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Funding Relevance of Bacterial Genome Projects 

Phylogenetic distribution of Bacterial Genome Projects 

 

Bacterial Genome Projects: 35089 projects (12.5.2014),  

Archaeal Genome Projects: 870 projects (12.5.2014)  





Microbiology after the genomics revolution: Genomes 2014 
Genomics has profoundly changed our way of conducting research in microbiology. The power of high–

throughput DNA sequencing technologies, in particular the recent development of next generation 

sequencing allows researchers now to address an increasingly diverse range of biological problems. The 

scale and efficiency of sequence-based analyses that can now be achieved is providing unprecedented 

progress in diverse areas that range from the analyses of genomes to related disciplines such as 

transcriptional profiling - or protein - nucleic acid interaction studies. Population and metagenomics 

studies can now be conducted in an unprecedented large scale, regulatory processes can be studied genome-

wide under hundreds of different conditions. The genome wide study of the interaction of DNA or RNA with 

proteins brings completely new insight into regulatory processes and even single cell analyses become now 

possible. The many diverse applications of next–generation sequencing and the importance of the insights 

that are being gained through these methods are very exciting and challenging. It is the perfect time to come 

together and exchange new knowledge and technologies in this area. 





Microbial Genomics 

and Infectious Diseases 



Bacterial pathogens 







Dinamični genomi prokariontov 









Stages of host adaptation. The genome dynamics for different host-adaptation stages: free-living (1), facultative intracellular (2), obligate 

intracellular (3), obligate intracellular mutualist (4) and organelle (5). Arrows that point directly to the genomes indicate the acquisition of genes 

by horizontal gene transfer (through plasmids, genomic islands and/or bacteriophages). Arrows that loop back to the genome indicate changes 

within the genome (rearrangements, gene duplication, recombination, functional divergence (shifts) and non-functionalization). Arrows that point 

away from the genome indicate gene loss or gene transfer to the host genome. The relative influence of each of these types of events at the 

different intracellular stages is shown by the weight of the arrow. 



Genomic islands in pathogenic and 

environmental microorganisms 
Horizontal gene transfer is an important mechanism 

for the evolution of microbial genomes. 

Pathogenicity islands — mobile genetic elements 

that contribute to rapid changes in virulence potential 

— are known to have contributed to genome 

evolution by horizontal gene transfer in many 

bacterial pathogens.  

Increasing evidence indicates that equivalent 

elements in non-pathogenic species — genomic 

islands — are important in the evolution of these 

bacteria, influencing traits such as antibiotic 

resistance, symbiosis and fitness, and adaptation in 

general.  



Genes encoding enzymes involved in DNA transfer in 

marine microbes. Transposases and integrases, among the 

most abundant enzymes in life, facilitate the transfer of DNA 

within a genome or between genomes of different organisms. 

Depicted is the abundance of these genes — expressed as a ratio of 

counts of transposase or integrase genes relative to counts of a 

reference gene — in free-living and particle-attached marine 

microbial communities sampled from the oxygen minimum zone off 

the coast of Chile (colours indicate microbial groups from which 

these genes originate; see legend). The abundance of DNA-transfer 

genes is greater in particle-attached microbes than in free-living 

communities. Data are based on metagenomes from a marine oxygen 

minimum zone. 





Trends in the size and contents of 

bacterial genomes 







A genomic tree of bacterial life 

Maximum-likelihood phylogenetic tree of the bacterial 

domain based on a concatenated alignment of 31 broadly 

conserved protein-coding genes. Phyla are distinguished by colour of the 

branch and GEBA genomes are indicated in red in the outer circle of species names. 









Plastids/Plastidi 





The Origin of Plastids. A three-panel schematic shows 

the concepts of primary, secondary, and tertiary 

endosymbiosis. Arrows and simplified illustrations of 

cells that include nuclei, mitochondria, and plastids are 

used to show the steps involved in endosymbiosis. 



Mitochondrial DNA Varies Widely 

in Size and Organization 



Flowering-plant mtDNA Flowering plants (angiosperms) have the largest and most-complex 

mitochondrial genomes known; their mitochondrial genomes range in size from 186,000 bp in white 

mustard to 2,400,000 bp in muskmelon. Even closely related plant species may differ greatly in the sizes of 

their mtDNA. Part of the extensive size variation in the mtDNA of flowering plants can be explained by the 

presence of large direct repeats, which constitute large parts of the mitochondrial genome. Crossing over 

between these repeats can generate multiple circular chromosomes of different sizes. The mitochondrial 

genome in turnips, for example, consists of a “master circle” consisting of 218,000 bp that has direct repeats. 

Homologous recombination between the repeats can generate two smaller circles of 135,000 bp and 83,000 bp. 

Other species contain several direct repeats, providing possibilities for complex crossing-over events that 

may increase or decrease the number and sizes of the circles. 







Metagenomics/Metagenomika 



Metagenomics is the study of genetic material recovered directly from environmental samples. The broad field 

may also be referred to as environmental genomics, ecogenomics or community genomics. While traditional 

microbiology and microbial genome sequencing and genomics rely upon cultivated clonal cultures, early 

environmental gene sequencing cloned specific genes (often the 16S rRNA gene) to produce a profile of diversity 

in a natural sample. Such work revealed that the vast majority of microbial biodiversity had been missed by 

cultivation-based methods. Recent studies use "shotgun" Sanger sequencing or massively parallel 

pyrosequencing to get largely unbiased samples of all genes from all the members of the sampled communities. 

Because of its ability to reveal the previously hidden diversity of microscopic life, metagenomics offers a 

powerful lens for viewing the microbial world that has the potential to revolutionize understanding of the 

entire living world. 

 

The term "metagenomics" was first used by Jo Handelsman, Jon Clardy, Robert M. Goodman, and others, and 

first appeared in publication in 1998. The term metagenome referenced the idea that a collection of genes 

sequenced from the environment could be analyzed in a way analogous to the study of a single genome. 

Recently, Kevin Chen and Lior Pachter (researchers at the University of California, Berkeley) defined 

metagenomics as "the application of modern genomics techniques to the study of communities of microbial 

organisms directly in their natural environments, bypassing the need for isolation and lab cultivation of 

individual species". 



Timeline of sequence-based metagenomic projects showing the variety of environments sampled since 2002 
The oceanic viriomes (all viruses in a habitat) (August 2006) were from the Sargasso Sea, Gulf of Mexico, coastal British Columbia 

and the Arctic Ocean. The nine biomes (March 2008) were stromatolites, fish gut, fish ponds, mosquito viriome, human-lung 

viriome, chicken gut, bovine gut and marine viriome. The different technologies used are dye-terminator shotgun sequencing 

(black), fosmid library sequencing (pink) and pyrosequencing (green). 





Applications of Metagenomics 

Metagenomics has the potential to advance knowledge in a wide variety of fields. It can also be applied to solve practical challenges in 

medicine, engineering, agriculture, sustainability and ecology. 

 
Medicine: Microbial communities play a key role in preserving human health, but their composition and the mechanism by which they do so remains 

mysterious. Metagenomic sequencing is being used to characterize the microbial communities from 15-18 body sites from at least 250 individuals. 

This is part of the Human Microbiome initiative with primary goals to determine if there is a core human microbiome, to understand the changes 

in the human microbiome that can be correlated with human health, and to develop new technological and bioinformatics tools to support these 

goals. 
 

Biofuel: Bioreactors allow the observation of microbial communities as they convert biomass into cellulosic ethanol. Biofuels are fuels derived 

from biomass conversion, as in the conversion of cellulose contained in corn stalks, switchgrass, and other biomass into cellulosic ethanol. This 

process is dependent upon microbial consortia that transform the cellulose into sugars, followed by the fermentation of the sugars into ethanol. 

Microbes also produce a variety of sources of bioenergy including methane and hydrogen. The efficient industrial-scale deconstruction of biomass 

requires novel enzymes with higher productivity and lower cost. Metagenomic approaches to the analysis of complex microbial communities allow 

the targeted screening of enzymes with industrial applications in biofuel production, such as glycoside hydrolases. Furthermore, knowledge of 

how these microbial communities function is required to control them, and metagenomics is a key tool in their understanding. Metagenomic 

approaches allow comparative analyses between convergent microbial systems like biogas fermenters or insect herbivores such as the fungus 

garden of the leafcutter ants. 
 

Environmental remediation: Metagenomics can improve strategies for monitoring the impact of pollutants on ecosystems and for cleaning up 

contaminated environments. Increased understanding of how microbial communities cope with pollutants improves assessments of the potential of 

contaminated sites to recover from pollution and increases the chances of bioaugmentation or biostimulation trials to succeed. 



Biotechnology: Microbial communities produce a vast array of biologically active chemicals that are used in competition and communication. 

Many of the drugs in use today were originally uncovered in microbes; recent progress in mining the rich genetic resource of non-culturable 

microbes has led to the discovery of new genes, enzymes, and natural products. The application of metagenomics has allowed the development of 

commodity and fine chemicals, agrochemicals and pharmaceuticals where the benefit of enzyme-catalyzed chiral synthesis is increasingly 

recognized. Two types of analysis are used in the bioprospecting of metagenomic data: function-driven screening for an expressed trait, and 

sequence-driven screening for DNA sequences of interest. In practice, experiments make use of a combination of both functional and sequence-

based approaches based upon the function of interest, the complexity of the sample to be screened, and other factors. 
 

Agriculture: The soils in which plants grow are inhabited by microbial communities, with one gram of soil containing around 109-1010 microbial 

cells which comprise about one gigabase of sequence information. The microbial communities which inhabit soils are some of the most 

complex known to science, and remain poorly understood despite their economic importance. Microbial consortia perform a wide variety of 

ecosystem services necessary for plant growth, including fixing atmospheric nitrogen, nutrient cycling, disease suppression, and sequester iron 

and other metals. Functional metagenomics strategies are being used to explore the interactions between plants and microbes through cultivation-

independent study of these microbial communities. By allowing insights into the role of previously uncultivated or rare community members in 

nutrient cycling and the promotion of plant growth, metagenomic approaches can contribute to improved disease detection in crops and livestock 

and the adaptation of enhanced farming practices which improve crop health by harnessing the relationship between microbes and plants. 
 

Ecology: Metagenomics can provide valuable insights into the functional ecology of environmental communities. Metagenomic analysis of the 

bacterial consortia found in the defecations of Australian sea lions suggests that nutrient-rich sea lion faeces may be an important nutrient source for 

coastal ecosystems. This is because the bacteria that are expelled simultaneously with the defecations are adept at breaking down the nutrients in the 

faeces into a bioavailable form that can be taken up into the food chain. DNA sequencing can also be used more broadly to identify species present 

in a body of water, debris filtered from the air, or sample of dirt. This can establish the range of invasive species and endangered species, 

and track seasonal populations. 





Metagenomics differs from traditional genomic 

sequencing in many ways. The dark blue boxes show 

the typical steps in the sequencing of a single 

organism’s genome. Metagenomics requires greater 

attention to sampling, and assessing the diversity 

of the sample by various means (yellow box) is 

necessary to ensure that the sample is 

representative. Extracting the appropriate nucleic 

acids from the sample is another step that can be 

challenging in a metagenomics project. Preparation of 

a library is often the next step, but new sequencing 

technology can bypass this step. The DNA from 

metagenomics samples can then either be sequenced 

(blue box) or assessed for the functions it encodes 

(orange box). The sequence can sometimes be 

assembled into complete genomes of community 

members, but can also be analysed in other ways 

(light blue box). Data storage and computational 

analyses are critical steps in metagenomics projects 

and must be integrated throughout the project. 

Overall, a metagenomics project can answer the 

questions “Who is there?” and “What are they 

doing?” in addition to assembling genomes. 



Metagenomics and industrial applications 







Overview of bioinformatic methods for functional metagenomics 





A typical current computational meta'omic 

pipeline to analyze and contrast microbial 

communities.  

After collecting microbiome samples, community DNA 

or RNA is extracted and sequenced, generating WMS 

samples (i.e., metagenomes) generally consisting of 

several million short reads each. This example uses 20 

WMS samples from the oral cavity (10 from the buccal 

mucosa, and 10 from the tongue dorsum). 

Complementary methods reconstruct the taxonomic 

characteristics (left) and metabolic potential (right) of the 

microbial communities. MetaPhlAn is one of many 

alternatives to detect and quantify microbial clades with 

species‐level resolution, whereas HUMAnN 

quantitatively characterizes genes, pathways, and 

metabolic modules from each community. Differentially 

abundant clades or pathways can then be identified and 

assessed by tools such as LEfSe and represented 

graphically (e.g., here by GraPhlAn). 



Hot spots of outbreaks for recently emerging and reemerging infectious diseases 
Zoonotic infections are highlighted in red text. E. coli, Escherichia coli; S. aureus, Staphylococcus aureus; 

vCJD, variant Creutzfeldt–Jakob disease. 



Workflow for Identification and Characterization of an Outbreak Strain Using Metagenomics 



Schematic steps for 

determination of human 

virome and its impact on 

health, including biological 

samples and data 

acquisition, genetic 

analysis, and epidemiology 

of viral infections. 



Human microbiome/Človeški mikrobiom 



The concept of a core human microbiome 
The core human microbiome (red) is the set of genes 

present in a given habitat in all or the vast majority of 

humans. Habitat can be defined over a range of scales, from 

the entire body to a specific surface area, such as the gut or 

a region within the gut. The variable human microbiome 

(blue) is the set of genes present in a given habitat in a 

smaller subset of humans. This variation could result from a 

combination of factors such as host genotype, host 

physiological status (including the properties of the innate 

and adaptive immune systems), host pathobiology (disease 

status), host lifestyle (including diet), host environment (at 

home and/or work) and the presence of transient populations 

of microorganisms that cannot persistently colonize a 

habitat. The gradation in colour of the core indicates the 

possibility that, during human micro-evolution, new genes 

might be included in the core microbiome, whereas other 

genes might be excluded. 

 

Peter J. Turnbaugh, Ruth E. Ley, Micah Hamady, Claire M. 

Fraser-Liggett, Rob Knight & Jeffrey I. Gordon. The Human 

Microbiome Project. Nature 449, 804-810 (2007) 







Culture-independent genomic analysis of the human microbiome 

Culture-independent techniques have advanced our capacity 

to survey complex microbial communities in human 

samples. Well-characterized individuals (healthy and 

diseased) are asked to donate samples for microbiome 

analyses. Two metagenomic sequencing approaches are 

utilized. Conserved and variable 16S rRNA genomic 

regions are amplified and subjected to pyrosequencing. The 

resulting sequences are then aligned, filtered and compared 

to publicly available databases of 16S rRNA sequences, 

enabling taxonomic classification of bacteria present or 

absent in a given sample. Whole genome shotgun 

sequencing provides information that enables identification 

of genes present and allows for subsequent comparison of 

enzymatic pathways and functions represented among 

different samples. Enzymatic databases are also available 

to assist in the identification of protein function, enabling 

the richness and diversity of functional capacities provided 

by the microbiome to be assessed.  

Abbreviations: PCR, polymerase chain reaction; rRNA, 

ribosomal RNA. 



A map of diversity in the human 

microbiome  
The human microbiome is dominated by 

four phyla: Actinobacteria, Bacteroidetes, 

Firmicutes, and Proteobacteria. In the center 

is a phylogenetic tree of organisms 

abundant in the human microbiome. 

Commensal microbes are indicated by circles, 

and potential pathogens are indicated by stars. 

The middle ring corresponds to body sites 

at which the various taxa are abundant and 

is color-coded by site [e.g., Ruminococcus 

(blue) is found mostly in the gut, whereas 

Lactobacillus (purple) is found mostly in the 

vagina]. The bar heights on the outside of 

the circle are proportional to taxa 

abundance at the body site of greatest 

prevalence [e.g., Streptococcus mitis (yellow) 

dominates the inside of the cheek, whereas the 

gut is abundant in a variety of Bacteroides]. 

The intensity of external colors corresponds 

to species prevalence in each body site.  



Skin Microbiome 



The characteristics of human microbiota change over time in response to varying 

environmental conditions and life stages 







Effect of Interactions of Bacteria, Viruses, 

and Eukaryotes in Health and Disease 
Diseases have been traditionally studied under a 

paradigm of ‘‘one microbe, one disease.’’ However, a new 

understanding is emerging on how disease phenotypes 

are actually a result of complex interactions between 

bacteria, viruses, and eukaryotes, as well as their 

interactions with the host or with certain drugs. 

Virulence of some eukaryotes is, for instance, linked to the 

presence of certain bacteria, such as in the case of E. 

histolytica and E. coli or S. dysenteriae. The susceptibility 

of the host to viral infections is conditioned by the 

particular configuration of the microbiota, whereas 

herpesvirus infection can confer resistance to certain 

bacterial infections. Antibiotics can significantly reshape 

the composition of the microbiota. As a clear correlation 

has been observed between many diseases and dysbiosis, 

the widespread use of antibiotics may be linked to the 

dramatic increase observed in autoimmune diseases over 

the last years. Conversely, helminthes confer resistance to 

autoimmune diseases. 



Bacteria might adapt to growth in dysbiotic 

conditions and acquire even higher pathogenic 

potential by horizontal gene transfer (HGT) of 

virulence factors. 

The composition of the gut microbiota is influenced 

by various environmental factors, including the use of 

antibiotics, lifestyle, diet and hygiene preferences. 



Immunological dysregulation associated with 

dysbiosis of the microbiota 
a| A healthy microbiota contains a balanced composition of 

many classes of bacteria. Symbionts are organisms with known 

health-promoting functions. Commensals are permanent 

residents of this complex ecosystem and provide no benefit or 

detriment to the host (at least to our knowledge). Pathobionts are 

also permanent residents of the microbiota and have the potential 

to induce pathology.  

b| In conditions of dysbiosis there is an unnatural shift in the 

composition of the microbiota, which results in either a 

reduction in the numbers of symbionts and/or an increase in 

the numbers of pathobionts. The causes for this are not entirely 

clear, but are likely to include recent societal advances in 

developed countries. The result is non-specific inflammation, 

which may predispose certain genetically susceptible people to 

inflammatory disease and may be caused by pathogens, which 

are opportunistic organisms that cause acute inflammation. 

Dysbiosis: An imbalance in the structural and/or 

functional configuration of the microbiota, leading 

to a disruption of host–microorganism homeostasis. 



Proposed causes of dysbiosis of the microbiota 
We propose that the composition of the microbiota can shape a 

healthy immune response or predispose to disease. Many factors 

can contribute to dysbiosis, including host genetics, lifestyle, 

exposure to microorganisms and medical practices. Host genetics 

can potentially influence dysbiosis in many ways. An individual 

with mutations in genes involved in immune regulatory 

mechanisms or pro-inflammatory pathways could lead to 

unrestrained inflammation in the intestine. It is possible that 

inflammation alone influences the composition of the microbiota, 

skewing it in favour of pathobionts. Alternatively, a host could 

'select' or exclude the colonization of particular organisms. This 

selection can be either active (as would be the case of an organism 

recognizing a particular receptor on the host) or passive (the host 

environment is more conducive to fostering the growth of select 

organisms). Selection of pathobionts by the host could tip the 

balance in favour of inflammation. Diet and stress also have the 

potential to influence the microbiota. Birth in the sterile 

environment of hospitals can protect from exposure to 

dangerous pathogens, but can also prevent early exposure to 

health-promoting bacteria. Overuse of vaccination and 

antibiotics, which do not distinguish between pathogenic or 

symbiotic microorganisms, could adversely alter the 

microbiota.  

ATG16L, autophagy-related gene 16-like; IGRM, immunity-

related GTPase family, M; IL23R, interleukin-23 receptor; NOD2, 

nucleotide-binding oligomerization domain 2; TH, T helper; TReg, 

regulatory T. 



Microbial impact on host physiology 
The gut microbiota has been shown to affect several aspects of host 

physiology; arrows represent either stimulatory or inhibitory effects 

of the gut microbiota on host physiological processes. The microbiota 

has been shown to influence intestinal function in the host, promoting 

gut-associated lymphoid tissue (GALT) maturation, tissue regeneration 

(in particular of the villi) and gut motility, and reducing the permeability 

of epithelial cells lining the gut, thus promoting barrier integrity. 

Similarly, the gut microbiota influences the morphogenesis of the 

vascular system surrounding the gut. This is associated with increased 

glycosylation of tissue factor (TF), which leads to cleavage of thrombin, 

in turn activating proteinase-activated receptor 1 (PAR1). This then 

phosphorylates TF to promote epithelial expression of angiopoietin 1 

(ANG1), which promotes increased vascularization. Changes in the 

microbiota composition or a complete lack of a gut microbiota has been 

shown to affect metabolism, behaviour and tissue homeostasis, 

suggesting that the microbiota also regulates these processes. 

Specifically, the gut microbiota can influence the host's nervous 

system, decreasing synaptic connectivity and promoting anxiety-like 

behaviour and pain perception. In the case of host metabolism, the gut 

microbiota has been shown to facilitate energy harvest from the diet, to 

modulate host metabolism (for example, by decreasing energy 

expenditure) and to promote host adiposity. Finally, the gut microbiota 

can influence tissue homeostasis, for example decreasing bone mass by 

promoting the function of osteoclasts (which cause bone resorption) and 

increasing the numbers of pro-inflammatory T helper 17 (TH17) cells. 



Metabolite sensors that help to 

coordinate immune responses 

A schematic of the proposed relationships between the gut 

microbiota, the immune system and the diet, which 

underlie the development of malnutrition. 



Diet, microbial composition and regulation of the 

immune system. Diet and other environmental and 

host factors have a major effect on gut microbial 

composition. 

Crosstalk between an organism and its gut 

commensal microbiota has both potentiating and 

detrimental effects on the immune response. 



Impact of the gut microbiota on the gut–

brain axis in health and disease. 

It is now generally accepted that a stable gut 

microbiota is essential for normal gut 

physiology and contributes to appropriate 

signalling along the gut–brain axis and, 

thereby, to the healthy status of the 

individual, as shown on the left-hand side of 

the figure. As shown on the right-hand side of 

the figure, intestinal dysbiosis can adversely 

influence gut physiology, leading to 

inappropriate gut–brain axis signalling and 

associated consequences for CNS functions 

and resulting in disease states. Conversely, 

stress at the level of the CNS can affect gut 

function and lead to perturbations of the 

microbiota.  



Biotehnološka uporaba mikrobnih genomov 



Microbial Genomics at the U.S. Department of Energy (http://genomics.energy.gov/) 
 

DOE's Microbial Genome Program (MGP -(1994-2005)). The MGP was begun in 1994 as a spinoff from the HGP. The 

program sequenced the genomes of a number of nonpathogenic microbes useful in solving DOE's mission challenges in 

environmental-waste cleanup, energy production, carbon cycling, and biotechnology. 

 

Why Microbes? Microbes, which make up most of the earth's biomass, have evolved for some 3.8 billion years. They have been 

found in virtually every environment, surviving and thriving in extremes of heat, cold, radiation, pressure, salt, acidity, and 

darkness. Often in these environments, no other forms of life are found and the only nutrients come from inorganic matter. The 

diversity and range of their environmental adaptations indicate that microbes long ago »solved« many problems for which 

scientists are still actively seeking solutions. 

 

Potential Microbial Applications. Researchers have only scratched the surface of microbial biodiversity. Knowledge about the 

enormous range of microbial capacities has broad and far-reaching implications for environmental, energy, health, and industrial 

applications. 

-Cleanup of toxic-waste sites worldwide. 

-Production of novel therapeutic and preventive agents and pathways. 

-Energy generation and development of renewable energy sources (e.g., methane and hydrogen). 

-Production of chemical catalysts, reagents, and enzymes to improve efficiency of industrial processes. 

-Management of environmental carbon dioxide, which is related to climate change. 

-Detection of disease-causing organisms and monitoring of the safety of food and water supplies. 

-Use of genetically altered bacteria as living sensors (biosensors) to detect harmful chemicals in soil, air, or water. 

-Understanding of specialized systems used by microbial cells to live in natural environments with other cells. 

http://genomics.energy.gov/
http://genomics.energy.gov/
http://genomics.energy.gov/
http://genomics.energy.gov/
http://genomics.energy.gov/
http://genomics.energy.gov/
http://genomics.energy.gov/
http://genomics.energy.gov/




GTL (Genomes to Life) funded by DOE 



Andreas Brune. Symbiotic digestion of lignocellulose in termite guts. Nature Reviews Microbiology 12, 

168–180 (2014)  

 

Termites and biofuels 
Although the industrial fermentation of sugar-rich and starch-rich crops to ethanol is well established, the production of so-called second-generation 

biofuels from agricultural wastes is still inefficient. A better understanding of lignocellulose digestion by termites may help to overcome challenges in 

the conversion of lignified plant cell walls into soluble sugars. 

 

Models for technical processes The strategies that termites use for the breakdown of lignified plant cell walls resemble technical processes much 

more closely than those found in other environments. Mandibles and gizzards are powerful mechanical mills, the midgut is an enzymatic reaction 

chamber with a permeation filter (the peritrophic membrane) for product recovery and the hindgut paunch is an anaerobic digester that converts polymers 

to microbial products. The consecutive gut compartments of higher termites form sequential reactors that use the same alkaline pretreatment of 

lignocellulose as the paper industry. However, other properties of the digestive system are more difficult to mimic. In particular, the minute size of the 

hindgut bioreactor cannot be scaled up without loss of its intrinsic properties. It creates a delicate balance between the influx and removal of oxygen, which 

enables oxidative processes and anaerobic fermentations to occur in close juxtaposition. Interactions between the gut lumen, periphery and epithelium do 

not require radial mixing; diffusion alone suffices as a means of metabolite transport. Understanding the basis for the suppression of methanogenesis in 

the wood-feeding species may hold the key to increasing the yields of hydrogen or other valuable products in technical fermentations of plant 

biomass. 

 

Sources of novel enzymes Although termites probably cannot be directly used in the processing of agricultural wastes, they are a promising reservoir of 

microbial symbionts and enzymes that have biotechnological potential. Most research has been done on the endogenous endoglucanases of termites. 

They have been heterologously expressed, and their thermostability and catalytic properties have been improved by genetic engineering. Transgenic 

enzymes with proper glycosylation and catalytic activities that are superior to those of endoglucanases from bacteria or fungi have been produced 

in eukaryotic expression systems. In addition, some cellulases from gut flagellates have been expressed in different hosts; however, they may 

require codon optimization to avoid premature polyadenylation. Except for a few xylanases, enzymes of bacterial origin have only been poorly 

investigated. 







Polysaccharide-degrading bacteria in the 

ruminant and human gastrointestinal tracts 
The major sites of microbial breakdown of dietary 

polysaccharides, which also support the highest 

densities of bacteria, are the rumen in ruminant 

animals and the large intestine in humans. Examples of 

cultured polysaccharide-degrading species are shown for 

these sites, together with the phylum to which they belong 

(Firmicutes or Bacteroidetes) and their characteristic 

polysaccharide-utilizing abilities. Much of the diversity 

remains undefined, however, and new species of 

polysaccharide-utilizing bacteria have been described 

recently in the human colon.  

C, cellulose; I, inulin; S, starch; X, xylan. 

Polysaccharide utilization by gut bacteria: 

potential for new insights from genomic analysis 

Harry J. Flint, Edward A. Bayer, Marco T. Rincon, 

Raphael Lamed & Bryan A. White 

Nature Reviews Microbiology 6, 121-131 (February 

2008) 





How can we use genomic data? 

Microbial Genomics: vaccines, antibiotics, 

and diagnostics for infectious diseases, new 

energy fuels (biofuels); environmental 

monitoring to detect pollutants; protection 

from biological and chemical warfare; and 

safe, efficient toxic-waste cleanup. 


