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A new evaluation of our life-support system

 After more than 150 years of research 
in microbiology, new technologies and 
new insights into the microbial world 
have sparked a revolution in the field. 

 This is a much needed development, 
not only to renew interest in prokaryote 
research, but also to meet many 
emerging challenges in medicine, 
agriculture and industrial processes. 



A new evaluation of our life-support system

Although many microbiologists, such as Emil 
von Behring, Robert Koch, Jacques Monod, 
François Jacob, André Lwoff, Alexander 
Fleming, Selman A. Waksman and Joshua 
Lederberg, grace  the list of Nobel laureates, 
attention moved away from 
microbiology as biologists focused their 
interest on eukaryotic cells and higher 
organisms in the 1970s and 1980s. 



A new evaluation of our life-support system

 Furthermore, from the beginning, 
research on prokaryotes has suffered 
from an anthropocentric view, 
regarding as interesting only those 
organisms that cause disease or that 
can be exploited for industrial or 
agricultural use. 

 But the advent of new technologies, 
some of which have been driven by a 
need to understand eukaryotes, may 
change this. 



A new evaluation of our life-support system

 We are increasingly realizing how little we 
know about microbes in general, their 
diversity, the mechanisms of their 
evolution and adaptation and their modes 
of existence within, and communication 
with, their environment and higher 
organisms. 



A new evaluation of our life-support system

 As bacteria have succeeded in occupying 
virtually all ecological niches on this planet, 
ranging from arctic regions to oceanic 
hot springs, they hold an immense wealth 
of genetic information that we have barely 
started to explore and that may provide 
many useful applications for humans.



Microbes are the founder members of this planet 
and understanding bacterial function is a first 
priority in biology because of the critical role of 
microbes in the maintenance of all other forms of 
life. 



A new evaluation of our life-support system

Bacterial benefactors—and other prokaryotic 
pursuits

 If the process of evolution is to be 
unraveled properly to elucidate the 
evolution of biosynthetic pathways 
and their regulation, complete 
bacterial genome sequences are 
obligatory to furnish the predictive 
information essential for functional 
genomic studies of more complex 
genomes, since gene identification and 
organization in higher organisms will be 
derived principally from comparative 
studies with simpler genomes.



A new evaluation of our life-support system

Bacterial benefactors—and other prokaryotic 
pursuits

 The new technologies that allow us to 
sequence and annotate whole genomes 
more rapidly and to analyse the 
expression of thousands of genes in a 
single experiment are likely to speed up 
this change, particularly as microbes 
are well suited for high-throughput 
analysis. 



A new evaluation of our life-support system

Bacterial benefactors—and other prokaryotic 
pursuits

 Any microbial genome can now be 
sequenced within a few hours and new 
bioinformatics tools will enable scientists 
not only to assemble and annotate them 
automatically, but also to infer metabolic 
pathways and other cellular processes 
from the sequence data in silico. 
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 However, the experimental approaches 
(functional genomics) for testing the 
veracity of these predictions are likely 
to be rate-limiting for the foreseeable 
future. 

 This renewed research will have great 
usefulness if it means that we 
understand the microbial world on 
which all other species on this planet 
depend for survival.



A new evaluation of our life-support system

 There is already a vast richness 
to explore in the known 
genomes. Due to the high-density 
coding of microbial genomes, 109 
base pairs of prokaryotic DNA—the 
equivalent of a eukaryotic genome—
represents a million genes or 
proteins, compared with only about 
25,000 for the human genome. 



A new evaluation of our life-support system

 Furthermore, the total number of protein 
families steadily increases with each new 
genome sequenced, and bacterial genomes 
clearly contribute more to protein diversity 
than do eukaryotic genomes.

  Kunin et al. estimate that the genomes of 
Borrelia burgdorferi and Xylella fastidiosa 
will provide 380 new protein families per 
million base pairs versus only 1.3 families 
per million for the whole human genome.



A new evaluation of our life-support system

 But all of these sequenced prokaryotic 
genomes are only the tip of the 
iceberg of total microbial diversity. 

 Of the estimated 109 microbial species 
on Earth, only a minute number is 
accessible for analysis, as we are not 
able to cultivate most bacteria in the 
laboratory 
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 . 
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 Bacteriophages also add to this 
diversity due to their enormous 
abundance (estimated to be 1031 

particles on the globe for tailed 
bacteriophages alone) 

 recycling rate (every second, 
approximately 1025 phages initiate a 
lytic cycle) 

 and gene product diversity 



 . 
Transmission electron 
micrograph of an unfiltered 
Chesapeake Bay water 
sample (magnification, ca. 
×36,000). a, short-tailed or 
nontailed virus-like particle; 
b, tailed virus-like particle; c, 
bacterium, coccal 
morphotype; d, bacterium, 
vibrio morphotype. 
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 To circumvent the cultivation bottleneck, 
microbiologists have started extracting 
genes from what they call the 
'metagenome', that is, from DNA taken 
directly from environmental samples. 

 This approach should uncover new genes, 
proteins, enzymes, metabolic compounds 
and pathways that could be exploited for 
industrial processes. 



A new evaluation of our life-support system

 Such an expanded representative 
catalogue of microorganisms holds 
great promise. It may allow us to 
understand and predict the impact 
of industrial, agricultural and other 
activities on prokaryotic diversity.

  We will also better understand the 
mechanisms of the evolution of 
pathogens and of potentially useful 
bacteria, such as xenobiotic degraders. 



A new evaluation of our life-support system

 A metagenomic approach also represents 
an important first step towards 
understanding what some have called the 
second human genome—the 1013 bacteria 
that populate our bodies, some of which 
are essential to our survival. 

 However, before we are able to grasp fully 
the complex interactions between bacteria 
and ourselves, and their contribution to our 
well-being, new analytical techniques 
are needed.



A new evaluation of our life-support system

 . 



A new evaluation of our life-support system

 Bacteria live in habitats where 
environmental and physiological 
homeostasis is the exception. 
Consequently, adaptive ability is a key 
feature of bacterial life, which 
necessitates metabolic plasticity. 

 Bacteria need to detect environmental 
cues in 'real time' and to integrate the 
resultant signals to trigger appropriate 
metabolic responses. 



A new evaluation of our life-support system

 Evolution has created extremely 
efficient bacterial sensing and 
signal transduction systems for the 
monitoring of diverse environmental 
factors, such as temperature, pH, 
osmolarity and the availability of 
nutrients 



A new evaluation of our life-support system

 One particularly important sensing 
system is the ability to measure the 
density of the surrounding 
bacterial population— both siblings 
and competitors—in any niche.

 Now known as 'quorum sensing' (QS), 
it is the production of one or several 
molecular signals as intercellular 
messengers 



A new evaluation of our life-support system

 The concentration of these signals indicates 
population density, and, by sensing these 
signals, a bacterium may effectively titrate 
the number of 'self' and 'non-self' cells. 

 The potential advantages of QS for 
microorganisms are still speculative and 
depend on the physiological traits that are 
under QS control in any particular bacterium. 



 Bacteria that use quorum sensing produce and 
secrete certain signaling compounds (called 
autoinducers or pheromones), one example of 
which are N-acyl homoserine lactones (AHL).

 These bacteria also have a receptor that can 
specifically detect the AHL (inducer). When 
the inducer binds the receptor, it activates 
transcription of certain genes, including 
those for inducer synthesis. There is a low 
likelihood of a bacterium detecting its own 
secreted AHL. 

A NEW EVALUATION OF OUR LIFE-SUPPORT 
SYSTEM

BACTERIAL BENEFACTORS—AND OTHER 
PROKARYOTIC PURSUITS





A new evaluation of our life-support system

 During the past decade, much attention 
has concentrated on surface-attached 
microbial populations, so-called biofilms. 

 These biofilms, which may account for 
most prokaryotic biomass, are multicellular 
and heterospecific matrix-enclosed 
bacterial communities found in almost all 
ecosystems that have clearly distinct 
morphological and physiological properties 
compared with free-floating, planktonic 
bacteria. 
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Bacterial benefactors—and other prokaryotic 
pursuits

 . 

Laser-scanning micrograph of an Escherichia coli biofilm. The extracellular-
matrix material remaining after fixation can be seen between tightly 
interconnected bacteria. Magnification, X 10,000. 
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Bacterial benefactors—and other prokaryotic 
pursuits

 There are other important fundamental 
microbiological questions, such as the 
nature of commensalism. The genomes of 
commensals and pathogens can be 
compared, and DNA arrays can be used to 
investigate how bacteria interact within 
complex flora and eukaryotic hosts 
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 Another neglected issue is the molecular 
basis of probiotic effects. It has long 
been known that mucosal flora have the 
capacity to limit the growth of, or kill, 
certain transient microbial pathogens by 
'bacterial interference'. 

 The alarming rise of antimicrobial 
resistance has spurred a renewed 
interest in the therapeutic use of this 
competition between enteric bacteria, a 
promising approach to protecting and 
controlling human bacterial flora. 



 However, the methods used to identify, 
select and evaluate bacterial colonization 
factors are limited and little is known 
about the molecular basis of this 
phenomenon, even if the defined 
'beneficial flora' strains are now being 
widely commercialized.



A new evaluation of our life-support system

 Any discussion about the future of 
microbiology cannot ignore gene transfer 
between bacterial species. Understanding 
this phenomenon will probably be one of the 
greatest challenges of this century. 

 The 50-year long 'experiment' of the 
massive use of antibiotics gave us the first 
hints about exchange between bacteria of 
mobile genetic elements (MGEs) that 
allow rapid adaptation to cope with deadly 
compounds in the environment. 



A new evaluation of our life-support system

 Many of these elements, which carry 
various combinations of genes that 
enable bacteria to degrade or detoxify 
a wide range of compounds, have been 
identified and characterized.

  More recently, the complete 
sequencing of several strains of 
the same bacterial species 
revealed a new vision of lateral 
gene transfer in prokaryotes. 
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Bacterial benefactors—and other prokaryotic 
pursuits

 Escherichia coli and Salmonella share around 
70% of their genes. 
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Bacterial benefactors—and other prokaryotic 
pursuits

 . 

A similar level of divergence is seen between the 
genomes of two E. coli strains (the laboratory strain 
K12 and the pathogen O157-H7), which differ by as 
much as 20−30% of their genomes. Strikingly, much 
of the difference is accounted for by prophages 
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Bacterial benefactors—and other prokaryotic 
pursuits

 All of the major gaps in the alignment between 
the genomes of Listeria monocytogenes and 
Listeria innocua correspond to the prophages 
that are integrated into the latter.



A new evaluation of our life-support system

Bacterial benefactors—and other prokaryotic 
pursuits

 The main differences between the pathogenic 
Bacillus anthracis and the closely related 
Bacillus thuringiensis, which is the source of Bt 
toxins, do not reside in their chromosomes but 
in the nature of the plasmids that they host. 



A new evaluation of our life-support system

 The increasing volume of genomics 
research, coupled with information from 
metagenomics, may uncover new 
proteins, enzymes, pathways and 
metabolic products that could become 
useful tools for microbiology research and, 
if we are fortunate, novel 
chemotherapeutic agents. 



A new evaluation of our life-support system

 Advances in genomics, transcriptomics and 
proteomics will also help to elucidate the 
nature and functions of gene products that 
have unknown functions at present. From a 
utilitarian perspective, the biotechnological 
spin-off could be even more exciting.

  It will allow us to address many current 
problems in agriculture, nutrition and medicine, 
which are all domains relying on complex 
microbial flora that have been, so far, used 
largely empirically. 



A new evaluation of our life-support system

 These new approaches will clearly 
reshape many aspects of human 
activities, when we finally have the 
tools to explore the fantastic reservoir 
of biochemical know-how in the 
microbial world.

  Bacteria were on this planet long 
before we arrived and, no doubt, will 
be here long after we have 
disappeared. 



A new evaluation of our life-support system

Bacterial benefactors—and other prokaryotic 
pursuits

 . 
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