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ABSTRACT 
The present study includes the isolation of potent dye decolorizing bacterial strains from 
contaminated site of Hatkanangle, India. Consortium of two soil isolates Providencia spp. RMG1 and 
Bacillus spp. RMG2 have developed and designated as consortium PB1. Consortia PB1 is efficiently 
decolorize industrial dye reactive red 4E8Y5 and mixture of various industrial dyes under static and 
shaking condition. We have also studied the differences in enzyme activity and the fate of metabolism 
of reactive red 4E8Y5 by individual and in the consortium of two microorganisms. Induction in the 
activity of lignin peroxidase and azoreductase was observed during decolourization of Reactive Red 
4E8Y5 in the batch culture, which represented their role in degradation. The intermediate, metabolites 
have been analyses by UV-Visible spectroscopy, TLC and FTIR techniques. Phytotoxicity of metabolites 
and original dye were performed. 
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INTRODUCTION 
Synthetic dyes are extensively used in the textile 
industries. The discharge of highlycolored synthetic 
dye effluents from the industries can result in 
serious environmental pollution problems. In 
aquatic systems, the dye undergoes various 
reactions and the alterations to their chemical 
structures and result in the formation of new 
xenobiotic compounds. Discharge of highly colored 
dye containing effluents from textile and dye stuff 
industries to neighboring water bodies is causing 
significant health concerns (Chung et al., 1992, 
Chagas and Durrant 2001, Martins et al., 2002). 
Some of the anthraquainone, azo and xanthane are 
known to be very mutagenic and toxic to the living 
organisms (Mollar  and Wallin  2000). Fungal 
degradation of reactive red 198 dye by Aspergillu 
sparasiticus was studied through biosorption 
process (Tunali et al., 2009). Reactive dyes in 
wastewater can be degraded by ozone treatment 
also (Constapel  et al.,  2009). More ever, the 
physical and chemical methods have disadvantages 
of being highly expensive, coupled with the 
formation of large amount of sludge and the 
emission of toxic substances (Johanson, 1978). The 
ability of microorganisms to carry out dye 
decolourization has recently received much 
attention. The decolourization rate of dyes also 
depends on the oxidation potential of the azo dyes. 
Wide range of microorganisms including bacteria, 

fungi, yeasts, actinomycets and algae capable of 
degrading range of dyes have been reported.(Chen 
et al., 2003). Azoreductase enzyme play very 
important role in the degradation of reactive dyes. 
Sequencing of genes code for the enzymes used in 
dye degradation was studied. 
 
MATERIALS AND METHODS 
Isolation, Screening and identification of 
microorganisms 
Microorganisms were isolated from soil 
contaminated with textile processing and dye 
manufacturing unit in Hatkanangle (India), by an 
enrichment culture method. The morphologically 
distinct bacterial strains were selected for the dye 
decolourization study. Two potent dye decolorizing 
bacterial strains were identified on the basis of 
their morphologically, biochemically and 16s 
ribosomal RNA gene sequence analysis. 
Phylogenetic analysis and sequence alignment 
16s ribosomal RNA gene sequencing was carried 
out in GenOmebio Technologies, Pune (India). The 
16s ribosomal RNA gene sequences of both the 
microorganisms were initially deposited on NCBI 
Genebank and the accession number of both the 
strains are Provedentia spp.RMG1 (GU270296) and 
Bacillus spp. RMG2 (GU270297). The 16s ribosomal 
RNA gene sequences of both the microorganisms 
were initially analyzed (http://www. 



 
 

http://www.jsrr.net 179                                                ISSN: 2249-7846 (Online) 

Gudmalwar and Kamble 

ncbi.nlm.nih.gov) using BLAST (blastn) tool and 
corresponding sequences were downloaded and 
evolutionary history was constructed using the 
Neighbor-Joining method (Saitou  & Nei, 1987). The 
percentage of replicate trees in which the 
associated texa clustered together in the bootstrap 
test (1000 replicates) was shown next to the 
branches (Felsenstein, 1985). The Phylogenetic tree 
was line arised assuming equal evolutionary rates in 
all lineages (Takezaki et al., 2004). The clock 
calibration to convert distance to time was 
0.01(time/node height). The tree was drawn to 
scale, with branch length in same units as those of 
the evolutionary distances used to infer the 
phylogenic tree. The evolutionary distances were 
computed using the maximum composite likelihood 
method and are in the unit of the number of bases 
substitutions per site. Phylogenetic analyses were 
conducted in MEGA4 software. 
Bacterial culture conditions 
Pure cultures of isolated microorganisms were 
maintained at 4oc and sub culture monthly on 
nutrient agar slants. The pure culture of Providencia 
spp. RMG1 and Bacillus spp. RMG2 were grown in 
250 ml Erlenmeyer flask, containing 100 ml nutrient 
broth containing (gl-l) peptone 10, Nacl 5, beef 
extract 3. Pure cultures of isolated microorganisms 
were also show the optimum pH7 at 37oc and 30oc 
for 24 h, respectively under static anoxic condition. 
Development of Bacterial consortium PB1 
The consortiumPB1 was developed by aseptically 
transfer of 2.5 ml suspension of overnight grown 
culture of each bacterial strain i.e. Providencia spp. 
RMG1 and Bacillus spp. RMG2 in 100 ml nutrient 
broth, optimum pH7 at 37oc for overnight, under 
static anoxic condition. Individual strains used in 
this study Providencia spp. RMG1 and Bacillus spp. 
RMG2 were inoculated with 1 ml suspension of 24h 
grown culture  respectively, to maintain the same 
cell count in the pure culture and it’s consortium. 
Dyestuff and chemicals 
Reactive red 4E8Y5, disperse blue 34,disperse 
yellow 5RX,disperse brown3REL, reactive orange 
HEZR, reactive golden yellow HER, reactive orange 
TGLL, reactive green HE4BD, reactive yellow GR 
were generous gift from Yashwant textile industry 
Ichalkaranji, India. All chemicals were of the highest 
purity and of an analytical grade. 2, 2 108 0-
Azinobis (3-ethylbezthiazoline-6-sulphonate) (ABTS) 
was purchased from Sigma Aldrich, USA.  
 

Decolourization experiments 
The 24 hrs grown consortium-PB1 and individual 
strains cells were incubated with different textile 
dyes such as Reactive red 4E8Y5, disperse blue 
34,disperse yellow 5RX,disperse brown3REL, 
reactive orange HEZR, reactive golden yellow HER, 
reactive orange TGLL, reactive green HE4BD, 
reactive yellow GR at concentration, 50 mg l-1, 
individually and incubated at 37oC under static 
condition. Decolourization performance of mixture 
of above industrial dyes with concentration (50 mg 
l-1) each was studied in 250 ml Erlenmeyer flask 
containing100 ml nutrient broth at 37oC under 
static condition. An aliquot (3 ml) of the culture 
media was withdrawn at the different time 
intervals. Aliquot was centrifuged at 8000 rpm for 
15 min to separate cell mass. Supernatant was used 
to determine decolourization by measuring the 
change in absorbance of culture supernatant at the 
maximum absorption wavelength (λ max) of the 
respective dyes. 
The individual strains Providencia spp. RMG1 and 
Bacillus spp. RMG2 (PS and BS) and the developed 
consortium-PB1 cells grown in the nutrient broth 
for 24 h were used to monitor decolourization of 
Reactive red 4E8Y5 at 37oC under static anoxic and 
shaking (120 rpm) condition. Decolourization at 
different initial concentrations of Reactive red 
4E8Y5 (50–200 mg l-1) were tested by using 
individual strains as well as developed consortium-
PB1 at 37oC under static condition. Studies on the 
effect of temperature (30–65oC) and pH (3-9) were 
carried out in the nutrient broth (dye 
concentration, 50 mg l-1) under static anoxic 
condition. Further, decolourization of repeated 
addition of dye aliquots (50 mg l-1) to culture media 
was also studied in nutrient broth under static 
condition without supplement of additional 
nutrients. Studies on the effect of various carbon 
and nitrogen sources were carried out in the 
synthetic medium (dye concentration, 50 mg l-1) at 
37oC under static condition by using developed 
consortium-PB1.1 gram bagasse powder, rice bran 
and wood shavings were mixed with 100 mL 
distilled water individually , boiled for 15 mins, 
cooled and filtered after boiling. The mixture of 
boiled extract and media was sterilized by 
autoclaving at 1210C for 15 mins and then used for 
the growth of the individual strains (Providencia 
spp.RMG1 and Bacillus spp.RMG2) and the 
developed consortium PB1.For this 10% inoculum 
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with an optical density of 1.0 (at 620 nm), grown in 
the nutrient broth for 24 h was used for inoculation 
of synthetic medium (Tamboli, 2010a). All 
decolourization experiments were performed in 

triplicates. Abiotic controls (without 
microorganism) were always included.  
The percentage decolourization was calculated 
(Saratale et al., 2006) as follows: 

 
           % Decolourization =       Initial absorbance - Observed absorbance × 100% 
       Initial absorbance 
 
The average decolourization rate (µg h- 1) was calculated (Jadhav et al., 2008) as follows: 
Average decolourization rate = C × %D× 1000 

           100× t 
Where C is the initial concentration of dye (mg l-1) and %D is the dye decolourization (%) after time t (h). 
 
Preparation of cell free extract 
The microorganismsPS and BS were grown in 
nutrient broth at 37oC and 30oC respectively for24 
h. Cells were collected by centrifugation at 
5600gfor 20 min and suspended (100 mg 1-l) in 50 
mM potassium phosphate buffer (7.4 pH) for 
sonication (sonics-vibracell ultrasonic processor), 
keeping sonifier output at 60 amp., giving eight 
strokes, each of 30s with 2 min interval. The 
temperature was maintained below 4oC. This 
extract was used as source of enzyme. 
 
Enzyme analysis  
Enzyme activity during decolourizations 
Laccase(Hatvani  & Mecs  2001), azo-reductase (Ooi  
et.al., 2007) and tyrosinase( Zhang X and FlurkeyW, 
1997)  enzyme activities were observed in the 
individual strains(Providencia spp. RMG1 and 
Bacillus spp.RMG2) and the developed Consortium 
PB1.A significant increase in activities of laccase, 
azo-reductase and tyrosinase was observed in cell 
pellets of the individual strains (Providencia spp. 
RMG1 and Bacillus spp.RMG2) as well as the 
developed Consortium PB1. 
Decolourization of mixture of dyes and textile 
effluent at the time of production of PHB 
Decolourization and Biodegradation Analysis 
Decolourization was quantitatively analyzed using 
UV-visible spectrophotometer     (UV-1800 
Shimadzu Corporation) whereas biodegradation 
analysis was monitored by thin layer 
chromatography (TLC) and Fourier transform 
infrared spectroscopy (FTIR) (Saratale, et. al. 2009). 
The culture supernatants of individual strains and 
the developed consortium at different time 
intervals were used for UV-Vis analysis.TLC was 
performed using silica gel coated on aluminium 
sheet. Sample of extracted metabolites and dye 

(control) were loaded on silica gel. The solvent 
system used was methanol, ethyl acetate, n-
butanol, water, acetic acid in the ratio of 1:2:3:1:0.2 
v/v respectively. The spots were visualized in an 
iodine chamber. The FTIR analysis was done in the 
mid IR region of 400- 4000/cm with16 scan speed 
the samples were mixed with spectroscopically 
pure and oven dried KBr in the ratio of 5:95, pellets 
were fixed in sample holder, and the analysis was 
carried out. 
Biodegradation of Textile Effluents 
To understand the degree of biodegradation of dye, 
ADMI analysis after 3 hrs incubation with 
consortium and 48 hrs incubation with individual 
strains was determined. Samples were taken before 
and after incubation with consortium and individual 
strains. The cells were removed by centrifugation 
(5000 rpm, 20 min) and the supernatant was used 
for ADMI (American Dye Manufacture’s Institute) 
analysis.Results can be reported in terms of 
dominant wavelength (590, 540 and 438 nm), 
Luminance and purity. This method is also called as 
ADMI tristimulus method or three wavelength 
method (Kurade, et al., 2012). 
Phytotoxicity studies  
Phytotoxicity tests were performed in order to 
assess the toxicityof the untreated and treated dye. 
The ethyl acetate extractedproducts of Reactive 
Red 4E degradation were dried and dissolvedin 10 
ml sterile distilled water to make a final 
concentrationof 300 mg l-1for phytotoxicity studies. 
The phytotoxicity studywas carried out (at room 
temperature) on Phaseolusmungoand Sorghum 
vulgare importantin the Indian agriculture 
(Parshetti et al., 2006). Ten seeds ofP. mungoand 
S.vulgarewere grownregularly supplied with water 
as a control. Textile dye Reactive Red 4E8Y5(300 
ppm) and its degradationproducts (300 ppm)
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for seven days. Volumes forsupplement of water, 
dye and product were kept same i.e. 10 mlper day 
for seeds taken in watch glasses. After seven days 
effectof dye and products on the germination as 
well as growth of rootand shoot of the plants was 
observed.  
Result and Discussion 
Isolation and identification: Morphologically 
distinct soil bacterial strains show the remarkable 
Decolourization capacity of reactive red 4E8Y5, 
were isolated from the soil sample of Hatkanangle, 
(India).Bacterial culturesRMG1 was found to be 
Gram-negative cocci and bacterial culture 
RMG2shown Gram-positive rod nature. The 
identification of strains was performed on the basis 
of morphological, biochemical characteristics 
(Table1) and 16s rRNA gene sequence at 
Genomebio Technology (Pune, India). Bacterial 
strains RMG1 and RMG2 were identified as, 

Provedentia spp. (GU270296.1) RMG1and Bacillus 
spp(GU270297.1)RMG2  respectively. Consortium 
(PB1) of both the strains shown effective 
Decolourization of Reactive red 4E8Y5.Therefore 
reactive red 4E8Y5 dye was selected for further 
studies. 
Phylogenetic position of isolates: Phylogenetic 
analysis of the16s rRNA gene sequences of 
Provedentia spp.RMG1 (633 bp, GU270296.1) and 
Bacillus spp.RMG2 (750bp, GU270297.1) were 
determined. Figure 1and 1a  showed the 
phylogenetic relationship between the isolated 
bacterial strains and other related bacteria found in 
the Genebank database. 
The sequence homology of both bacterial 16s rDNA 
sequences shown that the provedentia spp. RMG1 
and Bacillus spp. RMG2 were in the phylogenetic 
branch of the genus Provendentia and Bacillus, 
respectively. 

 

( GU270296.1) Provedentia spp. RMG1 

( DQ885263.1) Providencia rettgeri strain 

 (EU660316.1)Providencia rettgeri strain 
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Figure 1a  Bacillus spp. RMG2 
 
Table 1: Average Decolourization rates of the individual strains and the consortium PB1 for different textile dyes, 
calculated as µg of dye decolorized per hour 

Sr. 
No. 

Name of dye λ max  
(nm) 

Chemical class Average Decolourization  rate(µg/hrs) 

PS BS PB1 

1 Disperse Blue34 530 Disperse 208 069 271 

2 Disperse Yellow 5RX 420 Disperse 208 121 1666 

3 Disperse Brown 3REL 530 Disperse 714 1250 1666 

4 Reactive orange HEZR 470 Reactive Azo 208 056 823 

5 Reactive Red 4E8Y5 530 Reactive Diazo 705 065 1559 

6 Reactive Golden Yellow HER 470 Reactive Azo 714 131 4782 

7 Reactive Orange TGLL 470 Reactive Azo 1197 067 1666 

8 Reactive Green HE4BD 620 Reactive Diazo 165 051 258 

9 Reactive Yellow GR 470 Reactive Diazo 1197 277 1207 

PS- Provedentia spp. RMG1 

Bacillus spp.RMG2 (GU270297.1) 

 Bacillus subtilis (EF427892.1) 

 Bacillus altitudinis strain 4YG40(FJ174623.1) 

 Bacillus sp. NJ3(AB066229.1) 

 Bacillus sp. B-25 (EU661809.1) 

 Bacillus subtilis strain CICC10154 (AY971365.1) 

 Bacillus subtilis strain TCCC11441(FJ393325.1) 

 Bacillus subtilis strain: GH29(AB301003.1) 

 Bacillus vallismortis strain 1P05UA(EU977805.1) 

 Bacillus sp. 122706(EF522808.1) 

 Bacillus subtilis(FJ465167.2) 

 Bacillus subtilis strain FS321(EF530208.2) 

 Bacillus subtilis strain BJ-47(GQ280057) 

 Bacillus subtilis strain TCCC17018(EU231630.1) 

 Bacillus subtilis strain TCCC11021 (EU231615.1) 

 Bacillus subtilis strain HNL01(EU373330.1) 

 Bacillus amyloliquefaciens strain JK-SD0(GQ169782.1) 

 Uncultured Bacillus sp.clone JRCBIII11(DQ252421.1) 

 Bacillus subtilis strain094513(EF522792.1) 

 Bacillus pumilus strain d63(FJ950696.1) 

 Bacillus subtilis strain 1201 (EU982509.1) 
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BS- Bacillus spp. RMG2 
PB1- Developed Consortium 
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Three different medium were used to study their 
effect on decolorization of Reactive Red 4 by 
Consortium PB1, Bacillus and Providencia spps. It 
was observed that media containing baggase 
powder and wood shavings showed high (%) 
decolorization in consortium as well as both strains. 
 
Decolourization experiments 
Decolourization of dyes  in various condition: 
Decolourization of dye was carried out in effluent 
collected from 5 star MIDC, Kolhapur India at 

shaking as well as static conditions. The cell 
biomass gets increased after incubation of 
simultaneously decolourizing the effluent. Cell 
biomass were increased in non-sterilized effluent 
but less decolourization while less cell biomass 
produced in sterilized effluent with more 
decolourization. On sterilized effluent contain a lot 
of microorganism which cannot degrade dye but in 
sterilized effluent two individual microorganisms 
and consortium of both degrade the dye. 

 
Table 4: Enzyme activity during decolourization of reactive red 4 dye 
Activities of laccase, azo-reductase and tyrosinase in cell pellet and supernatant are tabulated below: 
 

Enzymes Strains Extracellular (supernatant) Intracellular (cell pellet) 

Laccase 
(420 nm) 

Consortium PB1 0.7859±0.0023 5.6610 ± 0.470 

Providencia spp. RMG1 0.6752±0.0039 1.0756 ± 0.008 

Bacillus spp. RMG2 0.9574 ±0.0010 3.1863 ± 0.049 

Azo-reductase 
(440 nm) 

Consortium PB1 40.5827±0.452477 539.1596 ± 5.881 

Providencia spps RMG1 52.0709  ±0.0833 422.3703 ± 1.297 

Bacillus spp. RMG2 30.132±0.4769. 479.521 ± 8.160 

Tyrosinase 
(265 nm) 

Consortium PB1 1471.43±124 2329.9921 ± 24.904 

Providencia spp. RMG1 473.9992±12.71 -195.7821±6.59966 

Bacillus spp. RMG2 1398.6930±124.71 5318.191±5605.00 

Values are mean of three experiments ± SEM. 
Enzyme unit is min

-1
mg

-1
protein. 

 
Decolourization and biodegradation analysis 
Thin Layer Chromatography (TLC) of original dye 
and degraded metabolites: TLC analysis showed 
the appearance of more than one spot in sample 
containing extracted metabolites of completely 
decolorized medium. 3 spots with Rf ( Retardation/ 
Retention factor)values of 0.38, 0.65 and 0.83 were 
obtained for sample spot containing extracted 
metabolites of Providencia spp.RMG1 2 spots with 
Rf values of 0.60 and 0.85 were obtained for sample 

spot containing extracted metabolites of Bacillus 
spp.RMG2 4 spots with Rf values of 0.34, 0.56, 0.65 
and 0.83 were obtained for sample spot containing 
extracted metabolites of Consortium PB1. Rf value 
of dye (control) was noted as 0.14. 
Samples containing extracted metabolites showed 
increased Rf values as compared to that of dye 
control. These increased Rf values of extracted 
metabolites confirmed the biodegradation of 
Reactive Red 4. 
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Figure 2 TLC 1) Original Reactive red 4E8Y5 dye; 2) Metabolites of Providencia spp.RMG1; 3) Metabolites 
of Bacillus spp.RMG2; 4) Metabolites of Consortium PB1 
Fourier Transformed Infra-Red Spectroscopy (FTIR) analysis 
The FTIR analysis was done in the mid IR region of 400- 4000/cm with 16 scan speed.The samples were 
mixed with spectroscopic pure Potassium Bromide (KBr) in the ratio of 5:95, pellets were fixed in sample 
holder, and the analysis was carried out. 
 

 
 

Figure 3 FTIR Spectra of Control Dye Reactive red 4E8Y5 
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Figure 4 FTIR Spectra of metabolites of degraded dye Reactive red 4E8Y5 by Providencia spp.RMG1  

 
Figure 5 FTIR Spectra of metabolites of degraded dye Reactive red 4E8Y5 by Bacillus spp.RMG2 
 
Phytotoxicity: Despite the fact that untreated dye 
effluents might cause serious environmental and 
health hazards, they are being disposed in water 
bodies and this water being used for agriculture 
purpose. Use of untreated dye and treated dye 
effluents in agriculture has direct impact on fertility 
of soil. Thus, it was of concern to access the 
phytotoxicity of dye before and after degradation. 
The relative sensitivity towards the reactive red dye 
and its degradation product by consortium- PB1, 

Providencia spp. and Bacillus spp. in relation to V. 
radiate and S. vulgar were studied. 
Reactive red 4 inhibited the germination of V. 
radiata and S. vulgarein the range of 50-60 % when 
compared with the control. There was no 
germination inhibition in both the seeds when 
metabolites after complete decolonization were 
applied at same concentration. Reduction in the 
growth was observed in the presence of 
metabolites when compared to the growth in 
distilled water in both the plants. 

 
Figure 6: Phytotoxicity study on seed germination 
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Results from phytotoxicity studies showed that the metabolites produced by both the individual strai 
ns as well as the consortium PB1 after degradation of dye Reactive Red 4 did not inhibit germination of 
plants and are nontoxic. 
 
Table 5:  Results obtained from seed germination of Vigna radiata  and Sorghum vulgare for metabolite 
of bacterial Consortium PB1 

Mentioned values are the mean of ten germinated seeds of three sets SEM (±). 
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