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ABSTRACT

This paper depicts the nature of CMCase and a-amylase enzyme activities of Penicillium cyclopium under heavy metal stress
as well as in low doses of gamma irradiation. It shows the escalation of enzymes activity of gamma exposed fungal groups
grown under metal stress while only metal stress caused decrease in enzyme activities. Low doses gamma exposed
Aspergillus niger, A. terreus and P.cyclopium also caused acceleration in CMCase & a-amylase activities with respect to
their unirradiated counterparts. Results highlighting the potential of gamma irradiation to increase CMCase and o-amylase
activity in fungi under metal stress might be useful to explore or formulate possibilities of utilizing gamma irradiated fungi
for lognocellulosic metal stressed waste degradation as well as plastic waste degradation.
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INTRODUCTION

Rising energy consumption, depletion of fossil fuels and
increased environmental concerns have shifted the focus on
biofuel-based energy generation. The term biofuel is
referred to as liquid or gaseous fuels that are predominantly
produced from biomass. Biomass is organic material which
has stored sunlight in the form of chemical energy.
Biomass includes crops, crop wastes, trees, wood waste
and animal waste. Some examples of biomass also include
wood chips, corn, corn stalks, soybeans, switch grass,
straw, animal waste and food-processing  by-
products. Plants are the major sources of biowastes. As
through the process of photosynthesis, chlorophyll in plants
captures the sun's energy by converting carbon dioxide
from the air and water from the ground into carbohydrates,
complex compounds composed of carbon, hydrogen, and
oxygen. Ligno-cellulose is a renewable organic material
and is the major structural component of all plants. In
addition to heavy metal pollution, lingo-cellulosic
materials produced by the agricultural industry, forestry
stations and different wastes from municipal solid waste
(MSW) are main producers of lingo-cellulosic wastes [1,2].
Disposal of lignocellulosic wastes and heavy metal
dumping into the soil or landfill causes serious
environmental problems, therefore, the development of
processes for better management is a great concern of

today. This thrust for better management welcomes a new
strategy of biotechnology i.e., improvement of fungal
strains for healthier outcome both in the field of
environment and industry. Lignocellulosic wastes are
accumulated every year in large quantities, causing
environmental problems. However, the huge amounts of
residual plant biomass considered as ‘“waste” can
potentially be converted into various different value-added
products. Fungal lingo-cellulolytic enzymes are important
commercial bio-products used in many industrial and
environmental applications including chemicals, fuel, food,
brewery and wine, animal feed, textile and laundry, pulp
and paper, agriculture and bioremediation [3]. A diverse
spectrum of lignocellulolytic microorganisms, mainly fungi
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[4] and bacteria [5] have been isolated and identified over
the years. Bioremediation using microbial biomass is also
becoming a major scientific approach for combating
environmental pollution as microbes grasp distinct
advantages over other biosorbents due to its inherent
properties detailed elsewhere. Utilizing the knowledge
pertaining to normal production of lignocellulosic enzymes
at a very low concentration [6-8] by several microbes, a
drive towards qualitative and quantitative enhancement in
enzymes has been experienced amongst recent day
researchers. To accomplish such enhancement in qualitative
and quantitative manner in various Industrial as well as
Environmental application microbial strain improvement has
been found to be taken up as a major research focus.
Exposure to ionizing radiation is one such physical stress
effectors known to be used for strain improvement of
microbes. Abo-State [9] reported higher production of
cellulases (CMCase, Avicelase) by gamma irradiated (0.5 K
Gy) Aspergillus than that of the parental non-irradiated.
Fawzi and Hamdy, [10] observed different doses of gamma
irradiation could induce enhanced production of CMCase in
Chaetomium cellulolyticum. In view of the above scientific
approach, the current paper explains the role of low doses of
gamma irradiation in inducing two important metabolic
enzymes activity of the fungi under heavy metal stress.

MATERIALS AND METHODS

Isolation,
suspension

Identification and Preparation of Spore

Three fungal strains were isolated from soil of garbage dump
site of Dhapa, Kolkata by standard plating methods in Potato
dextrose agar (PDA) media and identified following
standard fungal identification key [11]. Spore suspensions
were prepared from 8-day old culture (grown in potato
dextrose broth media) following the method Cordeiro [12].
All further experiments were done considering MIC and in
close proximity to MIC.

Gamma irradiation

2 ml spore suspensions (5 x 10’spores/ml) were taken in
small centrifuge tubes for gamma irradiation experiment.
Spore suspensions were exposed to 20, 40, 60, 80 and 100
Gray of absorbed doses of gamma (absorbed dose of gamma
calculated by Fricke Dosimetry) radiation from a Co® as
gamma source (GC 1200, BRIT).

Metabolic/ lignocellulosic Enzyme activity

After 14 days of shaking incubation the biomass part and
some portions of broth were separated for determining
uptake potential. Remaining broth was centrifuged at 10,000
rpm for 15 mins to avoid any solid debris. The clarified
supernatant was used for enzyme assay. In each case 6
replicates were considered for analysis. The gamma
absorbed dose which shows maximum growth (in terms of
CFU) under metal stress was taken for enzymatic study.
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CMCase assay [EC 3.2.1.4]

CMCase activity was studied according to the method of
Denison and Koehn [13].

o- Amylase assay [EC 3.2.1.1]

o- Amylase activity was studied according to the method of
Bernfield [14].

RESULT AND DISCUSSION

CMCase and o- amylase are two important metabolic
enzymes for fungal growth and reproduction as well as
responsible for lignocellulose waste degradation. Results of
the present study showed the potential of gamma radiation in
stimulating activities of these two fungal enzymes (CMCase
and o- amylase) grown under metal stress, while metal stress
caused decrease in those enzyme activities. Significant
enhancement (p<0.05) of activity of CMCase and o-
amylase in gamma irradiated A. Terreus, A.niger and
P.cyclopium also noted as a function of increase in absorbed
dose of gamma (20-100Gy).Gamma induced effect on o -
amylase activity was noted to be more than that noted in
case of CMCase in case of A.terreus and P.cyclopium. For
A.niger the trend is just opposite i.e. gamma caused more
potential enhancement of CMCase activity than o -amylase.
Gamma exposed fungal groups showed dose dependent
enhancement of both the enzyme activities against every
tested fungal strains. In every case maximum escalation was
obtained when the fungal strains were exposed at 100Gy of
gamma absorbed dose. While a 100Gy exposed group of
A.terreus showed 1.13 fold increase in activity of a-amylase,
the same dose showed 48% increase in activity of CMCase,
when both compared to the un-irradiated normal control
counterparts (Figure 1a). Similarly a 100Gy exposed
A.niger showed 83% increase in a-amylase activity, while
the same group showed 1.08 fold increase in CMCase
activity when both are compared with their non-irradiated
counterparts (Figure 1b). Parallel to this observations
100Gy exposed P.cyclopium showed 40% more CMCase
activity but 2.03fold a-amylase activity with respect to their
unirradiated normal control counterparts ( Figure 1c).

Gamma irradiated groups of P. cyclopium grown in 300-650
ppm of Cd in the media, showed a radiation dose dependent
enhancement of CFU up to a certain dose of gamma
exposure and the absorbed dose of gamma that produced
maximum enhancement in CFU was dependent on
concentration of Cd treatment. 80Gy & 60Gy exposed
P.cyclopium showed maximum CFU against 300ppm and
650ppm Cd respectively. Similarly 80Gy exposed
P.cyclopium showed maximum CFU when grown under Pb
stress (2000 & 3000ppm).

P.cyclopium grown in 300ppm Cd showed 57% decrease in
CMCase activity and 54% decrease in o -amylase activity.
Further increase in Cd concentration i.e from 300ppm to
650ppm, enzyme activities were found to be more declined
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(86% CMCase and 80% o -amylase) with respect to its
control counterparts (Table 1). 80Gy exposed P.cyclopium
manifested 95% more CMCase and 1.15 fold more a -
amylase activity when grown in 300ppm of Cd with respect
to its unirradiated but Cd stressed counterparts. Parallel to
this against 650ppm of Cd in growth medium, 60Gy exposed
P.cyclopium exhibit 3.56 fold CMCase and 1.14 fold more o
-amylase activity when compared to their unirradiated but
Cd stressed (650ppm) counterparts. Potential of gamma
irradiation in enhancing activities of these enzymes have
been documented earlier by a host of workers [9,10]. In the
present study, boosting up of activity of CMCase and o-
amylase, either to near normal values or even higher, as a
result of exposure to gamma irradiation preceding metal
exposure, might possibly be an attempt of the fungi to cope
up with the stress through stimulation of the enzymes that
are directly linked with growth and reproduction of fungi
[15].

Similarly 2000ppm Pb caused 52% decrease in CMCase and
80% o -amylase activities in P.cyclopium than control
counterparts. Further increase in Pb concentration i.e., from
2000ppm to 3000ppm Pb, enzyme activities were showed to
be declined more, 69% CMCase and 86% o -amylase
activities. While P.cyclopium prior exposed to gamma and
then grown in Pb rich media interestingly enhanced its both
enzyme activities.80Gy exposed P.cyclopium when grown in
2000-3000ppm Pb enriched media showed 45%- 96% more
CMCase activity and 85%-98% more a-amylase activity
respectively when compared with their un - irradiated but Pb
stressed (2000-3000ppm) counterparts. Figure 1 depicted
significant enhancement (p<0.05) of activity of CMCase and
a- amylase in gamma irradiated P.cyclopium as a function of
increase in absorbed dose of gamma (20-100Gy).Gamma
induced effect on a -amylase activity was noted to be more
than that noted in case of CMCase in case P.cyclopium.
100Gy exposed P.cyclopium showed 40% more CMCase
activity but 2.03 fold a-amylase activity with respect to their
unirradiated normal control counterparts.

Data of the present study establish the potential of gamma
irradiation in modulating metal tolerance in fungi. Effect of
gamma irradiation on metal tolerance by the selected fungi
indicates strain-specific sensitivity and response of the fungi
which is dependent on the absorbed dose of gamma
exposure and also on concentration of the metal in the
medium [16,17]. Such strain specific behavior of microbes
towards metals have been reported by a host of researchers
[18,19]. The present postulation is complemented by the
observed data reflecting significant enhanced activity of
CMCase and o- amylase, the two enzymes involved in
growth and reproduction of fungi in metal treated samples
pre-exposed to gamma irradiation. Potential of gamma
irradiation in enhancing activities of these enzymes have
been documented earlier by a host of workers.

Das D, D Chakraborty, A Chakraborty & S C Santra

It is well established that stress in any form - physical (viz.
ionizing radiation etc.) or chemical (viz. heavy metals like
Cd, Pb, Zn etc.), causes perturbation in the dynamic
equilibrium within the living system. In such condition the
cells must be able to adjust their physiological processes to
reach a homeostasis. Data of the present study show metal
(Cd, Pb) induced depletion in activities of CMCase and a-
amylase of all fungal strains, the two enzymes involved in
nutrient assimilation and subsequent growth of the fungi.
This ensures role of metal in distortion of enzyme
functioning in the concerned fungi which is possibly due to
association of metal with transcriptional as well as
translational pathways as postulated by Baldrian [4]. Heavy
metals are known to disrupt normal growth and metabolic
activity of the exposed organisms [20]. Usually heavy metal
induces uncontrolled efflux/influx of electrolytes or other
vital ions resulting in disruption of the ionic homeostasis and
subsequent deregulation of activities of many enzymes
crucial for basic cell metabolism. In parallel to the present
observation Huang [21] found inhibition of CMCase activity
and cellulose degradation capacity of Phanerochaete
chrysosporium under Pb stress. Earlier, Baldrian [20] also
reported decrease of ligninolytic activities in fungi under
metal stress. Several studies have shown that certain metals
like Fe, Hg, Ag, Cd, Pb inhibited the laccase activity
[22,23]. Rhizopus microsporus and Penicillium atrovenetum
showed enhance production of industrially important
enzyme lipase when these were exposed to various low
doses of gamma irradiation (20, 40, 60, 80, 100, 120, 140
and 160 Gy) [24]. Gohel [25] treated Pantoea dispera with
two physical mutagens namely UV and gamma absorbed
dose and one chemical mutagen i.e., EMS to observe the
chitinolytic activity. They found that gamma mutant
produces better chitinolytic enzyme than UV mutant. These
mutants also better producer of chitinolytic enzyme than
their wild strain. This research group further revealed that
these mutants were better producer of protease and b -1-3
glucans too as compared with their wild type. Abo-State [9]
first isolated potent cellulase producers studying their
cellulase productivities on wheat straw, wheat bran, rice
straw and corn cob. Most potent strain (Aspergillus sp)
exposed to different doses of gamma radiation to determine
their further enzyme activity. Similarly, Huma [26]
developed hyper amylase producing fungus Phialocephala
humicola through gamma ray treatment (100 and 140 krad),
which have diverse industrial applications. Three mutants
(M13, M16 and M24) were selected based on the hyper-
production of a-amylases. Three mutants showed greater
than two-fold improvement in enzyme production.

In the present study, boosting up of activities of CMCase
and a-amylase, either to near normal values or even higher,
as a result of exposure to gamma irradiation preceding metal
exposure, might possibly be an attempt of the fungi to cope
up with the stress through stimulation of the enzymes that
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Figure 1. CMCase and o-Amylase activity of different fungi exposed to different doses of gamma rays (20-100Gy) (a)
Aspergillus terreus (b) A.niger (c) P.cyclopium (Error bars represent standard deviation for n = 6. p<0.05 was considered

significant).

Table 1. CMCase (IU/ml) and o amylase activity (IU/ml) of P.cyclopium with or without exposure to gamma under Cd and

Pb stress (Mean+SD for n=6).

Dose

P. cyclopium grown in control
condition

P. cyclopium grown in 300ppm Cd
80Gy exposed P. cyclopium grown
in 300ppm Cd

P. cyclopium grown in 650ppm Cd
60Gy exposed P. cyclopium grown
in 650ppm Cd

P. cyclopium grown in 2000ppm Pb
80Gy exposed P. cyclopium grown
in 2000ppm Pb

P. cyclopium grown in 3000ppm Pb
80Gy exposed P. cyclopium grown
in 3000ppm Pb

are directly linked with growth and reproduction of fungi

[15].
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Metal: Cd
CMCase activity (IU/ml)
45.84+2.1

26.68+1.54
38.66+2.25

6.3+0.5
32.36+1.75

Metal: Pb
CMCase activity (IU/ml)
22.0940.5
70.53+1.5

33.91+1.65
61.14+2.12

CONCLUSION

o amylase activity (IU/ml)

3.19+0.25

1.46+0.02
3.60+0.15

0.64+0.1
2.29+0.1

o amylase activity (IU/ml)

0.63+0.05
1.24+0.06

0.45+0.005
0.84+0.01

Heavy metal stress causes decrease in CMCase and o-
amylase activities in tested fungal strains but gamma
exposed groups of fungi could capable of enhancing those
enzyme activities even under heavy metal stress. This
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finding shows light to utilize low doses of gamma irradiation
for lignocellulosic waste degradation.
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