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1 1O An introduct ion to v i ruses and
can ce r
Dorothy H. Crawford
Cancer  i s  a  ma jor  k i l le r .  V i ruses  are  invo lved in  10-20o/o  o f  a l l

human cases  o f  th is  d isease.

113 Bacteria in cancer th erapy
Caroline Springer, Panos Lehouritis &
Richard Marais
Bacter ia  a re  showi  ng  grea t  p rom ise  i  n  new cancer  therap ies .

Human
papi l lomaviruses a[d
can ce r
Julie Burns &
Norman Maitland
Papi l lomav i ruses  cause a  range o f  cancers ,  bu t

he lp  i s  a t  hand in  the  fo rm o f  e f fec t i ve  vacc ines .

122 Nobel microbes def ine the
artof  cel ld iv is ion
lain Hagan & Paul Nurse
I  n the f ight agai nst cancer, m icrobes are showi ng the way to

o u r  u n d e r s t a n d i n g  o f  t h e  c o n t r o l  o f  c e l l  d i v i s i o n .

l ( i l ler  in to cure -
oncolyt ic  v i ruses
Moira Brown
Cene therapy using v i ruses provides an exci t ing
new ant i -cancer t reatment.

132Two ear ly 'general
m icro b io logists '
Michael J. Carlile
Many scient is ts f led the Nazis in the run up to WWll .  Two of
them made great  contr ibut ions to U l (  microbio logy.

134 Debate -
teach i  ng m icrobiology to
med ical  students
Dlawer Ala'Aldeen
Can prob lem-or ien ted  teach ing  produce be t te r  doc tors?

Com ment  -
a m icrobio logis t 's
view of astrobiology
Howard Cest
ls  astrobio logy real ly  a science? Does i t  involve
micro-organ isms?

{-*u*r irnagc Coloured scanning electron micrograph of a dividing cervical cancer cell. 5teve 6schmeissner / Science Photo Library
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SCM tal<es a lead in European
m i cro b i o I ogY ed u cati o n
At the  end  o f j une the

Society was del ighted to act

as host  to  1  1  microb io log is ts

f rom d i f ferent  EuroPean

count r ies  who were a l l  eager

to learn how to Promote
m ic rob io l ogY  i n  t he i r  l oca l

schools .  The v is i tors ,  wno

were Senerous lY sPonsoreO

bythe Federat ion o f

Eu ropean Microb io log ica l

Soc ie t ies  (F EMS),  a t tended

a course he ld  a t  Reading

U n ivers i tY.  TheY jo ined U l (

teachers  and tech n ic ians

on  one  o f  t he  SCM's  Bas i c

Practical MicrobiologY

courses tu tored bYthe usual

dynamic combinat ion o f

the two Johns (Cra inger

and Schol lar ) ,  fo l lowed bY

a second day of talks and

discuss ions on waYs of

promot i  ng m ic rob io logY

educat ion.  Educat ion

Of f icer  5ue Ass inder  and

Convener  o f  the Educat ion

&Tra in i ng  C rouP ,  Jo  Ve r ran ,

tool< part,  alongside SCM

staff Janet H u rst and Dariel

Burdass who organized

the event .  Wi th  fa l l ing

recru i tment  to  m ic rob io logY

degree courses across

Europe and the need to

educate the Publ ic  about

the subject  in  the l ight  o f

many issues that affecttheir

l ives,  i  ncreas i  ng the amount

of  microb io logY taught  i  n

schools  has never  been

more impor tant .  l t  i s  hoPed

that  th is  wi l l  be the f i rs t  o f  a

ser ies  o f jo i  n t  i  n  i t ia t ives

between the SocietY and

FEMS in  t h i s  a rena .

SCM wins si lver at the RHS
Chelsea Flower Show"
The SCM's d isp lay on benef ic ia l  in teract ions between

microbes and p lant  roots  a t the RHS Chelsea F lower  Show

attracted the attention of thousands of visi t ing gardeners.

I t a l so  p leased  the judges ,  asyou  can  read  onp '145 '

THE ROYAL I.IORTICT]UTURAT, SOCIHTY

SILVER MEDAL

cH[15[A FLOWTR SHOW 2005

A**u(iqt n Society. for General Microbiology

[or lR exhihir or P]ants & microbes living in harmony

102

IN THT, I.INDI..F]Y RANC}]

mic rob io lo  gy  todaY ; : t ' . i

N ew Treasu rer
Professor
Col in Harwood
As dest iny  would  have i t ,

I  g rew  up  i n  F lem ing  Cou r t ,

Paddington,  jus t  round the

corner f rom St  MarY's

Hospital and named after

SCM's f i rs t  Pres ident .  I

f i  rst became i nterested

in  microb io logY as an

u ndergrad uate at London

Univers i ty  and mY PhD wi th

Simon Baumberg at  Leeds

started my love affair with Bacillus spp. I was a post-doctoral

fe l low wi th  the Meynel ls  a t  l (ent  and had a sabbat ica l  w i th  a

b io tech company in  sweden.  I  am current ly  Professor  o f

Mo I ecu lar Mi cro b i  o logy at N ewcastl  e U n iversity '

My research is  on gene regula t ion and prote in  secret ion in

B. subti l is and B. anthracis. l  have extensive col laborations

wi th  co l leagues in  Europe and Japan (myfavour i te

dest inat ion) ,  cur rent ly  coord inat ing an EU FP6 pro ject  on

bacterial responses to host-mediated stresses'

I  have been a member  o f  scM s ince 1 973,  prev ious ly  serv ing

twice on Counci l .  I  have a lso served on the commit tees of  the

Cenet ics  Soc ie ty ,  the Soc ie ty  for  Appl ied Microb io logy and

the European Federat ion o f  B io technology.  I  have a s t rong

bel ie f  in  the ro le  and va lue of  learned soc ie t ies  and look

forward to  work ing wi th  co l leagues at  Mar lborough House,

in  academia,  the publ ic  serv ices and indust ry to  develop s t i l l

fu rther the Society's act ivi t ies i  n promoti n g' the scie n ce an d

significance of microbiologY' .

An n ual Ceneral Meeti ng
2005
The Annual  Cenera l  Meet ing o f  the Soc ie ty  wi l l  be he ld

on Tuesday 1 3 September at the Society meeting at l(eele

U niversity.

Agenda papers  inc lud ing repor ts  f rom Of f icers  and Croup

Conveners  and the accounts  o f  the soc ie ty  for2oo4are in

the separate  book le t  d is t r ibuted to  a l l  members wi th  th is

issue of Mi crob i o I o gY To d aY.



N ews of mem bers
Congratulat ions to Bob Rastal l ,  convener of the Food and Beverages Croup, on the award of a
pe rso nal chai r as Professor of B iotech n o logy at th e U n iversity of Read i ng.

Deaths
The Society notes with regretthe deaths of Professor E.F. Gale (original memberand
Pres ident  1967-1969;  see ob i tuary  on p.  152) ,  Professor  B.A.D.  Stocker  (members ince 1949
and served on Counci l  1957-1961 and1965-1966) ,Dr  H.R.  Smi th  (member  s ince1973)
and Dr D. Tyrrel l  (member since 1955).

May Counci l
meeting
SCM strategy
The President reoorted on
the outcome of the Strategy

Croup meeting attended
by elected members and
off icers of Counci l  in
Aberdeen in  March.  Var ious
issues were d iscussed,
i  nc lud i  ng the preparat ion

of SWOT analyses of the

SCM and of  microb io logy

in  t he  U l ( ;SCM pub l i ca t i ons

development ;  in teract ions

wi th  o ther  m ic rob io log ica l

organ izat ions,  inc lud ing jo in t
meeti ngs ; Society f i  nances
and publ ic  awareness of
m ic rob io log ica l  issues and
the i r  promot ion bythe SCM.
Counci l  concurred wi th  the
Crou p 's  recom mendat ions.

It  also agreed to set aside
periods devoted to the
discussion of strategic issues
at  fu ture Counc i l  meet ings.

Counc i land  Croup
elect ions
I t  was noted that, due to
the heal thy  number  o f
nominat ions,  e lect ions wi l l

be necessary to f i l l  the three
u p-com ing vacancies for

e lected members o f  Counc i l
and var ious p laces on Croup

commit tees.  Members

should  have rece ived the i r

microb io logy today ar :g  i lS  56

ballot papers and are urged
to use their votes.

Microbiology
The Pres ident thanked

Professor Ch r is Thomas,

Bi rmingham, the outgo ing
Edi tor - in-Chie f  o f
Mi cro b i o I ogy, f or al I h is
hard and d i l igent  work  in
col laboration with the
Ed itors and ed itorial staff.
and for  mainta in ing and
developing the healthy state
of the jou rnal.  Professor

Char les J .  Dorman,  Dubl in ,
was welcomed to  Counc i las
h is  rep lacement .

Bye-law change
Cou nci I  approved a change
to the Bye- laws enabl ing

Croup commit lees,  i f  they
wish,  to  co-opta member
f rom indust ry  in  addi t ion

to  the normal  number  o f
commit tee members,  to
serve for periods of 1-2
years. This act ion has been
taken as part of the Society's
pol icy to strengthen i ts

l inks wi th  indust r ia l

m ic rob io log is ts .

SCM F inances
The year-end forecast is

currently that the SCM
budget  wi l l  b reak even or
have a very  smal l  surp lus,  in
accordance with Cou nci I
pol icy and the Society's

status as a charity. Counci l
members were also grati f ied
to see from graphs how the
Society's income from
journa l  subscr ip t ions and
i  nvestments  had enabled
a signif icant increase in
5CM activi t ies (meetings,

journa ls ,  grants ,  pub l ic

awareness and ed ucation)
to be funded overthe oast
1 O years.

Microbio logy
awareness and
educat ion
Counci lwas p leased to
learn o f the success of the
event  he ld  a t  the House
of Lords in March to raise
awareness of current
im portant infect ious d isease
issues. They also heard from
the Ed ucation Off icer that
new careers l i terature and
teaching resou rces were
now avai lab le ,  add ing to  the
already impressive range of
mater ia l that the SCM
distr ibutes to promore

m icrob io logy i  n  schools .

UIrich Desselberger

Ceneral Secretary

I  n d ustrial
Member
Foru m
Some indust ry-based

members took the
opportunity to meet with
Croup representatives and
Counci l  members a t  the
Society's co nference at
H eriot-Watt U n iversity i n
early Apri l .  They d iscussed
strategies to increase
representation of i  nd ustr ial
m ic rob io log is ts  on C roup
committees and looked at
ways of making the content
of symposia more relevant
to i  nd ustry-based scientists.
The forum conc luded wi th
a recept ion.  A fu l l  repor t  is
avai lable from Jane
Westwel I at Marl boro ugh
House ( j .westwel lp

sgm.ac.  u  k) .

As a result of the
d iscuss ions,  Externar

Relations Office staff are
planning a practical

workshop to  t ie  in  wi th  a
sym posi u m at a forthcom i ng
meet ingand the Food &
Beverage Crou p Com m it tee
has welcomed John
Rigarlsford as its first
co-opted member .

The  I ndus t r i a lMember

Forum has been a usefu l
exercise and has given

us food for thought. We
extend thanks to those
members who have g iven
up  the i r t ime  to j o i n  i n  t he
d iscuss ions.

1 0 3



Staff n ews
J  ud  i th  Rowlands
In May we were very sorry

to say good bye to Jud i th

Rowlands,  who has ta l<en

ret i rement  f rom her  post  as

Accou nts Assistant. J u d i th

started worl< at SCM in

December  1994 andhas

seen many changes in  both

the Soc ie ty  and account ing

procedures s ince that t ime of

dot -matr ix  pr in ters  and hand-

wr i t ten ledgers .  Our  f i  nances

have been in  verysafe hands,  than l<stoJudi th 's  legendary

met icu lousness,  amazing process ing powers and accuracy.

Over the years  she must  have handled thousands of  expense

c la ims forms for  speal<ers ,  Croup commit tees and Counci l

members  i n  ave ry t ime l y  manne r .  I n  add i t i on  t o  p rocess ing

invo ices and c la ims,  Jud i th  a lso managed the s ta f f  payro l land

ban k  recon c i  I  ia t ions,  prov id  i  ng the bas ic  data for  the aud i ted

accounts .  She has wor l<ed c lose ly  wi th  F inance Manager ,

40th birth day celebrations
MicrobiologyToday Production Editor lan Atherton's recent big birthdaywas cause for

ce lebrat ions in  the o f f ice .  Despi te  the looming pr in t  deadl ine,  he was ab le  to  take a l i t t le

t ime out to  rece ive g i f ts  and cards f rom the s ta f f  and to  par take of  a  lunch at the loca l  Ind ian

restaurant .  lan is  respons ib le  for the des ign and set t ing o f  v i r tua l ly  a l l  o f  our  publ ic i ty  mater ia l ,

meet ings l i te ra ture,  the annual  repor t  and many of  the educat iona l  resources as wel l  as

Microb io logyTodayand the symposium vo lume ser ies .  Th is  is  in  addi t ion to  h is  ro le  as Staf f

Editor of Microbiology. lanhas worl<ed atthe 5CM since 1990.

Richard Noble,  to  implement  new automated systems that

have s t reaml ined a l laspects  o f  the job.

A l though of f ice-based,  Jud i th  en joyed her  out ings to  SCM

meet ings where she wi l l  be remembered by de legates as the

f r iend ly  person behind the conference desk who took the i r

mo ney! Always pleasant, professio nal and cou rteous, many

members wi l l  be grate fu l  to  Jud i th  for  her  he lp  wi th  f inanc ia l

q  uef les .

The Treasurer  acknowledged Judi th 's  cont r ibut ion to  the

success of the Soc ie tyat the las t  Counc i l  meet ing.  On her  las t

work ing day we a l l  gathered at  the pu b for  lunch to  wish

Judi th  wel l  and present  her  wi th  cards f rom the s ta f f  and

Counci l  members,  together  wi th  g i f ts  o f  a  tab le  lamp and

book to l<ens.

In  addi t ion to  her  wor l<  for  SCM, Judi th  a lso ran the FEMS

accoun ts  and  she  w i l l  con t i nue  t o  do  t h i s  i ob  f r om home .  We

wish her  a  long and happy re t i rement .

N ew staff
We are p leased to  welcome Cera ld ine Pearce as the new

Financ ia lAccounts  Ass is tant .  She comes to  the SCM af ter  a

range  o f  s im i l a r  pos t s  i n  commerc ia l  compan ies .

Food Standards
www.food.gov. u l<

New Science St ra tegy

The FSA wants views on a

new draft science strategy

that  seeks to  ident i fy  the

sc ient i f ic  ev idence i t  needs

dur ingthe next  5  years  to

in form i ts  po l ic ies .  The

dead l i ne  f o r  r esponses  i s

29 August  2OO5.

Agency

f  100m for  local
author i t ies to  promote
food safety
The FSA is offering grants to

loca l  author i t ies  in  England

to he lp  cater ing bus inesses

to implement  i ts  new'sa/er

food, better business'

i  n  i t ia t ive.  N ew leg is la t ion

req u i  res  a l  I  food bus inesses

to put in place food safety

management systems based

on  HACCP p r i nc ip l es .

DEFRA consultat ions
U l( government department DEFRA has several consultat ions

unoerway.

Amendments  to  the Spec i f ied Animal  Pathogens Order
1998
(http ://www. d efra. gov. u k/co rpo ratelco n s u ltlan i m al -

path ogens/i  nd ex. htm). Dead I i  ne 30 Au gust 2005

Foot-and-AAouth Disease Directive
(http ://www. d efra. gov. u l</co rpo ratelco n s u lt/ f m d -

d i  rect ive/ i  ndex. htm). Dead I i  ne I st Septem ber 2005

Proposed EC Di rect ive on cont ro ls  for  av ian in f luenza
(http . / / www. d efra. gov .uk/ cor p or ate / co nsult/ avian-

f lu l index.  h tm) .  Dead l ine 1  1  th  August  2005

Comments are welcome f rom SCM members on any of  these

proposals. Please contact Professional Affairs Administrator Faye

Jones i f  youare notalready registered on the Experts Database.
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Prize Lectu resh ips
F red C riffith Review Lectu re
Professor David El lar

Title of Lecture: Bioengineering beneficial Bacillus toxins

Aftergaining his PhD from Syracuse University, NewYork,
studyi ng B aci I  I  u s sporu lat io n, Professor E I lar went to N ew York
Universityto work on bacterial membranes with Professor
Milton Salton. U pon appointment to the Biochem istry
Department at Cambridge he began to compare the

biochem istry of developing, dormant and germ inatin g Baci l lus
spore membranes and showed that act ivat ion of a cortex-lyt ic
enzyme bythegerminant is atr iggering mechanism forspore
germination. In 1980 he began investigatingtwo groups of
insecticidal proteins (Cry and cyt delta-endotoxins) synthesized by Bacillus thuringiensis
dur ingsporu la t ion.  These 'b iopest ic ides ' ,  which dest roygutep i the l ia l  ce l ls ,  are  a l ternat ives
to chemical pesticides eitheras sprays or in transgenic plants. Atthe outset, relat ively l i t t le
was known of the structure, genetics or mode of act ion of these toxins. In the dramatic
improvement in this picture in the succeeding 25years, his laboratory has played amajor partas
a lead ing in ternat iona l  cent re  for  research on these tox ins.  By combin ingthe 'k i l l ing '  domains o f
the Crytox inswi th  ad iverse l ib rary  o f  human ant ibodyrecogni t ion domains,  thegroup is
constructing nove I im m u notoxins - 'Crybod ies' -  that can target selected cel ls for destruction.

Peter  Wi ldy Pr ize for  Microbio logy Educat ion
Professor J oan na Verran

Title of Lecture: Yes, but is it microbiology?

I left  th e far so uth west of Cornwal I  for u n iversity '  u p

North'.  My f irst degree was in Bacteriology and Virology at
the Univers i tyof  Manchester ,  fo l lowed byan Mscandphp
in the same department. My Ph D investigated the effect of a
novel sucrose substi tute on carbohydrate metabolism and
adhesion of Streptococcus mutans. While I  was doing my PhD,
I was asked to do some part t ime teaching at the Polytechnic-
and I real ly enjoyed i t !  Subsequently, I  was thri l led to get a
lectureship atthe Poly, direct lyfrom my PhD. Nowto my horror,
a25 year service medal is almost nigh, and I am Professor of Microbiology in the Department of
Biological Sciences at Manchester Metropol i tan U niversity.

I  was able to maintain research at the Poly, but focused more on microbial attachment to inert
materials, since we had dental and polymertechnology departments on site. Interdiscipl inary
research provided a novel niche, and I have been working ever since with chemists, polymer
tech n ologists and materials scientists, focusing on the propert ies of inert su bstrata wh ich affect
attachment, retention and colonization by micro-organisms. In fact, in the last RAE, lwas
submitted within the Materials Unit of Assessment (we did quite well) !  We have been able
to apply f indings to food, water and environ mental m icrobiology.

I have also taught al l  aspects of microbiology on a range of courses from H N D to Ph D. I  st i l l  enjoy
this, and also had fun exploring dif ferent ways of encouraging learning of the subject. My latest
fascination is with the interactions occurring between microbiology and art,  and the potential of
th  is  l in  k  for  convey ing sc ient i f ic  pr inc ip les to  a  wider  aud ience.  Never  a  d  u  l l  moment .  .  .

microb io  lo  gy today a*6 ' *S 1 0 5
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U N ESCO_
IUMS_SCM
Fellowsh ips
www.iums.org

Seven Research Fel lowships

have been awarded, along
with three Travel Fel lowships

unde r  t h i s  j o i n t  scheme

which a ims to  suppor tyoung

microb io log is ts  in  develop i  ng
count r ies .  SCM cont in  ues
to prov ide he lp  for th is

va luable  scheme under  i ts
I  n ternat iona l  Develooment

F u n d .

Research
Counci l
del ivery plans
www.rcuk.ac.uk/

del iveryplan.asp

The Ul( Research Counci ls

have simultaneously

pub l i shed  t he i r  p l ans  and
priori t ies forthe next 5 years.

Dur ing th is  per iod they wi l l

be admin is ter ing more than
f3 b i l l ion ayear  on research.

lhe BBSRC and MRC o lans

wil l  have part icular relevance

to microbiology.

www.dti .gov.uk

The U l( Deoartment of

Tradeand Indust ry is to

al locate over f . l  bi l l ion to
biotech nology, includ i  ng
help  to  un ivers i t ies  and

insti tutes with soi n-off

companies to  develop the i r

f indings. This is part of the

Covern me nt 's f10 bi l l  ion

spending on U l (  sc ience

over the next 3 years.

Monev for
b ioteih



C rants Student
Overseas schemes
The  dead l i n  e i s14  Oc tobe r

2OO5 f  or  rece ip t  o f

appl icat ions to  the fo l lowing

scnemes :

In te rna t i ona l

Research Crants

In te rna t i ona l

Deve lopmen t  Fund

Watanabe Bool< Fund

Student  schemes

Postgrad uate Student
Meet ing Crants
Appl icat ions for  a  grant

to  a t tend the SCM's l (ee le

meet i  ng (1  2-14 Septem ber)

m ust  be rece ived by 9

September 2005, and

by 23 September  2005

for agrantto attend the

jo in t  SCM/Norwegian

Socie t ies  meet i  ng (27 -3O

Septem ber) .

Pres iden t ' s  Fund
Research Vis i ts
N ine appl icat ions were

successfu l  in  the las t  round;

the second round of

app l i ca t i ons  c l oses  on  14

October  2OO5.

Elect ive Crants

Funding is  ava i lab le  for

med ical ldental/  veteri  nary

students  to  work  on

m icrob io log ica l  pro jects  in

the i r  e lec t ive per iods.  The

c los ing date for  appl icat ions

is  28 October2OO5.

Other  schemes
Seminar  Spea l<ers  Fund
The Fund suppor ts  ta lks  on

m ic rob io l og i ca l  t op i cs  i n

depar tmenta l  seminar

program mes.  Appl  icat ions

wi l l  be deal tw i th  on f i rs t

come,  f i rs t  served bas is

d u r i  ng the academ ic year.

Ed ucat ion
Deve lopment  Fund /
PUS Awards
Crants are avai lable to

members for projects

in tended to  lead to  an

improvemen t  i n  t he

teaching of any aspect of

m icro biology relevant to

educat ion in  the U l ( .

Funding is  a lso ava i lab le  for

small  projects to promote

the pu b l  ic  unders tand ing

of  microb io logy,  such as

wor l<shops,  ta lks ,

demonst ra t ions,  leaf le ts ,

and act iv i t ies  a t  sc ience

festivals. Appl icat ions wi |  |

be cons idered on af i rs t

come,  f i rs t  served bas is

d ur ing the ca lendar  year .

Ret i red Member
Conference Cranrs
Ret i red members are

reminded that they may

now apply for a grant to

attend one SCM conference

each year. The award covers

en-su i te  accom modat ion

and  the  Soc ie t y  d i nne r ,  up

to  a  maxim um of  f250.

Appl icat ions for  grants  to

attend the SCM meeting at

l (ee le  U n ivers i ty  are i  nv i ted.

em ployabi l i ty:
whose job is i t?
B iosc iences Federat ion

Educa t i on  Co l l oqu ium

12 October

Victory Services Club, London

What and who mal<es

a b iosc ience graduate

em p loyable? Th is  workshop

inv i tes  school  and un ivers i ty

teachers ,  employers ,

ed ucational and careers

orofess ionals  to  d  iscuss how

schoo l s ,  un i ve rs i t i es  and

indust ry  can enhance s tudent

employabi l i ty  To reg is ter  see

www.bsf.ac.uk/edu

The BA Festival
f -oT )ctence

3 -10  Sep tember  2005

Dublin

www.th e- ba. n et/festi val of

sc ience

A packed programme of

ta l  lcs ,  workshops,  de bates,

sc i -ar t  exh i  b i t ions,  dramat ic

per formances on wide-

rangi  ng sc ient i f ic  top ics

is  tak ing p lace.

N ew caree rs I ite ratu re
A colou rful leaflet and matching poster have been created by Jane Westwell  to attract 1 4-

to  18-year  o lds to  acareer  in  microb io logy.  Des igned by lan Ather ton in  the s ty le  o f  modern

leen magazines, the leaflet provides the answers to 'What is microbiology' and 'What do

microb io log is ts  do '  before tack l ing some 'agony aunt '  type quest ions that  might  be posed

by an in terested s tudent .  Both publ icat ions are l ibera l ly  i l lus t ra ted wi th  exc i t ing p ic tures

of  d i f ferent types of  microbes,  and the leaf le ta lso inc ludes photographs of  young

m icrob io log is ts  a t  work .

These materials, along with the 16-page bool<let Your Career in Microbiology,which covers

the subject  in  depth as wel l  as  conta in ing prof i les  o f  young microb io log is ts  wi th  wide ly  ranging

career  paths,  are idea l for  promot ing microb io logy undergraduate courses in  schools .  Copies

are f ree f rom the Externa l  Rela t ions Of f ice.  Emai l  careers@sgm.ac.uk to  p lace an order .

1 0 6 mi cro b i  o I  ogy today ; r  i " r {  *$
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New Croup
Microb ia l
ln fect ion
Dr Nick Dorre l l

Conveners

I  or ig ina l ly  t ra ined as a
pharmacist at the U n iversity
of Bath and completed my
pre-registrat ion train i  ng at
l ( ing 's  Col lege Hospi ta l  in

1989. Aft.er 2 years working
in hospital pharmacy, I
returned to Bath to study
DNA repair in Escherichia

co l i ,  complet ing my PhD in  1993.  I  jo ined Brendan
Wren's research group at St Bartholomew's Hospital in
1994, and worked on many dif ferent aspects of bacterial
pat h oge n i c ity i n B r u ce | | a sp e ci es, Ye r s i n i a s p e c i e s an d
Helicobacter pylori .  I  joined the LSHTM in 1999 and
continue to study bacterial pathogenicity in both H. pylori
and Cam pyl o bacte r j ej u n i .

One of my major interests is developing the new technology
associated with fu n ct i  o nal ge n o m ic research, part icu larly
DNA micro arrays.l  was involved in the construction of the
first DNA microarray produced bythe Bacterial Microarray
Croup at  St  Ceorge 's  and am current ly  User  Croup Co-
ordinator for both their C. jejuni and H. pylorimicroarrays.
Current  research in terests  inc lude the funct iona lanalys is  o f
the N-l inked glycosylat ion system in C. jejuniand the innate
immune response to  C.  je jun i in fect ion.  r

Fermentation &
Bioprocess ing
DrChr i sJ  Hew i t t

I  am a Senior  Lecturer  in
the Depar tment  o f  Chemica l
Engi neeri ng at the U n iversity
of  B i rmingham, Ul ( .  Af ter
graduating with a f irst

c lass honours  degree in
m icrobiology from Royal
H ol loway Col lege, U n iversity
of  London in  1990,  I  came to
Bi rm ingham to  read for  a  Ph D work ing on the synthes is  o f
o-amylase by Bacillus amyloliquefaciensin complex and
synthet ic  cu l ture  media under the superv is ion o f  pro fessor

Ce ra ld  So lomons .

l (nown by my co l leagues as a 'sor t  o f  a  b iochemica l  eng ineer '
I  am current ly  busyfur ther  develop ingthe 'Cel l  fac tor ies '
research group that seeks to ful ly understand the interaction
of  the ce l lw i th  the process env i ronment for  in formed
process optimization and scale-up. This subject comfortably
spans the engi neering I i fe science i  nterface, i  ncl ud ing topics
such as recom bi nant m icrobial fermentation, an i  mall i  nsect
cel I  cu l tu re, brewi ng, bioremed iat ion, biotransformation ano
predict ive food microbiology. At the centre of this research is
the development  o f  power fu lanaly t ica l techniques such as
mult i-parameter f low cytometry, and image analysis that
a l lowthe s tudyof  organisms at the ind iv idua lce l l  leve l .

lmageBank
www. bioscien ce. heacademy.ac. u k/i mageban k

P i c tu re  t h i s . . ,

You need a specif ic image

to accompanyyour lecture or
practical session and you don't
have t ime to trawl through
pages and pages of copyright-
protected i mages that yo u r
internet search engine has

dragged up. 5o where can you
go? Have you ever thought

about lmageBank?

lmageBank  i s  an  on l i ne

resource provided by the
Centre  for  B iosc ience
(formerly LTS N B ioscience)

microb io lo  gy today n ug t35

giving access to thousands
of free, copyright cleareo,

b iosc ience images for  use by
both academics and s tudents
for teaching purposes.

The wide variety of images
ranges from natural history
and h is to log ica l  sect ions
through to  lab equipment

and techniques;  amongst  the
col lect ions are m icrobiology

images from the University
of  Leeds.  There are l inks to
other  b io log ica l  image s i tes .

New images forthe resource

are always welcome. For a
l imi ted t ime,  we are o f fer ing
free digit izat ion of sl ides and
photos contr ibuted to
lmageBank.

Contact imagebank6

I tsnb io . leeds.ac.uk

L Morchella esculenta asci.
6ordon Beakes @ University
of N ewcastl e- u po n -Ty n e
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A new eraf or marine m icrobiology:
the opening of the European Cei l i re for Marine Biotechnology
The mar ine microb io logy sector  is  increas ing ly  becoming

the target for new business and research init iat ives and the

open i  ng of the Eu ropean Centre for Mari ne B iotech nology

(ECMB, www.ecmb.org)  hera lds a  new era in  mar ine

bio technologyfor the Ul (  and Europe.  Estab l ished as a

business incubator, and co-located with the Scott ish

Assoc ia t ion forMar ine Sc ience (SAMS) in  a  new f l2mi l l ion

laboratory development at Dunstaff nage near Oban, the

centre is the f irst of i ts kind in Europe. The Centre represents

the com ing together of busi ness and research ventu res to

form ac luster  o f  l i l<e-minded sc ient is ts  and ent repreneurs

focused on harnessing marine resources to generate

tech no log ica l  advances and so l  u t ions.

The Centre  was opened on the 5 Apr i l  2OO5by Baroness Susan

C reenfield who expressed hope that th is encou raging ventu re

should be viewed as a model interface between academia and

indust ry .  The co- locat ion o f  SAMS and the ECMB enables c lose

col laborat ion between estab l ished researchers  and the v ibrant

new bus iness ventures.  S i tuated in  the scenic  west  coast  o f

Scot land,  the ECMB prov ides exce l lent  access to  the mar ine

coastal environment and the open waters of the North Atlantic.

The ECMB hosts  a  number  o f  companies that  exp lo i t

the d ivers i ty  o f  b io log ica l  organisms present  in  the mar ine

env i ronment .  One ut i l i zes i ts  spec ia l is t  sk i l ls  to  d iscover ,  iso la te

and culture new marine bacteria and fungi for d iscovery of

n ovel co m po u n ds as can d idates fo r anti- i  nfect ives and as

sources of valuable products forthe nutraceutical markets.

Another ,  the f i rs t  mar ine company to  spec ia l ize in  mar ine

i nverte b rate glyco bi ology, id e ntifies p rod u cts with b i och e m i cal

and pharmaceut ica ls  appl icat ions.  F ina l ly ,  the Cul ture Col lec t ion

forAlgae and Protozoa (CCAP) (www.ccap.ac.uk) isthe longest

estab l ished of  the wor ld 's  major  prot is tan serv ice cu l ture

co l  lec t ions and u n  iq  ue i  n  ho ld  i  ng over  2 ,000 s t ra i  ns  o f  a lgae

and protozoa which are supplied worldwide to industry and

the academ ic com m u n i ty.

Kate Rowley, lhowledge Transfer Officer, ECMB

E tected Fe I lows of th e Royal Society
Congratu la t ions to  the fo l lowing microb io log is ts  who were e lected Fel lows of  the Royal  Soc ie ty  recent ly .  Fe l lows are e lected for

the i rcont r ibut ion to  sc ience,  both in  fundamenta l  research resu l t ing in  greater  unders tandingand a lso in  lead ingand d i rect ing

sc ient i f ic  and technolog ica l  progress in  indust ry  and research estab l ishments .  Th is  year  44 new Fel lows were e lected.

Stephen Joh n  Wi l l iams B usby
Professor of Biochemistry, School of Biosciences, University of Birmingham

He is  d is t ingu ished for  h is  work  on the molecu lar  mechanisms that  regula te  bacter ia l  gene express ion,  par t icu lar ly  wi th

respec t t o t ransc r i p t i on in i t i a t i onand to thee f f ec t so f  nu t r i en tava i l ab i l i t y .P ro fesso rBusby i samembero f t heSCM.

Joh  n  Co l l i nge
Professor of Neurology and Head of Department of Neurodegenerative Disease, lnstitute of Neurology, University College

London and Director of the MRC Prion Unit

He is  d is t ingu ished for  h is  work  on the molecu lar  bas is  o f  pr ion propagat ion and s t ra in  d ivers i ty ,  and has appl ied these

advances to  c l in ica l  medic ine.

Alastair Hugh Fitter
Professor of Ecology, Department of Biology, University of York

He is  d is t ingu ished for  h is  cont r ibut ion to  unders tandingthe s t ructure and funct ion o f  root  systems and is  par t icu lar ly

recognized for  h is  semina lwork  on symbioses between roots  and fungiwhich he has shown to  be essent ia l for the surv iva lo f

most plants in nature. Professor Fit ter kindly contr ibuted an art icle on mycorrhizas to the last issue of Microbiology Today.

m i c r o b i o l o g y  t o d a y  , : :  :  i : ' :
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n Viruses are associated

A r-l with upto 2oo/oof

ancer affects around
o n e  i n  t h r e e  n e o n l e

in Western societies,
w h e r e  a l o n o  w i t h

heart disease and
stroke, it rs one of tne

major kil1ers. Cancer results from the
uncontrol led growth of a single cel l
that eventually forms a clone of tumour
celis which may then metastasrze (be

disseminated) to other sites in the
body. Over the years researchers have
identified many factors which increase
the risk of developing certain types of
cancer, such as smoking for lung cancer
and sunlight for skin cancer. But since
not everyone exposed to these risks

develops the cancer, additional factors
must be required for the outgrowth of a
tumour.

We now know that for a healthy cell
to transform into a cancer cell a series
of changes must occur which slowly
release the cell from the multiple checks
and balances which control its normal

growth. This chain of events, which
involves both genetic changes and
environmental factors, explains why
cancer may take many years to develop
after exposure to a single risk factor

and is  therefore genera l ly  a  d isease of
middle and old age.

cancers. Dorothy H.

Crawford d escribes

howthe l in l<swere

made between v i ruses

and cancer and how

current research is leading

to the development  of

VACCi N CS.

lr-r troduotlor-l
to vlrusos

or-ld oor-loer
1 1 0



was one of the p
cancer research

Because cancer development requ-
ires severai'assaults' on an individual
cell, at the cellular level it is very rare.
Each of us has around 101a cells in our
bodies with the potential to become a
cancerous clone, but only one cell in
one third of the population will rurn
cancerous. So the chance of an indi-
vidual cell becoming a cancer cell is a
vanishingly small I in 3 x l0'a.

Linking viruses with cancer
The iink between viruses and cancer
was one of the pivotal discoveries in
cancer research. These days it is gen-
eraIIy agreed that viruses are involved
in 10-20 o/o of all cancers (Fig. l). But
acceptance of this association took a
long time, probably because viruses
were perceived as infectious and trans-
missible whereas cancers were not. As
long ago as l90B two Danish scientisrs,
Wilhelm Ellermann and Oluf Bang
showed that leukaemia in chickens was
caused by a filterable agent (a virus)
which could transmit the disease. And
just 3 years later, Peyton Rous, working
at the Rockefeller Institute inNewYork,
discovered a virus which caused sar-
coma in chickens. Their findings were
virtually ignored at the time, although
50 years later (in 1966) Rous receivec
a Nobel prize. By that time severar
other animal tumour viruses had been
discovered and the importance of his
early work was finally recognized.

Viruses and human cancers
Following the success of the animai
tumour virus field, scientists turned
their attention to human tumours, but
progress was painfully slow. It was not
until the early I960s rhar Anthony
Epstein, while working on Rous sar-
comavirus at the Middlesex Hospital,

microb io lo  gy today;e i *g  *5  56

d iscoveries in

London, attended a seminar in which
Denis Burkitt, a British surgeon work-
ing in Uganda, described a tumour of
the jaw in African children. Ahhough
previously unrecognized, this was,
and still is, the commonest child-
hood tumour in central Africa. Burkitt
noticed that the tumour had an unusual
geographical distribution and set about
mapping its incidence throughout
Africa. He found rhat it occurred in a
belt across central Africa, mimicking
holoendemic malaria (that is, malaria
occurring all the year round inde-
pendent of seasons) The tumour was
restricted to lowland areas where the
temperature was always above I6"C
and annual rainfall exceeded 55 cm.
These are the exact climatic conditions
required by the mosquito vecror of
the malaria parasite for breeding, so
based on these findings Burkitt postu-
lated that the tumour (now known as
Burkitts lymphoma; BL) was caused by
an infectio\rs agent which was spread
bythemosquito.

Epstein and his team, with the
facilities to hunt for a viral cause, spent
the next 2years scanning tumour biop-
sies under an electron microscope for
viruses using material flown in from
Uganda, but without success. The
breakthrough eventually came when a
biopsy was delayed in transit and
arrived in an unfit state for electron
microscopy. Epstein cultured the cells
instead. Much to everyone's surprise
the cells gre\ /, and examination of the
cultures under the electron microscooe
showed typical herpesvirus parLicles.
This proved to be a'new'type of herpes-
virus - later called Epstein-Barr virus
(EBV). But just finding a virus in
a tumour is not enough to assume a
causal association. Further work found

0

7

L F ig .1 .  V i rus-assoc ia ted  cancers  in  (a )
females  (wor ldwide  inc idence;  j9 .7  o /o  o f
to ta l )  and (b )  ma les  (wor ldwide  inc idence;
8 '2o /o  o f  to ta l ) .  I ,  Cerv ix ;  I ,  l i ve r ;  i ' t ,  vu lva ;
l ,  pen is ;  f f i ,  nasopharynx ;  I ,  Burk i t t ' s
l ymphoma;  f f i  ,  ad  u l t  T -ce l l  leukaemia .
Dorothy Crawford

{  Co loured t ransmiss ion  e lec t ron
m ic rograph o f  Eps te i  n -Bar r  v i  ruses
in  Burk i t t ' s  l ymphoma,  seen as  c i rc les
wi th  cent ra l ,  dark -s ta in ing  DNA ( red) .
Dr 6opal Murt i /Science Photo Librarv
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Table 1.  Viruses associated with cancer in humans

the virus in almost 100 % of African BL, and more recently in

other tumour types as well (Table 1). We now know a greaL

deal about the way this virus lransforms cells, but we still do

not know the exact pathogenesis of BL. So Burkitt turned

out to be right about the infectious agent causing BL, and

although it is not spread by mosquitos, holoendemic malaria

remains an important cofaclor for tumour development.

Further discover ies
Since the 1960s five more human tumour viruses have been

identified (Table 1). They belong to five different virus

families, but they are all viruses which can persist in the host

after the initial infection. To do this they have evolved many

sophisticated strategies for evading the immune response

which would otherwise clear the infection.

In all cases infection with a tumour virus is much more

common than the cancer 1l causes, so clearly virus infection

alone is not enough to cause the cancer. This is not surprising

because, as outiined above, individual c'ells require several
'hits'before becoming cancerous. So, for each virus-associ-

ated cancer there is a series of essential events in addition to

virus infection. For example, integration of the viral genome

into cellular DNA occurs regularly with relroviruses but not

other viruses. However, this is an essenlial feature of human

papillomavirus- and hepatitisB virus-associated tumours.

It is noticeable that the incidence of many r,rrus-associated

cancers shows a marked geographical variation. This may be

due to geographical restriction of the virus, as in the case of

human T-l;..rnpho trophic r,trus I which is only common in the

Caribbean and Japan. Alternatively, geographical restriction

may be caused by access to cofactors which are essential to

tumour development. Here BL is a good example, since EBV

infects over 90 o/o of the world's population, but the lumour is

restricted to areas of the world where malaria is holoendemic.

Mechanisms of v i rus act ion
Broadly speaking there are lwo mechanisms by which vtruses

cause tumours - direct and indirect. The direct mechanism

involves the virus infecting a cell and expressing its own

genes. These gene products then enhance the growth potential

and/or survival of that cell. Next, over time, if other growth

enhancing changes occur in the same cell it may grow into a

cancer, for which the virus would be an essential element but

insufficient on its own.

The indirect mechanism of tumourigenesis involves the

virus acting as a cofactor for the tumour but not actually being

present in the tumour cells. Human immunodeficiency

virus (HIV) is a good example here, since by causing severe

immunosuppression it allows other viruses, such as EBV and

Kaposi's sarcoma-associated herpesvirus, to act opportunist-

ically and cause uncontrolled cell growth in the absence of

the normal immune control mechanisms.

Cancer treatment and prevention
The importance of the identification of an association

between viruses and various types of cancer is that it opens

up new possibilities for cancer prevention and treatment.

Because virus-associated cancer ce1ls express viral antigens,

they can be recognized as 'foreign' by the immune syslem. So

vaccines canbe developedwhich induce an effective immune

response to ihe virus and can thereby prevent infection

and consequent tumour production. Vaccines for HBV

and HPV are atpresent being tested in clinical trials and are

giving encouraging results. Also, where tumours develop in

the setting of immunosuppression, the key elements of the

immune response controlling the virus infection, cytotoxic T

cells, can be grown in the laboraLory and given to patients to

prevenl or treat the tumour. with these various s[rategies,

hopefully it will not be that long before the worldwide

incidence of virus-associated cancers is dramatically reduced.

Dorothy H. Crawford
Professor of Medical Microbiology and Head of School of
B iomed ical & Cl i n ical Laborato ry Scie n ces, U n ive rsity of
Edinburgh, Hugh Robson Bui ld ing,  Ceorge Square,
Edinburgh EHB 9XD (t0131 6503142;f  0131 6503711;
e d.crawford @ed.ac. u k)
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Bacteria may well have an excit ing role

to p lay in th e treatm e nt of cance r, as
ffi m w*ws ffi ffi mru w S p m.$ ffiru ffi ffi $., Nffim. wru wm w ffi.. w $'ru qru m,m w. $ R $ m;

an d $W$m$mmw-m$ ffiffimw*m$s exp lai n .

he observation that bacteria could be used as anti-
cancer agents dates back 150 years. The German
physicians W Busch and E Fehleisen separately
observed that certain types of cancers regressed
following accidental erysipelas (Strepto coccus py o -
genes) infections that occurred whilst parlents were

hospitalized. independently, the American Wiiliam Coiey
noticed that one of his patients suffering from neck cancer
began to recover foilowing an infection with erysipelas. Coley
was so excited with this finding thar he devoted his career ro
researching the use of bacteria for cancer therapy Sadly, none
succeeded in finding a cure for cancer due to the toxicity
complications arising from these types of therapies. However,
their findings provided the grounds for today's advances in
this field.

il$nr.[:r*rf ;r i]$ ("ilr'l{-k}n th*ln,nffi\r
Several decades after Coley's work, interest re-emerged in the
use of bacteria to treat solid tumours. Experiments showed
that pathogenic species of the anaerobic clostridia were able to
proliferate preferenrially within rhe necrotic (anaerobic)
regions of tumours in animals compared to normal tissues.
This resulted in tumour regression but was accompanied
by acute toxicity and most animais became ill or died.
Researchers then changed to a non-pathogenic strain of
.S  A  female  pa t ien t  rece iv ing  cancer  chemotherapy t rea tment .

Will & Deni Mclntyre / Science Photo Library
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Reduction
* M  l r i ' l  i .  C o n s t r u c t i o n  o f  a  B D E P T  v e c t o r .  A  g e n e  e n c o d i n g  a  p r o d r u g -

conve r t i  n8  enzy  me i  s  u  sed to  a rm a  bac te  r ia l  8en e  th  e rapy  vec tor  tha t

h a s  t h e  a b i l i t y  t o  l o c a l i z e  t o  t u m o u r  s i t e s .  T h i s  g e n e  e x p r e s s e s  t h e

t h e r a p e u t i c  e n z y m e  i n s i d e  t h e  b a c t e r i a l  c e l l  ( T h e  e x p r e s s i o n  o f  t h e

enzyme Carboxypept ldase C2 is  shown as  an  example)  C.J .  Spr inger

{ t l '  f r  : r .  r '  A s c h e m a t i c o f  t h e  B D E P T p r i n c i p l e .  C . J . S p r i n g e r

Clostridiumsuch as'M5 5', showing that

iL was able to coionize anaerobic parls

of  the tumour  fo l iowing in t ravenous

administration and this therapy pro-

gressed [o human clinical trials. Ironi-

cally, this safer strain did not produce

significant tumour regresslon so the

trials were stopped.

Recently, researchers have screened

a number of anaerobic bacterial species

(bifidobacteria, lactobacilli and patho-

genic clostridia) for their ability to

accumulate in experimental lumours

rn animals. Clostndium novyi was found

to be the most successful candidate to

demonstrate significan[ anti-tumour

effects, but these experiments too cul-

minated in death. A gene coding for a

lethal toxin was subsequently deleted

from the genome of C. novyi, resulting

in its attenuation. Therapy experiments

using the modified bacteria in com-

bination with classical chemotherapy

demonstrated phenomenal results and

al[racted media attenlion. Unfortuna-

tely. even after attenuation. the therapy

was not devoid of animal deaths. C.

novyi has now been investigated in

conjunction with radiotherapy, radio-

immunotherapy, and further chemo-

therapy in experimental tumour models

1 1 4

demonstrating some success. Recent

research into its mechanism of action

revealed that it was capable of stimu-

iating an immune response to altack

and destroy the tumour. The ievel of

inflammation induced was responsible

for the animal deaths. A similar immu-

nostimulatory mechanism of action

has also been attributed to Bacillus
' Calmette-Guerin (BCG), the most

successful bacterial agent so far, used

specifically for the treatment of super-

ficial bladder cancer.

A derivative strain of Salmonella

typhimuriumhas now been developed

for use in cancer trealment. Deletion of

two of its genes - msbB and purl -

resulted in its complete allenuation (by

preventing loxic shock in animal hosts)

and dependence on external sources

of purine for survival. This dependence

rendered the organism incapable of

replicating in normal tissue such as the

hver or spleen, but it was stiil able to

grow in tumours where purine is avail-

able. This vector showed long-lasting

efficacy against a broad rarrge of expen-

mental tumours and was even able to

LargeL metastatic lesions. Its mechan-

isms of tumour suppression are not

entirely understood but are quite dis-

tincl from the previously described

bacteria and seem to be dependent on

specific genes associated with patho-

genicity ralher than the slimulalion of

the immune system.

Research in this field is growing and

new strains of bacteria are being investi-

gated as anticancer agents: Salmonella

choleraesuis, Vibrio cholerae, Listeria

monocytogenes and even Escherichia coli

have ali been shown [o replicate within

[umours.

[:i,* t" |+:l l" i *t i i 1r il"] I l"i:r {:.n:{:l d il:: l'i ;i:'n' I I I tl
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As discussed, the major problem with

using bacteria as anti-cancer agents is

their toxicity at the dose requrred for

therapeutic efficacy. Reducing the dose

whilst significantly reducing the toxi-

city results in diminished efficacy. One

approach to overcome this limitation

has been to use Gene-Directed Enz).ryne

Prodrug Therapy (GDEPT), a two-step

alternative to s[andard chemoth erapy

aimed at delivering the therapeutic

agent to the site of the tumour and thus

Iimiting its unacceptable side effects.

This involves 'arming' bacteria with

genes encoding foreign enzymes that

have the abi l i ty Lo conver[ non-toxic

m i  cro b i  o I  ogy today ; , r  u,{  l iS
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prodrugs to cytotoxic drugs (Fig. 1). A typicai therapy regime
involves intravenous administrations in two separate steps
(Fig. 2). In the first step, the bacteria are administered (at safe
levels) that target the tumour where they proliferate and
express the therapeutic enzyme. In the second step, orrce the
expression of the enzyme is optimal, a non-toxic prodrug
is administered which is converted to the cytotoxic drug
at the tumour by the expressed enzyme. This results in
tumour cytotoxicity rather than systemic toxicity, leading
to tumour cell death and sparing normal tissue (Fig. 2).
Because the vector that is delivering the enzyme gene is a
bacterium, this is also called Bacterially Directed Enzyme
Prodrug Th er apy (BDEPT).

Several enzyme/prodrug systems are avarlable. Cytosine
deaminase (CD), which converts 5-flurocytosine (5FC) to 5-
fluorouracil (5FU), and nitroreductase (NR), which convefis
the prodrugCBI954 to a DNA cross-linking agent, have been
tested with Clostridium sporogenes. Ahhough these combin-
ations can kill tumour ce1ls in yitro and deliver high concen-
trations of enzymes to model tumours, to date, the results in
v iv o hav ebeen disappointing. .

TheSalmonellavectorhas been combined with NRand CD,
and success has been observed in vivo, prompting a Phase I
clinical trial. We have combtned Salmonellawith carboxy-
peptidase G2 (CPG2), an enzyme that converts a range of
mustard prodrugs to DNA cross-linking agenrs (Fig. 3). CPGL

l : : i r i .  : i  A  Sa lmone l lavec torexpress ing  CPC2isapoten tan t i - tumouragent .  (a )  L igh t
m i c r o s c o p y  s h o w i n g  t u m o u r  c e l l s  g r o w n  i n  v i t r o .  ( b )  T u m o u r  c e l l s  i n c u b a t e d  w i t h
Sa lmone l la  express ing  CPC2 (an  ind iv idua l  bac ter ia l  ce l l  i s  shown by  the  ar row) .
The tumour  ce l l s  a re  no t  a f fec ted  by  the  presence o f  bac ter ia .  (c )  In  the  presence o f
prodrug,  the  CPC2 enzyme,  expressed by  Sa lmone l la ,  conver ts  the  prodrug in to  a
cy to tox ic  agent ,  resu l t ing  in  induc t ion  o f  tumour  ce l l  death ,  wh ich  is  ev ident  by  the
s ign i f i can t  change in  the  morpho logy  o f  the  tumour  ce l l s .  C .J .  Spr inger

has been expressed in various compartments within bacterial
cells and high levels of activity have been derected in tumours
following invivo administration, so research on rhis system is
ongoing. It is worth noting thar nor all GDEPT sysrems will be
suitable for BDEPT and manybarriers will exisr. For exampie,
both the prodrug and the activated drug must be able to cross
biological membranes, because the prodrug will be activated
within bacterial cells and the active drug will rhen need to
enter the tumour cells. This is unlike GDEPT, where the
e:nzpe generally resides within the tumour cells.

BDEPT in humans is still in its infancy and there is much to
learn about the targeting mechanisms of the bacteria: do
enough bacteria reach the tumour compared to normal tis-
sues, does the prodrug have access to the bacteria; is the
prodrug converted to the cytotoxic drug at the tumour; and
does the bacterial vector evade our immune systems? As more
developments occur, it is hoped that these questions will be
addressed and that BDEPT, an exciting new field in cancer
therapy, will liveup to its promise.

Carol ineJ.  Spr inger
Cancer Research U l( Centre for CancerTherapeutics,
The Institute of Cancer Research, 15 Cotswold Road,
Sutton, SurreySM2 5NC, Ul< ('fr 0208 722 4214; fl0208
722 4046', t l caroline.springer@icr.ac. u l<)

Panos Lehourit is & Richard Marais
Cancer Research U l( Centre for Cell and Molecular
Biology, The Institute of Cancer Research, 237 Fulham
Road, London SW3 5JB, Ul(  (**  panos. lehour i t is@icr.ac.uk
and * richard. marais@ icr.ac. u k)

m i cro b i o I o gy to day ;l.t"r;1; {"ri:5



A  F i g .  ' i  .  C o l o u r e d  t r a n s m i s s i o n  e l e c t r o n  m i c r o g r a p h  o f  h u m a n

pap i  I  lomav i  ruses  (H PV)  par t i c les .  H PV fo  rm i  cosahed ra l  par t i c les  tha t

in fec t  mucosa l  and cu taneous ep i the l ia l  t i ssues .  Dr  L indaStannard /

Science Photo Library

Fap i I lcrnavl r{Js*s are respoilsi bl e

fnr a n r.. i rn ber nf bsn ign d is*ases,

sLich es wfi"sts and verrl;ees, but

they can alsc eause m*re serious

cCIi ldi t isns such as c&ncers 0f

the cervix and sl<ln" As the f lnst

effective vacci rres e nte r th e last

stage CIf cl inical tnials,  Jul ie Burns

and Norman Maitland tal<e a

t ir"r:ely l0cl{ atthe role these

vi ru ses p lay i n can ce r.
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enign diseases such as hand warts, larlmgeal warts,
verrucas and numerous other skin lesions can be
attributed to infection by one of the 100-plus
members of the family of human papiliomaviruses
(HPV) (Fig. 1). These are sma1l, double-stranded
DNA viruses that infect mucosal and cutaneous

epithelia through tiny cuts and abrasions that expose cels of
the basal layers. The individual virus rypes are defined by
DNA sequence homology, and rhe resulting phytogenetic
trees can also be related ro the pathologies induced by specific
types (Fig. 2). Papillomaviruses have been found in mosr
higher eukaryotes, with minimal changes to their genomic
organization.

Scientific study of these small, epirheliotrophic viruses
benefited from two important advances in the early 1980s:
first, the cloning of HPV genomes into bacterial plasmid
vectors; and second ,the realization that HpV infection was
linked to cervical cancer. The consequent surge in research
activity indicated that over 99 o/o of cerical lumours contain
HPV DNA, around 65 o/o betng positive for one of the two
commonest high-risk rypes, HpV i6 and IB. DNA sequence
determination and classification led to the identification of
HPV types such as 16, 18, 3I,33,etc.,  which were termed
'high risk for cancer induction', while others (such as HpV 6
and I l) were grouped together as'low risk'.

or-r-l ov r[-JSES

H PV and human cancer
To confirm the causative link between Hpv and cervical
cancer, just like any infectious agent, certain criteria must
be met. Essenrlaily the basis for this was established as long
ago as lBB3 when Koch proposed his ,postulares, 

as applied
to bacteriai disease. During the 1970s and l980s these
postulates were modified (see Tabte la) to a form suitable for
virally induced cancers (Table 1b). The mechanistic and epi-
demiological postulares were fulfilled in the rate l9B0s. It is
therefore particularly appropriare to be writing this article in
2005 when we stand on rhe brink of fuifilling the last (and
most important) of the criteria as the first effective anti-Hpv
vaccines are entering Phase III clinical trials.

The natural history of H pV in human cervical
t issues
The majority of genital Hpv infections are sexually trans-
mitted, earry after the onset of sexual activity, although there is
some evidence for transmission from mother to infant. As
shown in Fig. 3, infection initially results in low-grade lesions,
termed cervicalintraepithelialneoplasias (CIN grade I and II),
which are considered pre-malignant and for the most part
regress spontaneously within r-2 years. Some infections
can persist for many yearcand may develop into malignant
tumours. Persistent high-risk Hpv infection is the most

microb io lo  gy today aug SS 56
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significant risk factor for cervical

cancer, along with increasing numbers

of lifetime sexual partners, infection

wi th  Chlamydia or  HIV immuno-

suppression and smoking. Worldwide,

cervical cancer is the second most

common form of female cancer (see

Fig. 4), with around 500,000 new cases

and 280,000 deaths each year, largely

in the developing world. Screening

based on the Papanicolou (Pap) smear-

test has resulted in a decline in cervical

cancer, but the annual number of cases

in the UK remains stubbornly around

3,000,  wi th  an annual  death ra te  o f

about  1 ,100.

The l if* cycle #f H PV
HPV are obligate intracellular parasites

whose life cycle is intimately linked to

the differentiation of the host epithelial

ceil (Fig. 5a). The HPV genome encodes

only eight open reading frames (Fig.

5b), hence the virus must recruit host-

cell functions to maintain and replicate

itself. Since the differentiating epitheliai

cell normaliy does not divide and

frequently loses its nucleus after leaving

the basal layer, HPV proteins have

evolved to maintain their host cells

in a cycling state. As a result, infected

epi the l ia  conta in  a  much h igher

proportion of nucleated and dividing

cells ln all layers.

The viral proteins expressed early

in HPV infection include 81. E2, E6

and E7.  E l  is  the v i ra l  rep l icat ion

protein; it binds to the viral origin

of renlication and directs formation oi

the repl icat ion init iat ion complex,

as welf as unwinding the virai DNA.

E2 functions to regulate both viral

replication and transcription and its

loss can serve as an excellent indicator

of the switch in cervical epithelium

between viral replicalion and 'trans-

formation' to an irrevocably pre-

malignant cel1. The viral oncogenes E6

and E7 have received considerable

attention, mainly as a result of their

abiiity to extend the lifespan of the host

cell: useful in viral replicative strategies,

but in the correcl environment a pre-

BPV
CRPV

41 Epidermodysplas ia
verruc i form is
(sl<in cancer)

&  i : i 5 : ; .  2  T h e  p a p i l l o m a v i r u s  f a m i l y  t r e e .  O v e r  1 0 0  H  P V  t y p e s  h a v e  b e e n  d e s c r i b e d ,  m o s t  c a u s i n g  b e n i g n

hyperpro  l i fe  ra t i ve  les io  ns  su  ch  as  war ts  and ver rucae.  About  o  ne- th  i rd  o f  H PV types  in fec t  gen i ta l  t rac t

ep i the l ia  and a  subset  o f  these,  l<nown as  h igh- r i s l<  types ,  a re  the  causat ive  agents  o f  anogen i ta l  cancers ,

p a r t i c u l a r l y  c e r v i c a l  c a n c e r .  H i g h - r i s l <  H P V  h a v e  a l s o  b e e n  i m p l i c a t e d  i n  t h e  d e v e l o p m e n t  o f  n o n - g e n i t a l

c a n c e r s ,  w i t h  D N A f o u n d  i n  a s u b s e t o f  s l < i n  a n d  o r o p h a r y n g e a l  m a l i g n a n c i e s .  C u t a n e o u s t y p e s  ( H P V  1 , 2 , 7 ,

e tc . )  cause war ts  and ver rucae in  s l< in .  Ep idermodysp las ia  ver ruc i fo rmis -assoc ia ted  v i ruses  fo rm another

l a r g e  g r o u p i n g  t y p i f i e d  b y  H  P V  t y p e s  5  a n d  8 .  T h i s  r a r e  i m m u n e - s u p p r e s s i v e  d i s o r d e r  i s  c h a r a c t e r i z e d  b y

k e L t i n i z l n g  s k i n  l e s i o n s ,  w h i c h  c a n  r e s u l t  i n  s l < i n  c a r c i n o m a s  a t  s u n - e x p o s e d  s i t e s ,  d e p e n d i n g  o n  t h e  H  P V

type present. N.J. Mait land, modif ied from HPV website (http:/ /hpv-web.lanl.gov)

&  i : : i i : .  J . H P V a n d c e r v i c a l  c a n c e r d e v e l o p m e n t .  l n f e c t i o n o f g e n i t a l  e p i t h e l i u m w i t h a l o w - r i s k v i r u s r e s u l t s

i n  a  s h  o r t - t e r m ,  u  s u a l l y  s e l f - l i m  i t i n g  i n f e c t i o  n  w i t h  b e  n  i g n  l e s i o  n s  t h a t  e v e  n t u a l l y  r e g r e s s .  H  i g h -  r i s  l <  H  P V

i n f e c t i o n s c a n  d e v e l o p t o f o r m  p r e - m a l i g n a n t C l N  1  a n d  C I N  2 l e s i o n s .  I n t e g r a t i o n  o f  v i r u s  D N A i n t o t h e

g e n o m e  a n d  c o n s e q u e n t  d y s r e g u l a t e d  e x p r e s s i o n  o f  t h e  E S a n d  E 7  o n c o g e n e s , t o g e t h e r w i t h  a c c u m u l a t i o n

o f  g e n e t i c  d a m a g e ,  a l l o w s  s u c h  l e s i o n s  t o  p r o g r e s s  t o  m a l i g n a n c y  o v e r  a  p e r i o d  o f  s e v e r a l  y e a r s .

N. l .  Ma i t land

' 1 "an le  
1  "  O r ig ina l  and mod i f ied l (och 's  postu la tes '

The spec i f ic  organism should  be shown to  be present  in  a l l  cases of  an imals  suf fer ingf rom a

spec i f ic  d isease but  should  not  be found in  heal thy  an imals .

The spec i f ic  micro-organism should  be iso la ted f rom the d iseased an imal  and Srown in  pure

culture on art i f ic ial laboratory media.

This freshly isolated micro-organism, when inoculated into a healthy laboratory animal,

should  cause the same d isease seen in  the or ig ina l  an imal .

The micro-organism should  be re- iso la ted in  pure cu l ture  f rom the exper imenta l  in fect ion.

Z .

3 .

4 .

1 .

2 .

3 .

4 .

Do patients have evidence of a viral infect ion relat ive to the normal populat ion?

Are v i ra l  genes present  in  the tumour  ce l ls?

Can the tumour  be l inked to  the presence of  an act ive v i ra l  gene product ,  e .g .  an oncogene?

Does prevention of the infect ion stop the tumour e.8 by vaccination?

m ic ro b io lo gy today . 1: i i5
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No HPVrepllcation:
No E2 expresiion .
t levated p16lNX4aFur ther  genet ic  damage ,

DNA repair defects?
Increased fl PV

requisite for the initiation of cancer. However, the compact
nature of the HPV genome determines that all of its proteins
are multifunctional and interact with multiple cellular
proteins.

How H PV causes cancer
A schematic outline of the two possible fates of an HpV
infected cell is shown in Fig. 3. The critical role of the viral
oncogenes was established more than l0 years ago: E6 has
multiple activities, including the inactivation of the tumour

Adaptive genetic
res po n ses
1.  With in cerv ix
2 . In metastatic site

Malignant disease

suppressor gene p53 by ubiquitin-mediated degradation
and telomerase activation (high-risk viruses only), whiie E7
binds to and sequesters rhe tumour suppressor gene pRBl l0,
resulting in ceil-cycle stimuiation. The effect of rhese two
proteins is to permit iong-term unrestdcted celi proliferation,
with minimal checkpoint restriction to eliminate cells whlch
might have accumulated murarions. This is ideal for the
replication of HP! as the infected host cells are induced
into cycle. With high-risk Hp! a key event seems to be the
integration of the virus genome into the human genome.

Cancer
deaths

Cancer
inc idence

Liver _.-.",_

Leukaemia *.-..--

-
v
Cervix

Developed world Developingwor ld

Oesophagus

Cervical cancer deaths = 13.5 o/o

Other

PancreasI  F i g . 4 .  C e r v i c a l  c a n c e r  i n c i d e n c e
wor ldwide .  A  compar ison o f  cerv ica l
c a n c e r  i n c i d e n c e  a n d  d e a t h s  i n  t h e
d e v e l o p e d  a n d  d e v e l o p i n g  w o r l d .
Screen ing  and ear ly  t rea tment  mean tha t
cerv ica l  cancer  i s  re la t i ve ly  ra re  in  the
deve loped wor ld .  The p ie  char ts  a re  co lour -
coded accord ing  to  re la t i ve  p reva lence.  In
the  deve loped wor ld  cerv ica l  carc inoma
h a s  a  l o w  i n c i d e n c e  a n d  a l m o s t  e q u i v a l e n t
m o r t a l i t y .  I n  t h e  d e v e l o p i n g  w o r l d  t h e
re la t i ve  death  ra te  i s  the  h ighes t  fo r  an
i n d i v i d u a l  c a n c e r ,  a l t h o u g h  i n  p r e v a l e n c e  i t
r a n k s  s e c o n d .  I  n  t h e  d e v e l o p i n g  w o r l d ,  l a c k
o f  e f fec t i ve  screen ing  is  a  ma jor  reason fo r
t h e  i n c r e a s e d  c a n c e r  i n c i d e n c e ,  w h i l e  l a t e
detec t ion  means tha t  cerv ica l  cancer  i s
nearly alwaysfatal. N.J. Maitland, modified

from IARC website (www.iarc.fr)
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h .  i : , . : , .  " . ' ,  ( a )  B i o l o g y  o f  H P V  H P V  r e p l i c a t i o n  l s  d e p e n d e n t  o n  a

d i f f e r e n t i a t i n g  e p i t h e l i u i n .  T h e  v i r u s e s  i n f e c t  b a s a l  e p i t h e l i a l  c e l l s

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

e a r l y  v i r a l  p r o t e i n s  a n d  a m p l i f i c a t i o n  o f  t h e  v i r u s  g e n o m e '  w h i c h  i s

n r a i n t a i n e d  a s  a n  e p i s o m e  a t  5 O - 1  0 0  c o p i e s  p e r  c e l l .  A s  t h e  h o s t  c e l l

l e a v e s  t h e  b a s a l  l a y e r  a n d  t e r m i n a l l y  d i f f e r e n t i a t e s ,  p r o g r e s s i v e l y

m o r e  v i r u s  D N A  i s  r e p l i c a t e d ,  l a t e  p r o t e i n s  a r e  e x p r e s s e d  a n d  m a t u r e

v i r u s  p a r t i c l e s  a r e  f o r m e d ,  w h i c h  a r e  s h e d  f r o m  t h e  e p i t h e l i a l  s u r f a c e .

( b )  T h e  H  P V  g e n o m e  a n d  p r o t e i n  f u n c t i o n .  T h e  H  P V  S e n o m e
c o m p r i s e s  a r o u n d  8 , 0 0 0  b a s e s  o f  s u p e r c o i l e d ,  c i r c u l a r ,  d o u b l e -

s t r a n d e d  D N A  e n c o d i n g  e i g h t  o v e r l a p p i n g g e n e s  o n  o n e  s t r a n d .  E a r l y

( E )  g e n e s  a r e  l a r g e l y  c o n c e r n e d  w i t h  m a i n t a i n i r l g  a n d  r e p l i c a t i n g  t h e

v i r a l  g e n o m e  i n  t h e  h o s t  c e l l ,  w h i l e  l a t e  ( L )  g e n e s  e n c o d e  t h e  p r o t e i n s

o f  the  v i ra l  caps id .  l .E  Burns  and N.J .  Ma i t land

Remarkably, this tntegration was shown to occur prefer-

entially within the HPV E1 and E2 open reading frames,

although not in a sequence-specific manner. One effect of this

is the prevention of further HPV genome replication, and the

st imular ion o IHPV oncogene express ion.  Over  a  per iod o f

years, and with the accumulation of further damage to the

host-cell genome, the potential to develop as a malignant

cancer is established.

" { ?t * i vv ryt" u {1 *; {' #5p t} rx'o*
As with all exogenous infectious agents, the (human) host

mounts a potent immune response against infection. In a self-

limiting benign (wart) lesion the immune response eventually

elimrnates infected ce1ls, which has encouraged efforts to

develop vaccines against HPV These vaccines were initially

against individual viral proteins (both the capsid protein

L1 and the viral oncogenes). However. vaccine efficacy was
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transformed by the generation of virus-like particles, which

self-assembled from cloned Ll and L2 genes in a variety of

host cells, includlng yeast, overcoming the lack of effectrve

large-scale cuiture systems for HPV

We live in exciting times for HPVprevention and treatment.

The first vaccines have shown some promising results against

cervical cancers in phase I triais, and in phase II trials, vaccines

against HPV l6 and 1B prevented 90o/o of new infections

and all persistent infections. Extensive phase iII trials of two

commercial prophylactic vaccines are now under way

, y l  {  t

111C f r . fT i lF ' ,S

There are still problems remaining in the treatment of warts

and HPV-induced cancers. For example, which patients

should be vaccinated: young, sexually act;e/very young,

female or male (or both)? Will the vaccines real1y show

reproducible effects against a1l cervical cancers? Will prophy-

Iact ic  vacc inat ion o f  prev ious ly  in fected pat ients  resu l t  in

selection of new HPV vanants? Can those (predominantly

developing) countries where cervicai screening is absent and

cervical cancer rates high afford to use the vaccine?

What we should not lose sight of in this new era is that

the vaccine is only one weapon in the antiviral armoury and

that it arose from first-rate basic science and a fundamenral

knowledge of the viral life cycle, which is not yet complete.

Even small DNA viruses like HPV have salvage and backup

pathways that have been honed over thousands of years of

evolution and many replicative cycles. To close the book on

supporting basic HPV science just because a vaccine is nearly

here would be short-siehted indeed.

Ju l ie  E .  Burns
Postdoctoral Research Fellow, YCR Cancer Research Unit,
Department of Biology, University ofYorl<, PO Box 373,
Yorl< YO 1 0 5YW (* jeb 1 Opyorl<.ac. u l<)

Norman J. Maitland
Professo r of Molecu lar B io logy an d D i recto r, YC R Cancer
Research Unit, Deparlment of Biology, U niversity ofYork,
PO Box 373,Yor l<YO10 5YW (* n1m9@york.ac.uk)

FurLY"e*r reading
zur Hausen, H. (2002). Papillomaviruses and cancer: frombasic
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ecause cancer is a disease of cell proliferation that often

results in ceils with a varied chromosome complement,

understanding the control of cell divlsion is an important goai

in cancer research. It offers significant opportunities to

develop novel therapies and to make existing ones more

effective.

The eukaryot ic cel l  cycle
Unlike its prokaryotic counterpart, the principal functions of the eukary-

otic cell division cyc1e, to first replicate then segregate the genome, are

partitioned into discrete phases. Cell division is not an inevrtable event,

rather it is a 'conscious' step and many criteria such as cell size and

nutrient status must be fulfilled before cells 'decide' lo enter the cell

division cycle. Once committed, cells pass through the first gap phase
(Gl), DNA slmthesis (S) and a second gap phase (G2) before dividing in

mitosis (M) (Fig. 1).

Microbes in cel l -cycle research
Several eukaryotic microbes have been instrumentai in unlocking the

secrets of the cell division cycle. Unlike the sophisticated metazoans,

these model microbes, (Tetra'lrymena, Chlamydomonas, Amoeba, Para-

meciumandStentor), have opted for a solitary lifesty'e. As each generation

in exponentially growing cultures is effectively a replica of the previous

one, any variations in cell size or the time it takes to divide after particular

manipulations reflect changes in cell-cycie control. Thus, the first

convincing evidence for a requirement to attain a particular size prior to

division came from studies of Amoebaby Prescott in 1956.

Physarum *the benefits of l i fe as agiant plzza
While the solitary microbes did thef bit, the more complex slime mould

PLtysarum polycephalum identified some core principles that became

In  2001 Le land Har twe l l ,  T im Huntand

Paul f \ lurse were awarded the Nobel Prize in

Physiology or Med icine for their d iscoveries

of key regulators of the cell cycle (see http:/l

n o bel p rize. o rglm ed ici n e/lau reates/Z001 ).

A  S i r  P a u l  N u r s e  r e c e i v i n g  h i s  N o b e l  P r i z e

f rom H is  Ma jes ty  the  l ( ing  o f  Sweden a t

t h e  S t o c l < h o l m  C o n c e r t  H a l l  i n  2 0 0 1 .

Hans Mehlin /  nobelprize.org
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i ng ra ined  i n  ce l l - cyc1e  l o re  a l t e r  be ing
repea ted  i n  h i ghe r  euka ryo tes .  One  o I
Plrysarum's key attributes is its ability to
l i r l e  e c  2 l q r o e  h n d . '  l r - ^ ' \ ' h  4 c  4  c ' nr r \ L  d J  4  r d r 6 L  u u u /  N l l t . r w I I  c l )  4  ) ) / l l -

citium in which thousands of function-
ally identical nuclei can slmchronously
duplicate and segregate their genomes
in a common cytoplasm, enabling suf-
f ic ient  mater ia l  to  be gathered f rom a
c , i n o l c  r - e l l  r n  q t r r d \ /  r  h a  h i n . h o m i n a l
" " ' b ' -

changes that accompany cycle progres-
sion. lts second critical attribute is the
abil i ty of syncit ia to fuse. Thus, syncit ia
o f  d i l f e r c n t  r - e l l - , ' . r r - l e  n h e c e c  n n r l d  h o, , . , / .
merged to elucidate how strict the con-
trols are that govern the order of cell-
cycle events. The inabi l i ty of an S-phase
syncitium to persuade G2 nuclei to
undergo a second round of replication
showed that DNA repiication could not
be so le ly  governed by a  so lub le  lacror .
I n  con t ras t .  M-phase  sync i t i a  cou ld
nrrsh C2 nr rc le i  in to  mi tos is .  The search
lo r  t h i s  so lub le  M-phase -p romor ing
factor  (MPF) took Bradbury  and h is
col leagues remarkably close ro uncov-
er ins  the un iversa l  cont ro ls  o l  ce l I- - ^  - - - a )  - - - -

division. For they found that bathing a
G2 syncitium in a hrstone Hl kinase
preparation whose activity peaked in
mitosis. pushed G2 nuclei inro mirosls.

A  C o l o u r e d  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 w o  p r o s t a t e  c a n c e r  c e l l s  i n  t h e  f i n a i  s t a g e  o f  c e l l
d i v i s i o n  ( c y t o k i n e s i s ) .  D u r i n g  t h i s  s t a g e  t h e  c e l l s '  c y t o p l a s m  d i v i d e s .  H e r e  t h e  c e l l s  a r e  j o i n e o  o y
a th in  cy top lasmic  b r idge.  S teve  Cschmerssner /  Sc ience photo  L ib rary

A Co loured scann ing  e lec t ron  mic rograph o f  ce l l s  o f  Saccharomyces cerev is iae .  A  daughter  ce l l  can
be seen budd ing  o f f  one o f  the  la rger  mother  ce l l s .  Sc imat /  Scrence Photo  L ib rary
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DNA dupl icat ion
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F i g .  1 .  T h e  e u k a r y o t i c  c e l l  d i v i s i o n  c y c l e .

l .  Hagan

) "  F ig .  2 "  Map  o f  the  budd ingyeas t  ce l l  cyc le .

l. Hagan

The rise and rise of Yeast
An emerging trend in the analysis of coilserved biological

problems is the eventual dominance of genetrcally malleable

systems. The more efficient the genetics. the greater the

impact of the syslem. Thus, analysis of mutan[s that displayed

defects in cell-cycle progression in Tetrahymena, Chlamy-

domonas and, Aspergillus has given way to the domination of

the analysis of the budding yeas] Sacchromyc6 cerevLsiae and

fissi on yeas t Schizosaccharomy ces po mb e.

Buddlngyeast led the waY
The seminal work of Leland Hartwells laboratory in isolating

a series of cell division cycle (cdc) mutants in the I970s set the

wheels in motion. Because genes that control cell-cycle

progression will be essential for survival, he and his colleagues

isolated a series of temperature-sensit ive mutants that con-

tinued to grow but were unable to divide after the tempelature

of the culture was shifted from 25 to 37 "C. Again simple

questions gave highly informative answers. The researchers

reasoned that if a pafticulal mutation results in an immediale

arrest of cell division after the shift, then the number of cells

rhar could, divide after the shift would give a rough indication

of where in rhe cel1cycle that gene works. A lot of cell dinsion
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cdc4 cdc24

cdc3
cdcl  0
c d c 1 1
cdcl  3

*sl Bud
emergence

cdc9 cdc l  3
c d c 1 6, /  cdc17

cdc20
cdc23

after the shift indicates an 'execution point' near the beginning

of the ce11 cycle; little cell dir,rsion indicates a function towards

the end of the cycle. The next reciprocal shift experiments

investigated whether cells went straight into division or

needed to compiete a cell-cyc1e event (.. g S phase) after being

released from execution points. The resuh was a map of the

cell cycle in which particular genes acted at particular times

(Fig. 2). Most importantly Hartwell postulated the exis[ence

of a commitmenr point in G1 called 
'Slarl'. Before Start, cells

couid undergo the alternative fates of mating and sporulation

but once past this point they had to go all the way through

the cell cycle before the chance [o mate would come again' As

cdc2$ mutants arrested at the earliest phase of Start, Hartwell

concludecl that the product of the cdc28+ gene was likely to

play acritical role in cell-cycle control.

wee mutants give fission yeast an edge
Growth by linear exlension and division by medial fission

drew Mitchison [o a seminal career in the study of the Sch'

pombe cell cycle in the early 1950s. The ralionale was simple;

small cells were at the beginning of the cel1 cycie and iarge

cells at the end. Therefore cell length not only gave an acculate

measure of the cell-cycle slatus of a cell, but selecting small

micro bio Iogy todaY "rr t t l ; ;  i l f i
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L Fig. 3. Fluorescence m icrographs of wi ld-type (a), cd c2. 3 3 mutant (b)
and wee1.50 mutant (c) strains of Sch. pombe. l .  Hagan

cells gave a culture that was slmchronized with respect to cell-
cycle progression. The application of genetics in the mid-
1970s had a further impacr on cell-cycle research as a novel
t)?e emerged from the isolation of cell-cycle mutants: the wee
muunt.

wee mutations made cells shorter than normal because
they speeded up the rate of cell-cycle progression (Fig. 3).
Classical genetic dominance relationships drew particular
attention to one of the two wee loci, cdc2. The two cdc2 wee
mutants were dominant and so represented a gain of function,
while the loss of function mutanLs were classic cdc mutants.
The ability of mutations in a single gene ro accelerare orblock
cell-cycle progression pur cdc2 at the hearr of cell-cycle
control. Strikingly, Sac. cerevisiae cdc29 could complement
Sch. pombe cdc2 muranrs and cdc2 acted at the two points that
controlled the rate of progress through the fission yeasr cell
cycle: Start and the commitment ro mitosis. Subsequent
analysis showed that cdc2 encoded a protein kinase and thar
the mitosis-promoting activiry of this kinase was biocked by
phosphorylation in the catalytic site by a protein kinase
encoded by the weel gene. Removal of the phosphate by
the product of the cdc25 gene promoted commitment to
mitosis.

microb io lo  gy today, i r ; ; , i  i , l i i

wee'l /cdc25 control of cdc2.cvclin B
regulates mitot ic commitment in al l
eukaryotes
The true importance of the genetic approach in yeast was
realtzedin a period of intense acrivityin the lare l9B0s. Firsr, a
human gene that could compensate for the loss of function rn
Sch. pombe cdc2 was cloned and found to be a highly related
gene - human cdc2 (Fig. 4). Almost simultaneously the puri-
fication of a mitosis-promoting factor from frog eggs showed
that it was composed of frog cdcZ and a regulatory subunit
called cyclin. Cyclins had become a focus of attention after
Tim Hunt first showed that theywere degraded once per cycle
as cells divided. Furthermore, it emerged that the MpF was
none other than the histone H1 kinase shown to promote
mitosis in the PLrysarum syncitia 15 years previously. Thus,
genetic approaches in yeast had identified the conserved
means by which eukaryotes regulate commitment to mito-
sis. We now know that human cells possess weel- and
cdc25-related molecules, and arange of cyclin-dependent
kinases (COKs), and that these preside over all the rare-
limiting steps in the human cell cycle. Molecules that play
critical roles in carcinogenesis, directly or indirectly regulate
these CDKs.

advan{eC ou{
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Budding yeast bi tes back -
the concept of  cel l -cycle
checkpoints
Lee Hartwells studies of the budding

yeast cell cycle were to lead him to

one of the most influential conlri-

butions of the cell-cycle field to cancer

research. Spurred on by numerous

cases of dependency relationships,

where arungeof defects all arrested cell-

cycle progression at similar points,

Weinert and Hartwell proposed the

existence of surveillance mechanisms

that blocked cell division if previous

cell-cycle evenls had not been com-

pleted or DNA integritywas comprom-

ised. They called these pathways

cell-cycle checkpoints. Their elegant

paper describing the DNA damage

checkpoint prompted a huge body of

work that makes it clear that one of the

major distinctions between cancer cells

and normal cells is that they are

deficient in many of these check-point

pathways.

Cel l -cycle molecu les and
cancer therapy
Instead of having a reliable system of

overlapping checkpoints many cancers

are running on damaged or no check-

points. This is probably why tumours

are more sensitive to genotoxic drugs or

ionizing radiation. The checkpoint

pathways in normal cells arrest cell

division in response to damage while

the tumour cells conlinue dividing

and so die. Thus not only are drugs

that specifically target the checkpoint

components in clinical trials at presen[,

but ways are being sought to reinstate

checkpoint controls to cancerous cells

so that the abnormal genomes they

possess trigger checkpoint pathways,

resulting in cel1-cyc1e arresl and

eventuaily clearance through program-

med cell death pathways.

Cont inu ing apace
We halt our account in the early 1990s,

but studies in yeast have continued to

tell us how cells target specific proteins

for destruction at specific cell-cycle

stages, how chromosome archilecture

is modulated and repaired and has even

got [o the point where fission yeast is

arguably the best system to study the

mechanism underlying the mainstay

of the new form of higher eukaryotic

genetics RNAi. It is clear that

microbes have advanced our under-

standing of ceil-cycle control by many

decades.

Professor lain Hagan
Pate rso n I nstitute fo r Can cer
Research, Wi I mslow Road,
ManchesterM204BX, Ul<
(t0161 4468193 /  4463166;
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Professor Sir Paul N urse
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1230York Aven ue, N ew York,
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Cene therapy using

viruses, com mon ly

thought of on ly as

age nts of d isease,

offers great prom ise

far the treatment of

cancer as Moira

Brown explains.

er
r l

tr-tlo otJre
f
\

or^r eolyfle

ver the last few

years, a new word
has crept into the
vocabulary of virol-
ogists - virotherapy
- the use of viruses

for therapeutic purposes. In general,
the word has been applied in the field
of gene therapy and in the use of viruses
for the treatment of cancer. This article
concentrates on the latter and more
specifically on oncolytic viruses.

Oncolysis describes the lysis of
tumour cells by harnessing the innate

ability of viruses to multiply rapidly

and produce large quantities of pro-
geny virus which results in cell death.
Selectivity is achieved by modifying

the virus in such a way that its repli-

cation potential is specific for tumour

mic rob io lo  gy  today . ' r t i g  r i $
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cells and not for normal cells. Genetic
manipulation and an intimate knowl-
edge of virus replication strategies
coupled to an understanding of at
least some of the pathways involved
in tumorigenesis has allowed us to do
this with relative ease. Knocking out
speciflc virulence factors is all that is
required in the case ofseveralviruses.

Early findings
The concept of viruses as therapeutic
agents is not a new one. At the begin-
ning of the last century, there were
reports of cancer patients in remission
from tumour progression af[er bouts
of 'fortuitous' virus infections, such
as remission of Hodgkins lymphoma
following measles virus infection.
Planned human trials using viruses

to trea[ cancer were initiated as early as
the 1950s, but abandoned due to lack
of selectivity and poor efficacy data. A
new era dawned in the early 1990s
with the report of a herpes simplex
virus (HSV) engineered to replicate
specifically in tumours. Since rhen,
variants of HS! adenoviru s, Vaccinia-
viru,s, Polioyirus, influenza virus, reo-
virus, Newcastle disease yirus and
vesicuiar stomatis virus have all been
shown to have oncolytic potential ln a
range of tumour models and some
of these viruses have been safely and
successfullyused in the clinic.

Approaches to therapy
Selective replication strategies have
included inactivation of virulence
determinants, e.g. removal of expres-

{  C o l o u r e d  t r a n s m i s s i o n  e l e c t r o n
micrograph o f  a  sec t ion  th rough
r e c o m b i n a n t  a d e n o v i r u s e s  u s e d  i n  g e n e
therapy. J.C. Revy/Science Photo Library

sion of ICP34.5 in HSV and the rarger-
ing of specific pathways defective in
tumours, such as pRb and p53 (E1A

and EIB deletion in adenovirus) and
the activated Ras pathways (reovirus).

These approaches have been shown
to be effective in achieving tumour
regression and/or eradication and
prolonging survival times of tumour-
bearing animals. A range of tumour
models (mouse/mouse and human/
mouse) have been used - glioma (a
cancer of the brain), melanoma,
mesothelloma (cancer of membranes
l ining the body cavit ies), ovarian
carcinoma, mammary carcinoma and
non-small  cel l  lung carcinoma are
just a few of the tumours which have
been shown to be susceptible to onco-
lytic viral therapy
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Viruses on tr ia l
By the mid-1990s, clinical trials using oncolytic adenovirus

and oncolytic HSV were underway.ln the UK these trials

required approval by the Department of Health, Gene

Therapy Advisory Committee (GTAC) and in the USA, the

equivalent committee of the Food and Drug Administration
(FDA). It was no mean feat to persuade these authorities

that directly injecting HSV into someone's brain should be

allowed. HSV is after all a neuro[ropic virus which remains

latent in the peripheral nervous system throughout life and

on infection of the brain causes a fulminant encephalitis

which, before the advent of acyclovir, was life-threatening.

Those of us involved at the time had to be very convinced of

the science behind the approach and also had to be either

fairly brave or foolhardy! Lives could have been at risk not

to say careers! Gladly, up until now all has gone well. I

am unaware of any serious adverse evenLs arising in patients

from adminislration of oncolytic viral therapy. On the

contrary these lreatments have been remarkably free of side

effects.
There are major ethical considerations lo be taken into

account in any clinical trial and one cannot take the cavalier

approach of assuming that because patients have cancer,

they have nothing to lose. Phase I and II clinical trials using

either oncolytic adenovirus or HSV have successfully taken

place in arange of cancers. In2004, permlssion was granted

by the European Medicines Agency (EMEA), GTAC and the

Medicines and Healthcare Products Regulatory Agency
(MHRA) for the most advanced trial to date using an onco-

lytic virus. The trial, using HSVl716 in the treatment of

Viruses can be easily
m an i p u lated to act as

and it would be good to
think that several forms
anti - can ce r treatm e nt c
be inco
'magic

patients with recurrent glioma, is a pivotal efficacy trial which

could lead directly to a licence and marketing approval on the

basis of satisfactory results.

Future chal lenges
Exciting times are ahead for this pioneering approach to

cancer therap;r We need to show efficacy and we need to face

the challenges of this type of therapy. These challenges

include efficient delivery * a single direct injection into

tumour is not efficient and there is a major effort now going

on to find ways to deliver virus systemically and to target

specific tumour types. We need to know if the immune

surveillance mechanisms which most of us have to common

viruses affect efficacy and if so, can they be circumvented.

Viruses can be easily manipulated to act as vectors for

exogenous genes and it would be good to think that several

forms of anti-cancer treatment could be incorporated into

one'magic bullet'. Control and management is the current

approach to cancer treatment. How much better it would be

for the patient if one or more combinations of oncolytic virus

vectors for exogenous genes

of
ou ld

rporated into one
bullet'
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therapy, targeted chemother apy, r adio -

therapy, antibody therapy and anti-
sense therapy could be delivered as a
single entity These are the goals which
we hope to achieve, but first of all we
must show that oncolytic virus therapy
is effective , easy to use and economic-
ally viable. The use of oncolytic viruses
for the treatment of cancer is an excel-
lent example of translation of basic
iaboratory findings into the clinic and
exemplifies what medical research
should be - use of knowledge and
expenise to hopefullyimprove the lot of
mankind.

Moira Brown
Di rector and Ch ief Scientist, Crusade
Laboratories Ltd, Clasgow C51 4WF
(t  01 41 445 17 1 6, f  01 41 445 17 1 5;
e sm brown@crusadelabs.co. u k)
Professor Emeritus & Hon. Research
Fel low, U n iversity of C lasgow
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V Bra in  scans  f rom a  pa t ien t  invo lved in  the
t h i r d  H S V ' 1  7 1 5 t r i a l  . l n  e a c h  c a s e t h e f o u r
s c a n s  o n  t h e  l e f t - h a n d  s i d e  a r e  M R I  a n d  t h e
two on  the  r igh t  a re  SPECT ( the  br igh t  a rea
in  the  bo t tom r igh t -hand corner  o f the
SPECT scans  is  ac t i ve  tumour ) .  (a )  Pre-
i n j e c t i o n  o f  H S V 1 7 1 6 ;  ( b )  6  w e e l < s  p o s t -
in jec t ion ;  (c )  22  months  pos t - in jec t ion .
Mo i ra B row n/J e n n ife r Stew art
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Emmy was born in Frankfort in 1892.

She studied mathematics, with botany,
zoology and philosophy, in 1913-19i4

at the University of Gottingen" She
returned to Frankfort on the outbreak

of the First World War and studied

at the University from 1914 to 1917,

graduatlng in botany with zoology and
mathematics. After a period as a teacher
she worked on diagnostic bacteriology
and carried out research at the Frank-
fort Public Health Institute, producing
25 papers. She was dismissed in 1933

on the advent of the Nazis and moved to
England. She succeeded in getting five

nephews and nieces to England, and
finally a brother, a few days before the

outbreak of the Second World War, but

was unsuccessful in getting her mother

and sister out, and they killed them-

selves in I94I. Two weeks after her

arfivalin England she started work at

the Lister Institute in Chelsea where she
remained until her retirement rnL962.

In1944 she married Edmund Nobel,

another refugee and a distinguished
paediatrician, who died only 2 years

later. In thatyear she became one of the
foundermembers of the SGM.

On her arrival at the Lister Institute,

the director, DrJ.C.G. Ledingham FRS,

suggested that she should work on the

causal organisms of pleuropneumonia
in cattle and agalactia in sheep. The

organism that caused bovine pleuro-
pneumonia had been discovered at the

end of the l9th century Its size was that

of a small bacterium, but it was of vari-

able form, due to the lack of a cellwall.

Other organisms with similar features

were discovered and were named

t 5 z

pleuropneumonia-like organisms
(PPLOs), but proved so difficult to
culture that little progress had been
made by 1933. Emmy, a meticulous

bench worker, soon had the cattle and
sheep organisms growing on serum
agar, and then extended her work to
rodents, isolating two new species
causing disease in rats and a third in
mice. She became a leading authority on
PPLOs, now known as mycoplasmas.

'She 
also observed what she at first

thou ght were symbiotic mycoplasmas
in S tr ep t ob acillus m onilif o r me cul tu re s,
and later other bacteria, and named
them L organisms (L for the Lister
Institute). Subsequently, it was realized
that they were wall-less variants of the
bacteria, and termed L-forms.

Emmy's studies extended to a wide
variety of bacteria, including actino-
mycetes and myxococci, she published
apaper on each inI947 in the first issue
of JGM. She also carried out work on
staining bacterial nucleoids. In retire-
ment she produced charming memoirs
with a full publication list. Anna Mayr-
Harting introduced me to Emmy when
the latter was 65. We were attending
r"he 1957 SGM Meeting at the Royai
Institution and had gone in search of
lunch. We located a Lyons restaurant

r l t
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and joined Emmy, aheady at the coffee
stage. On being introduced I said
'L-forms'. Emmy, plumpish and econ-
omical in movement, conveyed the
impression of a benevolent Buddha.
She commented 'Some say PPLOs, some
say L-forms-I'mhappy eitherway' .

!:.,,, i i r,'l il: !)',.ii,) ;,,i : ii ::,: : i:i ij l.
Anna Mayr-Harting was born in Prague
in 1906 when Bohemia was part of the
Austro-Hungarian Empire. When she
was 12 years old the Empire collapsed
and Czechoslovakia was created. She
was from a well-to-do background and
had a nurse, who she said was 'As

similar to the Good Soldier Schweilt as is
possible for a woman'. When in 19IB
revolutionary crowds were tearing
down the Imperial Austrian Eagles in
Wenceslas Square and Anna was rather
frightened, her nurse said 'Isn't itnice
to see people enjoyingthemselves'. Anna
would have then become a Czech
citizen and, an alarming combination
for the ethnically and ideologically
prejudiced 20th century, a Czech
Catholic German Jew. By religion
a Catholic, she would not have been
popular among the Jews, or being
ofJewish origin, among the then sub-
stantial German population of Prague.

lr,,trkrnr;:!;ry;u,,W$ ,:il . .i: :ie?;.i;iiz f eCO I leCtS tWO lad ieS ,

Em my l( l  ieneberger- N obel and An na Mayr-

Harl ing, refugees from the Nazis, who made

notable contr ibutions to Brit ish m icrobiology.
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r i :  Emmy l ( l ieneberger -Nobe l  a t  the  las t  sc ien t i f i c  meet ing  she
attended: the 2nd Congress on the Biology of Mycoplasmas in New
York  in  1965.  Ruth  M.  Lemcke

Finally, being ethnically German, she would not have been a
favourite of the now dominant Czechs.

Anna qualified in medicine and became active in medical
microbiology She fled from Prague with her husband and son
ahead of the Nazi occupation and joined rhe Department of
Bacteriology in Leeds in 1939. Subsequently, she moved to
Brlstol to become Bacteriologist and later Lecturer in the
Department of Preventive Medicine, carrying out diagnostic
work and continuing bacteriological research. She was a good
linguist and made use of her linguisric knowiedge in abstract-
ing foreign scientific, veterinary and medical journals. When,
in 1950, Bristol University established a separate Department
of Bacteriology under Professor K. E. Cooper, Annajoined the
department, becoming Senior Lecturer in1964. She died in
I97 4, only 2 years after her retirement.

I came to knowAnna well when I was at Bristol. Small and
with straight white hair, she was a delightful and popular
person, an entertaining conversationalist with a good sense of

microb io logy today aur , :  i l l " i

humour. She was keen on music, and played the trombone in
the university orchestra, bur perhaps her skill did not match
her enthusiasm, as suggeste dby atale from the Bacteriology
Department humorist. At that time one of the tests in the
diagnosis of gonorrhoea involved the inoculation of material
into a seiective liquid medium in which the causal bacterium
produces gas bubbles. In the Bristol Department it seems that
these bubbles were detecred by an instrument that they called
the gonophone, which amplified the sound made by the
bubbies bursting ar rhe surface of rhe liquid. The wag claimed
that one dayhe thoughr that the gonophone had gone wrong,
butitwas onlyAnna practising the trombone.

Anna was a keen teacher, and in her enthusiasm for realistic
exercises obtained copious material from a Bristol Hospital for
her afternoon practical classes. One of her students told me
that he was not enthusiastic about confrontations with a
diseased kidney or material from an abscess soon after lunch.
Forty years later Anna would have been in double trouble over
her classes. There would have been indignation by relatives
about post-mortem samples being taken without written
permission, and the Health and Safety folk would have been
appailed by students confronring diseased marerial without
elaborate precautions. I did not expedence Anna's post-lunch
practical classes. Once, however, joining me in the University
Senior Common Room for lunch, an event that I normally
appreciated, she announced that she had just been transiating
a German forensic science article about discriminating
between hanging, strangling, throttling and smothering.

I once expressed to Anna the view that the philosopher-
biologistJ. H. Woodger's attempt to construct a logical theor-
etical foundation for biology was a futile acrivity. Anna said
that she knew Woodger and recalled how, when walking up a
hill one evening, he bent over and looked at the sunset from
between his legs, declaring that this would give him a view
free from the usual associations. She declared that he was'a
splendid exhibit in God's Zoo' . Anna was a fine scientist and a
charming, lovable person, but the same could be said of her.

I wish to thanlz Janet Hurst t'or establishing that Klieneberger-
Nobelwds one of the origlnalmembers of the SGM, andBarbara
Co stello, Biolo gt Lib r ary, IJ niv er sity of B ristol, t' or ob taining the
Lancet obituar y of Anna M ay r-H ar ting.

DrM.  J .  Car l i le

Reti red m icrob iologist I ivi ng at 42 D urleigh Road,
B ridgwater f A6 7 HU, U l< (i 01 27 B 447 033,
r :  mjcarl  i le@ mjcarl i le. plus.com)

. : :  , . i  i l i ' : r : ' i  i : " : .  i l l l , l . :

Cooper, K.E. (197 4). Dr A. Mayr-Harting; Bactenologist at Bristol.
The Times, I OJuly, p. 20.

K. E. C. (197 4). AnnaJosephine Mayr-Harting. Inncet 7 87 3, 17 7 .

Klieneberger-Nobel, E. ( I 980). Memoir s.London : Academic press.
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'Th is house bel ieves that problem-orientated

teaching creates better doctors'

This debate, organtzed by the Ciinical

Microbiology Group, was designed to

raise awareness of the perceived neglect

of microbiology in the medical curri-

culum and related issues associated

with the recently introduced problem-

based learning (PBL). In some medical

schools. students' exposure to micro-

biology and infection is minimal and

experience with PBL has been mixed. I

personally have limited experience in

PBL teaching, but have fought hard to

protect the extensive microbiology

course in Nottingham, which includes

iectures, wet practicai sessions and

tutorials. During my search for speakers

for the debate, I could not find a single

medical microbiologist who was in

favour of PBL, whereas among other

pathoiogists, there was no shortage

of evangelical PBL proponenls. The

debate was held at the recent SGM

spring meeting. Professor Ian Poxton

was in the chair.

For the rnot icn

Dr Peter H. Dangerf ield

Med ical Ed ucational ist,

U niversity of Liverpool

PBL, first popularized in the 1960s, is

an lmportant reform lool for medical

curricula throughout the worid with

an impressive track record. However,

there are also clear differences between

problem-soiving learning and learning

in ways which use problem scenarios

to encourage students to engage them-

selves in the learning process. There

are also many different opinions about

what PBL actually is, although there is

little doubt it should truly be viewed as

a total syslem of learning and not iso-

lated as apartof a programme.

PBL develops reasoning abilities,

deep learning, curiosity. critical reason-

ing and real understanding of medicaL

issues and conditions and contributes

to communication skills.

Curriculum designers may integrate

knowledge across subject boundaries

Participants in PBL become know-

ledge-cumulative, learning in a holistic

manner, and ultimately become better

clinical practitioners. While its flexi-

bility facilitates debate about con-

temporary issues which reflect core

knowledge, it remains r,rtal that subject

specialists, such as microbiologists,

virologists and pathologists engage

in the development and design of

courses. Ignoring this process will lead

to the loss of core content and specialty

status and also contribute to dimin-

ished exposure of the specialtY to

undergraduate students.

PBL is an ideal system that uses new

ideas to crea[e a doctor who will have

explored integrated knowledge in an

adult manner, empowered to be a

questioning graduate able to meet the

needs of Society today. it produces a

better doctor.
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I Or f myrW. Benbow
I Consultant Histopathologist, University ofManchester

PBL has many advantages, though the evidence is diffuse and
fragmentary Debate has degenerated.All rhe perceived ills of
modernmedical education areblamed on PBL, whatever their
provenance. Many in laboratory medicine believe the loss of
traditional courses compromises recruitment of our eventual
SUCCCSSOTS.

A recent study from Manchester overcomes many deficits of
earlier publications, examining the performance of house
officers in two successive cohorts. The former graduated from
a traditional course, and the latter from a radically altered
course, with severe pruning of didactic teaching in favour of
PBL. Graduates and their supervisors rated the former's
achievement of a broad range of skills, with significant im-
provements in many areas,but with an important exception -

although 77 .9 o/o of the first cohort rated themselves as'more
than quite w ell preparedf or understanding disease processe s' , only
40 I ok of the latter cohort did. This appears catastrophic to
doctors and scientists in hospital laboratories, but the views of
the supervisors were revealing; they had less confidence in the
knowledge base of the first cohort. Personal experience as
examinations tutor suggested little difference between the
cohorts, so why this apparent incongruity? I think it's a major
breakthrough: PBL graduates have insight into the gaps rn
theirknowledge.

PBL is a:neasy target for those disaffecred by modern medi-
cal education, but it is not going awayin the immediate future.
If we want to impress upon students that careers in laboratory
medicine are worth pursuing, we must get involved.

Against the mot isn ,

I  ProfessorMike Barer

I  C l in ica l  AcademicMicrob io log is t ,  Univers i ty  o f  Le icester

Arguments about PBL are just one symptom of an underlying
disease in medical education. In an effort to produce patient-
centred doctors who communicate well, we are in danger of
producing graduates who have no systematic view of subjects
that provide the rationaie for key aspects of clinical pracrice.

The microbial worid is vast and unfamiliar to students.
Moreover, the intersection between the practice of medicine
and this unseen world is constantly expanding and shifting.
Even with conventional teaching, students need time to
famlliarize themselves with the different names and concenrc
in infection. The snapshots provided by PBL sessions cannot
provide a grounding that enables students to understand the
consequences of this constantly changing background.

PBL is a perfectly legitimate educational approach and is an
effective way of producing an integrared approach to medical
problems. It works well where students have a solid ground-
ing that enables them to define whar exrra knowledge and

understanding they need. It becomes ludicrous when, ro
address the first problem, several weeks of study are necessaDl

Every large group includes srudents with widely divergent
abilities in learning through different modalities. i believe it is
madness to commit exclusively to one. In doing so we risk
failing to serve some students and iimiting the expectations of
others regarding the range of modalities rhey find effective.

In my talk I drew the apparently obscure analogy between
exclusive use of PBL to train doctors and the new sport of
extreme ironing (http ://www.exrremeironing.comi). While
both are inspired developments invigorating stale establish-
ments they are also both completely mad. I urge you to iron
out PBL as a monotheistic approach to medical training.

I  
ProfessorWi l l l rv ing

i Cl inical AcademicVirologist,  University of Nott ingham

Education in medical microbiology is in crisis. Microbiology
is being squeezed out of traditional curricula, resulting in
young doctors not being aware of the possibilities of a career
in the subject. At the Association of Medical Microbiologists,
concern has been expressed that newly qualified house
officers have very little basic knowledge of microbiology and
infection. Adverts for Specialist Registrar posts are attracting
no more than one or two credible candidates, and vacant
consultant posts are remaining unfilled due to a lack of
appropriately trained lndividuals. The inrroducrion of pBL

courses is not going to resolve, and indeed may exacerbate,
this crisis. i have no objection to medical students becoming
good team players skilled in communicating with patients,
and regarding their patients holistically, but I am concerned
at the potential erosion of knowledge and understanding
of the basic medical sciences that may arise from this style of
teaching and learning. Slavery ro faddism, in medical
education as in all walks of life, does nor provide the optimal
way forward. I believe there is still a potent rationale for
gathering together a large number of studenrc in one room at a
specified time, and employlng one subjecr expert to talk to
them for 45-60 minutes, explaining concepts, emphasizing
what is important, and displaying an infectious enthusiasm
for the subject. Long live rhe lecrure, and the didacric reacher.

Vendict
At the end of the debate, there was enthusiastic participation
from the audience, which was entirely microbiological. There
was a broad consensus that a mixed approach of pBL and
conventional teaching would be more useful. in the vote at the
end, the only people who voted for the motion were the two
pro-PBL speakers.

Professor D lawer Ala'Aldeen
C I i n i cal Acad e m i c M i cro b i o I ogist, U n ive rs ity of
Nott ingham and Convener of  the SCM Cl in ical
Microbiology C rou p (e daa@ notli ngham.ac. u k)
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To obtai  n any of these i tems, emai l  educat ion@sgm.ac.uk

Schoo ls  Membersh ip  cos ts  on ly  f .1O ayear .  Benef i t s  inc lude

Microbiology Today, advance copies of new teach ing resou rces

and d iscounted  fees  on  SCM INSET courses .  To  jo in  see

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

or go to www. m icrobiologyon I i  ne.org' u k

h&icr *b*s anr|  * iu*as*
What'sinthe pac'h?

Two Al colour posters showing:

Howmicrobes reachus

Defences against microbes

These posters canbe used as display

materials and also as a focus for

teaching.

CD providing a comprehensive,

full colour PowerPoint presentalion

on Microb es and Dis e as e. The

presentation comprises 63 slides

and is divrded into 6 main themes:

Introduction

Modes of transmission

How do microbes getin?

Defence

Tieatment

How do microbesleave?

These themes relate to areas of the

science specifications, supporting in

particular Key Stages 3 and 4. However

the text provides suitable background

inlormation on micro-organisms and

disease, allowing it to be used as an

introduction to the Microbiolo gy

and Biotechnologymodule in the

A'2 biology specifications. The

presentation is fully flexible allowing

teachers to modifyil to suil the needs

of theirstudents.

Vlants an* fi'.xirr*\s*s
l" iv ingrra tr4arw*ny
This colourful B-page leaflet was

written for distribution to the visitors

at the Chelsea Flower Show (see

p. 146).It includes much information

that wil1be of interest to schools.

It focuses on beneficial plant root-

microbe interactions, exploring

two associations in depth:

the role of mycorrhrzasrnensuring

the survrval of plants

nitrogen fixationby rhizobia in root

nodules onlegumes.

Th*W*r|d *t  &hzr"r*be*
TLte Wo rI d of Micr ob es pack was

wriften for years 5 / 6 Key Stage 2

and supports the delivery of Unit

68 Micro-organisms in the primary

science scheme of work and non-

fiction literacy work. The pack

contains six copies of The World oJ

Microbespupil booklet; a teacher's

guide, posler and science planning

sheet and normaily costs ll5.

SGM Members are welcome

to a complimentarypack to give to

their local primary schooi.
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Th e Society takes the p ro m otion of m icrob iology

very seriously. l t  employs professionals in this f ield to

carry outthe worl<, in conjunction with the Education

Off icer and interested and enthusiastic members. The

staff organize events, produce appropriate resources

and dealwi th the enqui r ies that  ro l l  in  dai ly  by phone,

fax, emailand letterfrom teachers, students of al lages

and the general publ ic. Quite often they have to get

out on the road and work long hours and atweekends

but the team's com m itm ent and enth usiasm rarely

wanes! Here are some of the regular act ivi t ies and

detai ls of the microbiology promotional material

avai lable.

EVE NTS
{.". n"r ry rt: r * r* nl * r r:: {"x {:# g
Three 1-day events are held
annually on Saturdays in November
at universities around the UK. These
joint ventures between SGM and other
bioscience societies include lectures,
workshops and an exhibitionplus a
CV analysis service for 700-900 final
y ear andpostgraduate bioscience
students eachyear.

{*ar*:*r* ?air':;
For manyyears SGM attended four
to five careers fairs for schoo]s ayear
with other learned societies and the
Institute of Biology under the banner
of Bi osc ie n c e a L Worh. More recently
we have joined up with the Institute of
Physics and Royal Society of Chemistry

microb io lo  gy today, ; . r i ; r  i . i  j : i
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to promote all areasof science on a
much larger stand. This collaboration
has been very successful.

l:a,** r.s r::z a?.i r:: r. t t * r ni t"i * n r*
{:: r} ts r:. ati * n #* rx z-t *t r:r'z *: +:'Li n g
This event is attended by 4,000
science teachers from all over the world.
SGMhas a stand in the exhibition each
year, distributing resources and advice.
SGM also participates in the Biology in
the Re aI Worldlecture pro gramme,
fielding a speaker on a cutting edge
microbiolo gical topic.

T * ;tr":h',: r arz d ?"* r.* n a r"i ;zn
t"r;s.intrzg
SGM has an on-going programme
of l-day training courses in basic
practical microbiolo gy for secondary

school teachers and technicians
around the UK. These are delivered
byJohn Schollar of NCBE andJohn
C rainger of MISAC. Fundi ng is
provided for supply cover for teachers
Hundreds of people have now
received training.

An extensionworkshop,
Mi c r ob i oI o gi c aI Inv e s ti gati ons t' o r

Qu anti tat iv e Analy sis,has recen t I  y
been deveioped and nowruns
onceayeat.

In July 2002 and 200 4 w e r an
successful 5-day residential
microbiologycourses for 50 posrl6
teachers, whichwere a mixture of
Iectures, workshops, I aboratory
exercises, visits and social events. SGM
also organizes occasional practical
workshops for teachers.
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? rimary sch oo i w *rksh*ps
Dariel Burdass runs our popular

workshops for primary school children.

These involve creative activities which

include making model microbes, as

wellas demonstrating the power of yeast

to blow up balloons. These have been

delivered for the Royal Institution, at

the annualAlbert Hall BAYSDAY, and

atvarious other events. Dariel also runs

INSET courses for PGCE students and

primary school teachers on Key Stage2

microbiology

%ciemr.* fairs, etc.
SGM participates in a wrde range

oIevents to promote the public

understanding of microbiology These

include displays, practical workshops,

individual talks and s1'rnposia as pafi

of SETweek, the Edinburgh Science

Feslival, British Association events,

iocal science fairs, etc. A recent

ambitious, but successful, exhibit was

mounted at ihe RHS Chelsea Flower

Show, which explored lhe interactions

between beneficial microbes and

garden plants. SGM also provides

sponsorship for members to carry out

wide-ranging activities through the

PUS Fund and often provides resources

and displaymaterial to support

members doing outreach activities.

RESO U RCES
A wide rangeof resources is available,

most of it produced in-house and free

of charge. This includes:

Posters
ClassifyingMicrob es (wallchart and set

of teachers'notes, produced in

association wrth PCET)

Microbes €e the Environment (pack of 2)

Microb es €e F o o d(pack of 3)

Microbes &Disease (2 posters and

Powerpoin[ presen[ation on CD)

Sractir.al m ic ra b im 1*gy
P r ac ti c aI Mi cr ob i oI o gt f o r S e c ondary

Schools(withMISAC)
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B asi c P r ac ti c aI Mi c r ob i oI o g : A M anual

Fermenter Investigations (with NCBE -

pack of student and technical guides)

Fartfiles
N itr o gen F ix ation an d Ro o t N o dul e s

Tuberculosis

Malana

Prirnary
World oJ Microb es (Key Stage 2 pack)

ColdWars (factfile plus an investigation)

Caneers
I

Microbiologst (careers poster and leaflet)

Your C ar e e r in Mi cr obiol o gy (I 6 -p a ge

booklet)

Careers factsheets on a wide range of

topics are downloadable from website.

AAisceElan**us
Bioluminescence(f actsheet)

Pl ants an d Mi cr ob e s Lw ing in H ar m o ny
(booklet)

Microbiolo g : A Subj e ct f or Ltf e
(2 Powerpointpresentations on CD)

Wehsites
SGM has created and maintains

two websites in-house; these separate

sites,linked to the SGM site, are easily

found by search engines. SGM also has

resources hosted on other websites.

www. m i crobiologyon I i  ne.org. u k

Information on all aspects of
microbiology relevant lo [eachers

and pupils, with an in[eraclive order

form for resources and many

downloadable factsheets. Also hosts

andmaintains the MISACweb pages.

www. biocareers.org. u k

Information on opportunities
and training for microbiologists at

all stages of their career, with an

interactive order form for resources

and many downloadable factsheets.

www.schoolscience.co. u k

Hosts the SGM database of
microbiology education resources

and e-sour ce Microb es & F oo d.

www.scienceonesto p.com

ASE educational website with

microbiology pages written by SGM.

COMPETITIONS
SGM regularly organi zes andsponsors
competitions for schools.
2OO2 Microbes: fnend or Joe (Key Stage2)
2OO3 P oster on thebody's non-speciJic

deJ ence mechanisms (Key Stages 3 61 4)

2 00 5 MRSA : f e ature ar ticle in lo cal p ap er
(KeyStages 3 &4)

SCHOOLS MEMBERSHIP
This is available to all secondary

schools and for onlyllO ^ye r, a

named teacher rec eiv es Micr obiolo gy

Today andbenefits from discounted

fees for SGM courses.

MICROBIOLOCY TODAY
A special 'schoolzone' section in lhe

magazrne fo cuses on topics and news

of relevance to microbiologr teaching

Tuberculosis - csn the spread
of this killer diserse be hatted?

mic rob io l ogy  t oday  aug  05



in schools. The magazine is also
distributed to the general public and
opinion -formers as appropriate.

ACTIVITIES FOR YOUNCER
SCM MEMBERS
SGM organizes regular events at its
meedngs for younger members, such as
key note talks on life skills, careers, etc.,
followedbya buffet and drinks.

REPRESENTATION ON
OUTSIDE BODIES
MISAC

SGM provides the secretariat for
this umbrella body in microbiology
education.

Biosciences Federation Education
Croup

Sue Assinder and Dariel Burdass
are members and help to organrze
occasional colloqu ia on
appropriate topics such as the
em pioyabili ty of biosci ence
graduates.

N U C L E U S
SGM is a member of thisbody
made up of learned societies
research councils, educational
charities, etc., promoting biology
education; it organizes an annual

ry.'rnposium Biol o gy in the Re aI Wo rl d
at the ASE Annuai Meeting.

CONTACTS
Education Officeron SCM Council

S u e As s i n d e r (t" 01248 382604 ;
s s.assinder@bangor. ac.uk)

External Relations Office

J anet H u rst(t 01 18 9BB iB09;
ej.hurst@sgm.ac.uk)

Daild Burdass (t01 189881835:
* d. bu rdass6sgm.ac. u k)

J ane Westwel | (t011 8 9BB 1 821 ;
* j.westwel | 6sgm.ac. u k)

FayeJones (t0118 9BB 1843;
e fjones@sgm.ac.uk)

Yvo n n e Tayl o r (PA to Exte r n al Rel ati o n s
Department) (t"O11B 988 1842;
ey.taylor@sgm.ac.uk)

age rangewas Emily Oldroyd from
Durham High School.

Further details of the winners are
available on the SGM education
website (www. microbiolo gyonline.
org.utr</misac). Aselection of the
posters will be on display at the ASE
annual meeting at University of
Reading (5-7 January 200 6) .

Every school entering the competition
received a pack of microbiology
teaching resources and each student
was sent a certificate of entry

MISAC wishes to express its sincere
thanks to the BMS for sponsoring the
17th competition.

Next year's competition on MRSA,
sponsored by SGM, asks students to
creale a news article for a local paper
on a fictitious outbreak of MRSA at a
hospital. The article needs to be of
interest to and also inform the public
about MRSA as well as being
scientifically accurate. A briefing
paper about MRSA urill accompany
the competition entry form which
secondary schools will be able to
download from www. microbiology
online.org.uk at the start of the next
academic year. This comperition
provides an excellent assessment
opportunity for both Key Stage 3 and
GCSEpupils.

tV I SAe eo nn potiti o n ffi%
Ed ucatio n Projects Ad m i n istrator

Warww\ Waawdasw reflects on the latest

MISAC competition - Fungi in your

shopping basket.

This year's secondary schools
competition invited students to
produce an illustrated,{3 poster to
inform the public of the importance of
fungi in the production of foods, drinks
and other goods in the shops. The
judges looked for designs that made an
immediate impact, addressed the topic
clearly and used an amractive layout to
hold public attention for long enough
for them to learn somethingabout the
wide range of products involving fungi.

Once againthe competition proved to
be popular, attracting 550 entries from
nearly 900 students in B0 schoois. As
usual there were more entries from the
l1-14 age group (over 75 ok) than
the GCSE group.

A panel of education expefts consisting
of MISAC members and BMS officers
carried out the judging. Manyenrries
impressed,them with their high qualiry
of presentation, success in achieving
their purpose and demonstration of a
good grasp of the underlying science.

Unfortunately, some entries were
eliminated from consideration for
prrzes as they either failed to address
the aim of the competirion and
presented a poster on fungi in general,
or they did nor complywirh rhe
specified format. The judges would like
to stress the importance of adhering to
the rules to avoid disappointingthe
studentswho put a lot of workinto
such entries. It is also important that
students use the correct scientific
terminology, for example 'a fungus'is
singular,'fungi' is plural.

The winner of the lI-I4 ^ge range
(shown above) was Torben Kallmeier
from Royal Grammar School, High
Wycombe. The winner of the GCSE

rtlm$$ffi
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cradl ine aims to inform and entertain mem bers in the early

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

or stories, or wou ld l lke to see any toplcs featured, contact

Jane Westwell (emai I j.westwel | @sgm.ac. u l<)

at different stages of their training:

handling the student / suPervisor

relationsh ip, effective writing an d

defending research in the viva.

Liz Sockett (UniversitY of

Nottingham) gave a decePtivelY

light-hearted presentation on

Managingy our sup ervisor. Behind the

wry laughter, delegates recognized

themselves and their own supervisors'

characteristics. Liz offered an insight to

academic scientists' research priorities

and other commitments. She reminded

students of their own responsibilities

not only to themselves as researchers

but also to their supervisors. She

followed with suggestions of ways to

getyour supervisor lo understand the

way you work, tiPs on dealing with

lab meetings and ended with some

handyhints on foslering a good and

professional supervrsor / student

relationshi p . Liz'stalk certainly struck

a chordwithmany delegates and

sparked a number of questions from

the floor.

Ian Poxton (University of Edinburgh

and Editor-in-Chief ofJ ournal of

Me dic al Micr obiolo gt) guided dele gates

through the longprocess of writing-up

research. He first discussed theses and

reminded everyone that writing shouid

smft as eariy as possible in the research

project (for instance materials and

methods should be written as they are

completed). ian then outlined a writing

timetable for the finalyear to help with

planning and followed with some

useful tips on thesis size (as concise as

possible - think of your examiner!) and

dealing wrth supervisors (don't expect

themto readhuge chunks of thesisin

one go and give immediate feedback)'

He also pointed out supervisors are

muchhappierif they don'lhave Lo

correct spelling and grammar, so

drafts shouldbe as close to final as

possible. After offering this advice,

Ian suggested ways to hurrY things

along if supervisors are very siow in

returning corrected chaPters.

StJrvlvlr-r g yot-lr PhD
The SGM PhD survival kit was

neatly packaged into three excellent

presentations at the Heriot-Watt

meeting in Aprii. Over 200 postgrads

(and a few supervisors in the back row!)

crammed inro a lecture theatre to take

part in a session verY close to all

research students' hearts. Counc ii

member Pauline HandleY deftlY

chaired the evening which addressed

three keyissues that face PhD students

V Students in a lecture theatre at Heriot-
Watt in Apri l  2005 learning how to survive
a PhD.  JaneWestwe l l

142
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Moving on from theses, Ian then talked
about publishing research injournals.
He outlined the importance of this not
only to supervisors but also to students'
future research careers and suggested
that it is best to wdte as rhe work is
completed. The talk finished with some
t i ps  on  w r i t i ngand  submi t t i ng  pape rs
to journals.

Bob Rastali (Universiry of Reading
and Food & Beverages Group
Convener) rounded-off the talks
by demystifying a subject that haunts
most PhD students - the viva. He
opened by stating that akhough there
is no set format or style of viva, they
all aim to tesr the candidates'abilities
as independent researchers. Also, the
examination process is formalized in
all universities. He went on to describe
examiningstyles and the types of
questions that usually crop up. These
include questions to see if students can
put their work into a wider context and
understand the research strategy used.
Other questions probe the depth of
candidates knorv ledge or  make them
defend theirposition. Bob also
suggested ways to deai with apparenrly
aggressive questioning styles. The
pre sentation ended with a set of case
studies to illustrate rtre variety of
outcomes a PhD viva can have and a

::1'.'.::l* 
tist or ten toP tiPs for

An intensive round of questions and
answers followed the talks and
continued over drinks and a buffet
supper.

Jane Westwell

Posfgroduote
skills worksfr op
Em ployabil i ty and Career Planning for postgraduates

11.00-13.00, 14 September 2005- l (eele Universi ty

Employability is often in the limelight, as universities are required to
demonstrate how they are enhancing the employabil i iy of Lheirgraduates and
postgraduates. Employability encourages students to reflect on their wider
university experiences, as well as their subject knowledge, and helps them
identify skills they have and areas whlch they need to develop.

Peter Fantom, the presenter, has more than a decades experience as a
careers Adviser at Aberdeen university He is also ihe editor of a national
careers publication ,What do GraduatesDo? peter's workshop aims to draw on
experience and resources developed nationaily in Scotland during 2004 and
2005.

He will give practical advice on how to set realistic and achievable career goals,
how to exploit the attractiveness of generic skills to potential employers inside
and outside of academia,and f ind out what other resources and expert ise you
can access on and off campus to help you ach ieve the career you want!

This event takes place ar the SGMb aurumn meeting. There are only 20 places
available; bookings from Postgraduare Student Members are being raken on a
first come, first served basis. Please check the box on the meeting booking form
on the SGM website (www.sgm.ac.uk/meerings). A refundable charge of 15 is
payable to secure a place. Deiegates should also regisrer for the meeting in rhe
usual wa;r

t t I  nLtre botenoe uoreers
eonferenoes 2005
5 November Universi ty of  Br istol

19 November Universi ty of  Westminster,  London

3 December U n iversity of N ewcastl e

Aimed at life science under- and postgraduate siudents, each conference
includes arangeof talks on .ur.., cho-ices and further training, plus a small
exhibition by companies, organizations and higher education insriturions.
A CV revrew service is also available by prior arrangement.

SG M is involved in organizing the event and wll  t ' ,uu. u srand in the exh ibit ion

Cosl : LlO. to i nclude re fresh ments and lunch. Details and a boo king lorms are
avai I abl e at www. bs [.ac. uk/careers.h tm.
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Science writer Meriel Jones tal<es a lool< at some recent

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

developments in microbio logical  research.

First steps toward new CF treatment

Sr i ramulu,  D.D. ,  L i insdor f ,  H '  Lam,  J .S.  & Roml ing,  U.  (2005) '

Microcolony formation: a novel biof i lm model of Pseudomonas

aeruginosaforthe cysticf ibrosis lung. I  Med Microbiol 54,

667-675.

Abnormal lung sputum is one of the main problems in cystic

fibrosis, leading to bacterial infection and illness. The surface

of the lung is covered wth a viscous liquid full of material

released from cells at a much higher level than normal. lndividual

components appear to encourage growth of particular forms of

the bacteriu mPseudomonas aeruglnosa that go on to damage the

lung and can be very difficult to treat with antibiotics. Scientists

have worked out that the bacterial cells grow as a biofiim, i.e. as

microcolonies surrounded by a carbohydrate maLrix. Therefore,

one standard experimental syslem involves growing P aeruginosa

cells attached to a solid surface. However, this is not exactly the

same as in a lung. One difference is that the bacterial cells attach

to each other and the sputum to form a plug, rather than to the

surface of lung cells. Another is that the bacteria are very tightly

packed so most do not have access to oxygen. A collaboration

between researchers at the Karoiinska Institutet, Sweden, the

GBF at Braunschweig in Germany and the University of Guelph

in Canada has now shown that the composition of the sputum is

much more important than anyone had guessed.

They created an artificial sputum growth medium (ASM)

for P aeruginosa using chemicals to match the composition of

the fluid in the lungs of patients with cystic fibrosis as bacterial

disease becomes established. Simply growing P aeruginosatn

thismediumwas enough to make the cells form tight clumps

visible to the naked eye, ralher than attaching to the surface of

the culture vessel or living as single cells within the liquid. The

cells grew slowly, surrounded by a matrix, just as in real sputum'

The researchers discovered that every component of the ASM

affected clumpingby the simple procedure of leaving out each

component in turn. Omitting amino acids had a particuiarly

obvious effect, making the clumps smaller. Low levels of oxygen

encouraged the cells to clump, while rhe fact that P aeruginosa

hardiy grew at all without the carbohydrate-coated protein

mucin suggested that this was the major energy source for the

bacteria.

The researchers then started on the other side of the problem, to

discover which genes rnP aeruginosd were essential for forming

tight microcolonies within the artificial sputum. They tested

several genes highlighted by other researchers and found that

some were indeed important in the ASM. ldentifying key gene

products could be a first step in developing new treatments, so

ASM provides a new way lo test therapies against P. aeruginosa

infections in cystic fibrosis.

Olive f ly  symbiosis

Capuzzo, C., Firrao, G., Mazzon, L.,

Squar t in i ,  A.  & Gi ro lami ,  V.  (2005) .
'  Cand i  d atu s Erwi nia dacicola',  a

coevolved symbiotic bacterium of the

olive fly Bactrocera oleae (Cmelin). l nt J

Syst Evol Microbiol 55, 1 641-1 647.

Many insects have essential symbiotic

associatt ons with micro-organisms.

There are beneficial examples where the

microbe provides an essenlial nutrient

missing from the insect's diet, and others

where bacteria affect the sex ratio of the

insect's offspring. In 1909 , an Italian

scientist, L. Petri, published a|32-page

repoft about an hereditary s1'rnbiosis

betweenbacteria and the olive flY

(Bactroceraoleae). This fly is the most

important pest of olive trees. The insects

cannot develop from larvae to adults on

1 4 4

olives without the bacteria and

researchers have speculated that the

bacteria supply missing nutrients. Adult

flies contain the bacteria within a special

organ calied the oesophageai bulb

connected to the pharlnx, fromwhich

large numbers of bacteria travel to the

midgut. AlthoughPeir i  managed to grow

bacteria taken from olive flies, he was

never convinced that the numbers he

obtained matched the numbers within

the insects. He even speculated that the

real s).'rnbiotic bacteria were viable but

non-culturabie.

Itaiian researchers at the Universities

of Padua and Udine, led by Vincenzo

Girolami, have re-visited this problem

using molecular biological methods to

detect bacterial DNA within the olive fly

without needing to grow the bacteria in

pure culture. They had made repeated

attempts to cultivate bacteria from

oesophageal bulbs and midguts on many

different media without success.

However, they found bacterial DNA

within these organs that, although simiiar

to DNA from the genus Erttinia, did not

match any known species. As additionai

confirmation they obtained the same

resul$ for DNA extracted from olive flies

collected in Bari, Liguria and Lake Gatda,

regions of Italy that are up to 800 km

apart-.The closest relative of the DNA

sequence was frombacteria found on

fruit and in the intestines of fruit-flies.

The researchers therefore feel that it is

appropriate Lo name the symbiotic

bacteria from the olive fly'Candidatus

Erwinia dacicola' to signify both its

unculturable status and that it originates

as an inhabitant of a fly from the genus

Dacus.
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In-pat ient  evolut ion of  the hepat i t is  C v i rus
Brown, R.J.P., Jutt la, V.5., Tarr, A.W., Finnis, R., l rving, W.1., Hemsley, S., Flower,
D.R., Borrow, P. & Ball ,  i . l ( .  (2005). Evolut ionary dynamics of hepati t is C virus
envelope genes d u r ing chronic infect ion. J Cen Vi rol 86, i  931 -1 942.

Hepatitis C r,rrus (HCV) can cause severe liver disease, including cirrhosis and iiver
cancer. It is present in and transmitted through blood. Around 170 million people
worldwide are at risk of disease from HCV and the number is continually increasing.
Current treatments are often not effective and it can elude the immune system within
the body for years before serious illness is obvious. The European Union has funded
research with the aim of identifyingbetter targets for anti-HCV therapy As part of this,
researchers at the University of Nottingham and the EdwardJenner Institute forVaccine
Research in the UK have studied how HCV changes over the years within a patient.

The researchers already knew that proteins on the surface of the virus were the key to how
it fools the immune system, so they looked at the genes for these proteins. They wanted
to know exactly how these changed over a number of years. To address this question they
made use of samples from four patients; two of the patients had mild symptoms, but the
other two had a severe and progressive disease. The patients were part of the Tient HCV
Study Cohort, which consists of 2,546 people diagnosed with the virus wirhin the 5.12
million inhabitants of the Tient region of eastern central England. The cohort was ser up
in I 99 i , when routine identification of HCV in donated blood became possible.

The researchers recorded the gene sequences of two surface proteins, E1 and E2, from
HCVwithin each patient's samples. They cloned a totai of BO sequences, showing rhat
each patient harboured several versions of HCV at any time. The versions of HCV in the
patients also changed over the years. The team already knew that this was likely to
happen and they wanted to know how the variants had evolve d from each other and
whether any were correlated with more serious disease. They therefore adopted
methods used to work out the times at which each variant had evolved and to identify
the most recent common ancestors.

This study showed that many factors affect the diversity of HCVwithin patienrs.
Each patient had a unique pattern for evolution of HCVvariants, without any apparent
relationship to the severity of the disease. In three parients, this caused changes in the E2
protein at a location known to interact with antibodies, suggesting that these changes
helped the r,rrus to elude the immune system. Changes in further locations gave clues to
specific components of the immune system involved in removing HCV and indicared
interplay between altachment of the virus to human cells and escape from antibodies.

A Fa lse-co lour  SEM of  Asperg i l lus  n idu lans  con id iophores .  E .  Cueho /  Sc ience Photo  L ib rary

m i c r o b i o l o g y  t o d a y  i : i i : i j  i . i , :

Fungal sex
Tsi ts ig iann is ,  D.  1 . ,  Kowiesk i ,  T .M. ,
Zarnowski, R. & Keller, N.P. (2005).
Th ree putat ive oxyl i  pi  n biosynthetic
genes integrate sexual and asexual
developme nt in Aspergi |  |  u s n i  d u I  ans.
Mi cro b i o I o gy 1 51, 1 809-1 821 .

Researchers led by Nancy Keller in the
USAhave been srudying prevention of
contamination of food by mycoroxins for
some years. Several fungi have a capacity
to synthesize these toxic compounds in
specific environmental conditions. The
research has led the group into the area of
signal regulation in fungal sporulation
and mycotoxin production. One group
of chemical signals common to both
processes are oxylipins. These are involved
in the switch betweenvegetative and
reproductive growrh in filamentous fungi
su ch as Asp er gillus nidul ans. They infl uence
the development of both the cleistothecia
that contain the sexual spores and the
conidophores that bear the asexual spores.
A. nidulansnormally develops asexual
spores first and can then go on to produce
sexual ones. However, researchers have
discovered that the amount and level of
different oxylipins affect the order of these
processes and number of spores produced.

Two genes (ppoAandppoC) are involved
in the biosyrrthesis of oxylipins and the
team have now identified a third gene,
ppoB. Asweli as being involved in the
s)'nthesis of one type of oxylipin, the PpoB
protein regulates the sporulation process.
Without PpoB, the fungus produced many
more asexual spores so that the ratio of
asexual to sexual spores was eight-times
more than normal. After several further
experiments the teamworked out that the
PpoB protein regulated the activity of rhe
other two ppo genes, affecting the balance
between sexual and asexual spores.

When they combed the databases for
similar DNA sequences, they found related
ones in many fungi. Oxylipins couid
determine the timing and balance between
sexual and asexual reproduction in many
fungi. Some syrrthesize this lipid-based
communication sysrem from the lipids of
the plants onwhich theyare growing,
linking back to fungal roxins in food where
the storybegan for Nancy Keller's group.
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SoeietyQets silver
r-nedol otehelsee

forte kir-r g lnierobes
tothegordeninQ

t.-nosses
Cardening enthusiasts

at th is  year 's  RHS Chelsea

Flower Show were keen to

learn how microbes in the

so i l  a re  he lP ing  the i r  P lan ts
to thrive. The SocietY for

Cen eral  Microbi  o logY's

exhibit, Plants and microbes

living in harmonY, also

i  m pressed the j  udges,  who

awarded i t  a si lver medal.

Many visi tors were surprised to learn that microbes don't just cause plant

d iseases.

The display, designed and set rp by Dariel Burdass and Janet Hurst of the External

Relat ions off ice, was situated in the Lifelong Learning section in the creat Pavi l ion' l t

explained two fascinating plant-microbe interactions: mycorrhizal fungi and

rhizobial bacteria.

cardeners were amazed to find that 90 o/o of land plants form myco rrhizal

associat ions with fungi, enablingthe plants to obtain vital nutr ients scavenged bythe

fungal hyphae from the soi l  and providing an energy source from photosynthesis for

the fungus in return. As much as20o/oof the carbon atree obtains through

photosynthes iscanbet ransfer redto i tsmycorrh iza l fung i .

whi ls t  most  people  knowthat the l i t t le  lumps on the roots  o f  legumes are invo lved

i n some way i  n hel pi ng the plants to grow, many were not aware that the nod u les are

fu l lo f  rh izob ia  bacter i i that f ix  n i t rogen f rom the atmosphere in to  ammonia '  a form

thatthe plant can use to make proteins essential forgrowth. In exchange the plant

supplies nutr ients and energyforthe activi t ies of the bacteria.

fl:l;i-.If :;.Y::".""i;:i":;:li ;,i^,*;t :l ;t:iilllil:,iTt i1,tl.
L- ri:nFi itsi.is4.r 10 !)riidr 
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flilhtn4 el he&h!+ris

7 l1$P rdk iee ls tr'$']t

di'r+-{ {r+ rt. rrrrlot4,l/'
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All of the plants demonstrat i  ng these
assoc ia t ions in  the Soc ie ty 's  exh ib i t
were those found in  many Br i t ish
gardens - grasses, fru i t  trees, sh ru bs,
ferns, herbs and vegetables - displayed
against an attract ive country landscape.

This was a huge underlaking bythe
Society and many thanks are due to
the staff and also members of the SCM
who helped to man the stand from
8am to 8pm each day. Theirenthusiasm
for the su bject shone th rough as
they talked to the many hundreds of
gardeners, growers and members
of  the media who v is i ted the s tand
over the 6 daysthe show was open.

More than 3,000 copies of the May
issue of AAicrobiology Today focusing
on 'M ic robes  i n  t he  Ca rden 'and  t he
booklet writ ten special ly for the show
were distr ibuted to the visi tors, making
this an enormously successful event for
promoting the pu bl ic u nderstand i  ng
of microbiology.

Janet Hurst & Dariel Burdass

A Janet  Hurs t ,  Ron Fraserand Dar ie l  Burdass
i n  f ron t  o f  the  SCM s tand a t  the  2005 RHS
C h e l s e a  f l o w e r  s h o w ,  h o l d i n g  t h e  s i l v e r
medal awarded to the Society. Nigel Kaye

{  Par t  o f  the  SCM s tand in  the  L i fe long

Learn ing  sec t ion  a t  Che lsea.  N ige l  Kaye

{  A  page f rom the  book le t  p roduced fo r the
SNOW.

V A l i l y  on  d isp lay  a t  Che lsea.  lan  Ather ton

microbiolo gy today;r ' ;g; f i i !

Going with theglow
7th Wrexhorn Se ier-ree Festivol
I q Moroh 2005

The Wrexham Science Festival
was started in 1998 by a grou p of
enthusiastic amateurs keen to convey
their passion for science. Seven years
on, i t  has grown into one ofthe f lagship
events  in  the sc ience communicat ion
calendar. Each Festival culminates in
'Scientriffic' 

, afamily day of exploration
and exper iment  cent red on the Nor th
East Wales Inst i tute for H igher
Educat ion.  For  the f i rs t  t ime,  th is
included a stand from the SCM,
designed and run by postgraduate
students  f rom the School  o f  B io log ica l
Sciences at Bangor.

I t  is easy to be put off  gett ing involved
i n science com m u n icat ion activi t ies
because of concern that i t  wi l l  take a lot
of t ime to organize. The SCM stand
il lustrated how much can be achieved
wi th  very  s imple ideas.  The cent rep iece
was a d isp lay 'on b io luminescence,
which worked well  across al l  age groups
and involved just a few plates of
Photobacteri u m phosphoreu m and some
rol led-up tubes of black cardboard. The
d isplay was su pported by the excel lent
SCM factsheet on Bioluminescence
writ ten byJanet Hurst and Faye
Jones ,  and  ou r  b i l i ngua l  'C low-Bug '

badges were the talk of the Festival.
The stand also i l lustrated some of
the microbiological research work at
Bangor, with a colourful display of
bacteria involved in bioremediation of
ac id  mine dra inage and a bank
of  microscopes through which

part ici  pants cou ld see for themselves
the diversity of microbes.

There was plenty more to excite the
budding microb io log is t  in  the o ther
50 or  so exh ib i ts  dot ted around the
campus. Visitors to the displayfrom
Wrexham Maelor Hospital could learn
about the ro le  o f  the B iomedica l
Sc ient is t  and the tests  used in  c l in ica l
laboratories to detect pathogenic
microbes, whilst the Magic of
Mushrooms stand from the Brit ish
Mycological Society i l lustrated the role
of fungi in everyday l i fe using models,
posters and hands-on activi t ies.

Occasions l ike the Wrexham Festival
give the SCM the chance to reach a
large and d iverse audience and,  i f
success can bejudged by our hoarse
voices and t ired feet, we did agood job.
Bythe end of the day, we may not have
seen al l  of the 10,000+ visi tors to
Scientr i f f ic, but i t  certainly felt  l ike i t !

Sue Assinder, Education Officer



TneVforld
of \lierobes

Port land Col lege is  a  lead ing res ident ia l

col lege for ad u l ts with a wide range of

phys ica l  d  isab i l i t ies  and learn i  ng

d i f f icu l t ies .  I  pa id  av is i t there in  Apr i l to

in t roduce 34 adul t  learners  to  the wor ld

of  microb io logy.  By adapt ing some of  the

ideas in the SCM primary school booklet

The Woild of Microbes we develoPed

two 3-hoursess ions of  ac t iv i t ies  l inked

to everyday l i fe experiences and to our

cu rricu lu m . ' Practical science provides an

ideal vehicle for the development and use

of awide range of transferable skills' ,

accord ingto Dr  D.E.  Creen,  Di rector  o f

Studies at Port land College.

We began by d iscuss ing what

microbes are,  the d i f ferent types of

m icro-o rgan ism an d wh e re th eY are

found.  Th is  prov ided the theme for the

practical elements, wh ich i  nvestigated

the presence of  microbes on the sk in

before and after hand washing, microbes

projected into the air by coughing and

mic robes  i n  t he  env i ronmen t .  Fo r the

lat ler task the students col lected samples '

f rom around the Col lege,  inc lud ing

l< i tchen tab les,  te lephone rece ivers ,  hand

bas ins and af lower  pot .  When I  re turned

the fo l lowing week wi th  the incubated

plates, the students were able to see at

that  microbes were fewer  in  number

after wash i  ng, but that most of us cou ld

make a bet ter job o f  washing our  hands.

They a lso found that the hand bas in  in

the to i le ts  car r ies  fewer  microbes than

at  least  one k i tchen tab le !As s tudent

Cla i re  Cr i f f i ths  commente d, '  I  thought

this was quite good and interesting

because l've learnt something about

bacteila and that I mustwash my hands

to get rid of germs.'

Another act ivi ty was focused on food

spoi lage and investigated conseq uences

of storing d ifferent foodstuffs at a variety

of temperatures. This was l inked to a

tu tor - led d iscuss ion of  the requi rements

A Por t land Col lege s tudents  bus i ly  record ing
the results oftheir experiments . Jeff 6reen

for  microb ia lgrowth and s imPle

measures to avoid food spoi lage and

poison ing.  Examinat ion o f  the foods

after l  week revealed some beauti ful

moulds growing on the non-re f r igerated

samples,  and in  combinat ion wi th  the

ev idence of  the microb ia lzoos res id ing

on most  o f  the f ingers  in  the room, the

experi ments strongly rei nforced lessons

on good food storage and hygiene.

The sess ion cont inued wi th  s tudents

sam p l ing foods f rom a '  microb ia l  menu '

and at tempt ing to  ident i fy  how microbes

contr ibuted to the f lavour, texture and
preservation of the various foods. The

students  were very  enthus iast ic  about

th is exercis e, ' l  thought i t  was bri l l iant

when we did experiments because we got

to eat some food and store some food
which went mouldy and looked gooel' ,
sa id  s tudent  Jod ie  B i rch.

We  ended  by  d i scuss ing  how  ou r  new

fr iends,  the microbes,  dealwi th  the

i nevitable prod ucts of ou r consu m ption

down atthe sewage works.

I greatly enjoyed mytime with the highly

motivated and enth usiast ic Port land

College students and staff.  The feedback

was very  pos i t ive  and is  summed up by

Daniel Mart in: '  I  thought i t  was fun, I

enjoyed the science workshoPs' .

P rofe s s o r J effrey G re e n
Department of Molecular Biology and
B i otech n o I ogy, lJ n iv e rs ity of S h effi e l d

eruoible
l n20O4agroup  o f  30young  U l (

scientists was given the opportunity

to  exoand the i r  hor izons and be

challenged in new ways, as part icipants

in  a  p i lo t  o f  the Nat iona l  Endowment

for Science, Technology and the Arts
(N ESTA) Cruc ib le  scheme.  They took

oart in a series ofthematic laboratories

led by wor ld- renowned speakers .

The labs were he ld  over  res ident ia l

weekends and were designed to offer

the sc ient is ts  a  un ique programme of

career  and personal  deve lopment .

Dur ing the f i rs t  weekend they

exolored eth ics  in  i ts  widest  sense f rom

med ica l  e th i cs  t o  d i l emma reso lu t i on .

The second lab on sc ience and po l i t ics

started rather appropriately at the

Nat iona l  L ibera l  C lub in  Westminster .

I t  cont inued wi th  ta lks  f rom journa l is ts

and a sc ient is t - turned-peer ,  and

inc luded a se lect ion o f  workshops

on management ,  ent repreneursh iP

and lobby ing po l icymakers .  The

group dec ided to  respond to  the

Covernment's Ien Year Framework

o n Scie n ce an d l n novation . The final

lab in  the beaut i fu lsur roundings of

Dart ington Hall  in Devon featured

enter la in ing ta l  ks  on publ ic  speak ing

punctuated by extended sess ions on

drawing and paint ing. The organizers

Y Ne i lS tokes  ( le f t )  and Ca i l  Pres ton  ( r igh t ) ,

two o f  the  N ESTA Cruc ib le  awardees  a t  one

of  the  labs  he ld  in  2004.  Lee Mawds lev

mic rob io l ogy  t oday
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o new oho I lenge for soientists
sought detai led feedback on the pi lot that wi l l  help to develop
future programmes. Several microbiologists took part.

Gai l  Preston,  who works on p lant  d iseases and p lant
growth-p romoti ng m icro-o rgan isms at th e Departm ent of
PlantSciences, Oxford University, has long been interested
in the interface of science with the arts and humanit ies, in
science communication, and in the innate creativi ty of
science, which the programme promised to address.
'l didn't approach the labs with a lot of preconceptions, as little
information was available beforehand and the programme itself
was evo I v i n g as th e ye ar p ro gressed. Th e f i rst I ab p rov i d ed an
interestingframework in which to meetthe other awardees,
who were adiverse mix of postdoctoral scientists working in
academia and industry. Thefirst meetingwas based around short
explanations of inspirational objects. From the start, we weren't
just chemists and engineers and biologists, but musicians, athletes,

film-makers and voluntary workers. We were encouraged to push
back the frontiers of knowledge, but to be more than just 'boffins',

to think about our impact on the communitieswe live and work in,
and to think about the role of creativity and ethics in our lives.

For myself adefining momentwas in thefinal lab on creativity
where we experimented with life drawing in different media.
My drawings, paintings and sculptures in school artclasses never
seemed to be worth much so I wrote off the artistic side of the
curriculum and focused on science, history and literature. Now
in a room full of scientists and engineers I was encouraged to
express myself without the constrictions of grades and technique.
I loved it. I was exercising a partof my brain that I hadn't used in a
longtime, and yet, in some respects, thefeelingwasveryfamiliar.
There was the same focused energy, the same intellectual and
emotional excitementthat l've felt in response to a discovery that
turns ideas inside out, to a challenging question or to a new
solution thatcould solve an intractable problem.

Thiswas, I think, whatthe Crucible organizers hoped to achieve.
To enable scientists and engineersto step outsidetheir routines

Crucible was designed as a new element of
N ESTA's exist ing fel lowship programme, which
gives tai lored support to creative and innovative
indiv iduals who need the t ime and resources to
fulf i l  their potential.  Forfurther detai ls see
www.nesta.org.uk

and expectations, and to become increasingly aware of their
co n n ecti o n s to a w i d e r wo r I d, w h eth e r to sci e nti sts i n oth e r
disciplines, to politicians, to artists, to friends and family or to
the next generation. For some it meant realizing that they
wanted to take a new path, explore new career options. I came
awayfeelingthat I was part of a larger community, with a
shared passion for exploration and innovation. I was ready to
reaffirm my commitmentto science, better equipped to
com mu nicate the excitement of scientific research, keen to
make new interdisciplinary connections and delighted that
I had taken part.'

Nei lStokes, a microbiologistat Prolysis Ltd, a biotechnology
company in Oxfordshire, does not consider creativi ty to be
one of his strong points and he was attracted by a scheme that
gave the opportunityto improve this, alongside the chance to
enhance h is  career  and personal  deve lopment .
'The labs expanded my thinking in relation to the themes as I
contemplated issues that I had previously not considered. tn this
respect Crucible met my expectations. Certain sessions were not
what I had envisaged astopicsthat I had assumed would be
cove red, su ch as th e m o ral i m p I i cati o n s of cl o n i n g, ge n eti c
modification or nanotechnology, were not. Crucible also achieved
its o bj ecti ves of offe r i n g an i n d i v i d u al p rogram m e of caree r an d
personal development. For me the greatest benefit was the
opportunity to meet and interactwith scientists and engineers
working in diversefieldswhom I am unlikely to have encountered
in my work. I enjoyed learning aboutthese disciplines and the
backgrounds and aspirations of different members of the group.
Efforts to maintain this network are ongoing.

I learn ed I ittle d u ri n g th e I abs of d i rect re I evan ce to my th i n ki n g
about microbiology or which has impacted upon my day-to-day
research. But I did not expectto and l do not think this is what
N ESTA intended. However, I enjoyed the opportu n ity to explore
issues outside the laboratory, yet still related to science and
research in the wider sense. For other microbiologists interested in
consideringthe implications of their research or understandingthe
interface between science, art and the humanities this is a
programme unlike any other and I would recommend it.'

Janet Hurst, External Relations Office
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l f  you would l i l<e your name to be added to our database of

bool< reviewers, please com plete the bool< reviewer interests

form on the SCM websi te .  A c lass i f ied compendium of  rev iews

from 1g96to the present  is  a lso avai lab le  on the websi te .

MiCfObial  Inhabi tantS whichmightbeencounteredinthebodv

of Humans: Their  Eco|ogy arenoted(al thoughnothighl ightedasa

and Role in Health and 
chaptersubheading)' Communicalion'
and the difficulties of characterization of

D i s e as e the indieenous microbiota are addressed '

By M.  Wi lson
Publ ished by Cambr idge Univers i ty

Press (2005)

f35 .00  pp .455
lsBN 0-52184-158-5

This is indeed an'advanced textbook'

as claimed, in terms olthe amount and

depth of content. However, the content

is presented in an accessible style, with

each chapter laid out in a consistent

format, facilitating comparison across

the different body sites which are

described. lllustrations are black and

white, with simple iliustrations and

several micrographs (some a little dark).

The book provides an up-to-date,

com prehensive review ol cu rrent

knowledge concerning the normal flora t
of arangeof different sites on the body,

and associated endogenous infections.

Information on the better studied areas

such as the mouth. gut, reproductive

system, respiratory system and skin is

presented in chapters of 50 pages or so,

with the eye and the urinary tract being

covered in shorter chapters ofaround 20

pages. Each chapter finishes with

suggested reading - books and

reviews/papers, the latter being

particularly up-to-date. It is especially

welcome to read current reviews on the

oral flora, where the literature is huge

and rap idly developing.

The introductory chapter provides

an excellent overview ofthe subject,

encompassing the community nature

of the microbial populations at these

differing sites. The concept of the

biofilm, and the variedbiofilm structures

The last two chapters focus on the

important'role of the indigenous

microbiota in maintaining human

health'. The sections describing

colonization resistance and the effect of

micro-organisms on host development

set the scene for the final'manipulation

of the indigenous microbiota'in order to

maintain, or re[urn to - or create-a

population consistent with health. Pre-

and pro-biotics, inhibition of adhesion,

disruption of bio film, replacemen t

therapy and'modification of the

environment' (primarily focused on the

elimination of anaerobes) are outlined

rather broadly, but the information

provides interesting snapshors of

some current approaches.

I particularly liked the'host' fac[ors

whichwere introduced in the indigenous

flora chapters. Brief aspects of human

physiology are included where necessary,

describing the environmental factors that

influence the microbiology. The changes

occurring as the host ages are noted: an

important aspect to be considered in our

increasingly ageing population. The

impact of medical dewces and associated

infections is also addressed, with

examples provided in appropriate

chapters (e.g. contact lenses - the eye;

implants - the skin).

Each chapter provides an exceilent
introduction to the site of interest, and

would rapidly acquaint the novice - for

example a postgraduate student about to

embark on a research project in the area.

I would certainly recommend the book

ior I i brary purchase, or purchase by

academics teaching and/or engaged in

research in the area. The book might be

too detaiied and too costly for use as an

undergraduate texL. I  cannot imagine a

course whichwould concern itself with

predominantly non-patho genic micro-

organisms - we always emphasize that

the overwhelming majori ty of micro-

organisms are at least not harmful, and

are oftenbeneficial, but rarely do we have

the iuxury of spending time addressing

this in class. It is therefore particularly

enjoyable to find a book which does
just this.

Indeed, all the world is here - in this

case Planet Human -in terms olmany

of the concepts which the modern

microbiologist needs to address. The

human body provides an excellent

example of a range of environments
where enormous numbers of micro-

organisms cohabit. interesting facts

serue to reinforce the significance of our

indigenous flora. The book pays suitable

tribute to the I 25kgof prokaryote
load that each ofus carries, and provides

a timelyreminder of howmuch remains

to be learnt about the normal human

flora.

Joanna Verran, Manchester Metropolitan

U n iversity
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Organel  les,  Cenomes and
Eu l<aryote Phylogeny: An
Evol  ut ionary Synthesis i  n
the Age of  Genomics.  The
Syste m ati cs Associ ati o n
Spec ia l  Vo lume Ser ies  68

Edi ted by R.P.  Hi r t  & D.S.  Horner
Published by CRC Press (2004)
US$99 95 pp.400
rSBN 0-41529-904-7

Th is is  an outstanding set  o[reviews

that effectiveiy captures the current

state of play ln eukaryote relationships.

The current situation is a real quagmire

with an unmanageably iarge set of

contradictory proposals fl oating out

there in the literature, so this book is a
boon to those seeking to follow the

debate from the sidelines and especially

for those who teach eukaryotic

microbiology. It has been let down by
poor quality typesetting and plare
reproduction. Nevertheless, I will be
using this as a set text for teaching at

MSc level. No-one expects thar this is

the last  word,  oIcourse,  and achieving

resolution between these groups will no

doubt cause more taxonomic mayhem,

but I thoroughly recommend it to those
who  wan t  to  knowwhere  we ' re  cu r ren t l y
heading ln eukaryotic evolution and

sysIematrcs.

Dave Roberts, The Natural History

Museum

In t roduct ion to
B iod ete r io rat io n :
Second Ed i t ion

By D. Al lsopp, l( .  Seal & C. Caylarde
Publ ished by Cambr idge Univers i ty
Press (2004)

f19 .99  oo .252
l sBN 0 -52152 -BB7-9

The most remarkable thing abour this

book is  thar i t  is  an inrerest ing read!

Whether the reader is famiiiar with the
various aspects of biodeterioration or
is merely curious about this applied

science.  the in lormat ion presented is

qurte fascinating. It makes one aware

m i c r o b i o l o  g y  t o d a y . ) i r , :  i  r ' . ,  5 6

of the lmpact of biodeterioration in
industry, commerce and in everyday life.

The book, intended as an introduction
to biodeterioration, reviews and updates,
wi th  the author i ty  o f  exper ience,  rhe
areas traditionally associated with
the biodeteriorarion of materials of
economic importance. An entirely
new area included is that of molecular
biology The treatment of nucleic acid
analysis techniques is dealt with
succinctly and the contribution of these
techniques is appraised.

The control of biodeterioration will be a
useful reference for many who work in
industrir

For teachers, the book is a welcome
ally and for those concerned with rhe
preseryation and conservatlon of
materials, it is essential reading.

Glyn Morton, University of Central
Lancash i re

Princip les and Pract ice
of  Infect ious Diseases
Onl ine :  S ix th  Ed i t ion

By  C .L .  Mande l l , . J .E .  Benne t t  &
R .  D o l i n
Publ ished by Church i l l  L iv ingstone/
Elsevien Science Ltd (2005)
t199 .O0  CD-ROM
rSBN 0-44306-572-B

P rinciples and Pr actice of Inf ectious
Diseases is regarded by many as the
leading textbook rn rhe field of infecrious
disease. However, the size and weight of
the regular book edition is now such that
use of a reinforced bookshelf seems a
sensible precaution. The availability of
an on-line editionwirh an accompanying
CD-ROM containing all rhe images that
complement the text is thus very
weicome. Individual sections or chapters
can be easi ly accessed using eit  her the
contents menu or search facility. There
are also useful links that allow the
authors and titles of references cited in
the text to be vlewed directly. Glven that
even the best textbooks become ouicklv
out-o[-date. the inclusion oi reguiar
content updates is an invaluable feature.

Although expensive, this is a superb
resource that should be available, at least
at departmental or library leve1, for all
those with an interest in infectious
disease.

Alan Johnson, lnstitute for Animal Health

Reviews on the web
Reviews of the followingbooks are
available on the website atwww.sgm.
ac. uk/pubs/micro_today/reviews. cfm

6e neti cal ly Mod ifi ed Cro ps.
Their Development, lJses, and Risks

Brucella. Molecular and Cellular Biology

Yersinia. Molecular and Cellular Biology

Microbial Diversity: Form and Function
in Prokaryotes

Strict and Facultative Anaerobes:
Med i cal an d E nvi ro n me ntal As pects

F res hwate r M i cro b i o I ogy :
Bi od ive rs ity an d Dy n am i c I nteracti o n s
of Microorganisms in the Aquatic
Environ ment

Colonization of Mucosal Surfaces

Cam pylobacter : Molecu I ar an d Cel I u I ar
Biology

Bacte ri o ph ages : B i o I ogy an d
Applications

Th e M i c ro b e- H o st l n te rface
in Respiratory Tract lnfections

RNA Interference Technology: From
Basic Science to Drug Development

Agro bacteri u m tu m efaci en s;
From Plant Pathology to Biotech nology

Microbial Enzymes and
Biotransformations

Microbial Processes and Products

Med ical B i  om ethod s H an d book

lmmunology in Plant Health and its
I m pact on Food Safety

B i otech n ol ogy & 6e n eti c E n gi n ee ri ng
Reviews:Volume 21

Scientific lntegrity; Text and Cases tn
Responsi ble Conduct of Research, Thi rd
Edition

Biodefense: Pri nciples and Pathogens
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Ernest Gale spent 50 Years in Cam-

bridge, completing a degree in Natural

Sciences (Biochemistry) in 1936 and

then a PhD in the DePartment of

Biochemistry under the direction of the

late Dr Marjory StePhenson, FRS, for

studies on the adaptation of sugar-

metabolizing enzymes in Esch erichia

coliandfactors that influence the deam-

inalion of amino acids. This research

led to a rapid and accurate method of

eslimating free amino acids, which in

turn facilitated the study of the move-

ment of amino acids into and out of

bacterial cells. Using naturally occur- a
ring amino acid auxotrophic strains of

Staplrylococcus aLLreLLs,Gaie showed that

large intracel lular concentrat ions of

amino acids could be accumulated. He

was [o be one of the first to use radio-

labelled amino acids, although his

initial approach to Amersham to supply

him with "C-amino acids was met by

resistance and the comment that there

would be no general scientific market

for such esoteric Products!
During the 1950s, Gale worked on

the involvement of RNA in the incorp-

oration of amino acids into protein,

using an in vitro system from S. aureus -

At that time it was not Possible to

separate the different types of RNA, but

he clearly saw that there were separate

effects, that a labile form of RNA was

involved rn errzyfi:.e induction and

slmthesis, and moreover lhat DNA was
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responsible for organizing the involve-

ment of RNA in protein synthesis. With

hindsight it is possible to distinguish

the effects of mRNA and IRNA in the

results obtained, but at the time they

were part of a lively controversy, which

Gale eventually left to the likes of Crick

and Monod to resoive.

Instead, Gale turned his altentions to

the mode of action of antibiotics, trig-

gered not only by the finding that

penicillin altered bacterial permeability

to amino acids and inhibited slmthesis

of the ce1lwall, but also to an incident

duringWorldWar II. Gale had received

from ICI a small sample of penicillin,

but before he could use it for laboratory

experimen[s he received an emolionaL

call from a clinical colleague to help a

nurse dying of a staphylococcal infec-

tion. Administration of the penicillin

produced a dramatic improvement in

the nurse's condition, but there was

insufficient to continue treatment and

she died. This experience had a pro-

found effect on Gale who devoted the

rest of his scientific career to the study

of antibiotics. A succession of PhD

students and academic visitors to his

laboratories investigated a wide range

of antibiotics, shedding light not only

on their modes of action, but also the

elucidation of basic aspects of bacterial

metabolism. His book The Molecular

Basis of Antibiotic Action remains a

classic lext. Later he turned his atten-

,S^ Ernest Cale

tion to antifungal antibiotics, particu-

larly the polyenes and mechanisms of

resislance.
The originality of Gale's research and

its significance for the development

of microbiology was marked by the

award of the ScD degree tnI947 and his

election as a Fellow of The Royal Society

in 1953. In 1948 he became Director of

the Medical Research Council Unit for

Chemical Microbiology or'Microbiol-

ogy Unit' (MBU) within the Department

of Biochemistry, and in 1960 the Uni-

versity of Cambridge created a personal

Chair of Chemical Microbiology for

him. Although he was an efficient

administrator, Gale was happiest doing

research and even when he was Acting

Head of the Biochemistry Department

he still set aside a day when he could

work uninterruptedly in the laboratory

He held many distingulshed lecture-

ships at home and abroad and travelled

widely giving lectures in Russia, the

USA and Australia. He sat on severai

nalional and international committees,

including the International Union of

Biochemistry Commission on Enzpes

f rom 1957 to  1961.

Ernest Gale was an excelient lecturet

and laboratory teacher, his great

enthusiasm for his subject being very

evident. He was much involved in the

radical reorg nrzation of undergraduate

Ernest Cale, who has died atthe age of 90, was Professor of Chemical Microbiology in

the Univers i tyof  Cambr idgef rom 1960to1981.  He madeasign i f icantcont r ibut ionto

the Society's act ivi t ies d uring i ts early years. H is major contr ibution to microbiology

was in emphasizing the chemical and enzymatic basis of microbial act ivi t ies, at at ime

when manycel lu larcomponentsand b iochemica lswere i l l -def ined.These ideaswere

published in1947 intheground-breakingbookTheChemicalActivi t iesof Bacteria.
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teaching at Cambridge in the mid-60s
that saw the replacement of older disci-
plines with the newer concepts of
biology of cells. As a PhD supervisor,
his aim was to instil an ability in his
students to think for themselves: he had
an uncanny ability to guide whilst
aliowing the freedom to explore
without undue pressure. Testimony to
the success of his approach is found in
the large number of his students who

have become leaders in academia and
industry.

Ernest Gale retired in 1983, moving
from Cambridge to live in Salcombe,
Devon, where regular family holidays
had been spent for many years. In
retirement he spent his time walking
and swimming, reading thrillers not
scientific papers, and developing his
considerable skills as a wood carver.
The last years of hls life were blighted

by virtually complete loss of memory,
and were spent in London cioser to
his family. To the end he remained
unassuming and dignified, somewhat
ironically succumbin g Lo a pneumonia
that not even the antibiotics that he had

::*"0 
for a professional lifetime could

j Nick Russell
i  lmper ia l  Col lege London
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Professor Carlos Hormaeche has died in a microl ight aeroplane crash in Uruguay.

He was born in Montevideo, Uruguay. He was mult i- talented and could have pursued

severalcareers, but his cal l ingto research wasgreatest. Hegraduated from medical

school in Montevideo and developed a strong and active interest in microbiology.

eorlos
Florr-noeohe

In l98l, I had jusr finished my second
year as an undergraduate at Cambridge
when we first met. I turned up to work
inhislaboratory asa prelude to myfinal
yearPartll research project, to discover
that he was about to go off on a month's
vacation. He outlined the project, told
me that I could use the laboratorywhile
he was away and then let me get on
with it. That was the way it was in Cam-
bridge in those days: no spoon-feedingl
With thls and subsequent experiences
during my PhD with Carlos he liberated
me intellectuaily and personally, an
experience I think many have shared,
and for which I will always be grateful.

Carlos was very supportive and kind
to his studenls, but expected respect
for the science and absolute engage-
ment in the problem in return. He
was a supreme enthusiast and had an
amazing and encyclopaedic know-
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ledge of bacteriai pathogenesis, being
able to quote chapter and verse from
the literature and taking it as a personal
affront if he could not remember the
page numbers from a reference from
20 years ago. This professional pride
rubbed off on those around him, and
has always inspiredme to trytobe simi-
Iarlyengaged.

Carlos, his wife Raquel Demarco,
and their young son Sebastian, arrived
in Cambridge in 1972 where Carlos
started a PhD in the laboratory of
Professor Robin Coombs. When the
miiitary dictatorship took power in
Uruguay in 1973, Carlos and Raquel
courageously protested at rhe injustices
taking place, and took acrive roles in
human rights organizattons. The family
thus had to remain in England until
the late 1980s when democracy was
restored in Urugua)r

A Car los  Hormaeche

After his PhD he continued his
research on immunity to Salmonella
infections in the Department of Pathol-
ogy. He became a University Demon-
strator and in l9B0 was awarded a
Lectureship in the same department.
In 1994 Carlos became Professor and
Head of the Department of Microbiol-
ogy at the University of Newcastle. He
re-organized and re-invigorated this
Department leading to it moving from a
2toa5* ratingin the RAE of 2001.

His science focused on infectious
disease and mainly on mechanisms of
resistance and immunity to Salmonella
infection. His PhD thesis unravelled
for the first time the complexities of
the natural genetic resistance of mice
to S almonell a ty phimunum infection, as
a model for typhoid fever. He was able
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to show that the ity gene controlied

early proliferation of salmonellae in the

reticulo-endothelial system, that resi-

dent macrophages were key to this, and

that this was a mechanism distinct from

acquired resistance and immunity. A

key feature of this work was to recognize

the need to follow the growth dynamics

of the bacteria in vivo , rather than just to

rely on dealh, as a measure of resistance.

This lesson has been rather forgotten in

recenl lilerature.

I was his first PhD student, and we

sel out to try to find out more about

what T cells and B cells were doing to

controi Salmonella infection after the

initial phase of genetic resistance had

passed. This was an intense, highly

creative and immensely enj oyable time,

with the Department of Pathology

under the leadership of Peter Wildy

being a fantastic place to work. Carlos

branched out into vaccinology when he

met Gordon Dougan atWellcome Bio-

tech, where he eventually spent a sab-

batical, ostensibly learning molecular

biology but in addition invigorating

and inspiring the people in the labora-

tory there to great things. During this

time live attenuated Salmonellavaccine

strains started emerging, especially

from the laboratory of Bruce Stocker

at Stanford, who became a strong col-

league and friend. These provided a

new way for Carlos to ask queslions

about the immune response [o salmon-

ellae, but also led to his being able to

start developing ideas about deiivery of

anligens to the immune system via

these live attenuated carriers. Carios

made major contributions in this area,

not jusl in understanding how the basic

biology and immunology of these

systems work, but also in generating

vaccines with real potential for exploit-

ation. I am sure that these types of

multivalent vaccine will be used,

especially in the developingworld, but

first we will have to overcome Luddite

tendencies to reject anything that has

been genetically manipulated, and a

political and industrial system of vac-

cine development that is incompatible

with the successful development of

new vaccines for poor countries.

Carlos continued with these scien-

tific themes throughout his career. He

took early retirement from Newcastle

after his RAE triumph and I was de-

lighred to be able to offer him space

in my laboratory at the Cambridge

Veterinary School to continue his

research. His latest enlhusiasm was to

use S almonella v accine strains to deliver

antigens from the worm Echinococcusto

dogs to try to break the transmission

chain that leads to humans with hyda-

tidosis. This is a continuing collabora-

tive effort between Cambridge and

scientists in Lyon, Montevideo, Tunisia

and Morocco: typical of the type of

multinational collaboration that Carlos

was so good at generating and fostering.

Carlos and Raquel spent about half the

year here in Cambridge and the other

half in Uruguay where they had buiit a

new and beautiful house near Monte-

video. This was idyllic in many ways,

and amongst the benefits it allowed

stronger links to be developed between

scientists in the UK and Uruguay.

Carlos was very generous with

his time, and always gave back to his

professional colleagues more than he

took. He gave service to the SGM and

was elected a Fellow of the Academy of

Microbiology of the ASM.

Carlos was larger than life. He was the

type of man to develop an enthusiasm,

go into it until he understood every-

thing about it, then practice it assi-

duously. Such was his fascination with

flyug. He owned a microlight plane in

England and would always be out flpng

if the weather was remotely sunny. He

was a very careful and thorough pilot,

and it is with some incomprehension

that I contemplate the fact the he died as

a passenger in a microlight being piloted

bysomeone else. Anappallingwaste of a

superbman.
Carlos was a much ioved and highly

respected man and scientific colleague,

and we will all miss him terribly

Duncan Maskell
i  University of Cambridge
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ls astrobiology really a

science? Does it have anything

to do with micro*organisms?

Howard Gestgives his

op in i on "

the desirability of sndying the law s
regulattng it. Bio chemically, b actenal cells
are the most plastic oJ livingmatenal, even
as compared with other micro-organisms.
The bactenal cell, by reason of its small
size and consequently relatfuely large
surface, cannot develop by maintarning a
constant chemic aI environment. but re acts
by adaptingits enzyme systems so as to
survive and grow in changlng condttions.
Itis immensely tolerant of expenmental
meddlingand ot'Jers matenalfor the study
of processes of growth, vanation and
development of enzymes without parallel
in any other expenmental matenal.'

Howard Gest

Departments of Biology & History

and Phi losophy of  Sc ience,  Ind iana

University, Bloomington, I  N 47405,

USA (e hgest@bio. ind iana.edu)
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