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Abstract
Biomarkers are characterized by a unique order in their molecular structures and are the first sentinel’s tools 

for sensitive effect measurements in environmental quality or biotechnological processes assessment. Most of the 
importance of biomarkers resides in their property to be measurable using different biochemical and molecular 
approaches. The recent application and or studies of biomarkers and its correlation at the omics era, has revalorized 
new roles of biomarkers in environmental biotechnology. In this work, some of the common biomarkers actually 
used, viz, pigments, cytochrome P4501A enzyme induction, acetylcholinesterase inhibition, DNA integrity and 
metallothiones are analyzed concomitantly to recent applications of Omics technologies to optimize metabolic 
networks in living biomes. New developments under the umbrella of the culture independent molecular tools applied 
for the analyses of mixed microbial communities have contributed in understanding catabolism from contaminants 
in extreme and fragile environments. These approaches open the venue for the new biomarkers for an increased 
biodiversity expectative of ca. 99% higher than conventional classification. Functional genes by metagenomic 
arrays, will greatly improve our understanding of microbial interaction and metabolism to facilitate the development 
of suitable bioremediation strategies for environment clean up.

Keywords: Biomarkers; Bioremediation; Environment; 
Biotechnology; Omics

Introduction
Contemporary science has been applying biomarkers for more than 

half a century, but a remarkable explosion has increased since the 21st 
century [1] and recently due to the development of high-throughput 
technologies available for generating large-scale molecular-level 
measurements. These new technological developments have led to an 
increased interest in the discovery and validation of new biomarkers in 
environmental and biotechnological studies in the omics era. Nowadays, 
biomarkers are mostly molecular makers, such as genes, proteins, 
metabolites, and other molecules, used for disease diagnosis, prognosis, 
and prediction of response processes in living cells. In recent years, 
levels of contaminants in different terrestrial and aquatic environments 
have increased largely because of various anthropogenic activities. The 
stringent situation caused by xenobiotic damage to the environment has 
led to develop biomarkers for rapid assessment of the impact of various 
types of contaminants and thereby help undertake appropriate corrective 
measures [2,3]. These continuous expositions of organisms and their 
environment to different anthropogenic pollutants are susceptible to 
interact with the physiological processes (growth and reproduction) and 
are important elements for any bioscreening program. That is why, recent 
developments of biomonitoring aquatic and terrestrial environments are 
now involving biomarkers, which are measurable parameters at different 
levels of biological organization (molecular, cellular or physiological). 
Probably, the major utility of biomarkers, are their capabilities to traduce 
changes in the metabolic regulatory processes resulting from the effect of 
anthropogenic stressors (Table 1) [4]. 

The use of biological markers or biomarkers at the molecular and 
cellular level are considered as the first sentinels tools for sensitive effect 
in environmental quality or biotechnological processes assessment 
[5]. Hence, a biomarker can be defined as the measure of the effect 
of pollutants and or the host response in biochemical, cellular and 
molecular terms [6,7]. A biomarker also can be useful at the level of the 
whole animal, which effect is detectable at physiological, behavioural 

or energetic terms’ [8]. For instance, marine bivalves, such as mussels 
are effective sentinels of the impact of xenobiotics at level of marine 
ecosystem [6]. The term exposure biomarkers indicate that the 
organism had been exposed to pollutants (exposure biomarkers) and/
or the magnitude of the organism’s response to the pollutant are called 
effect biomarkers or biomarkers of stress [2].

In this work, we analysis the uses of biomarkers with respect to 
the specific requirements for further implementation of biomarkers 
in environmental biotechnology monitoring and its significance 
as diagnostic and prognostic tools for pollution monitoring. New 
expectative for multiple effectors using omics tools can lead to the 
development for a new generation of biomarkers.

Biomarkers and Environmental Biotechnology
The use of biomarkers at molecular or cellular level have 

• Biomarkers can exhibit effect of electron transfer or reception 
• Biomarkers are effective early warning signals of adverse biological effects.
• Biomarkers can indicate biological effects, while chemistry-based surveillance 

system cannot.
• Biomarkers are more effective in revealing overall toxicities of complex mixtures.
• Biomarkers are economical.
• Biomarker have different degrees of specificity.

Table 1: Main advantages of Biomarkers (modified after [28]).
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been proposed as sensitive ‘early warning’ tools for biologic effect 
measurement in environmental quality assessment [8]. These early 
warning biomarkers can be used in a predictive way, allowing the 
application of strategies before irreversible environmental damage of 
ecological consequence occurs, viz short term indicators of long-term 
biological effects (Table 2).

In view of the continuous increase of xenobiotic of anthropocentric 
activity at planetary levels, the use of molecular biomarkers has drawn 
worldwide attention for monitoring programs of large ecosystems, 
such as the aquatic and marine environments. Hence, commonly used 
biomarkers such as cytochrome P450 1A enzyme induction, DNA 
integrity, acetylcholinesterase activity, metallothioneins and Pigments, 
are downlines explained (Table 3).

Cytochrome P4501A Induction
The need of environmental markers for contaminants, like dioxins, 

furans, polychlorinated biphenyls and polycyclic aromatic hydrocarbons 
recently have found in the cytochrome P4501A (CYP1A) a sensible 
biomarker detecting the biotransformation of such contaminants 
[2,3]. In this action, the presence of aryl hydrocarbon receptor from 
cytosol enhances the induction of CYP1A due to exposure of organisms 
to such pollutants, which has been used as a biomarker in pollution 
monitoring in fish. For instance, in the case of marine bivalves, interest 
in the use of biomarkers has led to the application of ethoxyresorufin 
dealkylation (EROD) [3,8]. In the case of the Zebra mussel (Dreissena 
polymorpha), a significant induction of EROD activity occurred when 
mussels were exposed to 100 ng/l of PCB mixture of Arochlor 1260 and 
dioxin-like CB-126, but this congener showed also a clear competitive 

inhibition after 48 h of exposure. The CYP1A biomarker was able to 
discriminate the pollution status, of small streams receiving different 
levels of contamination by AhR-binding PAHs and PCBs [9]. The 
results of the enzymatic CYP1A activity by measuring the EROD 
activity, pointed-out as a good biomarker of pollutants in marine and 
estuarine environments [3,9]. 

DNA integrity as a Biomarker of Pollution
The susceptibility of the integrity of DNA can be greatly affected 

by genotoxic agents due to DNA strand breaks, loss of methylation 
and formation of DNA adducts [2,3]. It is known that the double 
strandedness with respect to total DNA exhibit the effect of various 
genotoxic chemicals on the integrity of DNA. The exogenous agents 
induces the breaking of DNA strand breaks due to direct DNA damage, 
or may be produced during DNA repair process or other physiologic 
responses in the cell. Members of the PAH such as Benzo(a)pyrene 
(BaP), is oxidized to chemically reactive diolepoxide (BaPDE), which 
subsequently interact with DNA to form both stable and unstable 
adducts with DNA [10]. Each type of adduct may contribute towards 
the eventual transformation of the cell [10]. Single strand breaks can be 
produced in cells by direct chemical damage of DNA [2,3]. The chemical 
reactions that are known to generate single strand breaks proceed by 
ionizing radiation, oxidation-reduction reaction or photoreaction.

Studies on the status of integrity of DNA in marine snail (Planaxis 
sulcatus) have shown the impact of pollution at different sampling 
sites, as evidenced from measurements of the DNA strand breaks 
[2]. It the case of marine snail P. sulcatus, DNA integrity decreased 
significantly at the contaminated sites, which was attributed to the 
extent of contamination of these sites by petroleum hydrocarbons of 
waste materials into the coastal water.

Metallothioneins (MTs)
MTs are cytosolic proteins of low molecular weight and rich 

in cysteine. Its ubiquitous occurrence has been associated to the 
inactivation of toxic metal ions by binding them to sulfur atoms of the 
peptide cysteine residues [11]. In fact, it has repeatedly been shown 
that concentrations levels of MT can be correlated to accumulated 
fractions of toxic metal ions such as copper or cadmium in animals’ 
tissues [12]. The presence and role of metallothioneins (MTs) allowing 
mollusk bivalve species to accumulate and tolerate high amounts of 
heavy metals are based on their metal handling by metallothioneins 
(MTs). In addition, metallothionein concentrations in molluscs may 
also vary due to influence by nonmetallic pollutants. That is why the 
idea that MTs might be used as biomarkers for environmental pollution 
has emerged by measuring their concentrations in bivalves from 
contaminated habitats.

MTs as biomarkers of oxidative stress

MTs act also as molecular biomarkers for oxidative stress and are 

•	Discrimination between contaminants and the organisms.
•	Detection of the presence contaminants.
•	 Early detection of effects (signals for preventive action).
•	 Integration of measure of bioavailable pollutants.
•	 Attribution to exposure and risks to environmental pollutants
•	Detection of changes in ecosystems due to pollutants.
•	 Prevention of irreversible environmental damage
•	 Identification of main routes of exposure at trophic levels
•	 Toxicity of chemicals and or effluents undetected (chemicals speciation, 

absorption and uptake effects).
•	Detection of toxic effects of parent compounds and  metabolisable 
 metabolites including contaminants (PAHs and organophosphate).
•	 Integration of toxicological interactions of mixtures of contaminants
 (various congeners of PCBs, PAHs, metals) measurable t a particular molecular, 

cellular or tissue target.
•	 Short-term predictors of long-term ecological effects at different levels of 

contamination Sarkar et al 2006 (Behrens and Segner, 2005).
•	 Versatility of application (to both laboratory and field studies).

Table 2: Functional Roles of Biomarkers in Marine Environmental Applications 
[modified after [2].

Biomarker   Detection/Application Analytical Tools
Pigments Presence of photosynthesis Specific  antioxidants, Vit A Fluorescence, HPLC, Mass spectra
Cytochrome P4501A  Presence of organic contamination certain PAHs, PCBs, PCDDs, etc. Enzyme activity (fluorometry and spectroscopy) and amount (Elisa)
DNA—damage Presence/damage of organic xeno- biotics (PAHs, PCBs and PCDDs)    DNA strand breaks measurement,

AChE inhibition Indicator of exposure to organo- phosphorous Carbamate, toxins, metals 
(Cd, Pb, Cu, etc.,). Enzyme activity (spectrophometer pH)

Metallothioneins Indicator of exposure to metals (Zn, Cu, Cd and Hg). In: vertebrates 
(mammals) and And invertebrates (molluscs, fish) Algae. Proteins (pulse polarography, liquid chromatography

Table 3: Particular molecular biomarkers of biological effects of contaminants on aquatic organisms and respective analytical technique of their measurements (modified 
after [2]).
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used extensively in aquatic organisms, especially for toxic metal pollution 
[13]. MT act as metal-chelating agents for the excess of toxic metals in 
the cells, thus playing important roles in metal metabolism in aquatic 
organisms and particularly in the detoxification mechanisms, through 
oxygen free radical scavenging actions and metal binding [14]. A huge 
increase of research and applications into the field of oxidative stress has 
been stimulated by free radical reactions and ROS in the physiological 
processes of living organisms and in the mechanisms of toxicity 
by exposure to a variety of environmental pollutants. The resulting 
oxidative damage to lipids, DNA, and proteins and the adverse effects 
on the antioxidant, enzymatic and non-enzymatic, defense mechanisms 
of aerobic organisms have been used in recent years as biomarkers 
for monitoring environmental pollution. The current knowledge that 
such processes of oxidative damage occur in aquatic organisms gave 
the impetus to extend environmental and ecotoxicological studies to 
aquatic organisms as sentinels of environmental contamination by toxic 
chemicals [15]. All these studies indicate that oxidative biomarkers 
in combination with other types of biomarkers (hepatic, genotoxic, 
hematoimmunotoxic) in aquatic organisms can be useful in large-scale 
environmental monitoring programs [16].

Metallothionein induction 

MTs are ubiquitous in eukaryotes, and have unique structural 
characteristics to give potent metal-binding and redox capabilities [17]. 
One of the characteristics of the thiol groups (-SH) of cysteine residues 
enable MTs to bind particular heavy metals. MT-like proteins have been 
reported in many vertebrates including many species of fish [18] and 
aquatic invertebrates mainly molluscs [19] and crustaceans. MTs can 
be induced by the essential metals Cu and Zn and the non-essential 
metals Cd, Ag and Hg in both vertebrates and invertebrates. The 
exposure of aquatic organisms to toxic metals and associated changes 
in biochemical processes are indicatives of early warning signals of the 
presence of these particular contaminants, which enhances its uses as 
biomarkers. Effective response to induction of MTs has been detected 
in more than 50 different species of aquatic invertebrates, viz, in the 
oyster Crassostera virginica [20] and the mussel (M. galloprovincialis, 
Mullus barbatus) [21,22]. That is why; MTs are good candidates to 
monitor metal contamination as well as a safe and useful biomarker 
for evaluation of pollution in aquatic environments. Several organs 
of marine organisms are the first target of pollution and respective 
sequestration of metals by MT such as in the gills, digestive gland and 

kidney, indicating the significance of these tissues in uptake, storage 
and elimination of metals [23]. Actually, studies incorporating the 
quantification of several biomarkers and MTs allow more accurate in 
situ applications.

Pigments as Biomarkers
Algae and plant biomarkers are molecules whose carbon skeleton 

can unambiguously be linked to that of a known biological precursor 
compound. In 1961, Jeffrey [24] recommended the use of pigments as 
biomarkers in studies of distribution and abundance of phytoplankton 
in the oceans, but was until the 80’s that phytoplankton markers 
were recognized based on the precise separation and quantification 
of most algal species. Pigments are present in all photosynthetic 
organisms, which main primary function is as light harvesting agents 
for photosynthesis and photo protection. In plants and algae, there are 
three basic classes of pigments. Chlorophylls are greenish that contain 
a porphyrin ring and is present in all plants, algae and cyanobacteria. 
The most important is chlorophyll "a", which makes photosynthesis 
possible, by passing its energized electrons on to molecules, which will 
manufacture sugars. Carotenoids are usually red, orange, or yellow 
pigments, which gives plants and algae their characteristic color. These 
compounds are composed of two small six-carbon rings connected by a 
"chain" of carbon atoms. Both phycocyanin and phycoerythrin fluoresce 
at a particular and distinctive wavelength, which are reliable to be used 
as chemical "tags" with extensive use in cancer research, for "tagging" 
tumor cells. Chlorophyll (the primary photosynthetic pigment is 
ubiquitous for all autotrophic organisms cells) are related to biomass of 
phytoplankton and macrophytes in marine and freshwater ecosystems 
[25]. The distribution of accessory pigments in plants and algal divisions 
is unique, that is why pigments are useful and relevant biomarkers 
representing taxonomic specificity [26], and hold the representation of 
the entire phototrophic community and overall primary production. 
For instance, chemotaxonomy is often used as a commonly accepted 
and as a standard method in oceanographic studies. Carotenoids 
unlike chlorophylls are often broken down to colorless compounds, by 
destruction of the long chain of alternating double bonds that cannot 
be detected by regular pigment analysis methods [27]. As biomarkers, 
pigments have been used as antioxidants, to characterize marine organic 
matter and to assess rates of key oceanographic processes, as well as to 
determine the phytoplankton community structure in water samples as 
a supplement or alternative to microscopically counts (Figure 1) [28]. 

Figure 1: Common chromatogram of phytoplankton pigment standards usually used as biomarkers (modified after [28]).
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Biomarkers Exemplified for Environmental and Aquatic 
Pollution 

Selected bio markers in different organisms can represent sensitive 
indexes, or early warning signals of effectors, viz, measuring stress 
by contaminants on the organism, and are effective sentinels for 
biomonitoring, both in the marine and freshwater environment 
[29]. Among the aquatic organisms susceptible of research, fish have 
become an interesting subject because the effect factors on fish health 
temperature changes, habitat and water quality deterioration as well 
as aquatic pollution which may result in mortalities and population 
decline [30]. That is why the innate immune responses in fish is 
considered as suitable biomarkers for monitoring biological effects of 
pollution induced by xenobiotics on fish immune responses [29-31].

Metals are binding molecules with biologically active constituents 
of the organisms body such as lipids, amino acids and proteins [32], 
that under stress conditions induced by excess of certain heavy metals, 
like nickel, exhibit a significant decrease in total glycogen content of 
gill, digestive gland and whole body freshwater bivalve, Parreysia 
cylindrical [33]. On the other hand, increases in the level of pollutants 
increases also the levels of cortisol, which have a marked modulatory 
potential on immune functions [30], and hence promissory to be 
used as a biomarker. Several agencies have addressed the importance 
of tracing sources and fates as well as the effects of contaminants into 
aquatic ecosystems, such as estuaries where effects have been most 
strongly observed [29,34]. Effective role of biomarkers was developed 
from analysis of DNA of fish from polluted sites revealed the biomarker 
presence of DNA adducts containing aromatic or bulky hydrophobic 
moieties not present in DNA of fish from an unpolluted reference site 
[35]. The authors [35] suggested that the amount of DNA adducts in eel 
and earthworm may be a suitable and sensitive indicator and biomarker 
for the exposure to carcinogenic PAH from contaminated sediments 
or soils, respectively, and therefore useful in human exposure risk 
assessment.

Omics for New Biomarkers
Unculturable microbial communities can find scaling possibilities 

by high-throughput sequencing, DNA cloning and amplification 
technology, coupled with genomic tools, which allow holistic 
approaches of the predominantly species and respective biomes (Figure 
2) [36]. Genomic studies into the biodiversity of different environments 
are promissory tools leading to the biotechnological exploitation from 
basic applications to industrial developments purposes. In recent 
years, 16S ribosomal RNA has been overshadowed by the application 
of high throughput shotgun sequencing to environmental DNAs 
(metagenomics) [37,38]. Metagenomic sequencing randomly samples 
of all genes present in a habitat rather than just 16S, thereby providing 
clues to the functional capacity of a community rather than just its 
phylogenetic composition. Community composition profiling by 16S 
is now often used as a preliminary step before metagenomic analysis 
and can be of great value in guiding decisions regarding sequencing 
technology to be used (Figure 2). However, 16S is reemerging as a 
stand-alone molecular tool owing to a confluence of methodological 
advancements. 

The Great Plate Count Anomaly’, established that almost 99 percent 
of the microbial communities are not yet discovered neither cultivated. 
The advent of culture-independent high-resolution technologies, have 
solved the problem of identification. Moreover the “omics” technologies 
(genomics, transcriptomics, proteomics, and metabolomics) and 
the next generation sequencing platforms can sequence the genomes 

of single isolates as well as those belonging to a complex mixture of 
organisms via shotgun metagenomic sequencing [39,40]. This massive 
parallel sequencing has also enhanced the depth of 16S ribosomal RNA 
(rRNA) gene surveys much greater than Sanger sequencing [41-43] and 
the ability to increase the sequencing depth of phylogenetic markers 
broadened our knowledge of the diversity of a microbial community in 
various environments. 

Decoding What is There (16S rRNA)
Advances in modern genomic technologies provide a variety of 

possibilities to access marine bio diversity otherwise hard to achieve by 
traditional techniques. Sequencing and other techniques for identifying 
DNA from environmental samples can yield a far more complete 
analysis of the role of organisms from a particular community. In 
this sense, phylogenetic markers genes becomes as a priority tool for 
Identification and classification of novel organisms, considering their 
common cell tasks such as transcription and translation [44,45]. 
Although alternative techniques, such as metagenomics, provide 
insight into all of the genes (and potentially gene functions) present in a 
given community, 16S rRNA-based surveys are extraordinarily valuable 
given that they can be used to document unexplored biodiversity 
and the ecological characteristics of either whole communities or 
individual microbial taxa. Perhaps because 16S rRNA phylogenies tend 
to correspond well to trends in overall gene content (8), the ability to 
relate trends at the species level to host or environmental parameters 
has proven immensely powerful [45]. These approach may result from 
sequenced rRNA genes directly [5], from scan rRNA genes in large-
insert clones or by computational identification of the 16S rRNA gene. 
Additionally, these studies have revealed that the diversity of different 
communities can vary significantly up to the level of thousands species 
[46]. For example, actually is possible to discover novel clades of 
dominant members of bacterioplankton communities in the ocean 
by using the 16S rRNA gene [47], but which had escaped detection 

Figure 2: Development of biomarkers based on biochemical-molecular 
approaches.
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by other approaches [47]. But if the interest is on the functionality of 
the identified microorganisms, DNA sequencing of environmental 
samples can be used as biomarkers. However, challenges associated to 
the complexity of the sample of interest such as the comprehensiveness 
of the sequencing, and the length of the fragments themselves needs 
to be overcome. Some authors pointed out that environmental DNA 
sequences are not sufficient to determine gene function, because of 
the large number of both conserved and non-conserved genes with 
unknown function in individual bacterial genomes and metagenomes. 
According to [36], It is clear that omics level technologies derived from 
primary sequence information are necessary to make the transition 
from gene and genome catalogues to functional significance.

In natural microbial communities, microarray technology can be 
applied both as a tool to monitor critical gene activities across a diverse 
spectrum of genomes [48,49] or to access the transcriptome of single 
microbial strains in a complex community. Probably the most useful 
approach of the microarray-based gene expression is the quantitative 
assessment of transcript abundance that provides, which can be used to 
predict gene function based on the hypothesis that functionally related 
genes are more likely to be transcriptionally coregulated. Metagenomic 
sequencing randomly samples all genes present in a habitat rather 
than just 16S, thereby providing clues to the functional capacity of a 
community rather than just its phylogenetic composition. ‘Classical’ 
community composition profiling by 16S is now often used as a 
preliminary step before metagenomic analysis and can be of great value 
in guiding decisions regarding sequencing technology to be used (454 
vs. Sanger, shotgun vs. large-insert clones) and amount of sequencing 
necessary [46]. Actually, a new reemerging of 16S is occurring as a 
platform-alone molecular tool owing an integration of methodological 
advancements, such as in Omics tools (Figure 3).

Almost all of the 16S sequence data in the public repositories to date 
are the products of PCR amplification of the 16S rRNA gene using 15–
25 nucleotide primers broadly targeting bacteria or archaea. However, 
such primers are known to miss some organisms owing to target 
mismatches [50,51] and the recent application of short (10 nucleotide) 

‘miniprimers’ suggests that a considerable amount of diversity may be 
overlooked in environmental samples using standard 16S primers [52]. 
Pyrosequencing of cDNAs prepared from environmental RNAs may 
be the way of the future. This approach not only bypasses any potential 
primer bias, but simultaneously also provides a community profile 
of all three domains of life and functional information in the form of 
expressed messenger RNAs [53]. Actually, the revolution in sequencing 
technology, such as high-throughput sequencing technologies combined 
with the development of advanced computational tools have made 
important advances in the identification of cost-effective of microbial 
phylotypes using metadata which corroborate the excellence of the 16S 
rRNA phylogenetic marker for taxa identification purposes [41].

Genomics and Proteomics: Toward Functional
Functional genomics and proteomics are extremely useful for 

understanding the dynamic aspects of gene expression and protein 
function at the level of transcription, translation, protein–DNA, and 
protein–protein interactions [54]. Moreover, these tools contribute to 
identify which genes and metabolic pathways are involved in the studied 
processes. But, nevertheless, functional genomics and proteomics 
studies give a more robust understanding of the origin of the particular 
function selected from the information encoded in an organism’s genome 
[55]. In principle, when studying the genome of a community, also the 
transcriptome, or proteome may contribute to the precise understanding 
of the role, as in the case of the subfields, metatranscriptomics, or 
metaproteomics. In particular studies aiming apply new developments 
of massive sequencing and high-throughput screening technologies have 
allowed to establish the function of genomes at the levels of DNA, RNA 
transcripts, and protein products. In this way, is possible to understand 
the association or differences on the genomic structure of particular 
organisms and its phenotypic response to environmental changes [56]. 
The application of functional genomics allow to corroborate in deep the 
expression of all the genes of a biological system from the study of a single 
gene and contribute to validate in deep the early verdict of any particular 
of organisms in an ecosystem [54]. 

Figure 3: A downstream functional analysis workflow for molecular target and biomarker discovery from Omics data (modified after [60]).
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Information related to the quantification of the gene expression 
to a pollutant in a cell provide information of genes regulation to 
the mechanisms involved in several cell functions to the different 
responses of the cells to the environment, viz, defense, detoxification, 
or adaptation. For instance, the effect of aromatic hydrocarbons on 
alterations of microbial cells was studied involving the expressions of 
regulatory proteins/enzymes in response to external stimuli through 
the techniques of functional genomics and proteomics, which revealed 
the complexity of the pollutant degradation [53]. Much work in 
the field of cellular and molecular approach on the degradation of 
pollutants, demand for integrative approaches, including functional 
genomics of the study of several proteins and genes working in the 
process, which is a hard and complex task in current progress [56]. 
Recently, metagenomics is contributing into the study of the whole 
genetic material from an environmental sample without culturing 
the microorganisms. These approaches allow the access direct to the 
genome of an entire microbial community including the former missing 
unculturable fraction of microorganisms, and allow more advanced 
programs of bioremediation. 

Metagenomics commonly refers to construction and analysis 
(screening) of metagenomic libraries. However, metagenome isolation 
from a chemically complex, polluted environment represents a 
challenging task because all the interfering compounds from the 
inhibitory contaminants. Metagenomic libraries are important because 
may contribute to the function-driven screening for an expressed trait, 
an aspect often based on heterologous expression of the desired trait and 
selection is dependent on successful expression of the functional gene 
at a detectable level [56]. Accuracy of the sequence-driven approach is 
also very much dependent on the reliability of the information available 
in various sequence databases. In practice, a combination of function-
driven and sequence-driven approaches may be the best solution for 
understanding a complex and dynamic microbial ecosystem of a site 
undergoing bioremediation treatment [54-56].

A biomarker represents a substance indicator of a biological state. 
In the case of a diseased condition, a structural and functional change 
occurs at the level of proteins or enzymes. The measurable changes 
between the normal and altered diseased condition (changes in 
genes and proteins expression profiles) may be considered a strategic 
approach looking for biomarkers [1]. Microarrays-RNA, DNA, protein 
or antibody, play an important role in analyzing a biomarker. Omics 
is an emerging and exciting area in the field of science. In the post-
genome era, efforts are focused on biomarker discovery and the early 
diagnosis of different processes through the application of various omics 
technologies. Numerous promising developments have been elucidated 
using omics, transcriptomics, proteomics, meabolomics, peptidomics, 
glycomics, lipidomics, on biology tissue samples and body fluids in 
different pathologies. 

The omics technologies that has driven these new areas of research 
consist of DNA and protein microarrays, mass spectrometry and a 
number of instruments that enable high-throughput analysis of the 
relative low-cost (Figures 1 and 3). 

Until now, and according to the ´The Great Plate Count Anomaly’, 
most marine bacteria have not yet discovered neither cultured, mainly 
their uniqueness in genes and metabolites of the biomes living in such 
environments [57]. This has imposed a limit on our present capabilities 
to develop biotechnological processes. Using whole genome shotgun 
sequencing´ of 16SrDNA of water samples, Venter et al identified nearly 
1800 genomic sequences of bacteria in Sargasso Sea waters, of which 
148 phylotypes were presumably new taxa [58]. Complementarily, the 

ship based pyrosequencing of the environmental metagenome has the 
potential of accessing almost all the genes in a given environmental 
sample, from which one may select the useful ones [59]. In this sense, 
metagenomics is particularly helpful when useful genes are present 
in uncultured organisms. Ensuring access to novel organisms or 
their genes is fundamental for sustaining biotechnology. Creation of 
metagenome libraries of new organisms and environment samples will 
aid future researches in the discovery of useful genes and biosynthetic 
pathways, which in turn should lead to the discovery of new and novel 
biomarkers. Active and orientated applications need to be actively 
sought (Figure 3).

A practical biomarker should satisfy a number of criteria [4], as 
described downlines. 1. The biomarker response should be sensitive 
enough to detect early stage of the process of toxicity; 2. The biomarker 
should be specific to a particular contaminant or for a class of 
contaminants; 3. The biomarker should respond in a concentration 
dependent manner to change in ambient levels of the contaminant; 
and 4. Identification of the non-toxicological variability identified in 
particular variations linked to biotic factors.

Methods to rapidly screen or select clones of interest from the 
thousands in a standard metagenome library are required to bring this 
technology to the average research laboratory lacking high-throughput 
infrastructure [60]. The key to this approach will be the integration of 
gene expression, proteomics, and metabolic data into working cellular 
models that can accurately predict the response of the organism to a 
given environment [61].

The advent of recent development of DNA microarrays has 
enabled researchers simultaneously analyze thousands of phylogenetic 
or functional genes in order to characterize microbial communities 
involved in biotechnology and bioremediation. 

Conclusion
The increasing performances of next generation sequencing and 

metadata analyzes on engineered systems especially for complex 
aquatic systems and pollutants, together with meta-omics technologies 
could be exploited simultaneously to develop stable and reliable 
biomarkers of sustainable energy and resource recovery. The study of 
most of the omics methods simultaneously to particular features query 
of microbiomes under different conditions are promising issues of 
future of applying ´Omics approaches to optimize metabolic networks 
of classical and new biomarkers. It is expected that a suite of biomarkers 
should be confirmed in order to corroborate the sentinel results for 
a more precise verdict of the nature of the toxicological effects or 
mitigation measures. The progress in the development of proteomics by 
examining changes in the protein expression of hundreds to thousands 
of genes by organisms exposed to multiple stressors may supply new 
biomarker based technology that might permit diagnosis of complex 
stressors based on key proteins.
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