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Abstract

Studies of geothermal ecosystems have revolutionized our understanding of global diversity and led to major
technological advances in medicine, industry and biotechnology. Microbial life in extreme environments is
attracting many scientists in order to discover new many thermostable enzymes. These microorganisms have
unusual and desirable enzymes of particular interest for biotechnological and industrial processes. However,
traditional method based on culture-dependent techniques produced only small fraction microorganisms from
extreme environments cultured under standard laboratory condition. Therefore, other approaches including
sequence based screenings and metagenomics have been successful in providing novel thermozymes. Functional
metagenomics has the advantage of not requiring the cultivation of microorganisms or previous sequence
information to known genes, thus representing a valuable approach for mining enzymes with new features.
Recent reports have suggested that the establishment of industrially relevant enzyme collections from
environmental genomes has become a routine procedure.
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* Metagenomics is the culture-independent genomic

analysis of microbial communities.

+ The term is derived from the statistical concept of
meta-analysis (the process of statistically combining
separate analyses) and genomics (the
comprehensive analysis of an organism’s genetic
material)
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+ the estimation that =99% of microorganisms in
most environments are not readily culturable,
and therefore not accessible for biotechnology
or basic research.

+ Metagenomics can be used to solve the
challenge of studying prokaryotes in the
environment that very little is known about their
genomes, genes and encoded enzymafic
activities
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Limitation of Cultivation

Culturable
microorganism

Metagenome

All the genetic material exist in an environmental representing the genetic diversity of uncultured
microbes

+ Research institutes and companies established
collections of microorganisms from a variety of
‘common’ environments (e.g. soil or seawater) and
extreme environments (e.qg. hot springs, Antarctic
ice, etc.).

+ However, the culturable microorganisms constituting
these resources represent only a tiny fraction of the
microbial diversity, which is limiting the spectrum of
search for new enzymes (biocatalysts) for the
bioprocess industry.
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+ ‘Metagenome technology’ tries to overcome
this bottleneck by developing and using
culture-independent approaches.

+ The generation and analysis of
(meta)genomic libraries is thus a powerful
approach to harvest and archive
environmental genetic resources

Metagenomics could be a powerful tool for
making such discoveries: containing both
culturable and unculturable organisms, have
been demonstrated to be a largely untapped
genetic reservoir for the discovery of new
biomolecules, including novel biocatalysts
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+ Two types of analysis have beenusedto

obtain information from metagenomic
libraries :

1. A function-driven analysis
2. A sequence-drivenanalysis
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Schematic analysis to obtain information from metagenomiclibraries
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The function-driven analysis

= In which metagenomic libranes are initially screened
for an expressed frait

+ Functional screens of metagenomic libraries have
found both novel and previously described :
— antibiotics (turbomycin A and B)
— antibiotic resistance gene
— Lipases
— enzyme for 4-hydroxybutyrate
— enzyme for biotin synthetic

Antibiotics discovered in metagenomiclibraries
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The sequence-driven analysis

-\-‘
Sequence-driven analysis relies on the use
of conserved DNA sequences to design
hybridization probes or PCR primers to
screen metagenomic libraries for clones that
contain sequencesofinterest
Mining genomes and metagenocmesfor novel catalysts é
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Table 1

Reoceontly identified metagenome-derived functional gones and
onzymes with a high potential for industrial and/or

pharmaceutical applications.
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Functionality of thoso metagonomeoe-dorved genaes and enzymaos
has boon domonstrated in biochomical assays and/or by
gonetic complamentation. The original host organisms are all
unknown and cultivation in the abomtory as a pure cultsre was

Not doemonstratod.
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Whatever approach is adopted to search the
metagenome, these new microbial genetic
resources will provide a wealth of potential
new biotechnological applications for biotech
enterprises specialising in biocatalysis,
bioremediation, and natural products forthe
pharmaceutical and agricultural industry
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one of the most exciting current research
“.endeavours is the exploration of the
biclogical diversity that exists'in the .
s extreme conditions

<

+ Extreme environments on Earth are
colonized by microorganisms called
extremophiles, which can thrive under
diverse harsh conditions

+ extremophilic organisms are possibly the
least well understood because our ability to
study and understand their metabolic
potential has been hampered by our inability
to isolate pure cultures.
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+ The extremophiles not only survive, but thrive
in the harshest environments on earth
previously thought to prohibit all forms of life

+ Environments with extreme serve as natural
reservoirs for more robust biocatalysts that in
the future could become indispensable for
industrial applications.

* There are at least two obstacles for reaping the e
of the microbial diversity of extremaophiles:

1. in spite of the recent progress in development of
new culturing techniques most extremophiles
cannot be cultured using traditional culturing
technologies;

2. the problem of the very low biomass densities often
occurs under the conditions hostile for life, which
often do not yield enough DNA and reduces the
effectiveness of cloning
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+ extremophiles have biomolecules called
extremozymes that are catalytically active
under extreme conditions and could
therefore be used as biocatalysts.

+ This will not only lead to the discovery of yet
unknown enzymatic activities and reveal
novel molecular structures and
biochemistries, but will provide an
understanding of the mechanistic basis of life
under the most hostile conditions on Earth.

+ Extremozymes have developed molecular
mechanisms of adaptation to extremephysico-
chemical conditions

+ Asthey are active and/or stable under extreme
conditions (i.e. thermophilic, psychrophilic,
acidophilic, alkalophilic, halophilic and others) they
have a great practical importance for industrial
applications
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» Activity based discovery in extreme environments of
novel enzymes that are not related to any previously
known proteins with the same function, or that exhibit
unique structural features, marks the importance of
these environments for enzyme mining through a
metagenomic approach.

Cumert Opirson In Botechnology

Schematic diagram describing the steps forfinding extremozymes
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New Thermophilic and Thermostable Esterase with Sequence
Similarity to the Hormone-Sensitive Lipase Family,
Cloned from a Metagenomic Library
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A gene ondisg for a th b was ksolated by functional ing of Excherichia coli cebls that
had been tramsformed with fosmid cavironmental DNA Bbaaries d with from th |
envireamsental samples. The gone conforring exterase activity om £, coli grown on tributyrin agar was composed
of 926 bp, correspending to 111 amino ackd resdoes with a molecalar mass of 3 KDa. The canvme showed
significant amiso ackd similarity (64%) o the eanme from a hyperthermophilic archacon, Prrebacaiom
] 5. An amine ackd seguence comparison with other esterases and lipases revealed that the ennyme

and purified from E. colf was active above 30°C up 8o 9€°C and had a high thermal stability
lldhph)dnﬁ;h‘mwd-ﬂml,lu-yllnmul.‘:h’* with an optimal pil of appreximately 6.0, The
best sebatrate for the ennme amose the p-nitrophem| oers (C, 1o C ) examined wan p-aitrophony | capreate
Mg.a-luup-l,m:mbmn\&wrml\mhmmuuﬁlqumkhhm-(wm-l.ar\u
atomns, indicating that the enzysse s an evtorase and ot a Ngase,
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