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Abstract

Background and Objective: Azo dyes are most widely used in various industries due to their ease of synthesis and chemical stability. But
many azo dyes and their breakdown derivatives have been suggested to be toxic to life. Biological treatments of dyes with
microorganisms are relatively cost effective and eco-friendly due to lower sludge production. In this study, the microalgae
Chlorella vulgaris was examined for its degrading ability of azo dyes viz.,, Reactive Black 5, Direct Blue 71 and Disperse Red 1.
Materials and Methods: The experiments included dye decolorization experiments and factors affecting decolorization such as
initial dye concentration, pH and temperature. Further, azoreductase enzyme specific activity and its kinetics were determined.
Results: The results revealed that azo degradation based on the initial dye concentration varied among the dyes tested and the same
was reflected for pH. In specific, 200 mg L' was found optimum for Reactive Black 71 and Direct Blue 71 whereas 300 mg L~" was for
Disperse Red 1. The optimum pH for decolorization of RB5, DB71 and DR1 was 5, 8 and 8, respectively. The optimum temperature for
degradation of all the dyes was found as 40°C. Maximum azoreductase activity of 0.127 U mg~" protein was observed for DR1 and the
enzyme activity was not pH dependent but substrate specific. Conclusion: The results revealed the azo dye degrading potential of
Chlorella vulgaris and the decolorizing conditions were optimized for the microalgae.
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INTRODUCTION

Synthetic dyes could cause serious pollution to the
environment and ecology, because the complex aromatic
molecular structures of these dyes are difficult to degrade’.
Dyes are emitted into wastewaters from various industrial
branches, mainly from the dye manufacturing and textile
finishing and also from food colouring, cosmetics, paper and
carpetindustries?*. Large water bodies contaminated with low
concentrations of dyes leads to reduced light penetration and
photosynthesis.

Dyes having chromophore group with a pair of
conjugated aryl moieties linked by an azo (-N = N-) bond are
called azo dyes. Azo dyes are the most widely used and large
amounts are produced annually around the world and used
extensively in textile, printing, cosmetic, plastic, food,
pharmaceutical and many otherindustries due to their ease of
synthesis and chemical stability*. Effluents containing azo dyes
must be treated before discharge into environment not only
because they may affect the transparency and aesthetics of
water bodies but also because many azo dyes and their
breakdown derivatives have been suggested to be
toxic/mutagenic to life>. Generally, dye containing waste
water is decolorized using physicochemical process such as
adsorption, oxidation, photocatalysis. However, high costand
formation of secondary pollutants associated with these
methods restrict their application’®.

Biological treatments of dyes with microorganisms are
relatively cost effective and eco-friendly due to lower sludge
production. Azo dyes are initially reduced/decolorized by
various microbes under anaerobic or anoxic conditions to
corresponding aromatic amines, some of which are then
further mineralized aerobically'™'. Among the dye degrading
microorganisms, microalgae have beeninvolvedin degrading
textile dyes and the reported elsewhere'?1?,

In this study, the microalgae Chlorella vulgaris was
examined for its degrading ability of azo dyes viz., Reactive
Black 5, Direct Blue 71 and Disperse Red 1.

MATERIALS AND METHODS

Azo dyes used: The synthetic azo dyes Reactive Black 5,
Direct Blue 71 and Disperse Red 1 (Fig. 1a-c) were purchased
from Sigma-Aldrich, India.

Determination of absorption maxima (i..,) and plotting of
standard curve: The absorption of light by each dye and
mixture of dyes within the visible range (400-700 nm) was
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Fig. 1(@-c): (@) Chemical structure of Reactive Black 5,
(b) Direct Blue 71 and (c) Disperse Red 1

determined to calculate the adsorption maxima (.,
using UV-Vis spectrophotometer (Systronics, India).
Accordingly, the wavelength for Reactive Black 5,
Direct Blue 71 and Disperse Red 1 was determined as
597, 595 and 505 nm, respectively. Known concentrations
(0,0.1, 1,10 and 100 mg L") of each dye from decolorizing
medium was prepared to plot the standard curve. Using
scatter diagram, trend line was added and then the R? value
was calculated. The percentage (%) of dye decolorization was
calculated using the same equation.

Decolorization study and spectroscopic analysis: The
experiments were conducted in sterilized 250 mL Erlenmeyer
flask containing 120 mL of the sterile mineral salt media (MSM)
with 30 mL of algal culture and the azo dyes at a
concentration of 100 mg L=". All of the treated flasks were
incubated for 12 days at 30°C with constant fluorescent
illumination. Control experiments were conducted in light
and dark conditions in the absence of microalgae to evaluate
the effect of photodegradation. The degradation ratio was
determined after 14 days of incubation by measuring the
absorbance of the cell free supernatant of the sample at
the corresponding A, of each dye solution as mentioned
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earlier by a double beam UV-Visible spectrophotometer. The
percentage of decolorization was calculated by using the
equation according to Telke et a/*:

Initial absorbance-Final absorbance
100

Decolourization (%) = x Initial absorbance

Optimization of environmental factors for efficient
decolorization

Effect of initial dye concentration on decolourization:
Optimization of decolourization based on initial dye
concentration was carried out at by adding different dye
concentrations ranging from 100-500 mg L~" to mineral salt
media (MSM) and incubated at ambient temperature in static
conditions.

Effect of pH and temperature on decolourization: Effect of
pH on decolourization was studied at different initial pH
values and incubation temperatures by following the same
procedure as described earlier. To study the effects of pH,
flasks were maintained at ambient temperature and the
pH of the medium was adjusted to values between 4 and 10
by adding 1T moL™" HCl or 1 moL~" NaOH. The optimal
concentration of each dye was used for the experiments. To
examine the effect of incubation temperature, the flasks were
incubated in temperature which varied from 20-50°C. Optimal
initial dye concentration and pH of each dye were used to
ascertain the experimental conditions.

Crude enzyme extraction: The algal cells were grown in
MSM media under optimized conditions for each dye tested
were investigated for the production of azo-reductase
enzyme. Cells from experimental and control flasks were
harvested by centrifugation at 12,000 rpm for 10 min.
Phosphate buffer (100 mM, pH 7.4) was used to wash the
pellet and the cells were suspended in the same buffer.
This was followed by sonicating the cells at 200 amp, giving
99 stroke, each of 3 sec with 7 sec interval at 4°C to lyse the
cells. In the final step, the lysed cell suspension was
centrifuged at 5000 rpm for 30 min at 4°C and the
supernatant was then used for further analysis?'.

Azo-reductase specific activity: Azo-reductase activity
was determined by the reduction of azo dyes
(Reactive Black 5, Direct blue 71, Disperse Red 1) as the main
substrate and oxidation of NADH. The assay mixture consisted

of 600 uL phosphate buffer (50 mM, pH 7.5), 100 uL dye

(50 mM), 100 pL the crude enzyme and 200 pL NADH
(200 pM). One unit of azo-reductase activity was defined as
1 pg of dye reduced/mg protein/min?2. Allenzyme assays were
run in triplicate.

Azo reductase kinetics: Different concentrations of dyes
(ranged from 20-3800 mM) were prepared to determine
the azo reductase kinetics. All other constituents of
reaction mixture were constant. Kinetic values such as
Michaelis-Menten constant (K, and maximal velocity (V..
were calculated from Lineweaver-Burk double reciprocal
plots?,

RESULTS AND DISCUSSION

Decolorization experiments involving 100 mg L™
concentration of dye in growth media was carried out for a
period of 12 days. In all the experiments, more than 90% of the
dye was decolorized by C vulgaris (Fig. 2) within 10 days.
Based on the time taken for higher decolorization percentage,
10 days cultivation period was chosen for optimizing the dye
degradation.

Results of initial dye decolorization experiments
revealed that 80% of the dye was decolorized at 200 mg L™
concentration of Reactive Black 5 (RB5), 78% decolorization of
Direct Blue 71 (DB71) at 300 mg L=' concentration and 84%
decolorization of Disperse Red 1 (DR1) at 200 mg L™
concentration (Fig. 3). Dye removal by the algal species is
dependent on concentration of dye and algal biomass?.
However, Yang et a/? found that there was a negative
correlation between dye removal and initial dye
concentration when using Shewanella oneidensis to
decolorize acid yellow 199. Dye concentrations were
selected based on highest decolorization percentage and
used to optimize the pH and temperature conditions for
effective decolorization. Concentration of 200 mg L= for
RB5 and DR1and 300 mg L~ for DB71 was used to optimize
the decolorization based on pH values of the growth
medium. The pH in the range between 4 and 10 were
selected and the highest decolorization of RB 5 was found
at pH 5. Further increase in pH beyond 6 and decrease in
pH below 5 resulted in decreased percentage of dye
decolorization of RB 5. Decolorization percentage of
84 and 79% were obtained for DB71 and DR1 at pH 8. Increase
in pH beyond 8 and decrease in pH below 7 resulted in
decreased percentage of dye decolorization for both the dyes
(Fig. 4).
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Fig. 6: Azoreductase specific activity (U mg™" protein) of
C wvulgaris on different substrates at 40°C, 50 mM
substrate concentration and 200 mM NADH

Cells of microbes get ruptured under alkaline conditions
which expose additional functional groups and solubilize
certain cell constituents?. This enhances the dye removal by
the organisms from the solutions. The optimum pH was found
to be at 8 for maximal removal of dyes (DB71 and DR1). The
pH has a major effect on the efficiency of dye decolorization
and the optimal pH for color removal is often between
6.0 and 10.0 for most of the dyes?’. However, the optimum pH
for highest decolorization of RB1 was found as pH 5.
Similarly, Ozer et a/2® found that acidic pH as optimum for the
degradation of acid blue dyes by Spirogyra rhizopus.

To examine the effect of incubation temperature, the
flasks were incubated in temperature which varied from
20-50°C (Fig. 5). The initial dye concentration, pH for RB 1 and
DB71was200 mg L™, pH 5and 300 mg L', pH 8, respectively
whereas, it was 200 mg L™" and pH 8 for DR1. Among different
temperature tested, 40°C was found to be an optimum
on dye decolorization of RB 1, DB71 and DR1. It is noted that
the percentage decolorization of dye increased with an
increase in temperature from 20-40°C. The percentage
decolorization of dye decreased with further increase in
temperature up to 50°C.

Similar results were reported by Cetin et a/' where the
decolourization activity was significantly suppressed above
45°C. The reason for this may be due to the loss of cell viability
ordeactivation of the enzymes responsible for decolourization
at higher temperatures. Ozer et a/* reported that mesophilic
temperature was optimum for the degradation of acid blue by
Spirogyra rhizopus.

Azoreductase specific activity against specific substrate
was determined at 50 mM substrate concentration, 200 mM
NADH and optimized pH and temperature of each dye tested.
Highest azoreductase activity of 0.127 U mg~"' proteins was
observed for DR1 followed by 0.103 U mg~" protein for RY22.
Lowest activity of 0.084 U mg™' proteins was determined
for DB71 (Fig. 6). El-Sheekh et a/'® had measured the
azoreductase activity of Microcystis aeruginosa and
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Fig. 7(a-c): A lineweaver-Burk plot for determination the
kinetic parameters of azoreductase, (a) Reactive
Black 5, (b) Direct Blue 71 and (c) Disperse Red 1

Pseudanabaena sp. while degrading Disp.orange 2RL,
Reactive yellow 3RN, Reactive Black NN and Tracid Red BS.
Treatment of M. aeruginosa with Disp.orange 2RLinduced the
azo reductase enzyme by 68.04% and Pseudanabaena sp.
with Reactive yellow 3RN by 55.64% after 7 days of incubation.

Azo reductases have been shown to be very specific
enzymes thus cleaving only the azo bonds of azo dyes
and the azoreductase reaction should take place at optimum
condition. The most important condition affecting on the
activity of the enzymes is pH and temperature. Hence, it is
important to determine the optimal conditions for the
operation of enzymes. In this study, maximum azoreductase
activity of 0.127 U mg~" proteins was observed for DR1 which
has used pH 8. It was also noted that the enzyme activity was
not pH dependent but substrate specific. In other words, the
second highest azoreductase activity was observed for RB5 at
pH 5.The lowest enzyme activity of 0.084 U mg~" proteins was
observed for DB71 though it was studied at pH 8. Similar
experiments were carried out earlier to optimize the

azoreducatase production by other microorganisms?-°, Other
conditions which affect dye decolorization by microalgae also
reported. Azo dye reduction under saline conditions by
Shewanella strains were investigated by Liu et a/3'. Under
anaerobic conditions, both strains could effectively decolorize
real textile effluents. Shewanella algae reached over 87.8%
decolorization in 48 h, whereas, Shewanella marisflavi
removed nearly 80% color of the effluents in 72 h.
Guolan et a/' reported that immobilized algae is better than
free algae in degradation of Better brown.

Using a different concentration of the substrate
(RB5, DB71, DR1) is a main factor to determine the enzyme
kinetics. The kinetics parameters like V..., (maximum velocity)
and K, (Michaelis constant) were estimated and the
velocity of azoreductase in C vulgaris was 1.67, 0.72 and
149 pM min~" mg' for RB5 DB71 and DRI,
respectively (Fig. 7a-c). However, the value K, were
2069, 247 and 2468 uM.

The experiments were carried out for a period of 10 days
and the optimal conditions of initial dye concentration, pH
and temperature were determined. The initial dye
concentration varied among the dyes tested and the same
was reflected for pH. In specificc 200 mg L=" was found
optimum for Reactive Black 71 and Direct Blue 71 whereas,
300 mg L~" was for Disperse Red 1. Similarly, the optimum pH
for decolorization of RB5, DB71 and DR1 was 5, 8 and 8,
respectively. In a study by Baldev et a/'s, the optimum
operating conditions for degradation of Rhodamine by
Coelastrella were found to be 100 mg L' initial dye
concentration, 30°C with 10% of inoculum at a pH of 8
within 20 days. In another study, 30 days was used to screen
the cyanobacterial degradation of textile dyes and
Gloeocapsa pleurocapsoides was able to remove 90% of
FF Sky blue from the medium™. In this work, C vulgaris have
exhibited sufficient dye degradation potential of dyes
commonly used in textile industries. Depending on the final
results in this study, it can be concluded that C vu/garis can
be used for removing these dyes. Further, knowledge from
present work may be employed on large scale with in situ
applications.

CONCLUSION

This study revealed the azo dye degrading potential of
Chlorella vulgaris. The optimum pH was found to be at 8 for
maximal removal of Direct Blue 71 and Disperse Red 1.
It is noted that the percentage decolorization of dye
increased with an increase in temperature from 20-40°C.
Highest azoreductase activity of 0.127 U mg™' proteins was
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observed for Disperse Red 1 and the enzyme activity was
not pH dependent but substrate specific. The results
revealed that azo dye degrading potential of C wvulgaris
was independent on pH, temperature and substrate
concentration.

SIGNIFICANCE STATEMENT

This study discovers the azo dye degrading potential
of C wulgaris that can be beneficial for treating textile
industry effluents. Implementing the optimized parameters
will uncover the critical areas of associated with /in situ
biodegradation of textile dyes. A new theory on determination
of enzyme kinetics is necessary for the effective azo dye
degradation by microalgae may be arrived at.
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