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Abstract

Among the different types of microorganisms; the fungal biomass is considered as an effective mediator for
bioremediation of heavy metals, due to its higher surface area and extensive hyphal density in the soil. About
seven fungal spp. were isolated from the soil garden of the Middle Eastern Regional Radioisotope Center for Arab
Countries (MERRCAC); however, a single isolate of Aspergillus japonicus with high potential of metals
biosorption was selected for further research during this work. Soil analysis revealed that lead concentration was
5.25 mg/ |. The aims of the present study were to gamma irradiate A. japonicus with low doses of 50 to 250Gy, in
order to enhance its heavy metal tolerance ability, and to increase its efficacy for removal of lead (Pb) from the
soil. Results indicated that combined treatments of A. japonicus with lead and gamma irradiation doses displayed
more enhancements of its biosorption capacity and gain in dry biomass than single treatment. Treatment with Pb
(1950 mg/ I) in combination with gamma irradiation (100 Gy) proved to be optimum for increasing the
biosorption capacity of this isolate. However, Pb at 650 mg/ | combined with gamma irradiation at 100 Gy was
the optimum for gain in dry biomass. Fourier Transform Infrared Spectroscopic (FTIR) analysis showed that the
fungal biomass includes in its surface hydroxyl, carboxyl and amine groups. On the other hand, Transmission
electron microscope (TEM) examination of the irradiated A. japonicus cells demonstrated accumulation of
electron dense Pb on the cell wall and within the fungal cells, this indicate that Pb®* accumulation by fungi occurs
by two methods absorption inside the cell and adsorption on the cell wall. The current study expressed a potential
new method for enhancing microbial biosorption using low doses of gamma radiation.
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1. Introduction

One of the most serious environmental problems
in the last few decades is the pollution of heavy
metal in water and soil. Al-Ghzawi et al., (2019)
reported that lead (Pb) is a widespread pollutant to
the environment and its concentration is increasing
dramatically in our ecosystem. Lead concentration is
rising rapidly in the environment due to the dramatic
increase of world population, and human
irresponsible ecological behavior (Singh et al., 1997;
Hadi and Aziz, 2015; Kennedy et al., 2016). Large
guantities of Pb were released into the environment
through solid and liquid (sludge) wastes,
atmospheric emissions (e.g., car exhausts), in
addition to human activities including; mining,
combustion of fossil fuels, and industrial
management practices (Naja and Volesky, 2009).
Lead causes high toxicity and has long-lasting
environmental persistence (Naik et al., 2013; Zeng
et al., 2017). Several studies conducted by Hussain
et al., (2013); Shahid et al., (2014) confirmed that
Pb can cause morphological, physiological, and
biochemical disorders in plants. Recently,
Ayangbenro and Babalola, (2017) revealed that
potential technology needs to be developed to
eliminate toxic heavy metal ions found in the
polluted environments. Chemical leaching, chemical
trapping, electro kinetic remediation, drilling,
physical removal, and bioremediation can
theoretically be used to remediate heavy metal
contamination. However, bioremediation is the best
method to remediate heavy metals, as highlighted by
Anastasi et al., (2013).

It is necessary to look for novel technologies or
new materials for heavy metal removal from
wastewater (Deng et al., 2007). Biosorption is a
technology which uses either inactive dead or alive
microbial biomass to extract heavy metals from the
aqueous solution (Romera et al., 2007).
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An early study conducted by Selantia et al.
(2004) documented that algae, yeasts, fungi and
bacteria are microorganisms that are used to recover
and absorb heavy metals effectively. Later, Bellion
et al., (2006) highlighted that fungi have wider
surface area and excellent cell wall metal binding
properties to absorb such heavy metals. Prabhu et
al., (2014) reported that A. japonicus var. aculeatus
is a fungal species that belongs to family
Trichocomaceae and was isolated from soil. This
species of A. japonicus is a distinct member of
section Nigri of the genus Aspergillus (Al-
Musallam, 1980; Gams et al., 1985).

According to Sreedhar et al., (2013), gamma
radiation is one of the natural electromagnetic
radioactive waves such as X-rays, but is the most
powerful form of the electromagnetic radiations,
with a very short wavelength. Two ways have been
recently used to improve the microbial strain,
namely mutation and genetic recombination. One of
the most important physical mutagen for fungal
strain improvement is the ionizing radiation (Ramli
et al., 2002; Iftikhar et al., 2010). Higher radiation
doses are mainly used as an excellent method for
food or pharmaceutical sterilization, food
preservation and in different food engineering
processes (Dusan, 2004; Hyun-Pa et al., 2006). In
contrast to the higher doses of gamma irradiation,
low doses of this radiation functions as a growth and
a stimulatory factor in fungi (Cordeiro et al., 1995;
Geweely and Nawar, 2006; Dadachova et al., 2007;
Robertson et al., 2012). Hence, the objective of the
current study was to explore the role of gamma
radiation in inducing heavy metal tolerance (in terms
of biosorption capacity) in fungi, compared to their
un-irradiated counterparts.

2. Material and methods

2.1. Soil sampling
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A soil sample was collected from the garden of
the Middle Eastern Regional Radioisotope Center
for Arab Countries (MERRCAC), Dokki, Egypt.

2.2. Determination of the level of Pb in the soil
sample

The Pb content in the soil samples was
determined using the wet ashing (oxidation)
procedure of APHA. (1998). An aliquot of 0.2 pg
(Pb)/ g of soil can be detected using an atomic
absorption spectrophotometer, PerkinElmer Model:
Analyst 800.

2.3. lIsolation and identification of the fungal
species

The fungal strain used in this study was
isolated from the collected soil samples of the
garden of MERRCAC. About 1 g of soil sample was
placed in a test tube containing 10 ml of sterile dist.
water to make a soil suspension, and tenfold serial
dilution was made by transferring one ml of the soil
suspension to another test tube containing 9 ml of
sterile dist. water. This step was repeated ten times
to obtain the dilution of 10°. An aliquot of 0.1 ml
from each of the first three dilutions (10, 10, and
10®) was taken and placed on the surface of Potato
dextrose agar (PDA) plates, using the spread plate
and the pour plate method. The plated were
incubated at 30°C for 7 d, and were observed daily
to check the presence of filamentous fungi,
according to Wainright et al., (1993). Pure cultures
of the fungal isolates were obtained by repeated sub-
culture on PDA, using the streak-plate dilution
technique of Trivedy and Goel, (1984). Cultures
were maintained on PDA slants and then kept at 4°C
till further use. The recovered fungal isolates were
identified at the Regional Center for Mycology and
Biotechnology, Al Azhar University, Egypt,
according to Verma et al., (2008).

2.4. Source of the Gamma irradiation

Cobalt-60 gamma cell located at the National
Center for Radiation Research and Technology,
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NCRRT, Egyptian Atomic Energy Authority
(EAEA), Nasr City, Egypt, was used for the
irradiation treatment. The gamma source gave a dose
rate of 1.4 KGy/ h at the time of the assay.

2.5. Preparation of the fungal conidial suspension

Aspergillus japonicus was grown on PDA plate.
Conidial suspension was prepared using sterilized
water from 7 d old fungal culture under vigorous
shaking for 1 min. The conidial density of the
suspension was adjusted to 10’ conidia/ ml, in
reference to Mourya and Jauhri, (2000); Ikram-Ul et

al., (2004).

2.6. Biosorption capacity of the selected fungal
spp.

The three selected fungal species were grown in
soil samples amended individually with different
concentrations of Pb including; 65, 130, 325, 650,
1300, 1950, 2600 and 3250 mg/l of Pb, and then
incubated for 7 d, to check their biosorption
capacity.

2.7. Estimation of Pb uptake and biosorption
capacity of the selected fungal isolate

Irradiation of the fungal conidial suspension was
carried out at different doses of the gamma radiation
mainly; 50, 100,150, 200 and 250 Gy. Three
concentrations for Pb (i.e. 650, 1300, 1950 mg/ I)
were prepared. Sterile PDB was prepared to detect
which dose of the radiation stimulated the fungal
growth and which one inhibited it. A set of 3
Erlenmeyer flasks were used for each dose. An
aliquot of 1 ml of 10 irradiated conidia was used to
inoculate each set of flasks individually, and then
incubated at 30°C for 7 d. The mycelia were isolated
from the culture fluid by filtration using Buchner
funnel and then washed twice with 10 ml of hot dist.
water. Fungal growth was measured gravimetrically
after 8 h of drying in an oven at 80°C, cooling it to
room temperature, weighting, then re-heated for 1 h,
cooled, and weighed again until constant weight was
achieved, in reference to Yonnia et al., (2004). The
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concentrations of Pb metal in the supernatant before
and after inoculation were measured using the
Atomic Absorption spectrophotometer (PerkinElmer
Model: Analyst 800). The biosorption capacity Q
(mg/ g) could be determined by using the following
equation of Fan et al., (2008); Lu et al., (2020).

q ={(Ci-Cf)/ m}v

where; q (mg/ g) (Biosorption capacity in mg of
metal ion uptake per g of fungal biomass).

Ci (mg/ 1) is the initial Pb metal concentration
Cf (mg/l) is the final Pb metal concentration
m (g) is the weight of the dry biomass

V (1) is the volume of the PDB medium

2.8. Analysis of the functional groups responsible
for metal biosorption using FTIR

2.8.1. Fourier Transform Infra-Red (FTIR)

The functional groups present in the fungal cell
wall involved in metal biosorption were detected
through FTIR. Samples were prepared following the
methods of Das and Guha, (2009); Xu et al., (2012).
The used fungal mycelium was lyophilized at -85°C
under high vacuum condition using freeze dryer
(Virtis EL-65, New York). FTIR spectrum of the
samples was recorded using JASCO-6300 FTIR
instrument, with a diffuse reflectance mode
(DRS8000) attachment.

2.8.2. Transmission electron microscope (TEM)

Ultra-thin sections of the A. japonicus mycelia
treated with Pb were prepared and mounted on
formvar-coated (thermoplastic resins) copper grids
for TEM analysis (JeolEm 1400). All assays were
performed in triplicates. All mycelial samples were
observed in accordance with relevant guidelines and
regulations of Li et al., (2016b); Tian et al., (2018).

2.9. Statistical analysis
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Data were analyzed statistically by SPSS
Statistics (version 25) software, according to
Duncan’s, (1955) at 5% level.

3. Results and Discussion

3.1. Determination of the Pb level in the soil
sample

The soil samples were collected from five
random sites at the soil surface and at depths of 20
cm, from the garden of MERRCAC. Soil analysis
revealed that Pb concentration was 5.25 mg/ |.
Elevated Pb in this soil of MERRCAC may be
attributed to the location of the Radioisotope Center
to the Giza traffic department.

3.2. Isolation and identification of the soil fungi

After isolation and identification, about seven
fungal species belonging to five different genera
were recovered; however, the most abundant three
fungal isolates were identified as; A. japonicus;
Rhizopus oryzae and A. flavus. These species are
known to have the potential to absorb the different
heavy metals (i.e. Pb), thus were selected for this
study to test for bioaccumulation of Pb.

3.3. Biosorption capacity of the selected fungal
spp.

Results demonstrated in Fig. (1) indicated that
the biosorption capacity of R. oryzae tolerates Pb (1I)
up to 650 g/ |, followed by A. flavus which showed
maximum biosorption capacity at 1300 mg/ I;
however, A. japonicus expressed the maximum
biosorption capacity of 1950 mg/ I .

Thus, R. oryzae is observed to be more
sensitive, followed by A. flavus, whereas, A.
japonicus is the most tolerant to Pb concentration.
This prompted further investigation on this isolate,
to study its lead biosorption on enhancement using
gamma radiation effect.
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Fig. 1: Biosorption capacity of selected fungal species (A. japonicus, R. oryzae and A. flavus)

3.4. Estimation of the biosorption capacity and
dry biomass of the selected A. japonicas

The effect of gamma radiation on the dry
biomass of A. japonicus when grown on different
concentrations of lead (0.0, 650, 1300 and 1950 mg/
) is shown in Fig. (2). The fungal biomass decreased
with increasing the Pb concentration, compared to
the control. Similarly, Al-Kadeeb and Siham (2007)
reported that the mycelial growth of A. niger was not
affected by the low concentration of Pb; and high
concentrations caused little inhibition on its growth.
Conversely, A. ochraceus, A. parasiticus growth was
inhibited at high concentrations of metals. On the
other hand, gamma irradiation induced significant
increase in the dry biomass of A. japonicus. Fig. (2)
shows that A. japonicus exposed to a dose of 100Gy
of gamma rays, resulted in an increase in its dry
biomass, compared to the un-irradiated control.
Interestingly, A. japonicus exposed to a dose of
100Gy exhibited 1.3, 1.2 and 1.47 times more gain
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in the dry biomass when grown in 650 mg/ I, 1300
mg/ | and 1950 mg/ I; respectively, compared to un-
irradiated control. This may be attributed to an
increase in Pb removal efficiency of A. japonicus as
a result of gamma irradiation treatment. Similar to
the current results, a study conducted by Das et al.
(2016) revealed that exposure of A. terreus to
gamma radiation empowered it to withstand 1.13
times more Zn, thus represented higher growth under
Zn stress, in addition to an improved efficiency of
Zn removal than the un-irradiated strain. Moreover,
an increase in heavy metals (Zn, Cd, Pb) uptake by
several fungi including; A. niger, A. terreus, and
Penicillium cyclopium, was recognized after
subjecting these strains to gamma radiation during
the study of Das et al., (2017). In accordance with
the current results, the recent study of Das et al.
(2019) recorded that exposure of A. niger and P.
cyclopium to gamma radiation led to an increased
growth vyield and more efficient Pb uptake,
compared to the un-exposed control fungi.
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Fig. 2:

Dry biomass of A. japonicus with and without exposure to gamma irradiation, grown in Pb-supplemented media.

Where; Error bars represent standard deviation for n = 3. P < 0.05 was considered significant

Results presented in Fig. (3) illustrate that Pb (1) at
650 mg/ | (the least concentration of Pb used)
combined with gamma irradiation at 100 Gy are the
optimum treatments for increasing the biosorption
capacity, where it manifested 1.3 fold more in the
biosorption capacity compared to the untreated
counterparts. However, when A. japonicus was
grown on media containing higher concentrations of
Pb (I1) (1300 and 1950 mg/ 1), an increase of 1.25
and 1.2 folds; respectively, were recorded compared
to the respective un-irradiated control (Fig. 2). On
the other hand, treatment with irradiation doses of
200 and 250 Gy exhibited a decline in the
biosorption capacity, compared to the exposure to an
irradiation dose of 100 Gy.

A previous study conducted by Ziombra, (1994)
indicated that Pleurotus sp. spore germination could
be increased by treatment with gamma radiation
doses of 100 and 200 Gy. The work of Geweely and
Nawar, (2006), revealed that subjecting A.
tenuissima and Stemphylium botryosum to gamma
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irradiation dose of 250 Gy resulted into the highest
germination rate and growth stimulation.

3.5. Detection of the fungal functional groups
using FTIR

In the current study, the use of FTIR
spectroscopy enabled the detection of changes
occurring in the different functional groups of A.
japonicus biomass before and after irradiation
treatments by comparing the peaks in their spectra,
represented in Table (1) and Fig. (4).

FTIR spectra of the different experimental
treatments of A. japonicus, showed that a peak
around 3356 cm * region is attributed to the bonded
OH stretching vibration as well as N-H stretching
(Damodaran et al., 2013). The stretching vibration of
OH group in the loaded biomass moved from 3356
cm™ in control group (A) to 3370 cm™ and to 3300
cm™ in the case of Pb loaded biomass (B) and the
loaded biomass after exposure to 100 Gy gamma
irradiation (C), respectively.
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Fig. 3: Biosorption capacity of Pb by A. japonicus with or without exposure to gamma irradiation. Where; Error bars
represent standard deviation for n=3. P <0.05 was considered significant

Table 1. Detection of the surface functional groups of the A. japonicus fungal biomass before and after
biosorption using FTIR spectral analysis

Before After After exposure to 100 Gy Functional groups
biosorption biosorption of gamma radiation in
(A) (cm™) Pb (B) (cm™) combination with Pb
(C) (cm™)
3356 3370 3300 O-H stretching; N-H stretching
2925 2925 2928 C-H stretching
1746 1745 Disappeared C=C stretching in carboxyl or C=N amide groups
1620 1618 1654 C=C stretching or C=N amide stretching
1417 1418 1418 C-N deformation, C-O-H stretching
1080 1077 1076 CO stretching of alcohols and carboxylic acids
888 887 852 C-H deformation, N-H vibration
985
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Fig. 4. FTIR spectra of A. japonicus mycelia; (A) Untreated control, (B) After treatment with Pb (1950 mg/ 1), (C) After

exposure to 100 Gy gamma radiation in combination with 1950 mg/ | of Pb supplemented in an enriched media
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These findings showed that on the biomass surface
there were chemical interactions between the metal
ions and the hydroxyl group. The peak observed for
the unloaded biomass at 1620 cm™ (A) region that
was attributed to C=0 stretching vibration and NH
deformation (amide 1) (Xu et al., 2009), is shifted to
1618 cm™ in the Pb loaded biomass (B), and to 1654
cm™ in the Pb loaded biomass in addition to 100 Gy
gamma radiation (C). This data confirmed that the
interactions with carbonyl functional group are
present between the biomass and the Pb ions.

The peak that corresponds to reflect the C-O, C-
N stretching vibration groups (Chen et al., 2019) at
1080 cm™ in the biomass of the control group (A) is
shifted to 1077 cm™ in Pb loaded biomass (B), and
to 1076 cm™ in Pb loaded biomass in addition to
gamma radiation (C). These results point out that the
listed functional groups (Hydroxyl, Carboxyl) were
mainly involved in the biosorption of Pb on the
biomass of A. japonicus. Moreover, after
biosorption of metal ions, no change in the
frequency is observed in the biomass group N-H.
This implies that this group did not take part in the
biosorption of metal ions. Also a prominent variation
was revealed when two peaks of 2853 cm™ and
1746 cm™* that were attributed to the symmetric
vibration of CH2 and C=0 stretching in the carboxyl
groups; respectively, had disappeared from group
(C) only, indicating further stress (Simonescu and
Ferdes, 2012). Thus, it could be concluded that
gamma irradiation, being an external stress factor;
induced some metabolic changes in the exposed
fungal strain involving the main functional groups.
Consequently, A. japonicus have hydroxyl, carboxyl
and amine groups on its surface. Our results are in
agreement with Akar et al., (2005), who found that
similar FTIR results were reported for the
biosorption of Pb (Il), Cd (Il) and Cu (II) onto
Botrytis cinerea fungal biomass, and with the
results of Anayurt et al., (2009) who revealed that
the same FTIR results were reported for the
biosorption of Pb (II) and Cd (II) from aqueous
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solution of the  macrofungus  (Lactarius
scrobiculatus) biomass. Other recent investigators
who studied the adsorption, bioaccumulation and
bioleaching occurring after treatment with distinct
heavy metals including; Pb, Ni, Cr, Zn, also used
the FTIR spectrum analysis, to determine the
variations occurring in the functional groups in
different fungi (Aytar et al., 2014; Qayyum et al.,
2016; Feng et al., 2018; Xu et al., 2020).

3.5. Observation of the Pb treated mycelial cells
of A. japonicus using TEM

Alteration of the usual cylindrical shape and
hyphal structure of the Pb-exposed A. japonicus is
observed under TEM. In the present study, TEM
demonstrated electron dense accumulation of Pb
precipitates on the fungal cell surface and cell wall,
as well as electron dense granules within the cells.
This indicate that Pb®* accumulation by fungi occurs
by two methods; absorption inside the cell and
adsorption on the cell wall. During the recent study
of Tian et al., (2019), the TEM images showed that
Pb cations progressively reached the cell wall of A.
niger and P. oxalicum as the concentrations of Pb
increased from 500 to 1500 mg\ I.

Conclusion

The data of obtained from the current study
disclosed the potential of 100 Gy gamma radiation in
modulating Pb (Il) removal by A. japonicus. The
gamma irradiated A. japonicus by 100 Gy exhibited
an increased growth, as well as an enhanced ability
to adsorb and retain Pb Il. This was achieved even
when Pb stress reached a high concentration up to
1950 mg/ I. FTIR studies revealed the role of various
functional groups such as; hydroxyl, carboxyl and
amine groups in biosorption of Pb, as well as the
mechanism of ion exchange. On the other hand,
TEM detected electron dense accumulates of Pb on
the fungal cell surface as well as inside the cell. Both
of FTIR and TEM clearly indicated that Pb is
accumulated in fungi by absorption and adsorption.
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Findings of the current study expressed a novel step
of microbial biosorption using a cost-effective
approach, for possible bioremediation of Pb by A.
japonicus.
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