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Mini Review

Microorganisms are involved and responsible for most of the
biogeochemical cycles in both terrestrial and marine environments,
such as carbon, nitrogen, phosphorus, sulfur and iron [1,2]. Their
diversity and abundance is extremely high, in the air, in the soil and
in the water. Microbes are ubiquitous, from extreme environments
(called extremophiles) to more hospitable conditions, acidic
or basic, wet or dry, saline, pollutedwith heavy metals or
hydrocarbons, microorganisms are always there. Highlights from
the Census of Marine Life (2010). Has revealed the unbelievable
fact that the number of bacteria in the open oceanexceeds 1029,
representing more than 90% ofthe total marine biomass, and more
thanonemillion living bacteriain each millilitre of sea water [3].
Marine environment scomprise over 70% of theearth’ssurface,
rangingfrom habitats in the freezing Arctic and Antarctic to the
warm water soft hetropics [4]. Microorganisms live normally in
association with countless number of other organisms, including
bactéria, archaea, fungi, protists and viruses. [5] analyzed a
marine water column by sequencing thousands of short rRNA
gene sequences and they showed that even when these reads
were grouped with identities that varied by as much as 10%,
the number of unique sequences in each sample remained in the
thousands, exemplifying the astounding genetic and phenotypic
diversity. Moreover, Venter et al, 2004 applied a whole genome
sequence approach to samples obtained from the Sargasso Sea
where they identified over 1.2 million unkonwn genes. This huge
diversity has resulted in an acceleration of studies focusing on
marine microbes not only with the purpose of understanding their
importance on marine food webs and biogeochemical cycling, but
also in exploiting their potential novel enzymes and metabolites/
compounds with potential biotechnological applications (Kennedy
et al. 2008). A particular importante approach to start getting a
glimpse of environmental taxonomic and metabolic diversity is
metagenomics.

Metagenomics, defined as the direct genetic analysis of
genomes contained with an environmental sample [6], allow
the metabolic profiling of complex environmental samples [7,8]
and also the identification of novel molecules and enzymes

[9], by using either targeted gene sequencing or shot gunmetal
genome sequencing. In the case a specific gene is targeted, DNA
is isolated from environmental samples and purified prior to
amplification with sequencing adaptors and specific primers. In
shotgun sequencing approach, amplification with specific primes
is not necessary and the extracted genomic DNA is fragmented and
ligated with adaptors that will allow separation of multiple samples
after sequencing. Both approaches generate a large number of
reads that need to be further assembled and annotated to be
further analysed. In metagenomic studies, the necessity of isolation
or cultivation of microorganisms is avoided, as it is based on the
direct isolation of genomic DNA from environmental samples [10].
This principle is especially important considering that most of the
diversity found in environmental samples cannot be grown on an
agar plate, less than 1% in terrestrial environments [11] and 0.001
to 0.1% in seawater [12]. In this scenario metagenomics constitutes
a powerful tool to access this cultivable-inaccessible diversity. The
diversity of conditions, which the microorganisms are exposed
to (pressure, temperature, salinity and nutrient availability) acts
as selective pressure on the microbial community possessing
potentially unique molecules and enzymes that allow them to
adapt and ultimately thrive in these conditions. For instance,
novel enzymes have recently been identified from a non-specific
nuclease isolated from a bacterio phage, which predates on the
marine thermophile Geobacillus sp. 6K51 [13]. Moreover, genes
encoding polyketide synthases (PKS), which are involved in the
synthesis of pharmacologically relevant secondary metabolites
from the marine environment have in the past been targeted in
this way. For example, polyketide synthase (pks) genes, which are
involved in the synthesis of pharmacologically relevant secondary
metabolites, have previously been targeted from 20 different
sponge metagenomes [14]. In addition, novel fumarase and alkane
hydroxylase genes have also been cloned using sequence-based
approaches from marine environments [15,16]. Other important
enzymes have been isolated, such as a low-temperature active
lipase from a metagenomic library of Baltic Sea marine sediment
bacteria [17] and two novel esterases from surface seawater from
the South China sea [18].
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In summary, metagenomics and next generation sequencing
technologies based on DNA/RNA have revolutionized microbiology
and biotechnology, allowing the much faster discovery of new genes
and important functions [19], from different organisms and from
different environments. We must acknowledge the importance of
traditional culture-based methods, which should be also considered
in bio prospection studies. For sure we still far from know all the
genetic and metabolic diversity of microbial communities out there
however, such approaches offer significant promise and represent
an incredible opportunity to identify potential novel genes,
enzymes and other molecules, as well as to isolate and study the
microorganisms responsible for important processes.
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