Identification of Erwinia amylovora by Growth Morphology
on Agar Containing Copper Sulfate and by Capsule Staining with Lectin
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leading for the detection d&. amylovora.
ABSTRACT On MS agar, colony morphology d&.
Bereswill, S., Jock, S., Bellemann, P., and Geidef,998. Identification oErwinia amylovora amylovora can be ambiguous, especially
by growth morphology on agar containing copper sulfate and by capsule staining with lectifhen cells ofE. herbicola are present in

Plant Dis. 82:158-164. the same sample. An additional semi-

. . ) . ) .. selective medium, CCT, was therefore
Erwinia amylovora strains formed yellow colonies on minimal agar medium MM2 Conta'”'“gsu'?gested (16), which contains sucrose and

asparagine and copper sulfate (MM2Cu), in contrast to a white morphology on minimal a g

without copper d& Additionally, the colonies were mucoid to various extents. The yellow colog?ob'g)l.nafracnasrlb(égnfocuorlzensésag?]"?\é(.)srame_
was characteristic for the fire blight pathogen, including strains fespberry and from other grows | u . e :
unusual host plants, and was used to establish a novel plating technique for identificiition gfiUM and can be differentiated frof.
amylovora. The new identification method was especially superior to semi-selectisia with ~ nerbicola.  Pseudomonas  syringae  spp.
sucrose when natural levan-deficient strains were assayed. No groWthamflovora was  interfered with the colony morphology of
observed for the similar medium MM1 containing 2 mM CySdie to its low content of as- E. amylovora due to levan production, and
paragine. Identification by colony morphology on MM2 agar with copper was confirmed e CCT plates should be monitored in UV
staining the bacterial capsules with FITC-labeled lectin fAtarus precatorious, a compound  light for the presence of fluoresceft
which has a high affinity for galactose residues, the main sugar in the capsular eagpalys syringae pathovars.

ride amylovoran oE. amylovora. Other plant-associated bacteria usually did not produce the The reliability of serological assays de-
typical colony morphology oE. amylovora on MM2 agar with copper. Furthermore, those cells pends on the quality of the antisera. Poly-
were not stained with thabrus lectin. Capsule staining was also observed for weakly mucoi¢jonal antibodies can cross-react with
strains ofE. amylovora, but not for strains with mutations affecting amylovoran synthesis. Th?nany bacteria due to common surface
secretion of fluorescent compounds seudomonas syringae pathovars and even growth of antigens (26). Previously described mono-
any other bacterial colonies adjacenEt@mylovora could interfere with the formation of typi- clonal antibddies were too specific to
cal yellow colonies on MM2Cu, which could be white in case of dense plating. After iscreen . . : P

for white colonies on LB agaE. amylovora was identified in extracts from Cotoneaster leavesdentify all E. amylovora strains (20).

and in bark from apple trees with fire blight symptoms by its yellow growthrpaiteMM2Cu Several molecular assays have been pro-
agar and by capsule staining. The proposed selective medium gives a clear signal, is eaBp36d to screen foE. amylovora. DNA
prepare, does not contain dyes or any compounds toxic to humans, and can aléh detect hybridization was done with DNA frag-

lovora strains deficient in levan synthesis. ments from the 29 kb plasmid, common to
all E. amylovora strains (10). The fast,
Additional keywords: amylovoran synthesis, copper resistance, plant-associatei bacter specific, and sensitive PCR assays were

first based on information from plasmid
pPEA29 (6) and were recently supplemented
with primers from the chromosomaims
Fire blight, a bacteriosis of pome fruit oped: (i) semi-selective agar plates; (ii) region, the band pattern from 16S rDNA
trees and other rosaceaous plants (30), caserological assays such as enzyme-linkedamplification with a subsequentaelll
be disastrous in apple and pear orchardimmunosorbent assay (ELISA) and im- digest, and arbitrarily-primed (AP)-PCR
and is therefore of great economic impor- munofluorescence (IF); and (iii) DNA with primers from transposon Tn5 (4), and
tance. First noticed in the eighteenth cen- hybridization and polymerase chain reac- with primers derived from a random
tury in North America, the disease has tion (PCR) techniques. Many semi-selec- genomic fragment (13). Nested PCR made
been spread in this century to many partstive media were suggested to det&t detection ofE. amylovora even more sen-
of the world. More than 30 countries have amylovora (30). Except MS-agar proposed sitive (21). The high sensitivity can pro-
reported the occurrence of fire blight, al- by Miller and Schroth (23), most of them duce false positive signals. PCR also de-
though regions exist without reports of the contain sucrose as carbon source. Sucrosetects non-viable cells. In case of a positive
disease. Strategies to control fire blight based media were suggested by Kado andsignal, it is also difficult to isolate the
include monitoring the pathogen, pruning Heskett (D3; 17), Lelliott (SNA; 19), pathogen when other bacteria dominate the
and eradication of plants with disease Crosse and Goodman (CG-agar; 9), andsample. Therefore, selective conditions for
symptoms, and spraying of bactericidal were further modified by Brulez and Zeller E. amylovora which can be exploited for
compounds. (NSA; 7). Dyes in the media indicate a pH isolation of the pathogen from field sam-
For identification of the causative agent, shift caused by the production of acids ples with other bacteria are highly desir-
the Gram-negative bacteriunErwinia from metabolized sugars and give the able.
amylovora, various tools have been devel- smooth colonies an orange appearance In this study, we use the formation of
(Fig. 1D). Like many plant-associated mucoid yellow colonies on a minimal agar
bacteria, mosE. amylovora strains secrete  with CuSQ for identification ofE. amylo-
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Fig. 1. Growth ofErwinia amylovora and other plant-associated bacteria on various solidified m@giaB; (B) MM2Cu; (C) MM1Cu; (D) NSA; and

(E) CCT.(F) Scheme for strains applied: Ea and EDamylovora, Eal/79 (Germany), Ea674/94 (Austria), EaU8/96 (Utah, United States), PD576 and
PD579 (levan-deficient strains from the Netherlands); EEterbicola; Eca,E. carotovora subsp.atroseptica; At, A. tumefaciens;, Pss,P. syringae pv.

syringae; BK1, unidentified bacterium from a pear tree. The marked strains (*) are high in levan production and were omitted famnttpkierose-

containing agar (NSA and CCT). Incubation was at 28°C for 2 days in the case of LB, 3 days for the sucrose-containing media, and 4 days for MM2Cu and
MM1Cu.
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MM1 medium (27) contains 1.5 g@- tinely, 2 mM CuSQ were added to MM2 at 1000 fold total magnification and the
asparagine, 3.5 g-KPQ,, 1.5 g KHPQ,, medium, and the agar concentration wasfilter combination BP450-490/FT510/
1 g (NH),SOy, 5 mg MgSQ-7H,0, 0.25g  1.5% (MM2Cu). To avoid fungal growth LP520 (excitation filter/dichroic/emission
sodium citrate-2kD), 0.25 g nicotinic  from field samples, dilutions were plated filter) as described previously (1).

acid, 0.2 g thiamin hydrochloride, and 10 g on nutrient agar (LB) with 50 pg of cyclo- Detection of E. amylovora in field
sorbitol per liter. Medium MM2 (1) is heximide per ml. The plates were incu- samples. Ten small leaves fromCo-
similar to the ASP medium described by bated at 28°C in plastic bags or as sealedtoneaster floccosus were cut in stripes and
Bennett and Billing (3) and consists of 4.0 petri dishes. suspended in 10 ml of sterile water for 30
g L-asparagine, 2.0 g KPQ, 0.2 g Lectin staining. Bacteria were grown min. Dilutions were plated on LB agar
MgSQO,-7H,0, 3.0 g NaCl, 0.2 g nicotinic on MM2Cu agar, transferred with the tip of with cycloheximide. On parallel plateE,
acid, 0.2 g thiamin hydrochloride, and 10 g a needle to a glass slide, and suspended immylovora cells from overnight cultures of
sorbitol per liter. Nicotinic acid and thia- 5 pl of FITC-labeled lectin from. preca- strain Eal/79 were added to obtain ap-
min were filter sterilized and added after torious (Sigma Chemical Co., St. Louis). proximately 100 CFU per plate. From
autoclaving. LB is Luria-Bertani broth The preparation was visualized without plates with about 200 colonies, cells of 25
with 10 g bactotryptone, 5 g yeast extract, further treatment in a Zeiss microscope white colonies were transferred to MM2Cu
and 10 g NaCl, adjusted to pH 7.5. Rou- Axiovert 405M with an oil immersion lens agar, and color and mucoidy of the devel-

Table 1. Growth pattern of plant-associated bacteria on MM2 minimal medium with copper sulfate

Species or pathovar, Growth on Yellow Growth on Properties—
origin StrainV MM2Cu W colonies’ Mucoidy* MM1CuW (sources, references)
Erwinia amylovora
Germany 42 strains + + + -
M5/87 + - + -
Ea-Ki + + + - (From cherry tree;
E. GelRner, Minster)
Ea-Eb + + + - (From strawberry)
Egypt 20 strains + + + -
Ea25/82 + - + - White colonies!
England Ea595, Ea771, Ea775, T +
France 3 strains + + + -
Netherlands Eal951 + + + - (10)
Levan-deficient PD207, PD350, PD439, + + + - 5)
PD494, PD576, PD579
New Zealand Eal496/66, Ea8439-83 +
Turkey T90, T91 + + + -
North America Eam7, E9, Ea266, Ea273 +
Ea-Rb + + + - From raspberry
Mutants EaX7/74, EaX1/79, + + + - Cured from pEA29
Eax11/88 (1)
Ea7/74-A33, + + - - amsB (2)
Eal/79-A33
Eal/79-M1 + + - - galE (22)
P66 + + + - hrp
S + + + - galE
E8 + + — — rcsB
Agrobacteriumtumefaciens 542, Ach5, C58*, T37 + - + +
Erwinia ananas Cu2093 (+) - - S. Beer
Erwinia carotovora
subspatroseptica 185* (+) b -
subsp.carotovora 568, 573, 582* (+) - -
Erwinia chrysantemi 540 +) - -
Erwinia herbicola 358, A1/81*, SB* +) yb - -
NzZ* + yb + +
Eh1/93 + yb + + From bark of a pear tree
Erwinia stewartii 449, DC283* (+) + -
Pseudomonas syringae
pv.glycinea 27a/90, 43a/90, S8/83, +) - -
S19/84, S30/85*
pv. maculicola 438 -
pV. MOrs-prunorum 37/4, 139, 183, 753 (+) - -
pv. phaseolicola 6/0*, 181/4a -
pv. syringae 359, 524* B1*, C72 (+) - -
dsm60062*, 2U* + — - +
J59, J80/2, W50 -
pv. tomato 34, 106/1 (+) - -
Bacillus subtilis BD170 - - H. Matzura
K-4-3 + - + —
Undefined? Germany BK1*, W4* + - + + W. Zeller

V' WhenE. amylovora strains were grown on MM2Cu agar, 27 of 27 strains tested were positive for lectin staining. Other tested strains, tgsfgnated
were negative when grown on MM2Cu, minimal agar, or nutrient agar.

WGrowth (+) means a significant growth retardation; b = brown; yb = yellow to brown.

* Rating of mucoid appearance: + = mucoid at rim of colony to fluidal; — = rough, not mucoid.

Y Grew poorly on MM2Cu, with tendency to form white colonies.

z Strains from apple or pear orchards (originally suggested o &raylovora). The sources of most strains are listed in references 10 and 29.
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oping colonies were evaluated. Cells from unambiguously E. amylovora by other  separation of yellow bacteria (Fig. 1A).
positive colonies were also stained with criteria such as PCR and pulsed-field gel This step excludedE. herbicola, here
FITC-labeled lectin. Tissue from inocu- electrophoresis (PFGE) analysis. The beststrains Eh358 and EhSB, but aldg
lated apple seedlings, grown in a phy- CuSQ concentration to obtain yellow stewartii strains. E. amylovora formed
totron, and bark from apple trees of an colonies was 2 mM CuSOGood growth  white colonies on LB agar, which were
orchard with fire blight symptoms were on MM2Cu and the yellow, mostly mucoid bright yellow on MM2Cu (Fig. 1B). No

extracted and treated similarly. colonies were typical foE. amylovora and  other bacterial species produced a similar
useful to differentiate the pathogen from shift in the color of colonies when plated
RESULTS other plant-associated bacteria. At 1 mM on these two media. We used several re-

Growth and colony morphology of E. CuSQ, the colonies oE. amylovora grew  cently isolatedE. amylovora strains and
amylovora on minimal agar with CuSQ,. faster and were more mucoid, but their compared them with the standard strain
E. amylovora tends to grow as mucoid yellow color was slightly diminished com- Eal/79 of our laboratory, which formed
colonies on minimal agar, although this pared to growth on 2 mM CuQOFor mucoid yellow colonies. Strain Ea674/94
morphology can vary for individual strains some strains, mucoidy on MM2Cu agar was as mucoid, whereas EaU8/96, PD576,
and with the composition of the medium. was confined to the rim of colonies even and Pd579 were weakly mucoid and
For instance, strain Ea7/74 is mucoid on after a long incubation time, whereas oth- formed crater-like yellow colonies on
MM1 agar, but not on MM2 agar. We have ers were already mucoid at the second dayMM2Cu. All E. amylovora strains did not
thus attempted to find conditions that in- of incubation and turned fluidal afterwards grow on MM1Cu (Fig. 1C). They were
duce exopolysaccharide (EPS)-synthesis(Fig. 1B). Weak mucoidy could result in also compared for their colony morphology
for E. amylovora and allow distinction crater-like colonies, and the colonies were on the sucrose-containing media CCT and
from other plant-associated bacteria. The deep yellow in contrast of a lighter color of NSA, which should cause levan production
addition of 2 mM CuS@to MM2 agar fluidal colonies. The degree of EPS pro- of E. amylovora (Fig. 1D and E). Strains
increased the mucoid colony morphology duction varied for individual strains, and PD576 and PD579 were recently charac-
of E. amylovora and caused the formation could be used to distinguish some of themterized for their deficiency for levan syn-
of yellow colonies (Fig. 1B). Bacterial from each other (Fig. 2A). For the three thesis (5). Strain EaU8/96 had similar
growth decreased for Cu%Qoncentra- German strains, mucoidy increased for
tions above 2 mM, and the medium had to Ea7/74, and Eal/79 to Eall/88. The Egyp-
be neutralized to avoid pH effects. At 5 tian strain Ea5/84, the Turkish strain T90,
mM CuSQ, growth of E. amylovora was  and the French strain CNPB1367 (Ea321)
almost abolished. Spontaneous copper-were barely mucoid, whereas the English
resistant mutants were observed, which strain T was quite fluidal (Fig. 2A, row 3).
were able to grow at even higher CuSO High mucoidy was also observed for the
concentrations. In contrast to mucoid par- North American strains Ea266, E273, and
ent strains, the Cu-resistant mutants wereE9. The plasmid-free strain EaX1/79 was
non-mucoid on MM2 agar and barely pro- as mucoid as the parent strain. Occasion-
duced ooze on slices of immature pears.ally, the transfer of the same colony to
EPS synthesis of the mutants was partially several sites on an MM2Cu agar plate
restored in the presence of CuS®one of  could result in differences of mucoidy. An
the strains in our collection was highly example is théRubus strain Ea-Rb in Fig.
resistant to copper, although some of the 2A (row 5). Since the addition of copper
Egyptian strains grew better at 5 mM ions increased mucoidy of strains tested,
CuSQ than most of the other strains. For we assumed an induction of amylovoran
isolation of E. amylovora from field sam-  synthesis, which is encoded by the chro-
ples, the cells should be grown in parallel mosomalams region (8). This was con-
on MM2Cu agar and on agar without firmed by determination of amylovoran
CuSQ in order to avoid selection for par- production with the CPC assay for strain
tial resistance. When 2 mM Cug@®as  Eal/79 (1). During the log-phase, a two-
added to MM1 agar, strong growth inhibi- fold increase of the EPS concentration was
tion was observed foE. amylovora in observed in the presence of 2 mM CySO
contrast to formation of yellow, mostly in MM2 medium, whereas sodium sulfate
mucoid colonies on MM2Cu agar. When 4 had no effect on amylovoran synthesis.
g asparagine were added to MM1 insteadIncubation at temperatures lower than
of 1.5 g, used in the original medium, 28°C retarded the growth &. amylovora
growth and the mucoid yellow morphology colonies, but could occasionally increase
was similar to MM2Cu. The permissive their mucoid appearance. Mutants without
component in MM2 medium is thus the EPS-synthesis were not changed in their
high content of asparagine, which might non-mucoid phenotype, but also produced . .
form a complex with copper ions. yellow colonies. The yellow color is thus Fig: 2. Typical growth morphology oErwinia

Identification of E. amylovora on a  not dependent on formation of capsular ?:Wlovora on minimal agar MM2 with 2 mM

S . uSQ (MM2Cu). (A) Two colonies of strains
minimal agar_wnh CuSO,. Most E. EPS, and also not on the presence of thez,7/74 (row 1), Eal/79 (row 1), Eall/e8
amylovora strains assayed grew well on common plasmid pEA29 as observed for (Germany; rows 1/2), Ea5/84 (Egypt; row 2),
MM2 agar containing 2 mM CuSO plasmid cured strains (Table 1). T90 (Turkey; row 2), CNPB1367 (Ea321,
(MM2Cu), and formed yellow colonies Differentiation of E. amylovora from France; row 3), T (England; row 3), Ea266
that became mucoid in the course of incu- other plant-associated bacteria.Several  (rows 3/4), Eam7 (row 4), E9 (United States;
bation to various extents (Fig. 1B, 2A; species of plant-pathogenic bacteria were'oW 4), EaX1/79 (Eal/79 without plasmid
Table 1). Among about 108, amylovora  assayed on semi-selective plates (Fig. 1) inPEA29: row 5), and Ea-Rb (row 5) were trans-
strains isolated in various geographic re- order to identifyE. amylovora. Transfer of ferred in this order(B) E. amylovora Eal/79

. . - . . ) ) . was added to a water extract from cotoneaster
gions and at different times, only strain colonies to LB agar not only avoided eXpo- |eaves, and 25 colonies were randomly picked
Ea25/82 from Egypt formed white colonies sure ofE. amylovora to copper ions during  on MM2Cu agar. Incubation was for 4 days at
on MM2Cu agar, although this strain was isolation, but also is a crucial step for the 28°C.
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properties, which made CCT or NSA bark with this property could be distin- colonies if they were formed Wy. amylo-

barely suitable for identification of levan- guished fromE. amylovora by its growth  vora (Fig. 2B). Small colonies from agar
deficient strains. Two strains in the last on MM1Cu. It was later identified aB. were already suitable for transfer. We pre-
row of Figure 1, BK1 and Pss7, were herbicola. In such rare cases and for con- ferred LB medium as nutrient agar, since it
originally isolated as fire blight suspects. firmation purposes, an additional method is is simple to prepare and allows fast growth

Their levan production flooded the CCT advantageous to identify. amylovora.

and NSA plates and thus caused identifica- Specific staining of the capsule with
tion problems on sucrose media. Both FITC-labeled lectin. Lectins from plants
strains were therefore not applied to theseare known for specific binding to sugar

of colonies. Any other growth medium can
also be suitable for transfer of colonies. To
inhibit growth of fungi and yeasts, cyclo-

heximide was added to the growth me-

plates, but could be clearly distinguished residues. We recently observed that lectindium. A comparison of plating efficiencies

from E. amylovora on MM2Cu/MM1Cu.  from Abrus precatorius binds to the amy-

showed little effect of cycloheximide, and

King’s medium B (18) may be used to
confirm the absence of fluorescet sy-
ringae pathovars. SomBseudomonas spp.
barely grew on minimal medium with
CuSQ. Coronatine-producing strains of
the P. syringae pathovarsatroseptica, gly-
cinea, morsprunorum, and tomato were
able to grow on nutrient agar with 2 mM
CuSQ (29), but they did not produce yel-
low colonies on MM2Cu (Table 1Agro-
bacterium tumefaciens produced a mucoid,
white colony type and grew on MM1Cu
agar. Two strains ofBacillus subtilis,
Gram-positive bacteria, did not grow on
MM1Cu, but one strain also produced
white mucoid colonies on MM2Cu (Table
1). Strains of theE. carotovora group
barely grew on MM2Cu and could be eas-
ily distinguished fromE. amylovora. On
CCT and NSA, they could produce a
similar morphology as levan-deficieif.
amylovora strains. In rare cases, colonies
were mucoid on LB agar, and it was diffi-
cult to see a possible yellow color. Transfer
occasionally gave rise to a mucoid yellow
colony on MM2Cu. A strain isolated from

Fig. 3. Identification ofErwinia amylovora by
capsule staining. The bacteria were taken from
colonies on MM2Cu agar. The cells were
stained with FITC-labeled lectin frorA. pre-
catorius and visualized in(A) bright field and
(B) UV light as described in Methods. The
corresponding experiment witk. herbicola
strain NZ is shown in pane(€) and(D).
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lovoran capsule, presumably by the recog- equal plating efficiencies fdgE. amylovora
nition of galactose residues in the repeatingwere observed on MM2- and MM2Cu
unit of the EPS, since binding was abol- agar. When field samples were directly
ished after addition of galactose (1). Fur- plated on MM2Cu agaE. amylovora only
thermore, we noticed that FITC-labeled produced the mucoid yellow colonies at
lectin was not able to stain the capsule of low densities of colony forming bacteria;
E. stewartii. The structure of stewartan is otherwise,E. amylovora retained a white
similar to that of amylovoran, but stewar- colony color. It was therefore risky to at-
tan carries a terminal glucose residue in thetempt identification ofE. amylovora by
side chain and a glucose residue in thestraight plating of field samples on
backbone (24,25). Consequently, we as-MM2Cu agar. Specifically, fluorescent
sayed other plant pathogenic bacteria for aPseudomonas syringae pvs. can interfere
reaction with FITC-labeled lectin and with E. amylovora in formation of yellow
found that only capsules &. amylovora colonies on MM2Cu agar. This interfer-
(Fig. 3A, B), but not cells oE. herbicola ence could be prevented by limiting the
(Fig. 3C, D),E. carotovora subsp.caroto- number of colonies on standard size petri
vora, E. stewartii, A. tumefaciens strains,  dish plates (9-cm diameter) to about 25.
or P. syringae pathovars were stained Depending on the bacterial strains, an in-
(Table 1). Visualization oE. amylovora crease of the colony density to 50 was
capsules requires the commercially avail- often preserving the yellow morphology,
able FITC-labeled lectin fromA. precato- whereas 100E. amylovora colonies per
rius, a suitable fluorescence microscope, plate were still mucoid with a tendency of
and a bacterial growth medium suited for white appearance. Occasionally, colonies
induction of amylovoran synthesis. Agar were yellow during early incubation times
plates with MM2Cu were reliable to in- and became white at late stages.
duce capsule formation for af. amylo- The E. amylovora strains Eal/79 and
vora investigated except for EPS-deficient Ea7/74 and theP. syringae pv. syringae
mutants, although capsules were also pro-strains 2U and 60062 were transferred to
duced on other media to a variable extentMM2Cu plates by picking 24 colonies in
and could be stained with the lectin. Since an alternating order. At a higher density of
amylovoran synthesis is strictly required colonies per plate, thE. syringae pv. sy-
for virulence, EPS-mutants have to be ringae strains interfered with the yellow
selected in the laboratory. Cells @&. appearance of thE. amylovora colonies.
amylovora wild type strains, which barely Although strain Ea7/74 rarely forms mu-
formed mucoid colonies on MM2 agar, coid colonies on MM2 agar, the CusO
were often mucoid on MM2Cu agar and induced EPS production. When cells from
were stained by the lectin. In general, other strains with barely mucoid colonies were
plant-associated bacteria of our lab collec- treated with FITC-labeled lectin fromA.
tion or from field samples did not react precatorius, most of them were capsulated;
with the lectin. Their growth on media i.e., fluidal colonies are produced by ex-
other than MM2Cu also did not result in cessive amounts of EPS.
positively stained cells. Faint staining or  Detection of E. amylovora in field
irregular association of the lectin may oc- samples. From Cotoneaster floccosus, 10
casionally occur for bacterial cells. Far leaves were extracted by shaking them in
amylovora, usually more than 80% of the 10 ml of sterile water. The suspension was
cells were intensively stained, although diluted to produce about 100 colonies of
some strains were capsulated to a lowermicroorganisms, and cells from Eal/79
degree. In combination with the typical cultures were added to give about 100
colony morphology ofE. amylovora on colonies ofE. amylovora. An aliquot of 0.2
MM2Cu agar, the lectin staining allowed ml was plated on LB agar with cyclohexi-
the unambiguous identification of the fire mide, and the plates were incubated for 2
blight pathogen E. amylovora without  days at 28°C. Then, 25 random colonies
applying DNA-based techniques. were transferred with toothpicks to
Identification of E. amylovora in the MM2Cu-plates, which were incubated for
presence of other bacteria.Analysis of 3 to 5 days at 28°C. About half of the colo-
field samples is often commenced by plat- nies displayed a mucoid yellow appearance
ing on semi-selective medium. Transfer of (Fig. 2B). When theE. amylovora cells
cells from colonies on LB agar plates to were not added to the extract, this mor-
MM2Cu agar gave rise to mucoid yellow phology was not observed for any colony



after transfer to MM2Cu agar. Confirma- carotenoid synthesis iE. amylovora by

Fig. 1. Transfer of cells from the nutrient

tion was obtained by staining cells from copper ions seems unlikely, since suchagar used for the initial plating to LB
those colonies with FITC-labeled lectin compounds could not be extracted with (white colonies), MM2Cu (yellow colo-

from A. precatorius.
Apple seedlings were inoculated wih
amylovora strains Ea7/74 or

organic solventsufipublished data). Cop-

nies), MM1Cu (no growth), and a sucrose-
per ions also cause a change of cell mor-containing agar for levan-producing strains
Eal/79. phology for E. amylovora, such as large are not only useful for detection of the fire

Leaves with weak symptoms were ex- cell bodies of oval shape (14). Recently, blight pathogen but also for its isolation
tracted with water, the diluted samples we noticed an increase of amylovoran from plant tissue.

were plated on LB agar, and 25 colonies synthesis in strains selected for spontane-

were transferred to MM2Cu agar. Most of ous resistance to streptomycin and elevated®CKNOWLEDGMENTS

them had the typical mucoid yellow colony EPS-production in the presence of sorbitol
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United States. The first stem section was observed induction of EPS synthesis by
derived from an apple tree that had beencopper ions. However, distortions in the
inoculated with anE. amylovora strain environment could preverE. amylovora
carrying nalidixic acid resistance. The from forming mucoid yellow colonies.
other tree was located in an untreated con-Dense plating prevented the yellow growth
trol section of the orchard, but also showed pattern; the colonies were white, but still
symptoms of fire blight. Bark from these mucoid, independent if the surrounding
trees was extracted, aliquots of the suspen-colonies werde. amylovora or other bacte-
sion plated on LB agar, and colonies trans-ria. A strong interference was observed for
ferred to MM2Cu agar. Again, in both fluorescent. syringae pv. syringae strains.

assays most colonies had the typical mor-About 25 colonies per plate were a safe 3

phology of E. amylovora, and they were number with which to identiffE. amylo-
positive in lectin staining. Furthermore, vora by the typical growth on minimal agar

these cells were resistant to nalidixic acid with CuSQ, although this morphology 4.

(Ea8865nr/96) in contrast to the second set,was often still obtained for much higher
which was apparently derived from a natu- colony densities. Staining of capsules with
ral infection (EaU8/96). The latter strain FITC-labeled lectin fromA. precatorious
was barely mucoid on MM2Cu agar (Fig. was another specific assay f&r amylo-
1B) and also low in levan synthesis. The vora. The extent of capsule formation Bf
yellow growth morphology and lectin amylovora can vary for growth conditions
staining unambiguously identifiedE.
amylovora from plant tissue. Additionally, so fragile that they are largely removed in
the system also allowed to identify and to suspension cultures. Lectin staining should
isolate the fire blight pathogen in samples thus be done with cells from a homogenous
with an excess of other plant-associatedcolony grown on
bacteria. For practical reasons, this mixture MM2Cu agar, whereas some other solidi-
should contain at least one culturalile  fied media decreased the amount of posi-
amylovora cell in 25 CFU to limit the tive capsules, especially when they con- g
number of the MM2Cu agar plates re- tained sucroseufipublished data).
quired for screening the pathogen. Copper ions can be strongly inhibitory
for growth of E. amylovora. The inhibition
DISCUSSION can be relieved by high levels of amino
To commence preventive treatments, di- acids or citrate (K. Geideninpublished
agnosis oE. amylovora in field samples is  data). The high content of asparagine in

important for the control of fire blight. The MM2 medium is responsible for suppres- 10.

great benefit of sensitive and unambiguous sion of growth inhibition by CuSg since
identification of E. amylovora with DNA- an increase of asparagine in MM1 medium
based methods (4,6) was supplementedrestored growth ofE. amylovora in the
here by cultural conditions which resulted presence of CuSOThe absence of growth
in a mucoid yellow colony morphology, on MM1Cu is an additional criterion for
typical and specific for the fire blight identification ofE. amylovora.
pathogen. Another novel assay confirmed The proposed MM2Cu agar for detec-
E. amylovora by staining the bacterial tion and identification oE. amylovora has
capsules with FITC-labeled lectin.
Copper ions may form a complex with levan formation, and colonies Bf amylo-
surface components of the cells, resulting vora strains display a yellow color and
in yellow appearance. One variant in our often a mucoid appearance. After repeated
strain collection was white in the presence testing of a large number & amylovora
of CuSQ, but definitelyE. amylovora by strains from different geographical regions
other criteria. Cells oE. herbicola andE. isolated at various times, this morphology
stewartii, which have recently been reas- was stable and reproducible. The medium
signed into the genuBantoea, are colored is easy to prepare, and rare ambiguous
by intercalation of carotenoids in the cell colonies can be further screened by capsule
wall. A gene cluster involved in carotenoid staining with FITC-labeled lectin. Com-
synthesis oE. herbicola has been recently plementary steps for identification d.
characterized (15,28). An induction of amylovora on plates are summarized in

and individual strains (1). The capsules are

the EPS-inducing 7.

11.

several advantages. It does not depend ono.

13.

15.
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