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Abstract Morphologically different, three bacterial
strains, capable of decolorizing Reactive Blue 59 were
isolated from dye effluent contaminated soil sample, col-
lected from Ichalkaranji, India. The individual bacterial
strains viz. Bacillus odysseyi SUK3, Morganella morganii
SUKS and Proteus sp. SUK7 decolorized Reactive Blue 59
(50 mg 171) completely within 60, 30, 24 h, respectively,
while the bacterial consortium PMBI11 of these strains
required 3 h for the complete decolorization. The decol-
orization was confirmed by UV—-Vis spectroscopy. Further,
the biodegradation of Reactive Blue 59 in to different
metabolites was confirmed by High performance liquid
chromatography and Fourier transform infrared spectros-
copy analysis. Significant increase in the activity of
aminopyrine N-demethylase (AND) in the individual as
well consortium cells, obtained after decolorization showed
involvement of AND in the decolorization process. Phy-
totoxicity studies, revealed the nontoxic nature of the
degraded metabolites of Reactive Blue 59 indicating
effectiveness of bacterial consortium PMBI11 for the
treatment of textile effluent containing Reactive Blue 59.
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Introduction

Dyes and pigments are extensively used in the textile
industries. The discharge of highly colored synthetic dye
effluents from the industries can result in serious environ-
mental pollution problems. Poor analytical methods and the
complexity of manufacturing and retailing are also con-
tributing to the environmental damage caused by these
coloring compounds. In aquatic systems, the dyes undergo
various reactions and the alterations to their chemical
structures can result in the formation of new xenobiotic
compounds, which may be more or less toxic than the
parental compounds [43]. The treatment of textile waste-
water is essential before discharging the wastewater into a
receiving water body. Some of the azo, xanthene and an-
throquinone dyes are known to be very toxic and
mutagenic to the living organisms [26, 29].

The general approach of bioremediation is to improve the
natural degradation capacity of the native organisms.
Biodegradation is an environmental friendly and cost com-
petitive alternative to chemical decomposition processes
[14, 8]. During the past two decades, several physico-
chemical decolorization techniques have been reported, few,
however, have been accepted by the textile industries [9, 32].
Moreover, the physical and chemical methods have disad-
vantages of being highly expensive, coupled with the
formation of sludge and the emission of toxic substances
[19, 37]. The ability of microorganisms to carry out dye
decolorization has recently received much attention.
Microbial decolorization of dyes is a cost-effective method
for removing them from the environment [27, 42]. Recent
research has exposed the survival of a wide variety of
microorganisms including white rot fungi, bacteria and
mixed cultures capable of decolorizing a wide range of dyes
[2, 3]. Microbial consortia are usually used without
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analyzing the constituent microbial populations for envi-
ronmental remediation and complexity of the microbial
consortium enables them to act on a variety of pollutants
[44]. The present day bioremediation relies up on the pol-
lutant degrading capacities of naturally occurring microbial
consortia in which bacteria play central role [24, 31]. Several
bacteria capable of dye decolorization, either individually or
in consortia, have been reported [13, 17, 28, 45].

The present study deals with the isolation of textile dye
decolorizing bacteria and development of the bacterial
consortium PMBI11 to degrade Reactive Blue 59. Reactive
Blue 59 is one of the monochlorosulfonated azo dye and
has a very large consumption rate in the textile dyeing
processes. Reactive Blue 59 has both aromatic sulfonic and
azo groups contributing in the xenobiotic nature. The dye is
soluble in water and has a Ay, of 590 nm. This article,
reports studies on the Reactive Blue 59 decolorization by
individual bacterial strains as well as consortium PMBI11.
We have also reported the enzymes involved in the
decolorization process. Assessment of the toxicity of
Reactive Blue 59 and its degradation metabolites was
carried out by phytotoxicity studies.

Materials and methods

Isolation, screening and identification of
microorganisms

Isolation of bacterial species was carried out from soil
contaminated with textile processing and dye manufactur-
ing unit in Ichalkaranji (India), by an enrichment culture
technique. The morphologically distinct bacterial strains
were selected for the dye decolorization study.

The identification of dye degrading bacterial strains
were carried out on the basis of its morphological, bio-
chemical and 16S rDNA analysis. All the biochemical tests
were performed with specific requirements for each test.

Phylogenetic analysis and sequence alignment

The 16S rDNA sequence was initially analyzed at NCBI
server  (http://www.ncbi.nlm.nih.gov) using BLAST
(blastn) tool and corresponding sequences were down-
loaded and evolutionary history was inferred using the
Neighbor-joining method [35]. The percentage of replicate
trees in which the associated taxa clustered together in the
bootstrap test (1,000 replicates) was shown next to the
branches [10]. The phylogenetic tree was linearized
assuming equal evolutionary rates in all lineages [39]. The
clock calibration to convert distance to time was 0.01
(time/node height). The tree was drawn to scale, with
branch lengths in the same units as those of the
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evolutionary distances used to infer the phylogenetic tree.
The evolutionary distances were computed using the
Maximum Composite Likelihood method [40] and are in
the units of the number of base substitutions per site.
Phylogenetic analyses were conducted in MEGA4 [41].

Organisms and culture conditions

The pure cultures of isolates were maintained at 4 °C and
each strain was sub cultured monthly on nutrient agar
slants having composition (g 1_1); peptone 10, NaCl 5,
beef extract 3 and agar 25. These cultures were used for
decolorization studies after inoculating in 250 ml Erlen-
meyer flask, containing 100 ml nutrient broth having
similar composition as above except agar. All the decol-
orization studies were carried out under static condition at
30 °C temperature unless otherwise stated.

Development of bacterial consortium

Bacterial isolates were mixed in different combinations
and their ability to decolorize Reactive Blue 59 was
studied. To develop a consortium, bacterial isolates (5%
v/v) was inoculated in 100 ml nutrient broth and the
flasks were incubated at 30 °C for 24 h, which was used
in further studies because of its higher decolorization
potential, as compared with the individual isolates.
The bacterial combination, that showed dye decoloriza-
tion in short time, was selected as the potent consortium
for further decolorization studies and was named as
PMBI11.

Dyes and chemicals

Reactive Blue 59 and other reactive dyes used in decol-
orization studies were obtained from local textile industry
Ichalkaranji, India. Bacterial identification kit purchased
from Himedia, India. 2,2’-Azino-bis (3-ethyl benzothiazo-
line-6-sulfonic acid) (ABTS) was obtained from Sigma
Aldrich, USA. Tartaric acid was obtained from BDH
Chemicals India. Nicotinamide Adenine Dinucleotide
reduced disodium salt (NADH), n-Propanol and catechol
from SRL Chemicals, India.

Decolorization experiments

All the decolorization experiments were performed in the
three sets. Decolorization of Reactive Blue 59 was studied
under static condition at 30 °C in 250 ml Erlenmeyer flasks
containing 100 ml nutrient medium. Decolorization
experiments were performed by addition of Reactive Blue
59 (50 mg 17") into 24 h grown individual cultures as well
as bacterial mixed cultures. Aliquot (3 ml) withdrawn after
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decolorization was centrifuged (6,000 rpm, 10 min) and
residual dye content (%) in the supernatant was measured
at 590 nm. Decolorization was expressed in terms of per-
centage and was calculated as:

Decolorization (%) = Initial absorbance

— Final absorbance/initial absorbance x 100

Preparation of cell-free extract

Cells were harvested (10,000 rpm at 4 °C for 20 min) and
suspended in 50 mM potassium phosphate buffer (pH 7.4).
Cell suspension (100 mg ml™') was chilled properly,
gently homogenized and sonicated, keeping the sonifier
output at 40 amp, giving five strokes each of 30 s, at 2 min
intervals (Sonics vibra Cell, Germany), at 4 °C. This cell
homogenate was used for enzyme assays.

Enzyme assays

Biotransformation enzymes viz. lignin peroxidase (LiP),
laccase, tyrosinase, NADH-dichlorophenolindophenol
reductase (NADH-DCIP reductase) and aminopyrine N-
demethylase (AND) were studied. Activities of LiP, lac-
case and tyrosinase were assayed spectrophotometrically in
the cell-free extract at room temperature where reference
blank contained all the components except enzyme
(0.2 ml), in triplicates and average rates were calculated.
One unit of enzyme activity was defined as a change in
absorbance unit min~'mg protein™".

Lignin peroxidase activity was assayed by the procedure
of Shanmugam et al. [38]. It was determined by monitoring
the formation of propanaldehyde at 300 nm. Laccase
activity was assayed by the procedure of Hatvani and Mecs
[12], by monitoring the formation of oxidized ABTS at
420 nm. Tyrosinase activity was determined by modified
procedure of Zhang and Flurkey [46], by monitoring the
formation of catechol quinone at 495 nm in a reaction
mixture (2 ml) containing 0.01% catechol in 0.1 M phos-
phate buffer (pH 7.4).

NADH-dichlorophenolindophenol reductase activity
was determined using a procedure reported earlier by Sa-
lokhe and Govindwar [36]. The reduction of DCIP was
calculated using the extinction coefficient of 19 mM cm ™.
AND activity was determined procedure reported by Jad-
hav and Govindwar [18].

UV-Vis spectral analysis, HPLC and FTIR

Metabolites produced by biodegradation of the Reactive
Blue 59 were extracted with equal volumes of ethyl ace-
tate. The extract was dried over anhydrous Na,SO, and
evaporated solvent in rotary evaporator. The crystals
obtained were dissolved in small volume of high

performance liquid chromatography (HPLC) grade meth-
anol and the sample was used for Fourier transform
infrared spectroscopy (FTIR) and HPLC analysis. UV-Vis
spectral analysis was carried out using Hitachi UV-Vis
spectrophotometer (UV 2800) and changes in its absorption
spectrum (400-800 nm) were recorded. The supernatant
samples of the individual bacterial strains and consortium
obtained at 0 h and after decolorization were subjected to
spectral analysis between 400 and 800 nm. HPLC analysis
was performed in an isocratic Waters 2690 system equip-
ped with dual absorbance detector, using C;g column
(4.6 mm x 250 mm) and HPLC grade methanol as a
mobile phase.

Toxicity study

The degradation metabolites of Reactive Blue 59 extracted
in ethyl acetate were dried and dissolved in water to form
the final concentration of 1,000 ppm for phytotoxicity
studies. The phytotoxicity study was carried out at room
temp. (33 &+ 2°C) in relation to Phaseolus mungo and
Triticum aestivum seeds (ten seeds) by watering separately
5 ml samples of Reactive Blue 59 and its degradation
product (1,000 ppm) per day. Control set was carried out
using plain water at the same time. Length of plumule
(shoot), radical (root) and germination (%) was recorded
after 7 days.

Statistical analysis

Data were analyzed by One-way analysis of variance with
Tukey kramer multiple comparisons test. Values are mean
of three experiments. Readings were considered significant
when P was <0.05.

Result and discussion
Isolation and identification

Morphologically different bacterial strains, having
remarkable Reactive Blue 59 degradation capacity, were
isolated from the soil sample from Ichalkaranji, India.
Bacterial cultures SUK5, SUK7 were found to be Gram-
negative short rods and bacterial culture SUK3 consisted of
Gram-positive long rod. The identification of the strains
was done on the basis of morphological, biochemical
characteristics (Table 1) and 16 S rDNA gene sequence.
Bacterial strains SUK3, SUK5 and SUK7 were identified
as, Bacillus odysseyi SUK3 (EU760698), Morganella
morganii SUKS (EU760699) and Proteus sp. SUK7
(EF541142), respectively. Then the various combinations
were made using these isolates to improve the
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Table 1 Phenotypic
characteristics of isolated
bacterial strains Bacillus
odysseyi SUK3, Morganella

morganii SUKS and Proteus sp.

SUK?7

+ Positive, — negative, [+]
weakly positive

Characters

Bacillus odysseyi SUK3 Morganella morganii SUKS Proteus sp. SUK7

Gram staining
Cell morphology
Motility

Colony character

Swarming growth
Catalase

Oxidase
Hydrolysis of
Gelatin

Tween 80

Urea

Indol test

H,S production
Citrate utilization
Deaminase
Nitrate reduction
Inositol
Melibiose
Sorbitol

Acid production from

p-Glucose
Xylose
Maltose
p-Galactose
Sucrose
Trehalose
Lactose
D-Arabinose
Fructose
Mannitol
Raffinose
Rhamnose
Assimilation of
Inulin

Sodium gluconate

Xylitol/esculin/salicin

Dulcitol/adnitol
Malonate/sorbate
Melezitose

Gram positive Gram negative Gram negative

Straight long rod Straight short rod Straight rod

Motile Motile Motile

Opaque, <1 mm Trasferant, <I mm Trasferant, 0.2 mm
diameter, white color diameter, white color diameter, Yellow color

- - +

+ + +

_|_ — —

- - +

- [+] +

+ + +

- + +

- — +

- + +

- — +

- - +

- + +

- - [+]

- - [+]

— _l’_ —

- - +

- - +

decolorization of the Reactive Blue 59. Out of these, (888 bp, EU760699) and SUK7 (755 bp, EF541142) were
consortium PMB11 was selected for further studies. determined. Figure la, b, c showed the phylogenetic rela-

Phylogenetic position of isolates

tionship between the isolated bacterial strains and other
related bacteria found in the GenBank database. The
homology assay result indicated that the strain SUK3,

To analyze the phylogenetic position, the 16 S rDNA  SUKS5 and SUK7 were in the phylogenetic branch of the
sequence of the strain SUK3 (650 bp, EU760698), SUKS5  genus Bacillus, Morganella and Proteus, respectively.
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a Bacillus sp. P-49 (AM411969)

Bacillus Fusiformis 1d84 (EF473129)
Lysinibacillus fusiformis strain KMKS (EU090727)
Bacillus fusiformis strain LQ88 (EF472269)
Bacillus Fusiformis qd84 (EF473132)

Bacterium OrSF (DQ308548)

Bacillus sphaericus OS-44.c1 (AM237356)
Bacillus sp. JZDN43 (DQ659022)

Bacillus sp. ARI_3 (AY684783)

Bacillus sp. Ge05 (EF503614)

Bacillus sp. C1H4 (AB183802)

Bacillus sp. PARS (AF427154)

Lysinibacillus boronitolerans strain T-10a (AB199591)
Bacillus fusiformis 3XxWMARB-2 (DQ376025)
Bacillus sp. EMn-3 (DQ784796)

Bacillus sp. LY (AY787805)

Bacillus sp. 2-29 (EU571138)

Bacillus sp. Ge04 (EF503613)

Bacillus fusiformis strain LQ104 (EF472267)
Bacillus odysseyi (EU760699)

Morganella morganii subsp. Morganii 06-136 (EF455493)
Morganella morganii strain VAR -06-2076 (DQ513315)
Morganella morganii strain NCTC 00235 (DQ885260)
Morganella morganii strain M04090 [(DQ358144)
Morganella morganii strainU6/1 (DQ358140)
Morganella morganii strain LNG 7874 (DQ358131)
Morganella morganii strain 87411 (AB089245)
Morganella morganii strain 25a32 (DQ358126)

61 Morganella morganii strain SSCT63 (AB210972)
Morganella morganii strain M567 (AF461011)
Morganella morganii strain 03A11 (DQ358129)
Morganella morganii stain AP28 (AB089246)
Morganella morganii strain NCIMB 865 (DQ358145)
F — 1 Morganella morganii strain AP28 (DQ358125)

68 |

o0

[=))
—_

Morganella morganii strain DSM 14850 (DQ358146)
Morganella morganii strain 03B10 (DQ358130)

Morganella sp MH-149 (AM423153)
— Bacterium KA3 (AY345449)

Morganella morganii (EU760698)

0.01

Proteus penneri strain ENT229 (AJ634474)
Proteus penneri strain ENT225 (AJ634473)
Proteus vulgaris (DQ826507)

Proteus vulgaris strain T-6 (DQ453959)

Proteus vulgaris (DQ499636)

Proteus vulgaris strain DTQ-LP12.1 (EF012763)
Proteus sp. SUK7 (EF541142)

Proteus vulgaris strain knp3 (DQ205432)
Proteus sp. SO-Y1-40 (DQ316135)

Proteus vulgaris strain IRB7 (AY870320)
Proteus vulgaris strain 66P3 (EU370419)
Proteus mirabilis (EF091150)

Proteus vulgaris strain ATCC 29905 (DQ885257)
Proteus hauseri strain NCTC 4175(DQ885262)
Proteus vulgaris strain CIP103181T (AJ301683)

A
0.01

Fig. 1 Phylogenetic tree constructed by the neighbor-joining method,
showing the phylogenetic relationship of Bacillus odysseyi SUK3,
Morganella morganii SUKS and Proteus sp. SUK7 and other species
of the genus Bacillus, Morganella and Proteus, respectively. Number
at nodes shows the level of bootstrap support based on data for 1,000
replications. Bar, 0.01 substitutions per nucleotide position and
numbers in bracket represent GenBank accession numbers

Decolorization of Reactive Blue 59

Decolorization occurred only when a carbon and nitrogen
sources were available in the growth medium, similar
results were obtained by [7, 27]. When pure cultures of
these isolates were tested individually for their decolor-
ization ability in liquid medium, these cultures
showed complete decolorization of Reactive Blue 59
(50 mg 17"). The individual strain showed the ability to
decolorize Reactive Blue 59 (50 mg 171) 89, 90 and 82%
within 60, 30 and 24 h respectively, while the bacterial
consortium PMB11 decolorized 92% within 3 h. The use
of microbial consortia was found to be advantageous
than the pure cultures in the decolorization of synthetic
dyes. When all bacterial cultures were mixed and
inoculated together in liquid medium, complete decol-
orization of Reactive Blue 59 was observed in short time
as compared to individual bacterial strains. The similar
results were previously reported with a consortium
named NBNJ6, in decolorization of Direct Red-81 dye
where as not any of these cultures individually showed
complete decolorization of Direct Red-81, even on
extended incubation [20]; that suggesting a synergistic
role of the bacterial species in decolorization [23, 32].
The individual strains may attack the dye molecule at
different positions or may use degradation products
produced by another strain for further degradation
[7, 11].

Screening of various textile dyes for decolorization

Dyes of different structures were often used in the textile
processing industry, and therefore, the effluents from the
industry are markedly variable in composition. A nonspe-
cific biological process may be very important for
treatment of textile effluents. As shown in Table 2, the
bacterial isolates and consortium PMB11 decolorized all
the ten different reactive textile dyes tested. There was
rapid decolorization observed for all dyes used in the study
by bacterial consortium PMB11 as compared to individual
bacterial strains. The complete decolorization of dyes by
bacterial consortium PMB11 occurred within 24 h. The
slower decolorization with individual strains was due to
structural differences [27, 34], higher molecular weight and
presence of inhibitory groups likes -NO, and —SOs;Na in
the dyes [15, 25]. The present study confirms the ability of
consortium PMB11 to decolorize ten structurally different
reactive textile dyes with decolorization efficiency of more
than 80% in short time. Thus, bacterial consortium PMB11
could be successfully employed for the treatment of
Reactive Blue 59 bearing industrial wastewater as it has
prominent capacity to degrade other different dyes.
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Table 2 Decolorization of different reactive textile dyes

Sr. No.  Name of dyes * Bacillus odysseyi SUK3 Morganella morganii SUKS Proteus sp. SUK7 Consortium PMB11
D (%) Time (h) D (%) Time (h) D (%) Time (h) D (%) Time (h)

1 Reactive Blue 59 82 24 89 60 90 30 92

2 Navy Blue HE2R 86 60 83 60 86 45 91 6

3 Red HE3B 85 120 89 60 88 68 99 12

4 Red HE7B 91 46 92 60 90 48 87 12

5 Red HESB 85 120 88 108 92 55 87 12

6 Red 6BI 77 120 81 96 85 50 86 12

7 Red BLI 89 108 90 60 91 48 83 10

8 Orange 3RLI 66 120 84 96 89 49 85 8

9 Green HE4B 74 120 79 108 82 72 81 24

10 Green HE4BD 97 120 93 120 93 68 83 24

D decolorization

450 mg 17! dye concentration

UV-Vis spectral analysis

UV-Vis spectral analysis has been used to confirm that
decolorization process of Reactive Blue 59 was due to
biodegradation, and is not merely the visual decolorization
[1]. Spectrophotometrically analysis of the Reactive Blue
59, showed maximum absorbance at 590 nm and decrease
in the absorbance of samples withdrawn after decoloriza-
tion using individual bacterial strains and consortium
PMBI11 (Fig. 2). If dye removal is attributed to biodegra-
dation, either the major visible light absorbance peak
would completely disappear or a new peak will appear [5].
These results indicate that the color removal by an isolated
bacterial strains and its consortium PMB11 may be largely
attributed to the biodegradation.

0.6

Absorbance

400 440 480 520 560 600 640 680 720 760 800
Wavelength (nm)

Fig. 2 UV-Vis analysis of Reactive Blue 59 (open square) 0 h, after
decolorization by Bacillus odysseyi SUK3 (multiplication sign),
Morganella morganii SUKS (open triangle) and Proteus sp. SUK7
(open square) consortium PMBI11 (plus sign)
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High performance liquid chromatography analysis

High performance liquid chromatography analysis of
Reactive Blue 59 and the metabolites extracted after its
decolorization by consortium PMBI11 showed peaks at
different retention times. Reactive Blue 59 showed major
peak at retention time 1.676 min (Fig. 3a), where
as metabolites extracted after decolorization showed

,; 1.676
0.024 3

0.020 3
0.016 -
0.012

2
<

0.008 -
0.004 3
0.000 3

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10
Minutes

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10
Minutes

Fig. 3 a, b High performance liquid chromatography elution profile
of Reactive Blue 59 and its degradation metabolites by consortium
PMB11
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additional five peaks at retention times 1.038, 1.710, 1.340,
1.483 and 1.885 min (Fig. 3b). HPLC analysis is con-
firming the biodegradation of Reactive Blue 59 in to
different metabolites.

Fourier transform infrared spectroscopy analysis

Results of FTIR analysis of control and samples obtained
after decolorization showed various peaks. The FTIR
spectrum of control Reactive Blue 59 displays peak at
3,479 cm™! for the intramolecular hydrogen bonding aro-
matic -OH and O-H stretching. Peak at 2,924 cm ™! for C—
H stretching, of alkyl acetals and peak at 2,359 cm ™' for
N-H stretching of amines. A peak at 1,479 cm™' for
aromatic homocyclic compound and C=0 in plain vibra-
tions, a peak at 1,049 cm~! for S=0 stretching of sulfonic
acid. Peak at 883 cm™!, 802 cm™!, 632 cm™! are for

Fig. 4 a Fourier transform a

infrared spectroscopy (FTIR) 105
analysis of Reactive Blue 59 |
and degradation metabolites by 100
consortium PMB11

(multiplication sign). b FTIR 95

analysis of degradation
metabolites by Bacillus odysseyi
SUK3 (A), Morganella
morganii SUKS (B) and Proteus
sp. SUK7 (C) 80

90 {

e .
IS }6

2924.18

3479.70

4000 3600 3200 2800

%T

] 2927.40

N2026.11

1,2,4-trisubstituted benzene, benzene ring with three
adjacent H and C-ClI stretching, respectively. This con-
form the structure of Reactive Blue 59 as a monochloro
sulfonated azo dye. The degradation metabolites of Reac-
tive Blue 59 using consortium PMBI11 showed peak at
3,223 cm ™! for secondary amides, peak at 2,956 cm™! for
C-—H stretching of alkanes. Peak at 2,926 cm™! for alkanes,
1,670 cm™! for C=0 stretching of tertiary amides,
1,649 cm™! for C=C and C=N stretching and presence of
amide bond, peak at 1,458 cm™! for N=O stretching of
nitrosamines. Peak at 1,313 cm ' forS = 0O stretching and
peak at 752 cm ™' for C—Cl stretching indicating presence
of alkyl chloride. It indicates formation of nitrosamines,
alkyl chloride, secondary and tertiary amides after decol-
orization (Fig. 4a).

The FTIR spectra of degradation metabolites by B. od-
ysseyi SUK3 has displays peak at 2,927 cm™' for C-H

Reactive Blue 59

2359.02 752.26
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|
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Table 3 Enzyme activities in induced state

Enzyme Bacillus odysseyi SUK3 Morganella morganii SUKS Proteus sp SUK7 Consortium PMB11
Lignin peroxidase® 0.094 + 0.009 0.27 + 0.02%* 0.014 £+ 0.002 0.20 £ 0.032%**
Laccase® 0.053 + 0.01%** 0.03 &+ 0.001%** 0.059 £ 0.056%** 0.047 + 0.014
Tyrosinase® 0.005 + 0.001 0.004 £ 0.001%** 0.002 £ 0.001 0.014 £+ 0.005
DCIP reductase” 1.15 £ 0.008** 0.49 + 0.01 1.072 £ 0.008 3.69 £ 0.14%*
Aminopyrine N-demethylase® 14.75 £ 0.001%* 15.07 £ 0.003 12.56 £ 0.019%** 70.32 £ 0.032%**

P -1
* Enzyme unit min~ ' mg protein

° Microgram of DCIP reduced min~' mg protein™"

° n moles of formaldehyde librated mg protein™"

Values are mean of three experiments == SEM. Significantly different from control cells at ** P < 0.01, *** P < 0.001 by One-way (ANOVA)

with Tukey kramer comparison test

asymmetric stretching, peak at 1,682 cm™' for C-N
stretching of oximes. Peak at 1,443 cm™! for N=O
stretching of nitrosamine, 1,281 cm™! peak for C-OH
stretching of secondary alcohol indicating formation of
oximes, nitrosamines and secondary alcohol. The FTIR
spectra of the degradation metabolites using M. morganii
SUKS5 displays peak at 3,412 cm™! for free N-H stretching
of amides. Peak at 2,925 cm™' showing asymmetrical C-H
stretching, peak at 2,853 cm™' for C-H asymmetrical
stretching of aldehyde. Peak at 1,676 cm™' for C=N
stretching of acyclic o-f unsaturated amines. Peak at
1,453 cm™! for N=O stretching of nitrosoamines. This
indicates formation of amides, aldehydes, unsaturated
amines and nitrosamines. The FTIR spectra of degradation
metabolites using Proteus sp. SUK7 showed the peak at
3,407 cm™! for N-H stretching and peak at 2,925 cm™" for
C-H stretch of asymmetric CH,. Peak at 1,662 em™! for
C=N stretching and peak at 1,457 cm™' for CH, asym-
metric bend. This indicates dye is degraded and alkyl
benzene and secondary amines are produced (Fig. 4b).

Thus, the metabolites formed by consortium PMB11, as
compared to individual bacterial strains, are found to be
more ecofriendly as they are participating in the normal
metabolism of bacteria.

Table 4 Phytotoxicity studies

Enzymatic analysis

Decolorization of different textile dyes by an isolated
bacterial strains resulted in the specific influence on the
status of biotransformation enzymes. Several bacterial
enzymes that can be used in bioremediation include
mainly oxidative enzymes such as mono and di-oxygen-
ases. In addition, various reductases such as cytochrome c
reductase, NADH-DCIP reductase, MG reductase [33] and
N-demethylase to mineralize synthetic dyes [4]. Oxidation
of sulfonated dyes by using LiP [6], similarly, fungal
laccases were identified for their ability to decolorize
synthetic dyes (anthraquinone, azo, indigo and triarylme-
thane) [30].

Studies on the biodegradation of textile dyes focused
primarily on the decolorization of Reactive Blue 59 due to
enzymatic actions. The data shown in Table 3 represents
the enzyme activities present in the control cells and the
cells obtained after the decolorization. LiP, laccase,
tyrosinase, NADH-DCIP reductase and AND were found
to be present in the control cells. After decolorization
significant increase the activity of AND in the B. odysseyi
SUK3, Proteus sp. SUK7 and bacterial consortium PMB11
as well as significantly induced laccase in all the bacterial

Parameters Studied Phaseolus mungo

Triticum aestivum

Water Reactive Blue 59" Extracted metabolites® Water Reactive Blue 59 Extracted metabolites®
Germination (%) 100 80 100 100 80 100
Plumule (cm) 7.4 £ 0.80 3.87 £ 0.32%* 6.1 + 0.437 3.7 £ 0.74 1.9 £ 0.43%** 3.64 + 0.36'"
Radicle (cm) 3.16 £ 0.28 1.83 £ 0.07*** 278 £ 0.17" 11.12 £ 0.58 3.67 £ 0.16%** 10.9 & 0.87'F

Data was analyzed by One-way (ANOVA) test and mentioned values are the mean of ten germinated seeds of three sets SEM(£). Seeds
germinated in Reactive Blue 59 are significantly different from the seeds germinated in plain water at ** P < 0.01, *** P < 0.001 and the seeds
germinated in degradation products are significantly different from the seeds germinated in Reactive Blue 59 at ¥ P < 0.05, 7" P < 0.01 when

compared by Tukey kramer multiple comparison test
41,000 ppm concentration
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cells except in consortium PMB11. LiP and tyrosinase has
found to be induced in M. morganii SUKS, additionally,
the consortium PMBI11 showed induction in LiP. The
activity of the NADH-DCIP reductase induced in B. od-
ysseyi SUK3 and consortium PMB11 after decolorization.
These indicate the involvement of AND and LiP enzymes
in the decolorization process using the consortium PMBI11,
at this set of conditions. Complete decolorization of dye
might be due to induction of AND that suggests the
prominent role of AND in the decolorization process,
supporting earlier observations [16, 21].

Toxicity study

Seed germination and plant growth bioassays are the most
common techniques used to evaluate the phytotoxicity
[22]. Thus, it was of prime interest to assess the phyto-
toxicity of dye and its metabolites after degradation by
bacterial consortium PMB11. Germination (%) of the both
Triticum aestivum and Phaseolus mungo seeds was less
with Reactive Blue 59 treatment as compared to its deg-
radation metabolites and plain water. The length of
plumule and radicle were significantly affected (Table 4)
by Reactive Blue 59 than its degradation metabolites,
indicating less toxic nature of degradation metabolites as
compared to dye. Hence, phytotoxicity studies revealed
biodegradation of Reactive Blue 59 by bacterial consor-
tium PMBI11 resulted in the detoxification of dye.
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