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Abstract: Four strains of white rot fungi (WRF) had been used for laccase and MnP production. These WRF
were Pleurotus ostratus, Pleurotus sajor-caju, Phanerochaete chrysosporium (24725) and P. chrysosporium
34541. For enzyme production three different media were used namely I, II and III. The results revealed that
P. sajor-caju produced the highest laccase and MnP on the three media except medium Il P. sgjor caju
produced 0.468 and 0.612 T/ml laccase on medium T and 1T respectively. Also P. sgjor-caju produced 0.720, 0.594
and 0.540 U/ml MnP on medium T, T and ITT respectively. P. chrysosporium 34541 and 24725 produced MnP on
the three media, but failed to produce any laccase on these media. P. chrysosporium 24725 produced more MnP
than P. chrysosporium 34541, The ability of the four WRF to decolorized methylene blue (MB) and maxilon
(Mazx.) have been reported after 7 and 10 days. P. ostratus decolorized MB with percentage range from 85.2%
to 91.0% at concentration ranged from 25 mg/L. to 700 mg/T. M.B. P. sajor-cafu was able to remove 26.1% of 25
mg/L MB after 7 days, this removal was increased to be 100% after 10 days. The range of removal was 83.6%
to 90.3% for arange of 100 mg/L to 500 mg/L M.B. P. chrysosporium temoved 88.4% to 97.2% of 25 mg/L to 700
mg/T. MB F. ostreatus removed 100% of Max. till 150 mg/T. after 10 days. However P. sgjor-caju removed 100%
of 150 mg/T. Max. after 7 days. Free enzyme(s) of P. sgjor-caju was able to decolorized MB and Max. completely
after 12 hours, till 200 mg/L. Immobilized enzyme(s) of P. sqror-caiu removed a range of 20-46.6% of 25-75 mg/L
Max. after 2 howrs. The growth results showed that growth of P. sajor-caju decreased gradually as dose of

gamma radiation increased. Dose (0.25 KGy) enhanced MnP activity.
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INTRODUCTION

White rot fungi (WRF) are the most efficient
degraders of lignin in nature. They are able to degrade a
broad spectrum of structurally diverse organopollutants
and produce several types of oxidative enzymes, which
are useful for remediation of environmental pollutants [1-
6]. Phanerocheate chrysosporium, a model orgamsm for
lignin and xenobiotics biodegradation studies produces
a family of lip and MnP iscenzymes [7-10]. In addition, P.
chrysosporium is also capable of degrading various azo,
heterocyclic and polymeric dyes [11, 12]. This fungus
produces extracellular ligmnolytic enzymes such as ligmn
peroxidase (Lip) and manganese peroxidase (MnP) [6]. All
Pleurotus ostreatus strains exhibited high laccase and
manganese peroxidase activity [14]. Effluents generated

by textile industry are of environmental concern because
of the presence of dyes with complex molecular structure,
which them
Biodegradation of textile effluent by Pleurofus sqjor-caju

confer recalcitrant  characteristics.
have been studied [13]. Textile wastewater 1s rated as the
most polluting among all industrial sectors. Important
pollutant in textile effluents are mainly recalcitrant
organics, colours, toxicants and miubitory compounds,
surfactants, chlorinated compounds and salts [15]. It has
been proven that some of the dyes and/or products are
carcinogenic and mutagenic [16-18]. Therefore, textile
wastewater contaimng dyes must be treated before their
discharge into the environment [19, 20]. Textile industry
account for two thirds of the total dye stuft market [21,22].
White rot fungi in particular produce lignin peroxidase
(Lip), manganese peroxidase and laccase that degrade
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many aromatic compounds due to their non specific
enzyme systems [23-31]. Laccas enzymatic treatments
have potential m a variety of industrial fields mcluding
textile mdustry. These systems are advantageous over
physical and chemical treatments as enzymes are
biodegradable catalyst and specific in action and
enzymatic reactions are carried out in mild conditions [32].
Enzyme mmmobilization 1s advantageous as it simplifies

enzyme recovery and therefore recyclibility for
applications  such  as  biocatalysis [33.34].
Immobilization has been shown to sigmficantly

improve the mechanical and chemical stability of enzymes
[33-36]. Tt is though that these improvements are acquired
through multipoint attachment of the enzyme during
immobilization, which enhances the ngidity of the enzyme
by stabilizing the tertiary structure of the protem [36].
Several studies on immobilization of laccase for potential
applications such as decolourization have been published
[37-39].
abilities of white rot fungi, their free enzymes and
their immobilized enzymes in decolourization of two

So, the amm of this study is comparing the

dyes (methylene blue and maxilon), to be used in
bioremediation technology of dyes.

MATERIALS AND METHODS

Microorganisms:

»  Pleurotus ostreatus CBS 411-71

¢ Pleurotus sajor-caju

¢ Phanerochaete chrvsosporium 1767 (ATCC 247235)

»  Phanerochaete chrysosporium American Type
Culture Collection (ATCC 34541)

White Rot Fungi (WRF) Maintenance: The four WRF
were maintained on PDA Potato-Dextrose agar medium
[40] slants and plates. The slants were stored at 4°C till
use. The WRF strains were cultivated on Malt agar plates
[41] for 14 days at 30°C. Mycelium agar plugs (10 mm in
diameter) cut along the edge of an active growimng
colonies were used as inoculants.

Production of Ligninolytic Enzymes on Different Media:
The four WRF basidomycetes were used to inoculate 50
ml mn 250 ml comcal flask of the three different production
media: Basal medium T [41], N-limited medium TT [42] and
Defined medium TTT [43]. Two discs (10 mm in diameter)
were used to inoculate each flask after sterilization of the
media. Three replicates were used for each stram m each
medium. For laccase production, the media was

supplemented with 600 uM CuSQ,. 5H,O. While, for MnP
production the media was supplemented with 1000 uM
MnSO, H,O. The flask for laccase production were
incubated 1n dark without shaking, while that for MnP was
incubated on shaking (150 rpm) incubator and both of
them at 30°C for 14 days. Five ml from each flask was
centrifuged at 8000 rpm for 5 minutes and the supernatant
was used for enzyme assay.

Enzyme Assay: Laccase assay [44]. Laccase activity was
carried out in 1 cm quartez cuvette. Reaction mixture of 1
ml contained 2 mM ABTS (2,2', azino-bis (3-methy] benzo-
thiazoline-6-sulphonic acid) diammonium salt, Sigma-
Aldrich, USA in Mcllvaine buffer (pH 5.0). To the assay
mixture 100 pl of centrifuged supermatant was added. The
enzymatic activity was estimated in IU by momitoring the
adsorbance change at 420 nm (ABTS), £420 = 36 mM™
cm™' by spectrophotometer at 30°C. Manganese
peroxidase (MnP) assay[44, 45]. MnP activity was carried
out also m 1 em quartez cuvette. The reaction mixture of
1 ml contained 2 mM ABTS and 1 mM of MnSO, in
Mecllvaine buffer (pH 5.0). To the assay mixture, 100 ul of
the centrifuged supernatant was added. The peroxidase
activity was then initiated by the addition of 0.4 mM H,0,.
The enzymatic activity was estimated in TU by monitoring
the adsorbance change at 420 nm for ABTS €420 = 36
mM ™" cm ™" by spectrophotometer at 30°C.

Decolorization of Dye: The four WRF were used to
inoculate 50 ml of medium (T} in 250 m1 conical flasks. Two
discs were used for each flask. The flasks were
supplemented with different concentrations (25, 50, 75,
100, 150, 200, 300, 500 and 700 mg/1.) of methylene blue
(M.B) basic dye (C.I 52015, Amax 678) or maxilon blue
(Max.) basic dye (C.I141, A max 654), Mumbai, India. Three
replicates were used for each strain in each concentration
for each dye. The flasks were incubated in shaking (150
rpm) incubator at 30°C. The decolorization ratio has been
determined after 7 and 10 days.

Production of Lignolytic Enzymes by Solid State
Fermentation: According to Abo-State et al [46] five
grams of wheat bran (WB) or rice straw (RS) were moisited
with 20 ml of moisting agent in 250 ml conical flask and
sterilized by autocleaving at 121°C for 30 minutes. The
flasks were inoculated with two discs (10 mm) of two of
the WRF. Three replicates were used to each strain. The
flasks were incubated for 14 days at 30°C. After
incubation period, the content of the flasks were extracted
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by 50 ml of distilled water. After shaking for 60 minutes, all
the content was filtered in clean dry flask through muslin
cloth on glass funmel The filtrates were centrifuged at
8000 rpm for 10 minutes by cooling centrifuge. The
supernatant crude enzymes were used for enzyme assay
and decolorization of dyes.

Decolorization of Dyes by Free Enzymes of Pleurotus
sajor-caji Produced on Solid State Fermentation:
According to Lu et al. [38] and Deveci et al. [47] the crude
enzymes produced by P. sgjor-cagju on (WB) by solid
state fermentation were used to decolorize dyes. In a clean
dry tubes a mixture of 300 pl of the crude enzymes and
2.7ml of the dyed m Mecllvaine buffer (pH 5.0) were
incubated for zero, 10, 30, 60, 90, 120, 180 and 720 minutes.
Three replicates were used for each dye m each
concentration for each incubation period. In case of
control, 300 pl of distilled water was used instead of the
crude enzymes.

Decolorization of Dyes by Immobilized Enzymes: Crude
enzymes were immobilized on controlled pore silica beads
according to Robinson et al. [48], Paszezynski et al. [49],
Germain and Crichton [50] and Van Aken ef al. [51]. One
gram activated CPC (A) was mixed with 5ml or 10ml crude
enzymes (~WB, WS, RS, 3 U/ml) resulted from production
on WB, RS, WB + WS or WS by solid state fermentation
(B). The activated mnmobilized enzymes resulted from
mixing A with B were washed three times with Mcllvine
buffer pH 5.0. These immobilized enzymes were mixed with
5 ml of maxilon dye in a test tubes with three
(25, 50 and 75 mg/.). For each
concentration and each enzyme, three replicates were

concentrations

used. Control tubes contained 5 ml of Maxilon dye
without adding activated immobilized enzymes. All tubes
were incubated mn a water bath at 40°C for 2, 4 and 12
hours. The mtensity of each tube was measured at 654 nm
spectrophotometrically.

Effect of Gamma Irradiation on Growth and Enzymes
Production by F. sajor-caju.

Growth: The well grown P. sgjor-cqju on malt agar plates
(7 days) were sealed with parafilm and exposed to
increasing doses of gamma radiation (0.25,0.50, 0.75, 1.0,
1.05,2.0 and 3.0 Kgy). Three replicates for each dose. From
each plate, a disc (10 mm diameter) was used to inoculate
a uniform malt medium in the centers of the plate. The
inoculated plates were incubated at 30°C. Growth diameter
was measured after 6 days.

Enzyme Production: The well grown mycelium colonies
on malt agar plates were plugged (10 mm diameter) from
the edge of the colomes of each dose and used to
inoculate enzyme production medium I supplemented with
600 pd CuSO, or 1000 pM MnSO, for production of
Laccase or MnP. Three replicates were used for each
dose. The inoculated flasks for laccase were incubated at
30°C in dark without shaking, while that for MnP were
incubated at 30°C in a shaking incubator (150 rpm) for 14
days. Laccase and MnP activities were determined as
previously mentioned.

RESULTS AND DISCUSSION

White rot fungi (WRY) are the most efficient
degraders of lignin in nature. Typical property of the WRF
15 their ability to degrade hgmn and other aromatic
compound with non specific extracellualr enzymes.
eTIZYIeS
manganese peroxidase (MnP)] in different liquid media
(submerged "SM") have been indicated in Table 1. Four
strains of white rot fungi had been used for laccase and
MnP production. These WRF were Pleurotus ostratus,
Pleurotus sajor-caju, Phanerochaete chrysosporium
(34541) and Phanerochaete chrysosporium (24725).
For enzyme production three different liqud media

Production of lignimolytic [Laccase and

were used namely I, II and III. The results revealed that

Table 1: Production of ligninolytic enzymes on different media by different white rot fungi (WRF)

Laccase (U/ml)

Manganese peroxidase (U/ml)

White rot fungi (WRF) Medial Media II Media III Medial Media II Medialll
P. ostratus 0.165 0.190 0.165 0.360 0.309 0.288
P. sqior-caju 0.468 0.612 “ve 0.720 0.594 0.540
P. chrysosporium 34541 -ve -ve -ve 0.370 0.262 0.298
P. chrysosporium 24725 -ve -ve -ve 0.432 0.489 0.345
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Fig. 1: Production of ligninelytic enzymes by solid state
fermentation on wheat bran (WB) by P. sqjor-caju
and P. chrysosporium.

Pleurotus sajor-caju  produced the highest laccase
and MnP activiies on the three media, except on
medium I, Medium III have not support laccase
production by P. sgjor-caju. P. sajor-caju produced
0.468 and 0.612 uwml laccase on mediwm I and II
respectively.  Also, P. sgjor-caju produced 0.720,
0.594 and 0.540 wml MnP on medium I, II and III
respectively. P. ostratus produced less ligninolytic
enzymes than P. sajor-cafu on the three media T, TT and TIT.
P. chrysosporium 34541 and 24725 produced MnP on the
three media, but failed to produce any laccase on these
media. P. chrysosporium 24725 produced more MnP than
P. chrysosporium 34541 .

Comparmg, the three media used to support enzyme
production, the result revealed that medium I gave the
highest MnP (0.360, 0.720 and 0.370 U/ml) productivity for
P. ostratus, P. sgjor-caju and P. chrysosporium 34541,
respectively. However, the highest MnP (0.489 w/ml) had
been recorded on medium II by P. chrysosporium 24725,
Medium IT also gave the highest laccase activities (0.190
and 0.612 U/ml) by P. ostratus and P. sajor-caju
respectively. From the above results it 1s clear that
medium T and 1T can be used for ligninolyitc enzymes
production and the best WRF was P. saqjor-caju. The
above results were confirmed by other investigators. P.
chrysosporium 13 known to lack laccases in normal
conditions but can produce them when the fungus is
grown on high nitrogen cellulose medium [52].
Ischnoderma  resinosum  produced  extracellular
ligninolyitc enzymes laccase and MnP. The activity of
laccase achieved the maximum on day 10(29.4 U L"), the
MnP on day 14 (34.5 UL™") [53]. Pleurotus species were
reported to belong to a group of fungi that produces MnP
and laccase but not lignin peroxidase [54].

o7 days | 10 days

100+

901

801

Removal %

704

A

B4 |

0 2 50 75 100 150 300 300 70O

Dye Concentration (mgi)

Fig. 2: Removal of methylene blue by P. ostratus after 7
and 10 days incubation period.

The major components of the lignm-degrading
enzyme system of P. chrysosporitm are LiP and MnP with
the expression during the secondary phase of fungal
growth. This biochemical event 1s triggered by nitrogen or
carbon limitation of the growth medium and the presence
and activity of each of these two extracellular enzymes are
highly dependent on culture conditions and composition
of the growth medum [55]. Nitrogen-limited culture
medium was used in the present study and the results
obtained are in agreement with the studies that growth
media contaimng low mitrogen concentrations generally
provide the best nutrient conditions for the expressing
ligmnolytic enzymes by the fungus. Literature surveys
show that the concentration of Mn** in the growth
medium of P. chrysosporium affects the formation of LiP
and MnP differently [56]. The formation of MnP is
dependent on Mn* which has enhancing effect on
transcription of MnP [57]. From the above results, P.
sajor-caju and P. chrysosporium 24725 were used to
investigate their abilities to produce ligninolyitc enzymes
on wheat bran by solid state fermentation (SSF) as
indicated in Fig. 1. P. sgfor-caju produced 2.664 Uiml
laccase and 1.584 U/ml MnP; while P. chrysosporium
24725 produced 0.036 U/ml laccase and 0.072 T/m] MnP.
G. lucidum KMK2 strain produced high levels of laccase
and very low levels of MnP during the 21 days
incubation. High level of laccase production could be
attributed due to the presence of ferulic acid 1 wheat bran
[58].

The ability of the WRF to decolorize dyes had been
studied. The ability of P. ostratus to decolorize different
concentrations of methylene blue (MB) has been
indicated in Fig. 2. The decolorization (removal)
percentage was measured after 7 and 10 days. The result
showed that as the incubation period mecreased the
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decolorization percentage increased. However the
percentage of decolorization (removal %) was ranged from
83.2% to 91.0% at concentrations ranged from 25 mg/L to
700 mg/L, MB. This means that as, the concentration
increased, the ability of P. estratus to decolorize MB also
mcreased, so the removal % increased for a wide range of
concentrations (25-700 mg/L) MB. This may be attributed
to the increasing in production of ligninolytic enzymes as
the concentration of MB increased due to their stress on
the mycelial cells of Pleurotus ostratus. The above results
were confirmed by the work of other mvestigators. The
white-rot fugus Pleurotus pulmonarius has been recently
described as a good producer of lacase and able to
decolourize textile dyes in submerged cultures [59].
Tychanowicz et al. [60] propose a solid state system to
grow and produce laccase by P. pulmonarius as well as
to study the capability of the fugus to decolourize several
mndustrial dyes when cultivated in solid state cultures.
Amido black, congo red, trypan blue, methyl green,
remazol brilliant blue R (RBB), methyl violet, ethyl violet
and brilliant cresyl blue were completely decoloruized
after 6 days of cultivation, while methylene blue and Roly
R-478 were partially decolourized. The capability of fungal
culture to decolourize industrial dye appears to be due to
high titers of laccase (480 U/ml) produced in response to
the presence of soluble phenolics [60]. Shaking has
variable effects on laccase production. Rhizoctonia
practicola gives similar lacase production in shaking and
stationary cultures. In P. cinnabarinus, shaking increases
laccase production whereas i many other white rot fungi,
1t 1s suppressed [61]. Extracellular ligmin peroxidase (Lip)
was not detected during decoloration of azo dye,
Amaranth by Trametes versicolor. Approximately twice as
much laccase and manganese peroxidase (MnP) was
produced by decolorizing cultures compared to when no
dye was added. At a low Mn® concentrations (3uM), N-
limited (1.2mM NH™) cultures decclorized eight
successive additions of Amaranth with no wvisible

Table 2: Decolourization of methylene blue (MB) by P. sajor-caju

the
Mn* concentrations

sorption  to mycelial biomass. At higher
(200 pM), production of Mnp
increased and that of laccase decreased, but the rate or
number of successive Amaranth decolorizations was
unaffected. There was always a 6-8 h lag prior to
decoloration of the first aliquot of Amaranth, regardless
of Mnp and laccase concentrations. Although nitrogen
rich (12 mM NH") cultures at an initial concentration of
200 uM Mn™ preduced high laccase and Mnp levels. The
highest values for LiP (75376.34 TU 17", MnP (4484.30 TU
L™ and laccase (898.15 UI L™ ) were obtained with the
marine fungus M. racemosus CBMAT 847 and it is the first
report concerning ligninelytic enzymes production by a
zygomycete from this genus [53]. The ability of P. sagjor-
cafu to decolorize M.B. was shown in Table 2. The results
indicated that as the mcubation period increased, the
removal percentage increased. P. sajor-cafu was able to
remove 26.1% of 25 mg/L M.B after 7 days; this removal
% was increased to be 100% of the same concentration
after 10 days. P. sgfor-caju was able to remove 100% of 75
mg/L M.B after 10 days. As, the concentrations of M.B
increased more, the removal % decreased. The range of
removal was 83.6% to 90.3% for a range of 100 mg/L to 500
mg/T. M.B. So, as the concentrations of MB increased, P.
sajor-caqju  ability to decolourize the dye slightly
decreased. Biodegradation of textile effluents by
Pleurotus sajor-caju, are of environmental concern
because of the presence of dyes with complex molecular
structure, which confer them recalcitrant characteristics.
Indige 18 one of the most widely used dyes within the
textile sector and studies have suggested that P. sajor-
caju may be capable of its biodegradation The
decolorization being evaluated after 14 days, when the
process was observed. Enzymatic activities of laccase,
peroxidase and manganese peroxidase were determined,
the production of these ligninolytic enzymes being
evident and a synergism among them being likely in the
decolonzing process [13].

Residual dye (g/L) % Removal

Dve conc. mg/L 7 days 10 days 7 days 10 days
25 18.46 0.00 26.16 100

50 39.06 0.00 21.88 100

75 42.90 0.00 3213 100
100 46.87 1635 53.13 83.65
150 57.52 15.615 61.65 89.59
200 98.02 25.4 50.99 87.30
300 135.65 393 54.78 86.90
500 193.31 4845 60.93 90.31
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Table 3: Decolorization of methylene blue (M.B) by P. chrvsosporitm (34541)

Residual of Dye (mg/T.) % Removal
Dve conc. mg/L 7 days 10 days 7 days 10 days
25 6.4 34 74.4 86.4
50 7.8 3.9 84.4 922
75 8.7 3.6 88.4 95.2
100 8.6 4.9 91.4 951
150 154 73 89.7 95.1
300 29.0 10.7 90.3 96.4
500 37.8 12.7 924 97.4
700 38.6 32.6 94.4 933
Table 4: Decolourization of methylene blue (MB) by P. chrysosporium (24725)
Residual of Dye (mg/L) % Removal

Dye conc. mg/L 7 days 10 days 7 days 10 days
25 3.9 2.9 84.4 88.4
50 4.2 3.0 91.6 94.0
75 5.5 2.1 92.6 97.2
100 7.0 53 93.0 94.7
150 9.0 4.3 94.0 971
300 25.5 15.4 91.5 94.8
500 40.6 32.8 91.8 93.4
700 47.9 41.8 931 94.0

Methylene blue (MB) removal by P. chrysosporium
34541 had been indicated in Table 3. As the incubation
period increased, the removal percentage increased.
Decolorization of MB was ranged from 74.4% to 94.4% at
range of 25 mg/T, to 700 mg/L. after 7 days incubation by
P.  chrysosporium 34541, This
chrysosporiwm was able to remove 671.4 mg/L. from 700
mg/T. of MB after 7 days. Decolorization of M.B was
ranged from 86.4% to 97.4% at range of 25 mg/l. to
700 mg/L after 10 days. As the concentration increased,
the removal % mcreased. The ability of P. chrysosporium
24725 to decolorized M.B was shown in Table 4. Like the
other WRF studied before, as the incubation period
increased, the removal % ncreased. Decolorization of MB
was ranged from 84.4% to 94.0% at a range of 25 mg/L. to
700 mg/L of MB after 7 days incubation. The highest
removal % was recorded at 150 mg/1. of MB for both of
the mcubation periods. P. chrysosporium removed 141
mg/L and 145.7 mg/L of MB from 150 mg/L after 7 and 10
days respectively. The removal % was ranged from 88.4%
to 97.2% at concentrations of M.B ranged from 25 mg/L to
700 mg/T, after 10 days incubation.

The above results were m agreement with those
obtained by Venkatadri and Trvine [62], they achieved 89-
91% colour removal within 24 hours incubation when the

means that P.

concentration of the dye Vermelho Reanil P8B ranged

between 16.0 and 20.0 mg/l, which resemble the range of
concentrations found in industrial dye effluents.
Schizophyllum commmune also decolorized wastewater.
The decolourization of three polymeric dyes polymeric B-
411, polymeric R-481 and polymeric 4-606 (Sigma) by P.
chrysosporium was confirmed by Glenn and Gold [1].
Their results suggested that the decolorization was a
secondary metabolic activity linked to the fungus
ligninolytic degradation activity. The process, however,
was slow and optimum decolorization needed up to 8 days
[2]. Phanerochaete chrysosporium was also shown to
biodegrade the azo-and heterocyclic dyes orange TI,
tropaeofin O, Congo Red and Azune B [2]. The extent of
colour removal varied depending on the dye complexity,
nitrogen availability in the media and ligninolytic activity
in the culture. At low nitrogen concentrations 90% of the
colour was removed within the mitial 6 h, while when
excess nitrogen was provided, up to 5 days were required
to achieve 63-93% decolorization of the above-mentioned
dyes [2]. Capalash and Sharma [63] tested the
biodegradation of 18 azo dyes using P. chrysosporium
and only eight were degraded, with 40-70% colour
removal. Kirby [64] has shown that 2. chrysosporium had
the ability to decolourize artificial textile effluent by up to
99% within 7 days. The value of residual dye for MB used
at 60 ppm was 6% within 8 days of the incubation of the
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nitrogen limited culture under the shaken conditions.

Production of (Mnp) by P. chrysosporium occurred
simultaneously in nitrogen limited culture medium with the
added MnSO, at 100 ppm. The MnP activity was at
relatively high level (170 T/T), the effect of Mn*' added to
the growth medium at different mitial concentration was
tested. At 10 and 30 ppm MnSO,, the decolourization
process was significant and the MB remaining after ¢
days of the culture incubation was negligible [65].

Despite the findings of Kling and Neto [66] which
showed MnP had no measurable role in the MB
degradation by P. chrysosporium, interestingly they were
able to detect manganese-dependent activity during the
methylene blue decolourization process. The level of the
decolourization of methylene blue for Kissiris-immobilized
fungal cells did not change after 6 days of the incubation
under shaking conditions. While 24% residual dye for the
free cells after 6 days of the incubation gradually changed
and a significant decrease in residual dye was observed
by day 9 of the incubation. Culture agitation improved the
decolourization ability of Kissiris-immobilized fungal cells
considerably, although the repressive effect of culture
agitation on the ligninase activity and lignin degradation
by P. chrysosporium has been reported by Jager et al.
[67] and Venkatadri and Trvine [68]. Decoloration of the
synthetic textile dye reactive black 5 by the cultivated
fungi, Bijerkandera adusta, Irpex lacteus and Hypoxylon
fragiforme was studied. The most effective fungus in
shaken flask experiments was B. adusta, which was able
to decolorize the dye from black-blue to a yvellow color in
less than 10 days. The result showed that imtially lignin
peroxidases and subsequently manganese dependent
peroxidases are presumably responsible for the
decoloration of the diazo dye reactive black 5 by B.
adusta [69].

The activity of MnP produced by the Kissiris-
immobilized P. chrysosporitm was highest at 7 days of
the incubation (174 U/D). In a recent work the ability of
Lentinula edodes, a white-rot fungus, to decolorize
several synthetic dyes mcluding methylene blue was
studied uwsing a solid-state culture system [70]. Their
results show dependence of the decolourization rate on
the concentration of methylene blue: the decolourization
rate increased along with an increase in initial
concentration of methylene blue until it reached a
maximum value of 3.6 ppm day/1 at about 45 ppm, above
which the rate decreased slightly. This decline was less
noticeable when the cultures were incubated at the
stationary mode. The initial concentration of methylene
blue used in the present study was 10 ppm: the

decolourization rate though was lower as compared to
that of the higher imitial concentration (40 ppm) but
disturbance in the colour measurement assays was lower
because less residual dye remained at the low mitial
concentration of the dye. To determine the influence of
agitation on the decolourization process, the experiment
with free mycelium and Kissirisimmobilized fungal cells
was performed in static and shaken mode.

Irpex lacteus 15 a white rot fingus known to
decolorize various synthetic dyes. Decolorization of other
azo dye reactive orange 16 by immobilized cultures of 1.
lacteus was compared in three different reactor systems of
laboratory size: small and large trickle bed reactors and a
rotating disc reactor. The mghest dye decolorization
efficiency (90% in 3 days) was observed by 1. lacteus in
the small trickle bed reactor. A repeated batch
performance test demonstrated the potential of
immobilized fungal cultures to decolorize synthetic dyes
over long time periods [71]. Methylene blue (MB)
oxidation by Lip of P. chrysosporitim has been reported
by Kling and Neto [66] and Ferreira-Leitao et al. [72].
Despite the findings of Kling and Neto [66] which showed
MnP had no measurable role i the M.B degradation by .
chrysosporium, Gandolfi-Boer et al. [70] concluded that
MnP was the agent responsible for the
decolorization capacity of L. edodes.

The results shows dependence of the decolorization
rate on the concentration of methelene blue (M.B). The
decolorization rate increased along with an increase in

main

1nitial concentrations until it reached a maximum value of
3.6 ppm day/L at about 45 ppm, above which the rate
decreased slightly [65]. Decolorization of maxilon (Max.)
dye by P. ostrafus had been indicated in Table 5. As the
incubation period increased the removal % increased.
Meanwhile, as the concentration of maxilon increased, the
removal % decreased. At the lower concentration still 150
mg/L Max., the removal % was 100% after 10 days. More
increase In concentrations means more decrease in
removal %. P. ostratus removed 35.4% and 62.8% of 700
mg/L Max. after 7 and 10 days, respectively. This means
that P. estratus was able to remove 248 mg/L. and 440.2
mg/L. of Max. from 700 mg/L after 7 and 10 days,
respectively. Decolornization of Max. dye by P. sajro-caru
had been shown in Table 6. P. sajor-caju was able to
decolourize 100% of Max till 150 mg/L. after 7 days
incubation. As, the concentration increased, the removal
% decreased. So, P. sajor-cgju was more efficient in
decolorization of maxilon than P. ostratus and reduced the
time of incubation. P. sgjor-caju removed 85.2% of
500 mg/. Max, while P. ostratus removed 73.6% of
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Table 5: Decolourization of maxilon (Max) by P. ostragus

Residual dye (mg/L) % Removal
Dye conc. mg/L 7 days 10 days 7 days 10 days
23 0.5 0.0 98.0 100
50 34 0.0 93.2 100
75 7.8 0.0 89.6 100
100 8.4 0.0 91.6 100
150 1a1 0.0 89.2 100
300 56.0 23.0 81.3 923
500 209.1 132.0 58.1 736
700 452.0 259.8 354 62.8
the same concentration after 10 days. P. sajor-caju m7 days W10 days
removed 332.5 mg/T. and 426 mg/T. of Max from 500 mg/T. 100+
after 7 and 10 days, respectively. Manganese peroxidase 9041
(Mnp) activity was detected during the decolouriuzation 80
process. The dye could be decolorized by purified Mnp of = 707
P. sordida in the presence of Mn (II) and Tween 80. With g B607]
shaking, the dye could be decolorized without the E 5071
addition of hydrogen peroxide. The decolorization did not e 4040
occur under anaerobic conditions, suggesting that dye gg":
decolorization by Mup 1s influenced by dissolved oxygen ll
[73]. When 200, 500, 750 and 1000 mg/1 of dye were also ol
treated for 7d, P. sordida decreased XZOD by 90.7%, 25 50 75 100 150 300 500

89.4%, 85.6% and 75.9%. Adsorption of dye to mycelia
after incubation for 7 d. was not found on all condition
[73] Biological decolorization of textile dyestuff basic blue
22 (C.I1. 61512), aphthalocyanine type reactive dyestuff, by
the white rot fungus Phanerochate sordida ATCC 90872
was studied. The highest decolorization efficiency was
obtained with a rotational speed of 40 rpm. The mimmmum
glucose concentrations for 78% decolorization efficiency
by P. sordida was 59/1. TOC removal efficiency was
around 80% for 50-200 mg/l mitial dyestuff concentrations
and decreased to 52% for 400 mg dye stuff/1 [74].
White-rot fungus Dichomitus squalens has been
found to easily decolorize synthetic dyes even at
relatively high concentrations. For that the fungus could
be promising for further biotechnological exploitation [75,
76]. Tt is known to secrete laccase and Mnp in submerged
ligmd cultures) [77, 78] Both enzymes have been purified
and characterized [78,79]. Four different white-rot fung:
strains Phanerochaete chyrsosporium, T. versicolor,
Pleurotus ostreatus and Pleurotus sajor-caju were used
to investigate their capability to degrade the two reactive
blue 4 and reactive red 2 dyes. Real textile waste water
from a textile industry in Tanzania was furthermore treated
by Pleurotus flabellatus, a fungus which was isolated
from the environment in Tanzama [80]. The study focuses

Dye concentration (Max.) mg/l

Fig. 3: Removal of maxilon (Max.) by P. sajor-caru after
7 and 10 days incubation period.

on the production of ligmnolytic enzymes and dye
degradation capacity of Dichomitus squalens immobilized
on polyurethane foam (PUF) or pine woed (PW) in a fixed
bed reactor at a laboratory scale. Immobilization of fungal
cultures on pine wood improved emimnently laccase
production in comparison to the liquid cultures.
Immobilized 1. sgualens was able to decolorize an
anthraquinone dye remazol brilliant blue R and an azo dye
reactive orange 16. The involvement of a laccase activity
in dye decolorization was suggested by Susla ef al. [81].

The decolorization of 12 different azo, diazo and
anthraquinone dyes carried out using & new
1solated white rot fungus, strain L-25. A decolorization
efficiency of 84.9-99.6% was achieved by cultivation in 14
days using an initial dye concentration of 40 mgL . The
strain 1.-25 produces manganese peroxidaes (Mnp) as its

was

major ligninolytic enzyme. The adsorption of dye by cells
was observed during the decolorization at the beginning
of the process. However, this color disappeared
when Mnp was released by the strain L-25 [82].
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Fig. 6: Residual of methylene blue (M.B) after treatment
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Fig. 5: Removal of maxilon (Max.) by free enzymes
produced by P. sajor-caju on WB by SSF.

The ability of free enzyme(s) produced by P. sajor-caju on
wheat bran (WB) by SSF to decolorize Max. was shown in
Fig. 4. The results revealed that as the incubation period
increase the residual of Max. dye decreased as in Fig. 4.
Three hours removed 50% of 30 mg and 59.5% of 200
mg/L Max. Twelve hours removed completely all
concentrations of Max. as indicated in Fig. 5. The results
also revealed that as the incubation period increased, the
removal% increased. The ability of free enzyme(s)
produced by P. sajor-caju on wheat bran (WB) by SSF to
decolorize M.B had been indicated in Figs 6 and 7. The
free enzyme(s) was incubated with different
concentrations of MB for 10, 30, 60, 90, 120, 180 and 720
minutes. The residual of the MB dye was indicated in

Fig. 6. Free enzyme (s) of P. sajor-caju was able to
decolorize MB completely after 12 hours till 200 mg/L of
M.B. After 3 hours, P. sajor-caju free enzyme(s) removed
from 6.0 to 31.0% of a range of 30-200 mg/L M.B as

@10 min @ 30 min 060 min 0090 min M 120 min @ 180 min @ 12 hours
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Fig. 7: Removal of methylene blue by free enzymes
produced by P. sajor-caju opn WB by SSF.

indicated in Fig. 7. P. sajor-caju free enzyme(s) removed
36 mg/L of 200 mg/L MB after 3 hours incubation.
However, after 12 hours, incubation of P. sajor-caju free
enzyme(s) with different MB concentration led to
complete decolorization (colourless) at all the different
concentrations i.e., 100% removal.

Comparing decolorization of 200 mg/L MB by P.
sajor-caju as an organism and the free enzyme(s) of the
same organism, the results indicated that 12 hours
completely removed 200 mg/L. MB in case of using free
enzyme(s), while the microorganism removed 87.3% of MB
after 10 days incubation period. Also comparing
decolorization of 150 mg/L. Max. by P. sajor-cajus as
organism and the free enzyme(s) of the same organism,
the results showed that complete decolorization was
achieved after 7 days incubation period in case of using
the organism. However, complete decolorization of Max.
was achieved after 12 hours in case of using free
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enzyme(s). The above results revealed that free enzymes
were more efficient in bioremediation of dyes than
of the in
decolourization (i.e., crude cell free extract with or without
MnS0, and H,0,) showed methylene blue decolourization
when MnSQO, (1 mM) and H,O, (0.1 mM) were both
present. Sigmficant reduction in the decolourization was
observed when MnSO, or H,O, were omitted from the
decolourization medium. The authors concluded that MnP

microorgamsms. The results vitro

was the main agent responsible for the decolorizing
capacity of L. edodes[70].

Mn-peroxidase was found in some SQOP-feedstuft
mixtures, its activity being highest on barley with P.
pulmonarius (2.4 TU g7y and on flour shorts with P.
pulmonarius and P. ostreatus into all SOP feedstuff
mixtures and highest activity levels were observed on
wheat bran (12.544.0 TU g™') and wheat flour shorts
(13.5£4.0 TU g™, respectively. Although both fungi are
reported to produce the H,O, producing enzyme aryl
alcohol oxidase, an ancillary component of their lignin
degrading systems [51]. Dye decolorizing potential of the
white rtot fungus Ganoderma Ilucidum KMK2 was
demonstrated for recalcitrant textile dyes. G. lucidum
produced laccase as the dominant lignolytic enzyme
during solid state fermentation (SSF) of wheat bran (WB),
a mnatural substrate. Crude
produced by G. fucidum KMK?2 enzyme shows excellent

lignocellulosic laccase

decolorization activity to anthraqunone dye Remazol
Brilliant Blue R (RBBR) without redox mediator whereas
diazo dye Remazol Black-3 (RB-5) requires a redox
mediator [83]. RB-5 (50mgl ™) was decclerized by 62% and
77.4% within 1 and 2h, respectively by the crude laccase
(25Um1 ™. RBBR (50mgl ™) was decolorized by 90% within
20h, however, it was more efficient in presence of HBT
showing 92% decolonzation within 2h. Crude laccase
showed high thermostability and maximum decolorization
activity at 60°C and pH 4.0. The decolorization was
completely inhibited by the laccase inhibitor sodium azide
(0.5mM). Enzyme mactivation method 1s a good method
which averts the undesirable color formation in the
reaction mixture after decolorization. High thermostability
and efficient decolorization suggest that this crude
enzyme could be effectively used to decolorize the
synthetic dyes from effluents [83]. Similar results had been
reported by Murugesan et al. [83]. They found that Dye
decolorization potential of white rot fungus Gandoderma
tucidum KMK?2 was demonstrated for recalcitrant textile
dyes. (. lucidum produced laccase as the dominant
lignolytic enzyme during solid state fermentation (SSF) of

wheat bran (WB), a natural lignocellulosic substrate.
Crude enzyme shows excellent decolorization activity to
anthraquinone dye Remazol brilliant blue R (RBBR)
without redox-mediator, whereas diazo dye remazol black-
5 (RB-5) requires redox mediator. RB-5 (50 mg/L.) was
decolorized by 62% and 77.4% within 1 and 2 hours,
respectively by crude laccase (25 U/ml). RBB (50 mg/L)
was decolorized by 90% within 20 h, however, it was more
efficient in presence of HBT showing 92% decolorization
within 2 hours. Also Rodriguez et al. [14] confirmed the
above results. All Pleurotus ostreatus strams exhibited
high laccase and manganese peroxidase activity, but
highest laccase volumetric activity was found in Tremetes
hispida [14]. Only laccase activity correlated with the
decolorization activity of the crude extracts. Two laccase
1soenzymes from Trametes hispida were purified and their
decolorization activity was characterized [14]. The
treatment of dyes with the culture liquid from 1. resinosum
cultures contaimng the same total amount of ligmnolytic
enzymes (25 mU/mL laccase and 115 mU/mL MnP)
resulted generally in higher decolorization than the
treatment using individual enzymes. Interestingly, this
was independent on the presence of Mn and H,O,
indicating the insignificant involvement of MnP m the
decolorization by total culture liquid The decolorizaton
was significantly improved by the addition of laccase
synthetic mediators violuric acid and
hydroxybenzotriazole. These compounds mcreased the
decolorization to 80-90% after a 24 h treatment. In the case
of RK and RY decolorization around 80% was already
achieved after 1 h mcubation.

The activity of Mnp in the cultures was over 1.0 U/ml
at the end of cultivation. Meanwhile, Mnp produced by
strain 1.-25 was used for the enzymatic decolorization of
the dyes thus confirmmg the capability of the enzyme for
this purpose [82]. Both enzyme forms catalyzed not only
the conversion of typical peroxidase substrates such as
2,  6-dimethoxyphenol and 2, 2'-azino-bis (3-
ethylthiazoline-6-sulfonate) but also the decolorization of
the high-redox potential dyes Reactive Blue 5 and
Reactive Black 5, whereas manganese (IT) ions {Mn®")
were not oxidized [84]. The potential of coconut flesh as
a raw material for the production of extracellular laccase
by the white rot fungus Trametes hirsute was
investigated. For this, decolourizatoin of the textile dye
lissamie green B was carried out both in vitro and in vive.
The former led to a decolourization percentage between
42% and 66% 1n 12 h depending on the cultre age,
whereas the latter showed a percentage higher than 96%
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i 2-5h [85]. Decolorization of Maxilon dye by immobilized
enzyme(s) was indicated in Figs 8 and 9. The treatment no.
1 to 5 revealed that the immobilized enzyme(s) resulted
from cultivation of P. sgjor-caju on WB, WS, RS and
WB/WS by SSF and the resulted free enzyme(s) was
immobilized on CPC activated carrier in a ratio (35 ml
enzyme: 3 gram CPC) to give treatment No. 1. Treatment
No. 2 represented the ratio (15 ml enzyme: 3 gram of CPC.
Treatment No. 3, 4 and 5 was the result of free enzyme
produced by F. sgjor-caju on WS, RS and WB/WS with
ratio (35 ml enzyme: 3 gram CPC), respectively.

The results showed that, as the incubation period
mncreased, the decolorization of Max.
Immobilized enzyme(s) of P. sajor-caju removed a range
of 20-46.6% of 25-75 mg/T. Max. after 2 hours incubation.
As the incubation period increased to be 4 hours, the
removal % range increased at a range of 61.3% to 68.0%
at the same concentrations of Max. The highest
removal % had been recorded in case treatment No. "1".

ncreased.

This means that, the highest ligninolyitc enzymes
produced by P. Sajor-caju on WB followed by WS. The
production of Ligmnolytic enzymes on the agriculture
wastes was 1 the following order WB > WS > WB/WS >
RS. Also, the ratio of enzyme: activated carrier (CPC) was
another factor influencing the immobilized enzyme(s). As
the ratio of enzyme(s): CPC mcreased, the efficiency in
decolomizing  Max. Comparing, the
decolorization percentage by free and immobilized

mereased.

enzymes of the same organism (P. sgjor-caju) at nearly the
same concentrations, the results revealed that free enzyme
produced on WB removed 35%-48% of 30-80 mg/T. Max.
after 2 hours, while immobilized enzyme(s) removed from
20% to 46.6% of 25-75 mg/T. Max. at the same time. The
results of immobilized enzymes also revealed that all
immobilized enzymes treatments were able to decolorize
the different concentrations of dye completely after 12
hours. When comparing the results of free enzyme(s) with
that of immobilized enzyme(s) especially i the field of
bioremediation of pollutants, immobilized enzyme(s) was
superior, because immobilized enzyme(s) can be easily
recovered and reused more than one time while free
enzyme used once and lost. So the recent research in the
field of biotechnology preferred to use ummobilized
enzyme in waste treatment. The results of this study were
confirmed by a number of other investigators. They
explain why immobilized enzyme was favorable than free
enzyme. lmmobilization of enzymes makes these
biocatalysts reusable and this turns the enzyme based
process into a more economically viable approach [85, 86].
Quite frequently, the immobilized enzyme is more stable
towards harsh conditions like high temperatures [86]. This
allows the bioctatalyst to survive longer during process
conditions and allows one to operate the process at
higher temperature so that arthemous factor enhances
reaction rates [87].

The use of immobilized laccase might be a suitable
method to overcome such legal barriers as in this form it
may be classified as technological aid. So laccase could
find application in preparation of must and wine and in
fruit juice stabilization [88, 89]. Although white-rot fungi
have been shown to decolorize dyes in liquid
fermentations, enzyme production has also been shown
to be unrehable to the unfamiliar environment of liquid
fermentations. The ability to utilize these fungi in their
natural environment means that they are more likely to be
more effective m solid state fermentation (SSF) [24].
Immobilized horseradish peroxidase enzyme (HRP), was
investigated to degrade orange 1T (azo dye) within a two
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compartment packed bed flow to evaluate the
electroenzymatic degradation of orange II, electrolytic
experiments were carried out with 0.42U/ml HRP at-0.5
Volt. It was found that removal of orange II was partly due
to its adsorption to the graphit felt. The overall
application of the electroenzymatic led to a greater
degradation rate than the use of electrolysis alone [90].
Acid azo dye (Acid black 10 BX) dye removal by plant
based peroxidase catalyzed reaction was mvestigated in
both free and immobilized form. Mohan et al. [91] revealed
that dye (substrate) concentration, aqueous phase pH,
enzyme and H,0, dose play significant role on the overall
enzyme mediated reaction. Acrylsamide gel immobilized
HRP showed effective performance compared to free HRP
and alginate entrapped HRP. Alginate entrapped HRP
showed inferior performance over the free enzyme due to
the consequence of non availability of the enzyme to the
dye molecule due to polymeric immobilization standard
plating studies performed with Pseudomonas putida
showed enhanced degradation of HRP catalyzed dye
compared to control [91]. Three level Box-Behnken
factorial design with three factors (pH, temperature and
enzyme concentration) combined with response surface
methodology (RSM) was applied to optimize the dye
degradation of reactive red 239 (RR239), reactive yellow 15
(RY 15) and reactive blue 114 (RB 114) dyes by commercial
laccase[92].

The decolourization of different synthetic dyes
(indigo carmine, bromophenol blue, methyl orange and
poly R-478) by the white-rot fugus Tremetes hirsute at
bioreactor scale under solid state conditions, operating
with ground orange peelings as a support substrate. Dye
decolourization was performed i both batch and
Batch cultivation led to high
decolourization percentages mn a short time (100% for
Indigo carmine in 3 h and 85% for bromo phenol blue in
7h). As for continuous cultivation, different hydraulic
retention times (HRT) where studied (0.8, 1, 1.5 and 3d).
The highest decolourization percentages were obtained

continuous mode.

operating at a HRT of 3d especially for the dyes methyl
orange and poly-R-478 (81.4% and 46.9%, respectively).
This 15 a very interesting result, since there are few
studies dealing with the continuous decolorization of
dyes at bioreactor scale by fungal laccases [93]. The
laccase family of the basidiomycete fimgus Pleurotis
ostreatus represents a variegated group of enzymes [94]
having relevant roles in biotechnological applications of
this fungus [95, 96]. Laccase was successfully self-
immobilized into particles using spherezyme methodology,
with retention of 53.9% of origmal enzyme activity.

Table 6: Effect of gamma radiation on growth of Pleurotis sajor-caji

Dose kGy Growth diameter (rmum)
Control 75

0.25 61

0.50 44

0.75 31

1.0 22

1.5 24

2.0 2

3.0 1

Table 7: Effect of gamma radiation on ligninolyite enzyme production

Dose kGy Laccase (w/ml) MnP (u/ml)
Control 1.800 0.270
0.25 0.828 0.345
0.50 0.450 0.273
0.75 0.406 0.190
1.0 0.442 0.129
1.5 0.360 0.126
2.0 0.453 0.090
3.0 0.561 0.036

The immobilised preparation displayed enhanced stability
during temperature incubation at 60-70°C with an
improvement of 2.04-and 4.03-fold, respectively for
ethanolamine post-treated spherezymes and
polyethyleneimine coated spherezymes. Furthermore,
enhanced stability at acidic pH was observed, with the
most pronounced enhancement of 2.49-fold obtained at
PH 2 and 1.69 and 1.38 at pH 3 and 4, respectively [97].
Effect of gamma radiation on growth and ligninolyitc
enzyme(s) production of P. sgjor-caju was indicated in
Tables 6 and 7. The results showed that growth of P.
sajor-caju decreased gradually as the doses of gamma
radiation mereased as indicated in Table 6 and Fig. 10.
Dose 4 kGy reduced P. sgjor-caju growth completely.
Gamma radiation reduced the ability of . sgjor-cqgiu to
produce laccase at all doses used as indicated in Table 7
and Fig. 11. Laccase activities of the different dose were
lower than that of the control. But surprisingly, dose 3
kGy which had a little or nearly no growth gave a detect
laccase activity (0.561 wimnl). However, gamma radiation
affected MnP activities with increasing the dose. Low
doses (0.25 and 0.5 kGy) enhanced or nearly equal in MnP
activities to the control. However, as the dose increased
a MnP activity decreased. The reduction of growth and
influence of enzymes production by gamma radiation had
been recorded by other studies. These studies confirmed
the findings of the present study as follows: Radiation
reduced the wiable count of bacteria and fungi.
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Fig. 11: Effect of gamma radiation on production of
ligninelytic enzymes production by P. sajor-caji.

As the dose mcreased the wviable count decreased
gradually [98-101]. Aziz and Mahrous [102] recorded that
the dose required for complete inhibition of fungi ranged
from 4.0 to 6.0 kGy. El-Batal and Abo-State [103] found
enhanced productivity in CMCase, FPase, Avicelase,
xylanase, pectinase, ¢-amylase and protease by gamma-
irradiation at dose 1.0 kGy with percent increase 8, 20, 10,
4, 31, 22 and 34%, respectively as compared with un-
irradiated control. Also, the highest CMCase activity was

recorded for Fusarium neoceras mutant No. 1"1 and No.

"6" which exposed to 1 min UV-radiation. While, the
highest CMCase of F. oxysporum was mutant No. "4"
which exposed to 4 min. UV-radiation [100]. Mutant No.
"36" which exposed to 10 kGy produced the highest
extracellualr protein and xylanase activity (700ug/ml and
9993 U/g).This hyper producer mutant which exposed to
4 min UV-wradiation produced 10.350 Ulg xylanase
compared with the parent strain which produced 9.651 /g
[101]. Rajoka [104] reported 1.6 fold enhanced
productivity of extracellualr endoglucanase of the mutant

over the parent. After the optimization, the FPase in 7.
reesei MCG77 mutant was mcreased by 2.5 folds
compared to that of T. reesei QM9414 mutant [105]. Also,
Abo-State et al. [106,107] found that the most potent
straing Aspergillus terrets MAM-F23 and Aspergillus
Slavus MAM-F35 for cellulases production were exposed
to increasing doses of gamma radiation to determme their
dose response curve. Gamma radiation reduced, the viable
count of Aspergillus MAM-F23 and MAM-F35 gradually
decreased as the dose increased. Doses 5.0 and 4.0 kGy
reduced the viable count of 4dspergiflus MAM-F23 and
MAM-F35 completely. Mutant No. "4" of dspergillus
MAM-F23 which exposed to 0.5 kGy produced higher
cellulases (MCMase, 372 wml, FPase, 64 wml and
Avicellase 39 wml) than the parent strain (MCMase, 305
uwml, FPase, 48 u/ml and Avicellase 29 wml).
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