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Abstract: The effect of chloropyrifose methyl as organophosphorus insecticides on  amino acids and

volatile metabolites of soil fungus Aspergillus flavus and at the same time the ability of the fungus to
degrade the insecticide were investigated. The composition and percentages of amino acids seem to be

affected by the presence of insecticide in medium growth. Arginine and lysine were sharply decreased
while proline and aspartic acid increased, certain amino acids appeared while others disappeared with the

presence of insecticide. On the other hand the extra-cellular volatile metabolites produced by A. flavus
were more affected by insecticide. Moreover, it was observed that the antiinsectal activity of insecticide

decreased with increasing incubation periods of A. flavus cultivated on medium containing insecticide.
TLC scanner showed the absence of insecticide after 28 days of incubation periods.
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INTRODUCTION

Although microbial biomass represent less than 5%

of soil weight, it is critical for soil functioning . It[20]

has been estimated that soil microorganisms mediate

80-90% of all soil processes . through the[5 ,39,32]

production of enzymes. Among other roles,

microorganisms are both a source and a sink for
nutrients and key in organic matter decomposition and

nutrient cycling, nitrogen fixation . and degradation[4]

and bioaccumulation of xenobiotic compounds (e.g.

pesticides, synthetic polymers and heavy metals . The[33]

major components of soil are mineral and organic

matter, water and air . However, soil is a complex[6 ]

and dynamic habitat . Its physical, chemical and[20]

biological characteristics are determined by the relative
proportion of those components, markedly influenced

by environmental factors and biotic activities over time
. Soil characteristics, in turn, determine those of[4]

natural vegetation, as well as microbial community
structure and activity .[43]

Reldan (chloropyrifose methyl), chlorpyrifos [O, O-
d im e th y l -O - ( 3 ,  5 ,  6 - t r ic h lo ro -2 -  p y r id in y l )

phosphorothioate] is insecticide reported to be suitable
for mosquito larval control . Environmental stability,[48]

bioaccumulation, and   toxicity to non-target species
have brought about the restricted use of some

organochlorine insecticides these properties have also
led  to  many  studies  being   carried  out   on  the 

microbiological breakdown of these pesticides, as

reviewed  by  Lal  and  Saxena . Motosugi and[27]

Soda .[31]

Reldan is one of the world's most widely used

organophosphorus pesticides in agriculture . Its[12]

environmental fate has been studied extensively, and

the reported half-life in soil varies from 10 to 120 days

. with 3, 5, 6-trichloro-2-pyridinol (TCP) as the[19,36]

major degradation product. This large variation in half-

life has been attributed to variation in factors such as

pH, temperature, moisture content, organic carbon

content, and pesticide formulation. Exposure to

chlorpyrifos and its metabolites have been related to a

variety of nerve disorders in humans. Microbial

degradation is considered to be an efficient and cost

effective method for decontamination of toxic

organophosphorus pesticides from the environment.

Chlorpyrifos previously shown to be immune to

enhanced biodegradation has now been proved to

undergo enhanced microbe mediated decay into less

harmful and non-toxic metabolites, under a set of

favorable a biotic conditions. Recently, research activity

in this area has shown that a diverse range of

microorganisms is responsible for chlorpyrifos

degradation . In general, microorganisms[4 9 ,3 ]

demonstrate considerable capacity for the metabolism

of many pesticides. Although they are capable of

catalyzing similar metabolic reactions as mammals and 
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plants, they possess the unique ability to completely

mineralize many aliphatic, aromatic, and heterocyclic

compounds. There are two major types of microbial

degradation of organic chemicals. The first, termed

catabolism is a type of degradation in which the

organic chemical or a portion there of is completely

degraded (e.g. mineralized) and the energy or nutrient

gained contributes to cell growth. The second,

incidental metabolism or cometabolism, involves the

partial degradation of an organic chemical with no net

benefit to the organism, the compound being merely

caught up in some metabolic pathway during the

normal metabolic activities of the microorganisms .[35]

Studies conducted in soil have generally reported

significantly longer dissipation half–lives under

sterilized versus natural conditions and led to the

conclusion that microbial activities are important in the

degradation of chlorpyrifos in soil . Evidence from[29]

soil degradation studies indicates that cleavage and

mineralization of the heterocyclic ring occurs in soil

due to the activities of microorganisms . However,[36]

the singularly most important microbial role in the

chlorpyrifos degradation pathway may be the further

metabolism and mineralization of 3, 5, 6-trichloro-2-

p yr in id ino l (T C P )  and  3 ,  5 ,  6 -tr ic h lo ro -2

methoxypyridine (TMP) metabolites . Pozo et al. .[18] [3 4]

stated that activities of acid and alkaline phosphatases

and dehydrogenase significantly decreased initially at

concentrations of 2.0 to 10.0 kg/ha chloropyrifose, but

recovered after 14 d to levels similar to those in

control soil without chlorpyrifos. The role of soil and

the influence of its properties on crop production,

animal health, water quality and on the recycling of

compounds ranging from biological remains and wastes

to xenobiotics (such as pesticides) has been recognized

. There is strong evidence that most of the gases[7 ,16,14]

and volatile organic compounds (VOCs) in the soil

atmosphere, which were found to vary widely in type

and relative concentrations, are likely to be produced

by microbial metabolic activity . Soil fungi,[44,8,47,41]

bacteria and actinomycetes produce a wide variety of

VOCs including alcohols, aliphatic and aromatic

hydrocarbons, aldehydes, amines, esters, methylated

halogens, terpenoids and volatile fatty acids .[44,28,42,40]

Although many VOCs in the soil atmosphere seem to

not have any particular role, there is evidence that

some may be important factors influencing bacterial

and fungal activity in soil or in mediating specific

microbial interactions. For example, several volatiles

such as alcohols, aldehydes and hydrocarbons constitute

the main readily available source of nutrients for soil

microorganisms, thereby stimulating their growth and

activity . Two other studies have shown that[44,2 8 ]

ammonia and terpenoid compounds, individually and in

combination with other volatiles, were shown to

stimulate some microbial groups, while inhibiting

others . Examples of volatiles that inhibit spore[25,2]

germination of a variety of fungi such as ethylene,

ammonia, allyl alcohol . Borjesson et al. . studied[47,13] [11]

the production of volatile metabolites by six fungal

species, Penicillium brevicompactum, P. glabrum, P.

roqueforti, Aspergillus flavus, A. versicolor, and A.

candidus. Differences in the production of volatile

metabolites depended more on the fungal species than

on the substrate type and the fungal growth stage was

not an important factor determining the composition of

volatiles produced. The objectives of the investigation

were to study which volatile metabolites and amino

acids were produced, how the production of these

differed, and how it was affected by presence of

insecticide .On the other hand, the study conducted

with the ability of the soil fungus A. flavus to degrade

the insecticide.

MATERIAL AND METHODS

Insecticide Used: Reldan (chlorpyrifos-methyl),

chlorpyrifos [O, O-dimethyl-O-(3, 5, 6-trichloro-2-

pyridinyl) phosphorothioate], 50 per cent EC

(emulsifiable concentrate), each one liter containing 50

g of active ingredient produced by AGROCHEM in

Egypt was used in the study.

Tested Fungal Strain: The fungal species was isolated

from agricultural soil treated with insecticide reldan and

cultured separately on Dox agar medium and malt

extract medium incubated for 7 days at 28 ± 2 ºC. The

diameters of the growth colonies were measured by

fine measuring scale daily as well as the changing  in

colonies and reverse colors. For microscopical study of

the three isolates, the cover slip technique was used

according to Kawato and Shinobu . The medium[23]

were autoclaved, poured in sterilized cover slips were

dipped obliquely in the agar layer under aseptic

conditions. The fungal isolates were incubated on the

agar layer along the line where the medium meets the

upper surface of the cover slip. The Petri dishes were

then incubated at 28 ± 2 ºC for 7 days. The cover slips

were removed and fixed on slides using a tiny drop of

Canada balsam, and then, the prepared slides were

examined microscopically. The fungal species was

identified as Aspergillus flavus according to Raper &

Fennel . and Domsch & Gams .[38] [15]

Reldan at certain concentration 40 ppm of active

ingredient was added to cultivate on Dox medium for

studying their effects on amino acids and volatile

metabolites biosynthesis by Aspergillus flavus after 10

days.  And after different times of incubation periods

(1, 7, 14 and 28 days) biodegradation of insecticide by

A. flavus and their toxicity on insecticide was studied 
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Volatile Metabolites Analysis: The metabolized

medium was extracted with ethyl acetate the free

extract was concentrated for volatile metabolites

detection. The prepared volatile constituents were

subjected to GC analysis using Shimadzu GC-MS-QP

5050 A. Software class 5000. Searched library: Wiley

229 LIB. Column: DBI, 30m, 053 mm ID; 1.5 um

film. Carrier gas: Helium (flow rate 1 ml/min.)

Ionization mode: El (70ev). Temperature program: 70

ºC (static for 2 min) then gradually increasing (at a

rate of 2 ºC /min) up to 220 ºC (static for 5 min).

Detector temperature 250 ºC injector temperature 250

ºC at the Regional Center for Mycology and

Biotechnology AL-Azhar University).

Amino Acids Analysis: Cell free extracts was prepared

by grinding the fresh fungal mycelium in sterile mortar

using 70% (v/v) of ethanol .The slurry was centrifuged

at 600 rpm for 10 min and the supernatant was

concentrated using a vacuum desicator. The

concentrated cell free extract was analyzed for amino

acids qualitatively and quantitatively with a full

automated amino acids analyzer .model Le 3000

(Eppendro –Biotro Nik, Germany) at the Regional

Center for Mycology and Biotechnology AL-Azhar

University).

Antiinsectal Activity: The metabolized medium

supplemented with insecticide of the fungal culture

species was added to the insect medium. Twenty five

Culex popians larvae were cultivated on the medium

containing 50 % metabolized medium (v/v) to giving

20 ppm concentrate insecticide used in this experiment.

The insect medium containing 20 ppm insecticide and

without insecticide were used as a control at Zoology

department Faculty of Science, AL-Azhar.

Biodegradation of Insecticide: The metabolized

medium containing insecticide (40 ppm) after

inoculation with A. flavus and incubated for 28 days at

28±2 ºC was loaded in TLC scanner to detect the

presence of insecticide at Regional Center for

Mycology and Biotechnology AL-Azhar University).

RESULTS AND DISCUSSION

The free amino acids of A. flavus were varied,

where their composition and percentages seem to be

affected by the presence of insecticide in medium

growth All the detected unusual amino acids such as á-

amino adipic acid, á - amino butyric acid, â- amino

iso-butyric acid and ã- amino n- butyric acid increased

in the concentration in the presence of insecticide.

Some of amino acids such as alanine were appeared

while carnosine and hydroxyproline disappeared as a

result of applying insecticide. Proline and ornithine as

members of glutamate family increased in the

concentration (5.27 and 6.86 % respectively), however

other amino acids of glutamate family such as glutamic

acid and arginine were sharply decreased in the

concentration (3.10 and 3.86 % respectively) in

presence of insecticide compared with control (3.27,

3.23, 6.76 and 11.31% respectively). On the other

hand, amino acids such as valine, histidine, leucine and

cystine were not affected with the presence of

insecticide. Moreover, aspartic acid represent the most

fractions (8.31%) compared with other detected amino

acids with the presence of insecticide. Threonine and

serine  unlike  tyrosine  were  sharply  decreased in

the concentration with the presence of insecticide

(Table 1).

Table 1: Percentage and com position of free amino acids of A.

flavus cultivated on medium supplemented with 40 ppm of

insecticide 

Amino acid Amino acid (%)

--------------------------------------------

control With insecticide

Taurine 0.65 3.00

Phosphoserine 6.45 3.22

Phosphoethanol amine 2.87 1.11

Aspartic acid 5.24 8.31

Threonine 4.22 1.14

Serine 5.75 1.24

Glutamic acid 6.76 3.10

á- amino adipic acid 0.51 1.16

Proline 3.27 5.27

Glycine 2.14 1.27

Alanine 0.00 2.21

á  - amino butyric acid 1.54 1.88

Valine 1.21 1.78

Cystine 0.86 0.47

M ethionine 2.26 1.36

Leucine 3.20 3.53

Tyrosine 1.56 5.87

Phenyl alanine 0.56 1.84

â- amino iso-butyric acid 0.85 3.75

Histidine 1.88 1.51

Ornithine 3.23 6.86

Lysine 8.27 3.45

Arginine 11.31 3.86

ã- amino n- butyric 0.57 0.57

Carnosine 0.00 3.02

Hydroxyproline 1.02 0.00

0 = amino acids not detected

The extra-cellular volatile metabolites produced by

Aspergillus flavus were more affected by insecticide

(Table 2-Fig 1 a and b). The produced volatile

metabolites by A. flavus were increased in the medium

containing insecticide (15 and 26 extracellular volatile

metabolites on medium growth without and with

insecticide respectively).
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Most of the detected volatile metabolites in

medium with or without insecticide were differed in the

chemical structures and molecular weight. However,

other metabolites were relatively similar in chemical

structure such as Benzyl acetate and á -Methyl benzyl

acetate; 1, 2-Benzene diarboxylic acid, bis(2-ethylhexyl)

ester     and    2-benzene    dicarboxylic    acid,

bis(2-methylpropyl) ester, Propanoyl chloride, 2- methyl

4 7(C H  ClO), the only chloride containing metabolite

was  detected  in  m  etabolized  medium containing

insecticide. At the same time, two compounds

10 26containing sulfur 1-Decanethiol (C H S) and Tertiary-

10 26Dodecylthiol (C H S); and one chloride and sulfur

containing metabolite methyl ester-2- oxo-1-(2-p

– c h lo ro p h e n y l s u l fo n y l  e th y l -1 2 -  v in y l - c yc lo

2 4 3 3 5dodecancarbox (C H ClO S) were detected in

metabolized medium containing insecticide. On the

other hand, unidentified extracellular volatile

metabolites, with different retention times were detected

in metabolized medium.

Table 2: Volatile metabolites of Aspergillus flavus cultivated on medium supplemented with insecticide.

Compound No. Volatile metabolites of

--------------------------------------------------------------------------------------------------------------------------------------------------------

Control medium medium containing insecticide

-------------------------------------------------------------------------------- -------------------------------------------------------------------

M olecular weight Compound name M olecular weight Compound name

1 157 Oxiranecrboxamide,2-ethyl-3-propyl 104 Ethynyl benzene.

2 241 2-Acetyl-4-nitrocyclodecanone 136 Cyclohexene

3 274 1,2-Benzenedicarboxylic acid, dibutyl ester 106 Propanoyl chloride, 2- methyl

4 114 2-M ethyl-5-hexanon 154 2H-pyran,tetrahydro-4-methyl-2-(2 

methyl-1-propenyl-4methyl

5 208 Benzoic acid,2-hydroxy-3-methylbutyl ester 150 Benzyl acetate

6 216  -Hexylcinnamaldehyde 164 á -M ethyl benzyl acetate

7 424 Heptacosanoic acid, methyl ester 202 Tert-Dodecylthiol

8 466 Triacontanoic acid ,methyl ester 174 1-Decanethiol

9 328 3-N-Hexyl-Delta 9-tetrahydrocannabinol 198 2-tertiobutylcyclohexyl acetate

10 228 Benzoic acid,2-hydroxy-phenylmethylester 198 Citronell acetate

11 83 Propenylaziridine 542 Methyl2,3,4-tri-o-benzyl-6-o-meth 

anesulfonyl-â-D-mannopyra noside

12 352 13-Docosenoic acid , methyl ester 170 Diphenyl ether

13 Unknown 1 157 Oxiranecarboxamide, 2-ethyl-3- 

propyl

14 Unknown 2 204 Tert-butyl-á-m ethylhydrocinnamic 

aldehyde

15 Unknown 3 208 Isoamyl salicylate

16 216 á -Hexylcinnamic-aldehyde

17 196 Octylcyclhexan

18 246 Acetylcedrene

19 228 2-Hydroxy-phenylmethylester 

2-Hydroxy- phenylmethylester

20 390 1,2-Benzene diarboxylic 

acid,bis(2-ethylhexyl) ester

21 278 1,2-benzene dicarboxylic 

acid,bis(2-methylpropyl)ester

22 245 Tetradecanoic acid,hexadecylester

23 762 Ladroside pentaactate

24 468 methyl ester-2- oxo-1-(2-p 

-chlorophenylsulfonyl ethyl-12- 

vinyl-cyclododecancarbox

25 Unknown 4

Antiinsectal Activity: The antiinsectal activity of

insecticide decreased when added to the growth

medium of Aspergillus flavus and sharply decreased

with increasing incubation periods,  where the number

of died larvae was 23, 21, 18 and 6 after 1, 7, 14 and

28 days of incubation periods respectively. However, 5

and 3 of living larvae (out of 11) were transformed to

peupa and adult respectively after 28 days of

incubation periods.

Detection of Chloropyrifose on TLC Scanner: After

different incubation periods TLC scanner indicated that

chlorpyrifos is completely degraded by A. flavus after

28 days of incubation periods, where it appear after 7

and 14 days but the quantity decreased with increasing

incubation periods (Fig.2 )
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Fig. (1a): Typical chromatogram of G.C.Ms of separated volatile metabolite on medium without insecticide

Fig. (1b): Typical chromatogram of G.C.Ms of separated volatile metabolite on medium with 40 ppm of insecticide

Table 3: Antiinsectal activity of added insecticide on growth medium of Aspergillus flavus at different incubation periods

Antiinsectal activity after different No. of No. of transformed larvae to

incubation periods (Days) --------------------------------------------- --------------------------------------------

Died larvae Livingb larvae Peupa Adult

1 23 2 0 0

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7 21 2 2 0

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

14 18 5 1 1

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

28 6 11 5 3

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*control (1) 25 0 0 0

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*control (2) 5 15 5 2

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*control (3) 5 17 2 1

* Control (1), insect's medium containing 20 ppm insecticide

* Control (2), insect's medium without insecticide

*control (3), insects medium containing fungal metabolized medium without insecticide 

* No of tested larvae 25.

Discussion: The results obtained showed that metabolic

activities as well as amino acids and organic volatiles

metabolites of soil fungus A. flavus were affected by

insecticide application. In our studies the insecticide

used stimulated the synthesis of certain amino acids

such as alanine and carnosine, this amino acids may be

played an important role in fungal resistant to

insecticide. Khalilova and Abramov . Stated that the[24]

amino acid alanine is a constituent part of the vitamin

pantothenic acid and a growth accelerator that provides

the strongest protective effect on cell membrane. On

the other hand the insecticide repressed the synthesis of

other amino acid such as hydroxyproline and cause

sharply  decrease  in  the  synthesis  of  the most

amino  acids;  this  explained  the  disorder  in the

fungal  metabolic  pathways.  Amino  acids  such as

lysine  and  arginine  were  decreased  in  the  fungal

mycelium  cultivated  in  medium  containing

insecticide, although the lysine regulate the exchange

of potassium and performs important biochemical

functions, arginine is involved in ornithine cycle

resulting in the synthesis of urea, which plays an

important role in the neutralization of excess ammonia

in organisms.
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Fig. 2: Typical chromatogram of T.L.C scanner of Chloropyrifose

A- Chloropyrifose standard  

B- growth medium after 1 day of incubation period

C- growth medium after 7 days of incubation period

D- growth medium after 14 day of incubation period

E- growth medium after 28 day of incubation period

It has been observed in many studies that growth,

respiration, cellulose degradation, production of

proteins, RNA, DNA as well as other biological

activities of fungi subjected to certain doses of

fungicides, herbicides or insecticides were . Among[1 ,30]

the organophosphate insecticides, Selecron (Profenfos)

is commonly used in Egypt for controlling the cotton

leaf worm. This insecticide was found to be inhibitory

to cellulose production, extra-cellular protein as well as

mycelial protein of A. niger and Nectria haematococca. 

Our results show that insecticide can have clear effect

on volatile metabolites productivity, the fungus produce

25 volatile metabolites on medium containing

insecticide  while produce 15 volatile metabolites on

control medium , this may be due to substrate

composition. Many studies confirmed this result. Filer

et al., . stated that the cultivation of Aspergillus[17]

fumigatus, A. versicolor, A. niger, A. ochraceus,

Fusarium solani and Mucor sp on different substrata

changes the number and concentration of volatile

organic compounds. Also, Sunesson et al., .[4 5 ]

demonstrated the production volatile  o rganic

compounds were highly dependent on both medium and

species. The large number of volatile metabolites

produced by A.  flavus on medium containing

insecticide may be resulted from biodegradation of

insecticide, where certain metabolites containing sulfur

10 26such as 1-Decanethiol (C H S) and Tertiary-

10 26Dodecylthiol (C H S); and one chloride and sulfur

containing metabolite methyl ester-2- oxo-1-(2-p

– c h l o r o p h e n y l s u l f o n y l  e t h y l - 1 2 - v i n y l -

24 33 5cyclododecancarbox (C H ClO S) were detected in

metabolized medium containing insecticide. Production

of such compounds can be used as indicator of fungal

growth on insecticide. Studies on fungal proliferation

in stored cereal have shown that fungal metabolites can

be used as indicators of mold growth . Although[9,10,]

the insecticide used in this study containing phosphors

group, no any volatile metabolites produced containing

this group this may explained by the absence of certain

enzymes. Growth of A. flavus increased sharply after

10 days of incubation periods on medium containing

insecticide, additionally the antiinsectal activity of

insecticide decreased after these periods. This may be

explained by beginning biodegradation of insecticide

and decreasing their concentration. Our finding support

results obtained earlier by some researches where Jones

and Hastings . reported the metabolism of 50-ppm[22]

chlorpyrifos in cultures of several forest fungi

(Trichoderma harzianum, Penicillium vermiculatum ,

and Mucor sp.). After 28 days, chlorpyrifos and its

metabolite TCP were present in all cultures at levels of 
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32-5 % and 1-14% of applied, respectively. Ivashina

. studied chlorpyrifos degradation by several[21]

microbial cultures maintained in liquid media

containing 10 ppm chlorpyrifos. It disappeared from the

microbial cultures in a linear fashion over a 2-week

period. Lal and Lal . observed some degree of[26]

degradation by the yeast Saccharomyces cervisiae. Only

half the initial chlorpyrifos was recovered 12 h after

the cultures were inoculated with 1-10 ppm. Strains of

Aspergillus flavus and Aspergillus niger isolated from

agricultural soil with previous history of chlorpyrifos

use were, also reported to biomineralise chlorpyrifos in

liquid culture medium . Therefore TLC scanner[46]

indicated the absence of insecticide after 28 days of

incubation periods. The results described here show

that the ability of A. flavus to degrade the insecticide

and decreasing their effects on environmental health;

and show that the broad spectrum effect of insecticide

on fungus amino acids and volatile metabolites.
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