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A tasty bit of
hot property
There is a big market for
monosodium glutamate, the
ubiquitous taste enhancer
listed as MSG in many
prepared and oriental foods.
Worldwide production
exceeded 1 million tonnes 
in 1996. Much of it comes
from bacteria of the genus
Corynebacteriumthat
secrete large amounts of
glutamic acid as they grow 
in vast industrial fermenters.
One problem is that the
growing bugs generate 
so much heat that they 
die unless complicated
cooling systems keep the
temperature down. 

One solution would be 
to use bacteria that enjoy
higher temperatures.
Japanese researchers 
from Ajinomoto, the world’s
largest producer of MSG,
and from the University of
Technology, Toyohashi, 
have now discovered a 
new species with exactly
this characteristic. In trials,
Corynebacterium efficiens
pumped out over 1.0 g
glutamic acid l–1 while
growing vigorously at 45 °C.
The bacteria were originally
isolated from soil and an
onion bulb, and described 
in a Japanese patent
application. They could now
be a piece of hot intellectual
property.

Fudou, R., Jojoba, Y., Seta, A.,
Yamada, K., Kimura, I.,
Nakamatsu, T., Hiraishi, A. 
& Yamanaka, S. (2002).
Corynebacterium efficiens sp. nov., a
glutamic-acid-producing
species from soil and vegetables.
Int J Syst Evol Microbiol52,
1127–1131.
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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.

Spoiling 
the picnic
Soft drinks are a hostile
environment for most
microbes because they are
so acid. However, a select
few are able to live in this
acidic, sugary environment,
and their growth spoils the
flavour and appearance of
the drink. Researchers at
Unilever R&D, working with
colleagues at the National
Collection of Yeast Cultures,
have just added Candida
davenportii to this exclusive
band, named after the late
Professor Bob Davenport,
whose work with spoilage
yeasts in soft drinks is
legendary. The trail started
with a common wasp lying
dead next to a few drops of
syrup from the sampling tap
of an external sugar syrup
tank at a European soft
drinks factory. Although the
yeast isolated from the wasp
looked perfectly ordinary,
biochemical and DNA 
tests showed that it was
sufficiently different from the
other 800 known types of
yeast to be a new species. 

Its most notable
characteristic was that it was
more resistant to acetic acid
than almost all other spoilage
yeasts and could grow even
at pH 1.4. Another interesting
feature was that C.
davenportii and other closely
related yeasts are associated
with bees and wasps. Most 
of them have been isolated
from these insects and may
be carried by them to infect,
and so spoil, sugary foods. 
So not only is there a hazard
from being stung by wasps 
at a picnic, but they may be
carrying yeasts that could
spoil the soft drinks.

Stratford, M., Bond, C.J.,
James, S.A., Roberts, I.N. &
Steels, H. (2002).Candida
davenportii sp. nov., a potential
soft-drinks spoilage yeast isolated
from a wasp. Int J Syst Evol
Microbiol52, 1369–1375.

TOP:
Scanning electron micrograph of 
a small cluster of cells of Candida
davenportii.Bar, 1 µm.
COURTESY MARK KIRKLAND AND
MALCOLM STRATFORD, UNILEVER R&D
COLWORTH

Wanted – dead or alive!
Microbiologists would like to know how to tell when 
bacteria are really dead, and when they are alive but
unwilling to grow. Obviously, if the microbes have just been
cooked in an autoclave, they are not shamming death, but
many situations are less clear-cut. Researchers can often
see bacteria on grains of soil, or samples of animal tissues,
but cannot grow the same ones on culture media. In a similar
way, tools from molecular biology have revealed the
existence of vast hordes of microbes in every possible
environment, few of which will grow in the laboratory. 

Apart from philosophical interest, there are very 
practical reasons for wanting to understand what is
happening in these situations. If apparently viable but 
‘non-culturable’ pathogenic bacteria can ever be induced to
grow again, they could be medically important, rather than a
scientific oddity. Tuberculosis is one of the diseases where
there is an argument about whether, and how, bacterial cells
can persist in the body for years before becoming active 
and causing disease. 

Researchers at the Bakh Institute of Biochemistry in
Moscow and the University of Wales, Aberystwyth, have
been collaborating for several years to study ‘non-culturable’
bacteria. They have studied both an avirulent strain of
Mycobacterium tuberculosis, the bacterium that causes TB,
and its non-pathogenic relative Rhodococcus rhodochrous.
They have discovered that several days after R. rhodochrous
has used up all the food in the growth medium, there is a
discrepancy of up to 10,000-fold between the number of
bacteria that are visible and the number that can be induced
to grow by changing the growth medium. However, adding a
small amount of liquid from growing cultures decreased
these differences. The reason turns out to be minute
amounts of a small protein called Rpf, released by the
growing bacteria. The same sort of phenomenon happened
with M. tuberculosis, where even 5 months after the cells
had apparently ceased growth, adding Rpf, or liquid from a
growing culture, triggered their revival. If M. tuberculosis
cells can really enter a state of deep dormancy, this may
explain why TB can suddenly re-appear years after the
infection was ostensibly cured. Finding ways to block this
resuscitation may eventually offer new treatments for 
this disease.

Shleeva, M.O., Bagramyan, K., Telkov, M.V., Mukamolova,
G.V., Young, M., Kell, D.B. & Kaprelyants, A.S. (2002).
Formation and resuscitation of ‘non-culturable’ cells of Rhodococcus
rhodochrous and Mycobacterium tuberculosis in prolonged stationary
phase. Microbiology148, 1581–1591.



FMD revisited 1 – pinpointing
the genes responsible for
infectiousness and virulence
The outbreak of foot-and-mouth disease (FMD) in the 
UK in 2001 did not end without a massive effort, involving
restrictions on farming and access to the countryside for
months, as well as the slaughter of millions of animals. The
progress of an outbreak of FMD in Greece in 1994 was 
very different. Although it started with a lot of illness in sheep
flocks, the number of cases declined sharply after a month
and the disease finally appeared to die out of its own 
accord. This sort of behaviour has been recorded before 
in outbreaks among small flocks. If it really occurs, it could 
shed some light on exactly why FMD is so virulent.

Researchers at the Institute for Animal Health at Pirbright,
UK, collaborating with the Centre for Tropical Veterinary
Medicine at the University of Edinburgh, in the UK, set up an
experiment to see whether the Greek strain of FMDV really
did become less infectious as it spread. They infected one
small group of sheep with the virus and then let them meet
with other sheep, in an arrangement designed to mimic the
spread of disease between flocks in real life. The amount of
virus in the blood of infected animals usually correlates well
with the infectiousness of that animal, and it turned out to 
be lower in sheep that were infected later on. 

If an infectious agent is to maintain itself through an
unbroken chain of infections, it must maintain the level of
infectiousness of each newly infected individual, or it will
inevitably die out. In this experiment, the peak amount of
virus in new infections decreased by about 50 % over only 
3 weeks, suggesting that this strain really could not 
maintain its transmission, which agreed with the records of
its behaviour in Greece in 1994. How long it would really
take to disappear in real life would depend on a host of
factors, but the researchers now want to find out how this
strain differs from others, to pinpoint the genes that 
control its infectiousness and virulence.

Hughes, G.J., Mioulet, V., Haydon, R.T., Kitching, R.P.,
Donaldson, A.I. & Woolhouse, M.E.J. (2002).Serial passage of
foot-and-mouth disease virus in sheep reveals declining levels of
viraemia over time. J Gen Virol83, 1907–1914.
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DNA recombination and
diversity in phytoplasmas
Phytoplasmas are very small, wall-less bacteria that live
exclusively within the phloem of plants. They have among
the smallest numbers of genes of any living organisms,
being able to rely on their unwitting hosts for many materials.
The main reason for being interested in phytoplasmas is that
their parasitic lifestyle causes disease. To date, over 600
diseases in at least 300 plant species have been ascribed 
to phytoplasmas, but because they cannot easily be
separated from their hosts they are very difficult to study. 
The only way to maintain a phytoplasma for research is in
infected plants in a greenhouse. Since the phytoplasma is
transmitted in the saliva of sap-sucking insects, the plants
have to be within insect-proof containment, and a suitable
insect has to be available to propagate the phytoplasma 
to new plants. 

Researchers at the University of Tokyo have been 
studying the phytoplasma responsible for onion yellows
disease (OY-W). This produces a wide variety of symptoms
in its plant host, including excessive greening of the flowers,
and flowers with leaf-like petals and sepals, yellowing of the
leaves, stunting, and excessive proliferation of shoots. They
maintained the phytoplasma on garland chrysanthemums
and used a leafhopper to transmit it from plant to plant. At
one point a variant of the phytoplasma (OY-M) arose that
produced much milder symptoms than the original strain.
The researchers immediately wondered what change 
had occurred in the OY-M line.

They knew that the genes for pathogenicity in bacteria are
frequently not carried on their chromosome, but instead on
small extra pieces of DNA, called plasmids. They had already
discovered two classes of plasmids within OY-W, the smaller
of which was missing from OY-M. The Japanese group have
now reported their most recent findings in Microbiology,
which give further insight into the evolution of these two
phytoplasma lines. They have found a third class, present in
both OY-W and OY-M, which looks as if it has arisen by
recombination of the two other classes and has lost 
some of its virulence along the way.

Although this is a first for phytoplasmas, recombination
between plasmids is a well-known feature in bacteria that
plays a major evolutionary role by creating genetic diversity
and provides the potential for rapid adaptation to new
environmental conditions. Since phytoplasmas are so
dependent on their hosts, any mechanism for increasing
their biological diversity could be of great significance 
for their pathogenicity.

Nishigawa, H., Oshima, K., Kakizawa, S., Jung, H.-y.,
Kuboyama, T., Miyata, S.-i., Ugaki, M. & Namba, S. (2002).
Evidence of intermolecular recombination between
extrachromosomal DNAs in phytoplasma: a trigger for the
biological diversity of phytoplasma? Microbiology148, 1389–1396.

RIGHT:
Symptoms of Japanese 
hydrangea phyllody phytoplasma
(Phytoplasma japonicum) infection
on a Japanese hortensia plant
(Hydrangea macrophylla f.
macrophylla). A diseased flower,
showing typical phyllody symptoms
(development of the floral parts
into leafy structures) is shown
(bottom) below a normal flower
(top). Diseased plants also show
virescence (the development of
green flowers and loss of normal
flower colour), proliferation of
auxiliary shoots, resulting in a
witches’ broom appearance,
necrosis in the phloem, dieback of
branches and eventual decline.
PHOTO COURTESY DR SHIGETOU
NAMBA

OPPOSITE PAGE:
A reminder of the FMD crisis in the
UK in the summer of 2001.
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FMD revisited 2 – limiting the spread
The recent UK FMD
outbreak was a heart-
rending example of 
how this highly contagious
virus disease of livestock
can result in personal
despair for people
dependent on agriculture
and rural businesses, as well
as the culling of millions of
animals to control the
infection. The highly
contagious nature of FMD,
and the drastic measures
used to eradicate it, were
shown on the television for
months. Sheep played a
major role in the spread of
the disease because the
clinical signs often are mild
in sheep. This means that
the virus can be transmitted
from infected sheep to other
animals through their breath
or by contact before anyone
realizes there is a disease
problem.

Veterinary scientists at the
Institute for Animal Health 
at Pirbright, UK, have now
reported a study into how
readily the virus can be
spread among sheep, and
also how much airborne
virus sheep actually excrete
as the disease progresses.
The researchers kept 10
Dorset crossbred ewes in a
biosecure building, and
infected six of them with 
the strain of the virus that
caused the UK epidemic.
From then on, they
examined the sheep for
signs of disease every day,
collected samples of blood,
and took nasal and rectal
swabs to test for the virus.
They also collected samples
of air from the room housing
the sheep so they could
measure whether there was
virus in their breath.

FMDV multiplied rapidly in
the sheep, and the infected
sheep shed virus into their
breath and surroundings
only 24 hours after they
were injected. The amount

of virus in the air was enough
to let a sheep breathe in an
infectious dose in only 5
minutes, and the other four
sheep rapidly became
infected. These initially
showed very little sign of
illness but excreted airborne
virus maximally within 48
hours. By the sixth day, all
the sheep were obviously ill,
but by that time, although
the researchers could
detect virus in the swabs,
there was none in the breath
of the sheep. Antibodies to
FMDV in their blood
indicated that the immune
systems of the sheep were
getting the infection under
control by this time. This
matched with the
decreasing amounts of live
virus within the blood
samples or swabs. One
month after the start of the
experiment, the researchers
could still detect very low
levels of virus in throat
samples from half of the
sheep, indicating that they
were now virus carriers.

The reason that the sheep
became infected so quickly

was probably the large
amount of the virus they
were exposed to. In real life,
the disease would be
transmitted less quickly if
the sheep were scattered
across fields or hillsides, but
could travel swiftly if they
were brought together for
any reason, such as
shearing. The fact that
sheep are most infectious
before there are any obvious
signs of illness is very
important for working out
strategies to contain FMD.
The researchers hope to use
the detailed results from this
experiment to develop
improved computer models
for predicting the spread of
the disease, as well as
recommending practical
steps to limit its spread.

Alexandersen, S., Zhang, Z.,
Reid, S.M., Hutchings, G.H.
& Donaldson, A.I. (2002).
Quantities of infectious virus
and viral RNA recovered from
sheep and cattle experimentally
infected with foot-and-mouth
disease virus O UK 2001. J Gen
Virol83, 1915–1923.

Capsules and carriers – 
the puzzle of meningitis
pathogenicity
Bacterial meningitis is caused by Neisseria meningitidis
which can be detected in the nose and throat of many
normal, healthy people. The proportion of such carriers
varies considerably, but can be over 40 %. However, only 
N. meningitidis, and one other member of its genus, are
capable of causing disease. Researchers would like to 
know why some people very occasionally become seriously
ill, while most live all their lives with N. meningitidisas a
harmless inhabitant. 

One of the distinguishing features of the bacterium is its
thick coat of complex lipids and polysaccharides, called a
capsule. This can protect it from the immune system during
an infection, and may have the more biologically important
role of preventing the bacterial cells from becoming dried up
in the air so that they can spread from person to person in
coughs and sneezes. The detailed structure of the capsule
lets researchers assign each strain to one of 13 groups.
Virtually all infections come from only five of these groups,
although even then most people carrying these strains do
not fall ill. Nevertheless, researchers are convinced that
understanding more about the capsule may help them
understand why a few strains are pathogenic while 
most are not. 

Researchers led by Ulrich Vogel at the University of
Würzburg in Germany, collaborating with Martin Maiden
from the University of Oxford in the UK, recently tested
8,000 healthy schoolchildren and young adults from Bavaria
for N. meningitidis. Just over 10 % carried the bacterium,
and 16 % of these strains lacked several of the genes that
are required to synthesize a capsule. Synthesizing the
capsule is quite complicated. The bacteria have to build a
series of special lipids and sugars, transport them onto the
surface of the cell and then join them together. A large
number of genes control this biosynthesis.

When the researchers examined exactly why these 
bacteria no longer made capsules, they discovered that 
the acapsulate strains fell into at least four distinct groups.
Genes for the synthesis, lipid modification and transport 
of the capsular polysaccharide had been replaced by a 
short length of DNA that did not encode anything. The
researchers obviously wondered where this had come from.
They were not entirely surprised when they worked out 
that it originated in the species Neisseria lactamicaand 
had been transferred to N. meningitidison several different
occasions. The species of Neisseriaare well known to 
be genetically diverse, and to exchange genes among
themselves, and with other species of bacteria.

Although the biological role of the meningococcal capsule 
is still unclear, the fact that it is absent from particular groups
of the species suggests that these are less dependent on 
a capsule for protection during transmission than other
groups. The reason for this still awaits discovery.

Claus, H., Maiden, M.C.J., Maag, R., Frosch, M. & Vogel, U.
(2002).Many carried meningococci lack the genes required for
capsule synthesis and transport. Microbiology148, 1813–1819.


