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ABSTRACT
Considering the fact that azo dyes are recalcitrant and escape in the traditional biological waste
treatment procedures, present study explores decolorization and biodegradation of azo dyes by
bacteria as an eco-friendly approach. Isolated strain of Bacillus boroniphilus showed appreciable
ability of decolorization of reactive yellow 145 dye and exhibited maximum decolorization in static
condition of growth. Further, biodegradation of azo dye was analyzed by TLC, UV-Vis
spectrophotometry and FTIR, results showed that –N=N- (azo bond) get converted into –NH2 (amino
group), which proves accomplishment of biodegradation of  reactive yellow 145. Moreover, phytotoxi-
city study revealed the less toxic nature of decolorized products as compared to original dye.
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INTRODUCTION
Azo dyes account for the majority of all textile
dyestuffs produced and are the most commonly
used synthetic dyes in the textile, food, paper
making, color paper printing, leather and cosmetic
industries1. More than 50% azo dyes are used
annually, due to simple diazotization reaction
mechanism for their production2. Azo dyes are
characterized by the presence of one or more azo
groups (-N=N-), which are responsible for their
coloration and when such a bond is broken
(degraded), the compound loses its color2. They
are the largest and most versatile class of dyes,
but have complex structural properties that are
not easily degraded under natural condition and
are not typically removed from water by
conventional wastewater treatment system3.
Many of them are carcinogenic, mutagenic4, and
many trigger allergic reactions in human5,6. It is
estimated that over 10% of the dye used in textile
processing does not bind to the fibers and is
therefore released in to the environment.7

Conventional waste water treatment is not
efficient to remove recalcitrant, because of high
cost, low efficiency and in-applicability to wide
variety of dyes.8 Microbial decolorization and
degradation is an eco-friendly, cost-competitive
alternative method to chemical decomposition
process.9,10 Recently, studies on various microbial
species such as Psudomonas sp., Streptomyces
sp11, are successfully carried out for finding new
resources for decolorization. These new
microorganisms having high growth rate in polluted
environment and minimal nutritional requirements
can be used to achieve good result in
decolorization as well as dye degradation
experiments.12,13 Thus, herein we report isolation
and identification of dye-degrading bacterial
isolates capable of decolo- rization and
biodegradation of Reactive Yellow 145.

MATERIAL    AND    METHODS
All the chemicals of analytical grade were
purchased from Hi-Media Laboratories, Mumbai,
India. The textile dye Reactive Yellow

)nm418(145 max  , was obtained from Shah
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chemicals, Gujarath and Oswal Dyechem,
Mumbai, India.
Isolation, screening and identification of
microorganism
Sludge sample was obtained from the Naroda
Common Effluent Treatment plant, Gujarat, and
was enriched in the nutrient broth containing
various textile dyes (50 mg of the dye/L) in static
anoxic condition at 30 °C for 48 h. The micro
organism having ability to degrade dye was
screened by streaking on nutrient agar plates
containing dye (50 mg/L). The colonies were
selected on the basis of their ability to form clear
zone on plates. Isolate was then screened for its
ability to remove color in liquid medium. The
selected organism was further identified using
routine microbial and biochemical identification
test at laboratory level.
After laboratory level biochemical testing the
culture was sent for 16S rRNA sequencing at
Molecular Diagnostic Centre, Pune, India, for
confirmation of species level identification. The
nucleotide sequence analysis of the sequence was
performed at BLASTN site at NCBI server.14

Strain, media and culture condition
The pure culture of bacterial isolate was
maintained on nutrient agar slant at 4°C.
Decolorization experiments were carried out in
nutrient broth (0.5% NaCl, 1% peptone, 0.2%
yeast extract, 0.1% beef extract). Bushnell and
Hass medium (BHM) (g/L: MgSO4, 0.2; K2HPO4,
1.0; CaCl2, 0.02; FeCl3, 0.05; NH4NO3, 1.0;
supplemented with different co-substrates (each
of 0.05 mg/L ) and Reactive Yellow 145 (50 mg/
L) was used to study the effect of carbon and
nitrogen source on decolorization of Reactive
Yellow 145.
Decolorization experiments
Pre-cultured cells grown in Nutrient broth having
0.1 Optical densities at 600 nm at final inoculums
size of 5 % of B. boroniphilus was inoculated in
BHM containing dye Reactive Yellow 145 (50 mg/
L). All the experiments were performed in
duplicates,  and abiotic controls (without
microorganisms) were always included.
Decolorization at static and shaking
conditions
The experiment was set up as mentioned above

and the organism was incubated under static and
shaking condition (150 rpm), at room temperature.
2 mL of culture broth from each 250 mL
Erlenmeyer flask was removed aseptically after
each 1h and centrifuged at 10000 rpm (REMI
knlo-7869) for 20 min to remove suspended
biomass. Percentage decolorization was
determined by measuring the absorbance of
culture supernatant at the absorbance maxima of
the dye (418 nm for reactive yellow145).

Decolorization with pH, salinity and
temperature
Decolorization was studied at various pH
concentrations (4, 5, 6, 7, 7.5, 8, 8.5, 9, 10 and 11
at 35oC), Salt concentration (0, 0.5, 1, 1.5, 2, 3, 4,
5, 6 and 7% at 35 oC) along with temperature
range (20, 30, 35, 40, 45, 50 oC).

Decolorization with increased dye
concentration
In order to examine the effect of initial dye
concentration on the static condition, BHM
medium was added with decolorization 50, 100,
150, 200, 250, 300, 400 and 500 mg/L of the
Reactive Yellow 145. The percentage
decolorization was measured at different time
interval. The percent decolorization was calculated
as follows15

Enzyme activity free extract
Preparation of cell extract
To assay intracellular enzymes, one set of isolate
was grown in 100ppm Reactive Yellow containing
nutrient broth until 100% decolorization occurs and
other set was grown in nutrient broth lacking
Reactive Yellow 145. The biomass was harvested
by centrifugation (7000 rpm, 20minutes), (Remi
Instruments Ltd. Zoi 8-63) and washed two times
with 50 mM potassium phosphate buffer (pH 7.4)
and re-suspended in the same. The cell lysis was
carried out using sonicator (Branson Ulitrasonic
Corporation Model S250D). Microbial cell mass
was sonicated by keeping sonifer output at 50
amplitude maintaining temperature at 4 oC and
giving 8 strokes each of 30 sec with one minute
interval. The unbroken cells and cell debris were
removed by centrifugation at 13,000 x g for 20
mins. in cooling centrifuge (Zoi 8-63 Remi India



305

J. Environ. Res. Develop.
Journal  of  Environmental  Research  And  Development                  Vol. 7 No. 1A, July-September  2012

make) and the supernatant was used as an
intracellular crude source of enzyme.
Enzyme assay
Laccase, Azo-reductase, Tyrosinase and Lignin
Peroxidase (L P) activities were analysed in cell
free extracts as well as in culture supernatants.
Laccase assay was done using Guaicol as
substrate. For this, the reaction mixture containing
2 mM Guaicol and 15 mM Phosphate buffer pH
6.5 and the oxidation of Guaicol was measured at
465 nm16. One unit was the amount of enzyme
that increases absorbance by 0.001unit at
30OC.For Azo-reductase assay mixture containing
4.45 M of Reactive Yellow 145 and 100  M
NADH in 50mM phosphate buffer (pH 7.4) and
0.1 mL of enzyme solution. The reaction mixture
was pre-incubated for 4 mins. followed by the
addition of NADH and monitored for the decrease
in color absorbance (430 nm) at room temperature.
Azo reductase activity was expressed in terms
of Reactive Yellow 145 reduction which was
calculated by using molar absorption coefficient
of 0.023  M-1Cm-1 at 430 nm 17. Tyrosinase
activity was determined by reaction mixture of
2ml, containing 0.01% catecol in 0.1M phosphate
buffer (pH 7.4) at 495 nm18. Lignin peroxidase
(LiP) was determined by monitoring the formation
of propanoldehyde at 300 nm in a reaction mixture
of 2.5 mL containing 100 mM n-propanol, 250 mm
tartaric acid, and 10 mM H2O2

19. The enzyme
assay was carried out at 30 oC where reference
blank contained all components except the
enzyme. All enzyme assays were run in triplicate
and average rates were calculated and one unit
of enzyme activity was defined as a change in
absorbance unit min -1 mg of enzyme-1.

Study of effect of carbon and nitrogen sources
The media used for co–substrate study was BHM
along with 50 mg/L Reactive yellow 145,
containing organic components (urea, yeast
extract and peptone each of 0.5 %) along with
various nitrogen sources. Decolorization was
studied using various carbon and nitrogen sources
such as glucose, starch, sucrose, casein, lactose,
urea, ammonium chloride and ammonium acetate
were used in the present study. The concentration
of whole carbon or nitrogen source was 0.5 g %

in BHM.
Biodecolorization and biodegradation
analysis
The decolorization was monitored by UV-Vis
spectroscopic analysis (Shimadzu UV-1601).
Whereas biodegradation was monitored by TLC
(Thin Layer Chromatography), carried out on 0.2
mm silica gel 60 f254 (Merk) plates using UV light
(250 and 400 nm), fluorescence light (400 and
600 nm) and also by FTIR Spectroscopy
(Shimadzu FTIR 8400 S). After 24h of
decolorization, the entire decolorized medium was
centrifuged at 10000 rpm for 20 mins and
supernatant obtained was extracted with equal
volume of ethyl acetate, dried over anhydrous
Na2SO4 and concentrated in the rotary vacuum
evaporator (Heidolph, Laborota 4000). The
Biodegradation of Reactive Yellow 145 was
characterized by Fourier Transform Infrared
Spectroscopy, and compared with control dye.
FTIR analysis was done in the mid IR region of
500-4000 cm-1 with 16 scan speed. Rotary vacuum
evaporated sample (extracted after  24h
decolorization period) was dissolve in methanol
and run on TLC plate in the 1:1/ v:v chloroform
and methanol solvent system. Three samples were
run on the plate in three different lanes, containing
Reactive Yellow 145 dye, degraded samples of
B. boroniphilus.

Toxicity study
Phytotoxicity test was performed in order to
assess the toxicity of Reactive Yellow 145 and its
bio-degraded metabolites. Test was carried out
according to the procedure reported earlier 20 on
the seeds which are commonly used in Indian
agriculture: Triticum aestivum. The Reactive
Yellow 145 and methanol extracted product was
dissolved separately in distilled water and made
the final concentration of 1000 mg/L. Toxicity
study was done by growing  the seed12 of Triticum
aestivum separately into control, dye and extracted
metabolite sample. Germination (%), length of
plumule and radical was recorded after 10 days.
Statistical analysis
Data from toxicity testing was analyzed by paired T
Test by MINITAB SOFTWARE. Readings were
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considered significant when P value was 05.0 .

RESULTS   AND  DISCUSSION
Isolation, screening and identification of
microorganisms
The bacterial strain was selected based on the
ability to form a zone on nutrient agar plates. This
selected strain was identified by 16 S rRNA as
B. boroniphilus. After biochemical tests at
laboratory level it was found that the organism
was 2-3 nm long, Gram positive, Spore forming
motile rod, showing positive results for H2S
production, Catalase enzyme production, Oxidase
enzyme production and Gelatinase liquification.
The strain was also able to ferment sugars like
Fructose, Mannose and D- maltose.

Effect of static and shaking condition
Decolorization in static condition was much higher
than in the shaking condition. B. boroniphilus
showed about 100% decolorization of Reactive
Yellow 145 (50 mg/L) within 9 h, at shaking
condition but, because of involvement of oxygen
there was very less decolorization observed.
Though involvement of oxygen inhibits
decolorization in shaking condition, but at the same
time it supports microbial cells to grow efficiently
in medium as compared to in static condition 2.
The reason for decrease decolorization at shaking
condition could be the competition of oxygen and
dye compounds for reduces electron carriers under
aerobic condition.21 (Fig. 1)

Fig. 1:  Comparison of shaking and static culture with respect to effect on dye decolorization.
Static culture () and Shaking culture of B. boroniphilus ( )

Effect of pH, Temperature and Salt concen-
tration
When decolorization of  Reactive Yellow 145 was
studied at different factors like pH,  temperature
and salinity, B. boroniphilus showed 100%
decolorization at neutral pH 7, temperature (30
oC) and salt concentration (0% NaCl), (Table 1).

B. boroniphilus 20 showed highest activity at
different pH levels and can tolerate more alkaline
condition, but it doesn’t showed good activity in
acidic pH 7. Effect of temperature on B.
boroniphilus at 20oC showed very less
decolorization but at high temperature at 50oC
there was near about 80% decolorization. At 50oC

Fig. 2 :  Effect of increasing dye concentration on decolorization performance of B.   boroniphilus. Dye
concentration (mg/L) 50 (), 100 ( ), 150 ( ), 200 (x), 250  ( ), 300 (), 400 (|), 500 (—)
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strain showed decline efficiency in decolorization
of reactive yellow 145 (Table 1). B. boroniphilus
showed high salt tolerance, and its decolorization
activity does not affected by increasing salt
condition up to 5% NaCl in the medium but below
that % the decline activity of decolorization is
observed (Table 1).

Effect of increasing dye concentration
Percent decolorization of Reactive Yellow 145 by
B. boroniphilus was decrease with increase in
initial dye concentration (50-500 mg/L) when
studied up to 24h at static condition. The time
required for decolorization was inversely
proportional to dye concentration. Lower

S/N               Optimization factor           B. boroniphilus Incubation Time

9 hrs. 24 hrs.

  1 pH 7 6-8.5

  2 Salt (NaCl %) 0 0-5

  3 Temperature (oC) 30 30-40

  4 Oxygen Availability Static Static

  5 Dye Concentration( mg/l) 50 50-150

Table 1 : Comparative account of   B. boroniphilus optimizing conditions.

Enzyme assessed B.  boroniphilus B. boroniphilus
Enzyme activity* Enzyme activity

(Un-induced) (Induced) After 12 hrs

Laccaseb 0.018± 0.004 0.022± 0.002

Azoreductasea 1.14 ±0.03 2.612 ± 0.14

Tyrosinaseb 0.10±0.01 0.12±0.03

Lignin peroxidaseb 0.011±0.009 0.018 ± 0.001

* Values are mean of three experiments (±) SEM,  a μg Methyl red reduced
min-1mg protein-1, b Umin-1mg protein-1

Table 2 : Enzyme activity of intracellular enzymes of Bacillus boroniphilus

decolorization percentage at high dye stuff
concentration was reported and was predicted to
be due to the accumulation of toxic dye stuff in
medium.7 Therefore at concentration of 500 mg/
L there is near about 0% decolorization of reactive
yellow 145 at 24hr (Fig.2 ).
Enzymatic analysis
Cell free intracellular content of the organism has
shown the presence of laccase, lignin peroxidase,
azoreductase and tyrosinase. The results of the

specific activity of different enzyme assessed are
presented in Table 2. The presence of enzyme
activity of these enzymes in the intracellular
content of cell indicates the harmless fate of
primary aromatic amines produced after reductive
cleavage of azo bond in the dyes. B. boroniphilus
possesses higher enzyme activity of enzymes.
Azoreductase activity induced 229%, Lignin
peroxidase activity induced 163% Laccase and
Tyrosinase activity was induced 122% and 120
%, respectively.
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It can be presumed that the major mechanism of
decolorization in the cells is mostly because of
the biotransformation by the enzymes, i.e. similarly
bacteria are also able to produce peroxidase,
which can degrade azo dyes.22This suggests the
prominent role of these enzymes in the process
of decolorization, at this set of conditions.
Effect of carbon and nitrogen sources
The reduction of azo dyes depends on presence
and availability of a co-substrate because it acts

as an electron donor for the azo dye reduction.
The rate of azo reduction process also depends
on the type of co-substrate used and chemical
structure of azo dye. Many different co–
substrates were found to suite as electron donor,
like glucose and yeast extract 2. Table 3 shows
% decolorization of Reactive Yellow 145 by using
different co-substrates. In general, percent
decolorization is more in yeast extract containing
glucose, sucrose and urea. The organic nitrogen

Carbon and   Decolorization Carbon and Decolorization
nitrogen source (%) by nitrogen source (%) by

  B. boroniphilus B. boroniphilus
BHM (Control) 8 BHM + Urea + Yeast Extract 98

BHM + Yeast Extract 65 BHM + Casein 28

BHM + Glucose 62 BHM + Sucrose 18

BHM + Yeast Extract 91 BHM + Glucose + Casein 43

BHM + Peptone 86 BHM + Lactose 8

BHM + Starch 79 BHM + Ammonium Chloride 10

BHM + Glucose + 95 BHM + Ammonium acetate 25
Yeast Extract

BHM + Sucrose + 94
Yeast Extract

Table 3 : Effect of Carbon and Nitrogen source on decolorization of Reactive Yellow
145 by B. boroniphilus

BHM= Bushnell and Hass medium

source supported decolorization, mainly urea,
yeast extract and peptone. The inorganic  nitrogen
sources (ammonium acetate and ammonium
chloride), gives poor growth and low
decolorization efficiency. Urea and yeast extract
are effective Co-substrate for better
decolorization by B. boroniphilus, (Table 3). The
yeast extract probably supplies redox mediator
for decolorization or may serve as nitrogen
source23,24.
Biodecolorization and biodegradation
analysis
The difference in R f values of dye and
decolorization product indicates biodegradation of
Reactive Yellow 145. Comparison of FTIR
spectrum of control dye with extracted metabolites

clearly indicates the biodegradation of parent dye
compound by B. boroniphilus. (Fig. 3) The
considerable difference in FTIR spectrum of
Reactive Yellow 145 and degradation product
indicate biodegradation (Fig. 3). The FTIR
spectra of control Reactive Yellow 145 showed
the specific peak in the finger print region for
distributed or multi-substituted benzene ring which
is supported the peak at 1050.62 cm-1, for meta/
ortho substituted aromatic bending vibration and
the peak at 1226.77 cm-1 asymmetric –SO3-
stretching vibration. The group frequency region
shows specific peak for functional groups, the
Peaks at 3387.11 cm-1 and 3475.84 for -NH- and
-OH- stretching vibrations represents the
presence of hydroxyl (-OH) and  amino (-NH-)
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groups in Reactive Yellow 145. The FTIR
spectrum of extracted product shows peak at
1658.84 cm-1 for –N =N-H stretching vibrations
supports the formation of phenyl diazene and and
peak at 2945.40 and 3290.67 cm-1 for amino and
–OH group stretching vibrations revealed
formation of 8-aminonaphthol. On the basis of IR
stretching frequency we propose the biodegradation
mechanism for Reactive Yellow 145 in Fig. 3.

Fig. 3 :  FTIR spectra of- Reactive Yellow 145 and its degradation metabolites after giving
            treatment with microorganisms

Plausible pathway of biodegradation of Reactive
Yellow 145 by B.boroniphilus shown in Fig. 4.
Toxicity study
Phytotoxicity revealed the toxic nature of
Reactive Yellow 145 to the Triticum aestivum.
Germination (%) of the seeds of Triticum
aestivum was less with Reactive Yellow 145
treatment as compared to their degradation

Fig.  4 : Plausible pathway of biodegradation of Reactive Yellow 145 by B.boroniphilus
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product and distilled water. The Reactive Yellow
145 was significantly reducing the length of
plumule and radical than its degradation product
which indicate the less toxicity of the degraded
product (Table 4). Results from Phytotoxicity
study indicate that the germination rate is proper
indicator of the toxicity of the untreated dye. It
has also demonstrated that the biodegradation
products did not interfere with the germination of
the plant seeds.

CONCLUSION
In Summary,  present study indicates
biodegradation of Reactive Yellow 145 by B.
boroniphilus. This degradation of Reactive
Yellow 145 was mediated because of different
enzymes like Laccase, Azo-reductase,
Tyrosinase, Lignin peroxidase. Phytotoxicity study
proves that, strains have potential to degrade dye
in to less toxic compounds.
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