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ABSTRACT 
With the increase in the global population, there has been tremendous increase in the diverse kinds of 
pollutants/hazardous compounds of anthropogenic origin, generated by agricultural/industrial sectors, 
which pose potential threat to both health and environment. Most foods, feeds and other agricultural 
produce get contaminated with fungi that produce mycotoxins; and aflatoxins produced by 
Aspergillus flavus constitute the major ones and most wide studied toxins, which are mutagenic, 
carcinogenic as well as teratogenic in nature.  In the present investigation, an attempt has been made 
to degrade/detoxify these fungal toxins, using the microsomes of microbial origin. Interestingly 
enough, the microsomes isolated from the toxigenic strain of A. flavus were able to degrade/detoxify 
aflatoxins produced by that very fungus itself. Not only that, the microsomes from nonpathogenic and 
nontoxigenic strains of microorganisms, including bacteria and fungi could degrade aflatoxins quite 
efficiently. Thus, microsome-based strategy or Microsome Technology can serve as a viable 
option/potential tool for bioremediation of hazardous compounds, so as to safeguard/protect both 
human and animal health as well as the environment. In this paper, we have highlighted the 
significance of Microsome Technology for the benefit of mankind, in terms of its applicability for 
bioremediation of xenobiotics of health and environmental concern.  
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INTRODUCTION 
World wide use of pesticides has been increasing 
over last few decades in order to increase the 
crop yield under pre- and post-harvest strategy of 
protecting foods and feeds from various types of 
pest like bacteria, fungi and insects. As a 
consequence, the occurrence of pesticides 
residue and their transformations is not 
uncommon in ground water and surface water, 
and in different foods and feeds. The foreign 
chemical compounds that can neither be used as 
energy source nor as building blocks of structural 
organizations of various living organisms, are 
commonly known as xenobiotics. Theses 
compounds may be man made or natural. The 
synthesis of natural xenobiotics may take place 
as a part of secondary metabolism by various 
organisms like microbes, plants and animals, 
including human beings. The accumulation of 
xenobiotics, having toxigenic properties in 
absence of a mechanism of their metabolism and  

elimination in higher organisms, especially 
animals, including human beings may results in 
various harmful complications. 1 
Among different microbes, fungi are known to 
produce different mycotoxins like aflatoxins, 
ergotoxins, trichothecens and zearalenone by 
different species of genera Aspergillus, Claviceps 
and Fusarium, respectively. The exposer to 
mycotoxins, pesticides and heavy metal residues 
may take place through dietary, respiratory and 
dermal routs. Consumptions of mycotoxin 
contaminated food cause mycotoxicosis, whose 
symptoms depend on the type of mycotoxins; the 
amount and duration of exposer, the age, health 
and sex of the exposed individuals as well as 
many poorly understood synergistic effects, 
involving genetics and dietary status, and 
interactions with other toxic components.2,3 
Microbial degradation/biotransformation of 
xenobiotics has increased many folds in recent 
years to find out sustainable ways for 
environmental     cleanup.    Bioremediation   and  *Author for correspondence 



J. Environ. Res. Develop. 
Journal of Environmental Research And Development             Vol. 8 No. 1, July-September 2013 

28 

biotransformation processes harness the naturally 
occurring ability of microbes to degrade, 
transform or accumulate a wide range of organic 
pollutants. Major methodological breakthroughs 
in recent years, through detailed genomic, 
metagenomic, proteomic, bioinformatic and 
other high-throughput analyses of 
environmentally relevant microorganisms, have 
provided us unprecedented insights into key 
biodegradative pathways and the ability of 
organisms to adapt to changing environmental 
conditions. The degradation of a wide spectrum 
of organic pollutants and wastes discharged into 
the environment by anthropogenic activities is an 
emerging need today to promote sustainable 
development of our society with low 
environmental impact. Microbial processes play 
a major role in the removal of recalcitrant 
compounds taking advantage of the astonishing 
catabolic versatility of microorganisms to 
degrade or transform such compounds.4  

AIMS AND OBJECTIVES 
This paper summarises information about the 
biodegradation of some of the xenobiotics 
mainly Polycyclic Aromatic Hydrocarbons 
(PAHs), Polychlorinatrd Biphenyles (PCBs) 
chloprophenols, pesticides and aflatoxins. 

MATERIAL AND METHODS 
Microsome technology 
Microsomes are a valuable tool for investigating 
the metabolism of compounds (enzyme 
inhibition, clearance and metabolite 
identification) and for examining drug-drug 
interactions by in vitro-research. Researchers 
often select microsome lots based on the enzyme 
activity level of specific cytochrome P450 
(Cyps). Microsomes provide an enriched source 
of membrane bound drug metabolizing enzymes. 
Principal ones among these are the (Cyp), a 
superfamily of oxidative hemo-protein enzymes 
and uridine glucuronosyl transferase (UGT) 
enzymes, besides many other enzymes. P450 
system is the only microsomal system, which 
does not require external reducing power. Some 
of the notable enzymes of Cyp superfamily  are  
Cyp5 (thromboxane synthase), Cyp8 
(prostacyclin synthase), and Cyp74A (allene 
oxide synthase). Cyp enzymes have been 
identified in all domains of life, i.e., in animals, 
plants, fungi, protists, bacteria, archaea and even 
viruses; although it is not found in E. coli. 
Cytochrome P450 of microorganisms has been 
widely implicated in food bioprocessing to lower 
the toxicity by the bioconversions (Table 1).5  

Table 1 : Cytochrome P450 (Cyp) families characterized in microorganisms 

Cyp Microorganism Role 

51 Saccharomyces cervisiae 
Lanosterol 14α-demethylase 
(in membrane ergosterol 
biosynthesis) 

107 S. erythraea Erythromycin biosynthesis 

108 Pseudomonas spp. α-terpinol 4-methyl hydrox-
ylation 

102 Bacillus megaterium Steroid hydroxylations 

101 (Cyp cam) Pseudomonas putida Convert camphor to 5-exo-
borneol (in growth) 

55A1 Fusarium oxysporum Nitric oxide reductase 

52 Candida tropicalis and C. 
lipolytica 

Alkane degradation (ω) (in 
growth) 

The cytochrome P450 superfamily is a large 
and diverse group of enzymes that catalyze the 
oxidation of organic substances. The substrates 
of Cyp enzymes include metabolic 
intermediates such as lipids and steroidal hor-
mones, as well as xenobiotic substances such as  

drugs and other  toxic chemicals. Cyps are the 
major enzymes involved in drug metabolism and 
bioactivation, accounting for about 75% of the 
total number of different metabolic reactions. 
The most common reaction catalyzed by 
cytochrome P450 is a monooxygenase reaction. 
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Mechanism of biodegradation  
Microbial degradation refers to the breakdown of 
comlex molecules by microbes or their ezymatics 
systems, including cytochrome P450 enzymes, to 
smaller and simpler ones, the original complex 
molecules being often environmentally 
unacceptable and hazardous. It is a biological 
process by which environmental pollutants are 
eliminated or converted into relatively less toxic 
or even useful substances. Natural 
biodegradation is often largely catalyzed by 
indigenous microbial or plant populations in soil 
or aquatic ecosystem as well as animal systems. 
Microbial degradation is of three types : 
(i) A minor change in an organic molecule, 

leaving the main structure still intact. 
(ii) Fragmentation of complex organic 

molecules in such a way that the fragments 
could be reassembled and yield the original 
structure. 

(iii) Complete mineralization, which refers to 
transformation of organic molecules to 
mineral form, including carbon dioxide or 
methane, and inorganic forms of other 
elements that might have been present in the 
original structure.6 

Enzyme systems involved in degradation 
/detoxification of xenobiotics 
Xenobiotic metabolism is divided into three 
phases. The phase I system composed mainly of 
the cytochome P450 superfamily of enzymes. 
Cytochrome P450 enzyme uses oxygen and 
NADH as a co-factor to add a rective group such 
as hydroxyl radical to xenobiotic. The major 
P450 enzymes involved in metabolism of various 
xenobiotics such as drugs and exogenous toxins 
are Cyp3A4, Cyp1A1, Cyp1A2, Cyp2D and  
Cyp2C enzymes. These modified compounds are 
then conjugated to polar compounds in phase II 
reactions.5 These reactions are catalysed by 
transferase enzymes such as glutathione S-
transferases. Finally, in phase III, the conjugated 
xenobiotics may be further processed, before 
being recognised by efflux transporters and 
pumped out of cells. One characteristic of 
xenobiotic metabolizing enzymes and transpo-
rters is their inducibility by their substrates.    
Epoxide hydrolase is a critical biotrans for-

mation enzyme that converts epoxides from the 
degradation of aromatic compounds to trans-
dihydrodiols, which can be conjugated and 
excreted from the body. Epoxide hydrolase 
functions in both activation and detoxification of 
epoxides. Pseudomonas sp. is one of the most 
predominant groups of soil microbes implicated 
in the bioremediation of xenobiotics. This 
organism can detoxify more than 100 chemical 
compounds, some of which are being utilized as 
sole source of carbon by this microbe. 
The aerobic mineralization pathways of many 
halogenated compounds, that occur as 
environmental pollutants, have been found in 
bacteria, which exploit their dehalogenases, 
cleaving carbon-halogen bonds of the target 
compounds. There is a broad range of 
dehalogenases, which can be classified in 
different protein superfamilies and have 
fundamentally different catalytic mechanisms.7 
Microbial dehalogenases are also involved in the 
biodegradation of many important chlorinated 
pollutants. Some recent studies of haloalkane 
dehalogenase, dichloromethane dehalogenase, 
tetrachlorohydroquinone dehalogenase and perc-
hloroethylene and trichloroethylene reductive 
dehalogenases have been used to dehalogenate 
novel substrates. 
There are several reports available on microbial 
biotransformation/ biodegradation of a variety of 
xenobiotics, which include nitrogenous 
compounds, Polycyclic Aromatic Hydrocarbons 
(PAHs), Polychlorinated Biphenyles (PCBs) 
chloprophenols, pesticides and textile dyes. 
Nitrogen forms a variety of functional groups in 
combination with carbon, hydrogen and oxygen. 
Nitroaromatic compounds are produced industry-
ially on a large scale; and such chemicals are 
widely used as pesticides. Other nitrogenous 
compounds are also produced in great amount 
like nitrotoluenes, nitrobenzene, nitrophenole, 
nitro- and aminobenzoates, etc. Rodococcus 
strains and Pseudomonas acidovorans have the 
capacity to degrade these compounds.8 
PCBs are class of compounds, consisting of 209 
different compounds. These are called congeners, 
which differ by the degree of chlorination and 
position of chlorine atom. These are extender in 
the production of insecticides.    Microbes    like    
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Alcaligenes sp., Acinetobacter sp. P6, Coryn-
ebacterium sp., Rhodococcus globberulus P6, 
Beijerinckis sp. strain B1 and many more are 
employed for the biodegradation of these deadly 
compounds. Microalgae (green and 
cyanobacteria) also have a great potential to 
accumulate dissolved metals and hold an 
important place in green technology.8 
A basidiomycetous fungus Phanerochaete 
chrysosporium possesses great potential for its 
commercial use in bioremediation of dyes and 
lignocellulose material present in the textile 
effluents. Dye serves as substrate for the lignin 
degradation system of this fungus. 
Bioremediation of natural xenobiotics of 
health and environmental concern 
Quite often, most agricultural produce used for 
human and animal consumption gets 
contaminated by microorganisms, which cause 

potential damage and produce different kinds of 
toxins in foods and feeds. Most toxins, called 
mycotoxins, are produced by fungi. Of all 
mycotoxins, aflatoxins constitute the major ones, 
which cause mutagenic, carcinogenic and 
teratogenic effects in both animals and human 
beings.   
Aflatoxins are group of naturally occuring and 
closely related toxins produced by the different 
species of the genus Aspergillus. Among various 
species of Aspergillus, A. flavus and A. 
parasiticus have been studied most and have 
been found to be responsible for causing 
aflatoxicosis. In A. flavus, the synthesis of 
aflatoxins has been reported to be strain specific; 
and its aflatoxigenic and non-toxgenic strains 
could be distinguished on the basis of their 
chemical profiles as well as morphological 
markers (Fig. 1 to Fig. 3).9 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 :  Microphotographs of non-toxigenic A. flavus CMI 93803 showing stages of 
conidiophores development. (A) Initial stage, (B) Middle stage, (C) Mature stage. (f, foot cell) 

 
Fig. 2 :  Microphotograph showing blastospores in toxigenic A. flavus CMI 102566. Arrow 

indicates blastospore 
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Fig. 3 : Thin layer chromatographic profile, showing presence of aflatoxins B1 and B2 in 

toxigenic A. flavus CMI 102566 (A) and their absence in non-toxigenic A. flavus  CMI 93803 (B) 
In a study, conducted by the authors at the 
University of Delhi, Delhi, India, crude 
microsomes were isolated from some non-
toxigenic microbes; and these crude 
microsomes were tested for degradation of 
aflatoxins. The results presented in Table 2 
and Fig. 4 exhibited aflatoxin degradation 
potential of crude microsomal preparations 
from different microorganisms and showed 
promissing results, suggesting that microsome 

technology can be used as a safe and eco-
friendly technology for the biodegradatiom of 
xenobiotics of health and environmental 
concern.10 Fig. 4 showing its decreased 
florescence in lanes 1-4 treated with crude 
microsomal preparations from Talaromyces 
flavus (lane 1), Aspergillus flavus (non-
toxigenic strain CMI 93803) (lane 2),  
Aspergillus niger (lane 3) and Trichoderma 
reesei (lane 4) 

Table 2 : Degradation of aflatoxin B1 (AFB1), using crude microsomal preparations   from 
different microorganisms 

Microorganisms 
% degradation of AFB1 by 
microsomal preparations 

Talaromyces flavus 97.06 
Aspergillus flavus (non-toxigenic strain CMI 93803) 92.74 
Aspergillus niger 86.13 
Trichoderma reesei 87.09 

 

 
Fig.  4 : Thin layer chromatographic profile of AFB1 (lane C, Control)  
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Degradation of aflatoxins by peroxidase 
isoenzymes at different temperatures 
Knowing that the peroxidases are localized in the 
microsomes of living organisms, it was thought 
worthwhile to study peroxidase isoenzymes in 
both toxigenic and non-toxigenic strains of A. 
flavus, which contaminate most foods, feeds and 
other agricultural produce. The peroxidase 
isoenzyme profiles of toxigenic (CMI 102566) 
and non-toxigenic (CMI 93803) strains of A. 
flavus were investigated at different temperatures 
of their growth.11 There was differential pattern 
of degradation of aflatoxins by crude peroxidases 
from toxigenic and non-toxigenic strains of A. 
flavus; and their specific activity profile also 
supported the fact that high peroxidase activity in 
the non-toxigenic strain (CMI 93803) might be 
one of the reasons of non-production of 
aflatoxins by this strain.11,12 The role of 
microsomal peroxidase in aflatoxin degradation 
by Aspergillus flavus 102566, under the 
influence of temperature, has already been 
established. 

CONCLUSION 
Considering the facts that almost all types of 
hazardous/toxic compounds, consumed by 
human beings and animals, get degraded/ 
detoxified by the microsomes present in their 
liver, which is considered to be the incinerator of 
the living organism, the present paper attempts to 
justify role of microsomes of microbial origin 
and the enzymes associated with them in the 
biotransformation/biodegradation of xenobiotics 
of health and environmental concern. Thus, 
microsome-based strategy, or simply Microsome 
Technology, can be exploited as a potentially 
viable bioremediation option for the protection of 
both human and animal health as well as the 
environment.  
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