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ABSRACT

Biological methods through bacteria are most felsibnd ecofriendly alternatives for the degradatioh
xenobiotics compound especially azo reactive dyks. potential Bacillus spp., isolated from the itex¢ffluent
contaminated sites. The enzyme azoreductase thelyza the reduction of azo groups, the reactive dyes was
purified and characterized by Bacillus pp., whistcapable for the reduction or cleavage of azo Isoftdvas found
that the azoreductase from the bacterial strains wa inducible enzyme and play a key in dye degi@dand the
toxicity of degraded products was assessed by getion and growth of plant.

Keywords: AzoreductaseBacillus pp.,Degradation, Phytotoxicity test.

INTRODUCTION

Textile industry is used for large quantities oftevaand different chemicals [IThe high quality water is a crucial
factor in textile industry processes such as clegniinsing, dyeing and washing [2jzo dyes are the largest and
important group of dyes mainly due to the simpletkgsis [3]Azo dyes-contaminated effluents have emerged as a
serious issue because of their negative impactosystems, animals, plants and humans. Due to ffedlsged dye
water is a very serious health issues are becomparamt [4].Various factors which reduce degradation of dyes
include high water solubility, high molecular weigind fused aromatic ring structures it inhibitrpeation through
biological cell membranes[5,6].The dyes includesliac reactive, basic, disperse, azo, diazo, aqtiirone dyes
which causes a considerable environmental pollygimblems. Effluent from the industries containiegctive dyes
causes serious environment pollution because thtawinated dyes in water is highly visible and eie
transparency and aesthetic even though the coatientiof the dyes is low [7].

Compared to both physical and chemical treatmeethnblogies bioremediation is an alternative eiffect
technique which is ecofriendly, cost effective,sledudge producing properties and is used for enwental
cleanup applications in recent years 8]Jnumber of microorganisms have been found to He &b mineralize
textile dyes including bacteria, yeasts and fulfgi@,11].Developed enzyme systems for the decaatioin and
mineralization of azo dyes under certain environtaleconditions [12]. Azoreductase is the key enzyasponsible
for the cleavage of azo dye degradation in badtspiecies.

The presence of oxygen normally inhibits the azedo@duction activity so aerobic respiration mayngtwate use of
the NADH, thus impeding electron transfer from NADdHthe azo bonds [13]. Toxic compounds from dykieft
get into aquatic organisms, pass through the fdaihcand in humans it leads to various physioldglcsorders like
hypertension, sporadic fever, renal damage, etmtRjrowth parameters are germination, seedlingivairand
seedling height have been taken as criteria tosagdant response to specific pollutants. Dyes asedonsidered
as carcinogenic and mutagenic and the effluentsceethe rate of germination and growth of crop sidh4].The
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bioremediation potential of treated remazol red & for germination of significant seeds was deteech under
standard in vitro conditions.

MATERIALSAND METHODS

Microorganism and cultur e conditions

Bacillus spp.was isolated from textile effluent contaminates sif Satravada, Chittoor District of Andhra Prddes
India. Pure culture was maintained on nutrient aglants. These are enriched by growing into conileelks
containing 100ml medium in 250 ml Erlenmeyer flaskdMineral salt medium [15Amended with 50mg/l dye as
the sole source of carbon and nitrogen. CompostafoMlineral salt medium used for decolourizatiogess was
(g/L): KH,PO4.8g; KHPO,1.2; NHNOs1.0; MgSaQ.7H,O 0.2; Ca(No3)4H20 0.04; Fe(S9; 0.001; Distilled
Water 1000ml; pH 7.0.100 ml mineral salt mediunfl@#sks was inoculated with bacterial suspensioniacdbated
at 37°C until complete decolourization was achieueder static condition. The Screening procedurdiginid
medium was continued until complete decolourizatibhroth.

Dyestuff and characterization
The textile dyes, Remazol red RB dye widely usechroercially by the small scale textile dyeing unitsis a
activated mono azo vinyl compound and water soldgéeand provided by a textile dyeing unit.

Decolourization assay

Bacillus spp.was grown at 37°C in 250 ml Erlenmeyer flasks aombg 100 ml mineral salt medium to study the
effect of initial dye concentration on the decoleation in static condition, The aliquot (5ml) dfet culture media
was withdrawn at different time intervals, centgéd at 10,000 rpm for 10 min. Decolourization wamitored by
measuring the absorbance of supernatant at 518enpdicentage decolourization was calculated awvsll

Decolourization (%) = Initial absorbance - Final absorbance & 10

Initial absoriza

Assay of azoreductase activity

The reaction mixture consists of 400 pl of 50 mMagsium phosphate buffer (pH 7.4) with 200 pl ohgke and
200 pl of Remazol red RB dye. Reaction mixture aithNADH was pre incubated for 4 minutes and trectien
was started by the addition of 200 pl of NADH ahd total reaction mixture was 1ml. Dye decolouiaatwvas
followed by monitoring the decrease in colour igign at 518 nm at room temperature. The linear ebs® of
absorption was used to calculate the azoreducisetya [16]. One unit of enzyme activity was dedith as the
amount of enzyme that catalyzes the oxidation efmicromoles of dye reduced per minute [17].

NADH-DCIP reductase activity

NADH-DCIP reductase activity was measured [I8le assay mixture contained 50 uM DCIP, 50 uM NAIDIB0
mM potassium phosphate buffer (pH 7.4) and 0.1 malme solution to make 5.0 ml total volume. Froms t@ml
reaction mixture was assayed at 590 nm using didimcoefficient of 19 mM/cm [19].

Partial purification of Azoreductase enzyme

The enzyme responsible for dye decolourization haen partially purified by a combination of diffate
purification processes. Crude extract was subjettecammonium sulphate (N)SO,) precipitation at 40%
saturation to remove impurities, followed by 60%usation in a second step to precipitate the aaa@de. The
precipitated proteins from the second precipitattep have been collected by centrifugation, amdpllet has
been dissolved in 30 ml of phosphate buffer (50 mM7.0).The precipitated proteins were desaltedlifysis
against phosphate buffer (50 mM, pH7.0) overnigihie desalted solution after dialysis has beerrdittehrough a
0.45um filter and was subjected to anion exchange chtognaphy using DEAE cellulose as column bed inctrb
diameter with bed length 10 cm and applied 1.5 liguats of the resulting solution to the columnotein was
eluted at 5.4 cm/h. with the sample buffer and giip wise increasing concentration of buffer cioimg NacCl
with range 0-200 mM and highest concentration uplM. The 1.5mL fractions were collected for each
concentration of NaCl. The protein concentratio @mzyme activity has been determined at everysstép
purification.

Sodium dodecyl sulphate- polyacrylamide gel electrophoresis of partially purified proteins (SDS-PAGE)

In order to ascertain the presence of the enzywdiu® dodecyl sulphate- polyacrylamide gel eledimpsis (SDS-
PAGE) was the method applied to determination @& #mzymes. The separating gel consisted of 10% Y\W/V
acrylamide N, N- methylene- bis- acrylamide (Sigid8A) at a concentration such that the ratio of omers to this
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was 30: 08; 0.375 M Tris- HCI (pH 8.8) and 0.1%isaddodecyl sulphate. It was chemically polymerizéth 0.05%
(V/V) TEMED (Merck, FRG). The solution was castdrglabs and was over layered with butanol to exckazhtact
with air. The stacking gel containing 4 % (W/V) damide, 0.12 M Tris- HCI (pH 6.8), 0.1 % SDS, 0%b(W/V)
ammonium persulphate, 0.05% (V/V). TEMED was oegeted on separating gel. Samples (50- 200 pg) mbed
with an equal volume of sample buffer having 0.0845Tris- HCI (pH 6.8), 10 % (V/V) glycerol, 5% 2-
mercaptoethanol, 2% SDS and 0.002 % bromophene| hieated in a boiling water bath for 5 minuteseAtooling
samples were loaded into the slots. The sampldedraction was stacked at 50 V and run at 100r\6fhours using
0.025 M Tris, 0.192 M glycine buffer (pH 8.3) coniag 0.1 % SDS as the electrode buffer. The mdéeaueight of
the enzyme was determined by comparing the eldatrefic mobility of the enzyme with reference (lowolecular
weight calibration proteins).

Zymogram analysis

Polyacrylamide gel electrophoresis (PAGE) was edrout as described previously [20jth some modifications
for native PAGE,i.e., both the detergent component sodium dodecyl sulf&DS) and 2-mercaptoethanol
(mercaptoethanol) were omitted. 12% polyacrylangdks were utilized and broad-range molecular weightkers
from Pharmacia were used as standards. For acstatping, the method [16].was used. The gel wasnddiately
immersed in approximately 50 ml of 50mM coomassies for 25 minutes. After removal of the stainirajusion,
the gel was transferred to a tray filled with smntcontaining (2mM NADH in 50 mM phosphate buffpH 7.0).
Colourless bands of the active enzyme appearedagffgoximately 10 minutes within background of. gel

Phytotoxicity test

The effect of remazol red RB dye and its degradatietabolites on germination and growth of the geeek plant
was evaluated. The degradation metabolites of dyre wxtracted in ethyl acetate were dried and Wisdan water
to form the final concentration of 600ppm. The dgdutions were also prepared with dye concentraifd00 ppm
for phytotoxicity studies. The seeds were germihatesterile petri dishes, layered with steriléefilpaper. Seeds
were sterilized before transferring to the surfatéhe paper in petri dish [2IThe phytotoxicity study was carried
out at room temperature (32 £2Q) in relation to fenugreek seedigonella foenum-graecun{s0 seeds per plate)
by watering separately 5ml samples of dye and ératlation product. Seeds germinated in water ed as a
control. Length of plumule (shoot), radicle (roat)d germination (%) were recorded after every rmination
of seeds with dye and degraded dye was calculdted @mparing with control. At the end of the gémation
experiment, the shoot and root length of seedliwgs measured separately for dye, degraded dye @mdok
samples [22].

RESULTSAND DISCUSSION

Extraction and analysis of degraded product

After complete decolourization 100ml of dye deghdamples was taken and centrifuged at 10,000 goniG
minutes. Then the culture supernatant was treatddegual amount of ethyl acetate and separatednarghase
and agueous phases by using separating funnelniorghase filtrate was evaporated in the rotarypexaor or
evaporated to dryness and dissolved in HPLC grastbanol [23]The degraded products were analyzed by Protein
analysis.
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Fig 1: Dye decolourization by cell fractionsin the presence of NADH and NADPH-DCIP

Enzyme activitiesin cell fractions
The enzyme activity was determined in cell fracsioextra and intracellularly. The effect of cofastdlADH and
NADPH- DCIP were studied for both isolates. In NADéktracellular enzyme activity fa@acillus cereug11%)
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andBacillus licheniformig13%), enhanced decolourization inracellulary itht#®acillus cereug76%) andBacillus
licheniformis(79%).While in NADPH- DCIP, extracellular enzymetigity for Bacillus cereug8%) andBacillus
licheniformis (10%), in intracellular foBacillus cereug35%) andBacillus licheniformis(39%) were increased.
Data revealed that NADH and NADPH- DCIP cofactdrevged maximum decolourization as intracellular (Eig

Purification of azoreductase enzyme

Crude protein extract obtained froBacillus cereus and Bacillus licheniformisacterial cells was found to
decolourize Remazol red RB dye using NADH as edecttonor. The absorbance of the enzyme assay mixtas
taken at 502 nm by using spectrophotometer at thimdes of regular interval. The absorbance wasdaio be
decrease, which indicates that the NADH is worlasgoenzyme for azoreductase. Intracellular azotaskienzyme
was identified. Each step of purification, thettiwas assayed and it was found that the speaifivity of the enzyme
increased after each step of purification. Prateimcentration was found to be (730 mg/ml;1320 mjgimtrude extract
and the enzyme activity was found to be (1.58 Udn@§ U/mg). The azoreductase enzyme involved in dye
decolourization of was partially purified by a cdmdtion of purification methods by using ammoniuatphate (70%
concentration) precipitation (0.063 U/mg; 34®@/ml; 0.812U/mg;720mg/ml), dialysis (0.074U/mg;1Xfiml;
0.354U/mg; 220mg/ml), ion exchange column chronmajoigy (0.089 U/mg; 90mg/ml; 0.186U/mg;160mg/ml)eTh
enzyme was partially purified in higher quantgy, 8.16 and 10.7 folds by using DEAE-column with elgiof 15.2%
and 23.2 % .The presence of band on SDS-PAGE K®2a%nd 54 KDa approximately (Fig 2). Azoreductesa key
enzyme in azo dye degrading bacteria and catatheeseductive cleavage of the azo bond. Maximunratigive
enzyme activity was observed intracellularly, se #mzyme responsible for degradation of the azondge be
considered membrane bound enzyme. Cofactors likBMlAand NADPH- DCIP as well as the enzymes reducing
these cofactors are located in the cytoplasm. Lgiseells would release cofactors in the extra¢atlenvironment.
Hence in cell extracts of lysed cells show highay dye reduction rates than intact or resting c&llee membrane
transport system may be prerequisite for reduatibazo dyes by these cofactors in intact cellstifése catalyze
reaction in the presence of reducing equivalent®NAand NADPH- DCIP. The enzymatic activity was &stith
NADH than NADPH-DCIP reductase indicating that emeyprefers NADH as a source of reduction. NADH was
found to play an important role in dye degradatisra source of electron donor. Kudlich [24] supputsuggestion
that the membrane bound azoreductase activity, atestliby redox compounds is different from the delub
cytoplasmic azoreductase that is responsible fordduction of non-sulphonated dyes that perméabeigh the cell
membrane. Although the final reduction of the azesdin the cell supernatants is a dominantly chaimiedox
reaction, the redox mediators depend on cytoplasedacing enzymes to supply electrons. In ORB714l6free
extract from the pellet biomass showed more th&#fb6jédecolourization of MR. However, the cell-fragpsrnatant
showed only (9-14%) decolourization of MR [2&jtracellular azoreductase is responsible for teeotburization
activity for azo dye degrading microorganisms [26].
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Fig 2: SDS- PAGE of Azoredutase enzyme (A,B)
LaneM : Low molecular weight Biorad Standard markers
Lane A : Molecular weight of partially purified enzyme A: Bacillus cereus(29 KDa) and Bacilluslicheniformis (54 KDa)

Phytotoxicity test

In the present study, the phytotoxicity of the dyel its metabolites after degradationBacillus cereusand Bacillus
licheniformis was observed. Phytotoxicity revealed the toxiaumabf remazol red RB dye to the fenugreek seeds
(Trigonella foenum graecunandplants (Fig 3).Germination percentage of seedsdyithand degraded metabolites were
compared with control and found to be (38.0%) fge,ddegraded metabolitd3acillus cereug80%) andBacillus
licheniformis(83%) and distilled water (92%).There is no sigaifit difference in the root and shoot length isecaf
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fenugreek treated with the dye because growtheoplédnt is arrested when the seeds are soaked dy¢hbut in the case
of metabolites the root and shoot length of fereignglant was significantly increased compared tatrob fenugreek
plant. The phytotoxicity study showed good gernigmatate and as well as growth in the plumule aalical for both the
plants in the metabolites extracted after decatatidn compared to dye sample (Table 1). This atdi the
detoxification of remazol red RB dye by the isaldbacterial cultures remazol red RB dye (Fig 4). @sults are similar
with Kalyani [27]Red BLI with seeds dborghum vulgareandPhaseolusmungshowed more sensitivity towards dye
while the products obtained after dye decolouriratiave less inhibitory effects. In tiRseudomonas aeruginosa
strain BCH was able to detoxify the dye, Direct igy@ 39 (1000ppm each day) effectively which watetesvith
Triticum aestivumand Phaseolus mungf28]. Both germination, shooting and rooting from metabslof dye for
Vignaradiata(whole moong)Triticumspp (Wheat) anBrassica juncegMustardseeds) [29].

Fig 3: Bioassay of dye and degraded dyetoxicity A) D. water B) Treated with B. cereus C) Treated with B. licheniformis D) Treated with
dye

Table 1: Phytotoxic study of remazol red RB dye degradation metabolites on Trigonellafoenumgraecum ger mination

Per centage of ger mination Aver age shoot Averageroot
Seed type Samples Day | Day | Day | Day | Day | Day length length
1 2 3 4 5 6 (cm) (cm)
Control (water) 0 23 48 59 84 92 6.3+0.01 3.2+0.01
Dye 0 0 7 13 30 38 2.3+0.1 1.2+0.05
Fenugreek Degraded dye by
seeds B. cereus 0 13 39 51 69 80 5.6+0.1 2.6x0.05
Degraded dye by
B.licheniformis 0 16 41 53 70 83 5.7+0.1 2.8+0.1

Values are the means of triplicates + SD

Lshoot
& H Root

Length in em

Fig 4: Phytotoxicity studieson root and shoot length of Trigonella foenum graecum
CONCLUSION

Both potentiaBacillusspp.,isolated from the contaminated textile industriflluent sites for the decolourization of
remazol red RB dye. The azoreductase enzyme wgsKay role in dye degradation and also phytofoxgtudies
revealed that the detoxification of remazol red d8® byBacillus spp.results into the non-toxic metabolites.
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