
MICROBIOLOGYTODAY VOL 26/NOV 99156

●
Microbiology has never been the same since 28
July 1995. That was the publication date of the
issue of Science containing the first complete

bacterial genome sequence – indeed, the first complete
sequence for any free-living organism. The creature in
question, the pathogen Haemophilus influenzae, was 
soon followed by Mycoplasma genitalium, the archaeon
Methanococcus jannaschii, the yeast Saccharomyces cerevisiae,
Helicobacter pylori, Escherichia coli and Bacillus subtilis. As
of 2 September 1999 the web pages of The Institute for
Genome Research, where the pioneering H. influenzae
sequence was determined (http://www.tigr.org), give 24
microbial genomes or chromosomes (16 bacterial, 5
archaeal and 3 eukaryotic, including single chromosomes
for Plasmodium falciparum and Leishmania major) as
completed and 91 entries as in progress.

Assembling, documenting and curating megabases of
DNA are the first tasks of bioinformatics. The next stage
involves scanning the sequence for open reading frames
(ORFs) which are likely to encode proteins. This involves
looking for extended reading frames lacking ‘stop’
triplets (finding functional RNA molecules requires
searching for homologies with known examples). Then
the polypeptide sequence derived from each ORF is used
to probe the composite protein database, allowing
recognition of homologies which may extend over part or
all of the unknown sequence. This crucial stage may
permit an ORF to be recognized as encoding a protein
whose exact function is known, or as containing a domain
generic for a certain class of proteins, or as homologous to
another protein of unknown function – or it may show no
recognizable relationship to any protein. In the case of 
H. influenzae, of the 1,743 identified ORFs, roles could
be assigned to 58% on the basis of homology with
polypeptide sequences of known function and 20%
matched hypothetical polypeptides already in the
database (i.e. whose sequence, but not function, was
known); this left just 22% without a database match.

Such results can in themselves be of great interest. 
For instance, it is clear that obligate commensals or
pathogens like H. influenzae have dispensed with much 
of their biosynthetic capacity, having lost many genes
involved in biosynthesis or its regulation. Observations
of this type can pose questions whose answers will require
the integration of molecular studies with ecology. The
partially completed Streptomyces coelicolor sequence allows
the inference that although this organism has a genome
of only c. 8 Mbp in comparison to the c. 13 Mbp of
Saccharomyces cerevisiae, the mean size of ORF (1.2 kbp vs
2.2 kbp for the latter) would give >7,000 genes for the
prokaryote but <6,000 for the yeast. What extra genes
does Strep. coelicolor possess to account for the difference
from E. coli with its 4,000 genes? The answer seems to be
a multiplicity of ABC transporters and two-component
regulatory systems, which one may conjecture are needed
for its complex developmental cycle.

Information breeds the need for more information,
and if Bill Gates didn’t say that (he probably didn’t), he
should have. It is clearly not enough to guess at the
function of the thousands of genes with limited or no
homologies; their functions must be determined as far as
possible. Hence, some genome projects, notably those for
S. cerevisiae and B. subtilis, have been followed by ‘analysis
of function’ projects. In these, consortia are formed to
make a knock-out mutant of every gene, while others
examine these phenotypically according to a pre-
determined scheme, allowing further inferences to be
made about each gene’s function. (There are ways of
allowing for the fact that many genes will encode
essential functions.) Going further down the functional
analysis road, methods have been or are being devised to
obtain complete catalogues, termed the ‘transcriptome’,
‘proteome’ and ‘metabolome’, respectively, of all RNA
molecules transcribed within an organism, all proteins
produced and all non-informational macromolecule
compounds present, in all cases under particular
conditions. The latter approaches will eventually reveal
what genes are expressed and to what extent, and how 
the metabolism of an organism changes according to
conditions. For instance, it will be possible (also by
means of in vivo methods such as IVET techniques) to
ascertain which genes of a bacterial pathogen are
switched on only during infection.

It will not have escaped the notice of Microbiology
Today’s readers that substantial investment in genome
projects has come from industry, especially pharmaceut-
ical companies. Why is a return expected on this? One
answer is that the protein product of a novel gene in a
pathogen, if its function is shown to be essential during
infection, could represent a target for new antibacterial
agents. The protein could then be used as a target in 
drug screening, or its structure could be determined, e.g.
by X-ray diffraction, and potential low molecular weight
inhibitors then predicted.

Returning to basic science, we remember the
drosophilist Dobzhansky’s dictum ‘nothing in biology
makes sense except in the light of evolution’. Genome
sequences give us the results of evolution in the most
complete and direct form. In the teeming data there
must be clues as to, for instance, where the archaea stand
in relation to pro- and eukaryotes, and how and in what
sequence the various protist groups separated from each
other. For the moment, obvious approaches are enough 
to provide us with vast amounts of work and novel
information. The challenge of the coming years will be to
find ever subtler questions and ways of answering them.
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