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54 The founders of  modern
microbio logY -  the 1891
London Congress of  HYgiene
and DemograPhY
Philip Mortimer
Jus t  wno was who in  mic rob io logy  a t  the  end o f  the

1 9th centurY?

The foss i l  hunter ,
Queen Victor ia 's  doctor
and the germ theo rY of
d isease 

!

Milton Wainwright
Long be fore  Pas teur  descr ibed h is  ideas ,  o thers

specu la ted  tha t  mic roscop ic  o rgan isms might

cause d isease.

62 Wart ime pen ic i l l in  st i l l  Pacl<ing
a punch
Eric Sidebottom, Alan Smith,

Neil Stokes and leff Errington
Surpr is ingly,  some ant ib iot ic  tablets are st i l l  potent  af ter

50 years.

Th e wo r ld i  n m in iatu re.
sealed ecosyste m s
Peter Sneath and
Dave Roberts
How long can l i fe pers ist? Maybe these tubes

contain the answer.

68 Bacterial sw arming:
a ta le of  physics and
ge n et ics
l. Barry Holland, Daria Julkowska,
l(assem Hamze and Simone J. Sdror
I t ' s  amaz ing  how some bac ter ia  a re  capab le  o f  mass

m iSra t ion .

Com ment  -
Ch ro n ic l i  ng
m icrobio logy
Michael Worboys
The history of  microbio logy is  important ,  but

researching the subject  is  not  that  easy.
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SCM to ru n Federat ion of
lnfect ion Societ ies (FlS) annual
meetings
The FIS has he ld  avery  successfu l  annual  meet ing each

autumn for  many years .  The event  prov ides a forum for

c l in ica l  microb io log is ts  and other  profess ionals  work ing on

in fect ious d iseases.  The var ied programme inc ludes p lenary

sess ions,  workshops,  c l in ica l  lessons,  case s tud ies,  pr ize

lectures,  poster  walks ,  soc ia l  events  and a t rade exh ib i t ion.

SCM has been a regular part icipant and was also a

shareholder  in  FIS (Management)  L td .  S ince the company

ceased trading, four lead societ ies have agreed to take

turns in  host ing the annual  meet ing (Br i t ish  soc ie ty  for

Ant imicrob ia l  Chemotherapy,  Br i t ish  ln fect ion Soc ie ty ,

Hospi ta l  In fect ion soc ie ty  and scM).  Th is  year  i t  is  the turn

of  the B ls  and the scM has been de l ighted to  accept  the i r

invitat ion to provide the meeting secretariat for 2006. We

wi l l  be in  the lead in  2007,  and so th is  ro le  wi l l  fac i l i ta te

cont inu i ty  in  the organizat ion o f  the meet ings '

Put  the fo l lowing dates in  your  d iary :  29 November-

1 December 2006. The venue is Cardif f  ci ty Hall .  You can

f ind in format ion on the programme,  abst ract  submiss ion

and registrat ion at www.f i  s2005'org'uk

FEFE]I,ATIOIII OF

infeffiisn s#f,frmtfles

50

cOf{  FEFIEFI gg ; }"eJr"- : r t }

microbiology todaY rr i leY i i{ i

Science Counci l
www. scie n ceco u n ci | . o rg

Since i ts  format ion in  2OOO as an independent  body for

orofess ional  ins t i tu t ions and learned soc ie t ies  across the

breadth o f  sc ience in  the Ul ( ,  the Sc ience Counci l  has had

great  success in  prov id ing a co l lec t ive vo ice for  sc ience

and scientists. l t  received a Royal Charter in 2003 and is

answerable  to  the Pr ivy  Counc i l .  Current ly  the Sc ience

Counci l  has 28 members.  l t  i s  p leas ing to  announce that

the SCM's appl icat ion for  membersh ip  has recent ly  been

accepted. The Society hopes to play an active role in the

pro jects  o f  the counc i l ,  par t icu lar ly  in  the f ie lds  o f  pub l ish ing,

careers, education and raising public awareness of science.

An n ual Ceneral Meetin 8 2006
The Annual  cenera l  Meet ing o f  the soc ie ty  wi l l  be he ld  on

Tuesday, 12 September 2005 at the Society Meeting at the

Univers i ty  o f  York .  Agenda papers ,  inc lud ing repor ls  f rom

Off icers  and Croup Conveners ,  and the Accounts  o f  the

Socie ty  for  2OO5 wi l l  be c i rcu la ted wi th  the August  issue

of Microbiology TodaY.

N ews of
Mem bers
Two HonorarY Members

of the Society have died

recently. Dr MJ. 'Tom'

Parker worked in the

Staphylococcal Refe re n ce

Un i t  a t  PHLS Co l i nda le  f o r

many years. Professor J.R.

Quayle was a ret ired Vice-

Chancel lor  o f  the Univers i tY

of  Bath and SCM Pres ident

1990-1993 (member  s ince

1953). The SocietY also

notes with regret the deaths

of  Dr  A.J .  Beale  (member

s ince  1952 ,  Counc i l

Member  1974-1975 and

Treasurer of the SocietY

197 5-1980) and Professor

E .S .  'Andy 'Ande rson

(member 1949-2001,

C o u n c i l  M e m b e r  1 9 6 1 -

1955, 1975-1979).

BioSciences
Federat ion -

? 1  .  f

new LnleT
Executive
www. bsf. ac. u k

Fol lowi  ng the re t i rement

o f  M ike  W i thna l l ,  D r

Richard Dyer, former

Director of the Babraham

Insti tute, has taken over

as Chief Executive of the

BioSciences Federat ion.

He in tends to  ident i fY and

in form pol icy-makers  and

opi  n ion- formers o f  gener ic

issues that are of concern

to  b io log is ts .  We hoPe to

welcome Dr  DYer  to  the

SCM in  due  cou rse .
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Membership promotion
The health and strength of the Society l ies in i ts act ive

and d iverse membersh ip .  To ensure our  present  and fu ture

success,  more members are a lways needed.  We have

produced a co lour fu l  and s t r ik ing poster  in  both 44 and 43

s izes to  ra ise the prof i le  o f  the 5CM. l t  c lear ly  sets  out the

main act iv i t ies  o f  the Soc ie ty  and out l ines the benef i ts  o f

membersh ip .

Membership of SCM offers many benefi ts to postgraduate

students of microbiology. We have given our postgraduate

f f ie r  a  complete  new look.  I t  now takes the form of  an

attractive card.

P lease he lp  our  membersh ip  recru i tment  campaign by

d isp lay ing the poster  in  your  depar tment  or  organiza l ion

and encourag ing your  co l leagues to  jo in .  l f  you have,

postgraduate s tudents ,  then your  he lp  in  d is t r ibut ing the

new card would be much apprec ia ted.  Copies o f  these

resources, together with leaflets about the Society and

membersh ip  appl icat ion forms are ava i lab le  f rom the

Membersh ip  Of f i  ce (e  mem bers@sgm.ac.  u  k) .

microbiology today rr ; . r '1  i " i { r i 5 1

SCM Cou nci l
Fe b ruary Meeti ng H igh I ights
Honora ry  Members
Counci l  voted unanimously  to  o f fer  Honorary  Membersh ip

to Professor Sir John Arbuthnott,  Clasgow, and Professor

Simon Baumberg,  Leeds.  Both have accepted.

New Pres iden t
With Hugh Pennington 's  term of  o f f ice  due to  end th is

year, Counci l  was faced with the dif f icult  task of choosing

a successor. After careful consideration of some excel lent

nominations, i t  was decided to invite Professor Robin Weiss,

FRS to  become the next  Pres ident  o f  the SCM, and he has

subsequent ly  accepted.  A br ie f  apprec ia t ion o f  h is  carcer

wil l  appear in the next issue of Microbiology Today. Professor

Weiss wi l l  ta l<e over  as Pres ident  a t  the ACM in  September .

SCM journa ls

Counci l  learned of  severa l  impor tant  developments  in

progress a t  Mar lborough House that  wi l l  lead to  improved

eff iciency, accuracy, speed and quali ty of service to authors,

ed i tors ,  re ferees and readers ,  as  wel l  as  reduc ing costs .  For

example,  implementat ion o f  the HighWire Bench>Press

onl ine manuscr ip t  submiss ion and peer  rev iew system is

now wel l  advanced.

Counci l  was a lso in formed of  the la test  s i tuat ion wi th

respect  to  the 'open access '  issue and wi l l  cons ider  changes

as appropr ia te .  The arch iv ing of  back issues of  SCM journa ls

in  e lect ron ic  form is  progress ing wel l .  Members were a lso

rel ieved to hear that the wrong f igures for the impact factors

of  5CM journa ls  publ ished by lS l  had now been corrected.

SCM f inances
The SCM 2005 accounts have been audited and found to

be sound.  The Soc ie ty 's  f inances are cur rent ly  heal thy .

Microbio logy Awareness Cam paign

The Pres ident  and the Educat ion Of f icer  both made

oresentations at an event held in Cardif f  on 8 March

to in form Members o f  the Welsh Assembly  about  the

impor tance of  microb io logy.  See the repor t  on p .  82.

Ulrich Desselberger, Ceneral Secretary

Com m u n icati ng u ncertai nty
The la test  gu ide publ ished by the Sc ience Media Cent re

offers some effective ways for scientists to talk about

uncertainty in a brief news interview. l t  covers such

quest ions as 'why is  sc ience uncerLa in? ' ,  'why do sc ient is ts

disagree?' and 'why don't  scientists always have the

answer? ' .  Emai l  smc@sciencemediacent re .org to  get  a  copy.



SCM Prize Lectures and Awards
A range of prestigious awards is made by the Society in

recogni t ion o f  d is t ingu ished cont r ibut ions to  microb io logy '

Nominat ions are now sought  for  the 2OO7 pr ize lec tures.

The award panel  w i l l  cons ider  the submiss ions in  the

autumn and take the i r  recommendat ions to  November

Counci l  for  approva l .  The outcome wi l l  be announced in

the February 2OO7 issue of Microbiology Today' Prize lecture

ru les and a nominat ion form are on the SCM websi te :

www.sgm.ac. u k/abouVprize-lectu res.cfm

Fleming Award
This is awarded annually for outstanding research in any

branch of  microb io logy by a  young microb io log is t  in  the

early stages of his/her career. The winner receives f 1,000

and gives a lecture on his/her work to a Society meeting.

The text  is  usual ly  publ ished in  a  Soc ie ty  journa l .

Colworth Prize Lecture
This  is  awarded b iennia l ly  for  an outs tanding cont r ibut ion

in  an area of  app l ied microb io logy.  l t  is  sponsored by the

Colworth Laboratory of Unilever Research. The winner

receives {1000 and gives a lecture based on his/her work

to  a  Soc ie ty  meet ing.  The text  is  usual ly  publ ished in  a

Socie ty  jou rna l ,

F red C riffith Review Lectu re
This  is  awarded b iennia l ly  in  recogni t ion o f  long and

dis t ingu ished serv ice to  microb io logy.  The winner

receives f 1000 and gives a personal overview of an area

of microbiology to a Society meeting. The text is usually

publ ished in  a  Soc ie ty  journa l .

Peter Wildy Prize for Microbiology
Educat ion

This is awarded annually for an outstanding contr ibution

to  any area of  microb io logy educat ion.  The winner

rece ives f  1 ,000 and g ives a  lec ture on a top ic  o f  h is /her

choice at a Society meeting.

Completed nominat ion forms,  together  wi th  suppor t ing

documents ,  should  be sent  to  Dr  Ul r ich Desselberger ,  c /o

SCM HQ.

Closing date for al l  nominations: 30 September 20Q5.

U nderg raduate Microbiology Prizes
The prizes aim to

encourage exce l lence in

the s tudy of  microb io logY

by undergraduate

students and to promote

scho la rsh ip  i n ,  and

awareness of, microbiologY

in un ivers i t ies .  The pr izes

are awarded annually

to the undergraduate

student  in  each qual i fY ing

insti tut ion who performs

best  in  microb io logY in  the i r

penult imate year of study

for  a  Bachelor 's  degree.

Each winn ing s tudent

wi l l  be awarded f100,  a

certificate and a free year's

u ndergrad uate mem bersh i  P
of  the SCM.

One orize is avai lable to

each un ivers i ty  in  the Ul (

and Republ ic  o f  l re land

offering a degree course

52

with a signif icant content

of microbiology. The

university chooses the

assessed m icrobiological

work  for  which the pr ize

is awarded.

The  submiss ion  shou ld  be

supported by formal marks,

not an informal assessment.

Winn ing s tudents  should

have attained at least 2(l)

overa l l  in  the i r  degree

examinations at the stage at

which the award is made.

Univers i t ies  are now inv i ted

to nominate a student for a

2005 SCM Undergraduate

Microbiology Prize.

Submiss ions can on ly  be

accepted on the form

which has been sent  to  a l l

ins t i tu t ions.  The fu l l  ru les

and fur ther  cop ies o f  the

form may be downloaded

from the SCM website or

obtained from the Crants

Off ice at SCM HQ.

The closing date for

nominat ions is  31 August

2006.

A Some of  last  year 's  winning students,  From lef t  to r ight :  Amarachukwu Anyogu, London; Joanne Purves,

Leicester ;  Jenni  Shepperd,  Warwick.

microbiology today rvrm.y *6
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Research Inst i tute staff losses
A raft of closures and redundancies in Ul( research inst i tutes

is  in  progress.  Many of  the sc ient is ts  wi th  jobs on the l ine

are microb io log is ts .  Ins t i tu tes shut t ing down inc lude the

Hannah in  Aberdeen,  S i lsoe near  Bedford,  and four  p laces

which are part of the NERC network. Other posts have been

lost at the Inst i tute of Animal Health, Inst i tute for Food

Research,  John Innes Centre  and Rothamsted Research.

Universi ty funding
The Higher  Educat ion Funding Counci l  for  England (HEFCE)

is  to  d is t r ibute  f6 ,7OO mi l l ion in  recurrent  fund ing for

2006-2007 to universit ies and col leges in England. This
represents an increase of 5.9 o/o compared with last year.

f1 ,3OO mi l l ion has been a l located to  research,  but  the bu lk
of  the ext ra  money wi l l  p rov ide for  teach ing,  an addi t iona l
26,000 s tudent  p laces and widening par t ic ipat ion in i t ia t ives.

C rants
Overseas schemes
FEMS Congress
4-8 July 2005, Madrid, Spain

lntegrating Microbial Knowledge in Human Life

SCM Travel Crants

Crants of up to LTOO to provide a contr ibution towards

registrat ion fees, accommodation and travel to the congress

are ava i lab le  to  e l ig ib le  members o f  the Soc ie ty .  Fu l l  deta i ls

of  the ru les and an appl icat ion form are on the webs i te .

The scheme a ims pr inc ipa l ly  to  he lp  SCM members who are

inel igible for a Royal Society grant (see www.royalsoc.ac.uk

or email  conferencegrants@royalsoc.ac.uk for detai ls),  such

as postgraduate student members and research assistants.

The closing date for appl icat ions is 2 June 2005.

Croup European Fund Crants 2006
Crants wil l  be avai lable by competit ion to assist members

who are postgraduate students or f i rst postdocs to attend

the fo l lowing jo in t  meet ings wi th  SCM Croups:  
'

SCM Cl in ica l  V i ro logy Croup/ESCV

3-6 September 2006, Birmingham

Viral lnfections: diagnosis, clinical management and prevention

SCM Virus Croup/ l tal ian Society of Virology

18-20 September 2006, Orvieto, l taly

See SCM website for the rules and forms. Preference wil l

g iven to  appl icants  who are present ing work.  The deadl ine

for appl icat ions is 9 June 2006.

I  nternational Research
Crant
The grants al low scientists

to travel to or from the

U l (  and  Repub l i c  o f  l r e l and

in order to carry out a

defined piece of research

in  any f ie ld  o f  microb io logy.

Appl icants  must  be of

postdoctoral level or above.

Application s for 2006 are

inv i ted.

In ternat ional
Deve lopment  Fund
The fund exists to

prov ide t ra in ing courses,
publ icat ions and other

assistance to m icrobiologists

in  develop ing count r ies .

Application s f  or 2006 are

inv i ted.

The Watanabe
Book  Fund
Members who are
permanent ly  res ident

in  a  develop ing count ry

may apply for funding to

acqui re  microb io logy books

for  the i r  l ib rar ies .  These

annual awards are avai lable

as a result of a generous

donation from Professor

T. Watanabe of Japan.

The closing date for

appl icat ions to  a l l  these

schemes is  13 October

2006.

Student  scheme
dead l ines
Postgraduate Student
Meet ing Crants
Crants cover travel and

accom modation expenses

for attendance at one

SCM meeting each year.

Applications for a grant to

attend the York meeting
(11 -14  Sep tember )  mus t

be submi t ted by

8 September .

Pres iden t ' s  Fund
research visi ts
Open to  Soc ie ty  members

resident and registered for

a PhD in  an EU count ry  or
in their f i rst postdoctoral

pos i t ion in  an EU company

wish ing to  make a shor t

research visi t .  The second

round of  app l icat ions c loses

on 13 October 2005.

Elective grants
These enable  Ul ( /

l re land medica l ,  denta l

or  veter inary  sc ience

undergraduates to work

on microb io log ica l  research

projects in their elect ive
per iods.  The second round

of  appl icat ions c loses on

27 October 20O6.

microb io logy today rnny *6
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Whankstothecomplet ionof themainEuropeanra i1

ffi net*ork, scienlists could, by the second half of the

ffi tOtn century, easily travel to inlernationai congresses.

W It the end of each academic year (which typically

ffi lasredonly from October to May), professional groups,

ffi such as scientists, doctors, engineers and syndicalists,

would meet to present new work and debate matters of topi-

cal interest.
This pattern was well established by the 1890s. The Great

Powers had been at peace for two decades, trade between

nations was prospering and in the field of public and interna-

tional health there were pressing issues t9 address at the annu-

a1 Congresses of Hygiene and Demography There were new

health regulations to debate and the recurrent disagreements

over what the Bntish Medical Journal (BMD referred to as the
'absurdities' of quarantine to resolve. Fortunately, scientific

progress was providing more rational bases for action, for

example in intervening against the epidemic cholera that had

several times swept through Europe earlier in the century.

There was smallpox and rabies vaccinadon to discuss, and

advances in the treatment of diphtheria and tetanus were on

the point of being applied to patients. Ideas about the nature

of humoral and cellular immunity were rapidly evolving.

The presentations and discussions at each Congress were

lively and often opinionated, and were fu\ reported in the

scientific press. An early example had been the exchanges

between Koch and Pasteur at the lBB2 International Con-

gress of Hygiene and Demography in London. The animosity

engendered by rhe Franco-Prussian War had not yet died

down and Koch was the brash young represenktive of grow-

ing German imperial power. Pasleur, by contrasl, was an

experienced scientist and a French patriot. Nevertheless,

when Koch demonstrated his technique for isolating bacterial

54

I  nternational scienti f i  c

meetings are nothing new,

WWwffiwry #ewv%www{ descri bes

an early gathering of

bacte rio logists.

species on semi-solid media, Pasteur had grudgingly to

concede its value.

TYz* lff i#i {"*n&r**S
In 1891 London agarrr hosted the Congress. Its scientific

proceedings were still almost exclusively men's business,

although the 1890s were to be the decade when women, who

were already discreetly but effectively contributing to work

in the laboratory were at last beginning to be participants

at scientific gatherings and not merely accompanying guests.

Mostly, though, women had to make do with the extensive

social programme of receptions, concerts and excursions.

The Lancet andBMJ vied with each other in describing the

scientifie proceedings, faithfully reporting their high and

low points. Among the latterwere delegates'complaints (how

familiar to organizers of meetings down the years!) that the

cloakrooms were inadequate, the ke;mote events unpunctual

and the translation facilities lamentable. In its editorial about

the l8gl Congress the BMJwrote'.'we areloathto dimsobnght

a picture by ret'ernng to the innumerable shortcomings, the want

microb io logy today mtny *S
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of executive capacity, and the appdrent
raw inexpenence'.

and the proceedings on Demography
by Sir Francis Galton, the Victorian
eugenicist. Among the activities so
comprehensively reported by the
medical weeklies (Fig. 1) were those
of the Bacteriological section. A section

acted as a magnet to the leading medica.
scientists of the day (Fig. 2). Some must
have been attracted by the novelty
and potential of the subject and a few,
such as Charles Sherrington, moved
on in due course to other disciplines
(in his case physiology). Others, like
Lister, were already among the elder
statesmen of scientific medicine and
brought experience and gravita.s to the
proceedings. Pasteur himself might
have attended if his health and his wife
had allowed him to do so. Koch also,
havingjust discarded the wife who had
aided him in his early researches in
favour of a young Berlin actress, was
detained elsewhere. Another reason
for Koch's failure to attend might have
been the widespread disenchantment

microbiology today 'r ; ' l i : i , ,  l [ r
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with the unsustainable claims he had
recently made for the therapeutic

expanding scientific field. Their facial
hair and dress may appear quaint and
formal to modern eyes, but this was no
more than Victorian fashion required.
During their careers these men spread
microbiolo gical knowledge throughout

ments, they wrote the first textbooks'
they taught our teachers' teachers.

'''"...i"'j'l 
l.s':::, ' ',''iJ{J

See Front row. The seniors are here:
Emile Roux (1853-1933) was a man
surpassed in impofiance only by
Pasteur in the history of French micro-
biology He was responsible for deri-
ving clinical benefits from Pasteur's
discoveries. John Burdon-Sanderson
(1828-1905) was a leading British
pathologist, a founder of the short-lived
Brown Institute and later of the Oxford
School of Pathology Next to him sar
Lister who needs no description here.
Saturnin Arloing (1846-1911) was a
comparative pathologist whose school
at Lyon rivalled the work of the Pasteur
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,  ;  r r l ,  i  A  l i s t  o f  t he  bus iness  o f  the  189 ' l
Congress of  Hygiene and Demography,
tai<en from the Lancet index for that year.

Institute in Paris. Josef Fodor (1843-

1901), described in Bulloch's History
of Bactenology as a'Hungananhygienist' ,
reported to the Congress art 1890
outbreak of 1,000 cases of ryphoid
due to a hospitals water closets leaking
directly into a town warer supply, a
nosocomial infection in reverse.

i

; it

i

powers of tuberculin.
":',', . l"ii;lt';"{i:"t::.":i:.i,:.'i t:-rt| 

'i!::, 
,.,+i1 Generally, the bacteriologists present

The proceedings on Hygiene of the were a youngish and dedicated brother-
1891 Congress were presided over by hood, many of whom were soon to
Sir Joseph (soon to be Lord) Lrster, make names for themseives in this

photograph shows that the Congress the world. They set up academic depart-
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of an authoritative early bacteriology

textbook. Metschnikoff and Kitasato

were both soon to become famous

as immunologists. Fraenkel (1861-

1915) was, with Richard Pfeiffer, an

assistant of Koch's in Berlin. Marc

Armand Ruffer (1859-1916), born of

French parents, was a leading figure

among the first generation of British

bacteriologists. He was lhe founding

director of the Lister Institute and later

worked in Eglpt until lost atsea during

WWI. In 1894 Ruffer and Sherrington

were the first in Britain to immunize

a horse and raise diphtheria antitoxin,

an important step in the introduction

of specific treatment for that greatly

feared disease.

Bach row. John Adami (1862-1926),
from an Italian familv. was educated

,  The Bacter io logy Sect ion of  the
Internat ional  Congress of  Hygiene and
Demography  1891 .  Th is  image  hung
for many years on a wall of the Central
Publ ic  Heal th Laboratory,  now the Heal th
Protection Agency's Centre for Infections
a t  Co l inda le ,  Nor th  London .

in England. Having, in IBBB, exposed

himself to rabies while investigating

an outbreak among deer on an esmte

in Suffolk, he published an account

of his treatment as a foreign patient

at the famous vaccination clinic of

the Pasteur Institute. Shortly after the

IB91 Congress he was appointed, aged

29, Professor of Pathology at McGil-

University. WWI brought him back

from Canada to England where he

stayed as Vice-Chancellor of Liverpool

University until his death.

Edmond Nocard (1850-1903) was,

Middle row. Karl Lehmann (b. 1B5B) t

published an early atlas of bacteriology

which went though seven editions.

Edward Buchner (1860-1907), a

fermentation expefi, was also an early

proponent of humoral immunity Max

Gruber (1853-1929) became a pioneer

of serodiagnosis based on agglutination

reactions. Ernest Hankin (b. 1865) was

a young English chemist who later did

much bacteriological work in India. He

spoke insightfully at the Congress of
'the bactenologlcal action exerted by the

blood andly"rpl, oJ an imrru'tne animal..

due to the presence of certain bactena-

hilling substances . .. [These] defensive

proteids couldbe obtainedfrom ... phago'

cytes'. Ferdinand Hueppe (b. lB52)

wen[ from Germany to establish a

department at the Charles University,

Prague, in 1889. He was the author
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from 1887, Director of the Veterinary School at Alfort where
Pasteur and Roux did many of their experiments. Nocard
was an outstanding researcher. His obituary refers to the
extraordin^ry rarrge of his work, and ends with this tribute:
'at international congresses, which he frequently attended, his
ready wit and charm of exposition irnpressed his hearers. What
he said was always listened to with attention for he neyer spohe
unless he had light to throw upon the subject, the light of a fnely
cntical mind replete withhnowledge' .

Watson Cheyne was Lister's most distinguished pupil.
He quickly saw the importance of bacteriology to surgery
and studied the new science in Berlin and Paris in the early
1BB0s. He was a leading figure in the application to surgery
first of antiseptic and then of aseptic technique.

Percy Faraday Frankland (b. lB5B) taught successively at
the Royal School of Mines (i.e. Imperial College, London),
Dundee and Birmingham. He pioneered the application of
bacteriological methods to the provision of safe water sup-
plies and the treatment of sewage - not fashionable work
perhaps, but arguably bringing more human benefit than
the endeavours of most of the delegates. Frankland was
more generous than some of his male contemporaries in
acknowledging the contribution of his wife, they co-authored
a texlbook. He is also sartorially outstanding - note the wing
collar, the spotted cravat, and the waxed moustache.

David Douglas Cunningham (1843-1914) was a member
of the Indian Medical Service, a student of tropical disease,
and a distinguished naturalist. He had travelled furthest to
attend the Congress (theJapanese Kitasato had been working
in Germany for the previous 6years; only later in lB91 did he
return to Tokyo). Cunningham was the leading protagonist
on the Anglo-Indian side in the protracted debate between
the 'locationists' who argued that cholera emerged from
the environment, and those who backed Koch's discovery
(achieved in a fortnights visit to Calcutta) of a pathogenic
vibrio transmissible between humans.

In spite of some notable absentees, the photograph there-
fore includes many of the disciples responsible for spreading
the 'gospel' of bacteriology from its origins in Paris and
Berlin to the boundaries of Europe and beyond. This rapid
dissemination of knowledge, and its efflorescence into the
even newer fields of immunologr and virology, was achieved
without benefit of air travel and without the support nowa-
days offered by scientific funding bodies.

T fu *'oi 6* t* r: rt.rz r:. r:: rst t"\z';': {-.',,: r t gr * *x
This Congress marked the zenith of European pre-
eminence in the biological sciences. In 1914, and again
in 1940, international conflict led to the impoverishment
of experimental science not related to war aims. As a
resuh, and in spite of bouts of post war regeneration, the
scientific initiative passed outside Europe. Twentieth century
International Congresses never lacked, as this one virtually

microbiology today nray *{: ; '

did, North American participation. In l89l, the Johns
Hopkins School of Public Health in Baltimore had only just
been founded, but within a decade it had become one of
the world's leading hygienic institutes, and was sending
out many graduates. George Steinberg, the US Surgeon
General, was closely associated with the school and wrote
the outstanding contemporary rextbook of microbiologr in
English. The academic cenrre of gravity had begun its now
seemingly irreversible shift from Europe to the USA.

By WWI, the Congresses of Hygiene and Demography had
petered out. The study (or more precisely rhe use) of rhe
term'hygiene' became unfashionable, its connotations being
too narrow to embrace the widening scope of microbiology
Demography, meanwhile, was establishing itself as a separate,
essentially statistical, discipline and distancing itself from
the eugenic attitudes of the Victorians.

The decline of 'hygiene'was 
also marked by the renaming

of various 'Institutes of Hygiene' around Europe, and of the

J ournal of Hy gene itself. Nevertheless, few of the uses ro which
microbiology Ne put can be as important as the promotion
of what participants at the 1B9l Congress would have
understood by hygiene, e.g. potable water, effective drainage
and waste disposal, hand and air cleanliness. Today their
relevance has certainly not diminished and it could be high
time to rehabilitate'hygiene' and its associated international
congresses.

i  Ph i l ip  Mor t imer

; Health Protection Agenry, 61 Colindale Avenue,

i London NW9 5HT, Ul( (i 0208 327 6600;
i  * phi l ip.mort imer@hpa.org.uk)
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Before the development of the

germ theory, people general lY

believed that infect lons were

caused by the spread of bad air

or 'miasma'.  Mi l ton Wainwright

shows that as early as the 1840s

there were specu lat ions that

microscopic organisms might be

responsi ble for d isease.

rior to the work of Louis Pasleur, most scientists

believed that diseases were spread by poisonous

gases or bad air, so called miasma. However,

while the miasma theory was dominant in

the early l800s, some scientists came to the

conclusion that disease can be caused, and

spread, by microscopic organisms, or animalculae. During

the IB40-lB50s in particular, considerable progress was

made in refining this view. At the forefront of this work was

the Scottish pathologist, SirJohn Goodsir. In the early lB40s,

he was interested in a stomach disease in which a fermenting,

wort-like ejection was produced. On examining the ejections

under the microscope Goodsir found a vegetable organism

made up of small cells occurring in packets of four, which he

named Sarcina ventnculi. Having realtzed what was causing

the disease, Goodsir then set about eradicating Sarcina by

giving the patients oral hyposulfites. As a result, by 1842, a

bacterium had been recognized, named and linked directly

to the cause of a disease, leading to successful attempts to

destroy the organism and thereby affect a cure.

The fossllhrJntel
Qr-leen Vi etoriOS
dootor ond the
gerr-n thoorY of

SOOSE
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The presence of minute organisms in

vomit was confirmed by a certain Dr

Goodfellow rn 1844, who also found

them in both blood and faeces. He noted

that the organisms were very similar to

those found in stagnant waters and

suggested that, because of their minu[e

size, Lhey could pass from the blood

into the s[omach. Both Goodsir and

Goodfellow seem to have been content

to report these single incidences and

they failed to extrapolate their findings

to formulaLeageneral germ theory. Two

other medical luminaries did, however,

ma:nage to develop germ theories a

decade or more before Pasteur began

his studies.

The fossl l  hunter and the
germ
In the early 1800s, increasing numbers

of fossilized animals were being discover-

ed. At the forefront of this research were

Gideon Algernon Mantell, a physician

in the Sussex town of Lewes, and his

wife Annie. Mantell is best known

for his discovery of the iguanodon,

but he was also a keen microscopisl,

particularly interested in animalcules.
In 1846, Mantell wrote Thoughts on

Animalcules: or a Glimpse oJ the Invisible

World RE ealed by the Microscope, which

although mainly devoted to studies of

pond water, also includes a reference to

the germ theory:
'It is probable that many of the
most serious maladies which ffiict
humanity are produced by pecu-

Iiar states oJ invisible animalcular

life. From some penodical and exag-
gerated conditions of development,
particular species, too minute for the

most powerjul microscopes to descry,

may suddenly swarm in the air, or

in the wdters, and penetrating the

internal vessels and organs, exert
an injunous inJluence of a specifc

character, on the linings and Jluids
of the human frame. And Jrom this

inscrutable agency, may, possibly,

onginate the cholera, inJluenza, and

other epidemic dis e ase.'

A Left.  John Coodsir (1814-1867). Engraving

Wellcome Library, London

A Righ t .  Por t ra i t  o f  Dr  C ideon A lgernon

Mante l l  (1790-1852)  Br i t i sh  geo log is t /

pa laeonto log is t  and count ry  doc tor .

Ceological Society / NHMPL

. (  Le f t .  Co loured scann ing  e lec t ron

micrograph o f  Sarc ina  sp .  bac ter ia ,

o r ig ina l l y  d iscovered and named by  S i r

John Coods i r .  BS lP /  Sc ience Photo  L ib rary

{  R igh t .  Or ig ina l  iguanodon tee th  as  found

b y  A n n i e  M a n t e l l  a n d  d e s c r i b e d  b y  h e r

husband.  Natura l  H is to rv  Museum.  London

An anon;'rnous reviewer in the LAncet
dismissed Mantells views:

'It must be ac'ltnowledged that the
mays and the possibilities are
very convenient items in medical
lrypotheses Our readers must
not assign too high a value to these

speculations.'
Mantell was obviously convinced

that diseases were caused by very
small animalcules, (but importantly,
not 'animals' such as Hydra and Para-
mecium) and concluded that such small
forms were spread in the air and water,
and caused specifi,c disease. Mantell
also observed bacteria which he called
Vibno, or 'trembling animalcules', and
suggested that mercury could be used
to ki1l such infective agents, which
he believed caused diseases like
erysipelas.

Queen Victor ia 's doctor and
the germ
One. of the most impressive early
contributions to the germ theory was

microb io logy today may * { i



made by Sir Henry Holland, Queen Victoria's physician, a

well known socialite and world traveller. An active member

of the Royal Institution, Holland knew most of the great

scientists of the day He was also a cousin and friend of

Charles Darwin. In his Medical Notes andReflections (1839)

he discusses his views on the cause of cholera:
'We may look to animalcule liJe , dtfJusedby the atmosphere,

or by man os the source of the disease, in a form not

recoyizableby our senses, or other directmeans oJ research,

but nevertheless subject to some simllar laws oJ propagation

and dtlfusion as species more obvious to us and producing

virus which acts noxiously on the humanbody.'

Holland, who was clearly influenced by Mantell's book,

also noted that cholera ^ppeated to spread along water-

courses. By 1855, his own book had reached its third edition

and his views on the animalcular nature of human disease,

notably cholera, were much extended. In the first edition

he referred to 'insecls' as lhe causal agent of disease but

it is important to nole that this term was often used as a

qmonym for animalculae. By the third edition Holland was

using animalculae instead. He began this edition by ciaiming

priority on the view that animalcules cause disease, dating

back to 1839. Even then, he admitted that his ideas were not

entirely novel and that similar speculations had been made

as early as the 1700s.

Holland asserted that animalcules were spread in the

atmosphere and could 
'act as a noxious or poisonous influence

on the human body', and that 'when applied (my emphasis)

to the absorbing surt'ace of the body they may produce the most

yirulent symptoms of disorder,Iocally or generally, according to

the nature of the virus and its intensity'. (The term virus was

often used during this period to mean an inlective agent,

rather than in its modern sense.) Thts is a remarkable

statement, since it suggests that he was aware of experiments

where infective malerial, containing animalculae, had been

used to induce disease.

Holland devoted much of his book to cholera, being much

against the view that electrical and chemical phenomena

were responsible. Instead, he regarded it as being a'matenal

poison which is specifc in its eJJects and is capable oJ reproducing

itself and propagating over the globe'. Significantly, Holland

dismissed the then common view that cholera was caused

by fungi (which he called vegetable life), but instead

implicated animalcules (which he deemed to be animal

llfe). He also noted that germs of[en remained dormant for

long and indefinite periods, yet like seeds 'burst into active

existence when the circumstances occur to favour a change'. He

argued against the view that life (in simple forms) cannot

arise spontaneously, but instead he stood by the'old dogma',
'Omne vivum ab ovo' .

Holland also believed that diseases such as smallpox and

syphilis appear and disappear, not so much because the

agenf allers, but becaus e'the physical constitution of races and

60

communities oJ men seems in time to habituate itselJ to certaln

morbid agents and conditions oJ disease'. Holland also claimed

that the cause of diseases such as the Black Death and cholera

may have some 'certain common relation' , but that the virus of

the disease rs'doubtless not identical' .

Holland made one fundamental error in believing that

cholera was not conveyed 'through dnnking wotel; or food,
which has alas been contaminated by the evacuotions or other

contact with patients under the disease'. Why did he con-

clude that cholera was not water-borne, especially when he

believed that watercourses somehow provided a means of

spreading it? The answer can be found in lB35 when he

studied an outbreak of cholera in Tiollhattan, a Swedish

village of scattered dwellings supplied with water from Lake

Wenern, described as being 'as cleor as 4 mountarn spnng''

Cholera suddenly appeared in this seemingly pristine place

and killed 48 people, about a tenth of the population. It was

this paradoxical situation that induced Holland, somewhat

reasonably, to conclude that cholera was not a water-borne

disease.
Holland ended his book by stating that viruses (i.e. germs)

cause disease by their ability to produce specific poisons,

which explains why some people, but not others, succumb.

Finally, he suggested that at soma future point diseases like

cholera will be cured by the finding of.'a specific antidote to

the action oJ the virus on the blood'. Although he was using

cholera as an example, he was confi.dent lhat his hypothesis

extended to other infectious diseases.

microbiology today rm;*y i)$



Other v iews
Other scientists working in the 1840s
were clearly aware of the role of bacteria
in disease. In lB4B, for example, the
English physician, Thomas Henry Starr
published A Discourse on the Asiatic
Cholera in which he opined:

'I am inclined to Javour the somewLtat
obsolete doctnne which teaches that
such visitations are due to animalcular
sources. These germs are too subtle

for us to penetrate the mystenes of
their existence, eyen with the highest
microscopical aid.'
He then went on to draw analogies

with the diseases of the vegetable
world which 'depend on animalcular
visitation, and that the decomposi-
tion depends on the same as does
the formation of many geological
structures'.

Contrary to popular belief rhen,
much was known about the role of
microscopic organisms in disease dur-
ing the l840s, a decade or more before
Pasteur began his work. Hopefully,
the unsung contributions of men like
Mantell and Holland to discovering

the role that micro-organisms play
in disease will, at last, become fully
recognized.

Milton Wainwright
Department of Molecular Biology
and Biotechnology, University of
Sheff ie ld,  Sheff ie ld 510 2TN, Ut(
(e m.wainwright@sheffi eld.ac. u k)
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A  T h e  l a s t  m o m e n t s  o f  H R H  t h e  P r i n c e
Consor t  in  1861 captured  in  an  o i l  pa in t ing
by  Oa l< ley  under  the  pseudonym Le por t .

S i r  H e n r y  H o l l a n d  ( 1 7 8 8 - 1 8 7 3 ) ,  Q u e e n
Vic to r ia 's  phys ic ian ,  i s  dep ic ted  s tand ing
wi th  a  g roup o f  phys ic ians  on  the  le f t  o f
the picture. Wellcome Library, London

A  l n s e t .  S i r  H e n r y  H o l l a n d  p h o t o g r a p h e d  i n
1867 by Ernest Edwards. Wellcome Library,
London
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development of penicillin as a

practical treatment in medicine

owes much to the work of Florey,

Chain and Heatleywho together

developed the tools for the Puri-
fi.cation and manufacture of this

antibiotic for clinical use during World

War II. This ground-breaking work was

undertaken at the Sir William Dunn

School of Pathology in Oxford and the

interesting history of this institution is

currently being compiled by Dr Eric

Sidebottom, a retired Lecturer in Experi-

mental Pathology In the course of his

researches, out of the biue, Sidebottom

receled an email from Professor Alan

Smith, based at the University of Kwa-

Zulu-Natal, South Africa, which harked

backed to the 1940s.

At that time Smith worked in a

pathology laboratory at Whipps Cross

Hospital in London, which formed part

of the war-time Emergency Medica-

Services (EMS). The director of the

lab, Dr \M W Wallher, had been given

privileged access to penicillin, which

was extremely scarce then and restricted

to military use only. According to

Smith, 
'The penicillin was dispensed not

by the pharmacy, but by the laboratory,

and as the medicallnursing stafJ were not

familiar with using dosages in units but

were trained in 'grains and minims' we

Iab technicians did the maths for them' .

A r lrrgS,i ;1* iu , l  l -rr l t t i i , :

Smith then moved on to an academic

and medical career in various parts of

the African continen[. Many years laler

he rediscovered a relic of the pioneer-

ing days of antibiotics in the form of a

tube of 10 penicillin tablets thal were

made tn 1945 ..\A/hen I left Whipps Cross

about 1952, the chieJ technician, a Mr

Ernie Mlllwood, put all the detntus that

remained oJ nV presence in a cardboard

box, and when he retired he sent it on

to me and it continued to collect dust in

a corner of nV lab here in South Afnca.'

Smith's inquisitive mind prompted him

to contact Eric at the Dunn School, as

he was wondering whether anybody

m icrob io logY todaY r ' , ' , " '
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there would be interested in assaying these ancient pills
for antibacterial power. Sidebomom was unsure about the
chances of this working andwas also slightlyembarrassed that
the home of penicillin no longer had rhe capacity to perform
the appropriate microbiological assays. However, undeter-
red, he contacted bacteriological colleagueJeff Erringron who
persuaded Neil Stokes at Prolysis to try some experiments.

After being shipped half way round the worldn rhe vial
was opened in Oxford and the tablets used in minimum
inhibitory concentration (MIC) assays that estimare howwell
the drug works to kill different bacterra. Stokes determined
the MICs to be 2 and I pg ml-t against Bacillus subtilis and
Staphylo co ccl,Ls aurelLs, respectively, from triplicate assays. To
relate this to modernpenicillin G, he repeated the assaysusing
a fresh batch of antibiotic from the shelf. This killed both
B. subtilis and S. aureus with an MIC of 0.03 pg m1-1. After
correcting for the number of biochemical units of penicillin
that were present in the two different tabiets, he calculated
that the modern penicillin is about sixfoid more porenr than
the war-time tablet, which ieft him quite impressed!

i\nt sr: 6g*rmd m$a* eJ*ys
Unfortunately, due to the evolution of antibiotic resistance in
the bacteria that penicillin was developed ro kill, penicillin
G itself is not as useful as it was during the 1940s. However,
our ability to produce and use a wide range of antibiotics
in clinical medicine has revolutionized healthcare since this
time. Smith has memories of his days at Whipps Cross during
the war when the supply of penicillin was nor yet sufficient

* ,  The tube of  wart ime penic i l l in  tablets rediscovered by professor
Alan Smith.  Alan Smith

4 lc i i .  Norman Heat ley developing the penic i l l in  assay (1940).
Sir William Dunn School of Pathology Collection

4 ii is;l 'rt, The 'penicil l in girls' harvest Penicil l ium extract from the
'bedpans'  specia l ly  designed by Norman Heat ley ( i941).  Sir  Wi l t iam
Dunn School of Pathology Collection

for the trearmenr of all parients alike. A chitd injured during
the blitz had come into rhe hospital with serious head injuries
resulting in loss of a piece of his skull caused by flF.rg
shrapnel. Smith and his colleagues visired him frequently to
swab the meninges while the nurses were changing dressings
and they were using an acriflavine irrigation drip to prevent
sepsis, which was not helping the patient. Smith recalls the
desperate situation that followed. 'Walther 

used penicillin on
himfor afew days andwe tnedto recover penicillinfromhisunne
by passing it through a Seitz flter. Sadly, it was not successful as
Walther was only permitted to use the small amount of penicillin

for army casualnes andhe couldnot continuemahingfalse entnes.'
A poignant reminder of how the development of the pharma-
ceutical industry and the wholesale production of antibiotics
has helped put situations like rhis inro the history books.

Eric Sidebottom and Jeff Errington
Sir Will iam Dunn School of Pathology, University
of Oxford, South Parks Road, Oxford OX1 3RE, Ul(
(* eric. sidebottom q path.ox.ac. u k)

Alan Smith
Professor and Head of Department of Virology,
Nelson R. Mandela School  of  Medicine, Universi ty of
l(waZu lu-Natal, South Africa

Neil Stokes and Jeff Errington
Prolysis Limited, Oxford University Begbroke Science
Park, Yarnton OX5 1PF, Ul(
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The world
l r r l

Ir't r-r-t InIoItJre:
seoled

eoosyster-r-l s
he mere fact thatyou are reading

this article is evidence enough

that life on this planet persists.

Exactly when it started, and thus

for how long it has persisted, is

under active debate with some

evidence suggesting 4,000 million

years, but few would argue with 3,000

million years. As a system it works, but

how? inMay 1985 one of us (P H. A. S.)

initiated an experimental study with

small, sealed ecosystems. SamPles

from four environments (pond water,

soil, Sphagnum moss and moss on

limestone) were heat-sealed into five

borosilicate test tubes, one of which

inciuded sufficient formalin to sterilize

the system. These 20 tubes were [hen

incubated in a garden pond.

It is immediately obvious from

thermodynamics that for life to per-

sist in an ecosystem there has to be

continual external input of energy

which, for both the planet and the

miniature ecosystems, is sunlight. The

next obvious issue is that physical

conditions should not get so extreme

that the enclosed organisms all die.

It is not important for the experiment

that the original species profile should

be mainlained, of course, but it is

possible that a chance event might

eradicate a crucial component of the

system.
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How long can life persist?

Feter Smeath and ffimve f;Qobents describe

an experiment designed to f ind the answer

to this quest ion.

One may ask would such ecosystems survive indefinltely?
To piay this thought expedment you should rry and envisage
circumstances where the system would fail. The most
Iikely cause of failure would be if the population originally
enclosed did not contain enough diversity to allow complete
nutrient cycling, so the system would eventualiy lock all
supplies of some nutrient into an inaccessible form which
was not released by autolysis. Of course such a circumstance
would provide huge selective pressure on the community
for some of its members to exploit this new niche and
access this now scarce resource. This would mean that system-
survival was essentially stochastic and small ecosystems
would be particularly vulnerable, but it would also mean
that the replicated tubes are likely to behave differently If
the enclosed community could not respond to such selective
pressure then sumval depends critically on the choice of the
original population.

A A se t  o f  20  sea led  ecosys tems es tab l i shed in  1985 and main ta ined
in  modera te  cond i t ions  ever  s ince .  Natura l  day l igh t  has  been the
on ly  input  to  the  sys tem.  The tubes  conta in  ( f rom the  le f t  in  g roups
of  f i ve)  pond water ,  garden so i l ,  sphagnum moss,  and l imestone
ch ips  w i th  (o r ig ina l )  a t tached moss.  The f i f th  ( r igh tmost )  tube o f
each group o f  f i ve  i s  a  fo rmal in -k i l led  cont ro l .  lGv in  Webb /  Natura l
History Museum

Open this question furrher and one might wonder about
the appearance of life on a planet in the first place. Most
proposed mechanisms for zoogenesis* assume that the
process is basically thermodynamically favourable and will
therefore happen many times. It is commonly assumed,
also, that these various early lineages will not breed true
(be error prone), giving rise to a large pool of variants on

Zoogenes is  ( f rom the  Creek  (a f ,  l i fe )  i s  used to  mean the  or ig in  o f
l i fe .  B iogenes is  i s  normal ly  taken to  mean or ig ina t ing  f rom l i fe ,  fo r
ins tance methane sources  can be  b iogen ic  o r  ab iogen ic .
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which selection can operate. It is further assumed that

rhe compounds that gave rise to life were abiogenic and

would conlinue to be available for some lime, crealing a

large pool of primitive organisms within which to select

vadanls able to extend their range away from the original

sources of materials. There are two important population-

size argumen$ here; first the population is subject to effor-

prone reproduction, increasing the chances of serendipitous

variants able to open new niches, and second the continued

availability of nulrients will create a large population that

is a source of a correspondingly large range of variation' A

syslem of this kind is subject to selection by niche open-

ing, but not necessarily to strong competition. Once ceils

become properly established with efficient reproduction,

their evolutionary landscape is more restricted and they may

not be able to create the variants necessary to establish the

key mineral cycles necessary to sustain a closed system. Life

4 Tr rp .  The tubes  in  June 1985 two weeks

af te r  be ing  se t  up .  Note  the  growth  o f

macrophy tes  f rom the  garden so i l .  The

tubes  are  seen on  the  edge o f  the  garden

p o n d  t h a t  w a s  t h e i r  f i r s t ' i n c u b a t o r ' .

Peter Sneath / Natural History Museum

od Bo l t t : r r i .  Le f t  to  r igh t ,  the  tubes  in  1985,

conta in ing  pond water ,  garden so i l ,

Sphagnum moss ( l i v ing  p lan ts  p lan ted  in to

a  subs t ra te  o f  dead Sphagnum) ,  and oo l i t i c

l imestone ch ips  w i th  a  d ry -wa l l  moss .

Peter Sneath / Natural History Museum

& The pond water after 21 years. The water

co lumn has  c la r i f ied  and the  mater ia l  a t

the  bo t tom o f  the  tube cons is ts  o f  g lobu les

with a pigmented centre. Kevin Webb /

Natural History Museum

formed in an anoxic environment and it is conceivable that

certain steps in mineral recycling require anoxic reduction,

for instance the fixation of Nr. Just as no muldcellular

organism can complete its life cycle in the absence of oxygen,

it may be that ecosyslems have a fundamental requirement

for redox helerogeneity that is difficult to achieve in a small

aerobic system.

Now the crucial question is how do we know that the sealed

tubes still contain life? There are no solid definitions here, but

a criterion that is widely accepted is that life keeps the system

out of chemical equilibrium. Simple observation shows that

all the tubes show spatial stmcture and bright green pigments,

except for the pond waler which has coalesced into a group

of spherical bodies that have a light brown colour. There is

no motion vrsible in the tubes that could not be expiained

as Brownian motion, although high-power microscopy is

hampered by the glass of the tubes themselves
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Th* {ne{e fact tket y*tt &r# r*ddin# thls arflrf e ls
*vid*/?n8 st]#u#h ffts t f if* *n ffuis pf affief persisfs.
Fxerf f y wh*n i f sfarted, and f&rus f*, h*w lorug lf
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& Three tubes of garden soil after 21
v r ' . a r s  T h p  h r i s h t  o r p c n  r n l n r r r  c r r o o p c t qt " * ' "  '  " "  " " D '
p h o t o s y n t h e t i c  a c t i v i t y  w h i c h  w o u l d  m e a n

that  l i fe in these tubes cont inues.  Kevin
Webb / Natural History Museum

Perhaps the most obvious method
of study is by spectroscopy and such
studies might usefully be done in the
conlext of astrobiology and the search
for signs of life on other planets. After
all, it is cheaper to do this than send a
satellite into space to look back at the
Earth.

The tubes, together with copies of
Peter's iaboratory notes, are now part of
the coliections of the Natural History
Museum in London. They live on a
shelf in the microbiology laboratory in
natural daylight, but at a temperature
that is controlled within the building's
normal limits. The Museum collections
are held in trust for the world to use: we

A Four tubes contain ing Sphagnum moss.  Compare the lower level  in
the tube wi th the set-up ( facing page).  The outgrowth indicates that
the system thr ived for  some t ime and some tubes st i l l  show br ight
pigment at shoot tips. lGvin Webb / Natural History Museum

I

would be pleased to receive enquiries,
suggestions or proposals for studies
using this material without, of course,
breaking them open.

Further reedins
Lovelock, J.E. (1975). Thermodlmamics
and the recognition of alien biospheres.
Proc R Soc l-ondon B 189, 167-181.

Magrard Smith,J. 6r Szathmriry, E.
( 1 995). The Mator Transitions in Ev olution.
NewYork:W H. Freeman.

A series of papers from the conference
Conditions for the emergence of lit'e on the
early Earth will appear inPhilTransRsoc
B 361 (2006).

Peter Sneath
University of Leicester, Dept
of  Infect ion,  lmmunity and
Inflammation, Maurice Shock
Building, University Road, Leicester
LE, l  9NH.  UI<

Dave Roberts (for correspondence)
Dept of Zoology, Natural History
Museum, Cromwel l  Road, London
SW7 5BD, UI(  (e d.roberts@nhm.
ac.uk)
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Some bacteria are capable of

is am azing, ds Barry l- lol land,

Simone Sdror and col leagues

d escribe.

n ^le 
' | \/Ar 

'
3Ol,,r dflol SWOff-f-l Inn'rrY,

a rapid, mass

moist surface.

migration over a

How they do i t

I n natural environments. bacteria

I are most likely to be found on

I surfaces in closely packed com-
I

I munities, for example in soil or

I wrthin tissues of a host organism. ln

I these natural conditions, motility,
intercellular communications (chemi-

cal signalling) and other behaviouraL
characteristics, not useful in liquid
cultures, are vitally important. Peter
Greenberg (University of iowa) has

coined the term'sociomicrobiology'
to cover this new discipline, which,
of course, includes the medically and
industrially important biofilms. A most
remarkable, but poorly underslood,
mechanism of biofiim formation is the
phenomenon of swarming. This is
the rapid, mass migration of bacteria
over a surface, such as nutrient agar, [o
establish a large community Bacterial

A Fig.  1.  A 28 h swarm ( fa lse-coloured) of
Baci l lus subt i l is  on a synthet ic  medium.
Bar ,  1  cm.

{  Fig.  2.  Set t ing up a swarming plate.  The
olate was inoculated at  0 h.

'l
\
I

il
I
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o te le of pnysles
l ror-l d eenetles

A  F i g .  3 .  I n i t l a t i o n  o f  s w a r m i n g .  T o p  a n d  m i d d l e  p a n e l s ,  f r o m  b u d s  t o
the  f i rs t  dendr i tes ;  bo t tom pane i ,  abor t i ve  bud due to  absence o f
su rfact i  n.

A  F ig .  4 .  Dendr i tes  merge and then reassemble  f rom nascent  t ips
between swarms.  The sur fac t in  zone is  co loured  b lue .

swarming requires flagella and, a thin film of ,rJfu.. water,
most easily achieved in the laboratory with the use of 0.7 ro
approximately 1.5 o/o agar.

One of the most dramatic examples of swarming is
manifested by Bacillus subtilis, which forms exquisitely
ramified patterns (Figs I and 2). Following inoculation
of a few cells, or even one cell, at the centre of a plate, a
necessary quorum is required before swarming starts (Fig. 2).
Then, large masses of cells first congregaLe aL the edge of

the inoculum in the form of 'buds'. These eventually break
away, but remain connected to the base community by an
irregular tail o[ stragglers (Fig 3). This nascent dendrite
then picks up speed, thickens and branches, advancing at
up to I cm per hour, depending on the conditions. After
2-3 cm, the dendrites disassemble, dispersing as individual
cells, followed, equally abruptly, approximately 1 cm further
out, by the reappearance of nascent tips (Fig. 4). These
apparently reform as dendrites reconnecting to the interior of
the community, while also commencing to advance forwards
again. This effectively produces a new wave of swarming,
which repea$ several times, if the plate is large enough.

microbiology today rn;ey {- i f i

Cel l  d i f ferent iat ion
These early stages of the swarming process, which in our
view constitutes a carefully choreographed developmental
programme, involves the spreading of a monolayer of cells,
spearheaded by rows of tlghtly packed cells ar rhe rips of den-
drites. Subsequent multiplication of the cells builds multi-
layered dendrites and, remarkably, this process of maturation
involves differentiation into separate cell types. The upper
layers contain very long septated cells, while the base of the
dendrite is composed of a monolayer of normal-sizedbac-
teria, organized in rafts (5-6 aligned cells), in a closely packed,
semi-cryslalline slructure, which we assume serves lo anchor
the dendrite. Finally, in an unpredictable way, swarming stops,
accompanied by yet another morphological differentiation.
These are floret-like expansions of the tips of the outermosr
dendrites (Fig. 5).

The role of surfactin
Throughout the entire swarming process, the advancing
bacteria are precede dby asecreted, 3-5 mm zone of surfacdn,
bounded by a distincr 'ring' (Fig. 6). Surfactin, a cyclic lipo-
peptide, (slmthesized non-ribosomally), is used extensively
in industry for its spreading properties and potent capaciry
to reduce surface tension. Surfactin also finds uses for its very
broad spectrum antimicrobial and cytotoxic properties and
probably functions inB. subtilis to eliminate comperitors in the



A Fig.  5.  Cessat ion of  swarming is  s ignal led
by format ion of  ' f lorets '  at  the ends of
dend r i tes.

A Fig,  6.  Swarming requires surfact in.

L Fig.7,  Packs of  fast  moving cel ls  at  t ips of
dendr i tes act  as ' leaders '  or  swarmers.

All images courtesy L Barry Holland, Daria
Julkowska, Kassem Hamze & Simone J. Seror
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path of advancing swarms. Surfactin

is essential for dendritic pattern forma-

tion, presumably through appropriate
'preparation' of the terrain ahead of the

swarming cells. Swarming indeed repre-

sents a fascinating interface between
physics and biologr and the challenge

nowis to disentangle the relative import-

ance of the physical properties of surf-

actin and genetic systems. The latter

include those forming a complex web

of controls for surfactin s)rnthesis,

known [o operate in liquid cuhures.

l-{ iding the wave
Assuming that the height of the surface
wa[er layer is crucial for swarming
behaviour on agar, we can now envis-

age different possible modes of action

for surfactin. The reduction of surface

tension, as surfactin spreads over a sur-
face water film, effectively induces a
'tidal wave' of the surface fluid, power-

ed by so-called Marangoni forces. The

bacteria might exploit the resulting

increase in depth of the surface fluid for

more producdve swimming or by simply

being pulled along by the moving wave.

Curiously, the spreading of surfactants,
including surfactin, under certain con-

ditions, is accompanied by the develop-
ment of instabilities at the leading edge.
This produces a variety of dendritic pat-

terns (dependent on conditions) as the

surfactant layer fragments. An attractive
possibilityis that surfactin also produces

a dendritic matrix that constrains the

bacteria into the patterns observed.

Working together
Cooperative behaviour is the presumed

advantage of bacterial growth in 'multi-

cellular' communities. As an example

of this, we have observed 'packs' of

bacteria, potential swarmers or'leaders',

involved at the tips of advancing den-

drites (Fig. 7). Cooperation in this case

might reflect coordinated secretion by

several cells, producing a local surfacttn

concentration, optimal for swarming,

or thal packs of cells can somehow

deploy thcrr combined complement of

flagella for faster swimming movemenl.

In fact, in S almonella and Vibno, fl agella

are apparently also used to sense lhe
wetness or viscosity of surface iayers,

respectively, while in Proteus mirabilis
lateral bundles of interlocking flagella

are used to lash together rafts of cells
during swarming.

Highly branching cellular patterns,

such as those observed with B. subtilis.
are fascinating for biologists and
physicists alike. Such patterns at one
extreme may be considered purely

dependent on physical parameters, or
in contrast entirely based on genetic
circuits and signalling with the truth
probably somewhere in between. At
its simplest, B. subtilis may be smart
enough to secrete controlled amounts
of surfactin, and then benefit from its

power and pattern-forming charac-
teristics that are generated, allowing
efficient occupation of a large area of
hostile landscape. Our recent studies
do indicate important roles for severaL
genes in swarming, although classicaL
chemotaxis is not involved. However,
many physical and signalling aspects of
this extraordinary phenomenon remain

to be elucidated. A multidisciplinary

approach to these probiems, involving
physicists and mathematicians, illustr-

ates the direction biology is now taking.

l .  Barry Holland, DariaJulkowska,
Kassem Hamze and Simone J. Sdror
lnst i tut  de Cen6t ioue et
Microbiologie,  UMR CNRS 8621,
Universit6 de Paris-Su d, 91 405
Orsay, France

Further reading
Harshey, R.M. (2003). Bacterial motility

on a surface: many ways to a common

goal. Ann Rev Microbiol 12, 249-27 3.

Jones, B.V & others (2004).

Ultrastructu re of Proteus mirabilis

swarmer cell rafts and role of swarming

in calheler-associated urinary Lract

infection. Infect Imrrutn 7 Z, 394I-3950.

Julkowska, D. & others (2005).

Comparative analysis of the development

of swarming communities of B. subtilis

168 and a natural wild type: criticai

effects of surfactin and the composition

of the medium. J Bacteiol LB7 ,65-76.
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he European bat lyssaviruses
(EBLVs) are a viral group

closely related to the rabies

virus and are capable of causing
a rabies-like disease in both
animals and man. The UK has

recorded five cases, a1l of the type 2
(EBLV-2) subgroup, of which four were
isolated from Daubenton's bats (Myofis

, daubentonii).In contrast, Germany has

recorded 70 cases since 1997, all of

tlpe I (EBLV-1), mainly in the serotine

bat (Eptesicus serotinus). Diagnosis

of rabies and rabieslike disease in

Germany is the responsibility of the 16
federal states. In addition to this, the
German government funds a reference
Iaboratory that provides a diagnostic

service for rabies, co-ordina[es anti-
rabies vaccination campaigns (against

fox rabies) and archives submitted

r,rrus isolates. This service is based at
the Fredrich-Loeffler-Institute (FLI),

Wusterhausen, approximately 60 miles
north of Berlin. I visited the institute

with the aim of gaining access to the
EBLV-I isolate archive and carrying out
epidemiological studies to compare
these isolates to orevious German

EBLV-1 isolates and to those from
throughout Europe.

The first repofts of a rabies virus
associated with bats were recorded
in Germany, mainly in German-
language journals. A further benefit of
visiting Germany has been to obtain
these papers and gain assistance in
translating them. These early reports,
from the 1950s, described rabieslike
disease in bats and suggested an early
link with the serotine species. The first
study describing the epidemiology
of rabies viruses in bats was that of
Siedler et al. (1987). The authors
reported the distribution of cases in
Lower Saxony, a federal state bordering
The Netherlands, another country that
has reported numerous cases of rabies
in bats. Since this time, the rabies-
like viruses infecting bats in Europe
have been shown to be distinct from
classical rabies and named European
bat lyssaviruses. German EBLV-L
isolates have been included within
larger molecular epidemiological
studies on EBLVs and have been
shown to be a closely related group.
However, a detailed investigation

m i c rob io l ogy  t oday  ,



,s Serotine bat in flight. @ Kim Taylor ,/ naturepl.com

of EBLV-I isolates from Germany, linking phylogenetic

variation wrth geographical distribution, has not been

conducted. Thirty-six EBLV-1 viruses were included in this

study from the Wusterhausen archive, all submitted since

L997. Viral RNA was extracted and reverse-transcribed

using a pan-lyssavirus primer. Fragments of the viral

nucleoprotein gene and the nucleoprotein/phosphoprotein

intergenic junction (N-P) were PCR-amplified. Whilst in

Wusterhausen, N-P sequences were obtained and co?npared

to further isolates from Europe (lncluding sequences from

Denmark, Poland, The Netherlands, France and Spain). A

preliminary phylogenetic tree suggests a clustering of viral

sequences dependent on geographical location. The sample

group is dominated by sequences from northern German;r

This could be a result of biased sampling or a focus of EBLV- I

infection. EBLV-1 isolates have been reported in north-east

Germany since the 1960s, so it would be fair to suspect

that the virus has persisted in this region over four decades.

The highest numbers of serotine bats are estimated to be in

the federal states of Lower Saxony, Schleswig-Holstein and

Meckienburg-Western Pomerania, the three most norlherly

federal states of Germany (Bats and Bat Conservation in

Germany: www.bfn.de). This may enable EBLV-I to persist

in these areas in a manner similar to classicai rabies where

numbers of susceptible hosts are critical to the survival of the

virus. This group of EBLV-I is closely related to those from

The Netherlands and Denmark.

Virus sequences from other areas of Germany, Saarbrucken
to the south and Stendal in central Germany, show closer
links to viruses from France and Poland, respectivel;r Agarn,
this must be linked to the behaviour of the host, which is non-
migratory and thus does not allow widespread dissemination
of particular lineages of EBLV-1.

It is clear that further work is required on this panel of
samples and the cDNAs for all isolates studied have now
been sent to the UK. This should ailow a better separation
of isolates using a longer nucleoprotein sequence of the
EBLV genome for phylogenetic analysis. In addition, studies
on the behaviour of the host, in Germany the serotine bat
and the Daubentons bat in the UK, may be as instructive in
explaining the distribution and persistence of the European
bat lyssaviruses than investigation of the virus alone.

Nicholas Johnson

Veterinary Laboratories Agency, Weybridge, Surrey, Ul(

$'nr: iq r; r"rlt"r i e* ri,g r* rn *: n t :i
I need to thank many groups and individuals for enabling me

to r,rsit Germany for 6 weeks. First, the SGM for funding the

expedition and the VIA and my family for allowing me the time

to go. I also need to thank the Weydrich family for providing a

very comfortable garden flat for very little rent, the staff at the

FLI, Wusterhausen, for helping me despite my limited German.

Finally, a special thanks to Dr Thomas Meuller, who manages the

Rabies group at Wusterhausen, for being a very accommodating

host and showing me that Bundesliga football can be fun.
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Flenary DNA repl icat ion,
recombinat ion,  rbpair  and
the cel l  cycle
11 -12  Seo tember  2006

*rgar t is . * rs  F.E.  Benson,

A .M .  Ca r r ,  A .S .H .  Co ldman ,  C .  P r i ce ,

C.P.C.  Salmond & H.M.  Lappin-Scot t

?'7s*:;t7.r':r';

DNA

B.  St i l lman USA
lnitiation of DNA replication in

chromosomes

A.M. Carr Sussex

Site specific replication fork blockade
ln Sch izosaccharomyces pom be

5.D.  Bel l  Cambr idge
An alysi s of arch aeal/eu karyoti c D N A

replication machinery

J.F.X. Diff iey South Mimms

DNA replication and genome stability

Recombination

R.G. Lloyd Nott ingham
lnterplay between DNA replication

and recombination

5.C. Kowalczykowski USA
Visualizing steps of DNA recombination

at the level of single molecule

D.B.  Wig ley South Mimms

Structure and mechanisms of RecBCD:

a machine for processing breaks in
DNA

R. Rothstein USA
Choreography of the DNA damage
response

Checkpoints - replication : recombi nation

D. Sherratt Oxford
Li nks between repl ication,
recombi nation and ch romosome
segregation

S.P. Jackson Cambridge
Triggering DNA damage responses

M. Foiani l taly
Mechan isms control li ng the i ntegrity
of replication forks

S. Gasser Switzerland
Replication fork recovery in yeast

DNA repair - responding to signals

J .E.  Haber  USA
Checkpoint responses and repair of a
b ro ke n yeast ch ro m oso m e

V.A. Zakian USA
Regulation of telomerase in yeast

H .D .  U l l r i ch  Sou th  M imms

, Control of DNA damage tolerance by
ubiquitin and SUMO

l.D.  Hickson Oxford
Roles of RecQ helicases in the
maintenance of genome integrity

Other symposia /
Antigenic and phase

13 September
Cel ls  & Cel l  Sur faces Croup
{}ry,artizr:rr, M.P. Stevens &
C.M. Preston

Mycobacteria in clinical practice
11 -12  Seo tember
Clinical Microbiology / Systematics &
Evolu t ion Croups
*rga* i ;  t :  M.R.Barer ,  T .D.  McHugh
& N.A. Logan

Microbes, macrobes and ecology
13-14 September
Environmental  Microbiology Croup /
Brit ish Ecological Society
{ } rganiz* r t  l .M.  Head & C.M.  Cadd

lmaging microbial systems: from
whole micro-organism to single
molecules

13-14 September
Physiology, B iochem istry &
Molecu lar  Cenet ics  /  Educat ion &
Training Croups / Royal
Microscopical Society
{ } r#** ts* r t  M. l ( .  Ph i l l ips-Jones
& C.M.  Stephens (sc ient i f ic

programme); L A. Lawrance,
B.D.  Unswor th  & J .  Hurs t
(workshops and trade exhibit ion)

Cel l  s ignal l ing:  envi ronmenta l
and intercel lular interactions

13-14 Seotember
Eu karyotic Microbiology C rou p
*rg;utiz*r' ' , S. Crosthwaite &
A.J. Harwood

workshops
variation

Sprirr gO7 | University of Monchester
26-29 Mcrch 2007 ll5Oth tVeeting

Flenary Int racel lu lar  l i fe
of  mic iobes

Other  sess ions inc lude:
Microbial transport systems / Baderial

colonization / Hepati t is for cl inical
virologists /  Microbiology training for
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medical and dental students / Protein
expression strategies / Cram-posit ive
bacteria in spoi lage and pathogenesis /
Systems biology of microbial regulatory
networks / Alphaproteobacteria /
Molecular aspects of virus repl icat ion
from entrv to exit.

Warwicl< Meet!ng
Symposium Volume 66
Prokaryotic d iversity: mechan isms and
signif cance

This volume is now avai lable from
CUP at  a  d iscount  pr ice for  members.
The book is reviewed on p. 86 and
an order form can be obtained by
emai l  ing members@sgm,ac.  uk

l',I:',;t" r ;t r:.1* ls * r,: ii

The full text of the abstracts book is
avai lable as PDF on the SCM website.
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Cont inuous cul ture:  rev is i t ing
from a post-genomic perspective

1  ?  ( p n f e m h p r

Fermentat ion & Bioprocess ing

Croup
i .  1 , ; ' , , , ; , ; '  P .A.  HOSkiSSOn

Disinfection in the food and
beverage industry

' 1  )  ( a n t a m h a r

Food & Beverages Croup
,. : : . . : : : !1 .J.F. Rigarlsford &

M . A .  C o l l i n s

From proteomics to
pathogenesis

1 1 -1 2 Septem ber (sym posi u m)

1'1 September (proteom ics workshop)

Microb ia l  In fect ion /  Phys io logy,

Biochemist ry  & Molecu lar  Cenet ics  /

Cel ls  & Cel ls  Sur faces Croups
|  ! . .1 . :  : . ,  l< .  Stevenson,  D.  Clarke,

l ( .  Homer  &  C .D .  O 'Conno r

Contact details of organizers are

inc luded in  the meet ing programme

on the SCM websi te .

The compet i t ion is  sponsored by

the Soc ie ty  to  encourage exce l lence

in  sc ient i f ic  communicat ion by young

microb io log is ts .  Th is  year 's  f ina l is ts  wi l l

be making shor t  ora l  presentat ions on

the i r  work .  The three best  ent r ies  win

cash pr izes:  1s t ,  f500;2nd,  f2OO,

and  3 rd ,  t 100 .

Al l  f ina l is ts  rece ive a f ree year 's  5CM

membersh io .

Abstrnets
Deadl ine for  rece ip t  o f  t i t les  and

abstracts for offered presentations:

12 May 2006.

l?*gistrakzr*n
Registrat ion is via the SCM website

at www.sgm.ac. u k/meeti ngs

The deadlin e for early registrat ion is

Friday 1 1 August. Thereafter a daily

late booking charge wil l  be payable.

microb io logy today r r i , ' r r , ;  r " i i
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Microbia l  b ioconvers ions:
biocatalysis and biodegradation
:  Un ivers i ty  Col lege Dubl in

i 31 August-1 Septemt:er 2006

i  : .  ,  . : : : t : , .  C .  D .  MUf  phy

For  deta i ls  o f  l r ish  Branch act iv i t ies

contact the Convener: Catherine

O'  Rei l ly  (core i  l l y@wi t .  ie ) .

OtherEvents

f#.{'&% {.*ngr*s*
I  ntegrating Microbial Knowledge
in Human L i fe

Madrid, 4-8 luly 2006

www. fe ms- m i cro b i o I o gy.or gl con gress

5ffi {V\ f,llnr **E \d! r* i *gy
*r**p / i lSilV J*i*"1? A,&**tirTg
Viral lnfections: diagnosis, clinical
management and prevention

Birmingham, 3-5 September  2006
r .  : : : : :  ' : :  S . J .  S k i d m O f e  &

H . J .  O ' N e i l l

www.escv.org

S*f ,kVirux *r*a;Fr  I
S*r"z*t.a I t"alea*a d f Ui rm f *g[n

Orvieto, ltaly

18-20 September 2005
':, , , ,  . ; i : :- : i  C.W.C. Wilkinson,

N.M.  A lmond & C.  Pal i r

Deadline for abstracts: 31 May 2006.

See SCM websi te  for  deta i ls .
www.siv-vi ro logia. itlco n gressi 1. htm

F*d* {#-t l#ff i  *f  !mf**tt*n
5*ei*t i*s &.n f i  L,ra? AAc*t i  rug
I Cardiff Citv Hall
I  zg Nou.mber-1 December 2005
www.fis2005.org.uk

fi'ft**taffi#s *$r tfu* xw*Ys
For uo-to-date information and to

book on l ine see www.sgm.ac.uk

The SCM meetings programmes

are organized by the commitlees
of  the spec ia l  in terest  groups,

co-ordinated by the Scienti f ic
Meetings Off icer, Professor Hilary

Lappin-Scott.  Suggestions for

topics for future symposia are
always welcome. See p. 87 for

contact detai ls of Conveners.

Administrat ion of meetings is

carr ied out by Mrs Josiane Dunn at
SCM H eadquarters, Marl borough
House, Basingstol<e Road, Spencers
Wood,  Reading RC7 1AC ( t  0118
988 1805;  f  01 18 988 5656;
*  meet ings@sgm.ac.  u  k) .

*ff*re* #ep*{s & p*s?*rs
Many Croups organize sess ions
for the oresentation of short oral
papers or al low intercalated papers

within their symposia. Offered
posters are welcome at al l  Society
meet ings.

Each ooster should be associated
ei ther  wi th  the P lenary  top ic  or
with a Croup. The subject content

of the latter should be relevant to

the remit of a Croup (see website
for detai ls);  i t  does not have to
re la te  to  the top ic  o f  the Croup
Symposium taking place at a
part icular meeting. Ceneral Offered
Posters wil l  not be accepted.

&"*ntrarts
Titles and abstracts for all
presentations are required in a
standard format and should be
submi t ted through the SCM
websi te .  Deadl ines for  submiss ions
are publish ed in Microbiology
Today and on the web. For further

information contact the Events

Administrator.



Schools Membership costs only f .1O a year.  Benef i ts  inc lude

Microbiology Today, advance copies of new teaching resources

and discounted fees on SCM INSET courses,  To jo in see

www.sgm .ac. u k/mem bersh i  p. E n q u i  r ies: ed ucation @sgm .ac. u k

or  go to www.microbio logyonl ine.org.uk for  fu l l  deta i ls  of

resources and activi t ies.
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Before anyone could connect microbes

wrth infectious diseases, someone had

to find out that they existed. Antony

van Leeuwenhoek (1632-17 23),

from Delft in Holland, was an amateur

microscopist. He made his own

simple microscopes, over 500 in fact.

These instrumenls were just powerful

magnifpng glasses, not compound t
microscopes, which have more than

one lens. They magnified the image up

to 300 limes.

van Leeuwenhoek was Lhe first person

to observe and describe microbes, both

bacteria and protozoa, in any detail.

He referred to them as'wee animalcules'

and sent lelters describing his fi.ndings

to the Royal Society which were

published in 1684.

Edward Jenner (17 49-1 823) was

the pioneer of vaccine development.

He saw that dairyrnaids who caught

cowpox from cows did not catch

smallpox, the much more dangerous

human form of the disease .In 1796

he took liquid from the sore of a

milkmaid infected with cowpox. He

then scralched this liquid into the skin

of a young boy calledJohn Phipps. The
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boy went on to develop cowpox. After

he had recovered, Jenner infected him

with the fluid from a person suffering

from smallpox. John faiied to contract

smallpox; this proved Jenner's theory

that the cowpox had protected the boy

and that he was immune to smallpox.

Where did these small life-forms

come from? As late as the mid-l9th

century many scientisls still believed

that microbes arose by spontaneous

generation. This is where non-living

stuff, usually decayrng matter, gives

rise to living organisms.

In the 1860s Louis Pasteur (1822-

1895), a French scientist, performed

an experiment that finally disproved

the theory of spontaneous generation.

Pasteur had already shown that there

were many microbial cells in the air

and that they were similar lo lhe ones

found in decaying substances. He

believed that the latter came from the

air and did not arise by spontaneous

generation, and sel out lo prove his

theory He predicted that a conlainer

of sterile broth would remain sterile,

even if exposed to the arr, as long as

microbes were prevented from entering

In keeping with

the histor ical  theme

of th is issue of

Microbiology Today,

ffimwww& ffiwwffi&%ffi tal<es

a lool< at some

i m po rtant d iscove ries

in medical

m icrobiology and

the scient ists behind

them.

the flask. He used special'swan-

necked' flasks with long S-shaped

stems for the experiment. These were

designed to let air in, but prevented

air-borne microbes from reaching

the sterile broth. Dust and air-borne

microbes settle out on the sides of the

S bend and don't get into the broth.

Pasteur first boiled the broth in the

flasks to kill off any microbes that may

have been presenl. This was called

sterilization. Over time he observed

the flasks. He found that the broth in

the flasks remained sterile and didn't

decay. This proved Pasteur's theory and

disproved spontaneous generation.

Pasteur also discovered'the germ

theory of disease', i.e. that micro-

organisms are the cause of infectious

diseases, and he developed vaccines for

several diseases, including rabies.

The German physician Robert Koch
(1843-1920) discovered the tubercle

bacillus My c ob actenum tub er culosis, the

microbe responsible for tuberculosis,

which at that [ime caused one-

seventh of all human deaths. He also

discovered the anthrax and cholera

bacilli.

I
I

I
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of  w ine  and beer  p reserves  them

van Leeuwenhoek.  SPl

substance that stopped the bacteria
from growing. He called the substance
penicillin.

However i[ was another 12 years
and took lots more research by other
scientists, including Chain and Florey,
before penicillin could be produced on
an industrial scale for wrdespread use.

Selman Abraham Waksman
(1BBB-1973) was a Russian-born
American soil microbiologist who
isolated several new antibiotics from
various soil bacteria and fungi. The
two most important, streptomycin
and neomycin, have been used widely
in the treatment of many infectious
diseases. Streptomycin was the first
antibiotic effective against tuberculosis.
Waksman created the term antibiotic.

BarryJ. Marshall (1951-) is an
Australian physician who with his
colleague, pathologist Robin Warren,
proved that most stomach ulcers are
caused by the bacterium Helicobacter
pylon. Prior to this it was commonly
believed that ulcers were caused by
stress and a poor diet.

Marshall found it difficult ro convince
other scientists that ulcers were the
result of an infection, as it was widely
believed that no microbe was caoable
oI survivrng the acidic enrnronment
of the stomach, even though Warren
had isolatedH. pylon from ulcer
biopsies. Marshall decided to drink
a solution containing H. pylon to
prove that it caused ulcers. Within the
week he became very poorly and was
diagnosed with having gastritis. He
was treated with antibiotics and made
a full recovery Today a combination
of two different antibiotics is standard
treatment for ulcers.

Y rs r+"h e r i *t rs r r"* *t: * n
This is just a brief look ar some of rhe
important discoveries in microbiolog;l
For an excellent and detailed history of
microbiology, check our rhe Signifcant
Eyents of the Last 125 Years pages at
www.asm.org and the microbiology
pages at www. theguardians.com

& i ; : i i .  Rober t  l (och  who,  together  w i th  Lou is  Pas teur ,  i s  cons idered as  the  founder  o f  modern
medical bacteriology. National Library Of t \ / tedicine / SPL

& l ; , t t . t : l : .  Lou is  Pas teur .  Pas teur  d iscovered tha t  gent le  heat ing
f rom sour ing :  the  process  o f  pas teur iza t ion .  5PL

€ H is to r ica l  engrav ing  o f  an  ear ly  mic roscope made by  Anton

Through his experimental work,
mainly wirhBacillus anthracis, he went
on to develop the theory that'a specif.c
disease is causedby a specifc type of
micro - organism'. He formulated four
criteria, called Koch's postulates, which
gaYe a method for demonstrating
that specific organisms cause specific
diseases:

The micro-organism must be
present in all animals suffering from
the disease, but absent in healthy
animals.

The suspected micro-organism must
be isolated from the diseased animal
and grown in pure culture.

When the isolated micro-organism,
from a pure culture, is inoculated
into a healthy experimental animal,
it should initiate the same disease
swnDtoms.

The same micro-organism should
be re-isolated from the experimental
animal, cultured in the laboratory
and confirmed to be the same
microbe as originally isolated.

Using Koch's postulates many other
disease-causing micro-organisms were
identified. This led to the successful

development of treatments for both the
prevention and cure of many infectlous
diseases.

Ilya Ilyich Metchnikoff (lB,t5-

1916) was a Russian biologist best
remembered for his pioneering
research into the immune system.
While working on the larvae of starfish
he noticed mobile cells that he rhoughr
might play an impofiant role in
defending the larvae against infection.
He discovered that these mobile cells
carried out phagocytosis. This is a
process where phagocytes , a type of
white blood cell, engulf and destroy
harmful foreign substances such as
microbes.

In 1928 the microbiologist Alexander
Fleming (1BBl-1955) was working
on the StapLrylococcus bacterium
that causes wounds to go septic.
He accidentally left the lid off one
of his plates. When he next looked,
he noticed thaL a blue mould was
growrng on the agar andit had created
a bacteria-free halo around itself.
Fleming identified the contaminating
mould as Penicillium notatum and
reahzed that it produced a special
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Cradl ine aims to inform and enter ta in members in the ear ly

stages of their career in microbiology. lf you have any news

or stories, or would l ike to see any topics featured, contact

Jane Westwell  (e j .westwell@sgm.ac.ul<).

experienced postdoctoral recruit

is more likely to be leading a small

research team than a recent PhD.

New recruits to the commercial sector

wlll notice some key differences to

academic life. Research is much more

aimed at obtaining results which

can be commercialtzed as rapidly as

possible. The research focus can also

be fast-changing and influenced by

H'rT;:: 
rather than scientifi c

How did you go about f nding your postdoc

in America?

I identified groups active in the field of research lhat

interested me by reading their publications and websites.

Next, I sent my CV to the Principal lnvestigators of

these groups and was invited to visit some and meet the

researchers. From these visits I selected one group [o

join.

(-\Would you recommend working abroad?

S{

Absolutely - there are some great laboratories in other

countries. In the US the profile and resources dedicated to

scientifi.c research arc greater than in the UK. A secondary

benefit of working abroad is the excellent opportunity

to explore new cultures and geographicai locations and,

depending on the country, Iearn a new language. However,

Workir^] I in the
oolnr'neroiol sootor

If you are planning your next

career move after PhD, you might be

weighing up the options of working

for a commercial organrzaLron. There

are many small- to medium-sized

biotechnolog/ companies throughout

the UK who offer opportunities for

graduate and PhD microbiologists.

Scientists tend to be recruited to roles

that match their previous research

and their responsibiities will depend

on their level of experience. A more

Name Nei l  Stokes
Age 31
Present  occupat ion Pr inc ipa l  Sc ient is t ,  Pro lys is  L imi ted

Previous employment Postdoctoral Fel low, University of

Maryland School of Medicin e (2001-2002)

Education University of London (Wye College), BSc

Bio logy;  Univers i ty  o f  Aberdeen,  PhD Microb io logy

O 
What attracted you to microbiology research?

During the fi.nal year of my undergraduate degree i

completed an honours project in microbiology, investigating

the properties of ^n errzqe of a psychrophilic bacterium

isolated from Antarctica. This sparked my interest in the

physiological processes of bacteria adapting to changes in

their envrronment, a theme I continued for my doctoral

research.

A job ir-r eor-n r-neroio I seetor reseo rof)
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it can be challenging to adapt to a foreign culture and

working practices, and to live thousands of miles from

famiiy and friends.

Why did you make the move away from university-
based research?

For several reasons. First, I was keen to acquire additionaL

skills to those I had developed in the academic sector,

whether technical, e.g. high-throughput screening, or

commercial, ..g. managing intellectual propert;r Second,

I wished to gain experience and insight into working in

the biotechnology sector. Third, I was intrigued how an

understanding of bacterial cell bioiogy could be applied to

creating platform technologies and product development.
Finally, I was attracted by the size of the organization and

the scope offered for influencing its future direction.

) How easy was the transition to research in the
Vcommercial sector?

The transition was relatively easy On a day-to-day basis my

workload is comparable to that of a postdoc in academia.
The more challenging transition comes in adjusting to

the differences in the focus be[ween the two sectors. In

academia, one is constantly aiming to advance kno#iedge

by asking questions, devising hypotheses then designing

and conducdng research to test them. In industry the focus

is more on conducting research that will develop new tools

and progress a project to a product as quickly as possible.

There is also a much greater emphasis on teamwork and

collaboration with partner organizations.

)Can you describe a typical working day?
S{

Most of my time is spent in the laboratory which may

involve evaluating new compounds for their activr.ty,

cloning and expressing a gene of interest, or developing

new assays. Results need to be documented properiy in

notebooks and datasheets. There are inlernal team and

company meetings lo attend, as well as discussions wrth

external collaborators. I may also have to draft a report

or presentation or help prepare a manuscript. Finally, I

am responsible for managing a graduate, which involves

providing training and guidance.

m icrobiology today rs';:',r {.ttil

)What 
is rewarding about your job?

S{

The biggest rewards come from the resuits of my
experimental work. As in any research position, it is
exhilirating to generate a piece of outstanding data that
significantly advances a project or answers akey question
about it. Also, it is exciting to develop and validate a new
experimental technique or assay that is then used by other
scientists. Finally, it is satisfying to see the other research
projects within the company progress successfully through
the various stages of development and to observe and
contribute to the growth of the company as a whole.

(-\ How do you see your future?
S{

In the short-term I am keen to learn more R&D skills and
enhance my understanding of the product development
process. Over time, I aim to gain more responsibility for
managing and leading projects, larger research teams
and collaborations. My long-term goal is to advance to a
position where I would have more input into the strategic
development and managemen[ of research programmes.

(-\What advice can you offer people planning a research
S{ caree r within an SME?

Competition for jobs in industry is strong, but new
companies are continually being set up. There is a host
of spin-out and established biotechonolgy companies of
different sizes and working in different sectors; pick one
in a field that you enjoy and for which you have a relevant
background. As with arry career move, it is important
to consider very carefully how the post will influence
subsequent emplol.rnent prospects. Take a role that will
offer the most opportunities for career enhancement and
for developing skills and experience that may not be gained
elsewhere. Make the most of every opportunity to acquire
these extra skills. Select the right time in your career to
make the switch and don't assume that the transition
from the academic sector is irreversible. If possible, try to
experience industrial research as early as possible. This may
be achieved as an undergraduate through a sandwich-year
placement or vacation internship, or as a postgraduate by
choosing a PhD that is sponsored by an industrial partner.
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Science writer Meriel Jones tal<es a lool< at some recent

papers in SCM jou rnals wh ich h igh l ight  new and exci t ing

developments in m icrobio logical  research.

Recent changes in the bird ' f fu virus

Campitef f  i ,  L.,  Ciccozzi,  M., Salemi, M., Tagl ia, F., Boros,

S., Donatel l i ,  l .  & Rezza, G. (2005)'  H5N'1 inffuenza virus

evolu t ion:  a  compar ison of  d i f ferent  ep idemics in  b i rds and

humans (997-2004). J Cen Virol 87,955-960.

The bird 'flu vrrus is often present in the intestines of wild birds

and usually does not cause them illness. However, it can be

transmitted to domestic poultry, causing illness, and can also

infect people. There is currently internationai concern over the

H5N1 version of this virus that, since 1997, has killed millions

of birds and has also infected around 100 people, killing about

half of them. Like all viruses, bird'f1u has a small number of

genes and mechanisms for them to change. The versions of

each gene in different r,rral strains can recombine to create new

vaneties of the virus. Subtle changes also happen as the virus

replicates within its host's cells. Understanding the way that the

virus changes over time is essential to plan the development of

new vaccines and drugs ahead of disease epidemics.

Researchers at the Istituto Superiore di Sanit?r in Rome, ltaly, in

collaboration with the University of Florida, USA, have recently

focused on small changes to the virus. They used computer

programs to examine the complete genome sequence of 684

strains of bird'flu that had infected domestic poultry or humans

in1997 or 2004. The programmes were dEigned to test several

possibilities for evolutton of the virus. The researchers were

especially keen to know if there was selection for any particular

changes in the vtrus and whether there was anything distinctive

about the sequences obtained from infections in people.

Their analysis indicated that there was very little evrdence

for positive selection. The strains from humans were either

intermingled wrth those from domestic birds, or were grouped by

geographical region. This matched the fact that all the people had

caught the disease by direct contact with birds, reinforcing the

idea that the lrrus has not adapted for transmission from person

to person. All bur three of the changes in the vrrus appeared to

happen at random. Viral sequences from 1997 indicated thar the

PB2 gene was accumulating changes. Other researchers think

that a particular version of this gene results in a virus that is

highiy pathogenic to mammals, but the ltalians' analysis showed

that this was not specific to the strains isolated from humans

in 1997 .ln the 2004 strains, lhe HA gene, which has a major

role in virulence, and the NSl gene, involved in pathogenicity,

had both accumulated changes. The implication is that there

has been selection for versions of the virus that can evade the

immune system, possibly due to the use of poultry vaccines. The

simultaneous selection for strains that vary in their interaction

with host cells can let rhe virus infect different hosts. Continuous

monitoring of these changes to the virus will be important in

designing new vaccines and as an early warning of new strains.

One giant step for algae

Rindi, F., L6pez-Bautista, J.M.,

Sherwood, A.R. & Guiry, M.D. (2005)'

Morphology and phylogenetic posit ion

of Spongiochrysis hawaiiensis gen. et

sp. nov., the f irst known terrestr ial

member  o f  the order  CladoPhora les
(Ulvophyceae, Chlorophyta). lnt I Syst

Evol Microbiol 55, 913-922.

A muitinational collaboralion between

the National University of Ireland at

Galway and the Universities of Alabama

and Hawaii has brought to light a new

aigal species with a special evolutionary

significance. The land algae of the

Hawaiian Islands have been recorded

1 Spongiochrysis hawaiiensis growing on the

bark  o f  a  t ree  on  the  is land o f  O 'ahu '  Fab io

Rindi National IJniversity of lreland, Calway

80

since 1876, but only haphazardly The

researchers were therefore not surprised

to come across unidentified species, but

did not at first realtze the significance of

the bright golden-yellow coating on the

bark of many trees on beaches along the

windward coast of O'ahu. Microscopic

examination showed that it was a green

alga with avery unusual buddingJike

mechanism of cell division. This had

only been recorded in two genera, but

other features of the celis indicated that it

did not belong to either. The researchers

decided to call it Sponglochrysis
hawaliensis after the fact that it formed

a golden layer, crispy when dry and

spongy when wet, on trees in Hawaii.

Molecular methods have been used for

decades to study relationships among

the green aigae. They fall into two major

evolutionary groups, one of which led to

the land plants. The other contains most

Iiving green algae, and is divided into

four main classes. Two of these include

most of the terrestrial green algae.

When the researchers applied molecuiar

analysis to their Hawaiian sample, they

discovered that it belonged to an order of

green algae which was so far known only

from marine and freshwater habitats,

included in a third class. The dtscovery

of. S. hawaiiensis is therefore much more

significant than the discovery of just

another new algal species.

it has long been realized that the
Hawaiian Archipelago is home to a

large vanety of microbes , andmay be a

biodiversity hot-spot. Modern systematic

surveys of the larger algal floral are likely

to reveal even more surpnses.
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New ways to tackle gas gangrene
Bryant, A.E., Bayer, C.R., Aldape, M.J., Wallace, R.J.,
Titball, R.W. & Stevens, D.L. (2005). Clostridium perfringens
phosphol i  pase C-i n d uced p late I et l leu kocyte i  nteractions
impede neut rophi l  d iapedes is .  J  Med Microb io l  55,495-504.

Gas gangrene is one of the most rapid and destructive
infections of damaged human tissue. Feared as a consequence
of agricultural, industrial and battle-fieid injury the infection
becomes established in less than 8 hours and can advance,
destropng healthy muscle, at several inches per hour. This
rapid progress is caused by toxins released by bacteria. Among
the consequences is shut-down in blood flow to the infection
site, preventing an effective immune response and the supply
of oxygen to the human tissues. The bacterium Clostndium
perfnngens thrives in the absence of oxygen. Shock and organ
failure occur and many patients die, even with antibiotics and
intensive care. Amputation is still the single best treatment. It rs
not surprising that researchers wanl to find new treatments.

The alpha toxin is an enzyme, phospholipase C. lt contributes
significantly to the decline in blood flow by causing blood
cells to aggregate and block the blood vessels. It also causes
a reduction in the tissue's immune response by preventing a
specific tlpe of blood cell, the neutrophil, from moving into
the infected tissues. Researchers in the USA and UK have been
working out exactly how the toxin causes these effects, with the
hope that drugs used to treat similar conditions of blood flow
disorders might also be rapidly effective in gas gangrene.

The toxin promotes aggregation of platelets and also of platelets
with neutrophils. The neutrophils are the cells that should
migrate from the blood vessels into the body's tissues as paft
of the inflammatory response to infection. However, the toxin
traps most of the neutrophils in large aggregates, preventing
this migration. The researchers worked out which molecules
on the surfaces of the blood cells were involved in sticking
them together. The toxin activates the protein gpllbllla on the
surface of the platelets, making them adhere to each other.
A second protein, CD62P, is also stimulated by the toxin,
attaching the platelets to neutrophils. New treatments would
have to affect both of these processes to ensure a continued
supply of oxygen and an immune response in tissues infected
by C. peffingens. Possible treatments are now being evaluated.

L C. perfringens gas gangrene is characterized by widespread muscle
necrosis, marked intravascular leukostasis and the lack of a t issue
inf lammatory response. These features are reproduced here in an
experimental model of wild-type C. perJringens infection. Amy Bryant
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Responding to the envi ronment
Budde, 1.,  Stei l ,  1.,  Scharf,  C., Volker, U. & Bremer, E.
(2005). Adaptation of Bacillus subtilis to growth at low
temperature: a combined transcriptomic and proteomic
appraisal. Microbiology 152, 831-853.

Microbiologists have been gradually working out how bacteria
respond to changes in their environment, using new methods
as they become available. Until recently they have had to
study changes in the expression of bacterial genes one by one,
piecing small bits of information together. However, now that
many bacterial genomes have been sequenced, researchers can
view how every single gene in the genome is affected by an
environmental change. This almost gives them the opposite
problem of too much information to comprehend.

German scientists have now completed a study of the changes
in both the protein complement and gene expression in Bacillus
subtilis caused by growth at low temperature. ln rhe lab, the
bacteria are normally grown at 37 "C. To see what happened
at a lower temperature, cells were grown at 15 oC for at ieast
three generations and their nucleic acids and proteins were
then extracted. Measurement of the transcription of the entire
4,107 gene complement of B. subtilis is now so rourine that the
researchers could use commercial arrays carrying duplicate
spots of every gene for their experiments.

They discovered that about 14 ok of all the B. subtilis genes were
affected. Expression of 279 genes was increased at 15 oC, while
that of another 301 was reduced at the lower temperature. The
role of some of these genes was previously entirely unknown,
so the researchers now have at least one fact about them to
guide further research. Changes to other gene products made
sense in terms of what was already known about them. For
example, the bacterial cells grow more slowly at the lower
temperature and reductions in expression of genes involved
with bacterial growth fitted with this. Others thar were already
known to be controlled by SigB, which switches on a large set
of genes in response to stress, were induced, again fitting with
current knowledge.

However, changed expression of genes is not the whole story
Gene products are used to make proteins, and there can be
many independent changes to proteins to optimize survival in
a changing environment. Separating and identifying proteins
is more difficult than analysing changes in gene expression.
The researchers used a technique that allowed them to see
if there were any effects on 1,085 of the bacterial proteins,
and to identify many of them. There were massive changes
in the protein profile, wtth almost half of them affected.
Although some were the proteins encoded by genes whose
expression was affected by the cold, many others were not.
This graphically illustrates that bacteria respond ar many levels
to environmental change, emphasizing the complexity of life
within even single-celled organisms.
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The Microbiology Awareness Campaign moved

forward recently when microbiologists met with

members of  the Nat ional  Assembly for  Wales to d iscuss

the m icrobiological issues that affect the principal i ty.

Mierobiology
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Awo re r-r es s eo r-n po i g rt
Welsh Assembly, 8 lVoroh 2005 i

The event, which attracted many

Assembly Members (AMs) and civi l

servants, was held at the National

Assembly  for  Wales bu i ld ing in

Cardif f  Bay and kindly sponsored

by El in Jones, AM, who began by

welcoming everyone. A series of short

presentations was then given, fol lowed

by a drinks and buffet reception where

the guests had an opportunity to talk to

microbiologists from arou nd Wales.

Professor Hugh Pennington, President

of the Society, described the manY

activi t ies and roles of the SCM, and

this was fol lowed by a presentation I

on microb io logy and the env i ronment

from Professor Andrew Weightman, a

microbial geneticist from the University

of Cardif f  .  He described how research

in his inst i tut ion was highly relevant

to many local issues. He touched on

topics ranging from the adaptation

of microbes to degrade toxic organic
pol lutants to a potential l ink between

bovine pathogens and clusters of

Crohn's disease cases in Cardif f .

Avian inf luenza was on the programme

and Si r  John Skehel ,  D i rector  o f  the

NIMR, in formed those present  o f  the

challenges facing us from this highly

topical and potential ly deadly disease.

SCM Education Off icer, Dr Susan

Assinder, discussed the importance of

microb io logy educat ion -  in  schools ,

and for  the wider  publ ic  and the media.
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m icro-organeddau
mae bacteria, ffyngau, algdu, protosoa a firysau yn

effeithio ar bob agwedd ar ein bywydau.

microbiolegwyr
mae eu hangen i  astudio microbau,  gwneud

defnydd o'u pwerau ac ymdrin d mathau

niweid io l  sy 'n  achosi  c le fydau.

m icrobio leg
mae'n bwysig i bobl Cymru ac i economi Cymru.

Mae agweddau pwysig yn rynnwys

iechyd pobl ac anifeiliaid

biotechnoleg a chreu cyfoeth

microbioleg amgylcheddol, amaethyddol a morol

Drwy ein haelodau niferus yng Nghymru, gall SCM

gynnig gwybodaeth amhleidiol ac arbenigol ar unrhyw

Educat ing ch i ldren at  school  is  a  pr ime

way of  increas ing publ ic  unders tanding

of microbiology, as this gives access

to a captive audience that is receptive

and not yet set in bad habits. She

described the range of educational

resources produced by SCM, to

which had recently been added some

factsheets and investigations for

chi ldren translated into Welsh. These

would be used dur ing Nat iona l  Sc ience

Week activi t ies in Wales, and would be

available free on request to schools.

The event was brought to a close by

the Minister for Health and Social

Services, Dr Brian Gibbons, AM, who

talked of the recent outbreaks of E. coli

0157 and Cryptospoildium in Wales as
powerful reminders of the importance

of  microb io logy to  our  l ives and which

also affected government policy.

The attendees were also treated to an

exhib i t ion f rom var ious groups and

organizations from around Wales who

are working on many fascinating and

hugely important areas of microbiology.

With no medical faculty, the

strength of microbiological research

at University of Wales Aberystwyth

l ies  in  env i ronmenta l  and an imal

microbiology. The exhibit  at MAC,

a joint venture with the lnst i tute

of Crassland and Environmental

Research (ICER), highl ighted key

aspects of research in Aberystwyth,

bacteria, fungi, algae, protozoa and viruses affect

every aspect of our Iives.

m icro b iologists
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are needed to study microbes, exploit their

powers and deal with harmful types that cause

disease.

m icrobiology
matters to both the people and economy of Wales.

lmportant areas lnclude:

human and animal health

biotechnology and wealth creation

environmental, agricultural and marine rnicrobiology

Through our many members in Wales, SCM can offer

impartial and expert information on any microbiologica

tssue.

A The SCM display banner from the MAC
event in Cardif f

notably ru men microbiology,

envi ron mental microbiology and

biotechnoloSy ( i  n col laboration
with local spin-out companies). The

medical aspects of University of

Wales Aberystwyth research relate to

tubercu losis latenry, dermatophytic
fungi and insect digestive systems

as a reservoir for human pathogens.

Exhibitors on the stand reported a
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good response from AMs attending the event, especial ly in
relat ion to the threats facing microbiological research at ICER
fo l lowing recent ly  announced cuts  in  DEFRA funding.

The Univers i ty  o f  Wales Bangor  exh ib i t  focused on min ing
and ac id  mine dra inage (AMD),  one of  the most  pern ic ious
forms of  env i ronmenta l  po l lu t ion in  Wales.  Harness ing
microbes has led to the now establ ished biotechnology of
'b iomin ing '  in  which ac idophi l ic  micro-organisms are used to
extract base and precious metals from ores, including those
that are uneconomical to process by conventional means.
Biomining also has the advantage that i t  is less pol lut ing to
the env i ronment .  The exh ib i t  a lso h igh l ighted approaches for
treating AMD. The Bangor team part icipates in projects that
a im to  opt imize 'pass ive '  b ioremediat ion in  wet lands and
compost bioreactors, and is also developing novel integrated
sulf idogenic biosystems for select ive recovery of metals from
co ntam i nated wastewaters.

Cardiff University has a long history of strong research,
cover ing env i ronmenta l ,  medica l  and appl ied microb io logy
The exhibitors described projects that are carr ied out in
co l laborat ion wi th  groups a l l  over  the wor ld .  These inc lude
research into prevention of Burkholderia cepacia infections
in patients with cystic f ibrosis, prokaryotic interactions
in deep subsurface layers, prevention of Proteus mirabilis
crystal l ine biof i lm formation in bladder catheters and use of
Photobacterium fscheri for monitoring toxic compounds in
env i  ron menta l  sam p les,  i  nc l  ud ing water  su pp l  ies .

The Sustainable Environment Research Centre (SERC) of
the University of Clamorgan highl ighted two major areas in
its exhibit :  anaerobic digestion and fermentative hydrogen
product ion.  The research group has long exper ience in
methane production from many types of organic wastes
and the process is of increasing interest to local authorit ies
as they implement the Landfi l l  Direct ive. Dark fermentative
hydrogen product ion f rom renewable resources,  us ing mixed
microflora from natural sources, is a less understood process

and is being investigated by SERC. This method of hydrogen
generation could make a contr ibution to the low-carbon
economy, del ivering a secure energy supply to a local i ty.

The exhibit  for the National Public Health Service for Wales
(NPHS) emphasized the scope of  genera l  and spec ia l is t
microbiology services that are to be found around Wales.
These provide laboratory, cl inical and scienti f ic support that
underp ins communicable  d isease prevent ion,  d iagnos is
and management  to  the NHS throughout  Wales.  Cenera l
microbiology services provided by NPHS include laboratory
diagnostic services to hospitals and general practi t ioners,
leadership of hospital infect ion control programmes,

invo lvement  in  reg ional  and nat iona l  surve i l lance
programmes and assistance to health protection teams in
relat ion to outbreaks and community infect ion control,
in  addl t ion to  many spec ia l is t  serv ices.

m icrobiology today 1'1;3. i , , '  { , i r i i ,

The display from the University of Wales Swansea
under l ined the recent  expans ion in  microb io logy at  the
Univers i ty ,  i t  be ing a foundat ion d isc ip l ine in  the new
School of Medicine and Inst i tute of Life Science ( lLS). ILS
research includes staphylococcal biof i lms, pathogenesis of
implant-associated infect ions, cr i t ical roles of P45O enzymes
in microbial metabolism, streptomycete antibiot ic discovery,
gene regulat ion in yeast, medical benefi ts of probiot ics,
and v i ra l  evo lu t ion and d isease spread.  Env i ronmenta l
microb io logy is  a lso a  key area,  wi th  an emphasis  on
ter rest r ia l  and mar ine env i ronments ,  and aquacul ture ,
including exploitat ion of fungal insect pathogens as
biocontrol agents, characterization of bacterial pathogens of
crabs, and investigation of microbial community structure in
wetlands treating organic waste from land-based f ish farms.

Other  exh ib i ts  were suppl ied by the Univers i ty  o f  Wales
lnsti tute Cardif f ,  Food Standards Agency Wales and the
Welsh Microbiology Associat ion.

The staff at SCM Headquarters would l ike to take this
opportunity to thank al l  of those involved in putt ing together
the excit ing programme for this event.

Faye Stokes, Public Affairs Administrator

Useful  websi tes
www.biologybangor. ac. uk/r esearch/bartJ

www. cardiff . ac. uk/biosi/research./micro/index. html

www. medicine. swan. ac.uk/ilsLnnovation3. html

www. medicine. swan. ac. ulVmedmicrobiologyhtml

www medicine. swan. ac. uk/p450. html

www. swan. ac.uk/research/ActinoGEN/index. htm

www. aquaculturewales. com/index.html

A Atomic force microscopy image of Saccharomyces cerevisiae.
Dr Chris Wright, School of Engineering, University of Swansea Wales



l f  you would l ike your name to be added to our database of

book reviewers, please complete the bool< reviewer interests

form on the scM website.  A classi f ied compendium of reviews

from 1996 to the present is also avai lable on the website.

Rend Dubos,  Fr iend
of the Cood Earth:
Microbio logist ,  Med ical
Scientist,  Envi ron mental ist

By C,L.  Moberg
Publ ished by Amer ican Soc ie tY

for  Microb io logy (2005)

US$29.95 PP.260
lsBN 1 -55581-340-2

Rene Dubos ( 190 1-1982), microbioiogist

and early environmentaiist, had an

unusual career. Born in France, he

obtained a degree in agriculture, enjoying

all courses except that in microbiology.

He then had an abstracting job in Rome

during which he encountered the work

of the great microbial physiologist and

ecologist Winogradsky, which changed

his opinion of microbiology lt also led

to an ecological approach important

throughout his research and life. A

conference in Rome introduced him

to American microbrologists, and he ?

emigrated to the USA. He gained a

PhD with Selman Waksman at Rutgers

University on soll microbiology' and

joined Oswald Avery (Pneumococcus

experL and discoverer ol a genetic role

for DNA) at the Rockefeller lnstitute,

where his besL known research was

carried out in the 1930s and 1940s'

This included the discovery in 1939,

before the clinical value of penicillin

was demonstrated, of the antibiotic

gramicidin, the Product of a soil

bacterium. lt proved valuable for ropical

application to war wounds and initiated

the search for antibiotic production by

soil organisms leading, lor Waksman, to

streptomycin and a Nobel Prize. Other

important discoveries were the enzqe

ribonuclease, and how to grow the causal

organism of tuberculosis efficrently. In

I94l he was elected to the Natronal

Academy of Sciences, and in 1948
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received the Albert Lasker Medical

Research Award, olten the precursor of

a Nobel Prize. However, Dubos became

increasingly concerned with the misuse

of antibiotics and the attitude that they

were the answer to ail infectious disease.

This led to Dubos evolving from a creative

laboratory worker to a philosopher of

medicine, and then, as his interests

became still wider, to a philosopher of

the environmen[al movement. The first

full length biography of Dubos is hence

of interest to both microbiologists and

environmentalists.

Caroi Moberg, a PhD in comParaLive

literature, was an associate of Dubos in

his environmental phase. She and Dubos'

tuberculosis co-worke r James Hi rsch

produced a terse and lucid appreciation

of Dubos - BiograPhical Memoirs oJ

the National Acadenry of Sciences, USA

58, 132-161 (1989). Moberg's book,

although readable, has not always quite

the clari ty of the memoir. For example'

the heading Turning the SIII enzyme into

systemic therapy (p. 37) refers to Dubos'

enzyme from a soil bacterium that

attacks the pneumococcus tYPe III

capsule, whereas that on Turningthe

SIII enzyme into serum therapy @. aa)

is concerned with an enzYme from

pneumococcus and the making of

antibodies against type III pneumococci.

In writing her book, Moberg has

carried oul an enormous amount of

archival research, correspondence and

interviewing, as demonstrated by over

50 pages of endnotes giving sources

for text statements. The booklength

account also enables Moberg to describe

the motivation and context of Dubos'

activiries in a way not possible in the

shorter memoir.

Dubos' work is not soleiy of historical

interesl, as he was immensely fertile in

ideas and his experiments are models

of thoughtful planning. The discovery

of gramicidin, for examPle, was the

result of a soi l-enrichment procedure

armed al the isolation of a bacterium

that destroyed pneumococci, in contrast

with that of penicillin, the result of

a chance observation, and of later

antibiotics, most of which came from

vast and expensive random screening

programmes with soii micro-organisms.

So Mobergs book is aPProPriate

for university and research institute

libraries - it could lead students and

investigators to Dubos' research papers

with their thoughtful methodology

and to his books with their challenging

ideas. Whether individuals will wish

to possess a copy will depend on their

:T:*"t 

- I at least am Pleased to have

Michael Carlile, Bridgwater

Harry Marshall Ward
and The Fungal  Thread
of Death

By P.C.Ayres
Publ ished by Amer ican
Phytopathological SocietY Press
(2005)

US$79 .00  PP .168
lsBN 0-89054-333-X

The England into which HarrY

Marshall Ward was born now seems

as exotic as Ceylon where he studied

coffee rust. His cover PhotograPh
shows a monocled gentleman sporting

a walrus moustache, more reminiscent

of a frontier marshall than a Plant
pathologist. Nonetheless despite

appearances he was highlY focused,

practical with clear ambiiions, a brilliant

Professor, founder of the Cambridge

Botany School. ln the late 19th century

despite the rivalry between the powerful
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lmperial European states, Harry

Marshall Ward was a disciple of the

revolutionary doctrine of investigation

by experiment pioneered in Germany

This enabled him to uncover secrets

of plant disease transmission, how

pathogens use enzymes to attack plants,

as well as the way plant cells defend

themselves. Though he died at 52, his

Iegacy lives on in the practical benefirs

of plant breeding.

Rofand Fox, University of
Reading

Frontiers in Antimicrobial
Resistance: a Tribute to
Stuart B. Levy

Ed i ted  by  D .C .  Wh i te ,  M .N .  A lekshun

& P.F. McDermott
Published by American SocietY for

Microbiology (2005)

US$119.95 pp. 598
rsBN 1-55581-329-1

The subject of antimicrobial resistance is

not only highly topical but is of interest

Lo workers in a range of disciplines,
including public health, clinical and

veterinary medicine and microbiology,

molecular biology, microbial
physiology and biochemistry, and the

pharmaceutical industry The diversity

of the subject matter covered, including

two chapters on resistance to anti-cancer

agents, reflects this and means that there

is something for more or less everyone,

with the excep[ion of r,trologists, as there

is no mention of resistance to antiviral

agents. This omission was presumably

intentional, as the focus on antibacterials

and biocides broadly reflect the main

research interests of Stuart Ler,ry', to
whom the book is dedicated. At this
point I should confess that prior to
reading the book I was, with typical
British reserve, expecting to cringe when

confronted with gushing tributes to

Professor Levy: However, my fears were

ill-founded, and the foreword byJoshua
Lederberg, the edi[ors' introduction

and the concluding remarks written
by Stuart Ler,y's twin brother Jay (a

virologist) were insightful and made for

an interesting read.

The book comprises 40 chapters, many

of which are likely to be of interest

and value to both undergraduates and
postgraduates wanting to learn about the
problems of antibiotic resistance. The

individual chapters usually comprise
revrews of the panicular topic under
discussion, with the majority containing

a high level of detail. The chapters are

uniformly well written and the editors
are to be commended for the lack of
repetition between chapters which
so often blights books of this type.
As I have come to expect from ASM
publications, the format makes the book
Yery easy to read, with the text being

broken up by judicious use of headings

and sub-headings. Diagrams and tables

are present in abundance and are

usually well designed with appropriare
footnotes. All the chapters contain
extensive lists of up-to-date references.

All in all, this is an excellent book
that I highly recommend. lt should
undoubtedly be purchased by all

academic departments which teach
microbiology or related subjects such as

medicine or public health. Furthermore,
I would recommend anyone with a
professional interest in antimicrobials
and antimicrobial resistance to consider

purchasing their own copy It contains
a wealth of useful information and I

guarantee you will refer to it on a
regular basis.

Alan lohnson. HPA Colindale

Reviews on the web
Reviews of the followng books are
available on the website at www.sgm.
ac. uk/pubs/micro-to daylreviews. cfm

Molecular Approaches to Malaria

Harry MarshallWard and The Fungal
Thread of Death

Applying Cenomic and Proteomic
Microarray Technology in Drug Discovery

Dictionary of Food Science and
Technology

Lab Dynamics: Management Skills for
Scientists

U n d e rstan d i n g Path oge n Beh avi ou r
Virulence, Stress Response, and
Resistance

Microbiology of Fruits and Vegetables

H uman Papillomaviruses Methods and
Protocols

B i o re m ed i ati o n of Recal citrant
Compounds

Yeast Protocols, 2nd edn

Anti m i crob i al Age nts : Anti b acteri al s
and Antifungals

Listeria; A Practical approach to the
organism and its control in foods,
2nd edn

Food Microbiology and Laboratory
Practice

Food, Fermentation and Micro-organisms
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Microbial systematics, the process of

characterizing, sorting and arranging
organisms in an orderly manner, has

been served by many visionaries over
the years. However, until relatively

recently an understanding of why such
a multitude of differing forms exists
and the means by which they came
about has remained stubbornly beyond
our reach. It is undoubtedly premature
lo assume that the answer to 'life, the

universe and everything', well at least

in terms of prokaryotic diversity, is in

the bag, but we do seem to be getting a

bit closer to understanding why things
are as they are and how it ali happened.
This companion volume to the Society's
Spring 2006 Plenary Symposium
provides a snapshot of the underlying
processes that have driven (and are

driving) prokaryotic diversifi.cation. All
16 contributory chapters give a good

background to their respective areas,
with minimal overlap and commendable
coverage of the key issues and concepts.

In any treatise on prokaryotic diversity
it is worth noting that we are still, to
some extent, shackled by a skewed

t-Jr'nffiffi
view of the world of micro-organisms;
we know a great deal about our owrl
pathogens, particularly those that lend
themselves to axenic cultivation, but
our horizons shrink alarmingly when
dealing with the diversity underpinning
key environmentai processes vital to
life on Earth. It is possible, however,
through the study of such organisms
to extrapolate and hypothesize beyond
the narrow confines of their own
habitat and to identify analogous
processes elsewhere. The mechanisms
by which certain pathogens have
evolved, downsizing their genome and
as a consequence moving from a low
virulence, broad-host -r ange organism
to a virulent, specialist pathogen finds
parallels elsewhere in the microbial
world.

The expanding use of the '-omic'

technologies is providing hitherto
unrealized insights. Prokaryotes studied
thus far have shown a wide diversity in
the complexity of their genomes, the
number of protein-coding genes ranging
from 300 to 9,000, with obligate
parasites and symbionts featuring at the
bottom of the scale. We are also now
able to see that the genome of many
micro-organisms is made up of a limited
number of core genes supplemented
with a varying array of. auxiliary genes,
the latter playing a role in resistance
mechanisms, the ability to colonize
new niches, virulence factors, catabolic
pathways, etc. Many core genes are

inherited vertically and evolve very
slowly, whilst many auxiliary genes are
acquired by horizontal transfer; there
are, of course, many exceptions to this
rule. We can also see that horizontal
gene transfer is not some form of genetic
lotLery or lree-lor-al l ,  the architecture
of the genome plays a key role in the
emergence of phenotypic variation.
Comparative genomics is also showing
us that evolution has found a myriad
of ways to accomplish the same task in
nature. Huge diversity can exisL even
within a single 'species', common/shared
genes being in the minority amongst
strains of. Escherichia coli.

And yet there is a still a strong sense
that for all we know, there is still much
to learn. One cer[ainty in all of this, and
the Holy Grail for many years, is the
thorny issue of the prokaryotic species
definition; clearly, we are no further
forward than we were decades ago but
maybe we are beginning to take the
first faltering step towards developing
an alternative paradigm. Who needs
species? In conclusion, I would strongly
recommend this book to anyone with
an interest in microbial diversity and
how things have tumed out the way
they have in the microbial world, which
I would judge might be pretty much all
microbiologists.

Gerry Saddler
Scottish Agricu ltu ral Science Agency,
Edinburgh

An order formJor SymposiumVolume 66 (and earlier volumes) is available t'rom the SGM
Memb er shtp Ot'fc e @ memb er s@sgm. ac.ule)
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The discoveries and work of

microbiologists are i mportant

to al l  our l ives. But as Michael

Worboys explains,  i t 's  not

always easy to research the

h istory of m icrobiology.

your papers. Do you know of the papers

of former colleagues that may soon be
lost? It is crucial that we have records of

ali types of scientific work;who lcrows

what future tum of events will lead to

the mundane work of today being seen

as a breakthrough tomorrow Scientists

should ideally deposit their papers

and other material locally either with

their institution or their professional or

disciplinary society, or faihng that look

to one of the national repositories. It

is also imponant to take advice from

professionai archivists, not least on how

to safely store eiectronic records.

Mibrobiology has been and remains

an important subject, yet its history is

hard to write because of the paucrty

of sources. This situation needs to be

addressed and now is a good time to

start. There is no doubt that future

historians will regard recent decades

as a period of revolutionary change

in biologr due to the impact of

molecularization. Thus, it is now more

important than ever that microbiologrsts

ensure that the material is available

to study the radical changes, and the

continuities, that characterize their

subject today

Professor Michael Worboys

University of Manchester, Centre

for History of Science, Technology

& Medicine, Faculty of Life Sciences,

Simon Bui ld ing,  Oxford Road,

Manchester M13 9TT, Ul( (e michael.

worboys@man.ac.uk)
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