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Abstract: Erwinia amylovora 1s the causmng agent of fire blight, a severe mfectious disease of apple and
pear fruit trees. Biological control by using epiphytic bacteria against Erwinia amylovora has been considered
as a safe and envirommentally sound altemative to chemical control methods for controlling the disease.
Seventy bacterial isolates were obtained from soil and plant samples contaminated with such a pathogen.
The preliminary identification of the enzymes producing isolates indicated that only two of them were classified
as members of Enterobacteriaceae and Bacilluseae. These were the isolates Bacillus mycoida (Bl), Bacillus
cereus (B2). They were tested and compared with the previously known isolate Pontoae agglomerans
(WX112), as biocontrol agents. They showed high biocontrol activity. Moreover, the ability of the isolates to
produce the extra-cellular inhibitory substances in a liquid culture was examined. The three isolates Bacillus
mycoida (Bl), Bacillus cereus (B2) and Pontoae agglomerans (WX112) were resistible to heat, protease
sensitive and producers of active proteins whose molecular weights were 52,000, 45,000 and 30,000 Daltons;
respectively. The three 1solates demonstrated superior activity against . Amylovora and could be bacteriocin

producers.
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INTRODUCTION

Fire blight disease, caused by the Gram-negative
enterobacterium Erwinia amylovora, 1s a major constraint
to fruit production in many areas of the world [1-3]. It s
most commonly mitiated by epiphytic populations of
E. amylovora development on blossoms [4], so infection
occurs mostly through blossoms and less often
through succulent shoots [5,6]. The economic mmportance
of E. amylovora ranks high since it infects approximately
75 different species of plants, all in the family
hosts  for this

blackberry,

Rosaceae. The bacterium include

apple,
(Pyracantha), hawthorn, JTapanese or flowering quince,

cotoneaster, crabapple, firethorn

mountain-ash, pear, quince, ragpberry  and
Under relatively dry climatic

conditions, the bacterium colomzes flower stigma and

serviceberry [3, 5]

subsequent rain or heavy dew usually facilitates
to the
infection generally occurs [7]. In Europe, the disease was
first detected 1n 1955 in England and since then it has
spread to most European countries [8, 9]. In the Czech

movement floral cup (hypanthium), where

Republic, fire blight of rosaceous plants was first
observed m 1986. In 2005, the disease spread to all
fruit-growing areas [10].

Disease symptoms of E. amviovora were described
by Aldwinckle and Beer [4], Vanneste [5] and Wilson and
Wisniewski [6]. Briefly, during moist periods in the bloom
season, spurs, blossoms and twigs may become infected,
developing a darleer, water-soaked appearance. They turn
brown to black and rapidly wilt and die. Infected blossoms
frequently are distorted. Tan-yellow bacterial exudate
{ooze) often appears where mfection occurs. The most
obvious symptom on pear or apple trees 1s the scorched
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appearance of leaves on affected branches [11, 12]. Fire
blight 18 controlled mainly by burming and rooting out of
affected tree [13]. These practices are very costly and can
result m substantially reduced fruit production. Therefore,
antibiotics have been used agamst tlus pathogen in
some countries [14]. However, antibiotics pose the risk of
mnducing resistance to antibiotics in bacteria, which are
also pathogenic to livestock [1, 14-16]. Microbial
biocontrol of the blossom blight phase of fire blight
has been proposed as an alternative to antibiotics [17].
El-Masry et ad. [18] and Hattingh et al. [19] demonstrated
that E. herbicola Eh252 could be used for the biocentrol
of E. amylovora, where E. hebicola Eh252 was a non-
pathogenic epiphytic bacterium that reduced fire blight
mcidence when sprayed onto apple blossoms before
moculation with E.  amylovora. Erwinia  herbicola
Eh252 was found to produce an antibiotic-like compound
that mbubits the growth of E. amplovora. Additional
applications with other strains, 1.e. A506 and C9-1, were
made 24 hr after inoculation with E. amylovora in
2004 where the surfactant could brealthrough in 2005
[7,20-22].

The objectives of the present study were isolation of
E. amylovora suppressive bacteria, especially the active
strains against this pathogen. Moreover, characterization
of the antimicrobial materials obtamed from promising

1solated bacteria was performed.
MATERIALS AND METHODS

Indicator Strain: An indicator strain of E. amylovora

was used in this study. The strain was kindly
provided by Prof. Hassan Abd-El-Khare,
Department of Plant Pathology, National Research

Centre, Giza, Egypt.

Specific Media for Indicator Strain Growth: Erwinia
amylovora was grown on nutrient agar of composition
(g/l distilled water): beef extract, 1.0, yeast extract,
2.0, peptone, 5.0; NaCl, 5.0; agar, 15.0; pH 7-4 and 1.5%
(v/v) glycerol. The medium was autoclaved at 121°C
for 20 min and E. amylovora grown aerobically on nutrient
agar slants at 28°C for 36 to 48hrs.

Micro Organisms (Bio-control Agents): A previous
survey was conducted aiming at isolating possible
biocontrol agents against F. amylovora from soil and
plant parts contaminated with E. amvlovora. Seventy
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bacterial samples were collected from Alexandria,
Momnofyia and Gharbia governorates, Egypt. Two of these
samples were 1dentified and found to contam promising
Biocontrol agents based on the following bioassays.
Bacillus mycoida (Bl) was 1solated from Gharbia
governorate. Biochemical 1dentification was carried out
according to Collee ef al. [23] at faculty of medicmne,
Alexandria University. Another isolate identified as
Bacillus cereus (B2) was also isolated from soil samples
from Borg-El-Arab City, Alexandria governorate. This
latter was identified using the 165 r RN A gene according
to Sambrook et al [24]. The sequence analysis was
performed using DNA BLAST and the DNA nucleotides
sequence and submitted mnto the Gen Bank under the
accession No. GU113138 [25]. A previously identified
stram [26], identified
WX112, was also used to test its activity against

as Pantoea agglomerans

E. amylovora.

Medium for Selection and Purification: Beef peptone
glucose (BPG) medium was used for growing the
bacteriocin-producing bacteria and to maintain them for
short and long term purpose; it contained per liter of
distilled water: 3g
supplemented with 2% glucose; in addition to 2% (v/v)

beef extract, 35g peptone and

agar. The medium was adjusted to pH 7.2, then
autoclaved at 121°C for 20 min without glucose, which
was separately autoclaved at 110°C for 10 min. The
glucose at 40% concentration was then added to the
medium at 2% (v/v).

Bioassay: The agar well-cut diffusion technique
depended on the diffusion of bacteriocin randomly
through the agar layer from circular cup cut out from the
agar layer. Four wells were punched out from the deep
agar medium using clean sterile cork borer (5 mm in
diameter) [27]. The base of each well was sealed with a
drop of melted stenile water agar (15g/L). A certain volume
(100 pl) of cell free supernatant, filtered through a sterile
micro-filter membrane (0.22 pm), was pipetted mto each
well [18]. The plates were left at room temperature for one
hour and then incubated at 30°C for 48 h. After the
incubation period, clear zone around each well (y) was
measured. The square radius of the clear zone around
each well (y*) was divided over the square well radii (x°) to
obtain an arbitrary unit (AU) for the clear zone. In this
method, sterile Petri-dishes were poured with a deep BPG
agar medium inoculated with 1% (v/v) of E. amylovora.
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Identification of the Bacterial Strain and Culture:
The selected bacterial isolates were identified according
to Bergey's Manual of systematic bacteriology [28, 29].
mdividual colomies

Morphological examination of

included colony and cell characterization, gram test,
spore and acid fast staining. Motility was observed
microscopically by the hanging drop technique since the
young broth cultures of bacterial 1solates were examined
by using a high-power dry objective reduced illumination,
motility was confirmed by using stab method in semi-solid
media after 7 days of meubation. Diffusion of growth was
recorded as positive result. Cell culture in liquid BPYG
broth medium was inoculated with 1% (v/v) of 24 hours
old culture of the enzyme producer strain. It was then
mcubated at 30°C overmight mn a shaking incubator with
agitation at 200 rpm. Bacterial cells were collected by
centrifugation at 5000 rpm for 10 min at 4°C.

Conventional Methods for Bacterial Identification
Biochemical Testes: Tryptone broth was used as a basal
medium for fermentation test. A phenol red 0.01 % was
used as an indicator. Fermentation tubes with 1.0 m1 of
medium provided with the indicator were prepared and pH
was adjusted at 7.5 with NaOH. The mediun was sterilized
at 121°C for 15 min. One ml sterilized glucose, arabinose,
xylose and manitol was transferred to 10-ml-sterilized-
glass tubes and inoculated in duplicate with fresh culture
for each of the tested bacterial 1solates under sterilized
conditions, then incubated at 37°C for 72 hrs. Biochemical
and physiological identification were carried out as
described in Bergey's Manual of Systematic Bacteriology
[30].

Catalase Test: One drop of 30% hydrogen peroxide
was placed on a slide. One loopful of the fresh bacterial
culture for each of the tested 1solates was taken by a
sterile needle and placed on the drop of hydrogen
peroxide. Bubble production indicated a positive result
[31]. The test was conducted under sterilized conditions.

Hydrolysis of Starch: 10 g soluble starch in 100 ml
distilled water was heated mn water bath until dissolved;
20ml of this solution was mixed with 100 ml of melted
nutrient agar and poured in the Petri-dish after
sterilization. A loopful of fresh bacterial culture was
picked up by a sterile needle and stabbed onto the agar
plate; after 24hrs of incubation at 37°C, the plate was
flooded with dilute 1odine solution according to Cowan
and Steel [31].
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Methyl Red Test: One ml of fresh culture for each
bacterial isolate grown in glucose phosphate medium was
aseptically transferred mto a test tube. Five drops of
methyl red reagent was added and read immediately.
Positive tests indicated light red color and negative had
yellow [30].

Indole Production Test: One loopful fresh bacterial
culture (24hrs old) was inoculated in peptone broth and
incubated at 37°C for 1-3 days, after incubation, Kovac's
solution was added and shaken vigorously for one min. A
red color in the reagent layer indicated positive reaction

[31].

Nitrate Reduction Test: The freshly prepared bacterial
cultures were moculated in sterile mitrate broth m tubes
and incubated at 37°C for 24hrs. At the end of incubation
0.1ml of solution (A) was added followed by solution (B)
1in equal volume [32]. The appearance of pink deep color
showed that bacterial 1solate reduced nitrate to nitrite.

Voges Proskauner Test (V.P.): One ml of fresh bacterial
culture was grown m phosphate peptone medium. Then,
0.2 ml of 40% KOH, 0.6 ml of 5% alpha naphthol in
absolute ethanol was added. After 10-15 minutes with
vigorous shaking bright orange red color developed if
acetyl methyl carbinol was present [32].

Citrate Utilization Test: Slope culture of the bacterium
isolated from Alexandria with a 1 inch butt of Simmoen's
citrate agar was inoculated by streaking over surface with
a wire needle and incubated at 37°C for up to 3 days [33].

Further Characterization of the Bacteria

Biochemical Test using api E 20 kit: The bactenial strains
that proved to have the ability of nhibiting the mdicator
strain were identified according to standard international
methods [34]. Biochemical test and confirmatory tests
using apt kits (20 and S0CH) were carried out for
identification [35].

Identification wusing 16srDNA  Amplified by
Polymerase Chain Reaction (PCR): DNA extraction
and PCR amplification of 156stDNA  region were
isolated  from the selected isclates according to
Sambrook et al. [24], the 16srDNA was amplified by
1500 bp
fragment of the 16stDNA region. The forward primer was
S AGAGTTTGATCMTGGCTCAGS

PCR using primers designed to amplfy

and the reverse
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primer was 5’ TACGGYTACCTTGTTACGACTT3’. The
PCR mixture consisted of 30 picomoles of each primer, 10
ng of chromosomal DNA, 200 M dNTPs and 2.5 Units of
Taq polymerase in 50 pl of polymerase buffer. The PCR
was carried out for 30 cycles in 94°C for 1 min, 55°C for 1
min and 72 °C for 2 minutes. After completion, a fraction
of the PCR mixture was examined using agarose gel
electrophoresis [36] (Fig. 1) and the remnant was purified
using QTAquick PCR purification reagents (Qiagen). DNA
sequences were obtained using 3130 X DNA Sequencer
(Genetic Analyzer, Applied Biosystems, Hitachi, Japan),
BigDye Terminator Cycle Sequencing. The PCR product
was sequenced using the same PCR primers. Blast
program was used to assess the DNA similarities and
multiple sequence alignment. Molecular phylogeny was
performed using BioEdit software [37].

DNA Sequencing: Automated DNA sequencing based
on enzymatic chain terminator technique, developed by
Sanger et al. [38] was done using 3130 X DNA Sequencer.
The sequencing reaction was performed with four
different fluorescent labels identifying the ddNTPs,
mstead of the radioactive labels. The specific emissions
were detected and the data were collected for analysis [39,
40]. The thermal cycling mixture was as follows: 8 pl of
BigDye terminator mix, & ul of the sequencing primer (10
pmol) and 6 pl of the sample (PCR product or plasmid),
then the reaction was run in the thermal cycler. The cyclic
reaction composed of 1 min at 95°C, then 49 cycles of 30
sec at 95°C, 10 sec at 52°C and 4 min at 60°C. The
products were purified using special column according to
the instruction of the manufacturer. The elute were taken
and added high dye formamide with (1:1) volume ratio,
run at 95 °C for 5 min for denaturation, shock on ice, then
the sample become ready for sequencing in 3130 X DNA
sequence and analysis.

Purification and Characterization of Bacteriocin

Ammonium Sulfate  Precipitation: BPG broth
medium (250ml) was moculated with 1% (v/v) of 24h
old culture of the tested bacterium; isolated from
Gharbia govemorate, then incubated at 30°C for 48hrs
shaking
Bacterial cells were collected by centrifugation at
4,000xg for 10 min at 4°C using high-speed centrifuge
(Beckman model TA-20). The cell free supernatant was
saturated with 60, 70 and 85% ammonium sulfate.
Bacteriocin activity and SDS-PAGE were Determined
using the supernatant at 60, 70 and 85% saturation; the

m a mcubator, with agitation at 150 rpm.
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precipitate was dissolved in a 25 mM phosphate buffer
and then dialyzed against the same buffer overnight with
gentle stirring at 4°C [41].

Determination of Protein by Bradford Method:

The protein concentration was determined in cell

free supernatant and in the precipitate after dialysis

using bovine serum albumin standard according to
Bradford [42].

SDS-PAGE and Molecular Weight Determination:
The purified protein was subjected to SDS-PAGE [43].
Approximately 2 pg to 10ug of purified protein were
analyzed by SDS-PAGE under reducing conditions on pre
cast Bio-Rad 4 to 20% Tris-HCI gradient gels, using a Mim
PROTEAN II electrophoresis system (Bio-Rad) following
the manufacturer's instructions. Bio-Rad SDS-PAGE
broad-molecular-weight-range proteins were used as a
standard. Each sample was applied to a separate well in
the slab gel along with a pre-stained SDS molecular
weight marker (14-205 kDa).

RESULTS AND DISCUSSION

Bacterial Isolation and Identification: The preliminary
identification through morphological, biochemical and
physiological tests according to Holt and Krieg [28] and
Claus and Berkeley [30] ndicated their classification as
members of Enterobacteriaceae and Bacilluseae. Using
the methodology of Collee et al. [23], a bacterial isolate
designated as Bl was motile, short rod, gram negative,
positive for tests of catalase, Nitrate reduction, Methyl
red, Casein hydrolysis, Vogas proskauer [32], Starch
hydrolysis, citrate utilization but negative for lactose,
sucrose, indole and urease tests (Table 1). Also, it was
non-fermenting for glucose, sucrose, lactose and glycerol.
The previous results indicated that the Bl isolate can be
identified as a species of the genus Bacillus. Tt is well
known that beneficial Bacilfus antagonize pathogens by
producing one or more of a variety of metabolites that
induce antibiotics, siderophores and other substances
such as cyanide [44]. Species of these bacteria are also
efficient spermosphere and rhizosphere which may be
an added advantage potential
biocontrol agent [21, 45]. Ewventually, such bacteria

considered  as for
suppressed the growth of many important plant
pathogens [35, 44, 46]. For further characterization, this
1solate was subjected to identification to species level
using the api 20 E kit as well (Table 2).
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Table 1: Biochemical characteristics of Bacillus myvaida

Indole
test

Catalase Mitrate Urease  Methyl Lactose

test Reduction test test Red test

fermentation Osmxidase

Citrate
utilization test

Sucrose Casein Vogas Starch

fermentation Hydrolysis  proskauertest Hydrolyss

Positive  Megative Positive Negative Positive  MNegative

Positive

Megative Positive Positive Positive Positive

Table 2: Identification of api 20 E kit of Bacillus mycaidz

Fructose

IWatose Lactose Sucrose

positive

Positive Positive Positive

Tests using AP kit Glucose Glycerol
Bacillus mycoi da Positive Positive
bp M DNAPCR
1000
500
Fig 1: Gel electrophoresis of fragment 500 bp of

Bacillus mycoida (B1)

Identification Using 16s rRNA Method: Confirmatory test
based on 165 rRNA phylogeny and the sequencing of
500 bp fragment assigned the isolate as Bacillus mycoida
(B1) Fig. 1 and 2.

Production of the Antibacterial Agent in Liquid Culture:
Four different agar diffusion tests were conducted to
investigate antagonistic effects of Panfoea agglomerans
strain WX112 against E. amylovora under laboratory
conditions. The well-cut diffusion technique was used
[27, 47] to detect and determine the induction of the
antagonistic agent in the liquid culture [48, 49]. F.
agglomerans strain WX112, isolated and identified by
Kabeil [26] was used as a test organism against brown rot
disease, since it has a well defined bacteriocin [21, 26, 50].
Thus, the same tests were carried out using Bacillus
cereus and Bacillus mycoida against E. amylovora
(Table 3 and Fig. 3). Our results are similar to those
reported by Hatice and Bora [51] since our isolates
suppressed E. amylovora activity using agar well-cut
diffusion technique. The isolates were selected and tested
for their ability to produce an extra-cellular inhibitory
gubstance in a liquid culture. Thus, the two new
isolates showed a positive inhibitory effect when their
supernatants were tested against the indicator bacterium
E. amylovora (Fig. 3); we used the previous isolate

TGCTGUCGCACGCCGAGGGOTGATGTCGAGCGAGTCTCTICGGAGGCTAGCGGCGEEACGEG
TGAGTAACACGTAGGCAACCTGCCTCTCAGACTGGGATAACATAGGGAAACTTATGCTAA
TACCGGATAGGTTTTTGGATCGCATGATCCGAAAAGAAAAGGCGGCTICGGCTGTCACTG
GUAGATGGGCCTGCGGCGCATTAGCTAGTTGGTGGGGTAACGGCCTACCAAGGCGACGAT
GCGTAGCCGACCTGAGAGGGTGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCT
ACGGGAGGCAGCAGTAGGGAATTTTCCACAATGGACGAAAGTCTGATGGAGCAACGCCGC
GTGAACGATGAAGGTCTTCGGATIGTAAAGTICTGTIGTCAGGGACGAATAAGTACCGTT
CGAATAGGGCGGTACCTTGACGGTACCTGTTITTTTITAAGCCACGGCTAACTACGTGCCAG
CAGCCGUCGGETAATACGTAGGTGGCAAGCGTTGTCCGGGATITATTGGGCGTAAAGCGCGC
GCAGGCGGCTATGTAAGTCTGGTGTTAAAGCCCGGEGGGCTCAACCCCGGTTITCGCATCGG
AAACTGTGTAGCTTGAAGTGCAGAAGAGGGAAAGCGGTATTCCACGGTGTAGCGGTGAAA
TGCGTAGAGATGTGGTAGGAACACCGAGTTGACGAAGGCGCTTTICTGGGTCGTGTAACTG
ACGCTGAGCGCGAAGCGTGGGAGCAAACAGGAATAGATACCCTGGTAGTCCGCGCGTAAA
COATGACGTGCTAGGTGTTGCGGGATICCATAGCATCAGTGTCTGACCTAAGCCATTAGC

ACTCGCTGGAATGCCTCGAGAAGTGACTA

Fig. 2: Sequence of the fragment 500 bp of Bacilius mycoida (B1)
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Fig. 3: The inhibitory effect of bacterium-produced substance against Erwinia amylovora (a) Bacillus mycoida

(b) Bacillus cereus (c) Pantoea agglomerans strain WX11

14.4 KD

Fig. 4: SDS-PAG of the bacteriocin at 85% saturation
ammonium sulfate precipitation level. Lane 1,
protein pattern M, molecular mass standard Lane
2, protein pattern at 85% saturation ammonium
from Bacillus mycoida (Bl); Lane 3, protein
pattern at 85% saturation ammonium from,
Bacillus cereus (B2) and Lane 4, protein pattern
at 85% saturation ammonium from Pontoae
agglomerans (B3).

P. Agglomerans for comparison. The three bacterial
isolates produced larger and clear inhibition zone
demonstrating positive  inhibitory effect against
the indicator strain E. amylovora at AU =2.2+0.2;
AU=2.6 £0.2; and AU = 2.8 + 0.2 for Bacillus mycoida,
Bacillus  cereus and P. agglomerans, respectively
(Fig. 3). Wenneker et al. [22] and El-Goorani ef al. [52]
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also found that the bacterium P. agglomerans had a
biocontrol activity against E. amylovora. From
characterization of the antagonistic substance produced
by the new two isolates, we found that they are resistible
to heat and protease sensitive according to Gross and
Vidaver [47]. These two criteria indicated that the
previous isolates could be bacteriocin producers [53, 54].
Such results are in agreement with those obtained by
Heissenberger et al. [21] and Johnson and Stockwell [55].
Van der Zwet and Beer [1] and Zeller and Wolf [56]
indicated that another strain of P. agglomeran was
also capable of protecting blossoms of Cotoneaster
salicifolius from fire blight and later Laux et al. [57] and
Grondona and Junge [58] demonstrated that it was also
able to significantly reduce the level of fire blight on apple
flowers. Such observations were documented in field
experimentation under natural and/or artificial infection
conditions [14, 57]. Their data corroborate the economic
importance of our P. agglomerans strain WXI11 in the
biological control of fire bilge disease in Pear and Apple.
On the other hand, the use of Erwinia herbicola En252
in biocontrol of Erwinia amylovora was successful,
especially because its specific effect; i.e. E.herbicola
Eh252 is a non-plant-pathogenic epiphytic bacterium
that reduces fire blight incidence when sprayed onto
apple blossoms before inoculation with E. amylovora. 1t
was found that E. herbicola Eh252 produces on minimal
medium an antibiotic-like compound that inhibits the
growth of E. amylovora [18, 19, 59].

Determination of the Molecular Weight of Bacteriocin:
In order to determine whether these substances are
related to bacteriocin group, the molecular weight of the
purified substances was determined by SDS
polyacrylamide gel electrophoresis. Thus, the purified



Am-Euras. J. Agric. & Environ. Sci., 8 (3): 588-596, 2010

material, after dialyses was applied to 12% SDS
polyacrylamide gel [43]. The molecular weight of two
bands were calculated from the relation between molecular
weight of the standard marker and the relative mobility of
the targeted bands from the three isolates B. mycoida; B.
cereus and P. agglomerans. They were found to be
52,000, 45,000 and 30,000 Daltons, respectively (Fig. 3).
These weights confirm their relation to bacteriocin group.
In practice, most work on the biological control of
bacterial plant diseases has aimed to limit the growth and
activity of phytopathogenic bacteria at the plant surface
(aerial or subterranean), using strains of bacteria that are
antagonistic to the pathogen. For a particular disease,
development of a successful biological control agent
involves initial selection of a suitable antagonist by
laboratory (and small-scale field testing at the further
investigations) followed by formulation of an effective
strategy of application (including both timing and mode
of application) with final large-scale field trials to establish
cost-effectiveness of the new control measure under
agricultural conditions. In conclusion, the three bacterial
isolates extracted herein demonstrated superior activity
agamst E. Amylovora and could be bacteriocin producers.
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