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 Current study focuses on biodegradation of disperse textile dyes and study of lignolytic 

enzymes involved in biodegradation. Microorganisms like brown rot fungi (BRF) have 
great potential of biodegradation of dyestuffs due to their efficient nonspecific 

lignolytic enzyme system. In current study Coniophora puteana IBL-01, a brown rot 

fungus isolated from Ficus carica, was employed. The targeted disperse dyes were 
violet 63, orange 30, red W4BS and red S3B, which are widely used in textile 

industries. Decolorization process was optimized by using Response Surface 

Methodology strategy. Initially decolorization was observed 88% for violet 63, 80% for 
orange 30, 64 % for red W4BS and 59 % for red S3B on day 7. There was 4%, 7%, 

16% and 17% respectively increased in decolorization observed by the addition of 

readily available carbon and nitrogen sources. The maximum activities observed for 
lignolytic enzymes were 1892.76 U/ml for LiP, 1438.45 U/ml for MnP and 834.50 

U/ml for laccase. Kinetic studies of lignolytic enzymes shows their efficiencies and 

specificites towards their substrates. The values of Km were found to be 0.751mM for 
Lip, 0.700 mM for MnP and 0.571 mM for laccase and that of Vmax were 1250 

µM/ml/min for Lip, 1000 µM/ml/min for MnP and 1428.57 µM/ml/min for laccase. 

The optimum temperature was around 30 0C and optimum pH was around 6.5. It can be 

concluded from current study that Coniophora puteana IBL-01 is a potential 

microorganisms for the treatment of industrial effluent. It can also be used for the 

production of active lignolytic enzymes. Further studies should be conducted to explore 
its potential against industrial effluent. 
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INTRODUCTION 

 

 Textile industries used large amount of water and chemicals during the processing of their products at 

different levels [6]. Use of synthetic dyes increased in last two decades which results in increased of dye 

contents in effluent [3,13]. Dyes in effluent are mostly toxic in nature and is a major environmental problem and 

cause of diseases after entering into food chain [25]. Textile dyes are difficult to treat or eliminate from 

environment due to their stable structure [13,27]. Disperse dyes used in current study are water insoluble non-

ionic dyes which are predominantly used for polyester fibers. These have aromatic structures which made them 

carcinogenic. 

 Chemical and physical treatment strategies of wastewater are considered not environmental friendly and are 

costly [26]. Treatments by different biological methods which are relatively simple and cheap have been the 

focus of current studies for the dye biodegradation and decolorization [31]. Wood as an organic and 

heterogeneous material wood can be easily damaged by various microorganisms including fungi, bacteria and 

moulds. Microorganisms produced variety of enzymes which are responsible for this decay and due to non-

specificity of most of these enzymes, can be used for the degradation of other similar compounds including dyes 

[38]. Fungi degrade the dyes during their decolorization process by using their active enzymatic system [12]. 
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 Coniophora puteana IBL-01 is a brown-rot fungi which mostly habitate and damaged coniferous and citrus 

plants with the presence of high moisture contents [18]. It exhibit cellulolytic activity and damage timber, fibers, 

paints and drugs [14,11]. Fungi secrete enzymes collectively termed as ligninases and classifies according to 

their reaction as laccases (phenol oxidases) or LiP (heme peroxidases and lignin peroxidase) or MnP 

(manganese peroxidase) [22]. Laccases enzyme uses molecular oxygen as a source of electron acceptor whereas 

peroxidases required hydrogen peroxide as a co-substrate [21]. These enzymes are responsible for the 

degradation of various organic, in-organic and aromatic compounds present in plant biomass as well as in dyes. 

 In present study four different disperse dyes were studied for their decolorization. Objectives of current 

study was to found microorganism capable of textile dyes biodegradation and development of environmental 

friendly wastewater treatment process. The study of oxidative enzymes underlying the degradation process.  

 So, there is need to explore such microorganisms that have wastewater degradation capability and to 

develop an environmental friendly bioprocess for its treatment. This would help to protect the environment from 

adverse effect of effluent and to reduce the incidence of diseases especially in the surrounding of industries.  

 

MATERIALS AND METHODS 

 

Collection and maintenance of microorganism: 

 Coniophora puteana IBL-01 was collected from rotten trunk of Ficus carica in the localities of Rawalpindi 

and Islamabad. Collected samples were brought into Industrial Environmental Biotechnology laboratory, 

Department of Biochemistry PMAS-Arid Agriculture University Rawalpindi. It was isolated by culture on Malt 

Extract agar media (malt extract 20g/L, dextrose 20g/L, agar 15g/L and peptone 2g/L in water) and identified on 

morphological basis form mycology laboratory, department of plant pathology [32]. For further use culture was 

maintain in liquid media (agar less MEA) and spore size was maintain from 10
7
-10

8
 spores/ml with biomass 

monitor (ABER 220). 

 

Disperse dyes: 

 Four disperse dyes including disperse violet 63, orange 30, Red W4BS and Red S3B were purchased from 

supplier and used in current study (Table-1). 

 

Decolorization of disperse dyes: 

 Decolorization experiments were performed in 250 mL flasks. Initially, each experiment was performed by 

adding 90 ml of dye solution (0.02%) in acetonitrile:water (60:40) and 10 mL of fungal inoculum media. Each 

flask was placed in shaking incubator at 28 
0
C, 120 rpm for different days before measuring absorbance at ƛmax 

of that dye. After specific day, the %age decolorization was measured by taking 2 ml of mixture, centrifuge at 

10,000 rpm for 10 min and absorbance was noted at ƛmax. The % decolorization was calculated with following 

formula; 

% decolorization = 100 ×  

Where; (Aini = intial absorbance of mixture, Afin = final absorbance)  

 

Optimization by response surface methodology: 

 Response Surface Methodology (RSM) was implied to optimize decolorization process and to observe 

interaction between various independent parameters. Dyes decolorization by fungus depends on various 

parameters like; temperature, pH, incubation period, dye concentration and size of inoculum. During current 

study different parameters were optimized, time period (24 hrs- 240 hrs), incubation temperature (20
0
C- 40

0
C), 

pH (4-8), dye concentration (0.01%-0.05%) and inoculum size (2-10 mL). All these parameters were analyzed 

so that a suitable conditional process developed for decolorization of industrial effluent. Table 2 shows the 

combinations of treatments obtained by RSM, performed during the current study. Experiments were performed 

in triplicate to avoid any error and mean values were taken. 

 

Effect of carbon and nitrogen sources on dyes decolorization: 

 Addition of readily available carbon and nitrogen source along with inoculum media would certainly 

enhance decolorization process either by increase in fungal growth or enhance enzymes production. Keep this in 

mind different carbon and nitrogen sources were also added in the mixture and decolorization process was 

monitor by method as described above. Glucose and Fructose (0.5%, 1%, 1.5%, 2%, 2.5%) were used as 

additional carbon while ammonium sulfate and ammonium nitrate (0.5%, 1%, 1.5%, 2%, 2.5%) were used as 

nitrogen sources [20].  
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Study of lignolytic enzymes: 

 Tree of the lignolytic enzymes; laccase, lignin peroxidase and manganese peroxidase were studied in the 

decolorization mixture. The mixture was centrifuged and activities were performed as described by [35,32]. 

 

Purification of lignolytic enzymes: 

 These enzymes were partially purified by ammonium sulfate precipitation and gel filtration chromatography 

using Sephadex G-100 column. Centrifuged sample from decolorization mixture was loaded with different 

concentration of ammonium sulfate and put over night before performing enzymatic assay.  

 

Characterization of lignolytic enzymes: 

 Laccase, Lignin peroxidase and Manganese peroxidase were characterized for optimum temperature, pH 

and kinetic parameters like Km and Vmax.  

 

RESULTS AND DISCUSSIONS 

 

Isolation and identification of Coniophora puteana IBL-01: 

 It was isolated form the dead trunk of Ficus carica plant at Shakarparian Islamabad Pakistan (Fig. 1). The 

size of fungus (mature) varying from 15-20 cm with thickness 2-4 cm, whitish at growing margins and turn 

yellowish at older growing parts. After surface sterilization with 70 % ethanol it was successfully cultured on 

Malt Extract Media having pH 5.5 at 25 
0
C. Spores were brown in color while hyphae were white in color but 

turns yellowish brown after 6-7 days (Fig. 2). 

 

Degradation of disperse dyes: 

 Fungi have the ability to secrete different enzymes in the media depending upon the composition of 

surrounding media. If it is provided with certain nutrients necessary for growth we can achieve good results. 

Keeping this in mind, Coniophora puteana IBL-01 was cultured with media and dyestuff to degrade dyestuff by 

its extracellular enzymes. The growth of fungus is greatly affected by various parameters like; time period, pH, 

temperature, dye conc. and size of fungal inoculum. All these parameters were studied to get maximum 

decolorization of dye. 

 

Disperse violet 63: 

 There was 88% degradation achieved at different conditions and various parameters showed positive 

interaction with each other. Results showed that good degradation was achieved at pH 7.5 and 9 mL of 

inoculums (Fig.3A). These two parameters have interaction with each other. It is clear from figure that as there 

is increase in inoculum size at pH 7.5 there is increase in dye degradation and it reaches to maximum at 9 mL. 

Further, at all other pH values the degradation is low (Fig. 3A). Changing in dye conc. and size of inoculums 

affect the degradation of disperse violet 63, higher degradation could be achieved around 0.04% dye conc. and 

at almost 8 mL inoculums size (Fig.3B). Around 28 
0
C temperature we can achieve good degradation results 

when canc. of dye contents in effluent is around 0.02% (Fig. 3C). Increase in either value leads to decline in 

degradation process. Results also showed that around neutral pH and dye contents 0.04% there is higher 

degradation compared to other values (Fig. 3D). Effectiveness of enzymes at higher percentage of dye would 

make Coniophora puteana IBL-01 a very good candidate for treating industrial effluent by little dilution with 

water.  

 These results indicated that there is need to develop a consolidate bioprocess to for decolorization with 

good efficiency. The variable parameters interact with each other which clearly indicated by different values of 

one parameter in different experiment. Good results were achieved (88 % degradation) at pH acidic near to 

neutral, temperature 28 
0
C, dye contents 0.05% and and 6 ml of inoculums size.  

 

Disperse orange 30: 

 There was 80 % decolorization achieved for disperse orange 30 at the most feasible incubation conditions. 

Some of the parameters interact positively and gave good results while other gave low degradation. Results 

indicated that maximum degradation achieved after day 6 and at 30 
o
C temperature (Fig. 4A). There is less than 

50% degradation as temperature rises from 35 
o
C. Further, in the presence of 0.04 % dye contents good 

degradation results were achieved in the presence of 6 mL of fungal inoculums (Fig. 4B). In the presence of 3-4 

mL of inoculum there is maximum degradation on the day 7 of incubation, so providing good time span for 

degradation process reduce the size of inoculums necessary for degradation process (Fig. 4C). Results also 

indicated that at temperature around 30 
0
C and pH near to 6.5 there was high degradation process (Fig. 4D).  

 

 

 



142                                                               Raja Tahir Mahmood et al, 2015 

Advances in Environmental Biology, 9(11) June 2015, Pages: 139-150 

Degradation of disperse red W4BS: 

 Dyes decolorization depends on the growth of fungus that produces various extracellular enzymes to 

degrade the chemicals/nutrients in the surrounding. The experiments showed that there was maximum 

degradation after day 5 at 28-30 
0
C of temperature (Fig. 5A). While when time of incubation was compared with 

pH than good results could be achieved around pH 6 after 5 to 6 days (Fig. 5B). There was maximum 

degradation achieved around 30 
0
C temperature when size of inoculums adjusted at 4 mL (Fig. 5D). The results 

showed that there is little interaction between dye concentration and temperature, as indicated by straight lines 

(Fig. 5D). But as temperature increased the degradation process decreased possibly due to decrease in the 

activities of fungal enzymes. 64% degradation was observed when experiment was performed at 28 
0
C, pH 6, 4 

mL inoculums size, 0.04% dye concentration for 7 days. 

 

Decolorization of disperse red S3B dye: 

 Disperse red S3Bdye mostly used for the dyeing process in textile industries of Pakistan and is source of 

environmental pollution in the form of effluent. During current results it was 59 % decolorized by using 

Coniophora puteanaIBL-01, isolated from Islamabad Pakistan. The results showed that better degradation was 

observed after ay 7 in the presence of 4 mL of inoculum (Fig 6A) and around 28 
0
C of temperature (Fig. 6B). 

Further in the presence of 4 mL of inoculum the feasible temperature is also 28 
0
C which was the most favorable 

temperature for the growth of fungus (Fig. 6C). The pH 6 gave good results after 7 days of incubation indicating 

that enzymes are active in acidic range near to neutral pH value (Fig. 6D).  

 Olfat et al., [24], reported that various fungal culture gave good results by releasing extracellular enzymes 

at 28 
0
C temperature after 7 days of incubation of fungal culture. While Abedin in [1], reported that there is 

maximum decolorization of crystal violet and malachite green by Fusarium solaniwas around 28 
0
C after 

fermentation of 0ne week. Schizophyllum commune IBL6 has the maximum decolorization ability of carbon red 

FN-2BL at 30 
0
C temperature. Jarsoz et al., [16], reported that Strofariarugoso-annulata can 75–100 % 

decolorized Basic Blue 20 dyes with its active enzymatic system. 

 There are many previous studies similar to current study for the decolorization of various toxic dyes. Jarsoz 

et al., 2002, reported that cultures of Bjerkandera fumosa and Kuehneromycesmutabilis gave 100 % 

decolorization of Acid red 183 and 75–100 % of Basic Blue 22. The decolorization of various textile dye by 

fungal cultures depends upon the production of lignolytic enzymes which gave very good decolorization results 

at acidic pH range from pH 4 to pH6 for different fungi [2,23,30,4,5]. Lignolytic enzymes become active in the 

media and decolorize the dye contents by degrading them in simple by-products [4,12]. 

 These results indicated that fungi are most active around physiological conditions. This is very important to 

carry out these beneficial processes at normal conditions without much maintenance of process. The current 

results also support the previous results which can be utilize very effectively for the biodegradation of textile 

waste water at local environmental conditions. 

 

Effect of carbon and nitrogen sources on decolorization of disperse: 

 Presence of soluble carbon and nitrogen sources certainly enhance the growth of C. puteana IBL-01 which 

may increase the decolorization of disperse dyes. Various carbon and nitrogen sources were added in the media 

to check their effect on the decolorization process. In current study it was observed that addition of small 

concentration of glucose and fructose as additional carbon sources increase the decolorization process. Further, 

addition of ammonium sulfate and ammonium nitrate as nitrogen source also has positive impact on 

decolorization. In current study, the decolorization of disperse violet 63 increased from 88% to 92%, that of 

disperse orange 30 from 80% to 87% by the addition of 1% of each of carbon source and 0.5% of nitrogen 

source. Very good results were observed in case of other two dyes, there was 16 % increase in decolorization of 

disperse red W4BS and 17% of disperse Red S3B dye after the addition 1% of each of the carbon and 0.5 % of 

each nitrogen source. 

 These chemicals increase the decolorization of dye by increase the growth of fungi that may enhance the 

clearing of dye content by bio absorbance [13]. Additional carbon and nitrogen sources may increase the 

decolorization of dyes by increasing the production of lignolytic enzymes that involve in dye degradation. 

Wheat bran reported as a good carbon source to enhance the production of lignolytic enzymes by various 

basidomycetic fungi [15,37]. Decolorization efficiency of T. versicolor was also enhanced with increasing 

concentrations of ammonium nitrate as a nitrogen source [7]. Additional carbon and nitrogen sources have also 

previously been reported to enhance the formation of ligninolytic enzymes involved in dye removal from the 

solution [29,7]. In another study Shazia and Safia in 2011, reported that AR151 dye can be decolorize 

maximally 60-70% by three different indigenous species of Aspergillus.  

 Utilization of inexpensive and soluble carbon and nitrogen sources is suitable for enhancing decolorization 

of dyes. This indigenous fungal strain can be further studied to further enhance its decolorzation potential from 

80 % and 76 % for disperse red W4BS and disperse Red S3B dyes.  
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Extracellular lignolytic enzymes: 

 Extracellular enzymes released by Coniophora puteana IBL-01 plays important role in the 

decolorization/removal of dyes. I current study it was noted that enzymatic activity increased with increasing 

decolorization process denoting direct relation between these two parameters (Table 3). These results indicated 

that Coniophora puteana IBL-01 produced active enzymes that can be a very good for wastewater treatment and 

other industrial processes.  

 Various studies have been reported for the decolorization of dyes by lignolytic enzymes [36] and effect of 

various factors on the production of these enzymes. The amount and type of enzymes secreted by fungi depends 

up on the concentration and type of dye in the solution [33]. The secretion of enzyme and decolorization of dye 

directly related with the size of inoculum and other factors that affect the growth of fungi. Kashif et al, [7], 

reported 78 % decolorization of solar golden yellow R dye by P. ostreatus with high activity of laccase, 

indicated the role of laccase in decolorization.  

 

Purification of enzymes: 

 Crude enzyme mixture was partially purified by ammonium sulfate precipitation and gel filtration 

chromatography. Increase in activities after each purification step indicated the purification of lignolytic 

enzymes. Enzymatic activities of crude extract were 908.65 U/ml for Lip, 680.45 U/ml of MnP and 377.65 U/ml 

for laccase. Maximum purification was achieved with 60 % ammonium sulfate and 7
th

 elution of Sephadex G-

100 column as indicated from activities (Table 3).  

 

Characterization of lignolytic enzymes: 

 Lignolytic enzymes produced by Coniophora puteana IBL-01in decolorization mixture were characterized 

for their optimum temperature, pH and values of kinetics parameters. Finding of these values of an enzyme 

increase its feasibility and utilization in industrial processes. The results revealed that these enzymes gave 

maximum volumetric activities around 30 
0
C temperature (Fig. 7) and around pH 6.5 (Fig. 8) near to neutral. 

The lignolytic enzymes produced by Coniophora puteana IBL-01 are mesophillic and are active in acidic 

conditions near to neutral pH value. Most of the industrial effluents are basic in nature, so in order to get better 

results there is need of addition of acid to reduce pH. Various concentrations of substrates of all the three 

enzymes were used to calculate the values of Km and Vmax. The enzymes activities obtained from various 

conc. were used to plot double reciprocal or Line Weaver-Burk plots (Fig. 9). The values of Km obtained from 

theses were 0.751 mM, 0.700 mM and 0.571 mM for Lip, MnP and laccase respectively. While, the values of 

Vmax were 1250 µM/ml/min, 1000 µM/ml/min and 1428.57 µM/ml/min for LiP, MnP and laccase respectively. 

These results indicated the efficiency and specificity of these enzymes. Due to good affinity of these enzymes 

towards their substrates with high speed these can be used for various other biotechnological processes. 

 Optimum temperature for various other mushrooms has been reported between 25 
0
C to 37 

0
C for the 

decolorization of industrial dyestuff [9]. Further increase in temperature results into decrease in growth of fungi 

and less decolorization of dyestuff due to no or less production of lignolytic enzymes. The temperature plays 

vital role in the growth as well as secretion of important enzymes [8,10]. Change in pH of decolorization 

mixture effect the decolorization process has also been reported by various other researchers [28,19] Fungi 

produces different lignolytic enzymes during the decolorization of different dyes which are active in acidic 

range of pH [8]. 

 

   
A B C 

 

Fig. 1: A)- Trunk of Ficus carica B)- growing Coniophora puteana IBL-01 on the wood, showing older portion  

convert into brown color C)-Coniophora puteana IBL-01 collected form Sharakparian  Islamabad  

Pakistan 



144                                                               Raja Tahir Mahmood et al, 2015 

Advances in Environmental Biology, 9(11) June 2015, Pages: 139-150 

 

 

A B 

 

Fig. 2: A)- Culture of Coniophora puteana IBL-01 on MEA media on day 5, whitish with margins turning  

yellowish B)- Day 7 old culture having more yellowish brown color of fungal hyphae 

 

  

3A 3B 

  

3C 3D 

 

Fig. 3: Degradation % of disperse violet 63 by Coniophora puteana IBL-01at different levels of variable  

parameters 
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4A 4B 

  

4C 4D 

 

Fig. 4: Degradation (%) of disperse orange 30 by Coniophora puteana IBL-01 at various levels of different  

variable parameters 

 

  

5A 5B 
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5C 5D 

 

Fig. 5: Degradation (%) of disperse red W4BS by Coniophora puteana IBL-01 at different levels of variable  

parameters 

 

  

6A 6B 

  

6C 6D 

 

Fig. 6: Degradation (%) of disperse red S3B by Coniophora puteana IBL-01 at different levels of variable  

parameters 
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Fig.7: Effect of temperature on the activity of Lignolytic enzymes produced by Coniophora puteana IBL-01 

 

 
 

Fig.8: Effect of changing pH on the activity of Lignolytic enzymes produced by Coniophora puteana IBL-01 

 

 
9a 
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9b 

 
9c 

Fig. 9: Double reciprocal plot of lignolytic enzymes (A- LiP, B- MnP, C- Laccase) obtained from Coniophora  

puteana IBL-01 during the decolorization of disperse dyes, for the calculation of Km and Vmax 
 

Table 1: Disperse dyes used in study 

Sr No. Disperse dye Formula λ-max 

1 Violet 63 C19H19ClN6O3 640 nm 

2 Orange 30 C19H17Cl2N5O4 744 nm 

3 Red W4BS C31H29ClN2O6S2 595 nm 

4 Red S3B C33H22N6Na2O9S2 539 nm 

 

Table 2: Study plane for the decolorization of four Disperse dyes. 

Sr. 
No. 

pH Inoculum days Temp Dye % Sr. 
No. 

pH Inoculum days Temp Dye % 

1.  6 10 2 32.5 0.03 24 6 10 5 25 0.03 

2.  4 6 5 32.5 0.01 25 8 6 5 32.5 0.05 

3.  8 6 5 40 0.03 26 6 2 8 32.5 0.03 

4.  4 10 5 32.5 0.03 27 6 6 8 32.5 0.01 

5.  8 6 5 32.5 0.01 28 6 2 5 40 0.03 

6.  6 10 5 32.5 0.05 29 6 2 2 32.5 0.03 

7.  6 2 5 32.5 0.01 30 6 6 2 32.5 0.05 

8.  4 2 5 32.5 0.03 31 6 10 8 32.5 0.03 

9.  6 6 2 40 0.03 32 6 6 5 32.5 0.03 

10.  8 6 2 32.5 0.03 33 6 6 2 32.5 0.01 

11.  6 6 5 32.5 0.03 34 4 6 5 25 0.03 

12.  8 6 5 25 0.03 35 8 10 5 32.5 0.03 

13.  4 6 5 40 0.03 36 6 2 5 25 0.03 

14.  6 10 5 32.5 0.01 37 6 2 5 32.5 0.05 

15.  4 6 5 32.5 0.05 38 6 6 5 40 0.01 

16.  6 6 5 25 0.05 39 6 6 5 32.5 0.03 
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17.  6 6 5 32.5 0.03 40 8 2 5 32.5 0.03 

18.  6 6 2 25 0.03 41 8 6 8 32.5 0.03 

19.  4 6 2 32.5 0.03 42 6 6 8 40 0.03 

20.  6 6 5 32.5 0.03 43 6 6 8 25 0.03 

21.  6 6 5 32.5 0.03 44 6 6 8 32.5 0.05 

22.  4 6 8 32.5 0.03 45 6 6 5 40 0.05 

23.  6 10 5 40 0.03 46 6 6 5 25 0.01 

 

Table 3: Activities of lignolytic enzymes of Coniophora puteana IBL-01 involve in the degradation of disperse dyes at various levels 

Enzyme Name Activities of extracellular enzymes of Coniophora puteana IBL-01 at different levels ((U/mL)) 

 Initial activity After optimization Ammonium sulfate precipitation Gel filtration chromatography 

MnP 680.45 735.55 1145.45 1438.45 

LiP 908.65 1020.4 1545.4 1892.76 

Laccase 377.65 443.5 570.5 834.5 

 

Conclusion: 

 The study can be concluded that Coniophora puteana IBL-01 has the potential to decolorized the disperse 

textile dyes to more than 80% and can be used for the treatment of industrial effluent containing disperse dyes 

mostly. Further Coniophora puteana IBL-01 secrete three lignolytic enzymes in very active form that can be 

purified and employed in various industrial processes. These findings will bring the attention of other scientist to 

explore more potential fungi in the region. Further Coniophora puteana can be tested for the degradation of 

other dyes and wastewater of various industries.  
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