed that the
insects had in faot imbj,b~d the inoculum and the use of the
micro-injection technique ensures the entry of inoculum



314

into the insect. The failure of insects to transmit the
isolates i8 possibly due to the inability of the psyllid to
funotion as a vector of the isolates.

Although mechanical inoculation of ~eriwinkle was not
achieved, it was possible to transmit an infective agent
from mechanicallY inoculated citrus to periwinkle vie.
dodder (Figs 20 and 21). Bacteria were observed in the
phloem of symptomatic plan~s, but not in the control
periwinkle (Fig. 23). Dodder transmission of the disease
from infect~d periwinkles to other periwinkle plants was
also poesible. As in the case of c:!.trus,electron
microBoopio examination revealed that the titre of bacteria
within diseased periwinkles was very low, although disease
symptoms were pr(mounced and developed rapidly.

The low titre of bacteria observed is in contrast to the
large numbers of greening bacteria reported by Garnier and
Eove (1983) in periwinkle affected with greening.
Re-isolation of the bacterium from inooulated symptomatic
periwinkle was not a~hieved and it was therefore not
possible to confirm that the bacterium introduced into the
citrus was responsible for the symptoms observed in
per:I.winkle•
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From the results of the citrus inoculation trials reported
he~e1 it would appear that Koch's postulates had been
fulfilled. The apparent association of the bacterium with
greening disease was further confirmed b~ the results of
the inoculation trials involvins cucumbel'.0ucumber plants
were infected with a disease agent from naturallY-infected
greened citrus via dodder and the same organiam isolated in
pure culture from symptomatic cucumber as that isolated
from naturally-infected citrus (section 3.5).

Extensive 'rEM examination of infected cucumber plant tissue
ut various stages of symptom development failed to reveal
the presence of bacteria which suggests a low titre of the
disease agent within the plant. As no bacteria were
visualized in infected material, it is not possible to
ascribe the induction of the symptoms obaerved to the
green:mg or'saniam itaelf, to the il.3olate.or to some other
}1,.10sical agent. Considering the sev~rity of the symptoms
observed, the apparent absence of bacteria is unusual and
may indicate the involvement of a potent bacterial toxin in
the disease process.

Dodder paras:!.ti21ing greening-in!ect~d oitrus and
symptomatio
as that on
pal....asite was

cucumber-was not obaezwed to grow as vigoroual'Y
healthy material. The development of the
greatly retarded on diael'lsedmaterial and
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tlewly-developed shoots rapidly became necrotic and died
off. Ghosh ~~ Ai. (1977) reported a high titre of greening
organism in dodder parasitizing infected citruB, however,
TEM examination of dodder material from diseased citrus and
cucumbe~ in this study revealed a low incidence of g~eenins
bacteria. 'l"hebacteria were erratically cUstributed within
the parasite's vascular tissue and when encounter~d. were
present in relativelY large numbers within individual
phloem cells (Fig. 29). A large number of bacteria in the
infalced tiseue may aocount for the marked symptoms
observed, but as the titre obaerved was low. the
involvement of a baoterial toxin in this instance maY also
be possible.

Baaed on a number findinss of this, as well Of other
investigations, the ba~terium (GO group of orsanisms)
isolated by Garnett and Mochaba.was initially thousht to be
the aetiolOgieal agent of greening: i) the reported
similarity in morpholopsy of the isolates and the sreening
organism in ~tu (Garnett, 1985, Ariovich and Garnett,
1985), i1) the apparent fulfilment of Koch's postulates,
and iii) the ieolation of the same baoteri\~ from diseased
oucumber.

Howevert contrary to earlier reporte, the electron
mioroscopic investigation of the isolate morpholcgy carried
out in thie study neveaLed eisn:l.ficantdifferences between
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the morphology of the cultured baoteria and the greenins
bacterium in aitu. This study reveale~ that the ieolates do
not display the charaoteristio 01911 envelope of the
S);Ieenina;baoterium (Fist. 29B). The oell envelope of the
isolate (Fig. 14) meaeures 13-19 r~ in width, while that of
the 8k :'en:l.nsorganiam .in .alli i!!I reported to be
approximately 25 nrn (Moll and Martin, 1974, Ga);lnierand
Bova, 1977) • The isolated baoterium rePlioatea by mee.nsof
aeptum formation (Fis. 13) and not by buddins as re1t>orted
for sreening (Moll and Max-tin, 1974). In addition,
extensive branching was observed in oultures (Fis. 12), as
are ~lub- and boomerans-ehaped cells (Fig. 11). these
featu);leabeins atypioal of the greenins o);lganiemin ~.

Unless the bacterium haa undergone a!snifioant
morphological ohanges in oulture, the resulte of the TEM
study indioate that the GO g);loupof isolates differ
markedly from the greenins organism in aitu and oannot
therefore be the oausative agent of greening disease.
Further reeults of thie inVestigation alao sussest that the
ieolates differ from the aetiologioal a~ent of sreenins.
These inolude the findings that: i) ~ymptome on
meohanioallY-inooulated plante were t~anl'Jiei:ltand
disappeared 18-::24 months af'eel'inooulation whioh eugseests
tha.tthe infeotj,ondoes not persist,
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,
ii) antiee~um ~aiaed as~inst the oultu~ed isolate does not
detect the p~eeenoe of s~eenins in infected oit~ue and
pe~iwinkle mate~ial (Fiss a3 and 67),

iii) t~ansmission of dieeas~ f~om inooulated plante by _
srafbins does not ooou~ (~esults not shown), this method of
transmission usually b~ins effioient in the oase of
greening (t1oCleanand Oberholzer. 1966),•

iv) meohanioally-inooulated symptomatio oitrus seedlings do
not display the ientiaio aoid marlte~ (seotion 3.4.7), the
presenoe of this eUbstanoe usually beini indioative of
infeotion with ll~eenini, and

v) tranemission of the isolates 'cocitrue via the ineeot
veocor of ireenins did not ooour and ELISA, 'rEMobeervation
and ~eisolation at'l:H'!lTnPtsindioated that the isolates We~e
unable to persist, replioate or spread within injeoted and
membrane-fed ineeota,

The aooumulated ~esulte et~onsly BUSiest that the baote~ium
isola'ted by GarY.lettand Moohabe. bI not the st'eeminfl
or:'ganif::lma.::. 9" although it uoee !lppea~to be aseooiatied
with e10me tl:'eeeinfeoted with St'oenins di"eafle!l!.The
organism may be a mild opportuni~tio pathosen in oitrua,
eetabl1eh:l.ng iteelf il:"l.plante already weakened by infection
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with othe~ dieeaee agents. A~ the baote~ium has b~en shown

to Lnduce disease eymptome in oi'true, it may, to some

extent, oontribute to symptoms Observed in etree~ed

field-infeoted greened oitrus and lllay be a oomponl!ln.tof the

greeninS flyndrc,me.

The faot thC\t £!ree-nins dieeaee l'tIaY involve more than a

single biologioal a~ent is sussested by the findinge

repo:rted lJ~:r~. al' well as by the isolation of a number of

other ba~teria fr.-om infeoted and healthy oit:rus whioh

induce various eYlnptome when meohanioalJ.y inooulated baok

into healthy ~l~nt~ (Labuaohasne ~ Al., 1984, Manioom,

1984, Smitr.. .e.t Al. f 1986) • Addit:l.onal work ie, howt:;vet',

needed 'co ver tfy t.h~ assooiation of the!'Jc orsanieme with

th~ d:aeaee. Con~idera.tion should ~lao be given to the

possibll;! invC'lvement. of abiotio faotors in the dieeafle

syndrome.

The findins!!! reported here fUl.'ther illust.t'ate tlla't the

induotion of disease eymptome by an isolated mioroorganism

in inooulated tel!'lt plat'lts and the subaeg;uent 'l."'E'lie.lolationof

thl) ot'saniem in pure Qultul."e dQElSnot n~oel9~at'ily imply the

ful:filml''!Yl.t of Kooh'rs poertulate~ and oould merely be the

mimiokins 'J;'; the pot!'J'culetes,
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4.6 INOCOLATION OF HEREACEOUS PLANT SPECIES

The pathogenio eff~ota of the baoterial isolates, aa well
as the metabolites p.~oduoedby the oella in oulture, were
determined by inooulating various herbaoeous plant $peoies
with the oella or oell products present in the growth
medium.

The wilting observed in tomato, green pepper, cuoumber and
aubergine outtings after exposure to the spent culture
medium of iaolates GO, NO and OS sussests the presenoe of a
potent wilt-induoing agent of bacterial orisin in the
inooulum. Similar wilting was observed in tomato, green
pepper and ououmbe~ when leaves of the planta wer~ ~ubbed
wi'tihthe spent medium. Inooulating aubergine plante in this
way failed to result in the same foliar wi.),tins'Whioh
eussests that the toxir~ or toxin..like aubat~noe was not
able to exert its effect thx-ouShthe outle1e C'·fthis plant
speoies. Rubbins the leaves in sueh a way aa to oause more
damage to the surfaoe may have led to wilting. Aubex-sine
was, however, found to be susceptible to the toxin aa
eeedlins outt:J.nssplaoed :tn dHutt'f 01l: .,tll.~esuperna.tant
were observed to wil.t.

When an aqueou~ suopen~ion of GO, Na or as oells was rubbed
onto the leaves of tomato, green pepper and ououmb~r,
wiltins wae also obse~ved. This sUSBe~ts that the to~in
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~esponaible f.o~ this symptom is assooiated with the
glycooa.lyx of the bacte:da..Thillfact that the toxin is aleo
p~eeent in the oultu~e filtrate indioates that the oompound
is eithe~ exoreted from the oella or sloushed off.durini
St'owth.in ~. •

As the toxin was found to affeot a numbe~ of unrelated
plant speoiee, it appears to be non-speoifio in ita aotion.
The non-speoifioity of the toxin may indioate that the
effeot of the oompound is physioal.

The absenoe of wilt-inson dtrus exposed to 01.l1.ture"ioells
or medium indioates that this plant epeoiee i unaffeoted
by the .toxin under- the condf, tiona employed in thie
il),veatisation.Citrue plan.ts infeoted with the GC isolate
(either naturally or experimentally) Were never obeerved to
display wilting symptoms and the wilt~induoins effeot of
the toxin on c itrue thu!!!appear!!!to be mi,nimal.

Wilt-induoing exotoxine have been reported to be produoed
by the plant pathogenio baoteria Asrobaptertum tumefac1ene,
Xanthom.onaa .'QbaC5eoJi I Erwinia .o..arQ:t;oyora and
Qor~pepac:terium miob:l,itaXl~ (HodSBon At.al., 1947, 1949 J

Feder and Ark, 1961, Rai and Strobel, 1969). The
phytotoxina assooiated with these organisms were found to
be polysaocharide and non-speoifio.
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When e. purification prooedure developed for the isolation
~f polysaocharide phytotoxins was applied to the oulture
f:l.ltratesof ieolatee GO and NCo the reeultant PX'eparation
was found to oause eimila~ wilt ins to that observed in
plante rubbed with the unfractionated medium (C. Clarke,
paX'e. oomm.). !t ie thue likely that the toxin produoed by
isola'bee GO, NC and CS ie a polYl9acohaX'idewhich Lends
support to the hypothesis that the toxin ie assooiated with
the bacterial slyoooalyx.

A similar toxin does not appea~ to be produoed by isolates
LC and TZL as exposUre of the herbaoeous plant species to
these orsaniema or to their metabolites failed to result in
any visible disease aymptome.

4.6 SERO"'IOGICAL DETECTION

4.e 1 3?re-treatmemt of oul'tiuredbaoterial imxm,m,osen

An antieerum raiaed asainet a haoterium isolated from
sreeninS-infeoted oitrue was reported by Duno~n and Garnett
(1985) to detect the dieeaee in plant samples. However,
when the eame antiserum and enzyme oonjugatae prepared by
the afoX'~mentioned authors Were used in the tnitial et~~
of th1es etuc;lyJ followins the seme ELISA pt"otooolas tha'l;
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described by these authors, the antiserum was unable to
consistently distinguish between healthy and
greening-affeoted oitrus material (results not shown).
Beoause of this finding, renewed attempts were made to
develop a suitable antiserum for the deteotion of the
isolates in plant and inseot tissues.

Results of praliminarv el"~clogioal.leteotionaaeays ue' .,s
antisera raised against sUspensions of the oultured
isolates prepared following the method desoribed by Dunoan
(1985) were unsatisfaotory. The antisera displayed
coneiderabl~ reaotivity with healthy plant material ~nd
oould thus not be used 'codeteot bacterial antigens in the
plant ex'bracts (reeults not shown). Similar resulte were
obtained with antisera were raised against untreated, live
baoterial oells (FiS. 34).

Treatmemt of oultured baoterial oells before injeotion into
rabbit~ has been shown to influence the quality of the
t'eeultant antiserum markadly (Sohaad, :1.979),and diffeX'ent
pt'e""tt'eatxnenteof baoterial immunogen wet'e therefot'e
investigated in this etudy in an attempt to develop a
suitable ant~.aerum.

Pre-treatment of baoteria with KOH wae perfot'medin order
to expose alkali-eoluble oell surfaoe immunosen~. An
antiserum raieed asainet oelle tt'eatedin this way ehould
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be able to detect these antisene :I.nan alltali-extraoted
preparation of infeoted plant material using a deteotion
aaeay similar to that desoribed by Kawarabata and Hayaaaka
(1987) • The alkali extraotion method was used h~re
primarily to overoome the problems associated with large
partioulate bacterial antigens in the indireot ELISA ..
(section 1.9.2.4), The results obtained with this procedure
were, however, unsatisfactory (Fis. 34), possibly due to
interferenoe of the high ooncentration of ROB in the sample
with the l!lensitiv:Ltyof the test, even after neutralization
of the alkali w:LthHel.

An attempt was made to ident.ifyand isolate proteins unique
to the GO isolate whioh oould be used as immunogen in the
pl:'oduotjon of a mono-speoifio polyolonal antiserum. An
antisal:'umproduoed in this way should prove more speoifio
in serological detection aesays. Eacterial (GO isolate) and
plant px'oteine were I!$sparatedin act'ylnmiclegels and the
Pt'otein profiles of the samples compat'ed.Fractionatior
'under non-denaturins PAGE oonditione resulted in inadequate)
separation of oonatituent proteins and no banda suitable
for use as immunosen oould be identified (Fia. 35).
SDS-PAGE, however, generated olea~ protein profilee
(FiS. 36) and a 62 ]tDe.MW protein apparently unique to tl).e
baoterium wae identified and an antieerum raised against
the ieolated band.
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When ueed in the ELISA. the antiaerum raised against the
prote:l.n band was found to be uneui table for deteoting the
bacterium in citruB (FiS. 34). The negative result recorded
may be due to the protein isolated being an interoellular
bacterial antigen. The water leaohing procedure ua~d to
prepare plant samples for ELISA does not cause aignificant
diaruption of baoteria within the extract and he~ce
internal bacterid proteins would not be eXPosed, 'l'h,1.!!

probably accounts for the comparatively low absorbance
reading of the infected aample.

This hypotheais was tested by reacting suspensions of
intact and aonicated bacte~ial cells (GO iaolate)
aeparately with thlJantieerum in the ELISA. The absorbanoe

four
oells

times
(da·be.

the dierupted oell sUspension was approximately
greater in me.gnit\~de than that of the intact
not shown). These reaults oorroborate the

that the isolated protein was an internal

:t'eading of

e.sanmption
cell,)lar antigen. The st:t'ongpoaitive reaotion obe6:t'vedin
this teat also indioates that the antibodies elicited
against the denatu:t'ed p:t'otein isolated f:t'Ol'llthe SDS-PAGE
gel doee :t'ee.otwith the protein in its native state.

In addition to the 53 kPa MW protein, a number of othel."
protein ba.nds appa.rentl.y unique to the GO ieolate wel."e
cbaez-ved in t.he profile Qf t·hebaoterium (FiS. 36)., These
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p;r:-oteinl:lwere
high as that

not, however I present in ccnoentmatd.one as
of the 53 kDa MW species and wer-e .!lUS not

selected for use as immunogens. Had antisera been raised
against these proteins, the antisera may have been more
suitable for the specific deteotion of the intact baoterium
in the ELISA.

The only cell pre-treatment which yielded antisera suitable
for use in a detection assay Was that involving heat and
formaldehyde treatment of the oells, with or without
subsequent sonioation. The treatment was found 'co
effeotively remove the extraoellular matrix of the baoteria
and inoreased the value of the diseased/healthy absorbanoe
ratio from 1.20 (obtained with untreated cells antiserum)
to 2.34 in the EL!SA (Fig. 34).

The glyoocalyx of the oitrua greening ieolate.!was shown by
KeddY (1989) to oonsist of glycoprotein. Removal of the
bacterial glycooalyx by heat and formaldehyde treatment
prior to injeotion resulted .:I.nan antiaer'un whioh exhibited
oonsiderably lower levels of anti-plant activity than the
antiserum directed against live, untreated cells (Fig. 34).
The croBe-reactivity observed with the anti-whole cell
antiserum may have been due to recognition of plant
glyooprotein antigens by antibodies directed against
baoterial slycoproteine. This ie Buggested by the deoteaa9
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in the level o~; a.nti-plant activity obeer'ved with the
antieerum pr-oduced against unencapsulated oella as opposed
to whole cell~ (Fig. 34).

The existence of antigens oommon to plant hosts and
parasites i~ widespread (DeVay and Adler, 1976), and it
doee therefore not seem unusual that the bacterial isolates
and citrus might possess common .....~~enic determinants. The
possibility of such shared b ... "\Ii'\ invest~~ated uains
the Western blotting procedure.

In this assay, SDS-PAGE frac. plant and
bacterial (GC isolate) prote:.1nsdemou...".. jhe presence
of two proteins which appear to be common to both samples
(Fig. 76). When the plant protein profile was blotted onto
.itrocellulose membrane and probed with antiserum specific
for the cultured bacterial isolate, the antiserum reacted
positively with the two plant proteins (Fig. 76),
indicating a similarity in the antigenicity of the proteins
in the plant and the bacterium. The presence of those
proteins offers a possible expl.anabi.cnfor the significant
anti-plant activity observed with the antiserum raised
ag inst the oultured isolate in the ELISA (Fis. 34).
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4.8.2 Ext~ection of putatively disea$e~epecific immunogene
f~o'l\infected plant material

An a~ea of ~eetla:r:-chwith Sl:'eat potential lie 13 in the
development of mOl:'eeffective techniques for extraction and
pU:Y'ifioa+.-.ionof the g~een'!.ng o~ganism fl:'omthe plant and
insect hoata. Signifioant pl:'ogl:'eaain thia al:'eahaa been
made by the cevelopment of an immunoaffinity
chl:'omaiJog~aphj,oprocedul:'e fo~ the pu~ifioation of the
~reenins o~gani8m (Villechanoux ~ al., 1990). The
development of an eifeotive prooedure fo~ the purification
of the baoterium would faoilitate study of the biochemical
and se~olosical propel:'tieaof the organism, and could lead
to elucidation of I.ta ~elationahip to known s~ouJ?a of
p~okaryotea, as well as to the possible development of new
diagnoatic teohniques.

In the abaence of oultUl:'e media a'Jle to suppor'c the
in ~ srowth of the g~eening organism, the only souroe
of g~eenins··epecifio antigens l:'emains affeoted plant or
ineeot matel:'ial. Th~ development of a pUl:'ifioation
pl:'ocedure whioh can be used to ieolate eUffioient
quantitiee of g~'eenins antigens :foruse jn the )?l:'oduction
of an antiserum is therefore essential.
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The need for a greening-specific anhiserum was hiShlighted
by the poor results obtained using antisera raised againet
1at-....,tory cultl!.y'eaof an organism olaimed by Garnett
(1986; to be th! aetiological agent of greening disease.
The antisera directed against the isolate were found in
preliminary tri~ls to be unsuitable for the detection of
green ins in various detection assays. Negative result.swere
frequently obtai.'/l.edwith material oollected from plants
known to be affeotAd with greening.

In or-dez-to avoid usins the cultured ieolate in the
preparation of greening-specific antieera, attempts were
made to extraot greening-assooiated antisens from
naturally ..infected plant material usins a variety of
mothode. A number of purification protoools were
investisated for this purpose, the majority havins been
sucoessfully uead by various authors to isolate baoteria,
spiroplaemas and MLO from infeoted plant tissue (seotion
3.?1.3).

Assessment of the purification prooedures using
artifioially oontaminated leaf homosenatee indicated that
method was the moet effeotive for extraotins bact.lria
(with physioal charaoteristios similar to thoee of .a.m.
eubsp. mi~) from leaf homosenat~e (Table 8).
Howevel:', electl:'on microscopio exam~.nation of 'cheextra-cte
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of infected oitruB material obtained following this method
indicated that only a small number of bacteria we~e present
in the preparations. Bacteria diaplaying a morphology
similar to that of the 2reening organism were cbeerved in
infected extracts (Fig. 46), but never in preparations of
healthy tisBue.

A feature of the extraots of infected citrus was the
preeencl.' of larse numbers of amorphouB crystalline
structures (Fig. 47). The atructures were never found
aSBooiated with healthy oitrus and were also isolated from
greening-free oitrus infeoted with other pathogene. The
fact that the cryatal.swere present in citt'~~Baffeoted by a
numbel:' of different pathose'''s, both viral and bacterial,
b'~t not in healthy material, suggeats that these strl.1otures
may be of host origin and produoed on infeotion of the
plant by a pathogen.

It is improbable that the crystals observed were associated
with the uranyl aoetate stain used on the grids, this being
sugsested by the fact that the structures wel:'e never
observed in stained pf.'eparations of healthy oitrus
extraots, as well as the failure of thol>oughwashing to
remove the ct'ystala from the grids.
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Manicom (1984) reported the presence of large amounts of
hesperidin crystala in citrus which co-migrated with
endogenous bacteria on denaity sradients and thua
interfered with extraction of the organisms. It is unlikely
that the cmlstalline structures observed in this study were
hesperidin crystals as it was not possible to r-emove then)
by dissolving at ph 8.S, this treatment being reportedly
adeguate for their solubilization (Manicom, 1984).

The nature of the structures was not determined, although
when aliguots of the extracts were prepared for
tranamission electron mioroscopy, the crystals were not
Observed in the ultra-thin sections. This finding aUsgests
that they were probably solubilized durins the proceSs of
fixation and embeddins.

The crystals were further purified by repeated cyoles of
differentia 1. centrifugation and the p;:'sparationanalyzed
spectrophotometrically. The absorbance speotrum of the
sample exhibited a peak at 282 nm which BUSgests that the
crystale are proteinaceouB. A sample of healthy material
prepared in the same way failed to exhibit a similar
absorbanoe peak (data not shown).

As method 5 was found to be the moat effeotive method for
extraotins baoteria from artifioially oontaminated tissue
homogenate a (Table 8), and was the only prooedure whioh



332

appeared to isolate baote:t'ie.res"'~'·I~g the s:t'sening
o:t'saniam, ext:t'aots p:t'epa:t'edin this way were used for the
p:t'oduo-cionof an antiserum against plant-derived disease
antigens.

A signifioant amount of host plant mate:t'ia.lwas, however,
oo-purified with the endogenous bacteria following method 5
and attempts to furthe:t'pu:t'ifythe bacte:t'iaon suorose and
Percoll gradients were largely unsucoessful. Because
Percoll is a polydisp~rse colloid, ita component particles
sediment at different rates under oentrifugal force,
oreating a smooth gradient. Such a continuous gradient was
found not to be suffioient to remove plant mate:t'ialsfrom
any bacte:t'ia present in the sample because the oomponents
of plant issue vary in density and were distributed
throughout the gradient (Fis. 44). Moreover, the density of
the greenins .:Baniam is not expeotied to be very uniform
because of h, pleomorphio nature. As a result, hOst plant
material with density similar to the S' ning organism
would be mixed with the baoteria in the continuous density
gradients.

Beoause of
extensive
neoessary
arrt Laer-um

aystem.

the presenoe of oontaminating hoat oomponents,
oroas-adsorption of the resultant antiser~ was
to :t'emove the anti-plant activity before the
could be of any use in a serologioal deteotion
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Although bacteria
oitrus using the
organisms did not

were isolated from greening-infeoted
other pur:l.fication procedures, the

display the morphology of the greening
baoterium and
miol:'Oflora of.

were probably part of the natural endophytic
the plants (Figs 37, 42 and 43). Similar

bacteria were sometimes found in extracts of healthy citrus
material (Fig. 36). The occurrence of bacteria in both
diseased and healthy preparations oorroborate the results
of eal:'11er isolation attempts (sections 3.2 amd 3.3.1), as
well as the work of Gardner at ala (1982) and Botha at Ala
(1984), which showsd that citl:'u8 harbours
naturally-occurring endophytic bacterial populations.

It is unlikelY that signi:ticant amounts of diseaae-s};.lecific
antigens Were isolated from infected plant material
following methods 1 - 4. When aliquots of the concentrated
extracts were probed \tIlththe antieerum :t:'aisedagainst the
extraot obtained following method 5 (GleE antiserum - this
antiserm had been shown to deteot disease antigens in
citrus, cuoumber and periwinkle samples [Figs 62 and 66]),
no diffe:t:'encebetween the ab~orbance readings of the
infected citrus and healthy oontrols was obse:t:'ved.

added
(33%) •

percentase :t:'ecoveryof the Q.m. subap. michiganenee
to the leaf homogenate in method 2 was extremely low
Visual examination of the artificially contaminated

The
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homogenate at various stages of the procedure suggested
that passage of the preparation ~hroush the celite pad
resulted in a significant 10aa of bacteria. This was
indicated by a marked decr-ease in the turbidi'!;Yof the
preparation after this treatment. Sinha (unpublished data
cited in Eden Green, 1982) found that Celite irreversiblY
adsorbed a large ~roportion of Acholeplasma laidlru2ii
suspended in the same Mg-g1ycine buffer as that used in
put'ificl~tionmethod 2, which suggests that this teohnique
should be used with caution.

..

Theae findings suggest that method 2
extracting phytopathogenio baoteria

1e not ideal fat'
in sufHo:l.ent

quantities for use aa immunogen in antiserum production,
especially in the case of a disease agent such as the
bacterium caUsing African greenins whioh ia present in the
host plant at a low titre.

!n addition to the bacteria observed, numerous vesicle-like
stt'ucturea were
obtained using

present in the extracts of infected citrus
methods 2 and 4 (Figs 37 and 39). Similar

structures were not observed in similar preparations of
healthy material. Treatment of the lnfeoted ext:t"aotewHih
the enzymes cellulase and peotinaae appeared to desrade the
vesicles which suggested that they were of host plant
origin.
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Anothe~ type of vesiole- or envelope-like st~uoture was
a1eo oonsistently isolated from sreenins~infeoted oi.trus
following method 2 (Figs 40 and 41). The vesioles displayed
a different lllorpholO!itYto that of the other vesioles (13'igs
37 and 39) and appeared to be resistant to oellulase lJ.no.
peotinase treatment,

Similar struotures
Rickettsia JilX'owazeki

have been observed in preparations of
obtained from embryonated hen's egss.

When stained with uranyl acetate, the purifiel ricll:ettaiae
were found to ra.pidly '\.mderso morphological a1terat:l.ons
resembling plasmolysis (Palmex'at. al" 1974). This rel31)1ted
in the organisms assumins a number of diffe~ent
morphologioal shapes, inoluding round empty envelope shosta
resembling the vesicles observed in greening-infeoted
oitrus preparations (FiS. 41). The envelope structures
d19soribed by Palmer ~ al.. (1974) displaYed holes from
whioh the interl'lalcomponents of the oells appeared to have
been expelled. Perforations were aimila~ly observed in the
envelope elf the structures isolated from oitrua and it is
through these that the oontents may have been extruded.
sivins rise ":.0 'these forma.

In addition to the perforations observed in the spherioal
struotures isolated from greening-infected citrus and from
hen's eggs infected with B. ~Qwazeki, the morphology and
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size of the structures from both sources were also found to
be similar. The diameter of the structures isolated from
oitx'u6 ranged from 0.7 to 1.17 um , while that 0.£ the
vesiole described by Palmer ~~ al. (1974) was found to be
0.9 um. ~

Although E. prowazeki is a pathogen of certain ver·tebra.te
and invertebrate species and is not reported to infeot
plant hosts. the empty vesioles observed in the citrus
preparations may have been the empty envelope ghoats of
plant pathogenic rickettaia.e or :dckettsia,-li.keorganisms
which were present in the citrus material sampled and which
form similar envelope-lilte structures to those formed ';ry

R. prowazeki.

The extraction procedure deacx-lbedby Sui (1988) (method 4)
was developed by the author speoifically for the iso_ation
of the greening bacterium from pl!:l.ntmate·~ial.When applied
in this study to both periwinltle and citrus affected with
greening disease, the method failed to Yield the large
numbers of greenins baoteri,a J:'eportedly obtained b~!Sui
(1988). No bacteria resembling the greening oJ:'sanismwere
isolated, even when periwinkle displayins severe sYmptoms
of greening was used as a aouX'osof the disease agent.
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Periwinkl~ affected by greening has been reported to
harbour significantly greater numbers of the greeninS
organi.sm than similarly infected citrus material (Garnier
and EOYe, 1983) and the extracts of periwinkle would
therefo>;:·ebe expected to contain far greater numbers of the
diseaae agent. Although bacteria were were isolated from
infected periwinkle following thia protocol, there was no
diacernable difference between the periwinkle and citrus
preparations.

It should be borne d.n mind that Sui (1988) used periwinltle
plants affected with the Asian strain of greBning disease
from which to purify the af"Jtiologicalagen. Plants
affected by this strain of the disease are known to harbour
a higher titre of the bactsrium than those affected by the
African strain of the disease (Whitlock, pera. comm.). Use
of plant~ affected by the As~an strain in this study may
have resulted in the reeoVs:r-yof similar numbe..-e of the
greening bacterium as those reportedly recovered by Sui
(1988)•

The use of PAGE to identify and purify pathogenesis-related
proteins from diseased citrus material was unsuccessful.
Analysis of extracts of affected leaf midrib material by
both denaturing and non-denaturing PAGE was not
Bufficiently sensitive to reveal disease-related protein
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bands unique to the greening-infected samples (Figs 49 and
50) • If present in sufficient quantities; !I>. PX'ote;\.nesuch
wculd be suitable for use as immunogen in the produotion of
a mono-specifio antiserum.

Proteins specifio to sreenins diaease may well have been
present within the protein profile of the infeoted
material, bu.t at a concentration too low to be detected by
Ooomaaad.e ):'::,uestaining. In an attempt to deh'3rmine whether
additional banda oould be visualized, the Coomassie-stained
gels were re-sta:i.ned ueing the silver staining method.
Silver staining ie reported to be 100 times more sensitive
t,han staining with Ooomaeai e Blue, hut applying the silver
stain after a preliminary staining with Coomaasie Blue has
been shown to lead to even greater sensitivity and
reliability of the silver stain (AndreWS, 1985).

Despite the sensitivity of double staining.
applioation of the technique did not expose additional
protein bands which might serve as immunogen (resulta not
shown) .

In addition to analYsis of.oitrus tissue affected by the
African strain of green ins, a.. analysis of leaf midribs
from oitrus affeoted by the Asian strain of the dise~se was
undertaken. The latter strain ie reported to be far more
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destructive and to elicit symptoms whi~h are more severe
than those induced by the African strain of the dl,eease
(Eove ~ aj~., 1974). This may be due to the Asian strain
replicating to a higher titre in the citrus plants.
Sisnificantly greater numbers of the greenins bacterium
have been obe.ez-ved in dod.Ian infected with the Asian strain
of the orgaHism compa:r:'edto similar material affected by
the Asian I.ftl'ain,and thus a s~"'.ilarsituation may occur- in
affeoted citrus. If BO, this material should serve as Q

better source of bacterial protein.

Due to the limited amount of time availab for analysis of
the Asian samples, as well as the small quant'~y of
infected material provided, 't.1B PAGE fraotionation ('Jl, Asian
sreenins samples could not be t'epeeted iu order to optimj,se
the oonditions of extraction and :fre.ntionaCion.

Preparation of sample followins Ime phehol extraction
mebhod gave the most satiafaotCJr.vresults (Fig. 5;1.).The
resolution of the high molecular weight proteins Was good
(Fig. 51, lanes :3 and 4), although streaitil\Sof proteina in
the low molecular weJ.b&h'brange did cccur-. ExsJnine.ticmCJJ;

the profiles of the infected and healthy aM\pJ~s did nQt
reveal bands unique to the infeoted material.
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The results obtained with the phenol extraotion teohnique
did not justify the length !)f time required for the
prooedure. C'ijlnparisonof the protein profiles of samples
prepared following the lengthy phenol method (Fis. 61) and
the simpler method detailed in seotion 2.9.1.6 (Fig. 49)
iniioate that the latter method is adequate for sample
preparation.

The other sample preparation PX'oced1J,resinvestigated were
largely unsatisfactory. TeA extraction yielded a sample
that exhibited heavy streakins and made deteotion of
specific protein bands impossibl.e (Fig. 51, lanes 1 and 2).
Sample preparation using SDS and high temperature to
solubilize PX'oteinswas inadequate and yielded preparations
oontaining q"lantities of px>oteintoo l.owto sive suitable
profiles (Fig. 51, lanes 5 and 6).

Adequate resolution of proteins extracted from material of
both African and Asian origin was not achieved under
non-denaturing PAGE conditions (Figs 50 and 52,
respeotively). Eecause of the inadequate separation of
proteins obtained with this technique, only proteins
forming prominent 'bandacan be acourately excised and used
as immunogene. As with profiles generated under denaturing
conditione, no such bands unique to inf~cted citrus oould
be identified.
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4,6.3 Cross-adsorption of antisera raised against
plant"-de:r-ivedimmunogens

!n a report by Sinha and Chiykows~ti (1984) j ):1LOsassociated
with peach eastern X-disease were purified from infected
plants and an antiserum raised aga.mat the isolated
antigens. The isolation mothod reportedly yielded pure
preparations of ):1L08 and the resultant antiserum Wa~
speoific fa):' disease antigens in plant extracts. without
the need for priot' removal of anti-plant activity by
cross-adsorption.

In contrast to this, the procedure used by Clark at AI.
(1983) to obtain .s . .a.i.t,tl- and clover phyllody-asaociated
antigens from infected plants yielded extracts whioh were
Eltill deep green fil.d olearly impure in not oonsisting
solely of M1,O or S. ci:l:J:'.:J. derived components. Inevitably,
with suoh heterogeneouB preparations used for injection,
the resulting antisera exhjbited oonsiderable anti-plant2
activity. In oX'der to r-educe this unwanced activity, it was
neceecarv for the autho}.'l'.lto a:t'osEl~·a.dso:rbthe ant ieera and

to dihtte tl1.Cl cmtn10dy in ext:t'l~ctsof hea.lthy plante. After
this troatment the antieera
disease-specific antigen in.
nppt'C)p:riat.ocont.r oLe , DhoWE'Cl

Bnti~en under teat.

W8X'S able to olearly detect
infeoted plant~3 and, with the

high speoifioity for the
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The procedure used in this study to isolate
disease-specific antigens from greened citrus (method 5,
section 2.9.2) yielded extracts which Were similarly
contaminated with plant matel"ial and the resultant
antiserum thus exhibited an appreciable amount cf
anti-plant activit.y (Fig 53). In order to remove this
activity. various
inVestigated.

methods of oross-adsorption were

The uee of the ammonium sulphate preoipitation technique
gave the most promising raoul ts when uaed t(Jprepal:'eplant
material fol:' the purpose of antiserum oroBs-adsorption,
this being lndicated by a diseased/healthy Cd/h) abaoX'banoe
ratio of 2.65 recorded in this assay (Fig. 53). Antiserum
from which anti-plant aotivity was removed using altha);'
acetone-fixed nudX'ib tissue or affinity oolumn
chromatography aloo gave alh r'at;,iosof 2.0 or greatsX' (this
being ccmsidf't'od a po('.dt'ive result). Ammonium 8ulphai;;e
pr'ecipitBtion was, however, the method of choice as
c~:rCJSE.'.-adsorpt.ion with plant material prep(;\redin this way
was reliable and efficient. 8S well as being simple to
P8X'fc)rm.
be alGo

Alicl1Jotr. of the pr'Elcipitateel plant proteins could
be stoX'ed for long periods at ~·20 C without any

Bpps.l:'Ont delet&riCltw
pur'ifit,atiml of fJlant.
siRnifinant amQunt

effects on the proteins. In addition,
protc'ins by thj,8 method excludes B

'If t.he plnnt,'Qe:t'ivcd p'isment.s and
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enzymes from the preparation and should therefore minimize
the deleterious effect these compounds have on the
antiserum.

In addition to the use of healthy plant material,
pr~parations of citrus affected by r. ...hogens other than
greening were used for the purpose of cross-adsorbing the
GlCE antiserum. Results of diagnostic assays showed that
antiserum from which plant-speoific antibodies had been
adsorbed using e~tracts of uninfected plant material
e~hibited a considerable amount of reaotivity with
preparations of cit:t\usaffected by diseases other than
greening (Fig. 54). This phenomenon might be ascribed to
serum antibodies directed against pathogenesis-related
proteins (or other antigens) of plant origin. Such PN)teina
are usually produced by the plant in response to infection
or other conditions of stress and ar-e thus not diaease
specific.

Cross-adElorbing the antiserum against an e~tract of
materi.al collected from several citrus plants infected '(lith
different pathogene was not effective in removing the
non-speoific activity (F:l.g.(4). There was no appreciable
difference between absorbanoe values reoorded using the
serum treated in this way and that cross·-adsorbed against
an ext.ract. of healthy citrUf3. Repeating the
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croas-adsorption procedure up to three times failed to
-Lmp~'ovethe results, as did diluting the cross-adsorbed
an':;.:l(!lerUlUin sample conjugate buffer to which had been
added a buffer extraot of the infected citrus (data not
shown). Removal of non-specific activity by either the
affinity column chromatographic or acetone fixation
techniques Was also proved to be ineffectual (data not
shown) .

The results shown in Fisure 54 are unusual in that an
al').tieaX'umfrom which specific a.ntibodieshave been z-emoved
by croes-adsorption is eXpected to exhibit a.reduced level
of reactivity w1th the material against which the antiserum
was cross-s'lsorbed. Despite the application of a number of
adsorption technigues which had proven to be effective in
removing specifio antibodies, significant reactivity
against the infeoted plant material with which the
antiserum had been adsorbed was still evident.

It is evident that the antigens responsib~e for the
non-apecifio aotivity were not r-emovedby the adsorption
prooedures employed and that additi~nal methods of removins
specifio antibodies from an antiserum will have to be
investisated. Altel'ation of the diagnostic assay procedure
used may also aid in improving the specifioity of the GIeE
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antiee~um. Until suoh modifioations prove successful, it
will not be possible to uee an antiserum ~aised in this way
to speoifioally detect greening diseaee in plant material.

Although the cross-adsorbed GleE antiserum was of no use in
detecting greening-speoific antigens in affeoted plant
material using ELISA, an in~unofluoreeoence technique (such
as PIFM) in whioh it is possible to distinguish between
organisms reacting with a particular a'.ltis6r'U.Inon the ba.sis
of their morphology, may be more suitable for use with a
non-specifio antiserum such as GleE. This antiserum may
aleo prove useful in detecting greening-specific antigens
in insect vector tissue as the presence in thia tissue of
plant-derived compcunds would probably be minimal, thus
reducing the pOssibility of ':It'oss-reactivity.As a source
t,f greening organism-free psylla 'i'1aSnot available a.tthe
t.lme of this aspect of the atudy, it was not possible to
test insect material.

Attention should be drawn to the fact that authors who used
a '!Similar approach to that used in this study for the
production of antisera a.gainst non-cultivable
phytopathogens failed to determine the specificity of the
antisera (Sinha, 1979, Sinha. and Eenha.mou, 1983, Sinha and
Chiykowski, 1984). Although the authors ~eported that the
antisera raieed againt5t plant-del:·ived inununoseno were
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useful in detecting the disease in affected hoat matarial,
no attemp~ was made to determine whether the antisera
reacted with disease-associated antigens in plants affected
by other unrelated diseases. If found to cross-react, these
antisera would be of little value.

4.6.4 Cross-adsorption of antisertw raised against
cultur~d bacteria

Initial attempts to differentiate between sYmptomatic and
healthy plant samples in the ELISA uoing antisera raised
asainst cultUred bacterial isolates met with limited
success due t? high backsround readings associated with
healthy plant material. lbis made detection of low
concentrations of the target orsanism in host plant
material difficult. Western blotting later demo~atrated the
existence of proteins with similar molecular weights and
common al'.tigenic determinants in both healthy citrus
material and the baoterium (GO isolate) (section 3.11). The
presence of such proteins may account for the hish
background observed.

In an attempt to r-educe this anti-plant activity and thus
improve the sensitivity of the assay, antisera were reacted
with aliquots of healthy citrus extracts prepared followin$
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the ammond.um3ulphate precipitation technique. Treatlnentof
the antiserum in this way resulted in a small decreQse in
the a~sorbance readings of both the healthy and infected
samples (Fig. 55), This Buggests that aome antibodies
directed asainst the apparently common antigenic
determinants werf3 neutralized by the treatment, althoush
the cross-adsorption did not improve the results of the
aaeav ma:.kedlY (the value of the dl ;t;'a.tioincreased from
1.9 to 2.1 (an lncrement of ()nly0.2) with the use of the
oroBs-adsorbed antiserum).

4.6.5 Comparison of differ9nt ELISA sample preparation
methods

A number of different sample preparation procedures were
investigated in an attempt to find a method which was both
aimple and ra.pid to perform, as well as sivins acceptable
resulta in the HE-FTA-ELISA.

A sample preparation scheme should ideally extract the
(.sired orSanism efficiently while minimizing 'the
competitive influence of host tissue debris and endogenous
microorganisms which may interfere with detection of the
tal:'getpathogen.
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ELISA sample preparation following the polytron
homogenization and leaf press extraction methods Yielded
extracts which were heavily r:ontaminatedwith hoat plant
components. The use of ~amples prepared in these ways in
the indirect ELISA was found to give lese satisfactory
re.sults than the water leaching method which yielded
extracts containing a minimal amount of plant material
(Fig. 56). Similar interference of host plant compounds on
the detection capabilities of the indirect test was
reported by Lommel ~ ala (1982) and Leach ~ ala (1987).
Lommel ~ ala (1982) attributed the interference in part to
competition between target antigen and host protein for a
finite number of binding sitos on the solid phase.
Saturation of membrane binding sites by plant proteins in
the dot-immunobindins aSsay was found by Leach ~~.
(19B7) to make accurate detection of target pathogens in
samples prepared by grinding difficult.

While the presence of host plant proteins interferes with
the detection of specific antigens in the indirect ELISA,
quantitative detection of tal'get antigens is reportedly
unaffected by contaminating proteins in the DAB-ELISA
(Lammel ~ Al., 1982). The latter aasay is, however, not as
convenient as the indirect ELIBA because of its inherent
specificity and the need for specific enzyme conjugates for
each antigen to be tested (Koenig, 1978). The attributes of
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the indirect ELISA justify the time spent in the
development of a sample preparation procedure suitable for
use with this assay.

Sample preparation by homogenization of plant material
follow-ed by enzYmatic degradation of the plant tissues in
order
found
the

to enhance the release of endogenous bacteria was
to result in poor detection of the target antigens in

indirect ELISA (Fig. 56, bars 9 and 10). The resultant
extract was heavily
the interference of

contaminated with plant compounds and
these compounds on the detection

capabilities of the assay w-asexacerbated by the presence
of cellulase and pectinase in the sample. The host plant
proteins, as well as the enzymes present in the sample,
represent a significant amount of non-ta:~get protein
against which any disease-OJ,)oif1oantigens present would
have to compete for the solid phase bjndins sites. ~he poor
results aohieved with this extraction method, as well as
the coet of the reagents employed and the length of time
required (over 24 hr), make it an unattractive alternative
to the more sLmpLe method of water leaching.

The extraction of alkali-soluble antigens with KOH is a
met.hod of ELISA sample preparation developed by Kawarabata
and Hayasaka (1987) in an attempt to overC0me the sterie
problems associated with intact micl'osporidianspores in
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the indir·eotEL:!:SA. These
preparation of alkali-soluble
and the antigens were more

authors repo~ted that the
surfaoe antigens was simple

suitable for ELISA than the
intact spores. Beoause of their similar partioula+.enature,
antigens suoh as bacterial oells bind weakly to ELISA
plates and oan thus easily be dislodged during the assay,
The use of soluble eunf'ace antigens in pla.oeof whole cells
may overcome this problem.

The use of this preparation method, however, yielded poor
results (Fig. 56, bars 11 and 12), possibly due to
interference of the high salt concentration in the sample
after neutralization of the KOH with HOI.

The "chopping" and water leaching methods of sample
preparation undoubtedly gave the best results in the
indirect ELISA, this being shown by the d/h absorbance
ratios of 2.50 and 3.14» respeotively. Examination of the
exbr-acne prepared by these methods indicated that the
preparations were minimally contaminated with host plant
compounds which makes the procedures ideal for use in the
indirect ELISA. 'the"chopping" method has the advantage of
including a concentrating oentrifugation step whioh may be
important in the deteotion of bacteria present in host
material
recorded

at
for

low concencr-at Lcne, However, d/h
the water leaching method suggested tl

ratios
this
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method was ideal for use with greening-affected midrib
material and conJentratio.(1 of target antigens by
centrifugation was not necessary.

Compared to the "chopping" method, water leaching of target
antigens w~s more useful as a preparation prooedure as it
was simple to perform and far less time-consuming. Although
the method detailed for this procedure (se~tion 2.10.1.6)
calls for overnight incubation of the leaf sections in
water, adequate detection assay results were recorded with
samples incubated for as little as 2 hr (data not shown).

Another advantage j..o. tileleaching prooedure is that small
samples of plant materi?l such as individual leaf midribs
may be assayed for the presence of target antigens. Because
of its obvious qualities, water leaching was routinely used
as a mebhod of sample preparabion for use with the indirect
ELISA.

It is pertinent to mention that the usefulness of all of
the above-mentloned extraction procedu~es was detern:ined
only in the indirect HE-PTA-ELlSA using the GleE antiserum
and that the results may well have been different using
another ELISA procedure, as well as another antiserum.
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4.6.6 Comparison of different enzvroeand radio-isotope
based serological detection assays

In the development of a detection assay for the routine
screeming of plant material, factors such as the limited
skill of worker's available to perform the aaSayS, the time
required and the cost of equipment and reagents needed are
important considerations. To be widely applicable, such an
assay must be rapid and easy to perform, and not require
sophisticated equipment.

In the oomparison of the Fab'-, F(ab') -, DAS....and
D

aE-PTA-~LISAs, no marked differenoe in the results obtained
uaing the four different assay procedures was observed.
Detc.::}tionof disease antisens was achieved in all the
assays, this being indicated by d/h ratios of greater than
2.0 for the sample used (Fig. 57). Of the enzyme-based
aSsayS, however, the HE-PTA-EL!SA was the most simple to
perform. Thie assay is less time consuming and doee not

the use of fractionated serum. In addition,
oommeroially~available enzyme oonjugate oen be used.

'l'heuse of a radioact~.ve label in a deteotion assay is
undesirable as the material is hazardous and oertain
preoautions need to be taken while working with it.
Furthermore, the reaction can only be quantified using
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eovhistioated e~uipment. A radio-isotope hae a limited
half-life and cannot be stored for indefinite periods
without loas of aotivity as can an enz~ne-labelled
compound. These featureo make assays such as Dot- and
Bead-RXA unsuitable for seneral use as detection methods
for greening disease.

Although
samples,
only be
handling

able tr. detect disease antigene in infected
Bead-RIA was a lengthy prooedure (results could
obtained the da.y aftt,rthe teet Wae performed) and
of the polYstyrene beads wae diffioult. The d/h

ratio oaloulated for the samples represented by bare 3 and
4 in Figure GSB wae 2.69, while the ratio of the identical
sample analyzed in the HE-PTA-ELISA was found to be 3.40

(Fig. 58A). The latter.assay wee thus more eeneitive thau
Bead-R1A, as well as being rapid and .aoreoonvenient to
perform.

Another problem assooiated with the the Bead-RIA was the
lal:'gesample standax'ddeviations observed. This was aLao a
feature of the Dot-RIA whioh proved to be the least
sensitive of the three asaa:ye.In this assay, the valu.eof
the dlh ratio of the samples represented by bars 3 and 4 in
Fisure 58C was 1.94, compared to 2.69 for the 3ame samples
:1.nthe Bead-RIA and 3.40 in the HE-PTA"Et,ISA. It i$
possible that the oonoentration of 'barsetand non-tarset
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pr'oteins in the eampleesspotted onto the NOM wa.stoo high
~eeultins in ineffioient bindins of the sample to the
m~mb~a.ne. Dilution of 'che samples prior to spottins. as
well as more effective fixation of the ~ample material to
the membrane, may have led to better results.

From the results of this investigation, the HE-PTA-ELISA
appears to be the most effeotive deteotion assay under the
oonditions applied. In addition to ite sensitivity, it is
quick and easy to perform a.nd ie not wasteful as small
volumes of ~easentes a~e regui~ed fo~ eaoh test. The
absorbance readins of eample replicates in the assay was
obaerved to generally be coneietent and the larse sample
standard deviations associated with the radio-isotope based
assays was not a problem associated with this assay.

4.6.7 Deteotion of di~eaee antisens in different oitrus
tiseuee and ~,nalternate hoet plal"l.ts

In an attempt to determine the distribution of disease
an'tisane in s~eenins...af:~ected oitrus, varioue tissues of
the plant were assayed for the presenoe of the antigens in
the HF...P'l'A..ELISA uein~ the GleE a.ntiserum.
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The :t'esultsp:t'eaented,in Figl.lre61 suggest that citrue aeed
components and fruit C,,1,u;JLollaare not suitable for use as
sample mll'cerial in the indiz.ectEL:tSA, possibly due to low
levels of disease antigens in these tisBues, or to
interfel:'enoe of hoat components w~~h th~ deteotion of the
antigens. Samples had, hcwever-, been prepal'ed by the ~'1ater
leaching method and did not appear to be too heavily
contaminated with plant material. DeapitE!lthe apparent low
levele of hoat oontamination, hiSh absorbanoe readings were
reoorded for the healthy control m~terial.

The a:rOE antiserum had been cross-adaorbed asainst a
preparation of healthy leaf midribs, but the use of an
axtl:'aot of uninfeoted columella or seed material to
c):'oaa-adso%;'bthe antiserum may have rendered it more
speoifio for dis~ase antigens present in these tissues by
reduoj,ns the anti-plant activity in the aerum.

The antieerum \lIaS o.bleto effeotively deteot the pre ....ence
of disease antisens in the citrus bark and midrib material
inclUded in this assay (Fis. 61). In contrast to the small
dlh absorbanoe ratios oaloulated for the BBed and oolumella
samples, bh~ ratioe for the bark and leaf midrib samples
were hiSh, being 2.32 and 3.83, reapeotivelv.
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When the same antiae~um preparation wae used to probe
extracts of periwinkle and cucumber (infected with a
diaease agent from greening-infected citrus via dodder), as
we~l as extracts of dodder collected off an infected oitrus
seedling. only the cucumber sample ·bee!'cedpositive for the
presence of disease antigens (Fig. 62). Although the
periwinkle leaves assayed displayed symptoms of greening
infeotion, the d/h absorbance ratio of the sample (1.8)
fell below the threshold value of 2.0. The absorbance q.i""

the infected periwinkle sample was, however, greater thtu.
that of the healthy cont~ol so it is possible that 6isease
antigens were present in the material but not at a
concentration hiSh enough to yield a ratio of st'eater than
2.0.

Dodder haa been shown to be an alternate hoat of the
greening organiellnand was expected to teat positive in thia
asaay. The dodder sampled here, however, did not appear to
contain detectable levels of disease antigens. As the
dodder had only been established on the greenins-infeoted
oitrus for 4 days before it was assayed, it is possible
that the greening ol'i~anism had not yet m:l.grat,~dinto the
parasite from the oitrus plant, or the organism had not
replicated within the dodder tisaues to a titre high enough
to be detected in the aseay.
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Greenins-inf~otad oitrus leaf material oolleoted from
Reunion Is16nd was fe,und to oontain diseasE! antigens
deteotable by the G1dE antiserum. As this antiserum has
been shown not to speoifioally deteot greening-assooiated
antigens in oitruB, but to reaot with proteins whioh appeaX'
to be produoed by the oitX'uB host in X'eeponee to infeotion
with a variety of phytopathogens (Fis. 54), one oannot say
with any degree of aoouraoy that the greening baoteria
PX'esent in material fr~m South Afrioa and Reunion Island
aX'eantisenioally similar.

When the idel'l.tioalperiwinkle, cucumber , oitrue and dodder'
e~traote were pX'obed with antieerum direoted against the
oultured GO isolate, positive reaotions were not observed
with any of the samples (Fig. 63), The results Buggest that
the plant tissues assayed either did not oontain the
baoterium. or harbouX'ed leveJ.s of the oX'ganiem too low to
be deteoted in the assay.

A baoterium identioal to the GO isolate had, however. been
oultur6d from the ououmber plant during the dodder
transmission study (seotion 3.5) whioh indioatea that the
oX'ganiem must have been preser,t in the cucumber- leaves. but
~t'obably at a ver~r low oonoentration.
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4.a.8 Analysis of individual oit~us leaf md~ibs

Using the water leaohing mebi-od of sample ~,repa~ation, it
was possible to analyze individual leaf midribs for the
presence of speoifio antigens. In an attempt to determine
whether or not there was a cort-elation betw'een the severity
of leaf symptoms and the level of disease-epecific
antigens. sweet orange leaves displaying varying degrees of
foliar ohloroses were aasa:yed individually in the
HE-PTA-ELISA using the GlCE antiserttm.

Seventeen leaves (Fig. 64) colleoted off a
greening-infeoted tree were assayed in this way and found
to oontain similar amounts of disease-specifio antisens
(Fig. 66). This findins sugsested that there was no
apparent relationship between the degree of ohlorosis
exhibited by an infeoted citrus leaf and the amount of
disease-speoifio antigen present within the leaf tissue.

Anl1.lysis of the same leaves fol:'the pt'esenoa of the GC
organism indioated 'chat they did not oontain deteotable
levels of this, or an antiseni~ally similar organism
(Fig. 67).

The analysis of individual leaves with the GICE and GO
antisera was Performed on material oolleoted from other
areas of the Transvaal and the results found to be sinlilar
to those obtained with the Pietermaritzburs sampl.ec.
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4.6.9 Periodate oxidation of ELISA samples

Woodward .e.l sU. (1985) reported a general method that
permits the identifil..!'tion of antibodies recognizing
oa):'bohydra'be-containing epitopes associated with

and glyoolipids. The method involves
periodate oxidation (cleavage) of vioinal hydroxyl groups
on sugars to dialdeh~rdes at ac Ld pH and i6 applioable to
WeatE:lI.'nblots and ELISA in the case of E.O.ycoproteine and
ELISA and thin layer ohromatograms in the case of
glycolipide. The treatment aplloifioally destroys

in peptide
epitopes without alte:t'insamino aoids involved

ePitopea. The cc.mditionl'lused for periodate
dei,el:'minethe extent and types of cleavage

oa.rbohydrate

oxidation
achieved.

In this st'l,ldy~mild perioda'i::eoxidation of plant samples
prior to reaction with the GIOE a:ntiael:'Ull'I\'Iasfound to have
a marked effect on the res'I,lltsof the HE-PTA-ELLSA (Fig.
59). The significant decrease in the A values of both

405
the healthy and infected sa.mples after treatment s'I,lgssets
that oxidation inhibited binding of the antiserum to a
large pl:'oportion of the sampl.e epitopee. It is likely that
these epitopes were carbohydrate in nature as studies have
shown that mi.Ld periodate c,xidation (under the same
conditions as those appliod in thie investigation)
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speoifically destrOYB carbuhydrate epitopee (thus
preventing the binding of antibodies) without altering
amino aoids involved in peptide epitopes (Woodward Sl.t .a.l..,

1985, Laine and Faye, 1988). It is thus probable the,~:ihe
GICE antiserum is directed primarily asainst cerbohydrate
epitopea of the immunogen preparation.

Laine and Faye (1988) reported the widespread occurrence of
~ighl~ immuno~enic carbohydrate moieties in glycoproteins
which have been found to be common to moat aeed plants. The
authors sussested that this may be the baais of antigenic
oross··reactivity obaer-ved among glycoproteinQ from
different plant sP\~cies. Plant and invertebrate (mollusc
and insect) cells were reported by the same authors to
contain immunogenic glycoproteins with identical
structures, a fact which may result in calla from thesE..'
organisms being antigenically cross-reactive. The problem
of producing specific antibodies to glycoprotein-containing
organisms is thus not restricted to plants.

Antisera raised against live (whole) bacteria have been
sho\qn to crces-react with other species of bacteria. but
removal of the bacterial glycocaly~ prior to iwmunization
has been shown to inorease antiserum specificity (Schaad,
1979). This antigenic cross-reactivity observed among the
different speoies may be due to the presence of common
immunosenic carbohydrate epitopes in the extracellular
glyooproteina of theee organiama.
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Similar-
mater-ial
oitr-us
in this

cr-oss-r-eactivitywc.t!5 cbeezwed between healthy plant
and the bacterium cuLtnir-edfrom s:t:'eening-infected

(Fi~. 34, bars 1 and 2 and Fig, 60). The antiserum
instance had been raised against a preparation of
live bactex·ialoells (GC isolate). Removal of thecultured

baot"Jrial
reactivity
8). These
antigenic

glYcocalyx was found to reduce the level of
against ple,ntconst1tuents (Fig. 34, bars 7 and

findinss suggest the existence of common
determinants in the host pla.nt and in the

exbr-aceLl.uLar'matN ...of the bacterium.

This hypothesis of shared antigens was further supported by
results of Westel:'nblotting (section 3.11). The analysis
indioated the presence of two pro·teins in citrus and in the
GO isolate with similar molecular weights and which
displayed significant antigenic croBs-r-eactivity (Fig. 76).
The nature of these proteins was not established, although
staining of the PAGE gel with the appl:'opriatestain would
indicate whether or not the bands visualized were
glycoPl:'oteins. Tho nature of the proteine could be further
determined by periodate oxidation of the blot pl"iorto
reaction witr. bhe bacterial antiserum. Failure of the
antiserum to react positively with the treated proteins
would indicate that antibodies binding to the untreated
bands are directed against carbohydrate epitopes of the
bacterial glycoprotein.
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Althoush the blotted proteins were not subjected to
periodate oxidation in this study, treatment of plant
extracts adsorbed to microtitre plates followed by probins
with the GC isolate antiserum indicated that the
cross-reactivity initially observed between the antiserum
and healthy plant extracts may be due to the presence of
identical or related immunosenic carbohydrate moieties in
the bacterium and in the plant (Fig. 60).

Because of this ~ross-reactivity, it was speoulated that
exclusion of anti-carbohydrate reactivity f .. the
detection system (employing the GleE antiserum) by
periodate oxidation of carbohydrate epitopes might enhance
the specificity and sensitivity of the assay. This
treatment should preclude) recognition of carbohydrate
determinants by serum antibodies and any reactivity
observed would thuB be due to binding of antibodies
dil':'ectedagainst non-nal':'bohydrateantigens, such as peptide
epitopes, or asainst periodate-resistant carbohYdrate
moieties.

Periodate oxidation of midrib and columella extracts,
however, failed to improve the results of the HE-PTA-ELISA.
Treatment of samples l..ad to a dram~tic decrease in the
A readings of both the heal thy and infeoted plan'l:;
405

extraots as well as to a decl':'eaeein the d/h abaol':'bance
ratios (Fig. 59).
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4.6.10 Enzyttle-linkeddot-immunoblot assay

...
Although extraction of alkali soluble antigens from plant
material could not be used as a method of sample
preparation for the ELISA (section 3.8.1, Fig. 56), KOH
extraction of citrus columella antigens could be used ill
conjunction with the EL-DIB aSSBY. A lN solution of KOH was
found to effectively leach out antigens from columella
aections without significant deterioration of plant tissue
af'cer 30 min. This method of extraction was adapted from
that developed by French (1974) for the observation of
rickettsia-like bacteria assooiated with phoney peach
disease.

Daing the Bio-Dot microfiltration apparatus, up to 50 ul of
prepared columel1 sample could be oonveniently
conoentrated in a spot on the NOM without blooking or
significant staining of the membrane. Blo~~ing of the
membrane ub~ally oocurred when samples were prepared by
ohopping or homogenization,
interfered with interpretation
reaction.

as did colCluration which
of the final enzyme ~olour

In a preliminary assay, the columella from
greening-infected fruits were subjected to KOH leachins and
varying amounts of the leaohate applied to NOM. When 50 ul
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of sample was spotted, healthY and infected samples could
be clea~ly differentiated. Howevarj no difference between
the samples was discernible when 25 ul o~ less of the
leaohate was spotted, indicating the relative insensitivity
of this assay.

In addition to the detection of disease-specific antisens
in plant extvactsf he EL-DIB assay Was also used to
invest.igate the serological relatedness of various
bacterial isolates. Determination of relatedness uein.g this
assay was both ~~mple and rap;l.d.

Probing cultures of isolates GO, Gt (an isolate from a leaf
midrib from the aame tree which yielded GO), NO, LL, OS, to
and XZL with antiserum raised against the GO isolate
:i.ndicated that while GC, GL, NO and OS appeared to be
similar with respect to their antigenicity, isolates LO and
TZL were not recosnized hy this anti~erum (Fig. 89). This
apparent unrelatedness of the isolates is also reflected in
the PAGE protein profiles of the cellular proteins (seotion
3.1.2).

In the ~ame test, isolates were reaoted with an antiserum
raised against Q.m. subsp. roiohisanenea in order to teet
the serologioal relatedness of the isolates with this
bacterium. Fatty acid profiling of the GO, NO and OS
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isolates had shown that the organisms possess the profile
of a Gram-posit.ive cervnarorm and are possibly members of
the Ql~vibaQt~ m~Qbiganense group (Appendix L). The EL-DlB
assay, as well ~s analYsis of cellular proteins by PAGE,
was carl'ied out in order to investigate thit:ltentative
identification further. The results of the diagnostic assay

isolates NO, GOI OS and GL are serologicallyindicate that
similar, but
against c..m.
unlikely to
findins is

do not react with the antiserum directed
subsp. miQbigan~tlaa (Fig. 70) and are thue

be related to thie group of bacteria. Thie
oonaistent with the PAGE analysis of the

cellular proteins (section 3.13).

The analysis of bacteria oultured from greening-infeoted
oitrua using the EL-DlE aasay wae3 oonven.i.emt for the
initial screening of potential Breenins isolates. The
immunologioal probe used for this pUrpose was the alOE
antiser\~. Reaotions of eight different iaolates are ehown
in Fig. 71E. Probins the spotted oultures with the GtOE
antiserum failed to reeult in a posit~.ve reaction wi'bh any
of the isolates. Thie ausseeted that none of the baoteria
had been presen.t in the infeoted oitrus material :h'omwhioh
immunogen for the GlOE antil.!lerumhad been prepared and are
thus unlikely to be assooiated with green ins dieease. A~ a
control, the anti-GO ant.iserum wa~ used in a parallel
oxper;i,ment..The antiserum was cbeezwed to bind only to
homol~soue antisen (FiS. 71A).
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4.6.11 ~reparative immunofluoreeoenoe mioro~oopy

The PIFM teohnique was adapted f~om the direot
epifluoreeoent filter teohnique of Pettipher and Rodrisues
(1982) developed for the enumeration of ba~teri~ in foeds.
PIFM oombines membrane filter teohniques with
immunofluoresoent mioroeool?Y. In theory, the technique
should be useful in the diasnoeie of diseases oaused by
Pathosens whioh at'eprl.!lsentin the affeoted host tissues at
low oonoentratione as mioro~rsanieme in the sample are
oonoentrated onto a membrane filter I thereby faoilitatins
their deteotion.

PIFM was unable to deteot baoteria ...like erbX'uotures in
extX'a.ote of greening-infeoted leaf midrib tissue u~ins the
Grell: ant:l.:serum,This ma.yhave been dua to the pt'eH!jenOeof
sreening baoteria ;1,1'1 the til!Sl!Iueat a oonoentration too low
to be deteoted by this aesay. The hishest masn:l.fioat:l.on
attained by the fluoX'eeoent mioX'oecope available in the
laboratioX'y in which this woX'kWae peX'foX'medwae 600 X and
unleee large numbeX'm of bacteria olumped on the tX'appins
membX'ane, visualization of the oelle wac difficult. The uee

of material (such as inseot veotoX'tissue) whioh contains
sreateX' numbeX'l!!of the baotet'iummay be more euitable fo!'
'Use in this aecay.
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PIFM analyaie of leaf fuaterial known to harbour the GC
isolate using the anti-GO antiserum allowed ade~uate
deteotion of hcmoIcgoue antigen in the sample. r~arge
numbers of fluorescing bacteria were observed on the filter
When viewed under the fluoreecent microGcope (Fig. 72).

Contamination of samples with
resultins :I.nmembrane blocking

hoet plant material,
and inter.terencewith the
kept to a minimum by theinterpretation of results,

efficient emzymolyeie of
Wa.e

hoet ma.terial.Eecause PIFM
a.llows one to diecriminate morphology of the el'~ainedtar·get
organism ve , non-speoific r"eactionsfx-omhost oomponents,
interferenoe of hoet matex-ial should never be serious
problem.

The obeerva"bion of ba.cteria on the trapping membra.nN~
prepared for Shcl viewing (Fig. 73) oonfirmed that the
fluoreeoing struoturee seen on the eta.inedmembranes we'a
bacteria isolated ft'omthe plant tissues.

4.6.12 Immunosold labellins

Probins antigens wi'bh oolloidal. sold-labelled ant:l.bodiee
waf!!used in this study as an alternative method to the
EI.-DIE aeeay for inveetigating the antigenioity of various
baoterial ieolates.
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When cells frcn) a culture of the GO isolate were probed
with the GIOE antiserum followed by gold-labelled secondary
antibody, binding of the label did not oocur (Fig, 74)
indicating a lack of homology of baoterial antigen and
primary antiserum. The failure of the GIOE antiserum to
reoognize th~ bacterial antigens susgests that the GO
isolate was probablY not pl:'esentin the gl:'eenins-infected
citl:'uS extract against which the GICE was l:'aieedand is
thus unlikely to be aSBooiated ~."ith Sl:'eening disease.
Analogous results wel:'eobtained in the EL-DIB assay.

A similar lack of reactivity was observed when the anti-GO
antiserum was used to probe bacteria isolated from
greening-infected ;)itruB (Fig. 46), The organisms in the
extract exhibited the morphology of the agent of ~reening
disease and w~re thus thought to be greening bactel:'ia.If
this is the case, then fa~lure of the anti-GO antiserum to
recognize the organisms eusgests that the GO ieolate ie not
l:'elatadto the aetiolosical agent of greenins.

As the extraotions from sreening-infected citrus were
caX'ried out befot'e the development of the GIOE antieerum,
the reaotion of thi~ antiserum lth the isolated bact~ria
(Fis. 46) could ncb be determined. J?oeitive reaction of
this antiserum with the 0\ Us would conf:l.rmthe association
of. the baoter:l.awith sreenins-infeC\ted oitl~US, Attempt.s to
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repeat the isolation of the bacteria from citrus met with
limited auccess due to the low titre of greenins bacteria
in citrua material
further complicated

of African orisin. The situation was
by the fact that j,t was necessary to

collect plant material during summer and high temperatures
are known to inhibit the greeni,ns organism.

4.7 WESTERN BLOTTING

The use of the Weatern blotting technique was uaeful in
determining the reason for the oroae-reactivity of the
antiserum raised against the cultured isolate and host
plant material.

8PS-PAGE fractionation of buffer-scluble baoterial and
oitrus proteins revealed the presence of two proteins wibh
similar molecular weights in the profiles of these two
samples (Fig. 76). Nhen transferred to NCt1 and probed with
antiserum raised against the baoterium, a positive reaotion
between the antiserum and th~ two plant proteins was
obaerved (Fig. 76, bar graph). This findins sussests that
the proteins from both samples ahare a siinificant number
of antigenic determinants and this offers a possible
explanation for the antj,·~plant activity of the baoterial
antiserum.
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Removal of aome of thia non-speoific ~eactivity by
o~oss-adso~ption of the antiserum with an extraot of
heal thy oit:r-us failed to r-ender-the antise:r-Uffiapp~eoj.ably
mo~e specifio fo~ the baote~ium, oompa~ed with the
unt~eated aer-um (seotion 3.7.2.2) . The obae~vation that
mild pe:r-iodate oxidation of baote:r-ial sample in the
indi:t'eot ELISA :r-esulted.in a aisnifioant deo~ea8e in the
binding of the homolosous antise~um (Fig. 60), sugsests
that the o:r-oae·'~eaotivity may be due to common an'cigenio
oa~bohyd:r-ate epitopes in the baoterium and in the plant.
Pe~iodate o:x::1.dationof euch epitopes is known to inhibit
thei~ ~eoosnition by anti-ca:r-bohyd:r-ateantie~aa (Laine and
Faye, 1988).

It is p~obable that the oapsula~ mate~ial of the baote:r-ium
is ~e8ponaible fo:r- the oroee-rea< .lvity of the antiee~um
wj.,th plan'c mate:r-ial.Removal. of the extraoellula:r-matrix of
the baote:r-ial.immunosen was found to ~ender the antiserum
mor-e specifio by ~eduoing ite :r-eaotivi,ty with plant
material (Fig. 34).
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4.8 FATTY ACID PROFILING AND PAGE ANALYSIS OF BACTERIAL
ISOLATES

Information regarding the cellular fatty acid composition
hae proved of'considerable value in bhe classification and
identification of baoteria (Collins and Jones, 1980, Suzuki
and Komagata. 1985). It must be noted, however, that a
fatty acid profile is a sins Le diasnoetic teat arid it must
not be aeswned that the first choioe of a taxon for an
unidentified be.oterium ia the cort'eot determination. Rathet'
it should be ueed as an aid in detet'mination or diagnosis.
In order to assign an unknown baoterium to a partioular
taxon, the fatty aoid profile of the baoterium must be
compared with the profiles derived from a wide seleotion of
bacterial taxa. If the unidentified bacterium displays a
profile wh;l.e;hdiffere sisnificantly from those of the
bacteria in a library of known organisms, assignment to a
partioular taxon is not possible.

Ueins analysie of oellular fatty aoids as a diagnostio tool
in the identifioation of the baoterial i~olate6 of Garnett
and Moohaba, it was not poesible to assisn the orsanisms to
a partioular taxon with any oertainty. However, on the
basia of oellular morpholoSY, Gram stain reaotion and the
desree of profile similarity to baoteria in the librat'Y of
the NCPPS, it was sUggested that the GO Sroup of ieolatee
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are most closely related to the genus ~
(D. Stead, pers. comm.). The fatty acid profile of this
group of isolates was found to be most aimila~ to the
~. roichjganen~e group of o~saniema (Appendix L).

Profiling of isolates TZL and LL indicated that these
or'saniems are unr-eLatied to one another as well as to the GO
group of becte~ia. This differentiation of the isolates is
supported by the cellula~ protein patterns which indicates
si.gnificantdiffe~ences in the profiles (Fig. 78).

Another method which haa been widely used in the
identifics.tion and classification of mio~oorsanismB is the
analysis of thei~ eJ.ectrophoretic protein patterns
(Ker~terB and De Ley, 1975, Carlson and Vidaver, 1982,
Davie At Al., 1984, Bielenin At Al., 1988), This method of
analysis is partioularly useful in the differentiation of
baoteria beoause, in oontrast to conv'9ntional tes'bs,
several gene products from more than one bacterium can be
compared simultal'l.eOuslyin a PAGE slab gel.

The marked similarity in the electrophoretic protein
patterns of isolates GO, NC and OS (Figs 10 and 78) suggest
that they ere iaolatee of the same baoterium. This findins
corrobo~ates the results of the EL-DIB assay which
demonstrated the anti~clnio homology of these organisms
(FiS. 69).
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The protein patterns of isolates TZL, LC and LL differed
from one another, as well as from those of members 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 whioh an antiserum directed against
~he GC baoterium failed to reoognize the TZL and LC
isolates (Fig. 69).

Similar observations were made in SDS-PAGE analyses
conduoted by Moohaba (1988). The author reported that
isolates GC and NC we~;'eidentioal with respeot to theix'
protein profiles but different from the LC isolate.

Because analysis of the cellular fatty acid composition of
the GC and MC isolates had suggested that the organisms
were similar to members of the Q. miQhisan~na~ group of
bacteria. a coltlparisonbet,ween the protein patterns of
representative members of this group and the greenins
isolates was made.

PAGE analysis demonstrated differences in thp ')6.

proteins of the .QJ,avibaotal:!type cultUres and the GC group
0:( isolates (FiSB 77 and 78). 'l'hedifferenoes sUsgest 'bh.,t

the baote:da from greened citrus are not related to the
~. miQ~ group, a hypothesis also given credenoe by
the results of the Et-DIB assay (Figs 69 and 70).
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Ext.ensive metabolic and biochemical testing, as well as
analysis of cell wall composition and the G + C content of
the bacterial DNA \'/i11. howe'tel', have to be conducted in

t.o either confirm 01 refute this tentative
identification of the isolates.

4.D CONCLUSION

The ac-rumuLat.ed r-eeuItto of this investigation suggest that
the bao~erium (GO group of isolates) cultured from infeoted
oitrus by Garnett and Machebe is not the aetiologiesl agent
of greening disease. The organism dOBs. however. appear to
be assDoiated with some trees affected by greening and may
ht"~ B mi lel cPP01'tU11isth' pathogen in cLtrus, establishing
i tEa;Jl f and Lnduc rnz f.wmpt.G1mscmly in plants weakened by

infEH~ti.on l),nd/<)t' ot.her factcJ]:'~;.In thjs way, the organism
mav con t r ibu t.e t.o the sY'l1ptoms observed in greened 0itrus •
Tho fa.:·t t.hat, t.he f1l11 gx'eening evndr-ome may be caused by

than one organiAm is su~~eet.ed by the findings
l··epor·t,ed ho r-e , The hYT:.>Ot:.hE:(i).i.;;;) that the disease involves
Ol,-,t·P t.han n r,1inrl,lr.:, fa,"!to[' h,'1';:: a lao bpen propoE)sd by l"Jt.her

workeru (Mali and Chaudhari. 1976. DB GrBca. 1981).

}i,::,.<:uit..:; ,,1' in')\,'t1.'it.i(.t1 t.ri.a la , u('k'olol(1f.\icalascavs , l?AGE

tU11dyzL', and f~<lttil nci.d j.<rof:l J.illf~ c·(mduct.t'd h-:n:'(;·trid Lcat.e

that the GC ~rnup of isolates differ significantly from the
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other isolates of Garnett and Mochaba (isolates LC, LL and
TZL). Differences between the PAGE protein profiles of the
GC group and the LC isolate were alao reported by Mochaba
(1989). It is thus unlikely that these bacteria are
related. despite the recent claim lIladeby Hortelano Hap and
Garnett (1991) that th8 isolates are strains of the same
bacterium.

A number of different artificial media oeveloped for the
in ~ culture of fastidious phytopathogens failed to
support the growth of the greening organism, as did
embryonated hen's eggs and an invertebrate (mosquito) cell
culture system. The development of a cell line from th6
insect vector of greening may facilitate the isolation of
the organism.

Attempts to develop a reliable s~~ologioal detection system
for greening disease were largely unsuccessful. Although
the GleE antiserum which was raioed !'.gainstan extract from
infected cltrus was able to di:Eferentiatehetween healtrv
and greening-infected citrus, the antiserum proved to be
unsuitable as it was found to reac'bpositively with citrus
material affected by a nUMber of other diseases. The
production of monci.Lona l, antibodies against similar
extracts may prove to be of more use in a serolosical
assay.



APPENDIX A

MIG-3 medium

potaaaium-D-sluoonate
yeast extraot
L-proline
L-hiatidine
Lw·ab.nine
(NH,..h SO".
NaCl
FeSO",.7H).0ZnS0t...7H2,0
CuS04-.5H:l.0Hunters mineral baae

(Cohen-Bazire ~ Al. 1957)
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15.0S
0.5S
2.5s
2.5S
2.58
2.0S
5.0&:

262.5ms
620.0ms

1.925ms
10.Oml

The oomponents were dissolved in slass distilled water, the
:pH adjusted to 7.2 with KOH and the volume made up to
lOOOml before filter sterilization through a 0.22um
nitrooellulose membrane.



&medium

Papaie digest of soy meal
Bovine hemin ohloride

Trisodium citrate dihydrate
Citric acid monohydrate
MsS04·7H.2"OCorn meal e.gar
Glucose
~-Cyeteine (free baee)
BSA Fractiol'iV

377

ul
8.0

15.0ml of a 0.1% (w/v)
solution in O.05M
NaOH

27.06
1.68
0.2

17.0
1.0ml of a 50% (w/v)

aqueous solution
10.0ml 02 a 10% (w'/v)

aqueoue solution
10.Oml of a 20% (w/v)aqueoue solution

300.0ml

The ingredients are added and d1seolved in deionized water
in the order given. The medium components, except the
glucose, cysteine, ESA and orange Juice, are autoclaved.
Glucose, cysteine and BSA stock solutions are filter
sterilized and added with the prepared orange Juice co the
rest of the medium at 50 C.

*The ox-ansa Juice ie squeezed f:::'ornhealthy sweet oransae,
filtered through. two layers of miracloth and then
centrifuged for 30 nlin. at 23 OOO.a at 4; C. The BupeX'natant
ie theti passed throush Whatman' s No. 4 filter paper before
being filter eterilized.
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APPENDIX B

P~epare the followins 2 solutions:

1) Milo Na HPO uains 9.oS of the anhydrous salt in
2 41 litre of distilled water

2) M/15 NaH PO by diesolvin~ 9.2i of the salt in
2 41 litre of distilled WI".ten:'

To make buffered water of pH 7.2, mix 72ml of solution 1
with Z8ml of solution 2 and 900ml of distilled water.

Giemsa stain is :t'l'reparedby dieeolvins O.SS of powd.er
{Giemea's stain, BbH, U.K~ in 3Sml of aoetont-frea absolute
methanol. The solution is mixed thorouShly, allowed.to
eediment, and stored at room temperature for use as a
estook. Dilutions of thie stock etain,ara made with buffered
water, in a ratio of 1 part of etock Giemea solution to 50
parte d:J.l.mmt.
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When the mate~ial be ins investigated ie a fl~id such as egg
yolk or
emeal:' is
min., and

anu.uotic fluid, a smear of the fluid is made, the
air-d~ied, fixed wit.h abeolutPl methanol fer 7...10
dried again. It is then oovered with the diluted

Oiemea .3tain (fret!Shly prepared the eame day) for 1 hr and
the sHde then rinsed rapidly in 95% ethyl alooh()l to
remov~ excess dye and to enhace differentiation. The elide
ie then dr.ted al:'~dexemi.ned microscopically.
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APPENDIX C

Fixed sample mater!al :I.edehydrated in the fdllowins series
of aqueous acetone ~olutions:

60%. 70%, 80%, 90%, 2 x 100%

The I$atnple ie euepended in each of the the aoetone
solutions (in the order siven) for 15 min. and then taken
thl:'ouSh the followins sel:'iesof aoetone:pl:'opYleneoxide
(PO) edlutions:

2:1, 1:1; 1:2, 0:1 (acetone:J?O)

The sample is l!Iuspeomdedin each eolutidn fot"16 lllin.and
then taken throush the followins series ~f PO:Spurr's resin
!lolutione:

2:1, l:J. (PO:Spurr's resin)

'l,'hel5e.mple is suopended il'1. tha l;'11~l'lt l!IoIU'cionfor SO min.
and for 14 hr in the ~eo~nd. Th~ eample ie then impregnated
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w:i.th neat reein for 2 dayes with a change of reein e.ftet'the
firat day. The impresnat:1.on step ie carried out in (').vial
attached to a vertioal rotating platform.

The
with
66 C.

eample
fresh

ie finally plaoed in a suitable mould, oovered
resin and the resin polymerized overnisht at
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APPENDIX 1)

1. DENAlURING SPS...PAGE (after Laenunli. 1910)

STOOK SOLUTIONS

HiSh srade reasenta were 'U~ed tht'o'USho'Ut

150.0s aorylamide
4.0S bieaorylamide
dise~lved in 500ml (final volume) cldH 0

2f~l~ertht'o'Ush~~atman's No. 4 paper

!JxLQ~er Tris (1.5 M Tria-H01, pH a.8; 0.4% SDS)

181.7S Triema base (Sigma) dissolved in 700ml ddH 0
2pH to 6.6 with oone. Hel

add 40ml of 10% SDS and ddH 0 to a final volmJ\e;of
2

1000ml.
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!1xtltlJ:,lE>):: :erie (0. S M Trie-HCl., pH 6.8; 0.4% SDS)

eO.6g TriBma baae disaolved in 700ml dda 0
2pH to 6.8 with HOl

add 40ml of 10% SOS and ddH 0 to a final volume of
21000ml.

1Qx: Running buff~r. (0.1.)25 l'l Tria-slycine, pH B.9; 0 I,~ SDS)

eo.os Triema base
2d8.0S illyoine
80.0& SOS

make up to 2000ml with ddH 0
2

3.0ml, slycerol
1.511'11 S-meroaptoethanol
0.9S sns
a.75ml 4x upper Trie
SOul of 0.1% (w/v) bromophenol blUe in water
volume brought to lOml with ddH 0

2
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ppper (staoking) sal

dd wate~ 9.4ml
acrylamide stock 2.8m!
4x upp~r Tria 4.0ml
TEMED lS.0ul
Ammonium peraulphate (10%) 48.0ul

% acr'lllamide

dd wate~ 18.1 14.8 8.2 ml
50% glyoe~ol 2.0 2.0 2.0 ml
ao~Ylamide stook 9.9 13.2 19.B ml
4" lower Tril!$ 10.0 10.0 10.0 ml
TEMED 20.0 20.0 20.0 ul
Ammonium perelulpha.te 200.0 200.0 200.0 ul

To the prepared eample add an eq\lal volume of sample
buffer, mix and heat in a boilins water bath for 4 min.
Cool rapidly and oentrifuge briefly in a miorofuge before
layering onto the gel.
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Gels are run at 4 C at 60 V until the sample has 'TliBrated
into the staoking gel after whioh the voltage is inoreased
to 150 V. Gale.. are run until the dye front reaches the
bottom of the sel or, if interested only in the hiBh
moleoular weisht proteine, the gel may be run for a further
hour thereafter.

Sta~ning solutioD

0.2% (w/v) Coomassie brilliant blue R-250 in 50% methanol,
10% acetio aoid and 40% dH 0

2

Deatainiog solution

50% methanol~ 10% acetic aoid and 40% dH 0
2

After electrophoresis, Sels were soaked twice in an ex:oeaeJ
of deataining solution to remove SDS from the sel. The sels
were then stained for 4 hI'or more in stainins solution
wHh sentle agitation. Deate.ining waa oarried out in a
large v'lume of destainins solution until protein banda
were visible against a clear baokground.
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2. NON-DENATURING PAGE

STOCl{ SOLUTIONS

Aa for denaturing PAGE

Ax Lpwer Tria (1.5 M Tria-Hel, pH 8.8)

181.7g Triema baBe dissolved in 700ml ddH 0
2

pH to 8.8 with 001'10. HCl
make up to 1000111l\~ith ddH 0

2

4x Upper Tria (0.5 M Tria-Hel» pH 6.8)

60.6g Triema base dissolved in 700ml ddH 0
2

pH to 6.8 with Hel
make up to 1000ml with ddH 0

2

,10x fumoinEl buffer (0.025 M Trie-S.Lyoine, pH 8.9)

60.as 'l'rie

288.0s glyoine
malta up to 2000ml with ddH 0

2
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10ml gJ.vcerol
12.j m't,4x upper T%'is
50ul of 0.1% (w/v) bromophenol blue in wate);'
make up to 100mI with ddH 0

2

The quantities of bui f"'lra and reagents used in t116
non=denabur-Lng upper 8' 'I: 'l' gela are the aame as those
listed for the denatu~

For the preparation of an equal volume of
sample buffer to the protein 'd laye);'it directly
onto the gel. Gela ar~ run under the saJTI.'Sconditiona aa
those specified for denaturing ~AGE.

Gela are I"Jtained in a 0.2% (w/v) aqueous aolution of
CO'1masaie brilliant blue G-260 fo);'1-2 hI' and th~n
passively cleatained in distilled water.
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3. ~EQULAR NEIGHT PROTEIN MARKERS

~ -laotalbumin
Trypsin inhibitor
'I'rypeinosen
Carbonio anhydrase
Glyceraldehyde-3"phosphate
dehydrogenase
EgS albumin
Bovine albumin

.MW
14 200
20 100
24 000
29 000

38 000
45 000
66 000

\> "'lactalbumin
Sybean trypsin inhibit,:.>.!;'
Carbonio anhydrase
Ovalbumin
Bovine serum aJ.bumin
l?hosphorylaee b

.t1W
14 400
20 100
30 000
43 000
67 000
94 000



Boehri~eim .J\lQleoula.£' TIleisht ma~

Soybea.n trypsin inhibitor
Lactate dehydrogenase
Glutarnate dehydrogenaee
Phosphorylase 10
~~-macroglobulin

All weiuhtl!lmol.ecular

MW
20 100
36 500
55 400
97 400
l'm 000

are s:1.v~n
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in Paltons.
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APPENDIX E

Orvata.l violet
Diatill.ed water

0.58
100ml

Iodine
Potassium'iodide
Dietilled water

1.Os

2.0S
100ml

*Strons iodine aolut:l.on 3.5ml
Aoetone S6.5ml

*Strons iodine solution:
Iodine 10.0s
Potaeaium iodide 6.0S
Di~tilled water 10m].
SO% ethanol to 100ml.

Diaeolve iodine and potaeeiuDl iodide in the water and then
acljuet the volume wHh the ethanol.
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CQunter e:tain

Safl:"anin0
Diert:llledwatel."

LOg

110ml

Immel:"se an air-dr:l.ed, heat-fixed :film of baotel:"ia in
ol'yetal vi.olet stain for 1 md.n, Rinse the stain from the
film with iodine mordant and then immerse the film in fresh
iodine mOl'dant for 1 min. Wash the film with a Bentle and
indil:"eot stream of tap wateX" for 2 seoonde, blot around the
£11'(0 with abeo:t'hantpaper but do not allow the film to dry.
Add the aoetone-iodine deooloul'izer dropw~ee to the film,
with the elide slanted, until no oaloul' appeal'S in the
drippings (leee than 10 aeconda) • Allow 'the film to a.il:"
dl'Y. Immeree the film in the oounter stain for 30-60
seconds and then waeh the film in a semtle and .indireot
stream of tap water until no oolo'U!'appeare in the l'un-off.
Elot the film dry with abeol'bent paper.



APPENDIX F

THE EFFECT OF HEP1U.utL.QN nm INDIRECT EIJISA

A40S

Bar no.

123
456
789
10 11 12
13 1.4 15
16 17 18

.t 1 _l1 ,1".. Jl
I 2 ~ 4 5 0 78 Q 101112 ISH It

1).8

e.e

0."

0•.2

°
sample

o
2.0
5.0

10.0
50.0

100.0

Fisure legend on the follow ins paSe

101718
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diseased/healthy
~

1.81)
2.60
':3.21
2.10
2.30
1.90
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Addition of hepar~~ to seroreagent diluting buffer

l'he effect of add:l.l1.g different: concentrations of heparin to the
seroreagent diluting buffer in th~ HE~PTA-ELrSA. Heparin waS added
to the sample conjugate buffer at concenc re t Lcus of 2, 5, 10, 50
and 100 U/mt and the effect of the polyanion on the binding of
the GrOE alltisel'um immunoglobulin to inunobilhed antigen was
de t ..l"mined.

Extr.actf of leaf midribs from g);'eerd.ng~infected and healthy citrus
seedlings were prepared by the water leaching method and probed
with the atoE antiserum. The antiserum Wa.s cross"adao~·bed against
a preparation of ammonium sulphate-precipitated healthy citrus
proteins prior to use in the assay. The antiserum, as well as the
enzyme conjugate, were diluted in the supplemented sample conjugate
buffet",

The standard deviation did not exceed 0.05 ~bsorbance unics.

The £o11owing sample
* sample* antiset'um* enzyme conjugate

and reagent
- 1:100
~ 1:1000
~ 1:1000

dilutions Were used in the assay:
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APPENDIX G

Tris-buffa~ed aaline (TEal:

20mM Tria-HOI containing 0.5M NaCl, pH 7.5

~n Tria-buffered saline (TTBS):

TTBS conta.i:rlins0.05% (v/v) 'l.'ween-20

lllockioitbuffer:

'l.'TBScontainins 1% (w/v) bovina aerum albumin (BSA) and
2% (w/v) pol.yVioylpyrrolidone (PVP, mol. wt. 40 OOO~ Sisma)

Antibodv buffer (AEl:

TTBS containing 0.5% (w/v) BSA and 2% PVP
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tiE. buffer:

0.114 T:t'is-HCloontaining 0.1M NaCl and 5mM MgCI • r,R 9.5
2

All buffs:t's contained 0.02% (w/v) sodium azid.~ as a.
p:t'eaerva.tive.

AP buffer containins 0.33 ma/mi nitro blue tetrazolium
(NBT, srade III, Sigma) and 0.17 mg/ml
5-bromo-4-chloro-3-indolyl phosphate p-toluidine salt
(Bctl?, Sigma), prepared just befo).~euse aelfollows:
One ms NBT Was dissolved in 3mI Al? buffer by mix ins
vigorously for l-~ min., then oentrifuged for 5 min. in an
Eppendor£ miorofuge. One-half mg BOIl? was di$solved in lOul
N,N-dimethyl-formamide by mixing '''itha vortex mixture for
1 min. and added dropwies with gentle mixins in'bo the NBT
solution.
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APPEND!X H

QONJUGATION OF RADIQACTIVE LABEL 'ro IMMllNOOI,DBQLIN G

(R. Lee. pers. comm)

1. Dissolve IODO-GEN (Pierce Chemical Co., Rockford~ IL.
USA) in methylene chloride (160 u$/ml).

2. Place 20 ul aliquot in 10 x 75 romtest tube (reaction
tube) .

3. Eva.porate methylene chloride in the reaction tubt"with
N gas at room temperature.
2

4, To a separate tube, adti 0.5 mg IgG in 0.5 ml PBS
(0.015 M aodaum phoephaue , pH 7.·1, plue 0.15 M NaCl) +

0.02% (w/v) eod:l.umazide. Cool this tube and the reaotion
tube to 0 C in an ice bath.

6. Initiate conjugation reaction by transferring I~G to the
125

reaction tube followed by adding 500 ui C1 of Ne. I.
Parafilm the reaction tube.

6. Allow iodination to run for 1+-2 hr. at 0 C.
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7. Terminate the r-eacbLcn by removing the mixture from the
reaction tube, add 5 ms/ml of BSA to the mixture, place
mixture in a dialysis membrane and excessivelY dialyze at
4xC against PBS with 0.02% aodaun, azide. Monitol:'the CPM in
dialysis fluid, usually by the foul:'thbuffer change all

125
unbound i has been removed.

125 5
Speoific ac'liivity of I ISG is usuallY 2.0 x 10 to

6
1 x 10 CPM per us IsG. Store at 4 C in sealed plastic
tubes.
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APPENDIX r

Naah Puffe~:

1/4-strength Rinser's solution containini 0.1% (v/v)

Triton X-100

lllooking buffe~;

1/4-strength Rinser's t:lolution. containing 0.1% (v/v)

Triton X-I00. 2% (w/v) BSA. and 2% (w/v) PVP (MW 40 000)

InoUbation puffe~:

1/4-atrens!~th Rinser's l!.Iolution containini~ 0.1% (v/v)

Triton X-100, 0.2% (w/v) BSA, and 2% (w/v) PVP

All butfers oontained 0.02% (w/v) sodium azide as a
preael.~vative.
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APPENDIX J

1. REAGENT'3

rrranefer_::~ :

25mM Tria-HOl oontaining 192mM glyoine and 20% (v/v)
mebhancL, pH a.s

lOmM Tx-is-H01) pH 7.4 oOl:.taining200mM NaCl and 2% (wi")

BSA

Waeb buffe.X'!.:

10mM 't'ria-HCl,pH 7.4 oonvaining 0.05% (v/v) Tween-20

10mM Tria-HOI, pH 7.4 oontaining 1% (w/v) BSA
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~~.PROCEDURE

,iter ale~trophorei;io separatiotlof proteins, the PAGE geL
wa~ soaked in an exoeee of transfer buffer for 30 min. A
sheet of nitrocellulose membrane (MCM) was cut to rouShly
the G.:.lmesize £I.e the gel and wetted with transfer buffer.
The NCM was placed against the sel on a flat surfaoe and
the NOM smoothed ove);'the gel by rollins with a slasa
pipette to remove all air bubbles. A double layer of
Whatman"s No. 4 filter Paper, prewetted wl.th transfer
buffer, was wrapped around the sel/NOM to nlakea sandwich.
The paper!sel/NOM/paper sandwich was plaoed in an
eleotrophoretic transfer (Hoefer Tl'anephor
Eleotrophoresie Unit, Hoefer Scientifio !Ilstr-umente,USA)
with the gel facing the cathode. After plaoement in the
buffer tank, tr~nsfer buffer was add~d to oover the sel and
electrophoretic tX'anefer of pX'oteir~aoarried out foX'4 hr
at 0.5 Amp.

The NOM was x'emovedfrom thE)sandwioh and washed briefly in
a large volume of dB O. The NCM wae immersed in blooking

:2
buffer and incubated at 37.0 for 1 hr in order to saturate
all unbound NCM bindins sites. Exoesa blookins buffer wae
relllOVedby washing the NOM in wash buffelrfor 1 hr at X'oom
temperature. The blott;eciproteine were probed with wholeJ
antiserum diluted in antibody buffeX'(a 1:1000 dilution of
the GC antiserum was used in this etudy) overnight at 4 C.
The NCM wae then subjeoted to four 5 min. washes in wash



401

(Ameraham, U .1(,) diluted 1: 1000 in antibody
1 hr at 37 C. After four washes in washing
a single wash in 10mM Tria-HCl, pH 7.4, the NCM

was allowed to dry thoroughly and then out into S ll'U'tI

aeotion~ along the lensth of the membrane. The seotions of
NOM were transferred to sointillation vials and 5ml of
FilterwCount (Packard Instrument Co. Irie," U8") added to
eaoh vial. Af.ter overnight refrigeration in the dark, the
redioacttvity of each section wae determined.

buffer and
:Protein A

b'uffer for
buffer and

125
transferred to a solution of I-labelled

All incubation and washing steps were oarried out with
gent,le agitation.
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APPE!ND!X K

EhQ8ph,9:t:;~='b:ufferedsaline (ps.s.l

li/ljj;;re

NaCl
KCl

B.O
0.2
1.15

0.2
Na HPO .7H 0

242
KH PO

2 4

NaCl
KCl

csci .2H 0
2 2

NaHCO
S

2.25
0.105
0.12

0.05

Di~50lve in distilled water and pH to 7.0
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APPENDIX L

J.i'ATT~ AQl1) PROFILING

IN'rERPRE'l'ATION OF PROFILES

Each prorile report includes te GC run, a profile identifyin~ and quantifyinp,
the ratty acids as percentages of the total peak area, a library search report
with similarity index a~d a his~Qplot comparing your values with the
library entry for the taxon with th~ clos~st fit.
Sill...EUll' This gives the date and clme of the run, the bottle number, sequential
sltslysis :m number, the bacteriology section file number prefixed with an A, a
brief sample description with your reference number or code and the
file number for jHofile retrieval should you require a spare copy.
Th~ profile runs betwefn the letters S and IF and only peaks with the
correct area/height ratios are analysed. The large initial peak is thr
solvent front. The values above the peaks are the retention ~imes (rr, in
minutes.

Profile. This again gives the date and time of run and the date and time
of regeneration if obtained later from the files. The bottle number, I~
number and sample description are also given. This will include the
method of sample CUltivation e.g. Aerohe.
The profile lists for each peak the retention time (RT), the area, the
area/height ratio, the response, the equivalent chain length (BCL), the
identity based on EeL, the relative amount (%) and one or two comments (e.g.
ECL deviation from expected value). Where two or more acids are known to
co-elute such that discrimination ia difficult, the identity is given
ol\ly as a Bummed feature. For each of these the most llkely identity is
given in the comment sections. Approximately 120 acids can be identified
(list attached).
The profile also give3 the solvent area, sums the totsl peak area, named
peak. area I r. peaks named I gi ves the number of selected L'eference calibration
peaks in the prnfile and also gives snme indication of the reproducibility
of the chromatography by compa~ison with these referel~ce acids. This is
referred to in the ECL deviation and reference ECL shif~ values. Few of
these data will be of use to you, but they are of use to the operator who cnn
assess the quality of f,lrofil.ing. Standardisation is eBsential in work. of
this type and the software is programmed to detect abnormalities which
are based upon the values desribed in this paragraph.
Library Search Report. The profile of named acids and their relative amounts
derived from acceptable chrornatogaphia parameters discussed above is
r.ompared with the profiles derived from a wide selection of bacterial
taxa.
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A Ust is given of the gene rdc, specific and infraspecific t!..'"awith the
most similar pro\iles to e~ch Les~ pto£Lle. The degree ~f ~ro£11e and
si~ilarity is assessed in the form of a similarity index (0 - 1.0) for
a~r~ of the listed taxa. This is calculated using a pattern recognition
a.1.!I'rithm.
1t ~ust be noted that a fatty acid profile is a single diagnostic test
and it must I\Ot be assumed that. the first choice is the correct determination.
Rather it should be used as an aid in determination or diagnosis. The library
is not complete. It represents a selection of the major taxa held in a
variety of reputable culture collectio~8 (list attached). Each taxon is
repI:'esentedby a comprehensive range of strains.
InLerpretation of the library search report deta varies with the group
Qf bact~ria ~nd it is impossible to apply hard and fnst rules. In general,
values greater than 0.7 are excellent matches. An index value of 0.5 is
approximately three standard deviations away from libary entry mean
value.
Classification reports giving a Single match gr.eater than 0.5 have a strong
likelihood of being correct.
Single match determinations with indices below 0.5 may indicate a closely
related orgallism not in the library. Some groups of bacteria comprise
bacteria with very similar profiles for which there is overlap. This can
OccUr at generic le'el within for example the Enterobacteriaceae or at
specific and infraspecific levels within for exa~ple the fluorescent
pseuc!oll1onads. In such cases it is possible to ha.ve 0 library search
resulting in three matches all with similarity indices greater. than 0.5.
In such cases a few conventional teses may easily' differentiate between them.
Even values at the 0.1 level quite often represent closely related species.
Some taxa are heterogenous and if the library does not include a particular
sub gro~~p 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 Gas chromatographic sub grou'~s
to a ..d determination.
Histoplot cllart, This is a visual representat:lon of thf' results of the
library search. Tl.~'chart represents the library antt'y for each acid in
the profile of the cJ.osest match. The + value is the mean librar)' entry
(% of total acidS) with a window of two standard deviations around thia mean.
'rhex value is the value for that aciclin the sample extract. This simple
st3tistical analysis can be very u~eful but the calculation of the
sim:i.larityindex involves the use of a complex algorithm that takes into l1ccount
various ocher parameters such as relationship between aCids, non-Gaussian
distributions of percentages etc. and is of greater accuracy, Even when
a match is noL given in the library search report, a histoplot of closese profile
is given. Th", distance 'Jalue is indicative of the number of standard deViations
distance from 'he library mean values.
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REFERENCE ACIDS
1 9:0 -2* 15: 1 ISO H/13:0 30R 82 17 :l CIS 10
2 8:0 30n -2* 13:0 30n/lS:l i I/ll 83 17:1 C
3 unknown 9.521 -2* 15:1 ISO 1/13:0 3011 84 17:0 CYCLO
'I 10;0 l.SO 44 unknown 14.503 85 unknown 16.918
S' 10:0 45 15: 1 ANTEISO A 86 17:0
6 9:0 30R 116 15:0 1.'''' 87 16:1 20R.,~
7 11:0 ISO 47 15:0 ANTEISO 88 16:0 ISO 30ll
8 11:0 ANTE ISO 48 15:1 A 89 16:0 20ll
-3* 12:0 ALDE .1 49 1.';: 1 B 90 18:1 ISO F
-3* unknown 10.928 50 lS:1 CIS 10 91 18:1 ISO G
9 11:0 51 unknown 14.966 92 18:1 ISO H
10 unknown 11.097 52 15:0 93 16:0 30ll
11 10:0 20H 53 14:0 1,1:0 30R 94 18:3 Cl.!)6,12,14
12 10:0 30H 54 !L1l0 lOI;! 95 18:0 ISO
11 unknown 11.541 55 16:1 ISO E -6* 18:2 CIS 9,12/18:0a
It; 12:0 ISO 56 16:1 ISO F -6* 18:0 ANTEISO/18:2 c
15 12:0 AN'I'ElSO 57 16:1 ISO G ~6 18:1 CIS 9
16 unknown 11.798 58 16:1 rso H -7* 18:1 CIS 11/t 9/t6
17 12:1 AT 11-12 -3* 16:1 ISO 1/14:0 30ll ...7* 18: 1 TRANS 9/t6/cll
18 12:0 -3* 14:0 30H/16:1 ISO I -7* 18;1 TRANS 6/t6/c11
19 11:0 ISO 30R 59 unknown 1,5.549 97 11: 1 TRANS 11
20 unknown 12.112 60 16;0 ISO 98 18:1 B
21 11:0 aoa 61 unknown 15.665 99 18:0
22 11:0 30R 62 16:0 ANl'EISO 100 17:0 ISO 30ll
23 unknown 12.!}86 63 16:1 A 101 17 :0 20H
24 13:0 ISO 64 16:1 B 102 TBSA
25 13:0 AN'l'El.SO 65 16:1 el.G 9 103 19: 1 ISO I
26 13:1 AT 12-13 -4* 15:0 ISO 20M/16:1t9 104 17:0 30H
27 13:0 -4* 16: ].TRANS 9/15i20M 105 19:0 ISO
28 12:0 ISO 30M 66 16:1 C 106 19:0 ANTEISQ
29 12:0 20H 67 16:0 -3* unknot.tn18.756/19:1
30 1.2:1 30H 68 15:0 ISO 30H -8* 19:1 CIS 10/18.576
31 14:1 ISO E 69 15:0 20ll 107 19: 1 TRANS 7
32 12:0 30H iO 17:1 ISO E -9* un 18.846/ 18.8~la
33 unknown 13.566 11 17:! ISO F -9* un 18.858/ .81,6/ 1Slc>,
34 14:0 ISO 72 17: 1 ISO G -9* 19:0 CYCLO C9-10/un
35 ll~;0 ANTEISO 73 17; 1 ISO H lOB 19 :0 CYCLO C11-12
-1* 14:1 tRANS 9/C15 9 -5* 17:1 ISO I/ANTEI50 B 109 19:0
~l'* 14:1 CIS 9/TRANS 9 -5* 17:1 ANTE1S0 B/i ! 110 18;1 20H
36 unknown 1:3.961 74 15,0 30H III 18;0 20R
37 14:0 75 17:1 AN'tEISO C 112 unkMwn 19.368
38 13:0 ISO 30H 76 17:1 ANTEl.SO A 113 20:', CIS 5,8,11,14
39 13:0 20R 77 unknown 16.580 114 18:0 30H
40 unknown 14.258 78 17:0 ISO 115 20:0 ISO
41 15:1 ISO E 79 17:0 ANTE'lSO 116 unknown 19.735
1~2 15:1 ISO F 80 17:1 A 117 20:1 CIS 11
/13 15:1 1.50 G 81 17:1 B 118 20: 1 TRANS 11

119 20:0

c • CIS, t a TRANS, i-ISO, a • ANTEISO
'*two or more peaks coelute; peaks are part of a summed group.
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histoplQiLchart of isolate Ne

HP S89BA: MICROBIALroEH1If,IeAIION SVSTf.H (Rev: 2.1l (51! sin: 2711Al0116) (fill sin: 2350612 20·JtlL-ss IS:13:49
....-~ -- - -..- - - - , _ ..
10: 3Z'18 emus GREEIIIHG SHC!. S5NCHRf.PERTl
BotUe: 59 srr.r SIltlPLE [AEROB••

Rr Am Ar/H\ Pespon Eel Hetle
.......................................... - .............. .. ................ -............
1.5S) 41832000 0.093 7.011 SOlVEHT PEAK • • • •
I.7B2 182: 0.019 7. i91 I I I 1'1'1 ,. ,

1.079 759 0.026 7.710 .. • I , I , ,.,

6.189 236? 0.D36 C. SBZ 13.617 li:O 150 ••••••
?509 rm O.0~9 0.966 11.621 15:0150 ••••••
7.723 121270 0.010 0.965 IUB 15:0 RHlEISO ••••
9.HS 52351 0.041 D.SS? 15.625 16:0 150 ••••••
9.715 5199 0.012 0.955 15.999 16:0 I I • f • I I I

10 803 2209 O.OH 0.951 16.629 17:0 ISO ••.•••
10.%0 43587 O.OH 0.951 16.123 1?:0 ANrmO ••••

Oab of run: 20·JUL·S8 21:1?:31

COMMent I COMMent2
............................................ ."'........................................
( Min rt
( Min d
< Min rt

1.01 Eel deViates ·u.OOl Reference '0.003
3.UD ECl dmates 0.000 Reference '0. 001
52.32 tel deVIates 0,002 Reference 0.001
21.86 EeL deviates ·0.001 Reference '0.002
2.17 ECl deViates -0.001 Reference '0.002
0.92 Eel deviates 0.000 Reference '0.002
IB.13 EeL deviates 0.001 Refmnce '0.001

~la32000 ?i852C 238520 1DO,00 229302

Solven! Hr Tolal Rrea HaMedRrea X HilIIed TolalllHnt Hbr Ref ECl Deviation Ref EeL ShIft

0,001 0.002

ISBA[Rev 2.01 Clavlbacter ••.• , •••• , ••••••••• 0.103 (Corynebact. sepeda!\')
C. MichlganeM! •••••• , • , • , •• , •• 0.103 ICorynebact. 3epedon.)

C, 110 sepedonlcuM •• , •• , •••••••• 0.103 (Coryneb~cL sepedan.)
Mlcrococcu! , I , Ii. , , I I I , , t I , I I I O~061

N. krlshnat • , •••••••••••••••• 0.06Q
.................................... "' "' "' "' "' - ..
C~Mpanson III th ISBAt~ev 2.0l: Clavlbac\er·MlchigaMnse·sepedon1tUl\(Corvnebact. 3epedon.) Ou\anw 6.329

10 15 . 20 2S 30 35 10 1S 50 55 60 65 7fl 15 eo as 90 95 100

14:0 ISO. • • • •• 'x .
15:1 ANimo A. • • x- .. ···,·······.
15:0 ISO. • • • •• .,. ).•

16:0Isa. .... . ••••••••••••••. x •
16:0. I I I I , I I ""X"'" + 10"."." I

I 7:0 ISO. • • • •• IX •

11:0 RHIGSO. • •• • I X I .. ', • .. t,. .

..................... _.... "' H ,~ _"' .._ .

I .- ........ +...... ~ .. x
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profile. .l~r.x_ search report and

h1atQplot chart of reisolate NO (RNG)

HP 58geR: HICR03IAL InfHfIiICRTlOH SY~rEl1 (Rev: 2.11 (Su sin: 2711Rl0116) iHw sin: mom IMHO 16:Sfl

10: 32~0
Bottle: 51

....... _ ,- _ _ _ __ _ -..- -- - _ _-_ .._-
emus GREEHING BRCT. f.X 5. AfRICA 86RHCl
SlAT SAHPLt CREROBrJ

RI Area Ar/H! Respon Eel

l.sn 42361000 0.091
1.868 676 0.029
6.161 2763 0.036 0.901
7.557 9159 0.038 0.966
1.691 115670 O. DiD 0.965
9.112 63253 O.012 O.m
9.710 6980 0.015 0.955
10.768 ,127 O.OH 0.951
10.925 52531 O.OH 0.951

7.0i3 SUNI Pf.AK•• , •
7.112 'I t • , I I • , •

13.610 11:0 ISO, , ...•
14,621 15:0 ISO •••.. ,
14.713 15:0 AHlmO ••••
15.625 16:0 ISO ••••••
15.999 16:0, .••••••
16.m 17:0 ISO •••• , ,
16. 'i23 17:0 ANTmO , • , •

Date of rlln: 20·JUl'BB 16:30:17

COMMent I ~Ol1/lent 2

( nm rt
( Min rt

1.00 tel dmahs ·0,000 Reference 0.000
3 36 n, devlates ·0. COO Reference 0.002
Sl.b; m deViates 0.002 Reference 0,003
22.25 CCL devl~te5 ·0.001 Reference 0.00:
Z. i5 ECl dev1ate5 ·0. DOl Reference O.Q02
0.85 m deViates 0.000 Reference 0.003
18.12 ECl deViates 0.001 Referenc~ 0.003

EeL Omahon Ref Eel ShiH
......_ .................... _ ...._ ............. -..,_

0.001 0.00242361000 2B3083

Soh~nt fir lutal flrea Haned flren X HilMed Tolal AMnt Hbr ReI

2830B3 100.00 212050

lSBR [Rev 2.0J Clavlbacter •• ,., ••••••• , •••••• O.ll~ (Corynebact. sepeden.)
C, Mlchlganenaf • , • , ••••••• , , ••• 0.11a \~Qrvneooct. 5epedon,)

C. M. seoedonlcUtI • • , • • • • • • • , • • , O.! 18 (Coryneooct. senedon,)

CllMparmn uith ISBn [Rev Z, 0): Clavlbacter·hlehlganen5e·sep~donlcUII(Cllryneb.lct. sepedon.) Distance: 6.!33

10 15 20 25 3D 35 40 i5 ~O 55 60 6~ 70 75 BO 85 90 95 100

H:G ISO•••••• 'I •

15:1 ANTEISOA. • • x······t••••• •••

15:0 ISOI I , t I. ..~..x,
15:G ANtnSO. • •• •
15:0150. • . • .• • ••• ,..; ••••••• x •
16:n, I I I • I I I - ..X .. ·1 ... "'......

1?:3 ISO. . • • •• tx •
17:0 ANlElSO. • • • • x. • ••••••••••••••••

. ,
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~~B~~cuh~r~o~m~a~'t~Q~s~r~aup~h._~p~'r~Q~f.i~l~e~,__jiprarysearch report and

hiatoplot chart of isolate GQ

HP 589BR: MICROBIRl IOEHllrICRJIOH SYSIEM(Rev: 2.1) (S~ sin: Z?IIRI0116) (Hw sio: 2350G12CAIAI:fBB?2S530 19-)Ul'SB 09:iZ:fl?

10: 3311 CITRUSGREEHIHGBACT, EX 5, RfRICA mc. Lte of run: 28-JUL'S8 15:16:18
Bcltle: 2 SAtiPlE [AEROBE]

RI Area Ar/Ht Ret~on ECl ~"ile COMMent1 COMMent2
............. ........... _ ...- -................ - ..... .._.- ..........-_ ...._ ................. _ .......- -......_ .......... -- ........... -........ ..;.......................................

1.586 42411000 U5 1,015 SOlUEIlI PEAK , • , , ( Min rl
1i,189 3740 0.036 0,979 13,G18 14:0 ISO. , , , • , 1.78 ECl dev,ales '0.000 Reference -0.003
7, S88 756J 0.010 0.%5 14.621 15:0 ISO •••••• 3.51 ECl devlales 0.000 Reference "1.001
7,721 !047:Q 0.039 0,964 14. ?12 15:0 AHIElSO •••• 18,95 ECl deViates 0.001 Reference -0,000
9,141 3b'35 0,042 0.951 15.625 16:0 ISO , • , , • , 17,98 ECl deViates '0,001 Reference '0.002
9.711 2iU9 0,012 G,956 16,000 16:0 I , ••• I I • 1.15 tel deviates a,aaa ~e"erence '0.001

10,801 352b 0,045 0,955 16.629 17:0 ISO , , , • , • 1.63 ECl deVlates -0.000 Reference. -0.003
10.959 52193 0,014 0.955 16,723 17:0 ANIElSO ••• , 2~,18 ECl deViates 0.001 Reference '0,002
Ii.689 1699 G.053 0,956 17,153 16:0 ISO 30H , , , , 0.19 ECl deuiates 0.009
13,603 '162 0,018 I I I 18,261 t I I I 1 I I I I I

Solvent fl.. lotal Are" HaMedArea ;: HaMed Total AMnt Hbr Rei Eel DeViation Ref ECl Sh1'

12141000 215m 214671 '39.65 206234 0.003 0,002

TSSR CRev 2, OJ ihcrococcus.,." •••••• , •••• , , , 0,131
HI l,rlstlnae • I I I I I I j , I • I , I I I I I 0.134

Clavlbacter " • , , , , , • , , . , , • , •• , 0,133 (Corynebact. 5ep~don,)
C. Mlchlganense , , •••••• , • , , • , •• 0.133 (Carynebact. &epedon.)
C. M, sepedonlcuM , •••• , ••• , •••• 0.133 (Corynebact. sepedon.)

COMpansonWI th ISSR [Rev Z,OJ: Mlcrococcus·knshnae DIstance: 5.951

10 15 ~Q 25 33 35 40 45 50 55 60 65 10 75 80 85 90 95 100

11:0 ISO, , , • ,. ,.,
11:0, I I j I I I' xt
15:0 ISO I lit I I .. t .... x.
15:0 AHtEISO, , ., ,
16:0 ISO•• , , ,. • ••••• , •• , ,

, x. .. + - ..

17:0 ISO. , • , •• .-~
17:0 AHTma ••• , •
16:0 ISO 30H•• ,. 'x

I t· x ....

................................ _ "'~,..-, , _ "' ...



Gas chromatograph

409

~plot chart of isolate CS
profile, library search r~port aog

HP 589BO: HICROBIAlIOEHTlflCRllOH SV51£l1 (R~v; 2.1) (Sw sIn: 2711Al0116) (Hw sIn: 2350612 20-JUL,ee 19:13:19

10: 3213
BoHle: 51

1.583
4.449
6.190
6.680
1.589
7.721
B.1H
9.li6
9. tiS
lo.eo1
10.961
14.165
lb.002
17.562
19.360
19.911

CIlRUS GREENINGShe!. EXS. AfRICA BaCS
SIRI SAMPLE [AtROBE)

RT Area Ar/Ht Respon m

Date of run: 20-Jill -B8 19: 11:1 9

!lane COMent 2

11940000 Ul
511 o.m

3964 0.036 0.987.
759 0.036 0.975

13477 0.039 0.966
170770 0.039 0.965

1017 0, au 0.952
7-1696 O.042 D.957
HZ92 0.012 0,955
2855 O.OH 0,951

50168 D.OH 0.95i
980 O. 058
717 0.051
1113 O,01B
2121 0.111
11119 0,071

COMent 1

7,011 SOI.UrHI PERK, •••
12.101 ••••• , .•••
13,617 11:0 ISO •• , •••
I toDD 11:0 ••••••••
11,621 15:0 ISO ••••••
h.713 15:0 AHTnSO , •••
15.000 15:0 ••• , ••••
15.625 16:0 ISO ••••••
15.999 16:0 ••••• , ••
16.629 17:0 ISO ••••••
15.723 17:0 RH1£IS0 ••••
18.587 ••••••••••
19.073 •••.•••.••
20.S?1 ••••• , ••••
21. 622 ••••••••••
21. 9~1 ....•.•.••

< Min rt

1.22 ECl dmates '0.001
0.23 Eel dma!es 0.000
i.OB EeL dmahs '0.000
51. 61 Eel deViates 0.002
0.31 ECL deuiales '0.000
22.10 rCt deviates ,0. 001
4.28 Eel deu1ates -0.001
0.85 ECl deviates 0.000

11. 99 rn deViates 0.001

Reference -0,002
Reference -0,001
Reference ·O.O~1
Reference 0.001
Rel~rcnce ·0.001
Reference -0.002
Reference -0.002
Reference '0.001
Reference '0.001

) Max rt
) Max rt
) Max rt

Solvent 1,( Tolal Rrea HaMedArea X HaMed Inial Rnn! Hbr ReI ECLOevlahon Ref ECl Shift

11918000 334206 331998 99.31 0.001319223 0.001
................ "" - - , ..

TSBR [Rev 2.0J Clavlbacter ••••••• , •••••• , •••• 0.061 (Corynebacl. sepedon.)
C. r.lchlganense ••••••• , •••••••• 0,061 (Corynebact. sepedon.)
C. M. sepedonlcuM ., • , •••••• , ••• 0,061 (Corynebact. sepedon.)

.............. -..-..~ ,.. - - --- ..
Oi~\ance: 7.014COMparllionWith TSOR [Rev 2. OJ: Clavlbacier'Mlchtganenae·sepedoni,U/I(Corynebad. sepeden, i
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APPENDIX M

ANALYTICAL PROFILE INDICES

AE.LZ..Q:.e analytical profile j ndeJ~_Qfisolates and reisolata,a

CHARACTER ISOLATE ISOLATE 2 REISOLATE 1 REISOl.ATE 2

Gelatin hydrolysis + + + +
~itrate reduction
~-Galactosidase + + + +
Saccharose + + ~. +
Arabinose + + + +
Mannitol + + + +
Fructose + + + +
Glucose + + + +
Maltose + + + +
Starch (Amidose)
Rhamnose
Galactose
Mannose + + + +
Sorbitol
Glycerol + + + +
Urease
H2S production
Acetoin
Simaon s citrClte
Cytochrome oxidase + + + +
Catalase + + + +
Oxidation/Fermentation 0 0 0 0

Moltil ity + + + +
Spore
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API ZQNE analytical profile index of isolates and reieolates

- __.
CHARACTI:.R I'50LATE 1 ISOLATE 2 REISOLATE 1 REISOLATE 2

Nitrate reduction
Indole froln Tryptohan
Glucose (acidification) -
Arginine dihydrolase
Urease
Aesculin + + + +
Gelatin + + +
PNPG + + + +
Assimilation

Glucose + + + +
Arabinose + "'" + +
Mannose + + + +
Mannitol + + + +

N-acetyl Glucosamine. + + + +
Maltose + + + +
Glucor.ate '+ + + +
Carpata
Adipate
Malate
Citrate + + + +
Phenyl acetate

Oxidase + + + +

, ,
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