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The production of one or more antibiotics is the mechanism most commonly
associated with the ability of fluorescent pseudomonads to act as antagonistic agents
against plant pathogenic fungi. Pseudomonas fluorescens strains were tested for
antifungal activity against Pythium aphanidermatum that is known to attack turmeric
crops. P. fluorescens produce antibiotics such as phenazine 1- carboxylic acid, 2, 4diacetylphloroglucinol, pyoluteorin and pyrrolnitrin. Production of antibiotic compounds
were assayed by Thin Layer Chromatography (TLC). The antifungal compounds of DAPG,
phenazine and pyoluteorin were identified on TLC at Rf value of 0.88, 0.57 and 0.05
respectively. All the antibiotics extracted from different strains of P. fluorescens were
tested for their antifungal activity against P. aphanidermatum. Among the strains, the
antibiotics extracted from strain FP7 effectively inhibited the mycelial growth of P.
aphanidermatum in agar well diffusion assay.
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In recent years, biological control of plant
diseases is accepted as a durable and eco-friendly
alternative for agrochemicals. Soil has enormous
untapped potential antagonistic microbes i.e.
fluorescent pseudomonads, Bacillus and
Trichoderma spp. which show antagonistic effects
against soil-borne plant pathogenic organisms.
Among these, the role of Plant Growth Promoting
Rhizobacteria (PGPR) viz., Pseudomonas
fluorescens (Migula) in managing the pathogen in
crop plants are well reported1,2,3. Root associated
fluorescent pseudomonads produce a wide range
of secondary metabolites which are inhibitory to a
number of serious plant pathogens. The ability of
P. fluorescens to suppress soil borne fungal
pathogens depends on their ability to produce
antibiotic metabolites such as pyoluteorin,
pyrrolnitrin, phenazine 1- carboxylic acid, 2, 4
diacetylphloroglucinol, hydrogen cyanide,
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kanosamine, pyocyanin and viscosinamide.
Among these metabolites DAPG has received a
particular attention because of its broad spectrum
activity. Numerous studies have demonstrated the
determinative role of DAPG production in the
suppression of a variety of soil borne diseases by
fluorescent pseudomonads4.
Phenazines are heterocyclic nitrogencontaining secondary metabolites synthesized by
P. fluorescens and a few other bacterial genera5.
Biocontrol by phenazines is connected with their
ability to undergo oxidation-reduction
transformations thus causing the accumulation of
toxic superoxide radicals in the target cells5,6,7. In
addition to inhibiting fungal pathogens, phenazine
play an essential role in microbial competition in
rhizosphere including survival and competence8.
In addition to that, Pyoluteorin (PLT) is an aromatic
polyketide antibiotics consisting of a resorcinol
ring derived through polyketide biosynthesis. PLT
is produced by several Pseudomonas sp. which
suppress the plant diseases caused by plant
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pathogenic fungi 9 . PLT mainly inhibits the
oomycetous fungi including Pythium ultimum and
it is strongly active, when applied to seeds10.
In this investigation the attempts were made to
identify the antifungal compounds in P. fluorescens
and testing their activity against turmeric rhizome
rot pathogen, P. aphanidermatum.
MATERIALS AND METHODS
Bacterial isolates and Pathogen
Two Pseudomonas fluorescens strains
(PF1 and FP7 isolated from rhizosphere soil of
blackgram and rice, respectively) used in this study
were obtained from a culture collection, Department
of Plant Pathology, Tamil Nadu Agricultural
University, India. Besides, the other bacterial
strains namely, TPF17, TPF53 and TPF54 were
isolated from turmeric rhizosphere. The bacterial
strains were identified as P. fluorescens and
bankitted in the NCBI Genbank, which are bearing
the accession number viz., KP887812, KR818037
and KP714263, respectively. All the strains were
maintained in King’s Medium B (KMB)11 at 4 0C for
further use. The turmeric rhizome rot pathogen, P.
aphanidermatum was isolated from infected
rhizome of turmeric. The pathogen was identified
based on morphological characters as described
by Middleton12.
Detection of antibiotics by Thin Layer
Chromatography (TLC)
Extraction of crude antibiotics
The different bacterial strains were grown
on King’s B broth and crude antibiotics were
extracted with ethyl acetate and the dried sample
was dissolved with 1.5 ml methanol. Sample of 5ìl
was spotted onto silica gel plate (Merck, Silica gel
60 F254, Germany). The plates were developed with
Isopropanol: Ammonia: Water (8:1:1) and visualized
by short wave length (254 nm). For specific
antibiotics the Rf values was calculated.
Extraction of 2, 4 diacetylphloroglucinol (2, 4
DAPG)
The strains of antagonistic bacteria were
grown separately in 20 ml of pigment production
broth (peptone, 20 g; glycerol, 20 ml; NaCl, 5 g;
KNO3, 1 g; distilled water, 1 l; pH 7.2) for four days
on a rotary shaker at 30°C. The fermentation broth
was centrifuged at 3500 rpm for five minutes in a
tabletop centrifuge and the supernatant was
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collected. It was acidified to pH 2.0 with 1N HCl
and then extracted with an equal volume of ethyl
acetate. The ethyl acetate extract was reduced to
dryness in vacuo. The residues were dissolved in
methanol and kept at 4°C until use for TLC. For the
detection of an antibiotic, 2, 4- DAPG, a volume of
5 ìl of sample was spotted on to the aluminium
coated sheets with silica gel. Separation was
performed with acetonitrile/ methanol/water (1:1:1)
as a solvent system and visualized by short wave
length (245 nm) and diazotized sulphanilic acid. Rf
value for the spot confirming 2,4-DAPG was
calculated13.
Extractions of Phenazine (Phenazine 1-carboxylic
acid)
For Phenazine the extraction was done
by acidifying the cultures with an equal volume of
benzene (Phenazine in the benzene layer) and then
extraction of the benzene phase with 5% NaHCO3.
PCA was recovered from the bicarbonate layer. The
bicarbonate fraction was extracted once with
benzene to recover the phenazine. The pigment
was air dried, dissolved in methanol and purified
by TLC on silica gel with a 250-ìm layer thickness.
The solvent system containing isopropanol/
ammonia/ water (8:1:1). Plates were viewed under
UV light at 254nm and sprayed with diazotized
sulfanilic acid (DSA)13.
Extraction of Pyoluteorin
The cultures from different P. fluorescens
were grown on King’s B broth at 27ºC for 3 days
were centrifuged at 14,000 g for 20 min at 4°C and
20 ml of the supernatants were extracted with an
equal volume of ethyl acetate for 2 h by using a
rotary shaker. The ethyl acetate extracts were dried
in a vacuum at 35°C and were dissolved in 1.5 ml of
65% methanol. A volume of 5 ìl was applied to
aluminum coated sheets with silica gel. Separation
was performed with the solvent solution system
containing chloroform acetone (9:1 v/v). The TLC
plates were sprayed with dinitro salicylic acid13.
Effect of antibiotics on the growth of P.
aphanidermatum
The agar well diffusion assay, as reported
by Tagg and McGiven14 and modified by Islam et
al15 was used to determine the antagonistic activity
of antibiotic compounds. The PDA medium (20 ml)
was poured into each sterile Petri plate, followed
by placement of mycelial disc (5 mm in diameter) of
the tested pathogen at the center of the plates. A
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well (7 mm in diameter) was made by punching the
agar with a sterile cork borer on the corner of the
plate in four places with equal distance. Then
purified antibiotic compounds from different strains
of P. fluorescens were poured into the wells at the
rate of 100 ml per well separately and incubated for
72 h at 28±2ÚC. The inhibitory activity of each
concentration was expressed as the percent growth
inhibition, compared to the control (solvent only
used in the wells), according to the following
formula:
Growth inhibition (%) = (DC “ DT)/DC × 100.
where, DC, diameter of fungal colony in control;
and DT, diameter of fungal colony with treatment16.
RESULTS AND DISCUSSION
The antimicrobial activity of P.
fluorescens had reported against several fungi. The
antibiotics such as crude antibiotics, 2,4-DAPG,
phenazine and pyoluteorin by different strains of
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P. fluorescens were tested against P.
aphanidermatum in this study. The results
revealed that crude antibiotics extracted from P.
fluorescens strain FP7 recorded 40 mm of mycelial
growth which accounted for 55.55 per cent
inhibition of mycelial growth. It was followed by P.
fluorescens strain Pf1 which accounted 52.22 per
cent inhibition (Table 1). Similar to this results, crude
antibiotic compounds completely inhibited the
growth in all rice pathogens at 5%17. Besides, P.
fluorescens was shown to effectively inhibit the
growth of R. solani and M. grisea by agar plate
method 13 . Jayaswal et al 18 had shown such
inhibitory effect of individual metabolites from TLC
against corn fungal pathogens.
In crude antibiotics assay, all the P.
fluorescens strains significantly produced various
antibiotics (Fig. 1). The presence of DAPG was
detected by spraying dinitro salicylic acid (DNS)
on the TLC plate with Rf value of 0.88, phenazine
with the Rf value of 0.57 in the isolates viz., Pf1,

Table 1. Effect of antibiotics from P. fluorescens on the growth of P. aphanidermatum
Antibiotics

Strains

Mycelial growth of pathogen* (mm)

Per cent inhibition

Crude antibiotics

Pf1
FP7
TPF17
TPF53
TPF54
Control
Pf1
FP7
TPF17
TPF53
TPF54
Control
Pf1
FP7
TPF17
TPF53
TPF54
Control
Pf1
FP7
TPF17
TPF53
TPF54
Control

43.0ab
40.0a
45.0b
44.0ab
46.0b
90.0c
45.0b
39.0a
52.0d
49.0c
54.0d
90.0e
48.0b
44.0a
55.0d
51.0c
53.0cd
90.0e
59.0b
55.0a
59.0b
64.0c
60.0b
90.0d

52.22 (46.27)ab
55.55 (48.19)a
50.00 (45.00)b
51.11 (45.64)ab
48.88 (44.36)b
0.00 (0.00)c
50.00 (45.00)b
56.66 (48.83)a
42.22 (40.52)d
45.55 (42.45)c
40.00 (39.23)d
0.00 (0.00)e
46.66 (43.08)b
51.11 (45.64)a
38.88 (38.57)d
43.33 (41.17)c
41.11 (39.88)cd
0.00 (0.00)e
34.44 (35.93)b
38.88 (38.57)a
34.44 (35.93)b
28.88 (32.50)c
33.33 (35.26)b
0.00 (0.00)d

2,4 diacetyl phloroglucinol

Phenazine

Pyoluteorin

*Values are mean of four replications.
Means in a column followed by same superscript letters are not significantly different according to Duncan’s
multiple range test at P ≤ 0.05. The data in the parentheses are arcsine transformed values.
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Lane
1. Pf1
2. FP7
3. TPF17

4. TPF53
5. TPF54

Fig. 1. Detection of crude antibiotics from P. fluorescens by Thin Layer Chromotography

Fig. 2. Detection of different antibiotics from P.
fluorescens strains
J PURE APPL MICROBIO, 10(1), MARCH 2016.

FP7, TPF17, TPF53 and TPF54 respectively.
Pyoluteorin was found to be expressed in all the
five strains, with Rf value of 0.05 (Fig. 2). These
results has been supported by the following
reports such as19,20.
The polyketide antibiotic DAPG is a
phenolic molecule synthesized by the
condensation of three molecules of acetyl
coenzymeA with one molecule of malonyl
coenzymeA to produce the precursor
monoacetylphloroglucinol, which is subsequently
transacetylated to generate PHL utilizing a CHStype enzyme21. Biosynthetic locus of DAPG is
highly conserved. It comprises the biosynthetic
genes phlACBD22. Rovera et al23 had reported 2,4DAPG produced by Pseudomonas aurantica and
their antifungal activity against Macrophomina
phaseolina. In our study, DAPG was eluted from
the crude metabolites of P. fluorescens strains Pf1,
FP7, TPF17, TPF53, TPF54 and tested for their
antifungal action against P. aphanidermatum.
Among the strains, 2, 4 DAPG isolated from FP7
recorded 56.66 per cent inhibition of mycelial
growth of P. aphanidermatum over untreated
control. It was followed by Pf1 which recorded 50
per cent inhibition over control. In case of other
strains of P. fluorescens such as TPF17, TPF53
and TPF54 accounted to 42.22, 45.55 and 40.00 per
cent inhibition respectively (Table 1). This results
further confirmed with Youn-Sig Kwak et al24 who
found that wheat take-all disease caused by
G. graminis var. tritici was sensitive to 2,4-DAPG
producing P.fluorescens.
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phenazine –3- carboxylic acid (PCA) and 2, 4 DAPG
which had both antifungal and antibacterial action.
Pyoluteorin (Plt) is a phenolic polyketide with
resorcinol ring. Plt has bactericidal, herbicidal and
fungicidal properties. In the present study,
pyoluteorin from FP7 recorded 38.88 per cent
inhibition over control. The antibiotic pyoluteorin
from P. fluorescens Pf1, TPF17 and TPF54 were on
par with each other in per cent inhibition of mycelial
growth of the pathogen (Table 1). Overall,
antibiotics extracted from P. fluorescens strain FP7
was found to be highly effective against P.
aphanidermatum (Fig. 3). In conclusion, we have
demonstrated the production of antifungal
compounds by P. fluorescens is now recognized
as an important feature in plant disease
suppression.
REFERENCES
1.

Fig. 3. Antagonistic action of different antibiotics of P.
fluorescens (FP7) against P. aphanidermatum

Phenazine production is critical for the
biocontrol properties of certain agriculturally
important root-colonizing pseudomonads that
protect food crops from attack by pathogenic
fungi25,26. The mechanisms of action of phenazines
are assumed that they diffuse across or insert into
the membrane and act as reducing agent, resulting
in the uncoupling of oxidative phosphorylation
and the generation of toxic intracellular superoxide
radicals and hydrogen peroxide which are harmful
to the organisms. The phenazine isolated from P.
fluorescens (FP7) recorded the least mycelial
growth of 44 mm which recorded 51.11 per cent
inhibition of mycelial growth over control. The
phenazine isolated from P. fluorescens strain TPF17
was the least one in inhibiting the mycelial growth
of P. aphanidermatum which recorded only 38.88
per cent inhibition (Table 1). The results are in line
with the findings of Bakker et al.27 that P. putida
WCS 358r produced an antifungal compound

2.

3.

4.

5.

6.

7.

Harish, S., Kavino, M.K., Saravanakumar, D.,
Soorianathasundaram, K., Samiyappan, R. Bio
hardening with plant growth promoting
rhizosphere and endophytic bacteria induce
systemic resistance against Banana bunchy top
virus (BBTV) in banana. Appl. Soil Ecol., 2008;
8: 1139-1141.
Saravanakumar, D., Lavanya, N., Muthumeena,
K., Raguchander, T., Samiyappan, R.
Fluorescent pseudomonad mixtures mediate
disease resistance in rice plants against sheath
rot (Sarocladium oryzae) disease. Biol. control.,
2009; 54: 273-286.
Manikandan, R., Saravanakumar, D., Rajendran,
L., Raguchander, T., Samiyappan, R.
Standardization of liquid formulation of
Pseudomonas fluorescens Pf1 for its efficacy
against Fusarium wilt of tomato. Biol. Control.,
2010; 54: 83–89.
Weller, D.M. Role of 2,4-diacetyl
phloroglucinol-producing
fluorescent
Pseudomonas spp. in the defense of plant roots.
Plant Biol., 2007; 9: 4 -20.
Price-Whelan, A., Dietrich, L.E.P., Newman,
D.K. Rethinking ‘secondary’ metabolism:
physiological roles for phenazine antibiotics.
Nat. Chem. Biol., 2006; 2: 71-78.
Laursen, J.B., Nielsen, J. Phenazine natural
products: biosynthesis, synthetic analogues, and
biological activity. Chem. Rev., 2004; 104: 166385.
Selin, C., Habibian, R., Poritsanos, N.,
Athukorala, S.N.P., Fernando, D., Teresa, R.
J PURE APPL MICROBIO, 10(1), MARCH 2016.

584

8.

9.

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

PRABHUKARTHIKEYAN & RAGUCHANDER: ANTIFUNGAL METABOLITES
Phenazines are not essential for Pseudomonas
chlororaphis PA23 biocontrol of Sclerotinia
sclerotiorum but do play a role in biofilm
formation. FEMS Microbiol., 2010; 71: 73-83.
Mazzola, M., Cook, R.J., Thomashow, L.S.,
Weller, D.M, Pierson, L.S. Contribution of
phenazine antibiotic biosynthesis to the
ecological competence of fluorescent
pseudomonads in soil habitats. Appl. Environ.
Microbiol., 1992; 58: 2616-2624.
Maurhofer, M., Hase, C., Meuwly, P., Metraux,
J.P., Defago, G. Induction of systemic resistance
of tobacco to tobacco necrosis virus by the root
colonizing Pseudomonas flourescens strain
CHAO: Influence of the gacA gene and of
pyoverdine production. Phytopathol., 1994; 84:
139-146.
Nowak Thompson, B., Chaney, N., Wing, J.S.,
Gould, S.J, Loper, J.E. Characterization of the
pyoluteorin biosynthetic gene cluster of
Pseudomonas fluorescens Pf-5. J. Bacteriol.,
1999; 181: 2166-2174.
King, E.O., Ward, M.K., Raney, D.E. Two simple
media for the demonstration of pyocyanin and
fluorescein. J. Lab. Clin. Med., 1954; 44: 301307.
Middleton, J.T. The taxonomy, host range and
geographic distribution of the genus Pythium.
Mem. Torrey Bot. Club., 1943; 20: 1-171.
Rossales, A.M., Thomashow, L., Cook, R.J.,
Mew, T.W. Isolation and identification of
antifungal metabolites produced by rice
associated antagonistic Pseudomonas species.
Phytopathol., 1995; 85: 1028-1032.
Tagg, J.R., McGiven, A.R. Assay system for
bacteriocins. J. Appl. Microbiol., 1971; 21: 943.
Islam, M.R., Jeong, Y.T., Lee, Y.C., Song, C.H.
Isolation and identification of antifungal
compounds from Bacillus subtilis C9 inhibiting
the growth of plant pathogenic fungi.
Mycobiology, 2012; 40: 59-66.
Pandey, D.K., Tripathi, N.N., Tripathi, R.O.,
Dixit, S.N. Fungitoxic and phyototoxic
properties of essential oil of Phylis sauvolensis.
Pfkrankh Pfschuz, 1982; 89: 334-46.
Reddy, K.R.N., Anitha choudary, K., Reddy,
M.S. Antifungal metabolites of Pseudomonas
fluorescens isolated from rhizosphere of rice
crop. J Mycol Pl Pathol., 2007; 37(2).
Jayaswal, R., Fernandez, M., Schroeder, R.
Isolation and characterization of a Pseudomonas
strain that restricts growth of various
phytopathogenic fungi. Appl Environ
Microbiol., 1990; 56: 1053-1058.
Manikandan, R., Raguchander, T. Detection of
Antibiotic Compounds from Liquid Formulation

J PURE APPL MICROBIO, 10(1), MARCH 2016.

20.

21.

22.

23.

24.

25.

26.

27.

of Pseudomonas fluorescens (Pf1) by TLC and
HPLC Analysis. J. Pure and Appl. Microbiol.,
2014; 8: 4025-4030.
Mohammed Faisal, P., Nagendran, K., Prema
Ranjitham, T., Karthikeyan, G., Raguchander,
T., Prabakar, K. Development and evaluation
of water-in-oil formulation of Pseudomonas
fluorescens (FP7) against Colletotrichum musae
incitant of anthracnose disease in banana. Eur.
J. Plant. Pathol., 2014; 138: 167-180.
Shanahan, P., Borro, A., O’Gara, F., Glennon, J.
D. Isolation, trace enrichment and liquid
chromatographic
analysis
of
diacetylphloroglucinol in culture and soil samples
using UV and amperometric detection. J.
Chromatogr. 1992; 606:171-177.
Keel, U.S., Seematter, A., Maurhofer, M.,
Blumer, C., Duffy, B., Bonnefoy, C.G.,
Reimmann, C., Notz, R., Defago, G., Haas, D.,
Keel, C., Autoinduction of 2, 4Diacetylphloroglucinol biosynthesis in the
biocontrol agent Pseudomonas fluorescens
CHA0 and repression by the bacterial
metabolites salicylate and pyoluteorin. J.
Bacteriol., 2000; 182: 1215-1225.
Rovera, M., Cabrera, S., Correa, N., Rosas, S.
Characterization of antifungal agents produced
by Pseudomonas aurantica for its use as
biocontrol inoculant. In: Nitrogen fixation from
molecules to cropp productivity. Eds:
F.O.Pedrosa, M.Hungria. M.G.Yatess, W.E.
Newton. Kluweric Academic Publishers. 2000;
P.603.
Youn-Sig Kwak., Robert, F., Bonsall., Patricia,
A., Okubara., Timothy, C., Paulitz., Linda, S.,
Thomashow., David, M. Factors impacting the
activity of 2,4 diacetylphloroglucinol-producing
Pseudomonas fluorescens against take-all of
wheat. Soil Biol Biochem., 2012; 54: 48-56.
Mavrodi, D.V., Blankenfeldt, W., Thomashow,
L.S. Phenazine compounds in fluorescent
Pseudomonas spp. biosynthesis and regulation.
Annu Rev Phytopathol., 2006; 44: 417–445.
Mavrodi, D.V., Peever, T.L., Mavrodi, O.V.
Diversity and evolution of the phenazine
biosynthesis pathway. Appl Environ Microbiol.,
2010; 76: 866–879.
Bakker, P.A.H.M., Glandorf, D.C.M., Viebahn,
M., Ouwens, T.W.M., Smit, E., Leeflang, P.,
Wernars, K., Thomashow, L.S., Thomas-Oates,
J.E., Loon, L.C. Effects of Pseudomonas putida
modified to produce phenazine-1-carboxylic acid
and 2,4-diacetylphloroglucinol on the microflora
of field grown wheat. Antonie van Leeuwenhoek,
2002; 81: 617-624.

