
Volume 6 • Issue 4 • 1000298
J Bioremed Biodeg    
ISSN: 2155-6199 JBRBD, an open access journal

Open Access

Amutha and Abhijit, J Bioremed Biodeg 2015, 6:4 
DOI: 10.4172/2155-6199.1000298

Research Article Open Access

Keywords: Bio-remediation; Endocrine disrupting chemicals;
Bisphenol-A

Introduction
Scientific developments, innovations and achievements not only 

facilitate human life style but invariably pollute the environment 
differently. In recent times different types of toxic chemicals enter into 
the insitu environment due to industrial development. It is well known 
to us that endocrine-system is one of the important and complicated 
system in our body which can control vital hormonal secretion, can 
regulate different types of major functions in our body, but recently 
EDC’s (endocrine disrupting chemicals) are the most important threat 
to us, as well as for all living organisms due to blocking the endocrine 
function in different ways and it may come from any other sources 
like our daily life, it would be a tough challenge for us to restrict their 
devastating activity using our scientific concepts [1,2]. Not only EDC’s, 
there are several other types of environmental threats having different 
ways of function and effect on environment, like heavy metal toxicity 
it is a serious issue for environment in recent time [3]. In another side 
industrial wastes mainly, toxic industrial dyes also a biggest problems 
for water toxicity and have several negative effects on living organisms 
as well as on environment [4]. In most cases these kinds of threats 
are from our domestic discharges which are route cause for some of 
our serious issues as well as for environment. Several techniques are 
there to restrict these kinds of problems but either most of them are 
complicated or costly or non effective, but for this aspect it is the time 
to find out some effective, economical and simplest ways. It is very 
well known that microbes having massive diversity in several aspects, 
metabolic activity on several types of chemicals one of them, because 
they can use those chemicals (toxic /non toxic) for their basic source 
like C, N, P etc and after utilization several toxic chemicals lost their 
toxicity completely [5-7]. Now our most important duty is to use 
microbial metabolic activity for the degradation of toxic chemicals, so 
bioremediation will be an important phenomenon in future [8]. Side 
by side we have to extract the metabolic enzymes from microbes by 
which they can degrade toxic chemicals and we can use them in several 
types of industrial and environmental aspects. Some of microbial 
enzymes are there having wide variety of positive effect, like laccase [8-
10] most of the cases fungus are the major source of these enzyme but
some bacteria have this kind of laccase production ability. This laccase
is widely used in different aspects, not only for industrial development, 
it has lots of positive ability to make the environment green.

Materials and Methods
Sampling and positive isolates selection 

Samples were collected from different regions of India like Kanpur, 
Kharagpur, Burdwan, Howrah, Pondicherry, Madurai, Meghamalai 
etc. Serially diluted soil samples added into potato dextrose broth in 
presence of 1% (w/v) benomyl 0.01% (w/v) chloramphenicol, 0.01% 
(w/v) tetracycline and kept it in room temperature for minimum seven 
days [11]. All the laccase producers are screened after benomyl selection 
on the basis of laccase specific substrates like guaiacol, tannic acid, 
2,2-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid) diammonium 
salt(ABTS), Syringaldazine and α- napthal etc [12-17]. Positivity of the 
isolates was determined from colour formation in presence of different 
substrates in both liquid, solid medium in presence of organism and 
using their crude extracts.

Growth determination 

All the positive isolates growth kinetics carried out after taking 
lyophilized dry biomass weight for the identification of fast grower 
among all positive isolates isolated from different parts of India [18,19]. 
In this comparison, study all positive isolates growth is very significant 
because enzyme production is directly proportional to the growth.

Decolourization study of commonly used industrial dyes

All the positive isolates obtained were tested against some widely 
and commonly used industrial dyes collected from some different 
parts of India like, reactive black, basic red, direct firaza, acid firaza, 
acid reactive blue, reactive R. blue, direct blue etc [20,21]. In every 
set of experiment 5000 ppm concentration of industrial dyes used for 
decolourization percentage determination in minimal salt medium. 
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Abstract
This study aimed to find out appropriate laccase producing fungi help to greener the environment by decolourising 

industrial dyes and degrade BPA, besides removing heavy metal (Cd, Cr, Ni and Pb), viability among organisms and 
functional group activation in presence of heavy metal after comparison with some fungal isolates from terrestrial 
environment. In this study an important enzyme laccase is identified because it is not only common but easily 
extractable from fungus and having wide range of industrial and environmental applications. By this reason the best 
strain among all fungi from different area were compared and optimized its growth along with laccase production in 
modified Kirk and Farrell media and effect of economical agro wastes on laccase production also checked.
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All the decolourization percent determined from the 15th day treated 
sample using this formula [22-25].

(Abs. Initial)-(Abs. Final)Decolourization percentage (%)  = ×100
(Abs. Initial)

Abs. initial=absorbance on 1st day; Abs. final=absorbance on 15th 
day

Enzyme activity determination

Crude extracts from all positive isolates was passed through 
Whatman No: 1 filter paper and 0.22 µm of syringe filter. Enzyme 
activity determined in presence of guaiacol using spectrophotometer 
at 470 nm [26] Lowry method followed for protein estimation [27] for 
enzyme activity determination the formula used [14,28,29].

(Absorbace difference)  dilution factor Rxn volume in mlEnzyme activity (U/ml) = 
Volume of crude extracts  extraction coefficient  estimated value of protein

× ×
× ×

Removal of heavy metals and Determination of functional 
groups activation in presence of heavy metals

All the positive isolates grew in presence of 500 ppm concentration 
of four different heavy metals, like cadmium, chromium, nickel, lead 
known for most wide range of toxicity in all over India and viability 
of strains tested using alamar blue. Heavy metal removal tested 
with lyophilized dry biomass of positive strains after taking samples 
from day interval up to seven days from heavy metal treated fungus 
culture with the help of atomic absorption spectrophotometer (AAS) 
(VARIAN AA240); during sampling after each day 4 ml samples 
took from culture flask, centrifuged and dried. The dried biomass 
lyophilized and kept in dust free condition in room, before going to 
take AAS, lyophilized treated biomass (2 mg) dissolved in concentrated 
nitric acid (8 ml), perchloric acid (2 ml) and kept it in 120°C in hot air 
oven for overnight until the solution become clear, if the solution still 
turbid after two consecutive days, then solution should pass through 
filter paper then only it is possible to run through AAS [30,31]. In 
this experiment all the test samples diluted four times according to 
machine efficiency. Standard curve prepared using 1, 3, 5, 7, 9, 11, 13 
ppm concentration of known heavy metal concentration solution and 
concentration of unknown samples determined after extrapolating 
the absorbance value of 0th to 7th day samples to the ‘X’ axis. Cd, Cr, 
Pb, Ni removal measured by the help of AAS using absorption spectra 
283 nm, 228 nm, 357 nm, and 223 nm respectively also individual day 
samples treated with alamar blue and absorbance spectra was taken at 
both 570 nm and 600 nm range to calculate the percent difference in 
reduction of the dye because it is directly proportional to the viability 
of the organism (fungus). A pinch from lyophilized heavy metal treated 
biomass used for the determination of functional group activation 
using FT-IR (SHIMADZU IRAFFINITY-1) with the help of potassium 
bromide (KBr) pellet method. In KBr pellet method, sample and 
KBr mixed in 1:100 ratio and maintained 7-8 ton pressure for 1 to 2 
minutes, after getting the pellet was placed for IR treatment. Activation 
of functional groups determined after comparing with control samples 
(without heavy metal treated samples). Viability of organisms indirectly 
examined after determination of percent difference in reduction of 
alamar blue and the formula has given below Table 1 [32].

ox 2 1 ox 1 2
o o

ox 2 1 ox 1 2

( )  A ( ) )  A  of test agentdilution
Percent difference in reduction  100

( )  A  ( ) )  A   of untreated positive growth control
ε λ λ ε λ λ

ε λ λ ε λ λ
−

−

= ×

Where

εox: Molar extinction coefficient of alamar blue oxidized form 
(BLUE)

εRED: Molar extinction coefficient of alamar blue reduced form 
(RED)

A: Absorbance of test wells.

A’: Absorbance of negative control well

A°: Absorbance of positive growth control well     

λ1: 570 nm

λ2: 600 nm

Degradation study of Bis phenol-A (BPA)

 All the positive isolates grew in presence of 200 ppm concentration 
of BPA in minimal salt medium, normal room temperature and 150 
rpm (rotation per minute) maintained up to seven days. Control and 
seventh day samples were extracted using L.R grade ethyl acetate using 
separating funnel. The organic part from separating funnel collected 
very carefully and treated with anhydrous sodium sulphate for making 
the organic solution completely water free. Organic part completely 
evaporated using vaccum evaporator (Concentrator 5301-Eppendorf). 
Precipitated samples dissolved in HPLC grade methanol and run 
through reverse phase C-18 column of HPLC (SHIMADZU-CBM-
20A) with 35 percent acetonitrile used as a mobile phase [33-36].

(mAu of control) (mAu of test sample)Degradation percentage (%)  100
mAu of control

−
= ×

mAu=miliampire

Optimization of fungal growth medium and laccase 
production

 Potato dextrose broth (PDB), Sabourand dextrose broth (SDA), 
Malt extract broth (MEB), Yeast glucose broth (YGB), Nutrient broth 
(NB), Czapek dox broth (CDB), Kimmig fungi broth (KFB) used for 
the determination of best medium for the growth of the best laccase 
producing isolates along with optimum Temperature and pH [37,38]. 

Strain

7th day 
removal(Cd)

7th day 
removal(Cr)

7th day 
removal(Ni)

7th day 
removal(Pb)

(ppm) and % 
difference in 

reduction

(ppm) and % 
difference in 

reduction

(ppm) and % 
difference in 

reduction 

(ppm) and % 
difference in 

reduction

        

ppm % ppm % ppm % ppm %

PY-1 10.78 56.43 10.03 56.38 7.22 54.73 5.39 43.48

PY-2 11.09 59.73 10.87 57.44 7.82 57.18 6.03 46.78

PY-3 8.43 42.43 8.16 51.08 6.82 49.81 4.53 38.42

PY-4 11.29 63.08 10.94 60.55 8.16 58.34 6.44 49.28

PY-5 12.34 65.1 12.13 66.83 9.42 67.71 7.23 53.7

AN-1 3.82 10.44 3.43 29.08 3.12 29.44 1.88 23.48

AN-2 7.09 20.83 6.82 40.77 5.73 43.02 3.87 31.08

AN-3 7.24 26.77 7.09 42.48 6.62 44.8 4.09 34.28

MD-1 4.92 13.44 4.72 34.18 4.53 34.28 3.08 24.88

MD-2 5.41 24.83 5.04 37.08 5.43 39.43 3.78 28.43

BU-1 9.87 51.03 9.48 53.18 7.16 53.26 4.86 40.83

Table 1: shows heavy metal removal and %difference in reduction in presence of 
alamar blue in different positive strains.



Citation: Amutha C, Abhijit M (2015) Screening and Isolation of Laccase Producers, Determination of Optimal Condition for Growth, Laccase 
Production and Choose the Best Strain. J Bioremed Biodeg 6: 298. doi:10.4172/2155-6199.1000298

Volume 6 • Issue 4 • 1000298
J Bioremed Biodeg
ISSN: 2155-6199 JBRBD, an open access journal

Page 3 of 8

Send the purified PCR product for sequencing. After sequencing, 
the strain identification was made by BLAST (basic local alignment 
search tool) and the phylogenetic relationship determined by MEGA 
6 software using boot strap neighbour joining method. Based on the 
high growth rate, decolorization of industrial dye, enzyme activity 
(laccase), heavy metal removal and degradation of BPA, the best isolate 
was identified.

Results and Discussion
Positive strains

Collection of all these seventy two isolates from eight different 
places in India, among these strains only fifteen isolates shows positive 
result i.e. laccase producing activity. These exhibit positive result 
by imparting appropriate colour formation in presence of specific 
substrate. Colour intensity varies due to variability in the concentration 
of laccase production. Different positive strains, their intensity of 
response in presence of specific substrate are given in Table 2.

Change in Biomass production

After fifteen days of incubation, biomass (mg l-1) was measured; 
during this study growth was determined to indirectly correlate 
enzyme production. The increase of organisms growth increase the 
laccase production (i.e.) here more biomass means more amount of 
laccase enzyme production which is more effective in environmental 
aspect. Bio mass production increment of all positive isolates along 
with maximum grower (PY-5) is given (Table 3).

Modified Kirk and Farrell medium [39] used for the optimization 
of laccase production. For optimization of laccase production 
temperature (28°C), pH (5.8), C-source, N-source, CuSO4, tannic acid 
concentration, organic solvents used to identify optimal condition [40-
43].

Effect of agro wastes in laccase production

30 gram of agro wastes moistened by distilled water in 250 ml of 
conical flask and sterilized by autoclaving maintained 120°C and 15 
psi for 15 minutes. After autoclaving, cooled it inside laminar hood 
and a piece of YGA with fresh culture took using sterile sharp knife 
and inoculated inside the conical flask containing sterile agro wastes 
and incubated for 10 days in 28°C, after 10 days sterilized sodium 
acetate buffer 100 mM (pH 5.5) 100 ml added inside that conical flask 
and centrifuged at 120 rpm, 28°C for overnight. From this culture the 
liquid part used as crude extract containing laccase enzyme. This crude 
extracts used for enzyme activity determination to compare with other 
media in respect to enzyme activity. Guaiacol used as substrate for 
enzyme activity determination using UV-vis spectrophotometer at 450 
nm [23,44,45].

Identification of best strain

After isolation of genomic DNA from the PY-5 (best isolate), the 
genomic DNA was amplified using universal primer ITS-1&4 (internal 
transcribe spacer) and run through 0.8% agarose in presence of 1 kb 
marker. Amplified product purified using PCR purification kit (sigma). 

organism Day-1 Day-2 Day-3 Day-4 Day-5 Day-6 Day-7 Day-8 Day-9 Day-10 Day-11 Day-12 Day-13 Day-14 Day-15
PY-1 0 0 0.013 0.0216 0.0397 0.0832 0.1834 0.386 0.947 1.8932 3.785 7.694 17.693 35.938 78.93
PY-2 0 0.01 0.021 0.0431 0.0793 0.134 0.2458 0.546 1.156 2.917 5.783 11.032 23.068 45.982 88.453
PY-3 0 0.01 0.018 0.0296 0.0532 0.0934 0.1943 0.394 0.9371 1.839 3.584 7.431 16.913 34.048 78.048
PY-4 0 0.02 0.0342 0.0586 0.0983 0.1736 0.297 0.613 1.349 2.862 5.894 10.639 22.39 45.783 93.023
PY-5 0 0.04 0.076 0.1327 0.3183 0.894 1.784 3.89 10.458 19.428 37.86 78.931 166.423 276.692 487.894
AN-1 0 0 0 0.0013 0.0032 0.0073 0.0148 0.284 0.584 1.984 3.994 9.035 19.932 39.037 81.034
AN-2 0 0 0.01 0.0231 0.0418 0.0917 0.1689 0.389 0.9436 1.879 3.836 9.017 19.013 39.302 79.034
AN-3 0 0 0.013 0.0214 0.0396 0.0835 0.1784 0.368 0.9953 1.984 3.973 9.003 18.968 38.932 77.921
MD-1 0 0 0.001 0.0185 0.0307 0.0803 0.185 0.419 1.317 2.849 5.984 11.439 23.892 48.038 98.023
MD-2 0 0 0.001 0.0139 0.0301 0.0849 0.0178 0.049 0.1842 0.3892 0.994 1.994 4.034 15.905 34.062
BU-1 0 0.01 0.0214 0.0414 0.0836 0.1742 0.394 0.984 1.9736 3.783 7.931 16.952 34.593 89.389 197.429

Table: 3 Depicts the variability of different positive strains growth.

No. Strain name Place of 
isolation

Guaiacol response
and brick red colour intensity

Tannic acid response
and brown colour intensity

ABTS response
and violet colour intensity

Syringaldazine response
and green colour intensity

1 PY-1 Pondicherry +++ +++ +++ +++
2 PY-2 Pondicherry +++ +++ +++ +++
3 PY-3 Pondicherry +++ +++ +++ +++
4 PY-4 Pondicherry +++ +++ +++ +++
5 PY-5 Pondicherry ++++ ++++ ++++ ++++
6 AN-1 Andul (W.B) +++ +++ +++ +++
7 AN-2 Andul (W.B) ++ ++ ++ ++
8 AN-3 Andul (W.B) ++ ++ ++ ++
9 MD-1 MKU(T.N) ++ ++ ++ ++

10 MD-2 MKU(T.N) + + + +
11 KN-1 Kanpur(U.P) ++ ++ ++ ++
12 KN-2 Kanpur(U.P) + + + +
13 KGP-1 Kharagpur(W.B) + + + +
14 KGP-2 Kharagpur(W.B) + + + +
15 BU-1 Burdwan (W.B) +++ +++ +++ +++

Table 2: Shows the colour intensity due to laccase production in presence of different substrate.
      Colour intensity (++++-very good, +++-good, ++-light, +-very fent)
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Decolourisation percentage (%)

Decolourisation percentage was calculated from fifteenth day 
treated sample and it shown maximum decolourisation, after fifteenth 
day change in decolourisation percentage was almost constant. 
Fifteenth day decolourisation percentage data has given in Figure 1.

Enzyme activity

Enzyme activity of all positive isolates grown in some minimal salt 
medium like Olga and modified Kirk and Farrell medium was used to 
determined from the crude extract, in both medium strain PY-5 shown 
greater enzyme activity when compare to others isolates , also the 
modified Kirk and Farrell medium shown more enzyme production 
than Olga medium. The comparison of enzyme activity level has given 
in Figure 2.

Heavy metal removal and functional group activation

AAS data clearly reveals that the isolate PY-5 removes heavy metals 
more efficiently with respect to other positive isolates, after seven day 
PY-5 removes 12.34 ppm, 9.4 ppm, 12.13 ppm, 7.23 ppm of cadmium, 
nickel, chromium, lead respectively. During measurement through 
AAS all the four heavy metal treated samples diluted four times and 
simultaneously the viability was determined in presence of alamar 
blue because viability is indirectly related with heavy metal removal by 
absorption and adsorption. Adsorption is common for dead and alive 
cells but absorption is possible through channel or carrier protein and 
it is possible when cells are alive. The percent difference in reduction 
of alamar-blue in case of PY-5 presence of cadmium showed 65.10% 
of differences in reductions so remaining 34.90% of cells are inhibited 
or dead. The heavy metal removal, percent difference in reduction of 
alamar blue due to variable viability of the different positive isolates and 
their comparison has given in Figures 3a-3h respectively. Cadmium, 
chromium, nickel and lead treated biomass samples examined for the 
functional group activity determination with the help of FT-IR. From 
the FT-IR peak it is very clear that in presence of cadmium the hydroxyl 
group peaks became sharp to broad respect to control because of direct 
contact with the cadmium and hydroxyl groups from first day onwards, 
also same kind of trend happened in presence of chromium but in 
presence of chromium the peak broadening in seventh day respect to 
first day showed a significant peak broadening respect to control, it is 

 
Figure 1: Percentage of decolourisation in different of different positive 
isolates against industrial dyes.

Figure 2: Lactase enzyme activities in different media of different positive 
isolates.

Figure 3(a&b): (a) Percentage difference in reduction, (b) cadmium removal.

Figure 3(c&d): (c) Percent difference in reduction, (d) chromium removal.

Figure 3(e&f): (e) Percent difference in reduction, (f) lead removal.

Figure 3(g&h): (g) Percent difference in reduction, (h) nickel removal.

Figure 4(a-d): FT-IR spectra of heavy metal treated biomass.
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due to slow effect of chromium on hydroxyl group respect to cadmium 
but in other metal treated samples there is no stretching or bending or 
broadening of any other peaks along with hydroxyl group peak. FT-IR 
result has given in Figure 4a-4d along with their individual control.

BPA-degradation percentage (%)

Degradation of BPA in presence of all positive isolates calculated 
from the HPLC data and after 7th day the degradation percentage (%) of 
each individual positive isolates has given in Figure 5. From the Figure 
5 it is very easy to detect that degradation of BPA by the isolate PY-5 is 
maximum. BPA degradation by isolate PY-5 detected through HPLC 
and the degradation identification with respect to control and 7th day 
treated sample has given in Figure 6a and 6b.

Optimization of fungal growth medium and laccase 
production

On employing different media and based on growth and laccase 
production, it is very clear that yeast glucose broth is best for the 
growth of PY-5 at pH-5.5 and temperature 28°C. Best media and its 
growth condition have given in Figures 7-9) respectively. Modified 
Kirk and Ferrell media used for the optimization of enzyme production 
in presence of pH-5.5 and 28°C of temperature, after optimization of 

media components and their concentration like CuSO4, organic 
solvents, tannic acid, ‘C’ and ‘N’ sources of already modified media 
it is now clear that the enzyme production became higher in re-
modified media (KF-2) respect to previous one (KF-1). Variation in 
the concentration of different components with variation in enzyme 
activity, optimal solvent concentration and difference between KF-1 
and KF-2 in terms of enzyme activity has given in Figures 7-14.

Effect of agro wastes in laccase production

This experiment showed some significant result, that solid phase 
fermentation is more effective than liquid phase fermentation and 
economically affordable also, agro wastes are more effective for not 
only laccase production but also effective for other economically 
important enzyme production having positive role in environmental 
aspect (Figure 15).

Identification

Sequence of ITS-1&4 compared with database and it showed 
the 100% sequence similarity with Trametes versicolor. So the isolate 
PY-5 isolated from Pondicherry shown best environment friendly 
activity with respect to other positive isolates is Trametes versicolor. 
The dendrogram Figure 16 reveals the evolutionary relation of the best 
strain Trametes versicolor of this study.

Figure 5: BPA degradation in presence of all positive isolates.

Figure 6a: BPA (control).

Figure 6b: BPA degradation (7th day).

Figure 7: The maximal growth and biomass of PY-5 ensure the best media.

Figure 8: The optimum pH of the growth PY-5.

Figure 9: The optimum temperature for growth of PY-5.
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Discussion
This comparative study shows among all positive isolates (PY-5) is 

the best respect to others positive strain in all aspect what criteria used 
in this study, only the best result showing strain sequencing has done, 
others strains sequencing yet to be done. In this experiment laccase 
production is one of the important criteria due to its broad range of 
activity, due to this reason growth interms of biomass production 
was the first criteria took in this study and laccase producion is 

dirrectly proportional to growth, from this growth curve PY-5 showed 
significant high growth rate respect to all other positive strains not 
only that, the growth started in case of PY-5 more earlier than others 
and growth increased in almost logarithmic manner. Next criteria 
was decolourization percentage of widely used industrial dyes having 
toxic effect on both aquatic,terrestrial living organisms, during this 
experiment all the dyes used were degraded above 95% after fifteen 
day of exposure only by PY-5 which is extremely higher than all other 
positive strains. In next experiment PY-5 showed the as usual higher 
enzyme activity respect to all other positive strains in both Olga and 
modified Kirk and Farrell medium. These three criteria are almost 

Figure 10: Laccase enzyme activities in different concentrations of CuSO4.

Figure 11: Laccase enzyme activities in different concentrations of tannic acid 
(Mm).

Figure 12: Laccase enzyme activities in presence of different concentrations 
of ‘C’ source.

Figure 13: Laccase enzyme activities on different concentrations of ‘N’ source.

Figure 14: Enzyme activity.

Figure 15: Laccase production is maximum within wheat bran: solid state 
condition.

Figure 16a: The dendrgram of Trametes versicolor.

Figure 16b: SEM image of Trametes versicolor.
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inter-related, decolourization depends on laccase activity, laccase 
production dirrectly proportional to growth and growth maximum 
means higher laccase production and enzyme activity will be more. 
In next study all the positive organisms grew in presence of heavy 
metals like Cr, Cd, Ni, Pb to detect their removal having wide range of 
toxicity and their toxicity is very common in all over India. From the 
comparative study , PY-5 showed removal (adsorption and absorption) 
of Cd, Ni, Cr, Pb are 12.34, 9.40, 12.13, 7.23 ppm respectively and these 
concentration will be four times more because during AAS study 
all the samples diluted four times,from this comparison and data, it 
showed that the removal of heavy metal in case of PY-5 is more than 
other positive strains and these amount of removal is more effective 
for environment because those removal concentrations are higher than 
those specific heavy metal’s environmental toxicity level. Along with 
heavy metal removal the viability testing is more important because 
removal can be possible through absorption and adsorption,adsorption 
is common for both dead and alive cells but absorption possible when 
the cells are alive. In heavy metal removal study, viability is related 
to absorption , these study showed in presence of Cd the percent 
reduction change of alamar blue gradualy reducing and from seventh 
day it was stabilised and increased, it indicates that decreasing order of 
percent reduction change due to decreasing of cellular activity and it 
is indirrectly proportional to either cell death or inhibition of cellular 
function, from seventh day exposure percent reduction change increase 
means activity again increased and in presence of Cd after some days 
of adaptation PY-5 survived and increased its growth. Same kind 
of incidents happened in case of lead, the percent reduction change 
from begining decreased but from seventh day onwards the percent 
reduction change became constant means after some exposure this 
strain also adapted and survived, but in case of Ni and Cr ,decrease 
of the percent reduction change lowered from fifth day onwards, it 
indicates that PY-5 after exposing in presence of Ni and Cr going to 
be adapted and survive slowly. Functional group activation also having 
some significant role with heavy metal interaction, from FTIR spectra 
of PY-5 in presence of Cd showed broadening and streatching of 
hydroxyl group from first day onwords to seventh day respect to control 
sample but other functional group unchanged, it indicates hydroxyl 
groups plays important role to interact with Cd but in case of Cr the 
hydroxyl group streatching and broadening gradually increased from 
first to seventh day. In case of Pb and Ni respect to control no change 
recorded in functional group streatcing and bending respect to control. 
Finaly comparison was done on the basis of the degradation of BPA, 
from this study PY-5 exhibited its higer quantity of BPA degradation 
83.33%, which is more than others strain degradation activity. This 
study concentrated on BPA because of its silent threat, it is producing 
from epoxy rasin made water jar and after deposition in cells it can 
create several cronic disease in living system. After the comparison the 
best strain PY-5’s growth temperature, pH was optimized in presence 
of YGB after media detection, also the modified Kirk and Farrell 
medium again modifeid for enhancement of laccase production and 
results showed again modification is effective for laccase production. 
Due to high cost of cemicals economicaly low cost agrowastes can be 
better option than any other media, laccase production in presence of 
agro wastes mainly wheat bran showed significantly higher production 
of laccase. After identification of PY-5 it showed hundread percent 
sequence similarity with Trametes versicolor. From this study it is clear 
that Trametes versicolor is effective in bioremediation activity, specialy 
Cd toxicity and laccase production with the help of agro wastes can be 
very helpful for both industrial and environmental aspect.

Conclusion
From the above comparative study it is very clear that white 

rot fungus Trametes versicolor is effective among all fungal isolates 
isolated (in these comparative studies) from terrestrial region in 
respect of bioremediation as well as environmentally friendly activity. 
Comparatively easily available fungus Trametes versicolor can play a 
key role in making environment green not only that, easily available 
laccase enzyme from Trametes versicolor can play a crucial role in 
various industries due to its easy and wide level of availability, activity.
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