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  Abstract   The earth contains a huge number of largely uncharacterized Bacteria 
and Archaea. Microbiologists are struggling to summarize their genetic diversity 
and classify them, which has resulted in heated debates on methods for de fi ning 
species, mechanisms that lead to speciation and whether microbial species even 
exist. New molecular microbiological techniques allow for environmental screening 
to determine the presence of nucleic acids in environmental samples. These molecu-
lar genetic techniques allow screening for organisms that could be maintained in 
culture along with those that cannot be identi fi ed by standard non molecular means 
as they cannot be cultured. Although not allowing the description of speci fi c organ-
isms, this technique permits determining numbers and lineages of microorganisms 
in environmental samples, notably phylogenetic relationships and genetic similarity 
to sequences in established databases. Recent progress has revealed that the capture 
of genetic resources from complex microbial communities allows the discovery of 
a richness of new enzymatic diversity that had not previously been imagined. 
This new diversity, constitutes a large potential of new and improved applications in 
industry, medicine, agriculture, bioenergy etc., and promises to facilitate in a 
signi fi cant manner, our transition to a sustainable society, by contributing to the 
transition to renewable sources of energy, chemicals and materials, the reduction of 
pollutant burdens. Hiding within the as-yet-undiscovered microorganisms are cures 
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for diseases, means to clean polluted environments, new food sources, and better 
ways to manufacture products daily used in modern society. This chapter focuses on 
the structural and functional diversity of the microbes around the globe, which are 
the primary and richest source of natural genetic resources that can be utilized 
for the improvement of agriculture, food production, and human health as well as 
for the welfare of the environment and ecosystems.  

  Keywords   Microbial resources  •  Environment  •  Genetic diversity  •  Molecular tools  
•  Metagenomics      

    1   Introduction 

 Microorganisms are a highly diverse group of organisms and constitute about 60% 
of the Earth’s biomass (Singh et al.  2009  ) . In aquatic environments, such as the 
oceans, the number of microbial cells has been estimated to be approximately 
1.2 × 10 29 , while in terrestrial environments, soil sustains as many as 4–5 × 10 30  
microbial cells (Singh et al.  2009  ) . Owing to such enormous numbers, microorgan-
isms are essential components of the Earth’s biota and represent a large unexplored 
reservoir of genetic diversity. Understanding this unexplored genetic diversity is a 
high-priority issue in microbial ecology from perspectives such as global climate 
change and the greenhouse effect. In fact, all organisms in the biosphere either 
directly or indirectly depend on microbial activities. In soil ecosystems, microor-
ganisms are pivotal in suppressing soil-borne plant diseases, promoting plant 
growth, and in promoting changes in vegetation (Garbeva et al.  2004  ) . An under-
standing of microbial dynamics and their interactions with biotic and abiotic factors 
is indispensable in bioremediation techniques, energy generation processes, and in 
pharmaceuticals, food, chemical and mining industries. 

 A plethora of biochemical and molecular methods have been applied to reveal the 
microbial community composition over time and space in response to environmental 
changes. These new approaches allow linkage between ecological processes in the envi-
ronment with speci fi c microbial populations and help us to answer important questions 
in microbial ecology such as what factors and resources govern the enormous genetic 
and metabolic diversity in an environment. In this context, it is important to review to 
what extent microbial ecology, particularly the management of the various kinds of 
microbial resources, can offer great new potentials to address these super challenges.  

    2   Microbial Resources 

 Microbial culture collections currently contain more than a million different strains 
(Verstraete et al.  2007  )  and thus are a testimony of the efforts made for the conserva-
tion of biodiversity and the desire to make these potentials available to the public. 
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To what extent these collections can and need to be expanded is debatable, since it 
is generally accepted that microorganisms tend to act not alone but in association 
with others, it is obvious therefore, that at present considerable effort should be 
devoted to the preservation and collection of novel microbial associations in natural 
samples and enrichment cultures. However, preservation of the habitats in which 
they thrive is also needed. Up to now, attention has mainly been focused on various 
unique sites such as hot springs or pristine places (e.g., the Arctic/Antarctic region). 
The latter, for instance, has given rise in the last decade to an enormous expansion 
in the knowledge of novel polar microbial taxa (van Trappen et al.  2005  )  which in 
turn has led to industrial applications such as cold-adapted enzymes (Siddiqui and 
Cavicchioli  2006  ) , anti-freeze products (Gilbert et al.  2004  )  and strains capable to 
bioremediate in cold soils (Margesin et al.  2003  ) . We should explore new frontier 
habitats such as the deep sea, the deep underground and the deep intestine. Indeed, 
such environments harbor a wealth of putatively useful processes and products. 

 Most importantly, not only these “natural” habitats are of value, but also a num-
ber of sites altered by industrial actions, often unwanted, are now to be earmarked 
as “resources” of microbial diversity. Examples are sites with acid mine drainage, 
which recently showed potentials for the production of anti-cancer drugs (Yamada 
et al.  2004  )  and aquifers polluted with chloro-organics which have yielded very 
interesting halo-respiring micro-organisms (de Wildeman and Verstraete  2003 ; 
Smidt and de Vos  2004  ) . It becomes obvious that not only the maintenance of micro-
bial culture collections can be justi fi ed, but just as well the preservation of special 
sites, as sources of ongoing microbial evolution, selection and development of spe-
cial microbial interactions, processes and products.  

    3   Storage of Microbial Resources 

 For the effective conservation and utilization of microbial resources which have been 
found, all developed countries have established microbial culture collections, some 
of which have history up to 100 years. They take sound management mechanisms, 
act relatively independently, and have strong research capabilities. Not only micro-
bial resources are available in the culture collection, technical services can also be 
provided. Microbial resource centers (MRCs) harbour collections of culturable 
organisms (e.g. algae, bacteria, fungi, including yeasts, protozoa and viruses), their 
replicable parts (e.g. genomes, plasmids, viruses, cDNAs), viable but not yet cultur-
able organisms, cells and tissues, databases containing molecular, physiological and 
structural information relevant to these collections and allied bioinformatics. 

    3.1   Role of Culture Collections 

 The major culture collections throughout the world have as their primary 
 commission, the preservation and distribution of germplasm that has been 
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 demonstrated to have signi fi cance to the microbiology community. The 
 importance of a particular strain may be as a reference for medical or taxonomic 
research, as an assay organism for testing or screening, or as an essential compo-
nent of a patent application for a product or process in which it is involved. 
Alternatively, the strain may be placed in a collection with reference to the 
 publication in which it was cited as part of the investigation. This latter form of 
deposition is essential on account of the inherent transience of researchers and 
their research programs, making it possible for later investigators to repeat or 
advance published research that would be impossible in the absence of the strains 
involved. As mentioned above, the many national reference and service collec-
tions have succeeded in preserving, for later generations of microbiologists, 
many of the private and specialized collections of microorganisms that may 
 represent an entire career of one microbiologist. In other cases, however, the 
acquisition of a collection of strains may well result from a change in the direc-
tion of the research program in a scientist’s laboratory. 

 The major culture collections of the world also serve as centers for excellence in 
research in systematics and taxonomy. In large part the identi fi cation and character-
ization of strains is an integral function of collections, and the availability of a large 
collection of strains is essential for this type of research. Culture collections that 
have contract identi fi cation services are also continually searching for faster and 
more reliable methods to characterize unknown strains for their clients. In many 
cases, the strains maintained in any collection will directly re fl ect the taxonomic 
interests of the curators, in terms of the depth and breadth of particular taxonomic 
groups.  

    3.2   Bioinformatics and Culture Collection 

 The meticulous and thorough characterization of microorganisms, the storage and 
analysis of the generated information and its intelligent interrogation will provide 
us with microbial solutions to critical challenges of the twenty  fi rst century. It is 
imperative that scientists, researchers in biosystematics and taxonomy employ 
modern tools of informatics and data processing to make best use of our microbial 
resources. The elements of taxonomy such as species description, development of 
identi fi cation keys, scienti fi c nomenclature, treatment of morphological, nutri-
tional and physiological traits, are increasingly being computerized to meet the 
challenge. 

 The process of storage of genetic information with digital techniques for 
archiving, interpreting and quantifying of data in arti fi cial systems is an important 
feature of bioinformatics (Wuyts et al.  2001,   2002  ) . Microbial taxonomists and 
curators must take full advantage of the available technology that has been so ably 
adopted in other biological  fi elds. Sequence data available on the web for many 
years for public access and utilization (  http://www.ncbi.nih.gov/Genbank/
GenbankSearch.html    ); EMBL (  http://www.ebi.ac.uk/embl/    ) are two key resources. 

http://www.ncbi.nih.gov/Genbank/GenbankSearch.html
http://www.ncbi.nih.gov/Genbank/GenbankSearch.html
http://www.ebi.ac.uk/embl/
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However, Bridge et al.  (  2003  )  suggested that up to 20% of publicly available, 
taxonomically important DNA sequences for three randomly chosen groups of 
fungi were probably incorrectly named, chimaeric, of poor quality or incomplete 
for reliable comparison. MRCs have a role to play, in providing information based 
on authentic and stable strains with validated sequence data. MRCs need to har-
ness the new bioinformatics technologies and begin with networking processes to 
establish a global network. The groundwork can be laid by stimulating collabora-
tive molecular taxonomic research and novel database development.   

    4   Microbial Resource Management (MRM) 

 In order to deal with MRM in environmental practice, a number of approaches are 
currently in use. We can at present link high throughput/quick scan molecular anal-
yses with performance data. We can for instance line up data obtained by DGGE, 
T-RFLP, micro-arrays, etc., to biomolecular databases resp. to diagnoses/predic-
tion/prevention/control (Denef et al.  2004 ; van der Gast et al.  2006  ) . Yet, although 
the “omic” methods are capable to provide an “avalanche” of information, the lat-
ter is dif fi cult to interpret. In case one is interested in straightforward information 
on process performance and end product output, the process engineer will continue 
to  fi nd the conventional physical/chemical parameters to be the best source of 
information. However, in case the in-depth questions about the coherence of the 
microbial community are of interest, then the molecular analyses can provide 
information, which is not so much of direct tactical importance but rather essential 
in terms of strategic considerations on the behavior of the “health” of the microbial 
community. 

 Verstraete et al.  (  2007  )  developed the Microbial Resource Management (MRM) 
concept. This is a practical mindset that has been developed as a concept to solve 
practical problems through the use of microorganisms. For this reason, the inception 
of MRM was shortly followed by a complementary set of tools to deal with it 
(Marzorati et al.  2008  )  which come in the form of a three stage analysis independent 
of the technique and its settings. These tools help to provide an ecological and pre-
dictive value of the analysis which incorporates the structure and diversity of the 
microbial community being examined. 

 The most popular molecular  fi ngerprinting techniques including temperature 
gradient gel electrophoresis (TGGE) and denaturing-gradient gel electrophoresis 
(DGGE), terminal-restriction fragment length polymorphism (t-RFLP), 16S rRNA 
gene clone libraries, and length heterogeneity-polymerase chain reaction (LH-PCR) 
are commonly used to study the structure and composition of the microbial com-
munities. Interpreting and comparing this type of data became easier due to the 
initiation of MRM and the three-stage tool set developed by Marzorati et al.  (  2008  ) . 
The parameters within the tool set include range weighted richness (Rr), dynamics 
(Dy), and functional organization (Fo). When using these tools in combination, they 
can provide us with an ecological interpretation of the raw data describing the 
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 structure of the community. This has been demonstrated successfully in various 
environments over the last few years including the human gut (Grootaert et al.  2009 ; 
van den Abbeele et al.  2010  ) ; wastewater treatment systems (Wittebolle et al.  2008, 
  2009a,   b ; Vlaeminck et al.  2009  ) ; prebiotics and human gut microbial diversity 
(Marzorati et al.  2010b ; Possemiers et al.  2010  ) ; microbial community related to 
celiac health issues (Schippa et al.  2010  ) ; drinking water (Lautenschlager et al. 
 2010  ) ; anaerobic digestion (Carballa    et al.  2011 ; Pycke et al.  2011  ) ; aquaculture 
(Qi et al.  2009 ; De Schryver et al.  2010,   2011 ; Crab et al.  2009 ; Prol-Garcia et al. 
 2010  ) ; these above mentioned studies, which commonly used  fi ngerprinting tech-
niques such as DGGE, fatty acid methyl ester (FAME), clone libraries, and t-RFLP, 
have helped us to elucidate unknown characteristics of natural prokaryotic ecosys-
tems in these various areas utilizing MRM. The  fi rst parameter, Rr, was originally 
introduced to establish a technique-speci fi c range of values which indicate the rich-
ness and genetic diversity (based on the polymorphism of the 16S rRNA gene 
sequence) of species within an indigenous bacterial community (Marzorati et al. 
 2008  ) . Rr was based on the DGGE gel patterns derived from the GC content and 
positioning of the sequences from complex microbial communities. A high Rr value 
indicates an environment with a high carrying capacity, an environment that can 
host several species with a wide GC variability. It has been successfully used with 
rRNA intergenic spacer analysis (RISA; Rojas-Oropeza et al.  2010  ) , TGGE (Schippa 
et al.  2010  ) , and clone libraries (Marzorati et al.  2010a  ) . 

 Dy, the second parameter in the tool set, was used to determine the rate of change 
within the same community over a  fi xed time interval. It refers to the number of 
species, on average, that are detected to be of signi fi cance in a given environment at 
a certain time point, thus providing a large picture of the dynamics within a com-
munity. Dy can be used as a standalone parameter as seen previously in a study 
looking at the changing community during bioaugmentation of activated sludge 
(Bathe et al.  2009  ) . 

 The third complementary parameter is the functional organization (Fo; Marzorati 
et al.  2008  ) . This parameter initially was designed to determine the resulting action 
of which microorganisms were suited to the ongoing environmental-microbiologi-
cal interactions. This should inevitably give them a selective advantage over the 
other bacteria, thus increasing their dominance among the other species in the 
microbial community being examined. Similarly, Fo was successfully used to dem-
onstrate changes in evenness in various areas of research including wastewater and 
MFCs. Fo was renamed as community organization (Co), as a parameter that 
describes the microbial community in terms of degrees of evenness. 

    4.1   Advances in Microbial Resource Management 

 The recent development of new technologies providing high-throughput, low-cost 
sequencing methods has provided us with alternatives including Lynx Therapeutics’ 
Massively Parallel Signature Sequencing (MPSS; Reinartz et al.  2002  ) , 454 
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 pyrosequencing (Edwards et al.  2006  ) , Illumina (Solexa) sequencing (Whiteford 
et al.  2009  ) , and ABI SOLiD (Sequencing by Oligonucleotide Ligation and 
Detection) sequencing (Valouev et al.  2008  ) . These technologies are more sensitive 
than the traditional DGGE and other  fi ngerprinting methods and provide us with a 
broader taxonomic coverage of the unknown and often unculturable microbial com-
munities. Therefore, the basic parameters of the MRM tool set have to be reengi-
neered and adapted to provide a universal platform with which to compare and 
contrast this new immense amount of data. Rr, based on community  fi ngerprinting 
methods, was often limited in comparing richness in complex communities due to 
their low detection limit (Bent et al.  2007  ) . These techniques often considerably 
underestimate the actual richness of communities and hence the actual diversity, 
which is why we must now be more vigilant in the face of new sequencing technolo-
gies. In fact, high throughput sequencing provides a much deeper insight of the 
actual diversity of the analyzed microbial community. As a result, the analysis pro-
vides not only the sequences of the dominant microorganisms but also of all those 
less abundant microorganisms normally not detected with the above mentioned 
 fi ngerprinting techniques due to the low detection limit. 

 To know about the speci fi c community dynamics a new technique, stable isotope 
probing (SIP) combined with DGGE is used. SIP is based on an ultracentrifugation 
step that fractionates a microbial sample previously incubated with, the compound 
of interest which was isotopically labelled (Neufeld et al.  2007  ) . The result is a 
separation of the microbial sample according to its weight, which is dependent on 
its isotope content. SIP is an excellent technique to identify key microbial players in 
mixed communities and to look at a speci fi c process in a controlled environment. 
With the key players identi fi ed, their physiology and ecology can be investigated, 
therefore providing important tools for MRM. Through SIP, we can determine 
which microorganisms are responsible for the process of interest in addition to 
interactions within the community providing us with information on the functional 
organization of the community.   

    5   Utilization of Microbial Resources 

 In modern times, as biotechnology advances constantly, microorganisms have been 
applied to all aspects of industrial and agricultural production. Microorganisms have 
generated enormous social and economic bene fi ts. It mainly refers to green chemis-
try and engineering, environmental bioremediation, renewable energy, natural medi-
cine, food production and processing. Developing agricultural microbial resources is 
of vital importance. In recent years, research and development on new agricultural 
production technology have made great progress. It is mainly represented by micro-
bial feed, microbial fertilizers, microbial pesticides, and microbial food. 

 As people seize natural resources crazily and over depend on fossil energy, issues 
such as severe energy depletion, resources shortage and environmental pollution have 
come up. Industrial production and discharge by traditional chemical method are also 
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one of the major reasons for environmental pollution. A sustainable society should be 
less dependent on unsustainable resources and pollution caused by fossil resources 
should be reduced. It’s vital to make full use of the abundant natural resources, to replace 
backward, polluted chemical industry with innovative and advanced bioeconomy. 

    5.1   Environmental Management 

 Microbial resources will become an important force in solving the environmental prob-
lems. Microbes play an important role in water environment, such as puri fi cation and 
pollution. Stabilization lagoons and bio-membranes are two classic approaches dealing 
with polluted water. When the polluted water is pumped into the reaction pool, microbes 
in it transform organics into inorganics by degradation, nitri fi cation and also photosyn-
thesis. Usually several pools are used together, including facultative anaerobic, anaero-
bic and aerobic ones. For bio-membranes, various kinds of microbes will attach to the 
membrane and form an ecosystem, which results in a very high speed of the degradation 
of organic matter and also in a very high quality of the water obtained. 

 Waste is an unavoidable by product of human activities. Rapid population growth, 
urbanization and industrial growth have led to increase the quantity and complexity 
of generated waste and severe waste management problems in most cities of third 
world countries. The large quantity of waste generated necessitates a system of col-
lection, transportation and disposal. Land fi ll and composting methods could be used 
in dealing with solid waste. Land fi lling involves the controlled disposal of wastes on 
or in the earth’s mantle. Land fi lls are used to dispose of solid waste that cannot be 
recycled and is of no further use, the residual matter remaining after solid wastes 
have been pre-sorted at a materials recovery facility and the residual matter remain-
ing after the recovery of conversion products or energy. It is by far the most com-
mon method of ultimate disposal for waste residuals. Many countries use uninhabited 
land, quarries, mines and pits as land fi ll sites. Biological reprocessing methods like 
composting and anaerobic digestion are natural ways to decompose solid organic 
waste. Composting is nature’s way of recycling organic wastes. Composting is a 
method of decomposing waste for disposal by microorganisms (mainly bacteria and 
fungi) to produce a humus-like substance that can be used as a fertilizer. This pro-
cess converts waste which is organic in nature to inorganic materials that can be 
returned to the soil as fertilizer i.e. biological stabilization of organic material in 
such a manner that most of the nutrient and humus that are so necessary for plant 
growth are returned to the soil.  

    5.2   Energy Development 

 Microorganisms will play an irreplaceable role in the process of searching for new 
energy, compounding new energy and energy re-synthesis. Modi fi cation and utilization 
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of the existing microorganisms and the exploration of new microorganisms resources 
for renewable bio-energy manufacturing are the new novel perspectives. By the year 
2120, 3.6% of electric power and 6–7% of the total energy will come from renew-
able resources (Lakó    et al.  2008 ). 

 The waste generated in the process of industrial and agricultural production, 
such as crop straw, weeds, manure, sludge, organic industrial waste, garbage, 
etc., can be used as raw materials, and transformed into combustible gas or liquid 
bio-fuels by the microorganisms. Fatty acid esters (fatty acid methyl ester or 
ethyl ester) are major components of biodiesel. The current bio-diesel limited to 
the sources of animal fats or vegetable oil has certain limitations in its develop-
ment. New technologies that transform the biomass directly into fatty acid ester 
through microbial fermentation need to be developed, at the same time, micro-
bial resources, such as microalgae which can synthesize oil naturally, yeast, etc., 
should be explored. 

 The main component of biogas is methane, which is the product of organic mat-
ter decomposed by microorganisms under strict anaerobic conditions. Methane fer-
mentation can release about 90% of the chemical energy in organic matter, which 
can be transformed into mechanical energy, electrical energy and heat energy. At 
present, gas as a fuel source has been transported around the world through pipe-
lines for domestic and industrial use or converted to methanol as a supplementary 
fuel for internal combustion engines.  

    5.3   Bio-chemical Re fi ning 

 The biore fi ning concept is an analogue of today’s petroleum re fi neries producing 
multiple fuels and products from petroleum. By combining chemistry, biotechnol-
ogy, engineering and systems approach, biore fi nery could produce food, fertilizers, 
industrial chemicals, fuels, and power from biomass (Kamm and Kamm  2004 ). 
With the rapid consumption of fossil resources and the increasingly serious issue of 
the environment security, the re fi ning of bio-based chemicals has become more and 
more popular. Many chemical companies are increasing their investments to pro-
duce ‘green’ chemicals through the utilization of microbial genes and enzyme 
resources as well as the biotransformation method in place of bio-chemical conver-
sion. Bio-based chemicals have many types, including biological ethylene, optically 
pure D-or L-lactic acid, 1, 3-propanediol, 1, 4-butanediol, 3-hydroxy-propionic 
acid, acrylic acid, n-butanol, butyric acid, succinic acid, adipic acid, etc. They are 
not only important chemicals, but also important chemicals after being transformed. 
In addition, microbes can utilize biomass to synthesize lots of compounds that 
possess potential application value. As a result, further exploiting microbial 
resources and accelerating the biore fi nery of the above chemicals will play an 
important role in development of bio-economy. Besides, exploration of the genes 
and enzymes from microorganisms and replacement of chemical transformation by 
bio-transformation are also important future directions.  
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    5.4   Industrial Enzymes and Biocatalysts 

 The variety of microorganisms able to degrade natural and synthetic organic 
compounds can be used for applications in environmental biotechnology as well as 
in industrial synthetic chemistry. In particular, the latter approach to use enzymes 
for biotransformation is of growing interest. Biotransformations are chemical reac-
tions that are catalyzed by microorganisms in terms of growing or resting cells or 
that are catalyzed by isolated enzymes. Because of the high stereo- or regioselectiv-
ity combined with high product purity and high enantiomeric excesses, biotransfor-
mations can be technically superior to traditional chemical synthesis. The use of 
biotransformations for industrial synthetic chemistry is an interdisciplinary, and 
therefore very exciting,  fi eld that needs the close cooperation of microbiologists, 
molecular biologists, chemists, and engineers. Besides classical methods, new tech-
nologies including the screening for non-culturable microorganisms and high 
throughput screening techniques are speeding up the discovery of new biocatalysts. 
The key of biotransformation is to develop highly ef fi cient, highly selective biologi-
cal catalysts, which can be realized by combining basic genomic technology with 
high-throughput screening technology and genome database mining. Meanwhile, 
further improvement and optimization of the directed evolution technology is 
another important force.  

    5.5   Utilization of Microbial Resources in Extreme Environments 

 The microbial resources in extreme environments which have a unique type of 
genes, special physiological mechanisms and metabolic products, are a kind of trea-
sure-house of new resources. Enzymes from extreme environments have a very 
strong catalytic effect on environmental friendly products, and can be applied to a 
variety of special reaction systems. Psychrophilic enzymes can reduce the energy 
consumption in industry, while thermophilic enzymes are the important source of 
thermo stable enzymes and leaching bacteria. Its application in food, energy, envi-
ronment, metabolic projects, mineral exploration, etc. can provide opportunities for 
the development of new chemicals, drugs and biological products.   

    6   Recent Development in Microbial Resource Utilization 

    6.1   Isolation and Microorganism Culture Technology 
and Metagenomics Technology 

 Microorganisms play an important role in recycling of materials and life continu-
ance, their diversity is used to monitor and predict environmental changes. Lots of 
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unknown microorganisms have never been cultured. In recent years, scientists have 
developed several new methods to isolate and culture microorganisms. The key 
point of acquiring new functional microorganisms is to create high throughput, 
rapid and ef fi cient technologies towards isolation and culture of microorganisms. 

 Meanwhile, genomics and modern molecular biology technologies are getting 
more mature. These modern technologies gradually in fi ltrate into the entire  fi eld of 
life sciences. They also represent new research methods for microbiological 
research. A recently developed metagenomic approach employs cloning of the total 
microbial genome, the so-called ‘metagenome’, directly isolated from natural envi-
ronments in culturable bacteria such as  Escherichia coli  (Beja et al.  2000 ; 
Handelsman et al.  1998 ; Rondon et al.  1999,   2000  )  and discovering novel microbial 
resources (Handelsman  2004  ) . The basis of metagenomic approach originated from 
the molecular ecological studies of microbial diversity, indicating that majority 
of micro-organisms in nature was not cultivated by standard cultivation techniques. 
In addition, the combination of phylogenetic marker screening of metagenomic 
libraries and genomics could reveal the physiology of as-yet-uncultured microor-
ganisms, only identi fi ed by culture-independent studies (Quaiser et al.  2002 ; Liles 
et al.  2003 ). 

 A series of engineering systems and technical platforms have been built for 
genetic engineering, protein engineering, metabolic engineering, synthetic biology, 
and bioprocess studies. In 1990s, with the development of gene function studies by 
applying functional genomics, molecular biology, molecular pathology and cell 
biology, the number of targets for drug screening has been growing in an unprece-
dented rate. High-throughput screening (HTS) is one of the newest techniques used 
in drug design and may be applied in biological and chemical sciences. This method, 
due to utilization of robots, detectors and software that regulate the whole process, 
enables a series of analyses of chemical compounds to be conducted in a short time 
and the af fi nity of biological structures which is often related to toxicity to be 
de fi ned. The HTS method is more frequently utilized in conjunction with analytical 
techniques such as NMR or coupled methods e.g., LC-MS/MS.  

    6.2   Combinatorial Biochemistry Technology 

 Combinatorial biochemistry and combinatorial biosynthesis make use of microor-
ganisms to synthesize a wide range of compounds at the gene level. Combinatorial 
biosynthesis has been successfully employed for e.g. carotenoid- and antibiotic 
polyketide-producing micro-organisms. It involves interchanging secondary metab-
olism genes between micro-organisms to create unnatural gene combinations or 
hybrid genes. Novel metabolites can be made due to the effect of new enzyme-
metabolic pathway combinations or to the formation of proteins with new enzy-
matic properties. Combinatorial biosynthesis technology can help us to discover 
new compounds. Combinatorial biosynthesis combined with genetic engineering 
and high-throughput screening technology will make it possible to carry out drug 
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development in vivo by microorganisms via modern biology and chemistry. By this 
approach, we will  fi nd better strategies to synthesize new drugs and get more com-
pounds with new structure.  

    6.3   Directed Evolution Technology 

 The development of industrial biotechnology focusing on biocatalysis needs to 
exploit new ef fi cient biocatalysts. These biocatalysts should meet the demands of 
new catalytic activity and high productivity. They can adapt to unsuitable environ-
ments and satisfy industrial development. To this end, we can utilize microbial 
resources to develop new enzymes. And we can arti fi cially modify enzymes’ bio-
logical activity in accordance with special needs. 

 In recent years, with the development of directed evolution technology, there is 
no need to solve the protein’s three dimensional structure and enzymatic mecha-
nism in advance. The natural evolution mechanism of arti fi cial simulation (random 
mutation, recombination, natural selection) modi fi ed enzyme genes  in vitro . It can 
directly select for enzyme mutants whose function might meet special requirements. 
By this way, we can get such enzymes in a few days or weeks, much quicker than 
millions of years nature needs to achieve it. It is an important method of  fi nding 
novel bioactive molecules and biotransformation pathways. The newborn directed 
evolution technology has greatly expanded the range of protein engineering research 
and application. It has opened up a new way for enzyme’s structure and function 
research. Meanwhile, it gradually demonstrates its vitality in the  fi elds of industry, 
agriculture, medicine, etc.  

    6.4   Biological Information Technology 

 Modern biological technologies result in an enormous accumulation of biological data, 
including microbial strain resources and related genetic resources. They enable us to 
restudy biological problems on basis of the whole genome, which will lead to major 
scienti fi c discoveries. The huge amount of data generated from genomics research 
(transcriptomics, proteomics, and metabolomics) is what traditional methods cannot 
do, so bioinformatics came into being. Future development direction is to utilize ongo-
ing biological information technologies and develop new software algorithms.   

    7   Conclusions 

 Microorganisms are an almost unlimited source of metabolic capabilities ready to be 
exploited for multiple purposes. A combination of several techniques should be applied 
to interrogate the diversity, function, and ecology of microorganisms. Culture-based 
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and culture-independent molecular techniques are neither contradictory nor excluding 
and should be considered as complementary. An interdisciplinary systems approach 
embracing several “omics” technologies to reveal the interactions between genes, pro-
teins, and environmental factors will be needed to provide new insights into environ-
mental microbiology. Environmental metagenomic libraries have proved to be great 
resources for new microbial enzymes and antibiotics with potential applications in 
biotechnology, medicine, and industry respectively. Massive construction of metage-
nomic libraries and development of high throughput screening technologies will be 
necessary to obtain valuable microbial resources. Development of multi-“omics” 
approaches will be a high-priority area of research in the coming years. Microbial 
resource management is the basis of a number of new developments in domains such 
as environmental safety and health, renewable energy production, closing environmen-
tal cycles and providing new materials.      
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