Study of siderophore production from Enterobacter bugandensis R1 and effect of abiotic stress on it.
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ABSTRACT

Siderophores are compounds secreted under low iron stress, which act as specific ferric iron chelating. Siderophores have received much attention in recent years because of their potential roles and applications in various areas of environmental research. Siderophores function as biocontrols, biosensors, and bioremediation and chelation agents in addition to their important role in weathering soil minerals and enhancing plant growth agents. Present study aims at the screening and characterization of siderophore producing microorganisms from different sources. Among them the bacterial isolate R1 screen for production of siderophore on CAS (chrome azurol sulphonate) agar media. Conventional and molecular identification of R1 identified it as Enterobacter bugandensis.  Phylogenetic tree of R1 has been constructed using MEGA7 program. The effect of abiotic factors like carbon sources, nitrogen sources and pH has been studied on the production of siderophore units.
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INTRODUCTION

 Siderophores (from the Greek: “iron carriers”) are defined as relatively low molecular weight, ferric ion specific chelating agents elaborated by bacteria and fungi growing under low iron stress. Bacteria produce a vast number of secondary metabolites that have a wide spectrum of biological activities. These include antimicrobial, immunosuppressive and iron chelating activities (Crosa et al 2002). Nearly all living organisms require iron for metabolic activities and growth.  Iron is abundant in the environment, but is not readily available to microorganisms and plants under normal conditions.(Neilands, ‎1995) An adequate supply of iron is essential for survival to tackle this low iron bioavailability, microorganism have adapted to aerobic environments by developing several sophisticated mechanisms for assimilating iron in almost any environment. The production of iron binding compounds, siderophores is the most studied mechanism amongst the various means used by microorganisms. Siderophore helps in growth, colonization and asexual sporulation.( Bendale, 2010 ) Hydroxamate type of siderophore present in soil play important role to immobilize the metal (burton et al .1954). Siderophore potentially used as iron chelators in treatment of cancer e.g Dexrazoxane ,O-Ttrensox, Desferriexochelins, Desferrithiocin, Tachpyridine have been found in cancer therapy ( Marahie et al 2007).
MATERIALS AND METHODS

 1. Sample collections

 Different sample of soils (Iron dumping soil, Garden soil, Rhizosphere soil), decay fruit and decay leaves were collected from the different spots of katargam located in surat , south gujarat , india.(Figur 1)

 2. Isolation and screening of siderophore producing microorganism
Isolation of siderophore producing microorganisms were carried out by spreading different samplesnt isolates from different serially diluted samples on the nutrient agar media for of bacteria and malt extract agar for fungi. Morphologically different colonies selected from respective medium and screen for siderophore production by transferring it on CAS agar plate. The following is a detailed, step-by-step procedure taken from Neilands (1981) for preparing the CAS agar plate. Clean all glassware with 6M HCl to remove any trace elements, then rinse with ddH2O. Blue Dye:Solution 1:Dissolve 0.06 g of CAS (Fluka Chemicals) in 50 ml of ddH2O. Solution 2:Dissolve 0.0027 g of FeCl3-6 H2O in 10 ml of 10 mM HCl. Solution 3:Dissolve 0.073 g of HDTMA in 40 ml of ddH2O. Mix Solution 1 with 9 ml of Solution 2. Then mix with Solution 3. Solution should now be a blue color. Autoclave and store in a plastic container/bottle. Autoclave and cool to 50oC. Add 30 ml of sterile Casamino acid solution and 10 ml of sterile 20% glucose solution to MM9/PIPES mixture. Slowly add 100 ml of Blue Dye solution along the glass wall with enough agitation to mix thoroughly. Aseptically pour plates.
A pure colony which able to produce siderophore were then transferred on malt extract agar slant and nutrient agar slant  for fungi and bacteria respectively and preserved at 4oC.  The bacterial isolates were characterized by studying their morphological, cultural and biochemical characteristics where as siderophore producing fungi were identified by Monochrome staining.
3. Molecular identification of selected isolate
Molecular identification of selected bacterial isolate was carried out by extracting genomic DNA using HiPurATM Bacterial and Yeast Genomic DNA Purification Spin Kit ( HIMEDIA ). The presence and purity of genomic DNA was confirmed by performing 1% agarose gel electrophoresis. The concentration of genomic DNA was also determined by spectroscopic analysis.The partial sequence of 16S rDNA of bacterial isolates were amplified using 8F (5’-AGAGTTTGATCCTGGCTCAG-3’) and 1492R (5’- CGGTTACCTTGTTACGACTT -3’) as forward and reverse primer respectively.Identification of isolates was carried out by comparing the partial 16S rDNA sequence with known sequences contained within large database using BLAST (Basic Local Alignment Search Tool) program of NCBI (http://blast.ncbi.nlm.nih.gov/Blast.cgi).

4. Phylogenetic tree analysis of selected bacterial isolate R1
The phylogenetic analysis of selected isolate (R1) was carried out on the basis of partial 16S rDNA sequence. The nucleotide sequence of related organisms was obtained from the NCBI database and used for alignment and calculating the homology level. ClustalW2 programme was used to align the sequences. The Phylogenetic trees was constructed by the neighbour-joining method using the MEGA 7 software (Molecular Evolutionary Genetic Analysis, Version 7) (http://www.megasoftware.net) (Tamura et al., 2011). Bootstrap analysis of the neighbour-joining data, using 500 replicons, was carried out to evaluate the validity and reliability of the tree topology by the same software. Partial sequence of 16S rDNA of R1 was deposited in NCBI database using BankIt submission tool of Gene bank.

5.Effect of different abiotic factors on siderophore production
5.1 Effect of pH
SM(succinate medium)was prepared with different ( 5,6,7,8) pH and inoculated with isolate R1. The flasks were incubated at 30 degree for 24 hour in shaking condition. Siderophore concentration measured by % Siderophore unit(SU). (Abdel Aziz et al,2016.)

5.2 Effect of different carbon sources

SM(succinate medium)was prepared with different carbon sources (Lactose, sucrose,mannitol,dextrose.)and inoculated with isolate R1. The flask were incubated at 30 degree for 24 hour in shaking condition. Siderophore concentration measured by %siderophore unit(SU). (Abdel Aziz et al,2016.)

5.3 Effect of different nitrogen sources

SM(succinate medium)was prepared with different nitrogen sources(urea,peptone,ammonium sulphate,sodium nitrate)and inoculated with isolate R1. The flask were incubated at 30 degree for 24 hour in shaking condition. Siderophore concentration measured by %siderophore unit(SU). (Abdel Aziz et al,2016.)

   6. Determination of the type of the siderophore:
   6.1  Detection of hydroxamate siderophore:
  6.1.1Tetrazolium test(Snow 1954)

This test is based on the capacity of the hydroxamaic acid to reduce tetrazolium salt,by hydrolysis of hydroxamate group in presence of strong alkali. To a pinch of tetrazolium salt, were added 1-2 drops of 2N NaOH and 1 ml of the test sample. Instant appearance of a deep red color indicated presence of a hydroxamate siderophore.

6.2 detection of catecholate siderophores

6.2.1Arnow’s test(Arnow, 1937)

Catecholate siderophores on reaction, In succession with nitrous acid , molybdate and alkali, yield a pink chromogen that absorbs maximally at 515 nm. To 1 ml of culture supernatant was added 0.1 ml of  5N HCL, 0.5 ml of arnow’s reagent conataining 10g each of NaNO2 and Na2MoO4.2H2O IN 50ml distilled water. A yellow color results at this point. 0.1 ml of 10 N NaOH (a red color result) and enough distilled water was added to make the volume to  5 ml. absorbance was noted  at 515 nm and quantify using 2-3, dihydoxybenzoic acid as standard.

  6.3Detection of carboxylate siderophore
6.3.1Spectrophotometric test 
To 1 ml of test sample (supernant), was added 1 ml of 250 M CuSO4 and 2 ml of acetate buffer pH 4 . The copper complex formed was observed for absorption maximum between there is no specific wavelength at which the copper complex gets absorbed. The entire wavelength 190-280nm was scanned to observe the peak of absorption of the siderophore. (shenker et al., 1992)

7.Quantitative estimation of siderophore

MEB medium was prepared and used for siderophore production. 24 hr old culture of microorganisms  were used to inoculate for 24 hr at 30oC with constant shaking at 120 rpm. Fermented broth was centrifuged (10,000 r.p.m for 15 min) and cell free supernatant was subjected to detection and estimation of siderophore. Quantitative estimation assays mixture contains 0.5 mL of culture supernatant was mixed with 0.5 mL of CAS reagent and absorbance was measured at 630 nm against a reference consisting of 0.5 mL of uninoculated broth and 0.5 mL of CAS reagent ( Ghosh et al 2015). Siderophore content in the liquor were calculated by using following formula:
% Siderophore units: Ar-As/Ar *100
Where Ar = Absorbance of reference at 630 nm (CAS reagent)
As = Absorbance of sample at 630 nm.
RESULTS AND DISCUSSION

1. Isolation and screening of siderophore producing microorganisms

In present study total 10 isolates of bacteria and 8 isolates of fungi screened out for the  production of siderophore production. Isolate R1 & R2 of bacteria and S1 & S2  isolates of fungi produced siderophore on CAS agar plate (figure 3&4) the obtained isolates were preserved on slants.

3.Characterization and molecular identification of  isolates

The microscopic examination of all 4 isolates by gram staining for bacteria and lactophenol staining for fungi. The morphological characterisitics observed by the colony characteristics The microscopic examination of all 2 siderophore producing isolates suggested that they belonging to the group of gram negative bacteria and all were actively motile. The morphological characteristics of the isolates have been observed. Conventional biochemical tests performed for the R1 and R2 isolates(table No.2). Fungi isolates S1,S2 were identified as aspergillus niger and S3 aspergillus flavus . R2 strain were identified a chromobacterium spp.Among this isolates R1  gave good siderophore producing activity  so, for confirmed identification by molecular characterization of partial 16s rDNA sequencing was carried out for R1(table No.3) . Identification of isolates was carried out by comparing the partial 16S rDNA sequence with known sequences contained within large database using BLAST tool of NCBI. Partial sequence of bacterial isolate R1 showed 99% identity with16S rDNA partial sequence of Enterobacter bugandensis strain 247BMC . The partial sequence of 16S rDNA of isolate R1was deposited in NCBI database with their accession number MH035976.
4.Characterization of the nature of  siderophore

Fungal (S1,S2 & S3) and bacterial (R1 & R2) isolates were produce hydroxamate type of siderophore. (figur 2)

5. Quantification of siderophore 
Fungi and bacteral isolates produce in  different concentration of siderophore . were calculated by the given formula by the result of quantitative assay isolate R1 produced higher amount of siderophore than the isolate R2.(Table-4)
% Siderophore units: Ar-As/Ar *100
6.Construction of phylogenetic tree and its analysis of isolates R1

The phylogenetic tree was constructed for isolate R1 by neighbour-joining method using MEGA 7.0 software The reliability of phylogenetic tree was assessed by boot strap analysis of 500 replicons.(figur 5)
7.Effect of abiotic factors on siderophore producing isolate.
The effect of various abiotic factors like pH, carbon sources, nitrogen sources were checked on the Isolate R1 . by the quantification assay of siderophore calculated the siderophore unit (SU). By result arrived higher amount of siderophore produced in sodium nitrite used as a nitrogen source, and lactose as a carbon source help to produced higher amount of siderophore. In the ph 8 isolate R1 able to produced higher concentration of siderophorethan  Ph 7.(Figure 6,7,&8)

Bacillus megaterium Bm4C, isolated from Ni-rich serpentine soils, reduced the Ni toxicity by producing siderophores.( Sumei Yu,et al 2017). In soils, the microbial communities that colonize mineral surfaces differ from the inhabitants of the surrounding soil (Certini et al., 2004). Microbial attachment to mineral surfaces leads to the formation of a microenvironment that protects the microorganisms against environmental stresses (Liermann et al., 2000; Ojeda et al., 2006). In these microenvironments, mineral nutrients can be chelated directly from the soil minerals or shared amongst the surrounding microorganisms (Roberts Rogers et al., 2004). Siderophores produced by soil microorganisms can promote the mineral dissolution of insoluble phases (Kraemer et al, 2004). There are different mechanisms suggested for siderophore-promoted Fe dissolution ( Holmén et al, 1996). The general mechanism is that the Fe(III)–siderophore complex is formed at the mineral surface and is then transferred into the surrounding soil solution and becomes available for uptake by microorganisms or plants (Kalinowski et al., 2000; Kraemer, 2004). SBecause of the importance of microbial siderophores in weathering and soil formation, the role of siderophores in the dissolution of Fe minerals has been investigated intensively. For instance, (Watteau et al., 1994) reported that hydroxamate siderophores produced by Suillus granulatus have a high efficiency in the dissolution of goethite. Significant quantities (10−9 mol m−2 h−1) of Fe were mobilized in the presence of Suillus sp. because of its continuous production of siderophores. In addition, fungal siderophores such as ferrichrome and ferricrocin belonging to the ferrichrome family contributed in changing the surface structure of biotite and increasing its dissolution in podzolic forest soil (Sokolova et al., 2010). The dissolution of Fe from hornblende has also been observed to be higher in the presence of siderophore-producing actinobacteria (Streptomyces and Arthrobacter) compared with the dissolution of Fe by a synthetic siderophore (desferrioxamine B) (Kalinowski et al., 2000).  hydroxamate siderophores isolated from the brown-rot fungus (Gloephyllum trabeum) had the ability to mediate the reduction of Fe in redox cycling processes. The reduced Fe can then react with hydrogen peroxide to generate oxygen radical species that depolymerize cellulose, hemicellulose and lignocellulose. This depolymerization process was considered to be the main role of siderophores in the bio-bleaching of pulps (Xu et al., 2001; Arantes and Milagres, 2007)
List of table
Table 1- Colony characteristic of siderophore producing isolates
	Isolated strain
	Size
	shape
	Margin 
	Elevation 
	consistency
	Opacity
	Pigmentation 

	R1
	Large 
	Circular 
	Entire 
	Slightly raised 
	Dry 
	Opaque 
	No

	R2
	Small 
	Circular 
	Entire 
	Slightly raised 
	Dry 
	Opaque 
	No 


Table 2- Result of biochemical test of the siderophore producing isolate R1

	Test 
	 isolate 

	
	R1
	R2

	Indole

Methyl red

Voges-proskuer

Citrate utilization test

Hydrogen sulpide production test

Urease

Nitrate reduction test

Gelatin hydrolysis test
	-
	-

	
	-
	+

	
	-
	+

	
	+
	+

	
	-
	-

	
	-
	-

	
	+
	+

	
	+
	-

	TSI
	Slant 
	Alkaline 
	Acidic 

	
	But 
	Acidic 
	Acidic 

	
	Hydrogen sulphide production 
	Produced 
	Not produced

	
	Carbon dioxide production
	Not produced
	Not produced 


Note : ‘-‘ represents negative , ‘+’ represents positive.

Table 3- Molecular characterization of R1 

	Partial 16S rDNA sequence

	>R1

GTTAGGACGGTCTGGATCATGCGAGCACATGCAGCAGCTACGCTCTGCGCGTGATGACTGAGTGGCGGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGGGGATAACTACTGGAAACGGTAGCTAATACCGCATAACGTCGCAAGACCAAAGAGGGGGACCTTCGGGCCTCTTGCCATCAGATGTGCCCAGATGGGATTAGCTAGTAGGTGGGGTAACGGCTCACCTAGGCGACGATCCCTAGCTGGTCTGAGAGGATGACCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCCATGCCGCGTGTATGAAGAAGGCCTTCGGGTTGTAAAGTACTTTCAGCGGGGAGGAAGGCGATGAGGTTAATAACCTCGTCGATTGACGTTACCCGCAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCACGCAGGCGGTCTGTCAAGTCGGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATTCGAAACTGGCAGGCTAGAGTCTTGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAATGCGTACAGATCTGGAGGAATACCGGTGG


Table 4- Result of quantification of siderophore producers from different isolates 

	Fungi isolates 
	
	Bacterial isolates 

	
Samples 
	%SU
	Samples 
	isolates
	%SU

	Rhizosphere soil
	97%
	Rhizosphere soil of vegetable field
	R1
	37.9%

	Garden soil 
	91.6%
	
	
	

	Decay fruit
	
   79%
	Rhizosphere soil of fruit field
	R2
	16%

	Iron dumping soil
	84.69%
	
	
	


Table 5- Effect of abiotic factors on production of siderophore by % of siderophore unit (SU)
	No.
	Abiotic factors 
	% SU

	1
	pH
	5
	-

	
	
	6
	-

	
	
	7
	37.44%

	
	
	8
	64.72%

	2
	Carbon sources
	Lactose 
	32%

	
	
	Sucrose 
	12%

	
	
	Mannitol 
	5%

	
	
	Dextrose 
	21%

	3
	Nitrogen sources
	Urea
	17%

	
	
	Peptone 
	78%

	
	
	Ammonium sulphate 
	33%

	
	
	Sodium nitrite 
	3.7%


Note : ‘-‘ represents no production of siderophore at those condition
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Figur 1.- Different sites of sample collection ,  Iron dumping soil(1), Garden soil(2),  Rhizosphere soil(3),

decay fruit(4).
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Figur 2- Suggested the positive result of tetrazolium test , give the presence of hydroxamate type of siderophore.
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Figur 3-  (1)   Bacterial isolates R1 (2) bacterial isolate R2 production of siderophore on CAS( chrome    azurolS)

Agar plate.
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Figure 4 –(3)fungi isolate S1 , (4) fungi isolate S2 ,(5) fungi isolate S3 are Aspergillus spp. produced siderophore on CAS agar plate .
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                                  Figur 5- Phylogenetic tree showing position of isolate Enterobacter

                                  bugandensis R1 with related organisms based on 16S rDNA sequences.

                                  Scale bar represent 0.1 substitutions per nucleotide position. The

                                  optimal tree with the sum of branch length = 1.83445614 is shown. The

                                  percentage of replicate trees in which the associated taxa clustered

                                  together in the bootstrap test (500 replicates) are shown next to the

                                  branches. The tree is drawn to scale, with branch lengths in the same

                                  units as those of the evolutionary distances used to infer the

                                  phylogenetic tree. The evolutionary distances were computed using the

                                  p-distance method and are in the units of the number of base

                                  differences per site. The analysis involved 9 nucleotide sequences. All

                                  positions containing gaps and missing data were eliminated. There were

                                  a total of 355 positions in the final dataset. Evolutionary analyses were

                                  conducted in MEGA7.
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                                                     Figur 6- Effect of different pH on isolate R1
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                                            Figur 7- Effect of different nitogen sources on isolate R1
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                                                    Figue 8- Effect of different ph on Isolate R1
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