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Proferrioxamine profiles of Erwinia herbicola and related bacteria
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Two strains of Erwinia herbicola effective in the biocontrol of E. amylovora, the etiological agent of fire
hlight, were screened for proferrioxamine siderophores by on-line liquid chromatography—electrospray mass
spectrometry (LC-MS). Type strains of E. herbicola and Pantoea species were included in this study for
taxonomic comparisons. Proferrioxamine profiles similar to that previously described for E. amylovora,
including tri- and tetrameric hydroxamates and diaminopropane-containing proferrioxamines, were observed
for P. agglomerans, but not for other E. herbicolu-like species. Biocontrol activity was not correlated with
proferrioxamine synthesis. The results of this study are consistent with the notion that some, but not all,
biocontrol strains may inhibit E. amylovora via competition for iron. Further studies into the link hetween
hiocontrol of fire hlight and siderophores are thus warranted. This study also revealed limitations of stan-
dard nutrient utilization and fatty acid profile analyses for the differentiation of P. agglomerans, P. dispersa
and other F. herbicola-like species from each other. Given these limitations, LC-MS may become a much

needed additional diagnostic tool for the identification of E. herbicola-like strains at the species level.
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Introduction

New control agents for Erwinia amylovora, the
causal agent of the devastating firc blight disease
of apple and pear, are urgently needed because
currently available antibacterial agents have hecome
ineffective due to resistance of the pathogen (Burr
et «f. 1993, Chiou & Jones 1993, Johnson er al. 1993,
McManus & Jones 1994). Restrictions on the use of
antibiolics in agriculture also limilt our ability to
prevent fire blight. The recent serendipitous finding
that S-hydroxylysine inhibits growth as well as
siderophore production of E. amviovore (Feistner
1994 1995a) has led to the working hypothesis that
it may be possible to prevent fire blight via inter-
ference with iron acquisition in £, amylovora. This

Part 14 in the scries “Mcetabolites of Lrwinia’, for Part 13 sce
Feistner (1993¢).
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in turn has raised the question of whether the
inhibitory activity of known biological control strains
is due. at least in part. to competition for iron. While
it is known that £. ammylovera produces proferriox-
amines (pFOs) (Fcistner e of. 1993a.b). there is
no report yet on the siderophores ol fire-blight-
inhibitory strains.

Biological control strains can readily be isolated
[rom plants and many have tentatively been identi-
fied as Erwinia herbicola (Ishimaru et af. 1988,
Wilson et al. 1990, El-Goorani er af. 1992, Vanneste
ef al. 1992, Johnson ef of 1993, Obrien 1993,
Wodzinski & Paulin 1994, Wodzinski er al. 1994).
However, the classilication of £, herbicola and
E. herbicola-like strains [rom plants or clinical
sources has long been debated. Plant pathologists
historically use the name E. herbicola, while clinical
micrebiologists use the synonym Enterobacter agglo-
merans. More recently. Gavini ez al. {1989) proposed
reclassification of strains within the Herbicola-
Agglomerans complex based on DNA homology and
protein profiles. A new genus and two species,
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Pantoea agglomerans and P. dispersa, were pro-
posed. Some strains previously identificd as
E. herbicola were reclassilicd as P dispersa, and
others as . agglomerans. While the siderophores of
some FE. herbicola (E. agglomeragns) strains have
been reported to be proferrioxamines (Berner e «f,
1988, Berner & Winkclmann 1990), it is not known
whether proferrioxamine synthesis is a  genceral
phenotype of all strains of £. herbicola (Panioen
spp.). It is concetvable that some biocontrol agents
produce siderophores other than prolerrioxamines
and that these may provide a compelitive edge for
the biocontrol strains over F. amylovora.

The initial purpose of this study was to determine
whether Eh 198/1, a potent biocontrol agent for £
amylovora that was recently identified m the Czech
Republic (Kokoskovd 1991, 1996), would produce
proferrioxamines. When Eh 198/1 turned out to he
pFQ-, an attempt was made to taxonomically
classify this bacterium by extending the study to
several type strains of F£. herbicola and Pantoea
spp., and by complementing the proferrioxamine
analyses with established taxonomic methods. 1.e.
classical biochemical (Biolog'™) and gas chro-
matography-latty acid methyl ester (GC-FAME)
analyses. Furthermore. in order (o evaluate whether
the pFO" phenotype was a general characteristic of
fire blight control strains, a second biological control
strain, €9-1, was also included in this study.

Materials and methods

Baciterial strains and growth conditions

Bacterial strains used in this study arc listed and charac-
terized in Table 1. All strains were maintained at -78°C
in LB medium containing 15% glycerel. Siderophore
production was stimulated on MMB minimal medium
consisting of 2 ¢ I ' K,HPO,3H,0, 0.1 g I MgSO,-7H,0,
0.4 g I (NH,),S0,, 2 g I sucrose. 100 pg I nicotinic
acid, and ferric citratc in a concentration of 107% M.
Cultivation was in batches of 50 m! in 250 ml Erlenmeyer
tlasks at room temperature (18-25°C) and under moderate
stirring using teflon-coated magnetic stir bars.

Proferrioxamine screening

Bacterial culture supernatants were screened for pro-
ferrioxamines following the method previously developed
for E. amylovora (Feistner et al. 1993b. Feistner 1993a).
Briefly, the culture supernatants were dried and extracted
with methanol, and 5-10 pl of cach extract were analyzed
by a microgradient reversed-phase chromatography sys-
tem that was coupled to a Finnigan electrospray triple
sector quadrupole mass spectrometer. Full scan mass
spectra (m/z 50-2000) were continuously acquired over
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the 60 mimn chromatographic run and the data analyzed
for the protonated molecular ions of the various expected
proferrioxamines.

fron-binding compounds of F-h T98/1

To obtain preliminary evidence for the presence of
siderophores in Eh [98/1. the corresponding extract was
analyzed by RP-HHPLC and diode array absorbance detec-
tion before and after addition of ferric citrate. A Hewlett-
Packard 1090M  workstation. an ABI €, column
(2.1 x 220 mm} plus a 3 mm precolumn, a linear gradient
of 1 43% acetonitrile in 0.1% TFA over 40 min followed
by a plateau, and an injection volume of 50 pl were used.
Four LC peaks (with retention times of approximately 19,
30, 37 and 43 mun) which. following the addition of 130
nmol of ferric citrate. were shifted to apparently shorter
relention times. were considered W be due 1o iron-binding
compounds.

Arnow assay

This test for catechols was performed as described
(Ishimaru & Loper 1993), except that only 20 pl cach of
sample and reagents were used. A control test with water
as sample was ncgative,

Enterobaciin screening

When the Arnow assays turned out to be positive, the LC-
MS data that had been acquired with the intention (o
screen for proferrioxamines, were also screcned for
[MtHJ 10ns of cyclic (ar/z 670) and linear enterobactins
(trimer m/z 688; dimer a/z 405; monomer rni/z 242). Peaks
for cyclic enterobuctin and its hincar trimer, but not the
monoe- and dimer, were indeed found at clution limes
longer than those of the proferrioxamines. The iron-
binding ability of the compound with m/z 688 was corrob-
orated by the fact that a corresponding  strong
[M-=2H+Fe]' ion at my/z 741 could be observed lor an
extract of A'TCC 14589 (100 pl) only after treatment with
ferric citrate (775 nmol). The [M-2H+Fc|® ion was
detected in connection with the residual free siderophore
LC peak, rather than in connection with a new LC peak
for ferric enterobactin. An 1O peak for ferric enterobactin
could not be observed. presumably because it was washed
out in the void volume (Berner er al. 1991).

Test for pectolytic activity

Peclolytic activily was determined on modificd crystal
violet-pectate (CVP) medium (Schaad 1988). Pitting of the
medium surrounding individual colonies indicated the
presence of pectolytic activity,

Biolog'™ analyses

[nitial Biolog™ analyses (identified by extension -1) were
performed on Eh 198/1 and the two P dispersa ATCC
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Table 1. Riochemical and taxonomic characterization of the 2. fierbicola-like strains used in this study

Primary 1D Sim

S1rin Souree EA  pFO Amow Entero- Primary 1D Sim - Iist Primary 1D Sim  Dis Dis

inh Yest hacting by Biolog | coel coef by Biolog 2 coel coef by coct  coet

GC-FAME
I*h 19871 Kokoskova - - F i Cedecea 040 2.2 Klehsiella 050 4.7 E. carotovorg 0.80 2.4
lapagei pheumoniae carptovorg
Eh 2406 Kokoskovia - - - ND ND ND
COM 2406
Fh I8i0 Kokoskova - + + ND ND ND
Podispersa- ATCC ND - ++ - . dispersa 085 2.0 P dispersa 031 6.0 P.ananas 083 212
tepe stran 11589
apague:
previonshs
F. herhicola
Podispersa ATCC NI NI ND ND I 063 56 F. 051 7.8 P.oananas 076 27
translucent 1438Y agglomerans agglomerans
biogroup ZA

Pougelo- Beer ND o+ + + ND P. 087 2.0 P. (.73 3.0
rceranys: old - ATCC agglomerans agglomerans
£ herhicola 33234 group I Clin
tvpe strain
Pogelo- ATCC ND i + + ND r. 082 27 r. 0.89 18
wierais-type 27155 agglomerans agglomerens
strain: old
£, agglomeriny
nevtypue
91 [shimaru t f v F ND . 077 34 Ijd 077 26

agelomerans

{lggl()”l?l’(!ﬂ A\

ND. not determined: inh, inhibitory: 1D, identification: Simeoet, similarity coefficient: Dist coef, distance coetficient,

14384 ~trains by Analviical Services (Essex Junction, VT)
using Microlog"™ System version 3.5 and well-by-well
(operator) evaluation of the Yo-well plates. After growth
on tryplicase sov agar (TSA). the cultures were suspended
m sterie saline and aliquots Toaded inta the appropriate
microtiter plates (Gram-negative). When it beeame clear
that Eh 198/1 most likely was not P dispersa. the compar-
o was extended 1o other B ferbreola-tvpe strains. The

Results and discussion

24 h incubation on TSA. The results were compared
against the Acrohe (TSBA [revision 3.90]) and the
Climcal Acrobe (CLIN [revision 3.90]) databases.

. dispersa strains were again included in order to have
all dita aequired under identical conditions. The sccond
set of Biolog" analvses (identified by extension —2) was
performed by Microbe Inotech Laboratories (St Louis,
MO}, using the same culture treatment as above and also
Microlog™ Svstem version 3.5 but employving an aulo-
mated microplate reader,

GOAAME

GO-FAMI analvses were performed by Microbe Inotech
Laboratories using Method 1 Standard GC-FAME after

Praferrioxamine profiles

As expected. production of proferrioxamines among
strains  of the Herbicola—Agglomerans complex
varied, with Eh 198/1 and P. dispersa being pFO-,
whercas all other strains investigated were pFQ*
including the type sirains for £ agglomerans
(P. agglomerans) and E. herbicola (Table 1). The
pFO* strains produced a proferrioxamine profile
very similar to that of E. amylovora {(Feistner et al.
1993a4,b). The prolile for the type strain of P
agglomerans (ATCC 27155) 1s shown as an example
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Figure 1. Proferrioxamine profile for the type strain of

P.agglomerans (ATCC 27155). Shown are the respective
molccular ion chromatograms, acquired by on-line
reversed phase LC-MS. The numbers at the left side of
the panels refer to the respective masses of the protonated
proferrioxamines. The numbers to the right side of the
panels indicate the relative abundance of each profer-
rioxamine. The peaks are labeled using the new profer-
rioxamine nomenclature {Feistner 1995hb).

in Figure 1. Qur data confirm previous reports
by Berner (1988, 1990) in that the major siderophore
was found to be pFQss. (pFO E. regarding the new
pFO nomenclature. see Feistner 1995b). Under our
growth conditions. pFO,.. (pFO D,) also was a
major siderophore. In  addition, we identified
tetrahydroxamates and diaminopropane-containing
proferrioxamines that werc not previously known to
be metabolites of £. herbicola. On the other hand,
we found no evidence for pFQqgs,. (pPFO B) in any
ol our cultures. The qualitative differences between
this and the previous reports may be attributed to
the sensitivity and precision of the on-linc LC-MS
method employed in our study.

Siderophores other than proferrioxamines

Our hypothesis that some strains of E£. herbicola
(Panioea spp.) rely on siderophores other than pro-
ferrioxamines for their iron nutrition was supported
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not only indircetly through the absence ol pro-
ferrioxamines but also more directly by a positive
Armow lest. which is indicative ol catechol (and
potentially of catechol siderophores), for all strains
investigated (Table 1). The Arnow reaction was
particularly strong for P. dispersa and this is con-
sistent with the notion that F. dispersa may com-
pensate for the lack of proferrioxamines by over-
producing catechol siderophores. A retrospective
analysis ol the previously acquired LC-MS data
showed that these catechols are. at least in part.
identical to the entlerobactin siderophores previously
reported for . herbicola by Berner e af (1991).
Moilecular ions for both cyclic enterabactin and its
lincar trimer were observed, but cvidence for enter-
obactin mono- and dimers was lacking. Since our
LC-MS system was not thoroughly evaluated for the
analysis of enterobactins, we do not wish 10 make
quantitative statements except for the comment that
there appeared to be only traces of enterobacting
for the strains obtained from the Czech Republic,
including Eh 198/1.

In contrast to what was found for P. dispersa. Lthe
Arnow test did not indicate that Eh 198/1 was
compensaling [or the lack of proferrioxamines with
the overproduction ol catechol siderophores. In this
case, evidence for major siderophores other than
proferrioxamincs was obtained through differential
RP-HPLC analysis of the supernatant of Eh 19%/1
belore and alter the addition of ferric iron. Four
chromatographic peaks were {ound to shift their
position upon the addition of ferric citrate and
presumably were due to iron-binding compounds
(not shown). Studies to identify these atvpical
siderophores now seem to be warranied. We also
propose extension of our LC-MS screening to the
siderophores of other biocontrol strains. The corre-
sponding sidcrophores may find use as novel control
agents for fire blight and/or serve as lead compounds
for the synthesis of such.

Proferrioxamines and biocontrof

Qur study provides evidence for (Eh 198/1) and
against (C9-1) the notion that biocontrol of fire
blight may be due to incompatible siderophores. C9-
1 produces a pattern of proferrioxamines i vitro
that is nearly identical to that of the pathogen. This
may mean that for C9-1. and presumably other
biocontrol strains, iron competition is not an im-
portant mechanism, since organisms with similar
iron acquisition systems would be expected to
compete equally for iron. However, biocontrol with
live organisms is complex, and even for C9-1, iron



competition cannot be entirely ruled out. Other
tactors affecting siderophore production and uptake
can contribute to the overall outcome of iron compe-
tition. For example, regulation of siderophore gene
expression might be controlled differently in the
pathogen and in the biocontrol agent. Relative
growth rates. location and distribution in the host
plant, and nutrient availability in colonized tissues
also may influence availability of iron and thus
expression of siderophores (Loper & Ishimaru
1991).

On the other hand. even when organisms produce
diftercnt sidcrophores. as scems o be the case for
£ wmyvlovora and Eh 198/1, iron compelition may
or may not be important to biocontrol. For example.
biocontrol of Pythium damping-off of cotton was
found to be independent of the production of
acrobactin or enterobactin by the biocontrol agent
Enterobacter cloacae (Costa & Loper 1994). A
combination of genetic and biochemical approuaches
will be required to conclusively define the role of
iron competiion in any biocontrol of fire blight.
The resulis of our study encourage such more ambi-
tious investigations. Provided fire blight control
through interterence with iron acquisition s princi-
pally feasible, the complications arising from control
with five organisms may be avoided by applying
the siderophores (produced through synthesis or
fermentation) directiy.

Taxonomic sitdies

To direct future searches for biocontrol strains that
produce siderophores other than proferrioxamines,
it was of interest to taxonomucally classily Eh
198/1. The results [tom the proferrnioxamine study
(Table 1) suggested that Eh 198/1 might be a strain
of P. dispersa. The LC-MS studies were therefore
complemented with fatty acid profiling (GC-FAME)
and carbon source utilization (Biolog™) studics. In
connection with these studies, our stock culture off
P. dispersa was [ound o consist of two strains that
were distinguishable on grounds of their colony type:
opaguc and transiucent, and hence they were
analyrzed separately. As Table | shows. the Biolog™
and the GC-FAME systems unanimously corrobo-
raled the identity of the E. agglomerans (P. agglom-
erans) reference strains (ATCC 33234 and 27153).
The E. amylovorg-inhibitory strain C9-1 also was
unambiguously identified as P. agglomerans. How-
cver, the GC-FAME and Biolog™ primary identi-
fications were unlortunately inconsistent with each
other for Eh 198/1 and the two P. dispersa strains.,
To better understand the underlying reasons for
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these inconsistencies. the data were analyzed in
more detail.

GC-FAME

Table 2 presents a summary of the fatty acid profiles
for the two F. amyvlovora-inhibitory strains, Bh 198/1
and C9-1, the two P. agglomerans ATCC reference
strains, and the two P. dispersa strains. Considering
the fact that there are more than 200 fatty acids and
related lipids known, the fatty acid profiles for all
strains in our study arc quite similar. Conscquently.
the differentiation of Partoea spp. is not straight-
forward. The last column ol Table 2 lists previous
summary results bv Wells er al. (1994) obtained on
various F. herbicola strains. Retrospectively it is
clear that their sclection of £ herbicola strains
comprised both P agglomerans and P. dispersa; this
may cxplain the wide percentage range given for
some latty acids. In contrast. Table 2 suggests that
the £. herbicola strains investigated in this study fall
into several clusters with narrower fatty acid distri-
butions, and thus differentiation of Erwinia species
beyond the stage achicved by Wells er al. may he
possible. In particular. 1t appcars that P. agglum-
erans and P. dispersa might be distinguishable on
grounds ol the ralio of the GC peaks at 9.7 (16:1
others) and 13.1 min (1&1 + others). In our study.
the ratio of the first to the second peak turned out
ta be »1 for P.agglomerans and <1 for P. dispersa.
This is a tentative conelusion, which will have o be
confirmed with a larger number of strains. Also. the
specific faity acid giving rise (o this difference will
have 1o be identified by GC-MS studies.

Two ather conclusions could be drawn. First, the
two strains derived from ATCC 14589 are obviously
closely related to cach other and thus we believe
that onc is a mutant of the other. Of the two strains,
the one with the opaque coelony type most closely
resembles the Biolog™ P, dispersa reference data
(sce below). The reason why neither strain was iden-
tified as P. dispersa turned out to be a trivial one:
Having only recently been introduced as a new
species. P dispersa was not yet in the GC-FAME
database; P. ananas obviously was the next closest
match. Our second conclusion is that. in contrast 1o
our expectation, Eh 198/1 1s not closely related o
P. dispersa. and also differs from P. agglomerans,
and this suggests to us that the Herbicola-
Agglomerans complex is more diverse than previ-
ously thought. Apparently, the species that Eh 198/1
belongs to is also not in the GC-FAME data base:
Eh 198/1 was ruled out to be E. carotovore on
grounds of il being non-pectolytic.
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Table 2. GC-FAME analyses of the E. herbicola-like strains investigated in this study

RT Fatty 33234 27155 C-91 14589t 14589-0 198/1 Wells
(min) acid

4.5 [2:0 33 32 4.3 3.8 KR 6.8 35-4.5
6.9 14:0 5.8 4.9 3.7 3.1 35 1.7 3.6-4.3
7.0 unknown 0.7 0.7 0.6 0.7 0.6 (L5

84 15:0 0.5 0.3 0.4 0.4 0.5

8.7 14:0 2-OH 1.9 1.5

9.2 14:0 3-OH + others 8.3 7.6 8.2 8.1 7.0 7.4 4.60-7.2
97 16:1 w7c + others 33.7 338 204 8.1 19.8 318 17.5-242
10.0 16:0 326 305 29.7 338 338 20.3 28.1-33.7
11.5 17:0 cyclo 4.3 8.5 3.3 3.9 2.9 1.6 5.0-6.7
1.7 17:0 0.4 0.3 04 0.3 0.9

13.1 18:] w7c + others 87 13.6 [1.9 23.6 23.7 17.4 139 319
13.4 18:0 0.3 0.4 0.4 (1.3 0.3

15.0 19:0 cyclo + others 0.3 0.3

Table 3. Differences in the Riolog™ patterns between the strains analyzed

Carbon  Pa, 33234 27155 (91 Pd-t-1  Pd-t-2 Pd-o-1 Pdo2 Pd 198/1-1 198/1-2

cxp oxp
source (%) (")
A7 22 - - - - - - - 0 - +
AY 6 - - - - - - - 0 +f~ +
All 90 + F + + + ' 100 -/ |
Al2 30 - - - + + + + 100 + +
Bl 0 - - - + + + + 100 - +i-
B3 7 - - + - - +/- - 0 +/— +
B5 72 + = + + + + + 100 + +
B8 51 - - 1— - - - - 100 . +
RY 30 - - - - - - - 0 - +
Cl 30 +/— - + - +—- + - 20 + +
C4 14 - - - - +— - 0 + +
Co 100 +i- +/— + - - + -~ 100 + +
9 72 - - ~— - - - - 100 +/— +
D5 7 - - - 1 + + + 100 + +
D8 45 - — -fn + + + + 100 + +
El 0 - - - - - +i— - 0 - -
E4 64 - - - - + i 100 F -
E7 68 + - + ~ - - - 0 | -
E9 66 + + + - + + + HOO - -
F2 100 + - - - - + - 50 + -
4 0 - - - - - + + 100 + -
F11 56 1 - + t + + 100 f
G4 70 + + + - - + +i— 40 + -
G8 57 - - - - - + - 100 +/- -
G12 52 + + | - t + + 100 - -
H1 100 + - + 4 + F + 100 + -

Pa,,, and Pd,,, % of strains of . agglomerans and I. disperse, respectively. expected to be positive for a particular biochemical char-
acteristic; Pd-t-# and Pd-o-#: results from two different assays for the translucent and opague strains. respectively, which were derived
from ATCC 14589 19%/1-#: results from two different assays for the £ amylovora-inhibitory strain Eh 198/1 obtained from B.
Kokogkova; A7 N-acetyl-D-galactosamine: A9: adonitol: All: D-arabitol: Al2: cellobiose: Bl: i-erythitol: B3: 1-fucose: B5: gentio-
biose: BE: o-n-lactose:; BY: lactulose: Cl: n-melbiose; C4: n-raffinose; C6: D-sorbitol; C9: turanosc: NDS: D-galactonic acid lactone: DX:
D-glucosaminic acid: E1: p-hydroxy-phenylacetic acid: E4: w-keto glutaric acid: E7: malonic acid: E9: quinic acid: F2: succinamic acid:
F4: alaninamide; F11: glveyl-L-aspartic acid; G4 :-ornithine: G8: D-serine: G120 y-amino butyric acikl: HL: urocanic acid.
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Biochemical analvses

As could be expected. the metabolic activities of the
slrains in this study were also quite similar. ‘The
Biolog™ system monitors 95 metabolic activities and
with regard to 69 of these. all sirains, except the
transiucent mutant of ATCC 14589, which had lost
several metabolic activities compared 1o the parent
strain. were indistinguishable. The other 26 mela-
bolic activities are listed in Table 3 together with the
Biolog™ expectations (in %) for P. agglomerans
(Pa_ ) and P dispersa (Pd,, ). The Biolog'™ expec-
tations are based on information about several
strains for cach species {exact number proprictary
knowledge)., Out of these 26 activities, we found
many 10 be variable even between different strains
ol a given species. There seemed w be only onc
clear-cut difference between P oagglonterans and
P dispersa. i.e.
i-crythritol (B1)
be utilized by P. dispersa but apparently not by
P. agglomerans. As with the dilferentiation on
grounds of the lfatty acid profiles (sec above). this
seemingly discriminating feature will have to be con-
firmed with a larger number of strains, but is already
corroborated by the previous report of Gavini er of.
(1989}, The latter report also suggested further dil-
ferences, but these are either not tested for 1
the Biolog™™ system for Gram-negative bacleria
jsalicin. amygdalin (may be evaluated, however, by
using the microplates lor Gram-positive bacteria)] or
could not be confirmed (gentiobiose. BS).

The Biolog™ characterization for Eh 19%/1
corroboraies our conclusion from the GC-FAME
analyses, i.¢. that Eh 198/1 most likely is ncither a
strain of P odispersa nor ol £ agglomerans. How-
ever. Table 3 also indicates that even for a given
strain. independent Biolog™ analyses may  give
rise to different patterns and this certainly does
not cantribute 1o the robustness of the method. In
addition o differences arising from manual versus
automaltic readoul, patlern variations may also be
due 1o inducible metabolic activities that are respon-
sive 1o subtle differences in culture  conditions.
One pertinent example would be that ol basic amino
acid decarboxylases. which are known o be induced
m response o iron-deliciency (Feistner 19943 and
low pH (Meng & Bennett 1992), In hight of the infor-
mation from Table 3 (G4) and the knowledge that
basic amine acid decarboxylase uactivity is part of
the prolerrioxamine biosvnthetic pathways (Schupp
et al 1987, Fristner 1994, 19954). previous des-
criptions ol £ agglomerans (. agglomerans) being
orpithine and lysine decarboxvlase negative (Lindh
et al. 1991} cannot be supported.

with regard o the utlization of
. This carbon source can obviously
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Conclusion

Our overall conclusion from the above results is
that a broader and more in depth study of the
sidcrophores of £. herbicola-like strains is warranted
bath in terms of the potential to find siderophores
that may lead 10 new biocontrol agents lor fire
blight. and in terms ol the potential [or improv-
ing the taxonomic differentiation of the various
members of the heterogenous Herbicola-Agglo-
merans group. Since the structural genes for pro-
ferrioxamines in Erwinio have not yet been identi-
fied. the possibility exists that the corresponding
cistrons are plasmid encoded or [lanked by IS
elements. Il so. then the feasibility of horizontal
transfer would greatly diminish the value of profer-
rioxamines for taxonomic typing. However, the
usciulness of LO-MS for taxonomic studies is nol
limited to just the characterization of siderophores.
It might as well be extended to the monitoring of
other microbial metabolites,
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