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Above:Whatdoes the
future hold as microbioloov
moves ino the new
mi l lenn ium? Photo
co u rtesy The I m age Ban k,

Yol.27rPart 1,
February2OOO

In this issue we consider
some of the ways forward
in microbiology, both to
combatthe effects of
harmful microbes and to
harness their activities to
solve problems. Such work
requires money and on p, 2
SG M President Howaro
Dalton explains how
effective com m u n ication
of  oursc iencetothe publ ic  !
and policy makers is crucial
if future research is to be
f r  r n d o d  n r n n o r l r rr ' - r " "_ / '
A majorchal lengefor
microbiologists is to develop
new strategies against
microbial infect ions, A whole
symposium will be devoted
to this at the Society
meeting atWarwick, as
previewed by Petra Oyston
on p. 7 The widespread
emergence of antimicrobial
resistance presents a
part icular chal lenge and lan
Chopra describes how the
antibiotics of the future
will be developed. Tom
Humphries and col leagues
(pp. 1 0- 1 2) look atthe
f actors responsi ble for
the marked increase in
food-borne disease of
recent years and consider
the implications of current
research in the f ield,

One way of detecting
infection is by smell ing the
patient! Modern technology
is enabling this artto be
turned into a science, as
Tim Gibson efal,show
hp,  1a-16) .
Benef icial microbes are
widely used to clean up
environmental pol lut ion,
AjaySharman and Cliff
Burlon describethe
development of a novel
bioremed iation system to
treatwaste solvent in
the footwear industry
(pp. 18-20),

In Europeaconsodium
of research groups is
investigatin g mobile genetic
elements in bacteria,with a
view to exploit ing their
potential in industry,
agriculture, medicine and
environmental
management, as Chris
Thomas and KonnySmalla
describe onpp.24-28.

However, microbrologists
should exercise caution
before embarking on a
new project. As Milton
Wainwright notes (pp, 8-9),
it may all have been done
beforelAnd Howard Gest
postulates that bacterial
taxonomists maywellbe
barking upthe wrong
nhrr lnnonal in  * rao
r '  ' J ' " Y " '

(pp,28-30).

Othertopics covered
rnclude benchmarkinq,
ed ucational resou rcei ano
the future of learned
societies,
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New drugs for the superbugs
lan Chopra

As we enterthe new millennium many of our existing antibacterial agents are under

th reat f rom the widespread emergence of bacterial iesistance, lan Chopra describes
how the antibiotics of the f utu re wil l  be developed,

BELOW:
Lr f t  I  The d iscovery  o f
ant ibacter ia l  agents  EmPir ic
screening has been based uPon
the identi f icat ion of antibacterial
agents  by the i r  ab i l i ty  to  inh ib i t
bacterial growth Synthetic
approaches compr ise chemtca l
modi f icat ion o f  ex is t ing drug
c lasses to  improve the i r  proper t ies
e g c i rcumvent ion o f  res is tance
mechanisms to  ear l ie r  members
of the class 0nly rePresentative
ant ibacter ia l  agents  are ind icated
With  the except ion o f  the
oxazol id inones no novel
s t ructura l ly  un ique ant ib io t ic
c lass has been developed for
over  20 years ,
REPRODUCED FRO[/ 'U1TUfrf20 3_6
(1999)BY PER[,1lSSl0N 0F EUR0[/lED
CO[/MUNICATIONS LTD

Undoubtedly, the golden period for antibiotic

discovery took place between the 1940s and

mid-1960s when many important antibiot ic

classes were f i rs t  ident i f ied (Fig.  1) .  The subsequent

development and c l in ical  use of  these ant ib iot ics '  or

agents derived from them, produced impressive

reductions in the morbidity and mortality imposed by

bacter ia l  pathogens.  Indeed, the dramat ic successes

achieved in this period led to the commonly expressed

view that antibiotic-based chemotherapy heralded the

complete conquest of infectious diseases. Reflecting

this optimistic mood, the US Surgeon General, testify-

ing to Congress in 1959, made the historic statement'
'Tbe 

time has come to close the book on infectious disease' .

IJnfortunately, this mood of optimism has not

prevailed and the widespread emergence of acquired

resistance to antibiotics in bacteria over the last 21 yeats

now constitutes a serious threat to global public health.

The rise of the su Perbugs
The development of antibiotic resistance is a classic

example of Darwinian evolution and is a direct result

of competitive advantage conferred to the owners.

Antibiotic resistance can result from mutation of

existing genes but the problem is exacerbated by the

ability of bacteria to acquire resistance determinants

en bloc by genetic exchange. It is further compounded

by demographic factors (e'g. population growth and

urbanization), which generate fertile conditions for the

transmission of infections, and new opportunities for

inter-species traffic ofpathogens to man.

The biochemical basis of bacterial resistance to

most classes of antibiotics is now known and these

mechanisms, either sirrgly or in concert, are responsible

for  the escalat ing problem ofant ib iot ic  resistance,  in

Table L The lesistance crisis

lThe bottom line isthatwe are notfacing an organisrnthathas
simply one resistance - that was a surprise in itself But now we are
{acini major 0rganisms that are multi-drug-rssi$ant That is, you can't
use tfie firlt antibiotic of choice, you can't use the second, you can't use
the third and sornetimes yorl harle t0 g0 t0 the fifth or sixth,
levy, | 993, luffi Anivasity Medkal Sthool, Eoston, USA

I We have now reached an rlnacceptable situation, Some hospital
$rains of invasive Gram-negative enteric bacteria and snterococci are
not susceptible to any available drug,
Kunin, 1993, hhio fjtatr, Univasity, Colunbus, hhia, U8A

I For the {irst time in {ive decades we now have a bacterial infection
(caused by enterococci) forwhich there is no cure,
fonasz, | 994, froilefeller Univasity, llew Ywk, USA

I A resurgence of tuberculosis is cattse enough for concern, but the
new outbreaks have afrightening difference from earlier outbreaks o{
the disease. Many o{ the bacteria now causing new cases 0f
tuberculosis are resi$antt0 0ne 0r more ofthe drugs used t0 treat
tuberculosis, Because the fatality rate 0f untreatediuberculosis is 50%
the possibility that untreatable sirains could s00n arise has set off a
panic am0ng public health workers,
Salyat & Whitt, l 994, Anivasity of lllinoh, UtA

I lt is generally agreed thatthe acquisition of resi$ance to the la$
few available agenfs by highly virulent strains of staphylococci and
pneumococciwould be nothing short of a medical disaster,
Arnstrong, 1995, Menwial Sloan-Kcttering Cancer Center, l'lew fork, A8A

lThe dangerof a return to a pre-antibiotic era is now becoming a
serious threat, particularly considering that no novel chemical class of
antibiotics has been introduced in the past 20 years,
Batquero, | 997, franon y taial llwpiil, llational lnsti:tute of Healtlt, Madrid, S\ain

I The relative utility of available antibiotics is eroding, tipping the
balance in favour of multidrug-resistant pathogens, artd fet,v new drugs
appear to be on the horizon.
f;assall, 1997, Univasity of Alalana, Birninghan, Alalana, USA

I 0ur enquiry has been an alarming experlence, Misuse and otleruse
of antibiotics dre now threatening to undo all their earlier promises and
success in curing disease, Butthe greatestthreat is complacency, from
ministers, the medical professions, the veterinary sBrtlice, the farming
community and the public at large, 0ur report is a blueprint for action,
It must stait now if we are nott0 return to the bad old days of incurable
diseases before antibiotics were available,
Prr;ss rllrlase hy Lord Saulsty, | 998, Chairnan of tlre lloun of Lwts Selat
Connittee on Sdenm and kthnoloW lealing with rr;sistlrnr;e t0 antitioilts

I The nharmaceutical houses continued to screen new natural
product's (i.e. microbial extracts)for antimicrobial activity, but
compounds suitable for development ceased to be found. Alow, in the
closing years of the century, there is an uneasy sense thal micro-
organisms are getting ahead' and that therapeutic options are
narrowing,
npartnen amam Snnding Medint Alviswy C|nnitee frewtt, | 998

both hospital-acquired (nosocomial) and community-

acquired bacteilal infections, that has already made

many antibiotics virtually obsolete. Resistance to some

antibiotics first became problematic in certain

pathogens during the 1940s and has continued to the

present day with the recent emergence of vancomycin-

intermediate-sensitiv e Staphy loc0ccas aaretts (so-called
'VISA' 

strains) first reported inJapan (Fig.2).

E ffi ffi #ffi #ffi ${Pfuffi ffiYTODAYVOL2T / FEB N



The serious nature of

the  cu r ren r  s i t ua t ion  i s

reflected by quotarlons

f rom lead ing  in fec t i ous

disease specia l is ts and

opinion leaders (Thble 1).

Classical pharmaceutical

approaches to the problem

of ant ib iot ic  resistance

wi l l  be insuf f ic ient  to

provide new agenrs in this cenrury

One approach to the problem of antibiotic resistance,
adopted by the pharmaceutical industry, has involved
the development of agents that circumvenr existing
resistance mechanisms or attack them directly. Typically,
these so-called classical approaches have involved the
following:

Development of  analogues of  exist ing ant ib iot ics
that are either stable to enzymatic inacrivation, not
recognized by efflux pumps, or bind to the modified
target sites in the organisms responsible for resisrance,
0r

The design of enzyme inhibitors to prevenr microbial
degradation of antibiotics.

The classical approaches described above have
contr ibuted imporranr agenrs (Fig.  1)  for  use against
resistant  organisms. However,  the improvements
achieved have tended to be incremental and somerimes
relatively short-l ived, as new bacterial variants evolve
with modified mechanisms of resisrance, encompassing
the newer analogues or  enzyme inhib i tors.  For these

reasons it is vital rhat research strategies to discover and
develop the antimicrobial agenrs urgenrly required in
the future move away from the classical approaches and
towards the major opportunities now provided by
bacterial genomics.

Genome-based approaches for the
d iscovery of pioneer drugs
The combinat ion of  microbia l  resistance and lack of
sustained progress in the discovery ofstrucrurally novel
antibiotics demands a serious reassessment of future
research and development approaches ro anribiotic
discovery. The only realistic solution is to embark on
new research avenues to identify novel, or unexploited,
bacterial gene products that can serve as targets for
antibiotics and kil l bacteria by completely different
mechanisms from existing drugs. This decreases rhe
likelihood of resistance problems because the possibil ity
is high that structural novelty will circumvent any
existing mechanism of resistance.

The ability ro search for novel bacterial drug rargers,

ABOVI :
i l1p.  l t "  The g lobal  emergence
of  ant ib io t ic - res is tant  patho genic
bacteria Examples are shot,vn of
the f i rs t  maj0r  rep0r ts  o f  c l in ica l
rso la tes expresstng res is tance t0
ind iv idua l  ant ib io t ics  0r  gr0ups 0{
antibiotics 7 MDRTB stratns of M
tu berculosis multiply resistant t0
seve|1 of the eight preferred
ant i - tubercu los is  agents ;  VISA
vancomyci  n- i  n te  rmediate-
susCeptible S, aureus,

I?able 2' Microbial g-e-nome sequencing proiects either completed or under way in pathogenic
micro-olganisms (Mb)

1995

r996

1997

1998 0n . . .

J H a e n o p h i I u s i n f I u e n t a e (1 83), M y c o p I u n a g e n t tal i u n (0'58)

A Myc o p I n n a p n e u n o n i as (0'81)

)9lrrelia burgdg(eri( 3), fscherichiaclli(4'6)', Helinbacterpylori(166), Mynbacteriuntuberculosis(4.4)',
Plamodiun falcipuunChr2(10)', Staphylonnus epidermidis(21) Streplococcrls pneun1niae(2'2):
I r e p o n e n a p a | | i d u n (1 5), U r e a p I n m a u r e a I ity c u m (0'l 5)

)lslerlilllls nidulans(29'0); Batrllus anthracis(4'5)', Bartonella henselae(2.0)', Bordetella bronchiseptica(4,9),,
Bordetellaparapertussrs(39); Bordetelkpertusis(3BB),CanWlobacterjejuni(11)',Candidaalbrirans(tSO);
Cltlarylia pneuygilae(1'0), Chlanydiatrachonat!s\10)', Cloitridiun littnite$,+)', Intr;rrlcoccusfaeialis(B'0);
0iudia lanblia(120)', Legionela pneun0phila(4,1)., Listeria nonocytogenes(8,2); Mycobacteriun avium@,1).,'
Mycobaderiun leprag(lB),: ltlycoplama nycoides(1 28), Mycoplaina pulmonisggS)', Neiseria gon0rrhisai(22);
Neisserianenngrtidis(23);PlnnodiumfalctpuumChrl3,+t+(gZ); pneumocystlscuinii(l.T\,porphyrononu
gngivalis(22)', Pseudononas aeruginlsa(5'9), Pseudononas putida(5'0)', Salmonella pantyphiAg6),'
Salnonellatyphi(4'5), Salnonellatyphinuriun(48)', Staphylococcus aureus(2'B), Strbptoirjccus inulins(22),
Streptococcus pyogenes(1.98); Treponena dentinla(30),, Vibrio cholerae(2,b)', yersiiia pr;stis(4,88)

USA:

Spain:
Neisseria
meningitidis-
Penicillin resislance
1988

Japan:
Shigella
tlexneri-
|ltltlltirusislancs 1959
vtsA- 1ss7

$taphylococcus aureus -
Penicillin resistance 1 944
Klebsiella pneumoniae -
Ceftazidime resislance 1 988
Mycohacterium tube rculosis -
|lt|ultireshtance I 991 (7-|lt| 0fiTB)

Ecuador:
Uihriocholerae-
Mulliresistance 1993

f,iff iflfl,ffifril,?i,?i#,'^*-ffi
Enterococcustaecalis- 6 Il|ancomycin

w$sistance

Philippines:
Neisseria gonorhoeae-

Burundi: q @ 
PenicillinresislancelgTE

Salmonetlatyphi- \ @

W 
6fl Nutriresisrance'::' 

-,-gffi
soutnmilea: / fifr?iri|#tfr:flffi1",,"'*"s- Y

Based on data in The lnstitute for Genomic Research website http:/,/www.tigrorg
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Rl G HTr
! : i la . ' *  "  The g e  n  o  me-based
prec l in ica l  drug d iscovery  pr0cess
Abbrev ia t ions:  STM s ignature-
tagged mutagenes is ;  VITA,
va l idat ion rn  vrvoaf  targets  for
ant i - in fect ives;  RT-PCR reverse
t ranscr ip tase PCR: IVFT rn  r i ro
express ion technology;  DFI
differential fluorescence induction
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or validate known potential targets, has been

revolutionizedby the advent of total genome sequence

analysis and associated genetic techniques which

are rapidly advancing our knowledge of numerous

infectious agents. Thus between 1995 and 1999 some

20 microbia l  genome sequences were completed and

another t0-60 are in progress (Table 2).

To exploit opportunities for drug discovery arising

from large-scale microbial genome sequencing projects,

computational and bioinformatic methods are required

in the in i t ia l  ident i f icat ion and select ion of  molecular

targets, followed by a series of post-genome approaches

to validate and chancterize the targets, devise screens

and pursue structure-based drug design (Fig. 3).

A particularly challenging issue for the first stage of

the drug discovery paradigm will be the development of

new algorithms to cope with some of the inadequacies

of current methods to detect protein folds and functions

from genomic data.Improvements in this area are likely

to assist  in the ident i f icat ion of  novel  genes wi th no

known function or homology, which even in such

thoroughly explored organisms as Escherichia coli, stlll

account for over 20 % of the open reading frames.
\When assigning functions to genes that constitute

potential new drug targets, three broad categories will

be identified; those required only for growth of bacteria

in laboratory media (in uii l 'o expressed genes), those

required only for bacterial infection (iui or in uiuo induced

genes) and those required for bacterial growth both

in uitro and in uiua (housekeeping genes). Products of

novel and essential genes fall ing into the second and

third categories constitute new potential drug targets'

Conclusions
The discovery and development of antibiotics for

the treatment of bacterial infectioris must be regarded

as one of the most significant medical achievements of

the twentieth century. Unfortunately, as we enter the

new millennium many of our existing antibacterial

agents are under threat from the widespread emergence

of l:acterial resistance. Furthermore, the pace of

emergence of antibiotic-resistant bacteria has out-

stripped the discovery of new antibiotics. New agents

are therefore urgently needed to countef the threats

posed by antibiotic-resistant organisms. Genome-based

approaches offer significant hope for the future by

providing opportunities for target-based drug discovery

rather than the empiric methods adopted in previous

years. Furthermore, genome-based approaches should

allow the selection of targets with a minimal potential

For emergence of future resistance.

O lan Chopra is a Professor of Microbiology in the
Division of Microbiology, School of Biochemistry
and Molecular Biology, University of Leeds, Leeds
LS2 9JT and Director of The Antimicrobial
Research Centre atthe University.
Tel. 01 1 3 23356O4; Fax 01 1 3 2335638
e- m ai I i. ch o p ra@l eed s. ac. u k

Ee#if $f #V:&ri{:eL:t{3t.{('IODAYVOL27/FEBm



Meetingpreview

PetraOyston
Microbiology has had a huge impacr on our
lives today. Think about what life would be
like without the advances that rhe science has

brought to the diagnosis,  prevent ion and cure of
infect ious diseases.  The Main Symposium, Figbt ing

lnfection in the 2I st Centrar)t,at the Millennium Meeting, is

being jointly organized by the SGM and the Society for

Applied MicrobioloSV (SfaU). Rather than looking

back at past successes, this meeting aims to address some

ofthe health issues facingmicrobiologists in the future.

Immunization has been one of the success stories ofour

t ime. Vaccinat ion has protected us and our chi ldren

against many of society's scourges and has even eliminated

one disease completely -  smal lpox.  C.  Hendr iksen
(RIVM, The Nether lands) wi l l  review the progress of
vaccine development to the modern day. Vaccines play a

key r61e in our fight against disease but today they must

not only provide protection, bur must be safe and
preferably g iven wi thout  the use of  needles.  Many

strategies are being investigated to achieve this, whether

by using attenuated strains rhar are able to invade from

the gut, such as mutants of Salmonella typbimurium (M.

Levine, University of Maryland, USA), or by expressing
protect ive subuni ts,  such as ant igens in p lants which

may be eaten (G. \Whitelam, Leicesrer University, UK) or
DNA vaccines which can be administered through the

skin using a gene gun (A. Hill, Oxford University, UK)

The vast amount of data being gene rated by genome

sequencing programmes will supporr and accelerate

vaccine research in helping to identify both targets for

attenuation and proteins for sub-unit vaccines.

So far only smallpox has been eliminated by mass

global  vaccinat ion.  The \ fHO hopes to add pol io-

myelit is to the list, but which other diseases can feasibly

be targeted in a similar way? As the outbreak ofplague ih

India recently proved, we ignore disease in the developing

wor ld at  our per i l .  B.  Mahy (CDC| USA) wi l l  be

discussing how infectious disease is a global issue in the

era of long-haul flights, which allow infections to spread

rapidly, and when the boundary between diseases of the

developed and developing countries is becoming blurred.
Also, changes in climate associated with global warming

may resul t  in pathogens and their  vectors coloniz ing

regions where they have previously not been found.

Fol lowing the spread of  d isease wi l l  become more

accurate by employing molecular techniques. M. Maiden
(Oxford University, UK) will be describing a sequence*

based approach,  termed mul t i - locus sequence ryping,

which allows epidemiologists to follow bacterial lineages,

identify clones and study bacterial populations. Finally,

there is  a more s in ister  threat  ro heal th:  the ease of
growing large quantities of micro-organisms has raised

the spectre ofpathogens being used by the unscrupulous

as weapons of mass destruction, as was demonstrated by

the concern during the Gulf War (P. Taylor, DERA, UK).
In a l l  these cases,  we musr develop prophylact ic  and

therapeutic measures to protecr people from disease.
One of the great advances of our time has been the

development of antibiotics to treat infections. However,
A.  Tomasz (Rockefel ler  Univers i ry,  USA) wi l l  d iscuss
how, due to complacency and misuse, existing antibiotics
are becoming inef fect ive against  common pathogens.

New targets and new classes of antibiotics need to be
developed, but this requires a better understanding of
microbial biochemisrry than we currently enjoy. Perhaps
new classes of therapeutic agents will emerge to combat
disease as a resulr of modern chemistry (F. Odds,
Aberdeen University, UK) or we shall revisit under-
exploited classes, such as the probiotics and bacterio-
phages (S. Bengmark, Ideon Research Cenrre, Sweden).
In addition, therapeutic antibodies (8. Rietschel, AIBM,
Germany) may have aplace in the treatment ofdisease,
in a modern approach to passive protection.

At  the beginning of  th is cenrury,  improvements in
public health and disease prevention had a dramatic
impact on human well-being. In the developed world we
take it for granted, for example, that warer and food are
safe to consume. NThen contamination occurs, such as
Cryptosporidium in water, it has the potential to affect a
great number of people. In less industrialized nations,
watef contamination is a serious, daily threat to health.
AsJ. Bartram from the WHO (Switzerland) will discuss,
an improvement in water quality in these countries
would significantly improve people's health. S7ith food
production, the developed world is to some exrent a
victim of its own success. Intensive agriculture allows
more food than ever before to be produced. Unfortunately,
animals raised under intensive agricultural systems are
highly susceptible ro outbreaks of infetion. To protect
these animals, they are dosed with antibiotics, increasing
the likelihood of resisranr bacteria entering the food
chain. It would be preferable to find alternative ways ro
protect farm animals from disease. In addition, we need
to have processes in place to reduce the likelihood of our
food being contaminated with parhogens and to detect
any contamination that does occur so thar unsafe food
does notget eaten (T. Humphrey, PHLS, UK).

\Thatever your area of interest, it is certainly an
exciting time to be a microbiologist and this should be a
thought-provoking session.  In addi t ion to the main
symposium, a range of  satel l i te meet ings have been
organized by the Groups of both societies to discuss some
of these topics in more depth.  For fur ther detai ls  see
the enclosed programme booklet or visit the meetings
page of the SGM websire ar www.sgm.ac,uk

The Main Symposium will bepublished as a book.

tD Dr Petra Oyston helped to organize this
symposium and can be contacted atCBD Porton
Down, Salisbury SP4 0JQ
TeL 01 980 61 3641 ; Fax 01 9BO 61 3284
e- m ai I poysto n @hotmai l.com

A preview of
the topics to be
discussed in the
Main Symposium
at the ioint SG M/
SfAM-Mil lennium
Meeting at the
University of
Warwick, 10-1 1
Apr i l2000

Other symposium
organizers:
O Prolessor P.W.
Andrew, University
of Leicester
O Prolessor GL Smith,
University of Oxford
O Prolessor D.M.
Ste w art-Tu I l, U n i ve rs i ty
of Glasgow
O Dr M. Easter,
Celsr's I nternational plc,
Cambridge
O Dr P.M. Goodwin, The
WellcomeTrust, London
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M icrobiolog ists
striving to solve
problems in the
21 st century could
wel l f ind some
answers in the
publications of their
oreoecessors. , ,

Forgotten m icrobiology -
backtothefutute
Milton Wainwright

University libraries all over the world are full of

old scientific iournals and books, left unread to

gather dust. They are ignored largely because

most scientists, including microbiologists, think that

anything that is more than, say, 10 years old is not worth

bothering with. Here, however, I want to suggest that

these journals represent a huge resource of untapped

knowledge, a view substantiated by numerous examples

of where discoveries turn out to be independent re-

discoveries. For example bacteria, including spiral

forms, have long been isolated from stomach ulcers and

antibacterial bismuth compounds have similarly long

been shown to be effective in treating gastric ulcers'

Imagine the suffering that could have been saved had

these observations been acted upon before the mid-1980s

when Helicobacter pylori's causal r6le was discovered'

Incidentally, bismuth was also used to treat rheumatoid

arthritis and lupus erythematosus; could these diseases

also be bacterial in origin?

The reasons why the older l iterature has often been

ignored are varied and complex. One-off reports, for

example, may just have been overlooked, or discoveries

may have been dismissed because of opposition from a

single, influential person. The minor unwritten law of

science that'one negatiue result (or a few) often outtaeighs

many positiuei gften operates, as it did in the case of

mitogenetic radiation (an idea supported by a vast,

international literature) that was effectively dismissed by

a single negative report. The'but eueryone knotus it is utrong'

response is often seen to be particulaily damaging to

new ideas, especially as it is often used by people who are

ignorant of the relevant literature!

Of all the forgotten papers, those relating to the

aetiology of disease are likely to be the most important.

Some of the historical claims that bacteria cause diseases

generally thought to be non-infectious, including

cancer, rheumatoid arthrit is and multiple sclerosis, are

currently being re-evaluated, often with exciting results'

\fhat a tragedy it would be if the recent findings of

Ebringer and co-workers, that rheumatoid arthritis and

BSE have abacteial aetiology, were, l ike much of the

older l iterature, to be neglected for the best part of a

century.

ffi Filterable bacteria and extreme bacterial
pleomorphism
Many microbiologists working during the early part

of the twentieth century claimed that bacteria could

pass through fi lters and then grow on standard media.

These so-called fi lterable viruses were said to cause

diseases, including rheumatism, arthrit is, meningitis,

influenza, the common cold and even cancer. \fhen

viruses (in the modern sense) were discovered the

research effort shifted towards these agents and the

exciting work on filterable bacter.aslowly disappeared,

only to reappear more recently in the modern guise of

so-called nanobacteria. As early as 1977 , the American

scientist George Foster isolated a'fi lterable virus' which,

he claimed, caused colds; this turned out not to be a

virus, but a fi lterable bacterium. Similarly, Olitsky

& Gates isolated a f i l terable bacter ium (0.11-0.3 1rm,
the so-called Bacterium pneumosintes) which, they

claimed, caused a mild influenza-like infection pre-

disposing the patient to pneumonia. During the 1920s

and 1930s,  i t  was also suggested that  the massive

death toll from the 1918 
'f lu 

pandemic resulted from

synergism between viruses and bacteria (including

filterable types).

Reports that cocci can change into rods and filaments

and back again are a common feature of the early

bacteriological l iterature and some workers even

concluded that bacteria undergo life cycles, often with a

hidden or fi lterable stage; a view given its modern

expression in the fascinating book, Cell.Vall Deficient

Forms by Lida Mattman. As she points out, the rOle of

bacterial L-forms in diseases such as cancer and arthritis

is well worth a second look.

@Thecancergerm
For over a century, it has been claimed that highly

pleomorphic, intermittently acid-fast bacteria cause

cancer. It is a major disgrace that this literature has been

ignored, especially since evidence was produced to show

that tumour-isolated bacteria could be used to produce

effective anti-cancer vaccines, and also cause tumours

when injected into experimental animals. The historical

finding that stomach cancer is associated with highly

organic soils, together with the recent finding that

Helicobacter pylori possesses amidases, typically found in

soi l  bacter ia,  a lso suggests the possib i l i ty  that  
'cancer

soils'may contain large numbers of this bacterium.

The sheer variety of non-virus isolates associated

with cancer over the last century suggests that onco-

genesis may well be a common ability amongst viruses

and non-vi rus micro-organisms, working in concert

with environmental and cellular factors, and genetic pre-

determinants.
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& Forgotten antimicrobial agents
The increase in antibiotic resistance amongst pathogenic

bacteriahas led many to speculate (perhaps prematurely)

that we are approaching the end of the antibiotic era.

Gene therapy is probably the favourite choice to replace

antibiotics but, if desperate, we might also reconsider

some historical approaches. For example, in the past,

diseases were controlled by avariety of biocontrol agents,

including bacteriophages, moulds and bacteria. Maggot

therapy, the use of living fly lawae to rreat infections,

has recently made a spectacular comeback. Bacteria

and viruses were also used to treat cancers and bacterial

infections, so-called'fever therapy' (where infections are

given to induce a high fever).

Forgotten chemical approaches to disease control

include the use of pectin and urea; urea, by the way, is

naturally produced by fly Iarvae during maggor therapy.

Extracts of organs (organ therapy) or bodily fluids, like

bile, were also used against bacterial infections, while

lysozyme was used to treat infections in Russia during

the late 1930s.

Unpurified penicil l in fi ltrates were also shown to

have anti-tubercular. antidotal and even anri-rumour

properties; by purifying penicil l in we may therefore

have thrown out a few babies with the bath water!

{E Action at a distance
The older literature suggests that micro-organisms can

communicate using non-chemical signalling (i.e. action

at a distance), the best example being by producing

growth-stimulating, low intensity UV light (i.e. mito-

genetic radiation). Micro-organisms have also been

shown to grow towards metals, not ions, but lumps of

metal, including iron and copper. Perhaps the best

il lustration of action at a distance is seen in the fungds

Phycornyes nitens, which is attracted to iron, a pheno-

menon historically attributed (by Errera) to its ability to

detect, and grow towards, water contained in the iron.

S Panspermia and the origin of l i fe
The eminent Victorian physicist, Lord Kelvin is usually
credited with the view that l ife on Earth originated

from space. More recently,

the idea has been extended

and popularized by Sir

Fred Hoyle and Chandra

Wickramasinghe. After

years of being ridiculed,

the views of these two

scientists are now being

taken more seriously; note,

however, how their names

are mysteriously omitted

from recent articles on the

subject !  The soi l  micro-

biologist Jacob Lipman

suffered much similar

ridicule when he claimed

that he had found bacteria

in meteorites, a possibility

which today is taken

very seriously. Even the

view, generally ascribed

to Lynne Margulis, that

cellular organelles ate

symbiot ic  accum ulat ions

of previously free-living

organisms was once referred to as that 
'old 

chestnuf .Yet
another recently resurrected, but old idea is so-called

chemical photosynthesis (first described towards the end
of the nineteenth cenrury by Benjamin Moore), namely

that ferric oxide and carbon dioxide, in the presence

of light, yield formaldehyde, a precursor of life.

* Gonclusions
As I hope I have shown, there exists much forgorten, and

often untested, literature relating to micro-organisms.

How much of this is correct is obviously open ro debate.
Most microbiologists would,I assume, readily dismiss
much of what I have discussed, perhaps with good

reason, but I am sufe that there is much of value here.
Perhaps research councils and medical charities might

even consider funding searches of the older medical

microbiological journals to seek out forgotten research.

The information could then be considered by what
might be called'hindsight commirtees'. I guarantee rhar
these would prove far more productive than so-called
'foresight 

committees'.

Finally, if you think that microbiology cannot get

much stranger, try reading the historical, and more
recent, Iiterature on paranormal microbiology which

suggests that the human mind can influence the growth

ofmicro-organisms.

Although limitations of space have allowed me ro
merely touch upon the forgotten lirerarure, if only a
small portion of what I have discussed is true rhen we are
in for an exciting new millennium.

O Dr Milton Wainwrighf rs Senio r Lecturer in
Microbiology in the Department of Molecular
Biology and Biotechnology, University of
Sheffield, Sheffield, S1O 2TN
Tel Ol 1 4 222 441 O; Fax O1 1 4 272 8697
e- m ai I m.wai nwrig ht@sh ef .ac. u k
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Fittoeat?

Tom J. Humphrey,Karen L. Mattick&

Over the last
century, public
health in the

developed world has

undergone  a  revo lu t i on .

Outbreaks of diseases such

as typhoid, spread mainly 50,000

by contaminated water, are

now relatively rare. This

has largely been achieved

through improvements 40,000

in  hyg iene  and  san i ta r ion

bu t  a l so  by  in te rven t ion  u )
in the form of vaccination. ft
As we move into the i 30,000
next  mi l lennium, i t  is  ;
important to acknowledge Z

the progress already made,

but also to highlight 20,000
in fec t i ons  o f  cu r ren t  and

future importance. The

incidence of C amPy lobacter

and Salmonella infec 
'

Engrand and *^'liill 1o'ooo
rarcIy been higher and, in

the case of Campylobacter at

l eas t ,  con t inues  to  r i se

(Fig.  1) .  Recent studies 0

have demonstrated that

approximately 1 in 5 of the

by highlighting relative risks and emphasizing that

there will always be some level of risk, however small.

Such an approach is difficult, as people are reluctant to

accept any risk in relation to food.

@Why hasfood poisoning increased?
Many questions regarding food poisoning remain

unanswered. \(/hy is it so common? \7hat are the factors

responsible for the predominance of Campy/obacter and

Salmonella spp. as human pathogens? \7hy has E' coli

OI57 :H7 appeared? And what measures can we take to

reduce the incidence offood poisoning?

A variety of factors are responsible for the marked

increase in food poisoning over the last decade, and

improved laboratory isolation techniques and surveill-

ance could explain some of the increase. Food poisoning

case identification has certainly improved and there is

also increased awareness offood-borne disease. This alone

cannot account for the rise in certain sub-populations of

Salmonella spp., for example Salmonella enteritidis phage

type (PT) 4 which is associated with chickens or

Salmonella typhimurium definitive type (DT) 104, which

has multiple antibiotic resistance. Laboratory techniques

do not discriminate for or agai nst specific S a lmone I I a spp.

- these arc real increases.

Food scares and saf,e fiood prcduction

The level of food-
borne infections is
unacceptably high,
What strategies are
being developed to
co m bat th is
situation?
And what is current
research revealing?

population of England and -Wales will have an episode

ofinfectious intestinal illness each year, costing a total of

50.7t bil l ion.

Most food-borne infections are not l ife-threatening

and treatment will normally comprise bed rest and

maintenance of fluid intake only. \7ith certain bacteria

such as verocytotoxin-producing Escherichia coli

OI57:  H7, however,  morta l i ty  can be as high as 407o,

particularly when the elderly are infected. At present in

England and \Wales there are approximately 1,000 cases

of E. co/i OI57 infection eachyeat.Infection with certain

strains o{ Campylobacter jejunl is now recognized as an

important predisposing factor for Guillain-Barr6

Syndrome. Each year in England and \7ales, Salmonella

infection is responsible, either directly or indirectly, for

70-100 deaths.

Given the above, and the often very large outbreaks

of food-borne infection that occur, there is much media

and public interest in food safety. This has led, indirectly,

to the appearance of a new and popular phrase - the
'food 

scare'. A scare is defined as'alarm caused by n'l7nztff')

or'a sudden attack of frighl (Pocket Oxford Dictionary).

Food scares are becoming increasingly commonplace and

there is a need to inform the public of potential risks,

whilst avoidins food scares. This could be achieved
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England and Wales @ Intensification of
food production
Food product ion,  process-

ing  and  p repara r lon

constantly change to meet

consumef demands. At the

same time there is pressufe

on the food and agricultural

industries to produce food

as cheaply as possible. This

is being driven, principally,

by  i n tense  compet i t i on

between food retailers and

the i ncreasi ng globalizatio n

of the food supply. Poultry

mear and eggs are impor-

tant and valuable sources

of protein, and both have

become significantly cheap-

er, in relative terms, over

the last  10-20 years as a

consequence of intensif-

ication of production. The

great majority of the billion

chickens consumed in the

UK each year are produced

using the 
'broi ler '  

system,

wi th broi ler  houses

routinely containing many

thousands of  b i rds (Fig.2) .

For bacterial pathogens such as C. jejuni, optimal

transmission results when many susceptible hosts are in

the same place at  the same t ime. Chicken product ion

provides these conditions and work in our laboratory has

demonstrated that all chickens tested became colonized

within 2 days of the appearance of C, jejuni in the flock
(17,000 bi rds) .  Poul t ry processing has a high

throughput, with modern plants processing up to 200

birds per minute. This facil itates cross-conramination

and it is perhaps not surprising that overT 5 7o of chicken

carcasses on retail sale are Campylobacter-posirive.

The challenge for the industries involved is to deliver

these foods to the consumer as free from pathogens as

possible. Advances are being made and the fall in

Salmonella infections seen recently in the UK (Fig. 1) has

been partly attributed to vaccinarion of laying flocks

by the major egg producers. However, such measures

cost money and it is important that food safety is not

compromised in the drive for ever cheaper foods.

& The consumer and food safety
Food safety is a responsibility shared by producers,
processors,  reta i lers and consumers,  and intervent ion

should be targeted at all levels. Although food poisoning

is often associated with large-scale catering, mosr cases

are either sporadic or parr of family outbreaks and the
issue of food hygiene in the home must be addressed,

but not over-emphasized. The international scientif ic
community considers that problems of food contamin-
at ion are best  addressed by adopt ing a ' farm-to- fork '

approach, i.e. by tackling the problem ar many points
in the food chain.  This inc ludes consumer educat ion,

such as highlighting the hazards of eating raw eggs
and undercooked chicken.  Cross-conraminat ion is
recognized as an important contributory factor in
approximately 30 7a of domestic outbreaks of Sa/rnonella
infection. Research in Exeter has shown that the
preparation of a meal containing chicken can lead to the
widespread disseminat ion in the k i tchen of  cel ls  of
Campylobacter and Salmonella spp. naturally present on
carcasses. Such spread is difficult ro control and once
pfesent in the k i tchen environment,  these bacter ia
persist and may contaminate foods either directly or via
contaminated hands. This, often inadvertent, spread
suggests that the control of chicken-associated human
infection is best tackled at.farm level.

ff i  Bacterialevolution
Food-borne pathogens like Salmonella mount stress
responses to the many different environments found in
food production. These responses can be very rapid and
are often mediated by the regulatory gene rpoS, which
encodes the sigma facror RpoS (regulatory protein of
stationary phase). Bacterial populations continually

evolve and certain Salmonella strains can murare ar an
unusually high rate. S7hether mutaror strains give
an overall advantage is still uncertain but mutator strains
of Salmonella and E, coli are more common rhan
previously thought.

t
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physiology of surviving bacteria. Our laboratory has

demonstrated that at refigeration temperatufes, some

Salmonella spp. can form long fi laments (Fig. 3)' The

organism continues to increase in biomass but cannot

divide as usual. \7hen the stress is removed by raising the

temperature, the filaments complete division and a rapid

increase in bacterial numbers results. The implications

associated with this phenomenon are currently being

investigated.

For the future, a better appreciation ofthe ecology of

micro-organisms throughout the whole food chain will

be needed. Further research into the physiology of

organisms more able to withstand the stresses used in

hurdle technology and to survive in the environment is

required.

OTom J. Humphrey is Head of the PHLS Food
Microbiology Research Unit, Church Lane,
Heavitree, Exeter EX2 SAD
Te\.01392 402955: FaxO1392 41 2835;
e- mai I : T.J. H u m p h rey @exeter.ac. u k
O Frieda Jorgensen is a Grade B clinical scientist
and Deputy Head of the Unit
C Karen L. Mattick is a Grade A clinical scientist
and is doing a PhD on sfress responses in
Salmonella

AB OV E:
Fic,  S" Fi lamentous mult i -
nucieate S al mo n el I a ty Phi nu ri u n
DT104 cel ls af ter  14 days
incubat ion at  6 'C. Bars 5 1lm.

The pressure from the consumer for less heaviiy

preserved foods has the result that safety margins are

narrowing. The food jndustry employs numerous

methods to preserve foods during processing and to

ensure that pathogens do not survive in sufficient

numbers to cause disease. These methods include

heating, pH reduction or reducing the o*by drying or

by incorporating solutes such as salt or sugar. Often such

methods are combined sequentially in a process called

microbial hurdle technology; thus food manufacturers

can reduce the severity of each sequential treatment to

achieve the same reduction in micro-organisms, without

compromising the organoleptic quality of the food. It has

been postulated, however, that an organism surviving

the sequential stresses may be physiologically prepared

for optimai virulence. The same regulatory gene (rpoS)

that enables an organism to survive exposure to

environmental stress is also involved in virulence. In

addition, novel food processing regimes may allow

survival of a different subset of strains, and will therefore

need on-goi ng evaluation.

Recent research has highlighted possible potential

hazards associated with the trend towards milder

processing, in terms of pathogen survival and the
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Notto besnifled at
T.D. Gibson,J,N. Hulbert, O,C. Prosser
&A.K. Pavlou

The diagnosis of

d isease states is

a pr imary pre-

requis i te of  successful

medical  t reatment and as

s u c h  i s  a  h i g h  p r i o r i r y  i n

any areaof  c l in ical  sc ience.

Microbia l  infect ions and

related causes of  i l lness

seem to be one of  the

more common problems

encountered in the wor ld

today and are widely

reported by the press,

especia l ly  when so-cal led
' k i l l e r  

b u g s '  o r ' a n t i b i o t i c -

resistant '  organisms are

mentioned.

In many cases, infection

w r t h  m i c r o - o r g a n i s m s

produces a change in the

smell of a person, which can be especially noticeable on

the breath, in the urine or the stools. Such changes have

been commonly used as an aid to d iagnosis of  d isease

and in some countries, smelling the patient or the body

flr,rids of the patient was, and stil l is, an important tool in

diagnosis. In 7986, National Geographic published an

art ic le on 
'The 

int imate sense of  smel l '  in  which the

odour of different diseases was described and in which

cl in ic ians state that  odour is  important  in d iagnosis,

especially in the emergency room.

{ir Smells and disease
There are a number of  sBeci f ic  publ icat ions detai l ing

smel l  as one of  the major  a ids in determining correct

c l in ical  d iagnosis.  Maple syrup ur ine disease is  a wel l

known condition that is characterized by a sweet aroma

in the urine of affected patients. The cause in this case is

not infection, but a defect in the branched-chain amino

acid metabol ism, leading to excret ion of  sotolone,  a

flavour impact compound that is present in fenugreek

and lovage. Schizophrenia has been reported to be

characterized by the appearance of volatile compounds

in the breath of patients, which may be used to indicate

the condi t ion.  The character is t ic  odour appear ing in

the breath of these patients seems to be due to changes

in fatty acid metabolism. A very recent report has

indicated that  lung cancer may be ident i f ied using

GC-MS analysis of  22 volat i le  organic compounds

in the breath of  pat ients.  These compounds have

been identified as mainly alkanes, alkane derivatives

and benzene der ivat ives.  Ur inary t ract  infect ion by

enterobacter ia has been diagnosed by headspace

GLC analysis of urine and other workers have

detected anaerobic bacteria in blood cultures usine GLC

methods.

*b Electronic noses
Over the last few years, the development of instruments

that detect and digitally characterize smells by electronic

means have been wel l  reported in both the scient i f ic

and the topical  l i terature.  These instruments,  which

use arrays of  chemical ly  sensi t ive sensors,  have been

col loquial ly  dubbed 
'e lectronic 

noses' .  Basical ly  they

produce a digital response to a complex odour or smell

that may then be used to identify or describe that odour

by some sort  of  def in i t ive measure.  They are not ,  in

the accurate sense of  the tefm, analyt ical  instruments,

but are more comparative in their use and deployment.

A recent  book by Gardner & Bart let t  covers the basic

lile lsrdware futbns lrephr $tatistice flelp

Tim Gibson
and col leagues
descr ibe the
development of
electronic noses
for rapid, sensit ive
detection and
diagnosis of
microbial  infect ions,

TOP R IGHT:
i : i 11 .  i .  The  B loodhound  BH 114
inst runenr  is  nased on conduct ing
and semi-conduct ing po lymer
sensors  and is  des igned to  be
versat i le  wi th  a  rap id  sarp l ing
t ime (usual ly  less than 1 minute)
Ihe sensor  ar rays produce s ignals
f rom a wide range of  vo la t i le
organic  compounds and are s tab le
and revers 'b le  in  natu"e a l lowing
inst rument  i lse  o t rer  per iods of
sBVera l  months or  even Years  A
reca l ibra t ion fac i l i ty  is  ava i lab le
and the ins t rument  is  fa i r ly
compact  weigh ing approx imate ly
2 B kg The ins t rument  is  fu l ly
sof tware-cont ro l led and a l lows
some in tegra l  da la  process ing and
data expor t  to  more sophis t icated
process ing packages

BOTTO[,4RIGHT:
I1 .6 .  i { .  Prof i les  o f  headspace
odour taken in  e f fec t ive rea l  t ime
The sampl ing window of  the BH
1 14 in  th is  example is  set  to  60
seconds wi th  a  l5  second pu lse o1
headspace sample over the 14
sensors .  Each sensor  responds
ind iv idua l ly  to  the vo la t i le
compo| ]nds conta ined in  the
sample to  g ive a  un ique pat tern o f
responses that  can then be fur ther
processed us ing s ta t is t ica l  or
neura l  network techniques
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Data on axes I and 2 ( 1 00 o/o)

pr incip les of  e lectronic noses and the current  methods
available, wirh a number of application areas described.

As an extrmple of  an electronic nose,  a Bloodhound
BH 11, i  instrument,  which is  based on an arcay of  14
conducting and semi-condr-rctrng polymers with varying
sensi t iv i ty  to volat i le  organic compounds,  is  shown in
F i g .  1 .

The actual  r races f rom a sample can be seen in Fig.2,
where 14 sensors are responding in'effectrve real time'to
give a unique parrern of  responses ro the odour of
bacteria. The differenr paramerers such as peak height,
rate of  adsorpt ion,  rare of  desorpt ion and area under
the curve are then processed using stat is t ical  merhods
or neural  network techniqr , res to g ive a 

'd ig i ta l  
f inger-

pr int '  ancl  thus ident i fy  the bacter ia producing the
odour.

Applications i n microbiology
In the past  few years var io l ls  groLrps and companies
have been exper iment ing wi th e lectronic noses in the
detection of microbial growth. Ir is a logical progression
to look at the incidence of infection by micro-organisms
using changes in the smel l  of  rhe pat ients themselves
or tl-re odour of clinical samples. Further ro rhis idea, the
combination of selecrive cultr,rring teci-rniques currently
used and the subseqLlenr measuremenr of  the odours
generated cor-rld be r-rsecl to identify the causative
organisms in cfinical rnfections more quickly.

In 1996, a project  to d iscr iminate between bacter ia
in culture was carried our by Bloodhound Sensors Ltd in
col laborat ion wi th Oxoid Ltd.  This work indicated
that it is possible to simr-rltaneously detect bacteria and
to identify them by smell. The rapidity of the culturing
and sampl ing to procluce resul ts was reduced to a

single working day,  wirh

a  4 -6hov  incuba t ion

per iod being suf f icrent  to

p rod  uce  rhc  charac te r rs r i c

odours associated wi th

bacter ia l  growth.  Table 1

shows the resul ts for  a

n um ber of :  bacter ia l  spccies
and stra ins that  were used

to t ra in a neural  network.

Ident i f icat ion of  these

species was carried our to a

95 o/r '  conf idence match.

I t  can be seen that  in a l l

cases the identification was

successful.

Headspace odour samples

were gcnerared by plares in

sealed bags or  by sparging

through l iquid medium.

Publ ished research on

bacter ia l  detect ion by

electronic noses includes the screening of  bacter ia l
vaginosis,  microbia l  contaminat ions in b ioprocesses
and detection and simulraneous identificarion of bacteria
in culture.

Recently, workers at Cranfield University have
been able to show the ut i l i ty  of  an electronic nose
(Bloodhound BH 114) to diagnose Helicobaoer pylori
infections. Inclusion of biochemical indr,rcers results in
an rmprovement in the discrimination patrerns. Results
using a generic algorithm/neural network classificarion
method are shown graphically in Fig. 3.

The electronic nose methodology used to detect
and diagnose bactenal infection is growing, with some
of the latest  resul ts showing that  TB infecr ion can be
rapidly diagnosed using odours generated from sputum
samples.  Again,  a BH 114 electronic nose was used to
sample the volatiles from the headspace of the spurum.
The exper imental  ser-up is  shown in Fig.  4 and
the resulrs were analysed using the same genet ic
algorirhm/neural nerwork method used for the H. pylori
s tudy (Fig.  5) .  This method of  rapid,  non- invasive

Table t, ldentification of bacterial species
and strains using neural networktdchniques

Bacterial species / strain percentage correct
classilications

Control plates 100
Controll iquid media 100
Distilled water blank 100
fscherichia coli10418 (plate) 100
kcherichiacolil04lB (liquid cultt;rs) 100
EscherichiacoliMl(plate) 100
Escherichia coliMl (liquid cultrlre) 100
Proteus nirabilis(plate) 100
Proteus nirabilis(liquid culture) 100
Pseudononas aeruginosa10662 (plate) 100
Pseudononasaeruginoal0662(liqujdculture) 100
Pseudamonas aeruginoaSl\(plaIe) 100
Pseudononas aeruginlsa\1\(liquid culture) 100
Staphylococcusaureus(plaIe) 100
Staphylococtus aureus(liquid culture) 1 00

A B O V E :
r ' , , , , '  ,  Dgtect ion o f
H e I i c o b a ct e r p y I o r I in artilicial
s torqach atn 'ospheres showing
discr iminant  analys is  scores
and format ion of  three separate
c lusters  An ar t i f ic ia l  s tomach
atmosphere containing H. pylori
and  b iochemica l  i nduce rs  (  )
has  p roduced  a  comp le te l y
d i f f e ren t  odou r  p ro t i l e  A l t hough
ster i le  ar t i f ic ia l  s tomach (O)
and H pylorinormal growth ( )
are  c loser  there is  s t i l l  a  c lear
d is t inc t ion between them
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t  ' , " ' ,  Apparatus for  detect ion
of TB in sputum The Bloodhound
BH 114  e lec t ro r i c  r ose  samp les
the vo la t i  es  f rom a sputum
sample lhroLgh a filter lo prevert
instrument contamination Large
carbon f i l te rs  are used to  scrub
incom ing  a i r  so  t ha t  on l y  odou r
f rom the sample is  recorded
Cal ibra t ion headspace for
ins t rument  reca l ibra t ion is
generated at  the rear  o f  the
mach ine

,. Mycobacterrun
tuberculosis (L 10 samples)
Mycob acte ri u n avi u n (), 1A
samples) Pseudononas
aeruginosa( l0samples)
m l x e d i n f e c t i o n (  B s a m p l e s )
and normal /cont ro l  sputum (  B
samp les )  we re  co l l ec ted  and
sampled The data were processed
us ing  a  gene t i c  a l go r i t hm i  neu ra l
network technique and the resu l ts
presented in  the graph are based
on  d i sc r im inan t  ana l ys i s  o t t he
processed data l t  can be c lear ly
seen that  the d i f ferent  bacter ia l
in fect ions produce separate
c lusters  us ing th is  method even to
the extent  that  mixed in fect ions
can  be  d l sc r im ina ted  f r om s ing le
organism in fect ions The data
generated here were f rom an
nst rument  that  has been in  use for
over  2  years

identification of TB could have very important

ramif icat ions in the global  detect ion of  th is d isease,

especially ifportable devices can be developed.

r';1' Futu re developments
In the future,  devices l ike electronic noses are l ikely

to become much more versat i le and common in the

detect ion and ident i f icat ion of  c l in ical  infect ions.  I t

may be possib le eventual ly  to sense diseases and

infect ions in the f ie ld using portable,  miniatur ized

instruments. Already, small battery-operated detectors

for breath analysis are available and battery-operated

prototype electronic noses have been constructed. Also,

as sensor technology becomes more advanced, different

types of simplified detection principles will emerge. A

new technique,  termed pulse spectroscopy,  is  being

developed by Bloodhound Sensors Ltd,  which uses a

single sensor to give a response trace similar to GC-MS,

but over timescales of a few seconds. This method may

supercede the more traditional electronic noses and make

the detection and identification ofbacterial infection a

much simpler task than it is at present. The crucial need

for inexpensive diagnost ic  tools wi l l  cont inue apace

and as technology develops at an alarming rate, the

appearance of aStarTrek'tricorder'device may not be too

Iong incoming.

C Dr Tim Gibson
(co rre s po n d i n g auth o r)
is Research Director at
BloodhoundSensors
Ltd, 175 Woodhouse
Lane, Leeds LS2 sAR
Tel.01 13 233 2599
Fax 01 1 3 233 2593
e-mail t.d.gibson@
leeds.ac.uk

O Mr John Hulbert is
Managing Director of
BloodhoundSensors
Ltd
Tel .01 13 233 3429
Fax 01 1 3 233 3433
e-mailj.n.hulbert@
leeds.ac.uk
O Miss Olivia Prosser
is Project Manager at
Bloodhound Sensors
Ltd
Tel .01 13 233 3439
Fax O1 1 3 233 3433
e-mail o.c.prosser@
leeds.ac.uk
O Mr Alex Pavlou ts
a fi nal year Postg rad uate
Student at Cranfield
Postgraduate Medical
School, Cranfield
U n i ve rs ity, B edfo rd s h i re
M K43 OAL

Data on axes 1 and 2 (83 o/o)
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Articlein
MicrobiologyToday
Yol.26l4, November
1999, pp.fl2-tl9

I was interested to see
the article in Microbiology
Todayby Peter Balfe
and wish to offerafew
observations which I hope
will be of interest,

lwould  suggest that the
headline to the art icle is
misleading - to the best
of my knowledge, Lady
MaryWortley never
advocated vaccination
per se - as the art icle
makes clear, she was in
favour of variolat ion. The
'leap in the dar? was to
use cowpox virus as the
inoculum and then fo l low
this by chal lenge with
smallpox (Variola) virus. I
would certainly agree that
Edward Jennerwas not
real ly iaking such a'giant
leap i  s ince i t  cou ld  be
argued that, by challenging
with Variola oost-Vacci n ia
inoculat ion, he was only
'hedging h is  bets ' to
variolate in case the
vaccination did not workl

I  don't  know whether
readers are fami I iar with
the story of Benjamin
Jesty, a Dorset farmer -

I  bel ieve that he was the
first 'vaccinatori  who
vaccinated his family
wi th  cowpoxin  1774-22
years before Jenner. (See
http://home.sprynet.com/
- btomp/smallpox.htm for
details of the story, which
I think was probably
taken from a small
booklet entitled The First
Vacc i n ato rpu bl ished by
Dorset County Museums
in about  1970, )

The on ly  th ing that
Jenner  d id  and Jesty  d id
not  was to  cha l lenge h is
vaccinees with Variola
afterwards, probably
bel ieving that they would
be immune anyway - this
seems to have been a
common countrv bel ief at
thet ime.

I Malcolm Losson,
B i o I og i cal Safety Offi ce r,
The Universitv of
Re ad i n g, Saf ety Off i ce,
Room 1l lA,Physics,
Wh itekn ig hts, Read i n g,
Berkshire, RGO 6AF
Tel .011B93l  BBBB;Fax
0l18931 6765;e-mai l
m.l oss o n @ re ad i n g,ac.u k

Microbiological
aspectsof
wastewater
tleatrnentand reuse
in developing
countries

Wastewatertreatment
in  develop in  g  count r ies
needs to be low-cost,
easy to operate and
maintain, and, in most
cases, produce an
eff luent thai can be safelv
used for crop irr igation
andlor f  ish culture. The
most appropriate
treatment technoloo ies
are usually (i) wastJ
stabi l izat ion ponds
(WSP), one or more
series of anaerobic,
facultative and matu ration
ponds, or ( i i ) ,  in water-
sh o rt areas, wastewater
storage and treatment
reservoirs (WSTR), or
( i i i )  a hybrid WSP-WSTR
system.

'# WSP anaerobic ponds
are low-rate anaerobic
reactors, but nonetheless
very eff icient (over 70 o/o
BOD removalat 25 "C),
Facultative and
maturation oonds are
p hotosynth eti c reacto rs
with green algae
providing the oxygen for
bacterialBOD removal,

The algae also create
opt imal  condi t ions for  the
rapid die-off of faecal
bacteria.

{.ii WSTR permitthe
whole year's wastewater
io be used for irr igation,
ratherthan thatjust
produced in the irr igation
season,  so enabl ing a
greater area of land to be
irr igated and more crops
produced. The hybrid
WSP-WSTR system also
al lows this to be done
with half  the year's
wastewatertreated and
used for restr icted
irr igation and the other
half for unrestr icted
irr igation.

'Sr Reuse quality
guidel ines. For restr icted
irr igation the WHO
guide l ine is  one human
intestinal nematode
egg per l i t re treaied
wastewater, For
u n restr icted i  rr i  gation
there is the addit ional
guidel ine of 1 000 faecal
co l i forms per  100 ml
treated wastewater.
For wastewater-fed
f ishponds the gu ide l ines
are an absence of human
nematode eggs and
1 000 faecal col i forms per
100 ml f ishpond water ,
Properly designed WSP
and WSTR can easi ly
achieve these levels. For
restricted i rrigation and
fish culture often only
anaerobic and facu l tat ive
ponds are necessary,
whereas for u n restricted
i rr i  gation, matu rat ion
ponds are needed.

I Professor Duncan
Mara, School of Civil
En g i n ee ri n g, U n ive rs ity
of Leeds, Leeds LS2 ]JT
e- m ai I d,d.m ara@ I eed s,
ac.uk
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Microbial solvent abusG -
a legally encounged Prcctice!
Aiay Sharman & Cl iff Bu rton

J

Scientists are increasingly exploit ing the abil i ty of microbes to clean up
environmental pollutionlAlay Sharman and Cliff Burton describe the development
of a novel biore'mediation sy-stem to treatwaste solvent in the footwear industry,

ABOVE;
.  r , , :  ' ,  Act ive b iomass ins ide a
Bl0V0X@ reactor
COURTESY VIRIDIAN EHC LTD

iti Microbiology needs bioprocess
engineer ing
The enormous divers i ty  and capabi l i t ies of  micro-

organisms to degrade and to transform a wide range of

pollutants in nature, whether organic or inorganic is well

known. There are also considerable ef for ts being

undertaken global ly  to e lucidate metabol ic  pathways,

improve substrate turnover and generally speed up and

expand the capaci t ies of  microbia l  b iotechnology.  I t

turns out that the drivers to move this established science

into the marketplace are not primarily microbiolo gtcal,

but  a combinat ion of  engineer ing and economics '  the

lat ter  being dr iven ut  leust  in part  by changes in

environmental legislation.

Environmental biotechnology has steadily become a

recognized and crucia l  d isc ip l ine in the f ight  against

pol lut ion,  whether appl ied to pol lut ion in a i r ,  land or

water. It has consistently shown in principle that it offers

technical advantages and cost benefits, but in practice

has del ivered only a f ract ion of  i ts  potent ia l .  There

have been many barr iers to the commercia l izat ion of

environmental  b iotechnology appl icat ions which

include:

Research barriers - diff icult recalcitrant organic

and inorganic moleculeS, PH, high temperatures'

metal toxicity;

Regulatory barriers - regulations dictate the economics,

encouraging uptake of cost-effective technologies ;

New technology barriers - environmental biotechnology

applications are regarded as'new' technology,

untested and innovative with adegree of risk.

Commercial markets are dominated by physical and

chemical  approaches and one of  the more important

TODAYVOL2T/FEBN

barriers to the successful implementation of technically

proven bioprocesses is  ensur ing adequate and robust

bioprocess engineer ing.  The sequence of  conceiv ing

a new bioprocess,  developing a consort ium of  micro-

organisms capable of  pol lutant  b iodegradat ion,

developing an efficient operation in which to install the

consort ium for  maximum act iv i ty  and al l  the whi le

having to meet market ing t imetables and budget

constraints is always stimulating and holds a number of

surprises. There are periods of excitement and pressure

in the achievement of bringing a new bioprocess to full-

scale, on-stream and operation. This was very much the

case in the development, design and full-scale build by

Vir id ian EHC Ltd ( 'Vi r id ian' )  of  a novel  patented

technology,  BIOVOX@, to t reat  hazardous volat i le

organic compound (VOC) emissions.

VOCs - the legislative driver
There is  wor ldwide interest  concerning the pol lut ion

potent ia l  ar is ing f rom the use of  solvents in industry '

Tradi t ional ly  those concerns have di rected at tent ion

to odour issues by the general  publ ic  around users '

premises. \Thilst this continues to be important, the air

pollution debate has focused much greater attention on

the emission of VOCs specifically. The potential health

effects ofVOC emissions, although ofenormous concern,

have arguably been superseded by the debate ofthe rOle

ofVOCs in tropospheric ozone depletion.

The emission of  VOCs is general ly  contro l led by

nat ional  legis lat ion (UK),  an EU Direct ive (1998) and

the United Nations Economic Commission for Europe

(UNECE) VOC protocol. The EU approach is to meet air

quality standards through a combination ofproposed and

adopted Direct ives which include measures on power

generation and transport as well as the Solvent Emissions

Direct ive (SED).  The most s igni f icant  of  these are the

Integrated Pol lut ion Prevent ion and Control  ( IPPC)

Direct ive and the Auto/Oi l  programme. In December

1999 a new internat ional  protocol  to cut  levels ofa i r

pol lut ion across Europe and North America over the

next 1O years was signed in Gothenburg, Sweden. The

agreement is  designed to achieve reduct ion in four

atmospheric pollutants, including VOCs, by 20i0. The

total  anthropogenic VOC emission in the UK alone is

est imated at  c lose to 3 mi l l ion tonnes annual ly .  In

June 1998 in the lJK, companies using solvent in excess

of  the permit ted quant i t ies were required to meet

an  emiss ion  l im i t  o f  e i the r  10  mg C  m- l  (us ing

approximately 15 tonnes per year)  or  150 mg C m-t

(using approximately 5-1)  tonnes per year) ,  or  to

comply wi th str ingent industry sector-speci f ic  mass-

emission contro l  regi  mes.

{$ BIOVOX@ - the development phase
Vir id ian,  an environmental  b iotechnology company

special iz ing in the t reatment of  pol luted ai r ,  land and
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technologies but  is  novel  in design and operat ion:

in essence i t  mineral izes the VOCs completely.  The

consort ium of  micro-organisms rapid ly b iodegrades

marginal ly  water-soluble solvenrs at  ambient

temperature and neurral pH. \Within rhe system, rhe
consortium grows as an active biofilm on a mixed media

support through which the solvent vapour is circulated.

An inert medium was found to be highly effective in (a)

providing a high surface area to allow effective conracr

between the vapour phase and the liquid phase, as liquid

is recirculated within rhe reactor to solubilize solvents
from the contaminared inlet gas, and (b) safe, non-roxic

support for the active biofilm. \Vater and nutrients are

uniformly sprayed across the active biofilm (Fig. 1).

Following the success of the laboratory phase and
after securi ng an appropriate location for a pilot-scale

watef, developed a novel biological treatment system

for the destruction of VOCs in air emissions. Biological

off-gas treatment is generally based on the absorption

of the VOC in the waste gases into the aqueous phase

followed by direct oxidation by a wide range of voracious

l:acteria, which include Nocardia spp. and Xanthomonas

spp. A number of  gener ic b iotreatment systems exisr ,

namely biofilters, biotrickling fi lters and bioscrubbers -

the appl icat ion and select ion of  which depends on the

solubility of the VOC components.

A project partly co-funded by the BOC Foundation for

the Environment and the Department of Trade and

Industry (DTI)  [under the Biotechnology Means

Business (BMB) Initiativel was proposed and technically

managed by Viridian. The project was aimed at solvenr-

using companies for  two reasons:  (a)  to implemenr a

biotechnological  solut ion to overcome legis lat ive

pressure on solvent  emissions;  and (b)  to improve the

overall competitiveness of the companies'problems by

securing a more cost-effective solution to environmental

air emission. The footwear industry was recognized as a

major user of solvents and as a consequence the SATRA

Technology Centre, Kettering, the largest independent

research and technology organization in the world, was

approached. SATRA is supporred by member companies

associated with the UK footwear industry and addresses

concerns over solvent  emissions and general  environ-

mental issues.

Viridian conceived a novel approach to waste solvent

emissions f rom of f -gases and,  as part  of  a 14-month

development phase, had four key objectives to fulfil:

Engineering review and laboratory study;

Footwear manufacturins site location and initial

VOC monitoring;

P i  l o r - sca le  demonsr ra t i on  on -s i te ,

Full technical and economlc assessmenr,

Af ter  detai led and extensive evaluat ion,  design and

development studies at  Vir id ian,  an innovat ive bio-

treatment configuration (now known as BIOVOX@; was

developed. Patents have been fi led for the technology.

The system is a hybr id technology combining the

benef i ts  of  both biotr ick l ins f i l ters and biof i l ter

LFFT:
1 ; i : 1  . r ,  A  p i i o t  sca ie  B l0V0X@
system at R Griggs and Company
Ltd Wel l ingborough
COURTESY VIRIDIAN EHC tTD
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Ltd Wel l ingborough
COURTESY VIRIDIAN EHC LTD

demonstration unit, an 8 m3 demonstration system was

constructed and commissioned. The unit was built at the

R. Griggs and Company Ltd site at \Tellingborough,

manufacturers of  the wel l -known 
'Dr 

Martens'  brand

of footwear.  The system (Fig.2)  was commissioned to

treat between 200 and 900 m3 off-gases h-l containing

methyl  ethyl  ketone,  to luene and acetone'  A skid-

mounted pilot plant was sited on a 12 m2 area adjacent

to the factory. Engineering support for the construction

of the unit was undertaken by Camfil Ltd, based on

Viridian's design.

;*$, Commercia I rea I ization
As a consequence of the successful demonstration of the

VOC abatement technology, a full-scale BIOVOX@

system was commissioned at the site treating a flow rate

of  over 16,000 m3 solvent  laden ai r  h- l  at  an average

concentration and r^rrge of 200-300 mg C m-l (Fig. 5 t '

A 30% saving on capi ta l  costs and an overal l  60Va

saving on operating costs, added to the successful

demonstration has made the technology very cost-

effective. The system is now attracting considerable

attention from a number of commercial sectors using

solvents,  inc luding the pr int ing,  paint ing,  furni ture

and laminat ing industr ies.  Further p i lot -scale uni ts

have been tested and Viridian are building a number of

full-scale units. Environmental biotechnology and the

BIOVOX@ approach are now offering industry new,

robust ,  engineer ing solut ions to tackle a i r  pol lut ion

issues.

There is  l imi ted value in enhancing the rates of

microbially mediated reactions if the overall bioprocess

is contro l led by physical  issues.  Clear ly,  detai led

considerat ion of  microbia l  physio logy by process

engineers is essential and it is only by truly integrating

the wide expert ise of  other re levant  d isc ip l ines that

workable, commercially viable environmental biotech-

nological strategies and processes will succeed. Progress

in the microbial sciences sensu strit 'to is not necessarily

what is needed to exploit the new opportunities that

are being presented by changes in the legis lat ive

regulatory framework: a cross-discipline approach

merging traditional engineering with microbiology and

economics seems to be the way to go.

O Dr Ajay Sharman isTechnical Director
of Viridian EHC Ltd, 1 14-1 1 6 John Wilson
Business Park, Th an et Way, Wh itstab I e,
Kent CTS SQT
Tel.01 227 770505; Fax 01 227 7701 23
e- m ai I a- sh ar m an @i bs-vi ri d i an. co. u k
C DrCliff Burton is Managing Director
of Viridian EHC Ltd
e - m ai I c- b u rto n @i bs-vi ri d i an. co. u k

The VOC concentrations of the inlet and outlet of the

BIOVOX@ demonstration unit were monitored using

flame ionization detection (FID). Over a 168-day period

the outlet concentration of VOC was reduced from a

level of 300 mg C m-3 to less than )0 mg C m-3 (Fig. 3 ).

Furthermore, the system was challenged with peak load

tests and spikes of other solvents to test the flexibil ity,

capacity and capability of this biotreatment approach

(Fis.4).
A weakness of bioprocesses, as perceived by industry, is

the inability of micro-organisms to handle fluctuations

in carbon loading and potent ia l  
'spike '  

concentrat ions

of other solvent types, many of which occur when

manufacturing operations in the footwear industry are

changed for the production and finishing of other

products.  The consort ium was found to be highly

tolerant in handling fluctuations and changes to the

nature of  the solvents as demonstrated by the on-s i te

facility.
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Some threats and opportunities
for learned societies in the new
millennium
Ron Fraser

Although the oldest scientif ic learned socretles

can be t raced back to the middle of  the 17th

century, most of the major UK learned societies

in the biological sciences were founded in the late 19th

century or the first half of the 2Oth century. This was part

of a worldwide expansion of learned and professional

societies in general (see Fig. 1), although the rate of form-

ation seems to have dropped off in the last three decades.

NThat of the future?'New societies will continue to form,

to cater for emerging branches of the science, or special

interest groups, but these might also be interpreted as

failure ofthe established societies to evolve appropriately.

Service to members and the science will be the key to

continued support. Most learned societies were founded

pr imar i ly  to hold scient i f ic  meet ings and provide an

opportunity for members to network - although they

would not have used the word in those days. Increasingly,

we need to look at the total quality of our meetings, not

just  the science.  This remains paramount,  but  the

standards offacilities and other services provided are also

important .  Meet ings have to be enjoyable as wel l  as

informat ive.  Cheap air  t ravel  has made i t  possib le to

invite the best speakers from overseas, but has also made

it easier to attend meetings overseas. The competition on

quality and content will be increasingly global - until

CO2 emissions are at last taken seriously. Then perhaps

the cyberconference will reign supreme.

i800
Year

Many learned societies have relied in the past on

surpluses from their publications as a major component

of  their  income, to support  their  char i table object ives.

The advent of online publication has brought additional

costs, and threats, to the traditional type ofsubscription

income. The story is  st i l l  unfold ing:  sc ient i f ic

publishing is experiencing the biggest revolution since

Gutenberg. The logic of the STeb is to maximize access

and linkage, but these benefits carry implicit threats to

our current business models and academic procedures.

Powerful voices are arguing that the interests of authors

and readers are best served ifaccess to content is free.

Those publishers who already derive a substantial

proportion of their income from page charges, such as

many of the US learned societies, areakeady halfway to a

model where authors are charged fees for peer review'

editing and techni cal preparation of articles for free-

access publication. This would have to be matched - as it

has in the US - by u transfer of budgets from libraries to

research gfants.

The threat to peer review and journal brand identity

posed by proposals such as PabMed Central should

become clearer in the first few years of the new

millennium. There is resistance to the idea of loosening

qual i ty  contro ls,  but  movement may be technology-

driven, leading to new paradigms for quality assessment.

The current perceived ranking of iournals provides a

convenient if somewhat crude stratification of quality by

which papers are judged. The incredib ly detai led

information available for online journals about which

individual articles are being accessed and cited already

offers a more sophisticated way of assessing and indeed

managing impact.

Learned societies are ofvalue to society because they

are different. They are able to make a contribution

to intellectual and material well being because they

are independent of  government,  fesearch counci ls '

univers i t ies,  etc. ,  re lat ively unconstra ined and able to

target their activities for maximum effectiveness and

added value. It is ironic that the 20th century, which has

seen so many benefits from scientific progress, should

end wi th the emergence of  a v i ru lent  cul ture of
'antiscience', where the arguments are often expressed

more in terms of narrow fanaticism than balanced logic.

The learned societies, individually and in co-operation,

must increase their activities in support of education and

public understanding, to help allay this distrust.

For the learned societ ies in general ,  the new

mil lennium wi l l  a lso see cont inued evolut ion of  some

well-established trends. It is unlikely that members in

the univers i t ies,  research inst i tutes and elsewhere wi l l

see any decrease in the load posed by audit procedures

such as research assessment exercises, teaching quality

assurance, benchmarking and continuing professional

development,  on top of  the core act iv i t ies of  their

jobs.  They must be able to protect  the most important

Microbiologists wi l l
always be needed,
but what l ies ahead
forthe professional
bodies that
reoresent them?

Yi:iy1,. r*. Foundation of learned and and plofessional societies

The data refer to learned and professional socreties of all types, which are still active,
and were de1ved f rom inf ormtation published by the University of Waterloo Scholarly
Soc i eti e s P roj ect htt p :,// www, I t b. u w ate rl oo, ca/s o c i ety/
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things they bring to society

a c t i v j c i e s .  i n  d e t e r m i n i n g

policy and in professional

and scientific affairs. In

doing th is,  they wi l l

need  inc reas ing  execur i ve

support .  This is  not  a

serious problem for

the Iarge, well-founded

societ ies.  but  may be

difficult for smaller

societies without large

f inancia l  reserves,  which

st i l l  re ly on members for

administrative inputs.

Finally, there will be

changes  in  the  ways  in

which the societies operate

as registered charities, and

for  those that  are,  l imi ted

companies. The Charity

Commission is increasingly

concerned wi th how

char i t ies achieve their

objectives and util ize their

resources, and the new

Compan ies  Ac r .  due  in

2002, wi l l  no doubt br ing

further changes.

The out look is  busy!

O Ron Fraser,
Executive Secretary

This article is based an a

paper {uen at a seminar.
'The Future of Learned and

Professional Societies',

organized by the Foundation

for Science and Technology

and the Association of

Learned and Professiona/

Society Pablishers, and

incladu points made by some of

the otber speakers.
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MoreJlFawards
lmesecondtrancheof
VawardsfromtheJoint
Infrastructure Fund bankrolled by
a partnership between the UK
gO\/ernment and biomedical charity
the Wellcome Trust has been
ant lounced Almo$1320 mi l l ion
of new investment will be made to
upgrade or provide new research
facilities in universities 45 projects
in 27 institutions will be funded The
remainder of the available funds
will be allocated in the finalthree
rotlnds of bids which close in 2000

European research
funding
lneFramework
VProgrammeFive(FPb),
giving full details of research areas
open to biotechnology and life
science organizatiolls is now
at'ailable 15 billion eLlr0s is 0n offer
to fund research clinlcal and field
trials The following research areas
are 0pen for collaborative research
0r00osal stlbmissi0ns in [/larch: new
therapeutic sLlb$ances; itl /i#,
testing as atl alternative to animal
testing; bioprocesses to improve
industrjal effic jency ; innovative
bioremediation and biodegradation
technology; high-value productsl
processes derived from microbes
plants and animals; functional
biomolecules

Geneflowin plants
and micro-organisms
lgeSnCandNERChave
V launched a new scheme to
fund research on aspects ofthe
impact of GM crops and micro-
organisms including potential
benefits with particular emphasis
on optinlizitlg the process of DNA
insertion and understanding the
consequences of  gene f low. The
closing date for applications is
15 May 2000. Full details of the
initiative and anolication forms are
available on the BBSRC website:
www.bbsrc.ac,uk
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Biotechnology and
bacterialfriends and
foes
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B io techno logy  and

Bacterial
l 'L iencls and
Foes
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1|Recent ly issuedbythe
VBBSRCth is l6 -page
booklet f0r post-1 6 students gives
examples of how research is
helping in the battle again$ disease
catlsing bacteria and offering new
opportunities to use beneficial
bacteria in agricultural, food and
pharmaceutical industrles. lt also
cotters the diverse roles of bacteria
in the environment lllu$rated with
colour photographs single copies
are free from BBSRC Polaris
House, North Star Avenue Swindon
SN2 1UH (www bbsrc.ac uk)

Classifying microbes
ln large and colourful po$er
V showing examples of the
main groups of micro-organisms -
bacteria archaebacteria protozoa,
algae fungi and viruses - has been
produced by PCET Wallcharts
Aimed at po$-l6 biology students
it is also suitable for use with Key
Stages 3 and 4 as an introduction
to the diverse nature of microbes
The key features of each group
are highlighted and the poster is
accompanied by a set of more
detailed teacher's notes with
references and a glossary. SG[/l and
lV ISAC acted as advisers to the
publishers. The poster co$s 9/75
+ VAT from Pictorial Charts
EducationalTrust, 27 Kirchen Rd
Londrn W1 3 0UD (TBl 020 8567
5343 ; e mail info@pcet.co,uk).
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life Sciences Directory online
-Portland Press have releasedthe Life Science Directory,
V containing the membership l ists of the Biochemical Society
Britlsh Society for lmmunology, Genetical Society Medical Research
Society and Society for Endocrinology online at www.lifescientists.org
The Directory is searchable by name or address field. lt contains 14 000
entries with details of the name address telephone, fax e-mailand
society membership of each person. The Directory also contains an 0nline
products and services section indexed by subject and company name

FEMS2000
l f f US celebrated its 25th birthday in November 1999. To mark
Vthe etlent a range 0f newactivities has been planned and the logo
redesigned The new FEMS website offers up-to-date information on all
activities of the Federation and will host web pages for member societies
Check out the chan ges on www.fems-microbiology.0rg

GTI Biology Factsheets
I Varlous aspects of computer-assisted learnin g and teaching are
Vexplained in detai l  inthe CII  Biology handouts Recent issues
include: Computer-assisted assessment (using computers to design and
deliver objective tests) ; Computer-mediated communication (creatin g an
online discussion environment to support $udent learning); and Simulation
in biologyteaching (helping $udents understand dynamic sy$ems in the
realworld using software such as Bacterial Growth 3 Bioque$, etc )
See www.liv.ac.uk/ctibiol.html for f u rther i nformati on
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lBrian Mahy and John fi/ackenzie have prepared a report for
V the I nternational U nion of lVlicrobiological Societies (l U MS) on
Transportation of Biological Materials,lhey have surveyed recent
documentation and regulations and conclude thatthe microbiological
community should maintain constant vigilance to ensure that unnecessary
restrictions are not impose d, Guidelines for the Safe [ransport of lnfectious
SubsLance and Diagnostic Specimens(published bythe WH0 in 1997)
provides a firm basis for future requirements of microbiologists, including
those involved in the preservation and maintenance ofculture collections

ffi h m rs'sq,ffi #{* e$e**m $ p $ +x *$gs
lSeveral company mergers have taken place recently which could
V have a knock-on effectforthe career pr0spects of microbiologists
Glaxo Wellcome and SmithKline Beecham willjoin to form the world s
largest pharmaceutrcal c0mpany with 73 % of the global drugs market
Ihe new c0mparry to be called Glaxo SmithKline, will be based in the UK
but run from the States Hoeschst of Germany has merged with Rhone
Poulenc of France to form Aventis and A$raleneca and Novartrs are
spinning off their agrochemicals division to form Syngenta Pfizer is
negotiating to take over Warner-Lambert and [/lonsanto is changing its
name. Several biotechnological companies are also regrouping
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Mobi le genei ic
elements fuel
bacterial response
to environmental
stress, Co-ordinated
action is needed
to def ine their
importance in
biosafety issues as
well as to tap their
ootential as
sources of new
properties for
biotechnology.

Tlawlingthe horizontal gene Pool
Ch ristopher M. Thomas & Kornel ia Smal la

Bacteria are the most numerous organisms on

this planet and have avitalrdle in buffering the

biosphere against ndical changes, not least

those inflicted by man. Mobile genetic elements (MGE)

endow their bacterial host with genetic variabil ity and

flexibil ity, promoting DNA rcarrangements within a

bacterium as well as exchange between bacteria. They

thus fuel the bacterial response to environmental stress.

Horizontal gene exchange provides an opportunity for

the MGE and the genes it carries to out-replicate its

original host by creating phenotypic combinations that

are better adapted to the current environment or which

can invade new ecological niches. MGEs provide a

location where catabolic and anabolic genes can be

assembled to provide the response to environmental

stresses. The traits specified by mobile elements include

resistance to antibiotics, heavy metals and radiation,

biodegradation of xenobiotic compounds, symbiotic and

virulence determinants, bacteriocin production and

increased mutation frequencies. Despite the importance

of MGEs, our present knowledge is extremely limited

due in part to the non-culturability of the vast majority

of bacteria in the environment, but also to the fact that

most work on bacterial genetics has concentrated on

just a few groups of species. Indeed studies on mobile

elements have often focused on bacteria from clinical

specimens. A better understanding of the diversity,

maintenance and transfer functions of MGE and the

acquisition and spread of new phenotypic traits will be

only achieved by combining the expertise of molecular

biologists and ecologists. EU funding through a

Concerted Act ion ent i t led 
'Mobi le 

Genet ic Elements '

Contribution to Bacterial Adaptability and Diversity'

(MECBAD) has provided'a further opportunity to bring

these two disciplines together.

W Diversity and distribution of mobile genetic
elements
A major objective of MECBAD is to develop the tools

to assess whether there are many classes of completely

unknown MGEs yet to be discovered and how the known

MGEs are distributed. Most people are familiar with
'endogenous' plasmid isolation in which bacteia ate

cultured and plasmid DNA is extracted by standard

techniques. To access MGEs in bacteria which are not

culturable, 
'exogenous' isolation mixes a marked host

with environmental samples and determines whether it

can capture MGEs carrying certain selectable traits.

Exogenous isolation has been successful in capturing

resistance and biodegradative plasmids. Experiences of

different laboratories indicate that endogenous and

exogenous isolation procedures yield completely

different sets of plasmids, so both methods should

be used in tandem. So far, exogenous isolation has only

been successful with Gnm-negative bacteria and then

only wi th a l imi ted range of  species.  Perhaps more

appropriate recipients, and revised methodologies, will

be important for success with Gram-positive bacteria.

The most vital part of aplasmid is the DNA that gives

it the ability to replicate autonomously - the replicon.

Plasmids are commonly defined by the replicon family to

which they belong. Similady, transposable elements are

defined by their transposition functions. The commonly

used set of replicon probes has been unsuccessful in

identifying the vast majority of plasmids in natural

environments. Therefore, we need strategies to identify

the replicons and transfer systems from a wide range of

plasmids in new environments. A possible approach for

this may be through sequencing of complete plasmids.

Funding will be required to sequence large numbers

of plasmids and therefore an important task for the

MECBAD group is to convince funding bodies and

industry of the enormous contribution of MGE to

bacterial diversity and the potential for biotechnology.

Furthermore, the development of membranes or

preferably biochips with a bank of rep probes should

provide an important tool for environmental analysis.

Currently however, the most important tools being

developed are the PCR primer systems for plasmid

replicon, transfer and maintenance genes (Fig. 1). New

primer sets for replicon families, as well as transposons

and integrons, are absolutely essential if studies of the

environmental prevalence of particular plasmid/replicon

families are to be made. The development and testing of

new primer sets is essential prior to studies of MGE

prevalence in any complex environment. Since each new

environment studied is l ikely to contain MGE systems

unrelated to those for which sequence information is

available , PCR-based methods must be used as part of a

multiphasic approach together with exogenous and

endogenous isolation.

W Maintenance of MGEs
A key property of an MGE is the range of hosts in which

it can establish itself and maintain itself stably. MGEs

can be maintained in a bacter ium ei ther through

autonomous replication as a plasmid or by integration

into a genome that is capable of replication. A particular

MGE may be able to exploit both strategies under

different circumstances. For example, IncP-1cr plasmids

normally replicate autonomously, but in Xanthornonas

species they integrate into the chromosome. Conversely,

the IncJ elements of Escbericbia coli normally integrate

into the chromosome but if deprived of their normal

integration machinery they are capable of autonomous

replication. Novel elements are sti l l being discovered,

such as a catabohc transposon which appears capable of

conjugative transfer followed by integrationiexcision by

a s i te-speci f ic  process (e i ther into a p lasmid or  a

transposon), so fitt ing into a gap between temperate

phage and conjugative transposon. Once present in a new

host, the maintenance of an MGE can be regarded as the
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combinat ion of  stabi l i ty  of  the MGE in i ts  new host

and the fitness of the host with the MGE in relation

to bacteria without the MGE. Many observations of

plasmid instability may reflect poor experimental design

where we do not consider the true growth rate of the

host under natural conditions (competition, nurrient,

pH, temperature, etc.). Temperature is an extremely

important environmental factor for the host range and

stability of different plasmids, while benefits of plasmid

carriage during stress or starvation should also not

be ignored. A major focus is therefore to increase our

understanding of how plasmids maintain themselves

in populat ions and microbia l  communit ies,  and

particularly to extend what we know about plasmid

maintenance in laboratory shake flasks and agar plates,

to microcosms and real environments.

To determine host nnge it is important that a wide

spectrum of hosts is used. Release of bacteria into

complex communities followed by isolation of bacteria

into vyhich the plasmid has transferred may provide a

means of looking at effective host range. However,

studies on transfers to different host organisms are biased

due to the lack of tools for including non-culturable

or not-yet-cultured bacteria in the analysis. The use of

plasmids tagged with fluorescent reporter genes (ffi)

which are completely repressed in the donor strain but

will become derepressed after transfer, will allow trans-

conjugants to be detected wi thout  cul tur ing (FiS.2) .

The new host could then be identified by the use of host-

specific oligofluors. However, gfp ̂ uy not be expressed

or functional in all hosts, thus limiting the range of

recipients that will be detected. Another strategy may

RP4

be to use antibody-based magnetic isolation of bacteria

expressing plasmid-encoded surface antigens such as

pilin, or surface exclusion protein, followed by a

technique such as Denaturing Gradient Gel Electro-
phoresis (DGGE) on amplified rRNA ro assess rhe

diversity of host species. Flow cytometry could also be

used to enrich for such transconjuganrs prior to
identification. The sensitivity and selectivity of these

techniques must be explored and developed.

WTransferof MGEs
Conjugation is the transfer mechanism most usually
associated wi th mobi le e lements but  we st i l l  know

surprisingly little about the process itself. For example,
what triggers transfer? Is it the conract between a donor
and recipient cell? How is the pore formed? How is

the DNA transferred? Recent experiments have defined

the pilus assembly machinery, but it has not yer been
possible to uncouple DNA rranspom from pilus

assembly. Perhaps the two processes are intimately

coupled and therefore it wil l be valuable to continue

comparing conjugative DNA transfer mechanisms with
the development in our understanding of macro-

molecular tfanspoft in related processes, such as type II
and type III protein export, and in processes of DNA

transmission connected with competence as well as
phage entry and extrusion. It is also pertinent to

investigate the specificity ofinteractions between donors
and recipients, since we know little about what conrrols
the interaction between bacteria of different genera.

There is a need to study the signals that regulate

expression of conjugative systems. Thus stress response,

R 7 5 l

D16

RP4 R751 R751RP42523

LEFT:
f l *6"  "€ ,  PCR-based detect ion o f
IncPs and IncPB p lasmids in  to ta l
community DNA Hybridization was
wilh a trfA 2-derived p robe from
RP4 ( le f t )  and R751 ( r ight )  Lanes:
1,  potato  rh izosphere;  2 ,  degrad ing
consor t ium f rom so i l ;3  sa l t
ma rsh ;6 ,  mouse  gu t ; 8 ,  so i l ;
I  con tam ina ted  so i l ; 11 ,  o i l  seed
rape rh izosphere;  13 ch icken
manure;  14,  cat t le  manure;
15 ,  p i g  manu re ;16 ,  compos t ;
23,  sewage;  25,  copper- t reated
soi l ;  26,  unt reated rh izosphere;
31 f ish farm sediment ;  33 farm
s0i l .
COU RTESY KORNELIA SMALLA
BIOLOGISCH E BUNDESANSTALT FUR
LAND U|\lD FORSTWIRTSCHAFT
BRAUNSCHWEIO GER[/ANY
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ABOVE:
t;t : t i  l i .  Two vert ical cross
sec t i ons  t h rough  a  benzy l -a l coho l -
degrad ing b io f i lm,  i l lus t ra t ing the
spat ia l  d is t r ibut ion o f  green
f luorescent  t ransconju  gants
(green/ye l low)  re la t ive to  the non-
infected Pseudononas putida cells
(potent ia l  rec ip ients)  ( red)  and
Acinetobactr"rstrain C6 (blue) The
bio f i lm was analysed B days af ter
introduction of donor cells, P. putida
( red )ce l l s  we re  i den t i f i ed  by  16S
rRNA hybr id izat ion Af ter
hybr id izat ion green f luorescent
t ransconjugants  appear  as e i ther
ye l l ow  o r  g reen  depend ing  on  t he
rat io  between the green GFP s ignal
and the red hybr id izat ion s ignal
COU RTESY SORE[] I \ ,1OLIN
BJARKE CHRISTENSEN AND CTAUS
STERNBERG TECHNICAL UNIVERSITY
OF DFNMARK UNGBY DEN[/ARK

quorum sensing and diffusible factors, as well as the

physio logical  state of  donors and recip ients wi l l  be

researched in the future.  These studies are v i ta l  to

establish what types of conditions, compounds or signals

stimulate plasmid transfers - the ecological aspects

of plasmid transfer. This may allow us to explain why,

for example, transfer of plasmid RP1 can occur between

100-day starved Vibrio cells in sea water, but not between

E. coli strains. This suggests that the host/plasmid

combinat ion is  a crucia l  determinant of  t ransfer  rate:

Vibrio cells must have an energy maintenance mechanism

that allows successful transfers to occur long after

blocking of the energy sources. On the other hand, for

biofilms composed of copiotrophic organisms such

as pseudomonads, transfers of the TOL plasmid are

confined to the outer (upper) biofi lm regions, with

presumably the highest metabolic activity (FiS. 2). This

indicates the importance of cellular metabolic rate for

successful transfers between copiotrophs, an inference

previously made from studies in the rhizosphere, rhizo-

plane and in soil. The contrasting results between transfers

between Vibrio spp.and those between copiotrophs likely

relates to the ecophysiological host type. There is a clear

need for futufe comparative research in this afea so that we

can predict and model transfer in complex communities.

.& Gene recruitment ahd spread of noveltraits
The evolut ionary spread of antibiotic resistance genes

in the last  50 years cannot be descr ibed in t radi t ional

phylogenet ical  terms which deal  wi th an accuracy of

* 106 years. Therefore , other methods have been used to

monitor the evolution and spread of such adaptive traits

within bacteria. For example, it is clear from the data on

glycopeptide resistance and the uanA gene that some

estimate for gene mobility could be made. By combining

information on the usage of certain growth-promoting

antibiotics with data analysing the problems of vanco-

mycin resistance in hospi ta ls (ar is ing in enterococci

causing sepsis) it has been possible to find an identical

resistance gene in two populations physically separated

from one another. This case involved a series of stepwise

transfers from hosts with overlapping environments to

enable mobility from the farm environment to the hospital.

Studies of bacterial populations in rapidly changing

environments, simulated in model systems such as a

chemostat, have demonstrated that bacteria evolve rapidly

where growth rates are relatively high (in comparison to

soil, for example) and gene transfer occurs readily under

selection of an adaptive trait. Genetic exchange increases

potential for diversity and phenotypic plasticity. Gene

mosaics have been discovered in several drug resistance

genes where extensive chromosomal recombination has

been mediated by transformation in Gram-positive

pathogenic cocci. Much more difficult to evaluate is the

rate at which genes are recruited on to mobile elements,

such as plasmids,  phages and t ransposons,  faci l i tat ing

transfers. A highly selective environment was made by

the widespread use of antibiotics for growth promotion

in farm animals and for use in human and veterinary

medic ine.  A br ief  analysis of  the resistance gene

dissemination proves that horizontal gene transfer is

highly efficient and an effective method for bacteria to

acquire advantageous genes.  Even when select ion is

removed, genes tend to remain associated with mobile

elements:  for  example,  mercury resistance on R-

plasmids. However, caution is necessary to avoid over-

simplification of environmental conditions: mercury is

no longer used in hospi ta ls as a dis infectant  but  i t  is

ubiquitous, albeit at low levels, in most environments.

Further work is needed to identify the reasons for

persistence and spread ofMGEs.

,$S MGEs astoolsfor biotechnology
A major a im of  the concerted act ion is  to see how our

knowledge of MGEs can be exploited in industry,

agriculture, environmental management or medicine.

The metabol ic  pathways carr ied on mobi le e lements

are important and there is probably more diversity

among catabolic genes than we know so far in the well

characterized Pseudomonaceae. Exogenous plasmid

isolation is a possible strategy. Using recipients that lack

only one gene of  a pathway al lows the missing gene

from environmental samples to be picked up by genetic

complementation. However, there may be many genes

in nature that cannot be accessed by looking only at

MGEs. An alternative to this strategy would therefore be

to use expression libraries in which DNA extracted from

soil is cloned downstream ofan active promoter, followed

by the identification of genes which confer degradation

of a given compound in a functional assay. Sequencing

projects will also be useful in the search for novel genes.

The search for exploitable genes is purpose driven, e.g.

for  b ioremediat ion.  Chemostats (e legant but  messy)

allow one to put everything into the melting pot in the

hope that a single strain or a consortium of strains will

emerge. Since polluted sites are often simultaneously
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contaminated with xenobiotic compounds and heavy

metals, bioremediation needs strains that can detoxify

both. Such strains have been constructed and shown to

work under laboratory condi t ions.  Since numerous

aromatic compounds occur in narure it seems likely that

most desirable pathways could be derived by mutation or

rearrangement of genes of natural origin. Interestingly,

where this has been observed already, plasmids of the

IncP- 1 group are associated with the rapid evolution step.

A strategy to develop new biodegradative capacity would

be to apply very strong selective pressure as in a grossly

contaminated s i te.  A promiscuous conjugat ive MGE,

such as an IncP-1 plasmid, could be added to enhance the

spread of genes in the bacterial community and to 
'seed'

the catabolic genes. This should achieve efficient detoxi-

fication of xenobiotic compounds by forced evolution of

natural bacterial consortia using ideas derived from

studies of the MGEs associated with natural evolution.

An issue relevant to our knowledge is the agricultural

use of genetically modified organisms. \While GM crops

are widely accepted in the US, the situation in Europe is

di f ferent :  publ ic  opin ion is  st rongly against  their  use.

By contrast, GM vaccines againsr viruses such as hepatitis

B or rabies are widely accepted. Hence, it seems that the

public has a completely different perception of medically

applied technology compared with rhat used in agri-

culture. In the same way, a modified bacterium capable of

biodegrading gunpowder or land mines, if such a thing

were invented, is likely to be acceptable because it is doing

a useful job. It adds up to a risk versus benefit situation.

\)7ith our food 
'mountains', 

it is hardly surprising that

people in developed countries do not see a need for this

technology in food product ion and so do not  wanr i r .

Following this argument there should be afuture for in

situbioremediation with GMOs, but a good campalgn

will be necessary to inform the public of the benefits. On

the other hand, if natural bacteria or bacterial consortia

can be encouraged to evolve their capacity for bio-

remediation without in uitr"o recombination then the

public perception of that would be much better. There is

thus great scope for the exploitation of knowledge about

MGEs and the natural recombination they can promote.

The aathors would like to acknotuleclge the belp of Drs EuaTop,

Erich Lanka, Dickuan Elsas andElizabethlVellingtctn in
preparingtherepzrt 0ntuhich this article is based.

O Kornelia Smalla is a group leader at Federal
Biological Research Centre BBA, D3B105
Braunschweig, Germany
Fax +49 531 299301 3; e-mail k.smalla@bba.de
C ChristopherThomas rs Professor of Molecular
Genetics in the School of Biosciences, University
of Birmingham, EdgbaEton, Birmingham 815 2TT
Tel.01 21 41 4 5903: Fax 01 21 41 4 5925
e- m ai I c. m.th o m as @b h am.ac. u k

MECBAD involves 44 research groups from 12
countries across Europe, The groups already have an
establ ished tradi t ion of  working together s ince they
were previously funded for 3 years (1 994- 1 997) by
an ESF Network to study'The Molecular Biology and
Ecology of Plasmid-Mediated Gene Spread'.
MECBAD started in October 1 998 and is due to
run to September 2000. The main activit ies are l isted
oerow,

I First Symposium
Strasbourg-Apr i l  1999

I Workshop 1
Prevalence of mobile genetic elements
Braunschweig -  June 1 999

I Workshop 2
Characterisation of new mobile elements
Birmingham - March 2000

I Workshop 3
Conjugation systems vtewed as protein secretion
pamways
Munich -  May 2000

I Workshop 4
New tools to study mtcrobial physiology and
plasmid transfer
Copenhagen -  August 2000

I Second Symposium
Prague - September 2000

l f  you would l ike to know more about MECBAD
orapplyto at tend anyof the remaining act iv i t ies,
please contact the Chairman, Kornel ia Smal la,  at
k.smalla@bba.de or visit our website at
http ://vuww.mecbad.bba.de

The
Millennium
for
Microbiology

2000 Joint  Scient i f ic
Meet ing

8-1  3  Ju ly  2000

Cairns,  Oueensland,
Australia

For further information contactl
Ihe ASM Secretariat Unit 23
20 Commercial Road [/elbourne
Vic 3004 Australia
Tel  +61 398678699
Fax +61 3 9867 8722
e-mail adm jn@theasm.com.au
w\/V\iV \/icnet.net al]/ - asm

As we enterthe first century ofthe
next millennitlm the general public
is being made more ar,vare that
human societywill be as dependent
as mllch on microbiologyand
applications of biotechnology to
microbiology as it will be dependent
on comptlters and information
technology, This is the theme of the
2000 Joint Scientific Meeting being
held by The Australian Society for
Microbiology at the Cairns
Convention Centre in Tropical North
Queensland in July 2000

A $imulating informative and
diverse scientific program, based
on the theme The Millenniun for
Microbiology cotlerin g many t0pical
issues relating to various
microbiological disciplines has
been devised by the 0rganizing
Committee.

A warm invitation is extended to all
microbiologists to attend the last
ASM Meeting of the Millennium
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Report fiom the ye_a r 2O25 meeti ng
of the American M icrobiolog ical Society:
Discovery oi the badertal taxonomy gene'
Howard Gest
The fol lowing satire is
based on Howard Gest's
view that the evol utionary
historyof bacteriawas
more complexthan
commonly supposed and
cannot betraced with
accuracy using 

.1 
65 rRNA

sequences as the sole
cri terion. Indeed, during
recentyears, a number of
reports sum marizi ng new
research f indings,
inc lud ing ev idence
su ggesti ng the widespread
occurrence of lateral gene

transfer, cast doubt on the
validityof bacterial
evolut ionary phylogeny
based on rRNAtrees. Gest
emphasizes that rRNA
sequences wil  I  probably
nrnrra *n ho r  rcof r  r l
y r v Y v  L v

eventually for identifyi ng
certain kinds of taxonomic
relat ionships, but wi l l  not
serve to provide an
u nambiguous evol ut ionary
phylogeny of bacteria,
Accordingly, he argues
that changing the names
of numerous well-known
genera and species on the
basis of rRNA sequences
is premature and counter-
prod uctive to form u lation
of a logical,  scienti f ic
scheme of bacterial
relat ionships and
classification,

It is not widely known that while Sir Isaac

Newton was developing his epoch-making

work in mathematics and astronomy, he spent

much effort and time on alchemical, esoteric, theological

and mystical studies. John M. Keynes estimated that

Newton left behind unpublished manuscripts of more

than 1,000,000 words in a great  box at  Cambridge.

According to Keynes, Newton looked on the whole

universe 
'as 

a riddle, As A secret tuhich cou/d be read by

applying pure tbought to certain euidence, certain mystical

cluei. Newton believed that these clues were 
'partly 

in

certain papers and traditions handed down by tbe bruhren in an

unbroken chain back to the original cryptic reaelation in

Babylonia'. There is no doubt that through the ages,

lesser minds than Newton's made similar unsuccessful

attempts to unlock the secrets of l ife and the universe

from ancient writings.

W Etruscan promises
The Etruscanlanguage has defied all attempts at trans-

lation. During the 1990s, abrcnze sheet with Etruscan

inscriptions dating from the late third to the early second

century BC was discovered near Cortona (Italy) and this

gave some promise for progress (ltaly Daily, July 1,

I99r. Flowever, the limited text of only 27 previously

unknown words proved to be a disappointment because

it appeared to concern only a transaction of some sort

between a few aristocratic families. Hopes soared in 2008

when a more detailed tablet was unearthed beneath the

Basilica San Vitale near Ravenna. The 
'San 

Vitale Slab'

was inscribed in presumably parallel messages in Greek,

Latin and Etruscan, and is now in the British Museum,

next to the Rosetta Stone. Only part of the San Vitale Slab

could be deciphered and surprisingly, this dealt with

scientific matters. The Etiuscan script gave the relative

atomic weights of selenium, platinum, plutonium and

seaborgium (element 106),  and the value of  n to 987

places. Of course, the excitement in academic circles was

considerable, but further progress again slowed to a

snail 's pace. Nevertheless, the advance was a harbinger

showing Newton's prescience in seeking explanations

of natural phenomena in ancient records.

W Concealed messages in DNA
The possibil ity that universal truths could have been

deliberately concealed in 
'DNA 

language' was bolstered

on the eve of the present millennium by scientists who

devised an encryption system based on genetic coding.

The method developed by Clelland et a/. utllized features

of a procedure used by German spies during \World \Var

II to transmit secret information. In the spy system, the

photograph of a typewritten page was greatly reduced to

the size of a 
'microdot' 

that could be pasted over an

ordinary dot (i.e. a full stop) in a seemingly innocuous

letter. The concealed message could easily be recovered

by photographic enlargement.

Clelland et al. went many steps further by using a

DNA-encoded message that could be camouflaged

within the enormous complexity of human genomic

DNA and then further concealed by confining the

message within a microdot. The encryption key was

simple. Letters of the English alphabet were assigned to

nucleic acid base triplets. Thus letter a = CGA, b = CCA,

c = GTT, etc. Primers were designed so that the base-

encoded message in apolynucleotide could be selectively

revealed using the PCR reaction directly on the

microdots. The Clelland method was successfully

demonstrated using 
'DNA 

microdots 'pasted on fu l l

stops (with common adhesives) in a printed letter sent

through the US mail.

The DNA microdot method seemed to be foolproof,

but puzzles based only on technological gimmicks

obviously can be expected to be solved using even more

advanced technological tricks. Thus in 2017, Valentin

Miescher and his colleagues in Switzerland finally

I
i
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discovered the functions

of so-called junk DNA
(and thereby the so-called

Second Order Genetic

Code) and this, together

wi th u l t ra-sensi t ive scan-

ning methods, quickly led

to  s imp le  ways  o f  l oca r ing

and decoding the DNA

microdots. It then became

evidenr that  construcr ion

of more sophisticated

coding systems would

require input of esoteric

cultural information as

wel l  as advanced micro-

technologi cal innovations.

ffi Maturation of the
Glass Bead Game
After a lapse of some 250
yeafs we now have evidence

that Newton was on the

right track in searching for

explanations of narural

phenomena in very ancient

sources. Some success has

finally been achieved as a

consequence of develop-

ment of the Glass Bead

Game (GBG) invented in

1943 by Hermann Hesse
(Nobel LaueateIg46).

The elaborate GBG was

originally practised by

a select monastic-like

brotherhood. The same
required high intelligence and great skill, and one could

become a 
'Magister' 

only after many yearsof training and
trials. An early, primitive version of the GBG was in the
form of musical exercises played on a frame holding

several dozen wires on which could be strung glass

beads of various sizes, shapes and colours. The wires

corresponded to musical staffs and the beadsto time-

values of the nores. \7ith this device, a person could
'represent 

with beads musical quztatizns or inuented themes,

could alter, transpose, and deuelop tbern, cbange tbem and set
them in coanterpoint to one another'. Sfithin a few decades,
the GBG was taken over by mathematicians, who
modified it to a high degree of flexibility. Soon, the GBG

was developed so that 
'it 

was capable of expressing
mathematical processes by special symbols and abbreuiations.

The players, mutually elaborating these processes, threut these

abstraa formulas at one anotber, disp/aying the sequences and
pos s ibi lit ies of t heir s cience,'

It was only a matter of time before the GBG was taken

up and imitated by other scientif ic and scholady
disciplines. Eventually, the GBG could be regarded as a
kind of language. According to the \7orld Commission
of the GBG, its archives contain the'register of all bitberto
examined and accepted symbols and decipherments, tahose
nunber long ago exceeded the number of tbe C hinese idnograpbi .
\f ith the discovery of the basic structure of DNA by
S(/atson & Crick in l9t3,it could be expected that 

'DNA

langtage', and thus 
'protein 

Ianguage', would furnish a
lexicon forvariations ofthe GBG.

The first 
'protein-language 

GBG' emerged in the
I990s. To compare pamerns of amino acid sequences of
various proteins, individual English letters had earlier
been assigned to each of the ca 20 amino acids. Inevitably,
someone posed the questions: do any English words
occur in such sequences, and if there are English words,
what is the longest one can find7 Game players in certain
otganizations had the spare time, necessary computers
and funds to play the game, informally known as 

'protein

talk'. In 1993, two Swiss scientists (Gonnett & Benner)
matched the entire Oxford Unabridged Englisb Dictionary
(2 nd edition; 20 volum es; )7 2,7 28,830 characters, with
information content close to that of the human genome)
against the entire SwissProt protein sequence database.
They found two words with nine characrers: bidalgisn
(the manner or practice of a hidalgo, a man of the lower
nobility in Spain) and ensilists (plural of ensilist, one who
protects his crops by ensilage). The game players
concluded, 

'ln 
addition to being the longest strings appearing

simultaneously in the Eng/isb and protein languages, tbese are
also candidates for tbe most unusable piecu of information
simultaneously in kxicograpby and in biochemistry' .

The protein talk report cited soon elicited a response
from a British scienrist (David Jones) who asked the
sensible question, 'But 

what of otber languages? Giuen
tbat tbe ownersbip of tbe longest peptide-word li.e. protein-
word] will undoubtedly become a slurce of intense national
pride, I thought it wise to inuestigate,' So, Jones proceeded
to search the SwissProt database with a multi l ingual
word list of 1.3 mill ion words from Danish, Dutch,
English, Finnish, French, German, Italian, Norwegian,
Swedish,  Spanish and some Esperanto.  Resul ts:  the
nine-letter words: ansuarlig (Danish for 

' l iable'),

haletante (French for 
'breathless'), 

salasiuat (the past
tense of  Finnish for  

' to 
keep hidden'  or  

' ro 
encode') ,

saltsilda (Norwegian for 
'salted 

herring') and stillassi
(the perfect subjunctive of the Italian word sti l lare.
'to 

drip'). The search also turned up one 10-letter Italian
word, annidauate (past imperfect tense of annidare,'to
nest'). Jones asked, 

'Hou 
long will ue baue to uait before

Gerrnany finally scoops the bonours ttitb the possible 27 -letter

p ep t i de w ord for s o ci a I s c i en ces : G u e I I s c b aft s w i s s en s c h aften ?'
Subsequent research (2000-2070) on large genes and
proteins indicated that their sequences might well
encode even longer messages intell igible in human
Ianguage scripts.

LEFT:
The Rosetta Stone
PHOIO COURIESY THE BRITISN
MUSEU [ /
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By 2015, the GBG had a special langtage and set

of rules for every discipline and subdiscipline, and so a

wide variety of derivative GBGs evolved. The further

development of computers greatly enhanced biological

variations of the GBG. But a maior problem in solving

puzzles persisted, namely identification of the human

langtage in which ancient sages could have encoded
particular'Secrets of Life' . Even with supercomputers, it

would require vast knowledge of human history and

culture and decades of trials to identify the languages in

which explanations of biological phenomena were

hidden in ancient writings.

S Breakthrough in2025
Fortunately, serendipity continues to play a significant

r61e in scientific discovery. One member of a large team

of scientific workers at NASAs PABLUM project
(Planetary AstroBiolo gical Launth for Unidentified

Microbes) happens to be married to a Chinese history

scholar who is famlhar with the history of science

and civilization in China (see Joseph Needham's

monumental compilation). At her suggestion, the team,

applying principles of the GBG, checked a rare Chinese

dialect used by followers of Mencius (ca 37 7-289 BC),

the so-called Second Sage, who was second only to

Confucius, the Supreme Sage. As announced in the

Abstracts of this year's meeting of the American

Microbiological Society, this led to identification of the

hitherto unknown'taxonomy gene'.

\fhen the base sequence of the taxonomy gene of a

bacterium is transliterated into the Mencius dialect, and

then transmogrified into English equivalents, the true

name of the organism emerges. Thus, its evolutionary
phylogeny is revealed and century-long controversies on

the most relevant criteria'for constructing taxonomic

schemes arc at an end. From now on, Escherichia coli

will be designated P roteofermentoforrnicus lipocy I indricus .

Similarly, a majority ofexisting genera and species names

will be changed by a reconstituted taxonomy committee
responsible for the new Bergey's U ltintate Manual of

D efini tiue B act eri o I o gy .

S How did the taxonomy gene originate?
Francis Crick's book Life ltself gives food for thought.

Crick entertains the possibility that on some distant

planet there'euolaed a fonn of higher creature who, like

ourselaes, had discouered science and tecbnology, d'eueloping tbertt

far beyond anything we ltaae accomplished...' .Imagining

various disaster scenarios, Crick suggests that these

creatures would have planned to colonize other planets,

and that they may have sent microbes to the Earth as

an initial step. S7ith his classic style of understatement,

Crick says,'The senders could well baue deueloped wholly

new strains of mino-organisms, specially designed to cope

with prebiotic conditions, but whether it would haue been better

t0 try t0 cornbine all the desirable properties within one singlc
type 0f zrganism or to send many dffirent organisms is not

completely clear'.
It would not be surprising that a 'supercivilizatron' of

the kind envisioned by Crick could have deliberately
designed genes (for implantation into microbes)
containing messages of importance for edification of the
higher forms of life that would eventually evolve on
Earth. Discovery of the bacterial taxonomy gene encoded
in an obscure Chinese dialect lends further support to the

increasingly popular view that representatives ofvery
advanced civilizations visited Earth eons ago, and more
recently from time to time.

O Howard Gesf is Distinguished Professor
Emeritus at lndiana University, USA, where he
works in the Photosynthetic BacteriaGroup. He
may be contacted atthe Departmentof Biology,
Jordan Hall, lndiana University, Bloomington, lN

47405, USA
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Benchmarking the microbiologist -
a newdawn for learning and
teaching in life sciences?
Helen O'Sullivan

Given the fast  pace of  change in h igher

education, it seems inappropriate to talk about

the dawning mi l lennium herald ing a new era

in learning and teaching.  However,  the publ icat ion of

the Dearing Report in 1997 crystall ized an agenda that

has led to the proposal of significant changes in the way

that higher education is accountable to its funding body.

Amongst those proposals, the idea of benchmarking has

at t racted considerable at tent ion.  As the Biosciences

Benchmarking Panel begins its work in May 2000, it is

t imely to consider the l ikely impact  of  th is proposal  on

the teaching ofmicrobiology over the next few years.

'  Benchmarking and Dearing
$Zhen the Nat ional  Commit tee of  Inquiry into Higher

Educat ion publ ished i ts  f indings in Jr-r ly  l99l  ,  tucked

away in a sect ion on qual i f icat ions and standards was a

recommendat ion that  the Qual i ty  Assurance Agency
(QAA) should set up 

'small 
expert te'zns t0 prouide

benchruark inforruation on standarcl,r, in ltartica/ar tbresho/d

standards, operating tt,ithin tbe frantett'ork af qua/ifications',

and cornpleting the task by 2000' . The committee made

this recommendat ion because they considered that

the current  system of  establ ishing ancl  maintain ing

academic standards through the external examiner was

no longer adequate in a cont inr-ra l ly  expanding and

diversifying system of higher educarion.

r A new approach to quality assurance
In October 1998, the QAA set  out  the new qual i ty

assurance f ramework that  wi l l  be adopted across the

sector after its current audit programme comes to an end

in 2001 . Central to the new approach are the notions of:

Oualif ications Framework - where all qualif ications

offered can be mapped on to a national framework,

so ensuring consistency oftit les and levels

Programme Specification - where institur-ions are

required to set down tl-re rntended outcomes ofeach

programme

Codes of Practice - specifying good practice in a

number ofareas relating to the support of student

learning and maintenance of academic standards

r,r' $u [jsct Bench ma rk Sta nda rds
The aim of a Subject Benchmark Standard is'to set agreed

nationa/standards in each sabject' . During the consultation

per iod for  the new approach,  many inst i tut ions ra ised

pract ical  and phi losophical  object ions to th is proposal .

Fears were expressed that  benchmarking would be

overbear ing and prescr ipt ive and inevi tably lead

to a nat ional  curr iculum for  h igher educat ion.

Alternatively, the benchmarks would be so general as to

be pract ical ly  useless.  In addi t ion,  there were concerns

about the abi l i ty  of  any group to set  nat ional

requirements in subjects that  are interdisc ip l inary or

mul t id isc ip l inary.  Inst i tut ions wi th speci f ic  mission

statements were concerned that  the abi l i ty  to focus

their  provis ion to that  mission would be lost .  Modular

strlrctures, with the opportunity for students to combine

subjects,  take a major  or  minor ro l l te,  s tudy a general

programme or become highly specia l ized also pose a

significant challenge to the concepr. However, the QAA
concluded that support for the notion of benchmarking

from employers and students was overwhelming and

publ ic  concern that  the t ransi t ion ro mass higher

education had resulted in the lowenng of standards musr

be addressed. QAA argued that subject benchmarking

could potentially answer these concerns and fears.

Pi lotstudies
Pilot studies into the usefulness ofsubject benchmarks in

assessing qual i ty  are underway.  Three subjects were

chosen to provide initial subject benchmarks: chemistry,

hrstory and law. The draft sraremenrs are published and

are now being used in trials of the new quality assluance

method (mainly in Scot land and Wales).  Eacl- r  grol rp

worked independentiy with a broad remit and therefore

each statement is  qui te d i f ferenr.  Most  s igni f icant ly ,

each gror-rp chose to def ine i ts  benchmark level  in a

di f ferent  way;  one at  a threshold level ,  one ar  the level

likely to be attained by a typical student and the other

at a level reqr-rired for progression on to a professional

qual i f icat ion.  Perhaps of  most  interest  ro micro-

biologists are the draft benchmark standards for

chemistry. This document has four componenrs:

a statement of what the main aims of a de gree

programme in chemistry should be;

Academic
standards are
under scrut iny
by the Ouality
Assurance Agency.
Helen O'Sul l ivan
explains the
impl icat ions of
benchmarking tor
m icrobiology
teach ing in  h igher
educat ion,
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Furtherreading
NCIHE (1997).Higher

education in the learning

society. Report of tbel{ational

C ornmi ttee of I nqu iry i n t o H i gb er

E ducat ian.London: HMSO.

QAA (1998). Quality
assurance: a new approach.

H i gher Qaa / i ty 4 (October).

QAA (1999) . P ilot S tadies in

B enc bmar k in g As s es sment

P ract i ce. Quality Assurance

Agency.

Yorke, M. & others (1999).

Benchmarking academrc

standards in rhe UK. Tertiary

Education and Manageruent 5,

8r-96.

a statement ofthe subject knowledge with which all

students should be conversant;

a statement ofthe skil ls and abilit ies that students are

expected to develop (these include chemistry-related

cognitive skil ls and abilit ies, chemistry-related

practical skills and transferable skills);

a statement about the methods ofassessment that

should be used with defined performance criteria.

The draft statement suggests that the benchmark

standards contained within it are applicable to all broadly

based specialist programmes in chemistry as well as

programmes in specialist applications of chemistry and

those that have chemistry as a majot component.

However, it acknowledges that further work remains to

be done to address ioint honours and multidisciplinary

programmes wi th chem i  s t ry components.

\7hilst it might seem improbable that a group of

academics could agree on a list of contents that should be

covered by all students in a certain subject, this task is

relatively easy compared with agreeing a common

interpretation of the standards set. Commissioned by the

Higher Education Quality Council (a forerunner of the

QAA), Manz Yorke and co-workers studied the

feasibility of benchmarking academic standards in three

subject areas: history, computef studies and business

studies. Seven post-1992 universities with modular

curricula took part in the study. Modules were selected

with broadly similar academic demands and were

compared for similarit ies in a range of areas, including

methods of delivery, assessment and profile of student

achievement. The study report focuses on the

equivalence of the standards expected of the students

and the equivalence of the standards they actually

achieved. Amongst eitensive findings, the group

showed evidence of variabil ity in assessment demands

as well as in students'achievement. The report suggests

that it is a matter ofdebate as to whether this represents a

variabil ity in actual intellectual demand. In conclusion,

the authors argue that the evidence of the study is

sufficient to throw doubt on the viability of an approach

that attempted to set standards through simplistic

statements. The report suggests that it is through

discussion and exemplification that these standards and

crrterta can become meaningful. Perhaps this can be

compared to the practice of using assessment criteria in

grading students' work. \7e all use criteria to reach a

judgement but if we really felt that these criteria gave

rise to a completely obiective grading mechanism then

none of us would bother with anonymous marking,

second marking or moderation.

W Benchmarking for microbiologY?
How is microbiology to be affected by these develop-

ments? A Quality and Standards in Higher Education

Biological Sciences Forum met in Autumn 1999 with a

secretariat provided by The Institute of Biology. The

Forum Group comprised representatives from Heads of

Univers i ty  Bio logical  Sciences departments (HUBS),

UKLSC, UKNCM and other individual learned

societies. This group consulted with QAA on what was

required of the benchmarking panel and advertised via

HUBS for members of the panel to be nominated or to

self-nominate. The group is currently sift ing those

applications to produce the panel which will start work

in May 2000. The panel has been charged with setting a

subiect  benchmark standard for  
'b iosciences'  -  the

designated standard subject unit. This panel will include

representatives from all of the major subject groupings,

and all types of higher education establishment within

the bioscience category. They will produce adraft bench-

marking document for comment by the bioscience

community.

The challenges for this panel are enormous. This

subject benchmark standard will need to apply to all

programmes that fall into the specified category of

bioscience. Can they apply to a range including general

microbiology degrees, applied microbiology degrees or

to programmes in such disparate areas as ecology,

physiology, zoology, molecular genetics, plant science

and biochemistry? Can they cover alange of general and

applied biological sciences programmes across the sector

and programmes where biology is a major or minor

component studied wi th another subject? \Ti th in the

current benchmarking framework, the answer to these

quest ions has to be'yes' .  I t  may be that ,  due to the

necessarily generic nature of biosciences benchmarking,

we wi l l  be required to produce more subject-speci f ic

benchmarks in future. Some academics arc aheady

arguing that far from representing the prescriptive
'national 

curriculum' that was feared, the biosciences

benchmarking process may have to be so broad as to

have litt le impact on the way in which bioscience degrees

are taught. The outcomes will only be seen when the

benchmarking document is produced and in use.

There seems litt le doubt that such QA processes will

continue to shape learning and teaching in microbiology

for the opening years of the millennium. \7e all need to

become involved in this process, to look for ways to make

it workable and be brave enough to look for alternatives

if it does not.

C Dr Helen O'Sullivan has recently completed
aterm of office on the SGM Education Group
Committee. She may be contacted at Environmental
& Biological Sciences, Liverpool Hope University
College, Hope Park, LiverpoolLl6 9JD
Te\ .0151 291 3045;Fax0151 291 3172
e- m ai I osu I I i h @l i vh o pe.ac. u k
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NewCouncil Officers
O Professor Dalton informed Counci l that Professor Howard
Jenkinson would take over as Scienti f ic Meetings Off icerat
the Soc ie tyAGM in  September2000. ln  the meant ime he wi l l
shadow Dr Pat Goodwrn. The search fortwo othervacancies
which wil l  fal l  vacant at the same t ime - President and Editor
oI MicrobiologyToday- was still in progress.

StrategyWorking PartY
O From t ime to t ime a small  group of Counci l  members and
senior Headquarlers Staff meet underthe chairmanship of
the President to consider how the Society's Chari iable Aims
can best be f ulf  i l led in the l ight of the f unding avai lable. A
number of recommendations were taken to Counci l ,  and the
fol lowing were approved :

President 's Fund - commencing in January 2000,
increased maximum l imits wil l  be avai lable for awards. See
p,35 for detai ls.

Education ?r\ze- an annual award wil l  be made for
excel lence in mrcrobiological education. Fu rther detai ls and
acal l for  nominat ions wi l l  be announced in  due course tn
Microbiology Today.

Young Members - in recognit ion of the scienti f ic needs of
younger members of the Society, Counci l  has agreedlo set
up aWorking Parly underthe Chairmanship of Dr Liz Sockett,
SG M Education Off icer, to considerthe possibi l i t ies of
establrsh ing a Youn g Members' G rou p. This wou ld enable
them to have greater input in the running of their own events
and provide opporlun ities to present ther r work to each other.
Young members with ideas about events which would be
helpf ulto them should contact Dr Sockeit (e-marl:
l i .z.sochett o nod ingham,ac.uk).

Speaker al location - the annual al location of overseas
soeakers to the G rou ps wou ld be increased as a means of
maintarning the high quali ty of SG M meetings. This wil l  take
effectfrom 2001 as the programmes for2000 are complete.

External relations actrvities - in view of the extended range
o{ activities to be carried out f rom Marlborough House, with
partrcular respect to lobbying government and interactions
with the media, i twas agreed to appoint aful l- t ime member of
staff to carry out this r0le.

A number of other suggested init iat ives wil l  be considered.

ProfessionalAffairs
OThe Society has recently been involved in several
cons u ltatio n s rel evant to m icrob iology research and
education. Professor Ritchie, the Professional Affairs
Off icer, had responded to the request for comments on the
assessment cri ter iato be used forthe 2001 Research
Assessment Exercise that were relevant to microbiology. He
also reoorled his rnput into various loB init iat ives. Dr Sockett
had attended aforum for qual i ty and standards on higher
education in biological sciences on behalf of the Society.
This bodywould be sett ing up a benchmarking panelfor
al l  biosciences degrees in the UK. See p.3I forfurlher
information. Counci l 's endorsement of the recommendattons
of the Strategy Working Party should ensure that SG M plays
a f ul l  part in discussions on al l  such matters of pol icy in the
TUIU TE.

O Alan Vivran, General Secretary

NextPresident
Professor Sir David Hopwoodr FRS, has accepted
ihe invitation f rom Council to become the next President of
the Society, Professor Hopwood recently retired from the
John lnnes Centre, Norwich, but he is st i l l  act ively engaged
in research, Hewil l take up off ice in Septemberatthe SGM
Annual General Meeting. A profi le of Professor Hopwood
will appear in the August issue of MicrobiologyToday,

Nominationsfor
Membersof Gouncil
Three members of Council, DrG.B. GlemenG,
Professor D,J. Rowlands and Dr E.M.H'
Wellington, reti re f rom Cou n ci I i n Se pte m ber 2000.
Anothe r vacancy wi I I also arise when Professor C.M.
Thomas, who is an Ordinary Member of Counci l ,  becomes
the Editor-in-Chief of Microbiology. Nominations are
invited f rom Ordinary Members to f ill these four vacancies'
AII nominations must include the wrrtten consent of the
nominee and the names of the proposer and seconder,
both of whom must be Ordinary Members, Members
submitt ing nominations should indicate the main area of
microbiological interest of their nominee, who must have
been a member of the Society for at leasttwo years.

Nominations should be senttothe SGM General Secretary
Professor A, Vrvian, Department of Biological & Biomed ical
Sciences, University of the West of England, Coldharbour
Lane, Bristol BS 1 6 1 OY to arrive no later than
27 Aptil2OOO.

NewDomainName
forSGM
The Soc ie ty  is  p leased to  announcethat the naming
committee of the United Kingdom Educatron and Research
Networking Associat ion (U KERNA) has accepted our
request for the domain name sgm.ac.uk. There{ore f rom
now on, this may be used in e-mail ing staff at Marlborough
House and when accessing the website:

http:/ /wvuw.sgm,ac.uk

The old domain socgenmrcrobioLorglkwill still work for
mail and the web for the foreseeable future.

NewYearHonours
Professorlohn E. Beringer, GBE, Dean of Faculty
of Science, University of Bristol, lately chairman, Advisory
Committee on Releases to the Environment, has been
appointed a Knight for services to environmental safety.

Professor Patricia A. Nuttall, D i re cto r, N atu ral
Environment Research Council, Institute of Virology and
EnvironmentalMicrobiology, has been awarded an OBE
for services to environmental sciences.

Professor f ohn F. Peberdy, Sch oo I of Bi o I o g i cal
Sciences, University of Nottingham, has been awarded an
M BE for services to entrepreneurial training for scientists.

News

ProfessorJeffrey
Almond has been
appointed SeniorVice
President of Research and
Developnrent .  Avenl is
Pasteur. See p.39 for new
contact detai ls,

ProfessorTim Gray has
Laken up o f  f  ice  as Chai rman
of the Bacteriology and
Appl ied Microb io logy
Div ls ion o f  the In ternat iona l
Union of  Microb io log ica l
Soclet ies.

ProfessorAllan
Hamilton has become
Treasu rer of the I nternational
Union of  Microb io log ica l
Socreties

Dr David J. Kelly,
Denar l  ment  o f  Molecu lar
Biology and Biotechnology,
University of Sheffreld, has
been appointed to a
personal  cha i r  in  microb ia l
physiology.

DrAthanasiosG.
Papavassiliou MD
PhD, Assocrate Professor
of Biochemistry, U n iversity
of Patras School of
Medicine, Patras, G reece
has been awarded the
1 999 Academy of  Sc 'ences
of Greece (Academy of
A lhens)  Award for  h 's
innovative study on cancer
treatment pers pecttves.

ProfessorHansG,
Tri iper,Inst i tutfur
Mikrob io log ie  &
Bio lechnolog ie .  Un vet  s i  Lat
Bonn,  Germany (Edi tor
IJSEM), and DrWilhelm
Frederiksen, Rodding,
Denmark, have been
awardeo  lhe  Beroev  Meda l
fo r  l ong - te rm d  i s t i ngu  t shed
achievement in bacter ia l
taxonomy.
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6April2OOO
Universiffof
Warwick
Hosted bvthe
Geneticai Society
The candrdates forthe
2000 competit ion have
now been selected by the
part icipati  n g societ ies:
Biochemical Socieiv
Society for General
M icrobiology, Genetical
Society, British Society
for lmmunology and
Brit ish Societyfor
H istocompatibi l  i ty and
lmmunogenetics, Each
contestant wi l l  give a short
talk on their research.

Representing SG M wil l  be:

O Gina Manning,
Central Veterinary
Laboratory, Surrey

O Karen lsherwood,
CBD, Porton Down

The winnerwi l l  rece ive a
prize of S2,000 and a
unique glass trophy.

The competit ion is
sponsored by Promegato
encourage excel lence in
communica i ion byyoung
li fe scientists.

lii.:

The President 's Fund offers f  i  nancial support to youn ger
members of the Society for one of the fol lowing:

1 . Travel l ing to present a paper or a poster on a
mrcrobiological topic at a scienti f ic meeting

2, Attending a short course (up to two weeks).

3. Making a short research visi t ,

At the recent Counci l  meeting i t  was decided that
President 's Fund grants would be increased. The rules of
the scheme have also been changed to al low for larger
awards to be made for short research visits. There are now
separate application forms forthe latter. The new rules
applyfrom I January 2OOO.

1 & 2 SmallerAwards

Maximum grants are now S 1 25 for attendance at meetings
or inst i tut ions/attending an approved course in the country
of residence, S200 fortravelto another European counrrv
and S30O fortravel outside Europe.

3 LargerAwards

Up to $2,000 is avai lable for making a short research visi t
of up to two months duration, The host inst i tut ion may be
overseas or in the applicant 's country of residence.

All  appl icants must be resident and registered for a PhD, or
in a f i rst post-doctoral postion, in a country in the European
Union. Only one application to the President 's Fund may be
made during the term of a postgraduate studentship oif i rst
post-doctoral postion. The ful l  rules of the scheme are
published on the SG M website,from which application
forms may be downloaded.

i iri!.*.iiiif ,l il,t,it,i,,;:irllril r i;
t :,t *:';x,t lliili

Postgraduate Student Members of the Societv currently
resident in the U K or another European Union-country are
el igible for a grantto coverthe costs of accommodatron and
travel jn attending one of the fol lowing SG M meetings:

U n iversity of Warwick, Apri | 20OO;

Universiiy of Exeter, September 20OO;

and any other Society Group or Branch meeting in 2000,
An application form giving ful l  detai ls of the scheme was
sent to each Student Mem ber with thei r su bscri  pt ion
invoice in October 1999. Student members should submii
their appl icat ions well  in advance of a meeting i f  theywish
to ensure thatthe grant is received before making their
book ino,

Grants

A generous donation to the Society by Professor
T.Watanabe of Japan has enabled the Societyto set up a
fund to make annualawards forthe benefi tof members in
l - )ovo lnn inn  l ' -n '  ' n t ' i o5 .Th iS  iS  d is t inCt f fOm OUf  OWn
International Development Fu nd.

Members of the Society who are permanently resident in
a Developing Country may apply. The purpose of the fund
is to enable members involved in hiqher education and/or
research to ar-nr r ire fnrtheir l ibraries bookS or nossihlvq r  r u J  u v v r \ o  v t  y v J J t u t y

jou rnals relati n g to m icrobiology. Appl ications shou ld i ncl ude:

1 A l istof the nr rhl ir-ai ions reor r ired tnnetherwith an
estimate of their cost (the total cost for any one application
should not exceed S30O sterl ing).

2, A letterfrom the Head Librarian of the oroanization
cert i fying the need forthe books and the adlress to which
the books should be sent, a statement on where the books
wil l  be kept and an outl ine of the loan arrangements for
members of the organizalion.

3.Adescript ion of the member's organization and i ts
involvement in microbiology, the number of staff  and
students and detai ls of the nature of any courses in
microbiology provided by the organization, i ,e, BSc
M icrobiology, techn ical trai n in g, etc.

4. A c u rri c u I u m v itae oI Ih e pri nci pal appl i cant.

None of these i tems (1 -4 inclusive) should exceed one
side of 44 oaoer each

The closing date for applications is 6 October 2OOO.
Applications (single copies) should be sentto the Grants
Office at SG M HO.

Awards 1999
Onlytwo applications to the Fund were received in 1 999.
Awards of publ icat ions to the value of S3OO each were
made to Ms T. Ghaithong, Maelo University,Thailand and
DrT.R.G. Ndowora, Kutsaga Research Station, Harare,
Zimbabwe.

The fol lowing awards
have been made from the
Society's I nternational
Development Fund.The
F r  r n d  a v i c l c  t n  n r n r r i r l o

training courses, publications
and other assistance tc.r
microbiologists in
Developin g Cou ntr ies. The
Rules forthe 2OOO Fund wil l
be adverlised in the May
issue of M i crobiol ogy Tod ay.

ODrS.Cutt ing,
Schoolof Biological
Sciences, Royal Holloway,
University of London - up to
S6,000 to run a workshop
on molecular microbiology

^ ^ , - J  i + -  ^ ^ ^ l i ^ ^ + ; ^ ^  + ^
d r  r u  r L J  a P P i l L d L r u r  I  L U

disease in Vietnam.

ODrP.N.Green,
NCIM B Ltd - up to S5,045
to run a culture col lect ion
management course In
Cuba.

O Dr l. Sawaidis,
Department of M icrobiology,
University of lonnina,
C r o o - o - ' , ^ + ^ C /  n n Q t O
v r v v u v  u y  L v  & T , v v !

run a course on microbial
ecology and biotechnology
in Brazi l .

A reporton one of the 1 998
I nternational Development
Fund awards appears on
p .53 .
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The 2000 Marlory
Stephenson prize lecturer
will be Professor David
W.Holden, Hammersmith
Hospital,  London, in
recognit ion of his
d ist i  ngu ished contr ibution
to the genetics of microbial
pathogenesis. The t i t le of
his lecture, which wil l take
place atthe Society
meeting at the University
of Warwick in Apri l  2000, is
ln Vivo Genetic Analysis of
SalmonellaVirulence.

David Holden obtained
his first degree in Botany
from Durham University in
'I 
972 where he developed

an interest in microbial
genetics and plant disease,
This led to a PhD at
U niversity College, London,
on gene-for-gene
interactions in the wheat-
stem rust system, which he
continued to study at the
biochemical level as a
postdoctoral researcher i n
Canada. He then moved to
the University of Wisconsin
on a second postdoctoral
fellowship to learn molecular
genetic methods and to
apply them in the study of
f ungal pathogenesis. He
returned to the U K in 1 9BB,
spending two years atthe
National Institute for
Medical Research, before
iaking a lectureship atthe
Royal Postgraduate
Medical School in Lonoon.
Init ial ly he worked on the
opportu n istic pathogen

As pe rg i | | u s f u m i g atu s, but
fol lowing the development
in his laboratoryof
Signature Tagged
Mutagenesis (STM), his
research has broadened
out to include bacterie..
pathogens. He was
awarded a personalchair tn
1 QQh His  lahora torv  now

works on the functions of
genes identi f ied by STM in
Sal m o n e | | a, Stap hy I o cocc u s
and Streptococcus.

i.i", i;*;'t'i:r +. "s 1t;
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The 2000 Fleming Lecture
has been awarded to Dr
PeterSimmonds,
Department of Medical
M icrobiology, U n iversity of
Edinburgh, in recognit ion of
his contr ibution to virology. ,
The t i t le of his lecture, which
wil l take place atthe Society
meeti ng at the University of
Warwick in  Apr i l2000,  is
The Origin and Evolution of
Hepatiti s Vi ruses i n H u m an s
|  ̂ - ^ , t , , ^+^ , . . |  + "^*
I  g r a u u a t s u  l l u l  |  |

Southampton Medical
School in 1982, completed
my house jobs and decided
to do a PhD. I had been
fascinated byvirology
during the 4th year project
supervised by John Heckels
and Marie Ogilvie, As i t  was
the only part of the course
where lwasn't  in the
borderl ine pass,/fai l  group, a

i ^  - ^ - ^ ^ . ^ A
L d t u u t  i l | t u J U d r u r I

beckonedl I remain grateful
toJohn Peuthererand
lsabelSmith of the
University of Edinburgh for
offering to take me on as a
very green PhD student tn
1 983, and lcompleted my

thes is  on HSVand HIV-1
serology in 1 987. This was
fol lowed by a spel l  as a
post-doc with Andrew
Leigh Brown, Virus
evolut ion has been the
focus of my work since then.
I became a Clinical Lecturer
i n  l  Q Q O  s n r r e e z e d  i n  a n, ,  |  |  v v v l

M RCPath by exam in 1 995,
and stayed on to become a
Reader in Vi rology at the
University in 1 998, A long
time in the same place, but
an interestinglob so far, The
recent jo in ing of  Ed inburgh
vrrology into a large single
unit (Laboratory for Cl i n ical
and Molecular Virology)
bodes well  forthe f uture.

PRACTICAL
FERMENTATION
a guide tor ach@ls and colleg6s

.M

@
Student

Guide
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Reg England (r,eng land@uclan.ac.uk), convener of the
SG M Fermentation & Bioprocessing G roup, has made a
useful l ink to microbiology sites (mainly university si tes) in
the UK. l tcan befound at thefo l lowing address

http :/ /vuvuw.uclan.ac.uk /microresearch

Click on Links anditwi l l  takeyou tothe relevant page.

He would be very happyto add l inks to microbiology sites
outside the U K.

ffiwmwH"$mwff ffi*uffi ffi-wruruwwru'&m $www
A guide for schools and colleges

Sponsored by the SG M,
John Schollarand Bene
Watmoreof the National
Centre for Biotechnology
Education at the University
of Reading have produced
an excellent practical
teaching resource on
fermentation for schools,
The set of 1 4 investigations
is aimed at post 1 6 students
fol lowing an advanced
. ^ r r r e o  i n  h i n l n n r r

r r  I  v r v r v l J / J

particularly those taki ng an
option in microbiology or
biotechnology. A wide range
of fermentations is covered

analysrs,

The pack consists of f ive
student guides and two
l a n h n i n a l  n r r i d a c  T h a

student guide is intended
forthose carrying out the
investigations, whereas the
technica lgu ide is  a imed at
the teacher or technician,
giving handy practical
information and specimen
results for mostof the
investigations. l t  also
describes how to set up a
bioreactor and how to use
the NCBE's  novelbubble
logger. The Centre wil l  be
supply ing equipment  and
cultures necessary for
the investigations at
or-nnnmir-a l  nr i r -oc

Each pack costs only S 1 5
(cheques payable to The
University of Reading) and
is avai lablefrom NCBE
(Orders), AMS, PO Box228,
The University of Reading,
Whiteknights, Reading RGO
6AJ. For f u rther details
telenhnne O 1 1 R qB7 3743.
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New resources on careers
are now avai lable. The
External Relations Off ice
has produced an A3 poster,
Microbiologrsts Make a

Di f {a ran ra  l t  h r i a { l ' ,, u u , r L U r r v r r )

describes the science of
microb io logy and ou t l rnes
the types of work that
microbiologists do and the
training requi rements. The
poster has a colourf ul
design aimed at attract ing
the attention of young
n e o n l c  l l  i s  a c c o m n : n i e d

by a Ieafletwith the same
tit le which provides more
in-depth information and a
l o a r - n f [  c l i n  c n  l h a t  c o r i n r  r c l r i

interested readers can
r o n r  r o c l  c  n n n r r  n f  i h a

popular booklet Careers
in Microbiology.

C n n i e s  o f  t h e  n o s l e r  a n d

leaflet have been mailed to
al l  U K and lr ish secondary
schools, local and university

^ ^ - , , : ^ ^ ^  ^ ^ . . J
L d I  U U I J  5 U I  V I L U S  d I  I U

admissions tutors to
u nd erg rad uate m icrobiology
COUTSES.

For f u rther detai ls e-mar I
careers@sgm.ac.uk

A range of careers informatiqn has recently been mounted
on the website (http:/ /www.sgm.ac.uk). The page is divided
into three sections:

O Careers in microbiology - a descript ion of the range of
careers opportunrt ies that exist for microbiologists

O Careers information factsheets for microbiologists:

Information for students applying to university
I nformation for graduate m icrobiolog ists
Vacation work for microbiology students
a ^ . ^ ^ - ^  : ^  + A ^  ̂ ^ ,u a r  e e r s  i l  r  u  r u  e r  r v l f o n m e n t

Careers  in  med ica l  m ic rob io logy

Careers f or m icrobiolog ists o ut of the I abo rato ry
D a c a o . n h  ^ .  1 6 6 r e  f n r  n n c l - d n n t n r a  I  m  i n . ^ h i n l n n  i c { cr \ u J U a r L r  I  L d r u u r  J  r \ J r  P U J L  u u u L U r d t  i l i l L t u u t u t u 9 t ) L )

CVs and covering letters
Interview techniques
Technica l t ra in ing

O Llnks to careers websites
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Virus Infection:
Life or Death for a Cell

The f ull text of the
abstracts book is now
available as a PDF fi le on
the SGM websi te,
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O Main Symposium (1O-1 1 APril)
Fighting lnfection in the 21st Century

@ pffi## ffi&{r.4 tu$ ffi m#*KLffiT
A booklet giving full details of the pr0gramme and a booking form is
enclosed with this issue of Microbiology Today, Any changes will be po$ed
on the SGM website.
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Will delegates whose offered po$ers have been accepted please note
that an area of 1 m x 1 m only is available on the poster boards for their
disp lay.

w h4 i #rq#sr:tr fq # ru ffiTxt ffi ffi #Affi 3)
At the meeting a board will be set up with notices oi jobs, po$doctoral
positions $udentships coursss, conferences etc Contributions are
welcome and may either be brought to the meeting or sent beforehand t0
Janet Hurst at Marlborough House,
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1930 Wednesday, 12 APri l  2000
Arts Centre, U niversity of Warwick

lnfectious Disease; Willwe ever win?

Motion
fhis hrluse belirlves that microbial disease threatens the future of hunan
life inthe new millenniun

The 2Oth century saw great advances in the diagnosis understanding
prevention and cure of diseases caused by micro-organisms Recent events
have shown that scientists do not have all the answers. New diseases are
threatening human health, Diseases thoughtto be under control, such as
TB have re-emerged, International travel enables harmful micro-organisms
to spread quickly round the world And the adaptability of pathogens which
has led to antimicrobial-resi$ant 

'superbugs' means that there is no longer
a pil l  for every i l l

Will microbes always take the upper hand? Can scienti$s keep ahead?
0r are we all doomed? Experts will explore the issues so that the audience
can decide

CHAIR: Dr Bernard Dixon

Delegates are welcome to join the debate,
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O Main Symposium
(12-13 September)
Gommunity
Structureand
Go.operation in
Biofilms
0rganizers:P Gilbert, PM, Goodwin
H [/1, Lappin-Scotr & M. Wilson
Speakers:
J, Wl M PEN NY (Cardiff) ]verview
H.J BUSSCHER (Groningen The
Netherlands) lnitial adhesion events
D DAVIES(Montana,USA)
Physiological events in early stages
of biofilnformalion
P ST00DLEY (Exeter) Factors
i nf I u e n c i n g b i ofi I n stru ctu re
C. PICI0REANU (Delft The
Netherlands) Modelling and
p re d i cti n g b iofi I m stru ctu re
H,-C FLE[/MING (Mulheim,
Germany) Cohesiveness in biofiln
natrix polymers
P KOLENBRANDER (NIH USA)
Coadhesion in biofilns
P MARSH (CAMR) Conmunity
i nteractions i n bi ofil ms
L. EHLERS (Washington USA)
G ene [ran sfe r i n b iofi I n s
S. M0LIN (Denmark) Probing
complex biofilms
G. W00 LFAARDT (Stellenbosch,
S. Africa) Biodegradation by biofiln
conmunities
R. BAYST0N (Nottingham) Biofilns
and prosthetic devices
D, ALLIS0N (Manche$er) Problens
of control
H. LAPPIN SCOTT (Exeter)
Detachnent
P GILBERT(Manchester)
Population dynamics
J. C0STERION (Montana, USA)
C u rr e nt statu s / f utu re p ro s p e cts
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O Other Symposia
*S Applications
of recombinant
technology to industrial
fermentations

Fermentation & Bioprocessing
Group

0rganizer: Matthew Duchars
(matthew duchars@avecia com)

Please contactthe Convener Reg
England (r,england@uclan ac uk)
if you are intere$ed in presenting
a po$er,
tS Medical implications
of biof i lms

Cells & Cell Surfaces and
Microbial Infection Groups

0rganizers: D, Devine
(0RL6DD@oralbio novell leeds
ac.uk)and [/. Wllson (mwilson@
eastman.ucl.ac uk)

Day / a,n. Biofilms in implant-
associated infections
Day I p,n,0ral biofi lms
Day 2 a,n, Biofilms on shedding
surfaces

W Mathematicalski l ls
and microbiologists

Education Group
f l r n r n i ; o r ' R n n  R i c h n n

'  | \ u | |  U I u | | U P

(rh bishop@ul$,ac uk)

This half-day session wil l
include talks case studies and
demonstrations.

O Evening
Workshop

Biofi lm formation and
control

Environmental Microbiology
Group

0rganizer: Hilary Lappin-Scott
h m lappin-scott@exeter,ac.uk
0ffered papers are welcome
particularly from po$graduates and
p ostd ocs

Keynote speaker: BILL KEEV -
Biofiln control

The workshop will be followed by a
YOUNG MEM BERS' RECIPTION

O OFFERED P0STERS: the
deadline for receipt of t it les/
ab$racts is 12 May2000
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O Main Symposium
New Ghallenges to
Health: the Threat
of Virus lnfection

0rganizers: PlVl Goodwin
W.L lrving j lVc0auley
DJ.Rowlands&GL Smi th
0ther symposia include: Wall-less
organisms/New snzyme targets for
Anti-microbials/Microbiology of
nitric oxide/Post-transcriptional
control of gene expression/
Microbe-pollutant interactions:
b iode g radation and bioremediati on/
Benchmarking ln microbiology
education

Evening workshop for young
members: 1enonics

O 0FFERED P0STIRS:the
deadline for receipt of t it les/
ab$racts is 17 November 2000,
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O Main Symposium
Mycobacteria: New
Developments

0rganizers: M. Goodfellow,
PM, Goodwin, H lVl. Lappin-Scott
G.Sadd ler&D Smi th

Other symposia include: Mobile
elements i n viru lence/[/ icrobial
interactions in aquatic
environments/Monitoring and
control of fermentation
processes/Microbial differentiation

m#"ftru#.'g
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Ecology

Ardilaun House Hotel, Galway
7-8Apri l2000

Please note change of venue
S p eake rs:
7 April
[/ EMBLEY (London) Coaslalsedimenl nicrobial processes - a nolecular
0ers0ecttve
K, SCHLEIFER (Munich, Germany) Structural and functional in situ studies
o n b atle ri al co n n u n iti es
J IVICINERNtY (Maynooth) Microbial genonic analysis nethods
J. FLEMING (Tennessee USA) Differentialdisplay of prokaryotic nRNA;
application to pure cullure and soil nicrocosns
B April
J. PR0SStR (Aberdeen) Molecular ecology of nitrifying bacteria
R. P0WELL (Galway) Molecular analysis of uncultured Archaebacteria in
ocean waters
M C0Rl\/ ICAN (Galway) lnlenstve care units think about nicrobial ecology
S. GI0VANN0NI (0regon, USA) Genonic approachesto bacterioplankton
ecology

Plus po$ers and conference dinner
0 rganizer: Tom Barry (thomas-barry@nuigal.ie)

Gontrol of Infectious Disease and the lmpact
of Biotechnology

Royal lr ish Academy, Dublin
11-12 May 2000

0rganizer: Ron Bishop (rh.bishop@ul$.ac uk)

Titlet.b.c.

Belfast
19 May 2000

With lrish Diaono$ics Groun

Microbiology of Pulmonary Pathogens
National U niversity of lreland, Maynooth
7-8 September 2000
For details contact the
organizer Kevin Kavanagh (kkavanagh@may.ie)

Titlet,b.c.

Waterford Institute of Technology
January 2001

Postgraduate 0pen paper session and two keynote speakers
0rganizer: Catherine 0 Reil ly (coreil ly@wit.ie)

Titlet.b.c.

Trinity Col lege, Dublin
March 2001

Joint with SGM Microbial Infection Group

For details of lrish Branch activities contactthe
Co n ve n e r, M arti n C o I I i n s (m. co I I i n s @q u b.ac. u k)

Other
News
European Virology
2000
*?q:tr'*$ *c****r, i: F*;*$i,
{}6***6*rl*
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Supported byawide range of
European virology organizations,
including the SGM, the meeting
aims to provide a forum for basic
researchers and clinical virologists
to exchange insights and
information and enhance
interactions. lt is hoped that
1 200+ delegateswillattend from
around the world, Each daythe
plenary sessions will be followed by
four workshops with a keynote
speaker and offered papers and
poste rs.

Plenary sessions include:
Vaccines
Neurovirology
Hepatitis
Viruses & cancer
Respiratory viruses
Emerging/disappearing viruses
Viruses & the immune system.
Scholarships will be available for
young scientists,

For further details and to register,
see the website tutttut,euro-
virology,com or contact
In Conference Ltd,108 Broughton
StreetLane, Edinburgh tH1 3LY
Tsl. 01 31 556 9245; e-mail
inconference@cableinet co.uk
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ABOVE:
Electron micrograph of a Vibrio
harveyi cell.
B A C K G R O U N D :
V. harveyi cells photographed
under  d i f ferent ia l  in ter ference
cont rast  (D l  C)  microscopy,
R IGHT TOP:
V, harveyicel ls stained with 4',6-
diamidino-2-phenylindole (DAPI).
COU RTESY GRZEGORZ WOG RZY[],
DEPART[/IENT OF [/OLEIU LAR
BIOLOGY UNIVERSITY OF GDANSK
POLAND

RIGHT CENTRE:
Sulphur jet in a high temperature
area at  Namaskard lce land
COURTESY IRAVEL INK/
RICHARD KERVEN

RIGHT BOTTO[/ I :
Transmission electron micrograph
(C/Pt-shadowe d) of Modestobacter
m u lti se ptatu s strai n AA-826r afte r
13 days growth at 16'C Bar 2 pm,
COURTESY PETER HIRSCH, INSTITUI
FUR ALLGEMEINE [/IKROBIOLOGIE
U[l IVERSITAT KI EL OER[/ANY

FAR RI  G HI  TO P:
Can v i ruses that  cause d isease
in  ca ls  and dogs l ive  in  wi ld  or
zoo-bred carn ivorous an imals
GST TECHNOLOGY LTD

Glowing in the dark
Ouite a number of bacterial
species can glow in the dark,
This bioluminescence uses
up a signif icant amount of
energy, but no one knows
whythe bacteriado it,A
group of Polish scientists
have been studying one
of these bacteria, V i b rio
h arueyi,f or many years. lt
synthesizes a special
enzyme, luciferase, along
with its fat-like substrate.
Luciferase has the abilityto
convert chem ical energy
into light, and sothe bacteria
glow gently as they swim in
the sea. Over the years, the
Polish researchers have
acquired.many mutant
sirains of V. harveyi.They
noticed thatsome of
them were easily killed by
ultraviolet (UV) light and
that most of these mutants
had simu ltaneously lost
the abi l i tyto emit l ight.
Non-luminescent V harueyi

ffiwm& w# &#wffimm

cells were killed by half the
level of UV hght needed to
ki l l  normalcel ls. Could there
be aconnection?

Varying amounts of UV light
reach the Earth's surface,
but it'is dangerous enough
foral lcreaturestoheed i

somewayto protect
themselves f rom it. This
ranges from the melanin in
human skrn to systems
within cel ls to repairdamage
to key molecules l ike DNA,
UV lightcan penetrate into
water, so V, harueyicannot
escape, lndeed, UV light can
stimulate bioluminescence
inV.harveyi.

It has been known for
many years that bacteria
can make use of sunl ight
to helpthem repairthe
damagecaused by UV light,
so the Poles wondered if
V. harveyicould use its
bioluminescence as an

inter,nal sou rce bf I ight. Th is
could be particularly useful
for bacteria in the sea where
daylighi may not penetrate.
Totestthis idea,they
transferred the genes for
the bioluminescence
system into Esche rich i a col i.
This bacterium usually
cannot glow, but the ways in
which it repails damaged
DNA areverywell  known,
Oncethe V.harueyigenes
were in place, the E coli cells
both glowed and were less
sensitive to UV light,

Pelhaps bioluminescence
does indeed:g ive bacterial
cell,s.a portable light to use in
maKrng reparrs.

ICzyiA.,Wr6bel,B.&
lVqgrzyn, G, (2000). Vi br i o
b arvE i bioluminescence plays a

role in stimulatioh ofDNA repair.

Mi crobi o log 146, 283-288.

How can you tell if a new viral disease is really new, or simply
avariation on an old theme?

For example, o'nyong-nyong virus (ON N), although f irst
identified in 1 959, swept across EastAfrica in its f irst major
outbreak in 1 996 and affected over2 million people. This
virus is closely related to chikungunya (CH lK) virus,which
has caused repeated epidemics in both Af rica and
Southeast Asia since the 1 950s. They both produce an
illness in humans where the symptoms of fever, headache
and nausea are very similar to those of a third viral disease,
dengue fever.

Apart from the need to distinguish the three for public
health reasons, the relationship between CH lK and ON N is
im porlant. lf ON N is actually a new variant of CH I K, this
could have imolications forthefuture of these diseases,In
Afr icaCHlK is maintained in aforestcycle between wild
primates and severalspecres of mosquitoes.ln Asia it is
found exclusively in people and the urban mosquito Aedes
aegypti.The ONN virus has also only been found in people,
but is transmitted by a d ifferent group of mosquitoes. These
are the anophel i ne mosqu itoes that i n habit tropical Af rica
and live in close association with humans,

Scientists in the CenterforTropical Diseases atthe
University of Texas analysed samples of CHIK and ON N
viruses that had been collected since the 1 950s. They
worked out the DNA sequence of part of the viral genes, the
bestway of tel l ing which virus is which,and this al lowed

them to see the degree of
similarity between sam ples
from countries as far apart
as Nigeria, South Afdca,
Thailand and lndonesia.
Some of the samples came
from people reported to be
suffering f rom dengue fever,
but when the researchers
analysed the virus, it was
obviously f rom an infection
wi th  CHIK.

The CH lKviruses fel l  into three dist inct groups, based on
their geographical origins. There was aWestAfrican group,
another distincttype in central and eastern Africa, and athird
type in Asia. This f itted very nicely with historical evidence
that the CH lK virus was introduced into Asia f rom Africa,
The ON N samples al l fel l  into afourth group thatwas so
differentfrom the otherthree that it must bethousands of
years since the CH lK and ON N viruses last shared a
common ancestor. So, although CH lK has split into several
distinctvarieties in the lastfew hundred years, ONN virus
is not one of them.

IPowers,A. M.,Brault,A. C.,Tesh,R. B. &'Weaver, S. C.
(2000). Re-emergence of chikungunya and o'nyong-nyong viruses:

evidence for distinct geographical lineages and distant evoiutionary

relarionships. J GenVi rol Sl,  47 l  -47 9.
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Pinning down which species a bacterium belongs to is
not always easy. The genus Thermusis a particular problem.
Its members include the few bacteriathateniov a life at
temperatures above 55'C and a pH above d.d, so assigning
them to this genus is not so difficult. The difficulty is to fix on
aspecies. Biochemical and physiological characteristics are
notvery useful, and even cell shape and fat composition can
varywithin aspecies, DNAfeatures are now used as the
definitive guideline and have brought a new certainty to
T h e r m u s ident if i cati o n.

An internationalgroup of researchers, supported by
the European Union, has been collecting Ihermusspecies
from lcelandic hot springs where the water is over 70'C,
They tested their yellow-coloured bacterial colonies
alongside authentic Thermusisolates for many
physiolog ical attri butes as wel I as for characteristic D NA
sequences. The DNA gave a clear-cut result, supported by
a particu lar fat com position and the fact that the new isolate
could grow at 80'C, The scientists had discovered two novel
Thermusspecies, To acknowledge their origin, one has been
called Thermus igniterrae,after lceland, the land of fire. The
other has been named Thermus antranikianiiafterthe
scientist Garabed Antranikran who has contributed to our
understanding of heat-loving organisms.

I Chung, A. P., Rainey, F. A., Valente, M., Nobre, M. F. &
da Costa, M. S. (2000). T h ermu s i gn i t errae sp. nov. and T b um u s
antranikianii sp. nov., two new species from Iceland. IntJ Syst Euol
Microbiol50.209-211 .

One of the few ice-free regions in Antarctica is the
Z0O0 kmz McM u rdo Dry Val leys, The su m mer tem peratu re
occasionally gets up to 0'C, while in winter it can drop to
-60 'C, The little snow that does fall is hardly enough to
moisten the thin soil,This dry cold desert lacks anyvisible
I ife, apart f rom a few I ichens, For a ti me, scientists thoug ht
that the soi I m icro-organ isrns were recent arrivals broug ht
by humans. Now, they know better. Authentic Antarctic
bacteria live in the soil and inside rocks, both of which can
become warm during the long summer days. A recent
expedition by German scientists has detected a new
genus of actinomycete in the soil,

They transported f rozen soil back to their laboratory in Kiel,
added averydi lutegrowth medium, incubated i tatg'C, and
looked for u p to a year to see what wou ld g row Amongst the
bacteriawere some small rod-shaped or spherical cells that
tended to stick together, They could multiply by budding, or
from the cel ls separating atcross or longitudinalwalls,A
battery of biochem ical, physiolog ical and D NA tests showed
that all isolates with this morphology were similar enough to
be considered members of the same species. Although they
had characteristics of the family Geodermatophilaceae,
there were sufficieni differences from existing members to
mean thatthe species had to be one of a new genus, In
recognition of the modestfood requirements of the strains,
the researchers called it Modestobacter.

lMevs, U., Stackebrandt,E., Schumann, P., Gallikowski,C. A.
& Hirsch, P. (2000). Modzstobactermultiseptatus gen.nov., sp. nov., a
budding actinomycete from soils oftheAsgard Range (Transanrarctic
Mountains). Ia tJ S y x Euo I Microb i o I 5O, 337 -3 46.

ffim&w mww# Mffiffiffi
As well as worrying about
new viral diseases spreading
from wild animals to people,
there are concerns about
diseases moving in the
opposite direction. Maybe
not f rom people, but cer'rain ly
from our domestic animals,
An international collaboration
between scientists in
Germany, South Africa and
the USA has been testing
whether viruses that cause
disease in cats and dogs
can live in wild orzoo-bred
carnivorous animals.

Theywere concerned
about parvovi ruses that
cause damage to the white
blood cells and intestinal
tract, producin g sym ptoms
of fever, diarrhoea ano
vomit ing, One of them, fel ine
panleukopenia virus (FPV)
causes feline distemper
and was ldentified early in
thetwentieth century.
Vaccination against it is
recommended for all pet
cats. Another, canine
parvovirus (CPV-2)
emerged suddenly in the
late 1 970s and spread
worldwide in afew months,
ki l l ing thousands of dogs.
Thetwoviruses arevery
similar, Indeed the ability of
one to infect dogs and the
othercats is determined by
a mere six differences in
theirgenetic code. New
variants of CPV-2 soon
appeared which have
replaced the original virus,
These new variants (C PV-
2aand CPV-2b) can infect
both cats and dogs,

The researchers looked for
these viruses in droppings or
t issuesamplesfrom 1 8 sick
animals. Some of these
were from trulywild animals,

like diarrhoeal droppings left
by honey badgers in the
Kalahari Gemsbok National
Park or two African wild cats
thatweretaken to an animal
rescue centre near Pretoria.
Other samples were from
zoos, including five cheetahs
in America and a Siberian
tigerfrom Germany,

The complete DNA
sequence is known for
these parvoviruses, so the
researchers could use the
sensitive polymerase chai n
reaction to look for each of
the fourviruses, Ten ofthe
animals contained DNA
characteristic of FP! CPV-
2aor CPV-2b, Along with
the disease symptoms, this
i nd icates that the vi ruses
take an unfortunately broad
view of suitable hosts. The
question of howthe animals
acquired the infections is
more difficultto answer. The
viruses survive for a long
trme in the environmentand
are shed in vast numbers by
infected cats and dogs, lt is
easy to imagine that stray
cats and dogs could easily
bring the viruses to captive
animals, The cheetahs from
theAmerican zoos had been
vaccinated against FPV to
protect them f rom precisely
this risk. Unfortunately, four
ofthem had contracteo
CPV-2b,

I Steinel, A., Munson, L.,
van Vuuren, M. & Truyen, U.
(2000). Genetic characrerization
of feline parvovirus sequences
from various carnivores.

J CenVirol8I,345-350.
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ABOVE R IGHT:
Colonies of representative
haloarchaeal isolates from
Permo-Triassic rock salt grown for
4-5 months on agar plates with
nutr ients and 20 % NaCl,
COU RTESY PROFESSOR HETGA
STAN LOTTER INSTITUTE OF GENETICS
AND GENERAL BIOtOGY, UNIVERSITY
OF SATIBURG AUSTRIA

BELOW:
Scanning e lect ron micrograPh
of Candida albicans coaggregating
with streptococci
COURTESY DR RICHARD CANNON,
DEPARTI/ENT OF ORAL SCIENCES AND
ORTHODONTICS UNIVERSIIY OF
OTAGO, NEW ZEALAND

an interesting one among
the chicken droppings on
the un iversity pou ltry f arm,
This produced a particularly
pureform of theenzyme
xylanase, which deg rades
one of the components of
wood. lt also grew best at
45'C and this abi l i ty
marked it as athermophilic
streptomycete.

The property of growing
ai high temperature has
evolved at leasttwice in
the streptomycetes, so
identification of the new
strain had to checka
num ber of characteristics.
The Malaysians worked with
Michael Goodfellow of the

ffi rux mffi&Xww$ px s *&ww.wwffi fu $ff w
Streptomycetebacteria UniversityofNewcastle
are particularly attractive to in the U K to do this' They
anyone looking for useful analysed the composttion
chemicals. They produce of the cellwall, as well as
many antibiotics, as well the size of some fats.
as enzymes exploited in Fi nally, they sequenced
processes as diverse as a long segment of DNA
paper-making and washing and matched it against a
clothes, Researchers atthe large database of other
Universityof Malayafound streptomycetesequences.

As the researchers hao
anticipated, the new strain's
characteristics fell with in
one group of thermophiles,
However, its combination of
D NA and chemical features
was suff iciently d ifferent
to make it a new species,
forwhich they coined
the name Streptomyces
thermocoprophilus.

I Kim, B., Al-Tai, A. M.,
Kim, S.8., Somasundaram, P.

& Goodfellow, M. (2000).

S trep t omy ces t h amocoPr oP h i I us

sp. nov., acellulase-free endo-

xylanase-producing

streptomycete . I ntJ S y s t Euo I

Microbiol5O,rn press.

ffi*exmk ffiffi Ur#ffi
The f u ngus Cand id a al bicansis an opportun istic h uman
pathogen, Most of the time it I ives quietly, without causi ng
any problems, One of its homes is inside the mouth. For a
microbe, this habitat provides a challenge:to remain there as
waves of food, drinkand salivawash through. An abilityto
find and stickto surfaces is useful.Agroup of NewZealand
researchers have been working out how C.albicansexploits
both salivaand bacteriato maintain atoehold.

Saliva contains a mixture of proteins, some needed to
start off digestion, others with an unknown r6le' Some will
stickto cells and teeth, and change shapewhen theydo so.
They will even attach to the acrylic surface of dentures.
The streptococcal bacteriathat live within the mouth have
several ways of clinging on. Sometimes, they use the shape
of the salivary proteinsto work outwhetherthey havefound
a surface or are still floating.

C. albicanscan usethese pioneering bacteriaas its own
target, As the researchers d iscovered, it wou ld attach
tenaciouslyto some of them and would cling even better in
the presence of saliva.Theywanted to find outwhich of the
many salivary proteins were involved, They concentrated on
one group,the basic proline-rich proteins (bPRPs)which

they already knew bound to streptococci.

A series of experiments were carried out mixing
individual species of streptococci and salivato see how
well C. albicanssluck onto each of them, Theyfound that
differentstreptococci became coated with different bPRPs.
C. albicanswas choosy aboutwhich streptocobcal species it
clung to, ignoring one like Streptococcus mutans,bul
attach i n g avid ly to Stre ptococc u s o ral i s.Sal iva cou ld more
than double the amount of C. albicansthat clung onto the
bacteria, and indeed some individual bPRPs alonewere
enough to allow C. albicansto adhere to an artificial surface.
It looks like C. albicanq knowing that it must attach to
something insidethe mouth, recognizes asalivacoating on
both bacteria and mouth tissue forthe widest possible

opporlunity to find a suitable home.

I O'Sullivan,J. M.,Jenkinson, H. F. & Cannon, R. D. (2000).
Adhesion ofCa ndida albicans to oral streptococci is promoted by

selective adsorption ofsalivary proteins to the streptococcal cell
'surface. Microb io logy I45, 4148.
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ln  the f  i lm Jurassrc Fark.  sc ient  sts use dinosaur b lood
preserved wrthrn a fossi l ized mosqui to to re-create l iv lng
d nosaurs,  ln real  l i fe t  seems impossib le that  DNA can last
fo r  m i l l r ons  o f  yea rs  as  the  long  mo lecu le  requ i red  in  a  l i v  ng
creature.  Shor l  preces certa in ly surv ive,  but  a l iv tng cel
requires lengths of  hund reds of  thousands of  bases,  As wel l
as f ragmentat  on by digest  ve enzynres immedrately af ter
death,  damage f  rom chemical  react ions and radiat ion can
on ly  accumu la te  i n  dead  ce l l s  ove r  geo log rca l  t ime ,  L i v ing
cei ls  are constant ly  repair ing the r  DNA, but  cannot exist
fo r  m i l l i ons  o f  yea rs .

However,  a group of  microbio logtsts have been carry ing
out expenments that  chal lenge ih is assumpt ion.  They have
been studying l iv ing bacterra that  have apparent ly  been
en tombed  in  sa l t f o r  m l l rons  o f  yea rs .  In  the  ea r l y  1  990s they
repor led bacter ia obtained f  rom sam pies of  f  resh ly  m rned
rock sal t  f  rom deep u nder the s u r face n Aust la.  They cal  led
Ihem Halococcus salifodrnae.The ex stence of these
bacter ia is  not  in doubt The arguments centre on whether
they have real ly  been revived af ter  up to 250 mi l l  on years,  or
are a contaminant f  rorn the modern envtronment

These bacter ia require an almost  saturated soiut ion of
con-mon sal t  in their  growth env ronment.  Very few bacterra
can  su rv i ve  under these  cond i t rons ,  l e t  a lone  mu l t i p i y ,  Th is
k  nd  o f  ex t reme ha loph i l e  has  been  found  in  unusua l  p laces
ike the  Dead  Sea  They  have  been  seen  sw imming  a round
wrthrn sea-sal t  crystals as wel l  as surv ivrng on the skin of
sal ted f ish.

As one way of testing an ancient or gin of H. salifodrnae,
the Austr ian and German researchers have now compared
their  or ig inal  st ra in wrth new isolates f  rom the same mine,
as  we l l  as  bac te r  a  found  rn  German  and  Chesh i re  sa l t
m I  nes.  G eolog rsts ar  e I  a r ly  conf  dent  that  a l  I  these sal t
depo :  t s  o r  rg ina ted  f  rom the  same sea  tha t  d  r  ed  up
dur ing the Permo-Tr iassic per od,

They analysed many chemical  character is t ics of  the
bac te r ia  as  we l l  as  sequenc ing  long  leng ths  o f  DNA.  A l l
the strarns were very s imi lar to each other and dist inct ly
dr f ferent  f  rom al l  other extreme haloph r  es.  The stra ns even
looked the same, wi th th ck-wal lcd,  p nkish round cel ls .  The
researchers' hypothesis is that H. s al ifod r n ae has s u wived
wlth in pockets of  l iquid wi th in the rock-sal t ,  dormant unt i l
revrved rn the modern laboratory.  The possib i l i ty  that  i t  has
real ly  surv ived unchanged for  hundreds of  mi l l ions of  years
s  someth rng  tha t  sc ien t  s t s  a re  go ing  to  con t inue  to  a rgue
about wel l  in to the 21 st  century,

I Stan-Lt>ttcr, I{.. lVfc(ienitv,' l ' .J., I-cgat, A.. Dcnncr, E. l l. M.,
(i lascr. K., Stctter, K. O. & \X'anr.rcr, G. ( 1999). Vrrv sinrilar
stnril s of l l.z/r, t,ttlr.r ,,t l t.l,,t/ittl/. irJ'c ti ) Ll n Ll r n lcor:llLplr iclLllt. srParlrtc,l

Pt r ro Tr iass icsrL l rc lcposi ts  , \ l ) l r th io l , , , \ . )  l . ' f  5 ,  i1( r i  l1r  1

JGVwebsite news
In addit ion to JGV Online (http:/ /vir .sgmjournals.org), ourful l- text mult i- feaiured website
in association with HighWire Press, Journal of General Virologyhas its own Internet
presence within the SG M website. The JGV Editorial Office staff have recentlytaken over
responsibi l i iyforthese pages and have given them a complete make-over. The JGV at
SG M pages have been redesigned to make them both user-friendly and attractive. Extra
information has been added (e.9. full-text PDFs of selected iopical papers) and a new
navigation panel included to make accessing the pages easier then ever. These pages
are free to al l lTake a look and iel l  us whatyou think!

http ://wvuur.sgm.ac.uk/vir_main.htm
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Microbiology(http://www.sgm.ac.uklmrc-main.htm) and International lournal of
SystematicandEvolutionaryMicrobiology(http://www.sgm.ac.uklrlsemmain.htm)
pages are also being redesigned in the nearfuture. Contactihe relevant Editorial Off ice for
f uriher detai ls.

Second US EditorforJcV
Journal of GeneralVirobgy of N/adison, uni r*."iu"O f-li. poti.y of esiablishing a
(JGV) has appointed its PhD from the University of top-class worldwide panel
second Editor in the United Washinqton for research of Editors.

ffiffi

into an Libiot ic gene trans fer
in corynebacterra. He began
his  papi l lomavi rus s tud ies rn
. l  

QB3 as  a  nns idnr ' tn r2 l

fellow of Douglas Lowy at
the N lH,  and has remained a
memberof  the NCI
intramural program,
currently as a Section Chief
i n  l h e  I  a h o r a l n n r  n f  C e l l u l a r

Oncology, He has studied
c o r i o r e l  a c n a . t c  n f

papi I lomavi rus biology,
includ ing cel l  transformation,
transcript ion regu lat ion and
host immune response.

The appointment of
Dr Schrl ler continues JGV's

States.

Dr John Schil ler works at the
National Cancer I nstitute,
Natronal lnst i tutes of Health,
in Bethesda, Maryland. He
studies papi I lomavi ruses,
{ocr  rs inn  esner^ ia lh r  on  the

vir ion proieins and the
development of virus-l ike
na r l i c le -hased vacc ines .  He

wrl lassume primary
responsibrl i ty for edit ing
papovavi rus man uscripts.

John studied molecular
biology at the Un iversity of
Wisconsin, in his home town

New submissions to JGV in
this f  ield may be sent direct ly
to:

John Schi l le r
National Cancer I nstitute
Natronai Inst i tutes of HealLh
Bldg 36,  Rm 1D32
Bethesda
MD 20892-4040
USA

Fax*1  301  4805322
e-marl schi l lel@dc37a.nci.
n ih ,gov
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This volume neplesents the 5G M symposium
held in Leeds in September 1999 on the topic of
molecular transport in prokaryotic and
eukaryoticmicrobes.

The introductory chapter by Broome-Smith & Mitsopoulos is
an overview of f undamental problems in microbial transport
and sets the scene for the rest of the volume, Cursory
discussion of at least one of severaltopics missing from the
individual chapters, e.g. Type I protein secretion, is included.

The chapter by Lewis summarizes the physiological
importance of multidrug eff lux systems. All organisms have
such pumps (M DRs) and mult iple pumps can co-exist in the
same cell. Lewis raises the key question of the mechanism
of substrate recognit ion, though with l i t t le hope of f inding a
solution in the near future. Nevertheless, better knowledge
of M DR pumps m ight lead to insights into virulence
mechanisms and to identif ication of inhibitory antimicrobials.

Poolman reviews the regulation of solutetransport in
bacteria, treating us to the bioenergetics of transport and
regulation of solute transport via internal pH, accessory
proteins and phosphorylation, The rdle of osmoregulation, in
uptake and excretion, is also discussed.

The chapteron arsenictransporters (from E colito man) by
Barry Rosen, although equally lucid, does not capture the
impact of the stylish colour presentation atthe meeting. He
covers the evolution of transportprocesses associated with
resistance to arsenicals and antimonials and shows that
these processes were'rei nvented' several ti mes i n evol ution.

Alain Fi l loux summarizes Type l l  protein secretion. He
discusses distribution of the Type ll apparatus in various
bacteria and the evolutionary connections between Type lV
pi lus assembly systems and 'pseudopil in'components of the
Type ll pathway. Recent progress has been made in defining
the nature of the outer-membrane'pore'made bythe
'secretins' of the Type ll system. The mechanisms involved in
gating the secretin pore remain mysterious,

Outer-membrane secretins also appear in the Type lll t

secretion pathway. Anderson ef a/. discuss the 16le of this
pathway in the pathog en Yerstnia.The Type lll plasmid-
encoded system is involved in targeting virulence factors
directly into the cytosol of recipient animal cells, perhaps
akin to a miniature hypodermic syringe,Again, evolutionary
arguments reveal interesting common features between
assembly of part of theType lll machinery and the process of
flagellum construction

Soto & Hultgren review bacterialadhesin assembly,
concentrating on P pili (on uropathogenic E coli strains) and
Iype I pili (virulence determinants on the surface of several
enteric bacteria). The fascinating theme linking these pili is
the use of molecular chaperones and 'ushers' and the
control processes in which they act during pilus assembly.

Sanford Lacks summarizes knowledge about
transformation in athorough review of the key issues
involved - attachment, DNA degradation, single-strand
entry, energetic requirements and recombination and
restriction, The regulation of competence via small
molecules and the induction of competence genes is also
reviewed. There are echoes of the Type ll secretion system in
this story reiterating the notion of common themes in the
evolution of transport systems,

Valent ef a/. presenta historical perspectrve on the E coli
equ ivalent of the signal recognition particle (SR P), including
elucidation of FtsY and Ff h functions. Here is an examole
where research in mammalian systems led to afundamental
discovery about protein translocation mechanisms years
before a similar bacterial system was found, highlighting the
need for microbiologists to be aware of biological processes
in h igher organisms, since similar processes are often found
in prokaryotes. Indeed, later chapters reinforce this idea.

Young ef a/. discuss protein translocation intothe
endoplasmic ret iculum. Many of the studies discussed are
on yeast and have exploited genetics in a powerful
d issection of the targeti n g mach i nery (the trans locon),
coupled with reconstitution assays. The authors highlight
the impressive progress made in this field overthe past ,
decade, thoug h many questions still require answers.

Lopez-Huertas & Baker provide a thorough chapter on
peroxisome biogenesis, Initially historical, this review covers
peroxisomal targeting signals, bioenergetic requirements
and the nature of the import machinery A characteristic of
this system is that folded proteins and oligomeric species
can be imported. This notion of membrane translocation via
folded proteins is now no longerconsidered bizarrewith the
accumulation of data on membrane translocation of various
fullyfolded proteins in eukaryotic and prokaryotic systems,

Robinson ef a/. present a chapter on transport of
proteins into and across the thylakoid membrane, neatly
summarizing the f ield, Examples are given of the various
pathways taken by different proteins, including a discussion
of the ApH-d riven pathway for folded protei ns and the
corresponding process, recently discovered in bacteria. The
chapterconcludes with some interesting points aboutthe
relative merits and difficulties of studying protein translocation
mechanisms in bacteriaand higherorganisms - a multivariate
approach might be the best way forward in future.

The book ends with astimulat ing chapterfrom Saier &
Tseng on the evolutionary origins of transport systems, with
several surprises aboutthe likely evolutionary origin and
frequency of 'genesis' of permease families, topological
constraints operati n g in mem brane transporters, and mosaic
and modular construction, This topic - how it all started, how
it may have evolved and how it may evolve in future - is a
f i t t ing terminal chapterto the symposium volume.

Typographical errors are very rare, though there is the
occasional errorof fact. Yes,there are several important
topics missing, However, this is a large and important
research f ield and i twould be impossibleto coverit
com prehensively without a week-long symposium and an
associated volumethree orfourt imes the size of this one.

Overal l , this volume is a useful contr ibution to the I i terature
on microbialtransport and could serve as afast-track into
the topicforthe non-cognoscenti .  Common themes emerge
strongly in this book. One is the need to understand
molecular recognition in transport systems. Another is that
prokaryotic and eukaryotic systems use similar mechanisms
in the limited selection of transporl processes thatwe
currently understand, lt's really the old story - when
evolution gets a good idea it disseminates itwidely,

O Prolessor George Salmond, SGM Council

SGMSymposium
Volume53

Edited by
J,K, Broome-Smith,
S. Baumberg,
C,J. Stir l ing & EB.Ward

Published by
Cambridge University
Press (1999)

Members
s26,00/uS$46.00;
Non-members
s65,00/us$ 1 15,00;
Student members
S 1 6,00, pp,279

ISBN: 0-52 1-77270-2

An orderform for
Symposium Volumes
may be downloaded
from the SGM website
www.sgm.ac.uk
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New educational resources from the
American Society for Microbiology

Unseen Life on Earth
The Microbial Literacy Collective (MLC) rvas foundecl

by tl-re ASM ro provicle a means to educate tl-re public

about m icro-organisms and present both the positive and

negat ive contr ibut ions microbes make to the wor ld.

Intiltate Stranger.r: LIn:een Life on Etrrllt, a 4 hour science

clocurmentary for  pubi ic  te levis ion (rece nt ly  shown on

publ ic  broadctrst ing stat ions in t l - re USA) is  the centre-

piece of the MLC's inititrt ives. The themes of the series are

Tree of l ife, Keepers of the biosphere, Dangerous friencls

and frienclly enetnies and Cretrtors ofthe future.

Another product of the MLC, Utt.reen I'ife oa Ecn"th: An

IutrorJuctian to ful icrabiolagy, a set of i 2 vicieo programmes

with accompanyrr-rg textbooks and st i - tc ly  guic les,  is

intendecl as the flrst course in microbiology for stlrdents

of  b io iogy,  a l l ied hetr l th,  nurs ing,  dent is t ry zrnci  micro-

bio logy,  in 2-  and 1I-year courses in American col leges

ancl universities. The programmes are also intended to be

usecl ns a coLuse for clistance learners, tru integrated course

for  2-  and 4-year programtnes,  or  a sr-rpplement to

microbiology collrses taught to more advanced students.

The scient i f ic  contenr of  the v ic leo programmes is

basecl on a consensus curriculr-rm iclentif led by the fhculty

of introch-rctory microbiology througl-r the ASM's annual

rrnclergradr-rate eclucation conference (http://wwrv.

asmLls.r .org/eclusrc/edu32a.htm#Core).  The f ive core

orgernisms ancl  hLrmans,

Interact ions of  micro-

orgtrn isms in the environ-

ment and Microbia l

cliversity and evolution.

Units I ancl 2 of the

telecourse acldress the

breadt l - r  of  the rn icrobia l

wor id and r ts re lat ion to

the rest  of  g lobal  l i fe,

w i th  emphas is  on  the

similarit ies ancl diflerences

a n r o n l t  E i t r t h ' s  m i r n y  l i f e

forms. Unirs 3-1 examine

the physio iogy,  genet ics

zrnd biotechnologicai

uses of  micro-organisms.

M ix tu re  s  o f  s to r ies ,

animations trnd higli

qutri i ty graphics il l ustrate

these very technical

pr incip les that  are of ten

'r,r1 3,;0, cliff icult to teach in the
"1".  

t racl i t ional  lecture-sty le

. '  format.  Uni ts 6*8 discr :ss' r ' ; " ' r ; '  
microbia l  evolut ion,  i ts

Members of the
External Relat ions
Off ice at the SG M
were pleased to meet
Denise Steene of the
ASM Education
Department during
her recent sabbatical
in the U K, l t  was
useful to exchange
information and
experiences and
hopef  u l ly  there wi l l  be
greater col laboration
between the two
learned societ ies in
future,Two of the
recent excit ing
init iat ives from the
ASM are described
here,

relation to the evolution of all l i fe ancl the great cliversity

in the microbial r.vorld and how we stucly it, rrs well as the

myr iad r6 les microbes play in ecosystems. Uni t  9

addresses pract ical  issues of  l - row rve contro l  micro-

organisms in places ranging from kitcirens to operating

theartres.  The last  three i - rn i ts  look at  re latronships

Lretrveen microbes ancl higl-rer organisnrs, with one unit

describi ng the interactions betlveen differen t orgauis nt s

ancl two describing microbes and human clisease.

Unlike the traditiontrl telecourse progrunrmes that are

keyed to a single textbook, U rt.reeu Life on Earth will be

keyecl to several. Teacher anci student guicles will l ink the

l2 v ideos wi t l ' r  the designatecl  int rocluctory textbooks.

The gr-rides will identify ASM's core content theme ancl

basic laboratory skil is, recommerndations on hor.v these

skills can be obtainecl zrnd refbrences to the vast array of

teaching and learning materials available thror-rgh ASM's

Board of Eciucation and Training. Further resources for

the teiecor:rse are planned. For more information about

this and other activities of the MLC, check the rvebsite at

http : //rn'ww.microbeworld. org/.

O Frederick K. Pfaender, University of
North Carolina
O Amy Chang, ASM

resollrces, the Instrr-rctional Library. It cttrrently cor-isists

o f  two  co i l ec t i ons :  ( i )  v i sua i  resources ,  i nc lud ing  s t i l l

images ,  an ima t ions ,  i l i us t ra t i ons  and  v ideos ,  and  ( i i )

curr iculnm resol l rces,  inc luding inquiry-based c lass-

room and laboratory activities. Spanish ancl Portugttese

translat ions of  mater ia ls are avai lzrb le ancl  c l ther

languages will be avnilable in the coming years. A third

col lect ion,  journal  ar t ic les discr-rss ing var ioLrs facets of

microbio logy educat ion rv i th possib le topics rernging

from teachin5l  methoclo logies to integrat ion of  nerv

technologies,  wi l l  be added to the Library in st tmmer

2000. The Library is  open to a l l  users ancl  a l lorvs

resol l rces to be downloadecl  and used for  non-

commercial ech-rcational purposes.

Submissions are sought fclr the Instructional Library.

Review and selection are conclucted every 4 n-ionths ancl

the deadl ine for  inc lusion in the next  round is 1 March

2000. Complete instruct ions for  sr :bmission of  v isual

and curricnlum materials czrn bc obtalned by visiting the

websi te at http ://wrn'w. asmusa. org/edus r c I l lbrcry l,

ctrl l ing +l 202 942 0282, or writing to the Instructional

Library,  Off ice of  Edr,rcat ion ancl  Train ing,  American

Society for  Microbio logy,  17 52 N Street  N\ i l ,

Washi ngton, I)C 20007 6 -2804, USA.

C Denise Sfeene. ASM

themes zrre: Microbial cell ASM lnStfUgtiOnal Libfary
biology,  M i t  rohir r l  gcncr i t 's .

Interact ions of  micro-  The ASM is p leasecl  to ' . lnnoLrnce i ts  col lect ion of  onl ine
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Going Public
provides a foru m
for readers of
Microbiology Today
to pass on their
experiences of
communicat ing
science to a wider
audience than their
fellow scientists,
Contr ibut ions are
always welcome.

BELOW:
A b l ind  RNIB pup i l tes t ing
prototype tactile diagrams of cells
and RNA with a student helper
PHOTO t IZ SOCKETT
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f SGM PublicSymposium

1 845, Monday 17 April 2000
Lecture Theatre, Royal Museum of Scotland
Vaccination is for Life

Effect ive vaccrnation oro-
grammes have greatly
reduced, and in some cases
eliminated, our r isk of infec-
t ion from l i fe-threatening
i l lnesses such as smal lpox,
ool io and measles. Current
research is exploring ways
of providing vaccines to
protect individuals through-
out their l i fe against a whole
range of diseases, Why is
vaccination im oorlant? What
new developments are
being made? What are the
risk factors involved? How
do our  needs change wi th
age? And what does the
next mil lennium hold?

O Chairman:Dr David
Ell iman (Consultant in
Community Child Health,
St George's Hospital
Medical School, Tooting)

1 845
Chairman's introduction
The importance of
vaccination

1 900
ProfessorJohn Heckers
(University of Southam pton)
Meningitis

1 930
Dr Ratko Djukanovic
(U niversity of Southampton)
Asthmavaccines

2000
DrWendy Barclay
(Universiiy of Reading)
lnfluenza

2030
Round table discussion

For information on the
Festival tel. 01 31 530
2001 or e-mail esf@scifest,
demon,co,uk

t',,-u,* + ; $"qi st* .$.c ffi e# ww% ffiwmtrWffi
Two people  c lose ly  assoc ia ted wi th  the SGM were
for tunate enough to  obta in  UK Royal  Soc ie ty-Br i t ish
Associat ion Mil lennium Awards for act ivi t ies to promote
science in 

'1999: 
Liz Sockett,  Education Off icer on

Counci l  and fane Westwell ,  Administrator in the
External Relations Office. The scheme is now closed.

\-&tx$ kq*$"xm* ff *5"s {$t * ilx$r} t{ 9
Liz Sockett held a Mil lennium Award joint ly with Norman
Brown,  who is  the Head of  B io logy at  the RNIB New
Col lege Worcester ,  a  h igh school  for  pup i ls  wi th  v isua l
impairments. Using the award, Norman and Liz have been
involved in a variety of act ivi t ies to promote the under-
s tanding of  genet ics  by s ighted and v isua l ly  impai red
school  s tudents .  Together  wi th  s tudent  he lpers  f rom
Nott ingham University, where Liz is based, they have
produced a practical called Colours, colonies and clones
which uses co lour  mutants  o f  ohotosvnthet ic  bacter ia
along with DNA gel electrophoresis to ieach high school
students about genetics. The pack covers plasmid cloning,
complementation and the idea of mult i-step biosynthetic
pathways encoded by mult iple genes. The prolect is safe
as i t  uses pond-dwel l ing bacter ia .  Norman a l ready has
experience of adapting DNA gel ki ts for use by sixth form
students, so the whole practical is accessible to visual ly
impaired pupils too, In rts current form the practical uses
transposon mutants and strains carrying plasmids, which
means that it must be used, by law, at a centre registered

The f igure above shows a small-scale model representing,
rather incompletely, the ful l-size'Mil lennium Bugi a model
of Escherichia col imagnif ied 2 x 106, being made by the
author .  At  th is  magni f icat ion the molecu les which make
up the bacterial interior are'seen' as tangible structures
set out in a cutaway from a rod 4'6 x 1 '6 m size, bordered
by 'ex terna l  so lu t ion '  (aerob ic ,  l ight  b lue;  anaerob ic ,
dark blue).

The author  p lans -  bar r ing d isasters  -  to  have the
Bug ready for  the Warwick Meet ing in  Apr i l  2000.
Arrangements  are in  progress for  i ts  exh ib i t ion a t  a
museum for a period thereafter. l t  is bel ieved to be the
biggest  model  bacter ium in  the wor ld  (Guinness Wor ld
Records are in terested! )  and a novel  cont r ibut ion to
microbiolog ical education,

The author wil l  welcome offers of orints of E. col i
to  accompany the model .  An ar t ic le  on the Bug should
have appeared in the January issue of Biochemical
Education.

for  GM work.  The pract ica l  is  des igned to  be run in  the
labs of the new Mrl lennium Science Centres (which ooen
in  2OOO).  A vers ion of  the pract ica l  us ing po in t  mutants
wi th  co lour  defects  is  a lso be ing developed so i t  can be
legal ly used in schools without G M l icences.

Liz and her students have also used the Mil lennium Award
to promote genet ics  in  o ther  ways.  These inc lude:  a
display on tact i le science at the Tomorrow's World Live
exhib i t ion a t  Olympia;  a  ta lk  on micro-organisms and
Genet ics  to  200 jun ior  school  pup i ls  a t  a  Not t ingham
Cinema; a debate on gene ethics with sixth formers and
the Provost from a church school; and the production, with
two students, of packs on genetics and human variat ion,
and on genetic disease for use in schools. The resources
developed using the Mil lennium Award wil l  continue to be
used to attract pupi ls into studying genetics well  into the
21 st centurv.
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Teaching young
ch i ld ren about the
signi f icance of
mrcroDes rs very
important, but
cha l leng ing to
accompl ish, Here
two approaches are
described, both of
which have oroved
to be successful  in
practice,

T H I S  P A G E :
Young  ch i l d ren  l ea rn  abou t
microbes at Reading Borough
Counc i l  pLayschemes
PHOTOS SG[/

. l

I n  t he  1999  summer  ho l i days  more  t han  800  ch i l d ren  i n
Reading exp lored the amazing wor ld  o f  microbes.  Th is
was made poss ib le  by a  Royal  Soc ie ty  and Br i t ish
Assoc ia t ion Mi l lenn ium Award which funded a co l labora-
t ive oro iect  between Jane Westwel l  o f  the Externa l
Rela t ions Of f ice a t  SGM HO and Reading Borough
Counci l .  The Award scheme funded science professionals
to  wo rk  ( i n  t he i r  own  t ime )  w i t h  a  commun i t y  g roup  t o
b r i ng  sc ience  t o  a  t a rge t  aud ience ,  Hav ing  seen  the
enrant r r red far :es o f  ch i ldren at  SG M setWeek act iv i t ies ,
Jane  t hough t  i t  wou ld  be  a  good  i dea  t o  b r i ng  s im i l a r
workshops to  ch i ldren who might  not  normal ly  be exposed
to sc ience outs ide of  the c lassroom. Reading Borough
Counci l  run exce l lent  p layschemes which are access ib le
to  a l l  ch i ldren in  the town,  inc lud ing the soc ia l ly  d isadvan-
taged. Jane planned to employ two graduate students to
travel around the playscheme sites and introduce chi ldren
to microbes through a mixture of simple, safe experiments
and arts act ivi t ies, Play development staff at the Counci l ,
always on the look out for new ideas, welcomed the idea
and of fered to  suppor t  two ext ra  s tudents .  Th is  type

of  pro lect  was a good
candidate for  fund ing s ince
t h e  t a r n e t  a r r d i e n c e  w a s

too smal l  and loca l  to  be
f r  r n d o d  h v  { h c  S G M .  T h eI  u r  r v v v

S n r - i e t v  s r n n o r t e d  J a n e ' s

appl icat ion by a l lowing her
to  use of f ice  fac i l i t ies
f  r p e  o f  r ^ h a r n e  a n d  t o  t a k e

unpaid leave to manage the
nroier:t  ( the r:ost of which

\ L " v  
v v v L  v '

was re imbursed to  Jane
^ ^  ^ ^ . +  ^ {  + r . ^  ^ , ^ , ^ . ' J \
d J  P d l  t  u r  L r  r u  a \ v a t u , / ,

By  May  1999 ,  Jane  hea rd
that  her  proposal  had been
c r r n n a q q { r  r l  a n d  t h o  n r n i o r - t

^ ^ , , 1 , . J  ^ ^  ^ l ^ ^ ^ , . . l  T hcou to  go  aneao .  I ne  rusn
began  to  f  i nd  f ou r  peop le
with the background knowl-
edge,  communicat ion sk i l ls
and,  above a l l ,  pat ience to
de l i ve r  a  se t  o f  wo rkshops
to a  mixed and unpred ic t -

ab le  audience for  an exhaust ing f  ive  weeks.  Th is  was no
easy task,  main ly  due to  the acce lerated t imescale
brought about by late decision-making by the award panel
(the process has since been made more t imely). However,
eventua l ly  four  vo lunteers  were found who were brave
enough to  face groups of  young ch i ldren wi th  a  sub ject
usually considered as hard or boring ( i f  thought of at al l) .

A  t r a i n i ng  sess ion  de l i ve red  by  John  Scho l l a r  o f  t he
NCBE and Dar ie l  Burdass (Se fV Educat ion Ass is tant ) ,
to  prepare the s tudents  for  the t r ia ls  to  come,  was
fo l lowed by two days of  fur ther  preparat ion a t  Jane 's
house.  Act iv i t ies  were p lanned and the teams d iscussed
how best  io  grab audience at tent ion and make micro-
biology relevant to the chi ldren's l ives. The obvious choice
was  t o  make  l i be ra l  use  o f  t he ' yuck ' f ac to r  and  t o  t a l k
about 'poo '  (organisms invo lved in  sewage t reatment) ,
'snoti  mouldy bread and microbes on the body. To counter
this, 'good' microbes were emphasized and plenty of refer-
ence was made to bread, yoghurt,  cheese and medicines,

Each team had a laminated
set of beautrful electron and
nhoto mi r : rooranhs ofl " ' ' " . "

su i t ab le  m ic ro -o rgan i sms
and  some  i o l l v  co lou red
d iag rams  o f  s imp l i f  i ed
L ^ ^ + ^ - i ^ r  ^ ^ r  , , ^ ^ l t  c e l lu d L  L U r  r d r  a r  r u  y u a J

st ructures.  These formed
ihe bas is  o f  the act iv i t ies
s ince  ch i l d ren  cou ld  copy
them in  d raw ings ,  make
3-D models  us ing co loured
salt dough or col lages with pasta shapes and dried pulses.
Jane 's  k i tchen was reduced to  chaos whi le  spec imen
models ,  co l lages and handkerch ie f  pa in t ings were made
a n d  e x n e r i m e n i s .  s r r r : h  a s  d o r  r o h  r a r : e s .  t r i e d  o u t ., , , , v , , 1 v '

The day of  reckoning ar r ived and the in t rep id  teams set
out  to  the f i rs t  p layscheme sr te .  One team (2nd year
microb io logy s tudents ,  Sophie  and Cla i re)  had very  l i t t le
exner ience of  sc ience communicat ion act iv i t ies  so Jane
accompanied them on the f i rst day and ran the workshops
so they could  see what  they would be deal ing wi th ,  Af ter
that  they were conf ident  enough to  go i t  a lone and man-
aged  w i t h  t he  occas iona l  v i s i t  and  f o l l ow-up  t e l ephone
cal l  f rom Jane.  The second team (env i ronmenta l  sc ience
graduates, Kathy and Emma) were able to launch straight
in to  the pro ject  and before long were coming up wi th
innovative ideas for extra activi t ies that the chi ldren could
enjoy a longs ide those or ig ina l ly  p lanned.

Both teams qu ick ly  adapted to  the d i f ferent  types of
accommodat ion and da i ly  s t ructure o f fered by the p lay
scheme sites (19 in total) and developed ways of keeping
the attention of groups of chi ldren of widely ranging ages
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and abi l i t ies, who after al l  were there to have fun. By the
end of the five weeks both teams had several home-made
thank-you cards f rom the ch i ldren and had heard many
pleas to come back to the site soon. Comments from the
chi ldren included "l t  was real ly good fun","Much better
than science at school'and "i really liked finding out about
microbes". Like any good PUS event, the workshops were
evaluated by the chi ldren and not one neqative comment
was made.  Thrs  was backed up by po i i t iue feedback
received from al l  play development workers, despite some
reservations about trying to' teach' chi ldren during a day
of play. l t  is fair to say that the workshops offered a
novel act ivi ty which was del ivered in a fun way and those
children who came to more than one session did remem-
ber much of what they had learned weeks earlier, We can
only hope that some of this knowledge st icks with them in
the years to come,

So what  d id  we ga in  f rom the exper ience? Jane got
valuable experience in managing two completely dif ferent
teams of workers and learned that what might seem l ike a
good idea at the t ime can snowball  into something real ly
BlGlThe SGM got  a  good set  o f  wel l  t r ied and eva luated
activitres for future use,

I Further information
lf you would like details of the activities for use at an eveni
you may be p lanning,  contact  Dar ie l  Burdass in  the
External Relat ions Off ice (e-mai I  education @sgm,ac.u k or
tel.  01 1 B 988 1 835), Workshops based on the activi t ies
wil l  also be running for two weeks as part of the chi ldren's
hands-on sessions atthe Edinburgh International Science
Festival,  i f  members in the North of England or Scotland
would l ike to see them in action.

Whi le  i t  is  encourag ing to  learn,  f rom the ev idence of
Standard Attainment Tests (SATs) exams, that the
standard of English and Maths among UK primary school
ch i ldren is  increas ing,  many are concerned that  th is  may
be at the expense of subjects which are not deemed ai
impor tant  in  the Nat iona l  Curr icu lum.  As there is  the
worry that elements of the science curr iculum risk being
marg ina l ized,  i t  is  benef ic ia l  for  un ivers i ty  sc ient is ts  to
of fer  the i r  loca l  schools  suppor t  in  these areas wnere
possible. In the past four years primary school chi ldren in
the Swansea area have ga ined f rom a co l laborat ion
between myself at the university, supported by the
BBSRC Schools'  Liaison Scheme, and a local charitable
organization, the Mumbles Science 2000 Centre, to offer
hands-on exper ience in  b io log ica l  invest igat ions.  Th is
year,with supportfrom the SGM Education Development
Fund,  the focus has been to  in t roduce a microb io logy
project. The project introduces the concepts of how
ubiquitous and varied micro-organisms are, how they can
be visual ized either as colonies on plates or as individual
ce l ls  under  the microscope,  the impor tance of  personal
hyg iene and how we depend on some micro-organisms
for valuable products l ike antibiot ics,

A imed at  ch i ldren at  Key
Stage 2, the workshop starts
wi th  a  d iscuss ion on what
the ch i ldren undersrano
about  micro-organisms,
They tend to apprecrate
the danger  o f  an ' inv is ib le '

germ,  be i t  bacter ium or
virus, largely based on what
they have been told at
home and in school. But this
concept is not very tangible
unless they can see for
themselves exactly what
micro-organisms look l ike
and where they can be
for rnd The r -nnr 'cnt  o f  s ize
is  d i f f  icu l t  to  come to
terms wi th  as 'smal l '  usual ly
descr ihes An oh icc t  s t i l l
v is ib le  to  the naked eye,
A usefu l  approach,  as sug-
gested by Dr Liz Sockett
(see Microbiology Today, Vol. 26, p, 33) is to compare
a normal -s ized pr in ted fu l l -s top wi th  a  magni f ied 5  m
diameter' ful l-stopi made of paper or material,  this repre-
senting the size of a ful l-stop i f  a bacterial cel l  is magnif ied
to the size of a'Smart iei Given their size, we explain how
ind iv idua l  ce l ls  can on ly  be seen us ing a microscope,  as
they wil l  see for themselves, Alternatively, we can grow a
micro-organism on a jel ly so that each cel l  is ampli f ied to
form a co lony,  a  mass of  i  0  mi l l ion ce l ls  v is ib le  to  the
naked eye. A taxing exercise for them is to see how
far  they can cont inue doubl ing f igures in  the i r  head,  to
i l lustrate exponential growth, We also discuss their knowl-
edge of  what  micro-organisms do;  cause d isease is  the
commonest suggestion, but some know about compost-
ing and food products  l ike  yoghur t  and bread.  They can

ABOVE:
Swansea pr imary school  ch i ldren
examine colony morphology with
the a id  o f  a  f lexcam microscope
and TV moni tor .
PHOTO PAUL DYSON
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AB OV E:
With the support of the SGM
Education Development Fund
pr imary school  ch i ldren learn
about the fascinating world of
microb io logy.
PHOTOS PAUL DYSON

easily latch on to the idea of 'good guys' and 'bad guys"
Just why we wash our hands, brush our teeth or clean the
kitchen is often poorly understood, as i t  has often been
insti l led in them as a necessity, but poorly just i f ied.

For  the pract ica l  e lement  o f  the pro ject ,  the ch i ldren
are d iv ided in to  groups and each group is  prov ided wi th
nut r ient  agar  p la tes,  one a lso conta in ing ampic i l l in ,  They
are given coiton-buds for use as swabs. Each group can
sample the microbiological f lora from a part icular source.
The simplest is to concentrate efforts on swabs from
hands and teeth, although there is no reason with a large
c lass,  why other  sur faces or  media wi th in  the school  or
f rom outs ide cannot  be ' tes ted.  Work ing in  pa i rs ,  they
inoculate a ouarter of a Petr i  dish with their swab before
and after treatment with a bactericide, and also a quarter
of  the i r  p la te  conta in ing ampic i l l in ,  For  sampl ing f rom
hands or other external media and surfaces, the chi ldren
swir l  their cotton-bud in 'Fairy Liquidi di luted 1 :10, as the
bactericide. This ki l ls the majori ty of micro-organisms on
ihe i r  swabs and the resu l i  is  v isua l ized by the very  few
colonies which subsequently arise on the agar plate. For
teeth samples, they swir l  their swabs rn a'fort i f ied' mouth-
wash. Commercial mouthwashes are largely ineffective as
bacter ic ides,  but  to  emphasrze the impor tance of  ora l
hyg iene i t  is  impor tant  for  the ch i ldren to  observe an
effect. Hence the mouthwash is mixed with lab ethanol.

Having made sure the plates are correctly label led,they
are taken to the university for incubation. They are then
sealed up individual ly with 'Parafi lm' and placed in zip-lock
freezer bags in preparation for a fol low-up visi t  to the
school. The chi ldren are instructed on the potential danger
of  these microb io log ica l  cu l tures and why,  under  no
circumstances, should they remove the plates from their
bags.  They can eas i ly  screen the sealed and bagged
plates and score the results, entering the data on colony
numbers and variety in their notebooks, They can note the
effects of the bactericide they used and the antibiot ic in

the medium. In general,  the chi ldren are truly enthused by
the results of their investigation and the evidence before
them of a previously unseen world of l i fe al l  about them.
Moreover ,  i t  b r ings home qui te  emphat ica l ly  why they
should be concerned about hygiene,

This  new wor ld  can be fur ther  i l lus t ra ted to  the whole
c lass us ing a f lexcam, microscope and TV moni tor .  To
emphasize jus t  how usefu l  some bacter ia  are,  the
c lass can be shown a cu l ture  o f  an ant ib io t ic -produc ing
streptomycete, These bacteria have a part icularly
beauti ful colony morphology and produce aerial mycelia
and spores.  One of  the best  spec ies for  demonst ra t ion
purposes is Streptomyces coelicolorwhich produces two
pigmented antibiot ics. These features can be best shown
on a TV screen using a flexcam with macro lens to magnify
the plate culture. To demonstrate another way to observe
bacteria, by magnif icat ion, the f lexcam can be used
together  wi th  an o i l - immers ion microscope.  Us ing th is
set -up,  the c lass can be shown s ing le  bacter ia l  ce l ls
magni f ied 600- fo ld ,  One idea is  to  use a common recA
lab strain of Escherichia col isuspended in water on the
microscope sl ide. These cultures usually contain a mixture
of  rods and undiv ided f i laments  in  whtch the septa are
visible - useful for talking about how ihey reproduce. The
chi ldren are genera l ly  fasc inated by the images of
animate cel ls 'swimming'about on the screen ( in contrast
to  the i r  seemingly  inan imate p la te  co lon ies) .  They are
encouraged to record pictorial ly what they observe -

E, col i is easy to spel l !  Final ly, they are given a mult i-choice
ouiz based on what thev miqht have learnt over the two
S E S S I O N S .

During this year the project was introduced at 8 primary
schools  and subsequent ly  over  the summer ho l idays a t
the Mumbles Science 2OOO Club, reaching a total of over
500 chi ldren. l t  proved a big hit  among pupils and teach-
ers al ike. Hopef ul ly the success of the project wi l l  lead to a
much better understanding of the microbial world among
these chi ldren, and st imulate an interest among a few io
learn more about the subject later on.
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Workshop in Thailand:
Microbia J Diversitv and
Environ mental Biotech nology
f A,G. 0'Donnell, T,M, Embley & A.S. Whiteley

In  an increas ing ly  g lobal  economy,  few count r ies
escaped the impact  o f  the As ian economic cr is is ,
Those involved with postgraduate students from
countr ies  such as Thai land,  Malays ia  and lndones ia
wil l  be well  aware of the problems and the worry
caused to  many ind iv idua ls  by the downturn in  the i r
home economies,  In  Thai land,  the economic prob lems
reverberated through al l  sectors of society, including
the educational sector where the Royal Thai
Government  was forced to  reduce the number  o f  new
scholarsh ips and to  l imi t  a l l  but  essent ia l  overseas
t rave l .  For the development  o f  microb io logy and
bio technology the economic downturn came as a
par t icu lar  b low s ince pr ior  to  the cr is is  the Thai
government had invested heavi ly in infrastructure,
par t rcu lar ly  in  molecu lar  b io logy and b io technology,

For many countr ies, biotechnology and the
capital izat ion of i ts natural,  biological resources is
often seen as an important development strategy,
Overthe past decade, tools borrowed f rom molecular
genetics and the biomedical sciences have been
developed for the investigation of microbial
popula t ions i  n  natura l  and engi  neered env i ronments ,
Th is  move io  incorporate  molecu lar techniques in to
the study of microbial communit ies stemmed from the
real izat ion that conventional methodolog ies based
on isolat ion and cult ivat ion provided relat ively l i t t le
information about m icrobial com m u n i ty structu re and
function in situ. Recently, the extraction, ampli f icat ion

and c lon ing of  rDNA
and funct iona lgenes
from many natural
environments have
become routine. These
techniques of  molecu lar
ecology now offer the
tools with which to study
microb ia l  communi t ies
in  natura l  env i ronments
and as such have a
k o r r  r A l e  i n  q c c o c c i n r' ,  - " " " " "  . ' J
the effect iveness of
microbial ly mediated
processes in natural
env i ronments  and in
evaluating the safety and
impact of genetical ly
modi f ied micro-
organisms (GMOs).

The r rse and safetv  o f
G MOs is  a  g lobal  issue,
Understanding GMOs
and the i r  impact  on the
env i ronment  through
gene t ransfer  and the i r

potentialtoxic effect remains a chal lenge for many
scientists. What is known is that in naiural environments,
gene exchange between micro*organisms is
commonplace and has given r ise to a r ich and diverse
m icrof lora. M icrobial scien ce h as s uccessf u I  ly
exploited this diversity to del iver new drugs such as
antibiot ics and new industr ial processes that have
revolut ionized ourtreatment of disease and made
cleaner  many of  our  impor tant  indust r ies .  L ike Man,
Nature also makes use of gene transfer to r id the
env i ronment  o f  unusual  chemica ls  such as pest ic ides
and the by-products of industr ial processes. So not al l
genetic exchange in nature is bad, As we enter the
new mi l lenn ium,  growing popula t ion needs and the
pressures for  development  make greater  and greater
demands on our natural resources, At the same
societ ies have to deal with the leqacies and mistakes
of  the nast  where e i therr * " '  "
through greed or
rgnorance nafm was
done to  the env i ronment .
B io technology and the
management of natural
n r n a o q c o c  h a v o  n  k cr , - - - - - - ,  , , * ,  -  *  . J y
r6 le  to  p lay in  c lean ing
e n d  n r n l e r - f i n n  l h o- " -  r '
env i ronment ,

ForThai land, l ike  many
cou ntr ies, biod iversity, i ts
conservation and
exploitat ion and i ts
re la t ionsh ip  to
envi ron mental protection
and economic and soc ia l
development  remain
s ign i f icant  cha l  lenges,
M icrobiologists have an
impor tant  16 le  to  p lay in

LI FT:
Workshop-organiz ing commit lee
ouis ide the Depar tment  o f
Biotechnnlogy Mahidol University
Bangkok Thai land

BELOW:
Workshop part icipants

-,*_
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l f  vou would l ike your name to be added to our database of book
reviewers, pleasb complete the book reviewer interests form
now avai lable on the SG M website,  A classi f  ied compendium of
book reviews f rom 1 996 to the present is also available on the
website,

formulating and evaluating the effect iveness and
envi ron mental safety of m icrobial iech no log ies, The
workshop held at Mahidol University, Bangkok in
November  1999 prov ided an in tens ive lec ture and
practical programme foryoung Thai researchers on
M i c robi al D ivers ity an d Envi ro n m e ntal B t otech n ol ogy
and the opportunity to discuss the key social and
environ mental issues facing microbiologists as
Thailand seeks to rebui ld i ts economy. The aim was to
hel p faci I itate a network of you n g staff with i n Th ai land
with interests in microbial diversity and environmental
microb io logy,  inc lud ing the impact  o f  G MOs.  The
workshop was co-ordinated local ly by Dr Watanalai
Panbangred and was co-sponsored by BIOTEC,
Thai land,  and by the Soc ie ty  for  Genera l  Microb io logy
through i ts International Development Fund, The
workshop was over-subscribed, attract ing over 100
applications from al l  overThailand f rom which B0 were
selected,

The workshop addressed a range of issues f rom
the explorat ion of microbial diversity and the impact
of G MOs through to the management of the soi l 's
b io log ica l resources and the harness ing of  these
resources in the protection and clean-up of
contaminated land, The practical course, run
concurrently with the lecture programme, provided
an introduction to DNA extraction, ampli f icat ion and
c lon ing,  to  sequence analys is ,  to  the des ign and use
of biosensors and Io in situ bioactivi ty measurements.
Although almost al l  of those attending the lecture
programme wished to part icipate in the practicals,
l imited resources and our objective of providing
hands-on experience meant that numbers attending
the practical programme were restr icted to 35. The
workshop rece ived the fu l l  suppor t  o f  Mahido l
University and was run by ProfessorTony O'Donnell ,
University of Newcastle, Professor Mart in Embley,
Natura l  H is tory  Museum, London and DrAndrew
Whiteley, lnst i tute for Virology and Environmental !
Microbiology, Oxford.

On behalf of both the U K and the Thai part icipants,
we wish to express our thanks to the Society for i ts
generous and t imely support,  We would also l ike to
thank al l  of the staff in the Department of
Biotechnology for ensuring that everything ran
smoothly. We are part icularly gratefulto the MSc
students in the Department for thei r assistance i  n
running the practical programme,

O Forfurther information aboutthe workshop and
th e m ateil al d i sc u s sed p le ase co ntact to ny.od o n nel | @
ncl.ac.uk.

lerion Biology
Uand Diseases.
Monograph Series,
Uo l .38
Edited by S,B, Prusiner
Published by Cold Spring Harbor
Laboratory Press (1 999)
US$1 25,00, pp, 710
ISBN: 0-87969-547-1

'The saga of prions truly
represents the triunph of
sci e ntif i c i nve sti g ati o n ov e r
prejudicd.Read the quote from
this book, Getthe message,
Published as part of the
prestigious Cold Spring Harbor
monograph series, this post-
Nobelian prionfest retells much of
the story of how prions were
discovered, why no one had
discovered them before and how
this revelation has blown away
most of the mystery of mad cow
disease, scrapie and the human
transmissible encephalopathies.
Stan Prusiner edits this
monograph and contributes
directly to almost half the book
(327 of 794 pages), giving it a
coherent, readable text illustrated
by examples of his laboratory's
most seminal work of the past two
decades, Apart f rom some
notable omissions, the remaining
authors are drawn from the
leading groups in Europe and the
USA; they provide an interesting
counterbalance to the prevailing
style and I enjoyed browsing
through their erudite, upto-date
and provocative contributions. To
paraphrase Karl Popper - a good
hypothesis contains the seeds of
its own destruction; f rom that
perspective I can thoroughly
recommend you read this book
and hope it may be your insight
(or prejudice) which prevails with
the NobelCommittee 20 years
hence,
llimHope
lnstitute for Animal
Health,Compton
Laboratory

lSexually
UTransmitted
Diseases: Methods and
Protocols. Methods in
Molecular Medicine,
Uo l .20
Edited by R.W Peeling &
P.F, Sparling
Published by Humana Pres (1998)
US$89,50, pp.256
ISBN:0-89603-535-2

This is a methods book, designed
to enable the practising diagnostic
medical microbiologist to bring
diagnostic procedures to the
cutting edge of newtechnology,
Unfortunately, a thoughtful and
stimulating introduction by Fred
Sparling is the only part of the
book which gives any context to
the methodology described, Thus
for example, primer sequences
are given without any indication of
the genes or sequences which are
the subjects for amplification. Not
only does this leave the discerning
reader to discover the underlying
basis for the test by further
research, but it may foster an
indifference to the underlying
concepts in the less critical
practitioners of these methods,
I find it difficult to conceive of
tests being run and interpreted in
ignorance of the molecular
targets concerned, That being
said, the methods are well
described and generally appear
robust, The book cannot aspire to
be encyclopaedic within its size
and price range, but would
certainly be one for the shelf of
every lab providing a service to
STD users,
lCharlesPenn
U n ive rsity of Bi rm i n g h a m

llntracellular
U BacterialUaccine
Uectors: lmmunology,
Gell Biology, and Genetics
Edited by Y, Paterson
Published by John Wiley & Sons
Ltd (19s9)
S51,95, pp, 267
ISBN: 0-471 -17278-2

This is a usefuland very
readable collection of reviews on
the use of mycobacteria, listeria
and salmonellae as live deliverv

vehicles for recombinant
anti gens, An introductory
overview chapter on pathogenesis
is followed by six others on the
different vectors, with one set of
authors covering mechanisms of
immunity, whereas others write
on the use of the organism as a
delivery vehicle, The result is a
well balanced volume, with the
differentauthors drawing on their
experience of either experimental
or human aspects of the field,
Problems in vaccine development
and possible solutions are well
covered in a way which makes it
easy to draw analogies between
the three organisms. In addition
to expression of recombinant
antigens themselves, the newer
developments of the use of these
bacteria as delivery vehicles for
D NA vaccines is discussed.
The book should be useful to
researchers and students alike,
lCarlos Hormaeche
U n ive rsity of N ewcastl e

lElectron
V Microscopy
Methods and Protocols.
Methods in Molecular
Biology, Uol. 1 17
Edited by M.A, Nasser Hajibagheri
Published by Humana Press (1999)
US$89,50, pp.283
ISBN:0-89603-640-5

This ring-bound volume provides
the reader with a useful source of
comprehensive and accurate
protocols for electron microscopic
specimen preparation with an
emohasis on the subcellular level,
However, it should be stated that
the book is not specifically tailored
to the needs of microbiologists
working mainly with bacterial
cells, Absolute beginners will
probably be overwhelmed and
there is a lack of coherence
leading to some confusion, e.g.
the correct notion in chapter 1 3
that the cytochrome c method
cannot be satisfactorily used to
study the association of nucleic
acids with proteins is followed by
chapter 14 in which exactly this
method is described forstudying
protein-D NA complexes, lt is also
not true that glow-discharging
renders carbon-coated grids
hydrophobic (p. 2'14). The
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quality ofthe presentation of
the contributions varies and a
number of figures suffer from
Moird effects suggesting that
the publisher could have taken
greater care when producing
the book,

Universityof Leeds

lHandbook of
VAnimalModels of
Infection. Experimental
Models in Antimicrobial
Ghemotherapy
Edited by 0, Zak & M,A, Sande
Published by Academic Press Inc
(less)
US$199,95, pp, 11 36
ISBN: 0-1 2-775390-7

Sir Alexander Fleming discovered
penicillin in 1929. Yet because
Fleming failed to cany out a
simple animal test, first introduced
in 1911, the development of
penicillin was delayed by 10
years, Nearly 60 years on there
is a growing need for new
antimicrobial drugs, and
evaluation in animal models is still
an essential step prior to testing in
humans, Fortunately, the chances
of such an oversight occurring
again are significantly reduced
by this very worthwhile
compendium, which updates a
three-volume version of 13 years
ago into a single volume work,
This comprehensive bookwill be
essential for those involved in the
research and development of new
antimicrobials, The first 123
pages consist of a very readable
series of articles providing an
introductory background to the
subject, This ensures that the
bookwillalso be a valuable
reference for those involved in
scientif ic journalism and
advocacy,
lKevinO'Donnell
Scottish Agricultural
ScienceAgency,
Edinburgh

lTeach Yourself
UGenetics
By M. Jenkins
Published by Hodder & Stoughton
Educational (1998)
$7.99, pp,172
ISBN:0-340-70507-8

This handy sized book is directed
at the general public and intended
to be an introduction to genetics
and the issues sunounding
modern gene technology, lt
includes a great deal of historical
background material from the
discovery of cells, through to
cracking the D NA code and the
development of gene therapy.
The author has been careful to
introduce information gradually
and builds upon knowledge
introduced in previous sections,
The snippets of history break up
the'hard science'and put i t  into
context (also providing some
welcome relief to the reader who
is completely newto the subject),
The author makes an excellent
attempt at communicating a
difficult subject to a lay audience,
although it would probably help to
have a degree of familiarity with
biology before reading the book.
This book could be very useful
for the science communicator
requiring a brief 'refresher' course
in the subject,
llaneWestwell
SGM, Marlborough
House

lcel l-cel l  Signal ing
Uin Bacteria
Edited by G,M. Dunny a
S,C.Winans
Published by American Society
for Microbiolo91' (1999)
$59.00, pp.367
ISBN:1-55581-149-3

The field of cell-cellsignalling in
bacteria is a rapidly expanding
one that is well served by Dunny &
Winans' effort, The volume
presents a number of up-to-date
reviews of different systems in
which bacteria attract each other,
for sex or to trigger differentiation,
developmental or other effects
such as antibiotic production,
Whilstthe quality of writing is
excellent and must reflect careful

editing, the division of the
individual chapters into sections
seems at best somewhat
arbitrary, Virtually all of the
material is concerned with
qutlrum sensing in one form or
other or cell density control of cell
activities, However, this aside, it is
a volume that lwould personally
purchase; it is informative,
well referenced and has a
comprehensive index, In addition
to attracting the practitioners in
thisfield, many of the chapters
will be of intellectualinterest, at
least to those in the eukaryotic
signall ing community.
lPaul Millner
Universityof Leeds

lConfocal
V Microscopy:
Methods and Protocols.
Methods in Molecular
Biology, Vol.l22
Edited byS.W. Paddock
Published by Humana Press
(1ee8)
US$99.50, pp.464
ISB N: 0-89603-526-3

This is an excellent source
for anyone who wants to explore
techniques in confocal
microscopy.lt is a practical
manual with many gems that will
help both new and experienced
users, The principles are
efficiently and accessibly
explained and there is a useful
chapter on fluorescent probes,
Chapterl containsmany
references to websites and the
ones I tried are still functioning,
The rest of the book addresses
an extensive range of specialist
applications, Studies on yeast
cells provide the only specific
microbiological content and it
is disappointing that no
bacteriological input was
included, Nonetheless there is a
wealth of ideas here waiting to be
applied to prokaryotic biology and
many would be equally useful for
simple fluorescence rather than
confocal studies, I would certainly
recommend itto any lab that uses
fluorescence microscopy
extensively,
lMike Barer
U n ive rsity of N ewcastle
MedicalSchool

)Pseudomonas.
V Biotechnology
Handbooks, Vol. | 0
Edited byT,C, Montie
Published by Plenum Pres (1998)
US$110,00, pp,335
ISBN:0-306-45849-7

Whereas some books present
a broad overview of the subject
which is informative and
sometimes provocative, others
are merely vehicles for references
and usually read like a telephone
directory. This book is of the latter
class, lt covers nine aspects of
Pseudomonasbiology, only one of
which is clearly biotechnological
(Chapter 9, Selected industrial
biotransformations) thus belyin g
the impression one gets from its
inclusion as a volume of the
Biotechnology Handbook series. lt
also suffers from the taxonomic
identity problem of recentyears
about what is a genuine
pseudomonad, Whereas most
ofthe chapters deal (probably
conectly) with P. aeruginosa,and
other true pseudomonads are also
less fully covered, the honorary or
ex-pseudomonads such as
B u rkh o I d e ri a and R a I st o n i a hau e
unjustifiably been insinuated in
many other places, Purchase
this book only if you require a
pre-1996 reference source on the
topics covered and can afford it,
aPeterA.Williams
Universityof Wales
Bangor

lThe Biotechnology
V Directory 1999
ln association with 'Nature

Biotechnology'
Edited by J, Coombs & Y,R, Alston
Published by Macmillan
Publishers Ltd (1998)
S179,00, pp.917
ISBN:0-333-68789-2

This directory is an excellent
guide not only to biotechnology
companies worldwide, but also to
the latest commercial exploitation
of research in this rapidly
changing field, The book is divided
into four sections: profiles of
companies, universities, institutes
and research organizations; a
buye/s guide to products,
equipment and services; sources
of information ; and comprehensive

indexes, The list of scientific
activities cttvers many columns,
indicating the amazing diversity
of modern biotechnology. lf you
want to know who is developing
products from algae or
actinomycetes or researching the
applications of lectins, lignin or
liposomes, this resource will
provide the answers, The Activity
Index lists entries by subject, but
the list of companies is
alphabetical within countries.
Extensive cross-indexing makes
the volume easy to use, Full
contact details are provided for
each organization, including the
invaluable U RL for their websites,
The bookalso includes information
on sources of research funding.
All in all a useful reference tool
with plenty to interest the
microbiologist.
llanetHurst
SGM,Marlborough
House

)Escherichia coli
V0157 in Farm
Animals
Edited by C,S, Stewart& H,J, Flint
Published by CABI Publishing
(1ee9)
$45,00/ US$85,00, pp, 256
ISBN:0-85199-332-X

The Scottish outbreak of F. coli
0157 at the end of 1996 was one
of the world's most severe cases
of food poisoning ever recorded.
In particular, the number of
fatalities (2'l ) greatly heightened
public concern aboutfood safety,
During 1998 an international
workshop was held at the Rowett
Research Institute in Aberdeen,
where a number of leading
researchers presented the latest
findings on this organism. This
book summarizes these high
quality papers, Various aspects
of the microbiology of
verocytotoxi ge nic E. c o I i are
discussed, with particular
emphasis on control through the
food chain, In particularthere are
thorough reviews on carriage in
animals, acid tolerance, molecular
aspects, ecological interactions,
infection in humans and incidence
in the slaughter house. The
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writing style is clearthroughout
and the information is up-to-date,
with many of the authors
discussing new methods of
detection and predictions of
transmission, Because of the
topical nature of this subject the
bookwill have a wide readership,
with microbiologists involved in
veterinary medicine and public
hygiene being the main interested
parties.
lGlenGibson
Universityof Reading

lBacterial
UResponsesto pH.
Nouartis Foundation
Symposium 221
Edited by D,J.Chadwick &
G, Cardew. Chairman:R,K, Poole
Published by John Wiley & Sons
Ltd (1999)
S75.00, pp.264
ISB N: 0-471 -98599-6

This book provides a useful,
up-to-date compilation of
information on the topic, which
can othenruise only be found rather
widely scattered throughout the
literature over a considerable time
period, The coverage is wide, not
only in terms of pH range (0-14)
but also in bacterialterms
(archaea to rhizobia), The 1 4
chapters are in the form of
scientific papers, well illustrated
and referenced, including useful
abstracts. The impact of
molecular studies in explaining
the physiology of microbes in
response to pH is evident
throughout and part of the book's
value is in the clarity of the
explanations provided by the
authors, Another enlightened
feature is the inclusion of
discussions both on individual
papers and a final general session
which enables the non-specialist
to ascertain the critical points of
interest and debate in this field,
()verall, a worthwhile library
purchase,
lMartinCollins
The Queen's University
of Belfast

lHandbook of
UProbiotics
By Y.-K, Lee, K. Nomoto,
S, Salminen & S.L. Gorbach
Published by John Wiley & Sons
Ltd (1s99)
$64,50, pp,211
ISBN:0-47119025-X

The stated aim of this book is
to put together the data and
methodology required to develop
a probiotic product, Certainly
data packing is extremely high,
reflecting the enormous volume
of literature on the topic, The
authors have done wellto
abstract, select and summarize
key materialand organize it into
six sensibly chosen chapters. The
attempt to index such a mound of
information is really an impossible
mission and so it proves. lt is clear
that the authors have tried hard
but this is a weakness of the book
which will unfortunately ensure
that readers will need to scan the
most likely chapter in search of a
particular point, That said, it is
rare that you get so much well
abstracted information for the
price making it a worthwhile
purchase for allwho are trying to
develop or use probiotics.
lMartinCollins
The Queen's University
of Belfast

The Baculouiruses
The Uiruses

Edited by L,K, Miller
Published by Plenum Press (1997)
US$1l0,00, pp.447
ISBN: 0-306-45641 -9

Baculoviruses are often equated
solely with the Autographa
calif orni cabaculovirus expression
system, But these viruses have a
long and interesting history that
ranges from their use as viral
insecticides to their illustration of
novelforms of gene regulation
and interaction with the host cell,
Expertly edited by Lois Miller,
each chapter of this book is
contributed by specialist authors
and provides considerable detail
forthe informed reader. Forthe
new reader chapter upon chapter
builds up a graduated and

eventually complete picture of
current baculovirology, The gene
regulation chapters back up the
widespread use of baculoviruses
for heterologous gene expression
whilstthose on the available
genome sequences inform
their future exploitation. The
baculovirus manipulation of the
apoptotic pathway of the cell is
included as is a description of
baculovirus expression vectors
including the relatively neglected
areas of protein processing and
alternate promoter usage, The
book provides a reference work
for insect virology labs, a
handbook for readers new to the
field and provides excellent
material for those Iecturing the
subject.
l lanlones
NERC,IVEM, Oxford

lfne 0iuersity of
Uliuing Organisms
Edited by R.S.K, Barnes
Published by Blackwell Science
(1ee8)
$19,50, pp.345
ISBN:0-632-04917-0

With the aid of profuse illustration
and the adoption of a modern
classification structure, the book
represents a valiant attempt to
provide a concise description of
all life on earth, from bacteria to
mammals, The intention is to
provide an understanding of the
diversity of organisms, which in
recent years has lost the weight it
used to have in biology courses.
The factual presentation is mostly
accurate but the bookfalls down
in the linking of the textual
descriptions and illustrations.
While some sections are usefully
illustrated, with labelled diagrams
aiding understanding of the
textual descriptions, other
sections provide little visualaid in
the understanding of organismal
structure, For example the entire
chapter on plants has not a single
labelled diagram and the animal
material is very patchy in this
regard, For this reason I believe
that much of the potential
audience would find this volume
rather heavy going,
lColinMoore
H e ri ot-Watt U n ive rsity,
Edinburgh

llwish I 'd Made
VYou Angry Earlier.
Essays on Science,
Scientists and Humanity
By M, F. Perutz
Published by ()xford University
Press (1999)
S19.99, pp,354
ISBN:0{9-850531-0

A splendidly varied and totally
readable collection of articles,
some new and some previously
published elsewhere, but allthe
better for being drawn together in
one volume. Perutz explores the
discoveries made by the scientific
giants of the late nineteenth and
twentieth centuries, set against
the broad sweep of world events,
and how these were influenced
by the discoveries. The range is
enormous: from the chemical
synthesis of ammonia, nuclear
fission, X-ray crystallography and
microbiology, to the geriatric
illusions of Nobel laureates. A
number of essays dealwith
Perutz's own exceptional life and
career, from his experiences
during World War ll, to his
contributions to understanding
protein structure and function.
0thers explore his concerns for a
number of humanitarian issues. I
enjoyed the book straight through
on a long flight;itwould also be
ideal for dipping into. Either way,
the sort of book you are sony to
finish.
lRon Fraser
SGM,Marlborough
House

lCtroosing and
VUsing Statistics:
A Biologist's Guide
By C. Dytham
Published by Blackwell Science
(1ese)
S18.50, pp.218
ISBN: 0-86542-653-8

It is refreshing to find a handbook
aimed at undergraduates and
masters students in the biological
sciences which does fulfil its
design aim to enable those who
want to process their data
through a statistical package on a
computer without having to
understand the minutiae of how
the test works and how to do the

actual calculations manually,
The thrust of the book is on the
selection, use and inferences that
can be drawn from using the
appropriate statistical test. The
starting point is a clear listing of
eight steps to successful data
analysis which rightly emphasizes
the importance of experimental
design. A wide range of parametric
and non-parametric tests are
covered using Minitab (10,51),
SPSS (6,1, 7.0) and Excel (5.0)
computer packages under
Windows3,11 and 95 (v2),
There is clear evidence that the
author has'road-tested' the
explanations. A student-affordable
recommended purchase with no
equations in sight!
lMartinCollins
The Queen's University
of Belfast

Books Received
OMicrobiology:
Principles and
Explorations, Fourth
Edition International
Edition)
By J.G, Black
Published by John Wiley a Sons
Ltd (1999)
S28.50, pp,837
ISBN: 0-471-31132-5

OBrock Biology of
Microorganisms, Ninth
Edition
Edited by M,T, Madigan,
J,M, Martinko & J, Parker
Published by Prentice Hall (2000)
US$ 74.00, pp.991
ISBN:013-081922-0
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IACR ROTHA[/STED M ILLEN N IU [/
CONFERENCE _ INTERACTIONS IN
THE ROOT ENVIRON[/ENT _
AN INTEGRATED APPROACH
IAC B-Rothamsted, Harpenden,
Herts, 10-12 April 2000
C0NTACT http://www iacr ac uk/res/
cornorate/meetinos/tmeeti ndex html
or Barbara Vernon (Tel 01582 /631 33)
SIRUCTU RAL BIOLOGY M EETIN G
BIOCHEMICAL SOCIETY CONFERENCE
University of Leeds
11 -13 April 2000
C0NTACT: B ochemical Society(Te 020
/580 3481; Fax 020 7637 /626; http://
www biochem $ry org/meetings htm;
e-mail meetings@biochemi$ry org)

for Virology Depatnento' Microoiology
ard \lolecular Genetrcs lVledical College
of Wisconsrn B/0lWatertown Plank
Road lVllwaukee W153226 0509 USA
(Tel  +1 4144568104;Fax+1 414
456 6566; e-mail segrossb@mcw edu)
NIINTRNgT 2OOO: A CONGRESS
OF ANAEROBE SOCIETIES
Manchester Metropolitan
University, Manchester
10-12 July 2000
C0NIACT: US ]fficeFax+l 310 216
9274; e mail asa@anaerobe org;
www anaerobe org
UK ]fficeFax|161 247 6365;
e-mail anaerobe2000@mmu ac uk;
www shef ac uk/ - sam/

51 ST HARDFN CONFERENCE
FATTY AC I D D ESATU RAS ES:
FOR[1 FUNCTION AND FUIURE
Wye College, Kent
30 July-2 August 2000
C0NTACT: Biochemical Society (Tel 020
75 B0 3481 ; Fax 020 /63/ 7626, http ://
www biochemistry org/meetings htm;
e-mail meetings@biochemi$ry org)

ACIAIITOBACIIR\ODI'
sll"] INTERNATIONAL SYI\,I POSIU [I ON
THI BIOLOGY IF ACII]ITOBACIIR
Noordwijkerhout,
The Netherlands
3-6 September 2000
C0NTACT: Dr L, Dijkhoorn Department
of [/ledical [/icrobioloqv Academrscn
liekenhuis Postbus 9600 2300 RC
Leiden TheNetherlands(Tel +31 71
5263931; Fax +31 71 5248148, e-mail
dijkhoorn@rullf2 medfac leidenuniv nl)
EXIRE[/IOPHILES 2OOO
THT 3RD INTERNAIIONAT CONGRESS
ON EXTREX/OPHILES
Technical Universitv
Hamburg-Harbulg,Germany
3-7 Sepfember 2d00
C0NTACT: [/s Gerlinde Loebkens
TUHH-Technologie GmbH
Schellerdamm 4, 2ll lg Hamburg
Germany (Tel +49 40 /661801 2;
Fax +49 40 76618018;
e mail loebkens@tutech de)
nF|c 2Ocl
Universitv of York
3-8 Sept6mber 2000
C0NTACI: Allison Winton Publiclty
0fficer Royal [/icroscopical Society
3/38 St Ciements 0xfbrd 0X4 1 Al
0el 01865 248/68; Fax 01865 791 237;
Conference e-mail rebecca@rms org uk;
Exhlbition e-mail allison@rms org uk;
http://www rms org uk)
rnnern0us PATH0GENS 2000
BUGS WITH ATTITUDE
University of Plymouth
4-7 September 2000
C0NTACT Les Baillie DERA Porton Down
Salisbury SP4 0JQ UK (Tel 01980
61 3BB1 ; Fax 01 980 61 3284;
e mail lesbail l ie@hotmail com
srw run0prnN \iVORKS|-I0P 0N
VIRUS EVOLUTION AND [4OLECULAR
EPIDE[/IOLOGY
Leuven. Beluium
4-9 Septemtrer 2000
C0NTACT: Anne-[/ieke Vandamme
Rega Institute and University Hospitals
Al DS Reference Laboratorv
llinderbroedersstraat 10-i 2 8-3000
Leuven Belgium (Tel +32 16 332180;
Fax +32 16 332131;e-ma,lairemre
vandamme@uz kuleuven ac be ; http ://
www kuleuven ac be/aidslab/veme htm)
EUROPEAN C0NFERENCE ON
N UTRITIONAL TN HANCE[/ENT OF
PLANT FOODS
John Innes Centre, Norwich
6-9 September 2000
C0 NTACT: Conference Secretariat
c/o IFR Norwich Research Park Colnev
Norwich NR4 ZUA (Te] 01603 255328;
Fax01603255168;e mai l
ifr communications@bbsrc ac uk)

Roval Concert Hall. Glasoow
17-21 September2000 

-

C0NTAC!: In0onference 10b Broughton
StLane EdinburqhEHl 3LYfiel 0131
556 9245; Fax 0i 31 556 9638i
htp ://www euro-virology com)
IXTNMTLLU LNN POTYM ERIC
SUBSTANCES (EPS) _THE
CONSTRUCTION [/ATERIAI OF
BIOFIL[/S (SPONSORED BY THE
I NTERNATT0NAL WAIER ASS0CtATI0N)
Miilheim, Germanv
1 8-20 September2OOO
C0NTACT: Andrew Leis Gerhard-
[/ercator-Universitat Fach gebiet
Aqualische Mikrobrologie Geibelstra13e
41 D 4705i Duisburg Germany
(lel +4920840303435;
Fax +49 208 40303 84;
e-mail leis@uni-duisburg de)
52ND HARDEN CONI-tRE\CE
SIGNALLING IN PLANTS
Wye College, Kent
1 8-22 September 2000
C0NTACIT Biochem cal Society (iel 020
/580 3481, Fax 020 /63/ 7626; http://
www biochemi$ry org/meetings htm;
e-mail meetings@biochemistry org)

sITEC lOCn
V IBERIAN CONGRESS ON
BIOIECHNOLOGY;
II IBERO A[/ERICAN MEETING ON
BIOTECH NOLOGY;
I BRAIILIAN CONGRESS ON
BIOTEC|INOLOGY
Recife, Brazil
1 -4 0ctober 2000
C0NTACI;Prof Josd Luiz de Lima Filho
Universidade Federal de Pernambuco
Av Professor |\/oraes Rego S/N Cidade
Universit6ria CEP 50761 901 Recife
Pernambuco Brazil (Tei +55 B1
2l1B4B4 Fax +55 81 2718485;
e mailbrotec2000@rrka ufpe br,
http://www I ka ufpe br/Bl0TEC2000)
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THE AI\/ERICAN SOCIETY FOR
VIROLOGY 2OTH ANNUAL SCIENTIFIC
l\/lEET| NG (SP0NS0R: UN IVERSITY
O F WIS C ON SI N.[/AD ISO N)
Madison, Wisconsin
21-25 July 2001
C0NTACT: Sidnetl E Grossberq
Secretary Treasfrer American" Society
for Viroloqv Depanment of [llicrobioloqv
and [lloleillar Genetcs [/ledrcal Colle['e
of Wisconsin 8701 Watertown Plank
Road [/ilwaukee W|53226 0509 USA
(Tel  +1 4144568104;Fax+1 414
456 6566; e-mail segrossb@mcw edu)

GENE ACIION AND CELLUTAR
FUNCTION IN PARASITIC PROTOIOA
Ghancellor's Conf erence Centre,
University ol Manchester
13-1 5 July 2000
C0NTACT; Biochemical Societv fiel 020
7580 3481; Fax 020 763/ 76i6,htlp,l I
www biochemi$ry org/meetings htm;
e-mail meetings@biochemi$ry org)
BEYOND TFIE GENO[/lE lBTH
INTERNATIONAL CONGRESS OF
BIOCH EIVI ISTRY AND IVIOTECULAR
BIOLOGY UNDERSTANDING AND
EXPLOITING [/OtECUtES AND CELLS
IN THE THIRD l\IILLENNIU[/I
International Convention Centre
Birmingham, 16-20 July 2000
C0NTACTT Biochemical Society (Tel 020
7580 3481; Fax 020 763/ 7626; http://
www iubmb2000 org/meelings htn:
e-mail info@iubmb2000 org)
n\ ltntr t H,l H,l u trt Lty
GlaxoWellcome, Stevenage,
Hertfordshire, 21 July 2000
C0NTACT Bochemica Society(Tel 020
/580 3481; Fax 020 7637 7626; http:i /
www b ochemi$ry org/meetings ntm:
e-mail meetings@biochemistry org)
tHr lMrnrcn[] s0ctETY F0R
VIROLOGY 2OTH ANNUAI SCIENTIFIC
[/EETING (SP0NS0R: UNIVERSITY 0F
WISCONSIN [lADISON)
Madison, Wisconsin
21-25Ju|y2001
C0NTACT: Sidney F Grossberq
Secrelary-T'easurer Are'ican Sociely
fo' Viroloqv Denartment of Vicrobioloov
ard [i oleillar 0eretics MedicalColleq'e
of Wisconsin BT0lWareriownPlanr 

-

Road [,4ilwaukee W|53226 0509 USA
[e] +1 414456 8104: Fax +1 414
456 6566 ; e-mai1 segrossb@mcw edu)

FUROPEAN VIROLOGY 2OOO

32ND EUROPEAN FlU[/IAN GENETICS
CON FERENCE
Amsterdam, The Netherlands
27-30 May2000
C0NTACT: Jantie de Roos Director
R0SE International P0 Box 93260
2509 AG The F|ague The Netherlands
(Iel  +31 703838901;Fax+31 i0
381 8936; e-mail roseint@euronet nl;
http:i /www eshg org)
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3RD INTERNATIONAT [,4TETING ON
THE [IOTECl]LAR GENETIIS AND
PATH O G EN ES I S OF IHE CLO STRI D I A
Kazusa Academic Park,
Kisarazu, Chiba, Japan
8-11 June 2000
C0NTACT: Rick Titball
(e-mail rtitball@dera gov uk)
For programme details regl$ratlon
and abstract submission see
http ://w3 ouhsc edu/cp2000/
Hrrclrnr yRnND vrnusrs l0c0
ELEVENTH I NTERNATIONAL
IONFERENCE ON NEGATIVE
STRAND VIRUSES
0u6bec City, Canada
24-29 June 2000
C0NTACT: Negative Strand Viruses 2000
P0 Box 33799 Decatur GA 30033 799
USA (Tel +1 4041280564; Fax +1
4441280032; e mail nsv2000 com;
http://www nw2000 com)

THE A[/ERICAN SOCIETY FOR
VIROLOGY 1gTH ANNUAL SCIENIIFIC
[/EETING
Fort Collins, Colorado, USA
8-12 July 2000
C0NTACT: Sidney F Grossberg
Secretary-Treasurer American Socrety



Gomment
DontlBett'onit
The \Tellcome Trust (and some other funding

Charities) have long argued that the remuneration of

academic scientists is too low to retain the best minds in

a sector that is the most vital for the long-term survival

ofour society in modern competitive environments.

Most other developed nations appropriately recognize

its importance. A recent analysis (The Bett Report)

confirmed this assessment and recommended increases

ofup to 20 % for some staffover the next 3 years.

Bett noted that'acadertic salary rates in tbepre-1992

uniuersities had increased by sone 18 7o less than public sector

salaries generally since 1981' . This despite an increase in

productivity avenging 6 7o ayear between I99I and

1995 compared with 2 7o ayear in the UK service sector

as a whole. The precipitate decline in take up ofcareers in

scientific and engineering research, particularly by the

most able children and students, is a blindingly obvious

testimony to these assessments of the consequences of

neglect by numerous governments. So far no positive

decision on Bett has been made but few people are

inclined to be optimistic that real changes on the

scale required will emerge.

Against this background The \Tellcome Trust has

once again seized the initiative in unilaterally awarding

a 30 % increase in salary for its own personally funded

Fellows. Although highly commendable (and one hopes

the Government will follow suit!), there are some

difficult short-term consequences for the higher

education sector when any of these fellows join the

university p ay rcII,where corresponding salaries are

nearly a third less. \Vhat options, then, are open to

the universities?

O Follow the standard 
'wage 

for age' tradition and

appoint at aposition on the academic scale appropriate

to the achievements ofthe fellows. In most cases, this

would be somewhere at lecturer levei. Unfortunately,

a likely consequence is that the fellow will suffer a cut

in salary for the 
'privilege'of 

taking up an established

post.

0r

|l Adhere to the other normal tradition of appointing

at a salary that is at least equivalent to that currently
'enjoyed'by 

the fellow. In at least some circumstances,

this will present a real problem of fairness and

equivalence to colleagues since the salary will be in the

senior lecturer range without the fellow having

demonstrated the normal achievements in teaching,

administration, grant awards and publications

normally expected of a senior lecturer or reader.

?

For obvious reasons, neither ofthese options is attractive.

There may, however, be a temporary but not altogether

satisfactory solution. This would be to appoint at the

appropriate academic point but at the same time offer

a temporary supplement equivalent to the salary loss.

This supplement could have afinite life span (say 3 years)

or it could continue on a'protected'basis until the

substantive salary catches up. This period would allow

either an enhanced pay awardfor academics to be

granted or the fellow to achieve the status ofsenior

lecturer/reader in the normal promotional fashion. Thus,

for most people the period of the additional supplement

would probably be relatively short.

\flhichever option is taken, there is likely to be a

perception ofunfairness and inequity. Academic salary

arrangements, already vulnerable to equal pay for work

of equal value claims, will be further exposed. Temporary

supplements, short-term contracts and uncertainty are

not the basis on which to build a reward structure which

will motivate and stimulate high academic performance.

This is an inevitable consequence ofa piecemeal approach

to solving the problem of uncompetitive salaries. The

fault undoubtedly lies with the unprincipled abuse ofa

dedicated section ofthe public sector by successive

governments * the consequences of which arc alteady

with us as our scientific and engineering profession

haemorrhages its vital talent.

Until that realisationprovokes some action, we

have problems, hopefully short-term, such as the one

mentioned above which can be morale-sapping. Has

anyone a better solution?

O Profess o r J. B.C. F i n d I ay, Ch a i rm a n, F acu lty
of Bi ol og i cal Scrence s, U n iversity of Leeds
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