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HotoffthePress

Bacteria can produce all
sorts of weird and wonderful
compounds, from lethal
ones that cause food
poisoning to life-saving
antibiotics. Emulsan,
produced by Acinetobacter
lwoffiiRAG-1, has the more
humble role of stabilizing
oil/water emulsions. It is
used commercially in
cleaning residues out of oil
tanks in an efficient and
environmentally friendly way,
as an alternative to organic
solvents. The bacteria
synthesize emulsan from
sugar and fat molecules,
creating a long sugar strand
with an occasional side-arm
from a fatty acid. This is
released from the bacterial
cells in combination with a
protein and can dissolve in
both water and oils, in a
similar way to a detergent. 

Although scientists have
played around with the
properties of emulsan by
seeing what the bacteria
produce when they are
given different fatty acids,
until recently they had little
idea of the genes controlling
this process. Researchers at 
Tel-Aviv University have now
remedied this by reporting
the sequence of the part of
the chromosome of A. lwoffii
RAG-1 that includes 20 of
the genes needed to make
emulsan. The researchers
found them by looking for

OPPOSITE PAGE(TOP):
An engorged Aedes aegypti
mosquito, the vector of yellow fever
and dengue viruses.
PHOTOGRAPH BY DAN SALAMAN,
LONDON SCHOOL OF HYGIENE AND
TROPICAL MEDICINE, WITH
ACKNOWLEDGEMENTS TO CHERYL
COPPER

RIGHT:
(a) Emulsan forms stable oil in
water emulsions. (1) An oil-in-
water emulsion formed by emulsan.
(2) The container is clean after
emulsification. (3) Without
emulsan the oil floats on the
surface of the water. (4) Without
emulsan the tank remains dirty. 
(b)  Mutants which cannot make
the biosurfactant have a different
appearance than the parent strain
RAG-1. (c) The wee cluster. The
line represents that piece of DNA
responsible for the synthesis of
emulsan. The black triangles show
where the mutations are located.
The coloured arrows represent
different genes involved in the
production of emulsan. Genes
which do similar jobs in the
manufacture of emulsan have
arrows with the same colour. The
direction of the arrow illustrates
the direction that the DNA is read
when the gene is translated into a
specific protein.
COURTESY DAVID GUTNICK, TEL-AVIV
UNIVERSITY, ISRAEL

mutants of the bacterium
that could no longer 
make emulsan and then
investigating the region of
DNA that was damaged.
They discovered a number
of different mutants
because a fully functional
set of the products of all 20
genes is needed before the
bacteria can synthesize the
complete polymer.

After working out the
sequence of the DNA, the
researchers used computer
programs to distinguish the
regions that were probably
genes and tried to identify
them. Some of the genes
were unique to A. lwoffii
RAG-1, while others 
were very similar to genes 
in other bacteria. The
researchers used the
naming conventions for
bacterial genes involved in
polysaccharide synthesis 
to call the entire cluster the
wee region and to name 
the genes within it. 

Then, from a combination 
of what they already 
knew about bacterial
polysaccharide biosynthesis
and the putative genes,
David Nakar and David
Gutnick predicted the
chemical reactions that
were needed to synthesize
emulsan, and the role of
each gene product in this
process. They believe that
the process starts with the

conversion of one type of
sugar molecule into the
three rather unusual ones
used in emulsan. Further
enzymes join these together
to form the repeating three-
sugar sequence at the core
of emulsan, which is
exported to the region of the
cell called the periplasm,
which is outside the cell’s
membrane but still within the
cell wall. These repeating
units are then joined
together, a protein becomes
associated with the emulsan
and the whole complex is
finally secreted from the cell
as a minicapsule. Products
of genes within the wee
cluster control the
movement of the growing
polymer through the cell’s
membranes and out into the
environment. 

One surprising aspect 
of emulsan is that it is only
synthesized by this one
strain of A. lwoffii. The genes
uncovered by the Israeli
researchers have similarities
to ones in other bacteria 
that are involved in
synthesizing other bacterial
polysaccharides, but 
also have some crucial
differences. As scientists
investigate these genes
further, more details of this
unique polymer may
emerge.

As a result of this work
modern genetic engineering
technology can now be used
to generate a whole new
battery of emulsan-like
molecules with potential
applications in a variety of
industrial settings.

Nakar, D. & Gutnick, D.L.
(2001). Analysis of the wee
gene cluster responsible for
the biosynthesis of the
polymeric bioemulsifier from
the oil-degrading strain
Acinetobacter lwoffii RAG-1.
Microbiology 147, 1937–1946.

Answer to a wee problem

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.
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Although a vaccine may be
one way to protect people
from disease caused by
dengue virus, an alternative
would be to prevent the
entry or spread of the virus in
the body. One problem with
this idea is that the virus
comes in four versions,
called serotypes, each
appearing different to the
immune system, which
normally has the job of
spotting and clearing out
invading microbes. However,
French researchers have
been focusing on this
approach because they
have discovered an antibody
that attaches to and
neutralizes all four serotypes.
Their experiments
suggested that this antibody
targets a region essential for
infection of human cells in all
serotypes of the virus.

The report in JGV by
Philippe Thullier and his
colleagues of their most
recent results has pinned
this area down to a mere 9
amino acids of the E protein

Enter the cell
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Blunting the chopper
Dengue virus, transmitted by mosquito bites in tropical and
subtropical regions, usually causes an unpleasant, but rarely
fatal illness. The symptoms are fever and severe headache
for about a week, followed by weakness for several weeks.
However, since the 1950s more of the infections have
turned into a haemorrhagic fever which is fatal to about 5 %
of sufferers, especially children. As many as 100 million
people contract dengue fever each year and several
hundred thousand have the more lethal haemorrhagic
version. A way to remove this disease from the more than
100 countries at risk would be to eliminate the mosquitoes,
but a combination of war, poverty and insecticide resistance
have made this strategy difficult in recent years. One
alternative is a vaccine so that people can be immunized
against the disease. Development of a safe, effective
vaccine is always a slow process, and there is no harm in
trying out more than one approach. Peter Wright and his
colleagues at Monash University in Australia may have a
very personal interest in this project, as dengue fever is a
major problem in countries to the north of Australia.

The virus has only a small amount of genetic information,
which it uses very economically. Like all viruses, it relies on 
its host for the day-to-day activities of a living cell, merely
supplying instructions for the proteins that surround its
genes, how to put them together into new virus particles, and
then how to release them to infect more human or mosquito
cells. As a further economy measure, all of its proteins are
synthesized in one long piece and then chopped into smaller,
functioning sections. An enzyme, called a proteinase, is
needed for this and researchers have accumulated
considerable information on the structure of the enzyme 
and the spots that it picks out to cut.

The Australian researchers have used this knowledge to
make very specific changes to the proteinase, aiming to
produce a virus that could still reproduce, but very poorly in
comparison to the wild virus. This type of virus might make a
good vaccine, because the human body’s immune system
would have no trouble getting rid of such a sluggish invader.
The memory of the virus would, however, remain to trigger
full defensive mode by the first few wild dengue virus
particles to emerge from a mosquito’s bite. They would be
destroyed long before they could cause an illness. 

The researchers altered seven sites in the proteinase 
that they anticipated would reduce, rather than abolish, the
enzyme’s activity. They then tested how well these altered
viruses grew in cell cultures. Each change had a subtly
different effect on the biology of the virus but, as they had
hoped, several of the altered viruses retained their ability to
infect the cell cultures, but less effectively than the wild 
virus. As a result, the scientists have a better idea of
consequences of precise changes to the proteinase and 
are a little further along the road to a vaccine.

Matusan, A.E., Kelley, P.G., Pryor, M.J., Whisstock, J.C.,
Davidson, A.D. & Wright, P.J. (2001).Mutagenesis of the dengue
virus type 2 NS3 proteinase and the production of growth-restricted
virus. J Gen Virol 82, 1647–1656.

on the surface of the virus.
They worked this out by
offering the antibody a vast
range of short amino acid
chains, to see which ones
could bind to it. There were
24 in total, but 12 turned out
to be identical. These, and
two of the others, were very
similar to this sequence of 9
amino acids. Indeed, when
the researchers deliberately
synthesized the amino acid
sequence of the virus that
best matched the test amino
acid chains, it bound to the
antibody very effectively.

Even more interestingly, this
region seems to recognize a
complex sugar molecule on
the surface of the cells. This
sugar molecule is highly
sulfated, and this feature
could allow it to function as a
rather specific receptor on
the surface of the cell. It has
long been suspected that
the virus also has to
recognize a protein receptor
before it can slip into the
unsuspecting cell, but this
second protein receptor has

never been identified. The
sugar molecule, a highly
sulfated heparan sulfate, is
implicated in the interaction
between cells and viruses 
as diverse as human
immunodeficiency virus,
herpes simplex virus and
hepatitis C virus. It is
therefore possible that the
researchers may have come
across a critical mechanism
for entry to cells that applies
to many more viruses than
dengue virus alone.

Thullier, P., Demangel, C.,
Bedouelle, H., Megret, F.,
Jouan, A., Deubel, V., 
Mazie, J.-C. & Lafaye, P.
(2001).Mapping of a dengue
virus neutralizing epitope
critical for the infectivity of all
serotypes: insight into the
neutralization mechanism. 
J Gen Virol82, 1885–1892.

Fussy guests
What is the relationship
between the organisms that
live on animals and the
animals themselves? Frank
Aarestrup from the Danish
Veterinary Laboratory has
been asking this question
about the dog superfamily,
and one of their species of
skin bacteria. The animals,
which include badgers, seals,
foxes, bears, mink and red
pandas as well as dogs,
separated into different
families 40–50 million years
ago. To find out how similar
the bacteria that live on a dog
are to, say, the ones living on
a bear, Aarestrup collected
bacteria from 41 living or
dead animals across Europe
and the USA. He then tried 
to isolate Staphylococcus
intermedius from each
sample and to record the
sequence of a region of
DNA from each isolate.

The S. intermediusstrains
from each animal species
were extremely similar,
suggesting that they are very
particular about their animal
host, despite noticeable
differences between the
strains on different species.
When he compared the
sequences of the DNA of all
the bacteria, the strains fell
into exactly the same
relationship as the currently
accepted taxonomy of the
animals. The most obvious
reason for this would be co-
evolution between the
bacteria and their animal
hosts, over the millions of
years since these animal
species first appeared.

Aarestrup, F.M. (2001).
Comparative ribotyping of
Staphylococcus intermedius isolated
from members of the Canoidea
gives possible evidence for host-
specificity and co-evolution of
bacteria and hosts. Int J Syst Evol
Microbiology51, 1343–1347.
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RAG-1Mutant
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ABOVE:
Confocal microscopy image of
Saccharomyces strain V918, a
homozygous bem2-21 diploid with
cell polarity defects stained for
actin with rhodamine-conjugated
phalloidin (red) and expressing a
Cdc10 septin–GFP fusion (green).
PHOTO COURTESY PROFESSOR CÉSAR
NOMBELA AND DR MARÍA MOLINA,
UNIVERSIDAD COMPLUTENSE,
MADRID, SPAIN

TOP RIGHT:
Immunofluoresence staining of 
the Whipple’s disease bacterium.
Bar, 6 µm.
PHOTO COURTESY DIDIER RAOULT,
UNIVERSITÉ DE LA MÉDITERRANÉE,
MARSEILLE, FRANCE

Letting go of the apron strings
The multiplication of cells requires precise co-ordination.
Each of the new cells needs a duplicate of key components
like genes, as well as a share of the cytoplasm, before it
separates from its parent. In addition, the expansion of the
surface and contents of the new cell need to keep in step.
This complicated process involves a very large number of
proteins and genes, some of which are used for only a short
time, or in a very specific place within the cell. The yeast
Saccharomyces cerevisiae is a nice organism for working
out the details of this process. Its oval cells divide by budding,
and it is possible to play all sorts of genetic and chemical
tricks on them to find out exactly how they do this.

Yeast cells contain an internal skeleton made of proteins
that organize the movement of the cell’s materials. Septin is
one of these proteins. There are seven septin proteins in 
S. cerevisiaeand without them new yeast cells find it
impossible to separate properly from the mother cell. A
group at the Universidad Complutense in Madrid, Spain, has
been finding out more about septin by using a technique that
makes proteins fluorescent. They joined the gene for a
green fluorescent protein to the gene for a septin called
Cdc10. The scientists hoped that the protein produced by
the new gene would appear at the same time and place as
the normal Cdc10 and function in the same way, but would
be easily visible through a microscope because of its bright
green colour. They started with a series of experiments to
check that growth and division in normal yeast cells
continued to be normal, except that the Cdc10 now glowed.
Then the researchers moved on to yeast cells that had
particular defects in their cell division. When these cells
made the fluorescent Cdc10, it was easy to see if it was
affected by the cell’s problem. 

Cdc10 normally accumulated as a ring on the cell, marking
where a new bud was about to form. As the bud developed
the ring expanded and finally split into two concentric rings
just as the new daughter cell separated from its parent. Then
the fluorescence faded away, reappearing at the point
where the next new bud was about to appear. The
experiments with mutants let the researchers work out how
this was affected by the cell’s internal timing mechanisms
that ensure that the cell’s components are duplicated at
exactly the right moment. Some of them were essential for
ensuring that septin appeared in the correct place and time,
while others were not. Since many of these features of cell
division in yeast are very similar in animal cells, these
experiments may give clues to the way that multiplication 
of our own cells is controlled. 

Cid, V.J., Adamikova, L., Sanchez, M., Molina, M. & 
Nombela, C. (2001).Cell cycle control of septin ring dynamics in
the budding yeast. Microbiology147, 1437–1450.

It has taken almost a century,
but microbiologists have
finally managed to isolate
the bacterium that causes
Whipple’s disease. Back 
in the early 1900s, an
American physician called
George Hoyt Whipple, 
who was becoming very
interested in physiology,
realized that the medical
problems of a fellow doctor
were a very definite, and
unusual, collection of
symptoms, and described
them in a scientific paper in
1907. The man was
suffering from a gradual loss
of weight and strength,
arthritis, vague abdominal
problems and stools made
predominantly of fat. George
Whipple named it ‘intestinal
lipodystrophy’ but it was later
renamed Whipple’s disease,
after he had become one of
the joint recipients of the
Nobel Prize in 1934 for his
role in working out that raw
liver could treat pernicious
anaemia. 

At the time, no real
treatment was possible for
this very rare and fatal
condition. Confirmation of 
its cause waited until 1961,
when electron microscopy
finally took pictures of the
causal bacterium. In the
1990s, diagnosis became a
matter of molecular biology,
by using techniques akin to
DNA fingerprinting to detect
the DNA of the bacterium,
now given the name
Tropheryma whipplei.
However, achieving a culture
of the bacterium outside a
living human body has had
to wait almost until the
twenty-first century. 

Researchers led by Didier
Raoult from the Université
de la Méditerranée in France
have now reported their
success in growing one
strain of the bacterium,
called Twist-MarseilleT, in

cultured human cells for
over 2 years. Any question
about whether the
bacterium really is the one
that causes Whipple’s
disease was answered by
checking that its DNA was
100 % identical to regions
used to confirm the disease,
and that the immune
reaction to the bacteria also
matched that found in
patients. This has enabled
the researchers to describe
some features that have
eluded microbiologists up to
now. 

It turned out that the
bacterial cells grow very
slowly, taking 18 days to
double in number and so
required even slower
growing cells as their hosts.
One of the reasons for the
researchers’ success was
that long-lived fibroblast
cells were among the many
culture media and cells that
they inoculated with
samples of infected tissue.
Strings of the rod-shaped
bacteria grew inside and on
the surface of the human
cells, suggesting that
although it requires living
animal cells to survive, the
bacteria may be able to grow
in their vicinity as well as
interior. How it actually
manages this remains to 
be answered. 

George Whipple, born 1878,
but who lived until 1976,
might have been intrigued
that something he noticed
near the start of his career is
still a challenge to scientists.

La Scola, B., Fenollar, F.,
Fournier, P.-E., Altwegg, M.,
Mallet, M.-N. & Raoult, D.
(2001).Description of
Tropheryma whipplei
gen. nov., sp. nov., the Whipple’s
disease bacillus. Int J Syst Evol
Microbiology51, 1471–1479.

Cracking the Whipple


