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08 L iv ing together :  microbia l
communi t ies
Hilary Lappin-Scott & Sarah Burton
Th is  i n t roduc t ion  to  the  spec ia l  i ssue  on  commun i t i es  covers
some of  the re levant  hot  topics current ly  being studied by
m i c rob io log is t s .

10 Let i t f low but don' t  letgo
Paul E. lblenbrander & others
Every t ime we c lean ou r  teeth,  th e b iof i lm has to reform.
Mo lecu la r  s igna l l i ng  be tween  the  p laque  bac te r ia  seems to
be  c ruc ia l  t o  th i s  p rocess .

Eavesdropping
o n bacte rial .
co n ve rsatio n s
lan Joint & lQren Tait
M a r i n e  b i o f o u l i n g  c o s t s  m i l l i o n s  o f  d o l l a r s  a

year. Amazingly, seaweeds are using quorum

sens ing  molecu les  f rom bac ter ia  to  loca te

su  i tab le  s i tes  fo r  a t tach  ment  and growth .

t l A' l  
U Sugar-coated bacteria

Jackie Parry
Many protozoa can get  through the sugary matr ix  of  a b iof i lm
and feed on the bacter ia ins ide,  yet  the bacter ia seem to be bi t ino
back and exploi t i  ng th e grazers for  thei  r  own benef i t .

42 Reviews

46 Add resses

i l . ,

i i..,.)

44 Elect ions 05 47 obituary

U ri n ary cathete rs
David Stickler
Bio f i lms conta in ing  pa thogen ic  bac ter ia  soon

deve lop  in  u r inaryca the ters ,  lead ing to  nas ty

in fec t ions .  What  can be  done to  so lve  th is

d i s t r e s s i n g  p r o b l e m ?

26 The Biof i lm club
Mat U pton
This  o rgan iza t ion  prov ides  a  meet ingground fo r  researchers  in to

m i c r o b i a l  c o m m u  n i t i e s .

28 Microbial ecology of act ivated
sludge
Michael Wagner
The ac t iva ted  s ludge process  re l ies  on  a  complex  communl ty

o f  m ic robes  to  c lean u  p  wastewaters .  N ew molecu la r  too ls  a re

prov id ing  v i ta l  in fo rmat ion  to  improve the  t rea tment .

Com ment
MRSA -  nat ional
d isgrace
Mark Enright
MRSA is a lways in the news, but  improvements
to hospi ta l  hygiene are not  the only measures
needed to mal<e this health hazard go away.
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As Ed i tor I  have the

pr iv i lege of  an nounc ing

these en hancements to MT,

but i t  is lan Atherton and

Janet  Hurs twho conver t

them into real i ty. lan

deserves the cred i t  for the

new layouts; many thanks to

h im and the other  members

of the team at Marlborough

House for  the i r  enthus iasm

and exquisitelygood taste in

recreati  ng MT for 2OO5l I

would  a lso l ike  to  add my

thanks and best  wishes to

Janice Meekings, who has

recently ret ired after being

Assistant Ed i tor on MT for

many years. Welcome also

to Faye Jones, who has been

helping with the magazine

for  a  whi le ,  but  is  now tak ing

on an enhanced ro le .

Feedback on the new

design wi l l  be very  welcome
(e mtoday@sgm.ac.uk) .

GavinThomas

IFR Pr i ze
Catherine Burgess, a

Ph D student at U niversity

College Cork, was awarded

the Inst i tute of Food

Research Science

Communicat ion Pr ize for

her offered paper enti t led

Lactococcu s I  act i  s. a'  v i tam i n

facto ry' of th e fu tu re?. Th is

was de l ivered in  the

symposium on Lactic acid

bacteria at the Society's

recent meeti ng at Tri n ity

Col lege Dubl in .  Cather ine

rece ived a cheoue f  or  f10O

and a cert i f icate.

microbiolo gy Ioday l '* furi :*.r 'y r,)5

SCM Counci l
N ovem ber meeting h igh I ights

Honorary Membership
SirJohn Skehel  FR5,  Di rectorof  the Nat iona l  lns t i tu te for
Medica l  Research,  Mi l l  H i l l ,  London,  was e lected an Honorary
Member of the Society.

SCM Pr izes & Lectu res20O4
The fol lowi ng were awarded.

The F leming Lecture to  DrAdr ian Whi tehouse,

Univers i tyof  Leeds,  forexce l lence in  research on the
molecu lar  b io logy of  gam maherpesv i ruses.

Th e Co lwo rth P rize Lectu re to Professo r Ri ck Titbal l,
Dstl  Porton Down, for outstanding contr ibutions to appl ied
m i crobio logical research relati ng to C I ost r i d i u m toxins.

The Fred Crif f i th Review Lecture to Professor David El lar,
U n iversity of Cam bri dge, for lo ng-stan d i  ng d ist i  ngu ish ed
research relat ing to the biochemistry and molecular

biology of Bacillus spp.

The PeterWi ldy Pr ize in  Microb io logy Educat ion to
Professo r J oan na Ve rran, Man c h este r Metro po I itan
U n iversity, for excel lence i  n teach i  ng and cu rr icu lu m
development  in  microb io logy.

A more deta i led descr ip t ion and apprec ia t ion o f  the pr ize
winners' work wil l  appear in MicrobiologyToday.Their

lec tures wi l l  be de l ivered at  SCM meet ings in2OO5.

SCM Indus t r i a l  L i a i son  O f f i ce r

Counci l  has now agr'eed ajob descript ion forthe new
posi t ion o f  Indust r ia l  L ia ison Of f icer ( lLO) ,  and asearch

com m it tee was formed to prepare a short l ist of interested
candidates for the next  Counc i l  meet ing in  February .  Another
indust r ia l  members ' forum wi l l  be he ld  a t the Her io t -Wat t
meet ing,  and i t  is  hoped that  the new ILO wi l l  be in  post

and able to part icipate.

Sc ien t i f i c  pub l i sh ing
At present  in tense d iscuss ions are ongoing among
pu bl ishers of scienti f ic jo u rnals abo ut th e d i f ferent f i  nan cial
m odels for pu b I ish i  ng sci enti f ic papers ( 'su bscri  ber- pays' vs
'author-pays').  With a stable of four excel lent journals, 5CM
Counci l  has been fo l lowing the arguments  very  c lose ly .  l t
was reported that in2OO4, atotal of 11,7OO pages was
pub l i shed  i n  SCM jou rna l s .

U I ri ch Dessel be rger, C e neral Secretary

Treasu rer-elect
Th e Society's Treas u rer,

Peter Stanbury, is due to

stand down in  September

2OO5 at the end of  h isT year
per iod of  o f f ice .  Dr  Col in
Harwood, University of
N ewcastle- u pon -Tyn e, has

accepted Cou nci I 's i  nvitat ion

to  be h is  successor .  Unt i l  he
takes on the role nextyear,

Co l i n  w i l l  be  shadow ing

Peter and attending al l  the
meet ings and d iscuss ions
relevant to the SCM's

financial affairs. A biography

of the new Treasu rer wi l  I

appear  in  a  fu ture issue of
Microbiology Today.

Nominat ions  2005
Th ree mem bers, Al istai r
Brown,  Paul ine Handley

and Keith Jones ret ire from

Counci l  in  September  2005.
N om i nations are i  nvited

f rom Ord inary  Members to
f i l l  these vacancies. Al l

nom ina t i ons  mus t  i nc l ude

the writ ten consent of the
nominee and the names of

the proposer  and seconder .

Members submi t t ing

nominat ions should  ind icate

the main area of
m icrobiological interest of
t he i r  nom inee ,  who  mus t
have been an Ordinary

Member of the Society for at
least  2  years .  Nominat ions

s h o u l d  b e s e n t t o t h e S C M

Ceneral Secretary, Dr U I r ich

Desselberger, c/o SCM
Headquarters to arr ive no
later than 30 Apri l  2005.



C rants
For2005 only
IUMS Congress Crants
Small grants to members to support attendance atthe

IUMS Congresses, San Francisco,23-28 )uly 2OO5 (see p.27).

Closi ng date 1 8 February 2OO5

Prokaryotic Development Meeti  ng C rants

Small grants to mem bers to su pport attendance at the Joint

ASM/SCM Meeti ng, 1 3-1 6 ) uly 2005, U n ivers ity of B ritish

Columbia,  Vancouver ,  Canada (see p.  33) .

Closing date25 March 2005

Student  schemes
Postgrad uate Stu d e nt Meeti ngs C rants
Crants covertravel and accommodation expenses for

attendance at one SCM meeting each year. Applicants must

be Student  Members res ident  and reg is tered for  a  Ph D in

an EU country.

Closing date for Heriot-Watt Meeting 1 Apri l  2005

President 's  Fund
Limi ted grants  to  young microb io log is ts  making shor t

research visi ts, attending courses, or presenting work at

sc ient i f ic  meet ings.  Open to  Soc ie ty  members res ident

and reg is tered fora PhD in  an EU count ryor  in  the i r f i rs t

postdoctoral posit ion in an EU country.

Closing dates for Research Visitgrants:)9 Apri l2005 and

14 October2OO5

Vacation Studentships
To enable  undergraduates to  work  on microb io log ica l

research projects f  or 6-8 weeks in the summer vacation

before the i r f ina lyear .  Appl icat ions must  be f rom SCM

members on behal f  o f  named s tudents .

Cl osi ng date 25 February 2005

Elective Crants
To enable  Ul ( / l re land medica l ,  denta l  and veter inary  sc ience

undergraduates to work on microbiological research projects

d u  r ing the i r  e lec t ive per iods.

Closi ng date 29 Apri I  2005

Student Society Sponso red Lectu res
These cover the travel and other expenses of up to two

speakers on microbiological topics per Society each year at

student society meeti  ngs.

Overseas schemes
Watanabe Bool< Fund
Funding for  members permanent ly  res ident  in  a

develop ing cou nt ry  to  purchase m icrob io logy books for  the i  r

inst i tut ional l ibraries. Closing date 14 October 2005.

U N ESCO-lUMs-SCM Fel lowships
Fu n d i  ng fo r you ng m icro b io logists from d eve lo p i  ng

count r ies to  e i ther (1)  pursue,  orcomplete ,  par to f  an

on-going research programme in a laboratory in a developed

country or (2) attend a workshop or special ist scienti f ic

meet ing.  See websi te  for  c los ing dates.  Appl icat ions must

be sent to  Prof .  Danie lO.  Sorde l l i ,  Depar tmento de

Microb io log ia ,  Facul tad de Medic ina,  Univers idad de

Buenos  A i res ,  ?a raguay  2155 -P i so  12 ,  ( 11  21 )  Buenos  A i res ,

Argent ina (e  sorde l  I  i@fmed.  u  ba.ar ) .

Ed ucation
Ed ucation
Deve lopment  Fund
Smal l  grants  to  members

for developments I i  kely to

lead to  an improvement  in

the teachin gof any aspect

of m icrobiology relevant

to secondary ortertiary

educat ion in  the Ul ( .  Up

to f  1 ,000 is  a lso ava i lab le

for  sc ience promot ion

activi t ies.

Seminar  Speakers  Fund
Small grants to cover the

travel and other expenses

of up to two speakers on

microb io log ica l  top ics  in

annual departmental

seminar  programmes.

Meetings
Technic ian Meet ing
Taster Crants
Offer up to f 200 to
enab le  e l i g i b l e  t echn i c i ans

to sample an SCM meet ing.

Ret i red Member Crants
Cover  accommodat ion

and the Soc ie ty  Dinner  a t

one SCM meet ing per

ca lendaryear .

SfAM/SCM Short
RegionalMeet ing
C rants
Contr ibution of up to
f2,OOO towards the costs

of  running a reg ional

microb io logy meet ing.

microb io lo  gy today f *bruary  *S



I  n ternat ional  Development  Fu nd
The fol lowing awards have been made f or 2OO4.The
Fund ex is ts  to  prov ide t ra in ing courses,  publ icat ions and
other  ass is tance to  m ic rob io log is ts  i  n  develop i  ng cou nt r ies .

Prof .  Johan Thevele in ,  Catho l ic  Univers i ty  o f  Leuven _ up
to f  5 ,000 to  suppor t  a  pract ica l  course on yeast  Molecu lar
Phys io logy in  Braz i l .

Dr  Ron Dixon,  Univers i ty  o f  L inco ln  -  up to  {2 ,690to
s u p p o rt staff d eve I o p m e n t trai n i n g i n Mal ays i a.

Prof .  N ick  Russel l ,  lmper ia l  Col lege London -  up to
t  2 ,5oo to  en hance m icrob io logy teach i  ng a t  th  e  U n ivers i ty
of )ayawardenepura, Sri  Lanka.

Dr Keith Jones, Lancaster U n iversity - u p to f  3,3 50 to trai n
Bal kan m icro b io logists i  n wate r m i cro b io logy.

Dr  l ruka Okeke,  Univers i ty  o f  Bradf  ord-  up to  f .2 ,55Oto
suppor t  a  workshop on the d iagnos is  o f  bacter ia l  enter ic
pathogens in  Niger ia .

Dr  S imon Cut t ing,  Royal  Hol loway Univers i ty  o f  London _
upto t1 ,030 to  suppor t  a  course in  molecu lar  b io logy
techn iques ,  V ie tnam.

Ap p I icat io n s f  or 2OO5 are i  nvited. Cl osi ng date 1 4October
2005

I  n ternat ional  Research Crants
The fol lowing awards have been made f or 2OO4.The grants
a l low sc ient is ts  to  t rave l  to  or  f rom the U l (  and Republ ic  o f
l re land tocarry  outadef ined p ieceof  research inanyf ie ld
of m icrobiology.

D r Claude Sabeta, O n d e rste poo rt Vete r i  n ary I  nst i tute; to
work at the U l( Veterinary Laboratory Agency

Dr s te fan Vi lcek,  Univers i ty  o f  Veter inaryMedic ine,  s lovakra,
to work at the Mored u n Research Inst i tute

Drwael Hozzein, cairo Universityto work atthe University
of Newcastle

Dr  Dav id  Lamb,  Univers i ty  o fWales,  Swanseato work  a t
Vanderbi l t  U n iversity Med ical School

Dr  Nicho las Johnson,  Veter inary  Laborator ies  Agency to
work at the Federal Research Centre for Virus Diseases of
An ima ls .

Appl icat io n s f  or 2005 are i  nvited. Clos i  ng date 1 4Octo ber
2005

microbiolo gy today i ' * r l , r 'u-r i i r  ( . i l " r

Colworth P rize
Lectu re r
Professor Rick Titbal l  wi |  |
de l iver  h is  pr ize lec ture,
entitled Cas gangrene, an
open and closed case, on
Tuesday 5 Apri l  2OO5 at
the Soc ie ty 's  meet ing a t
H eriot-Watt U n iversity. The
Colworth Prize Lecture is
awarded f or an outstanding
cont r ibut ion to  appl ied
m icrob io log ica l  research.

Rick T i tba l l  is  cur rent ly  Croup Leader  for  Microb io logy
and  aSen io r  Fe l l owa t the  DSTL ,  po r ton  Down ,  u r ( .  He  i s  a l so
an honorary  Professor  a t  the London school  o f  Hygiene and
Tropical Med icine an d a visi t i  ng professor at the U n iversit ies
of  Clasgow,  P lymouth and at  B i rkbeck Col lege.  As ide f rom
brief forays into virology, he has worked mainly on
mechanisms of  v i ru lence of  bacter ia l  pathogens.  His  work
over the past decade or so has exploited th is information to
devise pre-treatments and therapies for diseases caused
by candidate biowarfare or bioterrorism agenrs.

Flem ing
Lect urer
DrAdr ian Whi tehouse
w i l l de l i ve r  h i s  p r i ze  l ec tu re ,
enti t led U nde rstan d i  ng
the latent-lytic switch in
gam m a- 2 h e r pesv i ru ses on
Wednesday 6 Apri l2005
at the Society's meeting at
H eriot-Watt U n iversity. The
Fleming Lecture is  awarded
for outstanding resear ch by a
microb io log is t  in  the ear ly
stages oftheir career.

Adrian graduated from
Sheff ield U n iversity, and
ob ta ined  a  DPh i l i n  mo lecu la r
virology at Oxford in the
laboratory of Professor Bob
Possee.  ln  1994 he took up a
postdoctoral posit ion with
Professor Alex Markham in

the  Mo lecu la rMed i c i ne

U n i t ,  St  james 's  U n ivers i ty
Hospi ta l ,  where he was
awarded aMRC Non-
c l i n i ca l  Fe l l owsh ip  i n  i 998 .
He  j o i ned  t he  Schoo l  o f
B iochemist ry  and
Microbiology, U n iversity of
Leeds ,  as  a  Lec tu re r i n2002 .



I  n ternat ional  Development  Fu nd
The fo l lowing awards have been made f  or  2OO4. Ihe
Fund ex is ts  to  prov ide t ra in ing courses,  publ icat ions and
other  ass is tance to  m ic rob io log is ts  i  n  develop i  ng cou nt r ies .

Prof .  Johan Thevele in ,  Catho l ic  Univers i ty  o f  Leuven -  up
to f 5,000 to support a practical course on yeast Molecular
Phys io logy in  Braz i l .

Dr  Ron Dixon,  Univers i ty  o f  L inco ln  -  up to  f2 ,G9Oto
suppor t  s ta f f  deve lopment  t ra in ing in  Malays ia .

Prof .  N ick  Russel l ,  lmper ia l  Col lege London -  up to
f2,500 to en han ce m i cro bio I  ogy teach i  ng at th e U n ive rsity
of Jayawardenepura, Sri  Lanka.

Dr  Kei th  Jones,  Lancaster  Univers i ty -  up to  f3 ,350 to  t ra in
B al kan m i c ro b i o I ogi sts i n wate r m i c ro b i o I ogy.

Dr  l ruka Okeke,  Univers i ty  o f  Bradford -  up to  t2 ,55Oto
suppor taworkshop on the d iagnos is  o f  bacter ia lenter ic
pathogens in  Niger ia .

Dr  S imon Cut t ing,  Royal  Hol loway Univers i ty  o f  London -

upto {1 ,030 to  suppor t  a  course in  molecu lar  b io logy
techn iques ,  V ie tnam.

App I i  cat io n s f  or 2005 are i  nvited. Closi ng date 1 4October
2005

I  nternational Research C rants
The fol lowing awards have been made f or 2OO4.The grants
al low scientists to travel to or from the U l( and Repu bl ic of
l re land tocarry  outadef ined p ieceof  research inanyf ie ld
of  microb io logy.

D r Claud e Sabeta, O n derstepoo rt Veteri  nary I nst i tute, to
work at the U l( Veterinary Laboratory Agency

Dr Stefan Vi lcek,  Univers i ty  o f  Veter inaryMedic ine,  S lovak ia ,
to  work  a t the Moredun Research Inst i ture

DrWael Hozzein, Cairo Universityto workatthe University
of Newcastle

Dr David Lamb, University of Wales, Swanseato work at
Vanderbi l t  U n iversity Med ical School

Dr Nicholas Johnson, Veterinary Laboratories Agencyto
work at the Federal Research Centre for Virus Diseases of
An ima ls .

Applicationsf or 2005 are invited. Closing date 14 October
2005
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Colworth P rize
Lectu re r
Professor Rick Titbal l  wi |  |
de l iver  h is  pr ize lec ture,
entitled Cas gangrene, an
open and closed case, on
Tuesday 5 April 2005 at
the Soc ie ty 's  meet ing a t
H eriot-Waft U n ive rs ity. Th e
Colworth Prize Lecture is
awarded f or an outstanding
cont r ibut ion to  appl ied
m icrob io log ica l  research.

Rick Titbal I  is cu rrently C rou p Leader for Microbiology
and aSenior  Fe l lowat the DSTL,  Por ton Down,  Ul ( .  He is  a lso
an honorary  Professor  a t  the London School  o f  Hygiene and
Tropical Med ici  ne and a visi t ing professor at the U n iversit ies
of  Clasgow,  P lymouth and at  B i rkbeck Col lege.  As ide f rom
brief forays into virology, he has worked mainly on
mechanisms of  v i ru lence of  bacter ia l  pathogens.  His  work
over  the past  decade or  so has exp lo i ted th is  in format ion to
devise pre-treatments and therapies for diseases caused
by candidate biowarfare or bioterrorism agents.

Flem ing
Lectu re r
DrAdr ian Whi tehouse
wi l l  de l iver  h is  pr ize lec ture,
enti t led U n d e rstan d i  n g
the latent-lytic switch in
gam m a-2 h e r pesv i ru ses on
Wednesday 6 Apr i l  2005
at the Society's meeting at
H eri ot-Watt U n ivers ity. The
Fleming Lecture is awarded
for outstanding research by a
microb io log is t  in  the ear ly
stages of their career.

Adrian graduated from
Sheff ield U n iversity, and
obta ined a DPhi l  in  molecu lar
virologyat Oxford in the
laboratory of Professor Bob
Possee.  ln  1994 he took up a
postdoctoral posit ion with
Professor Alex Markham i n

the  Mo lecu la rMed i c i ne

U n i t ,  5 t  James 's  U n ivers i ty
Hospi ta l ,  where he was
awarded aMRC Non-
c l i n i ca l  Fe l l owsh ip  i n  1998 .
He  j o i ned  t he  Schoo lo f
B iochemist ry  and
Microbiology, U n iversity of
Leeds, as a Lecture r in 2002.



Staff
Coodbye to  MT and a l l tha t ' .  '
Janice Meekings,  a  long-serv ing member  o f  the

M i cro b i o I ogy To d ayteam, too k early reti rem e nt at th e e n d

of 2OO4.Janice (alongwith other magazine stalwarts' lan

and Janet )  s tar ted at the SCM in  1990where she worked

as an ed i tor ia lass is tant  onJCV.Wi th  prev ious publ ish ing

experience sne was persuaded to join the Quarterly (as i t  was

then ca l led)  s ta f f  and moved f rom'downsta i rs ' ( journa ls)  in

Mar lborough House to  'upsta i rs '  (admin is t ra t ion)  and f rom

part-t ime to ful l- t ime hours. She took overthe day-to-day

administrat ion of the magazine and the book reviews and

has been chas ing up authors  and rev iewers f i rmly  but tact fu l ly

ever  s ince.  she has a lso sub-ed i ted a l l  the tex t - thousands

uoon thousands of  words have been under  her f ingers  on the

keyboard -  he lped to  f ind i l lus t ra t ions,  proof  read a l l  the copy

and carr ied out the n u merous su nd ry tasks that com prise

magazine production '  For afew years Janice also ran the

adver t is ing procurement ,  unt i lwe were ab le  to  pass on th is

thank less chore to  an agency.  Her  creat ive input  and ideas

for  content  were a lso i  nva luable '

ln  her t ime the magazine has evo lved f rom a dreary  mono

publ icat ion wi th  few i l lus t ra t ions and content  focus ing on

society activi t ies, into the colou rfu I  general interest magazine

packed with featu res that we see today. Th is process has taken

place under  the gu idan ce of  aser ies  o f  counc i l  o f f icers ,  whom

Jan ice got to know very well '  In the early days the copy was

typese tand thepages Ia idou t f r omga | | eyp roo fs .C radua l | y

the product ion was taken in-house and now lan does a l l the

DTPandwepr i n t f r ompd fs . Jan i ce ' scon t r i bu t i on to the

current success of M|crobiotogyToday has been considerable

and we are al l  mostgratefulfor herefforts'  Notto be

forgotten are her other

dut ies  in  put t ing together

and sett ing a range ofother

materials such as the

meet ings programmes,

posters ,  ca lendars ,  jou rna l

sa les leaf le ts  and the annual

report.  Another Part icu larlY

dreadfu l job has been Proof
reading the b ian n ua l  add ress

book of  members.

A l t hough  a ' back room '

oerson at SCM, who was

happy to  s tay in  the o f f ice ,  many people  in  the Soc ie ty  wi l l

know Janice through her  var ious ro les,  par t icu lar ly  the book

rev iews,  but  a lso as the vo ice o f  avery  he lp fu l  re l ie f

te lephonis t .  A lways publ ic -sp i r i ted,  she was a lso the safety

of f icer forawhi le  and kept the s ta f f  on the i r toes '

Jan i ce  w i l l  be  sad l y  m issed  a t t he  SCM,  bu twe  w i sh  he r

and husban dBarry  every  happiness in  re t i rement .  Theyare

hopingto move away from the frenetic Thames Valley and

down to the more peacefu la i ro f  cornwal l .  In  apprec ia t ion o f

her stalwart efforts over the years Council and staff gave

Janice a h igh-spec food processor .  Typ ica l ly  she d id  not  want

afarewell  party, butwe were able to make a surprise

oresentat ion a t the s ta f f  Chr is tmas lunch '  We are hoping

Jan i ce  w i l l  v i s i t  us  soon  and  b r i ng  some  o f  t he  good ies  made

with the amazingnew machine.

Cood bye Jan ice. Mi crobiology Tod ay won't be the same

wi thout  vou.

N ewcomers
A warm welcome to

two new staff ed itors who

jo ined the SCM in  JanuarY,

Claudet te  Doe and Paul ine

Stevenson. Claudette has a

DPh i l  i n  B iochemis t rY  and

has been work ing as a  Post
doc in  the Microb io logY

U nit at Oxford U niversitY,

i  nvestigati  ng the com Pon enrs

and  mechan i sms  o f  DNA

recombinat ion in  the f iss ion

yeast, Sch izosacch aro m Yces
pombe.

Fol lowing some Years
carryingo ut m i cro bi o I ogi cal

research at the National

I nst i tute for B iological

Standards and Contro l ,

Paul ine has worked as a

prod uction ed i tor, f i  rst

on  l ea rned jou rna l s

pub l i shed  by  t he

Phys io log ica l  Soc ie tY,  and

more recent lY on FRAME

(Fu nd for  the RePlacement

of  An imals  in  Medica l

Research)  pu b l  ica t ions.
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I nfectio us d isease watch
OIE papers
www. d efra.gov. u k/an im alh /

i nt-trd e/eu i nt/i n d ex. htm

Defra  has announced a

new page on i ts website

which a l lows in terested

part ies to view, and

commen t  on ,  documen ts

produced by the Off ice

I  n ternat iona l  des Epizoot ies
(O I E). Th is organ i zation

makes an impor tant

cont r i  but ion to  i  n ternat iona l

an imal  heal th  issues.

Train ing in infect ion
www.trai n i  ngi n i  nfect ion.

org.uk

This new resource for

t ra inees in  in fect ion

prov ides in format ion on

soc ie t ies ,  courses,

conferences, textbooks,

funding and other  re levant

websi tes  such as the

National E lectron ic Library

for  Heal th  (www. ne lh .  nhs.

uk)  and the Nat ionar

Electronic Library of

I nfect ion (www. nel i .org. u k).

Fo res ight
Detection &
ldentification of
lnfeciious Dise'ases
www.foresight.gov.uk

Defra  is  sponsor ing a new

Fores ight  Pro ject  which a ims

to produce a cha l leng ing

and long- term v is ion for  the

detection and identi f icat ion

of  in fect ious d iseases in
p lan t s ,  an ima l s  and  humans .

I t  w i l l  take account  o f

evo lv ing r isk  o f  d iseases,

changing user  requi rements

Recent developments in open
access f or journ al art icles
The House of  Commons Sc ience and Technology Select
Commit tee publ ished the repor t  o f  i ts  inqu i ry  in to  Sc ient i f ic
Publ icat ions in  Ju ly  2004.  Th is  suppor ted the idea that
authors  should  make the i r  ar t ic les  f ree ly  ava i lab le  on l ine on
the i r  ins t i tu t iona l  repos i tor ies  (someth ing that  SCM and
many other publ ishers already al low), and that the
government  should  make funding ava i lab le  for  const ruct ion
of such repositories. The Com m it tee d id not come out at th is
stage in favour of government support of open access,
author-paysjournals, but suggested thatfunds be made
available for further experimentation with the model. They
recognized the chal lenges to  the t rad i t iona l  subscr ip t ion
model ,  and noted that  learned soc ie t ies  used the i r  surp luses
f rom journa l  pub l icat ion forgenera l  benef i ts  such as suppor t
o f  s tudents ,  subs id ized conferences and educat iona l
activi t ies.

In  response,  the government  sa id  i twas unwi l l ingto
in ter fere wi th  the operat ion o f  the market  by subs id iz ing one
par t icu lar  bus iness model .  In  th is ,  the Commit tee fe l t that the
government  had been heav i ly  in f luenced bythe Depar tment
of  Trade and Indust ry ,  on behal f  o f  the commerc ia l
pub l i sh ing  i ndus t r y .

Meanwhi le  across the At lant ic ,  the Nat iona l  Ins t i tu tes
of  Heal th  created qu i te  a  s t i r ,  by  demanding that  in  fu ture,
ar t ic les  descr ib ing N lH- funded research should  be depos i ted
on PubMedCentra lwi th in  6  months o f  pub l icat ion,  and be
made f ree ly  access ib le .  S imi lar  proposals  emanated f rom
the Wellcome Trust here. These moves el ici ted a range of
responses f rom publ ishers :  many learned soc ie t ies  fe l t  that
they had not  been fu l ly  thought  through,  and r isked caus ing
col lateral damage to society activi t ies and the integri ty of
the publ ish ing process through the law of  un in tended
consequences.  However ,  NIH and Wel lcome are power fu l
bodies:  N lH is  acknowledged as a  funder  on about  10o/o o f
ar t ic les  publ ished in  SCM journa ls ,  and Wel lcome on 4o/o.
Both bodies are prepared to make funds avai lable towards
the costs  o f  ear ly  open publ icat ion;whether these would
be suff icient to defray any loss of subscript ion income
remains to  be seen.  There wi l l  have to  be lo ts  more
discuss ions in  var ious fora,  r ight  up to  Capi to l  H i l l ,  before
the f ina l  shape of  th ings becomes c lear .

SCM Publ icat ions Commit tee and the Edi tor ia l  Boards wi l l
cont inue to  moni tor  developments  and cons ider  how best
the Soc ie ty 's  journa ls  should  respond.

Ron Fraser, Executive Secretarv

for detection and

ident i f ica t ion,  and cut t ing

edge science. The project wi l l
inform pol icy at national and
international levels. You can
register an interest on the
websi te .

Fi fe super lab
A new f5  mi l l ion research

I ab or ato ry, th e S cottis h

Structural Proteomics

Faci l i ty, based at St Andrews

Univers i ty ,  opened in

December .  Teams wi l l  work

on computer -based drug

des ign whi le  o thers  screen

thousands of  compounds

as the start ing pointfor

drug discovery. The dual

approach is  un ique in  the Ul (

and hopefu l lywi l l  lead to

faster  development  o f  cures

for dangerous i  nfect ious

d iseases.

H ealthcare risl<
management
The Centre f or Hazard and

Risk Managemen't at

Loughborough U n ivers i ty  is

offe ri ng a postgrad uate

ce rtif i cate / d i p I o m a/MA

course on th is  sub ject

start ing in March 2005.l t

is  a imed at  sen ior  managers

in  heal thcare un i ts .  For

i nfo rm atio n co ntact J oyce
Bostock (e j .g. bostock6;

lboro.ac.  u  k) .

Mycoplasmology
1 6th I nter n ati o n al Co ngress,
Cambridge, 9-1 5 July 2006

For i  nformation contact
j .snook6>vla.defra.gsi.

gov.uk
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Th is issu e of Microbiology

Today focuses on m icrobial

communit ies. Scient ists are onlY

just beginningto unravel the

com plexit ies of the interactions

between m icro-organjsms I ivi ng

together. H ilary Lappin-Scott

and Sarah Burton explore some

of the latest research in this

fascinati ngarea.

raditional microbiological research has focused

on simple systems, often monocultures, as these

offered the most suitable means of characterrzing

and identifying micro-organisms. In nature

microbes do not live in isolation; they live in

communities where their activities and impact on

their environment, such as the soil, gut flora and dental

plaque, remain to be fully elucidated. During the pre-

molecular era, research into the complexities of natural

microbial communities, including genetic diversity and gene

expression, was hindered by the lack of suitable techniques.

With the advent of the modern molecular toolbox the

intricacies of community interactions and dynamics are

becomingapparent.
For example genetic composltion and environmental

pressures play important roles. Moreovet, some of the con-

sequences of this communal style of existence may have a

profound impact on cell functions (e.g. population density

dependent communication, also known as quorum sensing).

Biof i lms
The impact of the physical nature of the surrounding
environment on microbial communities has been highlighted
by the study of biofilms - cells associated with surfaces.
Adherence has been found to have a gross effect on cellular
survival, growth and removal from these surfaces, which has
important implications for healthcare (e.g. control of
infections), industry (e.g. controi of pipeline fouling/
corrosion) and natural microbial ecosystems.

Cenomics
Until recently there was a great investment of resources

in species definidoe,"Sffiactetization and phylogenetics.

Current developments in bacterial genomics have resulted in

microb io logy today february  05



an enormous growth in DNA sequence
analyses and accompanying evolution
of database management. This expio-
sion of information has allowed a
greater appreciation of the diversity of
microbes within commonly encount-
ered natural communities (e.9. soil).
Research methods are no longer
dependent on the traditional culture
of these microbes and the bias that is
inherent within this. Many organisms
that cannot be cultured in the lab are
beingrevealed.

Com m u n ity genome fu nction
In comparison there has been limited
progress in our understanding of
the spatial distribution within com-
munities. One of the major challenges
which remains is to understand real-
time genome functions of whole
communities. Advances in technology,
for example the introduction of fluor-
escence in situ hybridization (FISH)

and developments in proteomics,
have enhanced research capabllities
and allowed the development of
analysis of whole-community genome
expression. This invites research
into natural community functions,
encompassing all their complexities,
to give a more realistic understanding
of. in situ environmental community
function.

microb io lo  gy today february  05

Methods have been recently devel-
oped for the direct profiling of complete
natural microbiai populations by
hybridization of native rRNA recovered
directly from environmental samples
to microarrays designed to identify
major microbial groups (Phylochip).

Currently, there is much excitement
about high-throughput DNA micro-
arrays that allow simultaneous
hybidizations of thousands of genes
and have the potential to elucidate
whole-community gene expression.

I dentif ication of fu nctional
portions with i n nn icrobial
communi t ies
Nascent molecular methods are now
used for the detection and identi-
fication of the organisms within
microbial communities with pafiicular
activities (e.9. biodegradation of
environmental pollutants). This
approach employs the use of stable
isotope probing (Stl;. Specific isotopic
(heavy) substrates are made available to
the microbial community and the fate
of the substrate isotopic constituents
tracked via incorporation into the
nucieic acids by de novo synthesis
during replication. Ultracentrifugation
is used to achieve separation of the
heavy and light fractions of DNA.
Subsequent sequencing of the 'hear,y'

A Landscapes may be seen as environments
of complex microbial communit ies. Freefoto
SEM of bacteria on a sponge.Visuals LJnlimited

DNA allows the identification of the
functional organisms. This method
has akeady proved valuable for
determining the active community
conslituents in soils and freshwater
sediments.

The molecular toolbox is now
expanding and will aid the develop-
ment of a holistic approach to under-
standing the complexities of microbial
communities from genome to whole-
community function.

Hilary Lappin-Scott
SCM Scientif ic Meeti ngs Officer
and former Convener of the
Environ mental Microbiology
C roup, Department of Biological
Sciences, H atherly Laboratories,
University of Exeter, Prince of Wales
Road, Exeter EX4 4PS, Ul< (t01392
26467 4, e h. m. lappi n-scott@
exeter.ac.uk)

Sarah Burton
Senior Research Fellow in the
Envi ron mental Microbiology and
Ecology Research Croup at Exeter
U n ive rs ity (ad d ress as above)



E-: --

Every t ime we clean

ourteeth, the oral

biof i lm is d isru pted

and has to reform in

afew hours.

Paul l(olenbrander

and his col leagues

be I ieve th at

molecu lar signal l ing

between the bacteria

in plaq ue is crucial  to

th e s u ccess of th is

p rocess.

1 lmagesource / PhotolibrarY.com
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fter our teeth are cleaned, bacteria reappear
on the tooth enamel in the form of mixed-
species communities, which are again
disrupted when we next floss and brush. This
article focuses on biofilm formation during
the interval between typical personal oral

hygiene procedures, roughly B-12 hours. Saliva bathes
the tooth surfaces carrying bacteria Lo and from the enamel.
To be successful in the first step of colonization of the
tooth, bacteria must possess constitutively expressed cell-
surface-associated polymers whose function is to recognize
and bind structurally complementary molecules in a
pellicle formed by saliva on the enamel surface. Human
oral bacleria also possess cell-surface-associated polymers
that mediate cell-cell binding between genetically disrinct
cells. This cell-cell interaction is called coaggregarion. Oral
bacteria display a propensity to coaggregate and each
strain coaggregates with a specific set of par[ner strains.
Consequently, the potential exists for a network of
coaggregation-mediated multi-species communiries. Initial
adherence of bacteria to the saliva-coated enamel sub-
stratum, coaggregation and cellular growth are considered
the three primary mechanisms integral to bacterial coloni-
zanonof a clean enamel surface.

Colonizat ion of  enamel
Four hours after cleaning, enamel surfaces in the mouth
will harbour a variety of mixed-species communities, mosl
of which contain between two and ten cells. Such com-
munities formed on a retrievable, initially sterile enamel piece
carried in the mouth of a volunteer can be visualized using
fluorescently labelled antibodies reactive with specific

microb lo lo  gy today february  05

bacterial surface molecules or by using fluorescent dyes that
stain all bacteria on the enamel. One particularly useful
antibody (generously supplied byJ. Cisar) reacrs with several
types of streptococcal receptor polysaccharides, which in
turn are recognized by a complementary protein adhesin
borne on type-2 fimbriae of certain actinomyces. Strepto-
coccal receptor polysaccharides are also recognized by
Veillonella spp., and veiilonellae form anaLural metabolic
food chain with streptococci: the streptococci ferment
carbohydrates to lactic acid and the veillonellae ferment
lactic acid to other end-products. Veillonellae are unable
to obtain energy from carbohydrates directly, and they
establish mixed-species communities with streptococci
on the enamel (Fig. 1). Streptococci containing any of three
of the six known receptor polysaccharides are visible
throughout the specimen area, and often veillonellae
are seen near these bacteria. The cells that react with the
antibody against streptococcal receptor polysaccharide
could represent several species including Streptococcus
gordonii, Streptococcus oralis, Streptococcus mitis and
Streptococcus sanguinis, each of which have strains that
produce coaggregation-mediating receptor polysaccharides.
Veillonella and Actinomyces are only two of many genera
that recogntze the streptococcal receptor polysaccharides,
other genera include Haemophilus, Eihenella, Prevotella,
Capnocytophaga, and certain other Streptococcus spp.
Members of these genera compete for coaggregation
sites on streptococci bearing these receptors. The success
of these genera during inirial colonization of the tooth
surfaces might be determined by their competitive
attachment to the most successful early colonizers. the
streDtococci.
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V  F i g .  1 .  M i x e d - s p e c i e s  c o l o n i e s  f o r m e d

in  s i tu  on  an  enamel  sur face .  Red ce l l s

a r e  l a b e l l e d  w i t h  a n t i b o d y  a g a i n s t

s t rep tococca l  receptor  po lysacchar ide .

Creen ce l l s  a re  labe l led  w i th  an  an t ibody

agai nst whole cel ls of Vei I  I  o nel I  a atypica

Pl<191O.  Bar ,  10  pm.  Rob Pa lmer

Y  F i g . 2 .  T h r e e - d i m e n s i o n a l  r e n d e r i n g  o f

confoca l  scann ing  laser  mic roscop ic  da ta

s h o w i n g  a  d u a l - s p e c i e s  b i o f i l m  c o m m u n i t y

fo rmed in  a  f lowce l lw i th  sa l i va  as  the

s o l e  n u t r i t i o n a l  s o u r c e .  B l u e  c e l l s  a r e

Streptococcus gordonii  stained with Syto-

59, red cel ls are Veil lonel la atypica stained

wi th  f luorescent ly  labe l led  an t i -V .  a typ ica

ant ibod ies  and green ce l l s  a re  S .  gordon i i

e x p r e s s i n g  C F P .  C F P  i s  p r o d u c e d  o n l y

by  s t rep tococc i  tha t  a re  in  d i rec t  con tac t

w i t h  v e i l  l o n e l l a e :  j u x t a p o s i t i o n  i s  r e q u i r e d

f o r  c o m m u n i c a t i o n  i n  t h i s  f l o w i n g

env i ronment .  Rob Pa lmer  and

Paul Esland

Sal ivary flow vs bacterial
colonizat ion
The colonrzaLron and organization of

bacterial communities on enamel are

not random processes. When develop-

ing a modei of oral microbial communi-

ties, one consideration in choosing the

species for study is their temporal

appearance on enamel following oral

hygiene procedures. We chose to focus

on initial colonizers and included

Streptococcus gordonii, Actinomyces

naeslundii andVeillonella atypica as well

as a fourth organism, Fusobactenum

nucleatum, which is one of the most

numerous bacterial species in dental

plaque. These four species interact

physically and metabolically with olher

members of the consonium. Examples

include S. gordonii coaggregating with

A. naeslundii as well as V. atypica

signalling S. gordonii to modulate lactic

acid production. F. nucleatum and S. gor-

doniipossess LuxS, which is the enzyme

that catalyses the production of 4,5-

dihydroxy -2,3-pentanedione, a pre-

cursor of the multi-species signal

autoinduce r-2. Other observations also

suppoft the critical role ofjuxtaposition
of interacting cells and bacterial com-

munication in proliferation of bacteria

on a saliva-conditioned surface. For

example, when inoculated individually

with saliva as the sole nutritional

source, each of the four species bound

to saliva-coated glass in a flowcell, but

only 5. gordonii grew as a biofilm.
However, all four species persisted in

the flowcell when they were inoculated

together. Interestingly, when the four

species were first coaggregated before
inoculation into the flowcell, both

V. atypica and A. naeslundii showed

enhanced growth not visible when

the four organisms were inoculated

sequentially, suggesting that juxta-

position may be a key element in

successful colonization.
In the mouth, where saliva secretion

creates a flowing environment, juxta-

position of bacteria would be critical
for interspecies communication medi-

ated by smali-molecule signals. Based

on the observations that a number of

bacteria, including human oral bacteria,

produce a molecule that induces au[o-
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inducer-2 -dependent bioluminescence
in Vibrio harv eyi, B. Bassler proposed
that autoinducer-2 mediates inter-
species bacterial communication.
Although little is known abour
signalling across species barriers that
does not involve Vhaweyi, the broader
concept of interspecies signalling
among oral bacteria is amenable to
study

Dif fusible s ignals
The initial colonizers of the tooth
surface are an excellent group for the
study of interspecies signals because
their spatio-temporal colonization is
not random, and these mixed-species
communities must reform every
B-12 h (the cycle between brushings).
Streptococci are the predominant
bacteria in initial dental plaque with

Th e co lo n izatio n an d o rgan izatio n of
bacterial communities on enamel are
not random processes

actinomyces and veillonellae also
contributing. We hlpothesize that these
organisms and others communic ateby
molecular signals.

The 5. gordonii and V atypicapair is
interesting because of the previously
described metabolic interaction. We
postulated that veillonellae might
signal streptococci to produce more
lactic acid. Considering that these
bacterialive in a flowing environment,
it is advantageous that they coaggregate
and are therefore in close contact.

Juxtaposition would facilitate exchange
of lactic acid in the same way that it also
facilitates transmission and reception of
molecular signals. To monitor the
expression of an amylase gene that
could participate in the conversion of
glucose polymers to glucose and lactic
acid, a reporter plasmid containingglp

(encoding green fluorescent protein,
GFP) under conrrol of the streptococcal
amylase gene promoter was introduced
into 5. gorionii. Within 4hof exposure
to veillonellae the streptococci pro-
duced GFP GFP expression was not
seen in the absence of veillonellae.
When cells were placed in a flowing
environment, direct contact between
streptococcal and velllonellae cells was
required for amylase promoter activity
(Fig. 2). However, when the two species
were separated by a dialysis membrane
in a closed vessel, the signal diffused
through the membrane and induced
GFP production in all streptococci.

It is important to consider the
flowing environment when investi-
gating the role of molecular signals in
the natural ecosystem of the oral caviqr
To attain the necessary concentra[ion to
induce a response, a diffusible signal
might only be effective when the
producing and receiving species are

in juxtaposition. Slgnals exchanged
within and among initial oral bacterial
communities may be coordinated to
optimize beneficial interactions, and
thus biofilm development, over rhe
very short time period between
brushings. Understanding the inter-
actions among initial colonizing
bacteria might allow us to predict and
control the nature of biofilms atlater
stages of piaque development.

Paul E. Kolenbrander, Robert J.
PalmerJr, Alexander H. Rickard,
Nicholas S. Jakubovics and
Patricia l.Diaz
National lnstitutes of Health,
Bu i ld ing  30 ,  Room 310,  30  Convent
Drive MSC4350, Bethesda,
MD20892-4350, USA
( t+1  301 4961497; f  +1301 4O2
O396; e pkolen brander@d ir .  n idcr.
nih.gov)

Further reading
Egland, PG., Palmer, RJ.,Jr&

Kolenbrander, PE. (2004). Inrerspecies
c o mmunic a tion in S tr ep to c o c cus
go r donii-Veill on ella aty pica bi o films :
signaling in flow conditions requires
juxtaposition. ProcNatlAcad Scill S A
r0 l ,16917-16922 .

Kolenbrander, P E., Andersen, R.N.,
Blehert, D.S., Egland, PG., Foster,J.S.

{r Palmer, RJ.,Jr (2002).

Communication among oral bacteria.
Microbiol Mol BioI Rev 66, 486-50 5 .

Palmer, RJ.,Jr, Gordon, S., Cisar,J.O.
6z Kolenbrander, PE. (2003).

Coaggregation-mediated interactions

of streptococci and actinomyces detected
in initial human dental pla que. J Bacteiol
r85,3400-3409.

Rickard, A.H., Gilbert, P, High, NJ.,
Kolenbrander, PE. 6r Handley, pS.
(2003). Bactenal coaggregation: an
integral process in the development of
multi-species biofilms.'kends Microbiol
1r ,94-100.
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vicinity. This cell-to-cell signalling is usually referred to as

quorum sensing - to indicate that it is a density-dependent

process that allows concerted activity of a population. Our

interest developed from a study of biofouling of surfaces in

the sea. We found that it is impossible to understand the

amachment of large biofouling plants and animals without

considering the bacteria that grow on those same surfaces.

From those initial questions, we have discovered a complex

story of how a seaweed utilizes quorum sensing molecules

to select a suitable surface for attachment and growth. In

other words, the seaweed appears to eavesdrop on the cell-

to-cell communication of bacteria by exploiting quorum

sensingmolecules.

AAarine biofoul ing
The growth of animais and plants on structures in the ocean is

a billion dollar a ye r problem. Biofouling organisms increase

the roughness of surfaces and so increase drag; ships consume

more fuel to maintain speed and large structures such as oil

platforms have to be engineered to account for the increased

stresses imposed by biofouling organisms. A great deal is

1 4

oonversot
ne of the surprising discoveries in recent

years has been that many bacteria have

sophisticated systems of communication.

Small molecules that co-ordinate gene

expression are released into the environ-

ment and enter other bacteria in the

ons
known about the biology of large biofouling organisms and

how they are dispersed, but there has been relatively little

research to link these animals and plants to the microbiology

of the surfaces. So far, treatments lo prevenl biofouling have

relied on toxic chemicals, but the most effective substances

are no longer acceptable because of detrimental impacts on

the environment.
Our work has focussed on the green seaw eed Uv a,which is

a commonbiofouling organism andaprominenl seaweed on

the shore throughout the world (Fig. 1). l./rtareproduces by

releasing motile zoospores that swim away from the parenl,

attach to a surface and develop into a new plant. The numbers

of zoospores released are trulyimmense and thousands swrm

away from the tip of a mature plant each day. Look in a rock

pool in summer, on a shore where Uta grows, and it will be

bright green with the zoospores that lhe seaweed has released.

What is quorum sensing?
The best understood system is that of Gram-negative bacteria

and involves N-acylhomoserine lactones (AHL) as signal

molecules. By moderating gene expression in the whole

population in response to cell density, microbial popuiation

behaviour can be considered to be analogous to that of a

multicellular organism. Quorum sensing systems are very

widespread and modulate many physiological processes

in bacteria that are associated with humans, plants, animals,

soils and marine and fresh waters; it is increasingly seen as
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A Fig .  1  .  U lva is  a  common green a lga in
intert idal rocky shores . Pau I Wi I  I  iams,
U n ivers i ty of N otti n gh am

central to the success of bacteria. The
importance can be judged from the fact
that between 5 and 25 o/o of the genes
within bacterial genomes sequenced to
date are controlled by quorum sensing
regulatory networks. It seems to be
particularly important to the process
of bacterial infection of both plants
and animals, because mutants defective
in quorum sensing exhibit greaLly
reduced virulence. The maintenance of
bacterial biofilms, which are complex
and dynamic populations, is also under
the control of quorum sensing.

The evidence for
eavesdr0ppi nS on bacteria
Our initial observation was that more
UIya zoospores settled on surfaces
colonized by bacteria than on clean
surfaces. Also, the numbers of attached
zoospores increased with the size of the
bacterial populat ion. Moreover, we
proved statistically that this was not

a random process and that zoospores
attached directly to bacterial cells
(Fig. 2). This suggested a specific
selection mechanism - but what cues
might the zoospores be using? It  is
known that settlement is enhanced by
many factors, such as surface roughness
and extracelluiar polymeric substances
(EPS), but the response appeared to
be more specific and was a property of
certain types of bacterial cells. Quorum
sensing molecules were an obvious
candidate mechanism but they had not
previously been shown to be important
for eukaryotic cells. In the event, we
were able to prove unequivocally that
AHLs are exploited by zoospores in the
selection of sites for attachment.

The evidence was based on four tvnes
of experimenrs. Using biofims of ift.

marine bacterium Vibrio anguillarum,
we showed that the wild-type attracted
zoospores, but mutants that were
defective in AHL producrion did not
attract. Zoospore settlement assays
were also carried out using Eschericlia
coli expressing recombinant AHL syn-
thase genes; again, settlement was only
enhanced when AHLs were produced.
Synthetic AHLs were also found to
attract zoospores. Finally, the attraction
was inactivated when V. anguillarum
expressed a recombinant gene from
Bacillus that inactivates AHL molecules.
Ciearly, there is litrle doubt thatlllva
zoospores exploit AHLs when they
select a surface for attachment.

However, zoospores are not attracted
to all bacteria and we have a number of
isoiates that inhibir attachmenr. The

Ilfoe #ro Fyf* *f an i rn els a n d p !an fs *ru
sfr#rf#r#s in th# #r#dro ls a bit't'i*n d*t't'dr
fry#tr { pr#ht'*rn

microb io lo  gy today february  05 1 5



production of AHLs is also nol cons[anl

durlng the growth phase of a bacterial

biofilm and the relationship between

quorum sensing, biofilm age and

composition has proved to be verY

complex. But what benefit might a

seaweed get from attaching to certain

bacterial species? The answer is not yet

clear. It is known that bacteria are

essential for the normal development of

seaweeds; tha[ is, certain bacteria have

to be present for normal morphology'

However, there does not appear to be a

close correlation between the species of

bacteria that attract zoospores and

those that are essential for normal

morphological develoPment. This

interaclion is complicated and is the

subject of other research.

The wider s igni f icance of
qu0rum sens ing mCI lecu les  in
community ecology
Although in the context of higher

organisms, bacteria are usually thought

of only in terms of disease, beneficial

interactions also occur. Symbiosis is

widespread and is involved in Pro-
cesses as diverse as nitrogen fixation

in the rhizosphere and light generation

in deep-sea fishes. Quorum sensing is

essential for maintaining these inter-

actions between host and bacteria. The r
case of l/lvaeavesdropping on bacterial

communication is a novel examPle

of cell-to-cell communication. We do

not know if this Phenomenon of

communication across the prokaryote/

eukaryote boundary is widespread. We

suspect it might be common and it will

be interesting to discover how many

organisms have evolved mechanisms to

exploit bacterial communication for

their ownbenefit.

lan Jointand Karen Tait
Plymouth Mari ne Labo rato ry,
Prospect Place, The Hoe,
P lymouth ,  PL1 3DH,  U l<
(tO1752633100;f  01752
5331 01; e i. joi nt@ pm l.ac. u k
or ktai t@pml.ac.uk)
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ood, food everywhere but not
a morsel to eat. This is the
common perception of proto-
zoan parncipation, or the lack
of it, in biofilm dynamics.
The reason for this is thar

when bacteria aLLach to surfaces they
notoriously coat themselves in a sugary
gelatinous matrix, which has always
been considered impenetrable to
grazers. But many protozoa can break
through the matrix and consume the
prey within. But is the grazingof rhese
sticky, sweet bacteria always good for
protozoa or does the sugar-coating
conceal hidden dangers?

What er# pr#t#x*e?
Protozoa are the most beautiful micro-
bial creatures on earth, but I am biased.
After spending 3 years of a phD counr-
ing actinomycete colonies and phage
plaques on agar plates, I often think I
was just easily pleased when I saw my
first protozoan under the microscope.
But 14 years later I am stiil as excited to
see them as I was on that first day The
literal meaning of protozoa is 'first

animals' and although some of these
single-celled eukaryotes are totally
photoslmthetic (algae), mosr of them
are heterotrophic, i.e. they consume
particulat,e prey, especially bacteria.
Their role in water (plankton) as rhe
major predators of bacteria is un-
disputed and their ability to excrere

waste products such as ammonium and
orthophosphare is known to feed
bacteria in nutrient-poor environ-
ments. Whether protozoa perform a
similar role in surface-associated
communities (biofilms) remains to be
seen.

Protozoaare normallybetween 5 and
200 pm in size and exhibir a variery of
mechanisms to capture their prey This
has led to a considerable diversification
of protozoan morphologies, but for
simplicity's sake, they can be divided
into three groups; flageilates, ciliates
andamoebae.

Fiagef lat#s frffidi c$$i*t*s
The flagellates possess one or more
flagella which are used for swimming
and the creation of feeding currents.
Water, containing prey, is drawn
towards the base of the flagellum where
they are ingesred via cytoplasmic
extensions known as pseudopodia.
The prey is then deposited inro food
vacuoles. Some flagellates have a
collar of tentacles at rhe base of the
flagellum which only allows the
smallest of prey particles to pass
through. Many flagellates attach to
surfaces by means of a stalk, allowing
more effective use of rheir flagellum/
flagella to produce larger feeding
currents than if swimming. Flagellates,
due to their small size (5-20 pm), are
considered the dominant predators of

4 Co loured SEM of  a  f reshwater  c i l ia te
protozoan (Ste nto r).  The tru m pet- l  ike
o p e n i n g  i s  s u r r o u n d e d  b y  a r i m  o f  c i l i a  ( n o t
seen) .  The c i l ia  beat  to  c rea te  a  cur ren t  o f
water that draws food in, e.g. bacteria
(purple). WC / Science Photo Librarv

i  " J  
J  - - - - '  -

I
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bacteria in aquatic syslems

with ingestion rates of 2-300

bacteria per flagellate per

hour.
The ciliates are another

prolozoan group that feeds

effect ively on bacteria in

suspension, but their larger

cell size (15-200 pm) allows

them to exploit more prey

types such as algae, fl agellates

and other ciiiates. Ciliates are morphologically diverse and

possess cilia for swimming and creatingwaler currents, which

draw prey to the oral area (cytostome) where they are then

deposited into food vacuoles. Once agarrr, ciliates can attach

to surfaces and produce extensive feeding currents, some-

tlmes yielding ingestion rates in excess of 1,000 bacteria per

ciliate per hour.
The impact of flagellates and ciliates on biofilm-associated

bacteria, in the main, appears to be one of disruption. Their

ac[ive movement and large feeding currents generaLe a

significant disturbance that dislodges bacteria from the

biofilm, releasing them into suspension where they are

eaten, i.e. a 'slough and feed' response. They are lherefore

thought to be important in defining the topography, and

subsequent stability, of natural biofiims.

Aru: ** h*.*
Amoebae cannot feed effectively on suspended prey, but

are known lo feed on attached bacteria. The naked

amoebae move by projecting pseudopodia and crawling,

and are more associated with surfaces than free-floating rn

the plankton. They envelop their prey within pseudopodia

before enclosing them in a food vacuqle. Some amoebae

f f * tsmr:t*rsurvry t&ffi d*w*f## # are housed in a shell (testate

amoebae) and protrude

bringing them to the main

body of the cell where they

are ingested. Amoebae are

not fast-moving and do not

disrupt the biofilm to any-

thing iike the extent of
flagellates and ciliates. Many

workers have confused amoebae with multicellular rotifers,

which possess trophy and can nibble/grasp biofilm stacks.

But the amoebae cannot do this and appear to just sit on top

of the biofilm as it grows and patiently ingest lhe sugar-coated
prey beneath. Amoebic grazingrates on attached bacteria,

either as naked or alginate (sugar)-coated cel1s, range from

0.2 to 1465 bacteria per amoeba per hour, which are

verysignificant.
So, in essence, all protozoahave the ability to consume

sugar-coated bacteria - either directly from the surface or via a
'slough and feed'mechanism. The question now arises as lo

whether these predators are influenced by the composition of

the sugar-coating or can they detect the prey inside, possibly

via celi-cell signailing mechanisms? Studies regarding the

effect of prey 'smell', and subsequent 'taste', on protozoan

ingestion are non-existent bul exciting work at the Pl1-rnouth

Marine Laboratory shows that different bacterial strains can

signal ('talk') to the eukaryotic zoospores of Uva,as described

on p. 14, either saying'come and sett le nexl lo me' or 'go

away anddon't settle next to me'. It would be interesting [o see

if bacteria could also 'talk' to the eukaryotic protozoa in a

similar way. Your first thought might be that they should

all say 'go away and don't eat me', but some might want a

ff\#{"fuffi#f sfr'} t# ffiv#iN #f g*sts*n ;',',',Y-'frffil"'JT}:;;T::;
f rp *fs#w{f N, lf sfo#tf {tf nf s* fu*

mfu{* t* mv#f # #lgms *s*r-i
i n *tt * s rre r"v3 t;lT# sysfmm:
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protozoan close by, particularly if they
have an ulterior motive.

Th* p*t*mtiai w#iv#s
Certain pathogenic bacteria are known
to avoid the digestive mechanisms of
protozoa either by escaping from the
food vacuole and replicaring in the
protozoan cytostol, e.g. Listeria, orby
blocking the digestive processes and
multiplying within the food vacuole
itself, e.g. Legionella. Other bacteria
appear to resist the complete digestive
cycle and are excreted as lrabie, 'super-

tough' forms, e.g. some col i forms.
Either way, being inside a protozoan
cell provides a positive aspecr to the life
of these bacteria by protectlng them
from the harsh environment outside. In
addition, protozoamight have played
an important role in the evolution of
these pathogens in that, if a bacterium
can develop a mechanism to avoid

protozoan digestion in the wild, it
should also be able ro avoid digestion
in the macrophages of the immune
system. The pror-ozoan-pathogen
relationship does appear to be one-
sided though, and the protozoa gain
nothing, they just waste energy on
processing a non-digestible prey or
are lysed when bacterial progeny are
released from their cell. If cell-cell
signalling does occur between bacteria
and pr otozoa then surely they would be
able to detect a non-profitable prey,
avoid it and feed only on profitable
(digestible) prey - unless the prey was
not what it seemed. Pathogen densities
are notoriously higher in biofilms than
in the surrounding water and maybe
by being parr of this mixed bacterial
community, with all its many signals,
the protoz oa are tricked into thinking
they are palarable. Thus sugar-coating
themselves may indeed provide these

pathogens with a route to the safe haven
they desire.
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' &  C o l o u r e d S E M s h o w i n g a c i l i a t e  p r o t o z o a n , D i d i n i u m  ( b r o w n ) ,  i n t h e p r o c e s s o f  a t t a c k i n g
another ci l iate protozoan, Paramecium sp. (blue) Eye of Science / Science photo Library

4  J : ; r r  i r ' : l ' i  EM o f  a  na tura l  b io f i lm wh ich  deve loped on  sandpapera f te r  5  days  incubat ion  in  Lake
Car te r ,  Lancas ter  Un ivers i ty .  The image shows a  c lus te r  o f  f lage l la ted  pro tozoa (10  pm in  length)
on  the  sur face  o f  the  b io f i lm mat r ix .  l t  can  be  c lear ly  seen tha t  the  major i t y  o f  bac ter ia  a re
embedded in  the  ex tens ive  mat r ix ,  a l though some are  more  loose ly  assoc ia ted  w i th  the  sur face .

4  f  t i l  A  naked amoeba wh ich  has  inges ted  a  number  o f  photosynthe t ic  bac ter ia  (Synechococcus l
and depos i ted  them in  i t s  food vacuo les .  Th  is  image sh  ows th  e  amoeba u  nder  v i i ib le  l igh t  and
t h e  p r e y  u n d e r g r e e n  l i g h t ,  w h i c h  c a u s e s  t h e  p r e y ' s  i n h e r e n t  c h l o r o p h y l l a  t o  f l u o r e s c e i e d .
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oofheters
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forthe
developr-ner-r t

of blofl lr'r-r
ESoor-nr-nur^'\

Biofi I ms contai n ing pathogen ic bacteria

soon develop in urinary catheters, leadingto

bladder and l<id ney infections. David Stickler

describes how studies on the unique nature of

these m icrobial com m u n i t ies shou ld help to

ladder catheters are the most

common prosthetic medical

devices, with around 100

million in use each year.

Apart from important roles

in monitoring urine pro-

duction from unconscious patients and

facilitating repair of the urethra after

surgical procedures such as prostal-

ec[omy, they are also used to manage

urinary relention and incontinence in

the elderly and in patients disabled by

strokes, spinal injury or multiple

sclerosis. They offer a convenient way

to drain urine from the bladder, but

unfortunately they also provide a

passageway for bacteria from a heavily

contaminated external skin site to a

vulnerable body cavity. The risk of

infection is related to the length of time

the catheter is in place. Most patients

caLhetenzed for less than a week should

escape infection, but for those catheter-

rzedfor periods longer than 4 weeks, it

is inevitable. The initial infections are

usually by single bacterial species such

as Staphylococcus epidermidis, Entero-

coccusJaecalis or Eschenchiacoli. As time

goes by howevet, a varreLy of organisms

colonize the bladder urine and

polymicrobial communities develop

which might contain up to six or seven

species. This urinary flora is dynamic

with some species being transient

provide solutions to a very distressing problem.
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residenb, whereas others such as E. coli, Providencia stuartii.
Pseudomonas aeruginosa, Proteus mirabilis, Morganella
morganii and Klebsiella pneumoniae generally are stable
residents.

How do the biof i lms form?
While the catheter is in place the infections are notoriously
difficult to eradicate with anribiotics. It is normal practice
to resort to treatment only when there is evidence that
the infection has reached the kidneys or the bloodstream.
In patients undergoing long-term bladder management,
a common regime is to change catheters at 10- to l2-week
intervals. So we have a situation in which infected urine
flows through catherers for periods of up to 3 months at a
time.

Catheters are manufactured from silicone or from latex
coated in either silicone or hydrogel. These materials provide
attractive, unprotected sites for bacterial attachment. In
addition the irregular surfaces left by the manufacturing
process, particularly around the eye-holes, can trap cells as
the infected urine flows through the device (Fig. I). Atrached
to a surface bathed in a constant gentle flow of a nutrient-rich
medium, the bacterial populations thrive. Within days
extensive biofilms develop, particularly on the lumenal
surfaces of the catheter. Towards the end of the device's
lifetime, the biofilms can comprise thick layers up ro 500 cells
deep, embedded in their exopolymer marrix (Fig. 2). These
bacterial communities have all the properties conferred by
the biofilm mode of growth and rhe resisrance of the cells
frustrates attempts to treat infections.

Crystal l ine biof i lms
The biofilms produced by Pr. mirabilis pose parricular threars
to the health of catheterized patients. The urease'activity

A Fig. 1. The early stages in the formatio n of a Proteus mirabilis biofi lm on a catheter.
Catheters were removed for  examinat ion af ter  incubat ion for  var ious t imes in an
infected laboratory model  of  the catheter ized bladder.  The rough i r regular  surface
of  the eye-hole is  shown in (a)  and (b) .  nf ter  2 h in the model ,  cel ls  can be seen
adher ing to crevices in the surface (c) .  At  4 h,  microcolonies have develooed in
depressions in the surface (d) .  Af ter  6 h incubat ion,  amorphous crystal l ine mater ia l
(e)  can be seen associated wi th the cel ls .  At  2O h,  extensive crystal l ine biof i lm has
formed arou nd the eye-hole ( f ) .  Reproduced f rom IJ ro l  Res (2003) 31,  306-31 1,
with permission

L Fig.2.  Cross-sect ions of  an al l -s i l icone catheter that  had been removed f rom
a patient after 6 weeks. The biofilm was compose d of pseudomonas aeruginosa
cel ls  at  a densi ty of  5x1o" v iable cel ls  (cm catheter  surface)- ' .  (a)  A f reeze-dr ied
preparat ion of  afreeze-fractured catheter  sect ion.  (b)  fhe biof i lm on the catheter
surface in more detai l  reveal ing the sponge- l ike structu re.  Reproduced f rom
Urol update (1995) 5, 1-8, with permission from the European Board of tJrotogy
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A  F i g . 3 .  S c a n n i n g  e l e c t r o n  m i c r o g r a p h

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

cathe ter .  Crys ta ls  and bac ter ia  a re  c lear ly

visi  b I  e. Esch e r i  ch i  a co I i ,  E nte roccu s faecal i  s

and Pro teus  mi rab i l i s  were  found in  th is

biof i lm community. Dr Steve Jones, Cardi l f

School of Biosciences

L F ig .4 .  These images are  o f  aworm- l i ke

s t ruc ture  tha t  b locked a  pa t ien t ' s  ca the ter

a t  four  day  in te rva ls ;  (a )  shows the  'worm'

emerg ing  f rom a  cu t  sec t ion  o f  ca the ter ;

(b )  i s  a  scann ing  e lec t ron  mic rograph

s h o w i n g  c r y s t a l l i n e  f o r m a t l o n s  o n  t h e

s u r f a c e  o f t h e ' w o r m ' ;  ( c )  i s  a f i x e d ,  c r i t i c a l -

p o i n t  d r i e d  s p e c i m e n  r e v e a l i n g  m a s s e s  o f

cocc i ,  shor t  rods  and a tang le  o f  e longated

bac i l l i  beneath  the  c rys ta l l ine  coat .

E nte rococcu s faecal i  s, Pse u d o m o n as

aeruginosa, Escherichia col i  and Proteus

mi rab i l i swere  recovered f rom the  b io f i lm.

The pa t ien t  p roduced '1  5  o f  these 'worms '

over  a  10  week per iod .  From J  ln fec t  (1993)

27,  1  33-135,  used w i th  Permiss ion

A  F i g .  5 .  A  s c a n n i n g  e l e c t r o n  m i c r o g r a p h

of Proteus mirabi l is biof i lm that had

deve loped on  a  hydroge l -coated  la tex

cathe ter  a f te r jus t  20  h  incubat ion  in  a

mode l  o f  a  ca the ter ized  b ladder .

Ca lc i f i ca t ion  is  in  p rogress  and pores  can

b e  s e e n  i n  t h e  ' p l a s t e r  c a s t ' o f  t h e  b i o f i l m .

Used with permission from the American

S oci ety fo r M i cro b i o I o gY

of this organism generates ammonra

and creates alkaline condilions under

which calcium and magnesium Phos-
phates crystallize in the urine and the

biofilm. These unique crystalline

biofilms develop rapidly and can

completelyblock the flow of urine from

the bladder (Figs 3 & 4). If this situation

is not spotted and the catheter changed,

it can have disastrous consequences

for the palient, leading for example

to udnary reten[ion, painful distension

of the bladder and reflux of infected

urine to the kidneys, which triggers

pyelonephritis and septicaemia. Many

long-term patients suffer this com-

plication. All currently available types

of catheter are vulnerable to encrust-
* 

ation and there is no effective way

of controlling the problem - hence

our interest in trying to devise novei

strategies to deal with it. A clinical

colleague tells a story of a patient who

was so frustrated with his catheter

blocking recurrently that he tried
(while the catheter was still in place)

blowing through it to clear the

obstruction. When this failed he

attached a bicycle pump to the end to

get enough pressure to do thejob!

Catheter biof i lms and the
universal  model of  biof i lm
structure
A great deal of work has been done

on Ps. aeruginosa biofilms growing

on surfaces under oligotrophic con-

ditions. Optical sectioning of these

biofilms by scanning confocal iaser

microscopy has revealed the complex

nature of the biofllm communities.

They are not composed of homo-

geneous layers of cells, but have a

sophisticated structure which develops

from a basal layer of cells. These studies

have led to a consensus view of mature,

natural biofilms as highly organrzed,

structured communities. The bacteria

embedded in their gel-like matrix form

microcolonies which grow up from the

surface into [ower or mushroom-

shaped structures. Open water-fiiled

channels permeate the slructure,

presumably acting as primitive circu-

latory systems, transporting nutrients

to and waste products from the

bacterial communi[ies. These concepts

have led many researchers lo investi-

gate the regulatory mechanisms that

control the development of these

complex stmctures.

il

E lectro n m icrograp h i m ages of m atu re

biofilms on long-term urinary
are hard to reconcile with the consensus

cath ete rs

of b iof il m arch itectu re

' ) A
L -

model
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The electron micrograph images we
have seen of mature biofilms on long-
term urinary catheters are hard to
reconcile with this consensus model
of biofilm archirecture. While the
preparation of samples for scanning
electron microscopy is notorious
for distort ing structures, i t  is hard
to imagine how sample preparation
could transform mushroom-shaped
structures surrounded by open chan-
nels into the blocks of biomass visible in
Ftg.2. The catheter biofilms are clearly
permeated by channels, but they have a
sponge-like structure. The crystalline
biofilms generared by Pr. mirabilis in
urine afford a speciai opportunity to
study biofilm architecture by scanning
electron microscopy. As the pH of the
biofilm becomes alkaline, calcium
phosphates are laid down around the
cells and create what we have termed a
'plaster-cast' of the biofilm. These solid
structures are not so vulnerable to
distortion by sample preparation. The
electron micrographs suggest a layer
reminiscent of a coral reef, with the
calcified structure permeated with
urine-filled pores (Fig. 5).

Ecology of the biofi lms
Apart from the pressing clinical need to
solve the problem of catheter encrust-
ation, these crystalline biofilms pose
some challenging issues in community
microbiology. Most are mixed com-
munities, commonly of three or four
species. The close proximity and high
population density of several species

microb io lo  gy today february  05

within a gel-matrix provides ideal
conditions for processes such as
physiological cooperation, exchange
of genetic material and cell-to-cell
communica[ion. We have wondered
whether the microbial composition of
these biofilms comes about by chance
or is predetermined by interactions
between species? Is coaggregation
between species involved? Are there
complementary associadons of species
which produce particularly stable,
well-developed biofilm? In the case of
biofilms containing Pr. mirabilis does
the presence of other species modulate
the extent and rate of crystal formation?

Currently we are attemptlng an
ecological approach to the study of the
mixed'community biofilms containing
Pr. mirabili.s. The biofilm flora is being
examined to look for significant
associations between Pr. mirabilis and
other species. It would be intriguing if
some species were typically not found
in rhe mixed Pr. mirabilis biofilm or
only found in biofilms where crysral
formation was minimal. Any apparent
antagonisms between Pr. mirabilis and
these other organisms, or modulation
of the encrustation process, could
then be examined experimentally in
laboratory models. If bacterial factors
could be identified which inhibit
crystalline biofilm formation, a possible
biological interference strategy might
be feasible to control a complication
which undermines the heahh, con-
fidence and quality of life for so many
elderly and disabled people.

David Stickler
Senior Lecturer in Medical
Microbiolo gy, Cardiff Schoo I of
B ioscien ce s, Cardiff U n iversity,
Cardiff CF10 3TL, U l< (t 029
2087 431 1 ; f 029 2087 3 500;
e stickle r@card iff.ac. u l<)
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Apart from SCM meetings, where

do the researchers that study microbial

of the more specialtzedinterests within the membership and

recent subjects have included 'Biofilm modelling' and
'Aspects of infection control'. Abstracts are now published in

Biofilms,the officialjournal of the Club.

Every other year sees a pilgrimage to Gregynog in mid-

Wales for a larger, more generai residential meeting. The

Gregynog conferences are well known for having a relaxed,

sociable atmosphere and are arrideal forum for postgraduate

students to present findings of curren[ research. In September

2003, approximately 200 members were regislered, repre-

senting some 20 different counlries. Proceedings from the

Gregynog meetings are published in dedicated editions of

the BBC series of books, a renowned and much acclaimed

publication in the field. Sessions during the2-day meetlngs

include plenary lectures and offered papers. As a result, the

BBC books reflect the current 'hot topics' in biofiim research.

The website (www.biofilmclub.co.uk) acls as a portal for

communication between members, with news of events and

forthcoming meetings, and details of active research groups.

There have been recent efforts to promote the Club outside

the UK and Europe by inviting overseas members to contri-

bute to the information held on the site. That sard, we always

welcome interest and interaction from researchers closer

tohome! For more information, please contact the Biofilm

Club via MathewUpton orvisit the website.

Mathew Upton
Lectu rer i n med ical m icrobiology and mem ber of the
Bio f i lm C lub  Commi t tee ,  Schoo lo f  Med ic ine ,  C l in ica l
Sciences Building, University of Manchester, Oxford
Road, ManchesterMl3 9WL, Ul< ( t01 61276 8828,
e m. u pton @ manchester.ac. u k)

A A confocal  sect ion through a subgingival  oral  b iof i lm stack.  L ive
o rgan isms  (pu rp le )  can  be  seen  on  the  ou ts ide  o f  the  s tack  and  dead
ones (yel low) ins ide.  Jon Prat ten and Chr is Hope, Eastman Dental
I nstitute
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com m u n it ies on su rfaces network? As

Mat Upton describes, the Biof i lm Club

provides th ls parl icu lar m icrobiological

com m u n i ty with an ideal foru m.

The Blofl lr'n
ver Lhe past 13 years, the Biofilm Club

has been a focal point for academic and

industrial scientists, both in the UK

and overseas, with research in[erests

related to the study of micro-organisms
(bacteria, fungi and even protozoa) living

in the communities we know as biofiims. The CIub was

formed rn 1992 as the British Biofilm Club when it was

realized that there was no common forum in the UK for

discussing biofilm research. This was extremely timely as the

subject was, and indeed still is, moving very rapidly and

impinging upon many fields of fundamental and applied

microbiology.
The inaugural3-day residential meeting was so successful

that it was later decided to expand and include biofilm news

and interests from an inlernational perspective, and re-

convene more appropriately as the Biofilm Club, thereby

reflecting our international sta[us. To this day the Biofilm

Club continues to go from slrength to strergth.

There is an elected commitlee who work to promote

the Club and activities of its members. The primary aim of the

Club is to further the communication and discussion

of research findings and ideas relating to the attachment of

micro-organisms lo surfaces, their subsequent development

into biofilms and the science relating to the biology, control

and exploitation of biofilms. Membership applications

are open to anyone with relevant research interests and ate

encouraged from group leaders as well as their poslgraduate

students.
A regularnewsletter publicizes news and upcomingevents.

To enable members to meet on a regularbasis, the Club holds

two workshops a year, usually in association with industrial

partners or related societies. Topics are chosen to reflect some

##thebiofilmcluh
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The activated sludge process relies on a

com plex m icrobial com m u nity to clean

u p wastewaters and th us protect ou r

envi ron ment. Michael Wagner explai ns

how new moleculartools are shedding l ight

on this ecosystem and how the information

can be used to improve the treatment

p rocess.

he activated sludge pro- activated sludge research has been
cess was invented about a domihated for decades by engineers
century ago and has found and until quite recently little was
worldwide application in known about which micro-organisms
the treatment of wastewater were important in these man-made
before it is discharged into systems and how changes in environ-

the'environment. Modern wastewater
treatment plants use this process not
only to remove organic matter from
the sewage, but also to minimize the
concentrations of nitrogen and phos-
phorus compounds which stimulate
eutrophication in lakes, rivers and the
ocean. It has long been known that
activated siudge consists mainly of
bacteria (in concentrations of up to
IO'tcells ml-l) which catalyse all the
important steps of nutrient removal,

"but are also responsible for the major
problems in these plants. Nevertheless,

{  Pool  for t reat ingwastewater inBr i t ishColumbia,Canada. Kaj  R.svensson/SciencePhotoLibrary
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mental parameters or process design
affect the structure and function of the
microbial community. This situation
has changed dramatically during the
last few years thanks to exciting
technical advances in microbial ecol-
ogy. Using cutting-edge molecular
tools, many key players in microbial
activated sludge have been identified
and partially characteized, and we
have begun to understand the laws
of biologi which underpin this process.
In parallel, microbial ecologists have
discovered that activated siudge is

an ideal modei system for developing
new methodology and for evaluating
hypotheses relating to the ecology of
micro-organisms.

Discovery of microbial key
r tprayers

In developing a detailed theoretica^
framework for activated sludge micro-
biology, itis importanrto find outabout
the identity and ecophysiology of the
micro-organisms responsible for key
processes or major problems in waste-
water treatment plants. Only if we can
measure the abundance of desirable
or undesirable populations will we be
able to decipher (and later exploit) con-
ditions that might selectively promote
their success or failure. and thus ration-
ally influence community assembly.
Tiaditional cultivation methods are
inadequate for identifyrng the key play-
ers, since only 10-15 o/o of the activated
sludge micro-organisms form colonies
on standard nutrient agar plates.
This unintentional selectivity has
led to an incomplete and sometimes
even erroneous perception of which
bacterial species catalyse such import-
ant steps as nitrification, denitrification
and enhanced biological phosphorus
removal, or what the causative agents
for activated sludge bulking and
foaming are. For example, Nitrobacter
spp. and Acinetobacter spp. were con-
sidered for decades to be responsible
for nitrite oxidation and enhanced biol-
ogical phosphorus removal in activated
sludge, respectively, and are still listed
as model organisms for these processes
in recent issues of several standard
textbooks on wastewater treatment.



Using cultivation-independent, I 65

rRNA-based censuses of microbial

activated sludge communities we have

learnl that a single reactor may harbour

several hundred different bacterial

species. This diversity can be easily

traced by DNA microarraYs which

could, for example, be used in the

future to monitor communily dynam-

ics in activated sludge lanks or the

biogeography of activated siudge

bacteria. The abundance of selected

populations in activated sludge can be

precisely measured by quantitative

fluorescence in situ hybridization
(FISH) using rRNA-targeted oligo-

nucleotide probes. In1994 and 1995,

by using this approach, we demon-

strated that neither Nitrobacter nor

Acinetob acter were of maj or importance

for N or P removal in most waste-

water lreatment plants. While perfectly

suited to the analysis of the microbial

community structure, FISH results

alone are insufficient for understand-

ing the ecophysioiogy of activated

sludge bacteria. This limitation can be

over-come in microcosm experimenls

which offer the activated sludge

community isotope-labelled substrates

under defined conditions. TodaY, a

whole battery of molecular tools is

available which allows microbial

ecologists to identify which bacteria

metabolize the added subslrates

and so assign specific functions to

populations.
This toolboxwas used to identify the

actual key players in nitrification,

denitrification and enhanced biological

phosphorus removal, most ofwhich are

still uncultured. For example, Stefan

Juretschko, a former PhD student in

my group, discovered in 1998 that

N itrospir a-related nitrite-oxid rzer s and

noL Nitrobacter wete the numericaliy

dominant nitrite oxidizers in mos[

nitrifying activated sludge systems.

Andreas Schramm and colleagues (now

at the University of Aarhus, Denmark)

later raised the hypothesis that these

nitrospiras are K-s[rategists for nitrite

and oxygen and thus outcompete the

putative r-strategist Nitrobacter in react-

ors with low nitrite availabilit;r Recenl

data from my and other labs suPPort

this theory. Furthermore, it is now appa-

renl that these novel nitrite oxidizers

can grow mixotrophically in activateo

sludge, that different Nifrospi ra popu-

lations co-occur in nitrifying sludges
(Fig. 1) and that these peculiar nitrite

oxidizers are also of importance in

many other systems ranging from

agricultural soil to marine sponges.

Almost at the same lime, Alexander

Zehnders goup at the EWAG (Duben-

dorf, Switzerland) reported on the

enrichment of uncultured betaproteo-

bacteria tentativeiy named C andidatus
'Accumulibacter phosphatis' which are

responsible for enhanced bioiogical

phosphorus removal in wastewa[er

treatment plants. In addition, severaL

novel denitrifiers have also been identi-

fied in activated sludge. It has become

clear that the morphology-based

identification key in widespread use for

filamentous activated sludge bacteria

dramaticaliy underestimates their

actual diversity by lumping together

genetically very different organisms

which share lhe same morphology.

Recent technological advances have

encouraged several research groups

to attempt to determine the whole-

genome sequences of imPortant but

uncultured activa[ed sludge bacteria.

Together with the French national

sequencing institute (Genoscope) and

collaborators from the Netherlands

and Germany we are currently ana-

lysing the sequences of anaerobic

ammonium oxidizers and Nitrospira-

like nitrite oxidizers. Furthermore, the

Joint Genome Institute has launched a

3 0 microb io logy today februarY 05



project to decipher the genome of Candiddh;s 'Accumulibacter

phosphatis'. These genome sequences will significantly speed
up the process of understanding these recently discovered
micro-organisms, which serve us in ameliorating anthro-
pogenic damage to the environment.

Ecology and engineers
Some engineers tend to undervalue progress in activated
sludge microbial ecology by stating that these new findings
simply lead to a change in the names of bacteria responsible
for certain processes in wastewater [reatment plants, with
no relevance to their functions. My response is that these
different names represent genelically very different organisms
which have diverged early in evolutionary history and
thus are most likely to have very different physiological
properties. For example, in an rRNA tree Nitrospira ts as
'closely' related to Nitrobacter as humans are to sunflowers
(Fig. 2). Now that we have identified the microbial key players
in many important processes and problems in activated
sludge, and have tools at hand to measure their abundance
and activities, we can begin to design experiments to show
how operating conditions in a [reatment plant affect these
parameters. A central follow-up question is how the diversity
of functionally important micro-organisms affects the
stability of the respecdve processes (Fig. 1). For example, it is
tempting to speculate that a greater diversity of nitrifying
bacteria increases the resishnce of the nitrification process in
a wastewater treatment plant against certain perturbations.
Thus, engineers should be interested in monitoring the
diversity of important bacterial groups in their treatment
plants and ultimately learn how they can influence diversity
by changing the operating conditions in order to maximize

Uncultured N itrospi ra sp.
from activated sludge

process stability and performance. Such insights cannot be
obtained by traditional bulk parameter measurements, but
require high resolution analyses of the structure and function
of activated sludge microbial communities, as well as a
commitment of researchers and funding agencies to this
interdisciplinary research.

Professor Michael Wagner
H ead of the Department of Microbial Ecology,
U n iversity of Vien na, Althanstr. 1 4, A-1090 Vien na,
Austria (t +43 1 4277 5439O:f +43 1 4277 54389:
e wagner@ m icrobial-ecology. net)
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I  An  ou t le t  p ipe  d ischarges  sewage onto  a  Nor th  Sea beach.  S imon
Fraser / Science Photo Library

{  F ig"  1 .  F ISH o f  n i t r i f y ing  bac ter ia  in  ac t i va ted  s ludges  f rom two
d i f fere nt wastewater treatm e nt p I  ants. (a) Two d i f fe re nt po p u I at i  o n s
o f  N i t rosp i ra - l i ke  n i t r i te  ox id izers  a re  s ta ined red  and green,
respec t ive ly .  Ammonia  ox id izers  o f  the  genus N i t rosomonas are
labe l led  in  b lue .  (b )  N i t rosp i ra - l i ke  n i t r i te  ox id izers  a re  s ta ined red
and ammonia  ox id izers  o f  the  genus N i t rosomonas are  labe l led  in
green. Bars, 10 pm. Courtesy Ki l ian Stoecker

{  F ig .  2 .  A  compar ison o f  phy logenet ic  d is tances  be tween
recogn ized  n  i t r i te -ox id  i z i  ng  bac ter ia  and be tween se lec ted
eukaryo tes .  Phy logenet ic  165 rRNA and ' l8S 

rRNA t rees  were
ca lcu la ted  us ing  ne ighbour jo in ing  w i th  the  Jukes-Cantor  cor rec t ion
a n d  a l i g n m e n t  m a s k s  w h i c h  e x c l u d e d  h i g h l y  v a r i a b l e  p o s i t i o n s  i n
th e respective data sets. Bar represe n ts 1 0 o/o esti  m ated seq u e n ce
d ivergence.

Nitrobacter
hamburgensis

N itrocaccus
mabilis

Sunf lower
Helianthus annuus

10%
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l (eep up-to-date wi th what 's  happening in microbio logy

educat ion .  Schoo ls  Membersh ip  cos ts  on ly  f10  ayear .  For th is ,

a named teacher representative wil l  receive Microbiology Today

each quarter ,  advance copies of  new teaching resources and

discounted fees on SCM INSET courses.  To jo in see www.sgm.ac.uk/

membership.  l f  you have any enquir ies,  contact  educat ion@

sgm .ac. u k o r go to www. m i cro b i o I ogyo n I i n e. o rg. u k

Ouorur-r-r ser-r slf-r I
This  issue of  Microb io togyToday focuses on microb ia lcommuni t ies .  Microb io log is ts  now know

that the organisms in  these amazingecosystems communicate wi th  each otherwi th  chemica l

s igna ls .  Th is  system is  dependenton popula t ion dens i tyand is  ca l led quorum sens ing.Tay*

3*{z*H, ,who carr ied out  her  PhD research pro ject  in  th is  sub ject ,  exp la ins how i ta l lworks.

Bacteria were long thought of as

organisms working alone, but over [he

past2) years,it has become apparent

that they communicate with each

other. Microbes naturally live in iarge

communiti es, often containing

hundreds of different species, so il

should not be surprising that some

co-ordinated teamwork is required

for them to co-exisl.

Metabolic activities in the cell are

initiated by the expression of proleins

under the control of specific genes, but

how are the genes regulated?

The bacteria secrele small

signalling molecules, called microbial

nheromones or autoinducers.

Signalling occurs through the buiid-up

of the autoinducer in an environment.

This is linked to the population

density of the bacteria. Once a critical

concentralion is reached, the inducer

is detected by a specific receptor

protein in the cells (Protein R), which

becomes activated and switches on or

off a particular gene or set of genes.

This phenomenonlsused to regulate

a diverse rangeof phenotyPes.

When first discovered, quorum sensing

was believed to be a unique signalling

system for activating bioiuminescence

in the Gram-negative, marine

bacterium Vibnofischeri. In the past

10 years the number of bacteria found

to be using quorum sensing to"signal

changes has escalated. Some

characteristics now known lo be

regulated through quorum sensing

include swimming motility in the

human pathogen Yersinia

p s eudotub erculosis,biofilm formation

in the fish pathog en Vib rio anguillarum,

antibiotic production in the plant

patho gen Etwinia c arotov or a, fo rmation

of nitrogen-fixing nodules on legumes

by slrnbi o t tc Rhizobium I e gumin o s ar um,

and many factors involved invirulence
(lyric enzymes, toxins, etc.) from a

whole range of plant, animal and

human pathogens. A high percentage

of thebacteriaknown to use quorum

sensing are opportunistic pathogens.

Virulence faclors are nol always

regulated through the quorum sensing

systems in these bacleria, although in

manv cases thev are.

Vibri* fischsri
V. t'ischennormally live in s;.'rnbiosis

with certain marine fish and squid,

where the bacteria are confined within

a special light organ that protects them

from the environment. ln return, the

bacteria produce light that is used by

their s).rynbiont partner Lo attract prey

or scare aw ay pr edators. Within light

organs, the bacterial popuiation grows

to a high density (ca 10'o-10" cells mf')

and luminescence is induced through

accumulalion of the autoinducer.

When enough autoinducer is present,

iL can activate a response proteinwhich

in turnbegins lo regulate its designated

gene (or set ofgenes).

V. fischencan also exist free-living in the

sea. Under these circumstances, they

don't waste energy on producing light.

This lack of light production in free-

living cells is due to the autoinducer

being diluted in the water as it diffuses

away from single ce11s.

{#ff-t*-rcff#"u*ru{fr s#{zs{rrg ts a

{#{r}t{t#frtrmtl*r; sys{*rrc {tsmL d{f *ws #" strcgl*

fue*t*rfrsm t* uw*rk vwttfu tts n*{X{yfu*ars.
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4 Fru i t ingbody o f  a  myxobacter ium,

Chondromyces crocatus. Prof. Hans

Reichenbach, CBF, Braunschwieg, Cermany

The autoinducer that regulates
luminescen ce rnV. Jis chen is N- (3-oxo) -

hexanoyl-homosedne lactone
(OHHL). It comes from the family of
autoinducers called N-acyl-
homoserine lactones (AHLs). The type
of side chain on [hese molecules gives
them specificity for different quorum
sensing systems. OHHL has also been
discovered in cell-free supernatants of
the plant pathogen Erwinia carotoy ora
and was found to be responsible for
regulation of the production of a

B-Iactamantibiotic. The discovery
thatAHLs were not restricted to the
regulation of Iuminescence in marine
bacteria has led to the production of
numerous biosensors for the detection
of AHLs in cell-free supernatan$ of a
wide range of bacterialspecies.

* th* r  * igna l *
Although AHLs are by far the most
studied signaliing molecules to date,
other signals in Gram-negative bacteria
include cyclic dipeptides and
quinolones, which are found in the
opportunistic human patho gen
P s eudomonas aeruglno s a, and
3 -hydroxypalmitic acid methyl ester
in Ralstonia s ol anac e arum, which causes
bacterial wilts in a wide variety of plants
ranging from potatoes to banana trees.

*r;* * r { T}i t-'{ t'}'l:} {::i:,

Myxobacteria
Mp<obacte rr areinteresting gliding
bacteria that produce fruiting bodies

under starvation conditions. They are
commonly foundin animal dungand
organic-rich soils of neutral or alkaline
pH. Some of them grow by utilizing
cellulose, butmanyof them feedby
secreting antibiotics to kill other
bacteria and then produce en4lrnes to
lyse the cells of theirprey Fruitingbody
formation is regulated by a diffusible
signal, which accumulates to a critical
concentration in the environment.
When nutrients become limited,
some cells commit suicide, while the
remaining cells move from various
parts of the community to congregate at
a focal point, making a mound in which
spores canbegin to form. This
behaviour gives them a chance to
survive and germinate when the
conditions improve.

C ram-posit ive bacteria
Many Gram-positive bacteria use small,

l -j * r:: { qsn w r:* n tt"* x
www. nott i  ngham.ac. u k/ quorum/

www. b i o. c am.ac.uk/ -sal m o n d/research - i nterests/q u o ru m - researc h . htm I

www. m ed ici ne. u iowa. ed u/gree n berglab/

www. med. u pen n. ed u / micro /faculty/zh u. htm I

http ://h e I i os. bto. ed. ac .uk/bto / micro bes/myxococc. htm
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Cram-hegative bacteria defined bythin cel l  wal l ,  mlde ug of a small  layer of

peptidoglycan surrounded by athicker outer membrane

cram-positive bacteria 
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cell wall, mostlycomposed of

modified oligopeptides as signalling
molecules. These include the human
patho gens Staphylo co ccus aureus (used

to regulate virulence factors), Bacillus
subtilis and Strepto co c cus pneumoniae (to

regulate genetic compelence) and a
number of lactic acid bacteria (to

regulate production of bacteriocin).

Streptomycetes
Streptomycetes live in the soil and
they make many important antibiotics
used to treat infections. Several species
utilize y-butyrolactones to regulate the
production of antibiotics and orher
secondary metabolites during the
stationary growth phase. Recently,
y-butpolactones were isolated from
another bacterium, P s eudomonas
aureof aciens, where they were reported
to be involved in the production of
compounds with antifungal
n rnna r t i ac

Peptidoglycan

Phenotype

lattice structure formed from linear chains of two
alternati ng sugar derivatives

o bse rvable characte ristics of an o rgan ism/man ifestati o n
of gene expression in a part icular organism

fu j *w {#5##{{ ;#5t
B io lu  m inescence
Light can be produced by a chemical reaction inside the cells
of a whole range of living organisms. This two-page resource
explains the basic facts about bioluminescence, with
pafiicular reference to the role of microbes, and provides
examples of the am zrrrgpractlcal applications of this
phenomenon. The leaflet is illustrated in colour. Contact
education@sgm.ac.uk
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Your Career in Microbio logy
This 16-page, full-colour booklet has been complerely revised
and contains new profiles of the very different career paths of
six young microbiologisrc. Contact careers@sgm.ac.uk

E-source:  Microbes & Food
Based around a'microbial menu', this website covers various
aspects of food microbiology- ww.w.schoolscience.co.uk



Cradline aims to inform and entertain mem bers in

the early stages of thei r career in m icrobiology. lf you

have any news or stories, orwou ld l i l<e to See any topics

featu red, contactJane Westwell (e j.westwell@sgm.ac. u l<)

All irr o doy'swork
Are you coming to the end of  your  degree and th in l< ing aboutyour  next

steps? Have you considered registering with a recruitment agency but

were unsure wnether  i twould be agood move? Cradl ine Edi tor ,  Jane

Westwel l ,contacted acouple of  the major  Ul (  recru i tmentagenciesto

get a picture of the range ofjob opportunit ies for microbiologists.

SRG and Lab Support UK are two

well-known agencies that specialize

in supplying contract staf l to industry

and also find permanent staff (usually

in senior roles) for employers. Both

agencies recruit microbiologists.

Over the last 4 years, SRG has placed

235 microbiologists in 1 I  5 companies

across the UK. In2004,Lab SuPPort

found work for more than 50

mic robiol ogists. Empl oye rs tend

to be from the pharmaceutical, food

and biotechnology sectors, including

con[ract research and water test ing

or gantzations. Mo st bio te chnolo gy

companies are SMEs (smali to medium

sized enterprises) although a few

spin-outs also recruil through agencies

Despite the relat ively high number

of microbiologists that arerecruited,
: r  : -  f ^ ; -  t ^  - ^ \ 1 ' L ^ r  '  l g l g  a f e  f e W e fl L  L )  I d I I  L U  ) d ) /  L l l a L  L r l

opportunities for PhDs than for

graduate scientists. Those that do

exist are predominantlyin the

pharmaceutical sector.

Opportunities are mainly temporary,

but permanent recruit ing is on the

increase. Also,30-40 o/o of temporary

posts convert to permanent posit tons.

Whiist working on contract. scientists

are employees of the agency and are

3 6

enti t led to the usual employment

benefits.

lt is rare to place a newly qualified

PhD in industry unless they have

the specific skills in microbiology or

molecularbiology that are used tn this

seclor. Possession of 'rare'skills canbe

an advantage (agencies may list these).

Apart from the obvious technical

abilities. recruii ment agencies are

" 
also looking for flexibility, adaptability,

and good commumcation and team

working skills. Rather helpfully, all

agency websites include a few pages

on CVwntingand interviews to

help potential candidates.

If you are thinking about a career in

rndustry, working through an agency

can be good way to gain experience
on A' r r '  n t t t '  t l  i  l ferent  ernnlnrze r<

Further informat ion
Most recruitment agencies have good

websites and it is usuaily possible to

register on-line.

Jobs in  Sc ience www.sc i temps.co.uk

Lab Support U l(  www.labsupport.co.uk

SCI www.sci-search.com

SRC www.srg.co.uk

Yoh Scienti f ic www.yohscienti f ic.co.u k

The'wriie'stuff
In Decemb er 2004, lB postgraduate

students from lrishinstitutions took part

in a course in scientific writing organized

by Catherine O'Reilly, Convener of the

SGM lrish group. The course comprised

two half-daysessions andwas runby
journaiist and ex-geneticist Mary

Mulvihill. I attended as Convener of

the Education & Tiaining Group.

The first session began with a reminder

of basic principles of grammar: language

and punctuation. Mary provided

examples of problems arising due

to incorrect grammar (such as the

importance of the hyphen in the meaning

of 'extra marltal sex'as opposed to

extra-marital sex!). We thenwrote an

appropriate senlence or phrase for each

item. Following thi.s, we tackled the

wordiness common to scientific writing

by editing out exlraneous phrases (e.g.
'was seen to', 'it would appear that') and

repetitions (e.g.'separate entities','ne'w

beginnings'). Wb rearranged massive

strings of nouns ('blue absorbing

t_
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reiationship. She will shed light on
that sometimes inexplicable supervisor
behaviour and will provide some hints
to get over the stickymoments that
many research students experience.

Professor Ian Poxton. Universitv of
Edinburgh, will follow with a talk on
Wnting s'hills. Ian has successfully
supervised more than 35 students
through the thesis-writing process and
read many more theses in his capacity
as PhD examiner. He will share his
knowledge and experience to help
those of you tackling transfer reporrs
and theses. Ianis also Editor-in-Chief
of JMMandwill have somewords of
advice for first time authors of research
papers.

Dr Bob Rastall, University of
Reading, will end the eveningwith a
presentation on Str ategies f or a
successfulviva.Bobhas more than a
decade's experience of helping his
own research students successfuily
prepare for the viva and acts as external
examiner to a number of universities.
Bob will identify porenrial viva pirfalls
and roundup with some sound advice
to help you on the wayto a positive
vrva experience.

After a question and answer session
chairedbyPauline, we hope you will
join us for a giass of wine or two and a
bite to eat. Tickets for the buffet and
reception will be available at the end
of the workshop.

PIe ase note. Wbdnesday night
accommodation will be covered by
PG Student Conference Grants for
those who wish to attend this session
(www. sgm. ac. uk/grants).

Nerves now lost, we were given 25 minutes to write aNew
Scientiststyle article based on some facts provided by
Mary We thencompared oureflorts and the actualarricle-
a useful exercise in the use of concise, precise but accessible
English.

The second day felt more like a'typical'scientific writing
session. Mary and a young lecturer from Waterlord Institute
of Technoiogy shared rips and experiences of wriring for
journals. fu a final exercise, participants were asked to write
an abstract fora paper recentlysubmitted by Catherine
(provided prior to the workshop) in only 40 minures. The
abstracts were judged and a prize awarded to the winner.
The session ended with some useful discussion on mv own
and Catherineb experiences as writers and reviewers.

This intensive course was very useful and productive.
Marywas careful to involve everyone inall activities.
Catherine arranged a populareveningsocial event for

l"yo:..yhowished 
ro attend and the group had certainly

bondedby the end of the rwo sessions.

Oral, visual and written communication skills are
essential to ali postgraduates and are usually addressed
via university-organized events. This course covered
issues of scientific written communication in an active
and interestingmanner-and I doubt if I can everlook
at colonies onblood agar in the same wayagainl

Professo r J oan na Ve rran (e j. ve rran @ m m u. ac. u k)

Postg rod uote s ki I ls works hop
Surv iv ingyour  PhD
1 B0O-2O00, 5 A p ri | 2005, H e ri ot-Watt U n ive rs ity
The workshop will consider three
keyissues that face PhD students at
different stages of their training:
handling the supervisor/student
relationship, effective writing and
defending research in the vrva. We have
brought together three supervisors to
share their experience gleaned from
guiding many posrgrads to PhD success.
The workshop willbe chairedbySGM
Council member Dr Pauline Handley
from the University of Manchester.

Dr Liz S ockett, University of
Nottingham, wiil start the session with
a talk on M anagingyour supervisor.Lrz
will draw on heryears of experience as
student, post-doc and then supervisor
to take a look at the student/suoervisor

pigment spectral curve', 'the negative penicillin skin test
result group') and eliminated 'hedging'- excessive use of
over-cautious conditional words.
Having tackled the dry and dusty, Mary tried ro persuade
us to bring some life to our scientific wdting but encountered
some initial problems. We were all dutiful, passive and
unemotional scientific writers who showed great resislance
to the use of 'we' and huge reluctance to slart sentences with
'and'. However, a bit of expressive/creatlewritingunleashed a
flowof emotionsand active writing. We gave ourpet micro-
organisms a character (precocious, fussy, smelly, tough and
resistant, slimy and bitchy) then began writing in a parricular
genre, such as horror, lovl, detectiui story o, Jiury'
'The smooth, silhy colonies gltstened.fromthe cnmsonplate they
lay scatteredupon. One looh at them and lknew I w aslost in thar
magnificence. I set about counttngthem. Theirbodieslay crushed,
against one another; it wa dfficult to see where one settlement
started and another endrd.'\Mhere once the undisturb ed plate lay
nahe d, exp os e d to tLte w orld, now sto o d thous aids of mutttpty ing
f acto ne s, e xp andingb ef o r e my qt e s.' (Matthew l-amb ert,
Trinity College Dublin)
' Once upon a nme, thereliv edl 3 little Pszudomonas aerugnosds.
ThE I ov e d t o h ang out in the lungs of cy stl c f ib r o sis p a,ti ents. Th ey
w e re all an n - dru g activis ts, and r ef us e d t o all ow any drugs into
their n eighb ourho o d.. O ne, PAI 3, w a th e I e ade r of the giorp.
H.ehad_absolutelynonmef ordrugs,especlallygentamycin.'
(Anon)
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Science writer Meriel Jones tal<es a lool< at some papers in

cu rrent  issues of  the Society 's  jou rnals wh ich h igh l ight  new

and exci t ing developments in m icrobio logical  rese arch.

A sticl<y problem
Kusumoto,  A. ,  Seto,  S. ,  Jaf fe ,  J .D.

&Miyata, M. (2004). Cellsurface

d ifferentiation of Myco p I as m a m o b i I e

visual ized by surface protein local izat ion.

M i crob i o I ogy 1 50, 4001 -4008.

Mycoplasmas are strange bacteria.

They do not have a cell wail, frequently

live as parasites or commensals and glide

sedately over surfaces. Typical bacteria

propel themselves with flagella, but

there is no sign of anything like this in

mycoplasmas, neither on the bacteria nor

among their genes, and microbiologists

have long p uzzledabout the mechanism.

The authors of this paper have been

working on this problem for years. They

study My c oplasma mobile,which was

isolared from fish giils. The cells are flask-

shaped and glide around in the direction

of the tapered end, which is therefore

called a'head-like' structure. The authors

have identified minute spikes on the

head-like structure that stick to glass

surfaces and might be involved in motility. '
To investigate this, they used antibodies to

block the interactionbetween the spikes

and the glass. Their reasoning was as

follows. Antibodies are made by the

immune system to stick to and neutralize

pathogenic bacteria. If they could find an

antibody that stuck to M. mobile, and also

stopped the bacterial cells sticking to

glass, they could use it to identify exactly

what part of the cells adheres Lo glass.

After testing hundreds of antibodies,

they found one, mAB7, with exactly this

propefty. It stuck to the head-like structure

only, especialiy the middle and basal part

of it that Lhe researchers dubbed lhe'neck'.

Other antibodies stuck to other regions

on the surface, but the cells could still stick

to glass. When the authors discovered that

mABT interacted with the M. mobile protein

Gll349,it fitted with information that

mutant cells lacking this protein could not

3 B

glide. Other antibodies reacted with

four proteins on the cell surface from the

Mvsp family, proving that they were part

of the mycoplasma cell surface . M. mobile

has genes for a further l2 closely related

Mvsp protetns.

The authors have put all the information

together to give a picture of the M. mobile

surface. There are around 450 spikes

made of Gli349 clustered on the neck of

the cell, while proteins MvspN, Mvspl

and MvspO are present on the head.

Mvspl and one further protein, MvspK,

are found on the body of the cell. The

remaimng 12 Mvsp proleins could either

be on the surface, but were not detected,

or may only be made by the cell in a

different environment. Since the cell

surface proteins, and adhesion, are

essential to the parasitic life-style of

mycoplasmas, this knowledge is

important for our understanding of

these strange bacteria.

A complementary
approach to systematics

Dawyndt, P., Thompson, F.1.,
Aust in ,  B. ,  Swings,  J . ,  Kosk i ,  T .  &

Gyllenberg, M. (2005). Application
of sl  idi  ng-wi ndow d iscret izat ion and
mi n imization of stochastic com plexity

for the analysis of fAFLP genotyping
fi ngerp ri nt patterns of Vi b ri o n aceae.
I nt J Syst Evol Microbiol 55, 57-66.

An amazingamount o f diversity lurks

beneath the anonymous pale, slimy

appearanceof many bacteria. Species that

are more different than a canot and an

elephant can look the same lo the human

eye. Bacteriologists have put a lot of effort

into detecting these differences, and
objective ways to assess them. There is

a long tradition of using methods that
rely on hierarchical clustering to create

taxonomies based on both genetic and

biochemical characterislics. However,

researchers have been aware for

over 30 years that the order inwhich

characteristic are grouped together can

affect the outcome. Useful relationships

may be distorted or missed.

These authors have been trying out

alternative, complementary ways lo

classify bacteria from the Vibnonaceae,
some of which are important pathogens

of fish. A fewyears ago they recorded

genetic fingerprints lrom 507 strains,

and classified them using a convenLional
method, Wards hierarchical clustering

algorithm. Now, they have used avety

differenr method on the same data,

and found some interesting different
results.

The method optimizes a given

expression in information theory. The

authors chose to minimize stochastic
complexity (SC), using the BinClass

software package, written by Mats

Gyllenberg and his colleagues. To do

this, theyhad to convert the data into a

vectorized data representation. They

already knew that the way they carried

out this conversion could affect the final

result, but that the sliding-window
discretization procedure conserved more

of the original information con[ent than
other methods, so they used it.

Many of the groupings produced by
the two methods were exactly the same,
but the SC method also disclosed
new clusters lhat agree with recent
information about Vibnonaceae . F or
example, SC brought together strains
that had been split into two clusters by
the traditional hierarchical method.
Recent information about these strains
has shown that they are definitely all the
same species. One further SC cluster
brought together Vibno rotiJenanus and
four strains of V.harveyi. These species
have turned out to be highly rela[ed, so
it is possible that these four strains of
V. hart ey ihave been misidentified.

The researchers feel that their two
an alyses of the Vib nonac e ae genetic
fingerprinrs bring out the value of using
two complementary approaches to reveal

the most information about bacterial
relationshios.
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Ant imicrobiaf  res istance in ot i t is  media pat ients Fi l ter ing pr ions out of  blood
Brook, l .  & Gober, A.E' (2005). Antimicrobial resistance in the nasopharyngealf lora
of chi ldren with acute ot i t is media and oti t is media recurring after amoxici l l in therapv.
J Med Microbiol54, 83-85.

Otitis media, or an infection of the ear where fluid and mucus are trapped inside the
eardrum, is very common in babies and young children. In deveioped countries, three
out of four children have suffered from this painful condition befoie they are 3 years
old' One complication is that fluid can remain within the ear afterthe iniectio., i, ou"r.
andmay affect the childs hearing. Several types of bacteria and viruses can cause the
infection. The bacterial infections can be treated with antibiotics, but the infection
sometimes recurs.

Itzhak Brook and Alan Gober from the Georgetown University School of Medicine in
the USAhave been investigatingwhether the bacteria that cause recurrent infections
are more resis[ant to antibiotics. They analysed nasopharprgeal culture s of T2children
who had appeared at a middle-class suburban clinic, suffering from uncomplicated
otitis media between September 1999 and August 2001. Forty children presented
with acute otitis media and32wrth recurrent otitis media that had been ireated with
the antibiotic amoxicillin. The researchers defined a recuffent infection as one that
followed a previous ear infection with an infection-free interval of 4-6weeks. The
clinical microbiologyshowed that pathogenic bacteri asuchasStreptococcuspneLtmoniae,
Haemophilus influenzae or Moraxella catarrhali.s had been identified in swabs taken from
almost all of the children. Tests of the resistance of the bacteria to antibiotics indicated
that many more of those isolated from the recuffent infections were resistant to a broad
range of antimicrobials. The amoxicillin therapymight have selected for these resistant
strains.

The researchers suggest that for effective treatment of recurrent ear infections,
clinicians need to be aware of the resistance patterns of organisms like S. pneumoniae
and H. influenzae within their patient community, as well as any previous treatment
the patient has received. In addition, antibiotic sensitivity t.rt-g of samples from the
patient maybe required to prescribe suitable therapy.

A Ot i t ismediaviewedfromtheexternal  earcanal .  Prof  TonyWright ,  lnst i tuteof  Laryngology
and Otology / Science Photo Library
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Kobayashi ,  A. ,Satoh,  A. ,  l rons ide,  J .W. ,
Mohri,  S. & Kitamoto, T. (2005). Type 1
and type 2 human Prp" have different
aggregation sizes in methionine
homozygotes with sporad ic, iatrogen ic
an d variant Cr eutzf eld-)ako b d isease.
J  CenVi ro l85,237-240.

The protein PrPs" that causes the
neurodegenerative Creutzfeld-Jakob
disease (CJO) continues to surprise. For
unknown reasons, it can change shape
and form aggregares within the brain that
result in the lethal neurodegenerative
disease. Clinicians identify distinct types
of disease (tr,tVt or MM2) depending
on the size and location ofthe aggregates,
the effects of proteinase K digestion and
the numbers of sugar molecules attached
to the protein. This group of researchers
has been investigating how one protein
can produce so many pathologies.

They focused on the size of the aggregates
made by PrPs., as this is also important in
measures to prevent transmission. The
researchers obtained permission to test
brain samples from people who had died
from CJD. They filtered exrracts from the
samples through filters that had pores of
around 72 millionths of a millimetre.
They already knew that some prps.could
pass through these holes and the idea
was to use this to check the size of the
aggregates,identifying them based on
proteinase K digestion parrerns. The filters
removed particles from patients with MM2
efficiently, while MM1 passed through.
As a control, they tested an extract from a
person who had died with signs of both
pathologies in the brain. Again, most
the particles typical of MM2 parhology
were caught on the filter, while those
characteristic of MM1 passed through.

The results suggest that there is a iink
between the type of prps. and the efficiency
of removing it by filtration. The prps.
aggregates in MMl are generally small,
consisting of fewer than 20 protein
molecules, while those in MM 2 arelarser
withup to 1,000 molecules. The autho-rs
concluded that any filtration methods to
remove PrPS'from, for example, blood
donations, should ensure that the smaller
type of particles does nor pass through.
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Faye Jones, Pu bl ic Affai rs Ad min istrator,

descr ibes some SCM Microbio logy

Awareness Cam paign activities wh ich aim to

raise the profi le of m icrobiology to pol i t ic ians

and opin ion- formers.

On Wedne sday 10 Novembe r2OO4, the Royal Society of

Chemistry held i ts Science and the Parl iament event at 'Our

Dynamic Ear th ' ,  a  sc ience cent re  oppos i te  the new Scot t ish

Parl iament bu i  ld i  ng i  n Ed i  n bu rgh. The event ai ms to raise

awareness of  sc ience issuesto MPs and c iv i lservants  work ing

i n the Scott ish Parl iam ent and the focus thls year was the

Scott ish Executive's Scie nce Strategy.

It  attracted 340 part icipants from across the science and

pol i t ical com m u n i t ies, and was com plemented by a

parl iamentary debate on science, which had probablythe

biggest aud ience ever for a members' debate. l t  touched on

the burn ing issue of  MRSA and hospi ta l  superbugs and i ts  l ink

to  the lack o f  c l in ica l  microb io log is ts .

The host of f i rst class speakers included Deputy First Minister

J im Wal lace,  who addressed the evening exh ib i t ion and

reception and spoke of the importance of science education

and the need to develop and promote the research base that

underp ins sc ient i f ic  innovat ion.  He a lso commended the

Scott ish Parl iamentary Science I nfo rmation Servi ce, wh ich

makes use of the expert ise of several SCM members, for a

successful f i rstvear.

Seienee ond
tl'-r e Pe rlie r-ner-tt
2044

Professor Si r Alfred Cusch ieri ,  p i  on eer of keyh o I e su rge ry,

emphasized the necessityto be aware of the changing

requirements for effect ive science and technology research

and development ,  as  wel l  as  the t ra in ing of  the next

generation of scientists.

SCM was among the 33 exhibitors, with an interactive

display of interesting and relevant microbiological material

which attracted agreat deal of attention. Dr David Cally,

U n ive rsity of Ed i  n b u rgh, provid ed a fu I  l - l  ength an i  m atio n

depicting the key stages of E H EC 0157 .H7 colonization of

the gut of i ts catt le host. The SCM exhibit  also included an

excit i  ng d isp lay of biol u m i nesce nt bacte r ia - P h oto b acte r i  u m

phosphoreum -provided by Dr Craeme Paton of the

U niversity of Aberdeen and prepared by Professor Brian

Austin of Heriot-Watt University.

As afun reminder to  the a t tendees of  the many uses

of bioluminescence, from basic laboratory research to

contaminanttest ing in the food industry and for

bioremediation, SCM gave away hundreds of glow-in-

the-dark badges, 'C lo- Bugs',  that were worn by exh ibitors,

scientists and MSPs al ike.

A Left SCM Executive Secretary Ron Fraser greets a very important
guest at the Science and the Parliament event-

A  R igh t  P ro fessorWi l son  S ibbe t tand  Dr  E la ine  Mur ray  MSP,  spor t i ng

an  SCM'C lo -Bug '  ( see  inse t ) ,  a t the  SCM s tand  in  Ed inburgh .
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5 C AA at Westrn i n ste r
On 1 March nextyear ,  SCM wi l l  be ho ld ing an event  in  the

House of Lords to raise awareness of the importance of

microbiology to Parl iamentarians. The theme wil l  be Fighttng

ln fect ion,  fo l lowing on f rom the House of  Lords Sc ience and

Technology Commit tee repor l  o f  the same name.  Exper ts  wi l l

address MPs,  min is ters  and c iv i lservants  on issues impor tant

to  po l  i t i c ians i  n  the i r  const i tuenc ies,  i  nc l  ud i  ng tu  bercu los is ,

malar ia ,  H lV and other  sexual ly  t ransmi t led in fect ions.  There

wi l l  be asmal l  exh ib i t ion.  The eventwi l l  be hosted by Lord

Soulsby of  Swaf fham Pr ior  and Dr  lan Cibson MP,  both

members o f  Par l iamentary  Sc ience and Technology

Com m it tees.

What's on rn science
communicat ion?
Royal Society - www. royalsoc.ac. u l<
23--24 May 2AA5
Science Corr  rn u n icat ion Conference
Hosted jo in t ly  by the BA and the Royal  Soc ie ty ,  the

conference seeks to  address the key issues fac ing U l (  sc ience

communicators  and to  p layan impor tant  ro le  in  he lp ingto

develop a nat iona ls t ra tegy in  th is  arena. .

4-7 )uly 2005
Summer  Sc ience  Fxh ib i t i on
This  prest ig ious event  showcases some of  the U l ( 's  best

sc ience research.  l t features 25 exh ib i ts  and the v is i t ing publ ic

can ta l l< to  the researchers  about the i rwork .

Ccm peti t ions and awands
Fam e I ab - www.famelab. org
Are you the new face of  sc ience? l f  so,  you could  win

broadcast ingt ime on Channel4,  a  masterc lass in  sc ience

com m u n icat ion,  a  sched u le  o f  speak i  ng events  and f  2 ,000

cash.  The compet i t ion,  sponsored bythe Chel tenham

Science Fest iva l  in  par tnersh ip  wi th  N ESTA,  seeks to  f ind new

communicators  o f  sc ience.  To enteryou need to  be over  18,

work ing in  sc ience and ab le  to  present  a  sc ient i f ic  top ic  a t  one

o f  ase r i es  o f  r eg iona laud i t i ons  i n  March  and  Ap r i l .

Wellcome Trust  Engaging Science Awards -

www. we | | co m e. tru st. ac. u l</e n gagi n gsci e n ce

People Awards of  up to  f30,000 can be used to  suppor t

activi t ies such as dramas, exhibit ions, arl  projects etc. with a

biomedical focus. Society Awards of f  50,000+ are avai lable

to  suppor t  la rger  act iv i t ies  or  academic research.
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Vi sions of SeienoeffiS
o oollfcr irnoges thot inspire ond intrigue

www visiorts-of-scienoe oo uk

I t ' s  now t i  me to  s tar l  p lan n  i  ng you r  i  nsp i  r i  ng and in t r igu i  ng
images for the 2005 Novartis and The Daily Telegraph Visions of
Sci e n ce P h otograp h r c Award s,s u ppo rted by th e Scie n ce Ph oto
L ibrary .  Winn ing images should  open our  eyes to  new and
in terest ing areas of  sc ience,  perhaps show someth ing never
seen before orshowscience in  creat ive and unusualways.  The
image may s imply  show awel l  known subject  w i th  a  new twis t .

Insp i ra t ion for  ent r ies  may come f rom the natura l  wor ld ,
from research in laboratories or in the f ield, from art,
technology,  people ,  medic ine or  conceptua l  sc ience.  Judges
look for entr ies with high impact that can make viewers look
again  a t  sc ience,  nature and the wor ld  around them and
cons ider the impactof  sc ience on the i reveryday l ives.

The f ive popular categories are:

Action lmages should capture a scienti f ic process or event
as i t  happens in  the natura lwor ld .

Close-up lmages that are beyond the naked eye.

People  lmages should  communicate the impact  o f  sc ience,
medic ine and technology on people 's  l ives.

Cancepts  lmages should  demonst ra te  or  exp la in  asc ient i f ic
conceot.

Ar" t  lmages should  i l lus t ra te  the beauty  o f  sc ience.

New Special Awards for 2005 are Art meets Science. Einsf ein

Year and Medicine and Science.

Information on how to enterand entryforms are avai lable
on the Visions of Science website. The closing date for entr ies
is 5 May 2OO5. Photographs tal<en on or after 1 )anuary 2OOO
are el igible for entry and up to six images may be entered in
each Category or SpecialAward.

Winners of the main categories wil l  be awarded f irst prizes of
f  1  ,000 and second pr izes o f  f400,  sponsored by the Sc ience
Photo Library. Each of the Special Award winners wil l  receive
f5OO. Winn ing images form atour ing exh ib i t ion v is i t ing
science and arls venues across the Ul(.

L U pper Coloured SEM of the fungus As pe rgi I  I  us fu m i gatu s. Eye of
Science,/ Science Photo Library

le  Lower  Computer  a r twork  o f  A IDS v i rus  par t i c les  (v i r ions ,  g reen)
erup t ing  f rom the  sur face  o f  T-4  lymphocy te  wh i te  b lood ce l l s .
Hybrid Medical Animation / Science Photo Library



These and other reviews are posted on the SCM website,

where a classi f ied com pend iu m of reviews from 1996 to the

present  is  a lso avai lab le .

I ro n Tran s po rt i n Bacte ria

Ed i ted  byJ .H ,  C rosa ,  A .R .  MeY  &

S.M. Payne
Publ ished by Amer ican Soc ie tY for

Microb io logy (2004)

List Price US$119.95
Member  Pr ice US$109.95 PP.532
lsBN 1-55581-292-9

Iron plays an important role in bacterial

physioiogy: too little and the cell cannot

synthesize essential iron-proteins for

growth, but too much promotes

reactions that produce hydroxyl radicals

that damage the cell. Aswithmany
important molecules in the cell, the

most rational method to control the

intracellular concentration is at the level

of transport across the cytoplasmic
membrane, and this book is an attempt

to present the findings on microbial

iron transport lrom the last 50 years.

The Editors, Jorge Crosa, Alexandra

Mey and Shelley Palme have assembled

the book from 30 small chapters,

allowing them to cover many subjects in t

a reasonably detailed manner. The early

chapters focus on siderophores and

haemophores, followed by general

chapters on the structures of cytoplasmic

and outer-membrane transport systems

that take up the iron bound by these

chelating agents. The details of model

iron transp orters from E s chenchia coli

make up the next four chapters, with

a general chapter on the role of Fur as a

repressor of gene expression .

Unfortunately, the book was published
just before the interesting publication by

Vincenzo Scarlato's group that the Fur

protein in Neisseria meningitidis can act

as both an activator and a repressor.

The next 14 chapters describe the

details of iron transport in a wide range

of pathogens, although a chapter

on H elicob acter pylori seems notably

absent. The last few chapters contain a

42

description of iron uptake and regulation

in rhizobia, but apart from this and the

earlier chapters onE. coliK-Iz,the book

has a very strong leaning to pathogens.

The method of presentation generally

works well, so that arcader can quickiy

find specialist information about iron

Lransport in a particular organism, but

the Editors chose a method where

research papers are not cited in the text

and only suggested reading is provided

at the end of each article. This does make

the text easier to read and is suitable
for the introductory chapters, but is

infuriating in the speciaiized chapters

as it is not possible to identify quickly

the primary source for a particular
interesting fact. The Editors have also

done a pretty good j ob of removing large

overlap between the chapters, but there

is inevitably repetition - the function of a

siderophore is described in almost every

chapter! The book has also omitted a few

topics that it would have been useful to

include. Iron storage is an additional
method to control the intracellular
concentration of iron that is intimately

linked to transport and yet there is no

coverage of this. Also, many chapters

mention iron transport in yeast for a

comparison and a chapter on this and

other non-bacterial iron transporters
would have been helpful. Recent

microarray data fromJay Hinton's lab

has suggested that the intracellular

environment chosen by certain
pathogens is not iron-limited and the

book would have benefitted from a

general chapter relating the in viv o

environments of these pathogens to the
ranges and concentrations of iron

sources available, given its strong bias

for iron transport in pathogens.

Who will buy this book? It will obviously

appeal to all interested in iron transport

and can potentially attract more general

readers working on the organisms

covered in the specialized chapters,
although these mightbe a little short to
justify buying the whole book. AIso, as

some of the most well charactefized
solute transport systems from bacteria
are involved in movement of iron, the
early chapters have a more general value
to scientists interested in microbial

transport per se and the presentation of

the material in relatively short chapters
means that it is easy to dip into the book

and find accurate information quickly
It will certainly be on my shelf for the
immediate future as a general reference
text for membrane transpoft structure
and function, and would be an
invaluable reference for anyone with an
interest in iron transport.

Gold is f or the mistress - silv er f or the maid -

CopperJor the craJtsman cunningathis trade.
' Good!' said the Baron, sttting tnhishall.
' But lron - CoId lron - is master of them aII.'

IRudyard Kipling (1865-I936) ln Coid Iron]

Gavin Thomas, University of York

Microb ia l  B io f i lms
Ed i ted  by  M .  Channoum &
C.A.  O'Toole
Publ ished by Amer ican Soc ie ty  for
Microb io logy (2004)

US$ l15 .95  pp .440
lsBN 1-55581-294-5

As any potential reader may expect
from a bookwith such an encompassing
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title, the subject of biofilm research is
viewed from a variety of perspectives.
Amid chapters on Ihe history o[the
biofilm concept and future directions
are those related to human, plant and
environmental biofilm systems. The
books content is a credit to a series of
contributors, each of whomhas put
together a concise and rnformative
chapter. As well  as evaluating their
complexrty, diversity and structure, also
discussed is the behaviour of biofilms in
terms of antimicrobiai resistance and
genetic exchange. Of interest is the
implication of biofilms in disease. lndeed,
this area comprises several sections with
one dedicated to the curent key issue of
hospital-acquired infections.

I believe this book would be useful to
both new biofilm researchers and those
wanting a current reference book on the
numerous topics in this interesting area.

lonathan Pratten, Eastman Dental
lnstitute, UCL

Mycorrhizas: Anatomy
and Cel l  Bio logy

By R.L.  Peterson,  H.B.  Mass icot te  &
L .H .  Me l v i l l e
Publ ished by CABI  Publ ish ing (2004)

f40.00/US$70.00 pp.  196
lsBN 0-85199-901-B

Apart from some mushrooms and
toadstools, most mycorrhizal fungi

{flqrwwf,*&F{Fgffi*ffiffisq*fiw

have few if any above-ground structures
visible to the naked eye. I spend most of
my time looking at sequences and other
molecular data derived from such
fungi, so this book came as a refreshing
reminder that these fungi have a complex
anatomy and some very in[ricale
structures. These are beautifully
illustrated in this book, using both
micrographs and diagrams and iL is an
appealingbook for these alone. The
material is up-to-date, with cuffent
techniques and debates presented in an
accessrble'box' format. Undergraduate
and postgraduate researchers alike
embarking on mycorrhizal projects and
who wi I  I  be i  nterpreting un iami I  iar
microscopic material, should find this a
valuable resource. The accompanying
text is approachable, and wrll appeai to
field mycologists who would like to
explore the world beneath their feet.
This is a t imely publ icat ion in a
fascinating field.

Thorunn Helgason, U niversity of York

Molecular  Microbia l
Ecology Man ual ,  Second
Edi t ion ,  Vo ls  1and2

Edi ted by C.A.  l (owalchuk,
F . J .  de  B ru i j n ,  l .M .  Head ,  A .D .L .
Akkernrans &J.  Di rk  van Elsas
Pu bl ished by I( luwer Academ ic (2004)

€3 95.00/U S $43 5.00 / f .27 3 .00
Vol .  1  pp.  849;Vol .  2  pp.  1 ,77 4
lSBN 1 -4020 -2176 -3

This multi-author, well referenced, two-
volume book describes techniques for
molecular microbial ecology. Vol. t has
three sections on isolation, detection and
applications of nucleic acid sequences
whilst vol. 2 has five sections dealing
with detecting gene transfer, reporter
systems, statisLical and computer
analyses and methods to assess
microbial activities. Each chapter has
an introduction and detailed protocols
with varying amounts of additional
information such as useful notes to guide
the non-expert.  Strengths include
protocols forjust about any technique a
microbial ecologist mightwish to use.
However, the emerging high-throughput

techniques (described in a handful of
chapters) may eventualiy render some of
the described methods obsolete. There is
no indexing; contenrc of the volumes are
described in a loose booklet, easily lost in
a busy laboratory! Overall, an excellent
all round reference source of techniques
probably aimed at institutional purchase.

Clive Edwards, U niversity of Liverpool

Reviews on the web
Reviews of the followingbooks are
available on Lhe website at www.sgm.
ac. utr</pubs/micro_to daylreviews. cfm

I nfectious Disease and H ost-Pathogen

Evolution

Foot- an d - Mo uth D i se ase : Cu r re nt

Perspectives

Lentivirus 6ene Engineering Protocols.

Methods in Molecular Biology, Vol. 229

Pu bl i c H ealth Micro biology. Method s

in Molecular Biology, Vol. 268

Pathogenic Fungi (1 ) Structural Biology

and Taxonomy; (2) Host lnteractions and

Emerging Strategies for Control

Mdecu I ar Epi d em iol ogy of I nfecti ous

D iseases: P ri nci pl es an d P racti ces.

Co n ci se E ncycl o ped i a of B i o reso u rce

Technology

Vacci n i a Vi rus an d Poxvi rol ogy: Method s

and Protocols. Methods in Molecular

Biology, Vol.269

Microbi al F u ncti o nal Ce nom i cs

The Pneumococcus

Pocket Cuide to Clinical Microbiology

3 rd Edition

The Metabolism and Molecular Physiology

of Saccharomyces cerevisiae, 2nd Edition

The lnnate lmmune Response to lnfection

The lnternetfor Celland Molecular

Bi ologists, Seco nd Ed ition

Manual of DiagnosticTests and Vaccines

for Terrestrial Animals (Mammals, Birds

and Bees), Fifth Edition, Vols. | & ll

Bacteria for Breakfast: Probiotics for 6ood

Health

Cenomics: Applications I n H uman Biology

Plasmid Biology

mic rob io l o  gy  t oday  f eb rua ry  05 43



i-

#""-:ffi
June Losoelles5ii, r*';'"! .fil\*n rh'.::r {"1 |}'{",r*'i li,;'i:i/l;-ij

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

J , ,  " : . t .

:tr:;*ti; lt. i: i: l i ;1il. i.rr i ' l i ;r::;11- i i i i i  l i

June Lascel les, Professor Emeritaof Microbiologyand MolecularCenetics atthe

Un ive rs i t yo fCa l i f o rn ia ,LosAnge les ,d ieda the rhome inLosAnge les ,aged80 .June

devoted her l i fe to microbial biochemistry and to those she taught and supervised.

She had a tremendous and infectious enthusiasm for research on a wide variety of

micro-organisms, and she is part icularly well  known for herwork on the purple

non-sulfur photosynthetic bacteria. Her pioneering physiological and biochemical

studies, which frequently exploited mutants, provided fundamental insights into

tetrapyrrole biosynthesis and other metabolic processes, laying down foundations

and concepts that are st i l l  achieving new relevance in the post-genomic era.

&
tr'rl::':

June Lascelles was born and raised in
Sydney, Australia. She graduated from
the University of Sydney with a Firsr
Class BSc degree in Biochemisrry
in 1944, followed by an MSc in 1947 .
She was awarded an IB51 Exhibirion
Fellowship and elected to work in rhe
MicrobiologyUnit of the Deparrmenr of
Biochemistry in Oxford. Her supervisor
was Donald Woods and with him she
established that pAB is converted ro
folic acid, that the conversion rate is
tenfold higher in sulfonamide-resistant
organisms and that folates are involved
in amino acid biosynthesis. Afier
receiving a DPhil inL952,June stayec
in Oxford and was appointed Lecturer
in Microbial Biochemis[ry in I 960.

At this stage she developed new pro-
jects in microbial biochemistry, making
very significant contributions to our
understanding of the general and
respiratory metabolism of Staphylo-
coccl.Ls artrel.Ls, the c- and inorganic S-
metabolism of photosynthetic bacreria,
and she achieved early distinction for
her contribution to microbial porphy-
rin synthesis. An important motivating
factor for these studies was the value
then attached to the use of bacteria to
inform on the basic metabolites and
metabolic reactions of higher organ-
isms. Her tremendous enthusiasm for
a wide diversity of micro-organisms
was confirmed during an excitin gyear
(1956/7) spent \Mith C.B. van Niel at the
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Hopkins Marine Station (California)
isolating and studyrng various 'exotics'

like Thi o v ulum, Thio thnx and Cy t o ph aga
as well many species of anoxygenic
photosynthetics. Her broad approach
is reflected in publicarions addressing
fundamental metabolic problems in at
least 20 species ranging from Stap"l.tylo-
coccus to Tetrahymena, Carnpylobacter to
Physarum, and Paracoccus to purple
non-sulfur photosynthetics.

In 1965June was invired to a Chair
in Bacteriology at rhe University of
California, LosAngeles. A major theme
of June's research from 1955 to I9B0
was th€ synthesis and regulation of
haem and bacteriochlorophyll (Bchl) in
Rho dodob acter sphaeroides. This classic
study established that lighr and oxygen
affect the synthesis of several enzymes
used in the biosprthesis of both haem
and Bchl, and provided rhe basis of
our current understanding of tetra-
pyrrole synthesis in phorosynthetic
bacteria. She was one of the first to
select mutants having defects in tetra-
pyrrole s)'nthesis, and exploit them in
identifyrng individual enzymic sreps in
the biosynthetic pathways. June's
influential scientific reviews and
exceptional editorial and reviewing
skills were widely valued by scientists,
publishers and grant-awarding bodies,
worldwide. June retired in l9B9 and
was made a Fellow of the American
Association for the Advancement of

& June Lascel les.  Courtesv Al ick Lascel les

Science in 1990. She worked every day
until 2 years before her death.

June was modest and self-effacine
but forthright, plain-speaking, p.orJ
of her Australian heritage, and seriously
professional. Her industry and thor-
oughness are legendary. She was an
extremely acute and reliable critic and
reporter of both scientific matlers and
human affairs. She had avery positive
attitude to life, a greatsense of humour,
and a highly developed social con-
science. She was no respecter of class,
royalty or the Church, and impatient of
some of the ancient practices of Oxford
coliege life. Most of all she will be
remembered for her great kindness
and generosity to young scientists. She
was always approachable, prepared to
listen, took a genuine interest in their
work, and gave wise counsel and
encouragement. Her death was an-
nounced to Departmental colleagues in
words that includ ed,'She wiII be missed
as 6n accomplished scholar, dedicated
learner, highly resp ecte d exp erimentalist,
unique role mo del and r are fnend' .

John R. Cuest
U niversity of Sheffield, U l(

Howard Cest
I nd iana U niversity, Bloomington,
USA



MRSA is constantly in the

headl ines and is even the focus

of  'campaigns ' in  some Ul (

tabloids. lt is often suggested

that improved hospital  hygiene

wi l l  so lve the prob lem,  but  as

Mark Enright descr ibes, the

issue is far more com plex than

the pub l ic  rea l ize .

also be collected nationally Presently

only the number of MRSA blood
infections in each NHS Trust is

published yet MRSA colonizes and

invades many body tissues, including

the lung, skin and bone. A true modei

of how MRSA comes into hospital,

colonizes staff and patients and then

causes senous disease is lacking and full

information on all S. aureus in a unit and

their transmission routes is required.

There is little large-scale govemmenl

spending on microbiolog;r research in

this area through the NHS or MRC.

This is unacceptable. Such studies
would give a deeper understanding of
how the MRSA pandemic started, which

may allow us to begin to tackle the

problem and prevent future epidemics.
MRSA is changing rapidly and beside
hospital strains with resistance to all

antibiotic classes, some types are finding

niches in the community, causing

disease in healthy young people with

no prior hospital exposure. Hospital

hygiene initiatives are allvery well but

clean hospitals and motivated staff

should be the norrn and we should

be finding out how to eradicate this

intemational problem.

Mark C. Enright
Department of Biology and
Biochemistry, University of Bath,
Bath BA2 7AY Ul( (e m.c.enright@
bath.ac. uk)

Anonymous ( I 997). Commun Dis Rep
w R L v  l . I .

Anonymous (2 00 3). E1'RS S Annual Rep o rt.

Diekema, DJ. & others (2000). Ivhcrob
DrugResist6,2l3-22I.

Enright, M.C. & others (2002). Proc
N atl Acad SciU S A 99, 7 687 -7 692.

Please note thatviews expressed in Comment do not

necessarily reflect official policy ofthe SGM Council.
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