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ABSTRACT 
The present work was devoted to search the behavior of some extracellular enzymes 
secreted by P. pulmonarius during the bioremediation process of some cellulose based 
solid radioactive waste simulates. Four categories of this group, namely contaminated 
protective clothes, spent paper, and ruined cotton and mixture of them were subject 
to the fungal biodegradation and the variations in P. pulmonarius cellulase, xylanase 
and laccase enzymes activates were followed during three microbial growing stages. 
In addition, the changes in reducing sugars and total protein as end products of the 
degradation process were determined. Also the variations in both the secreted 
enzymes and the metabolism end products were measured as function of exposing the 
inoculated P. pulmonarius spawns to increasing doses of gamma 
irradiation(0.0,0.1,0.25,0.5,0.75,1.0,2.0 kGy). Based on the data so far obtained, it 
could be stated that the extracellular cellulase enzyme and total protein in the 
degraded substrate were increased throughout the whole incubation period for all 
types of cellulose based waste. In addition, it have been concluded that the enzymatic 
activities and consequently the biodegradation of the cellulose – based solid 
radioactive simulates is enhanced by the gamma irradiation up to the dose 0.75 kGy.  

Key Words: Radioactive Cellulosic Wastes/ Biodegradation/ Mushroom/ Enzymes/ Irradiation 
Treatment. 

 

INTRODUCTION 
Radioactive wastes can be classified according to their physical states into gaseous, liquid 

and solid wastes. The largest volume of the solid wastes is the general trash which includes: 
protective clothing, plastic sheets and bags, covers, papers, rags towels and others. (1)  

The generated hazardous solid wastes are increasing each year. The increase is due to 
various factors such as: increase in population, consumption pattern and change in life style. 
Thus, with the economic growth, the solid wastes management is essential compounds and need 
to be seriously considered.  

Fungi are critically important in the decomposition of naturally occurring organic materials 
and the cycling of carbons in the environment. Also, they are active in the degradation of the 
cellulose-based wastes and complex aromatic hydrocarbons. (2)  In these processes the fungi use 
their enzymes to degrade the substrate to simple daughter products (e.g. mono-sugars, carbon 
dioxide, water, etc..…).  

Mushroom, as one of degrading fungi, start growing immediately after inoculation on 
cellulose-based waste, utilizing, first, the available free sugars from substrate , and then shift to 
use carbon from polysaccharides, as demonstrated by the secretion of cellulolytic  enzymes 
shortly after inoculation(3). Group of extracellular degradative enzymes isolated from edible 
mushroom culture including cellulase, hemicellulase, fungal-cell-wall-degrading enzymes, 
oxidative enzymes, acid phosphatases and acid proteinases(4). The activities of cellulase and 
hemicellulase in the fungi are increased from spawning to the first flushes, but rapidly declined 



thereafter. The contents of cellulose and hemi cellulose in the medium declined from inculcation 
onwards. The rate of hemi cellulose degradation being greatest during button growth, and that of 
cellulose was greatest after the first flushes (5). Cellulase production varied according to the type 
of lignocelluloses (6). The cellulase digestibility of the residual straw after mushroom harvest was 
generally lower than that of the original straw (7). Mushroom primordial exude a liquid that coats 
their cell surfaces. This exudate was characterized in order to facilitates primordial development. 
This exudate contains proteins, enzymes and sugars. Protein concentration and enzyme activities 
of exudates are increased with both culture age and darkness where the highest production rate 
for exudates is occurred between 34 and 46 days after inoculation (8). 

This study is a part of a comprehensive program aims at the management of low and 
intermediate level radioactive wastes generated from the peaceful applications of nuclear 
technology in different fields of life. It has been carried out as mutual co-operation between the 
Radioisotope department, Atomic Energy Authority, Egypt (AEAE) and Middle Eastern Regional 
Radioisotope Centre for the Arab Country (MERRCAC). This part was devoted to study the 
behavior of extracellular enzymes secreted by Pleurotus pulmonarius during the biodegradation 
process of some cellulose-based waste simulates. In addition the effect of gamma irradiation 
pretreatment of the mushroom spawns before their inoculation was carried out to evaluate the 
release of the biodegrading enzyme battery and the end metabolites contents. 

MATERIALS AND METHODS 

1) Inoculation of spawns: -  

Two sets of Pleurotus pulmonarius spawns were prepared to be cultivated on four categories 
of cellulose-based solid waste simulates, namely: cotton, paper, straw, protective clothing and a 
mixture of equal ratios of them.  
At the end of the incubation period, one set of the spawns- each of the six replicates- was 
subjected to gamma irradiation pretreatment at doses namely 0.0, 0.1, 0.25, 0.50, 0.75, 1.0 and 
2.0 kilo Gray in Cobalt-60 gamma irradiation cell located at Middle Eastern Regional 
Radioisotope Center for the Arab Countries (Dokki, Cairo).The dose rate was 1.56 Gy/min. at the 
time of the experiment. This pretreatment step aims at enhancing the capability of the 
microorganism to degrade the mentioned solid waste simulates. That set and other non-irradiated 
ones were inoculated separately on the different cellulose-based waste simulates (straw, cotton, 
paper, protective clothing and their mixture) as described formerly (9).Straw was added as a 
reference substrate for the sake of comparison. 
 
2) Preparation of crude enzymes:- 

 
The plastic bags containing the different cellulose-based waste simulates, were inoculated 

with irradiated and non-irradiated Pleurotus pulmonarius spawns and were incubated at 20 – 25 ° 
C. During the mycelia growth laccase, cellulase and xylanase activities were assayed 
spectrophotometerically after 18 days of inoculation, at primordial phase( i.e. at the beginning of 
sporophore formation) and after the first harvest directly. Tri replica, each of 50 g of the bags 
containing the mycelia colonized on the wastes simulates (straw, cotton, paper, cloth, and their 
mixture) were removed periodically as previously stated. Each sample was then mixed with 50 ml 
of 0.01 M phosphate buffer (pH 7) and shacked using vortex at 80 rpm for 20 minutes, the 
mixture was squeezed through several layers of cheese cloth and the filtrate was further clarified 
by centrifugation at 10,000 rpm for 20 min. at - 4°C using Sigma 2k15-USA centrifuge. The 
resulting clear supernatants were stored at -10°C before being used for all subsequent assays (10). 
3) Enzymes Assay: 

3.1) Laccase activity : 



Laccase activity in the supernatant was measured according to Prilling(11) and modified by 
Haars and Hutterman(12). The reaction absorbance was measured at 468 nm using 
spectrophotometer( Erba- Model chem. 6 .No 6135,Germany) against blank which was treated in 
the same way except that enzyme was added after the addition of dimethylsulphoxide. 
 

3.2) Carboxymethyl cellulase activity (CM -cellulase:)  

CM- cellulase was assayed with crude supernatant following Mandels and Rees (13) where 250 
ul of the enzyme extract was mixed with 500 ul of 10 mg/ml sodium salt of carboxymethyl 
cellulose solution in 0.1 M citrate buffer at pH 5. The mixture was incubated at 50°C in water 
bath with moderate shaking for 30 minutes. Reducing sugars were measured according to 
Somogyi (14).The enzyme activity was expressed as ug glucose /g culture . 
 

3.3) Xylanase activity: 

Xylanase was assayed in the crude supernatant using 0.5 ml of l % xylan (w/v) in acetate-
acetic acid buffer (0.1 M, pH 5) and 0.25 ml of the sample (15). The mixture was incubated at 50° 
C for 30 min. and the reducing sugars were measured according to Somoygi (14) procedure. 

 

4.4) Reducing sugars assay: 
 
Two ml of crude solution and 4 volume of Somogyi reagent I and one volume of Somogyi II 

(mixed immediately before use) was pipetted into 15 ml tube along and completed with distilled 
water to give a total volume of 4 ml. The solution was boiled in water bath for 15 min, cooled and 
2 ml of Nelson reagent was added finally.The absorbance was measured at 520 nm and then 
translated into glucose equivalent using standard graph obtained by plotting microgram glucose 
against absorbance. Determination were carried out using spectrophotometer – Model 690( 
Model-No. u – 500).   
 

3.5) Protein Determination: 

Protein concentration in the clear supernatant was determined using bovine serum albumin 
as standard. (16). The absorbance was measured at 595nm against blank (5 ml reagent were added 
to one ml of distilled water). The protein concentration of the unknown solution was estimated by 
preparing a standard curve. Determination was carried out using spectrophotometer – Model 690 
(Model-No. u – 500) 

 

RESULTS AND DISCUSSION 

Some enzymatic activities of P. pulmonarius during the mycelial growth and fruiting bodies 
formation . 

Bioremediation is a process in which the microorganisms degrade organic contaminants. In 
the presence of sufficient oxygen, i.e. aerobic conditions, microorganisms convert many organic 
contaminants to carbon dioxide, water and energy (17). The microorganism uses some of the 
librated energy to reassemble atomic and molecular parts and pieces into new cell protoplasm and 
other materials to make new cell i.e. growth (18). 



Microorganisms which have the capability to degrade cellulose produce a battery of 
enzymes with different specificities but working together. Cellulase hydrolyzes the β-1,4-
glycosidic linkages of cellulose. Fig. (1) describes the CM-cellulase activities (calculated in unit/g 
dry waste simulate) for the P. pulmonarius cultivated on the different waste simulates (paper, 
cotton, protective clothing and mixture of them). Through the choose three phases of growth, the 
maximum total net activity of CM-cellulase for white rot mushroom was recorded for that grown 
on the protective clothing substrate and which was high comparable to that breaded on the straw 
as reference medium. On the other hand, the P. pulmonarius vegetated on the paper compost 
recorded the lowest CM cellulase activity of all waste simulate substrates tested.. These results 
can adequately explain the sequence obtained in studying the weight reduction results described 
elsewhere and show that the microbes grown on the protective clothing substrate recorded high 
percentage compared to other waste simulates. It is well known that, the course of degradation of 
lignin and the cellulose components of the substrate differed during growth and fructification 
stages (19). It is clear from Figure (1), that for all composts the enzymatic activities during the 
growth, (i.e. after 18 days from cultivation of the spawns and during the primordial formation), 
was usually lower than those after the first harvest. This may be explained on the basis that during 
the microbial growth the enzyme was consumed for the degradation of cellulose component, 
while after the first flushing the enzyme may accumulate with lesser consumption. The same 
trend was described by other workers. (7). 
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Fig. (1): The variation in cellulase activity of the fermented 
cellulosic waste simulates during the P. pulmunarius growth.
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Total net product of
cellulase activity

 
Xylanase is a hydrolyzing enzyme which converts hemicellulose materials to xylose as one 

of the reducing sugar end product. Hence, it is supposed to exhibit similar trend to that of 
cellulase enzyme. The data for xylanase activity produced by P. pulmonarius are shown in 
Fig.(2). The microorganisms produced their maximal values of xylanase activities after the 1st 
harvest phase directly compared to that after 18 days from the inoculation step and to that at the 
primordial formation of the first harvest. Besides, the microorganism grown on clothes substrate 
disclosed the highest xylanase activities compared to the others. The same trend was monitored 
for cellulase enzyme and hence, analogous explanation for the change in xylanase enzymatic 
activities may accord the same description previously stated.   
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Fig. (2): The variation in xylanase activety of the fermented 
cellulosic waste simulates during the P. pulmonarius growth.

After 18 days
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Total net product of
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Laccase is an oxidative enzyme and has a broad specificity for aromatic substances 
containing hydroxyl constituents e.g. cellulose. Laccases are capable of oxidizing many aromatic 
compounds using dioxygen as the terminal electron acceptor forming oxidized aromatic products 
and two molecules of water. The change in laccase activities during the life course of P. 
pulmonarius grown on different cellulosic waste simulates is shown in Fig. (3). P. pulmonarius 
exhibited maximal laccase activity on the mixture of waste simulates at 18 days. The 
microorganisms grown on protective clothing, paper and cotton waste simulates showed the 
highest enzymatic activities at primordial formation of the 1st harvest. It is also clear from the 
figures that the laccase  activity was decreased after the 1st harvest directly even for the straw 
(control media).This may be attributed to that: at this stage of fructification, the enzyme activity 
was declined due to the attenuation of most of organic compounds containing hydroxyl groups in 
the spot of microbes growth. Also, the enzyme may be inactivated during fruiting (20). It is worth 
mentioning that the measured total laccase activities showed a negligible difference for all 
cellulosic waste simulates. (Fig.3).  
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Fig. (3): The variation in laccase activity of fermented cellulosic 
waste simulates during P. pulmonarius growth.

After 18 days
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After 1st harvest
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The amount of reducing sugars released, as oxidative daughter metabolites during enzymatic 

activities, may be taken as estimation for the capability of microorganism to biodegrade cellulose-
based xenobiotic compounds for the energy, carbon and nutrient contents.  

The reducing sugars (calculated as mg/g waste simulates) were estimated in different 
fermented waste simulates by P. pulmonarius and the data in Fig. (4) reveal that the highest net 
values of total reducing sugars were detected at primordial formation of the 1st harvest for P. 
pulmonarius grown on protective clothing, paper, cotton and mixture respectively. These results 
could be explained on the assumption that, the P. pulmonarius during this stage is in great need 
for energy for fruiting bodies formation in addition to other vital processes. The cellulose 
materials forming the different substrates are assumed to be hydrolyzed by the specified 
enzymatic activities liberating energy and reducing sugars as end metabolites. On the other hand, 
the reducing sugars estimated after 18 days from the inoculation of P. pulmonarius spawns 
represented the lowest values compared to the other two growing stages. (Fig.4). Bearing in mind 
that during this stage of growth the microorganism is builting up its biomass, therefore the 
released reducing sugar may be consumed for this purpose(21-23) . Also it is clear from Fig. (4) that 
the total reducing sugars content of the protective clothing substrate represented the highest 
values of the all tested degraded media throughout the three stages. This again reflects the values 
of weight reduction formerly described where the P. pulmonarius is degrading the protective 
clothing compost to high weight reduction percentages.  
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Fig. (4): The variation in total reducing sugar content of the 
fermented cellulosic waste simulates during the P. 

pulmonarius  growth.
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Crude protein is a precursor for many vital constituents in microbial cells e.g.: enzymes, 

hormones, protoplasms, etc., …., hence the variations in protein content during the successive 
growing stages of mushrooms may be considered as an indicator for their activities. Fig. (5) 
illustrates the variation in protein contents (µg/g dry waste simulates) for different waste 
simulates. The data show that the total protein contents of mushroom culture protective clothing 
waste simulate was increased throughout the three growing stages, while for other cellulosic 
waste simulates (i.e. paper, cotton and mixture) the protein content was increased through 
primordia formation of the 1st harvest only and then decreased after the 1st harvest. These confirm 
the results that obtained for weight reduction percentages, where the P. pulmonarius grown on the 
protective clothing substrates showed higher values than those for both cotton and paper but 
comparable to those of mixtures.  In addition, the protein contents of the fermented four cellulosic 
waste simulates by P. pulmonarius after 18 days of their spawn breading represented the lowest 
values compared to both primordial formation of the 1st harvest and that after the first harvest 
directly(8,24). This trend resembles that for the total reducing sugars at the same stage and hence, 
the same explanation could be agreed.      
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Fig. (5): The variation in total protein content of the fermented 
cellulosic waste simulates during the P. pulmonarius growth.
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Gamma irradiation enhancement of the P. pulmonarius enzymatic biodegradation of the 
cellulose based waste simulates:-  

It is well known that, exposing the spawns of the fungi to gamma irradiation before 
cultivation affects the enzymatic bioactivities of the microorganisms during the mycelia growth 
as well as the fruiting bodies production (9). The fungal enzymes mentioned previously, as well as, 
some of the degradation by-products (e.g. total protein and total reducing sugars) were followed 
during cultivating P. pulmonarius that their spawns were irradiated at the following doses; 0.1, 
0.25, 0.50, 0.75, 1.0 and 2.0 kGy, and then inoculated on the various  cellulosic waste simulate 
substrates.  

The cellulase activity was increased by exposing the spawns of the P. pulmonarius to 
gamma radiation before inoculation on the various cellulosic waste simulate substrates and 
detectable raises in the total enzyme contents were recorded. The coming figures:,13.14, 
12.94and 6.79 units of CM-cellulase/g dry substrate at the dose 0.75 kGy are comparable to10.8, 
6.65, 4.4 and 1.03 units/g dry substrate at zero dose for protective clothing, mixture, cotton and 
paper substrates, respectively (Table 1). This confirms the role of gamma irradiation in the 



enhancement of the biodegradation activities of the microorganism to decompose the cellulosic 
contents of the solid waste simulates.  Based on the data stated in Table (1), it could be also 
detected that the total CM-cellulase activity (unit/g dry waste) was increased by increasing the 
gamma irradiation dose up to 0.75 kGy total dose for all waste simulates. Any further increase in 
the irradiation dose was accompanied by a decrease in the enzyme contents to reach 1.11, 5.20, 
10.60 and 7.2 units/g dry waste at irradiation dose of 2.0 kGy compared to 1.32 , 6.79 , 13.14 , 
12.94 units/g dry waste at the 0.75 kGy irradiation dose for paper, cotton, protective clothing and 
their mixture, respectively. Results in Table (1) shows the biodegradation capabilities of the 
microorganisms where the highest weight reduction was obtained for the protective clothing 
substrate followed by mixture, cotton and finally the paper at the dose 0.75 kGy. However, it 
should be mentioned that, the CM- cellulase activities for 



Table (1):The variation in cellulase activities of P. pulmonarius during the different 
incubation periods on various cellulosic waste simulates after exposing their  
spawn to different doses of gamma irradiation.  

Cellulase activity (U(mg glucose)/g solid waste simulates) 

Incubation period  
Total net product After 1st harvest directly Primordial phase After 18 days 

Doses 
(k Gy) Waste simulates 

 

1.03 0.53 0.22 0.28 Control 
1.24 0.60 0.36 0.28 0.1 
1.10 0.55 0.27 0.28 0.25 
1.29 0.60 0.40 0.29 0.50 
1.32 0.90 0.13 0.29 0.75 
1.32 0.92 0.11 0.29 1.0 
1.11 0.65 0.18 0.28 2.0 

 
Paper 

4.40 2.70 1.60 0.10 Control 
5.00 2.90 1.90 0.20 0.1 
5.92 3.05 2.60 0.27 0.25 
6.26 3.40 2.50 0.36 0.50 
7.17 3.50 3.20 0.47 0.75 
5.30 2.90 2.10 0.30 1.0 
5.20 3.10 1.90 0.20 2.0 

 
 

Cotton 

10.80 8.70 2.09 0.10 Control 

7.49 5.70 1.70 0.09 0.1 
8.64 6.80 1.70 0.14 0.25 
9.60 7.30 1.90 0.50 0.50 
13.14 10.30 2.40 0.44 0.75 
12.20 7.60 3.30 1.30 1.0 
10.60 8.40 1.70 0.59 2.0 

 
 

Clothes 

6.65 3.20 2.05 1.40 Control 
8.60 4.40 3.20 1.00 0.1 
10.20 6.80 2.40 1.00 0.25 
10.20 7.30 1.80 1.10 0.50 
12.94 8.55 2.50 1.89 0.75 
11.30 7.30 2.30 1.70 1.0 
7.20 2.80 2.40 2.00 2.0 

 
Mixture 

                                                       Primordial                    After1st harvest                                                                                  primordial                    After1st harvest 
Paper   :              45 ± 5 days                     70 ±7 day                                                                  Clothes:             35 ± 6 days                      45 ± 5 days 
Cotton  :            26 ± 4 days                      35 ± 5 days                                                               Mixture:            27 ± 3 days                       36 ± 4 days 
Activities expressed by U(mg glucose)/g dry solid waste 

irradiated and non- irradiated spawn of P. pulmonarius reached the maximum activity after the 
first harvest phase for all the substrates degraded (Table 1).  

The results represented in Table (2) displayed the highest total net value of xylanase activity 
after exposing the spawns of P. pulmonarius to 0.75 kGy gamma radiation. A peak of xylanase 
activity at dose 0.75 kGy was recorded after 1st harvest phase directly for  mixture and protective 
clothing(12.19 and 10.5 u/g waste)  and at 18 days for cotton and paper (3.4 and 0.64 u/g dry 
waste) respectively. As radiation doses increase, the released enzymes in the fermented straw, 
paper, cotton and mixture were increased to reach it maximum value at 0.75 kGy and then were 
decreased at doses 1 and 2 kGy . 

A detectable enhancement in laccase activities was displayed at the irradiation dose of 0.75 
kGy where total enzymes contents of 24.4 , 18.8, 15 and 12.07 units were obtained for P. 
pulmonarius grown on the mixture, protective clothes, cotton and paper waste simulates 
respectively, Table (3). Generally, the laccase contents were increased as the pretreatment total 
irradiation dose of the mushroom spawns increased to record a maximum at the total dose 0.75 
kGy and then decreased at doses 1 and 2 kGy to give 15.8 , 13.8 , 7.5 and 8.95 laccase units for 
the same substrates sequence at the dose of 2 kGy . It is worth mentioning also that at the optimal 
irradiation dose (i.e. 0.75 kGy), peaks for laccase activities were recorded after 18 days of 
inoculating the irradiated P. pulmonarius spawns, on both cotton and paper substrates, while for 
other tested waste simulates these peaks occurred at primordial formation of the 1st harvest 
phase, (Table 3).  The total reducing sugars contents of the fermented cellulosic waste simulates 
by P. pulmonarius were estimated. 



Table (2):The variation in Xylanase activities of P. pulmonarius during the different 
incubation periods on various cellulosic waste simulates after exposing their 
spawn to different doses of gamma irradiation.   

Xylanase activity (U(mg xylose)/g solid waste simulates) 
Incubation period  

Total net product After 1st harvest directly Primordial phase After 18 days 

 
Doses 
(K Gy) 

 
Waste simulates 

0.72 0.33 0.27 0.12 Control 
0.86 0.36 0.28 0.22 0.1 
1.00 0.40 0.33 0.27 0.25 
1.03 0.47 0.38 0.18 0.50 
1.07 0.13 0.30 0.64 0.75 
0.85 0.22 0.13 0.50 1.0 
0.66 0.31 0.10 0.25 2.0 

 
Paper 

3.34 1.54 0.90 0.9 Control 
5.24 1.74 1.20 2.3 0.1 
6.23 1.83 1.80 2.6 0.25 
6.19 2.09 1.30 2.8 0.50 
7.90 2.60 1.90 3.4 0.75 
4.53 1.30 1.20 2.03 1.0 
4.01 1.28 1.03 1.7 2.0 

 
 

Cotton 

11.2 10.3 0.71 0.25 Control 
5.29 4.20 0.80 0.29 0.1 
5.23 4.19 0.66 0.38 0.25 
8.27 6.50 1.10 0.67 0.50 
12.37 10.50 1.10 0.77 0.75 
6.81 5.00 1.05 0.76 1.0 
7.21 6.40 0.47 0.34 2.0 

 
 

Clothes 

4.88 2.57 1.61 0.70 Control 
9.65 6.8 2.30 0.55 0.1 
11.2 8.9 1.80 0.50 0.25 
11.67 9.8 1.38 0.49 0.50 
15.68 12.14 2.70 0.84 0.75 
14.4 11.21 2.4 0.79 1.0 
1.23 0.40 0.80 0.03 2.0 

 
Mixture 

                                                       Primordial                    After1st harvest                                                                                  primordial                    After1st harvest 
Paper   :              45 ± 5 days                     70 ±7 day                                                                  Clothes:             35 ± 6 days                      45 ± 5 days 
Cotton  :            26 ± 4 days                      35 ± 5 days                                                               Mixture:            27 ± 3 days                       36 ± 4 days 
Activities expressed by         U (mg glucose)/g dry solid waste 

The spawn of P. pulmonarius  was irradiated for different doses of gamma radiation before 
inoculation on the various cellulose-based waste substrates. The maximal net values of total 
reducing sugar through the three stages of growth at dose 0.75 kGy were ; 20.59, 12.31, 10.95 
and 8.51 mg/gm for straw, protective clothing, cotton and  the mixture waste simulates 
respectively.   

Except paper waste simulates, the activation dose was recorded at 0.50 kGy (10.41 mg/g), 
Table (4). With the elevation of gamma radiation dose, the microbial production of total reducing 
sugars fermented on straw, cotton, protective clothing and the mixture substrates was increased to 
reach maximum value at 0.75 kGy compared with control and then slightly decreased at 
experimental dose of 2 kGy for the same waste simulates. At the dose 0.75 kGy and through  the 
three phases of growth, the maximum reducing sugars production appeared at primordial phase 
for cotton and paper (4.91and 3.6 mg/g waste simulates) and after the1st  harvest for fermented 
straw, protective clothing and the mixture, 8.81, 6.62 and 3.33 mg/g waste simulate, respectively 
(Table4).   

Concerning the irradiated of P. pulmonarius spawns before inoculation, there were 
increases in net value of total protein of the matured microorganisms through the three 
periods in all different waste simulates at 0.75 kGy. From the results in Table (5), it obvious 
that the highest net values of total protein through the three periods of incubation  were 252.8, 
203.0, 199.2, and 179.7 µg/g waste simulates for the mixture , protective clothing, cotton , and 
paper waste simulates, respectively . However, increasing the irradiation dose increased the net 
total protein contents of fermented cotton and a mixture substrates reaching the maximum at 0.75 
kGy, and then any further increase in pretreatment dose to a decrease in the net total protein 
contents. 



 
Table (3):The variation in lacaase activities of P. pulmonarius during the different    

incubation periods on various cellulosic waste simulates after exposing their 
spawn to different doses of gamma irradiation.   

Laccase activity (U/g solid waste simulates) 
Incubation period  

Total net product After 1st harvest directly Primordial phase After 18 days 

 
Doses 
(k Gy) 

 
Waste simulates 

10.20 3.80 4.60 1.80 Control 
9.35 4.30 3.20 1.85 0.1 
8.70 2.10 2.90 3.70 0.25 
11.50 5.70 2.60 3.20 0.50 
12.07 2.80 2.60 6.67 0.75 
11.90 4.00 1.70 6.20 1.0 
7.50 2.10 1.50 3.90 2.0 

 
 

Paper 
 

9.50 2.40 4.40 2.70 Control 
10.10 2.10 3.90 4.10 0.1 

10.70 1.40 4.60 4.70 0.25 
13.00 1.80 4.80 6.40 0.50 
15.00 3.20 5.20 6.60 0.75 
10.90 1.40 4.60 4.90 1.0 
8.95 1.20 4.20 3.55 2.0 

 
 

Cotton 
 

 
10.3 3.1 5.5 1.7 Control 

11.8 3.3 6.4 2.1 0.1 
15.9 3.9 9.8 2.2 0.25 
16.7 3.9 10.7 2.1 0.50 
18.8 7.1 10.5 1.2 0.75 
15.7 8.7 6.1 0.9 1.0 

13.8 6.9 5.2 1.7 2.0 

 
 

Clothes 
 
 

7.80 2.60 3.80 1.40 Control 
16.00 7.30 5.70 3.00 0.1 
18.50 5.10 8.70 4.70 0.25 
20.60 5.60 9.40 5.60 0.50 
24.40 7.70 7.50 9.20 0.75 
21.70 7.10 6.60 8.00 1.0 

15.80 6.50 5.80 3.50 2.0 

 
 

Mixture 
 

 
Table (4): The variation in total reducing sugar (mg/g dry solid waste) in fermented various 

cellulosic wastes simulates by P. pulmonarius during the different incubation 
periods after exposing their spawn to different doses of gamma irradiation. 

Total reducing sugar (mg/g  solid waste simulates) 
Incubation period  

Total net product 
After 1st harvest directly Primordial phase After 18 days 

 
Doses 
(K Gy) 

 
Waste simulates 

9.30 3.20 4.90 1.20 Control 
9.14 3.20 4.70 1.24 0.1 
9.18 3.20 4.70 1.28 0.25 
10.41 3.40 5.39 1.62 0.50 
8.50 2.80 3.60 2.10 0.75 
8.35 3.80 3.40 1.15 1.0 
6.02 2.70 2.60 0.72 2.0 

 
Paper 

6.60 2.60 2.90 1.10 Control 
9.14 3.07 3.36 2.71 0.1 
10.09 3.27 4.12 2.70 0.25 
10.40 2.76 4.85 2.79 0.50 
10.95 2.94 4.91 3.10 0.75 
10.23 2.87 4.18 3.18 1.0 
7.87 2.50 3.07 2.30 2.0 

 
 

Cotton 

10.03 4.7 5.0 0.33 Control 
10.15 4.9 4.9 0.35 0.1 
9.79 5.2 4.1 0.49 0.25 
11.03 5.9 4.7 0.43 0.50 
12.31 6.62 5.18 0.51 0.75 
10.46 5.8 4.2 0.46 1.0 
8.06 3.8 3.84 0.42 2.0 

 
 

Clothes 

6.21 2.00 2.20 2.01 Control 
7.37 2.80 2.18 2.39 0.1 
7.38 3.00 2.01 2.37 0.25 
7.67 2.76 2.11 2.80 0.50 
8.51 3.33 2.28 2.90 0.75 
6.91 2.90 1.90 2.11 1.0 
7.02 2.10 2.10 2.82 2.0 

 
 

Mixture 



Therefore, it could be concluded that the dose 0.75 kGy was the best dose for activation of P. 
pulmonarius among all the irradiation doses based on protein content analysis. It is worth 
mentioning that the protein contents after 18 days from inoculation, for all doses stutied, were the 
lowest compared to the other two incubation periods (Table 5). These results indicated that the 
protein was accumulated with progress due to the resembling of the microorganism biomass. The 
same trend was observed for non irradiated conditions.    

Generally, there were no special relationships in laccase, xylanase, cellulase activities, total 
reducing sugars and total protein associated with the increasing in gamma radiation at 18 days, 
premordia formation of the 1st harvest and after 1st harvest stages for all different waste simulates 
but, it was observed that the dose 0.75 kGy was the optimal working dose for pretreating P. 
pulmonarius spawns before cultivation.  

CONCLUSION 

P. pulmonarius contains a wide variety of enzymes that enable the microorganism to 
biodegrade the solid cellulose-base waste materials. Many of these enzymes have been studied 
during the successive growing stages of the microorganisms. Results from this study have 
collectively demonstrated that the degradation steps for the cellulose-based waste simulates are 
enzyme-mediated. Cellulase, xylanase and laccase play the major role in the biodegradation 
process. It is worth indicating that the gamma irradiation pretreatment of P. pulmonarius spawns 
before cultivation can enhance the bioconversion of these groups of xanobiotic compounds. In 
addition, it could be recommended that the dose 0.75kGy is the best dose for activating the 
P.pulmonarius for enzymes secretion when cultivated on the different solid cellulose-based waste 
simulates (straw, paper, cotton, protective clothing and their mixture).  

Table (5): The variation in total protein (µg/g dry solid waste) in fermented various 
cellulosic wastes simulates by P. pulmonarius during the different incubation 
periods after exposing their spawn to different doses of gamma irradiation. 

Total protein (µg/g solid waste simulates) 
Incubation period  

Total net product After 1st harvest directly Primordial phase After 18 days 

 
Doses 
(K Gy) 

 
 

Waste simulates 

165.6 44.2 84.4 37.0 Control 

171.2 70.4 63.3 37.5 0.1 

166.6 59.1 70.5 37.0 0.25 

177.5 74.2 73.7 29.5 0.50 

179.7 70.4 71.3 38.0 0.75 

162.85 56.8 69.85 36.2 1.0 

154.2 58 62.3 33.9 2.0 

 
 

Paper 

159.6 65.6 74.8 52.0 Control 

182.6 71.5 80.6 66.3 0.1 

191.8 90.0 87.2 59.6 0.25 

195.0 79.6 94.6 60.6 0.50 

199.2 85.1 92.0 64.3 0.75 

191.05 80.1 88.2 62.8 1.0 

181.5 77.4 74.0 68.8 2.0 

Cotton 

200.0 99.0 70.0 33.0 Control 

190.4 84.05 69.0 34.4 0.1 

179.8 82.7 60.6 41.8 0.25 

188.4 79.25 66.6 30.0 0.50 

203.0 100.0 70.0 33.0 0.75 

194.7 82.1 82.1 44.0 1.0 

192.4 79.6 75.8 40.0 2.0 

Clothes 

161.7 49.1 60.6 52.0 Control 

192.1 70.0 71.3 50.8 0.1 

218.0 86.0 70.0 62.0 0.25 

212.6 80.0 66.2 66.4 0.50 

252.8 96.0 88.2 68.6 0.75 

231.2 88.0 80.0 63.2 1.0 

208.1 69.0 79.1 60.0 2.0 

 
 
 

Mixture 

                                                     Primordial                    After1st harvest                                                                                  primordial                    After1st harvest 
Paper   :              45 ± 5 days                     70 ±7 day                                                                  Clothes:             35 ± 6 days                      45 ± 5 days 
Cotton  :            26 ± 4 days                      35 ± 5 days                                                               Mixture:            27 ± 3 days                       36 ± 4 days 
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