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HotoffthePress

Science journalist
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.

Tuberculosis is one of the
ancient scourges of
humanity. It is still a feared
disease, although it is now
rare in the UK and usually
treatable with antibiotics.
Although the most familiar
symptoms of TB are
damage to the lungs, in a
small number of cases it
attacks bones. This
produces very characteristic
scars that last as long as 
the bones. This enduring
damage has been used to
study the historical spread 
of TB both among human
communities and between
people and their domestic
animals. Indeed, one
hypothesis for the origin of
the human disease is that
about 15,000 years ago one
strain spread from newly
domesticated cattle and
goats to people. 

Scientists are now hoping 
to get clearer information
about the origin and spread
of TB through applying
molecular biological
methods. These have been

developed for hospitals 
to identify sub-groups of 
the causal bacterium
Mycobacterium tuberculosis
and to check antibiotic
sensitivity. DNA is a
remarkably persistent
molecule and a collaboration
of medical scientists and
archaeologists have now
reported their analyses of
DNA from bones in the
graveyard of the Abbey of 
St Mary Graces. This central
London cemetery was
founded in 1350 and used
until the dissolution of 
the monasteries by King
Henry VIII in 1538. The
researchers found M.
tuberculosisDNA in bones
bearing TB scars and not in
bones lacking these signs,
indicating that the DNA 
had not become scattered
during the centuries. A 
quick check for evidence 
of resistance to modern
hospital antibiotics showed
that, as anticipated, these
old bacteria would have
been sensitive. After
working through a series 

of tests, the authors could
see that M. tuberculosis
DNA from bones of one
young man had subtle
differences from bacterial
DNA in another man’s
bones. This holds out the
prospect of tracking
individual strains of 
the disease through 
long-dead communities 
and taking archaeological
epidemiology to an exciting
new level.

■Genotypic analysis of
Mycobacterium tuberculosis from
medieval human remains.
Microbiology145, 899–904.

Archaeology meets microbiology
G.M. Taylor, M. Goyal, A.J. Legge, R.J. Shaw & D. Young

A fatal break
N. Lea, J.M. Lord & L.M. Roberts

The infamous Escherichia coliO157 has made a place for
itself as the cause of a particularly lethal form of food
poisoning. Researchers at the University of Warwick have
been trying to understand how one of its toxins works. This
toxin, called SLT-1, is a protein released by the bacteria that
clings to the surface of gut cells and then enters them. Once
inside, one of the normal constituents of the cell makes the
fatal mistake of cutting the toxin. This lethal fragment then
interferes with normal protein production within the cell and
the result is death.

There has been a scientific argument about the importance
of this fragmentation. Some scientists have detected toxic
activity before cleavage, although the level certainly
increased afterwards. Others, including members of the
Warwick group, have made changes to the toxin that should
have prevented it being cut, and then recorded no decrease
in toxicity. This has led to speculation that SLT-1 can be
snipped in more than one place. 

Michael Lord and his colleagues have now reported what
happened when they worked through the toxin
systematically removing every possible cleavage site. They
then tested these novel versions of toxin for both cleavage
by cell enzymes and toxicity to mammalian cells. The
outcome was quite clear. The toxin indeed had two possible
cleavage sites. Once these were both removed, the cells
could no longer cut the toxin. Although this intact version of
SLT-1 could cause some damage, the cleavable versions
were very much more toxic. 

■Proteolytic cleavage of the A subunit is essential for maximum
cytotoxicity of Escherichia coliO157:H7 Shiga-like toxin-1.
Microbiology145, 999–1004.
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Microbes from the deep 
blue sea
Microbiologists are gradually meeting the bacteria that live
deep under the sea. In the April 1999 issue of the IJSB,
three new species of bacteria and archaea from the sea bed
and a new method for identifying one specific group were
described. There is increasing interest from scientists
worldwide in the biology, chemistry and geology of deep-sea
environments, where we can learn more about the formation
of the continents and the incredible diversity of life.

An international group (Marteinsson et al.) has found one
species that likes its seawater at 400 times normal
atmospheric pressure at temperatures of up to 98 °C! It
came from samples taken from a hydrothermal vent at a
depth of 3550 m in the Mid-Atlantic Ridge by the
submersible Alvin in 1993. Boiling water and rock
fragments erupt here from the seabed. Once at the surface,
the samples were kept oxygen-free in pressurized syringes
in a hot oven. Repeated dilution left the scientists with one
spherical, swimming bacterium that grew fastest in the very
hot, high-pressure conditions. The group has now reported
much more about its nature. It turns out also to be able to
grow at much lower pressures (only 3 times atmospheric
pressure) and temperatures (75 °C), although not so well.
Thermococcus barophilus, as they have named it, is a
member of the domain Archaea. It possesses the fatty acids
unique to this group, along with a characteristic apparatus
for protein synthesis. The archaea have some features in
common with animal cells, along with their bacterial
characteristics. These organisms probably resemble the
earliest life on this planet and are considered by some to 
be a separate kingdom.

Although this species comes from the ocean’s depths, 
a Japanese group (Takai et al.) has managed to isolate
another one, which was called Thermaerobacter
marianensis, from mud on the world’s deepest sea floor. This
is 10897 m below sea level (yes 11 km deep!) in the Mariana
Trench Challenger Deep, off Guam Island in the Pacific
Ocean. One odd aspect of its growth requirements was that
despite coming from such a high-pressure environment,
Thermaerobacter marianensis would not grow when the
researchers put it into pressurized containers. This long, thin,
rod-shaped bacterium required seawater, oxygen and a
temperature around 75 °C.

Both these organisms have fairly conventional nutritional
requirements, relying on a mixture of proteins, sugars and
vitamins. However, marine bacteria can have very different
needs. There is one distinct group that can use only carbon
dioxide and hydrogen as sources of energy, generating
methane gas as a waste product. In the first of two papers in
the issue, Jeanthon et al. identified two new species of these
so-called methanogens, Methanococcus vulcanius and
Methanococcus fervens, from hydrothermal chimneys in the
East Pacific Rise and Guayamas Basin, more than 2000 m
beneath the surface. Again, these organisms prefer
extremes of temperature and pressures for growth, and this
is reflected in their names: vulcanius refers to Vulcanus, the
Roman fire god, and fervensmeans boiling hot in Latin.

Perhaps inspired by the difficulties of identifying organisms
from the extreme environments mentioned above, in their
second paper in the issue, Jeanthon et al. described a rapid
method for identifying hyperthermophilic methanococci. It
exploits the Polymerase Chain Reaction (PCR) to amplify a
region of genes known to contain features unique to
methanogens; then, using enzymes that cut the amplified
DNA into several chunks, the organsims can be  identified by
the pattern produced – this is also known by the rather long-
winded tongue-twister Restriction Fragment Length
Polymorphism (RFLP). The accuracy of the new method
was determined by comparing predicted and actual patterns
from known methanococci. When Jeanthon et al. tried this
out on methanogens obtained from as far apart as the Mid-
Atlantic Ridge and the East Pacific Rise, they could identify
some species that had a worldwide distribution.

Considering the large number of microbes that have been
found on the Earth’s surface, culturing and identification
may continue well into the next millennium before these
inhospitable deep-sea habitats yield the true diversity of
their inhabitants.

■V.T. Marteinsson, J.-L.Birrien, A.-L. Reysenbach, M. Vernet,
D. Marie, A. Gambacorta, P. Messner, U.B. Sleytr & D. Prieur.
Thermococcus barophilus sp. nov., a new barophilic and
hyperthermophilic archaeon isolated under high hydrostatic
pressure from a deep-sea hydrothermal vent. Int J Syst Bacteriol49,
351–359.

■C. Jeanthon, S. L’Haridon, A.-L. Reysenbach, E. Corre, M.
Vernet, P. Messner, U.B. Sleytr & D. Prieur.Methanococcus
vulcanius sp. nov., a novel hyperthermophilic methanogen isolated
from East Pacific Rise, and identification of Methanococcus sp. DSM
4213T as Methanococcus fervens sp. nov. Int J Syst Bacteriol49, 583–589.

■C. Jeanthon, S. L’Haridon, S. Pradel & D. Prieur.Rapid
identification of hyperthermophilic methanococci isolated from
deep-sea hydrothermal vents. Int J Syst Bacteriol49, 591–594.

■K. Takai, A. Inoue & K. Horikoshi.Thermaerobacter marianensis
gen. nov., sp. nov., an aerobic extremely thermophilic marine
bacterium from the 11000 m deep Mariana Trench. Int J Syst Bacteriol
49, 619–628.

THIS PAGE:
The unmanned submersible Kaiko
used for collection of samples from the
deep trenches of the Pacific Ocean.
COURTESY KEN TAKAI, JAMSTEC

OPPOSITE PAGE TOP:
Freeze-fracture electron micrograph of
Methanococcus vulcanius strain M7, a
novel hyperthermophilic methanogen
isolated from the East Pacific Rise.
COURTESY C. JEANTHON, CNRS, ROSCOFF

OPPOSITE PAGE BOTTOM:
Spinal tuberculosis. Large cavitating
lytic lesions in two adjacent lumbar
vertebrae from a male aged between 15
and 25 years at the time of his death.
The samples were excavated from the
large graveyard overlying the site of the
old Royal Mint, London. The cemetery
was associated with the Abbey of St.
Mary Graces, the last Cistercian
foundation in England, founded in 1350
AD. Genotyping suggests disease was
due to a strain resembling present day
Mycobacterium tuberculosis rather than
Mycobacterium bovis.
COURTESY MICHAEL TAYLOR
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knowledge about this 
topic and have concluded
that we still know
surprisingly little about the
details. Experiments are
generally designed to select

one particular type of advantageous recombinant, and 
so underestimate the quantity of minor and deleterious
variants.

These changing populations of RNA viruses are only
restricted by the need to maintain viable organisms in the
face of environmental selection pressures. The authors
point out that this continual natural shuffling may have
ecological implications for a new type of virus-resistant 
crop. Plant breeders have achieved this type of crop by
constructing transgenic plants containing a viral gene. The
first virus-resistant transgenic plants were described in
1986 but it is particularly timely to think about their impact
now because three varieties have already been licensed 
for commercial use in the USA.

The authors point out that although we cannot know the
frequency of recombination, the very large amount of a
commercial virus-resistant crop suggests that even rare
recombination events are likely to happen. The plant-
produced viral RNA will inevitably be encountered sometime
by an invading virus during its own copying cycle. The
authors therefore go on to explore possible scenarios with
the emphasis on hazards that could arise. Since
recombination occurs naturally when plants are infected
simultaneously with different viruses, the emphasis must be
on discovering whether any completely novel types of virus
can be produced during infection of a virus-resistant
transgenic plant. The most worrying situation might be the
appearance of new viral strains with new properties
persisting in the environment. 

The reviewers have only found a few experimental reports
exploring these possibilities. For example, tobacco plants
expressing a gene essential for viral movement throughout
the plant have been infected with modified viruses in which
this gene is inactivated. Although recombinant viruses
appeared, none of them produced more severe symptoms
than the normal virus. In another series of experiments, new
recombinant viruses were produced in the test-tube that
gave novel symptoms when  plants were infected.
Unfortunately, there was no comparison with the original
viral strains, since in real life any new recombinant virus only
persists if it has some advantage over other strains.

After evaluating the limited published information, the
authors outline the experiments they think would permit
proper safety evaluation of virus-resistant transgenic 
plants. The key ones are comparisons between events in
non-transgenic plants infected with two viruses and 
virus-resistant transgenic plants infected with each virus
separately. A series of these experiments should show
whether results are the same as over previous millions of
years or whether something quite new happens.

■Recombination in RNA viruses and in virus-resistant transgenic
plants. J Gen Virol80, 1339–1346.

Viruses and transgenic crops
R. Aaziz & M. Tepfer

Viruses are a strange form of life. They are stripped down 
to the bare essentials of a container which can recognize a
host cell and then release a set of genetic instructions to
subvert it. This cell, whether in an animal, plant, fungus or
bacterium, immediately ignores its normal duties and
commences replicating the virus. The new viruses can then
travel to new unsuspecting host cells leaving their exhausted
or dead benefactor behind. This sort of activity will usually
result in a disease, and one that can be very difficult to treat
because most of the virus’ activities are actually carried out
by the normal constituents of the healthy host. 

For viruses that infect plants, one good way to prevent
disease is to use pesticides to eliminate the insects, fungi or
nematodes that spread the virus from plant to plant. An
alternative is to breed resistance into commercial crops,
although this has often proved impossible. The problem
arises when no resistance gene exists, or when it proves
impossible to introduce it into the crop. In addition, the
viruses can keep ahead of the plant breeder through
mutating and recombining into new versions. 

The large group called RNA viruses are known to have 
many mutant versions. Whenever an organism copies its
genes, it needs to check the accuracy of the new set. The
RNA viruses have no way of doing this, and indeed gain from
the errors that inevitably creep in. What is more, if two
different RNA viruses happen to be close together when
they are copying themselves, the copy process can get
confused, resulting in a new recombinant virus which is a
mixture of both. The first record of recombination between
RNA viruses was reported in 1962 from a culture of human
cells infected with two strains of poliovirus. A third strain with
mixed features of its two parents was isolated from the cells.
There have been many more reports since. Although
recombination can occur between regions of genes that 
are very similar, it also happens between areas with no
obvious similarity. Rachid Aaziz and Mark Tepfer from 
INRA-Versailles,France, have been reviewing current

ABOVE:
A schematic representation of
recombination between viral RNA and
transgene mRNA superimposed on
photos of Brassica napus leaves from
resistant transgenic plants (left) and
sensitive non-transgenic plants (right),
both of which had been infected with
turnip mosaic potyvirus.
COURTESY MARK TEPFER, INRA-VERSAILLES

Microbiology
Streptomycete
special issue
To honour the career 
of Professor Sir David
Hopwood, Microbiology
is publishing a special issue
of the journal in autumn
1999 in which many of the
papers will be devoted to the
genetics and molecular
biology of streptomycetes
and related actinomycetes.
This issue will include a
review article by David
Hopwood (Forty years of
genetics with Streptomyces:
from in vivo through in vitro
to in silico), as well as peer-
reviewed research papers
from leading groups.

For further information and
an order form see our web
site at http://www.socgen
microbiol.org.uk


