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The plant growth-promoting rhizobacterium Ochro-
bactrum lupini KUDC1013 elicited induced systemic
resistance (ISR) in tobacco against soft rot disease caused
by Pectobacterium carotovorum subsp. carotovorum. We
investigated of its factors involved in ISR elicitation. To
characterize the ISR determinants, KUDC1013 cell
suspension, heat-treated cells, supernatant from a culture
medium, crude bacterial lipopolysaccharide (LPS) and
flagella were tested for their ISR activities. Both LPS
and flagella from KUDC1013 were effective in ISR
elicitation. Crude cell free supernatant elicited ISR and
factors with the highest ISR activity were retained in the
n-butanol fraction. Analysis of the ISR-active fraction
revealed the metabolites, phenylacetic acid (PAA), 1-
hexadecene and linoleic acid (LA), as elicitors of ISR.
Treatment of tobacco with these compounds significantly
decreased the soft rot disease symptoms. This is the first
report on the ISR determinants by plant growth-
promoting rhizobacteria (PGPR) KUDC1013 and
identifying PAA, 1-hexadecene and LA as ISR-related
compounds. This study shows that KUDC1013 has a
great potential as biological control agent because of its
multiple factors involved in induction of systemic re-
sistance against phytopathogens.

Keywords : biological control, induced systemic resistance
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Plant growth-promoting rhizobacteria (PGPR) are non-
pathogenic bacteria colonizing the surface of plant roots
with beneficial effects on plant health and growth, provide
protection to some unfavorable environmental conditions,
suppress phytopathogens and accelerates nutrient availability
and assimilation (Babalola, 2010). The use of PGPR is an
environment-friendly alternative to control plant diseases
commonly caused by deleterious pathogens. Plant diseases
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are often controlled using resistant plants and hazardous
chemicals. However, resistance does not occur against a
wide array of diseases and producing resistant plants takes
many years (Lugtenberg and Kamilalova, 2009) while
application of chemicals to enhance plant growth or induce
resistance is limited because of the negative effects of
chemical treatment as well as the difficulty to determine the
optimal concentrations to benefit plants (Ryu et al., 2005).

The utilization of PGPR is considered as a favorable
approach to augment plant immunity and to control plant
diseases. PGPR has diverse mechanisms in controlling
diseases including direct antibiosis (Chin et al., 1998;
Dunne et al., 1998; Haas et al., 2003), competition of
nutrient and niches (Han et al., 2006; Kamilova et al., 2005)
and induction of systemic resistance (ISR) (Jetiyanon and
Kloepper, 2002; van Peer et al., 1991). ISR is an elevated
resistance observed in the whole plant and not only at the
site colonized by the rhizobacteria (Kloepper et al., 1992).
ISR is phenotypically similar to systemic acquired resistance
(SAR) which is evident by direct antibiosis between the
inducing bacterium and the challenging pathogen and the
maximum level of SAR is expressed when the inducing
organism causes necrosis (Cameron et al., 1994), whereas
ISR by rhizobacteria typically do not cause any necrotic
symptoms on the host plants (van Loon et al., 1998). The
utilization of SAR inducing organisms has not been
successful under field conditions and generally, the duration
of protection is less following induction of a pathogen than
that with rhizobacteria-mediated ISR (Wei et al., 1991).
Also, PGPR mediated ISR is effective against a wide array
of fungal, bacterial and viral plant pathogens (van Loon et
al., 1998).

Many individual PGPR components induce ISR such as
cell wall components flagellin (Gomez-Gomez and Boller,
2002) and lipopolysaccharides (van Peer and Schippers,
1992; Leeman et al., 1995). Various secondary metabolites
produced by some PGPR strains were found to elicit ISR
such as 4-aminocarbonyl phenylacetate (Park et al., 2009),
N-alkylated benzylamine derivative (Ongena et al., 2005),
butyl 2-pyrrolidone-5-carboxylate (Park et al., 2009). Some
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PGPR strains release volatile organic compounds (VOCs)
involved in ISR activity such as 2-3-butanediol and acetoin
(Ryu et al., 2004). These PGPR metabolites have received
much attention as part of agricultural methodologies that
provide an alternative to synthetic chemicals for pathogen
control (Park et al., 2009). Thus, finding new microbial
metabolites with ISR activity against plant pathogens is of
great interest in agriculture.

Ochrobactrum lupini KUDC1013 elicits ISR in pepper
against bacterial spot caused by Xanthomonas axonopodis
pv. vesicatoria and in tobacco against leaf soft rot caused by
Pectobacterium carotovorum subsp. carotovorum (Ham et
al., 2009; Hahm et al., 2012). Recently, KUDC1013 has
been found to elicit ISR in pepper against fungal pathogen
Stemphylium lycopersici causing gray leaf spot disease
(unpublished data). This strain has great potential as
biological control agent especially in eliciting ISR;
however, the determinants of KUDCI1013 involved in
ISR activity remain unknown. The present study aims to
identify the determinants of KUDC1013 involved in ISR
elicitation. The role of LPS, flagella and cell free
extracts of KUDCI1013 to confer ISR activity was
investigated.

Materials and Methods

Bacterial strains. PGPR strain Ochrobactrum lupini
KUDCI1013, originally isolated from the rhizosphere of
Solanum nigrum L. in Dokdo island Korea and which was
reported to promote growth and induce systemic resistance
in tobacco against leaf soft rot was used (Ham et al., 2009).
For experimental use, KUDC1013 was streaked on Tryptic
Soy Agar (TSA) plates (Difco Laboratories, USA) and
incubated at 30°C for 24 hours. The leaf soft rot pathogen P,
carotovorum subsp. carotovorum was grown in Luria
Bertani (LB) agar supplemented with 100 pg/ml ampicillin.
For long term storage, bacteria were maintained in 15% (v/
v) glycerol at —70°C.

Bacterial cell suspension and heat-treated cells. KUDC1013
was grown 24 hours on TSA plates at 30°C. Cells were
scraped off the plate and suspended in a sterile saline
solution (0.85% NaCl) adjusted to a final concentration of
10° CFU/ml. KUDC1013 heat-treated cells were obtained
by autoclaving and viability of these heat-treated cells was
checked by dilution plating of the suspension on TSA. The
heat-treated cell suspension was used at the same
concentration with living cells. Suspensions were subjected
to ISR bioassay as described below.

Extraction and purification of LPS. Lipopolysaccharide
containing cell walls were obtained using the method

described by Leeman et al. (1995). Bacterial cells grown on
TSA plates were suspended in phosphate buffered saline
(10 mM, pH 7.2), centrifuged at 4000 g for 5 min and
lyophilized. Lyophilized cells were suspended in 50 mM
Tris/HCI, 2 mM EDTA buffer (pH 8.5) and sonicated six
times at resonance amplitude for 15 s at 4°C. The sonicated
suspension was centrifuged (600 g, 20 min) to remove
intact cells and the supernatant was again centrifuged
(8,000 g, 60 min) to obtain the crude LPS as a pellet. LPS
was purified according to the method of Rezania et al.
(2011). LPS was resuspended in PBS and treated with
enzymes to eliminate contaminating proteins and nucleic
acids. An equal volume of hot (67-75°C) 90% phenol was
added with vigorous shaking at 65—70°C for 15 min and the
suspension was cooled in ice. The mixture was centrifuged
at 8,500 g for 15 min. Sodium acetate at 0.5 M final
concentration and 10 volumes of 95% ethanol were added
to the supernatant. The samples were stored at —20°C
overnight in order to precipitate the LPS and followed by
centrifugation at 2,000 g, 4°C for 10 min. The pellets were
resuspended in distilled water and an equal amount of
chloroform was added followed by shaking in order to
remove traces of phenol. The suspension was centrifuged at
2,000 g, 4°C for 10 min and the purified LPS was lyophilized
and stored at 4°C.

Flagella extraction. Flagella were prepared as described
by Meziane et al. (2005). Bacterial cells grown on TSA
were harvested and suspended in 20 mM potassium-phosphate
buffer, pH 7.4 (KP buffer) followed by centrifugation at 5,700
g, 5 min. The pellet was resuspended in KP buffer and
treated in a homogenizing blender for 60 s to shear off the
flagella. Intact cells and cell debris were removed by
centrifugation at 23,400 g, 1 h, 4°C and flagella were
collected by high speed centrifugation (60,000 g, 4 h, 4°C).
The pellet was stored at —20°C.

Isolation of ISR determinant from KUDC1013 cell free
supernatant. O. [upini KUDC1013 was grown in Tryptic
Soy Broth (TSB) on a rotary shaker (180 rpm) at 30°C for
48 h to stationary phase. Cells were eliminated by
centrifugation at 8,000 g for 15 min. 300 ml from the
obtained supernatant was lyophilized and the resulting
powder was suspended in 30 ml sterile distilled water
(SDW). Heat-treated supernatant was obtained by autoclaving.
The suspensions were subjected to ISR bioassay as
described below. The remaining culture filtrate was extracted
twice with a double volume of n-hexane, ethyl acetate and
n-butanol (Fig. 1). Extracts were evaporated to dryness in
an EYELA model N-1000 rotary evaporator at 50°C. The
extracts were dissolved in 10% Dimethylsulfoxide (DMSO,
Kanto Chem. Inc., Japan) and were subjected to ISR
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Culture broth (48 h) of O. lupini KUDC1013 (4 L)
1 Centrifugation (8,000 g, 15 min)
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Fig. 1. Extraction procedure and ISR activity of extracts from O.
lupini KUDC1013. KUDC1013 was grown in Tryptic Soy Broth
(4 L) for 48 h and extracted with organic solvents.

bioassay as described below. The extract with highest ISR
activity was subjected to silica gel column chromatography.
An open glass column (50 mm diameter x 820 mm long)
was slurry packed with silica gel in chloroform and washed
with two bed volumes of chloroform methanol. The
extracts were loaded onto the column and eluted with two
bed volumes of a solvent mixture of chloroform and
methanol, in which the methanol concentration was increased
at each elution step. Each eluate was evaporated and
subjected to ISR bioassay. The fraction with the ISR
activity was further processed and sub-fractions were tested
for their ISR eliciting capacity. The most ISR active sub-
fraction was subjected to instrumental analysis. Gas
chromatography/mass spectrometry (GC/MS) investigation
of the most ISR active sub-fraction was carried out with an
Agilent model 7890A-5975C GC/MSD equipped with a
capillary column (0.25 ID x 30 m x 0.25 pm film thickness)
and electron ionization (EI) as the ion source. The carrier
gas is helium and the flow rate is 1.0 ml/min. The column
temperature was set at 30°C for 3 min, elevated at 50°C/min
to 180°C and by 40°C/min to 200°C. The chemicals present
in the sub-fraction were purchased (Sigma Aldrich, Korea)
and were tested for ISR elicitation.

Plant material and induced systemic resistance bioassay.
Tobacco (Nicotiana tabacuum) seeds were surface sterilized
by soaking in 1.2% sodium hypochlorite solution for 30
min and washed extensively with SDW. Seeds were allow-
ed to germinate on petri dishes containing half-strength
Murashige and Skoog salt (MS) medium containing 1.5%
sucrose and 0.8% plant agar, for 2-3 days at 25°C in the
absence of light (Murashige and Skoog, 1962). Equally
germinated seeds were transferred to 24-well microtitre
plate (SPL, Korea), one seed on each well containing 1.5 ml
of MS agar media and grown in a growth chamber at 25°C
with 14 h/10 h light/dark conditions. One week after
transplanting, tobacco plants were inoculated in the root
part with 10 pl of different preparations tested for their ISR
activity. Control plants were treated with SDW or 10%
DMSO as negative controls and 0.5 mM Benzothiadiazole
(BTH) as positive control. Seven days after root treatment,
four leaves per tobacco seedling were dropped each with 5
ul suspensions of P. carotovorum subsp. carotovorum (10°
CFU/mL). Soft rot symptom was determined by visual
examination of leaves 24 h after inoculation. The disease
incidence was measured by counting the number of sympto-
matic leaves per seedling (Ryu et al., 2004). The experi-
ment was repeated three times, three replicates per treat-
ment with 24 plants per replicate.

Statistical analysis. Data were analyzed by analysis of
variance (ANOVA) and the means were separated by the
least significant difference test using JMP software version
4.04 (SAS Institute, USA). The significance of the effects
of the treatments was determined by Duncan’s multiple
range test (p = 0.05).

Results and Discussion

O. lupini KUDC1013 was previously reported to promote
the growth of tobacco under laboratory conditions and of
pepper under laboratory and field conditions (Ham et al.,
2009; Hahm et al., 2012). This rhizobacterium possess
plant growth-promoting characteristics including the ability
to solubilize phosphate, produce indole-3-acetic acid and
siderophore (Ham et al., 2009). Aside from its plant
growth-promoting ability, KUDC1013 has been shown to
elicit ISR against several pathogens and under greenhouse
and field conditions (Ham et al., 2009; Hahm et al., 2012).
In this study, factors from KUDC1013 involved in ISR
activity were investigated using tobacco as the model plant
and P. carotovorum subsp. carotovorum as the challenging
pathogen.

Treatments containing live KUDCI1013 cells or heat-
treated cells were tested for ISR activity in order to determine
if there is any heat stable cell envelop or cell wall related
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Fig. 2. Resistance induced in tobacco plant by O. lupini KUDC1013
and its components against P. carotovorum subsp. carotovorum.
Symptom was expressed as number of symptomatic leaves per
seedling. Sterile distilled water (SDW) and 0.5 mM Benzothiadia-
zole (BTH) were used as negative and positive control, respec-
tively. Vertical bars represent standard errors. Different letters
indicate significant differences between treatments according to
Duncan’s multiple range test at p = 0.05. The data are representa-
tive of three experiments, three replicates per treatment with 24
plants per replicate.

components that play a major role in ISR elicitation. Results
showed that tobacco plants treated with KUDC1013 cells
have lesser symptoms compared with those treated only
with sterile distilled water and heat-treated cell preparation did
not provide any protection (Fig. 2). Cell wall components
such as LPS and flagellin were reported to elicit ISR
(Gomez-Gomez and Boller, 2002 Leeman et. al., 1995; van
Peer and Schippers, 1992). When suspension containing
LPS of KUDC1013 was treated in the rhizosphere of
tobacco, the disease incidence was lower compared with
control (Fig. 2). In certain PGPR strains, bacterial LPS
present in the outer membrane of PGPR are the major
determinants of ISR. LPS from Pseudomonas sp. strain
WCS417r induce resistance in radish and carnation to
Fusarium wilt. The heat-treated cells and purified LPS of
WCS417r both triggered ISR in carnation to a level similar
to that obtained by treatment with viable bacterial cells
(Leeman et al., 1995; van Peer and Schippers, 1992). LPS
of Rhizobium etli strain G12 induced systemic resistance of
potato to infection by cyst nematode Globodera pallida.
Both living and heat-killed cells of the rhizobacterium
elicited protection in potato (Reitz et al., 2000). However,
in this study LPS elicited ISR while heat-treated LPS did

not provide any protection (Fig. 2). This suggests that LPS
from KUDC1013 could be heat-labile. LPS from KUDC1013
should be further characterized and tested using mutants as
it was suggested that different LPS compositions have
different resistance responses to plants (Leeman et al.,
2005; Whatley et al., 1980).

In addition to LPS, treatment of tobacco roots with
flagella preparations of KUDC1013 significantly decreased
soft rot symptoms (Fig. 2). Some PGPR mediates ISR
through flagella (Gomez-Gomez and Boller, 2002). Bacterial
flagellin, the principal structural component of flagella, is
recognized in plants by surface receptors containing ex-
tracellular leucine-rich repeat (LRR) domain FLS2 (Mendei
et al., 2000). Flagellins purified from Pseudomonas syringae
pv. glycinea, an incompatible pathogen for tobacco, induced
immune responses in tobacco (Taguchi et al., 2003). Flagella
preparations of KUDCI013 elicited ISR against P
carotovorum thus; it is interesting to know examine flagella
lacking mutant of KUDC1013 for their ability to induce
ISR and to determine activation of resistance pathways in
tobacco on perception of flagellin from KUDC1013.

A reduction in soft rot disease symptom was observed in
plants treated with the crude supernatant obtained after
growth of strain KUDCI1013 in TSB. Moreover, heat-
treated supernatant did not elicit ISR suggesting that the
ISR-related metabolite present in the supernatant could be
heat labile. To further investigate the metabolites present in
KUDCI1013 supernatant, it was extracted by a series of
organic solvents. ISR bioassay using the organic extracts
and remaining aqueous suspension showed that compounds
in the n-hexane and n-butanol fractions have ISR eliciting
capability with n-butanol having higher protective effect
while remaining aqueous suspension and ethyl acetate
fractions were impaired of ISR activity (Figs. 1 and 3). The
n-butanol extract was further processed through silica gel
column chromatography and fractions were subjected to ISR
bioassay. The most reduction in soft rot disease incidence
was observed in treatment with subfraction 3-1 (Fig. 1).
Gas chromatography/Mass spectrometry (GC/MS) analysis
revealed that compounds were present in subfraction 3-1
namely; N-methyl-2-pyrrolidone, phenylacetic acid, 2,4-d-
t-butylphenol, linoleic acid, oleoyl chloride and 1-hexa-
decene (Fig. 4). ISR bioassay using these compounds
showed that among them, linoleic acid, 1-hexadecene and
phenylacetic acid induced systemic resistance against leaf
soft rot pathogen (Fig. 5).

Phenyl acetic acid (PAA) at 1 mM and 0.1 mM induced
systemic resistance of tobacco against P. carotovorum (Fig.
5). PAA is known as an auxinomimetric compound with the
ability to stimulate cell enlargement similar to a plant
growth promoting hormone IAA (Fries, 1977; Milborrow
et al., 1975). PAA is produced by both plants (Isogai et al.,
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Fig. 3. Effect of extracts of KUDC1013 on soft rot symptoms on
tobacco leaves. Roots of seedlings were inoculated with Sterile
distilled water (SDW) (A), 10% Dimethylsulfoxide (DMSO) (B),
0.5 mM Benzothiadiazole (BTH) (C), n-Hexane (D), Ethyl acetate
(E), n-Butanol (F), and Aqueous (G) extracts. SDW and 10%
DMSO were used as negative controls and BTH as positive
control. One week after treatment, plant leaves were challenges
with soft rot pathogen, as described in Materials and Methods.
Photographs were taken 24 h after inoculation with P. carotovorum.
The photographs are representative of three independent experi-
ments with at least 72 seedlings per treatment.

1967) and by bacteria (Hwang et al., 2001; Sarwar et al.,
1995; Somers et al., 2005). PAA showed inhibitory activity
against zoospore germination and hyphal growth of Phyto-
phthora capsici (Lee et al., 2004) and antifungal activity
against the dry rot causative pathogen Gibberella pulicaris,
and was shown to suppress dry rot infection of wounded
potatoes (Slininger et al., 2004).

Induction of systemic resistance was also observed in
tobacco plants treated with 0.01 mM 1-hexadecene. Hexa-
decene is a hydrocarbon commonly reported in seaweeds
(Zakaria et al., 2011). Hexadecene observed in the crude
extract of the microalgae Spirulina platensis showed
antimicrobial activity against pathogenic bacteria (Kumar
et al., 2011). Also, hexadecene was isolated from the liquid
culture of the biocontrol fungus Trichoderma harzianum
strain FA1132 (Siddiquee et al., 2012).

Linoleic acid (LA) is a fatty acid found in many natural
sources including vegetable oils from safflower, sunflower
and corn oils and is produced by some bacteria (Alonso et
al., 2003; Chin et al., 1992; Macouzet et al., 2009). It is
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Fig. 4. Chromatogram obtained in Gas Chromatography and Mass
Spectrometry analysis for identification of the ISR determinant(s)
of O. lupini KUDCI013 present in the ISR-active butanol
subfraction 3-1.

considered as a biologically beneficial functional lipid
because of its many nutraceutical purposes (Ogawa et al.,
2005). Kabara et al. (1972) demonstrated that linoleic acid
possessed biocidal effects against gram positive bacteria. In
this study, treatment of tobacco roots with 1 mM LA caused
death to plants while it significantly decreased the soft rot
symptoms at 0.1 mM and 0.01 mM (Fig. 5). This suggests
that LA, at higher concentration is toxic to tobacco and is
possibly more effective in eliciting ISR at lower concent-
rations. Linoleic acid inhibited the mycelial growth of
Alternaria solani, Fusarium oxysporum f. sp. lycopersici,
and F oxysporum f. sp. cucumerinum at 2 mM and exhibit-
ed an antifungal activity against Crinipellis perniciosa at
the lower level of 0.1 mM (Liu et al., 2008; Walters et al.,
2004).

Some biologically active metabolites play a role as
elicitors of ISR at low contration but showed antimicrobial
activity at higher concentration (Rohilla et al. 2002; Tosi
and Zazzerini, 2000). PAA, 1-hexadecene and LA, at con-
centration tested for direct antibiosis (0.01 mM—-2.0 mM),
did not exhibit any direct antimicrobial activity against the
pathogen in vitro (data not shown). Different ISR-active
compounds elicit ISR at different concentrations. The ISR-
active metabolite 4-aminocarbonyl phenylacetate from
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Fig. 5. Influence of root treatment with chemicals present in n-
butanol subfraction 3-1 on the number of symptomatic leaves on
tobacco after inoculation with soft rot pathogen P. carotovorum.
Sterile distilled water (SDW) and 0.5 mM Benzothiadiazole
(BTH) were used as negative and positive control, respectively.
The highest ISR eliciting subfraction 3—1 was subjected to GC/
MS analysis and chemicals present were purchased and subjected
to ISR bioassay. The data are representative of three experiments,
three replicates per treatment with 24 plants per replicate. Blank
bars mean plants died after treatment. Vertical bar represents
standard errors. *Indicates significantly different from negative
control at LSD (p = 0.05).

Pseudomonas chlororaphis O6 applied at 68.0 mM elicited
ISR activity against wildfire pathogen at a level similar to
1.0 mM salicylic acid (Park et al., 2008). The ISR effect of
butyl-2-pyrrolidone-5-carboxylate (BPC) from Klebsiella
oxytoca C1036 was observed at 12 mM (Park et al., 2009).
In this study PAA elicited ISR at 1.0 mM and 0.1 mM, 1-
hexadecene at 0.01 mM while LA elicited ISR at con-
centration of 0.1 and 0.01 mM (Fig. 5).

These results demonstrated the various determinants of
KUDCI1013 involved in ISR activity. The recognition of
KUDCI1013 cell wall components, LPS and flagella led to
the induction of systemic resistance of tobacco against soft
rot disease. Metabolites present in the culture supernatant of
KUDCI1013 that elicit ISR against soft rot disease were
identified as PAA, 1-hexadecene and LA. Application of
these compounds activated the disease resistance of tobacco
against soft rot. To the author’s knowledge, this is the first
report of PAA, 1-hexadecene and LA as ISR-related meta-
bolites from KUDC1013.

The present work shows that O. lupini KUDC1013 has

multiple factors involved in the induction of systemic
resistance. Further studies are therefore necessary to eluci-
date the mode of actions and the physiological functions of
KUDCI1013 determinants in order to maximize their bio-
logical control potential.
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