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ABSTRACT

Background: Siderophores are low molecular weight iron-chelating molecules produced by micro-organisms to

carry out multiple metabolic processes, where iron serves as a cofactor. Objectives: The objectives of the current
study were to optimize and characterize siderophore production by bacterial isolate and determine its
antibacterial activity. Method: In the present study, thirty-five bacterial cultures were isolated from five soil
samples collected from aquatic environment and checked for siderophore production using CAS-agar assay
method. Optimization of various physicochemical parameters was carried out for siderophore production by the
most promising isolate which was identified by 16s rRNA gene sequencing analysis. Finally, the antibacterial
activity of the siderophores was determined against the laboratory cultures as well as 8-lactamase producing
uropathogens. Results: Maximum siderophore production (59.18%) was obtained in king’s B medium (pH7) by
Pseudomonas aeruginosa azar 11, in 72h at 37°C using a 5% inoculum size of 0.60. Dsoonm under shaker conditions
(120rpm). It was further observed that supplementation of 0.45% glycine (59.18%) in Kings B medium did not
affect siderophore production, whereas 0.05% maltose (57.35%) slightly inhibited the same. However, other
nutrient sources like ammonium nitrate (47.27%SU), proline (45.00%) and citric acid (33.89%SU) showed a
considerable reduction in siderophore production. Among metal ions, cobalt sulfate (4.91%SU) significantly
inhibited siderophore production. The cell-free extract of test culture also showed antibacterial activity against
few of the test isolates. Conclusion: All these results collectively suggest appropriate industrial application of P.
aeruginosa azar 11 for siderophore production after further optimization studies.
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INTRODUCTION

Iron is among the most vital elements required to carry
out several physiological processes in all living things.
From unicellular micro-organisms to multicellular
complex life forms, every being may face significant
impairment of necessary life functions under iron-
deficient conditions leading to severe malformation or
even death. The major roles of iron in plants and animals
include the biosynthesis of chlorophyll, redox reactions

in ATP and ribonucleotide synthesis, formation of heme,

cell cycle regulation and detoxification [1]. Although
optimum levels of iron is a requisite for biologically
processes, high concentrations are extremely toxic to
living cells due to its involvement in Fenton reaction i.e.,
production of free radicals. Hence, the availability of
free iron is tightly regulated in cells where it is found in
the bound state to proteins such as hemoglobin,
transferrin, lactoferrin and ferritin [2].

In order to overcome this limitation, microorganisms
synthesize and secrete low molecular weight organic
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ferric ion- specific chelating agents called siderophores.
It helps in sequestering, and extra-cellular solubilization
of iron from minerals or organic compounds present in
the environment [3, 4]. In nature, more than 500 types
of siderophores are studied, of which 270 have been
structurally characterized [5]. Various species of
bacteria belonging to genus Escherichia, Salmonella,
Vibrio,
Enterobacter, Yersinia and Mycobacterium are known

Klebsiella, Aeromonas, Aerobacter,
to produce siderophores. Bacterial siderophores are
basically classified by the ligands used to chelate the
ferric iron. It is of four types’ viz., hydroxamate,
catecholate, salicylate and carboxylate [6]. Besides
several

bacteria, common species of fungi e.g.,

Penicillium,  Mucor, Rhizopus, Saccharomyces;
actinomycetes e.g., Nocardia, Streptomyces; and algae
e.g., Anabaena are also known to produce siderophores
[6]. Arguably, the genus Pseudomonas contributes to
the most diverse and ecologically significant group of
bacteria [7]. The ability of this species to produce
siderophores, thus enable us to anticipate abundant
siderophore production and its probable applications in
various fields in near future.

Plants face iron-deficiency due to the presence of
insoluble ferric oxides in alkaline or porous soil that
cannot be absorbed by the roots [8]. It is only under
acidic conditions that iron is freed from the ferric oxides
and becomes more available for uptake by roots [9].
Hence, plants tend to produce phytosiderophores to
meet their iron requirement; however, it is often
inefficient to meet the demands of a growing plant.
Studies have shown that the bacterial siderophore
treatments significantly increase plant yield, chlorophyll
Thus, it that the

siderophores are effective in providing iron to the plants

and iron content. indicates
in presence as well as the absence of bacterial isolates
producing them [10]. The symbiosis between the
bacteria and its host plant is exhibited by the formation
of root nodules. Within the nodules, the bacteria fix
biologically  useful

atmospheric  nitrogen into

compounds that are shared with the host. Proper
formation of these nodules is dependent upon sufficient
iron acquisition by the bacteria. Additionally, due to the
competition for iron, siderophore production has been
identified as one of the important mechanisms for the
suppression of phytopathogens [11].

Although siderophores contribute to plant and animal
nutrition, its functions are not limited to the same. They

Int J Pharm Biol Sci.

also find extensive applications in biogeochemical
cycling of iron in oceans and soil mineral weathering.
The biotechnological applications include
bioremediation of environmental pollutants like metals,
petroleum hydrocarbons, nuclear fuel reprocessing,
[12, 13]. The obligate

nutritional requirement for iron by pathogens is also

biobleaching of pulp etc.

exploited to control infections in fish and plants by
selective drug delivery using a trojan horse strategy i.e.,
use of siderophore-antibiotic conjugates known as
Sideromycins [14]. Other major clinical applications of

siderophores include treatment of diseases like

hemochromatosis, thalassemia, and dialysis
encephalopathy [15].
The current study emphasizes the isolation of

indigenous bacteria from an aquatic environment
having the ability to produce siderophores. The
characterization of these siderophores was also carried
out by analytical techniques. Further attempts were
understand how  metabolic and
affect
production by bacteria. In addition, the antibacterial

made to

physicochemical alterations siderophore
activity of the siderophore produced by the test isolate
was also studied against laboratory cultures as well as

B-lactamase producing uropathogens.

MATERIALS AND METHODS

Iron Decontamination

All glassware used in our study were soaked overnight
in 6M hydrochloric acid (HCI) and rinsed with distilled
water several times to remove any traces of iron [16].
Collection of soil sample and enrichment of bacterial
isolates

Five pond soil samples were collected from different
sites in Mumbai i.e kemps corner, Baan Ganga, Borivali,
Bandra, and Vikhroli. The soil suspension was prepared
by adding 1g of soil-sample to 10mL sterile distilled
water, and 1mL of this suspension was inoculated in
sterile Nutrient Broth (NB) and incubated at 37°C for
24h in order to propagate the possibly stressed
organisms. After the incubation period, the cultures
were streaked on to Nutrient Agar (NA) plates and
further incubated at 37°C for 24h. Later, well-isolated
colonies were grown on NA slants and maintained at 4°C
to carry out further screening of siderophore producers
[17].
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Preparation of Chrome Azurol S medium for screening
and isolation of siderophores producers

The Chrome Azurol S (CAS) medium used in our study
was the same as suggested by Schwyn and Neilands,
1987; except that all nutrients were removed [18]. It
was prepared by mixing 4 solutions given below.
Solution 1 (Fe-CAS indicator solution): It was prepared
by mixing 10mL of 1mM FeC13.6H:0 (prepared in 10mM
HCI) with 50mL aqueous solution of CAS (1.21mg/mL).
The resulting dark purple mixture was added slowly,
with constant stirring, to the 40mL aqueous solution of
Hexadecyl trimethyl ammonium bromide (HDTMA)
(1.82mg/mlL) yielding a dark blue solution.

Solution 2 (Buffer solution): It was prepared by
dissolving piperazine-N, N'-bis(2-ethane sulfonic acid
(PIPES) in 750mL of a salt solution containing 0.3g
KH2POa4, 0.5g NaCl, and 1g NH4Cl. The pH was adjusted
to 6.8 with 50% KOH, and water was added to bring the
volume to 800mL. The solution was autoclaved after
adding 15g of agar.

Solution 3 (Mineral solution): It was prepared by adding
sugars and minerals in 70mL distilled water. It included
2g glucose, 2g mannitol, 493mg MgS04.7H.0, 11mg
CaClz, 1.17mg MnSOs. H20, 1.4mg H3BOs, 0.04mg
CuS04.5H>0, ZnS04.7H,0
Na:Mo004.2H:20.

Solution 4 (amino acid solution): It was prepared by

1.2mg and 1mg

filter sterilizing 30mL solution of 10% casamino acids.
All solutions were sterilized separately, cooled to 50°C
and mixed together, with constant stirring taking
precaution to avoid the formation of bubbles [19].

The Modified CAS agar plate was prepared by mixing
two solutions given below.

Solution 1: It was prepared by dissolving 60.5mg CAS in
50mL de-ionized water and mixing it with a 10mL iron
solution (containing 1mM FeCl.6H20 and 10mM HCI).
Solution 2: It was prepared by dissolving 72.9mg of
HDTMA in 40mL de-ionized water resulting in a dark
blue solution.

Both solutions were autoclaved separately and mixed
slowly. The final mixture of 100mL volume was added to
900mL of sterile Luria Bertani agar (pH6.8) [20].
Qualitative screening of siderophore producers

The qualitative screening of siderophore producers was
carried out by spot inoculating 24h old test isolates on
modified CAS agar plate. The change in the blue color of
the medium to orange, or the presence of yellow to light
orange halo surrounding the test colony after 24-72h
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incubation indicated the production of siderophores
[19].

Qualitative estimation of siderophore production

For quantitative estimation of siderophore production,
the test isolates were inoculated in sterile NB and
incubated at 37°C for 24h. After incubation, the
fermented broth was centrifuged at 10,000rpm for
10mins under refrigerated conditions. A small aliquot of
the cell-free supernatant (0.5mL) was then mixed with
0.5mL CAS solution. The color intensity was determined
using the spectrophotometer at absorbance 630nm
after 20mins of incubation. The reference solution used
in our study was prepared by mixing 0.5mL CAS solution
with 0.5mL un-inoculated NB media.

The percentage of siderophore type iron-binding
compounds was calculated by using the formula

(Ar).(As) X 100
(As)

Where “Ar” is the absorbance of reference and “As” is

% siderophore units =

the absorbance of the test sample [4, 21].
Identification of isolates

Primary identification of the isolate was done on the
basis of morphological, cultural and biochemical tests.
The strain was confirmed by 16s rRNA gene sequence
analysis. PCR based 16S rRNA gene amplification and
sequencing of the isolated bacterium was carried out
using universal primers at Sai Biosystems Private
Limited, Nagpur India.

Optimization of physicochemical parameters for
siderophore production

The biological production of siderophores is affected by
several environmental factors like growth medium, pH,
NacCl

concentration, inoculum size etc. In our study, the

temperature, oxygen, incubation time,
optimization experiments were initiated by determining

the optimum nutrient medium for siderophore
production. The 8 different iron-deficient nutrient
media tested in the current study and its composition
(in g/L) are given below.

Nutrient broth: [NB containing peptone (5), beef extract
(3), NaCl (5); pH 7.0] [22];
Glycerol medium: [Glycerol
MgS04.7H20 (1), K2HPO4 (4)] [7];
King’s B: [King's B medium containing proteose peptone
(20), K2HPO4 (1.5), MgS04.7H,0 (1.5)] [7];

Aspargine medium:
K2HPO4 (0.5)] [7];
Malt medium: [Malt extract agar containing malt extract

(2.0), agar (2.2); pH 5.6] [4];

(10); (NH4)2SOa4 (1),

[Asparagine (5), MgSOs (0.1),
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Sodium succinate medium: [Sodium succinate medium
containing KH2POs (6), K:HPOs (3), (NH4)2S0s (1),
MgS04.7H20 (0.2), sodium succinate (4)] [23];
Succinate medium: [Succinate medium containing
K2HPO4 (6), KH2PO4 (3), (NH4)2S04 (1), MgS04.7H20 (0.2),
succinic acid (4)] [16].

In our study, the siderophore production was monitored
by using 50mL medium inoculated with 0.25mL of 24h
old culture and incubating it at 37°C under shaker
conditions (120rpm) for 24h. The optimization of other
production of

physicochemical parameters for

siderophores was investigated by varying one
parameter at a time while keeping the others constant.
These varying parameters included temperature (28°C,
37°Cand 45°C), aeration i.e., static or shaking (120rpm),
incubation time (24h, 48h, 72h, 96h, 120h), inoculum
size (1-10%), optical density of test isolate (O.Deoonm 0.2,
0.4, 0.6, 0.8, 1.0), pH (5-10), concentration of NaCl (1-
10%) and iron (10-100uM) [24, 25, 26].

In addition the effect of 0.1% solution of different
carbon sources (glucose, sucrose maltose, galactose,
fructose, lactose, sorbitol, xylose and mannitol),
organic nitrogen (peptone, yeast extract, soya, glycine
and tryptone) and inorganic nitrogen sources (urea,
potassium nitrate, ammonium nitrate, ammonium
chloride, ammonium sulphate, ammonium oxalate, tri-
ammonium citrate and sodium nitrate), amino acids
(arginine, leucine, pyruvate, asparagine, valine,
methionine, alanine and proline), organic acids (oxalic
acid, malic acid, lactic acid, palmitic acid and citric acid)
and 100pM metal ions (aluminium potassium sulfate,
manganese sulphate, cadmium chloride, lead acetate,
cobalt sulphate, zinc chloride, cupric sulphate and silver
nitrate) was also studied on siderophore production.
The concentration of optimized nutrient sources was
further
production in the respective nutrient range of 0.05-5%
[12, 16, 26-33].

Antimicrobial activity of siderophores

determined by studying the siderophore

The antimicrobial assay of siderophores was performed
using agar cup method. For this purpose, 20mL sterilized
and molten NA butt was mixed with a 0.5mL suspension
of 4h old test cultures adjusted to 0.10. Ds3onm along
with 2% trizolium tetrachloride (TTC) and poured in
sterile petri plates. Wells of 8mm diameter were made
in plates with the help of a cork borer. Siderophore
extract was prepared by growing the test isolate in Kings
B media and centrifuged to obtain a cell-free extract.
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This extract was added to the wells and the plates were
incubated for pre-diffusion at 4°C for 3h, followed by
37°C for 24h. Control wells containing sterile media
were also set up [34]. The antimicrobial activity was
checked against 10 laboratory cultures including
Staphylococcus aureus, S. aureus 6538p, Streptococcus
pyogens, Salmonella typhi, Salmonella paratyphi A,
Salmonella paratyphi B, Shigella sp., Vibrio cholerae,
Klebsiella pneumoniae and Escherichia coli. In addition
20 B-lactamase producing isolates including 17 E. coli
and 3 K. pneumoniae previously identified in our study
were also tested [35].
Characterization of siderophores
Detection of Hydroxamate nature
Two different tests were carried out to determine the
Hydroxamate nature of siderophores.
1. Neilands' spectrophotometric assay: 1mL of cell-
free supernatant was mixed with 1-5mL of freshly
FeCls
absorbance was measured between 400-600nm. A
420-450nm  indicated the

hydroxamate nature of the siderophores [36].

prepared 2% aqueous solution, and

peak between

2. Tetrazolium salt test: A pinch of tetrazolium salt
and 1-2 drops of 2N NaOH was added to 0.1mL of
the test culture supernatant. Instant appearance of
a red to deep-red color indicated the presence of
hydroxamate siderophores [36].

Detection of Catecholate nature

1. Neilands' spectrophotometric assay: 1mL of cell-
free supernatant was mixed with 1-5mL of freshly

FeCl3

absorbance was measured between 400-600nm.

prepared 2% aqueous solution, and
The formation of wine-colored complex and the
occurrence of a peak at 495nm indicated the
catecholate nature of the siderophores [36].

2. Arnow's test: 1mL of cell-free supernatant was
mixed with a solution containing 1mL 0.5N HCI, 1mL
nitrite molybdate reagent and 1mL 1IN NaOH. The
volume was made up to 5mL and absorbance was
measured at 500nm using 2, 3 dihydroxybenzoic
acid as standard [36].

Detection of Carboxylate nature

1. Vogel's chemical test: A test reagent was prepared
by adding 3drops of 2N NaOH to 1 drop of
phenolphthalein. Distilled water was added to this
reagent until the development of pink color. The
disappearance of pink color on the addition of test
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sample indicated nature  of
siderophores [36].

2. Spectrophotometric

carboxylate

ImL of
supernatant was mixed with a solution containing
1mL 11M CuSOs and 2mL acetate buffer (pH4). The
formation of the copper complex was observed by

assay: cell-free

scanning for absorption maximum between the
entire range of 190-280nm, since there is no
specific wavelength for absorption of copper
complexes [36].
Detection of siderophores by Thin
Chromatography (TLC)

The culture supernatant of siderophore producer was

Layer

spotted on 10x20mm silica gel plates and allowed to
dry. The plates were run in an n-butanol: acetic acid:
distilled water (12:3:5) solvent system until the solvent
front reached the top. It was then dried and sprayed
with 0.1M FeCls prepared in 0.1N HCI. The formation of
a wine-colored spot indicated a hydroxamate-type
siderophore, indicated

while a dark gray spot

production of a siderophore.

catechol-type

Int J Pharm Biol Sci.

Siderophores were separated on the basis of

hydrophobicity using these plates [37].

RESULTS AND DISCUSSION

Sample collection, enrichment, isolation and screening
of siderophore producers

Thirty-five isolates were obtained from 5 pond samples
collected in our study. Out of these, 22 isolates showed
CAS agar plates,
characterized by a yellow/orange zone around the

siderophore  production on
growth as shown in Fig. 1. Quantitative estimation of
siderophores produced by these isolates revealed
maximum activity in 6 isolates viz., SID10, SID16, SID29,
SID33, SID34, and SID35. The zone sizes produced by
these isolates and percentage siderophore production
are represented in Table 1. Among these 6 isolates,
SID10 showed maximum
ie.45.65%SU,
optimization studies.

siderophore production
and therefore was used for further

Fig.1: Qualitative screening of siderophore production by using CAS agar plates. Light orange yellow hallos

observed on day 1 (a) and day 5 (b)

Table 1: Qualitative and quantitative estimation of siderophore production by test isolates

Zone size of halos observed

Culture %Siderophore Production
Dayl Day2 Day3 Day4 Day5

SID10 12 2133 32 60.66 66.66 45.65

SID14 11 16 27.33 28.83 5533 30

SID 29 11.33 17.16 25.33 48.33 62.66 26.53

SID33 15 21.83 27.33 4866 51 20

SID34 12 19.5 21.83 46.33 57.66 37.77

SID35 12.5 21 29.66 58 64 34.37

Identification of the isolate
The cultural, morphological and biochemical tests
SID10) as

Pseudomonas aeruginosa and 16s rRNA analysis also

identified the promising isolate (i.e.,

confirmed the same. The nucleotide sequence analysis
of the isolate was done at BlastN site on NCBI server
BLAST)
corresponding sequences were downloaded. The

(http://www.ncbi.nlm.nih.gov/ and
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identified

aeruginosa azar 11 at National Centre for Biotechnology
(NCBI)

isolate was deposited as Pseudomonas

Information with an accession number
LC333996.

Many gram-negative bacteria are known to secrete
siderophores under iron-limiting conditions, either in
the environment or in an animal host, in the case of
pathogens. However, most of the research has been
carried out using the iron transport systems of E. coli
[16]. Over the years many studies have reported
production of siderophores in Rhizobium species viz., R.
ciceri, R. meliloti and R. radiobacter; Azotobactor
species viz., A. vinelandii and A. chroococcum, and
Bacillus species like B. shackletonii, B.subtilis and B.
cereus [38-42]. Among the genus Pseudomonas, P.

ultimum, P. aeruginosa, P. syringae, P, cepacia are

Int J Pharm Biol Sci.

reported to be siderophore producers [39, 43-45].
According to a recent study, Pseudomonas are key
models to assess beneficial plant-bacteria interactions,
because they display a wide range of properties which
is beneficial to plants like disease suppression in soil
[46].

Optimization of physicochemical parameters for
siderophore production

The results for the optimization of physicochemical
parameters for siderophore production are represented
in Fig. 2-20. The optimized culture condition for
siderophore production by P. aeruginosa azar 11 was
achieved when it was grown in King’s B medium (pH7)
and incubated at 37°C for 72h under shaker conditions
using a 5% inoculum size of 0.60.Dsoonm.

60 -~

% Siderophore Production

10 -

0 T T T

NUTRIENT KING'S B
BROTH

SUCCINATEB GLYCEROL

Media

ASPARAGINE MALT SODIUM
SUCCINATE

Fig.2: Effect of different media on siderophore production
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Fig.3: Effect of temperature and aeration on siderophore production
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Fig.17: Effect of different concentration range of proline on siderophore production
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Fig.18: Effect of various Organic acids on siderophore production
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Fig.20: Effect of different metals on Siderophore Production

Optimization of media

Prior to optimization of physicochemical parameters, it
is essential to optimize the nutrient media in order to
ensure maximum growth of test culture and hence
maximum siderophore production. Among the 8
different nutrient media tested, maximum siderophore
production was observed in King’s B medium
(49.01%SU) as represented in Fig. 2. A similar study has
reported maximum siderophore production in King’s B
media by P. aeruginosa PAO1 [47]. In contrast to our
study, succinate B media was found to be ideal for
siderophore production by P. aeruginosa KSB, P.
aeruginosa PAUTI4 and P. aeruginosa PB19 [48-50]. In
another study, succinic acid medium showed optimum
siderophore production by Alcaligenes sp. [33]. Apart
B and
siderophore production was observed in Grimm-Allen

from King's succinate medium, efficient
iron-limited medium by P. chyrsogenum NCIM 707,
Derx’s medium by Azotobacter sp., and NB by B.

amyloliquefaciens NAR38.1 [30, 51, 52].

Optimization of temperature and aeration

Fig. 3 represents the siderophore production at various
temperatures under static and shaker conditions. It was
observed that the maximum production of siderophores
was achieved at 37°C under the shaker condition at
120rpm (41.93%SU).

Previous studies have reported 302C and 27°C as an
optimum temperature for siderophore production by P.
[25].
siderophores are also reported over a wide range of
temperature i.e., 25°C-45°C by Bacillus VITVKS5, Bacillus
VITVK6 and Enterobacter sp. [12, 21, 53]. Elevated
temperatures (i.e., above 30°C) are shown to inhibit

aeruginosa strains Optimum production of

siderophore production in a P. aeruginosa and C.
albicans strains [22, 54]. However, similar to our
findings, most of the cited literature report the
temperatures of 28°C to 37°C as optimum for
siderophore production in Enterobacter sp, Erwinia sp,
Citrobacter sp, Bacillus sp. and Micrococcus sp. [12, 55].
Also,

aeration was found to be important for
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Pseudomonas stutzeri CCUG 36651 and P. stutzeri RC-7
to produce siderophores which were grown under
shaker conditions of 220 and 200rpm respectively [56,
57]. In contrast, another P. stutzeri strain showed no
siderophore production under aerobic conditions [58].
Another study has reported optimum siderophore
production in both static as well as shaker conditions at
37°C within 24h by a clinical E. coli isolate [3].
Optimization of incubation time

Fig. 4 represents the siderophore production at various
time intervals and was found to be optimum after 72h
incubation (51.66%SU). The P. aeruginosa azarllisolate
showed a gradual increase in siderophore production till
72h to 96h, after which the production declined up to
120h of incubation as noted in our study.

Other studies have reported an increase in siderophore
production after 3-12h of inoculation and an optimum
production was achieved after 30h for P. aeruginosa
PB19 and Azotobacter sp., and 12h for an unidentified
strain of P. aeruginosa [30, 49, 59].

Optimization of inoculum size and optical density

Fig. 5 and 6 represents the effect of inoculum size and
density of P. aeruginosa azar 11 on siderophore
production respectively. It was observed that P.
aeruginosa azar 11 was most effective in producing
siderophores when a 5% inoculum size (41.05% SU) of
0.60. Deoonm (52.50% SU) was used.

A recent study reported a 0.5% inoculum size to be
optimum for siderophore production in Rhizobacteria
sp. S-6 and S-29 [60]. Similarly, the culture density
adjusted to 6x10%cells/mL and 2-4x10%cells/mL was
reported to be optimum for siderophore production in
Alcaligenes sp. and C. albicans respectively [33, 54].
Other studies reported 1.0 O. Dsoonm to be ideal for P.
syringae [61]. Another published study reported similar
siderophore production among three Aspergillus
species when monosporic inoculum was used. However,
the experiments with A. flavus using blocks as inocula
produced the highest CAS-reaction rate [4].
Optimization of pH and NaCl concentration

Fig. 7 and 8 represent the effect of pH and NaCl
by P.
aeruginosa azar 11. A neutral pH (48.71%SU) and a low
salt concentration of 1% (52.94%SU) were found to be
optimum for siderophore production in our study. This

concentration on siderophore production

observation may be attributed to the general
characteristic of bacteria that prefer neutral pH and a

low salt concentration for its growth and survival.

Int J Pharm Biol Sci.

Similar to our findings, Alcaligenes sp. and Azotobacter
sp. were reported to produce siderophores under
neutral pH conditions [30, 33]. The decrease in
siderophore production under acidic pH could be
attributed to the solubilization of iron at a lower pH
resulting in iron availability [52]. In contrast, a study
reported siderophore production by an unidentified
strain of P. aeruginosa over a broad range of pH values
between 5.0-11.0, with an optimum pH of 9.0 [25].
Similarly, P. stutzeri AS22 and P. oxalicum showed an
optimal pH of 8.0 and 4.5 respectively for siderophore
production [26, 62]. Among fungal cultures, A. niger was
found to be unaffected by different pH conditions, but
other fungi viz., A. tamarii and A. flavus showed a lower
rate of siderophore production at pH5.5 [4].

Similarly, significant decrease is noted in siderophore
production with an increase in salt concentration
among rhizobium strains [52]. However, Macrotyloma
uniflorum was found to support siderophore production
up to 8-9% of salt concentration [63]. A study reported
different
Rhizobium isolates at varying salt concentrations
ranging from 400mM-1000mM. In their study, the
amount of siderophore production gradually increased

maximum  siderophore production in

with increase in salt concentration up to 600mM.
However, the growth of the isolate decreased gradually
with further increase in salt concentration except for
strain HGR23, which showed maximum siderophore
production at 1000mM salt concentration [64].

Effect of iron on siderophore production

Fig. 9 represents the effect of iron on siderophore
production by P. aeruginosa azar 11. As expected
maximum siderophore production of 56%SU was
observed when media was devoid of iron. This may be
because of negative transcriptional regulation by ‘Fur’
protein where Fe*? acts as a co-repressor. Siderophores
being iron-specific compounds are secreted under iron
stress conditions and several studies have proved the
inverse proportionality of iron to improve siderophore
production [16, 53, 65, 66]. Few studies, however, have
reported tolerance to moderate concentrations of iron
where P. fluorescens NCIM 5096 and Pseudomonas
putida NCIM 2847 showed siderophore production up
to 100mM iron concentration [67]. The cell growth of P.
fluorescens P5-18 reached a maximal value with
200ug/L iron but siderophore production was found to
decrease significantly. It was further reported that the
iron concentration for

optimal high siderophore
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production was observed below 50uM concentration of
iron [65]. In another study, the mean production of
siderophores, under iron-limited conditions, increased
by 100% isolates and 50% for the
environmental isolates of Aeromonas hydrophila when

for clinical

compared to normal iron-rich culture conditions. The
clinical isolates produced 73% more siderophores under
iron-limiting conditions than environmental isolates and
possessed 44% more siderophore activity than the
environmental isolates [54].

Optimization of nutrient sources

Fig. 10 -19 represents the effect of various nutrient
sources and optimized concentrations of the same on
siderophore production by P. aeruginosa azar 11. In our
study, supplementation of 0.45% glycine (59.18%) in
optimized kings B medium did not affect siderophore
production, whereas 0.05% maltose (57.35%) slightly
inhibited the same. However, the addition of nutrients
like ammonium nitrate (47.27%SU), proline (45.00%)
and citric acid (33.89%SU) showed a considerable
reduction in siderophore production. Even optimization
of the most effective nutrient source concentration did
not result in increased siderophore production, hence
confirming inhibitory activity of these compounds.
Previous studies have reported glucose to be the most
suitable carbon source and malate to be a poor
substrate for siderophore production in P. aeruginosa,
A. nidulans and P. chrysogenum [27]. In a similar study,
0.5% glycerol, 2% glycine and 2% peptone was ideal for
siderophore production in Pseudomonas sp. KSB3,
whereas it was found to be repressed in presence of
urea and sodium acetate [22]. In contrast to our study,
Pseudomonas sp. P1, P2, P3 showed maximum
siderophore production in SM (succinate medium)
when whereas

supplemented with 1glL? urea,

supplementation of sugars resulted in decreased

siderophore production [7]. Urea was also found to be

Int J Pharm Biol Sci.

effective for siderophore production in Pseudomonas
sp. PB19 at 0.6gL concentration [50]. In another study,
mannitol and urea proved effective for siderophore
production in Alcaligenes sp. [33].

In other reports of Pseudomonas, all tested amino acids
positively affected siderophore production in isolate P2.
However, histidine resulted in maximum siderophore
production [7]. Similar observations were reported in
the case of Pseudomonas sp. PB19 [50]. Other studies
have reported optimum production of siderophores in
presence of L-asparagine for Pseudomonas sp. KSB3 and
tyrosine for Alcaligenes sp. [33, 48].

Effect of metal ions on siderophore production

Fig. 20
siderophore production by P. aeruginosa azar 11. The

represents the effect of metal ions on
maximum siderophore production was obtained in
silver nitrate and lead acetate (51.35%SU) solutions.
Significant inhibition of siderophore production was
observed in presence of cobalt sulfate (4.91%SU).
Another study has reported enhanced siderophore
production in presence of 10uM mercury and inhibitory
effects of magnesium, cobalt and molybdenum on
Pseudomonas sp. [7]. Two other studies carried out on
siderophore production in Pseudomonas fluorescens
and Pseudomonas putida suggested an increase in
production of siderophores in presence of lead and
reduced production in presence of manganese, mercury
and cobalt [65, 68]. However, A. vinelandii showed
complete inhibition of siderophore production in
presence of all tested metal ions [30].

Antimicrobial activity of siderophores

Table 2
siderophores on test cultures. It showed antibacterial

represents the antimicrobial activity of
activity against few laboratory cultures and drug-

resistant  B-lactamase  producing uropathogens.

Maximum inhibition was observed against S. aureus and
S. paratyphi B in our study.

Table 2: Antimicrobial activity of siderophore against B-Lactamase producing uropathogens and laboratory

cultures

Sr.No. Cultures

Zone of inhibition in mm

Laboratory cultures

1. S. aureus

S. pyogens

S. paratyphi A
S. paratyphi B
Shigella sp.

S. typhi

E. coli

NoubkwnN

21
0

13
21
12
0

14

International Journal of Pharmacy and Biological Sciences

Colombowala A and Aruna K* |~ 727 J

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

)

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)

€

Int J Pharm Biol Sci.

Sr.No. Cultures

Zone of inhibition in mm

8. K. pneumoniae
9. S.aureus 6538p
10. V. Cholerae

0
14
0

B-Lactamase producers

11. E. colil
12. E. coli2
13. E.coli3
14. E.coli4
15. E. coli5
16. E. coli6
17. E.coli7
18. E.coli 8
19. E.coli9
20. E.coli 10
21. E.colil1
22. E.coli12
23. E.coli13
24. E.coli14
25. E. coli 15
26. E.colil6
27. E. coli 17

28. K. pneumoniae 1
29. K. pneumoniae 2
30. K. pneumoniae 3

A similar study reported fungal inhibition by cell-free
supernatant of Pseudomonas PAUTI4 strain. Maximum
inhibition was observed against A. flavus followed by A.
fumigates, A. niger and C. albicans in their study [49]. In
another study, inhibition of R. solani was observed in
by P.
siderophore-mediated antagonism.

absence of FeCls aeruginosa suggesting
In addition, C.
gloeosporioides culture was inhibited in the presence as
well as the absence of FeCls by P. aeruginosa, which may
be due to the production of other antifungal
metabolites by the test strain [16]. A study carried out
to determine the antifungal activity of Azotobacter sp.
against plant root pathogens reported excellent activity,
as all the test pathogens viz., Fusariurm sp., Alternaria
sp., Phytophthora sp., Rhizoctonia sp., Colletotrichum
sp. and Curvularia sp. were completely inhibited [30].
The exposure to diverse biotic stress has helped plants
defense  mechanisms.

in  developing  various

Siderophores are well known for bio-control of

phytopathogens [69]. Apart from pre-formed physical
and chemical barriers, plants can detect pathogen
attacks and activate complex signaling networks,
leading to induced defenses that confer a more tolerant

state. Induced innate immune processes include

phosphorylation events, accumulation of reactive

oxygen species, cell wall rigidification, callose

deposition, defense hormone signaling, and expression
of genes encoding pathogenesis-related proteins [70].
Plants are equipped with sentry systems consisting of
proteins defenses against potential microbial
pathogens, devoted to the recognition of pathogen-
derived elicitors. In the rhizosphere, several bacterial
species can be beneficial to plants and protect them
against pathogens. These kinds of bacteria are called
plant growth-promoting rhizobacteria (PGPR) and can
induce systemic resistance by producing Siderophores
and increasing plant immunity [71].

Characterization of siderophores

The chemical nature of the siderophores could not be
detected by the analytical tests carried out in our study.
It may be due to the presence of mixed ligands of
siderophore containing 2 functional groups. In such
cases, the characterization of siderophores becomes
difficult by using conventional protocols.

Other studies have also suggested the inability to
the The

produced by A. salmonicida could not be extracted from

characterize siderophores. siderophore
the culture supernatant into any of the organic solvents
the

siderophore could not be detected [72]. In contrast, the

examined; therefore, chemical nature of

spectrophotometric analysis reported hydroxamate

nature of siderophore in P. aeruginosa FP6, P.
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fluorescens and Mesorhizobium loti [73-75]. Arnow's
method revealed hydroxamate nature of siderophores
in P. chrysogenum NCIM707 [51]. A similar study
revealed an exceptional observation in a fungal isolate
i.e., HF-8 which produced both hydroxamate and
catecholate siderophores as evidenced by the positive
reaction to both hydroxamates and catecholates [76].

CONCLUSION

The results presented in our study clearly indicate the
possible applications of the isolate P. aeruginosa azar 11
in siderophore production. Siderophore as chelating
compounds, not only find application in agriculture but
also in medicinal industries for generating genetically
modified drugs for life-threatening diseases like

tuberculosis and thalassemia. Moreover, minimum
optimization of culture conditions resulted in a 10.17%
increase in siderophore production in our study, using a
common laboratory set-up. Hence P. aeruginosa azar 11
can be further improved by genetic engineering to

obtain a high yielding siderophore strain.

REFERENCES

1. Silva-Stenico, E.M., Tereza, F., Pacheco, H., Luiz, J.,
Rodrigues, M., Carrilho, E., Tsai, S.M., Growth and
siderophore production of Xylella fastidiosa under iron-
limited conditions. Microbiol Res, 160 (4): 429-436, (2005).

K.S., Determination of
concentration of an amphiphilic siderophore. Montana
State University Library, (M.Sc Thesis), (2009).

3. Pal, R.B., Gokarn, K., Siderophores and pathogenecity of
microorganisms. J Bio Sc Tech, 1 (3): 127-134, (2010).

4. Machuca, A., Milagres, A.M.F., Use of CAS-agar plate
modified to study the effect of different variables on the

Lett Appl

2. Mousseau, critical micelle

siderophore production by Aspergillus.
Microbiol, 36 (3): 177-181, (2003).

5. Boukhalfa, H., Lack, J., Reilly, S.D., Hersman, L., Neu, M.P.,
Siderophore production and facilitated uptake of iron and
plutonium in P. putida. AIP Conf Proc, 673: 343-344,
(2003).

6. Kannahi, M., Senbagam, N., Studies on siderophore
production by microbial isolates obtained from
rhizosphere soil and its antibacterial activity. J Chem
Pharm Res, 6 (4): 1142-1145, (2014).

7. Sreedevi, B., Preethi, S., Kumari, J.P., Isolation, production
and optimization of siderophore producing pseudomonas
from paddy soil. Int J Pharm Res, 2 (1): 71-88, (2014).

8. Sujatha, N., Ammani, K., Siderophore production by the
isolates of fluorescent pseudomonads. Int J Cur Res Rev, 5

(20): 1-7, (2013).

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Int J Pharm Biol Sci.

Morrissey, J., Guerinot, M.L., Iron uptake and transport in
plants: the good, the bad, and the ionome. Chem Rev, 109
(10): 4553-4567, (2009).

Radzki, W., Gutierrez Mafiero, F.J., Algar, E., Lucas Garcia,
JA, R.B.,
siderophores efficiently provide iron to iron-starved
tomato plants in hydroponics culture. Antonie Van
Leeuwenhoek, 104 (3): 321-330, (2013).

Wright, William H. IV, Isolation and identification of the
siderophore  "Vicibactin" produced
leguminosarum ATCC 14479.
Dissertations. Paper 1690,
http://dc.etsu.edu/etd/1690
Chaudhary, D.Y., Gosavi, P., Durve-Gupta, A., Isolation and
application of siderophore producing bacteria. Int J Appl
Res, 3 (4): 246-250, (2017).

Saha, M., Sarkar, S., Sarkar, B., Sharma, B.K,
Bhattacharjee, S., Tribedi, P., Microbial siderophores and

Garcia-Villaraco, A., Solano, Bacterial

by  Rhizobium
Electronic Thesis and

(2010). Available at

their potential applications: A review. Environ Sc Pol Res,
23 (5): 3984-3999, (2016).

Ahmed, E., Holmstrom, S.J.M.,
environmental research: roles and applications. Microb
Biotechnol, 7 (3): 196-208, (2014).

Radhakrishnan, M., Samshath, K.J., Balagurunathan, R.,

Siderophores in

Hydroxamate siderophore from Bacillus Sp SD12 isolated
from iron factory soil. Curr World Environ, 9 (3): 990-993,
(2014).

Sasirekha, B., Srividya, S., Siderophore production by
Pseudomonas aeruginosa FP6, a biocontrol strain for
Rhizoctonia solani and Colletotrichum gloeosporioides
causing diseases in chilli. Agri Nat Res, 50 (4): 250-256,
(2016).

Patil, J., Suryawanshi, P., Bajekal, S., Siderophores of
haloalkaliphilic Archaea from lonar lake, Maharashtra,
India. Curr Sc, 111 (4): 621-623, (2016).

Schwyn, B., Neilands, J.B., Universal chemical assay for the
detection and determination of siderophores. Anal
Biochem, 160 (1): 47-56, (1987).

Alexander, D.B., Zuberer, D.A., Use of Chrome Azurol S
reagents to evaluate siderophore production by
Rhizosphere bacteria. Biol Fert Soils, 12 (1): 39-45, (1991).
Lakshmanan, V., Shantharaj, D., Li, G., Seyfferth, A.L.,
Sherrier, D.J., Bais, H.P., A natural rice Rhizospheric
bacterium abates arsenic accumulation in rice (Oryza
sativa L). Planta, 242 (4): 1037-1050, (2015).

Jenifer, A.C., A.S., Anbumalarmathi, J.,
Umamaheswari, K., Shyamala K., Studies on siderophore

Sharmili

production by microbial isolates obtained from aquatic
environment. Eur J Exp Biol, 5 (10): 41-45, (2015).

Prabhu, G.N., Bindu, P.,
parameters for siderophore production under solid state

Optimization of process

fermentation using polystyrene beads as inert support. J
Sc Ind Res, 75 (10): 621-625, (2016).

International Journal of Pharmacy and Biological Sciences

Colombowala A and Aruna K* | 729 J

L’

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

—

N

23. Djibaoui, D., Bensoltane, A., Effect of iron and growth

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)

3

inhibitors on siderophores production by Pseudomonas

fluorescens. African J Biotechnol, 4 (7): 697-702, (2005).

24. Lammers, P.J., Sanders-Loehr, J., Active transport of ferric
schizokinen in Anabaena sp. J Bacteriol, 151 (1): 288-294,

(1982).

25. Sivaprakasam, S., Dhandapani, B.,

application on tannery saline wastewater treatment.

Brazilian J Microbiol, 42 (4): 1506-1515, (2011).

26. Aziz, 0.A.A., Helal, G.A., Galal, Y.G.M., Rofaida, A.K.S.,
Fungal siderophores production in vitro as affected by
some abiotic factors. Int J Curr Microbiol Appl Sc, 5 (6):

210-222, (2016).

27. Mahmoud, A.L., Abdalla, M.H., Siderophores production

by some microorganisms and their

Bradyrhizobium-mung bean symbiosis. Int J Agri Biol, 3 (2):

157-162, (2001).

28. Tailor, A.J., Joshi, B.H., Characterization and optimization
of siderophore production from Pseudomonas fluorescens
strain isolated from sugarcane rhizosphere. J Env Res Dev,

6 (3): 688-694, (2012).

29. Reeves, M.W,, Ping, L., Neilands, J.B., Balows, A., Absence
of siderophore activity in Legionella species grown in iron-

deficient media. J Bacteriol, 154 (1): 324-329, (1983).

30. Muthuselvan, 1., Balagurunathan, R,

production from Azotobacter Sp. and its application as

biocontrol agent. Int J Cur Res Rev, 5 (11): 23-35, (2013).

31. Taskila, S., Banasik, M., Gogoi, H., Leiviskd, T., Tanskanen,
J., Isolation and application of siderophore producing
bacteria from finnish wetland samples for treatment of
mining water effluents. Mine Water Circular Econ, 1222-

1227, (2017).

32. Payne, S., Detection, isolation and characterization of
siderophores. Method Enzymol, 235 (2): 329-344, (1994).
33. Patel, P.R., Shaikh, S.S., Sayyed, R.Z., Process optimization
for siderophore production and evaluation of bioefficacy
and root colonizing potential of Alcaligenes sp. Adv Bio

Medico Sc, 3: 140-146, (2016).
34. Subramoni, S., Sonti,

is rescued by ascorbic acid supplementation. Mol Plant

Microbe Interact, 18 (7): 644-651, (2005).

35. Tarig, M., Aruna, K., Molecular detection of co-production
of ESBL, AmpC and Integrons among uropathogens in a
study from Mumbai. Eur J Biomed Pharm Sc, 3 (4): 377-

391, (2016).

36. Yeole, R.D., Dave, B.P., Dube, H.C,

(2001).

Mahadevan, S.,
Optimization studies on production of a salt-tolerant
protease from Pseudomonas aeruginosa strain Bcl and its

effect on

Siderophore

R.V., Growth deficiency of a
Xanthomonas oryzae pv. oryzae fur mutant in rice leaves

Siderophore
production by fluorescent pseudomonads colonizing roots
of certain crop plants. Indian J Exp Biol, 39 (5): 464-468,

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Int J Pharm Biol Sci.

Culicidae, D., Lingathurai, S., Characterization of protein
involved in nitrogen fixation and estimation of co-factor.
Int J Curr Res Bio Sc Plant Biol, 1 (3): 41-49, (2014).
Berraho, E.L., Lesueur, D., Diem, H.G., Sasson, A., Iron
requirement and siderophore production in Rhizobium
ciceri during growth on an iron-deficient medium. World J
Microbiol Biotechnol, 13 (5): 501-510, (1997).

Charest, M.H., Beauchamp, C.J., Antoun, H., Effects of the
humic substances of de-inking paper sludge on the
antagonism between two compost bacteria and Pythium
ultimum. FEMS Microbiol Ecol, 52 (2): 219-227, (2005).
Torres-Rubio, M.G., Valencia-Plata, S.A., Bernal-Castillo, J.,
Isolation of Enterobacteria, Azotobacter sp. and
Pseudomonas sp., producers of indole-3-acetic acid and
siderophores, from colombian rice rhizosphere. Revista
Latinoamericana De Microbiologia, 42: 171-176, (2000).
Jikare, A.M., Chavan, M.D., Siderophore Produced by
Bacillus shackletonii. Gn-09 and showed its plant growth
promoting activity. Int J Pharm Biol Sc, 3 (2): 198-202,
(2013).

Doughari, J.H., Manzara, S., In vitro antibacterial activity of
crude leaf extracts of mangifera indica Linn. African J
Microbiol Res, 2 (2): 67-72, (2008).

Taguchi, F., Suzuki, T., Inagaki, Y., Toyoda, K., Shiraishi, T.,
Ichinose, Y., The siderophore pyoverdine of Pseudomonas
Syringae Pv. Tabaci 6605 is an intrinsic virulence factor in
host tobacco infection. J Bacteriol, 192 (1): 117-126,
(2010).

Sokol, P.A., Lewis, J., Dennis, J.J., Isolation of a novel
siderophore from Pseudomonas cepacia. ) Med Microbiol,
36 (3): 184-189, (1992).

Diaz De Villegas, M.E., Villa, P., Frias, A., Evaluation of the
siderophores production by Pseudomonas aeruginosa
PSS. Revista Latinoamericana De Microbiologia, 44(3-4):
112-117, (2002).

Vacheron, J., Moénne-Loccoz, Y., Dubost, A., Gongalves-
Martins, M., Muller, D., Prigent-Combaret, C., Fluorescent
Pseudomonas strains with only few plant-beneficial
properties are favored in the maize rhizosphere. Front
Plant Sc, 7: 1-13, (2016).

Wilderman, P.J., Vasil, A.l, Johnson, Z., Wilson, M.J.,,
Cunliffe, H.E., Lamont, I.L., Vasil, M.L., Characterization of
an endoprotease (PRPL) encoded by a Pvds-regulated
gene in Pseudomonas aeruginosa. Infect Immun, 69 (9):
5385-5394, (2001).

Bindu, P., Prabu, N.G., Siderophore production by
Pseudomonas aeruginosa isolated from the paddy fields of
Kuttanad, Kerala. Int J Sc Res, 5 (10): 1577-1581, (2016).
Sajeed Ali, S., Vidhale, N., Antagonistic activity of
siderophore producing Pseudomonas aeruginosa against
Aspergillus Spp. and Candida albicans. Res J Pharm Biol
Chem Sc, 3 (4): 719-726, (2012).
Sharma, T., Kumar, N., Rai, N., Production and
optimization of siderophore producing Pseudomonas

International Journal of Pharmacy and Biological Sciences

Colombowala A and Aruna K* =~ 730

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

B\
o

—

55.

56.

57.

58.

59.

60.

61.

62.

63.

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)

3

species isolated from Tarai region of Uttarakhand. Int )
Pharm Bio Sc, 7 (1): 306-314, (2012).

. Kumari, R. S., Ganesh, R.A.A., Kaviyarasan, V., Isolation,

purification, and chemical characterization of the

dihydroxamate-type siderophore from  Penicillium

chrysogenum NCIM 707. IntJ Innov Res Sc Eng, 4-8, (2014).

. Gaonkar, T., Bhosle, S., Effect of metals on a siderophore

producing bacterial isolate and its
microbial assisted bioremediation of metal contaminated

soils. Chemosphere, 93 (9): 1835-1843, (2013).

implications on

. Kumar, V.S., Menon, S., Agarwal, H., Gopalakrishnan, D.,

Characterization and optimization of bacterium isolated
from soil samples for the production of siderophores. Res
Eff Technol, 3 (4): 434-439, (2017).

. Ismail, A., Bedell, G.W., Lupan, D.M., Effect of temperature

on siderophore production by Candida albicans. Biochem
Biophys Res Commun, 132 (3): 1160-1165, (1985).

Naidu, AJ., Yadav, M., Influence of growth
temperature and plasmids on siderophore production in
Aeromonas hydrophila. ) Med Microbiol, 46 (10): 833-838,
(1997).

Bendale, M.S., Studies on Siderophore Production. Ph. D.
Thesis, 11-27, (2014).

Chakraborty, R.N., Patel, H.N., Desai, S.B., Isolation and
partial characterization of catechol-type siderophore from
Pseudomonas stutzeri RC-7. Curr Microbiol, 20 (5): 283-
286, (1990).

Essen, S.A., Johnsson, A., Bylund, D., Pedersen, K.,
Lundstrom, U.S., Siderophore production by Pseudomonas
stutzeri under aerobic and anaerobic conditions. Appl
Environ Microbiol, 73 (18): 5857-5864, (2007).

Marathe, R.J., Shejul, M.S., Jadhav, P.V. lIsolation of
pseudomonas spp. and use of statistical design for

iron,

optimization of process parameters for siderophore
production. Int J Adv Biol Res, 5 (2): 155-161, (2015).
Saraf, M., Sharma, S., Thakkar, A,
optimization of siderophore from plant growth promoting
Rhizobacteria, Brazilian J Microbiol, 43 (2): 639-648,
(2017).

Wensing, A., Braun, S.D., Bittner, P., Expert, D., Vélksch,
B., Ullrich, M.S., Weingart, H., Impact of siderophore
production by Pseudomonas syringae pv. syringae 22d/93

Production and

on epiphytic fitness and biocontrol activity against
Pseudomonas syringae pv. glycinea 1a/96. Appl Env
Microbiol, 76 (9): 2704-2711, (2010).

Maalej, H., Hmidet, N., Boisset, C., Buon, L., Heyraud, A,
Nasri, M., Optimization of exopolysaccharide production
from Pseudomonas stutzeri AS22 and examination of its
metal-binding abilities. J Appl Microb, 118 (2): 356-367,
(2015).

Prabhavati, E., Mallaiah, K.V., Effect of sodium chloride on
colony growth, viability and exopolysaccharide production

[ Received:05.08.18, Accepted: 06.09.18, Published:01.10.2018 }

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Int J Pharm Biol Sci.

of Rhizobium strains nodulating Horse gram [Macrotyloma
uniflorum (Lam.) Verdc.]. Asian J Microbiol Biotech Env Sc,
9 (3): 649-652, (2007).

Prabhavati, E., Mallaiah, K.V, Nagar, N., Effect of salt
concentration on siderophore production by rhizobium
strains nodulating Macrotyloma uniflorum (Lam.) Verdc,
Asian J Bio Sc, 3 (2): 352-354, (2008).

Rachid, D., Ahmed, B., Effect of iron and growth inhibitors
on siderophores production by Pseudomonas fluorescens.
African J Biotechnol, 4 (7): 697-702, (2005).

Raghu, B., Sarma, G.R., Venkatesan, P., Effect of iron on
the growth and siderophore production of Mycobacteria.
Biochem Mol Biol Int, 31 (2): 341-348, (1993).

Sayyed, R.Z., Badgujar, M.D., Sonawane, H.M., Mhaske,
M.M., Chincholkar, S.B., Production of microbial iron
chelators (siderophores) by fluorescent pseudomonads.
Indian J Biotechnol 4: 484-490, (2005).

Rajkumar M., Ae, N., Prasad, M.N.V., Freitas, H. Potential
of siderophore-producing bacteria for improving heavy
metal phytoextraction. Trends Biotechnol, 28 (3): 142-149,
(2010).

Daar, S., Pathare, A.V., therapy with
desferrioxamine and deferiprone in Beta Thalassemia

Combined

major patients with transfusional iron overload. Ann
Hematol, 85 (5): 315-319, (2006).

Nurnberger, T., Brunner, F., Kemmerling, B., Piater, L.,
Innate immunity in plants and animals: striking similarities
and obvious differences. Immun Rev, 198: 249-266,
(2004).

Aznar, A., Dellagi, A., New insights into the role of
siderophores as triggers of plant immunity: what can we
learn from animals. J Exp Bot, 66 (11): 3001-3010, (2015).
Hirst, I.D., Hastings, T.S., Ellis, A.E. Siderophore production
by Aeromonas salmonicida. ) Gen Microbiol, 137 (5): 1185-
1192, (1991).

Ali, S.S., Vidhale, N.N., Evaluation of siderophore produced
by different clinical isolate Pseudomonas aeruginosa. Int J
Microbiol Res, 3: 131-135, (2011).

Gull, M., Hafeez, F.U., Characterization of siderophore
producing bacterial strain Pseudomonas fluorescens Mst
8.2 as plant growth promoting and biocontrol agent in
wheat. Afr J Microbiol, 6 (33): 6308-6318, (2012).
Chandra, S., Choure, K., Dubey, R.C., Maheshwari, D.K.,
Rhizosphere competent Mesorhizobium loti MP6 induces
root hair curling, inhibits Sclerotinia sclerotiorum and
enhances growth of Indian mustard (Brassica Campestris).
Braz J Microbiol 38 (1): 124-130, (2007).

Detection of chemical nature of siderophores, their
quantification and identification of potential isolate, Phd
Thesis, 82-99, (2003).

*Corresponding Author:
Aruna K*
Email: arunasam2000@yahoo.co.in

International Journal of Pharmacy and Biological Sciences

Colombowala A and Aruna K* | 731 J

L’

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

