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Fimbrial-Specific Monoclonal Antibody-Based ELISA
for European Potato Strains of Erwinia chrysanthemi and Comparison to PCR

U. Singh, C. M. Trevors, and S. H. De Boer, Centre of Expertise for Potato Diseases, Canadian Food Inspection
Agency, Charlottetown, PE, C1A 5T1; and J. D. Janse, Plant Protection Service, 6700HC Wageningen, The Neth-
erlands

Erwinia chrysanthemi is a gram-nega-
tive bacterial plant pathogen which causes
rot diseases of many plant species that are
important as agricultural and ornamental
crops. It is increasingly being recognized
as an important pathogen of potato, having
been reported on potato in Australia (4),
Japan (26), South Africa (24), and western
Europe (17,28). In the Netherlands, the
disease on potato is known as stem wet rot
(27) whereas, in the United Kingdom, it is
referred to as slow wilt (25), akin to slow
wilt of carnation, also caused by E. chry-
santhemi (16). Slow wilt of potato has, on
occasion, been severe in the United King-
dom, where more than 50% of plants
wilted (25). Although E. chrysanthemi is
not known to cause disease in potato in
Canada or the United States, Cappaert et
al. (2) in Oregon reported the isolation of
E. chrysanthemi from water and potato
foliage, including some diseased stems.
However, the Oregon isolates were char-
acterized inadequately to confirm une-
quivocally their identity as E. chrysan-

themi and tests were not conducted to show
pathogenicity on potato.

In Australia, E. chrysanthemi persists in
and spreads from surface water sources and
is primarily a tuber disease, causing decay
of the seed and progeny tubers. In other
geographic areas, the disease is reported
primarily as a wilt disease of potato foli-
age. In stem infections, the disease is char-
acterized by decay of the pith tissue fol-
lowed by brown to black discoloration of
the basal stem region, resembling blackleg
caused by E. carotovora subsp. atrosep-
tica. Leaves on affected stems may wilt, or
turn yellowish and rigid, depending on
weather conditions. The disease favors
warm field temperatures and affected
stems often recover from their symptoms,
appearing healthy, when weather condi-
tions become cooler. In the Netherlands,
field observations suggest that blackleg-
like symptoms are caused by E. chrysan-
themi during warm summers and by E.
carotovora subsp. atroseptica during cool
summers (J. D. Janse, unpublished obser-
vation).

Some strains of E. chrysanthemi are
relatively host specific and the species can
be differentiated into biovars based on
physiological and biochemical characteris-
tics (8,23). Isolates from potato in Austra-
lia are primarily of biovar 3, whereas iso-
lates from western European countries
mostly belong to biovars 5 and 7. Bio-
chemical differences among strains within
biovars have been recorded (12). Strains of

E. chrysanthemi can also be differentiated
on the basis of serological specificity of
lipopolysaccharide (O antigen) and flagel-
lar (H antigen) antigens, but such group-
ings do not correlate with biovar type
(12,22).

The biological and epidemiological im-
portance of biovar and serological differ-
ences are not well understood, although
differences in maximum growth tempera-
ture of strains may be of ecological signifi-
cance. Janse and Scheepens (13) found that
strains isolated from crops grown in tropi-
cal or subtropical regions, as well as under
warm greenhouse conditions, were able to
grow at 39°C and showed pectolytic activ-
ity at 37°C, whereas strains from hosts
growing in more temperate environments
did not. Strains in biovars 1 and 7 and
some strains of biovar 5 were of the low-
temperature type. Most potato strains from
temperate areas also differ from tropical
strains in restriction fragment length poly-
morphism patterns, biovar type, and pectic
enzyme profile (1), as well as optimum
growth temperature (13). The taxonomic
position of the potato strains as a host-spe-
cific subgroup remains tenuous, however.

The economic importance of E. chry-
santhemi on potato in temperate countries
has not been adequately assessed. Never-
theless, because its spread to geographic
areas that are currently free from this
pathogen is undesirable, rapid and accurate
diagnostic tools are required for its detec-
tion and identification. Efforts in the Neth-
erlands to detect E. chrysanthemi by sero-
logical tests have been frustrated by the
cross-reaction of both polyclonal and
monoclonal antibodies with soil-inhabiting
pseudomonads. Van der Wolf et al (29)
showed that cross reactivity was a result of
antigenically similar lipopolysaccharide
epitopes being shared by E. chrysanthemi
and specific strains of soil pseudomonads.

As an alternative to serological assays,
polymerase chain reaction (PCR) tests
have been developed using primers di-
rected to the pectate lyase gene (19). How-
ever, enzyme-linked immunosorbent assay
(ELISA) is often preferred over PCR be-
cause the latter test is costly and time-con-
suming for testing large numbers of sam-
ples. Furthermore, having both serological
and nucleic-acid-based tests available for a
microorganism is useful for identification
of a pathogen in a plant sample without the
need for isolation and characterization of
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the causal agent. For quarantine and certi-
fication purposes, where the objective is to
index for freedom from pathogens rather
than diagnosing the etiology of a disease,
direct isolation may be difficult, if not
impossible. Sensitive detection of a patho-

genic bacterium can be achieved by labo-
ratory techniques in the absence of disease
symptoms.

In this study, we developed an ELISA
procedure utilizing a new monoclonal anti-
body to strains of E. chrysanthemi isolated

from potato in Europe. Sensitivity and
specificity of the serological procedure was
compared with a PCR test.

MATERIALS AND METHODS
Bacterial strains. Strains of E. chry-

santhemi used in this study are listed in
Table 1. Strains of heterologous bacteria
included in this study for comparative pur-
poses are listed in Table 2. Bacteria were
grown in trypticase soy broth (TSB) or on
trypticase soy agar (TSA) for 24 h at 28°C
and stored at –70°C in 10% glycerol. E.
chrysanthemi strain NCPPB3530 was used
for antibody production and screening of
monoclonal antibodies.

Antibody production. A polyclonal an-
tiserum was produced to E. chrysanthemi
in a New Zealand white rabbit using glu-
taraldehyde-fixed cells as immunogen.
Five intramuscular immunizations were
made at 2-week intervals, after which the
serum fraction was collected from blood
obtained by cardiac puncture.

Monoclonal antibodies were produced
from hybridomas made using standard
procedures. Splenocytes from mice immu-
nized by intraperitoneal injection of glu-
taraldehyde-fixed cells were fused with
FOX-NY cells using 50% polyethylene
glycol and 5% dimethyl sulphoxide as
fusogens. Hybridomas were selectively
grown in Dulbecco’s modified Eagles Me-
dium supplemented with hypoxanthine,
aminopterin, and thymidine, and screened
by ELISA as described below. Hybridomas
were screened against E. chrysanthemi and
E. carotovora subsp. carotovora at the first
testing stage to detect monoclonal anti-
bodies with discriminatory specificity.
Selected hybridomas were cloned by lim-
iting dilution and tested against the strains
listed in Tables 1 and 2. Isotype of the
most useful monoclonal antibody was de-
termined using a commercial kit
(Boehringer Mannheim, Laval, PQ, Can-
ada).

ELISA. Standard ELISA procedures
(18) were used for testing pure cultures of
bacteria and plant tissue. For screening
hybridomas for monoclonal antibodies, 24-
h-old cells from pure bacterial cultures
were washed and suspended in 0.01 M
phosphate-buffered saline (PBS, pH 7.2)
and the concentration adjusted to an optical
density (OD) of 1.0 at 620 nm. Antigen
was bound directly to wells of microtiter
plates by incubating 100 µl of cell suspen-
sion, diluted 1:1 in 0.1 M carbonate buffer
(pH 9.6), in each well at 4°C overnight.
Hybridoma fluid was tested directly after
blocking wells with 5% skim milk. Reac-
tive antibodies were detected using goat-
antimouse antibodies conjugated to alka-
line phosphatase and p-nitrophenol
phosphate at 0.5 mg/ml in 1 M diethano-
lamine buffer (pH 9.8). All incubations for
the ELISA protocol were for 1 h at 37°C,
except the blocking step, which was done
for only 30 min. Absorbances were read at

Table 1. Strains of Erwinia chrysanthemi tested in enzyme-linked immunosorbent assay (ELISA)
with monoclonal antibody 6A6 and in polymerase chain reaction (PCR)

Strain,
isolatesa

Biovar
(if known) Originb Host

Absorbance
in ELISAc PCRd

Potato …
IPO645 … Australia Solanum tuberosum 0.929 +
IPO647 … Australia S. tuberosum 0.027 +
IPO655 … NK S. tuberosum 0.007 +
IPO766 … NK S. tuberosum 1.456 +
NCPPB3529 … United Kingdom S. tuberosum 3.160 +
NCPPB3530 … United Kingdom S. tuberosum 1.640 +
NCPPB3710 … United Kingdom S. tuberosum 2.260 +
NCPPB3881 … United Kingdom S. tuberosum 1.090 +
PD226 7 Netherlands S. tuberosum 0.898 ND
PD482 5 Netherlands S. tuberosum 1.053 ND
PD483 7 Netherlands S. tuberosum 0.701 ND
PD581 7 Netherlands S. tuberosum 0.751 ND
PD676 7 Netherlands S. tuberosum 0.145 ND
PD678 … Netherlands S. tuberosum 0.437 ND
PD684 … Netherlands S. tuberosum 1.330 +
PD719 … Netherlands S. tuberosum 1.470 +
PD1008 5 Netherlands S. tuberosum 0.967 +
PD1405 1 Netherlands S. tuberosum 1.615 ND
PD1406 5 Netherlands S. tuberosum 1.267 ND
Non-potato
PD1619 3 Netherlands Achmea fasciata 1.652 ND
PD1268 3 Netherlands Aglaomena sp. 0.042 ND
PD862 3 Netherlands Ananas comosus 1.311 ND
PD823 1 Netherlands Begonia bertinii 0.061 ND
PD852 3 Netherlands Brassica chinenesis 0.896 ND
PD1233 5 Netherlands Chichorium intybus 0.678 ND
PD1238 1 Netherlands C. intybus 1.100 ND
PD687 5 Netherlands Chrysanthemum morifolium 0.026 ND
PD1086 3 Netherlands Ctenanthe lubbersii 1.599 ND
LMG2488 … Netherlands Dahlia sp. 2.200 +
LMG2474 … United States Daucus carota 0.006 +
PD844 5 Netherlands D. carota 0.067 ND
IPO661 5 NK Dianthus sp. 0.087 +
LMG2485 … United Kingdom D. caryophyllus 2.085 +
PD718 1 Netherlands D. caryophyllus 0.465 ND
PD846 5 Netherlands D. caryophyllus 0.442 ND
IPO652 1 United States Dieffenbachia amoena 0.263 +
IPO653 1 NK D. picta 2.540 +
PD690 2 Netherlands Dieffenbachia sp. 1.499 ND
IPO657 3 United States Euphorbia pulcherrima 0.003 +
PD1461 3 Netherlands Freesia sp. 0.527 ND
PD826 3 NK Gymnocalicium mihanovichii 1.015 ND
PD1462 3 Netherlands Hippeastrum sp. 1.459 ND
PD677 7 Netherlands Kalanchoe blossfeldiana 0.797 ND
PD1325 7 Netherlands K. tropicana 1.175 ND
IPO662 6 NK Musa paradisica 0 +
PD864 4 Netherlands M. paradisica 0.048 ND
PD866 3 Netherlands Oryza sativa 0.016 ND
IPO654 2 United States Parthenium argentatum 0.006 +
PD845 6 Netherlands P. argentatum 0.007 ND
IPO658 4 United States Philodendron panduriforme 0.005 +
PD861 3 Netherlands Saintpaulia ionantha 0.280 ND
PD552 3 Netherlands Scindapsus pictus 0 ND
IPO659 4 United States Syngonium podophyllum 0.002 ND
PD689 3 Netherlands Zea mays 0.676 ND
PD1659 6 Sweden Surface water 0.056 ND

a Cultures were obtained from the following: IPO = Research Institute for Plant Protection, Wagenin-
gen; LMG = Laboratorium voor Microbiologie, Rijksuniversiteit, Gent; PD = Plant Protection
Service, Bacteriology Section Culture Collection, Wageningen.

b NK = not known.
c ELISA tests were considered positive if the absorbance readings were three times that of negative

control values.
d ND = not done.
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405 nm with a plate reader after 45 to 60
min of incubation of the substrate.

For screening selected monoclonal anti-
bodies against additional bacterial strains
and plant samples, a triple-antibody ELISA
protocol was used, in which antigen was
captured by the polyclonal antiserum pre-
coated onto plates at a 1:5000 dilution of
raw serum in 0.1 M carbonate buffer (pH
9.6). Bacterial cell suspensions and plant
extracts were prepared as a 1:1 ratio in
sample buffer containing (per liter) 2 g of
KH2PO, 11.5 g of Na2HPO4, 0.14 g of
disodium EDTA, 0.02 g of thimerosal, and
0.2 g of lysozyme (14). The ELISA test
was completed in the same manner as de-
scribed above, and samples were consid-
ered positive if the absorbance readings
were three times that of negative control
wells.

Immunofluorescence. Immunofluores-
cence tests were conducted on pure cul-
tures using the indirect method of De Boer
(5).

Western blotting. Whole bacterial cell-
protein profiles and fimbrial preparations,
made according to the procedure of Heck-
els and Virji (11), were analysed, after
boiling for 5 min, by polyacrylamide gel
electrophoresis using 10% polyacrylamide
in a Protean II mini-gel apparatus (Bio-Rad
Laboratories Ltd, Mississagua, ON, Can-
ada) run at 100 V, and subsequently were
stained with Coomassie blue. Proteins
from unstained gels were electrophoreti-
cally transferred to nitrocellulose mem-
brane at 150 V using buffer (pH 8.3) con-
sisting of 25 mM Tris-HCl, 192 mM
glycine, and 20% methanol. The transblot
was probed with monoclonal antibody 6A6
and the blot developed with anti-mouse
antibodies conjugated with alkaline phos-
phatase and an alkaline phosphatase conju-
gate-substrate kit (Bio-Rad).

Immunogold labelling and electron
microscopy. Bacterial cells from 24-h-old
TSA or TSB cultures were suspended in
PBS at an OD620 of 1.0, mixed with an
equal volume of hybridoma 6A6 culture
fluid, and incubated at 4°C overnight. Cells
then were washed three times in PBS, sus-
pended in 200 µl of PBS, and 15 µl of gold
beads conjugated with goat-antimouse
immunoglobulin G and immunoglobulin M
(IgG+IgM; Bio/Can Scientific, Mississa-
gua, ON, Canada) was added. The mixture
was incubated for 1 h at room temperature
with agitation, after which the cells were
again washed three times with PBS and
resuspended in 200 µl of PBS. The treated
cell suspension was air dried onto copper-
coated electron microscope grids at 25
µl/grid. After staining with 1% phospho-
tungstic acid, grids were viewed using a
Hitachi 650 transmission electron micro-
scope.

PCR. For pure cultures of bacteria, cells
grown overnight in 1 ml of TSB were pel-
leted and resuspended in an extraction
buffer containing 10 mM Tris HCl (pH

7.8), 25 mM EDTA, and 2% sodium dode-
cyl sulfate and incubated for 15 min at
60°C. Plant samples were macerated at 0.5
g/sample, lyophilized, then resuspended in
the same extraction buffer but supple-
mented with 10 µg/ml of Proteinase K (6).
Plant samples were incubated for 3 h at
60°C in extraction buffer before proteins
were precipitated from solution by the
addition of 7.5 M ammonium acetate and
their subsequent removal by centrifugation.
DNA was precipitated from the supernatant
by the addition of an equal volume of iso-
propanol and incubation at –20°C for 2 h.
The DNA was collected by centrifugation,
washed with 70% ethanol, and dissolved in
buffer (pH 7.8) containing 10 mM Tris and
1 mM EDTA.

PCR was carried out using primers
ADE1 and ADE2 directed to pectate lyase
gene sequences but using reaction condi-
tions modified from those published (19).
Sample DNA was added at 1 µl/sample to
the reaction mixture containing 1.0 TM of
each primer, 0.2 mM dNTPs, 0.2% skim
milk (7), and 1.5 units of Gold Taq-po-
lymerase (Bio/Can Scientific) in a total
volume of 25 µl. The reaction was carried
out in a Thermolyne Amplitron II thermo-
cycler as follows: initial denaturation for 4
min at 94°C, followed by 34 cycles of
denaturation at 94°C for 1 min, annealing
at 67°C for 1 min, and extension at 72°C
for 1 min. The final extension reaction at
72°C was run for 5 min. PCR products
were separated on a 2% agarose gel stained

with ethidium bromide and visualized un-
der ultraviolet light.

Plant samples. In experiments to test
sensitivity and specificity of serological
and PCR tests, potato tubers were spiked
with cells of E. chrysanthemi strain
NCPPB3530 from a pure culture. Bacterial
cells were suspended to give an OD620 of
1.0, and 1 ml from each dilution of a 10-
fold series was added to 0.5 g of macerated
potato tissue.

To establish plants infected with E.
chrysanthemi, tuber pieces containing a
single eye were cut with a melon baller and
vacuum infiltrated with E. chrysanthemi
strain NCPPB3530 containing approxi-
mately 106 CFU/ml. Control seed pieces
were infiltrated with either E. carotovora
subsp. atroseptica strain 31 or PBS. Seed
pieces were planted in a commercial pas-
teurized soil potting mix in pots (2 seed
pieces/pot) and plants were grown at 22°C
with a 16-h photoperiod in a plant growth
room under containment. Plants were
grown and observed for symptoms for 90
days and then harvested for testing. Ap-
proximately 1 cm of lower stem tissue and
0.5 g of tissue from the stolon end of prog-
eny tubers were macerated and lyophilized
for later use in the ELISA and PCR proce-
dures.

RESULTS
Specificity of serological tests and

PCR. The polyclonal antibody reacted
with all E. chrysanthemi strains in ELISA

Table 2. Strains of heterologous bacteria tested for reaction with monoclonal antibody 6A6 and po-
lymerase chain reaction (PCR)

Straina Species Absorbance in ELISAb PCRc

PD2253 Comamonas sp. 0.101 ND
CEPD1 E. carotovora subsp. atroseptica 0 –
CEPD3 E. carotovora subsp. atroseptica 0 –
CEPD6 E. carotovora subsp. atroseptica 0 –
CEPD15 E. carotovora subsp. atroseptica 0 –
CEPD29 E. carotovora subsp. betavasculorum 0 –
CEPD9 E. carotovora subsp. carotovora 0.002 –
CEPD13 E. carotovora subsp. carotovora 0.032 –
CEPD14 E. carotovora subsp. carotovora 0.002 –
CEPD21 E. carotovora subsp. carotovora 0.005 –
CEPD24 E. carotovora subsp. carotovora 0 –
PD751 E. carotovora subsp. carotovora 0.013 ND
PD877 E. carotovora subsp. carotovora 0.044 ND
PD878 E. carotovora subsp. carotovora 0.036 ND
RS1878 E. carotovora subsp. oderifera 0.003 –
MG-SR92 E. carotovora subsp. wasabiae 0.009 –
CEPD7G E. herbicola 0.002 –
CEPD65 Pseudomonas aerofaciens 0.001 –
CEPD70 P. aerofaciens 0.038 –
CEPD92 P. aerofaciens 0 –
PD1117 P. aerofaciens 0.052 ND
PD1228 P. fluorescens 0.036 ND
PD1878 P. putida 0.111 ND
PD1799 Pseudomonas sp. 0.130 –
PD1798 Pseudomonas sp. 0.110 –
… 52 unidentified saprophytes 0.039 (mean) – (all)

a Cultures were obtained from several sources as follows: CEPD - Centre of Expertise for Potato
Diseases, Charlottetown (strains formerly held at the Vancouver Research Station); RS - R. Samson,
France; MG - M. Goto, Japan; PD - Plant Protection Service, Wageningen.

b ELISA = enzyme-linked immunosorbent assay; tests were considered positive if the absorbance
readings were three times that of negative control values.

c ND = not done; – indicates no amplification detected.
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and immunofluorescence, but also cross
reacted with most of the E. carotovora
strains tested. Only four hybridomas pro-
duced antibodies that were specific for E.
chrysanthemi in the initial screening. One
of these, 6A6, produced the strongest sig-
nal-to-noise ratio in ELISA and was, there-
fore, selected for further study. None of the
four monoclonal antibodies selected in the
primary screen reacted with the outer
membrane in immunofluorescence.

Monoclonal antibody 6A6 typed out as
an IgG2b and, in ELISA, reacted with all
strains of E. chrysanthemi from potato
except for two strains, one of which was
isolated from potato in Australia and the
other of unknown origin (Table 1). It also
reacted with 20 of the 36 E. chrysanthemi

strains isolated from other host plants (Table
1). Reactivity of strains was unrelated to
biovar or host of origin. None of the 16
strains of E. carotovora or 62 other bacteria
tested reacted in ELISA with 6A6 (Table 2).
In comparison, all E. chrysanthemi strains
that were tested, regardless of the host from
which it was isolated, yielded a 420-base-
pair (bp) amplification product in PCR
(Table 1). All of the heterologous strains of
bacteria tested did not yield an amplification
product in PCR (Table 2).

Sensitivity of ELISA and PCR. Sensi-
tivity of ELISA was about 107 CFU/ml
when testing dilutions of pure cultures of
E. chrysanthemi and with spiked tuber
tissue. Use of the lysozyme buffer to sus-
pend samples increased the absorbance of
the positive samples in ELISA but did not
significantly affect sensitivity. Sensitivity
of PCR was 102 CFU/ml for pure cultures
and 103 CFU/ml for spiked tuber tissue.

Antigen determination. The fimbrial
extraction procedure yielded a single pro-
tein band in gel electrophoresis (Fig. 1A).
In the Western blot of both the whole cell
proteins and the fimbrial preparation,
monoclonal 6A6 reacted with a single band
at approximately 40 kDa (Fig. 1B). The
negatively stained bacterial cell prepara-
tions observed by electron microscopy
revealed the presence of filaments of vari-
able length with a diameter of about 14 nm
and with typical fimbrial morphology (Fig.
2). Selective attachment of gold beads to
the fimbria-like structures was observed in
preparations treated with monoclonal 6A6
and anti-mouse IgG antibodies conjugated
to gold beads (Fig. 2).

Detection of E. chrysanthemi in potato
tissue. A number of seed pieces inoculated
with E. chrysanthemi failed to produce

plants due to decay of the seed pieces.
However, all those inoculated with E.
carotovora subsp. atroseptica and buffer
controls grew into apparently healthy
plants. About 60% of the plants inoculated
with E. chrysanthemi developed yellowing
of the lower leaves, as is typical of E.
chrysanthemi infections in the field. One
plant developed decay in the lower portion
of the stem but no blackleg-like discolora-
tion was observed. Of the 14 stems grown
from E. chrysanthemi-infected seed pieces,
only 4 were positive in ELISA, although
all but 2 stem samples were positive in
PCR (Table 3). Of 28 progeny tubers tested
from these plants, 1 developed decay
symptoms and was positive in ELISA. A
total of 6 additional symptomless tubers
were also positive in ELISA, whereas a
total of 17 tubers tested positive in PCR.
The stems and progeny tubers tested from
plants inoculated with E. carotovora subsp.
atroseptica or buffer alone were all nega-
tive in ELISA and PCR tests for E. chry-
santhemi (Table 3). These samples were
also negative for E. carotovora subsp.
atroseptica in ELISA.

DISCUSSION
The presence of non-flagellar append-

ages on certain pectolytic Erwinia spp. has
been noted previously, but their function
has not been studied (3,15). These append-
ages were called “fimbriae,” although this
term is often restricted to those appendages
involved in microbial adhesion, while the
term “pili” is used for morphologically
similar appendages involved in conjugative
DNA transfer (20). In this study, we con-
tinue the practice of using the term fim-
briae for such appendages of pectolytic
Erwinia spp. of unknown function.

Fig. 1. Polyacrylamide gel electrophoresis and
Western blot of whole-cell and fimbrial extracts
of Erwinia chrysanthemi. (A) Lane 1 contains
protein standards; lanes 2 and 3, coomassie-
stained gel of whole-cell preparation and fim-
brial extract from strain NCPPB 3530, respec-
tively; and lane 4, fimbrial extract from strain
IPO 653. (B) Lane 1, Western blot of whole-
cell preparation; lane 2, fimbrial extract of
strain NCPPB 3530; and lane 3, strain IPO 653
probed with monoclonal antibody 6A6.

Fig. 2. Electron micrographs of immunogold-treated preparations of Erwinia chrysanthemi using
monoclonal antibody 6A6. (A) Whole cell showing attached bundle of fimbriae, (B) whole cell
showing single attached fimbria, and (C) high magnification of fimbriae.
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The fortuitous development of mono-
clonal antibodies to fimbrial antigens of E.
chrysanthemi provided a serological probe
that reacted with all the European potato
isolates tested, as well as with many, but
not all, strains isolated from other hosts.
The electron micrographs (Fig. 2) provided
evidence that the monoclonal antibody
targeted a fimbrial epitope and is consis-
tent with the reaction of a single protein
band in the Western blot (Fig. 1). The E.
chrysanthemi fimbrial diameter at 14 nm
was about twice that reported for Es-
cherichia coli pili, which are approxi-
mately 7 nm wide (9), and the molecular
weight of the E. chrysanthemi fimbrial
subunit at 40 kDa was considerably greater
than that reported for other enteric fimbrial
proteins (9). For example, the mannose-
resistant and type-I fimbrillins of E. caro-
tovora subsp. carotovora were 18 and 16.5
kDa, respectively (15). Fimbrillins in the
30- to 40-kDa range have previously been
reported for other non-enteric bacteria,
such as Bacterioides gingivalis, however
(30). It is also noteworthy that the ly-
sozyme-based extraction buffer used to
solubilize lipopolysaccharide from the
outer membrane of gram-negative bacteria
to enhance reaction in ELISA tests also
enhanced the ELISA test targeting a fim-
brial antigen (14). The lysozyme treatment
probably releases various outer-membrane-
associated components in addition to
lipopolysaccharide by its action on the
peptidoglycan structure of the bacterial
membrane.

It is not known whether these fimbriae
play a role in plant pathogenesis as ad-
hesins or in another function, but their
universal presence on potato strains may
suggest a role in host invasion. It has been
shown that pili (fimbriae) play a role in the
attachment of Pseudomonas syringae pv.
phaseolicola, the halo blight pathogen of
bean, to stomata (21). Alternatively, the
consistent presence of fimbriae on potato
strains may suggest that strains of E. chry-
santhemi on potato in Europe are of clonal
origin as a result of a limited number of
introductions from an external source. The

failure of the Australian and other potato
strain of unknown origin (Table 1) to react
with monoclonal 6A6 could be due to the
presence of another serological type or
absence of fimbriae altogether, as sug-
gested by the lack of a protein band in the
one fimbrial extraction we carried out on
one Australian isolate (data not shown). A
previous monoclonal antibody produced to
the lipopolysaccharide of another E. chry-
santhemi potato strain from Europe also
failed to react with several potato strains
from Australia (S. H. De Boer and J. M.
van der Wolf, unpublished data), suggest-
ing that at least some Australian strains
differ serologically from those in Europe.

Although the reaction of monoclonal
6A6 with a portion of strains in the E.
chrysanthemi species does not contribute
significantly to the subspecific classifica-
tion of the species, its universal reaction
with potato isolates from Europe suggests
that it may be useful for diagnostic and
detection work. Because E. chrysanthemi
lacks a species-specific lipopolysaccharide,
an extracellular protein is a logical alter-
nate target for a serological test. Fimbrial
antigens are a good target for the ELISA
test because they occur in high copy num-
ber and are readily freed from cells with
mild treatments. Whether fimbriae are
consistently produced by E. chrysanthemi
when associated with potato tissue has not
been fully explored. Some of the samples
from plant tissue infected with E. chry-
santhemi were positive in ELISA (Table
3), but many were negative, even though
the positive PCR test suggested that the
bacterium was present. The possibility of a
false-positive PCR reaction due to amplifi-
cation of pectolytic soil bacteria was not
entirely ruled out, although all of the con-
trol samples were negative. Rather than
being due to the lack of production of fim-
briae, the negative ELISA results could
also have been due to low populations of
the bacterium because sensitivity of
ELISA was 100- to 1,000-fold less than
PCR. The difference in sensitivity between
ELISA and PCR is probably due to the
inherent differences in the tests (10). Fur-

ther studies on naturally infected potato
tissue is required to determine whether the
ELISA test targeting E. chrysanthemi fim-
briae will have adequate sensitivity to de-
tect bacterial populations of epidemiologi-
cal significance. An alternate approach
would be enrichment ELISA, which could
significantly enhance sensitivity (10). In
any case, monoclonal 6A6 will be useful
for rapid diagnosis of stem wet rot and
slow wilt disease in potato and preliminary
identification of E. chrysanthemi potato
isolates. Only additional research will de-
termine whether the monoclonal will be a
useful tool for routine indexing of seed
potatoes for the presence of this pathogen.
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