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INFECTION WITH THE human patho-
genic bacterium Neisseria meningitidis

causes bacteremia and meningitis, and in
many European and American countries
leads to more death and disability among
infants than any other microbial infec-
tion1. In Asia and Africa, pandemics of
meningococcal disease also cause high
levels of morbidity and mortality. This is
in part due to the lack of vaccines against
this microorganism—the development
and implementation of effective and safe
meningococcal vaccines remains an ur-
gent priority throughout the world. As in
other areas of medicine, the application
of genomic technology to meningococ-
cal disease has generated optimism that a
new era of understanding is dawning,
typified by the completion earlier this
year of the genome sequences of two dis-
tinct meningococci2,3. In this issue, Sun et
al.4 report the use of signature tagged
mutagenesis (STM) to identify genes es-
sential for bacteremia (bacterial infection
of the blood) the prerequisite to the
pathological complications of meningo-
coccal infection.

The STM approach is based on ge-
nomic mutagenesis using transposon
donors labelled with unique nucleotide
sequences (tags). STM is a powerful tool
useful for identifying genes involved in
pathogenesis in a variety of animal mod-
els5, and allows a large numbers of mu-
tants to be analyzed simultaneously in
vivo. The novelty of the work described
by Sun et al.4 is that the insertional muta-
genesis was carried out in vitro, overcom-
ing limitations imposed by the currently
available tools for the genetic manipula-
tion of N. meningitidis. The clever twist is
that the authors were able to exploit the
transformation and recombination sys-
tems of this bacterium to complete the
construction of the mutant library. After
screening a library of 2,850 insertional
mutants, the authors identified 73 genes
putatively involved in septiceamic
growth, of which only eight have previ-
ously been associated with pathogenic-
ity4.

Genomic studies are substantial invest-
ments in time and money, yet they have
potential to produce new resources and

ideas for future research, as well as to in-
fluence other areas of research. This is si-
multaneously an opportunity and a
challenge. Genomic studies generate

large quantities of data, which in most
instances is considered to be a good
thing. However, the amount of resources
required to perform such studies reminds
us that we must carefully think them
through before they are initiated. Once a
genomic or functional genomic study
has commenced, many important factors
cannot changed, such as the organism
whose DNA is chosen for analysis. This is
of particular concern in the case of bacte-
ria, for which it is all too easy to overlook
the fact that all bacteria are not created
equal.

Like most microorganisms, there are
numerous genetic and antigenic variants
of N. meningitidis. These have been iden-
tified by population studies employing
techniques such as multi-locus enzyme
electrophoresis6 and lateral multi-locus
sequence typing7. We know that some
meningococcal lineages cause disease
often (the hyperinvasive lineages), some
lineages cause more severe forms of dis-
ease than others (described as hyperviru-
lent), and others rarely cause disease at
all. The situation is further complicated

by the fact that meningococcal antigens
are able to move among genetic lineages,
presumably at the dictates of immune se-
lection8. A number of meningococci of
known lineages have been extensively
used in vaccine development, notably
the isolate known as H44/76, which was
isolated in Norway during a hyperen-
demic outbreak in the 1970s (ref. 9). A
different variant of the same bacterial
lineage was used in a vaccine developed
in Cuba10.

However, genomic studies are not usu-
ally based on these past data and in-
sights. For example, the isolate chosen
for the study of Sun et al.4, C311, is rela-
tively obscure and has not been widely
used in other studies of meningococcal
biology. It is not a well characterized rep-
resentative variant of a meningococcal
hyperinvasive lineage, it has not been
used in vaccine development, and it is
not one of the isolates for which the
complete genome has been determined.
To a degree, these facts compromise the
value of the results of the study for the
community as a whole.

Clearly, if we are to maximise the ben-
efits from the investment in meningo-
coccal genomics (or any other
pathogen), there needs to be a consen-
sus on which isolates should be re-
garded as type-strains and these strains
should form the basis of fundamental
research. They need to be chosen with
care by the community as a whole and
not by individual researchers. Definitive
cultures of the isolates need to be de-
posited in culture collections, made
widely available and the unofficial dis-
tribution of cultures discouraged for fear
of generating variants. Once upon a
time these ideas were basic tenets of mi-
crobiology.

Genomic studies are a welcome and
invaluable addition to the biomedical
research arsenal, and these results repre-
sent an important resource for future
work on meningococcal disease.
However, researchers must also carefully
consider basic biology before initiating
these types of high-tech experiments. It
is perhaps an appropriate time to ask
the questions of how this technological

Meningococcal genomics: two steps forward, one step back.
Signature tagged mutagenesis of N. meningitidis has identified genes that are required for septicemic infection.

However, these high-tech studies also raise questions about how to choose the isolates of pathogens that will yield
the most useful information (pages 1269–1274).
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potential is to be most effectively and
efficiently harnessed in the fight against
infectious diseases.
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ELUCIDATION OF THE mechanisms that
regulate muscle regeneration, decay

and hypertrophy provides the cornerstone
for therapeutic intervention into muscle-
related diseases. These processes are adap-
tive responses to physical, injury-related
and pathological stimuli. Age and wound-
induced muscle wasting, cachexia,
and myopathies reflect malfunc-
tion in the balance between regen-
eration and catabolism. Muscle
wasting is observed in 20-80% of
cancer patients and also in people
with chronic diseases1. The impact
of muscle wasting on therapeutic
tolerance, morbidity and mortality
in AIDS and cancer patients under-
scores the importance of under-
standing the process of
differentiation, regeneration and
decay2,3. 

Two recent studies exploiting an
in vitro model of differentiation
have revealed the mechanisms un-
derlying the regulation of muscle
differentiation and decay. In the 2
November issue of Nature,
McKinsey et al.4 report that Ca2+-
dependent regulation of a chro-
matin remodelling enzyme
regulates muscle differentiation,
while in the 29 September issue of
Science, Guttridge et al.5 report that
NF-κB plays a role in cytokine-in-
duced muscle wasting and dys-
function.

Great strides have been made in
improving our understanding of
muscle differentiation (myogene-
sis), hypertrophy, regeneration,
and decay through the exploita-

tion of the mouse muscle cell line, C2C12
(ref. 6). In this in vitro culture system, prolif-
erating C2 myoblasts fuse into post-mitotic

multinucleated myotubes that acquire a
muscle-specific phenotype. This cellular
morphogenesis is accompanied by muscle-
specific gene expression.

A group of basic-helix-loop-helix pro-
teins encoded by the myoD gene family
(myoD, myf-5, myogenin, and MRF-4) and a

second class of transcription fac-
tors, the myocyte enhancer factor-
2 family (MEF2A-D), are required
for proper muscle differentiation.
The MyoD and MEF2 transcription
factors function in a cooperative
manner to control the mutually
exclusive events of division and
differentiation7.

Transcription is also regulated
by the structural conformation of
chromatin, a complex made up of
DNA, histones and other proteins.
Chromatin structure is regulated
by cofactors such as histone acetyl-
transferases (HATs) and deacety-
lases (HDACs). Histone acetylation
and deacetylation affect accessibil-
ity of DNA to the transcriptional
machinery, leading to transcrip-
tional activation or repression, 
respectively. Both histone hyper-
acetylation and hypoacetylation
have been associated with the neo-
plastic process8.

The cofactors GRIP-1, CBP/p300
and PCAF have HAT activity and
function as co-activators for MEF-
2C during myogenesis9-10. Class II
HDACs (HDAC–4 and –5) interact
with MEF2, inhibiting its ability to
activate transcription11 and my-
oblast differentiation12. The ability
of class II HDACs to repress tran-

Not a minute to waste 
We are finally beginning to unlock the mechanisms underlying Ca2+-stimulated muscle differentiation and cytokine-

mediated muscle wasting. Gaining a better understanding of the signaling pathways that regulate muscle development
and decay improves the prospects for repairing aged, injured and diseased muscle.
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Fig. 1 Signal transduction pathways that regulate myogenesis. The
cooperative interaction of the transcription factors MyoD and MEF2,
along with the co-activators p300 and GRIP-1, activate muscle-spe-
cific transcription and myogenesis. Cyclin D1 mediates translocation
of Cdk4 to the nucleus, repressing MyoD function and myogenesis.
The histone deacetylase HDAC-5, upon dephosphorylation and
translocation to the nucleus, directly inhibits MEF2, preventing myo-
genesis. McKinsey et al.4 report that calcium/calmodulin-dependent
kinase (CaMK), stimulates myogenesis and prevents formation of
MEF2/HDAC complexes by inducing phosphorylation and nuclear
export of HDACs 4 and 5. CaMK is activated by insulin-like growth
factor-1 (IGF-1). IGF-1 also activates myogenesis through a cal-
cineurin and NF-AT mediated signaling pathway. Guttridge et al.5 re-
port that cytokines such as tumor necrosis factor-α (TNF-α) and
interferon-γ (IFN-γ) induce the activation and nuclear translocation of
NF-κB, which suppresses myoD mRNA, leading to dysfunction of
skeletal myofibers. Induction of muscle differentiation may be useful
in reversing muscle hypertrophy and inducing muscle remodelling.
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