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Exploring the unknown
The silent revolution of microbiology • by Eduard Kellenberger

Comparing shape and development has
permitted biologists to classify all known
animals and plants into more than one mil-
lion and some half a million species,
respectively. For micro-organisms, how-
ever, such morphological criteria are much
less suited. Complemented by biochemi-
cal criteria, taxonomists were at least able

to order the micro-organisms responsible
for infectious diseases in humans, plants
and animals. But only about 5000 prokary-
otic organisms have so far been formally
described, which represents barely one
percent of the existing bacterial species
(Pace, 1997). This situation will probably

change as soon as it is accepted that micro-
organisms produce substances beneficial
in the therapy of human diseases or for
industrial applications.

The biomass of micro-organisms on our
planet is estimated to be much more impor-
tant than that of plants. Prokaryotes are the
basis of every food chain on this planet.

They still dwell where higher organisms
cannot survive, not only on the surface, but
also deep in the oceans and in the earth.
But even today, the popular view of micro-
organisms is focused nearly exclusively on
those that cause disease. Few are aware of
their additional benefits, namely in the fer-

mentation of dairy products, sausages and
beverages. But their indispensable pres-
ence and necessity in natural biotopes—
which includes our digestive tract for
instance—is still not commonly accepted.
During an excursion to a Swiss lake, I
recently heard a perfect exposition of
aquatic food chains by a young biologist: to
my great surprise he started with the plank-
ton and completely omitted the important
role of micro-organisms in feeding and thus
sustaining it. This narrow view has certainly
something to do with the obsolete taxon-
omy, which, as we have seen, is restricted
to pathogenic micro-organisms or to those
few others that are responsible for alimen-
tary fermentation. And non-medical micro-
biology faces yet further adversity. Molecu-
lar biology, before it got its name, was
based on studies of bacterial genetics and
bacteriophages, generally carried out by
microbiologists. Gene technology and

The interest in microbiology will grow as soon as expectations become
confirmed that micro-organisms produce substances beneficial in the

therapy of human diseases or in industrial applications
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medical virology, fields of major impor-
tance today, are derived from these early
studies and genetic engineering has
become the main tool in biochemical and
biomedical research. But neither for teach-

ing gene technology, nor for growing the
few ‘work horses’—Escherichia coli,
Bacillus subtilis or yeast—for the purpose
of cloning, do researchers need micro-
biologists any more.

Two decades ago, one considered as
‘alive’ only those micro-organisms that
could be cultivated under laboratory con-
ditions. But increasing evidence, involv-
ing more sophisticated criteria, leads to
the notion that ‘dormant’ bacteria exist
that are not ‘cultivable’ (Colwell and
Grimes, 2000). In a few instances, the
conditions to ‘wake them up’ so as to
form colonies on a solid medium have
already been found, but in general condi-
tions must be experimentally generated
for every single strain. Indeed, there is a
lot of work waiting for us, for instance, in
characterising the approximately 107 bac-
terial species present in one gram of soil,
of which only 1 to 10 % are estimated to
be cultivable (Nalin et al., 1998).

Consequently, it is not feasible to inves-
tigate the richness of bacterial species by
using the classical methods of growing
isolated cells into a colony in order to
study their properties. But new methods
coming from molecular biology will
allow us to overcome some of these limi-
tations. With such techniques available, a
new approach carried out on large
genomes is feasible. The totality of all
individual genomes in a biotope can be
considered as one single large, biotopical,
genome. To characterise them, the fastest,
but rather expensive, method is the
‘shot-gun’ approach used by Craig Venter
to sequence the human genome—
random PCR fragments are sequenced
and then, utilising overlapping regions,
reassembled. Using this procedure,
linkage groups—chromosomes—appear
quasi automatically. In the case of
‘biotopical genomes’, the chromosomes
of each individual species would emerge
as separate entities, assuming one chro-
mosome per cellular genome. However,

the genomes of numerous pathogens have
already been sequenced, particularly by
The Institute for Genomic Research,
TIGR, in Rockville, MD, and the Sanger
Centre in Hinxton, UK, and there is an

increasing economic interest in sequenc-
ing microbial genomes not only from
pathogens but also from other, as yet
unknown bacteria. 

Another indication for the growing
interest in microbial genomes are TIGR’s
plans to create a comprehensive micro-
bial resource containing the sequence
and annotation of each of the completed
genomes, as well as associated informa-
tion about the organisms. They hope to
discover new prokaryotes with beneficial
properties or devise new medications by
analysing the genomes of pathological
micro-organisms.

But microbiology itself has already been
undergoing very fundamental, almost
revolutionary change during the past two
decades, notwithstanding the new
sequencing techniques. These changes
were triggered by new methodologies of
studying kinships by means other than
comparative morphology and biochemis-
try. Woese (Woese et al., 1990; Woese,
1994) introduced comparisons of the 16S
ribosomal RNA sequences, or correspond-
ing DNA, for establishing philogenetic
trees. The results obtained made it clear
that living organisms can be distinguished
into three primary ‘urkingdoms’ or
‘domains’: the Eucarya, the Bacteria and
the Archaea. The separation of prokaryotes
into Archaea and Bacteria was a major
step forward and has helped to solve
numerous classification problems. It clari-
fied properties and compositional differ-
ences which had previously been vague or
even confused, such as the variety of
DNA-binding proteins in chromatin (Li et
al., 1998; Bendich and Drlica, 2000).

This new taxonomy now allows micro-
biologists to progress in the study of
micro-organisms in the same way their
colleagues did previously with the study
of higher organisms, by first selecting rep-
resentatives of taxa with sufficiently dis-
tant kinships. In this manner, the biodiver-
sity gets broadly surveyed. This is exactly

the reverse of what has been done in the
past with micro-organisms: species
belonging to taxa such as Bacillaceae and
Enterobacteriaceae were strongly over-
emphasised because they occur fre-
quently and can be easily cultivated.

Despite today’s anthropocentric trend,
many microbiological publications have
appeared lately, largely stimulated by a
report by the American Academy of
Microbiology in 1997 (Staley et al., 1997;
Young, 1997). No month passes without
some new micro-organisms being discov-
ered, many of them having new, hitherto
unknown properties. An example is the
discovery of a new form of phototrophy in
two widespread aerobic bacteria in sur-
face waters of oceans (Beja et al., 2000;
Kolber et al., 2000). One of these recently
discovered organisms has a new variant
of light-collecting rhodopsin. These bac-
teria harvest substantial amounts of
energy and are supposed to play a very

important role as a starter of the food
chain that continues with plankton.
Micro-organisms have also been found
deep under our planet’s surface, where
they grow under anaerobic conditions.
They seem to be responsible for numer-
ous known and potential biological activ-
ities, in particular by living on, and modi-
fying, mineral substrates (Ehrlich, 1996).
Indeed, the initial role of micro-organisms
as the first inhabitants of our planet was to
render the surface of the Earth suitable for
the evolution of other life forms yet to
come. By using molecular techniques, the
‘new microbiology’ will also give a fresh
stimulus to this ‘biogeochemistry’.

But many research fields in microbiology,
although profiting from the new methods of
genetic engineering, still have to be revolu-
tionised in the same way as research on dis-
ease-causing prokaryotes has been. In line
with the medically-oriented focus of bio-
logical research, a large effort is being made
to study the mechanisms of infection of
human cells by pathogenic bacteria
(Niebuhr and Sansonetti, 2000). However,
surprisingly little has been published on the
essential and beneficial roles of human

There is a lot of work waiting
for us, for instance to

characterise the approximately
107 bacterial species present in

one gram of soil

Micro-organisms still dwell where higher organisms
cannot survive, not only on the surface, but also deep in the

oceans and in the earth
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intestinal bacteria (Bertschinger, 1997).
Realising that there is a huge number of dif-
ferent microbial species that form living
communities among themselves and with
other animals or plants, the interest in
studying these partnerships has greatly
increased. Indeed, the non-medical micro-
biology community has not only studied
this symbiotic partnership in ruminants, as
can be found in any textbook, but even in
protozoa (Görtz and Brigge, 1998).

Two important symbioses—those of
fungi with the roots of plants by forming
‘mycorrhiza’ and those of nitrogen-fixing
bacteria with some plant species—have
great potential for agricultural applica-
tions. These partnerships allow the plants
to grow with atmospheric nitrogen in
exchange for nutrients for the symbiotic
micro-organisms. The initial hope of defin-
ing all the genes involved in nitrogen fixa-

tion in the symbiont in order to transfer
them into crops was not fruitful. The other
approach, however, through better under-
standing of the mechanisms of communi-
cation between the symbiont (the bacteria)
and its host (the plant) has made very
promising progress. New nitrogen-fixing
bacteria have been discovered with as yet
undomesticated plants. These micro-
organisms could be adapted to domesti-
cated crops in order to enhance their yield
(Egener and Reinhold-Hurek, 2000). But
not only are synergic communities very
frequent between micro-organisms, plants
and animals, but also between themselves,
as exemplified by the biofilms (Costerton et
al., 1994). It is likely, that many micro-
organisms are able to grow only when in a
community with others.

Without question, both new and tradi-
tional microbiology have been funda-
mentally reshaped by the methods of

gene technology. In addition to large-
scale DNA sequencing and PCR, ‘bio-
logical chips’ (i.e. micro-arrays of DNA-
or protein-probes) will play an important
role in discovering and characterising
new potentially useful micro-organisms.

These new approaches have also
demonstrated that the living cell is not
simply a bag of individual genes and their
products. Rather, it is the result of a com-
plex network of numerous components in
which modifying the amount of one sin-
gle product can influence many other
metabolites—an understanding that could
have been reached much earlier. Under-
standing these networks and the co-oper-
ation of a cell’s basic ‘household’ genes is
obviously easier using the small and well-
known genes of micro-organisms, rather
than the human genome.

A suitable ending for this essay might
be a quote from Arthur Kornberg, who
received the Nobel prize for medicine in
1959 (Kornberg, 1997). He recom-
mended: ‘Increased attention to the
microbial world. Neglect of microbial
research in recent decades has revealed,
through novel and drug-resistant micro-
bial diseases, that we, as animals, are sim-
ply guests in a microbial world. Biological
and chemical studies of microbes, includ-

ing those that thrive at extremes of tem-
perature, pressure and pH, will provide,
as in the past, profound insights into bio-
chemical mechanisms, the means to
avoid or combat microbial diseases, rea-
gents for industrial processes and new
approaches to improve agriculture.’
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The initial role of micro-
organisms as the first inhabitants
of our planet was to render the
surface of the Earth suitable for
the evolution of other life forms

yet to come

Understanding the co-operation of a cell’s basic ‘household’ genes is
obviously easier using the small and well-known genes of micro-

organisms rather than the human genome


