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INTRODUCTION

A pure environment gives a quality of life on earth.
In ancient times, it was believed that people on earth
had an unlimited abundance of land and resources; to-
day, however, the resources in the world show, in greater
or lesser degree, our carelessness and negligence in
using them. In many parts of the globe the problems
associated with contaminated sites are now growing up.
The actual cause of this scenario is result from past in-
dustrial activities when awareness of the health and en-
vironmental effects connected with the production, use,
and disposal of hazardous substances were less well
recognized than today. It became a global complication
when the estimated number of contaminated sites be-
came significant[9]. There are several traditional meth-
ods which have been applied to overcome this incon-
venience. From the list of ideas which have been ap-
plied the best ones are to completely demolish the pol-
lutants if possible, or at least to transform them
to innoxious substances. Different kinds of techniques
have been applied like high-temperature incineration
and various types of chemical decomposition. Bagging
several drawbacks like technological complexity, the
cost for small-scale application, and the lack of public
acceptance, especially for incineration that may increase
the exposure to contaminants for both the workers at
the site and nearby residents, these are effective at re-
ducing levels of a range of contaminants.

Bioremediation is an option that utilizes microbes
to remove many contaminants from the environment by
a diversity of enzymatic processes. It shows up some
positive shades such as, comparatively low-cost, low-
technology techniques, which generally have a high public
acceptance and can often be carried out on site. How-
ever, it will not always be suitable as the range of con-
taminants on which it is effective is limited, the time scales
involved are relatively long, and the residual contami-
nant levels achievable may not always be appropriate.
Varying degrees of success bioremediation has been
used at a number of sites worldwide. Here, we at-
tempted to assist by providing information how the
bioremediation is linked with cutting edge sciences like
genomics,transcriptomics, proteomics, interactomics
and bioinformatics.

REVOLUTION OF GENOMICS

A drastic innovationin the study of pure cultures has
been brought by the application of genomics to
bioremediation[55]. Next generation genome sequenc-
ing techniques play a vital role in advancing the under-
standing of physiological and genomic features of mi-
croorganisms relevant to bioremediation. Complete, or
nearly complete, genome sequences are now available
for several organisms that are important in bioremediation
(TABLE 1). The notions of researches have been
changed after the application of bioremediation to the
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advanced sciences like genomics which gave different
answers. For example, molecular analyses have indi-
cated that Geobacter species are important in the
bioremediation of organic and metal contaminants in
subsurface environments. The sequencing of several
genomes of microorganisms of the genus Geobacter,
as well as closely related organisms, has significantly
altered the concept of how Geobacter species func-
tion in contaminated subsurface environments. For in-

stance, before the sequencing of the Geobacter ge-
nomes, Geobacter species were thought to be non-
motile, but genes encoding flagella were subsequently
discovered in the Geobacter genomes[10]. Further in-

vestigations revealed that Geobactermetallireducens
specifically produces flagella only when the organism is
growing on insoluble Fe(ra) or Mn(IV) oxides. Genes
for chemotaxis were also evident in the Geobacter ge-
nomes, and experimental investigations have revealed
that G. metallireducenshas a novel chemotaxis to Fe(II),
which could help guide it to Fe(III) oxides under anaero-
bic conditions. Pili genes are present and are also spe-
cifically expressed during growth on insoluble oxides[10].
Genetic studies have indicated that the role of the pili is
to aid in attachment to Fe(III) oxides, as well as facili-
tating movement along sediment particles in search of
Fe(III).

TABLE 1 : Genomes of microorganisms pertinent to bioremediation.

Microorganism Relevance to bioremediation 
Web site for genome 

documentation 

Dehalococcoidesethanogenes 

Reductive dechlorination of chlorinated solvents to ethylene. 
The 16S rRNA gene sequence of D. ethanogenes is closely 
related to sequences that are enriched in subsurface 
environments in which chlorinated solvents are being 
degraded 

http://www.tigr.org 

Geobactersulfurreducens 
Geobactermetallireducens 

Anaerobic oxidation of aromatic hydrocarbons and reductive 
precipitation of uranium. 16S rRNA gene sequences closely 
related to known Geobacter species predominate during 
anaerobic in situ bioremediation of aromatic hydrocarbons and 
uranium. 

http://www.jgi.doe.gov 
http://www.tigr.org 

Rhodopseudomonaspalustris 
Main organism for elucidating pathways of anaerobic 
metabolism of aromatic compounds, and regulation of this 
metabolism. 

http://www.jgi.doe.gov 

Pseudomonas putida 

Metabolically versatile microorganism capable of aerobically 
degrading a wide variety of organic contaminants. Excellent 
organism for genetic engineering of bioremediation 
capabilities. 

http://www.tigr.org 

Dechloromonasaromatica 
Representative of ubiquitous genus of perchlorate-reducing 
microorganisms and capable of the anaerobic oxidation of 
benzene coupled to nitrate reduction. 

http://www.jgi.doe.gov 

Desulfitobacteriumhafniense 
Reductive dechlorination of chlorinated solvents and phenols. 
Desulfitobacteriumspecies are widespread in a variety of 
environments. 

http://www.jgi.doe.gov 

Desulfovibrio vulgaris 
Shown to reductively precipitate uranium and chromium. An 
actual role in contaminated environments is yet to be 
demonstrated. 

http://www.tigr.org 

Shewanellaoneidensis 

A closely related Shewanellaspecies was found to reduce 
U(vi) to U(iv) in culture, but Shewanellaspecies have not been 
shown to be important in metal reduction in any sedimentary 
environments. 

http://www.tigr.org 

Deinococcusradiodurans 
Highly resistant to radiation and so might be genetically 
engineered for bioremediation of highly radioactive 
environments. 

http://www.tigr.org 

This energy-efficient mechanism for locating and re-
ducing Fe(ra) oxides in Geobacter species contrasts
with the strategies for Fe(III) reduction in other well-

studied organisms, such as Shewanellaand
Geothrixspecies. These other organisms release Fe(III)
Chelators, which solubilize Fe(m) from Fe(m) oxides[52],

http://www.tigr.org
http://www.jgi.doe.gov
http://www.tigr.org
http://www.jgi.doe.gov
http://www.tigr.org
http://www.jgi.doe.gov
http://www.jgi.doe.gov
http://www.tigr.org
http://www.tigr.org
http://www.tigr.org
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and electron shuttling compounds, which accept elec-
trons from the cell surface and then reduce Fe(m) ox-
ides[53,54]. These strategies make it possible for
Shewanellaand Geothrixspecies to reduce Fe(III) with-
out directly contacting the Fe(m) oxide. However, the
synthesis of chelators and electron shuttles requires a
significant amount of energy, and the lower metabolic
energy requirements of the Geobacter approach is the
probable explanation for the fact that Geobacter spe-
cies consistently outcompete other Fe(III)-reducing
microorganisms in several subsurface environments[52].
Understanding this, and numerous other previously un-
suspected physiological characteristics of Geobacter
species, is important in guiding the manipulation of con-
ditions in subsurface environments to optimize the abil-
ity of Geobacter species to remove organic and metal
contaminants from polluted groundwater.

microarrays to analyse the expression of all the genes
in each genome under various environmental condi-
tions. Using pro-teomic techniques, it is possible to
identify which proteins are expressed[55]. Such ge-
nome-wide expression analysis provides important data
for identifying regulatory circuits in these organisms[7].
This is significant as the mechanisms that control the
regulation of the catabolic and respiratory genes that
are the most important in bioremediation are largely
unknown. As genetic systems for these environmen-
tally significant organisms become available, it is pos-
sible to elucidate the function of the many genes of
previously unknown function and to decipher
bioremediation pathways. For example, the availabil-
ity of the Geobacter genomes and a genetic system
for these organisms is leading to the elucidation of
which of the more than 100 c-type cytochromes that
are apparent in the genome are important in electron
transfer to metals[44].

Treatability study is a process, in which samples of
the contaminated environment are incubatedin the labo-
ratory and the rates of contaminant degradation or im-
mobilization are documented[63]. Giving little insight into
the microorganisms that are responsible for the
bioremediation, such studies provide an estimate of the
potential metabolic activity of the microbial community.
When bioremediation processes are researched in more
detail, attempts are generally made to isolate the or-
ganisms responsible[63]. The isolation and characteriza-
tion of pure cultures has been, and will continue to be,
crucial for the development and interpretation of mo-
lecular analyses in microbial ecology (Figure 1). The
recovery of isolates that are representative of the mi-
croorganisms responsible for the bioremediation pro-
cess can be invaluable because, as outlined below,
studying these isolates provides the opportunity to in-
vestigate not only their biodegradation reactions, but
also other aspects of their physiology that are likely to
control their growth and activity in contaminated envi-
ronments. However, before the application of molecu-
lar techniques to bioremediation, it was uncertain
whether the isolated organisms were important in
bioremediation in situ,orwhether they were �weeds� that

grew rapidly in the laboratory but were not the primary
organisms responsible for the reaction of interest in the
environment.

Figure 1 : Evolution of increasingly sophisticated studies of
pure cultures and their application to the study of microbial
communities

The study of the physiology of other microorgan-
isms with bioremediation potential, the genomes of
which have been sequenced, is now accelerating in a
similar manner. With the completed genome se-
quences, it is possible using whole-genome DNA
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THE 16S rRNA APPROACH

A significant advance in the field of microbial ecol-
ogy was the finding that the sequences of highly con-
served genes that are found in all microorganisms, most
notably the 16S rRNA genes, could provide a phylo-
genetic characterization of the microorganisms that com-
prise microbial communities[4,57]. This was a boon to
the field of bioremediation because it meant that by
analysing 16S rRNA sequences in contaminated
environments, it was possible to determine definitively

the phylogenetic placement of the microorganisms that
are associated with bioremediation processes[63,77]

One of the surprises from the application of the 16S
rRNA approach to bioremediation has been the finding
that, in some instances, microorganisms that
predominate during bioremediation are closely related

to organisms that can be cultured from subsurface en-
vironments[45]. This contrasts with the general dilemma
in environmental microbiology that is, it can be difficult

to recover the most environmentally relevant organisms
in culture[4]. For example, in polluted aquifers, in which
microorganisms were oxidizing contaminants with the
reduction of Fe (m) oxides, there was a significant
enrichment in microorganisms with 16S rRNA se-

quences that were closely related to those of previ-
ously cultured Geobacter species[64,65,74]. Coupled with
the fact that Geobacter species in pure culture are ca-
pable of oxidizing organic contaminants with the reduc-
tion of Fe(iii) oxide[48], this indicated that Geobacter
species are important in contaminant degradation in

situ. Geobacter species can also remove uranium from
contaminated water by reducing soluble U(vi) to in-
soluble U(iv)[46]. 16S rRNA sequence analysis showed
that, when acetate was added to uranium-contaminated
groundwater to promote micro-bial reduction of U(vi),
the number of Geobacter species increased by several
orders of magnitude, accounting for as much as 85% of
the microbial community in the groundwater[5,33]. In
aquifers in which the indigenous microbial community
was degrading the solvent trichloroethene (TCE), 16S
rRNA sequences that are ~99% identical to the 16S
rRNA sequence of a pure culture of the TCE-degrader

Dehalococcoidesethanogenes, were detected[20,31,62].
Marine sediments with high rates of anaerobic naph-
thalene degradation were found to be specifically en-

riched in microorganisms with 16S rRNA sequences
closely related to NaphS2, an anaerobic naphthalene

degrader that is available in pure culture[27]. There was
a close correspondence between the potential for
aerobic degradation of the fuel oxygenate methyl tert-

butyl ether (MTBE) in groundwater and the number of
organisms with 16S rRNA sequences that had more

than 99% similarity to the MTBE-degrading organism,
strain PM-1, which is available in pure culture[34].

The primary limitation of the 16S rRNA technique
is that knowledge of the phylogeny of the organisms
associated with bioremediation does not necessarily

predict important aspects of their physiology[1,56]. For
example, microorganisms with 16S rRNA sequences
closely related to the TCE-degrader D. ethanogenescan
differ in the chlorinated compounds that they can de-
grade[8,28], and predicting which of these compounds
an uncultured organism will degrade might not be ap-
parent from analysis of its 16S rRNA sequence alone[31].
Predicting physiology from phylogeny is even more dif-
ficult if there are no closely related organisms available
in pure culture.

GENETIC ANALYSIS OF GENES INVOLVED

Examining the presence and expression of the key
genes involved in bioremediation can yield more infor-
mation on microbial processes than analysis of 16S
rRNA sequences[63]. In general, there is a positive cor-
relation between the relative abundance of the genes
involved in bioremediation and the potential for con-
taminant degradation[63,67].

However, the genes for bioremediation can be
present but not expressed. Therefore, there has been
an increased emphasis on quantifying the levels of
mRNA for key bioremediation genes. Often, increased
mRNA concentrations can be, at least qualitatively,

associated with higher rates of contaminant degrada-
tion[67]. For example, the concentrations of mRNA
for nahA a gene involved in aerobic degradation of
naphthalene were positively correlated with rates of
naphthalene degradation in hydrocarbon-contaminated
soil[21]. The reduction of soluble ionic mercury,
Hg(ii),to volatile Hg(0), is one mechanism for remov-
ing mercury from water; the concentration of mRNA
for merA a gene involved in Hg(ii) reduction was high-
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est in mercury-contaminated waters with the highest
rates of Hg (ii) reduction[51]. However, the concen-
tration of merAwas not always proportional to the rate
of Hg(ii) reduction[35,51], illustrating that factors other
than gene transcription can control the rates of
bioremediation processes.

Highly sensitive methods that can detect mRNA for
key bioremediation genes in single cells are now avail-
able[6]. This technique, coupled with 16S rRNA prob-
ing of the same environmental samples, could provide

data on which phylogenetic groups of organisms are
expressing the genes of interest. Analysis of the mRNA
concentrations for genes other than those directly in-
volved in bioremediation might yield additional insights
into the factors that control the rate and extent of

bioremediation. Sub-optimal nutrient levels, pH, salin-
ity and other environmental factors can limit the growth
and metabolism of organisms that are involved in
bioremediation in contaminated environments. Ecologi-
cal studies of phytoplankton use molecular techniques
to evaluate the stress response of photosynthetic mi-
croorganisms in the environment[58]. In a similar man-
ner, evaluation of the metabolic state of bioremediating
microorganisms through analysis of the mRNA concen-
trations for key genes that are involved in responding to
stress could help to identify modifications to contami-
nated environments that might promote bioremediation.

ROLE OF TRANSCRIPTOMICS

The subset of genes transcribed in any given or-
ganism is called the transcriptome, which is a dynamic
link between the genome, the proteome and the cellular
phenotype. The regulation of gene expression is one of
the key processes for adapting to changes in environ-
mental conditions and thus for survival. Transcriptomics
describes this process in a genomewide range. DNA
microarrays are an extremely powerful platform in
transcriptomics that enable determination of the mRNA
expression level of practically every gene of an organ-
ism[16,24,66]. The most challenging issue in microarray
experiments is elucidation of data[15]. Often, hundreds
of genes may be up- and/or down-regulated in a par-
ticular stress condition. In this context, several statisti-
cal issues become tremendously complex, including
accounting for random and systematic errors and per-

forming poor analysis.

APPLICATIONS OF DNA MICROARRAY

Even with the complete genome sequences of
Microorganisms with the potential for
bioremediation[24,30,60,72,75], studies are not accelerating
in a rapid manner. With the completed genome se-
quences, it is possible to analyse the expression of all
genes in each genome under various environmental con-
ditions using whole-genome DNA microarrays[22,50,68].
Such genome-wide expression analysis provides im-
portant data for identifying regulatory circuits in these
organisms[47,50,60]. In the past, DNA microarrays have
been used to evaluate the physiology of pure environ-
mental cultures[68] and to monitor the catabolic gene
expression profile in mixed microbial communities[14].
More than 100 genes were found to be affected by
oxygen-limiting conditions when a DNA microarray was
used to study changes in mRNA expression levels in
Bacillus subtilis grown under anaerobic conditions[78].
Sensitivity may often be a part of the problem in PCR-
based cDNA microarrays, since only genes from popu-
lations contributing to more than 5% of the community
DNA can be detected. Several parameters were evalu-
ated to validate the sensitivity of spotted oligonucle-
otide DNA microarrays and their applicability for bac-
terial functional genomics[13]. Optimal parameters were
found to be 50-C6- amino-modified 70 mers printed
on CMT-GAPS II substrates at a 40 mM concentra-
tion combined with the use of tyramide signal amplifi-
cation labelling. Based on most of the known genes
and pathways involved in biodegradation and metal
resistance, a comprehensive 50-mer-based oligo-
nucleotide microarray was developed for effective
monitoring of biodegrading populations[61]. This type
of DNA microarray was effectively used to analyze
naphthalene-amended enrichment, and soil micro-
cosms demonstrated that microflora changed differ-
entially depending on the incubation conditions[11]. A
global gene expression analysis revealed the co-regu-
lation of several thusfar- unknown genes during the
degradation of alkylbenzenes[39]. Besides this, DNA
microarrays have been used to determine bacterial
species, in quantitative applications of stress gene
analysis of microbial genomes and in genome-wide
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FOOT MARKS OF PROTEOMICS

The terms �proteomics� and �proteome� were in-

troduced in 1995[76], which is a key postgenomic fea-
ture that emerged from the growth of large and com-
plex genome sequencing datasets. Proteomic analysis
is particularly vital because the observed phenotype is
a direct result of the action of the proteins rather than
the genome sequence. Traditionally, this technology is
based on highly efficient methods of separation using
two-dimensional polyacrylamide gel electrophoresis (2-
DE) and modern tools of bioinformatics in conjunction
with mass spectrometry (MS)[32]. However, 2-DE has
been considered to be a limited approach for very ba-
sic and hydrophobic membrane proteins in compart-
mental proteomics. In bioremediation, the proteome of
the membrane proteins is of high interest, specifically in

PAH biodegradation, where many alterations in any site
specific bacterium affects cell-surface proteins and re-
ceptors[73]. The improvements in 2-DE for use in com-
partmental proteomics have been made by introducing
an alternative approach for multidimensional protein
identification technology (MudPIT)[59]. MS has revolu-
tionized the environmental proteomics towards the
analysis of small molecules to peptides and proteins that
has pushed up the sensitivity in protein identification by
several orders of magnitude followed by minimizing the
process from many hours to a few minutes[2].
Theadvancement in MS techniques coupled with data-
base searching have played a crucial role in proteomics
for protein identification. Matrixassociatedlaser desorp-
tion/ionization time-of-flight MS (MALDI-TOF-MS)
is the most commonly used MS approach to identifying
proteins of interest excised from 2-DE gels, by genera-
tion of peptidemassfingerprinting[2,3,41]. Surface-en-

transcriptional profiles[25,50].

Figure 2 : Work flow of gene array analysis. Diagrammatic representation of DNA microarray data analysis and relative
limitations under each category of data analysis during data mining.
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hanced laser-desorption-ionization MS (SELDI-TOF-
MS) is the combination of direct sample fractions on a
chip integrated with MALDI-TOF-MS analysis[49,71].
A variety of differentially expressed signature proteins
were analysed using SELDI-TOF-MS in blue mussels
(Mytilusedulis) exposed to PAHs and heavy metals[38].
The liquid chromatography MS (LC-MS) technique has
begun to open a new analytical window for direct de-
tection and identification of potential contaminants in
water[36]. In addition, the metabolites and degradation
products have been taken into account to assess the
fate of organic contaminants such as pesticides, surfac-
tants, algal and cynobacterial toxins, disinfection by-
products or pharmaceuticals in the environment and
duringwater treatment processes[36].

INTERACTION OF INTERACTOMICS

Genome-wide mRNA profiling is unable to pro-
vide any information about the activity, arrangement, or
final destination of the gene products, the proteins. Vari-
ous proteomic approaches, on the other hand, can suc-
cessfully provide the straight answers. It is very rare
that any protein molecule acts as a unique pillar during
the physiological response in bioremediation process
of any contaminant when cellular proteins and various
other related cellular expressions are on crest[18,39,50,70].
In general, cellular life is organized through a complex
protein interaction network, with many proteins taking
part in multicomponent protein aggregation. The de-
tection of these aggregated proteins, i.e. �interactomics�,

is usually based upon affinity tag/pull down/MS/MS ap-
proaches at a proteome level[12,23,42]. Studies on pro-
tein�protein interaction and supermolecularcomplex

formation represent one of the main directions of func-
tional proteomics and/or second generation proteomics.

The growing demands of genomics and proteomics
for the analysis of gene and protein function from a glo-
bal bioremediation perspective are enhancing the need
for microarray-based assays enormously. In the past,
protein microarray technology has been successfully im-
plicated for the identification, quantificationand func-
tional analysis of protein in basic andapplied proteome
research[40]. Other than the DNA chip, a large variety
of protein-microarraybasedapproaches have already
been verified that this technology is capable of filling the

gap between transcriptomics and proteomics[43]. How-
ever, inbioremediation, microarray-based protein�pro-

tein interaction studies still need to make progress to
understand the chemotaxis phenomenon of any site spe-
cific bacterium towards the environmental contaminant.

COMPARATIVE ANALYSIS OF OMICS IN
BIOREMEDIATION

Based on an overall analysis of transcriptomics and
proteomics, the comprehensive analysis of wholegenome
sequencing is especially helpful to understand
bioremediation-relevant microorganisms whose physi-
ology has not yet been studied in detail. Global gene
expression using DNA microarray technology, very much
depends on the degree of coverage of the cellular mRNA
and cellular proteins, whereas the coverage of the whole
genome represents all the genes of an organism by defi-
nition. Cellular mRNA levels do not display as wide a
dynamic range as the encoded proteins[26]. Thus, whole
genome arrays are believed to provide a much more
comprehensive overview of the actual gene expression
pattern than proteomic studies.

According to global gene expression studies, both
transcriptomics and proteomics support the view that the
DNA array technologies record changes in gene expres-
sion more completely than the proteomics[19,39,50]. There-
fore, genomics data is deemed necessary to complement
the proteomics approach[29]. However, proteomics would
retain its central position in functional transcriptomics and/
or genomics. The protein molecules, but not the mRNAs,
are the key players in an on-site microbial mineralization
reaction; the later are one of the highly unstable transmit-
ters on the path from the genes to the ribosome, but each
protein molecule represents the end product of gene ex-
pression[39]. Complete protein profiling provides not only
information on the individual organism, but also informa-
tion on the fate and destination of protein molecules in-
side and outside the cell thatcan only be discovered via a
joint transcriptomics, proteomics and interactomics ap-
proach (Figure 3).

BIOINFOMICS IN BIOREMEDIATION

MetaRouter is a system for maintaining hetero-
geneous information related to Biodegradation in a
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framework that allows its administration and mining (ap-
plication of methods for extracting new data). It is an
application intended for laboratories working in this area
which need to maintain public and private data, linked
internally and with external databases, and to extract
new information from it. The system has an open and
modular architecture adaptable to different customers.
This multiplatform program, implemented in Postgre
SQL (standard language for relational databases) and
using SRS as an indexing system (used to connect and
query Molecular Biology databases), works using a cli-
ent/server architecture that allows the program to run
on the user station or on the company server, so it can
be accessed from any place in a secure way just by
having a web browser.

The University of Minnesota Biocatalysts/Biodeg-
radation Database (http://www.labmed.umn.edu/
umbbd) begins its fifth year having met its initial goals. It
contains approximately 100 pathways for microbial
catabolic metabolism of primarily xenobiotic organic

compounds, including information on approximately 650
reactions, 600 compounds and400 enzymes, and con-
taining approximately 250 microorganism entries. It in-
cludes information on most known microbial catabolic
reaction types and the organic functional groups they
transform. Having reached its first goals, it is ready to
move beyond them. It is poised to grow in many differ-
ent ways, including mirror sites; fold prediction for its
sequenced enzymes; closer ties to genome and micro-
bial strain databases; and the prediction of biodegra-
dation pathways for compounds it does not contain[17].

SYSTEMS BIOLOGY

The rise of genomic technologies and systems biol-
ogy provide fresh approaches to currently untactable
biological processes that are at the root of serious envi-
ronmental problems. One formidable challenge in this
respect is the biological fate of the nearly 8 operons,
etc. implicated in this process. The biodegradation data-

Figure 3 : Omic technologies using a systematic biology approach to track the insights of bioremediation. DNA is directly
extracted from contaminant environmental sites and from organisms will end up on transcriptomics (DNA microarrays).
Transcriptomics will expend towards proteomics followed by interactomics. Extraction of protein frompure culture using 2-
DE and proteinmicroarray platforms will allow us to explore the newmolecules of interest duringmineralization process.
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base of the University of Minnesota documented new
chemical compounds (~40 000 predominant) which are
common inmodern Organic and Industrial Chemistry.
A large number of microbial strains are able to grow on
environmental pollutants (about 800 today).
Bioremediation was studied from a molecular biology
point of view, characterizing the chemical reactions,
genes; University of Minnesota has made a pioneering
effort in putting together nearly every aspect of our
current knowledge on biodegradation pathways and
in developing systems for dealing with that data e.g.
to learn rules for predicting biodegradativefeatures.
Yet, most information available in the literature of mi-
crobial biodegradation of xenobiotics and recalcitrant
chemicals deals with duos consisting of one pollutant
versus one strain and thus, lacks essential aspects of
the natural scenarios, like the interchange of genes
between bacteria or their metabolic cooperation. This
study of genomes and �functionomes� from a commu-

nity point of view (in contrast to organism point of
view) is leading, for example, to the sequencing of
�genomes� of communities and ecosystems, instead of

single organisms. These circumstances expose the need
to qualify and to represent the information available in
biodegradation databases in a fashion in which the
entire known biodegradative potential of the micro-
bial world can be crossed with the whole collection of
compounds known to be partially or totally degraded
through (mostly) bacterial action[37].

CONCLUSION

The application of omic sciences to the study of
bioremediation is clearly in its infancy. There are many
technical issues that will need to be addressed before
some of the more novel approaches, such as
environmental genome sequencing and arrays. To elu-

cidate the function of most genes recovered from the
environment, it will be necessary to recover the rel-
evant organisms and study gene function in pure cul-
ture. Microorganisms closely related to those that pre-
dominate in some contaminated environments are al-

ready available in culture, and the careful replication of
environmental conditions during isolation will probably
yield more. Microorganisms that typically comprise
about one-fourth of the marine microbial community,

but the presence of which had only previously been
detected from 16S rRNA sequences. This search for
previously uncultured organisms can be greatly accel-
erated with high-throughput culturing and screening
strategies.

Some new techniques in molecular biology particu-
larly genetic engineering, transcriptomics, proteomics
and interactomics offer remarkable promise as tools to
study the mechanisms involved in regulation of mineral-
ization pathways. The applications of these techniques
are still in their infancy, but the amount of data that is
continuously being generated by today�s genomics and

proteomics technocrats needs to be organized in a
stepwise manner within informative databases. The strat-
egies need to be refined in which transcriptomics and
proteomics data are combined together in order to un-
derstand the mineralization process in a meaningful way.
These techniques show great promise in their ability to
predict organisms� metabolism in contaminated envi-

ronments and to predict the microbialassisted attenua-
tion of contaminants to accelerate bioremediation.
Bioinformatics technology has been developed to iden-
tify and analyse various components of cells such as
gene and protein functions, interactions, metabolic and
regulatory pathways. Bioinformatics analysis will facili-
tate and quicken the analysis of cellular process to un-
derstand the cellular mechanism to treat and control
microbial cells as factories. The next decade will be-
long to understanding molecular mechanism and cellu-
lar manipulation using the integration of bioinformatics.
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