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Abstract :  In this review paper it has been briefly summarized about the dyes treatment using different enzymes in textile 

industries. Various methods to treat these dyes like physical, chemical and biological processes. Finding out the most 

effective method and studying about it in deep. Different types of enzymes used and their mechanism towards the dye is 

explained. Future scope and area of research is also discussed.  
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I. INTRODUCTION 
 

The availability of fresh water has become a global crisis now. Due to the growth in the consumption of fresh water for the 

human activities has taken its toll over the years. Water bodies are still used as sinks for wastewater from industrial and domestic 

sources. Hence, in recent times, the need to freshen up the water resources has been gaining increasing attention. This has led to 

the development of different methods to return wastewater to its original source in the least toxic form possible, to make 

reutilization of water. [1].These processes and strategies may be jointly termed as ‘wastewater treatment’.    

       In this review paper we will talk about  the treatment of dyes from the textile industries  prior to discharge into the 

surrounding aquatic systems by different methods and find out the most cost effective  and conventional method 

      Production of textiles is an important industrial activity carried out all around the world. And India is one of the top textile 

exporter countries. In the textile industry generally the processes involved are dry and wet, where wet processes are; fiber 

obtaining, bleaching, dyeing, finishing, etc. These processes consume huge amounts of water, which in return generates loads of 

waste matter containing a potent of various dissolved organic and inorganic solvents, suspended solids, several toxins that are 

harmful to the environment. The main reason for the contamination of water is the usage of emulsifiers, dispersing agents, salts, 

and dyes to enhance the quality of the fabric.   

Dyes are generally used in the textile industry to enhance the fabric quality. Synthetic dyes are chosen over natural dyes 

because of its superior performance. [2].When compared to natural dyes, synthetic dyes are more resistant to washing, they impart 

brighter colours, show better light fastness, and also synthetic dyes offer wide colour choices. So the textile industries release 

waters that are highly colored.  

 

1.1 Classification of dyes   

Dyes used in fabric manufacturing are so complex they are designed to resist fading upon exposure to light, sweat, water, and 

other chemicals that show redox reactions. The amount and type of dyes utilized are dependent on the type of fabric used. 

Synthetic dyes are mostly chosen over natural dyes because they offer a wide range of colors  .Dyes have been classified on the 

basis of their chemical groups, structure and color index and sub-classified as acid, cationic, disperse, direct, reactive, solvent, 

sulfur . The dyes with negative charge are acidic, which binds to the positive charge, examples are azo dyes, anthraquinone, 

triarylmethane. Basic dyes are positively charged and tend to bind with the opposite charges, examples of basic dyes are crystal 

violet, methyl blue, etc. There are some other dyes types like natural dyes, reactive dyes, vat dyes, disperse dyes, sulfur dyes, 

pigment dyes etc. But amongst these, acid and basic dyes are highly considered because of their wide applications. 

 

Dyes have chemical properties such as high solubility in water, covalent bond formation with substrates, permanent bright 

color and easy to operate in mild condition, which make them relatively more advantageous than the pigments [3]. Dye possesses 

color because they absorb light in the range 400–700 nm UV–visible spectrum. Such dye compounds are composed of 

chromophoric groups and auxochrome groups. 

 The chromophoric groups such as anthraquinone, azo, formazan, triarylmethane, oxazine and phthalocyanine are directly 

associated through covalent bond (with π–π* and n–π* bond transitions) with fiber substrate (Mohammad 2005), while the 

auxochromes such as hydroxyl, carboxylic acid, sulphonic and amino group undergo only n–π* bond transitions and influence 

solubility of dye (Uday et al. 2016) [4]. 

. In the current industrial scenario, about >100,000 commercial dye compounds are available. Annually, approximately 

7×105   tonnes of dye compounds are manufactured to be used in dying process (Das and Mishra 2017). Among all, the dyes 

belonging to azo, triarylmethane and anthraquinone are the largest chromophoric class of commercial colorants used in textile 

industries 

Table 1.Effluent characteristics in textile Industries [5] 

 

Main Processes Chemical Pollutants 

Sizing Starch, Wax, Carboxymethyl 

cellulose. 

High in BOD,COD 

Desizing Starch, wax, fats, pectins, 

Carboxymethyl cellulose 

Sodium hydroxide, Cotton  wax 

Scouring, washing,     desizing, Starch, greases, enzymes, fats, Organic load 
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sizing surfactants, acetic acid. 

Dyeing, Scouring Dyes, scoured wool impurities. Color 

Dyeing Sulphate, sulphite, sulphuric acid Sulphur 

 

1.1.1 Acid Dyes  

These dyes are used for the organic and inorganic fabrics hence the name is given as acid dyes. These dyes are negatively 

charged anionic compounds due to the presence of carboxyl group and sulphonates  in the molecular structure. They usually bind 

to positively charged group such as NH4+ of fabrics like nylon, acrylics, silk, cotton, and nylon/cotton blends. The commercially 

important acid dyes are azo, anthraquinone, and triarylmethane.   

1.1.2 Basic Dyes 

Basic dyes are positively charged cationic compounds that generally bind to group of fibres or anionic surfaces. These dyes 

are mostly applied to modified acrylic fibres, silk, cotton, and wool. Some of the examples of basic dyes are crystal violet,fuchsin, 

methylene blue, and safranin. Mostly dyes are diarylmethane, triarylmethane, anthraquinone or azo containing compounds[5]. 

Azo dye is one of the most widely used synthetic dye. Treating this azo dye is major problem for the textile industries because 

of its complexity in its structure. The presence of these dyes in the water bodies increases the Chemical and Biological Oxygen 

Demand (BOD and COD). Apart from that the effluent containing dyestuffs are found to have large concentrations of suspended 

solids. 

 Hence these factors affect the ecological balance of the water body. Some of the dyes are even toxic in nature. Thus, the 

presence of synthetic dyes in the water bodies is a serious environmental concern. And that is why, it is really necessary to 

remove the colorants from the effluent before discharging it into the water bodies. 

The methods involved for treating these dyes are broadly classified into three categories; biological, physical and chemical. 

Activated carbon adsorption, biosorption with biopolymers, membrane filtration coagulation, flocculation, ion exchange, 

ozonation etc these all comes under physical and chemical methods[6]. Although these methods decolorizes dyes very effectively, 

it has still more amount of COD. It may also produce exhausted ozone in the wastewater which in return increases the cost for the 

treatment using different technologies. The conventional treatment process has several shortcomings such as it is unsuitable for 

use  when the effluent contains high concentrations of the target pollutants, high running cost and low efficiency of the removal 

and the sludge produced here is very high. 

 

II. BIOLOGICAL DEGRADATION 

 

Biological removal techniques are based on degradation of dyes by microbial biomass or enzymatic biotransformation. These 

methods are considered as an economical alternative when compared to physical and chemical methods for decolorization of dye 

[7]. The use of Biological methods to remove color from the textile dyes is a cheaper alternative, because it involves no major 

processing costs. Biological methods involve the use of bacteria, fungi and algae. Bacterial degradation has been mainly applied 

in the removal of azo dyes.  

However, this biological method has been found ineffective in removing color from several dyes. The azo dyes generally 

resist to aerobic degradation. However, its degradation was observed in anaerobic conditions, but aromatic amines are formed as 

the final product, which despite having no color can be toxic, mutagenic or carcinogenic. [8] Fungi can degrade textile dye 

effluents through their own action or by enzymes digestion produced by them. Ligninolytic fungi are most common in the 

treatment processes for textile dyes, although some non-ligninolytic are also effective. Some algae are known to be used in 

effective decolorization of dyes from textile wastewater. 

 

2.1 ENZYMES USED IN THE DEGRADATION OF DYES 

Over the last few decades there has been increasing interest to treat the dyes by degradation process using enzymes. Owing to 

their specificity, and the ease with which their strength can be enhanced with engineering. Usage of these enzymes has other 

advantages too, like lower costs, enhanced stability and their activity. Due to the high molecular structure in dyes only few 

enzymes have the ability to degrade them [9]. The enzymatic processes of wastewater treatment are simpler and more efficient 

than traditional methods. Some characteristics of enzymes are viable to treat colored wastewater.  

They are biodegradable. catalysts that operate at low and high substrate concentrations over a wide range of pH, temperature, 

and salinity. Moreover, these processes have a reduced sludge formation and they are simple and easy to control. However, 

enzymes are sensitive to additives, heavy metals, and salts. [10] Moreover, the enzymes production processes are time consuming 

and expensive The most important enzymes used for the treatment processes are Laccase, Peroxidases, Azoreductases and these 

are all redox active molecules.     

 

Table 2 Enzyme used for decolorization of some dyes 

Substrate(s) Enzyme Reference 

Acid blue Laccase from trametesvillosa 

Laccase from Cladosporium 

cladosporioides 

Vijaykumar et al., 2006 

Acid orange 6, Acid orange 7, 

Methyl orange and Methyl red 

Mixture of bacterial 

oxidoreductases from sludge 

methanogens 

Kalyuzhnyi et al., 2006 

Reactive yellow, Reactive 

black,Reactive red and Direct blue 

Direct yellow 

Horseradish peroxidase from 

Armoracia rusticana Azoreductase 

from Staphylococcus 

Franciscon et al., 2009 

Acid blue3-(4 dimethyl amino-1 

phenylazo) 

Laccase from trametesvillosa Zille et al., 2004 
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Tartrazine and ponceau Azoreductase from Green algae Omar, 2008 

Direct yellow Horseradish peroxidase from 

Armoracia rusticana 

Maddhinni et al., 2006 

 

Table 3 Bacterial enzymes responsible for the degradation of dyes 

 

Bacterial species Dyes Enzyme References 

Acinetobacter 

calcoaceticus 

Direct Brown MR Lignin peroxidase Ghodake et al. (2009) 

Aeromonas hydrophila 

 

Crystal Violet, Fuchsin 

Green, Brilliant Green, 

Malachite Green 

Azoreductase Ren et al. (2006) 

Bacillus subtilis 

Bacillus lentus 

Orange Reactive Red 

120 

Azoreductase Sha et al. 

(2014)Oturkar et al. (2011) 

Bacillus cereus 

Bacillus sp. VUS 

Reactive Red 195 

Orange T4LL 

Laccases Modi et al. 

(2010)Dawkar et al. 

(2010) 

 

Bacillus sp. Methyl Red, Orange 

dye 

NADH–DCIP 

reductase 

Gayathri et al. (2014) 

Clostridium 

bifermentans SL186 

Reactive Red 3B-A, 

Reactive Black 5, Reactive 

Yellow 3G-P 

Laccases Joe et al. (2008) 

Enterobacter spp Congo red Phenol oxidase Prasad &Aikat (2014) 

Enterococcus 

casseliflavus and 

Enterobacter cloacae 

Orange II Azoreductase Chan et al. (2011) 

Enterococcus faecalis Acid Red 27, Reactive 

Red 2 

CotA-laccase Handayani et al. (2007) 

Escherichia coli JM 

109 

Direct Red 71 Laccases Jin et al. (2009) 

 

Kocuria rosea MTCC Methyl Orange Azoreductase Parshetti et al. (2010) 

Lysinibacillus sp. AK2 Metanil Yellow Veratryl alcohol 

oxidase 

Anjaneya et al. (2011) 

 

2.1 Peroxidases: 

 

Peroxidases are a group of different heme-containing enzymes. They utilize organic hydroperoxides and hydrogen peroxide 

electron acceptor to catalyze oxidation of numerous substrates. Peroxidases are also known as oxidoreductases. Due to their 

enzymatic stability and catalytic versatility, peroxidases are considered as one of the most studied group of enzymes and also as 

potential industry.Manganese peroxidase and Lignin peroxidase are generally obtained from fungi. We have many other sources 

for the peroxidases like from horse radish, beetroot, radish, soyabean, peanuts etc. 

 

1) Materials and methods: 

In this paper we used C.I .Acid Blue 225 and C.I .Acid Violet 109 are the two anthroquinonic dye that are against the 

horseradish peroxidase enzyme (HRP) in the decolorization of Dyes in waste water.[11] 

 

 
 

Figure 1  C.I . Acid Blue Structure 
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Figure 2 C.I Acid Violet 109 Structure. 

 

2.1.2. Dye Decolorization experiments: 

For the decolorization of waste water dye with respect to HRP. We have to consider dye concentration enzymatic 

concentration pH value, hydrogen peroxide concentration and temperature .We take the buffer concentrations of AB 225 and AV 

109 at 10 to 50 mg/lit and a specified concentration of hydrogen peroxide. To initiate the reaction, the solutions has to be in 

thermal equilibrium, after the achievement of thermal equilibrium we use magnetic stirring bars, for stirring at 100rpm. By the 

addition of HRP to the reaction it minimizes the potential inactivation of the enzyme. The reactions mixture is taken at different 

time intervals for the analysis and to know the standard deviations in the reaction. The experiment shows that the both dyes were 

stable due to exposure to the H₂O₂  alone, the HRP alone does not decolorize the dyes. So the we can say that the decolorization of 

dyes is dependent on H₂O₂ enzymatic reaction.  

 

 2.1.3. Determination of dye decolorization percentage: 

By using the UV spectrometer we monitor the decolorization of the dye at the maximum absorption wavelength and to know 

the efficiency of the enzymatic treatment. The decolorization percentage for both dyes were determined by,[12] 

Decolorization(%) =[ (A0 – At)/A0] x 100 

Where A0 is the initial absorbance of the untreated di-solution and At is the absorbance of di-solution after enzymatic 

treatment.  

 

2.1.4. Determination of Chemical Oxygen Demand (COD) and Total Organic Carbon (TOC): 

The COD was examined in order to estimate the amount of organic matter in wastewater. The amount of oxygen required for 

chemical oxidation of organic matter in the sample to carbon dioxide and water are the test measures. Using the closed reflux 

method, COD was examined. Under previously determined conditions (for AV 109 dye: pH 4.0, temperature 2 C, hydrogen 

peroxide concentration 0.4mM, dye concentration 30mg/L, and enzyme concentration 0.15 IU/mL; for AB225 dye: pH 5.0 

temperature 24 C, hydrogen peroxide concentration 0.04mM,dye concentration 30mg/L, and enzyme concentration containing 

0.9mL digestion solution (10.216 g K2CrO7, 167mL conc. H2SO4, and 0.33g HgSO4 in 1L distilled water) and 2.1mL sulfuric 

acid reagent(1kg conc. H2SO4 and 5.5g Ag2SO4)  briefly, 2mL of the sample is pipetted . As the blank water is used by COD 

reactor (2h,148-150 C) the mixture is refluxed and then cooled for 45min[14].  

 

2.1.5. Effect of time on the dye decolorization: 

The decolorization time for the two synthetic anthraquinonic dyes are different. Specifically, 15mins and 32mins of incubation 

the decolorization percentage of AV 109 and AB 225 are 85.16% and 50.63%. This shows that the enzymatic decolorization 

percentages is higher in AV 109  for a short reaction time. The affinity of HRP for AV 109 is higher than for AB 225. This 

resulting that the dye structure has a crucial effect on HRP activity through steric effects , the electron distribution or charged 

distribution. The Decolorization process of an anthraquinonic dyes was not observed in the absence of a small molecular weight 

redox mediator.[ 15].We selected two anthraquinonic dyes with similar structures .AB 225 dye is used in textile industry with a 

common para diamino anthraquinonic sulfonated compound substituted in the para-amino group and it has a double bond on the 

para amino group.[13] 

 
Figure 3 Effect of time on the decolorization. 
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2.1.6. Influence of Dye Concentration and Hydrogen peroxide: 

In the range from 0.1 to 1.0 and from 0.02 to 0.2mM for AV 109 and AB 225, respectively, to examine the influence of 

hydrogen peroxide. The oxidation of AV 109 consistently required less hydrogen peroxide in comparison with AB 225, are the 

ranges selected in the preliminary study that which revealed this.  

In the case of AB 225, the inhibitory effect of hydrogen peroxide was evident. In the range of 0.02-0.04mM, an increase of the 

dye decolorization percentage was apparent in the hydrogen peroxide concentration. By increasing more hydrogen peroxide there 

is a decrease of dye removal. For AB 225 and for AB 109 there is similar trend even though there the requirement for both is 

different. [16]. In the range of 0.2-0.6mM , there is an increase of dye removal can be seen in hydrogen peroxide concentration 

and the decolorization range is decreased.  

By the other researchers, the effect of hydrogen peroxide on HRP was noticed. Add hydrogen peroxide up to concentration of 

0.8mM, for the removal of C.I. Acid Orange 7 from aqueous solution[17]. When the decolorization of an azo dye, C.I. Acid Blue 

25, was studied showing that the optimal concentration of hydrogen peroxide was 0.8mM , the same behaviour was observed. If 

hydrogen peroxide concentration is higher than 0.8mM then, it shows in lower percent of dye removal in both the cases. Different 

approaches have been used including the addition of glucose oxidase, to avoid the inhibitory effect of hydrogen peroxide as the 

glucose produces hydrogen peroxide only in one dose necessary for the reaction.  

     By varying the concentration of dye in the range 10-50mg/L, the influence of the substrate concentration was examined. 

For the removal of both anthraquinonic dyes catalyzed by HRP, there was also an optimum dye concentration. HRP-catalysed 

treatment process is also effective for this dye. 

2.1.7. Initial pH influence: 

Influence of pH on decolorization reaction, 0.1M citrate buffer(pH 3-6) and 0.1M phosphate buffer (pH 6-9) used for both 

dyes, are examined. Here in the range from 4 to 5 were apparent for both dyes are the bell shaped curves with a defined pH 

optimum. For AV 109 and AB 225 the high dye decolorization of 89.7% and 92.98% respectively, has been observed[18]. From 

industrial point of view since some dye effluents are slightly acidic and this is the advantage. 

 There is a significant decrease in dye decolorization was observed, which can be attributed to the pH-dependence of HRP 

activity  in the range of pH lower than 3.6 or higher than 6.At a pH below 3.6 and above 6 the small amount of dye is decolorized, 

as from many substrates only one of the ionized substrate acts upon by enzyme.  

The substantial structure changes in the enzyme occur, causing decline in the specific activity of the enzyme as there is 

another reason that on either the basic or acidic side of pH optimum. Loss of HRP activity[35] and below pH 4 the release of 

heme group from the active site of the enzyme is pH dependent and occurring more rapidly.  

To the observations made for HRP-catalysed degradation of Remazol Blue where an acid pH of 2.0 was found to be optimal, 

revealing that this azo dye acted as a strong competitive inhibitor of HRP at pH values above 6.0, the results are very contrast. In 

the similar way with the increase of pH value of reaction mixture above 3.0, due to substrate inhibition at higher pH values ,the 

decolorization efficiency of methyl orange decreased. For AV 109 and AB 225, with pH 4 and 5 respectively, further experiments 

were conducted in aqueous solutions.  

2.2.  Laccase: 

Laccase are multicopper oxidases that are found in plants, fungi and bacteria. Laccase oxidizes hydroquinones to quinines. For 

example they play a role in the formation of lignin by promoting the coupling of monoliqnols, a family of naturally occurring  

phenols. The other laccases which are produced by the fungus is pleurotus ostreatus, play a major role in the degradation of 

lignin, and thus it is called as  lignin-modifying enzymes. Laccase catalyze ring cleavage of aromatic compounds[20]. 

2.2.1 Mechanism of Laccase action: 

Depending on the distribution of copper atoms present in the laccase, these are divided into three types .They are type-1 or 

blue copper center, type-2 or normal copper center and type-3 or coupled bi-nuclear copper center. The organic substrate is 

oxidized by one electron at site of the laccase generating a radical reaction which further reacts non enzymatically.[21]. The 

electron received to the blue copper center is settled at the tri nuclear cluster where oxygen is reduced to water. The type-1copper 

enzyme acts as the primary electron acceptor extracting electron from the reducing substrate and delivering it to the tri nuclear 

site. By using the mediators the substrate rate can be extended to nonphenolic sub units. This is due to the catalytic performance 

of laccase for very long extent[22]. 

For the laccase action we use the mediators or enhancers known as ABTS(2,2[Azino-bis-(3-ethylbonzthiazoline-6-

sulphonicacid) diammonium salt]) and HOBT( 1- hydroxybenzotriazole).Mediators are compounds which are having high redox 

potential with low molecular weight ,due to this they have the ability to enhance the catalytic activity of laccase. The enzyme and 

the polymer do not interact directly due to the large size and steric hinderances. Due to this we use the mediators to allow the 

oxidation of the polymer by side by side interaction with the enzyme to decrease the steric hinderance. In the laccase dependent 

oxidation of the non-phenolic substrates, we use the ABTS mediator for an electron transfer mechanism towards the substrates 

having a low oxidation potential. Alternatively, a radical hydrogen atom transfer can operate with N-OH mediator if having the 

weak C-H bonds are present in the substrate. 
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2.2.2. Materials : 

Dyes we are using for the decolourizing are DR31 and AB92. These dyes were obtained from ciba. Fig.4 

 

 
 

Figure 4 Structures of Direct Red 31 and Acid Blue 92 

 

2.2.3. Dyedecolorization : 

Decolourization of the dyes was carried out by taking the 100ml solution of the laccase enzymes with a specified 

concentration. We use Hcl and NaOH for maintaining the pH of the solution. Overall reaction was carried out by 250ml capacity. 

Samples were drawn from sample point at certain time interval and analyzed for dye degradation. Dye degradation was 

checked and controlled  by measuring the absorbance at maximum wavelength(Kmax) of dyes(524nm for DR31 and 574nm for 

AB92) at different time interval using UV- spectrophotometer. The effect of enzyme concentration  on degradation was 

investigated by contacting 100mL of dye solution(20mg/L) at 45˚C and pH5. Different enzyme concentrations(100,200,300,400, 

and 500mg/L) were applied. The effect of pH(3-9) on dye degradation was investigated by contacting 100mL of dye 

solution(20mg/L) and enzyme concentration(500mg/L) at 45˚C[23].  

The effect of initial concentration(10-50mg/L) on dye degradation was investigated by contacting 100mL of dyes solution and 

enzyme concentration (500mg/L) at 45˚C and pH5. The effect of salt on the percentage  of dye degradation was studied. About 

0.02mole of different salts(Nacl, Na2so4, and NaHCO3) was added to 100mL of dye solution(20mg/L) and enzyme 

concentration(500mg/L) at 45˚C and pH5. In single system, the concentration of dye and its variation during enzymatic processes 

was measured using Ber-Lambertlaw. .A¼eLC, where L and C are extinction coffecients(L/mgcm), path length(cm), and dye 

concntration(mg/L). 

2.2.4. Enzyme Concentration: 

 

The decolorization of dyes from single and binary systems at different concentrations of enzyme. The results show that with 

increasing enzyme concentration of dye removal percentage increases gradually because of the existence of more enzyme 

molecules at the fixed amount of dye molecules[24]. At 500mg/L enzyme concentration, the complete removal of 

DR31(20mg/L), AB92(20mg/L) was observed. Therefore, their optimized enzyme concentration for decolorization was 500mg/L. 

 
 

Figure 5:The effect of enzymatic concentration on dye decolorization of single and binary systems.[24] 
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Effect of pH: 

The effect of pH on decolorizaton of dyes from single and binary systems is shown in Fig 6. The results showed that the pH 

significantly influence the laccase action during dye decolorization was found to improve with an increase in aqueous phase pH 

until it reached a value of 5.0 and thereafter an increase in the aqueous phase pH from 5.0 to 9.0 conc used  the efficiency of the 

enzymatic decolorization process to decrease. The aqueous phase pH of 5.0 has a  significant  effect on the rate of dye 

decolorization compared with the pH conditions. Thus, the aqueous phase plays a significant role in enzymatic reactions and 

many enzymes exhibit maximum  activity at one particular pH. In addition, the pH-activity relationship of any given enzyme 

depends on the acid-base behaviour of enzyme and substrate as well as many other factors that are usually difficult to analyze 

quantitatively[25]. 

 

Figure 6: The effect of pH on dye decolourization of single and binary systems.[25] 

Effect of salts on dye decolorization: 

The decolorization of dyes from single and binary systems in the presence of salts (sodiumsulfate, sodiumcarbonate, and 

sodiumchloride) is shown in fig. The results show that addition of 0.02M salts to dye solution from single and binary system 

saves light effect on dye decolorizatin. It can contributed from competition between salt and dye for adsorbing to enzyme active 

site. However, addition of sodiumchloride has effect on decreasing dye decolorization because of its inhibitory effect on 

enzymatic processes and inactivation of enzyme[27]. 

The iconic strength of the sodium chlorides solution effected enzymatic performance as well as  the solubility of reaction 

products. High iconic strength can totally inhibit laccase activity[28]. The effect of salts such as NaCl on free laccase activity was 

determined as AB92 and DR31 decolorization rates of AB92 and DR3 in single and binary system 

 

 
 

Figure 7:The effect of different salts for dye decolorization of single and binary systems.[26] 
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Dye concentrations: 

The decolorization of dyes from single and binary systems at different dye concentration is shown in fig. The results show that 

the increasing of dye concentration leads to the reduction in dyecolorization because of the existence of more dye molecules. 

Additionally, dye concentration influences the enzyme concentration was kept constant and the substrate dye concentration was 

gradually increased, the velocity of the reaction increased until reached the maximum. After obtaining the equilibrium state, 

further addition of substrate(dye) did not alter the rate of reaction.[28] 

 

Effect of dye structure on dye decolorization: 

 

     Laccase can oxidize a wide range of molecules, such as polyamines, aminophenol, lignins, aryldiamine, and some inorganic 

ions. The nature and positions of substituents on the phenolic ring influence the efficiency of oxidation by laccase. Electrophilic 

functional groups, especially in the orthoposition, negatively affect the substrate’s affinity for enzyme. Morever, steric cover 

crowding and high redox potential negative affect the laccase oxidation rates[29]. According to the dye structure of DR31 and 

AB92, Laccase has more effect on decolorization of AB92 because of flowers spatial hinderance. 

III. FUTURE IMPROVEMENTS OF DYE DEGRADING ENZYMES 
 

Enzymes are capable of carrying out wide ranges of biological functions, including dye bioremediation  However, sometimes 

their stability, efficiency, and costs often do not match with the needs for the industrial operation. For the dye degradation process 

using biological method, the type of enzyme we choose depends on the operational requirements, costs, and on the effluent 

characteristics. Although we have peroxidases and laccases which are being successfully used in the industries, but we are yet to 

find a perfect enzyme which can give the desired attribute of being stable and active over a different range of temperatures and 

pH values, with high reduction potential. Hence to overcome this drawback, tailor-made biocatalysts can be created from wild 

type enzymes by protein engineering using either directed evolution techniques or by rational design vial computer aided 

molecular modeling and site directed mutagenesis.  

 

 

 Figure 8 Dye concentration for dye decolorization.[28] 

 

These methods can be used to modify successfully the protein activity, soluble expression, binding affinity, stability, 

enantioselectivity. Based on this information, the availability of the structure of the enzyme and knowledge about the 

relationships between structure and function is enough to undertake rational design and is consequently very information 

intensive. The rapid increase and progress in solving protein structures and the highly increasing number of sequences which is 

stored in public data bases have rapid progress in solving protein structures, and the enormously increasing number of sequences 

stored in public data bases have significantly eased access to data and structures, making rational protein engineering possible. To 

overcome challenges faced by rational design, directed evolution has emerged as a key technology for protein engineering, 

generating impressive results. 

 

 

IV. CONCLUSION: 

Wastewater treatment, enzymes are used to develop remediation processes that are environmentally less assertive than the 

usual conventional methods. Because of their efficiency and all round performance even in moderate reaction condition gives 

them a wide advantage over  the conventional physic-chemical treatment methods. The biological origin of enzymes reduces their 

adverse impact on the environment thereby making enzymatic wastewater treatment an ecologically sustainable technique. In 

spite of the advantages of enzymatic wastewater treatment, there are limitations too because of their prohibitive cost. Presently, 

wastewater treatment using enzymes on a large scale is not economically effective. However, if maximum reusability of enzymes 
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is achieved through the use of standardized immobilization procedures, the running cost can be lowered considerably. The 

confluence of nanoscience and enzyme technology has resulted in an upcoming interdisciplinary approach to wastewater 

treatment. Such innovative applications of enzymes can enable the utilization of these biocatalysts to their maximum potential. 

Future research in this field should be conducted on the optimization of the activity of enzyme preparations and on the 

improvement of enzyme reusability to counteract the high start-up and running costs. 
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