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ABSTRACT

A s e ac 3 . . o
Biodegradation of the organophosphorus insecticide monocrotophos by a local str

ain of Penicillium corylophilum has been
relatively wide range

ofirme is th . . g3 .
cofirmad to be via the production of a thermolzbile extracelluler oxidizing enzyme. The enzyme is active over a
fied enzyme as field

of pH vaule

s (6-9) with an optimum activity at pH 8.0. Moreover, the possibility of using the partially puri

inoculum to decontzminate soil from monocrotophos residues was also studied.

INTRODUCTION

Obviously, intensive use of pesticides in modern
agriculture Jeads to contamination of agricultural soils
and consequently plants with residues of these
chemicals{ 1.2). However, microbial degradation of
pesticides in the rhizosphere of crops has the potential
for protecting susceptible plants from these toxic
substances(3.4),

The role of microbial adaptations and
biotechnology in promoting fungal degradation of
pesticides was reported(5-7). Moreover, different roles
for fungi and bacteria in the biotransformation pathways
of malathion, alachlor, atrazine and carbofuran were
demonstrated(8 1. It was also found that, the
neralization of alkyl-side chains of alachlor and
e chains of atrazine was mainly due to
The mineralization of carbofuran and
ainly due to bacterial activity.

mi
alkyl-amino-sid
fungal activity.
malathion was m

These results indicated that the biodegradation of
pesticides 1n the soil is performed by both Iun‘gi and
bacteria. On the other hand, the degradation of
organsphosphonates by Penicillium cilrimun. ‘was
proved(?) and reported that the fungus utilized
2-.:mino-::h,vlphosphonic acid and
2-oxoalkylphosphonic acids as the sole phosphorus
sSource.

Concerning the route by which soil microflora
degrade the pesticides, it was reported(10) that the
insecticide dyfonate was first absorbed and metabolized
mycc-h'a of the tested fungi, and water soluble
metabolities were then released to the media. On the
other hand, it was found that(11) the degradation of the
herbicide propanil by Fusarium solani occurred in the
culture mediz by the action of acylamidases enzyme.

The aim of the present investigation is to gain an
insight on the mode by which the organophosphorus
insecticide monocrotophos is being degraded by a local
strain of Penicillum corylophilum.
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MATERIALS AND METHODS

Test Soil :

The soil used in this investigation was collected
at a depth of 10 cm from a cultivated land in Zagazig
area, Egypt. The soil samples were air-dried at room
temperature and passed through a 2- mm sieves o

remove pebbles and debris.

Experimental organism:

A fungal organism was isolated from agricultural
soil previously treated with monocrotophos and was
found to be able to utilize monocrotophos as a sole
carbon source (unpublished data). This organism was
identified as Penicillium corylophilum. according to

procodure of Raper et al(!2) and Pitt (13).
Test for the presence of extracellular enzyme:

For confirmation of the presence of extracelluar
enzyme capable of degrading the organophosphorus
monocrotophos in the cultures of P. corylophilum, the

fungus was cultivated at 28°C in a medium (pH 8.0)
containing 100 ug monocrotophos /50 ml for 22 days.
Complete disappearance of the insecticide in the culture
filtrate was ensured by TLC. Mycelia-free filtrates were
divided into two sets. One of them was boiled for 10
min and after cooling to room temperature, both sets
was supplemented with 100 ug monocrotophos.

Thc same quantity of the insecticide was added
to equivalent amount of sterilized media. All sets of

flasks were, then, incubated at 28°C for one hour
Th'creafter monocrotophos residues were extracted and
estimated.

4] t i

) To determine the optimum pH value of the
egrading enzyme, partial purification of the enzyme
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from 22 day old cutture was carried out. Two ml. of 2%
{W/V) streptomyein sulphate was added to S0 ml cell-free
mediumii*), The precipate collected by centrifugation
was discarded. Further punfication was achieved using
30°% ammonium sulphatet!1) The precipitate was
resuspended in 2ml deionized water and was used as a
crude enzyme. Crude enzyme was poured in 10 ml
conical flask containing 2ml, 0.5 M phosphate buffer of
the desired pH value and one mg insecticide in one ml
distilled water. Monocrotophos residues were determined

after 20 min a: 28VC.
Determination of incubation time:

To study the effect of aging on the partially
purified enzyme acivity, and the kind of enzymatic
reactions occurs (after preliminary trials using various
time intervals and different enzyme cofactors including:
NADPH >, ATP and FAD). Two sets of flasks cotaining 2
ml phosphate buffers (pH 8.0), 2 ml crude enzyme
suspension and 1 mg menocrotophos dissolved in 1 ml
distilled water were prepared and 5.0 ug of NADPH3 was
added to one set of flasks (13), Flasks were incubated at
28°C. At zero time and at each time interval the residual
insecticide was determined.

The insecticide:

The desired concentration of a technical grade
monocrotophos (74.29% pure, Ciba Geigy Ltd) was
dissolved in acetone. The solvent was allowed 1o
evaporate at room temperature and the residues were
redissolved in deionized water and then added 1o the soil.

Insecticidal culture treatments:

Sterilized Czapek-Dox broth without carbon
source was prepared (3.0 gm NaNOj;, 1.0 gm KH,POy,
0.5 gm MgSQy, 0.5 KCI, 0.01 gm FeSO,4 and 1000 ml
distilled water). The prepared medium was distributed in
sterilized 250 Erlenmeyer flasks. The fasks were
inoculated with one ml spore suspensions harvested from
4 days old slants of Czapek-Dox agar containing the
insecticide as a sole carbon source. To the culture media,
100 ug of monocrotophos was supplemented in an
aqueous solution previously passed through a Millipore
filter (pore size 0.22 um) to provide a final culture
volume of 50 ml.

Extraction of the insecticide:

Monocrotophos residues were extracted from soil,
fungal mycelia and cell free media using a method
adopted by Megharaj et al (16), The insecticide was
separated by TLC and determined colorimetrically at
490 nm (7 ’

Determination of the mycelial dry weight:

: The contents of each flask were filtered through
previously weighed wathman no. 1 filter paper and the
obtained mass was successively washed with distilled
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water then dried at 70°C in an oven for 24 h. or )

constant weight.
Determination of the pH:

The pH values were adjusted using phosphate
buffers and was measured according o Richards (18),

RESULTS AND DISCUSSION

The mycelial dry weights and monocrotophos
residues in both fungal felts and cell free filtrates in the
series of culture plasks were determined.

Results of the experiment (Table 1) revealed thy
after 2 days of incubation insecticide residues could he
detected in the fungal cells, meanwhile, some of the
parent insecticide added to the medium was degraded in
the cell free cultures. Moreover, a loss of 7.8% of
monocrotophos was recorded in the unboiled flasks,
Mecanwhile, the degradation was not noticed in control
treatment or previously boiled cell free cultures. These
results support the urgument that degradation of the
insecticide monocrotophos by the test fungus was due to
thermolabileextracellular enzyme and the sccretion of
this degrading enzyme started in the lag phase of the
fungal growth. The synthesis of pesticides degrading
enzymes by microorganisms during the lag phase of
growth was previously reported (19-22),

The recovery of monocrotephos in the culture
filtrate decreased steadily by increasing the incubation
time and a complete loss of monocrotophos in the cell
free media was attained after 22 days of incubation. The
disappearance of the insecticide may be a reflection of de
novo enzyme secretion. The insecticide monocrotophos
was found to accumulate in the mycelial cells throughout
the course of the experiment. Maximal accumulation
(18%) was recorded at the 12th day of incubation, it
decreased steadily but did not disappear after that. The
fungus might store considerable amount of the
insecticide to use it as a sole source of carbon. In
accordance with this observation, association of
insccticides with the microbial cells was reported by
many investigators (23-25).

The adsorption and/or the absorption of
insccticides by the mycelial mats was also confirmed
before(26), Tn the present investigation, the maximal
association of the insecticide with the fungal cells was
evident during the highest level of the fungal biomass
(Table 1), which may indicate that the association of the
insecticides to the microbial cells is growth dependant.
due to the increase in the surface area to which the
compound was adsorbed. Similar result was previously
reported(27. 28), They showed that the insecticides were
liable to accumulation in fungal mycelia and a saturation
point was reached where more accumulation occurred
with a greater amount of mycelia.

Also, ns described previously, the association of
monocrotophos with the fungus mycelia was growth
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Table (1): Effect of incubation period on growth and degradation of

monocrotophos by the soil fungus P. corylophilum.
Incubation|Dry weight| % monocrotophos residues
days 0
B/S0ml Filtrate | Mycelia Control
0 ND 98 ND
2 0.02 93 ND 95
4 0.169 81 5 94
6 0.441 57 11 92
8 0.695 42 13 89
10 0.726 35 14 87
12 0.796 25 18 86
14 0.693 18 13 85
16 0.660 15 12 84
18 0.630 13 11 83
20 0.605 10 10 82
22 0.581 ND 10 74
= pH of the culturue media was adjusted at 8.0.
*» O: time is the culture medium directly after inoculation.
ons.

« ND: not detected under the experimental conditi
» FEach result was a mean of 3 replicates.

Table (2): Effect of pH values of growth of P. corylophitum. and the

degradation of monocrotophos in fungal mycelia and cell

free filtrates.

pH Dry weight % monocrotophos residues
values g/s0ml |  Filtrate Control
(inoculated) | (uninoculated)
5.0 0.188 60 77
5.2 0.228 58 78
6.0 0.471 5] 80
6.5 0.641 49 85
7.0 0.677 48 89
7.5 0.589 45 89
8.0 0.413 41 87
8.5 0.385 38 83
9.0 0.215 55 70
9.5 0.031 57 64

* pH values were adjusted using phosphate buffers.
« [pitial monocrotophos concentration was 100 ug/100m] medium

« FEach result was a mean of 3 replicates.
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Table (3): Effect of the pH of the reaction media on the
enzyme activity.

pH Monocrotophos %
values residues in g Degradation

5.0 966 3.4
5.5 952 4.8
6.0 934 6.6
6.5 926 7.4
7.0 918 8.2
1.5 905 9.5
8.0 891 10.9
8.5 915 8.5
9.0 934 6.6
9.5 971 29

* Each result was a mean of 3 replicates
*= Initial concentration of monocrotophs was Img/ Sml.

Table (4): Effect of incubation time on monocrotophos degradation by P.
corylophilum enzyme in presence and absence of NADPH3.

Time Monocrotophos residues % Degradation
in ug

(min)

A B A B
0 997 997 : »
10 935 928 6.2 6.9
20 912 890 8.5 10.7
30 889 863 10.8 13.4
40 884 852 11.3 14.5
50 868 845 129 15.2
60 836 806 16.1 19.1

% De atimn — . ] ]
m‘f’,ad“‘"""_ = Quantity at zero time - Residue at each time interval X
U Quantity at zerg time.

:\' H > 51
Ah)-\ocr(>19Fho_5 residue at zero time was taken as control
> media withoy NADPHQ

B --> media with NADPH,
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Fig. (1): The relationships between the biodegradation
of monocrotophos and the fungal growth.

linked, yet the total biotransformation of the insccticide
by the whole culture of P. corylophilum which can be
calculated by subtracting the summation of
monocrotophos residues in the filtrate and mycelia from
the residue recovered in the uninoculated control
treatment, showed a growth independence (Fig.1). These
results are in agreement with that of Flashinski et al (10)
whose results indicated that metabolism of dyfonate
insecticide by P. notatum and Rhizopus oryzae was

culture-age independent.

Results of table (2) indicated that the rate of
hydrolysis of monocrotophos in control treatment was
pH- dependent. where it was highly hydrolyzed at high
alkaline (pH 9-9.5). On the other hannd, analysis for
monocrotophos in fungal filtrate (table 2) also showed
nsecticide breakdown by the test
organism was affected mainly by the pH value of the
media and the maximum activity of
as recorded at pH (7.5-8.5). In this
connection, sensitivity of monocrotophos to pH values in

aqueous solution was reported by Lee etal (3) who found

that monocrotophos was rapidly decomposed at pH 9.0.

Degradation of insecticide
was previously reported Dby

(25.26),

that the rate of i

culture
biodegradation w

s by microbial cell-free
media some
investigators

Results in Table (3) indicated that the crude
enzyme was active over a wide range of pH values
(6.0-9.0) with optimal activity at pH value 8.0 Alkaline
optimal activity of this insecticide degrading enzyme
have been also repoted (7.11.28),

Results of Table (4) revealed that the enzyme
activity increased by increasing the reaction time and
monocrotophos metabolism was stimulated by

exogenouly added NADPH2. It is concluted (hat, the
main enzyme responsible for the degradation of
moenocrotophos 1s an oxidative stystem. Similar results

were obtained before(30)-

Since the main purpose of studying pesticide
biodegradation is to find a way o decontaminate soil
from these dangerous chemicals, the potentiality of the
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me to degrade monocrotophos in soil was
he insecticide was mixed with 20 gm
e was added to the soil in

crude enzy

tested. 1mg of t
sterilized soil. The crude enzym
an amount of deionized water sufficient to make the field

level (19.6%). 6.2% of the applied
as calculated to be degraded after the
); indicating that the crude
dation of this toxic chemical

moisture
monocrophos w
investigated period (1 hr.
enzyme suits well for degra
in soil environments.

Low degradation of monocrotophos in soil by the
crude enzyme compared to that in vitro might be duc to
the presence of certain substances in soil that inhibit
enzyme active-sites. Furthermore, the degradation of
insecticides in soils may be a function of more than one
factor such as soil texture(30), soil temperalure(3l).
organic matter content(32,34). However,, the
biodegradation of the insecticide in the soil needs further
investigation which will be dealt within another
communication. The success in biodegrading these toxic
substance at higher rates may make the use of
insecticides more safe.
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