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Synthetic dyestuffs present a challenge to conventional physico-chemical and 

biological treatment methods. The study focus on the decolorization of three 

different textile dyes (Reactive Red 2, Reactive Black 5 and Reactive Yellow 

44) by a hybrid mushroom attained by somatic hybridization between an 

edible mushroom Pleurotus florida and a medicinal mushroom Ganoderma 

lucidum and the effect was compared with that of the parents. Maximum 

amount of protoplasts were released when 5 days old mycelial culture was 

agitated with 15 mg of lytic enzyme in an osmotic stabilizer (0.6 M MgSO4 

.7H2O in 0.05 M Sodium Maleate buffer pH 5) for 18 hrs. After the NTG 

treatment and mycelial regeneration, arg
- 

and phe
- 

auxotrophic mutants of 

Ganoderma lucidum and Pleurotus florida respectively were selected as 

fusants. A hybrids was obtained when the fusants were incubated in 40% 

PEG succeeded by screening. The hybrid showed higher rate of 

decolorization for Reactive Black 5 and Reactive Yellow 44 and rapid 

decolorization in Reactive Red 2,   than the parent strains.  

 

 

       Copy Right, IJAR, 2013,. All rights reserved.

 

Introduction   

Synthetic dyes are extensively used in several industries including textile, paper, printing, cosmetics and 

pharmaceuticals (Marmion, 1991). The total world colorant production is estimated to be 8, 00,000 tons per year and 

atleast 10% of the used dye stuff enter the environment through wastes (Palmieri et al., 2005; Levin et al., 2004). 

Decolourisation of textile dye effluent does not occur when treated aerobically by municipal sewage systems 

(Willmott et al., 1998). 

 Colour can be removed from effluent by chemical and physical methods including absorption, coagulation- 

flocculation, ion exchange oxidation and electrochemical methods (Lin et al., 1994). The above ways for clean up 

are expensive, which limit their application (Moreira et al., 2000). Alternatively, dye decolourisation using microbial 

enzymes has received great attention in recent years due to its efficient application (Abadulla et al., 2000). A number 

of biotechnological approaches have been suggested by recent research as of potential interest towards combating 

pollution by dyes in an ecofriendly manner. They include the use of bacteria and fungi or often in combination with 

physico- chemical processes (Willmott et al., 1998). Though bacteria could utilize dyestuff under anoxic conditions, 

the disadvantage of this method is the production of aromatic amines by these organisms. These amines may be 

toxic and carcinogenic (Meyer, 1981). Aerobic bacteria usually tend to be specific towards a particular dye (Reddy, 

1995). 

 White rot fungi are unique among eukaryotic and prokaryotic microorganisms, because they possess a very 

powerful extra cellular oxidative enzymatic system (LDS) (Rigas and Drista, 2006). Their extracellular ligninolytic 

system involve enzymes such as Manganese peroxidases (MnP), Lignin peroxidases (LiP) and Laccases (Lac), 

which are involved not only in the degradation of lignin, but also in the degradation of various xenobiotic pesticides, 

PCBs and PAHs (Pointing, 2001; Barr and Aust, 1994; Kubatova et al., 2001; Wesenburg et al., 2003; Jarosz-

Wilkolazka et al., 2002; Kirk and Farrell,1987).They being non-specific can attack a wide variety of complex 

aromatic dyestuffs(Barclay et al.,1990; Nagai et al.,2002; Boer et al., 2004; Kamitsuji et al., 2005)  
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 Since the enzymes are extracellular, the substrate distribution limitation into the cell generally encountered 

in bacteria, is not observed. Further, the extracellular enzyme system enables white rot fungi to tolerate high 

pollutant concentration (Kapdan et al., 2000; Rodrignez et al., 2004). 

 Revankar and Lele (2006) have reported that a new isolate of white rot fungus, Ganoderma sp. WR-1 

showing very high laccase producing ability. Asgher et al.,(2006) has reported decolorization of some reactive 

textile dyes by Ganodema lucidum and Pleurotus osteatus, Yet there is no reports on decolorization using fungal 

hybrids. 

Mushrooms are an abundant source of a wide range of useful natural products with biological activities. 

Protoplasts are now regarded as a useful tool for genetic manipulations (Peberdy 1980 and Ferenczy 1981), which 

involve fusion leading to somatic hybridization and gene transformation. As conventional hybridization, protoplast 

fusion can be performed intra-specifically (Kiguchi and Yanagi,1985; Toyomatsu and Mori,1987), inter-specifically 

(Takehara et al.,1993; Matsumoto et al.,1997), inter-generically (Eguchi et al., 1993; Zhao and Chang, 1996) and 

even inter-heterogenerically (Eguchi and Higaki, 1995; Toyomatsu and Mori,1987). Ganoderma is a polypore 

mushroom that is soft, corky and flat. The mushroom is too tough to be edible (Wasser, 2005). It has been an 

economically imported species, particularly in the Far East countries (china, Japan, Korea, etc.,) for over 4000 years. 

It is widely grown on a commercial scale and is commonly purchased for its medicinal spiritual properties. 

Pleurotus florida, commonly known as oyster fungus, grows wildly in tropical and subtropical rainforests, and can 

be artificially cultivated. This mushroom is considered as a delicacy and treasured for its flavor and taste. They are 

rich in nutrition and are claimed to have medicinal value (Zadrazil, 1980). A step has been taken to construct a 

somatic hybrid which may show recombined characteristics of both Ganoderma and Pleurotus . A few reports are 

available on the development of regenerating mushroom protoplasts, but usage of macerozyme, and selection of 

auxotrophic mutants Arg
- 
and Phe

- 
has not been reported. The present study focuses on producing a somatic hybrid 

between Ganodema lucidum and Pleurotus florida through protoplast fusion technology and finding its effect on 

decolorizing   three reactive dyes and comparing it with the effect of parents. 

 

Material and Methods 

2.1. Reactive dyestuffs: 
 The three reactive textile dyestuffs were Reactive Red 2 (Red M5 B), Reactive, Reactive Black 5 (Black B) 

and Reactive Yellow 44 (Yellow MR), provided by the distribution office at Pallipalayam, Erode, India. 

 

 

2.2. Strain and culture: 

 A mycelial culture of Pleurotus florida was developed from a local commercial strain and pure culture of 

Ganoderama lucidum (MTCC) were used. Both the strains were cultured in Potato Dextrose broth and Malt 

Dextrose broth. Mycelia that had grown for 5 days were used for protoplast formation. The cultures were 

subcultured periodically.  

 

2.3. Culture media: 

 The basal media contained (g/l of distilled water), Starch 20, Yeast extract 2.5; KH2PO4 1.0; NaH2PO4 

0.05; MgSO4. 7H2O 0.5; CaCl2 0.01; FeSO4. 7H2O 0.01; MnSO4. 4H2O 0.001; CuSO4. 5H2O 0.002. The pH of the 

medium was adjusted to 5.5 (Revanker and Lele, 2006). 

 

2.4. Isolation of Protoplast: 

Four day-old monokaryotic mycelia of Ganoderma lucidum and Pleurotus florida was transferred onto 100 

ml of Malt extract broth plus 20 glass beads (0.50 cm in diameter) with the agitation speed of 200 rpm, at 25ºC for 4 

days. Protoplasts were separated from the mycelia using a method modified from Hashiba (1992) by transferring 0.3 

g of the mycelia onto 3 ml of the sterilized lytic enzyme solution having macerozyme in a test tube and shaking it at 

100 rpm at room temperature for 16 hrs. 

  

2.5. Effect of lytic enzyme: 

     Macerozyme was tested for their effect on protoplast release in Ganoderma lucidum and Pleurotus florida. 

Macerozyme was used at various concentrations of 8mg, 10mg, and 15mg to digest mycelium. It was prepared in 

0.6mol/l sodium Maleate buffer (pH5.8) along with MgSo4.   

 

2.6. Effect of incubation time: 
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Effect of incubation time in release of protoplast in Ganoderma lucidum and Pleurotus florida when 

incubated with macerozyme was analyzed for various periods of 2hr, 10hr, 16hr, and 18hr. 

 

2.7. Effect of Inoculum size: 

Freeze dried mycelia with different weight was tested for their effect in release of protoplast. Mycelia were 

taken in different dry weight (0.25g, 0.5g, 1g and 1.5g) in addition to osmotic stabilizer and lytic enzyme.  

 

2.8. Purification of Protoplast: 

The mycelial remnants were removed by filtration through a sintered glass filter and the suspended 

protoplasts were precipitated at 1000xg for 10 min. The protoplasts were then washed twice with the osmotic 

stabilizer in 1 ml of the osmotic stabilizer which contained 0.6 M MgSO4·7H2O in 0.05 M Sodium Maleate buffer, 

pH 5.  And they were finally suspended in 5 ml of the osmotic stabilizer. Protoplasts obtained from Ganoderma 

lucidum and Pleurotus florida were counted using a haemocytometer. 

 

2.9. Mutagenic procedure: 

Protoplast suspension (ca. 1.2 x 106/ml) was treated with N-methyl-N'-nitro-N-nitrosoguanidine (NTG) for 

mutagenesis.  The protoplasts were exposed to the action of NTG for varied period of time from 15 to 120 seconds. 

NTG was used at two concentrations, 15 and 30µg/ml in osmotic stabilizer solution.  

 

2.10. Regeneration:  

The protoplasts were immediately washed thrice with osmotic stabilizer to remove NTG and diluted to 

1x10
4
 protoplasts /ml. 0.1 ml from the dilution was used for protoplast regeneration on a plate with regeneration 

medium. The plate was incubated at 25ºC until colonies occurred. Each colony was isolated and inoculated in Malt 

extract agar slants. 

 

2.11. Selection of mutants: 

 To select the mutants, all the colonies from regenerating medium were transferred to minimal medium 

(MM) without amino acids. Regenerated colonies those did not grow on MM were tested for their requirements by 

further transfer onto MM containing different amino acids (20µg/ml). Genotypes were considered to be stable after 

five successive subcultures on appropriately supplemented MM. 

2.12. Protoplast Fusion:  

Freshly prepared protoplasts (diluted to be 1x10
6
 protoplasts/ml) of Ganoderma lucidum and Pleurotus 

fusion were mixed and centrifuged at 1000x g for 10 min. The supernatant was rinsed off and 1 ml of sterilized PEG 

(6000) (40 g PEG in 100 ml 0.05 M CaCl2·2H2O) was added to the mixture and incubated at room temperature for 

20 minutes. The tubes were intermittently shaken for every 5 min and then centrifuged at 1000x g for 10 minutes. 

The supernatant was discarded and the protoplast mixture was taken for hybrid screening. 

 

2.13. Decolourisation procedure: 

 Decolorization flasks were prepared in triplicates each containing 50 ml of nutrient media for three days 

observation. The medium was sterilized (121
o
C) in an autoclave for 15 min. Each flask was inoculated with 5 

numbers of agar plug cut from PDA plates, and allowed to grow for four days in 30
o
C. Fourth day three dye stuffs 

were added in a concentration of 100 mg/l separately in 3 sets. Biotic control (with inoculum and without dye) and 

abiotic control (with dyestuff and nutrient, but received no inoculum) were maintained. For every 24 hours samples 

were removed, centrifuged at 8,000x g for 20 minutes and the supernatant obtained was used for the determination 

of residual dyestuff concentration. 

 

2, 14.Dyestuff analysis: 

 Absorbance measurements were done with UV/ Visible spectrometer. When the wavelength with 

maximum absorbance (λmax) was measured, it was 440, 590 and 420 nm for the dyes Reactive Red 2, Reactive 

Black 5 and Reactive Yellow 44 respectively. Respective blanks (containing only medium, omitting the respective 

dye) were used to calculate the absorbance values for supernatants collected at time intervals. The  absorbance 

values were used to know the percentage of decolorization. 

 

                                    Initial absorbance observed absorbance  

Decolorisation % =                                                                                100 

     Initial absorbance      
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Result and Discussion  

The study is based on the formation, fusion, regeneration of Ganoderma lucidum and Pleurotus florida 

protoplasts and application of the hybrid in textile dye decolorization.  

 

3.1. Isolation of Protoplast: 

 The commercially prepared enzymes Novozyme 234 and Cellulase CP have been used previously to effect 

protoplast release from a variety of fungal species (Hamlyn, et al.,1981). Our results extend the use of macerozyme 

enzyme to release protoplasts from Ganoderma lucidum and Pleurotus florida. Although pretreatment with thiols 

was required for efficient protoplast release in some fungal agents (Brown, 1971; Fincham, and Day, 1971.), no such 

pretreatment was necessary for Ganoderma lucidum and Pleurotus florida. The amount of protoplasts obtained in 

Ganoderma lucidum and Pleurotus florida were 3x 10 
5
 and 1.8x10

5
 protoplasts/ml, respectively.  The results 

achieved correlate to some extent with those published by Dhitaphichit and Pornsuriya (2005).  

Production of protoplast, however, varies with the factors used in the isolation process e.g. species and age 

of fungal mycelia, type and condition of the lytic enzyme (Peberdy, 1989) and of the osmotic stabilizer (Peberdy and 

Fox, 1993) and complex interactions exist between them. 

  

3.2. Effect of lytic enzyme: 

Among the various concentrations (8mg, 10mg, and 15mg) of lytic enzyme Macerozyme used, both the 

strains showed more yield in 15 mg/ml concentration (Fig 1).  

 

Fig. 1 Effect of enzyme concentration on protoplast yield 

 

 

3.3. Effect of incubation time: 

Release of protoplasts was found to begin after 10h of incubation and attained maximum at 18h (Fig 2). 

 

Fig. 2 Effect of incubation time on  protoplast yield 

 
 

3.4. Effect of Inoculum size: 

When freeze dried mycelia were taken in different weight (0.25g, 0.5g, 1g and1.5g), the highest percentage 

of protoplast release was observed  in 1.5g of inoculum (Fig 3).  

 

Fig. 3 Effect of inoculum size in the release of protoplast 
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3.5. Effect of osmotic stabilizer: 

Protoplasts released from Ganoderma lucidum and Pleurotus florida were found to be osmotically fragile 

spherical bodies, mostly of uniform size, accompanied by a few relatively bigger ones. Among different 

concentrations of lysing enzymes tried, we optimized that 15mg/ml with 0.6M MgSo4 and Sodium Maleate buffer 

as osmotic stabilizer to release higher number of protoplast from Ganoderma and Pleurotus sp. However, Pe’er and 

Chet (1990) obtained highest protoplasts from T. harzianum using Novozym 234 at 10 mg/ ml with 0.6MKCl and 

Tschen and Li used 15 mg/ ml of Novozym with 0.6M sucrose to isolate maximum protoplasts from T. harzianum 

andT. Koningii. Further, Balasubramanian et al., (2003) reported maximum number of protoplasts from 

Trichothecium roseum using Novozym 234 in combination with chitinase and cellulase each at 5mg/ml.  

 

3.6. Regeneration: 

In the process of protoplast regeneration, the critical element required for stabilizing is the hypertonic 

solution. It was observed that the choice of a suitable osmotic stabilizer solution has a pronounced effect on 

regeneration. Maleic acid – NaoH buffer (pH- 5.0) with 0.6MgSO4 was the osmotic  stabilizer  reported for  

Schizophyllum commune, Coprinus pellucidus  and  Coprinus cinereus  (De Varies et al., 1972)  and the same was  

found  to be most suitable in the present study too. 

Protoplasts that survived and regenerated after various exposures were screened for any auxotrophy in 

minimal medium with aminoacids. It should be mentioned that although a number of colonies were identified as 

auxotroph on initial screening, most of them quickly reverted back to the wild type on subsequent subculturing. 

Among the mutants, those did not revert back for successive five generations were selected for the further study.  

arg
- 

auxotrophic mutant was identified in Ganoderma lucidum and phe
- 

 auxotrophic mutant was identified in 

Pleurotus florida (fig 4).   

 

Fig:  4 a. arg
- 
 Auxotroph- Ganoderma lucidum  b. phe

- 
Auxotroph- Pleurotus florida  

 

3.7. Protoplast fusion: 

The molecular weight of the PEG and concentration of the fusogen employed seem to be critical to obtain 

optimal fusion. Inter-generic protoplasts fusion between Ganoderma lucidum and Pleurotus florida was achieved by 

employing 40% PEG (600) similar to that reported by Mrinalini et al., (1996). Regeneration of mycelia happened 

when inoculated on regeneration media (fig 5). 

 

Fig:  5 Regeneration of fused protoplast 
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3.8. Hybrid selection: 

After regeneration, selection of hybrid was carried out by inoculation on different synthetic media. The 

hybrids that need either arginine or phenylalanine are intraspecific fusion products and they were eliminated. The 

mutants that were stable, retaining the auxotrophy after several subcultures, did not require arginine and 

phenylalanine supplementation in the synthetic medium after fusion were considered as the hybrids (fig 6) and used 

further.  

 

Fig. 6 Confirmation of hybrid grown on minimal medium after protoplast fusion (a. minimal medium with Arginine, 

b. minimal medium with Phenyl alanine, c. minimal medium with arg+ phe, d. growth on minimal medium. 

 

 

3.9. Dye decolorization and Dyestuff analysis: 

Results of time course studies on decolorization of Reactive Black 5 (Black B) are displayed in Table 1, Fig 

7. Although the rate of colour removal was nil within the first 3 days for Pleurotus florida and 2 days in the case of 

both the hybrid and Ganoderma lucidum, hybrid has brought the highest rate of decolorization (94.94%) than the 

parent strains. Both Pleurotus florida and Ganoderma lucidum could bring about 87.37% decolorization after 10 

days of incubation. 
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Table 1 Decolorization of Reactive Black 5 (Black B) 

Day 

Decolorization(%) 

Pleurotus 

florida 

Ganoderma 

lucidum Hybrid 

1 0 0 0 

2 0 0 0 

3 0 4.4 13.13 

4 4.04 5.05 20.2 

5 14 8.58 45.5 

6 25.75 28.3 44.14 

7 46 29.3 59.75 

8 51.01 61.25 76.76 

9 67.17 74.75 77.78 

10 87.37 87.37 94.94 

 

 

Fig.7 Decolorization of Reactive Black 5 (Black B) 

 
 

A time course study on decolorization of Reactive Yellow 44 (Yellow MR) is shown in the Table 2, Fig 8. 

Even though Reactive Yellow 44 (Yellow MR) was decolorized effectively upto 84% in 8 days by Pleurotus florida 

and there was no further change till 10 days of incubation. 82.2% of decolorization was observed by Ganoderma 

lucidum. The hybrid showed the highest rate of decolourisation (86.7%) when compared to the parents. 

 

 

 

 

Table 2 Decolorization of Reactive Yellow 44 (Yellow MR) 

Day 

Decolorization(%) 

Pleurotus 

florida 

Ganoderma 

lucidum Hybrid 
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1 44.4 55.45 43.3 

2 57.8 66.4 57.8 

3 66.7 77.8 59.3 

4 74.3 78 75 

5 74 79 75.5 

6 80 79.3 82.22 

7 82.2 80 82.22 

8 84 80 84.4 

9 84 81.2 85.3 

10 84.1 82.22 86.66 

 

Fig.8 Decolorization of Reactive Yellow 44 (Yellow MR) 

 
 

Time course studies on decolorization of reactive red 2 (Red M5B) is exhibited in the Table 3, Fig 9. 

Ganoderma lucidum showed the least rate of decolorization (74.2%) and Pleurotus florida exhibited the highest rate 

of decolorization (89.13%) in 10 days. But more than 50% decolorization was obtained only after 7 days of 

incubation. Even though the decolorization rate showed by the hybrid was comparatively lesser than that of 

Pleurotus florida, it pronounced more than 50% decolourisation within 5 days of incubation.  

 

Table 3 Decolorization of reactive red 2 (Red M5B) 

Day 

Decolorization(%) 

Pleurotus 

florida 

Ganoderma 

lucidum Hybrid 

1 6.5 2.1 6.5 

2 10.8 13 15 

3 13 23.9 23.2 

4 15.5 34.7 36.5 

5 21.7 45.6 54.3 

6 32.6 52.3 65 

7 49 69.5 73.9 

8 65.2 71.7 74.78 

9 72 73.91 84.78 
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10 89.13 74.2 86.9 

 

Fig.9 Decolorization of reactive red 2 (Red M5B) 

 
 

 It has been reported that azo dyes are recalcitrant to decolourisation and could only be decolourised to a 

limited extent (Nyanhongo et al., 2002). But Ganoderma lucidum and Pleurotus florida had efficiently degrade 

Reactive red 2(red M5 B), Reactive Black 5 (Black B) and Reactive Yellow 44 (Yellow MR). As a highlight the 

hybrid has shown more efficiency in decolorizing all the dyestuffs than the parent strains. 

Physiological differences among Ganoderma lucidum, Pleurotus florida and the hybrid may account for 

difference in their decolorization abilities. The complex enzymatic system responsible for dye degradation and 

pattern of its expression may also vary. Intergeneric hybrid of Ganoderma lucidum and Pleurotus florida had 

exhibited good potential for decolorization of relatively less studied reactive textile dyestuffs. It may be due to 

enhancement in the enzymatic system occurred by fusion. 

  

Conclusion 

The results of the study will form the basis for development of cost effective and robust indigenous 

technology for bioremediation of these reactive dyes and dye based effluents. 

 

Acknowledgement 

The authors thank the University Grants Commission (UGC), India for their financial support to carry out 

this study. 

 

References 

Abadulla, E., Tzanov, T., Costa, S., Robra, K.H., Cavaco-Paulo, A. , Gubitz G.M. (2000). Decolorization and 

detoxification of textile dyes with a laccase from Tramete shirsute. Applied environmental microbiology, 

66:3357-62. 

Asgher,M., Shah,S.A.H., Ali,M., Legge,R.L.,(2006). Decolorization of some reactive textile dyes by white rot fungi 

isolated in Pakistan. World Journal of Micobiology and Biotechology, 22:89-93. 

Balasubramanian N., Annie Juliet A., Srikalaivani P., Lalithakumari D. (2003).Release and regeneration of 

protoplasts from Trichothecium roseum. Can J Microbiol., 49:263–8. 

Barclay, C.D., Moore, D.M., Lander, S.R., Legge,R.L.(1990). Heat denaturation kinetics of lignin peroxidases from 

Phanerochaete chryospoium. Enzyme and Microbial Technology, 12:778-782. 

Barr, D.P., Aust, S.D. (1994). Mechanism white-rot fungi use to degrade pollutants. Environmental science and 

technology, 28: 78-87. 

0

10

20

30

40

50

60

70

80

90

100

1 2 3 4 5 6 7 8 9 10

INCUBATION (Days)

D
EC

O
LO

U
R

A
TI

O
N

 (
%

)

Pleurotus
florida

Ganoderma
lucidum

Hybrid



ISSN 2320-5407                               International Journal of Advanced Research (2013), Volume 1, Issue 9, 112-123 
 

121 

 

Boer, C.G., Obici, L., Souza,C.G.M.de., Piralta,R.M.,(2004). Decolorization of synthetic dyes by solid state cultures 

of Lentinula (Lentinus) edodes producing manganese  peroxidase as the main lignolytic enzyme. 

Bioresource Technology, 94: 107-112. 

Brown J. P. (1971). Susceptibility of the cell walls of some yeast to lysis by enzymes of Heliv pomatiai. Can. J. 

Microbiol., 17:205-208. 

De Vries O. M. H., Wessels. J. G. H. (1972). Release of protoplasts from Schizophyllum commune by a lytic enzyme 

preparation from Trichoderma viride. J. Gen. Microbiol., 73:13-22. 

Dhitaphichit, P., Pornsuriya. C. (2005) Protoplast fusion between Pleurotus ostreatus and P.djamor Songklanakarin. 

J.Sci.Technol., 27(5):975-982. 

Eguchi F., Higaki M., (1995). Production of new species of edible mushrooms by protoplast fusion and analysis of   

the fusant between Pleurotus sajor-caju and Mycoleptodonoides aitchisonii. Mokuzai gakkaishi, 

41(3):342-348. 

Eguchi, F., Fukuzumi, T., Higaki, M. (1993).Production of new species of edible mushrooms by protoplast fusion 

Method II. Analysis of the Mycelial and Basidiospores of a Fusant between Pleurotus ostreatus and 

Agrocybe cylindracea. Mokuzai Gakkaishi, 39(7):825-830.  

Ferenczy, L., (1981). Microbial protoplast fusion. In Genetics as a Tool in Microbiology,ed. Glover, S.W. and 

Hopwood, D.A.  1-34. Cambridge University Press. 

 Fincham, F. R. S., Day, P. R. (1971). Fungal genetics. Blackwell Scientific Publications. Ltd.. Oxford. England. 

Hamlyn, P. F., Bradshaw, R. E.,  Mellon F. M., Santiago C. M., Wilson J. M., Peberdy J. F.  (1981). Efficient 

protoplast isolation from fungi using commercial enzymes. Enzyme Microb. Technol., 3:321-325. 

Hashiba, T. (1992). Isolation of fungal protoplast. In hand book of fungal Mycology. (eds: Arora D.K.,Mukerji K.G. 

and Marth,E.H)Mercel dekker,Inc.,New York.4: 129-149.  

Jarosz- Wilkolazka, A., Kochmanska- Rdest, J.,Malarcyk,E., Wards, W., Leonowicz, A. (2002). fungi and their 

ablity to decolourize azo and anthraquinonic dyes. Enzyme microbial technology, 30:566-72. 

Kamisuji,H.Y., Watanabe,T., and Kuwahara, M, (2005). Mn
2+

 is dispensable for the production of active MnP2 by 

Pleurotus ostreatus. Biochemical and Biophysical Research Communications, 327:871-876. 

Kapdan, K.I., Karki, F, G. M.cmullan, G. and Merchant R, (2000). Biological decolorization of textile dye stuff by 

coriolus varsicolor in a packed column reactor. Envirnoment Technology, 21:231-236.  

Kiguchi T., Yanagi S.O.(1985).Intraspecific  Heterokaryon and fruit body formation in Coprinus macrorhizus by 

protoplast fusion of Auxotrophic mutants. Appl. Microbiol.and Biotechnol., 22:121-127. 

Kirk, T. K., Farrell, R.L. (1987). Enzymatic ―Combustion‖. The microbial degradation of lignin. Annual Review on 

Microbiology, 41: 465-505. 

 Kubatova, A,Erbanova L., Eichlerova, L. Homolka, L., Nerud, F. , Sasek, V. (2001). PCB congener selective 

biodegradation by the white- rot fungus Pleurotus ostreatus in contaminated soil. Chemosphere,43:207-15. 

Levin, L, Papinutti, L., Forchiassin, F. (2004). Evaluation of argentine white rot fungi for their ability to produce 

lignin modifying enzymes and decolorize industrial dyes. Bioresource Technology, 94 :169-176. 

Lin, S.H., Peng, F.C.(1994) .Treatment of textile waste water by electrochemical methods. Water research, 28: 277-

82. 



ISSN 2320-5407                               International Journal of Advanced Research (2013), Volume 1, Issue 9, 112-123 
 

122 

 

Marmion, D,M. (1991). Hand book of US colorants foods, drugs, cosmetics and medical devices. 3
rd

  ed, New 

York:Wiley. 

Matsumoto, M., Eguchi, F., Higaki, M. (1997). Polyethelene Glycol Centrifugal Fusion between Pleurotus ostreatus 

and Pleurotus sajor-caju. Mokuzai Gakkaishi, 43(2):215-219. 

Meyer, U. (1981). Biodegradation of synthetic organic colorant. FEMS Symposium, 12: 371-385. 

Moreira,M.T., Mielgo,I., Feijoo,G. and Lema,J.M. (2000). Evaluation of different fungal strains in the 

decolorization  of synthetic dyes. Biotechnology letters, 22: 1499-503. 

Mrinalini C., Lalithakumari D. (1996).  Protoplast fusion: a biotechnological tool for strain improvement of 

Trichoderma spp. In: Recent development in biocontrol of plant pathogens. New Delhi, India: Today and 

Tomorrow Printers and Publishers; 133–46.  

Nagai,M., Sato,T., Watanabe,H., Saito,K., Kawata,M., Enei,H. (2002). Purification and characterization of an 

extracellular laccase from the edible mushroom  Lentinula edodes and decolorization of chemically 

different dyes. Applied Microbiology and Biotechnology, 60:327-335. 

Nyanhongo, G.S., Gomes,J., Gubitz, G.M., Zuauya, R.M., Read, J.S., Steiner,W., (2002). Decolorization of textile 

dyes by laccaase from a newly isolated strain of Trametes modesta. Water res., 36:1449-1456. 

Palmieri,G., Cennamo,G., Sannia, G. (2005). Remazol Brilliant R decolorization by the fungus Pleurotus ostreatus 

and its oxidative enymatic system. Enzyme and Microbial Techology, 36:17-27. 

Pe’er, S., Chet, I. (1990) Trichoderma protoplast fusion; a tool for improving biocontrol agents. Can J Microbiol., 

36:6–9. 

Peberdy, J.F., Fox ,H.M. (1993). Protoplast technology and edible mushrooms.Ingenetics and breeding of 

mushroom, 125–155 (eds: chang ,S.T., Buswell,J.A., Miles,P.G.). Gorden and Breach Science Publishers. 

Peberdy, J.F. (1980). Protoplasts fusion—a tool for genetic manipulation and breeding          in industrial 

microorganisms. Enzyme Microbiol Technol ., 2:23–9. 

Peberdy, J.F. (1989). Fungi without coats—protoplasts as tools for mycological research. Mycol Res., 93:1–20. 

Pointing, S.B. (2001). Feasibility of bioremediation by white-rot fungi. Applied Microbiology and Biotechnology, 

57:20-33. 

Reddy,C.A. (1995). The potential for white rot fungi in the treatment of pollutants. Current opin Biotechnology, 

6:320-328. 

Revankar, M.S., Lele, S.S. (2006). Enhanced production of laccase using a new isolate of white rot fungus WR-1. 

Proc. Biochem., 41(3):581-588. 

Rigas, F., Dritsa, V. (2006). Decolorization of a polymeric dye by selected fungal strains in liquid cultures. Enzyme 

and Microbial Technology, 39: 120-124. 

Rodrignez Couto,S., Sanroman, M.A., Hofer, D., Gubitz, G.M. (2004). Stainless steel sponge: a novel carrier for the 

white rot fungus Trametes hirsute for decolorization  of textile dyes. Bioresource Technology, 95:67-72. 

Takehara T., Kumata A., Aono S. (1993). Inter-specific protoplast fusion between some Pleurotus species using 

auxotrophic mutants.  Mokuzai Gakkaishi, 39(7):855-859. 



ISSN 2320-5407                               International Journal of Advanced Research (2013), Volume 1, Issue 9, 112-123 
 

123 

 

Toyamatsu T., mori K I., (1987).Intra- and inter- specific protoplast fusion between some Pleurotus species. 

Agric.Biol.Chem.,51 (3):935-937. 

Wasser.S.P. (2005) Reishi or Ling Zhi (Ganoderma lucidum) Encyclopedia of Dietary Supplements. Marcel 

Dekker, Inc.,603-622. 

Wesnberg, D., Kyriakides, I., Agathos, A. (2003). White rot fungi and their enzymes for the treatment of industrial 

dye effluents. Biotechnology advanced, 22:161-187. 

Willmott, N., Guthrie,J.,Nelson, G. (1998). The biotechnology approach to color removal from textile effluent. 

JSDC, 114:38-41. 

Zadrazil, F. (1980). Influence of ammonium nitrate and organic supplements on the yield of Pleurotus sajor-caju 

(Fr.) Sing. European J Appl Microbiol Bioteehnol., 9: 31-35. 

Zhao J., Chang, S.T. (1996).Intergeneric Hybridization between Pleurotus ostreatus and Schizophyllum commune by 

PEG-induced protoplast fusion and Electro-fusion. World J.of Microbiol.and Biotechn.,12:573-578.  

 


