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Above:Aselection of
l ichens - f  ascinating
examples of microbial
symbiosis.
Photos lan Atherlon, SGM

Vol.28,Part3,
Aug2OOl

Microbialphototrophs
are the focus of this issue.
Sam Kaplan provides an
overview of the history of
research into these highly
photogen ic organ isms and
the potential for further
study offered by molecular
t a n h n i n r  r a c  l ' n  1  1  6 )
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Jorge Overmann explores
the diversity and ecology of

il:?:,ilflB:i! 3:t {u)
whilst Richard Cogde
and Alastair Gardiner
cover the complexities of
photosynthesis by some
of these microbes
(pp.120-122).

C r i o n n h e n i a r i a
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abu ndant photosynthetic
organ isms on Earthi feature
in Dave Scanlan's article
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these bacteria gl ide
( p p . 1 3 1 - 1 3 3 ) .
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fascinating example of
symbiosis but also act as
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and algae on pp, 124-127.
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being colonized by harmful
bacteria? The answer to this
question, provided by
Staffan Kjelleberg and
Peter Steinberg (pp, 1 34-
1 35), may pave the way for
the production of novel
marine antifoulants,

Some phototrophs can not
be cultured in the laboraiory
but many m icrobiologists
st i l l  use agar plates, Phi l ip
Mortimer reflects on the
pioneers of these traditional
techniques (pp, 1 36- 1 37).
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covered include careers for
microbiologists (p. 1 3B),
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Public Affairs Administrator Tracey Duncombe takes a look at
some current issues, To contact her either e-mail pa@sgm.ac.uk,

1 or te leohone 01 18 9BB 1843,
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Microbiology research could soon be displayed in state- WWffiWffiffiffi#ffitr%
of-the-art exhibits at the Science Museum in London,

An exc i t ing oppor tun i ty  has ar isen for  the SGM to
col laborate on future exhibits in Antenna, which is a
recent  museum venture,  s i tuated in  the new Wel lcome
wing.  The exh ib i ts  -  ca l led 'Rapids '  -  are  taken f rom
science and technology news,  l f  you ' re  in terested in
science promotion read on - we need your helpl

New Rapids go on d isp lay
weekly and are based
on 2-m-h igh i l luminated
screens featu ri ng colou rf ul,
bold, graphics, Although the
text is l imited, the portrayal
o f  the sc ience is  wel l
ba lanced.  The museum
knows from experience that
lon g-winded explanations
make for  a  du l l ,  unpopular
exhibit .  What they want are
hot topics with the potential
for good visual displays,

Preparations for new Rapids
begin more than one month
before ihey are made
pub l i c ,  du r i ng  wh i ch  t ime
the scienti f  ic research
team shof t l ig f  2  nu fnher  n f  f f i&  *  *  -  B  Mjs* . -ds&& sk{ , . * -& ie* } :  

'

ootentiar news items."d# ruffiW trffiS-W'*.ftn*'#$jT ilF$ft

i["^'."';i"1""%:iLl:Jfi?: wffiffiwffiffi ffi ww wmffi4'm6wm
;j;"j: *"f, ll;,.'5"fli ffiffiM ffiffiryff$reffiffitr wm#wwmffiffiwww
planning means that  new Al though women are now gain ing a greater  propor t ion
exhibits can be unvei led of postgraduate quali f icat ions than ever before, women
to coincide with the publica- scientists continue to experience dif f  iculty in advancing
tion of the paper or date of their careers, A conference organized by the Athena
the meeting, which wil l  no Projecton Tuesday 25 September at the Royal Inst i tut ion
doubt come as a rel ief to showcases new researcn on women. science and hioner
you al l l  education,

Antennateam member Su-yen Thornhi l l  said, 'as a trained The meeting wil l  consider how research f indings may be
medical microbiologist l'd love to see more microbiology harnessed to improve the situation of women scientists in
research featured in the exhibit ionsl l t  would certainly higher education and where future research efforts
be an effect ive way to promote papers in our journals should be directed. Topics to be debated include:
and meet inqs,  But  Su-yen a lso po in ted out ,  'we ' re  not  - , , ,  , . r .
: "  " ,  

, ,  
- : ,  "  

,v , - '  
-  "  - .

lust ltmtted to senous sctence; we o also llKe To near'about 
anything quirky! lf anyone out there has a topic O Seniorwomen in HE- how far have we come?

I in mind, please contact Tracey Duncombe at SGM 
OWomenreturneestoSET

I Headouarters.' , ,  
_  - - , _ , _  r  ,  , ,  r , . . ^ ^ . . - ^  r ^  - ^ r  O W o m e n i n H E - a E u r o p e a n p e r s p e c t i v e

11 vou are unaole  to  vrsr t  tne bc lence Museum, oo not
despai r l  Exh ib i t ions,  inc lud ing Antenna,  can be v iewed To reserve a p lace at  the meet ing,  send a cheque for
on the Sc ience Museum's  webs i te  a t  www.sc ience 965 payable to  Univers i t ies  UKto:TheAthena Pro ject ,
museum,org.uk Universit ies UK, Woburn House, 20 Tavistock Square,

London WC 1 H 9HO, The c los ing date for  appl icat ions
is 4 September.

Further detai ls of the conference can be obtainedt - u t  U t e t  u e t a i l s  u t  U l e  u u n t e t e n u e  u a i l  u e  u u t a i l t e u

f rom Athena by emai l  (a thena@ic,ac,uk)  or  te lephone
I  t+44(o)2o741e 41111.

BELOW
Examples o f  Rapids 'd isp layed a l
the Sc ience [ / luseum London
cOURTESY ANTENNA

Wfuwffiwffi#me&#ms* ffieg
ffifuw ffi#mru# 3ffi.',"qx #rr' ffi

Last May a consultat ion of learned societ ies concluded
that there was a clear need to f ind ways of enabling the
UK bioscience community to speak with a stronger, more
uni f ied vo ice for  the b iosc iences in  mat ters  o f  nat iona l
impor tance and publ ic  a f fa i rs ,  P lans for  a  B iosc iences
Federation were conceived and things have moved on
considerably since then, SGM members are invited to f ind
out about the options avai lable for the Federation, and
give their reactions to the proposals at an open meeting
on Monday 8 October at the Royal Society.

In  November  las t  year  a  work ing group was appoin ted,
which now has members inc lud ing representat ives o f
each of the f ive sponsors: the lOB, U KLSC and U KNCM,
Linnean Soc ie ty  and the Br i t ish  Ecolog ica l  Soc ie ty ,
together  wi th  severa l  exper ienced b iosc ient is ts  in  an
independent capacity. The Working Group's main task is
to  draw up a s t ra tegy and cred ib le  bus iness p lan for  a
federal organization, including costs, sources of income
and detai led structure, which wil l  be the basis for securing
suf f ic ient  suppor t  f rom the b iosc iences communi ty  to
oroceed,

l f  you would l ike to attend the meetrng on B October,
please could you reserve a place by contacting Tracey
Duncombe at SGM no later than 1 September.

weww{,$ffi&#w.{#,{H'{TilFtuotraroreo,
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Diversityand
phototlophic sulfur
Jorg Overmann

AB OV E:
f t"q" t  "  A conspicuous bloom of
the phototrophic sulfur bacterium
Amoeb ob acte r p u rp u reus in
meromictic saline MahoneY Lake
(British Columbia, Canada) ln (a)
a syr inge sampler is used to
demonstrate the sharP
$ratif tcation (distance between
syringes in one row is 5 cm). The
layer persists even dur ing
wintert ime (b)Shows an
underwater video frame of the
surface of the purple laYer (bar,
10  cm)
COURTESY J. OVER[,IANN

The ecophysiology of anoxygenic photo-

trophic bacteria became a topic of scientif ic

interest in the late 1960s. Dense populations

of purple and green sulfur bacteria were discovered

and studied in lakes and in marine littoral sediments'

It became clear that anoxygenic phototrophs can

play a crucial role, especially in the biogeochemical

cycling of sulfur. A major breakthrough was the

development of defined mineral media which permitted

the isolation of many novel strains and resulted in

the description of many new bacterial species and

genera. In parallel, the biochemistry and biophysics

of the photosynth etic appantus received close study'

Progress in this field culminated in the description of

the first three-dimensional structure of a photo-

synthetic reaction centre - that of the purple non-sulfur

bacterium Rhodorseudomlnas (now B lastocbloris) uiridis -

leading to the award of the Nobel ptize in 1988 ' The

development of essential genetic tools has now put us

in a position to be able to investigate photosynthesis

at a molecular function level. These fascinating

prospects have led to a clear change in the paradigm

of photosynthetic research' As in other areas of micro-

biology, current efforts are focused on the investigation

of a few model organisms, in this case some four or

five anoxygenic phototrophics, by molecular genetic

methods. However, recent studies indicate that we

might miss fundamental features of the photosynthetic

way of l ife if we keep on studying only a handful of

easily culturable strains and if we disregard those species

which actually dominate in nature, using them merely

as colourful curiosities, suitable only for textbook

illustrations.

'# Ecophysiology and biogeochemical
signif icance of phototrophic sulfur bacteria
The capacity for chlorophyll-based energy conversion is

found in five bacterial lineages. Four of these, namely the

Cbloroflexu.t group, the green sulfur bacteria, the

Proteobacteria and the Heliobacteriaceae, contain only

anoxygenic phototrophs. Anoxygenic phototrophic

bacteria in nature typically form conspicuous blooms

(Figs 1 and2a,b) which as a rule consist mainly of purple

and green sulfur bacteria. In contrast, accumulations of

purple non-sulfur bacteria or heliobacteria have not been

observed so far. Typical habitats of green sulfur bacteda

and of purple sulfur bacteria of the family Chromatiaceae

are freshwater lakes (Fig. 1) and intertidal sandflats

(FiS. 2). Ectotbiorbodospiraceae, the second family of

purple sulfur bacteria, are found in hypersaline waters'

Phototrophic sulfur bacteia require the simultaneous

presence of reduced inorganic sulfur compounds and

light. The chemical gradient of sulfide must be

stabilized against vertical mixing. In sediments

turbulent mixing is prevented by the sediment matrix.

In open water bodies (the pelagial environment)' stable

stratif ication can be maintained by temperature

differences. This occurs in temperate freshwater

lakes during summer. Other (meromictic) lakes are

permanently stratified due to higher salt concentrarions

of the bottom waters. Since sulfide and light occur in

opposing gradients (Fig. 3), phototrophic sulfur bacteria

find suitable conditions for growth only in a narrow zone

ofoverlap and thus typically occur in narrow layers' Such

communities can extend over depth intervals of 30 m in

the Black Sea to as litt le as 10 cm in some lakes (Fig' 1a).

In the latter case, high biomass densities of up to 28 mg

bacteriochlorophyll (Bchl) per litre have been measured,

a value which surpasses the population densities of

eukaryotic algae or cyanobacte da by two orders of

magnitude. In benthic microbial mats, gradients of light

and sulfide are much steeper, allowing phototrophic

sulfur bacteriato reach extremely high biomass densities

(up to 900 mg Bchl per dm3; Fig. 2a), at the same time

limiting their growth to a very narrow vertical interval

of 1-5 mm.

The spectral composition of light which is availablefot

anoxygenic photosynthesis differs considerably between

pelagic and benthic habitats, thereby selecting for

different species of phototrophic sulfur bacteria. In most

lakes, light ofthe blue to yellow-green wavelength bands

dominates at depth. The majority of Cbromatiaceae

species in these habitats contain the carotenoid okenone,

but until recently the physiological and molecular basis

for this obviously selective advantage had remained

obscure.

Microbial mats in sandy sediments can consist of up to

five distinct layers consisting (from the top) of diatoms

and cyanobacterr , cyanobacteria alone, purple sulfur

bacterrawith Bchl a,puple sulfur bactedawith Bchl /

m *w$#ffiqp#'*{}L 3{'iyTODAYVOL2B/AUG 0 1
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After determination of

the 165 rRNA gene

sequences of available

isolates, it became clear

tha t  a  number  o f  s t ra ins

actually represent new

species or even genera.

Due to numefous re-

c lassi f icat ions,  taxonom ic

diversity of phototrophic

bacteria has increased in

time, however, only very

few descriptions of genui ne

LE FT:
flig, f , Layered microbialmat in
sandy sediments on Cape Cod (lVlA
USA) (a) Lower pink layer of
purple sul fur  bacter ia part ia l ly
exposed by t idal  act ion (b) Cross
section of fully developed microbial
mat (bar 1 cm) (c)  Absorpt ion
spectra of whole cells of bacteria
characteristic of the four layers as
indicated in (b)
COURIESY J OVER[/lANN

I ! t i .  .*,  Vert ical prof i les of
relevant environmental parameters
in  meromict ic  sa l ine Mahoney
Lake Arrow ind icates pos i t ion o f
the purp le  su l fur  bacter ia l  layer
COURTESY J OVTR[/ANN
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and green sulfur bacteria (Fig. 2b). Light in the visible

region of the spectrum is absorbed by diatoms and

cyanobacteria (Fig. 2c), whereas light in the infrared

wavelength ra;ngeis transmitted by the sand matrix. As a

result, the irradiance reaching anoxygenic phototrophic

bacteria mainly consists of infrared light. Microelectrode

measurements of the spectral composition of irradiance

revealed that actually up to 100% ofthe light reaching

anoxygenic phototrophic bacteria is in the infrared

wavelength region. Hence, long wavelength absorption

bands of the Bchl-protein complexes are of selective

value in this habitat (Fig. 2c). Phototrophic sulfur

bacteria containing Bchl b (orange absorption spectrum

in Fig. 2c) arc especially well adapted to this particular

light environment since they can harvest l ight of

wavelengths between 1020 and I 03 5 nm.

@ Known and unknown anoxygenic
phototrophs
Currently, 38 species of cr- and B-Proteobacteria are ,
recognized. These so-called purple non-sulfur bacteria
utilize predominantly simple organic carbon com-
pounds for photosynthesis and originally had been
gathered in the family Rbodospirillaceae.However, such a
taxonomic grouping is artificial since purple non-sulfur
bacteria do not form a separate phylogenetic cluster,
but rather are highly intermixed with various other
phenotypes. On the contrary, purple sulfur bacteria
(Chromatiaceae and Ectotbiorbodospiraceae, 32 and 8
species, respectively) and green sulfur bacteria
(Chlorobiaceae, 15 species) mainly use sulfide (and other
inorganic sulfur compounds) for photosynthesis and
form coherent phylogenetic groups. Chromatiaceae and
Ectothiorhodospiraceae are subgroups of the y-Proteo-
bacteria, whereas the green sulfur bacteria constitute
their own isolated bacterial phylum. The seven described
species of green filamentous bacteria, including the
thermophilic Cbloroflexus aurantiaczts, appear to form
another monophyletic Iineage. Finally, Heliobacteriaceae
(6 species), the phototrophic members of the Gram-
positive bacterial lineage, also represent a closely
related group.

novel isolates have been possible. The latter fact

could indicate that (1) either the natural diversity of

anoxygenic phototrophs has been sampled quite

efficiently, or (2) that additional types of phototrophs

exist in the natural habitat but cannot easily be cultured

with available methods.

Even before the era of culture-independent molecular

methods, novel morphotypes of anoxygenic photo-

trophic bacteria had been repeatedly discovered

by light and electron microscopy of natural samples.

Meanwhile, oligonucleotide primers could be developed

to specifically amplify 165 rRNA genes of either

C h r omat i a ceae, gr een sulfur bacte ria or g ree n fi lamentous

bacteda from complex microbial communities. This

approach has helped to assess more objectively the

diversity ofanoxygenic phototrophs in nature and has

revealed the presence of numerous unknown 163 rRNA

gene sequences. Clearly, our current model organisms,

Rhodobacter sphaeroides,

Allocbromatium uinosum or 
0

Chlorobium tepidum, are not

typical representatives of 
' l

anoxygenic phototrophs.

But does this matter? Z

* lmplicationsfor e
basic photosynthesis 

v

research: noveltypes
of anoxygenic +

phototrophs S
Recent physiological and E 5
biophysical studies have d
revealed that l ight energy 6
absorbed by okenone is

transferred to the Bchls a
at a significantly higher 

t

ef f ic iency rhan in species

con ta in ing  o the r .u ro r .n -  I

oids. Compared to other

Chromatiaceae, okenone- I

bear ing stra ins also at ta in

a higher quantum yield 10
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R I G H T :
Wvry. e. (a) Phototrophic
consortia of the type
Pelochromatium roseum (P) in a
naturalsample (bar 10 f  m) (b)
Disaggregated consortium, central
colour less bacter ium exposed
(c) Specific detection of epibionts
by a f luorescent ly label led
oli gonucleotide probe targeting
exclusively green sulfur bacteria
(d) Scanning electron micrograph
ol P el och romati u n rose u n.
reveal ing i ts highly ordered
structure (bar,10 Um). (e) Phase
contrast photomicro graph of
C h I o ro c h ro n ati u m g I e b u I u m (G)
and C hlo roch ro m atiu m m ag n u m
(M), two other types of
phototrophic consortia (bar, 1 0
l jm).
COURTESY J OVER[/ANN

Further reading
Friistl,J. M. & Overmann,l,
(1998). Physiology and tactic

response of the phototrophic

consortium C h I orochro n at i a m

aggregatum. Arcb Minobiol

169,r29-r35.

Overmann, J., Cypionka, H.

& Pfennig, N . (1992). An
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phototrophic sulfur

bacterium from the Black Sea.

Lim.no I O ceano gr 37, I5 0-I5 5 .

Overmann,J.&
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(i.e. the ratio of mol CO2 fixed per photon absorbed).

These strains thus need to be studied if we want to

elucidate the factors which govern the efficiency of

biological light energy conversion.

Another case of very efficient light energy conversion

is an extremeiy-1ow-light-adapted green sulfur bacterium

isolated frcm a chemocline in the Black Sea. Here, the

bacterial layer is located at a depth of 80 m and the

corresponding light intensity available (-0.0005 % of

the surface light intensity) represents the lowest value

found for any phototrophic organism so far. The isolated

strains not only harvest light very efficiently due to their

large photosynthetic antenna, but also exhibit an

extremely low maintenance enefgy requirement, the

molecular basis ofwhich awaits further investigation.

Known strains of Bchl a-containing phototrophic

bacteria all absorb light of wavelengths below 880 nm.

Strains capable of harvesting longer wavelengths all

contain Bchl b, usually exhibiting an absorption

maximum at 1030 nm. In face of the strong selective

pressure for utilization of infrared light in sediments, it

was difficult to understand why no strain could use the

wavelength rz;nge between 900 and 1000 nm. Isolation

attempts employing special l ight fi lters have now

revealed Roseospirillum paruum, an o(-proteobacterium

exhibi t ing an absorpt ion maximum at  911 nm. Even

more interesting, a unique purple sulfur bacterium

isolated from a marine laminated microbial mat catr

synthesize antenna complexes with a maximum absorp-

tion at 910 nm. Both isolates only contain Bchla and are

valuable model systems to study how the absorption

properties of the tetrapyrrol pigment molecule can

be modified by its protein environment. Usually such

studies would involve' rather tedious site-directed

mutagenesis of many amino acid residues of

conventional l ight-harvesting complexes. The highly

selective conditions in nature may be exploited instead

to provide suitable mutants for basic photosynthesis

research.

@ Model systems for sym biosis resea rch
Phototrophic consortia Iike C hlorochromatium aggregatunl

and Pelochromatium roseum (Fig. 4) arc structural

associations between a colourless central bacterium

and several surrounding cells of pigmented epibionts
(Fig. 4b). Based on their 165 rRNA sequences, the

pfesence ofspecific antenna structures (chlorosomes) and

of specific Bchls, the epibionts belong to the green suifur

bacteria. ln{act, the epibionts of phototrophic consortia

represent the dominating form of anoxygenic photo-

trophs in some lakes. The intact consortia exhibit a

scotophobic response, i.e. they accumulate in a spot of

light. However, only the central colourless bacterium

carries a flagellum, while the action spectrum of the

scotophobic accumulation corresponds to the absorption

spectrum of the green sulfur bacterial epibionts.

Therefore, a npid signal transfer must exist between
the light-harvesting but immotile epibionts and the

colourless, hence 'blind', motile rod. The number of
epibionts per consortium is constant and all epibionts
in one single consortium are equal in size. These

observations once more indicate that a close relationship
exists between the cell division of all epibionts and

between epibionts and the central rod.
Close physical associations of bacteria have been

observed in very different types of natural habitats. The

bacteria involved in these alleged symbioses can be
sulfate- reduci ng bacteia, sulfide-oxi dizing bacteria,
lactic acid bacteria, endospore-forming bacteria,
methanogens or unch ancterized chemoheterotrophs.
However, the advantage and the factors governing the
formation of these highly ordered cell aggregates have

so far remained completely obscure. Phototrophic
consortia had been described by 7905, but it was only
three years ago that a selective enrichment of Chloro-
chromatium aggregatul/t could be established. Since
phototrophic consortia are the first system which has
now become amenable to experimental manipulation,
they represent a valuable model system for future
investigation of symbioses between different bacteria.

ODr Jorg Overmannis Professor of Microbiology

at th e I n stitut f ii r G e n eti k u n d M i kro b i o I og i e,
Universitdt M ilnchen, Maria-Ward-Str. 1 a,
D-80 63 8 M tl nch en, G e rm any.
em ai I j.overm an n @l rz. u n i - m u e nch e n.de
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Richard Cogdell
and Alastair
Gardiner revealthe
complexit ies of
photosynthesis by
purple bacteria,

ABOVE RIGHT:
Wxre" ft . Simplified schematic
repiesentation of photosynthetic
organisms in an aquatic
environment The green-coloured
cyanobacteria, algae and floating
plants are present on or near the
surface where light and oxygen
are plentiful. Purple bacteria are
found in deeper water where the
environment is more anaerobic
and only light not required by the
organisms above is available

tig.ht harvesti ng by.pu rple bacteria :
a citcularatgument
Richard Cogdel I & Alastai r T, Gard i ner

Purple photosynthetic bacteria ate a group

of Gram-negative, anaerobic prokaryotes

that arc commonly found in the anaerobic

layers in aquatic environments. Their typical habitat

places them in the water column below oxygenic photo-

synthetic organisms such as aquatic plants, algae

and cyanobacteria (Fig. 1). Photosynthesis in these

organisms is driven by photosystems that use

chlorophyll to absorb light in the red and blue parts

of the spectrum (hence their green colour). As a

consequence, light of these wavelengths is not available

for the purple bacteria which are present deeper in the

lake. The purple bacteria,therefore, have evolved a form

of photosynthesis using bacteriochlorophyll (Bchl) and

carotenoids. These pigments can harvest the light energy

in the near infrared (NIR) and green regions of the

spectrum.

@ The purple bacterial photosynthetic unit
The light-absorbing pigments in bacterial photo-

synthesis are non-covalently bound to two types of

integral membrane proteins, one forming reaction

centres (RC) and the other forming light-harvesting or

antenna complexes. The combination of light-

harvesting complexes with an RC is called the

photosynthetic unit (PSU). A useful conceptual picture

for the operation of the PSU is a radio telescope, which

contains two functional elements: a large collecting

dish (analogous to the antenna complexes) and, at its

focus, a transducer, which converts incoming radio

waves into an electrical signal. If the transducer
(analogous to the RC) were present by itself, it would

spend most of its time in an inactive state waiting for
'hits'from in-coming radio waves. However, because the

effective cross-sectio naI ireafor energy capture is greatly

enlarged by the collecting dish, the transducer is

supplied with radio waves at an enhanced rate. In the

biological system RC-only mutants will grow photo-

synthetically but only at very high levels of incident solar

radiation. Typically, wild-type purple bacteria have

between 100 and 200 antenna Bchl per RC. Once light

energy has been absorbed by the light-harvesting

complexes, it is transferred to the RC where it is used to
'power' a transmembrane redox reaction and the light

reactions of photosynthesis really begin. The RC from

Rbodopseudonnnas uiridis was the first membrane protein

to have its 3D structure solved to high resolution by

Deisenhofer, Huber and Michel. For this ground-

breaking work these authors were awarded the Nobel

Pfize for Chemistry in 1988. In the RC the incoming

light energy is used to promote an electron from a

dimer of Bchl molecules, called the 'special pair', into an

excited state. The electron is transferred from the excited

special pair through a short electron transport chain to

ubiquinone. This reduced quinone then diffuses out

of the RC and a rather simple cyclic electron transport

pathway takes place. Cyclic electron transport pumps

protons across the photosynthetic membrane which

then leads to ATP synthesis.

Most purple bacteria contain two types of l ight-

harvesting complex, calledLHl andLH2.LHl is closely

associated with the RC, forming the so-cailed RC-LH1
'core' 

complex with the LH2 complexes which are

ananged more peripherally around it. The Bchl

molecules associated with LH2 absorb at shorter

wavelengths (i.e. higher energy) than those in LH1.

This energy gradient imposes a directionality on the

energy transfer reactions and ensures that the light

energy absorbed byLH2 is funnelled'downhill ' to LH1

and onto the RC.

# The structure of the lig ht'harvesting
complexes
ln 1995 the 3D structure of a purple bactenal LH2
complex was determined by X-ray crystallography
(Fig. 2). It consists of a circular array of heterodimers,

each comprising an cr- and B-apoprotein, which together

bind three molecules of Bchl and one molecule of

carotenoid. The full structure is an crt9p9 nonamer. The

pigments are enclosed by two concentric rings of

transmembrane g-helices. The Bchl molecules are

arcangedin two distinct groups. Nine monomeric Bchls

absorb at 800 nm (B800) and 18 tightly coupled ones

absorbatS50 nm(B850).
The LH1 complex has a very similar structure; it is

also a'ring', but in this case it is a larger c[ro0re oligomer.

This produces a central'hole' which is large enough to

accommodate the reaction centre (Fig. 3). The LH1

complex only contains a single ring of 32 tightly coupled

Bchl molecules that absorb at 8'75 nm (8875)' The

protein cage not only provides a 'scaffold' that correctly

orientates the pigments for optimal rates of energy

transfer, but also creates an environment that can

control the wavelengths at which the different groups

of Bchls absorb light, thereby creating the energy funnel

described above.
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rr,:, Energy transfer
within the photo-
synthetic unit
The various energy transfer

events that  take place in
the  PSU can  be  inves r i -

ga red ,  i n  rea l  t ime .  us ing  a
technique called laser flash
photolys is (FiS.  4) .  In th is
approach an ultra-short

laser pulse of typically

200 fs duration is used to
exci  te the I  ighr-harvesr i  ng
system (fs = 10-l: seconds).
This is  an extremely short
period of time and hard to
comprehend. One can get
some insighr as to just how

short this is by considering

the fo l lowing calculat ion.

Light  t ravels at  3 x 10lo

cm s-1,  therefore in 200 fs
light only travels 0.66 mml
I t  takes 0.7 ps for  the
energy to be transferred

f rom 8800  to  the  BB50

r ing of  Bchls.  Once the
exci ted state reaches th is
BB50 ring it is very rapidly
'spread 

our '  or  delocal ized

among rhe 88)0 Bchls in
a few tens of fs. In the
absence of any other l ight-
harvesting complexes this
t ransient  exci ted srare
persists for  about 1 ns ( in

terms of  energy t ransfer  reacr ion th is is  a long t ime!) .
During this period the excitation energy is effectively
stored and, since it is able to move throughout the ring
on the fs t imescale,  th is means that  the energy can
exi t  f rom any point  in the r ing wi th essent ia l ly  equal
efficiency. The physiologically important consequence of
this is that a precise, fixed supra-molecular arfangement
of light-harvesting complexes in the intact pStJ in uiuo is
not required to maintain a high efficiency of energy
transfer. As long as the next LH complex is in close
enough proximity ro any part of the excited LH2 

'ring' 
,

energy transfer out of the ring will be very efficient.
In uiao, where LH2 complexes are located sufficiently
c lose to RC-LHl 'core '  

complexes,  i t  takes 3-4 ps for
the stored energy in LH2 to be transferred to LH 1 . The
longest step in the sequence of energy rransfer steps
fromLH2 to the react ion cenrre is  the 'hop' f rom LH1
to RC. This energy rransfer takes 30-40 ps and its
comparative slowness is due to the lonqer distance
involved.

The energy rransfer reacrions which occur in the
purple bacterial anrenna system can therefore be
categoized into two rypes - very rapid sreps rhar occur
within an LH complex and a few, relatively slower 

,ring'

to'ring' transfers that occur between complexes.

lii;i Adaptation of the PSU to changing light
intensity
The size of atypicalpurple bacterial pSU is nor consranr.
On the conrrary,  i t  is  qui te var iable and sensi t ive to a
range of environmental factors such as light intensity.
The cell must perform a delicate balancing act between
try ing to opt imize i ts  l ight-harvest ing potent ia l  to
match fluctuations in the incident light intensity and not
needlessly expending metabolic energy in synthesizing
too much photosynth etic apparatus. Some species that
have only LH1-RC 'core' 

complexes respond to low light
levels by making more PSUs. Orher species that contain
both LH2 and LH1-RC 'core '  

complexes have a more
sophisticated response to low light. These species not

LEFT:
i r i * .  , i i "  (a)  Ihe nonamer jc  LH2
complex fron Rho d o pseu dono rlas
aci doph i laviewed from the
cytop lasmic  s ide of  the membrane
Prote in  un i ts  are shown in  whi te
BB00  Bch la  i n  g reen  BB50  Bch la
in  red and a carotenoid  in  ye l low.
(b)The complex r l ier,ved
perpendicu lar  to  the symmetry
ax is  Broad r ibbons ind icate  the
presumed membrane spanning
reg ion of  the po lypept ides
COUR]ESY STEVE PRINCE
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AB O VE:
ir l i , l .  ,- ,  A view normalto the
membrane sur face look ing onto a
RC/LH1 

'core complex wi th  one
LH2 complex, showing BB50 Bchla
in  ye l low B875 Bchla  in  red and the
RC p igments  in  purPle
COURIESY [,I IROStAV PAPII

RI  G HT:
i i :1 .  , , i  T ime reso lu t ion o f the
var ious energy t ransfer  s tePs
wi th in  the PSU by laser  f lash
photolysis
GRAIEFUL THANKS TO BRUNO ROBERT
AND RIENK VAN GRONDETLE FOR
PROVIDING THIS FIGURE

only synthesize more

PSUs, but by differentially

up-regulating the amount

of LH2 relative to the

LHI-RC 
'core '  comPlex

also increase the size ofthe

PSII .  This has the resul t r

that  the cross-sect ional

areafor photon capture of

each PSU is enlarged. A yet

more  sub t le  adap ta t ion  i s

seen in a few special species

which are also able to

change the type of LH2

which is  synthesized.  At

ve ry  l ow  l i gh r  i n tens i t i es

th is new type of  LH2 is

incorporated into the

PSU, as a resul t  of  which

the efficiency of l ight

harvesting goes up from

about 7 5 % to nearer 95 %.

These adaptive changes are

mediated at the level of

t ranscr ipt ional  contro l

by a set  of  c lassical  two-

component regulatory

systems.
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Lichens and Go'oldination of the
symbionts
David Hill

Lichens are a
fascinating example
of symbiosis, as well
as providing useful
indicators of
atmospheric
ool lut ion. David Hi l l
bxplores their
biology,

^-rMost microbiologists can recall l ichens as

I.*amples, along with hydra and rumen

V bacteda,of symbiosis. Seen as coloured patches

on rocks and tree trunks (Fig. 1), or ftzzy stuff on the

ground on heaths and moors, lichens are still somewhat

of an enigma to most biologists and probably to some

microbiologists.

Lichens are taxonomically fungi, but biologically

grouped because they occur in symbiosis with an alga

(or cyanobacterium). The fungus (mycobiont) forms the

main part we see (thallus) which contains the microbial

algal or cyanobacterial cells (photobiont) inside.

To become a mycobiont, the fungus has evolved to

live on a steady stream ofcarbohydrate from the living

photobiont cells, rather than foraging for a less regular

supply from more unpredictable sources. Though a

built-in constant supply of carbohydrate seems like

gastronomic paradise for a fungus, it has to be paid for

with some severe evolutionary trade-offs. The resulting

adaptations that mycobionts have evolved make the

existence oflichens one of the most fascinating biological

wonders of the world.

About a fifth of all known 13,)00 fungal species

have followed this evolutionary path. In fact, if we

include the number of mycorrhizalfungi and species

forming other symbioses, the fungi are party to the

greatest number of symbiotic associations in nature. \7e

are now beginning to piece together the phylogenic tree

of l ichens by the use of DNA sequencing and PCR

techniques with fungal primers and we can see that the

symbiotic state has evolved many times over the past 200

mill ion years. By the sheer number of species, and their

diversity, abundance and ubiquitousness, lichens should

not be thought of as a peculiar group of oddball

organisms but rather as great unexplored biological

mysteries from one of the most important groups of

organisms (fungi) on earth.

But ,  i t  has been said,  should any ser ious-minded

biologist  in mainstream science develop an interest  in

lichens? People tend to believe that they are simple

primitive plants of no economic importance. Is there

any point in trying to do any serious research when they

cannot even be grown in the laboratory? But are these the

right crite ria for finding out what is scientif ically

interesting in the opening of new vistas of scientif ic

knowledge?

W Pollution monitors
Sensi t iv i ty  to a i r  pol lut ion is  a generai ly  wel l -known

feature of l ichens. They have been described as a litmus

(a product of a lichen - Roccella spp.) of air quality. The

paradigm 
'air 

fit for lichens and riuers fit for fish'

encapsulates a standard that our industrial society desires

and needs for a healthy environment. Indeed, Professor

Pier Luigi Nimis and his colleagues undertook a survey

of the lichen flora in Northern Italy in relation to the

frequency of lung cancer whose cause, incidentally, is

not solely tobacco smoking. By very careful inclusion of

detailed historic, demographic and occupational data

with the medical data to overcome bias, he was able to

ident i fy  a str ic t  and inverse re lat ionship between the

divers i ty  of l ichens and the f requency of lung cancer.

People in l ichen-rich rural areas had a much lower

probability of fall ing victim to the disease. Although

such associations are fraught with problems of

interpretation, this work emphasizes that rural l ichen

clad environments are likely to be much more healthy

for humans as well as lichens than urban lichen-deserts.

Suiphur dioxide, the invisible culprit of so much

damage to buildings, apart from being damaging to

people's health, is lethal to most l ichen species. Indeed,

lichens can be used to estimate accurately and monitor

the mean winter (when it is at its highest) concentration

of sulphur dioxide. Lichens are also extremely sensitive

to many other air pollutants; for example, they scavenge

and accumulate heavy metals and radionuclides. Lichens

are also very valuable indicators ofenvironmentai change

('ecological continuity') or disturbance and more

recently they have been cited as indicating a major

increase in aerial nitrogen deposition which may well

come from current farming practices. This has a drastic

effect not only on lichen floras in western Europe but in

the longer term may well have very damaging effects on

wildlife conservation in general by affecting higher plant

communities. -07hy are lichens such excellent organisms

for monitoring our environment? Clearly there must be a

biological explanatton.

ABOVE:
F*+x- { ,, fvernia prunastri
(fruiicose thallus), Lecanora
chlarote ra(crustose thallus with
brown apotheci a) and Lecidella
el aeo chrona(crustose thallus with
black apothecia) on the bark of a
tree l lminster, Somerset.
PHOTO J [/ GRAY
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W Metabolism and growth
The biology of lichens centres on symbiosis because that

is what makes them what they are. The lichen thallus as

a photosynthetic entity has to be capable of receiving

solar radiation and usually lots of it. The photobiont cells

have to support not only themselves but also the much

more massive mycobiont which may be 90-95 % of the

biomass of the thallus. This could be a reason why lichens

grow so slowly: many species only grow less than 1 mm

eachyear. Unable to compete with faster-growing higher

plants, l ichens occur where other plants cannot: hence

their presence on rocks and other exposed surfaces.

Indeed, the ground in the Arctic where permafrost

prevents higher plants from rooting is a lichen haven,

as are nutrient-depleted soils where plant growth rate

is slowed to less than that of a l ichen. \Tithout the

capacity to exploit the water resource of soil and rock,

lichens trade exposure to l ight with mechanisms to

survive desiccation. This is carbohydrate-expensive

because high concentrations of carbohydrate molecules

are required to provide the hydroxyl groups which

replace water in supporting the macromolecular

structure of components in the cell in the desiccated

state. Rehydration, with leakage and repair processes, is

also mecaboli te-expensive.

WSelf defence
For a slow-growing organism like a lichen to survive, it

requires protection, especially from browsing by

molluscs and other herbivores to whom all this

carbohydrate is just what they want. Mycobionts have

responded by evolving biosynthetic pathways that

produce an amazins arsenal of interesting chemical

substances on the surface of the hyphae which act as

antifeedants to molluscs. Molluscs have responded by

evolving mechanisms for coping with these chemical

nasties such as acquiring tolerance and sequestering the

intolerable ones into special parts of their bodies. One

of these molecules, erythrin, from species of Roccella

collected from the Canary Islands among other places,

was used, coincidentally, to make the actual indicator

dye in l itmus paper. Other molecules also have

antimicrobial properties and have attracted the interest

ofpharmaceutical companies which were keen to exploit

them, but were stymied by the persistent slow growth of

the mycobiont in culture. Infact, the mycobiont can be

cultured, but it does not form a thallus-like structure,

nor does the photobiont, when it is cultured, release

carbohydrate from its cells as it does in the lichen thallus.

S Photobiont cha racteristics
Living in the safety and shade of the mycobiont, the

photobiont (Fig.2) has some interesting adaptations too.

Not every microbial algaor cyanobacterium is capable of

such an exacting role. About 20-2t genera ofalgae and

around 1) genera of  cyanobacter ia (a tota l  of  100+

species) have been reported as occurring as lichen

photobionts. Using internal transcribed spacer rDNA

sequences, the difficulty of distinguishing cultures and

strains of photobionts is just being resolved and we

are discovering how the different genotypes and species

are distributed in lichen thalli of the same and different

species. In one recent study, Tom Friedl's group in

Germany found that in the P hysciaceas there was a greater

genetic diversity (perhaps at a species level) of Trebouxia

photobionts than had previously been suspected and,

although general aIgal. primers were used that would

detect any alga, the photobiont was just a single strain

of Trebouxia and no other algae were present. Spore-

reproducing lichens Iike Xanthoria parietina have

to establ ish a new svmbiosis each senerat ion bv

LEFT:
F lg .  l { ,  (a)Sect ion though l iv ing
thallus of Xanthoria parietina
showing green photob iont  ce l ls
([rebouxia) and mycobiont hyphae.
(b) Section through Ranalrna
s i l iquosashowing densely  s ta ined
p hotobi o nt (lre b o u x i a) cells in
clt lsters with mycobiont hyphae
and dense mycobiont  cor te l t  above
(c) Section through Ramalina
si l iquosa(enlarged) shot,vi t tg
grolJps of Trebouxia photobiont
ce l ls  in  sect ion wi th  mycobiont
hyphae and the c lusters  o f  young
photob iont  ce l ls  be ing separated by
penet ra t ing hyphae (see F ig  3)
PHOIOS D J  HILL
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BELOW:
Yag. e. Cell cycle in Trebouxia
photobionts

locating non-symbiotic alga cells in the substrate or

by stealing photobiont cells from another lichen.

Although the second alternative is attractive because

Trebouxia is very hard to find outside lichen thalli, Friedl

showed that stealing did not appear tobe Xanthoria's

method of photobiont selection.

To be aphotobiont, each algaor cyanobacterium has

to be able to fill the precise biochemical and develop-

mental role demanded by the mycobiont. The function

of the photobiont in the thallus is to provide

carbohydrate and this is done by secretion ofa single,

simple soluble molecule - algal photobionts release a

polyol (one of three depending which genus of alga) and

cyanobacterial photobionts glucose. About 8O 7o or more

of the photosynthate is released and is immediately

absorbed and metabolized by the mycobiont. The two

symbionts are in close contact so the distance the

carbohydrate moves is only a few micrometers. So close

is the contact that in primitive crust l ichens, the

mycobiont enters the photobiont cells and forms

haustoria (outgrowths from a parasite which penetrate

a tissue or cell ofits host and act as an organ for absorb-

ing nutrients). In larger, more advanced leafy species

the mycobiont holds the photobiont cells on special

pads (appressoria) at the ends of branching hyphae.

The mycobiont of many lichens also makes a plethora

of different cell and tissue types producing an

amazing display of complex and organized structures in

the thallus that have no equivalents in non-lichenized

fungi.

W Symbiosis and development
To be a capable photobiont, not only must the alga or

cyanobacterium cell be able to survive the attachment

of the mycobiont hyphae and release a suitable

carbohydrate, but it must also integrate into the

co-developmental pattern that allows regulation of

growth in parallel and co-ordinated differentiation

of the two organisms. Otherwise one would outgrow the

other, or fail to function in the right way in the right

place in the thallus. At the growing point photobiont

cells divide tapidly. The cycle of cell growth and division

follows the autosporous cell cycle while, at the same

time, the cells are also continuously in contact with

the mycobiont hyphae. Held on an appressorium, the

growing cell reaches a certain size (about 10 pm), when

it divides by nuclear division and the contents round

up into the usual four autospores (Fig. 3). (Autosporous

division differs from usual division in that a cross wall is

not formed and each new cell forms a completely new

wall inside the old cell.) Then the hypha invades the

mother cell wall and grows between the autospores,

branches into four and pushes the four new cells apart,

in doing so forming new appressoria. The cycle then

starts again. Clearly this whole process causes expansion

(growth) of the thallus tissue. Growth only occurs at the

tips of the lobes at the margin of the thallus. In the

mature parts of the thallus, growth ceases and here

the photobiont cells do not divide. However they are

programmed to continue to produce more cell materials

and the cells continue to enlarge, well above the size

which triggers autospore formation ('outsized' cells).

There appears therefore to be a mechanism by which

the mycobiont can turn off cell division and hence

arrest the cell cycle in the photobiont. Growth has to
t
l
i
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effects ofpollution. Indeed,
the centre parrs of the
thallus frequently die out
in partially polluted sites.

S Conclusions
The biological explanarion

of  the sensi t iv i ty  of

l ichens to pol lut ion and

disturbance is therefore
open to speculation. Living on exposed surfaces, growing
slowly, naked mycobiont hyphae are recruiting naked
photobionts from a population of algae in the
surrounding biofilm. Thus developing lichens are in
direct  contact  wi th the atmosphere and a microscopic
change in the biofilm could be catastrophic. The slowly
developing stages that follow and a thallus which may
need to last tens ofyears before it reproduces afe very
vulnerable to a change in the environment which could
destroy them. These intr icate and s low steps are so
sensitive to atmospheric conditions that the pattern of
l ichen dist r ibut ion over a re lat ively smal l  area can be
used to reflect small differences in microclimate. Lichens
also require very strong metal-binding mechanisms
and nutrient uptake mechanisms to acquire sufficient
nutrients from rain and run-off water for their growth,
so exposure to xenochemicals as well as increased
concentfations of natural substances can have lethal
effects on rhe thallus.

Understanding photobiontimycobiont specificity,
the selection of competent photobionrs, and the effect
of the environment on the development, growth and
reproduction of the thallus is essential if we are to learn
how lichens respond ro rhe environment and what they
are tell ing us about it. Such sensitive and powerful
monitors of the environment and pollution are porenrial

tools in helping the human race ro survive the next
century on Earth. Lichens are certainly worrhy of serious
scientific research.

O Dr David J. Hill, Continuing Education Officer,
Director of MSc in Ecology and Management of
the Natural Environment, Senior Lecturer, School
of Biological Sciences, U niversity of Bristol,
Woodland Road, BristolBSB l UG
Tel.01 17 928 Bl  55;  Fax 01 17 925 7374
e m ai I d.j. h i | | @b ri sto l. ac. u k

FAR LEFT (OPPOSITE PAGE):
Lobaria /lrers shot,ving

lobes and the development  o f
ascocarps in  the cent re  o f  the
tha l l us  wh i ch  i s  no  l onge r  g row ing
(Ki l la rney l re land)
PHOTO J M GRAY

TOP LEFT :
r il li Parmelia paslillifera
sh0wing development of vegetative
repr0dt lc t i r le  0rgans ( is id ia)  in  the
cent ra l  par t  o f  the tha l lus
(Wid icombe Devon)
Pl-iOTO J [/ GRAY

BOTTO[/l  LEFT:
l ' i  r : .  i r  .  Mosaic of crt lstose
l ichens showing d ivers i ty  o f
spec ies locked in  compet i t iona l
combat  t ,v i th  b lack hypotha l l ine
bourndar ies  (Mar t inshaven
Pembrokeshi re)
PHOTO J M ORAY
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occur at the margins and cease in the centre as rhe

thallus is topographically fixed to the substratum on

the underside and cannor move.

The central part of the thallus is important to the

survival of the lichen as this is where the thallus is kept

in place and fruiting bodies (Fig. 4) and vegetative
propagules (Fig. )) are usually formed. In the evenr rhar
the mature part of the thallus does not produce fruiting

bodies or vegetative propagules and nor does the

mycobiont produce more medullary hyphae, rhere ceases
to be a sink for the carbohydrate and photosynthetic rate

is turned down. These mature parts of the thallus

are just ticking over and are the most vulnerable to the
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:ecology,niche
andgenomics

Dave Scanlan

Cyanobacteria can
be found in virtually
allecosystem
habitats, Dave
Scanlan describes
these adaptable
microbes and
introduces the
most abundant
photosynthetic
organism on Earth.

TOP R IGHT:
S$9."$ " False colour image of
g lobal  ch lorophy l l  leve ls  o f  the
world's oceans derived from
Coasta l  Zone Colour  Scanner
(CZCS) satel l i te data. The purple
areas represent regions of low
productivity and the yellow and red
reg ions h igh product iv i ty .
The inset shows a f luorescence
microscope image of  the
dominant picophytoplankton
P rochlorococcus,
PHOTO COURTESY J PATCHETT,
UNIVERSITY OFWARWICK

^ Cyanobacteria, prokaryotes capable of carrying

fout a plant-l ike oxygenic photosynthesis,

V represent one of the oldest known bacterial

lineages, with fossil evidence suggesting aD appeararrce

around 3-3', bil l ion years ago (this is not far removed

from the age of the oldest known rocks - 3.8 bil l ion

years!). Their capacity for oxygenic photosynthesis

underpins the source of atmospheric oxidation power

that would have increased the productivity of early

chemotrophic life and which has led to the planet we now

know. But does this early contribution to the moulding

of life on Earth reflect a group of organisms that we can

now consign to history or do they sti l l represent major

players in ecosystem function? If so, how can modern

microbiologists and molecular biologists exploit the

success of such microbes ?

W Ecologicaldominance
Extant cyanobacteria can be found in virtually all

ecosystem habitats on Earth, a success that surely reflects

their long evolutionary history. Habitats occupied rafige

from the perhaps expected freshwater lakes and rivers,

through to the oceans, but also include hot springs, and

deserts, ranging from the hottest to the cold dry valleys

of Antarctica. Indeed, the ability of cyanobacteria to

survive at the limits of l ife on Earth is currently being

used as an analogue for past life on Mars - the ultimate

desert. This ability to adapt to extremes of environ-

mental stress includes toleranc e of freezing, desiccation,

freeze-thaw cycles, high light intensities, including

high UV-B flux, and oligotrophic low-nutrient

conditions to name but a few. In addition, it has been

suggested that the changing metal composition of

early Earth when oxygeq was first released may also

reflect the plethora of metal acquisition/efflux systems

these organisms possess, and an associated ability to

tolerate relatively high levels of heavy metals. Such

an array ofphysiolo gical adaptation clearly reflects an

ability to colonize harsh environments, but do these

organisms play major ecological roles in these and other

aquatic and terrestrial ecosystems? Turning to the

marine environment reveals the answer.

*s Marine cyanobacteria and global carbon
cycling
Oceans cover around 70% of the Earth's surface and

as such represent vast sources and sinks for the

biogeochemical cycling of the major elements. Around

40% of global primary production, the fixation of

carbon dioxide into biomass, occurs in marine systems

and it is now estimated that around three-quarters of

this takes place in open ocean environments. This view

is a relatively new one since these large areas ofoligo-

trophic oceans were long thought ofas biological deserts,

supporting few marine organisms and responsible for

only a small fraction of global oceanic productivity.

It was the discovery of

tiny, single-celled cyano-

bacteria as ubiquitous and

abundant components of

the marine microbiota

during the late 1970s and

1980s that radically changed ourview ofthe functioning

and composition ofmarine ecosystems. These unicellular

cyanobacteda arc dominated by only two genera,

Synechococcus andProchlorlcnccus. It is now clear that these

photoautotrophic picoplankton dominate vast tracts of

the world's oceans where they occupy a key position at

the base of the marine food web, potentially dictating the

flow of carbon through the system. Thus, dominance of

the very small Prochlorococcus (0.6 pm diameter) which

can contribute 407o of the chlorophyll and 3O% of

living carbon in the central Pacific offHawaii (see Fig. 1),

may induce a microbial loop that is very efficient at

recycling mineral elements, whilst the dominance of the

Iarger Synecbococcus (production in the Sargasso Sea has

been estimated to be between 5 and 30 7o), may cascade

to larger grazerc that induce more efficient export of

carbon towards higher trophic levels. It is not hard to see

why these organisms play key roles in global carbon

cycling and hence modulate the Earth's climate, as

well as in influencing marine ecosystem community

structure. So what do we know about these organisms?

W Prochlo rococcas: the smallest and most
abundant photosynthetic microbe in the
oceans and probablyon Earth
Prochlorococcus was originally considered to be a member

ofa distinct group, the Prochlorophytes, which included

the intracellular symbiont Procbloron and the freshwater

filamentous form Procblorotbrix hollandica, since these are

chlorophyll (chl) a- and b-containing prokaryotes and

potent ia l ly  the c losest  known relat ives of  h igher p lant
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chloroplasts. In fact the term prochlorophyte is now

redundant since phylogenetically these organisms do

not form a coherent l ineage within the cyanobacterial

radiation, but represent oxyphotobacteria and arc

essentially cyanobacteria which have evolved chl b

independently in the evolutionary process. Proch/orococcus

is unique amongst this group in that it contains divinyl

derivatives of chl a and b, afeature which appears to be a

direct adaptation to harvesting the longer wavelengths

of blue light that penetrate deepest down the water

column in oceanic environments. This unorthodox

pigment complemen t of Prochlorococcus is further demon-

strated by the fact that some strains also contain phyco-

erythrin, a phycobiliprotein normally a component of

the light-harvesting phycobilisome of cyanobacteria,.

but a structure absent inProchlorocnccus. This has led some

researchers to suggest that Prochlorlclccus represents the

extant model for the ancestral photosynthetic bacterium

that gave rise to cyanobacteria as well as to chloroplasts.

Procblorococcus is certainly an abundant photosynthetic

microbe. Although largely confined to a 40" N-40" S

latitudinal band, within this region it is extremely

numerous reaching densities of 10t-106 cells per ml in

many regions and occupying a 100-200 m deep layer in

depths where the incident l ight is around O'I% of the

surface irradiance. Such a distribution makes it the most

abundant photosynthetic organism in the ocean, and

presumably on Earth, accounting for up to a third of the

photosynthetic biomass in these vast areas. The success of

this organism is due to several factors, but its small size,

and hence high surface arealvolume ratio, allows it to

acquire nutrients even in ultra-oligotrophic waters,

whilst an ability to fix carbon even at extremely low

light levels suggests a tremendous photoacclimation or

photoadaptation capacity. Perhaps more pertinent to

this issue though is the fact that specific ecotypes of

Prochlorococca.i have now been identified, underlying a

genetic microheterogeneity, which appear partit ioned

into distinct niches down the water column (Fig. 2). At

least two ecotypes of Procblorococcus co-exist in the oceans

that arc distinguished by their photophysiology and

molecular phylogeny. One is capable of growth at

irradiances where the other is not lhigh- and low-light-

adapted ecotypes, respectivelyl. Such a distribution

of multiple ecotypes probably allows survival of the

population as a whole in a much broader range of

environmental conditions than would be possible for

a homogeneous population.
\We have seen that these organisms are of gteat

ecological relevance, but what other attributes do they

possess that make them tremendously attractive to

microbiologists and molecular biologists alike? There

are many. For a start they are readily enumerated in sita

by flow cytometry, as well as being relatively easily

isolated into culture. This is in stark contrast to the

anay of heterotrophic organisms that constitute the
'black 

box' of the microbial loop in marine systems and of

which virtually alI arc uncultured. The availabil ity

of cultures allows biochemical and molecular dissection

of photosynthetic apparatus and nutrient acquisition

capabilit ies, features of particular importance to their

ecological success. Moreover, its unique form of chl a

allows afi accurate measurement of its contribution to

total photosynthetic biomass, whilst highly synchron-

ized cell division simplifies measurements of in situ

growth rates. Finally, we are now even obtaining

genomic data for this organism. This has revealed a

genome size for one strain of approximately 2 Mb, the

smallest known for a free-living photosynthetic

organism.

Several ofthese traits hold true for their sister taxa, the

Synecbococcus genus, but which possess normal chl a and

phycobilins as their pigment complement. This latter

BELOW:
I i l r . 3 : ,  Schema t i c
represelltati0n of niche partiti0ning
of Prochlorocorcrs poptllations l,
s l lu ,  i l lus t ra t ing the obv ious inverse
gradients of light and nutrients The
inset  shows dot -b lo t  hybr id izat ion
o{ environmental DNA to 16S rDNA
targeted genotype-spec i f ic
o l i gonuc leo t i des  show ing  t he
par t i t ion ing of  HL and LL
P ro ch lo roco cc us gen otypes
adjacent  to  the thermocl ine
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ABOVE R IOHT:
,::r;1 .i!. Anabaena sP. vegetative
fi lament containing heterocYsts
and akinetes.
PHOTO COURTESY DR DAVE ADAMS,
UNIVERSIIY OF LEEDS
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group is a ubiquitous feature of phytoplankton

populations throughout the world's oceans and so can be

found even in polar regions, albeit at lower cell

concentrations than equatorial areas. One additional

feature though is that representatives of the marine

Synecbococcu.t group are geneticaliy amenable and allow

the interrogation of niche adaptation at the molecular

level with the added bonus that defined mutants can be

made. Genetic microdiversity within this group appears

large and the challenge ahead is to define the size and

shape of the ecological niches occupied by specific

ecotypes and the underlying physiological and genetic

basis oftheir adaptation to that niche.

*Thegenomicera
For cyanob acteria the genomic era began in 1996 with

the completion of the genome sequence of the unicelluar

cyanobacterium Synecbocysti.t sp. PCC6803. This

organism is capable ofphotoheterotrophic growth and as

such has been extremely useful in dissecting the function

and structure of the cyanobacterial photosynthetic

apparatus. More recently two filamentous cyanobacterial

genomes have been compieted from Anabaena (Fig. 3)

andNostoc species (see Table 1 for website details). These

organisms provide excellent opportunities for analysis

at the genetic level of several important processes

that cyanobacteria'do well ' (summarized in Table 2),

including nitrogen fixation, symbiotic associations,

celluiar differentiation, circadian rhythms and

chromatic adaptation.

Genome sequencing of marine cyanobacteria is also

well advanced. Thus, in the last year or so we have seen

the near completion of two Prochlorococcus genomes'

representing isolates cha4acteristic of the major ecotypes

(and a third genome is currently being sequenced) whilst

the sequencing of a marine Synechococcus 9efiome is also in

progress. Description of the complete genomes of these

microbes will greatly advance our understanding of the

regulation of photosynthesis and nutrient acquisition

systems of these organisms, physiological features which

dictate the globally important processes of carbon

fixation and nutrient flux. Moreover, a comparison of the

complete genomes of the two Prochlorlclccus ecotypes will

provide valuable insights into the regulation of this type

of microdiversity in marine microbial systems and begin

to define the genetic basis for such niche adaptation.

Some information is already available which might

explain the ability ofthe different ecotypes to tolerate

high light intensities or maximize their harvesting in a

low-light environment. For example, it seems that the

low-light-adapted strains possess multiple copies of the

pcb gene encoding the major antenna chl alb binding

proteins. This multiplication of pcb genes is probably a

key factor in allowing these strains to survive at the

extremely low photon fluxes found at the bottom of the

euphotic zone. Finally, complete genome information

paves the way for use of microartay and proteomic

technology to analyse gene and protein expression

patterns and give us unprecedented insights into how

these microbes cope with the dilute environment of the

oligotrophic oceans.

ODr Dave Scanlan is a Royal Society University
Research Fellow at the Department of Biological
Scrences, University of Warwick, Gibbet Hill
Road, Coventry CV4 7AL.
Tel.024 76 528363; Fax O24 76 523701
e m ai I d scan I an @b i o.warwi ck. ac. u k

lNiche adantation

IN2fixation

lPhotosynthesis

lSymbioses

Table | . Cyanobacftrial genome sequencing web acBess

Gyanobactedum

l,SynechnystisP0CGB0S

l,AnabamaPltll2l
l Synnhoconussp, WHB102
fProchbnnccussp. MED4

Website

http :i /www.kazusa,0r,jp/cyan0/cyano,html

http ://wvnv,kaztlsa,or,jp/cyan0 I anabaenal

http://www,jgi,d0e,gov/tempweb/JGl-microbial/html/synechoc0ccus/synech-homepage.html

http://www,jgi,doe.gov/temprlleb/JGl_microbialihtml/prochlor0c0ccus-med4/prochlo-med4-h0mepage,htnll

)Nostoc punctiforneATfiC 29133 http:/iwww.jgi,d0e.gov/tempweb/JGl-microbial/html/nostoci nostoc-homepage.html

I pmflaacancrrssp,li,!113313 htp://w.llwjgidoe.g0y/bmplaeb/Jl-mlcr0bial/htnl/pochl0mc0ccus-mi8313/pt0chlo-niS3l3honepage.htttl

t*r.Gtracbfirfdw|{drcy.nohc!3drGtrbeuscdacmoddat*f|sforandllaia

I0hloroplast evolution l0lobd carbon cycling

ILightsensing-phytochromes,etc, lChromaticadaptation

lMetaltransportsystems ICircadian rhythms
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How do cyanobacteria glid e?
David G.Adams
The mechanisms by which bacteria move are not all ful ly understood.
David Adams considers the motility of cyanobacteria.

Bacter ia l  g l id ing is  a mystery.  I t  const i tutes

one of the two means of locomotion in bacteria,

the other being swimming which is  a wel l

characterized system employing flagella driven by rotary

motors in the cell wall. By contrast, the mechanism of

gliding remains elusive, even though the process was

first described well over a century ago. Although widely

differing groups of bacteria are capable of gliding, there

are common features. Movement occurs in a direction

parallel to the cell 's long axis, is associated with the

production of polysaccharide slime and requires

attachment of the cell to a surface. No obvious structures

are associated with gliding, yet the fact that all gliding

bacteria are Gram-negative implies that the outer

membrane is important to the process. Nevertheless, it is

likely that there is more than one mechanism for gliding,

eYen amongst the cyanobacteria.

11' Qy? nobacterial moti I ity
Of all gliding bacteria the cyanobacteria are the most

widespread and of immense environmental importance.

They show several forms of motil ity. Some unicellular

members of the genus Synechococcus can swim without the

means of flagella,whereas some S y nec b ocy s t i s strains move

slowly on surfaces by a form of gliding, sometimes

referred to as twi tching,  which requires type IV pi l i .

Some filamentous non-motile forms, such as Alas/or spp.,

produce specialized gliding fi laments known as

hormogonia, which constitute a brief, dispersive stage of

their l ife cycles. By contrast, many other fi lamentous

cyanobacteria, such as Oscillatoria spp. (Fig. 1a), possess

permanent gliding motil ity. Members of the family

)sci//atoriaceae can travel at up to 10 pm s-1 and the

filaments rotate as they glide, the direction of rotation

being characteristic ofthe species. 
t

There have been many attempts to explain the

mechanism offorce generation in cyanobacterial gliding.

The two most likely hypotheses, surface waves and slime

extrusion, are considered here.

lili: surfacewaves
From the early work of

Jarosch, Castenholz and

Halfen arose a theory to

explain the mechanism of

gliding in Oscillatoria and

related cyanobacter ia.

They proposed that the

driving force for gliding

was the distortion of

proteinaceous fibrils in the

ce l l  wa l l .  Such  d i s to r t i ons

might be propagated

rhythmically as waves

moving from one end ofthe

filament to the other.

These waves would be

transmitted through the

outer membrane and,

by interaction with the

substratum. cause the

f i lament to move in

the opposi te d i rect ion

(Fig. 2). Reversals of

the direction of movement

could result from reversals

in the direction of wave

propagation. This theory

was supported by electron

micrographs showing alayer of fibrils in the cell wall,

between the outer membrane and the peptidoglycan,

arranged helically around the fi lament at an angle of

approximately 30o to the fi lament's long axis. This

helical arrangement of the fibrils might provide an

explanation for the rotation of filaments of cyanobacteria

such as Oscillatoria spp. as they glide.

Recent evidence has supported the idea of an array of

helically arcanged fibrils between the outer membrane

and the pept idoglycan of  these cyanobacter ia(Fig.3) ,

although the fibril diameter is larger (2t-3O nm) than

previously described (8-10 nm). The fibrils seen in situ

appear to be continuous (Figs 4and5),but they fragment

when released from the cell wall and can be isolated and

purified (Fig. 6). The diameter of the fibril fragments

from awide range ofmotile strains is very similar, but the

length varies. The composition of the fibrils has not been

conclusively determined, but preliminary evidence

suggests a glycoprotein, which may explain their

extreme resistance to solubilization with all the

commonly used reagents.

The work of Hoiczyk and Baumeister has revealed a

second anay of flbrils in all rotating species. This layer

consists of  hel ical ly  arranged f ibr i ls ,  8-12 nm in

diameter, sitt ing on top of an S-layer anchored to the

outer membrane (Fig. 7). This outermost fibril lar layer

consists of  a g lycoprotein known as osci l l in ,  which

ABOVE:
' , : :  ' ,  Photomtcrographs of t t , l lo
motile cyan 0 ba cleria, 0 sci I I ato ri a
sp (a) and Spirulina sp (b) Bars
20  pm
PHOTOS PAULA DUGGAN

LE FT:
,  , ' :  .  Schemat ic  d iagram to
expla in  how f ibr i ls  in  the ce l l  wal l
might  prov ide the dr iv ing force for
g l id ing Dis tor t ions o f  the f ib r i ls
between the outer  membrane (0 [ t l )
and pept idog lycan (not  shown)
might  be propagated rhythmica l ly
as t,vaves moving from one end of
the f i lament  to  the o ther .  These
waves would be t ransmi t ted
Ihrough the outer  membrane (smal l
arrows) and by interaction with the
subst ra tum,  cause the f i lament  to
move in  the oppos i te  d i rect ion
( large ar row heads)

(a)
&
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NEAR RIGHT (TOP):
Ftry. #. Iransmission electron
micrographs of transverse thin
sections of a motile 1scillatoriasp,
The 'cor rugat ions in  the ce l l  wal l
are caused by the presence of the
fibri l lar layer (F) between the
pept idog lycan (PG) and the outer
membrane (0M).  The f ibr i ls  cover
the entire f i lament surface part of
which is  shown in  (a)and at  a
h igher  magni f icat ion in  (b)
Bars  50 nm,
P|1OTOS MATiHEW BFAN

BELOW:
Yi6.  e .  Transmiss ion e lect ron
micrograph of  a  negat ive ly  s ta ined
sample of a motile 0scillatoriasp.
An actively moti le sample was
crushed between g lass s l ides and
negatively stained Ihe presence of
the he l ica l ly  ar ranged f ibr i l la r  layer
cover ing the whole ce l l  resu l ts  in  a
cr iss-cross appearance (see F ig .  5
foran exp lanat ion)  Bar  500 nm
PHOTO DENISE ASHWORTH
REPRINTED WITH PERMISSION FRO[/
I BACrtRnLlSl B84-892 (1999)

FAR RIGHT (TOP):
Y+',; ,  "  Schematic diagrams
showing the f lb r i l la r  ar ray in  the
cel l  wal l  ol 0sci l lat r iaspp (a)
Part of filament showing cell septa
(S), Each ftbri l  traces a hel ical path
at  25-30 ' to  the long ax is  o f  the
f i lament .  0n ly  a  smal l  number  o f
fibrils and only one turn of the helix
are shown Fibri ls at the front and
back of the filament run in different
d i rect ions resu l t ing in  the cr iss-
cross effect seen in Fig 4 when
the f i lament has been f lattened by
crush ing.  (b)  Cross sect ion o f  the
ce l l  wal l  showing the ar rangement
of  the f ib r i ls  (F)  in  re la t ion to  the
cytop lasmic  membrane (C[ / , ,
pept idog lycan (PG) and outer
membrane (0[ l l )
REPRINTED WITH PER[/ISSION FROM
I BACrf f i t0L181 B84-892 (1999)

contains multiple repeats of a calcium-binding motif.

Oscill in shares homology with another glycoprotein,

SwmA, which also possesses calcium-binding motifs and

is required for swimming in Synecbococcus. SwmA is not

required for translocation but is thought to be involved

in the generation of thrust. Oscill in is l ikely to play a

passive role in gliding, perhaps serving as a screw thread

to guide rotation ofthe filament as it moves.

#'Slime extrusion
Secretion of mucilage is commonly associated with

gliding in filamentous cyanobacteria and provides the

second possible explanation for the generation ofthrust.

This mucilage is extruded from a row of pores, known as

junctional pores, on either side ofthe cell septum and can

be visualized using India ink (Fig. 7 a) . The recent work

of Hoiczyk and Baumeister has revealed these pores to be

complex organelle-like structures (junctional pore

complexes;JPCs) that span the peptido glycan and outer

membrane (Fig. 7b). Propulsion of the fi lament would

result from the adherence of the slime to both the

filament surface and the substratum, combined with its

extrusion from arow ofJPCs on one side of each septum.

Switching slime extrusion to the JPCs on the other side

of the septum would result in a reversal in the direction of

gliding. Rotation of the filament would result from the

helically ananged oscil l in fibrils and the direction of

rotation would be determined by the orientation of the

fibrils.

There is a possible precedent for the powering of

motility by slime extrusion. In the bacterium Acetobacter

xy linum cellulose extrusion from pores is thought to drive

motil ity, but 200 times more slowly (0.05 pm s-l) than

Oscil/atoria. However, gliding of cyanobacteria of the

genus Spirulina is diff icult to explain by the slime

extrusion hypothesis. As the name implies, the filaments

of Spirulina are spiral (Fig. 1b). However, theJPCs do not

cover the entire circumference of the septum, but occupy

the port ion which is  ins ide the spira l .  In th is case i t  is

difficult to envisage the extruded siime interacting with

the substratum which would be in contact with the

external surface ofthe soiral.

ffi Hormogonia
Hormogonia motil ity differs from that in the

Oscillatoriaceae by being only short-lived and not

involving rotation of the filament as it glides. This raises

the possibil ity that the mechanism differs from that in

the permanently motile strains. Pili have been observed

on the surface of hormogonia during their motile period

and at least one gene, pilT, associated with pilus

biogenesis, is highly expressed during the early stages of

hormogonia formation. Hormogonia gliding may,

therefore,like that of some Synechocystis strains, involve

pili. Hormogonia are the infectious agents in the

establishment of cyanobacteria-plant symbioses and

they are attracted to the plant structures that house the

symbiotic colonies by chemotaxis to chemicals released

by the plant. \Thatever the mechanism that drives

hormogonia motility, it can be influenced by these plant

(b)
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compounds that double the speed of gliding and may

control the frequency of reversals.

W Concluding comments
So far, ultrastructural studies have not positively

identified structures associated with gliding. However,

they have given us a far better picture of the surprising

complexity of the cell wall in gliding cyanobacteria. The

wall of motile strains consists of the cytoplasmic

membrane, peptidoglycan, ^ fibril lar ^ttay, the outer

membrane, the S-layer, the oscil l in layer and often a

surrounding polysaccharide sheath. Two of these

structures, the fibrillar array and the oscillin layer, have

so far been found only in motile cyanobacteria, implying,

but not proving, that they play a role in gliding.

The role of calcium is also enigmatic. It is essential for

gliding and for swimming in Synecbococcus,but its role is

unknown. It is required for oscillin conformation, but is

this its only function? An alternative view is that oscillin

may serve as a reservoir of calcium and provide a constant

supply to the force-generating apparatus beneath the

outer membrane. One possibil ity is that an influx

of calcium into the cell may cause membrane

depolaization, which, by some unknown mechanism,

interacts with the force-generating machinery. There

is little doubt that our understanding of gliding would

benefit from a fuller appreciation of the role of calcium.

In the meantime the question posed in the tit le of this

article remains unanswered. Let us hope that, l ike the

gliding cyanobacteria, we continue to make steady

progress, without too many reversals.

ODr D.G. Adams is Senior Lecturer in
Microbiology, Division of M icrobiology, School of
Biochemistry and Molecular Biology, University of
Leeds, Leeds LS2 9JT
Tel.01 1 3 233 5588; Fax 01 1 3 233 5638
emai I d.g.ad am s @l eed s.ac. u k)
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Staffan Kjelleberg & Peter Steinberg
Surface warfarre in the sea

Life happens at surfaces, and one ofthe major
challenges that living organisms or artificial
structures face is the need to control coloni-

zation oftheir surfaces. \Thether the surface is a seaweed
(Iiving) or a heart valve (inanimate), colonization of

surfaces can lead to an array of problems, including - for

living surfaces - death.

The problem is particularly acure for marine and

aquatic organisms. In the sea, living surfaces such as

seaweeds, corals, fishes, etc., are confronted by a

continuous bombardment from the millions of micro-

organisms and eukaryotic propagules that are present in

anaverage millilitre of seawater. These colonizers cause

disease, degradation, inhibition of photosynthesis,

increase in hydrodynamic drag and many other

detrimental effects. Consequently, marine eukaryotes -

particulady non-motile ones such as seaweeds or many

invertebrates - have evolved a variety of defensive

mechanisms against being colonized. Given the richness

of novel metabolites that are produced by marine

organisms, it is not surprising that one major defence

against colonization is the production of chemical

deterrents.

However, designing an effective chemical agent

to concrol surface colonization is not simple, and

colonization inhibitors produced by marine organisms

must fulfil a number of criteria. They must be delivered

to the surface of the organism, they must persist at the

surface long enough to be effective while not being

autotoxic and they must have broad spectrum activity

without selecting for resistance by the colonizers.

& Delisea pulchra and inhibition of bacterial
communication
Our early observations thJt the red macroalga (seaweed)

Delisea puhbra near Sydney was relarively free ofsurface

colonization and the knowledge that it produced

unusual secondary metabolites - halogenated furanones

or fimbrolides - prompted

an in-depth invest igat ion

of the role of these

metabolites as inhibitors

of surface colonization.

S7e demonstrated that

these compounds are

encapsulated in vesicles in

gland cells in the sea-

weed, which provides a

mechanism for delivery of

the metabolites to the

surface of the alga at

concentrations which deter

a wide range ofprokaryote

and eukaryote fouling

organisms. Inhibition of

bacterial colonization in

these studies was by a non-roxic and non-growth

inhibitory mechanism and the structural similarities

between these algal metabolites and the bacterial
signalling molecules, acylated homoserine lactones
(AHLs), led to the hypothesis that furanones act as
specific antagonists ofAHL regulatory systems.

Furanones inhibit AHl-regulated phenotypes in a
wide range of Gram-negative bacteria and their specific
mode of action has now been demonstrated via both AHL
phenotypic bioassays and targeted molecular systems.
For example, furanones shut down AHl-regulated

swarming in Sewatia liquefaciear, biofilm development rn
Pseudomonas aeruginosa and bioluminescence in both
wild-type Vibrio fiscberi and Iuminescence consrructs
(e.g. in Escbericbia coli backgroands). Using these

systems, furanones were found ro act on LuxR-like
proteins, the transcriptional activators in AHL regul-
atory systems. This mechanism of action was confirmed
in competition experiments using furanones and
radioactively labelled AHIs, and in studies ofthe fate
ofLuxR-like proteins subsequent to furanone binding,
as measured in DNA band-shift and degradation
exper iments.

Such interference with bacterial signalling systems
would appear to have profound consequences for both
living and artificial surfaces. As well as inhibiting overall
bacterial colonization of the surface of Delisea, furanones

also have strong effects on species composition. For

example, although Gram-positive bacteria are in general

not common in marine microbial habitats, the areas of
the plant (particularly the apical tips) that are richest in
furanones have an unusual assemblage of epiphytic

bacteria. These assemblages are dominated by Gram-
positive species, in particular high GC species. This
composition may reflect the absence of AHL signalling
systems in Gram-positive bacteria, which minimizes

the effect offuranones on colonization ofthese bacteria.
However, the Gram-positive bacteria on Delisea also do

i :

f'

How can a
naturaldefence
mechanism of
seaweed be
used to solve
f ho  n rnh lomc

caused by marine
biofouling? Staffan
Kjelleberg and
Pofar Qlainharn

describe their
investigations into
biof i lm inhibi t ion,

RIGHTT
Delisea pulchra n the shal ow
srb-tidal fegion of Cape Banks in
the Sydney reg of, The red alga
A e il s e a p u I c h ra is Ihe nost
abundant red algal species in the
afea.
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not form extensive biofilms after initial colonization.

Preliminary evidence from our laboratories indicates

that this may be due to furanones preventing prolifera-

tion by specific interference in other bacterial regulatory

systems.

s Novel approachesto combating biofilms
S7e are now using the natural Delisealepiphyte

model system to investigate inhibition of biofilms

on artificial surfaces. Microbial biofilms are ubiquitous

on domestic, industrial, biomedical and other surfaces,

and t radi t ional  b iocides (strong oxidants,  ant ib iot ics,

etc.)  are increasingly problemat ic because of  poor

efficacy, non-target environmental impacts or the

evolut ion of  resistance by the micro-organisms. The

use of natural products such as furanones, which

target specific bacterial signalling and regulatory

systems, represents an alternative approach. In effect,

the goal is to mimic what

the seaweed does by

prevent ing colonizat ion

or b iof i lm development,

rather than by simply

killing micro-organisms.

Along wi th the develop-

ment of  novel  inhib i tors,

a parallel goal is the

development of novel

delivery systems which

are targeted to deliver

the inhibitors efficiently

at sutfaces, rather than in

a more diffuse fashion
(e.9.  in the bulk aqueous

phase).

Given the importance

of bacterial signalling

systems to the structure and function of bacterial

communities, we would expect other eukaryotes to have

evolved defences against bacterial colonization that

funct ion v ia inhib i t ion of these systems. Evidence for

this is now emerging from both marine and terrestrial

(e.g.  sweet pea) systems, and is  indicat ive of  the

complexity of the chemically mediated interactions

possible between eukaryotes and prokaryotes.

tDStaffan Kjelleberg is Professor of Microbiology
in the School of Microbiology and Immunology
and Co-Director of the Centre for Marine
Bi ofou I i n g an d B io- | n n ovation at th e U n ivers ity
of New South Wales, Sydney 2052, Australia.
TeL +61 (Z) SSSS Zt OZ; Fax +61 (Z) SeeS t ZZS
email cmbb@unswedu.au
OPeter Steinberg is an Associate Professor in
the School of Biological Science and Co'Director
of the Centre f or Marine Biofouling and Bio-
lnnovation atthe Universitv of New South Wales.

Both authors are also Research Directors of
Biosignal Pty Ltd, Sydney, a new start-up company
focusing on applications of natural inhibitors of
bacterial signalling systems and biofilms.
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Koch's colonies and the culin ary
contribution of FannY Hesse
Philip Mortimer

The Romans, when they settled in batbaian

lands, established' coloniae'.The Elizabethans,

also eager expansionists, preferred to use the

word'plantation', but a hundred years later the British

too were founding 
'colonies'. 

Colonialism flourished for

another 200 years and then, at the end ofthe nineteenth

century, imperial decline set in so that a further century

on'colony' had become an opprobrious term' no longer

to be used. \fith one exception though; it remains a

respectably neutral word to microbiologists. They use it

to describe a visible clone, grown from an isolated

bacterial cell on a solid medium, with its size, shape and

surface features sometimes typical enough to identi$' the

specles.

The discovery of the technique for isolating and

growing bacteria as colonies is generally credited to

Robert Koch, but this attribution is less than generous

to others, for he was certainly not unaided. There was a

background of earlier mycological research and the

contribution made by his first wife and assistant, Emily,

may also be guessed at. The contribution made by the

wife of one of Koch's colleagues, \(alter Hesse, happily rs

recorded, though not now widely known.

4# lsolation and culture techniques
Koch's studies in the late 1870s, especially those on the

blood of small animals infected with anthrax, persuaded

him that specific infections might be due to particular

micro-organisms; and he saw that a way had to be found

to grow, free of other flora, each micro-organism to which

an infectious disease might be ascribed. It was already

well known to Koch's

forerunners that the mixed

fl ora seen microscopically

in specimens taken from

bodily sites grew as mix-

tures when inoculated into

nutritive fluid media,

and various investigators,

Lister for instance,

had isolated pathogenic

microbes from these mix-

tures by preparing and

culturing high dilutions.

Koch, however, was the

first to find a way of

growing a putative patho-

gen so that it would form a

pure isolate - what he

referred to as a colony.

To achieve this Koch

^t first drew on his

knowledge of how some

fungi were being cultured,

and so used a gelatin-based

medium; but gelatin was

inconvenient for several reasons. Various bacteria were

found to liquefy it and on hot days it melted

spontaneously. For the same reason gelatin could not be

incubated at the temperature that most human

parhogens needed ro grow in a convenient  t ime span.

Then, around 1881, a bet ter  substrate,  at  the t ime

referred toasag r-agar but soon simply called agar, was

found. The discoverer, as far as a microbiological

application was concerned, was one Fanny Hesse, the

doctor's wife referred to above. Her husband had just

spent a few months in Koch's laboratory learning the

new science ofbacteriology and Fanny was at the time

helping him to culture air-borne bacteria for studies

ofhis own.

Fanny Hesse has been portrayed as 
'just 

a house-

wife', but the historical record contradicts

such a dismissive comment. She vras born /

Fanny Eilshemius in New Jersey in

18)0 to a f irst generation immi-

grant family who had prospered

sufficiently to be able to send

her, when she reached her eariy

twenties, on a tour ofEurope.

In Germany she met and

married Dr Hesse and, like

others who were rhe wives

of the pioneers of bacteri-

ology, she acted as his

laboratory assistant and

technical artist. $fhat has

immortalized her, though,

was not her exercise ofthese

skills but her modest proposal

that agar should be used in the

growth medium for isolating

f ,u.r.r iu. She had f irst learnt ablut

agar f rom fr iends of  her mother who

had lived in the East Indies, where the

seaweed extract originates. There it was, and is,

widely used as a cooking ingredient.

Molten agar has the excellent property that it sets

when its temperature falls below 41 oC, but will only

melt again at over 90 "C. At first Koch used agar in its

liquid state to suspend inocula in, and it was in this form

that he employed it when mention was first made of

Frau Hesse's discovery for the isolatio n of Mycobacterium

tuberculosis, rn 1882. Her contribution was not

acknowledged. Soon, however, it was realized that it

was more convenient to grow bacteria not in but on the

su,rface of agar and to have the medium pre-poured into

a shallow circular 
'Petri' 

dish. A loopful of bacterial

suspension could then be swept back and forth across

the surface of the set agar until the number of cells

transferred from the loop was so few that they grew as

single colonies. It is an isolation technique that has never

been changed; there has simply been no need.

Today we take
for granted the
cul tur ing and
isolation of micro-
organisms on
agar plates. Phil iP
Mortimer describes
the pioneers of
these techniques.

C ENTR E
A culiure ol bacteria grot-ti lg ort al
agar p ate
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3i.-q*"-,..-, the yor,rngest state at the conference tab1e, felt

@;d5--., 

'k..niy 
rhe disadvantage of being a late comer

to colonia l ism. This sense of  gr ievance

Koch's colonial iourneys
The appl icat ion of  the word 

'colony'  
to descr ibe a

discrete, pure growth ofa bacterium was due to Koch (he

was already using it in 1881), and l'ris choice of term may

well have reflectecl the political pre-occupations of the

t ime. Subconscior-rs ly,  at  least ,  Koch could bave been

influenced by the grorving colonial rivalries rn Europe. A

few years before, at the Conference ofBerlin in 1878, the
'Great 

Powers'had discussed colonization at length, but

wi thout  resolv ing their  conf l ic t ing interests.  And over

the next  l0 years these c l isputes intensi f ied,  bot l ' r

regarding Afr ica,  the Near and Far East ,  and Lat in

America.  Br i ta in,  France,  Germany and the Uni tecl

States a1l sought to establish new colonies, and Germany,

r  _.  the youngest  state at  the conference table,  fe l t

almost certainly aflected Koch, a man

whose patron rvas the Kaiser him-

self, and who gave free expresston
i.l, to his Prussian pride, lor exam-

ple in scorning the French

school  of  bacter io logy and

its senior figure, Pasteur.
t 

Starting with his rnvest-

i g . t t  i un  o I  t  ho l e ra  i n  B r i t  i sh

Inc l i a  r n  1881 ,  Koch

travelled widely througl'r-

,  out  hrs l i fe.  Indeed, colon-

ial travel became after 1 890

a kind of refrLge for him

following the enbarrass-

ments of  a controvers ia l

d ivorce,  subsequent ma.rr iage

to a teenage actfess ancl the

sr-rsta ined professional  cr i t ic ism

tl'rat he endured after he had publisl'recl

exaggerated c la ims for  the therapeut ic

powers of tubercul in.  Even i fh is nat ional i ty

denied l " r im access to i ts  grar . rder pretensions,  Koch

enjoyed the rewards ofEuropean colonialism.

The parallel betrveen a colony on a plate and colonies

on the face of tl 're globe may now seem a little far-fbtched,

but  i t  is  reasonable to speculate that  thrs vr : rs in Koch's

mrnd when he first used the rvord in bacteriology. Ancl

whether th is is  t rue or  not ,  Koch,  wrth Fanny Hesse,

does deserve ever last ing credi t  for  bequeathing tcr

bacter io logy a s imple and enabl ing technique for

isolat ing and growing bacter ia l  species.  Vrsual izat ion

of  bacter ia l  colonres remains essent ia l  for  c l in ical

d iagnosis and they are solr rces of  pure microbia l  DNn

and proteins. Furthermore, the agar on whtch Koch rvas

the first to grow bacter:ial colonies has proved invaluable

for otherpurposes. Other Living cells can be suspended ir.r

i t ,  rmmunological  reagents rv i l l  d i f fuse through i t  and

Large molecules can be separated electrophoretically in it.

Frau Hesse's agar is, in fact,

a pr ime example of  how,

over the years,  the ar t  of

cookery has contributed to

microbiological technique.

ODr Philip P. Mortimer,
Director, Sexually
Transmitted & Blood
B o r n e Vi ru s Labo rato ry,
Central Public Health
Laboratory, London
NWg sHT
Tel. O2O 8200 44O0;
Fax 020 8200 1 569
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Gareercfor
or,whaton earth am I herc?
PeterWyn-Jones

\Why are you contemplating a career in micro-
biology? Or why did you choose one, years ago?
It is sometimes said that there are more control

freaks among microbiologists than among other sectors

of the professional population (air traffic controllers

excepted) because the objects ofour at tent ions can be

encompassed in a small space, we have power of life and

death over them and they afford us great pleasure when

they do what we want them to.  But  I  guess that  most

microbiologists come into the trade for a variety of

reasons depending on the branch of the sub. ject  which

igni tes their  interests -  cur iosi ty  about how cel lu lar

processes work and are regulated will enthuse the

geneticist or molecular biologist to use micro-organisms

as models for higher organisms; medical microbiology

wi l l  draw in students who want to understand disease

processes and wish to make a contribution to alleviating

some of the dreadful global problems such as malaria,

tuberculosis, measles and, ofcourse, AIDS. I once had a

student who started oLrt on an ecology programme and

went on a sandwich placement in Kenya, looking at

animal population movements from a light aircraft. One

day they found a group ofsick antelopes and followed up

bia/ogist is someone tabo sits on one stao/ loaking at anotber')but

the profile has been raised, usually positively in recent

years, with the increased application ofgenetic manip-

ulat ion and other forms of  b iotechnology.  Hospi ta l

microbio logy remains a v i ta l  component of  the NHS,

where MLSOs provide diagnost ic  serv ices and c l in ical

sc ient is ts carry out  research into infect ious diseases,

including zoonoses and environmental ly  t ransmit ted

infect ions.  Environmental  microbio logists are also

empioyed by the Environment Agency and other

branches ofGovernment - the Food Standards Agency is

a high profile new organization charged with ensuring

that the food we eat is safe, and here microbiologists have

a pivotal role to play. \(e may argue about the price

offood and the incidence offood poisoning, but in truth

the major food manufacturers do a good job in providing

safe, wholesome products. Microbiologists find employ-

ment in that special environment where food and water

come together the breweries. Microbiological quality

control is vital to beer production and drinks industries

could not function without the microbiologists' innate

understanding of the fundamental fermentation process

(though i t  would be interest ing to know how many

microbiologists have ever made Head Brewer).
'Man 

shal l  nat  l iue b) t  bread alone. . . ' (women too,  of

course) water is a resource none ofus can do without.

Microbio logists work in the water industry and also in

public health, environmental laboratories and regulatory

with reports to the local VI service. Soon the student was Not all microbiology is practically or laboratory-based.

hooked on animal infectious diseases and became a It is also a sood footins for careers in informarron

veter:inary microbiologist retrieval, clinical research, technical sales and suppon,

agencies such as the Drinking \(ater Inspectorate.

Together they strive to enslrre that our water is whole-

some and fit for purpose - drinking water can be safely

drunk and recreat ional  waters can be enjoyed.  Our

bathing beaches are now microbiologically much cleaner

than they were 25 years ago when the relevant European

Directive was first implemented and this is a tribute to

co-operation between the water industry and environ-

mental  regulators,  underpinned by microbio logical

monitoring and research. S7orking towards a better

environment is  the ro le of  many microbio logists and

biotechnology has depended greatly on their efforts. The

pharmaceut ical  industry employs microbio logists in

many ways, ranging from drug discovery and basic

research to ciinical trials and sales, and technical support.

As with most areas of biology, novel techniques are

f inding appl icat ions in a l l  corners ofour d isc ip l ine,  in

food and water industries, just as in medicine and pharm-

aceutics. Pathogens detection in food by PCR as a routine

procedure cannot be too far away and the water industry

is aware that detection ofpathogens in water is possible

by the same means. Molecular biologicai screening and

detection has revolutionized the way drugs are developed.

work in patents applications or regulatory affairs and thrs

aspect provides challenges all ofits own.

There are so many openings for microbiologists that rt

wouid be difficult - and tedious to list them on a page.

The Education Group is running a symposium onCareers

for Micrabio/agisls at the Easter Meeting at the University

of \Warwick and the organizer, Pauline Handley, has

chosen the title deliberately to demonstrate that there rs

more one can do wi th a microbio logy degree than just

microbio logy.  Our t ra in ing gives us pract ical  sk i l ls

combined with an appreciation of biology that few other

disciplines offer. Microbiology has aspects of molecular

bio logy,  genet ics,  immunology,  p lant  pathology and a

host of other disciplines which impinge on the study of

micro-organisms. So qualifications in microbiology allow

us to work with scientists in those areas and perhaps to

col laborate wi th them and even jo in their  ranks.  In our

symposium we will be joined by experts from a range of

professions which employ microbiologists and they will

be on hand to of fer  advice and informat ion in a round

table d iscussion and Q*A session.  Come and jo in us and

f ind out  why,  s ince bio logy is  rhe scrence of  the 2 1 st

century,  that  microbio logy is  at  i ts  heart .

O Peter Wyn-Jones is Principal Lecturer in Virology
atthe University of Sunderland and Convener of
the SGM Education Group. See p. 7 6Ofor contact
details.
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In 2000, SG M took on the huge administrat ive iask
of organizing these unique careers conferences on
behalf of the UKLSC.The SGM had part icipated in
the conferences for several years but there had been
no s ing le  o rgan iza t ion  admin is te r ing  the  events  fo r  a
while, fol lowing staff changes at the Biochemical
Society, and we offered to step rnto the breach.
Josiane Dunn, Janet Hurst and Jane Westwell  were
pleased to f ind al l  three conferences over subscribed,
with up to 300 delegates attending each venue:
Un ivers i ty  o f  Ed inburgh,  U M IST and Oueen Mary  &
Westf ield College.

Thanks are also due to Liz Sockett (SG M Educatjon
Off icer) for her input and staff of several other
U KLSC member Societ ies (the Biochemical Socieiy,
Bri t ish Pharmacological Society, Bri t ish Society for
lmmuno logy ,  Phys io log 'ca t  Soc ie ry  and Soc ie ty  fo '
Experimental Biology) who co-sponsored the
conferences and were involved in the planning and
set up of the events,

Fr  rnhnr  i :  nver the  s rccesc  o l  the  conferences  in
2000 lured Josiane, Janet and Jane into agreeing to
an action replay in 2001 . The conferences wil l  be held
at University of Bristol,  University of Newcastle and
Unrversity of Westminster, London. Detai ls can be
found on pp 1 65-1 66 of this issue of Microbiology
Today.

Careers in

Biomedical
Science
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For several years the SG M has organized the
Biosciences at Workexhibit ion stand rn col laboration
with sister societ ies (who were, in 2001 , the
Biocnemica l  Soc ie ry ,  the  Ins l i tu te  o tBro logy .  the
Physiological Society the Bri i ish Pharmacological
Soc ie ly  and the  Soc ie ty  lo r  Exper imenta l  B io logy) .
The exhibit ion stand has travel led al l  over England and
Scotiand to national careers events and has been the
only source of impari ial  advice on education, training
and careers  in  b io log ica l  sc ience 1o  schoo l  pup i l s .
mature  s tudents  and peop le  seek ing  a  career  change.
The nn-nn inn  qr  I r .acq  n f  th rs , ,en tu t  e  a  I  l racLed a
oroposa l  l ,om lhe  Ins l i tu le  o f  Phys ;cs  and Roya l
Society of Chemistry to col laborate in a joint science
stand. This was their f i rst real outing to such
l a r n a - c r  a l o  n a l , n n a t o , r o n t <  a n d  v c r i r  m r r c h  q A A n  2 q
' d ipp ing  the i r toes  in  the  water l

The large stand entitled Your Career in Sclencevisited
Glasgow, Birmingham, Bath and Newcastle upon Tyne

.arc,:, ,  during the spring and attracted a huge amount of
interest among the thousands of people who came rn
through the doors of the exhibit ion hal ls. Such was the
success of the ventu re that we are to join forces aga rn
and proposed venues for 2002 are Glasgow,
Birmingham, London, Bath and Sheff ield. Dates wil l  be
conf irmed in a f uture issue of MicrobiologyToday.

,$Jane Wesfr,rzell administers grants and runs
careers activities in the SGM External Relations
Off i ce. e m ai I j. we stwe I | @sg m. ac. u k

The recent scanty
coverage of sG M
careers initiatives in
MicrobiologyToday
may have led you to
t - ^ l ; ^ , , ^  + l ^ ^ + ,  ̂ , ^
U C I I C V C  L I  I d L  V V U

have scaled down
our activit ies but
do not be fooledl
External Relations
Office staff
have been
busy promoting
*  i ^ . ^  t - ; ^  t ^ ^ ,  ,  ̂  ̂  ^|  |  l rL l  rJr ,Jrur \_/9 y aJ a
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The SGM is
actively involved in
promoting
microbiology in
schools, both alone
and with other
^ - ^ ^ ^ ; - ^ + i ^ ^ ^
u t u d r  i l z d  L r u r  r J .

DarielBurdass,
who runs the
Society's education
programme,
, J ^ ^ ^ - r h ^ ^
u c S u t  l u c J  ) u r  i l ( t

recent activities,

The SGM and the Royal lnst i tut ion (RI) joined together in
ear ly  J rne  [o  run  tou t  reg iona l  worhshops a [  lwo la rge
or imarv  schoo ls  s i iuaLed n  the  hear I  o l  S taJ io rdsh i re ,
enabling l  30 enthusiastic 1 1 -year-olds and their teachers
to explore the fascinating roles that boih beneficial and
narmfu l  'n ic robes  p lay .n  our  da i l y  Lves .

The workshops began w i th  a  d iscuss ion  on  what  the
chi ldren understood by the word'micro-organism', Sick-
ness, disease, mini-beasts and food poisoning were the
commonest answers, They were surprised to learn that we
couldn't  survive without microbes, how speoal f  ungi and soi l
bacteria play an essentral role in the recycling of nutrients
and that green algae, l ike green plants, are primar,
producers at the bottom of the food chain. Using examples
from the home and garden of the family featured in lhe
World of Microbes teaching pack, the pupils went on to
discover in detai l  the impact of parl icular mtcro-organisms,

Volunteers were asked to become specif ic microbes. l f
they were a good microbe they wore a T-shirt  with

rublic

The workshop closed with a quick round robin activity. A
the children and the teachers were asked to come up with
one interesting fact that they had learnt during the work-
shop. They were eager to contr ibute to this act ivi ty to
show their newly gained knowledge, Most contr ibutions
were orrginal and al l  came away with a much more posit ive
view of the role that microbes play in our dai ly l ives,

The workshops were  so  success fu i  tha t  the  R l  has
asked the SGM to run them again as part of i ts regional
activi t ies for Science Week 2002. The SGM would l ike
to thank David Royle from the Rl who co-ordinaied the
o'qar zation oi lhese wor<shops.

Contact Dariel Burdass at education@sgm.ac.uk for
furlher information on all SGM educational activittes.

ir

i  a  la rge ,  g reen,  smi i ing
|  -  m io  obe:  , f  bad they  wore  a

T-shi11 with a large, red, sad
microbe. T-shirts were
highly coveted and there
was no shortage of wi l l ing
models. In fact at the end oi
the sessron we had to prise
the T-shirts off  the chi ldren

lr$

j '  as  most  war red  Lo  keep

I  then,  Ihey  thought  they
1 * " te  rea ' l y too l l

I  Active part icipation held
I their attention throughout

ano lots of rnteresI ng ques-
. i ions were raised by the

chi ldren because they could
re ate ro the range o{ foo cs

,  covereo,  C ' r .ckenpox and
sore throats, antibiot ics and the role of Alexander Fleming,
tooth decay and toothpaste, sewage treatment and the
use o f  mic robes  in  food produc t ion ,  food spo i lage and
food poisoning were al l  studied.

Through microbial art act ivi t ies the chi ldren consolidated
what they had learnt. Paper weighi Petr i  dishes containing
3D models of microbes were made, along with's'not nice'
hank ies  wh ich  had good and bad mic robes  drawn
on them,  A  hushed a tmosphere  descended as  the
chi ldren became absorbed in their creative work. They
careful ly observed the shape, surface detai l  and iexiure
of iheir chosen subjects, producing outstanding models
or drawrngs that were so real ist ic identi f  icat ion proved
easy.

A s imp e  sc  en t . ' i c  exper  iment  fo l lowed Io  demonst ta te
that yeast is a l iving micro-organism, Balloons were used
to col lect the carbon dioxide that rs produced when yeast
grows. A hot classroom and fast-act ing yeast gave
impressrve  resu l ts .  There  was much exc i tement  as  the
ba] loons  in f la ted  qu ick ly  and became qu i te  la rge ,  w i th
some shooting off the tubes. The chi ldren were keen to
ca . ' y  on  the  n"vesr 'gar io r  tes l ing  the i ,  own ideas  s .ch  as
'  {  we add tw ice  as  r ruc  h  yeas t  1v  l r  t f  s  [21166n5 bs  hv i r  s
as big?'

I

ftdE,ffi'u
'  

t ; r  d

l r

II
Abave (top)l'shits on display
dri lng a round robin drsc|]ssi(]n.
Abave (bottan) S rot nice'
hank les l
Upper rightSetltng up ar
sxpefimell t  to col lecl carbon
dioxidrl  from a yeast cul lure
Lawer rightMak ng a model ol a
mrcro-o fga f lsm
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This yeafs chal lenge for secondary school students was
to  produce a  newspaper  a r t i c le  about  an  impor tan t
aspect of food mrcrobiology, provldlng the opportunity to
demonst ra te  the i r  unders tand ing  o f  the  impact  o f
mlc robes  in  our  d re t ,

Food mic rob io logy  is  a  c ross-cur r i cu la r  top ic  wh ich
appears  in  the  sc ience and food techno logy  spec t f i ca-
t ions, The format of the competit ion gave plenty of scope
for pupi ls to develop and apply the key ski l ls, in part icular,
information technology and communication.

The compet i t ion  rece ived na t rona l  coverage in  the
scienti frc press appearing in fhe Ttmes Educatronal
Supplement, Currtculum Special - Scrence, Educatron rn
Science and the Journal of Btologtcal Education, A large
number  o f  en t r ies  was rece ived -  over  800 f rom BB
schools * and the quali ty was very high. The diverse range
of  top ica l  i ssues  inc luded mtcro-organ isms as  {ood
spo i le rs  and po isoners  th rough to  mic robes  as  ed tb le
{oodstuffs and food producers,

The annua l  MISAC compet i t ion  is  now becoming f i rm ly
f  xed  in  many schoo ls '  schemes o f  work  {o r  sc ience.
Teachers have provided posit ive feedback at events such
as the Associat ion for Science Education (ASE) annual
meet ing ,  They  use these compet i t tons  as  an  exce l len t
assessment  oppor tunr ty .  Comments  such as  the  one
below are representative of teachers'views
'My class in the summer carrred out a detarled investtgatron
into yoghurt and cheese making and the competition to
write a newspaper article made a good reflection of their
work:

The judg ing  process  took
p lace  a t  Mar lborough
H o u s e  o n  2 5  A p r i i  2 0 0 1 .
MISAC members  made up
t h o  r r i n i n n  n a n o l  a < c  < i e r l

by Caro l  E l l sasser ,  Sen ior
Communications Executlve
wi th  the  Food and Dr ink
Federatron, Selection of the
wrnners proved extremely
d i fJ icu l t .  The pr ize  news-
n q n e r  a r l i e l o <  r r r c r p  c c l e c t -

e I  h e e e r  r < p  i h e v  d r c n l a v o d

accurate knowledge that
communica ted  sc ience to
adu l ts  in  a  c lear  and
effect ive manneT. They
were interestrng to read
and well  l l lustrated.

P r o c o n l q l  n n <  n f  r a < h  n r i z e c

and cert i f icates have taken
place at the winning schools.
ln  add i t ion  a l l  the  s tudents
+ f , ^ +  ^ ^ + ^ - ^ l  " ^ ^ ^ , , , ^ :  -

^ ^ - + i f i ^ ^ + ^  ^ +  ^ ^ " +  - , ^ ^ +  ^ ^u s r  r  i l u a L s  u r  P d r  r  L r P a L  u r

and the  schoo ls  rece ived
a pack of relevant micro-
biology teaching materials.

Fur ther  de ta i l s  o f  the
winners  a re  ava i lab le  on
the  SGM websr te  and a
selection of the newspaper
e r t  n l p c  r a r i l l  h e  d i q n  : v c d  a l

the  ASE annua l  meet ing  a t
the  Un ivers i ty  o f  L iverpoo l
January 2002 on the
MISAC stand,

MISAC wishes  to  express
i ts  s incere  thanks  to  the
sponsors  o f  the  compet i -
t lon :  SGM,  the  Food and
Dr ink  Federa t ion  and
the  Soc ie ty  fo r  App l ied
Microbiology.

M SAC exists to promote
the  teach ing  o f  m c ro-
b io logy  n  schoo ls ,  l t s
cur ren t  suppor te rs  a re
BIVS,  CLEAPSS,  IOB,
NCBE,  S fAIV,1 ,  SGM ANd
SSERC,  The Secre tar ia t
s  run  f rom Mar lborough
House,  See www.b iosc i .
o rg /uk /misac  fo r  more
i n f o r m a t  o n  o n  M I S A C
actrv t es.

ABOVi
Carol  El lsasser ,  Johr  Grai rger  ard Janet  | Iurst  l rdgin0 lhe ef t res

LEFT:
Wnnersoi the 11-14age gr lup Bl l tan cei l t re  1$pr lze Chloe
Spencer Kirkham Srammar Schlol. [op left:2rd prize - Kat]t: Bir;kltly
Bromley High Schaol. lt"liddle rightr 3rd pr ze Sulapha i\,4ana m & Kat e
Stag! l laidslone Grammar Srhool for Girls.

BILOW
Wlnners of lhe GCSE gmu!. Batton centre.1 st prire - Emrna P ercy
Bmmley H gh School lop /e/l: 2nd prize - Anna Lewis, Royal Hlgh Schor
BaIh Middle right 3rd prize hm Layf e1d, Aylesbury 1lrammar Sclrool,
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National Bioscience Competit ion 2001

MISAC Chairman John Grainger  represented the
SGM on the judging panel  of  the iAH compet i t ron,
S r r  d o n t c  n {  h n r h  n r i m q r r t  z n d  < o t  ^ n d t r \ /  c . h n n l <  \ ^ / c r a

asked to  des ig r  a  pos [er  g  r  ng  adv ice  on  how to  avo .d
c a t c h i n g  i n f e c l i o u s  o  s e a s e s ,  C h o o s r n g  r h e  w i n n e r s
t r o m  5 5 7  p o s t e ' >  s u o r  l r e d  b y  6 0  s c . o o r s  w a s
dil t ic- l l ,  o-t the senio'caTego'y was won by Aberdare
Girls School and ihe primary category by Ghil ton
Primary School, Each school was presented with
S,400 for science books or eouioment at ihe lnst i tute's
Pav i l ion  a t  the  Roya l  Show where  many o f  the  en t r ies
were drsplayed.ssc
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Joy Perkins and her
^ ^ l t ^ ^ ^ ,  , ^ ^  ^ +  + h ^
\-u i lud.uuu) d.L Lr  ru

University of
Huddersfield
h revo l v  nnonod

their labs to school
q i r  r r { e n i c  d r r r i n n

NationalScience
Week. This was
r cc i c i o r i  h r r  q

grantf rom the
SGM Pub l ic
Understanding of
Science Fund.

Joy Perkins

As part of Natione
the Department oI

GCSE pupils. The theme of the day was Food Microbes -

The Good, The Bad & The Ugly! The day began with
pup i ls ,  teachers  and un ivers i ty  s ta f {  ga ther ing  rn  the
Welcome Room where the distr ibution of identi f icat ion
badges,  spec ia l l y  des igned labora tory  book le ts  and an
rntroductory talk took place surrounded by many eye-
catching and apt posters provided by the SGM,

There fol lowed a circurt of hands-on laboratory displays
and activi t ies assocrated with each of the three themes,
Pupils were spl i t  into small  groups and al lowed an hour at
each area  o1  the  c i rcu i t .  S ta{ t  and pos tgraduate  den"on-
strators were assigned to specif c sect ons and were
available to help and answer any questions. At the end of
each section of the work booklet pupi ls were asked about
their observations and what they had learnt. Answers to
questions contained in the booklet were also covered.

The Good examined the use of microbes in food production,
This sectron focused on the essential role of microbes in
cheese,  yoghur t  and sauerkrau t  p repara t ron .  Ac t iv i t ies
inciuded microscopy of Penicrl l ium roquefort i  used tn
the making of st i l ton cheese, and the analysis (texture,
aroma and pH) of dif{erent types of yoghurt.  Puprls were
surprised, indeed shocked, to learn from electron micro-
graphs that yoghurt contains l ive bacteria, Most fun was
had in the comparison of the fermented food sauerkraul

with cabbage. The role of
mic ro-organ isms in  sauer -
kraut production was as
much o f  a  surpr ise  as  the
sauerkraut itself I

The Bad provided an
r n n r a r  a l r n n  n f  t h o  { n n d

po ison ing  mic robes  tha t
endanger  human hea l th ,
attract ing much morbid
interest. Parl icularly popular
was the examination of pre-
n r e n a r o d  c l i a l e c  r r n d o r  t h o

m i n r  n c r n n o  R o { n r a  c t a r t i n n

th is  sec t ion  pup i ls  were
asked to label a dragram of
r  m i r r n c r n n o  T h e  n c < + i a c

to be observed ln this
sec t ion  inc luded Sa lmon-
ella typhi, Bacillus cereus,
Q t z n h v l n r n r r r  r <  a t  t r F t  t <

Clnc l r i r l  t  t  t  m <  nnrnnp n  a< and

e x a m p l e s  o f  t h e s e ' b a d
bugs' in their workbook. The
a c c n r r a l o d  d r t e  n  r e c l i n n

i n v o l v i n g ' s u m s ' o n  t h e
doubling Itme oI Salmonella
rn cream was as popular
as a dose of drarrhoeal

Beauty, however, is certainly
in  the  eye  o f  lhe  beho lder ,
as The IJgly section (food
spo i lage mic robes)  p roved
most aitract ive of al l .  The

, 
:i;

Gram s ia in ing  o f  f resh  and contaminated  mi lk  p rov ided
n r o e t  { r  r n  a c  r , e l  : c  l h F  e v n ^ - ' ^ . J  ' ^ - " 1 1 .  l T h  \  ' ^ - ^ ,  ' i. .  -  -  / u '  . u u  t c 5 u t t 5 :  I  t c  c \ d 1 -  t n
r . . .  " - f , . .  . - ^ .  - r n t t T t r  r l  n r e t c i s o  h e n a r t s e du y t r  r g u u L i r u i l  L U i r  v v d )  d  L U  u u l

very  success{u l l y  to  de tec t  a  contaminated  mi lk  sample ,
r - l n w e r p r  . l  w q s  t ^ e  c e a l e d  n l a t c  c n , t ' i s  n ' c n t ' a n e  e h e e s e

< l n . c d  i n  - h e  f r  d n e  : - d  r '  r n n m  l e m n e r c l r , r e  l h a l  n e t -'  - '  r "
haps,  p rov ided the  h igh l igh t  o f  the  day  (a t  leas t  fo r  the
r  r n i l s )  t ^ c  h e e  h e e  n t r p n i n o r  n f  l h p  e n l n n v  r n r  r r t e r c  n r o -Y " Y " - / '
vided both amusement and discovery, No colony was left
uncounleol

Hard work, involving the completion of detai led laboratory
book le ts ,  was  broken w i ih  a  hear ty  lunch o i ,  you 've
n ' r e s < t r d  I  a c .  n q e d  O ,  . n r n  h  .  n t r r  s  n ^  h r  c a d  h r  r n s  r  h e e < g
^ - J  ^ ' r r '  ^ - ^ f  r u i r h c <  a ^ n  v q . i n ' r q ' \ / n e c  o Ta t  t u  L U t t 4 q g  u  r g g J g  ) o r r u ! v

yoghur ts :  b ro- ,  s t i r red ,  o rgan ic ,  F rench se t  and Greek .
Pupils now also appreciate
ihe dif ference between
yoghur t  and f romage f  ra is l
Lunc l -  rvas  oes igned to
1 s  n 1 e r 6 s ' h e  p o s  I  i e  o  e  o l
T" ,c robes  .  looo  produc-  $
t r o n .  T h  s  w a "  o o s s i b l v  l h e
qu ie tes t  t ime o f  the  who le
day. Sadly, however, Ouorn
had to be eaten with
cop ious  amounts  o f  ch ips
(no  mic roo  a l  con .ec I  o r )
and ketchupl
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lnternational Development Fund
1€ports
SG M helps microbiologists in developing countries and Eastern Europe through this
f und, usually by supporting training courses and other small techrologytransfer Plojects.
Here some'recenirecipiehts of awards report on their activities. The clogtlg date forthe
currentroundof appl ic 'at ionstotheFundis26October20Ol (seep, l48fordetai ls) ,

Ii
: i

l[,-i:il":i,T:ilil :i,f,: 4th,Workshop in M o lecular Biology
mult iple-choice quest ions an0 UlSeaSe
used being based upon the
s-CN/ t;;b"' [. ro,9a January 2001, Ho Chi Minh City, Vietnam
posters. I  ne pf lze ror Ine
w;nning schooj was a set of I SimOn CUtting

$;:i i:l::[:'$T::l
t rom teachers  and pup i ls  The SG M i "  suppor  [ ing  an  on-go i rg  o rogrann e
was very  favourab le .  Data  o f  t ra in ing  in  bas ic  mic rob io logy technrques  and
gathered f rom out  end molecu la r  b io logy  in  V ie tnam.  The four th  workshop
of  sess ion  ques t ionna i re  was aga in  he ld  a t the  Cent re  fo rTrop ica l  D iseases
indicates this was a most (CTD), a 550 bed hospital wrth a role as the tert iary
successful event, with over referra unit  for infect ious disease in the whole of
97a/oo tpar t ,c ipants f ind ing  sourher rV ie rnar r .Trehosp ' ra  a lsohos ts lneOxford
the day enjoyable and University-Wellcome Trust Cl inical Research

students wil l  soon retuTn
to labs in Vietnam and
co-ord ina te  the i r  own
programmes of research
and teaching, See www.
rhbnc.ac.u k/users/uhba
009/baci l lus/workshop_
in t ro .h tml fo r f  u r ther
detai ls of the workshops.

GratefuL thanks are due
to  the  fo l low ing  sc ien t is ts
who part icipated in the
organ iza t ion  and teach ing
of the  workshops:
Dr  Mar i ta  Poh lschmid t
(RHUL) ,  DrAnn Walker
(Royal Free and University
Co l lege Med ica l  Schoo l ) ,
Dr Sue Kyes ( l  M M,
Oxford) ,  M iss  Ngo Th i
H o a ( R H U L )  M r S t u a r t
Beatt ie (RH U L), Prof.
Roberl G lass (Nott i  n gham
University), Prof,
Wol fgang Schumann
(Bayreuth U n iversity),
Dr Neil  Fairweather
( lmper ia l  Co l lege
London) and Dr Paedar
O.  Gaora  ( lmper ia l
Co l lege London) .

O DrSimon Cutting
can be contacted at
the School of
Biological Sciences,
Royal Holloway
University of London,
Egham, Surrey
TW2OOEX,
Te|.01784443760
email s.cutting@rhul.
ac.uk

ABOVE
A trader in Sa gon heads to market
B ITOW
A Cham Temp e V etnam
PI']l]TOS S [/ON CUITIl\j1]

informative Uni t  (WTCRU) where e ight  U K sc ient is ts  work

genomics and proteomics. Al l  interested Vietnamese
scientists were invited to attend the lectures whrch
attracted an audience of around 70-1 00, Each
person rece ived a  5O-pqge course  book  wh ich
rnc iuded hard  copres  o f  overheads and s l ides ,

One o f  the  h igh l igh ts  o f  the  workshop was the
banquet, f  ree to al l  part ictpants, wh ch was he d on
the Saigon rrver.

Vietnam has a strong
tradit ion of academic
research and these
workshops have enab led
a number  o f  top
V e tnamese un ivers i t ies
to set up laboratorres and
deve lop  a  p rogramme o f
teach ing  molecu ar
b io logy  to  the i r  s tudents .
The workshops a lso
prov ide  un ique access  fo r
Vietnamese students to
western soentists and as
a resu l t ,  {our  V ie tnamese
studenfs who have
attended past courses are
now dorng PhDs in  the
laboratorles of European
workshop tutors, These

Many thanks  to  the  SGM co l labora t ive ly  on  the  pa thophys io logy ,  d iagnos is  and

i;; {i, # ; ;' t # ? ; :; i ;! ; [",71Jil;: i : : X"j: iljffiH :: ff ,"S,'.il ^T ff15: Iorov id ino  use fu l  t ios  on
[ 'gl ' i ' ' r i ,#""; ; ; ;" ; i .  [elarus and diphthe ia'

Thanks  must  a lso  go  to  The s ix -day  workshop,  cons is t  ng  o f  lec tu res ,
Dr Pauline Balac as joint practrcaLs and bioinformattcs sesslons, was run by
co-ordinator, support sta{f,  Dr Simon Cutt ing (Royal Holloway University of
p a r l i c u l a r l y  t h e  b i o l o g y  I  o n d o n , R H L J L ) a n o D r  J e r e m y f a ' r a ' o f r l ^ e W T C R -
technician lan Johnson and The f ive-day programme of practical lab sessions
the  ar t i s t i c  eye  o f  Chr is t ine  focused on  the  techn iques  invo lved in  the  d iagnos is
Cur ry  fo r  des ign ing  The o f  inher i ted  d isease,  inc lud ing  PCR,  Southern  b lo t t ing
Good, The Bad & The Ugly and agarose gel eLectrophores s.Theywere attended
buc logo.  F ina l i y ,  thanks  to  by  3B s tudents  who a lso  rece tved on- l ine  t ra  n ing  in
Liz" T[ompson and her bioinformatics. Lectures (which were translated into
students f iom the Divlsion Vietnamese) took place each morning and covered
of Hosprtal i ty Management disease contro and basic concepts of molecu ar
for the professional way biology as well  as such contemporary issues as
they dealt with lunch.

Dr loy Perkins is
Senior Lecturer in
Microbiology,
Department of
Chemical and
Biological Sciences,
University of
Huddersfield,
Huddersfield HDl 3DH
email j.perkins@hud.
ac,uk

FAR LIF] (TOP);

ililliffi fiiiqff 
un,,u,,u,,n -

{:lYfff 
':il:,,s 

are ntr'duced

trY'jilijl[il::]-,,,,,
countthem al l l

l;l,Tli,i,Ti:i::lil1ii'J,x?i:1"
il,i"[iTJiiifili-,

;g

TODAYVOL2S/AUGOI lE



R I G H I T
Brikhama Hea th Centre, The
Gambia .
P|]OTO ASTR D LECK

FAR RIGHT T0Pr
Midn igh t  n  the  Transantarc t i c
|\/outltalns at 7 000 it.
FAR RIG|]I  BOTIOI\ i I
Mount Erebus from Cape Evans,
Aftarct ica
PHI IOS X/ ICHAEt  DANSON

Q n a r r i n n  n {  l h a  n n r n o q  r c  ^  r ^ . '  ' 1 .  ̂ { . , , ^ h , , . - + ; ' , 6
J l d l  I  l l  r v  u l  t r  r g  u u r  I  r c a  4 J  d  I  E J u l  I  u l  J u u P u l  d t ' v s

kerati i is (corneal ulceration) is one of the most
imoortant causes of preventable bl indness in
deve lop ing  count r ies  in  t [e  t rop ics .  Suopura t ive
kerati t is may be caused by bacteria, f  ungi or protozoa.
The associated morbidity is direct ly af fected by
diff icult ies in patient management due to a lack of
diagnostic faci l i t ies and appropriate treatment. As part
of a new init iat ive to reduce the incidence of bl indness
f rom this cause in the Gambia, the National Eye Care
Programme invited Dr Leck to assist in sett ing up a
suppurative kerati t is laboratory service, through the
prov is ion  o f  ocu la r  mic rob io logy  t ra in ing .

Most  ru .a l  hosp i ta ls  and eye c l in ics  in  the  t 'oo ics  do
not have basic microbiology faci l i t ies and treatment is
given empir ical ly, Diagnostic laboratories are usually
found on ly  a t  hosp i ta ls  in  c i t ies  o r  in  la rge  towns,
However, the nature of these infections is such that
the vast majori ty of people affected are agricultural
workers who l ive in rural areas, often remote from
tert iary urban healthcare centres. In addit ion, many
patients cannot afford the t ime, or expense, incurred
in travel l ing to urban hospitals although i f  treatment
is delayed, patients may go bl ind,

The Royal Victoria Hospital (RVH), the large
government hospital in the capital ci ty of The Gambia,
Ban ju l ,  has  a  mic rob io logy  depar tment  bu t  no
d, dicated ocular laboratory faci l i t ies. The aim of this

l[4 t*i{i{Ei:}i3{{.}!.il}d;vToDAYVOL2S/AUG01

venture was to expand the expert ise at the RVH and to
provide the equipment f  or an ocular reference
laboratory service for specimens sent from throughout
the country. Thirty laboratory technicians and eye care
oersonnel. from the RVH and Brikhama Health
bentre, aitended one-day workshops for trainln g i  n
processing ocular specimens and identi f icat ion of
common ocu la r  pa thogens.

A two-day workshop was held at Bansang Hospital,
one of four rural government health centres and
hospitals where lhere are eye care faci l i t ies, bu t no
ocular laboratory services. Delegates included
laboratory technicians and senior ophthalmic medical
assistants with l i t t le or no prior microbiology
experience from Bansang, Basse and Farafenni
hosp i ta ls .  Dr  Ch imdi  Chuka-Okosa and Dr  Bo la
Adeyekun (ophthalmologists at the RVH) provided a
brief overview of the ocular anatomv of the eve,
in t roduced the  issue o f  cornea l  sca i r ing  as  apub l ic
health problem and discussed cl inical diagnosis and
epidemiologyof corneal ulcers. DrAstr id Leck,
Ms Ne l l ie  L loyd-Evans and Mr  Kha l i fa  Manneh
(microbiologists atthe RVH) provided training on the
use and care ofthe microscope and the sett ing-up
and maintenance of a corneal ulcer laboratory service
inc lud ing  sample  co l lec t ion ,  inocu la t ion  o f  med ia ,
transportat ion of specimens, Gram staining and
oreoaration of lactoohenol cotton blue mounts.
There were practical demonstrat ions of staining
techniques and part icipants were given the
opportunity to visual ize stained corneal smears. Gram
staining of corneal material enables visual izat ion of
bacteria and f ungi within the t issue, thus providing a
simple and effect ive means of dif ferentiat ing between
f he two commonest types o I causative organism,
enabl in g appropriate treatment to be i  nit iated
prompTry.

Through the provision of training in the basic
microbiological techniques described, i t  is now
possible for Gambian laboratorytechnicians and eye
care personnel to make more accurate diagnoses and
thus provide the potential to save the sight of corneal
ulcer patients.

ln add i t ion, to su pport the workshops, f  inancial
assistance was obtained to print copies of a manual,
Suppurative Keratilis - a Laboratory Manual and
Guideto Manasemenf writ ten by DrA. K. Leck, Mr M.
Matheson ( lnst i tute of Ophthalmology and Moorf ield's
t r , , 6  l - - l ^ . ^ i . o l \  . ^ a  l - \ .  I  l - - . l o r i l a n a  ( l - l a n q r l m a n i  n {L y E r r u J P r L a r / a r  r u u r  u . r  r E r r L a v u \ u u P q  L r  r r u r r ! w l

Microb io logy ,  Un ivers i ty  o iLeeds)  to r  use  in  s imi la '
training programs in other countr ies, and for
distr ibution to eye care workers in countr ies where
suppurative kerati t is is common, The manual,
avai lable through the International Resource Centre,
Department of Epidemiology and Internatlonal Eye
Hea l th ,  UCL.  w i l l  be  a  use f  u l  'esource  fo r  eye  care
personnel and laboratory workers al ike.

O Dr Astrid Leck can be contacted at the Institute
of Ophth almology, U n iversity Col leg e London,
|  1 - tK l  Bath  St ree t ,  London,  ECMEL
Tel. 020 7608 401 3; Fax 020 7250 3207
e m a i I a,l eck@ucl,ac.u k

Microbioloqv traininq for eve care
personneldf ruralhoipitals in The
Gambia, November 2000
I Astrid Leck
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Enzymes, extremophiles and
Antarctica
I MichaelJ, Danson

As a biochemistfascinated by enzymes, l 'm in the
privi leged posit ion of spending my working l i fe with
them, both in research and teaching, atthe University
o f  Bath .  lam equa l ly fo r lunate to  have lound myse l f
involved with the enzymology of extremophiles soon
after Carl Woese's discovery of th e Archaeainlhe
late i  970s, and this has meantthat l 've been able to
combine my work with travelto many beauti ful places
around the world in search of extremophil ic micro-
organisms. Then, last year, I  was given the opportunity
to  v is i t  and sample  fo r  psychroph i les  in  lhe  co ldes t ,
driest and windiest place on earth:Antarct ica.

After a considerable amount of preparation, educatior ' ,
a First Aid course and a thorough medical,  I  f lew off to
Christchurch, New Zealand, on 29 November 2000,
There I ioined mvteam leader, Professor Roberta
Farrel l(Universi iyof Waikato, NZ), and Professor Bob
Blanchette and his students, Joel Jurgens and Ben
Hold (University of Minnesota, USA) to form Antarct ic
NZ Event KO21 . The objectives were to study
terrestr ial biodiversity in Antarct ica, parl icularly of fungr
and bacteria, and to evaluate the deteriorat ion of the
historic huts and arlefacts of Scott and Shackleton. My
aim was to col lect as diverse a ranqe of environmental
samoles  as  poss ib le  fo r the  iso la r ion  and cu l t i va t ion  o f
novel psychrophiles back in my laboratory at Bath.

Antarci ica had iustexperienced some of the heaviest
snow for 3O years and the hold-up for 4 days in
Christchurch, not knowing when or i f  we would get
there, was a considerable strain. However, we made i t
on the fourth day, and after 8 hours in the canvas seat
of a Hercules, we disembarked to the brightness of '

an al l-white landscape with Mount Erebus gently
steaming against a perfect blue sky.

The f i rst day and a hal I  were spent on the Antarct ic
Training Course - obl igatory for al l f  i rst-t ime arr ivals -

use of ice-axes to stop fal ls;crampons and ropes to
cToss crevasses;the bui lding and sleeping overnight
in  an  ice-house;and f  ina l l y  t rave l l ing  on  the  sea ice .
Then i t  was off in a Haglund (a Swedish-bui l t  tracked

- .  - - . ^ , , r , i + * * g 4 4

"ll

vehicle fortravel l ing on snow and ice) to meet up with
the team at Cape Royds and to take samples f 'om
pengu in  and skua dropp ings ,  thawed poo ls  and so i l
a round Shack le ton 's  hu t  and decompos ing  b lubber
f rom 1  9 l  0 .A f te rv is i t ing  theAde l ie  pengu in  co lony ,
the mosi southerly in the world, we travel led back to
Scoit 's Hut at Cape Evans where we were to
camp and work for 3 days. Cape Evans is a truly
magnif icent si te, with the Transaniarct ic Mountains as
clear as crystal across the horizon in front of us and
Erebus behind us with i ts spectacular glacier leading
down to  the  sea- ice  where  Wedde l lsea ls  s leep in  the
sun, However, as a reminder of just how dangerous
this beauti ful place can be, on the hi l l  nearby is the
cross erected by Jack and Wild in memory of
Mackintosh and Hayward who died in 1 9I 6 when
engu l fed  in  ab l i t  ta rd  on  th is  very  sea- ice ,  and o f
Spencer-Smith who had succumbed to scurvy a
few months before them.

At Evans l found salty, alkal ine pools, Skua lake with
f i lamentous growth mats, more decomposing blubber
indoors  and so i l con taminated  w i th  motorsp i r i t tha t  i s
seep ing  th rough the  drum wa l ls  in  the  f  ue l  depots  jus t
above the hut - al l  good sampling sites. Inside Scott 's
hut, most things were in remarkably good condit ion:
clothing, newspapers, photographs. Fry's cocoa,
Huntley & Palmer's biscuits, Lyle's golden syrup, Heinz
baked beans, Colman's mustard and many artefacts
that form rem inders that it was f rom here that Scott,
Wilson, Edwards, Bowers and Oates began their
fateful journey to the South Pole.

We took the Haglund back to Scott Base in the
afternoon and visi ted Hut Point in the eveninq - the
dr ive  th rough the  US base a t  McMurdo was 

-

depressing and Scott 's f  i rsi  hut of 1 902 is a poor
shadow of those at Evans and Royds.

The last day on the ice was perhaps the best of al l .  We
took a hel icopter to Cape Crozier, travel l ing in t  hou r
the jou rney that Wilson, Bowers and Cherry-Gerrard
walked in 36 days through the polar darkness of I  91 I ,
in temperatures as low as -60 "C.This feat, known as
the'worst journey in the worldi was to col lect Emperor
penguin eggs to investigate the putat ive l ink between
repti les and birds. At least they gotto see the penguins.
We, unfortunately, could noi as we were on a t ight
sched u le to get to Mou nt Flem ing in the Transantarct ic
Mountains. And there, after 2 hours in the'helo'from
Cape Crozier, we arr ived ai Z0O0 ft  io f ind spectacular
scenerv fossi l ized trees f rom when Antarct ica was a
rainforest and total si lence - not a plant, not an anima
and noI a sound - a perfect way to spend the last
hours on this maqnif icent continent before the noise
from 8 hours cramped in a Hercules, and the 36-hour
journey home f rom Christchurch to Bath.

Micro-organisms f rom the Antarct ic samples are now
growing in our newly designed bioreactor, where we
are screening for cold-active enzyme targets defined
bv the industr ial oartners in our B BSRC-LIN K

programme: Ihe
Potential of Extremo ph i les
as aSource of New
B i o c atal ysts.\Nh atever
the outcome of these
experiments, the
expedii ion was
immensely enjoyable and
cha l leng ing  and lwou ld
have no hesitat ion in
going backtomorrow
given the opportunity.

I  am indebted to the SGM
(l nternational Research
Fellowship 2000), the
BBSRC ( ln te rna t iona l
S e i c n t i { i r  I n t c r n h a n n c

Scheme), Avecia
I  i f o Q n i a n e o  N , 4 n l o n r  r l e q

and GeneSys Ltd fortheir
n a n a r ^ r  r c  { i n a n r i a l

c r r n n n r l  l \ / v  c n c e  i a l

thanks also go to
Professor Roberta Farrel l ,
who organized the whole
event, and invited me to
jo in  her team.

tD Professor Michaell.
Danson, Centre for
Extremophile
Research, Department
of Biologyand
Biochemistry
Universityof Bath.
Tei.01225826509
Fax01225826779
emailmj.danson@
bath.ac.uk

The SGM lnternational
Fellowship scheme aims
to help scientists to carry
^ ,  , +  * ; ^ . ^  A ; ^ l  ̂ ^ ; ^ ^ l
u u I  u  i l o t  a u t u t u v t u a t

research away from their
home Iaboratories. See
p. 1 48 for details,
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Resignation of professional Alfairs Officer
O Councjl heard with regretthat professor Don Ritch je, the
rrofesstonal Attarrs Off icer, had res,gned oue 1o pressures
orolnerwork associaied with his appointmentas Deputy
Chairof the EnvironmentAoency, iAe prusfu"nt e,,oi#"a
his appreciation for allthat Frofe'.ror" nit.t,l" nJ;J;""i;;
the Society.

Poster plesentations at SGM meetings
O Following the Promega prize judcino at the meetino
at Heriot-Watt Uliversity in Varcn, whcn resulted jn tXe
nomtnatton ot I  U membersof the Societytooiveoral
presentations atthe SG M meeting at UEA th-is September,
Council discussed the importance"ot t.'lauinq 

"Ju-q-,iute 
ii"nl"

and space tor posterviewing at meetrngs. In consequence
rt ,s rntended io arrange formal viewing iessions for 

'poste:

presentations in the late afternoon, pe-rhaps linked to a
sponsored reception, at the meetin g at Warw ick in 2002.
New Eukaryotic Microbiology Grcup
O Counci l  is exploring the possibi l i ty ol forminq a qroup
1o reltect the inlerests of members in yeasts, miycdloov ano
parasrtology. An informal working party underthe l.uj6rrf.'lp
of Dr Tony Carr has been establ jihed io cons jder thl.r. 

- -

Support for Schools Microbiology
O Counci l  strongly supporled a proposal to develop new
microbtotogy practrcals and keep up with the curr iculum
oevetopments tor Lhe post- 1 6 level in schoojs. This is
being ied by Dr Liz Sockett and much of lhe work wil l  be
undertaken bya,postgraduate microbiologisl jn her 

--

laboratory overthe coming year,

l',I*E$"toom 
Lire sciences committee

O Q9un9jlig9elved reports of meetings ot U KLSC
and the UK National Committee tor Microbioloov and

: ::1^1:9 lt 
tptest devetopments in rhe proffiiio ,"t ,p

a tlrosctences Federation, lt also approved thb appointment
of Profe_ssor Birgit Lane (Dundee il'rir""itvl 

"i 
ii"*ri!, ,

of UKLSC.

ffansferof JMMtoSGM
O Counci l  has approved in principle the transter of
ownersnlp otthe Journal of Medical MicrobiologveMM)
tothe Socie{ sublectto negoliat ion ofthe exist; ,1
conrractuat arrangements wi lh the presen t publ is6er.
LrppincohtWil l iams and Wjlkins. Thi i  repres6nts rhe 

'

culmination of much endeavourto ensure ttre ptace of
medical microbiology at the foref ront of Socieiy aciiuities.
European Federction of Biotechnology
O Counci l  noted developments rn the activi t jes otthe
untrsh Uo-ordinating Committee for BjotechnoloqV, whichrs currently representing UK interesLs with respecTto the
l langes taking place within the European Federation of
PpFll lgtogy tof which SG M rs a memberthrouqh
trLUur. rease apply to me for f urlher jnformation.

O Alan Vivian, General Secretary

, ] , : ' . ' , , '  : ; . . l i . , i , l Y { ' = , . ' :  " , . ' ,  . . ,
r :  . .  ,  l  ,  , . i  : '  ' '  : ,  

. , , - ' *  
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The fol lowing have been elec led unopposed to senr'e on
Lounctl  lor alerm of {our years: professor Al istair Brown
\universrry oi Aberdeen), Dr paul ine Handley (Universitv ojrvrancneslet and lJr Kejth Jones (Unrversiry'of Lancaster),
Prof rles will appear in the nexl tr,sue of M;cio;ioj;g;7;;;;y.

. : ' - . , ; 1 ' , , ,  : . ,  : i l  , 1 , . 1  , j . ,  , ,  .  . - . :

t - '  l :  ; ,  l  - ' l  :1 ,  l ,

Professor Sir John Beringer
,.,,.. John obtained a Scottish

Dip loma in  Agr icu l tu re  ano
a BSc rn Microbioloqy from
Edinburgh University. Whrte
c l r  r r l , , i ^ ^  { ^ .  L : ^  o c ^ ' r  ^,,: studying for his BSc he was

r"r introduced to Rhizobium
:, by Bev Moseley. lnitial

unsuccess{ul transformation
experrmenis in Edinburqh
were followed by a phD-

,.,. on Rhizobiumgenetics
.,i1 supervised by David
't : : :  Hopwood atiheJohn lnnes
::u, lnstitute, Norwich. This

in bacteriar senetics and the uslS:i:;il"J:i:;H".
rransposon mulagenesis to understand i6e
r( n zo b I u m- tegum e sym bio s i s,
He became Head of Soil Microbiology at Rothamsted
Experimental Station in l 9BO anO mtvuJ to if.,e Un iilrsitv
of Bristol jn 1 9B4, where he is presenfly Dean ot science'
and wil l  become a pro Vice-Chanceljoi in Aug;t.
John spent 1 2 years as chairman ofACRE and
preoecessorcommittees and is a Counci l  member of
N_ERC, He was elected to chair the Governinq Co;;ci l
of the John Innes Cenlre lasl winter.
John is married to Sheila, who occasional ly sees him. Thev
enjoytravel, walking, gardening and the gdodthi"g, ;rr lifJ.

ffi wwww gp'# ffiSw,rvr *pq-***x;
ProfessorGraceAlderson has been made a Fellow
of the Institute of Biology.

Professor Charles A. Fewson has been awarded
an OBE for services to biological science jn th;O;"";.
urnnoay Honours List,

lE "sr$l{: {3I}i{.}{-*q:{YTODAYVOL2S/AUGO l
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Catherine O'Reilly

I am del ghted to have
been elected as Convener
ofthe lr ish Branch ofthe
SG M. I have been an active
memberof the SGM for
manyyears(morethan I
care to remember!) and I
have been a member of the
lr ish Branch committee Jor
the last ihreeyears. My
research interests are in the
area of bioremed atlon and
biotransformation of
cyanides and nitr i les,

The lr ish Branch organizes
two orthree meetrngs a
year. Th s year for the f irst
t imewe had avery
successf ul postgraduate
meeting in Waterford where
students from al l  over
lreland presented work in
both oral and posterformat.
The meeting was deemed a
scienti f ic and soclal
success by al l  involved, lr ish
meetings can cover a wide
range of topics and of
course everybody is
welcome to attend,

Society Lecturens
, l l " : , : r : :1; . , t .  l ,  . l : l l i ' : : ,1 l11.

, l: ; r: i ,:.;;, 1,',-111. ,;'

DrBrendan Kenny

The 2OO 1 Fleming Prize
Lecture has been awarded
to Dr Brendan Kenny,
Department of Pathology
and Microbiology, U nrversity
of Bristol,  in recognit ion of
his work on actin pedestals
and enteropathogen c
Escheri chia col i.The title
of his lecture,which wil l take
place atthe Society meeting
ai U EA in September 2OO I ,
is Enteropathogenic
Escherichia col i - a crafty
subversive little bug.

Brendan completed his
BA(Mod)Hons Natural
Sciences (Genetics) at
Trinity College Dublin,
lreland rn 1 9BO and then
aPhDfrom Leicester
Un ivers i ty  n  1991 on  the
mechanism of secretion of
o,-haemolysin f rom E. coli
under the supervision of
Professor LB, Holland. This
pro1ectwas continued at
Universit6 de Paris Xl
(Orsay) for 1 B months within
Professor Holland's group,
where a collaboration with
Professor Phi l ippe
Sansonett i 's group sparked
an interest in bacterial
pathogenicity.This led to a
post-doctoral position
within Dr Brett Finlay's
group n Vancouver,
Canada, to study
a n t a r n n o l h n n a n i r  F  e n l i

(EPEC)-host cel
interactions. During this
period Brendan received

fel lowships f rom the
European Molecular
Biology Organisatron
(EM BO) and Human
Frontiers Science program
( H F S P ) a n d i n  l 9 9 9 a n
award f romtheHFSP n
recognit ion of outstanding
scienti f  ic achievement.
Brendan obtained a
Wellcome Trust Career
Developmen i Fel lowship in
1 997 to come to Bristol to
establ ish an independent
research group studyin g
E PEC-host interactions.

Professor Philip Marsh

The 2001 Colworth
Prrze Lecture has been
awarded to Professor
Phil ip Marsh, CAM R, Porton
Down, in recognit ion of
his contr ibution to the
development of mixed
culture models and dental
plaque. The t i t le of his
lecture, which wil l  take
place atthe Society meeting
at U EA in September 2001 ,
t ^  A  - ^  ) ^ ^ + ^ t  s ; ^ ^ ^ ^ ^ -t >  n l c  u c t  t L a t  u t J Y a S c J

examples of ecological
catastrophes?

Phil ip graduated in
Genetics and M icrobiology
from the University of
Sheff ield in 1970 before
travel l ing south to complete
a PhD on the role of
antibrot ic production by
resident skin bacteria, with
Professor Sydney Selwyn

atWestminster Medical
School, London. This set him
on a careeT nvestigai ing the
human microf lora in heaLth
and disease, Phi l ip then
moved across London to an
MRC-funded UnitatThe
London Hospital Medical
College to studythe
microbral aetiology of
dental carres in chi ldren
(with Jeremy Hardie and
George Bowden). George
{ n < + o r a |  a  l o c l , n n  i n l a r o c l  n

human mrcrobial ecology,
including the signif icance
of biof i lms and microbial
communit ies such as dental
plaque. Working on cl inical
material at LH MC provided
numerous insights into
host-microbe and
microbe-microbe
interactions that requ red
modell ing n laboratory
systems;this led to a
col laboration, and then a
job,with Derek El lwood at
the Cen tre for Applied
Microb ology & Research,
Salisbury. At CAM R, Phil ip
establ ished ateam to
explore the impact of
environmental changes on
h o r l o r i a l  n a n a  a Y n r a c e i n  n

and community structure.
This work led to new
hypotheses relating the
microbial composit ion of
dental plaque to the
aetiology o{ oral diseases,
Phil ip is currently
Programme Leader at
CAM R (TB & Public Health
Microbiology), and also has
a part-time appointment at
the University of Leeds and
is a visi t ing Professor at the
University of Bath,

i'ii i:ti ir,r;ril'f * L'
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Professor Bill Bynum
The History of Microbiology
Lecture wil l  be given by
Professor Bi l l  Bynum,
Wellcome Trust Centre for
the History of Medicine at
UCL, atthe Society meeting

at U EA in September 2001 ,
The t i t le of his lecture is Ihe
Beast in the Mosquito:The
Cnrracnandanea n f  9 t r

Ronald Ross and Sir Patrick
Manson.

W F. Bynum quaii f ied in
medicine atYale University
and after housejobs came
to England in l  970 to do a
PhD in the history of
science and medicine at
Cambridge. In 1973 he
became lecturer and head
of whatwas then cal led the
Q. '  'h - l - lonar tmont  n {  tha

History of Medicine at
University College London,
He is st i l l there, as professor
of the history of medicine at
the Wellcome Trust Centre
forthe History of Medicine
at UCL, He has worked on
many aspects of the history
oJ the l i fe and bromedical
sciences since the 1 7th
r o n l r  r n r  H i q  9 r i e n e a  a n r l

the Practice of Medrctne in
the Nineteenth Century
(CU P) examined the
relat ionship between basic
science and cl inical
n r a r i i n o  l - { a  h a <  q l c ^

worked extensively on the
history of psychiatry and the
history of diseases,
especial ly malaria in India,
He is a Fellow of the Royal
College of Physicrans of
LOnOOn.
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Details of the scheme were
published on p. gO of the Grants are available to members for proiects intended to

lead to an improvement in the teaching of any aspect ofMay issue of Mlcrobiology
Tolay. microbiology relevant to edrcation in the U K. This might

include the development of teaching materials (e.9, videos,

The purpose ofthe Fund
is to promote talks on
microbiological topics in
departmental seminar
programmes. Applications
are invited from higher
education inst i tut ions
where microbiology is
taught{or grants of up to
92OO towards the travel
and, if necessary,
accommodation expenses
of an invited speaker.
Applications will be dealt
with on af irst come, f irst
served basis throughoutthe
academicyear,which is

Ww&mwsmfuw
ffiwmkWmxmd
Members who are
permanently resident in
a developing country are
reminded thatthey may

' applyforfunding to acquire
for their libraries books, or
possiblyjournals, relating
to microbiology,These
annual awards are available
as a result of a generous
donation f rom Professor
T. Watanabe of Japan. Full
details of ihe scheme were
published on p,25 ofthe
February issue of
M i c ro b i o I o g y Tod ay.f he
closing datefor receipt of
applications bythe Grants
Office is5October2OOl.

Wwww&Xwpx ffi&ws#www&w&x $ pw
These enable undergraduates to work on microbiological
projects during the summervacation before their f inal year.
They are intended to provide undergraduates with
experience o{ research and to encourage them to consider
a career in a laboratory-based science. Support is provideo
atthe rate of S 150 perweekfor a maximum period of
B weeks.A smallsum of upto 9400 may also be awarded
towards the cost of consumables. Students are required to
submit a brief report of their research on the completion of
the studentship. The scheme has proved to very successful.
This year 53 applications were received (one less than in
2000) and studentships were offered to 40 applicants.
A listof awardees is available from the SGM Grants Office
on request,

Counci l  has set aside af urther sum io f  und vacation
studentships nextyear. Fulldetails of the scheme will be
announced in the next issue of MicrobiologyTodayand
published on the SG M website.

slides, posters, CAL packages) or novel practical exercises.
Funding is also available forsmall projects to promote the
public understanding of microbiology, such as workshops,
talks, demonstrations, leaflets, activities at science {estivals.
Theful l  rules of the scheme were oublished on o. 89 of the
May issue of Mr'cro biologyToday, Applications will be
considered on af irst come, first served basis during the
period I January-3| December2(Xll.

ffiw&&wwd Wwxwfuwm
ffiwm#wtr&*xffiw ffiwmrx&s
Retired members are reminded thatthey may now apply
for agrantto attend one SG M conference each year.The
award covers en-suite accommodation and the Society
dinner, up to a maximum of 5250. Fulldetails were
published on p. 89 of the May issueol MicrobiologyToday.
An application form may be downloaded from the SGM
websiie.

GrcntS Wwxwffxremw
ffiffieffiKers
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Recent recipients of awards are:

Dr Roma Batra PGIMER, Chandigarh,lndia
up to 55,825 to studythe molecularlypingol Candida
parapsilosisisolates f rom a neonatal intensive care unit
atthe University of Leeds,

Dr Rosa Gasais Institute for Aninal Health Compton
up to S 1 ,995 to study the produ ctton oI 27 kb transcripts
from aful l- length clone of the genome of infect ious
bronchitis virus (lBV) atthe University of Wurzburg.

Drluliaflee CAMR
up to S4,324to evaluate newTBvaccines in the guinea pig
model using the latest immunologicaltechniques atTexas
A & M Health Science Centre

Dr Marcefa Kudelova SlovakAcademy of Sciences
upto $5,300to studythe quantification of latent Herpes
Simplex virus 1 in human nervous system tissue at U M ISI

Dr Brunef fo U n ive rs ity of L'Aqu i | | a
upto S3,750to studythe molecularanalysis of fusidic acid
resistance in clinical isolates of Staphvlococcus aureusat
+ h a  I  l n i ' , o r c i t v  n {  |  o a r ] c

Dr Tsitsi Ndowora Kutsaga Research Station, Zimbabwe
up to S6,450 to study the tobacco bushy-top virus at the
Scottish Crop Research Institute.

Dr Tigran Arzumanov CABI Bioscience UK Centre
up to S 1,394to studythe growth and sporulat ion of
M etarh i zi u m an i so p I i ae var. acri d ium under control led
conditions atthe Universit6s de Provence et de la
Meditenan6e.

This scheme allows scientists to travelf rom orto the
U K,/Republic of lreland to carry out a defined piece of
research in anyfield of microbiology, Applicants must be
of postdoctoral level or above, The visits may be o{ up to
3 months duration. The awards coverthe costs of return
travel, a subsistence allowance and a contribution towards
the costs of consumables in the host laboratory. Four
copies of the completed application form (available on the
website) and all supplementary documentation must be
submitted tothe SGM Grants Office forconsideration.The
full rules were published in the M ay issue oI Microbiology
Ioday The closing date for the remaining round of
apolications in 200 1 is 3O November 2OO1.

ffim&wp.wxm&Kwpwwm$
ffiwwwKwpffiwm& Wwswx#
Members are reminded thatfunding is again avai lable
for competition this year. The purpose of the Fund is to
assist microbiologists in developing countries and Eastern
Europe. Members may applyforfunding to run training
courses in developing countries appropriate to the needs
of those countries, or for any other small project to assist i n
technologytransferfrom Western Europe. Full details of
the scheme were published on p.90 of the May issue of
MicrobiologyToday The closing date forapplications is
26October2OOl.
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Promesa
Youns Eife
Scienlist

SG M Underyraduate Prizes

theYear
Award
2001
Five societies selected
candidates for the f inal of
the competit ion, held atthe
Biochemical Socieiy
meeting in Bristol in Apri l .
Seven contestants,
including Gina Manning
and Ghris Smith f rom
the SG M, each gave a I 0
minute presentation on
their work to ajudging panel
made up of two people from
each society and Promega
U K. Selecting the wtnner
was dif f icult  due to the high
standard of the talks, but
Jul ie Wain of the Brit ish
Societyfor lmmunology
was chosen. She received
a cheque for S2,OOO and a
trophy.

Candidatesforthe next
SGM round of the Promega
Prizewil l  meetatUEAon
Tuesday 1 1 September
where they will compete
fortwo places in the next
Young Life Scientistof the
Y ear final and cash prizes of
$200. See enclosed
programme bookletfor
details.

Each year the Society invites qual fying h gher education
instrtut ions to nom nate the undergraduate studentwho
performs best in microbiology in their penult imate BSc
year for an SG M Prize. Each student is awarded $50, a
cert i f  icate and a f ree year's undergraduate membership,
I  h a  n r i z o c  a r a  n r a n d o d  t n  p n e n r  r r  a n c  c r  e c l l e n e e  i n  I  h c

study of microb ology by undergraduate students and to
promote scholarshrp in, and awareness of, microbiology in
u n versit ies. Nomination forms were sent out to
deparlments n May, butfurlhercopies may be downloaded
t ro .n  rheSCMwebs, le .  lhec los ingda le  lo r  rece ip l  o '
appl icat ons by the G rants Off ice is 31 August 2OO1 ,

Some o I lhe lr-,c<y pas L winners of SG M Undergraduate
P r i z a c  a r o  n  e f r  r e d  h a r o

Don'tforgetto send inyour nomination for 2001!

Top rightMichael Ward pictured receiving his award
for the best YearTwo student in BSc Microbial Sctences at
Hudders f ie lo  Ur  ve 's iLy ' ron  t^e  Depu iyV iceChance l lo r ,
Professor Fen Arthur.

Mtddle righlPaul Blakeley. a oarl-lirre srudert. was
n am ed best 2nd year m icrob ology student at Joh n M oores
University.

Lower rightYicloria Morton of Edinburgh Unrversity
col lects her pr ze f.om Prolessor David F ' ' regan, Head ot
Biological Sciences.

BelowKelly Cossins is pictured with Professor Rob
Robson of the School of Animal and Microbial Sciences,
U niversity of Reading.
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Meetings on
the web
Up-to-date information on
future Society meetings is
available on ihe website:
http://wrlw.sgm.acuk

Meetings
organization
The SGM meetings
programmes are organized
bythe committees of the
special interest groups,
co-ordinated bythe
Scientif ic Meetings Officer,
Professor Howard
Jenkinson. Suggestions for
topics for f  uture symposia
are always welcome. See
p. 1 60 for contact details
of Group Conveners.

Administrat ion of
meetings is carr ied out
by Mrs Josiane Dunn at
SGM Headquarters,
Marlborough House,
Basingstoke Road,
SpencersWood, Reading
R G 7  1 A G  ( T e 1 . 0 1 1 8
988 1 805; Fax01 1 8
988 5656;emai l
meetings@sgm.ac.uk).

Ww&www
ffiww&&ffi%ffis
d&&*Yq3€wruxs*s *
S4S*k &rd$mmry
&&ee€$exg
8J*rivcrs&*y *f Kxxt
&*'*gi la,  T**3S
S*p**rxh*r
OMainSymposium
Mycobacteria-
NewDevelopments
10-11 September
0rganizers: [4. Goodfellow
P M Goodwin, H Ml. Lappin-Scott,
G Saddler D Smith and
E.M H.Wellington

w p$r*sRA&4M,;
ffi**KLn?
A booklet giving full details of
the programme and a booking
farm is enclosed with this issue of
Mknbiokgy kday. Any changes
will be po$ed on the SGM website

& srrfrRfls p*$YnR
g3;qnsr$TA?i*&l$

Will delegates whose offered
posters have been accepted please
notethatan area of 1 m x 1 m 0NLY
is available on the poster boards for
their dnplay

& WffiLi-fr#fk5il T&US?
&irl!d**.$n :1*nnTtNG
12 September
Comparative
functional genomics of
Mycobacteriaand
Streptomyces
Complete genome sequence
data are now available far
M y co b acte ri u m lu b e r t u I o si s and
Mymbattuium leprae,and work on
Streptonyces nelitalaris in its
final $ages, Analysis ofthese
genomes has revealed interesting
synteny between the three
organisms, The Wellmme Trust
has therefore funded a meeting
on tonparatwe Genonits of
M y co b aile ri a a n d Str e pto nyc e slo
provide an opportunity for
researchers from these

communities to discuss the impact
ofthe sequencing projects and
establish priorities for future
directions, The meeting will include
presentations on the analysis afthe
genome, proteome and
metabolome ofthese bacteria as
well as discussion ofthe
bioinformatics strategies hein g
developed.
0rganizers: N, Stoker, L Keiser,
J Parkhill P Goodwin&M, Dunn
(m,dunn@wellcome,ac,uk)

w pR#&suffi& pstxil
F;*,CSt
11 September
Promega sponsors this competition
to encourage excellence in
scientific communication by young
scientists, Group Committees have
now judged recent oral or poster
presentations by members who are
postgrads orfirst po$dom, The
finalists from each Group or Branch
will be competing for Promega
Prizes at a special session of short
oral presentations on their research.
There are two prizes of 1200 to be
won and in 200'l the winners will
go on to compete for the title of
Young life Scientist ofthe Year
again$finali$s from other learned
societies, The contestants at UEA
ar8:
Joo Wook Ahn University College
L0n00n
Rut Carballido-Lopez, U niversity
of 0xford
Sarah Cassidy King s College
L0n00n

Shobana Dissanayeke, University
of 0xford
Erik Gimpel Unrversity of
Cambridge
Karen Jolly, Unrversity of Leeds
Karen Keith, lmperial College
Finnuala Mc Aleese, Moyne
lnstitute
Anne McKie, CentralPublic Health
Laboratory
Claire Melville Rowett Research
In$ilute
Annie Tan, University of Newcastle

& s***AL nvns*?$
Following the popularity ofthe
wents at l leriot-Watt, f urther
evening activities have been
arranged for U EA:
l\tlonday 10 September
[rade &Welnne Rueptkn
Iuesdayll September
SociefJ Dinner at Blackfriais Hall,
Nuwith
Wednesday 12 September
Pub Quiz- entrancefee for charity
Prizesl! forthe winning team

& rd;il{?#s*ffi;\{n
*xsficr**&Rp
Atthe meeting a board will be set
up with notices ofjobs, postdoctoral
positions, stljdentsnips, collrses,
conferences, etc, Contributions are
welcome and may either be brought
to the meeting or sent beforehand to
Janet Hurst at SGM Headquarters,
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OOthersymposia,
workshops
::. Gene expression in
natural environments
Cells & Cell Surfaces/
Physiology, Biochemistry &
Molecular Genetics/
Environmental Microbiology
Groups
0rganrzers:M Woadward N High
& N, [,4inton
..,r, New approaches to
vaccination
Clinical Microbiology Group
0rganizer: D A A Ala Aldeen
,,:rr Virus infections in
immunocompromised
and transplant
patrents
Clinical Virology Group
0rganizer: D, We$moreland
Plus Joint lVeeting with
0ccupational Health Physicians
i,:r: Careersfor
microbiologists
Education Group
0rganizer: P Handley
.:rl; Fsrrnsnlal at
studies:post-
genomlcs era
Fermentation & Bioprocessing
Group
0rganizer: G, Hobbs
r::: Normal flora
Microbial lnfection Group
0rganizers: D, Devine & S. Patrick
*,Aeromonads &
Vibrios
Systematics & Evolution Group
0rganizer: B, Austin
,:!: lnfections of the
nervous system
Virus Group
0rganizers: J. Fazakerley t L, Hoey
,r Virus replication of
cellular architecture
Virus Group
0rganizers: G Smith,I Wileman n
R, Everett

OOffered papers
and posters
These are welcome for aLL Group
sessions Please submit titles and
abstracts to the appropriate
symposlum organizer or Group
Convener by the deadline af
I December 2001, See notice
on p. 150 for general conditions
for submitting posters.

OMainSymposium
Staphylococcus
0rganizers: S. Foster, C, GemmeLl,
D, Hodgson, H, Jenkinson &
S Patrick
0ther symposia include: Bacterial
interactions with extracellular
matrix components/ Patents and
intellectual property rights/Survival
atthe timits of lifu/Production of
protein/Protein traffrc and secretion
in fungi/Cold temperature
adaptationi0ral microbiology

i l :  .,:,r11.:,.. : i :r.
r,: , 1.lil. tl. i,:

Microbial Genome-
Environment
lnteractions

Oueen's University of
Belfast
6-7 September 2001

0rganizers: l\,4artin Collins
(m coll ins@qub,ac uk)and Mike
Larkin (m larkin@qub ac uk)

Six invited international speakers
plus intercalated offered papers and
a round table disrussion, For full
details see htlp ://questor,qub.
ac.uk/biotech/sgm0l,html

For details of lrish
Branch activities
contactthe Convener,
Martin Collins
(m.col I i n s@q u b.ac. u k)

OMainSymposium
Signals, switches,
rcgulons&cascades:
control of bacterial
geneexpression
0rganizen:S Busby R Dixon
D, Hodgson, H Jenkinson,
0 Salmand&C,Thamas
OSpeakers
t NEIDHARDT (l/lichigan)
Regulation ofthe stress response
R M0X0N(0xford)
Regulatnn of pathogenitiU
C D0RMAN(Dubl in)
Dl,lA toWbW and regulation of
gene expression
I Bt0l/FIELD (Kent)
DllA rearran gen e nts an d re g ulati on
of gene expression
[4 BUCK (London)
Structure of RNA polynerase
[/ BUTINER(Norwich)
Signafattors
R L0SICK(Bo$on,lJSA)
Anti-signa factus
S BUSBY(Birmingham)
Adwators of transcription
B MULLER-HILL(Koln)
REressus of transcriptin
R SCHLEIF(Baltimore)
Conplex regulaton
T HENKIN (0hio)
I ran n r i ptn n a ntrte r n i n ati o n
K GERDES (0dense)
P o sttr an su r pti o n al re g u I ati o n
J. H0CH (La Jolla)
P hospho rel ay ge ne regu I atio n
D M0RRIS0N (lll inoi$
Quorun sensing in Gran-positives
R DIXON (Norwich)
lwo-conponent systens
G SALM0ND(Cambridse)
1uorun nnsing in Gran negatives

OLaunchof
newFoodand
BeveragesGroup

Other
Events
OJointASM/SGM Meeting
, : - - i . :  I . i - a a : i : - : : r ,  r ' : i : : .  r l

Biodegradation, Biotransformation and
Biocatalysis (83)

0rganizers: D Gibson,H Lappin-Scott, G Sayler, J TiedjeaG,Toranzos

ihis ASI//SGM joint 3-day meeting will have plenary sessions on each
topic, invited speakers, offered papers and po$ers, Full details of tlie
pr0grammB are attailable on the SG|\/l website and atwww.asmusa.0rg
The SGftil contact is Hilary Lappin-Scott, University of lxeter (email
h,m.lappin*cott@exeter,ac.uk)

SGI\4 members are entitled tc regi$erforthe meeting atthe same
c0ncessi0nary rates as ASM members and Student l\4embers may apply for
AS[4 travel grants, See wwwasmusa.org for registration details,
,.i:. ,::t .:: .r:l.:.- ::i .::: l:.: : , :::. .::.

SGM members based in the UK or Republic of lreland may applyfor
grantsto assisttheirattendance atthe meeting tJpt0 1500 is available as
a contribution towards the costs of registration, travel and accommodation
The full rules ofthe scheme were published on p 91 ofthe May isue of
Mkrobiologykdayand are also available onthe SGM website along with a
downloadable application form. Members who are eligible should apply
for an ASM student travel grant as well as applying to the SGM
Completed applications should be sent tor The Grants 0tfice, SGI/
Headquarters, Marlbarough Hcuse, Basing$oke Road, Spencers Wood,
Reading, RG7 1 AG The closing date for applications is 3 1 July 200 1
Applications will be dealt with on a first come, first served basis.

OJointMeeting
r ,  , l  r  : , - . . , . . , . - , . : , , . , . . . :

SGM Clinical Virology Group, European Society for Clinical Virology
and the European Society for Veterinary Virology
The meeting will include a symposium on the latest medical and veterinary
aspects ofviral zoonoses and intercalated offered papers and posters 0n
any subject relevantto clinical virology or veterinary virology, Titles and
abstracts should be sentto the S0|\/ Meetings 0ffice by email. 0rganizers:
T, Wreghitt (Fax 01223242nil el Be$(jenny.best@kclac uk). A leaflet
aboutthe meeting is included inthis issue of Micnbiobgykday.A booking
form appears on pp 163-164



Microbiology Today
Editor MerielJones
takes a look at some
papers in current
issues of the
Society's journals
which h igh l ight  new
and excit ing
developments in
microbiological
research,

0PP0stTE PAGr(T0P):
An engorged Aedes aegypti
mosquito, the trector of ye owfever
and dengue v i ruses,
PHOTOGRAPH BY DAN SALAIVAN,
LONDON SC|']OOL OF HYGIENE AND
TROPICAT fulTDICINE WI]H
ACKNIWLEDGE[4ENTS TO CHERYT
COPPER

R IG  HT :
(a)  Emu san formsstable o I  n
water  emuls ions,  (1 )  An o i l - in-
water enlulsion formed by emulsan,
(2) The container is c eart after
emuls f cat on, (3) Without
emu san the oil f loats on the
surface of the water (4) Without
emu san the tank remains dirty
(b) fulutarts which cannot make
the biosurfactant have a different
appearance than the parent strain
RAG 1 (c)The reecluster .The
iine repfesents that piece of DNA
responsible {or the synthesis of
emu san, Ihe bLack tr angles show
t,tlhefe the tnutat ons are located,
The co oured arrows represent
d i f ferent  genes involved in the
n r n r l r r n t i n n  n f  o m  c r n  l l o n o c
P '  u u u u u u , l

wh ch do s mi lar  Jobs in  the
manufacture of emulsan have
arrows with the same colour. The
direct on of the arrow il ustrates
the directior that the DNA s read
when the gene is translated into a
specific protein
COIRTESY DAVID GUTNICK TEt.AV V
UN VTRSITY, ISRAEL

Sksa"*'anr*w'&ep m wcpm ffis{bfu&#*wg
Bacteria can produce all
sorts of weird and wonderful
compounds, from lethal
ones that cause food
poisoning to l i fe-saving
antibiot ics. Emulsan,
produced by Aci n eto bacte r
/woffiiRAG- 1 , has the more
humble role of stabi l izing
oi l lwater emulsions. l t  is
used commercial ly in
cleaning residues outof oi l
tanks in an efficientand
environmentally f riendly way,
as an alternativeto organic
solvenis.The bacteria
synthesize emulsan from
sugar and fat molecules,
creating a long sugar strand
with an occasional side-arm
{ - ^ -  ^  + ^ + . ,  ^ ^ i l  T A i -  i -  l
i l  u i l  r a  r a r L y  a L r u .  I  r i l J  r J

released from the bacterial
cel ls in combination with a
protein and can dissolve in
both waterand oils, in a
similarwayto a detergent.

Although scientists have
played around with the
properties of emulsan by
seeing whatthe bacteria
produce when they are
g ivend iff ere nt f atty acid s,
until recently they had little
idea of the genes control l ing
this process. Researchers at
Tel-Aviv University have now
remedied this by reporting
the sequence ofthe partof
the chromosom eoI A.lwoffii
RAG-1 that includes 20 of
the genes needed to make
emulsan. The researchers
found them by looking for

mutants of the bacterium
t h a l  r n r  r l d  n n  l n n n a r

make emulsan and then
investigating the region of
DNAthatwas damaged,
They discovered a number
of different mutants
because aful lyf unctional
set of the products of all 20
genes is needed beforethe
bacteria can synthesize the
complete polymer.

Afterworking outthe
sequence ofthe DNA,the
researchers used computer
programs to dist inguish the
regionsthatwere probably
genes and kied to identify
them, Some ofthe genes
wereuniquelo A.lwoffii
RAG-l,whileothers
were very similarto genes
in otherbacteria,The
researchers used the
naming conveniions for
bacterial genes involved in
polysaccharide synthesis
to call the entire clusterthe
weeregion and to name
the genes within i t ,

Then, f rom a combination
nf rarhat lhorr e I  raadv

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 atthe core
of emulsan, which is
exported to the region of the
cell called the periplasm,
which is outside the cel l 's
membrane but st i l l  within the
cell wall, These repeating
r  r n i t q  e r a  t h o n  i n i n o d

together, a protein becomes
associated with the emulsan
and the whole complex is
finally secreted from the cell
as a minicapsule, Products
of geneswithinthe wee
clusiercontrol the
movement of the growing
polymerthrough the cel l 's
membranes and out into the
envrronment.

One surprising aspect
of emulsan is that it is only
synthesized bythis one
slrain oI A. Iwoffii.The genes
uncovered bythe lsraeli
researchers have similarities
to ones in other bacteria
that are involved in
synthesizing other bacterial
n n h r c a r n h a r i d a c  h r  r t

also have some crucial
ditferences. As scientists
i n v a c l i n a t e  * h p c a  n a n a c

f urther, more details of this
unique polymer may
emerge.

As a result of this work
modern genetic engineering
technology can now be used
to generate awhole new
batteryof emulsan-like
molecules with potential
applications in avarietyof
i n e l r  r c t r i a l  c o l f i n n c

Nakar, D. & Gutnick, D.L.
(2001). Analysis ofthe zee
gene cluster responsrble for
the biosynthesis ofthe
polymeric bioemulsifi er from
the oil-degrading strain
Acinaobacter luffi, RAG- 1 .
Mina b i a k gy | 47, 19 37 -I9 46.
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Although avaccine may be
one way to protect people
from disease caused by
dengue virus, an alternative
would beto preventthe
entryorspread of thevirus in
the body, One problem with
this idea is that the virus
comes in fourversions,
n a l l a d  c a r n h r n a c  a q n h

appearing different to the
immune system,which
normally has the job of
spotting and clearing out
i nvad ing microbes, However,
French researchers have
h o o n  { n n r  r c i n n  n n  t h i c

approach becausethey
have discovered an antibody
that attaches to and
neutralizes all four serotypes.
Their experiments
suggested thatthis antibody
targets a region essential for
infect ion of human cel ls in al l
carntrrnac n{ lho rr i  r r  r  c

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



What is the relatlonship
between the organisms that
l ive on animals and the
animals themselves? Frank
Aarestrup f rom the Danish
Veterinary Laboratory has
been asking this question
aboutthe dog superfamily,
and one oftheir species of
skin bacteria.The anrmals,
which include badgers, seals,
foxes, bears, mink and red
^ ^ ^ t ^ .  ^ - . , , ^ i l  ^ ^  f , ^ ^ ^
Par  ruaJ  dJ  vvs i l  dJ  uuvJr

conara ta i  in tn  I i f {a ron+

famil ies 4O-50 mil l ion years
ago.To f ind out how similar
the bacteriathat live on a dog
are to, say,the ones living on
a bear, Aarestrup collected
bacterrafrom 41 l iving or
dead animais across Europe
and the USA. He then kied
lo isolale Stap hyl ococcu s
intermediuslrom eaci
sample and to record the
< o n r  r o n r a  n {  e  r a n i n n  n {

DNAJrom each isolate.

The S rnlermedius strains
from each animal species
were extremely similar,
suggesting thatthey are very
parl icular abouttheir animal
host, despite noticeable
differences between the
strains on different specres.
When he compared the
sequences of the DNA of al l
the bacteria, the strains fell
i n l n  o v a n t h r l h p  c a m a

relationship as the currently
accepted taxonomy of the
animals. The most obvious
reason forthis would be co-
evolution between the
bacteria and their animal
hosts, overthe mil l ions of
r r a q r q  < i n e o l h e q p  a n i m a l

cnan iac  { i rc+  annoorar l

Aarestrup, F.M. (2001).

Comparative ribotyping of

S tapby locorca: intemedius lsolated

from nembers of theCanoidea

gives possible evidence for host-

specificity and co-evolution of

bacteria and hosts. lntJ S y: t Euo /

M irobialag, 5 1, 1 343-1741 .

on the surface ofthevrrus,
They worked th s out by
offering the ant body avast
range of short amino acid
r h e  n c  1 n  c o a  r r r h  n h  n n o c

cou ld bind to it. There were
24 in total,  but 1 2 turned out
to be identical,  These, and
two of the others, were very
similarto this sequence of I
amino ac ds, Indeed, when
the researchers de iberately
synthesized the amino acid
sequence of the virus that
best matched the test am no
acid chains, i t  bound to the
antibody very effect vely,

Even more interestingly, this
regron seems to recognrze a
complex sugar molecule on
the surface of the ce ls. This
sugar molecu e is highly
sulfated, and th s feature
could al low it to f  unction as a
r a t h a r  c n o n i f i r  r o r a n t n r  n n

the surface ofthe cell, lt has
l n n n  h a e n  c  r c n o r t a d  t h a l

the virus also has to
recognize a protein receptor
before it can slip into the
r n c r r < n e r l i n n  n c l l  h r  r t t h i c' ' Y " "  r - - "  -

second protein receptor has

never been identi f  ied. The
sugar molecule, a highly
sulfated heparan sulfate, s
impllcated n the jnteraction

between cells and vrruses
as dlverse as human
immunodef iciency virus,
herpes s mplexvirus and
hepati t is C virus. l t  is
therefore poss ble thatthe
researcners may nave come
across a critical mechanism
for entry to cel ls that appl ies
to many more viruses than
denguev rus alone,

Thullier, P., Demangel, C.,

Beclouelle, H., Megret, F.,

Jouan, A., Deubel, Y,

Mazie,J.-C. & Lafaye, P
(2001). Mapping ofa dengue

virus neutralizing epitope

crit ical for the infectivity ofall

serotypes: insight into the

neutralization mechanism.

J Ger Virol 82, 1885 1892.

Dengue vrrus,transm tted by mosquito b tes in tropical and
subtropical regions, usually causes an unpleasant, but rarely
fatal illness, The symptoms are fever and severe headache
for about a week, fol lowed by weakness for several weeks,
However, si nce the 1 95Os more of the i nfections have
turned into a haemorrhag ic fever wh ich is fatal to about 5 %
of sufferers, especial ly chi ldren, As many as 1 00 mil l ion
people contract dengue fever each year and several
hundred thousand have the more lethal haemorrhagic
version. A way to remove th s dlsease f rom the more than
1 00 countr es at r lsk would be to el iminate the mosquitoes,
but a combination of war, poverly and insecticide resistance
have madethis strategydiff cult n recentyears, One
alternative is a vacc ne so that oeoole can be immunized
againsl Ihe d sease. Developnent of a sa{e. ef fecl ive
vaccrne s alwaysaslow process,andthere is no harm in
Lryi.g ouL nore r l 'an or^e app'oach, Peter W'ightard his
col leagres ar Monash University in Auslral ia 'nay have a
verype 'sonat  n le res l  in  lh is  p ro jec t ,asderguefeve ' i sa
major problem in countries to the north of Australia.

The virus has on y a small  amount of genetic information,
which i t  uses ver y econom ca ly. Li l^e al l  vi 'uses, r rel ies or^
its hostfor the day-to-day activities of a living cell, merely
supp ly  rg  ns t ruc l ions  lo r  [ ^e  p ro le insrha is r r rou"d  i t s
genes, howto putthem together into newvirus part icles,and
then howto release them to infect more human or mosquito
cel ls, As a furlher economy measure, al l  of i ts proteins are
synthes zed in one long p ece and then chopped into smaller,
'urcrioning sect ons. Ar enzy.ne, cal led a proteinase, is
needed forthis and researchers have accumulated
cons derab e informat on on the structure ofthe enzyme
and the spots that it picks out to cut.

The Australian researchers have used th s knowledge to
make very specif ic changes to the proteinase, aiming to
produce avirus that could st i l l  reproduce, bu t 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 gett ing r id of such a sluggish invader,
The memory of the virus would, however, remain to trigger
f ul l  defensive mode by the f i rst few wild dengue vrrus
particles to emerge from a mosquito's bite.Theywould be
destroyed long before they could cause an illness.

The researchers al [er ed seven sites in the proteinase
thatthey anticipated would reduce, rather than abolish, the
enzyme's activity, They then tested how well these altered
viruses grew in celt  cul lJres, Each change had a subtly
different effect on the biology ofthe virus but, as they had
hoped,several of the altered viruses retained theirabilityto
in lect the cel l  cultures, but less e f fecl ively tnan lhe 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.8., Kelley, P.G., Pryor, MJ., \Whisstock,J.C.,
Davidson, A.D. & Wright, PJ. (2001). Mutagenesis of the dengue

virus type 2 NS3 proteinme and the production ofgrowth-restricted

v tros. I G en Vrol 82. 1 541 -I 65 6 -
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ABOVE:
Confoca microscopy image of
l q r c h c r n n v n a c  r t r c  n  \ l a 1 e  e

homozygous ben2-21 dip o dwilh
cel l  po ari ty defects sta ned for
ac t in  w i th  rhodamine-co l l ju0a ted
pha l lo id in  ( red)  and express  ng  a
Cdc10 sept in -GFP fus  on  (g reen) .
PHOTO COURTESY PROFESSOR CESAR
NO[NBEtA AND DR [NARIA [/OtINA,
UN VIRS DAD CO[,lPLUIINSE
[,1ADR D, SPAIN

T O P  R I G H T :
lmmunof  uoresence s ta  f ing  o f
the  Wh pp le 's  d isease bac ter  um.
B a r , 6  p m ,
PHOTO COU,RTESY DIDIER RAOL]LT
lJNIVERS TE DE LA X/EDITERRANEE
I\/ARSE LLE FRANCE

The mult ipl icat ion of cel ls requires precise co-ordination.
Each ofthe new cells needs a duplicate of key components
l ike genes, as well  as a share of the cytoplasm, beiore i l
separatesfrom its parent. In addition,theexpansion of the
surface and contents of the new cell need to keeo in steo.
This complicated process rnvolves avery large number of
proteins and genes, some of which are used for only a shorl
t ime, or in averyspecif ic place within the cel l .  Theyeast
Sacch aromyces ce revi s i ae is a nice organ ism f or worki n g
outthe detai ls of this process. l ts oval cel ls 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.

Yeastcells contain an internalskeleton made of proteins
that organize the movement of the cell's materials. Septin is
one ofthese proteins. There are seven septin proteins in
S. cerevisiae andwithout them new yeast cells f ind it
rmpossible to separate properly f rom the mother cell. A
group atthe Universidad Complutense in Madrid, Spain, has
been f inding out more about septin by using atechnique thal
makes proreins f luorescent, They joined the gene for a
green f luorescenlproteintothe gene.forasept n cal led
Cdc 1 O, The scientists hoped that the protein produced by
the new gene would appearatthe sametime and place as
the normal Cdc 1 O and function in the same way, but would
be easi ly visible through a microscope because of i ts bright
green colour. They started with a series of experiments to
checkthat growth and division in normalyeast cel ls
continued to be normal, exceptthatthe Cdcl 0 now glowed,
Then the researchers moved on to yeast cells that had
part icular defects in their cel l  division, When these cel ls
made the f luorescent Cdc l  0. i t  was easy to see i l  :r  was
affected bythe cell's problem,

Cdc l  0 normallyaccumulated as a r ing on the cel l ,  marking
where a new bud was aboutto form. As the bud developed
the r ing expanded and f inalty spl i t  into two concentr ic r ings
just as the new daughter cell separated from its parent, Then
the fluorescence faded away, reappearing atthe point
where the next new bud was aboutto aooear, The
experiments with mutants letthe researchers work out how
thrs was affected by the cell's internaltiming mechanisms
that ensure thatthe cell's components are duolicated at
exactlythe r ight momenr, Some of them were essentialtor
ensuring that septin appeared in the correct place and time,
while others were not, Since many of these features of cell
divislon in yeast are very similar in animal cel ls,these
experiments may give clues tothe waythat mult ipl icat ion
of our own cel ls is control led.

Cid,VJ., Admikova,L.,Sanchez,M.,Molina,M. &

Nombela, C. (2001). Cell cycle control ofseptin ring dynamics in
the budding yeast. Microbiology 147 , 1411-11i0.

It has taken almost a century,
but microbiologists have
f inally managed to isolate
the bacterium thatcauses
Whipple's disease. Back
in the early l900s, an
American physician cal led
George HoytWhipple,
who was becoming very
interested in physiology,
realized thatthe medical
problems of afellow doctor
were avery def inite, and
unusual, col lect ion of
symptoms, and described
them in a scienti f  ic paper in
I 907 The man was
suffering from agradual loss
of weight and strength,
arthri t is, vague abdominal
problems and stools made
predominantly of fat, George
Whipple named it ' intest inal
lipodystrophy'but it was later
renamed Whipple's disease,
after he had become one of
the joint recipients of the
Nobel Prize in I  934 for his
role in working outthat raw
liver could treat pernicious
anaemia.

Atthetime, no real
treatmentwas possible for
t h i q  v c n r  r e r o  a n d  f e t a l

condition. Confirmation of
i ts cause waited unti l  1 961,
when electron microscopy
final lytook pictures of the
causal bacterium. In the
1 990s, diagnosis became a
matter of molecular biology,
by using techniques akin to
DNA f ingerprint ing to detect
the DNA of the bacterium,
now given the name
Tropherynawhipplei.
However, achieving a culture
ofthe bacterium outside a
l iving human body has had
to wait almost unti l the
twenty-first century

Researchers led by Didier
Raoult from the Universit6
de la M6ditenan6e in France
have now reported their
success In grow ng one
. + " ^ i ^  ^ + + h ^  A ^ ^ + ^ - i , , *) u  a i l  |  u t  U  t g  u a u L E t  u t  I  t r

called Twist-Marseillef, in

cultured human cel ls for
over 2 years, Any question
aboutwhetherthe
bacterium really is the one
thatcauses Whipple's
disease was answered by
checking that its DNAwas
1 O0 o/o identical to regions
used to confirm the disease,
and thatthe immune
reaction to the bacteria also
matchedthatfound in
patients. This has enabled
the researchers to describe
some features that have
eluded microbiologists up to
now.

It turned outthatthe
bacterial cells growvery
slowly,taking 1 B daysto
double in number and so
required even slower
growing cel ls as their hosts.
One ofthe reasons forthe
Tesearcners success was
that long-lived fibroblast
cel ls were among the many
culture media and cel ls that
they inoculated with
samples of infected tissue.
Strings of the rod-shaped
bacteria grew inside and on
the surface of the human
n e l l c  c r  r n n o c l i n n  l h e l

although i t  requires l iving
animal cells to survive, the
bacteria may be ableto grow
in theirvicinity as well  as
interior, How itactually
manages this remains to
De answereo.

GeorgeWhipple, born l  B7B,
butwho l ived unti l  I976,
might have been intr igued
that something he noticed
nearthe start of his career is
still a challenge to scientists,

La Scola, B., Fenolla, F.,

Fournier, P-8., Altwegg, M.,
Mallet, M.-N. & Raoult, D.
(200 1). Description of
Trapberymuhipplei

gen. nov., sp. nov.! the \Thipple s
diseroe bacillus. 1z tJ Sltst Eaol
Microbiolagy 5 l, 147 L I41 9.
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,ffi- e #w -," * AGademic management
Tracey Duncombe
interviews Grace
Alderson about her
career.

Q How does someone
without A-levels or an
Honours degree end uP
as a Pro-Vice-C h an cel lor
(PVC)?

I left  school at 1 6
because my sixth form
courses did not work out
and due to issues at
home. I  decided to look f or
a career where I cou ld
continue studying whilst
work ing .  lwanted
to be a scientist and I
was interested in biochemistry so I became a lab
technician in a local hospital.  By studying in the
evenings and on day-release, I  got an ONC in medical
laborat-ory sciences, fol lowed by an HNC in cl inical
biochemistrv Mv next move was to Newcastle
University as a microbiology research technician. I
needed more quali f  icat ions in this f ield and discovered
I could pass the equivalent of a degree by taking
exams lo become a member of the Inst i tute of Biology
Th is took three years of part-t ime study and then I was
able to embark bn a PhD and part-t ime teaching, and
eventual ly Bradford took me on as a lecturer - their
curiosity must have been aroused by my unlsual CV!
Looking back to when I was working on my PhD I
thought becoming a university lecturer would be
impossible because of my unusual qual i f icat ions.

Q Do you have much time for research and teaching
nowadays?

I st i l l  see teaching and research as important in my
pro fess iona l  l i fe .  A l though '  my pr ime respons ib i l i t i es
are now in strateqic and academic management, I
remain committed to systematic microbiology and
s t i l l en ioy  communica t ing  some o f  my pass ion  fo r the
su bieit  io students. So I st i  l l  teach a short cou rse to ihe
finai year and also have two research postgraduate
students working in microbial systematics. However
dif f  icult ,  for me as a PVC, l thinkthat i t  is important not
to lose contact with col leagues in my department and
the important issues in academic l i fe. And I have
been invited to contr ibute a research paper on
Rhodococcus equi to the symposium planned by the

Systematics & Evolut ion Gioup atthe U EA SG M
meet ing  in  September , . .

Q,Women PVCs are still a rarity today, Do you see
yourself as a role model?

There are so few women PVCs and so few female
microbiology professors that i t  is inevitable that you

tProflle
Name Grace Alderson PhD CBkl
FlBiolFlBMS

Present 0ccupation
Pro-Vice-Chancellor and Pro{essor
o{ [iledical Microbiology, lJ niversity
of Bradford

Previous Positions
Dean ofthe Faculty of Health and
Environmental (Natural and Applied
Sciences)

Deputy Head of Department of
Biomedical Sciences

and encouraged mentoring and I act as a mentor for
three senior siaff  members

QAs PVC you're responsible for equal opportunities'
what does that entail?

Well  i t  is definitely about more than simply pol icing
equal opportunit ies pol icy. I t  is about promoting and
celebrating equali ly and diversity {or staf{ and
students. As PVC, I have been driving forward strategy,
pol icy and implementation, playing a pivotal role in
restructuring equal opportunit ies in the inst i tut ion so
as to mainstream activi t ies. lchairthe new Committee
which is now an important ' f i rst t ier '  joint committee of
Senate and Counci l .  We are start ing to embed equali ty
ob lec t ives  in to  our  p lannrng and budget ing  process .  I
have been involved with a Racism Awareness Day that
led to action planning, with support ing 'Disabi l i ty

Access Audit 'and incorporating the principles into our
Estates Strategy, as well  as init iat ing a Gender Project
Group. I  con t inue to have both a professional and
persona l  commi tment  lo  l i fe long learn ing  and
widening part icipation and fo equali ty of opportunity
in i ts widest context.

QThe new A-levels have come under f rre recently due
to the increasing pressure exerted on students, what is
your opinion of the new sYstem?

I believe that the concept of Curriculum 2000 and
the new style A and AS-levels is good, l t  is valuable
to see an increase in subjects to broaden studies at
this level.  I  am concerned i f  we are putt ing real pressure
on students but we know ihat there are models of such
systems that work well  rn other countr ies. Nevertheless
a1l new systems have some teething troubles and i t  is
very early days for this one. A review and evaluation
would help inform whatthe real issues are and any
addit ional work thai is needed to embed the system.
The University of Bradford certainly has incorporaLed
the  new qua l i f i ca t ions  in to  i t s  en t rance 'equ i remenls

are  more 'v is ib le 'as  a
woman who has had
some measure of
success. So i t  is
unavoidable that you
wil l  be seen as a role
model for students and
staff.  I  welcome this
responsibi l i ty and try to
act appropriately -

part icipating in student
events such as'Welcome
Week', Women in Science
and Eng ineer ing
seminars, etc, I  often
introduce pert inent siaff
development act ivi t ies.
ln my strategic staff ing
role I have introduced

lisits*ri1{}ilili*YroDAYVOL2S/AUG01 lH
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Ihe Antimicrobial
0rugs.

Second Edition
By E.M. ScholaraW.B. Pratt
Published by 0xford University
Pres(2000)
$45.00, pp.607
ISBN:019-51 2529-0

This is a majortextwhich
everyone interested in clinical
microbiology should have access
to. However, one should
remember its American bias and
for example, promotiun of the
Kirky-Bauer test. Interestingly,
there is no dedicated chapter on
drugs active against nucleic acids
and instead they are to be found
in other sections. For a book of
this size, it was somewhat
disappointing to see only 11 pages
on drug resistance, although
again, related information was
found scattered in the rest ofthe
text. (Jverall, the contents are
reasonably up{o-date with some
new ref erences, although
integrons and gene cassettes
were not to be found. ln
conclusion, it is a book that should
be available in every relevant
institution, and atthe price, would
be affordable to individuals, I
consider it a very useful text
despite the above comments.
Whata pitythere are so many
typographical errors.
lAdrian EIey
U n iversity of Sh effi e I d

lProkaryotic
VNitrogen tixation:A
Model System forthe
Analysis of a Biological
Process
Edited by E,W. Triplett
Published by Horizon Scientific
Pres(2000)
S11S.S9/US$239.99, pp. 800
ISBN: 1 -898486-19-0

This book is poles apartfrom
the excellent, concise student-
orienlaled ltl i t ro g e n F i x a t i o n (3r d
edition) by John Postgate
(Cambridge). At 800 pages, and
this price, it is aimed squarely at
the nitrogen fixation specialist
who requires up{o-date

l

information across this
bewilderingly broad field. The
chapters span a gamut of
biological disciplines,from protein
crystallography to mellifluous
model legumes, via evolution,
gene regulation and biochemistry.
The contents show how an
apparently simple biological
process - the formation of
ammonia from dinitrogen -
remains a focus of attention for
those interested in. for exarnole
metallobiochemistry, genomics
and environmental microbiology.
The book is well nroduced and
illustrated and can be
recommended, although I felt
that a more detailed index wnuld
serve the contents better.
lRobertPoole
U n ive rs ity of Sh effi el d

lMolecular Marine
VMicrobiology.
IMMB Symposium Series
Vo l .1
Edited by D.H. Bartlett
Published by Horizon Scientific
Press (2000)
S59.99/US$119.99, pp. 220
ISBN:1-898486-20-4

This little book is an eclectic
collection of short reviews
relating to marine bacteriology
with a moleculartheme. They
were first nublished in J/l/o/
M i c ro bi o I B i ote c h n o I uol. 1 in
August 1999. Thisjournal is freely
accessible on the web (http:/i
jmmb.neVtocs/vl n1 toc.html)
with all the articles included in the
book available for download either
as PD F or as HTML. The only
change seems to have been the
pagination and the insertion of a
few headings. The objective of
re-publishing this on paperwas
to reach a non-internet audience
f or the investment of $59,99.
Scientifically, the reviews are
well worth the read, but if you're
in the field I expect you'll have
done so already. As an
intrsduction to modern marine
microbiology they're excellent. I
agree with Doug Bartlett (the
book's Editor) thatthey deserve to
be widely read.
lDaveRoberts
The Natural History
Museum.London

lWastewater
VMicrobiology,
Second Edition
By G. Bitton
Published by Wiley-Liss (1999)
$64.50, pp.578
ISBN:0'471-32047-1

As we continue to overload our
environment a major problem is
notjust disposing ofwaste but
disposing of it safely. Any waste
disposal is at greatest risk of
contaminating the environment
from the drainage orwaste water
that runs off from it. This can
range from run offfrom farmed
land through leachates from
waste dumps or industrial
activities to raw sewage. The risks
can be chemical or microbiological
and are of immense imoortance
to human welfare.
This classic reference book, now
in its second edition, will no doubt
be familiarto many working in the
field and has now been thoroughly
updated. lt deals not only with the
risks associated with microbial
pollution but also suitable
treatments to control it plus the
biological reduction of organic
and inorganic contamination.
It's all here, including biofilms and
waste water disinfection, aerosols,
biological treatment of toxic
wastes, sewage treatment, topical
items such as f,ryptospuidiun
and other waste-water-borne
pathogens plus some basic
microbiology.
Avery useful text and reference
book for anybody with an interest
in environmental microbiology.
lMike Hurst
Watermark

lUaccine Adjuvants:
VPreparation
Methods and Research
Protocols. Methods in
Molecular Medicine,
Vol.42
Edited by D.l 0'Hagan
Published by Humana Press
CI000)
US$99.50, pp. 352
ISB N: 0-89603-735-5

This volume provides a very good
overview on the mechanisms,
procedures for applications and
partial comparisons of different
adjuvants, starting from classical

Freund's adjuvants and aluminum
hydroxide/phosphate to
poly(lactide-coglycolide)
microparticles, poly(methyl
methacrylate) nanoparticles,
non-ionic block copolymers,
l iposomes, including
immunostimulatory complexes
(lSC0Ms), cochleate delivery
vehicles, virus{ike oarticles
(VLPs, e.s. Iy-VLPs), QS-21,
mutant heat-labile enterotoxins
and several commercial
formulations, An introduction to
regulatory issues is given and the
toxicity issue is discussed. I
missed a detailed descriotion of
muramyldipeptides (only
mentioned in Chapter I) and of
mixtures of aqueous anionic
polymers with amines
(successfully used for some viral
vaccines). The uses of cytokines,
e.g. I L-2 and, less convincingly, of
DNA as adjuvants are also
discussed. The application of
adjuvants in areas otherthan
infectious diseases is only briefly
mentioned. The volume is likely to
be widely consulted in many areas
of exrcrimental and clinical
microbiological sciences where
protection ofthe population from
infection by vaccines is the main
aim ofthe research,
lUlrich Desselberger
Ad de n b roo ke's H ospita l,
Cambridge

lUirusTaxonomy.
UGlassification and
Nomenclature of Uiruses.
Seventh Report ol the
International Gommift ee
on Taxonomy of Uiruses
Edited by M.H.V van Regenmortel,
C.M. Fauquet, D.H.L. Bishop,
E.B. Carstens, M.K. Estes,
S.M. Lemon, J. Maniloff,
M.A. Mayo, D.J. McGeoch,
C.R. Pringle & R.B. Wickner
Published by Academic Press
CI000)
S106.00, pp.1162
ISBN: 0-1 2-370200-3

This long-awaited and bulky
renortfrom the ICTV records the
Committee proceedings since
1995, including decisions reached
atthe interim meetings. The
concept of virus species, initially
introduced in 199 1 , is described
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in the first chapter and aims,
somewhat confusingly, to clarify
the newly accepted definition of
whal exactly classifies a virus
species. Ihe universal virus ICIV
database, lCTVdB, is introduced
next and provides informative
instructions and some useful
website addresses forthe
uninitiated. Understandably, the
bulk of this book comprises
descriptions of the most
important characteristics of the
virus taxa, old, new and several
tentative. A number of helpful
indexes are also present and help
the reader successfully navigate
around the book. Virus Taxonony
is comprehensive, concise, well
laid out and easily readable. As a
reference source for virologists,
this book is a mustforthe
institutional library.
aCatherine Tarbatt
SGM,Marlborough
House

lGomprehensiue
VBeportson
Technical ltems
Presented to the
lnternational Commiltee
orto Regional
Gommissions 1999
Produced and published by 0ffice
International des Epizooties
(2000)
€25.00,pp.250
ISBN: 92-9044-505-X

The book includes three major
papers each printed in four
languages. Each ofthese papers
covers a major topic and all form
useful reviews of the individual
subjects, namely: Current and
future solutions to treatment
of resistance to endo- and
ectoparasitic inf estations;
Management of animal health
emergencies; and Recent
developments of a new concept
in vaccines and their effects on
programmes f or controlling
animal diseases. There are eight
other papers, all included in
English with two also in French.
These coversubjects many of
which are of a regional nature,
such as: The effect of structural
adjustment programmes on the
delivery of veterinary services in
Africa; Indications forthe

supplementation of stamping out
measures for animal disease
control in Africa; The agreement
on sanitary and phytosanitary
measures and its impact on trade
in animals and their products in
the Middle East; Economic
impacts of foot-and-mouth
disease in the Asian region. Then
there are papers on Animal
identif ication systems; Prevention
and management of diseases in
fish; and two papers covering the
new zoonotic disease of Nipah
virus infection.
Inevitably with such a wide
range oftopics discussed all the
papers will not be of interest to
the majority of those reading the
book. The volume is one which
should be present in the libraries
of most countries'Animal Health
Departments and also veterinary
schools and those laboratories
dealing with animal orzoonotic
diseases. While much of the
content is background reading for
those in laboratories, there is a
very useful section on howto
work safely on the farm and in the
laboratory with samples where
Nipah virus is suspected.
lTonyAndrews
Welwyn

lFood Microbiology,
USecond tdit ion
By M.R, Adams & M.0. Moss
Published by Royal Society of
Chemi$ry(2000)
S22.50, pp.480
ISBN:0-85404-611{

This book sets out to be a text
book for students up to masters
level and works well, although it
does assume some knowledge of
basic microbiology. The second
edition now covers the principles
of HACCB risk assessment,
predictive modelling, as well as
the epidemiology of emerging
foodborne diseases such as E coli
0157, and BSE. In addition to the
control of food poisoning the book
also, of course, covers all other
aspects of food microbiology
including spoilage, fermentation,
antibacterial treatments and
methodology.
The work can be recommended
as a text orreference bookfor
anybody studying food

microbiology and will be a handy,
sensibly priced, basic reference
book for microbiologists working
throughout the food industry on
restricted budgets, who may not
always have the easy access to
reference material enjoyed by
those who workfor educational or
research establishments or large
companies. Not everybody has
time to use the internetto search
for basic information. A book like
this is a handy , cheap and easily
accessed source of information
that will soon become heavily
thumbed.
lMike Hurst
Watermark

Anntntotic
UResistance:
Methods and Protocols.
Methods in Molecular
Medicine. Uol.48
Edited by S.H. Gillespie
Published by Humana Press
(2000)
US$89,50, pp.300
ISBN: 0-89603-777-0

This is an excellent, well-
produced book, full of protocols
on a range of modern molecular
techniques, applicable not only to
research on antibiotics resistance,
but to general microbiology. In
fact, the title belies its usefulness
in that microbiologists not
concerned with antibiotic
resistance may overlook it, This
would be a pity, since, as well as
providing necessary techniques
for antibiotic resistance research,
it also details various more widely
applicable techniques, such as
pulse field gel electrophoresis,
atomic force microscopy and the
isolation and ouantification of
[) NA and RNA from pathogens.
The articles are of a uniformly
high standard, well illustrated and
referenced, which act as logical,
easy to follow protocols. This book
is a must for anyone involved in
research on antibiotic resistance;
equally all microbinlogists who
use modern molecular methods
should consult it in the
expectation of f inding well-
described established technique
and numerous cutting-edge
develnpments.
aMilton Wainwright
Un iversity of Sheffield

lDevelopmentand
VClinical Progress of
DNA Vaccines.
Developments in
Biologicals, Uol. 104.
IABS Symposia Series
Edited by F. Brown, K. Cichutek&
J.S. Robertson
Published by Karger (2000)
cHF200.00/DM260.00/
U5$174.00, pp,214
ISBN: 3-8055-7'102-X

This informative book contains 24
diverse articles representing the
proceedings of a symposium held
in 0ctober 1999. A major
emphasis is on novel approaches
being undertaken with small
animal models to imorove the
efficacy of D NA vaccines for
cancer therapy and protection
against a variety of viral, bacterial
and oarasitic infections. The
progress of clinical trials with
DNA vaccines against human
immunodef iciency virus, hepatitis
B virus and malaria is also
described and several papers
consider important safety and
regulatory considerations
applying to human usage. Rapid
progress is being made in the
develooment of D NAvaccines. but
this book gives a useful overview
of the current situation and should
be of interestto anyone involved
in applying this approach to
combat disease. lt will be of less
benefit to those exploiting DNA
immunization as a means to
investigate basic aspects of
immune mechanisms or to
generate immunological
reagenrs.
lNigelStow
MRCVirologyUnit,
Glasgow

lMycotoxin
UProtocols.
Methods in Molecular
Biology, Uol. 157
Edited by M.W. Trucksess &
A.E. Pohland
Published by Humana Press
(2000)
US$79,50, pp.250
ISBN: 0-89603-623-5

Mycotoxins contaminate food
and animal feeds and oresent
a health hazard. The assay

protocols described in the book
are admirably laid out in the
format of a practical manual and
a useful chapter is included on
sampling procedures. The Editors
make the point in the Preface that
immunological assays will
probably become the methods of
choice, but it is disappointing to
note that only three chapters
describe immunoassays for
mycotoxins (ochratuxin A, citrinin
and zearalenone), although
antibodies are used elsewhere
for clean-up purposes prior to
physico-chemical analyses. lt is
now over 15 years since the first
immunological methods for
mycotoxins were described and
some have been available as kits
with A[)AC approval for several
years. This is especially true for
aflatoxins, which are not covered
in the book. Even so, many
analysts will be attracted by this
book in which assaysforseveral
mycotoxins are described.
lDavidArcher
U n ive rsity of N otti n g h a m

ll'titric oxide and the
UPeripheral Neruous
System
Edited by N. Toda, S. Moncada,
R. Furchgott & E.A. Higgs
Published by Portland Press
(2000)
S85.00, pp.200
ISBN:1-85578-139-5

This book has amongst its
Editorstwo ofthe people who
discovered N0, a good enough
recommendation in itself. lt is an
easy bookto read; all the chapters
are well balanced and the authors
have obviously followed the
guidance of the Editors. Almost all
ofthe chapters provide a useful
blend oftissue localization data
with the results offunctional
studies.
The book demonstrates clearly
ihat there is still much to learn in
the N0 field beforefunctional
roles or therapeutic implications
can finally be established. The
molecular biology of N0S isoforms
has led to the development of
knsck-out models that highlight
important functions of N0,
matching similar conclusions
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drawn from, for example, the use
of N0 donors/inhibitors and other
pharmacological f unctional
studies.
N0 is not a neurotransmitter in
the conventional sense, although
it shares a limited number of
similarities with acetylcholine,
catecholamines and others.
Clearly, N0, being a short-lived
gas, is not stored in vesicles and
does not demonstrate
quantitative release. Can we
expect othersurprises in the
neurotransmitter field?
Congratulations to all Editors and
contributors. Well donel
llulia M. Polak
DirectonTissue
Engineering Centre,
I m pe ri al Col I eg e, Lo n don

lHectrotransform-
Vation of Bacteria
Edited by N. Eynard & J. Teissi6
Published by Springer-Verlag
GmbH & Co. KG (2000)
D Mi 29.00/6S942,004Frl1250/
S44.50/ US$74.95, pp. 292
ISBN: 3-540-66680-X

When itworks, electro-
transformation of intact bacteria
has proved to be a highly efficient
technique since itwas first
described l2J5 years ago. As
the underlying molecular
mechanisms are still notyetfully
elucidated, positive progress is
only possible through empiricism
and method adaptation, despite
the frustrating time spent.
Effective parameters are very
strain-dependent. Thus the utility
of this manual, for both novices
and hardened nractitioners. is in
the clearly described proven
protocols, including specific
problems and troubleshooting
suggestions, for about 40 species.
The range of genera covered
should be of interest to
microbiologists studying
medicine, biotechnology, plants
and the environment. Also, the
first chapters provide brief
summaries on the current states
of knowledge and technology of
the nrocess. (Jverall a useful and
usable up-to-date manual.
lMartinA.Collins
Queen's University
Belfast

lEmerging
Vlnfections. Vol.4
Edited by W.M. Scheld, W.A. Craig
& J.M. Hughes
Published byASM Press (2000)
US$79.95, pp. 234
ISBN: 1 -55581 197-3

Since the first reporlon Emerging
I n f e ct i o n s in 1992 (c o m m issi o n ed
by the US Institute of Medicine),
this tonic has commanded ever-
increasing interest. The new
collection of reviews is another
contribution with a wide remit:
most infections described here
have been known forsome time
but their significance for human
disease has increased (e.9.
Respiratory Syncytial Virus,
torovirus, human caliciviruses
uarious Helicobacterspp., etc.).
Several papers emphasize the
emergence of drug+esistant
mutants (e.9. H lV, group B
streptococci). Two chapters deal
with micro-organisms of potential
use for release into the
environment by bioterrorists.
The contributions are mostly
un-to-date with their references
and well presented. They are of
interestto infectious disease and
general physicians, general
practitioners, public health
physicians and microbiologists.
Wide circulation among medical
and bioscience students is
desirable but unlikelyto be
achieved due to the relatively
high price.
aUlrich Desselberger
Adde n b rooke's H ospita I,
Cambridge

lorn
VTopoisomerase
Protocols. Part ll:
Enzymology and 0rugs.
Methods in Molecular
Biology, Uol.95
Edited by N. Osheroff &
M.-A. Bjornsti
Published by Humana Press
(2000)
US$79.50, pp. 352
ISBN:0-89603-51 2-3

I have been looking fonivard to
reviewing Part ll ofthe 0[//
To p oiso me rase P roto c ol s ever
since I was asked to review Part l.

I am glad to say it was well worth
the wait. This book comnletes a
comnrehensive collection of
assays, including the weird and
wonderful, that can be used to
investigate the enzymology and
drug inhibition of topoisomerases.
As with all the Humana Press
Methods in Molecular Biohgy
series each chanter includes a
useful Notes section for
troubleshooting. This book is
extremely useful, but only for
those with a snecific interest
in tonoisomerase inhibiton. I
recommend any students about
to undertake a PhD degree in this
area to buy a copy (orat least
persuade your library to do so).
Even those who are well versed
in the biology oftopoisomerases
should consider buying both
volumes of this book, they will
surely find some things they didn't
know- ld id!
llan Morrissey
GR Micro Ltd,. London

|lcold-Adapted
VOrganisms
Edited by R. Margesin &
F, Schinner
Published by Springer-Verlag
GmbH & Co, KG 0999)
D M349.00/i'S2,548.00/sFr315.00/
S1 34.00/US$239.00, pp. 416
ISBN: 3-540-64973-5

lliotectrnological
VApplicationsof
Gold-Adapted 0rganisms
Edited by R. Margesin &
F. Schinner
Published by Springer-Verlag
GmbH & Co. KG (1999)
D M298.00/i'S2,176.004Fd69.00/
SI 4.50/US$19S.00, pp. 338
ISBN: 3-540-64972-7

These two ratherslim books cover
an extraordinarily broad range of
organisms and topics, united by
the fact that they operate at
temperatures we mesophiles
regard as cold, although, as the
Editors point out, cold ecosystems
covermost ofthe planet. Simply
operating at a lowtemperature is
not reallyan extreme environment,
but a study ofthe physiology of
cold-adapted organisms reveals
that many of their enzyme
systems have optimal

temnerature in the comfort zone.
So how do they make a decent
living in frigid circumstances?
To no-one's surprise, I am sure,
there is no simnle answerto this
question. Certainly, modification
of the lipid fraction is important,
butso is co-ordination of cellular
activity.
0f considerable interest is the
potential that these organisms
have for biotechnology, which is
whythis subject has been
devolved into a senarate volume.
That the Editors achieved such a
natural split in the subject
surprised me: the tight focus of
the biotechnological volume
makes ita useful book indeed, as
much forwhat cannot be sensibly
done as forwhat can be.
Both books are a series of
authored chanters and do not
show a strong editorial hand, so
various issues, for instance the
danger of intracellular ice
formation, are covered but not in
as much detail as you might
expect. The physics of liquids at
lowtemperatures is similarly not
covered at all. This leads me to
wonderat whom the books are
aimed: the specialist will probably
not learn anything new here and
the student would have been
betterserved with a stronger
explanatory thread. The bottom
line, however, is thatthese are
good books with many useful
chapters, They are certainly worth
taking a good look at if you are
interested in low-temperature
sysrems.
aDave Roberts
The Natural History
Museum,London

lcoldshock:
UResponseand
Adaptation
M. Inouye & K. Yamanaka
Published by Horizon Scientific
Pres(2000)
S59.99/US$119.99, pp. 1 47
ISBN: 1 -898486-24-7

A collection ofsix review articles
describing cold shock responses
of bacteria, plants and
mammalian cells. The main focus
is on bacteria, covered in four of
the chapters, with a bias towards
genetic expression during
exnosure ofcellsto low

temperatures. I walked away
from the bookfeeling thatthe
story was only parttold. Where,
for example, was the information
on cell physiology?
The bookwill appeal to
researchers in the field of
temperature shock. Sadly, it
lacks a comprehensive general
overview, which may have helped
to attracta wider reader base. A
specialist's book, recommended
forthe better-stocked libraries.
lGlynHobbs
Liverpoollohn Moores
University

lelologicalsafety:
VPrinciplesand
Practices, Third Edition
Edited by D.0. Fleming & D.L. Hunt
Published byASM Press (2000)
US$89.95, pp.784
ISBN: 1 -55581 180-9

0ver50 authors, mainly from
North America, have contributed
to the third edition ofthis book.
Newfeatures include chapters on
indigenous pathogens of animals
and plants, cell cultures, prions,
allergies to animals and latex,
biotenorism and biosafety
resources on the lnternet.
The book contains a wealth of
information and practical
guidance. I found the chapters on
Iaboratory-associated infections,
facility design, decontamination
and biosafety management
particularly interesting. There
are also extensive appendices
containing guidance from US
Government agencies.
Like it or not, health and safety
has become an integral part of
work with micro-organisms and
itshould certainly be possibleto
construct an effective biosafety
programme with lasting impact
from the information in this book
(with some adaption to take
account of local national
requirements). Although relatively
expensive, I think it represents
good value and that any serious
student of biological safetywill
wish to have access to it.
lDavidVeale
Universityof Warwick
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-Antimicrobial
VGhemotherapy,
Fourth Edition
Edited by D. Greenwood
Published by 0xford University
Press (2000)
S29.95, pp. 41 3
ISBN:0J9-263195-0

This is a clear and concise
overview of antimicrobial agents
and their use in the clinic in a
single paperback volume. The
book is stronger on antibacterial
agents than the other
antimicrobial agents, but this
reflects in oartthe nature ofthe
field. I feltfor examnle that it
wnuld benefit from including
more information about antiviral
drug resistance and mechanisms.
It is quite well indexed, so topics
are generally easy to track down
and no doubt it will be a useful
quick reference for a broad range
of people, including junior
biomedical scientists, clinical and
pharmacy staff. For students of
medicine and biomedical science
it nrovides a suitable introduction
to the topic, which could help
stimulate more detailed searches
ofthe literature. I would
recommend this book as a good
value nurchase for medical
libraries, since it has a potentially
broad readership, and as an
aff ordable volume for individuals.
aChantelleWard
GlaxoSmithKline,
Stevenage

lSparksol[ife:
U Darwinism and the
Victorian 0ebates ouer
Spontaneous Generation
By J.E. Strick
Published by Harvard University
Press (2000)
$30.95, pp.304
ISBN: 0-674-00292-X

S parks of Lif e pr ouides a
fascinating, scholarly account of
the 19th century spontaneous
generation controversy that raged
in England which focuses on the
work of Henry Charlton Bastian, a
believer in snontaneous
generation until his death in 1915.
We see how the Royal Society's
so-called'X-Club' attacked
Bastian while supporting the
germ theory and Danruinian

evolution. The view that Pasteu/s
somewhat simolistic Swan-neck
flask experiments, at a stroke,
defeated the arguments ofthe
spontaneous generationists is
effectively rebutted. In fact,
Bastian might have succeeded
had not orominent scientists like
T.H. Huxley and John Tyndall
attacked him, often with
considerable venom. Such
treatment was unfair since,
although often in error, Bastian
was clearly a sincere and
dedicated exnerimentalist.
Strick's highly readable account
of English microbiology during the
late Victorian period is superb and
unlikely to be bettered - a must
for everyone interested in the
development of both microbiology
and biology in general.
f MiltonWainwright
U n ive rsity of Sheffi e I d

lHandbookof
VMicrobiological
Quality Control:
Pharmaceuticals and
Medical Devices
Edited by R.M. Baird, N,A. Hodges
& S.P Denyer
Published by Taylor & Francis
(2000)
S65.00, pp.254
ISB N: 0-i484-061 4-X

I found myself at a loss to
understand forwhom this book is "
written.lt claims to be for'the
company microbiologist' but
contains some basic and often
suoerf icial information which
can be found in any basic
microbiology book (counting
methods, media, plating out). The
book attemnts to cover far too
much and in conseouence some
sectionsare hriefto the ooint of
being of minimalvalue. This is
exemplified by the monographs
on disinfectants, each one no
more than 4 lines, covering a total
of only 2 pages, the reader being
refened to the manufacturers'
literature for more detail. The
sections on Endotoxin testing,
Rapid methods, Preservative
efficacy testing and
Microbiological assay were of
greater value. containing
information more relevant to
Industry. The Medical Devices,
referrerl to in the title, were so

well hidden that I neverfound
them! [)verall, an expensive
purchase forthe few good
sections.
lPam Hunter
Horsham

lTranslational
V0ontrol of Gene
Expression. Monograph
39
Edited by N. Sonenberg,
J.W.B. Hershey & M,B. Mathews
Published by Cold Spring Harbor
Laboratory Press (2000)
US$115.00, pp. 1020
ISBN: 0-87969-568-4

Whether you are an advanced
student oran experienced
researcher, if you need to bring
yourself up to speed on the
translational control of gene
expression, then this is the book
foryou. In 36 chapters almost
every aspect of translational
control, including the
mechanisms of initiation,
elongation and termination,
control during development,
control in response to
extracellular stimuli and control
during virus infection or cancer
are dealt with. As you would
expect from a Cold Spring Harbor
Monograph, the volume is
comprehensive, scholarly and as'up{o-date' as this type of multi-
authorvolume can hope to be,
You probably won't read all 36
chapters in one go, but if you have
a specific question, the answer
is very likely to be here and
accompanied by the correct
literature citations. I can
recommend this volume to
individual specialists and
institutional libraries, both of
which will get a lot of good value
for their money.
lStuartSiddell
U n iversity of Wti rzb u rg

llllustrated
VDictionaryol
Mycology
By M. Ulloa & R.l Hanlin
Published by APS Press (2000)
US$99.00, pp.448
ISBN: 0-89054-257-0

During avisitto Mexico City I
was given a copy of El Reino de

los Hongos,byHenera & Ulloa,
published in 1990. Miguel Ulloa
produced his illustrated dictionary
of mycology in i991 and the
present volume is an enlarged
translation of this work. lt is
superb and we should be grateful
to Richard Hanlin for his
contribution. For the practisin g
mycologist Ainsworth & Bisby's
lictionary of the Fungi is
indispensable but for students
and teachers of mycology the
present work will be invaluable.
unlike Ainsworth & Bisby, the
illustrated dictionary does not
include descriptions oftaxa, but it
defines nearly 4,000 technical
terms used in mycology and
related disciplines. Every biology
student should have access to this
book. ltwould also be a useful
addition to the bookshelves
of those using keys to the
identification of fungi. lt is not
a pocket book, but the large
format makes it comfortable
to read and use!
lMauriceO,Moss
Shalford

Seafood
and Freshwater

unfortunately inevitable that in
such a fast developing field, some
areas, such as epidemiology, are
not totally up-to-date, but
nevertheless it is a very useful
source of information. Finally, the
quality of the paper used made
it a nleasure to reviewl
lMoira Brett
CPHL,London

1|MicrobialEcology
f of the 0ceans.
Ecologicaland Applied
Microbiology Series
Edited by D.L. Kirchman
Published by Wiley-tiss (2000)
S50.50, pp.542
ISB N: 0-471 -29992-8

Texts on marine microbial ecology
are relatively sparse, reflecting
the expense of ship-based
research and deep-sea sampling.
This book is therefore a welcome
addition. lts chanters will interest
everybody f rom generalist
undergraduate to specialist
researcher, making it a 'must'for

the library. The diversity of
disciplines and techniques is
matched by the biodiversity dealt
with:viruses to microalgae, the
culturable and the unculturable;
from taxonomy and phylogeny to
energetics. The emphasis is on
microbially mediated
biogeochemical processes in the
marine water column and
sediments, emphasizing growth,
productivity, heterotrophic
processes and nitrogen cycling.
Each chapter usefully
summarizes its main points, and
a comnrehensive reference list
cites work from 1840 to 2000,
with most citations from the oast
20 years, during which this area
has burgeoned.
A notable omission is
hydrothermal vent ecology, but
that will no doubt be included in
future editions, together with
marine Archaea,andlhe
bacterioneuston.
lAnnWood
King'sCollege London

Toxins: Pharmacology,
Physiology and Oetection.
Food Science and
Technology Series,
Uo l .103
Edited by L.M. Botana
Published by Marcel Dekker Inc
(2000)
US$225,00, pp. 798
ISBN: 0-8247-8956-3

This volume is the latest in the
series on Food Science and
Technology. Chapters on history
and epidemiology are followed by
detailed chapters covering
ecology, toxicology and detection
ofthe majormarine and
freshwater algal toxins. This is a
huge subject which the book
covers thornughly and accurately,
with comprehensive ref erences.
Given the increasing prevalence
of these toxins, and associated
illness, this is a very timely
publication, The scope and detail
are well suited to the stated target
audience of PhD students and
specialists working in food- and
health+elated disciplines. lt is
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Gomment
Tuberculosis
One day an auth or in M i no b i o / o 91 To day w lll w rite an

epitaph to the tubercle bacillus. The \fhite Plague will

have finally been conquered and scientists will be

discussing whether frozen srocks ofthe bacillus should be

destroyed. The author, having a keen sense ofhistory will

list the significant dates in man's struggle against his

oldest enemy. Robert Koch's presentation of the tubercle

bacillus to the Berlin Physiological Society in 1 882 will

be seen as the start ofthe campaign. l)2I,theyear that

the attenuated BCG strain was first used as avaccine to

protect a child from tuberculosis, wiII be celebrated as

an early victory. l)44,theyear in which streptomycin

first cured apatient will be hailed as a triumph. The

deveiopment ofmultidrug therapies in the 1910s may be
considered as the beginning ofthe endgame. But then, in
the final decades ofthe 20th century, the fight-back ofthe
tubercle bacillus will be described. First came the

devastating impact, particularly in the developing world,

of the pathogen's grim alliance with HIV Then, with the

emergence of multidrug-resistant strains, even the

wealthy \flest felt threatened. But one further significant

date will surely be noted: 1 998, the year in which the

genome of the tubercle bacillus was finally revealed. Three

years on from that historic publication, it is perhaps time

to take stock and look forward to future conquests.

The first rule ofwarfare is said to be to 
'know 

thine

enemy' and the authors ofthe genome paper surely had

this in mind when they set themselves the task of,
'Decipbaing 

tbe bio/og1 af Mlcobactuium tuberculosis . , ,' .

The success ofthe mycobacterial research community in

taking up this challenge will be the key to eventual

victory. The sequence data contained a few clues to

possible weaknesses. A large fraction of the genome was

found to be devoted to lipid metabolism. That came as no

surprise to mycobacteriologists who had long lamented

the hydrophobic nature ofmycobacterial cells and their

aggravating habit of clumping in liquid culture. But it

did strengthen earlier suggestions that the pathogen may

adopt alipolytic lifesryle in uiuo. Scientists interested in

exploiting this intelligence to develop new control

strategies have focussed on the glyoxylate shunt pathway

that bacteria use to synthesize carbohydrates from fats.

Animal cells lack the pathway, making it a potential

target for development ofspecific drugs. David Russell's

group at \Tashington University, and his collaborators,

inactivated the isocitrate lyase gene, encoding akey

enzyme in the pathway,inM. tubaculosis.They injected

the mutant and wild-type into mice and found that

whereas the knock-out strain was able to cause asimilar

acute infection as the wild-type, unlike the wild-type it

did not persist. These findings suggest that persistent r14.

tuhercu/osis surt'ives in the host by scavenging host lipids,

and it needs an active glyoxylate cycle to do this.

Researchers have already solved the srructure ofthe

TB isocitrate lyase protein and are currently designing

inhibitors that target this potential Achilles'heel.

T R  c a a m  c  1 n  n r o q a n l

a series of unending
r - h e l l a n n a c  t n

c r i a n t i c t c  l n h n i n a

McFadden looks
back ai some
t r iumphs in  the  f igh t
and considers what
h o n o f i l q  n o n n m i n c

may bring in the
f uture, Anyone with
an interest in
m r r n n h q n t a r i a  r n r i l l

wish to attend the
SGM symposium
10-1 1 September
2001 atthe
I  l n i vp rq i t v  n f  Fac t

Angl ia,  See the
enclosed programme
bookletfordetai ls.
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Solving the problem ofpersiste nt M. tabercu/osis will surely
be one ofthe key battlegrounds ahead. It is well known
that the organism can 1ie dormant for many years before
attacking the host. \7hat the pathogen is up to during this
period oflatency is far from clear. Many researchers

consider that it goes undercover, surviving in the host in a
physiological statewith characteristics ofdormancy.
Although r14. tuberculoils certainly doesn't form any kind of
dormant spore, the genome does encode a hosr of
transcriptional regulators rhat are likely to be involved in
downsizing metabolism during persistence. And
altl-rough mycobacteria are characteristically aerobic, the
genome encodes a bunch ofanaerobic respiration genes
that might be mobilized within oxygen-starved lesions.
Inactivation ofthe nitrate reductase gene in BCG

rendered the organism avirulent in immunodeficient

mice. Like the glyoxylate shunt pathway, anaerobic
respiration, being absent in animal cells, may be a targer
for development ofnew drugs.

One of the few disappointments to TB researchers reading
the 1 998 paper was the fact that a whole bunch ofnew
virulence genes didn't spill out. But there were surprises.
Four copies ofth emce genewerefound. The gene was first
characterized as a macrophage colonizing factor and it
certainly seems important to r'14. tubaca/asis,whicl'r devotes
approximately L 7o of its genometofourmceoperons. Each

operon encodes an mce- rcIated protein plus additionai
genes predicted to encode membrane proteins and
transcriptional regulators. In m any ways,mcelooks like
the kind of system that in Gram-negative bacteria is
involved in secreting virulence factors. In support ofa role
in virulence, inact:ationofmcel was found to attenuate
the mutant's ability to invade epithelial cel1s. However,
the situation may not be so simple as the on-going

sequencing project for the distantly related, though non-
pathogenic.Ml cobacteri un sme54malzi has turned up several
mce-rclated genes and the Mlco baaeriutn leprae genome also
has mce genes.To be so widely distributed, mycobacteria

must have acquiredmce genes early on in their evolution,
well before peopie - or perhaps even mammals - were
around to catch TB. Current efforts to inactivate each
Iocus independently should help to dissect out their

function.

\)Thether the above advances represent minor skirmishes

or will lead to real victories in our fight against the
tubercle bacillus, only our reviewer ofthe fi-rture can tel1.
But it is certain that when final victory over the tubercle
bacillus is celebrated, the genome sequence will be seen as
akey  weapon  i n  i r : down fa l l .

Olohnjoe McFadden is Professorof Molecular
GeneticsintheSchool of Biomedical and Life
Sciences Un iversity of Surrey G uildford, Su rrey,
GU27XH. Tel. 01 483 876494; Fax Ol 483 300374
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