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HotoffthePress

Microbiology Today
Editor Meriel Jones
takes a look at some
papers in current
issues of the
Society’s journals
which highlight new
and exciting
developments in
microbiological
research.

wide range of presumptions that might allow bacteria to
evolve resistance to RAMPs worried the researchers.

The danger of bacteria developing resistance to RAMPs
arises from the fact that humans, and many of our farm
animals and crops, are producers of these natural
antimicrobials. If bacteria are allowed to develop new ways
of evading our normal defences against disease, the
consequences may be far worse than simply returning to a
pre-antibiotic era. Minor cuts and scrapes might not heal
properly and would allow bacteria to enter and spread
throughout the body. The ability of the passive immune
system to deal with infections would be reduced, making
recovery slower, and many diseases more lethal. When
antibiotics were discovered, scientists knew nothing about
how bacterial resistance would develop, but now, after half a
century’s experience, we know just how serious the problem
is. Before RAMPs enter routine clinical practice, Bell and
Gouyon are convinced that we ought to guard against the
potential rise of resistance to them much more carefully.

Bell, G. & Gouyon, P.-H. (2003). Arming the enemy: the
evolution of resistance to self-proteins. Microbiology 149,
1367–1375.

Arming the enemy
Antibiotics were the wonder drugs of 20th century 
medicine, curing infections that had previously been lethal.
Unfortunately, no-one realized that bacteria would evolve
such effective resistance to them so quickly. Only the
development of new antibiotics prevents medicine returning
to a pre-antibiotic era, and new ones are not easy to find.
One brand new class of compounds that shows great
promise are cationic antimicrobial peptides. Some are
starting to enter clinical use. However, two researchers
wonder if we are going to encounter a unique threat to 
public health when resistance to these new antimicrobial
treatments arises.

Graham Bell and Pierre-Henri Gouyon, from McGill
University in Canada and the Université Paris-Sud in France,
are concerned about ribosomally synthesized antimicrobial
peptides (RAMPs). These are made in the same way as
proteins by every kind of organism, including humans. They
are incredibly diverse and have been protecting us from
bacterial infection for millions of years. They stick to the
bacterial cell membrane because it is negatively charged
and actually kill the cell by making holes in the membrane.
The membranes of animals, plants and fungi have virtually
no charge and are therefore intrinsically immune to RAMPs.
Some researchers argue that because this charge is an
essential feature of bacterial physiology, it will be impossible
for resistance to RAMPs to arise.

People discounted the idea of resistance to antibiotics 
at first because they knew that mutations conferring
resistance would be very rare. What they did not appreciate
was both the ability of bacteria to transmit resistance
between cells, and even species, and also the effectiveness
of natural selection. Bell and Gouyon have searched the
scientific literature and found many reports of resistance to
RAMPs. One example is among the genus Salmonella, the
agents of typhoid and food poisoning. Switching on a series
of systems to resist the RAMPs of their human victims has
turned out to be a normal part of their pathogenic strategy.

Evolution of resistance to any antimicrobial compound
depends on mutations arising within the bacteria that confer
resistance. In theory there are several ways in which bacteria
could resist RAMPs, and researchers have used carefully
designed experiments to show how these could occur in
practice. Resistance to RAMPs comes at a cost, and the
growth rate of resistant bacteria is frequently slower than
normal, sensitive bacteria. This means that they would
usually be at a disadvantage, and may tend to vanish from
bacterial populations. The only time they would have an
advantage is when the RAMP is present. Then they would
live, and the normal bacteria would die. Researchers can use
mathematical equations to simulate this process. Since
RAMPs are part of our normal armoury against infection,
some bacteria have always been exposed to them. However,
prescribing RAMPs for an infection would increase the
extent and length of the exposure. Computer simulations
show that this might allow many more types of resistant
mutants to invade a host and persist in the population.
Although simulations are not the same as real life, the 

Epidemiology shows a 
link between human
papillomavirus (HPV) and
many cases of cervical
cancer. However, it cannot
explain how the virus causes
cancer because that
depends on exactly what 
it gets up to within human
cells. Viruses contain the
genetic instructions for
duplicating themselves, but
rely on their host’s cells to do
everything. Most infections
with HPV do not lead to
cancer, so the reason 
why some of them do is
particularly intriguing.

Scientists have already
discovered that one 
viral protein, called E6,
encourages the destruction
of a human protein that
normally suppresses the
development of tumours.
However, there are
suspicions that E6 can 
do other things as well.
French researchers, led 
by Murielle Masson from 
the Ecole Supérieure 
de Biotechnologie de
Strasbourg in France, 
have been checking exactly
where E6 gets to within 

Importing cervical cancer
the cell. They developed a
very specific way to detect
E6 by using antibodies, 
and then spent time making
their assay as sensitive 
as possible. When they
examined human cell lines
that had been deliberately
encouraged to make lots 
of the E6 protein, the
researchers had no trouble
detecting it, but only their
most sensitive experiments
could detect E6 in cells with
natural, low, levels of the
protein. However, the E6
protein was always
predominantly in the
nucleus, and particularly in
regions where genes were
in use, rather than other
areas of the cell.

This location fitted with 
the idea that E6 can interact
with the proteins that
normally control gene
expression, but opened up
the question of how it got
into the nucleus. Proteins
are assembled in the
cytoplasm of cells. The
nucleus is surrounded by a
membrane that allows small
proteins to drift into it, but
large ones have to be
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When is an outbreak not an
outbreak?
In a recent issue of the Journal of Medical Microbiology,
Philip P. Mortimer from the Central Public Health Laboratory
in London proposed a series of criteria to identify an
outbreak of an infectious disease. Detecting that there has
been a sudden increase in the rate of transmission of an
infectious agent, the formal definition of an outbreak, is 
not that easy. People may be ill, or simply infected with the
microbe without showing any symptoms. The increasing
human population, air travel, intensive farming, innovations in
food preparation and novel medical treatments all give new
and rapid ways for microbes to spread. The emergence of
new pathogens adds to the need for good ways to recognize
outbreaks and intervene to bring them to an end.

Fortunately, pathogenic micro-organisms can now be
characterized much more easily and accurately than ever
before, so that outbreaks that might have been missed in the
past can be recognized and treated. In the UK, continuous
low-profile surveillance is the key to preventing and
controlling outbreaks. The Communicable Disease
Surveillance Centres and the Scottish Centre for Infection
and Environmental Health in the UK, along with similar
organizations in other European countries can quench
outbreaks before the public has even become aware of a
problem, provided someone spots the first crucial signs.
There has to be some sort of pattern to all the cases, giving
them a timing or place in common. There can frequently be 
a common source of infection, so that all cases turn out to
have eaten a particular food, or shared a holiday destination.
Identifying someone who is unaffected and who did not eat
a particular food, or was absent at a critical time can be a
valuable way of confirming the source. 

It is essential to check that the same micro-organism is
associated with all the cases. It may be easy to identify which
species is involved, but much more difficult to pin down the
exact strain. Fortunately, microbiologists have been building
up information on the best ways to distinguish between
individuals within a microbial species. If patients have
recovered from the infection, the only way of testing for the
causal organism may be to check whether their immune
system has produced antibodies to it, and these may not
distinguish between strains. 

The final confirmation that an outbreak has been
successfully contained is when the outbreak ends, with 
no further reports of cases. It implies that identification of 
the source, route of spread, method of treatment and of the
organism were all successful. Continuous surveillance, rapid
and accurate identification of microbial strains, and focused
measures to eradicate sources of communicable diseases
all play their part in the important objective of resolving
outbreaks as quickly as possible. This applies as much to
human disease, for example SARS, as it does to animal
disease such as foot-and-mouth.

Mortimer, P. P. (2003).Five postulates for resolving outbreaks of
infectious disease. J Med Microbiol 52, 447–451.

deliberately escorted inside.
E6 is sufficiently small that 
it could just about slip inside
unaided, but to check, the
researchers attached it to
another, much larger, protein
that usually stays in the
cytoplasm. When they
tested the location of this
new hybrid protein, it was in
the nucleus, indicating that
E6 contains signals to
ensure it is always imported
into the nucleus. As a result
of these experiments the
researchers are certain that
they are well on the way to
discovering the full list of
E6’s multiple abilities. 

Masson, M., Hindelang, C.,
Sibler, A.-P., Schwalbach, G.,
Travé, G. & Weiss, E. (2003).
Preferential nuclear localization
of human papillomavirus type
16 E6 oncoprotein in cervical
carcinoma cells. J Gen Virol84,
2099–2104.
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Time trends in cervical
cancer
Human papillomavirus (HPV) has been identified as a 
major cause of cervical cancer. The virus is spread by close
personal contact, particularly during sex. However, most
infected women do not develop cancer, and even if the
disease does develop it can be one or two decades after
infection before any symptoms appear. As an added
complexity, there are over 30 types of HPV. One of these,
type 16, has been more closely linked to later development
of cervical cancer than others, such as types 6 and 11. 
There are also some women who develop the cancer
without having been infected by HPV. To predict future
trends in cervical cancer, it is therefore important to know
about past infections with HPV within the community.

In Finland, screening programmes have reduced the
incidence of some types of cervical cancer, but against a
background of a rising number of incidences, particularly
among young women. Researchers in the Finnish Cancer
Registry and National Public Health Institute have used 
a national resource to investigate the incidence and
prevalence of infection with HPV-6, -11 and -16 in Finnish
women from 1983 to 1997. They hoped to discover whether
epidemics of HPV-16 preceded the increases that they
have seen in cervical cancer during the 1980s and 1990s.
They were able to use the serum bank from the Finnish
Maternity Cohort. This is blood serum generously donated
by 96 % of all pregnant Finnish women, partly to screen for
infections that would affect the health of themselves or their
babies, but also as a national resource for clinical research.
These women have, of course, had sex, and thus been at risk
of exposure to HPV. The researchers checked for the
presence of antibodies to three strains of HPV in serum
samples from 7,862 women who had become pregnant
twice within 5 years. If the second sample, but not the first,
had antibodies to HPV, it indicated that the woman had 
been exposed to the virus between her pregnancies.

Their tests showed that there had been a steady increase 
in the incidence of HPV-16 infection from 1983 to 1997 in
women who had had at least two pregnancies between the
age of 24 and 32, and this predated the increased incidence
of cervical cancer. In younger women, who had had two
pregnancies before they were 24, the incidence of HPV-16
was fivefold higher. In contrast, the prevalence of the HPV-6
and -11 strains had not increased, implying that their
transmission from person to person is different from that 
of HPV-16.

The results make it very clear that there has been an
increase in the background exposure to HPV-16 in Finland
before an increase in cervical cancer, which is important
information for developing national policy about both HPV
vaccination and cancer screening.

Laukkanen, P., Koskela, P., Pukkala, E., Dillner, J., Läärä, E.,
Knekt, P. & Lehtinen, M. (2003).Time trends in incidence and
prevalence of human papillomavirus type 6, 11 and 16 infections in
Finland. J Gen Virol84, 1799–1807.
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Clostridium perfringens is
the infamous bacterium 
that causes gas gangrene. 
It requires an oxygen-free
environment, and normally
lives innocuously in places
such as soil and the large
intestine of humans.
However, when it gets into
areas of the body that lack
oxygen, the symptoms of
gangrene can be apparent
within 6 hours. Deep
wounds, or blockages in the
blood circulation, are the
usual culprits, and once the
infection starts it rapidly
spreads to healthy tissue
and is always fatal if left
untreated. The reason is the
mixture of toxins that the
bacterium releases into the
bloodstream, causing
cardiac stress and severe
shock to the whole body. 

David O’Brien and 
Stephen Melville of 
Virginia Tech in the USA
have discovered that,
intriguingly, C. perfringens
cells can persist within 
some macrophages even 
under aerobic conditions.
Macrophages are cells of
the immune system that
detect, engulf and then
destroy invading micro-
organisms. O’Brien and
Melville wanted to know 

RIGHT:
Laser confocal microscopy 
image of macrophages infected
with C. perfringens. The cytoplasm
of the macrophages was stained
with CellTracker Green and the
bacterial and macrophage nuclei
were stained with propidium 
iodide (red).
COURTESY DAVID O’BRIEN, VIRGINIA
TECH, BLACKSBURG, VA, USA

OPPOSITE PAGE:
The cypovirus endoparasitoid 
wasp Diadromus pulchellus and its
host, the pupa of the leek-moth,
Acrolepiopsis assectella.
COURTESY FABRICE BÉNÉDET

Gangrene – evading the body’s defences

how these bacterial 
cells managed to survive.
They knew that the way 
that bacteria get into
macrophages is an
important influence on 
how effectively they are
killed. The surface of
macrophages is covered
with several types of
receptors that pick out
pathogens by the molecules
on their surface. The
interaction of the receptor 
is the start of the process 
of phagocytosis, which is
supposed to end in the
destruction of the bacterial
cell. Depending on which
receptor recognizes an
invader, the pathogen may
be simply taken into the
macrophage, or can be
doused with toxic chemicals
as well. 

The researchers have 
now discovered that three
receptors are involved in 
the phagocytosis of 
C. perfringens. They are 
the scavenger, mannose
and complement (CR3)
receptors. They recorded
how many bacteria they
could find within a tissue
culture line of mouse
macrophages after
incubating the cells with
bacteria. To identify 

which receptor was involved,
they looked for a difference
after adding chemicals that
block the activity of each
class of receptor. To clinch
the role of the scavenger
receptor they repeated their
measurements using
transgenic Chinese hamster
cells that produced the
mouse scavenger receptor.
C. perfringens rarely entered
non-transgenic Chinese
hamster cells, but readily
became attached once
the hamster cells had the
mouse scavenger receptor.

A lot of information about
what a receptor looks for on
the surface of a bacterial cell
is already known. For the
mannose receptor it is the
carbohydrate mannose and
for the scavenger receptor 
it is the negative charge
conferred on carbohydrate
polymers by glucuronic 
acid. These are found in a
surface coating, the capsule,
on other C. perfringens
strains, but this was not
supposed to be present in
the strain that the American
group were using. However, 
their electron microscope
pictures showed that the
macrophages attached to
fibres on the bacterial
surface, which turned out to 
be made from exactly the
right sugars. It looks as if 
this strain of C. perfringens
actually encourages
macrophages to engulf
them, because once inside
they have a ready source of
nutrients and some
protection from oxygen. 

O’Brien, D. K. & Melville, 
S. B. (2003).Multiple effects 
on Clostridium perfringens
binding, uptake and trafficking
to lysosomes by inhibitors of
macrophage phagocytosis
receptors. Microbiology149,
1377–1386.

Keratin-
digesting
bacterium
Collaboration between
researchers at Kuwait
University and the 
Deutsche Sammlung 
von Mikroorganismen 
und Zellkulturen in
Braunschweig, Germany,
has revealed a new species
of bacteria with an unusual
ability. Amycolatopsis
keratiniphilacan digest
keratin. This protein is the
major component of wool,
feathers, hair and horn. 
A moment’s thought about
how long these can stay in
good condition indicates
how very few micro-
organisms have the trick 
of degrading keratin.

The scientists isolated 
these bacteria from marsh
soil in Kuwait by providing
sterile, degreased wool as
the sole source of nutrition.
The cells grew as a 
light-grey meshwork 
that instantly fitted the
characteristics of the
bacterial grouping called 
the actinomycetes, but it
took extensive research 
into their chemical and 
DNA composition to 
name the species with
confidence. In fact, 
although the characteristics
fitted into the genus
Amycolatopsis, they were
sufficiently different from 
all of the others to merit
being named as a new
species, A. keratiniphila,
after its unusual ability.

Al-Musallam, A. A., 
Al-Zarban, S. S., Fasasi, Y. A.,
Kroppenstedt, R. M. &
Stackebrandt, E. (2003).
Amycolatopsis keratiniphila sp.
nov., a novel ketatinolytic soil
actinomycete from Kuwait. 
Int J Syst Evol Microbiol53,
871–874.
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EDUCATION
LTSN

�The Bioscience Education Electronic Journal (BEE-J), published
bi-annually by the LTSN Centre for Bioscience, is now online

(http://bio.ltsn.ac.uk/journal/). It publishes articles on tertiary level
bioscience education, including peer-reviewed research and practice
papers, descriptive articles and reviews, of interest to tertiary level staff
and students and upper secondary school staff. Contributions to the
journal are welcome. Instructions to authors are posted on the website.
The LTSN Bioscience ImageBank pilot is now also open (http://
ltsn.ac.uk/imagebank). It includes images contributed by the bioscience
community which are freely downloadable, with rights cleared for
educational use. Contributions to  the ImageBank are welcome.
The proposed merger of the LTSN with the Institute for Learning and
Teaching in Higher Education and the Higher Education Staff Development
Agency to form an Academy for the Advancement of Learning and
Teaching is up for consultation. The role of the Academy would include
support to enhance learning and teaching at tertiary level. The LTSN 
Centre for Bioscience hopes to maintain its existing services within 
the new framework.

UK GRAD Programme

�GRADschools are 3, 4 or 5-day residential courses designed 
for postgraduate research students to assess their personal skills,

and develop team-building and career management skills. The courses are
free to all second and third year students funded by the Research Councils,
AHRB, Wellcome Trust and Royal Society of Chemistry. To check
availability of courses, book a place, and make use of the ‘just for
postgrads’ section on the website, please visit www.grad.ac.uk. For more
information email admin@grad.ac.uk or telephone 01223 448510.

UK GOVERNMENT
A Strategy for Women in Science, Engineering
and Technology

�The Promoting SET for Women Unit has announced a new
integrated approach to tackling the problem of the under-

representation of women in science, engineering and technology (SET) in
employment, education and policy making in the UK. This is outlined in
A Strategy for Women in Science, Engineering and Technology, which is
available from the www.set4women.gov.uk/set4women/research/the_
greenfield_response.htm. The new strategy is the Government’s reply to
the Greenfield report, SET Fair, which reviewed the current status of
women’s participation in SET and was published in November 2002.

Of little benefit?

�The Government has launched a new independent study to
examine in detail the benefits and risks of nanotechnology.

Working with materials on the nanoscale – 80,000 times smaller than the
width of a human hair – nanotechnology has the potential to improve our
health and wealth, but it is important that any necessary regulatory
framework is in place early on (see www.ost.gov.uk/policy/issues).

Parasitic wasp has new
stealth agent
Insects, like other animals, suffer from virus infections. 
A group of French researchers has recently explained how
one wasp uses several viruses to boost its parasitic success.
Although the moth Acrolepiopsis assectella, otherwise
known as the leek-moth, is a predator of leek plants, it is, in
turn, preyed on by a wasp. This solitary wasp, Diadromus
pulchellus, uses the moth pupae as the host for its young, 
but has to overcome the immune system of the leek-moth to
ensure success. One common strategy of parasitoid wasps
is to exploit a virus to interfere with their host’s immune
system. They infect the host with the virus at the same time
as injecting each egg, and then the viral gene products
interfere with the host’s defence mechanisms and
development. Until recently, all D. pulchellus that had been
tested in France were infected by two types of virus, an
orthoreovirus called DpRV-1 and the ascovirus DpAV-4,
both of which could interfere with the moth’s immune
response. 

However, in 1999 the French group found a wasp on a 
leek field near Tours that was free of both DpRV-1 and
DpAV-4, but still extremely effective at parasitizing leek-
moths. Since the researchers had earlier discovered that 
the wasp eggs never hatched if they were implanted without
a virus, they began a search for other viruses. A combination
of electron microscopy, to look at the appearance of virus
particles and their location within the insects, and nucleic
acid analysis, led them to identify a new cypovirus. The virus,
which they named DpRV-2, was present in the female
genitalia of the wasps, and was injected into the moth pupae
along with an egg. In the moth, the virus developed in the 
gut cells, while the wasp larvae grew in the moth’s abdominal
cavity. After 4 days the wasp larvae had filled the whole of
the abdomen of the moth pupa and killed it, which also
halted the viral infection which had spread throughout the
parasitized pupa. When the scientists injected the virus
alone into the moth, it quickly spread, killing the moth. 

The researchers wanted to confirm that DpRV-2 could
affect the moth’s immune response, so they carried out 
a series of experiments that involved inserting nylon
monofilaments into moth pupae. The majority of non-
parasitized pupae reacted to the filaments by creating a
capsule and melanized layer to surround and isolate them.
This was precisely what the researchers had seen happen 
to wasp eggs within the moth if they had not been inserted
along with a virus. Once the pupae were parasitized, many
fewer of them reacted to the nylon threads. Infection with 
the DpRV-2 virus alone had no effect on encapsulation, 
but did reduce the rate of melanization substantially. The
overall picture is of a wasp and a series of viruses that
combine to exploit a moth for their mutual benefit.

Renault, S., Bigot, S., Lemesle, M., Sizaret, P.-Y. & Bigot, Y.
(2003).The cypovirus Diadromus pulchellusRV-2 is sporadically
associated with the endoparasitoid wasp D. pulchellus and modulates
the defence mechanisms of pupae of the parasitized leek-moth,
Acrolepiopsis assectella. J Gen Virol84, 1799–1807.

Micro
Shorts

Food Standards
Agency new chief
executive

�Dr Jon Bell has been
appointed as the Agency’s

new Chief Executive. Dr Bell has
been the acting Chief Executive
since December 2002 and was
previously Deputy Chief Executive
and Director of Food Safety.

Chicken feed

�The FSA has launched 
a consultation on its

strategy to tackle the problem of
Campylobacter in UK-produced
chicken. Campylobacter is a
common cause of food-borne
illness in Britain. The deadline 
for receipt of comments is 
8 September 2003. SGM will 
be submitting a response
(www.food.gov.uk).

Foot-and-mouth
disease

�European Agriculture
Ministers have agreed a

proposal for EU-wide measures on
the control of foot-and-mouth
disease, including the requirement
for Member States to have
arrangements in place for possible
use of emergency vaccination as
soon as the disease is confirmed.
The proposed Directive was
welcomed by UK officials, who
stressed that Defra had played a
pivotal role in shaping it, calling on
their experience during the UK
outbreak in 2001 (www.defra.gov.uk).
Defra have launched an online
database of the 2001 foot-and-
mouth disease outbreak. It contains
all the statistics compiled at the
time and will be a unique reference
tool for scientists studying and
modelling control options for 
future animal disease outbreaks
(http://footandmouth.csl.gov.uk).


