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ABSTRACT

The paper investigates and reports siderophor es production from bacteria isolated from aquatic environment. In the
experimental findings, out of 125 bacterial isolates only twelve morphologically different bacterial cultures were
isolated and identified as Escherichia coli(6 isolates, strains CH1-CH6), Pseudomonas aeruginosa(6 isolates,
strains CH7-CH12) all of which showed siderophores production by Chrome Azurol Sulphonate(CAS) assay. E.coli
Strain CH6showed maximum siderophores production (46%) and Pseudomonas aer uginosa strain CH8 showed the
lowest production of siderophore (10%). Siderophores produced by the E.coli strain (strains CH1-CH6) were
hydroxymate type and those produced by P. aeruginosa(strains CH7-CH12) were catecholate type. E.coli strain
CH6 was chosen for further examination as it showed maximum siderophore production on succinate medium
(75%) with1l0mM Fe at optimum pH 7.0. The prime interest of this experimentation is to further explore and re-
examine the biological application in the current Indian context of Agricultural development.
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INTRODUCTION

Microorganisms have evolved a wide range of stiagegnabling them to acquire iron from the envirent
including reduction of ferric to ferrous ions, diteacquisition of iron from host iron binding prote by pathogens
and the uptake of iron in the form of ferric sidanores (microbial iron chelates). They express reetsaof low
molecular weight, high affinity chelating agentattolubilize ferric iron in the environment andrtsport it into the
cell and are known generically as siderophoresidg/®phores are important for the survival and ghoef bacteria
in the soil and in aqueous environments [2]. Sigkaves are commonly produced by aerobic and famgta
anaerobic bacteria and fungi under iron limitingditions. Research on siderophore-mediated iromsgrart has
mainly focused on Gram-negative bacteria, althoGgam-positive bacteria such Bacillus, Saphylococcus and
Streptomyces also possess siderophore-mediated iron transpetéreg [2]. To date nearly 500 siderophores are
reported from selected microorganisms. In genesierophores are classified as hydroxamates, aztdes,
salicylates and carboxylates and more recently wikv group polycarboxylates[3, 4]. Variations agers in
siderophores structure from one species to an&@hesjderophores and their substituted derivativage varied
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applications in agricultural, environmental and mebsciences [6].The present investigation degsribe isolation
of siderophore from water samples.

MATERIALS AND METHODS

Collection of Water Samples and Isolation of Bactea

Water samples were collected from Adyar River, GlnTamilnadu during the month of November 201 2t&Y
samples for microbiological examination were cdbelc using the standard procedure [7], at a deptliewaf
centimeters using 10 ml sterile bottles for eachpa. Samples were placed in ice and transportéluettaboratory
and processed within 2 hours of collection. Theewatmples were serially diluted up to 8 fold ieri¢ water.
100ul of the 10° to 10° diluted water sample were evenly spread platechotebn Nutrient agar (Hi-media
Mumbai, India) and incubated at 37°C overnightldwing incubation, colony-forming units (CFU) weteunted
and the results were recorded. Different bactesialates were picked from the plates based on nobogical
appearance and sub-cultured. Pure cultures wamedsito 30% glycerol (stock) at — 40°C for furtheudies.

Identification of the Isolates of Bacteria
The bacterial isolates obtained were Gram staitestied for their biochemical characteristics arehiiied using
Bergey’'s manual of Determinative Bacteriology [8].

Isolation of Siderophore Producing Bacteria

Qualitative Assay[9]

60.5 mg CAS was dissolved in 50 ml glass distilleater and mixed with 10 ml of iron (Ill) solutioriraM
FeCk.6H,0 in 10mM HCI). This was added to 72.9 mg of hexgttéamethylammoniumbromide (HDTMA) in 40
ml of distilled water. The dark blue colored CASgent was then autoclaved for 15 minutes. Thiserdtagas
added to PIPES agar medium(30.24 g of PIPES bdf$splved in 750ml of Distilled water +15g of agahose pH
was adjusted to 6.8 using 1.06g of NaOH pellethe Folidified CAS agar plates were punched withtd.5mm
diameter holes by using a gel puncher. Each hotefilad with 25 pl of the bacterial culture supatant and kept
for incubation in dark at 2& for 7days.

Quantitative Assay (CAS- Shuttle Assay¥]

The quantitative estimation of siderophore produdsd the bacterial isolates was done by CAS- shuttle
assaysSchwyn and Neilands, 1987). The strain was growaduiccinate medium and incubated for 24 to 30 hrs at
28°C with constant shaking at 120 rpm on rotatakakg incubator. After incubation the fermentedtbravas taken
and centrifuged at 10,000 rpm in a cooling cengefat 4°C for 10 minutes and cell- free supernatas mixed
with 0.5 ml CAS solution. The color obtained wasedained using the Spectrophotometer at absorb@B@enm
after 20 minutes of incubation with reference comiteg 0.5 ml CAS solution with 0.5ml uninoculatedcsinate
medium. The percentage of siderophore units wamatstd as the proportion of CAS color shifted usthg
formula

[(Ar-Ag) [ A] *100

Where A is the Absorbance of reference (CAS assay solutiominoculated media) ands#s the Absorbance of
the sample (CAS assay solution + cell-free supantat

Determination of the Type of Siderophore

Iron PercholateAssay10]

The presence of hydroxymate type strain was detdmtehe Iron percholate assay. To 0.5ml of culsiupernatant,
2.5ml of Iron percholate solution (5mM Fe(G)® in 0.1M HCIQ) was added and allowed to incubate for 5min to
develop the orange red colour solution and therdlasce was measured at 480nm. Desferal was ustdratard.
Arnow’s Assay[11]

For detection of catechols, 1ml of culture supeantitvas mixed with 1ml of HCI, 1ml of nitrite mdigate
(catechols produce yellow color),Iml of NaOH(cotdranges to red) followed by distilled water to makethe
volume to 5ml. Absorbance was measured at 500 rimg @s3 dihydroxybenzoic acid as the standard in\dsible
spectrophotometer.
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Effect of Culture Media on Siderophore Production[12]

The culture was grown on different media such asci®ate, Glucose and King B to check the effectufure
media on siderophore production. Each medium wparagely inoculated with bacterial cultures ancubreted at
28 °C on shaking incubator at 120rpm. After incigrathe fermented broth was taken and centrifugetOz2000
rpm in cooling centrifuge at 4°C for 10 minutes adl-free supernatant was mixed with 0.5 ml CAfison. The
color obtained was determined using the Spectrapheter at absorbance 630 nm after 20 minutes abat@n.
The reference contained 0.5 ml CAS solution wihntl.uninoculated medium. The percentage of sidevophnits
was estimated as the proportion of CAS color sthifteing the formula

[(Ar-Ag) [ A] *100

Where A is the Absorbance of reference (uninoculated medrad A is the Absorbance of the sample
(supernatant).

Effect of pH on Siderophores Production12]

The effect of pH on siderophore production wasistidn succinate medium by adjusting the pH to, %, &,9and

10 using 1N HCI or 1N NaOH, keeping all other dtinds constant. The bacterial isolates were inated in the
succinate medium. After incubation the fermentedttbrwas taken and centrifuged at 10,000 rpm in @lirog
centrifuge at 4°C for 10 minutes and the cell-feeernatant was mixed with 0.5 ml CAS solution. Taor
obtained was determined using the Spectrophotona¢tabsorbance 630 nm after 20 minutes of incubatiith
reference containing 0.5 ml CAS solution with 0.5ominoculated succinate medium. The percentage of
siderophore units was estimated as the proporfi@A& color shifted using the formula

[(Ar-Ag) [ A] *100

Where A is the Absorbance of reference (uninoculated medrad A is the Absorbance of the sample
(supernatant).

Effect of Iron Concentration on Siderophore Producton[12]

To determine the effect of iron concentration thetbrial strains was grown in succinate mediumaioimg FeC}

in increasing amount(10-50mM).The flask was inomdawith the bacterial isolate and incubated fo3Rours at
28C with constant shaking at 120rpm in rotator shgkircubator. After incubation the fermented brotiaswaken
and centrifuged at 10,000 rpm in cooling centrifagje’C for 10 minutes and cell free supernatars mixed with
0.5 ml CAS solution. The color obtained was deteadiusing the Spectrophotometer at absorbance ®38fter
20 minutes of incubation with reference contairg ml CAS solution with 0.5ml uninoculated suctemedium.
The percentage of siderophore units was estimatéaeaproportion of CAS color shifted using thenfata

[(Ar-Ag) [ A] *100

Where A is the Absorbance of reference (uninoculated nmeatid A is the Absorbance of the sample (cell-free
supernatant).

RESULTS AND DISCUSSION

Isolation of Bacteria from Water Samples
A total of 125 bacterial isolates were isolatedrfrthe Nutrient agar plates based on colony mormyolo

Isolation of SiderophoreProducing Bacteria

Qualitative Assay and Quantitative Assay (CAS- Shtiie Assay)

All the 125 bacterial isolates isolated were sceelefor production of siderophore on CAS agar plat@sly
bacterial twelve isolates were siderophore positiith varying intensity of orange zones. The 12teaal isolates
were further characterized by biochemical tests idedtified ask.coli (6 isolates and designated as strains CH1,
CH2, CH3, CH4, CH5, CH6) arfdaeroginosa (6 isolates and designated as strains CH7, CH®, CH10, CH11,
CH12). The percentage of siderophore produced didriam 10%P.aeruginosa strain CH8) to46% K.colistrain
CH6) (Table 1). The CAS Assay is the universal yad$ea siderophore detection and is based on a ajdere’s
high affinity for ferric iron. Chrome azurol S (CA8lye complexes with ferric iron and the CAS asghajes are
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blue in color. Iron bound to CAS is easily chelalbgtsiderophores to produce a color change frora tdwrangeés.
coli strain CH6was chosen for further studies as it peced the highest percentage (46%) of siderophore.

Table 1 Percentage of Siderophore Production bi.coli and P.aeruginosa strains

Bacterial strains | % of siderophore production | Bacteial strains | % of siderophore production
E.coli P.aeruginosa
CH1 13 CH7 18
CH2 22 CH8 10
CH3 19 CH9 35
CH4 36 CH10 27
CH5 45 CH11 24
CH6 46 CH12 42

Determination of the Type of Siderophore

Iron Percholate Assay and Arnow’s Assay

The type of siderophore produced Bycoli(CH1,CH2,CH3,CH4,CH5,CH6) were of the Hydroxmatpetywine
red color) whereas theP.aeruginosa isolates CH7, CH8, CH9, CH10, CH11, CH12 were & @atecholate or
Phenolate type (yellow color) Table 2.[13]reportkd presence of Catecholate type (pyovirdine) @érsiphore in
P.aeruginosa BUP2 isolated from the Malabari Goat. [14]has régpdHydroxmate type siderophore from the gut
flora of E. coli.

Table 2 Determination of the Type of Siderophore:iion Percholate Assay and Arnow’s Assay

Arnow’s Assay -

Sample | Iron Percholate Assay- OD value at 480nm  Saue OD value at 500nm

Blank 00C Blank 00C
Standard 0.301 Standard 0.091

CH1 0.222 CH7 0.087

CH2 0.132 CH8 0.086

CH3 0.207 CH9 0.045

CH4 0.121 CH10 0.048

CH5 0.142 CH11 0.054

CH6 0.152 CH12 0.032

Effect of Culture Media on Siderophore Production

The maximum siderophore production (75%) was foanduccinate medium as compared to other medid€Tab
3). The maximum siderophore production found inctete medium is due to pyoverdine, in which the 3-
aminomoiety of the chromophore is substituted wahious groups derived from succinate, malate,tagtetarate
[15, 16]. Similar results were obtained by [17].

Table 3 Effect of Culture Media on Siderophore Prodction

Medium | % Siderophore Productior
Succinate 75

Kings B 62

Glucose 41

Effect of pH on Siderophore Production

The maximum siderophore production was found atrakpH 7.0 (Table.4). This may be because bactmoav
better and iron is present in insoluble form attreupH and therefore is not available to the ba@&teThus
siderophore are produced under low stress conditioilar to the results of [18].

Table 4 Effect of pH on Siderophore Production

I

%Siderophore Production
15
36
77
52
17
10

p

[(e] e ENE {2 ] [&)]

=
o

44
Pelagia Research Library



Aruna Sharmili S. et al Euro. J. Exp. Bio., 2015, 5(10):41-45

Effect of Iron Concentration on Siderophore Producton

The optimal iron concentration was found at 10mMucinate medium (Table. 5), while productionidésophore
repressed when the iron concentration increasembmeordance with the results obtained by [19]. &imieports
were recorded by [20] in 20 species of Fungi amdehizobacterial Pseudomonas.

Table 5 Effect of iron concentration on siderophore production

Fe mM | %Siderophore Production
10 78
20 67
30 40
40 31
50 16
CONCLUSION

The findings of the present study which foregrouBdsoli strain CH6 is a potential candidate for the prdidmcof
hydroxamate siderophores. Further purification elnaracterization of siderophores from strain CH% mpave the
way for its utilization in the field of Medicine dmgriculture.
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