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Siderophores are small molecules that can easily bind to ferric iron. As a chelating agent, they trans- 

port iron molecules inside the bacterial cell for various biochemical reactions. Due to its various appli- 

cations in medicinal, industrial and environmental related aspects, this paper deals with characterization 

and optimization of few siderophores producing bacteria from the soil samples, collected from Chikka- 

magaluru district, Karnataka. The siderophores production was assayed qualitatively and quantitatively 

through Chrome Azurol S and the results showed positive for the strains VIT VK5 and VIT VK6 that grown 

in succinate medium. Further characterization and optimization results revealed that both the bacterium 

has the ability to yield siderophores ( ∼60–80% units) in the optimum condition of pH 8, at 37 °C with 

glucose and sucrose as a carbon source and NaNO3 as a nitrogen source. Thus, the study concludes that 

strains VITVK5 and VITVK6 can be promising candidates for the siderophores production which can play 

major applications in medicinal and industrial aspects. 

© 2017 Tomsk Polytechnic University. Published by Elsevier B.V. 
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1. Introduction 

Most of the microorganisms are highly dependent on the re-

quirement of iron, except some Lactobacilli sp. Under aerobic con-

ditions, free metal iron Fe (III) forms insoluble hydroxides and oxy-

hydroxides that leads to the reduction of iron availability to the

microbes. In such cases, bacteria has a strategy of solubilizing the

metal form of iron for their uptake. The common strategy is the

synthesis of low molecular weight chelators that shows high as-

sociation constants for complexing iron [1,2] . These chelators have

the ability to form stable complexes with other metal atoms such

as Al, Cd, Cu, Ga, In, Pb, Zn [3,4] . Around 500 biomolecules were

classified under siderophores where many genes and regulators are

involved in their synthesis, transport, and re-import into the cells

[5,6] . These siderophores are structurally classified as hydroxam-

ate, catecholate or mixed hydroxyl carboxylic ligand groups. Previ-

ous literatures has reported that the gram negative and gram posi-

tive bacteria synthesizes siderophore beneath iron deprived condi-

tions for complex formation with the iron from different habitats

[7–9] . 
� International Conference on Separation Technologies in Chemical, Biochemical, 
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The mechanism of siderophore is to first bind with a fer-

ic form of iron and form a complex of siderophore-iron that

nters the cells through specific siderophore receptors present

n the cell membrane. For gram-positive bacteria, transport of

he siderophore-iron complex is carried out by the involve-

ent of siderophore irrevocable proteins, permeases, and ATPases.

hereas, in the gram-negative bacteria the transport mechanism

s quite different due to their complex membrane structure . Here,

hey transfer the siderophore-iron complex through a periplasmic

inding protein and a cytoplasmic membrane protein correspond-

ng to ATP-binding cassette transporter (ABC-transporter) [10] . 

As soon as the complex enters the cytosol, the ferric iron

ets reduced to a ferrous form which becomes free from the

iderophore chelator complex. The released ferrous iron form

s further utilized for their metabolic processes. The free form

f siderophore is either besmirched or reprocessed by excretion

hrough efflux pump system [11] . 

Though, the primary application of siderophore is to provide

oluble iron to microbes for its growth. They also play vari-

us roles in fields such as agriculture, bioremediation, biosensor,

nd medicine. Hence, our study is focused on the isolation of

iderophore-producing bacteria from iron-enriched soil collected

rom Chikkamagaluru district; Karnataka, South India. This study

numerates the siderophore production and optimized culture con-

ition in which the isolates produced a higher concentration of

iderophores. 
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Fig. 1. The appearance of orange color and zone formation indicating siderophore 

production in CAS agar plate assay. 
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. Materials and methods 

.1. Isolation and identification of the isolate 

Iron- enriched soil sample from which we had isolated our bac-

erial strains VITVK5 and VITVK6 were collected from Chikkama-

aluru district; Karnataka, South India. Previous studies have re-

orted the isolation of bacteria producing from rhizospheric soil

12] and Chikkamagaluru district has rhizospheric soil itself. So,

e produced siderophore from Chikkamagaluru soil sample. The

amples were serially diluted and inoculated to grow in nutrient

gar medium for 24 h at 37 °C. The colonies were distinguished and

ure cultured in separate plates [13] . 

.2. Quantitative and qualitative estimation of siderophores 

All the bacterial isolates were grown in iron-deficient succinate

edium and incubated for 48 h with constant shaking at 120 rpm.

ll the isolates were screened for siderophore manufacturing via

 spectrophotometric means which was further confirmed by CAS

gar test.The production of siderophore by the isolate was quan-

itatively determined using Chrome Azurol sulphonate (CAS) as-

ay as described by Schwan and Neiland. To set up 100 ml of

AS solution, 60.5 mg of CAS was diffused in 50 ml of deionized

ater to which 10 ml of FeCl 3 .6H 2 O solution was added. 72.9 mg

DTMA (Hexa-decyl Trimethyl Ammonium bromide) dissolved in

0 ml of deionized water was added to CAS to make the volume to

00 ml. From the prepared CAS solution, 0.5 ml was taken to which

.5 ml of culture supernatant was added and incubated for 5 min.

hen the mixture was measured at 630 nm and calculated for the

iderophore production. The percent of siderophore was intended

n terms of % of siderophore units by means of the following for-

ula: 

 of siderophoreunits = 

Ar − As 

Ar 
∗ 100 

here, Ar = absorbance of reference (CAS reagent);As = absorbance

f the sample at 630 nm. 

Further, this was confirmed qualitatively by performing CAS

gar test. In this, the CAS solution prepared were added to King’s B

edium and inoculated with the bacterial isolate and incubated at

8 °C under the dark condition for two weeks. The appearance of

range zones confirms siderophore production. All the assays were

arried out in triplicates [14,15] . 

.3. Characterization of efficient siderophore-producing isolate 

Bacterial isolate showing efficient siderophore production was

urther characterized based on morphological, biochemical and

olecular level. Isolates were Gram stained to understand the cell

hape, size, arrangement and gram nature. The purified isolates

ere further analyzed to the biochemical characterization of detec-

ion of organisms up to genus level. Further, the molecular charac-

erization was carried out by forward and reverse DNA sequenc-

ng reaction of PCR amplicon with 27F/1492R primers using Big

ye terminator cycle sequencing kit (Applied BioSystems, USA).The

onsensus sequence of approximately 1400 bp 16S rDNA gene was

esolved on an Applied Biosystems model 3730XL automated DNA

equencing system (Applied BioSystems, USA). Then the sequences

ere subjected to homology search using BLAST program of the

ational Centre for Biotechnology Information (NCBI) [16] . 

.4. Optimization of siderophore production 

The bacterial isolates were allowed to grow in different fermen-

ation conditions, such as pH, temperature, nitrogen source, car-

on source, iron concentration and organic acid were investigated
n order to allow the utmost production of siderophores. The iso-

ates were grown in succinate medium for 48 h with the provi-

ence of different fermentation conditions. For siderophores anal-

sis, the supernatant was centrifuged at 50 0 0 rpm for 10 min and

ell-free supernatant was analyzed using CAS assay test. The pro-

uction of siderophore was measured at 630 nm and calculated

17,18] . 

. Results and discussion 

.1. Isolation and screening of siderophores producing bacteria 

Siderophores are low molecular weight chelating agents highly

ynthesized by microorganism for their competence of ferric iron

n ferric hydroxide complex. They have great applications in plant

rowth promotions, biocontrol activity, and several other ecologi-

al factors. They also show advantages in the field of medicine as

 potential drug for the iron deficient diseases and acts as anti-

icrobial agents [19] . Some of the commonly known siderophores

re schizokinen from Rhizobium leguminosarum IARI 917 [20] , py-

verdine by Pseudomonas fluorescence [21] , protochelin by Azoto-

acter vinelandii [22] ; Rhizobactin by Rhizobium meliloti [15] and

uch more. In this study, the siderophore-producing bacterium

as isolated from the soil samples and analyzed for their optimum

ermentation condition to understand the culture medium paving

igh concentration of siderophore production. 

More than five bacterial consortiums were isolated and

ure cultured from the iron-enriched soil sample. The distinct

iderophore- producing bacterial isolates were screened out by

erforming CAS assay (both qualitatively and quantitatively). The

ultures were grown in succinate broth medium for 48 h and the

upernatant was separated and spectrophotometric analyzed for

AS assay test. Out of five culture, two bacterial isolates showed

urbidity in the succinate medium and CAS test positive. The de-

ection of siderophores was further confirmed by plating that two

acterial isolates in the CAS agar plate method. It was found

hat the bacterial isolates were showing distinct zone with the

ppearance of orange color ( Fig. 1 ) indicating the production of

iderophore and then, those two strains were taken for further

tudies. Orange zone appearance clearly demonstrates siderophore

roduction. Similar results were reported by Ghosh et al. where

hey used fungal strains Trichoderma viride -1, T. harzianum- 1, Can-

ida famata -1 and three bacterial strains Bacillus subtilis- 1, B.

egatericus 1, Pseudomonas aeroginosa 1for siderophore production

23] . 

The CAS or HDTMA forms a tight complex with the ferric ion

o create a blue color in the medium, and when the iron chelators

ike the siderophores are added to the medium, it removes the iron

rom the dye complex and the color eventually changes from blue

o orange [24] . 
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Fig. 2. Evolutionary relationships A) bacterial isolate VITVK5 showing a close relationship with Bacillus sp. B) bacterial isolate VITVK6 showing a close relationship with 

Enterobacter sp. 

Table 1 

Characterization of siderophore- producing bacterial isolates. 

Morphological characteristics 

VITVK5 VITVK6 

Size Long Long 

Shape Rod Straight rods 

Arrangement Chain Single 

Gram reactivity Gram-positive Gram-negative 

Biochemical characteristics 

Test 

Citrate Positive Positive 

MR (methylene red) Positive Negative 

Indole Negative Negative 

Catalase Negative Postive 

VP (Voges-Proskauer) Positive Positive 

Oxidase Positive Negative 

Urease Positive Negative 

Motility (Hanging drop technique) Negative Positive 

TSI Negative Negative 

Glucose fermentation (Acid/Gas) Positive/- Positive/Positive 

Note: Positive and Negative shows the results of biochemical results. 
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3.2. Characterization of efficient siderophore-producing isolate 

Further, the isolates VITVK5 and VITVK6 was taken for mor-

phological, molecular and biochemical characterization. The gram

stain results of VITVK5 showed rod shape that was connected con-

tinuously as chains with violet color giving an idea gram-positive

Bacillus sp. Similarly, results of isolate VITVK6 showed gram neg-

ative, rod shaped, and motile Enterobacter sp. Also, the biochemi-

cal characterization of the bacterial isolate VITVK5 and VITVK6 has

supported the results of gram staining. The results of biochemical

characterization are given in Table 1. The molecular identification

was confirmed by 16S rDNA sequencing of bacterial isolate VITVK5

and VITVK6 were showing similarity to Bacillus sp. more close to

Bacillus thuringiensis and Enterobacter sp. more close to Enterobac-

ter soli. The evolutionary relationship of the identified 16S rDNA

sequencing was shown in Fig. 2 . Solanki et al. also reported effi-

cient siderophore production using Enterococcus sp. and its activity

against plant pathogen Rhizoctonia solani [25] . 
.3. Quantitative estimation of siderophore produced from VITVK5 

nd VITVK6 strains 

For quantitative estimation, Chrome Azurol sulphonate (CAS)

ssay as described by Schwyn and Neiland was employed and OD

alue was measured at 630 nm. The percentage of siderophore was

alculated according to the above- mentioned formulae at room

emperature and neutral pH. 60.06% of siderophore production

as estimated by VITVK5 and 61.79% by VITVK6 which confirmed

he siderophore production quantitatively after which various op-

imization parameters were selected. 

.4. Different culture conditions for optimum production of 

iderophores 

In order to understand the significant effect of various cul-

ure conditions that relates the bacterial growth and siderophore

roduction, optimization was performed. Though iron is the ma-

or factor involved in siderophore production, other culture con-

itions also play some significant role in siderophore productions.

aken into considerations, conditions such as different pH, temper-

ture, carbon source, nitrogen source, organic acids, iron concen-

ration, cell biomass concentration etc. Table 2 depicts the compar-

tive study of siderophore production under optimized conditions

f VITVK5 and VITVK6 with previously reported literatures. 

.4.1. Influence of pH 

Effect of pH on the microbial growth plays a significant role.

he iron solubility and the availability to the developing microor-

anisms depend upon the pH of the medium. Tailor and Joshi have

eported the maximum production of S-11 siderophore at pH 7,

onsidering the fact that iron is insoluble at neutral pH and bac-

eria can grow optimally in the physiological environment [16] .

ur study reports the maximum production of the iron chela-

ors is initiated when the pH is at 8. Agro services international

eported that the insolubility of iron increases at high pH value

hich supports our findings. At pH 8, iron becomes more insoluble

n the soil solution and it might have stimulated the production of

iderophore. It was observed from the Fig. 3 , that both the bacterial

solate is showing a higher concentration of siderophore produc-

ion at pH 8 which is comparatively higher than the siderophore-
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Fig. 3. Effect of pH on the production of siderophore by bacterial isolateVITVK5 and 

VITVK6. 

Fig. 4. Effect of temperature on the production of siderophore by bacterial isolate 

VITVK5 and VITVK6. 
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roducing bacterium Pseudomonas and Rhizobacteria that are in-

olved in plant growth promotion and stress tolerance activity

24,26] . Calvente et al. also reported similar results [10] . 

.4.2. Influence of different temperatures 

Further, the culture conditions were changed with constant pH

nd different tem perature. Previous studies on siderophore pro-

uction and optimization using Plackett–Burman method reported

hat the bacterial isolate Pseudomonas aeruginosa showed higher

iderophore concentration at 27 °C [27] . Comparing the results of

he previous study, bacterial isolates VITVK5 and VITVK6 showed

roduction of siderophore in high concentration in all the tem-

erature ∼90% of siderophores ( Fig. 4 ). Room temperature might

e the optimum temperature for the growth of microorganism so;

5 °C shows optimum siderophore production for both the strains. 

.4.3. Influence of nitrogen sources 

The optimization was carried out with the different source of

itrogen such as ammonium sulfate, sodium nitrate, and Urea. Both

he bacterial isolate has produced siderophore in equal concentra-

ion in all the nitrogen source of ∼60%, as shown in the Fig. 5 . The

esults were similar to the siderophore production under different

itrogen source by the isolates Rhodotorula sp. [10] . Pseudomonas

uorescence and Pseudomonas putida showed maximum productiv-

ty in the presence of urea [16,24] . 

.4.4. Influence of different carbon sources 

The bacterial isolate was analyzed for their optimum condi-

ions of carbon and nitrogen source in which they produce the

iderophore. Supplementing the growth media with carbon sources

ncreases the growth capacity of bacteria and the siderophore

roduction capability. Hence we have taken major three carbon

ources glucose, fructose, and sucrose. Of which both the bacterial

solate showed a higher concentration of siderophore production

hen they are influenced b the carbon source as sucrose shown

n Fig. 6 . Still, when we compared the bacterial isolate them-

elves with each other. The production of siderophore was found
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Fig. 5. Production of siderophore by bacterial isolate VITVK5 and VITVK6 under the 

influence of A) carbon source and B) nitrogen source. 

Fig. 6. Production of siderophore by bacterial isolate VITVK5 and VITVK6 under the 

influence of A) iron concentration and B) organic acid. 
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to be comparatively higher of ∼83% in the bacterial isolate VITVK5

(showing an evolutionary relationship with the Bacillus sp. ). Pre-

vious studies of siderophore-producing bacillus species have also

supported the results that most of the siderophore-producing bac-

teria are falling under the Bacilli sp. [28,29] . Pseudomonas fluores-

cence showed a diminished rate of siderophore production when

supplemented with sucrose, glucose, mannitol, lactose and xylose
ecause it might have used all the available carbon source for

ts growth alone and not siderophore production [16] . A previ-

us study of siderophore production by Rhodotorula sp. reported by

alvente et al. also shows similar results of enhanced siderophore

roduction when supplemented with sucrose [10] . 

.4.5. Influence of iron concentrations 

Siderophore production under different culture conditions was

urther analyzed by the influence of different organic acid and

ron concentrations. The results obtained shown in Fig. 6 . Obser-

ation depicts that the increase in iron concentration increases the

iderophore production of ∼ 96%.The increase in iron concentra-

ion up to the limit of 2 g/L. might have induced an enhanced rate

f siderophore production in order to bind with the available iron

nd provide it to the cell but as the concentration increased be-

ond a threshold level, siderophore production started decreasing

ith the increasing concentration of iron. This might be have hap-

ened because of negative transcriptional regulation by fur protein

ere Fe + 2 acts as a co-repressor [16,24,30] . Tailor and Joshi also re-

orted similar results where the concentration of siderophore pro-

uced from Pseudomonas fluorescence decreased after the concen-

ration of 1 μM due to negative transcription control of iron- regu-

ated gene [16] . 

.4.6. Influence of organic acids 

The production of siderophores was found to be higher in the

nfluence of citric acid. The concentration of siderophore produc-

ion in the influence of organic acid is shown in Fig. 6 . The results

btained were in contrary to the results obtained by Sayeed et al.

hey reported that citric acid was not suitable for the production of

iderophore by P.fluorescence and P.putida [26] . Sharma et al. also

eported similar results of enhanced siderophore production when

upplemented with citric acid [27,31–33] . This might be because

ur strains were best capable of assimilating citric acid out of all

he organic acids supplemented. 

. Conclusion 

As a vital element, iron is needed by all the living organ-

sms from unicellular to multicellular for their numerous cel-

ular processes. Microorganisms under iron-deficient conditions

roduce siderophores, low molecular weight chelators that trap

ron molecules from the atmosphere, host etc., for their survival.

he characterization of siderophore production by CAS assay test

howed positive which was confirmed by qualitative CAS agar plate

est. The appearance orange color and halo zone formation con-

rmed that the bacterial isolate VITVK5 and VITVK6 had the abil-

ty to producing siderophores. The morphological and molecular

haracterization of siderophore-producing bacteria depicts that the

acterial isolates VIT VK5 and VIT VK6 were showing a close resem-

lance to the bacterial species of Bacillus and Enterobacter sp. Fur-

her, these preliminary results paved an idea on proceeding with

ptimization parameter analysis where the bacterial isolates were

llowed to grow in different culture conditions such as pH, temper-

ture, carbon source, nitrogen source, organic acid and iron con-

entration. Results of the influence of different culture conditions

howed that these bacterial isolate had the efficiency of producing

iderophore in higher concentration at pH 8 (approximately equiv-

lent to 63.2% by VITVK5 strain and 86% by VITVK6 strain), at 37 °C
95.75% by VITVK5 strain and 93.71% by VITVK6 strain), with glu-

ose (60.06% by VITVK5 strain and 59.43 by VITVK6 strain) and

ucrose (83.17% by VITVK5 strain and 63.83% by VITVK6 strain)

s carbon source, NaNO 3 (61.94% by VITVK5 strain and 61.32% by

ITVK6 strain) as nitrogen source and at a cell biomass concen-

ration of 200 μl (58.8% by VITVK5 strain and 58.33% by VITVK6
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train). The increase in iron concentration increased the produc-

ion of siderophore but after a certain concentration, an increase

n iron concentration inhibited the siderophore production which

ight be due to the negative transcriptional regulation of genes

nvolved in siderophore production. However, further research is

eeded to be elucidating in detail for the production and purifica-

ion of siderophore from the bacterial isolate and the application

n the various fields. 

eferences 

[1] J.B. Neilands, Siderophores: structure and function of microbial iron trans-

port compounds, J. Biol. Chem. 270 (1995) 26723–26726, doi: 10.1074/jbc.270.

45.26723 . 
[2] M. Miethke, M.A. Marahiel, Siderophore-based iron acquisition and pathogen

control, Microbiol. Mol. Biol. Rev. 71 (2007) 413–451, doi: 10.1128/MMBR.
0 0 012-07 . 

[3] U. Neubauer, G. Furrer, A. Kayser, R. Schulin, Siderophores, NTA, and cit-
rate: potential soil amendments to enhance heavy metal mobility in phy-

toremediation, Int. J. Phytoremediation 2 (20 0 0) 353–368, doi: 10.1080/

15226510 0 0850 0 044 . 
[4] E.A. Christenson, J. Schijf, Stability of YREE complexes with the trihydroxam-

ate siderophore desferrioxamine B at seawater ionic strength, Geochim. Cos-
mochim. Acta 75 (2011) 7047–7062, doi: 10.1016/j.gca.2011.09.022 . 

[5] G.L. Challis, A widely distributed bacterial pathway for siderophore biosynthe-
sis independent of nonribosomal peptide synthetases, ChemBioChem 6 (2005)

601–611, doi: 10.10 02/cbic.20 040 0283 . 

[6] P. Visca, F. Imperi, I.L. Lamont, Pyoverdine siderophores: from biogenesis to
biosignificance, Trends Microbiol. 15 (2007) 22–30, doi: 10.1016/j.tim.2006.11.

004 . 
[7] H. Boukhalfa, A.L. Crumbliss, Chemical aspects of siderophore mediated iron

transport, BioMetals 15 (2002) 325–339, doi: 10.1023/A:1020218608266 . 
[8] F. Tian, Y.Q. Ding, H. Zhu, L.T. Yao, B.H. Du, Genetic diversity of siderophore-

producing bacteria of tobacco rhizosphere, Braz. J. Microbiol. 40 (2009) 276–
284, doi: 10.1590/S1517-838220 090 0 020 0 013 . 

[9] B.S. Saharan , V. Nehra , Plant growth promoting rhizobacteria : a critical review,

Life Sci. Med. Res. (2011) 1–30 2011 . 
[10] V. Calvente, M.E. de Orellano, G. Sansone, D. Benuzzi, M.I. Sanz de Tosetti,

Effect of nitrogen source and pH on siderophore production by Rhodotorula
strains and their application to biocontrol of phytopathogenic moulds., J. Ind.

Microbiol. Biotechnol. 26 (2001) 226–229, doi: 10.1038/sj.jim.7000117 . 
[11] E. Ahmed, S.J.M. Holmström, Siderophores in environmental research: roles

and applications, Microb. Biotechnol. 7 (2014) 196–208, doi: 10.1111/1751-7915.

12117 . 
[12] M. Kannahi , N. Senbagam , Studies on siderophore production by microbial iso-

lates obtained from rhizosphere soil and its antibacterial activity, J. Chem.
Pharm. Res. 6 (2014) 1142–1145 . 

[13] T. Gaonkar, S. Bhosle, Effect of metals on a siderophore producing bac-
terial isolate and its implications on microbial assisted bioremediation of

metal contaminated soils, Chemosphere 93 (2013) 1835–1843, doi: 10.1016/j.

chemosphere.2013.06.036 . 
[14] B. Neilands , Universal chemical assay for the detection determination of

siderophores, Anal. Biochem. 56 (1987) 47–56 . 
[15] M. Chaiharn, S. Chunhaleuchanon, S. Lumyong, Screening siderophore produc-

ing bacteria as potential biological control agent for fungal rice pathogens in
Thailand, World J. Microbiol. Biotechnol. 25 (2009) 1919–1928, doi: 10.1007/

s11274- 009- 0090- 7 . 

[16] A.J. Tailor , B.H. Joshi , Characterization and optimization of siderophore produc-
tion from Pseudomonas fluorescens strain isolated from sugarcane rhizosphere,

J. Environ. Res. Dev. 6 (2012) 688–694 . 
[17] A .E. Fazary, A .S. Al-Shihri, M.Y. Alfaifi, K.A . Saleh, M.A . Alshehri, S.E.I. Elbehairi,

Y.H. Ju, Microbial production of four biodegradable siderophores under sub-
merged fermentation, Int. J. Biol. Macromol. 88 (2016) 527–541, doi: 10.1016/j.

ijbiomac.2016.03.011 . 
[18] D.V. Maindad, V.M. Kasture, H. Chaudhari, D.D. Dhavale, B.A. Chopade,
D.P. Sachdev, Characterization and fungal inhibition activity of siderophore

from wheat rhizosphere associated Acinetobacter calcoaceticus strain HIRFA32,
Indian J. Microbiol. 54 (2014) 315–322, doi: 10.1007/s12088- 014- 0446- z . 

[19] K. Postle , Aerobic regulation of the Escherichia coli tonB gene by changes in
iron availability and the fur locus, J. Bacteriol. 172 (1990) 2287–2293 . 

20] E.P. Storey, R. Boghozian, J.L. Little, D.W. Lowman, R. Chakraborty, Characteri-
zation of “Schizokinen”; a dihydroxamate-type siderophore produced by Rhi-

zobium leguminosarum IARI 917, BioMetals 19 (2006) 637–649, doi: 10.1007/

s10534- 006- 9001- 7 . 
[21] C.D. Moon, X.-X. Zhang, S. Matthijs, M. Schäfer, H. Budzikiewicz, P.B. Rainey,

Genomic, genetic and structural analysis of pyoverdine-mediated iron acquisi-
tion in the plant growth-promoting bacterium Pseudomonas fluorescens SBW25,

BMC Microbiol. 8 (2008) 7, doi: 10.1186/1471-2180- 8- 7 . 
22] A.S. Cornish , W.J. Page , Production of the triacetecholate siderophore protoche-

lin by Azotobacter vinelandii , Bio metals 8 (1995) 332–338 . 

23] S.K. Ghosh , S. Pal , N. Chakraborty , The qualitative and quantitative assay of
siderophore production by some microorganisms and effect of different media

on its production, Int. J. Chem. Sci. 13 (2015) 1621–1629 . 
24] B.C. Louden, D. Haarmann, A. Lynne, Use of blue agar CAS assay for

siderophore detection, J. Microbiol. Biol. Educ. 12 (2011) 51–53, doi: 10.1128/
jmbe.v12i1.249 . 

25] M.K. Solanki, R.K. Singh, S. Srivastava, S. Kumar, P.L. Kashyap, A.K. Srivastava,

D.K. Arora, Isolation and characterization of siderophore producing antagonis-
tic rhizobacteria against Rhizoctonia solani , J. Basic Microbiol. 54 (2014) 585–

596, doi: 10.10 02/jobm.20120 0564 . 
26] R.Z. Sayyed , M.D. Badgujar , H.M. Sonawane , M.M. Mhaske , S.B. Chincholkar ,

Production of microbial iron chelators (siderophores) by fluorescent Pseu-
domonads , Indian J. Biotechnol. 4 (2005) 4 84–4 90 . 

[27] T. Sharma , N. Kumar , N. Rai , Production and optimization of siderophore pro-

ducing pseudomonas species isolated from Tarai region of Uttarakhand, Int. J.
Pharma Bio Sci. 7 (January) (2016) 306–314 . 

28] S.S. Shaikh, S.J. Wani, R.Z. Sayyed, Statistical-based optimization and scale-up
of siderophore production process on laboratory bioreactor, 3 Biotech 6 (2016)

69, doi: 10.1007/s13205- 016- 0365- 2 . 
29] S. Sivasakthi, D. Kanchana, G. Usharani, P. Saranraj, Production of plant growth

promoting substance by Pseudomonas fluorescens and Bacillus subtilis isolates

from paddy rhizosphere soil of Cuddalore district, Tamil Nadu, India, Int. J. Mi-
crobiol. Res. 4 (2013) 227–233, doi: 10.5829/idosi.ijmr.2013.4.3.75171 . 

30] M. Ganesapillai, A. Singh, P. Simha, Separation processes and technologies as
the mainstay in chemical, biochemical, petroleum and environmental engi-

neering: a special issue, Resour. Technol. 2 (2016) S1–S2, doi: 10.1016/j.reffit.
2016.09.002 . 

[31] M. Ganesapillai, P. Simha, The rationale for alternative fertilization: equilibrium

isotherm, kinetics and mass transfer analysis for urea-nitrogen adsorption from
cow urine, Resour. Technol. 1 (2015) 90–97, doi: 10.1016/j.reffit.2015.11.001 . 

32] M. Ganesapillai, P. Simha, K. Desai, Y. Sharma, T. Ahmed, Simultaneous re-
source recovery and ammonia volatilization minimization in animal husbandry

and agriculture, Resour. Technol. 2 (2016) 1–10, doi: 10.1016/j.reffit.2015.12.001 .
33] P. Simha, A. Yadav, D. Pinjari, A.B. Pandit, On the behaviour, mechanistic mod-

elling and interaction of biochar and crop fertilizers in aqueous solutions, Re-
sour. Technol. 2 (2016) 133–142, doi: 10.1016/j.reffit.2016.07.006 . 

34] J.J. Ahire, K.P. Patil, B.L. Chaudhari, S.B. Chincholkar, A potential probiotic cul-

ture ST2 produces siderophore 2,3- dihydroxybenzoylserine under intestinal
conditions, Food Chem. 127 (2011) 387–393, doi: 10.1016/j.foodchem.2010.12.

126 . 
35] B. Sasirekha, S. Shivakumar, Siderophore production by Pseudomonas aerugi-

nosa FP6, a biocontrol strain for Rhizoctonia solani and Colletotrichum gloeospo-
rioides causing diseases in chilli, Agric. Nat. Resour. 50 (2016) 1–7, doi: 10.1016/

j.anres.2016.02.003 . 

36] A. Singh, M.S. Kaushik, M. Srivastava, D.N. Tiwari, A.K. Mishra, Siderophore
mediated attenuation of cadmium toxicity by paddy field cyanobacterium An-

abaena oryzae , Algal Res. 16 (2016) 63–68, doi: 10.1016/j.algal.2016.02.030 . 

http://dx.doi.org/10.1074/jbc.270.45.26723
http://dx.doi.org/10.1128/MMBR.00012-07
http://dx.doi.org/10.1080/15226510008500044
http://dx.doi.org/10.1016/j.gca.2011.09.022
http://dx.doi.org/10.1002/cbic.200400283
http://dx.doi.org/10.1016/j.tim.2006.11.004
http://dx.doi.org/10.1023/A:1020218608266
http://dx.doi.org/10.1590/S1517-83822009000200013
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0009
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0009
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0009
http://dx.doi.org/10.1038/sj.jim.7000117
http://dx.doi.org/10.1111/1751-7915.12117
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0012
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0012
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0012
http://dx.doi.org/10.1016/j.chemosphere.2013.06.036
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0014
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0014
http://dx.doi.org/10.1007/s11274-009-0090-7
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0016
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0016
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0016
http://dx.doi.org/10.1016/j.ijbiomac.2016.03.011
http://dx.doi.org/10.1007/s12088-014-0446-z
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0019
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0019
http://dx.doi.org/10.1007/s10534-006-9001-7
http://dx.doi.org/10.1186/1471-2180-8-7
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0022
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0022
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0022
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0023
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0023
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0023
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0023
http://dx.doi.org/10.1128/jmbe.v12i1.249
http://dx.doi.org/10.1002/jobm.201200564
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0026
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0026
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0026
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0026
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0026
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0026
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0027
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0027
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0027
http://refhub.elsevier.com/S2405-6537(16)30058-6/sbref0027
http://dx.doi.org/10.1007/s13205-016-0365-2
http://dx.doi.org/10.5829/idosi.ijmr.2013.4.3.75171
http://dx.doi.org/10.1016/j.reffit.2016.09.002
http://dx.doi.org/10.1016/j.reffit.2015.11.001
http://dx.doi.org/10.1016/j.reffit.2015.12.001
http://dx.doi.org/10.1016/j.reffit.2016.07.006
http://dx.doi.org/10.1016/j.foodchem.2010.12.126
http://dx.doi.org/10.1016/j.anres.2016.02.003
http://dx.doi.org/10.1016/j.algal.2016.02.030

	Characterization and optimization of bacterium isolated from soil samples for the production of siderophores
	1 Introduction
	2 Materials and methods
	2.1 Isolation and identification of the isolate
	2.2 Quantitative and qualitative estimation of siderophores
	2.3 Characterization of efficient siderophore-producing isolate
	2.4 Optimization of siderophore production

	3 Results and discussion
	3.1 Isolation and screening of siderophores producing bacteria
	3.2 Characterization of efficient siderophore-producing isolate
	3.3 Quantitative estimation of siderophore produced from VITVK5 and VITVK6 strains
	3.4 Different culture conditions for optimum production of siderophores
	3.4.1 Influence of pH
	3.4.2 Influence of different temperatures
	3.4.3 Influence of nitrogen sources
	3.4.4 Influence of different carbon sources
	3.4.5 Influence of iron concentrations
	3.4.6 Influence of organic acids


	4 Conclusion
	 References


